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Preface

Welcome to the first edition of Complex General Surgical Oncology: Preparing for
Boards and Early Practice. This work reviews relevant material for surgeons and
others providing care to patients with many cancers. The content is tailored to resi-
dents with an interest in surgical oncology and fellows training in Complex General
Surgical Oncology (CGSO) including preparation for qualifying (written) and cer-
tifying (oral) board exams. When possible, the authors provide key numbers or sta-
tistics meant to aid discussions with patients about treatment options and prognosis.
We hope the guide is also useful to general surgeons and surgical oncologists in
early practice.

Each chapter focuses on a cancer or group of related cancers. There is an addi-
tional chapter focused on palliative care in oncology. Content is presented in bullet
point style rather than prose with an emphasis on diagnosis and management using
evidence-based algorithms. The last section offers multiple review questions with
suggested answers by the editorial team. Please email either or both of us if you
have any suggestions for future editions, and we hope you enjoy the book!

Morgantown, WV, USA Carl Schmidt
Morgantown, WV, USA Mary Garland Kledzik
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Adrenal Tumors

Deanna Cotsalas and Reese W. Randle

Introduction

e Adrenal tumors include both benign and malignant neoplasms arising from
either the adrenal cortex or medulla. Here, we discuss the presentation, evalua-
tion, and management of such tumors as well as the management of metastases
to the adrenal glands.

Incidentalomas

» Evaluation of adrenal incidentalomas should focus on risk of malignancy and
adrenal hormone production.
— Imaging:
» Useful to help stratify risk of malignancy.
* Imaging Modalities.
— Ultrasound can identify incidentalomas but characterizes adrenal nod-
ules relatively poorly.
— Adrenal protocol CT scan [5]:
* Includes unenhanced CT and multiphase contrast-enhanced CT and
thin cuts through the adrenal glands.
* Size should be measured in three dimensions.
* Density can be measured using Hounsfield units on unenhanced CT.
* Absolute and relative washout is calculated and used to suggest an
adenoma or indeterminate lesion.

D. Cotsalas - R. W. Randle (<)
Department of Surgery, Atrium Health Wake Forest Baptist, Winston-Salem, NC, USA
e-mail: dcotsala@wakehealth.edu; rrandle @ wakehealth.edu
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* Higher washout (>50%) suggests an adenoma but cannot definitively
rule out a pheochromocytoma or malignancy.

MRI chemical shift analysis usually provides similar information to

adrenal protocol CT.

FDG PET [1, 43]:

e Used when CT results are inconclusive and additional testing
is needed.

¢ No increased uptake: most likely a nonfunctional adrenal adenoma.

* Increased FDG uptake can result in the setting of a functional adre-
nal adenoma, such as a cortisol secreting tumor, pheochromocytoma,
or adrenocortical carcinoma.

» Specificity of increased uptake is low for adrenal tumors. However,
the sensitivity for pheochromocytoma is 80—100% [6].

Dotatate PET:

* Form of somatostatin receptor scintigraphy used to image neuroen-
docrine tumors, such as pheochromocytoma [11].

e Utilized in the setting of suspected malignant pheochromocytoma
with metastasis. Dotatate PET should be used to evaluate metastatic
disease [6].

Size [5]:

Risk of malignancy is low for primary adrenal tumors <4 cm in greatest
dimension.

Any mass >4 cm should be evaluated for adrenal cortical cancer [45].
Risk of malignancy increases with increasing size [30].

* Tumors <4 cm associated with 2% risk of malignancy.

e Tumors 4-6 cm associated with 6% risk of malignancy.

e Tumors >6 cm associated with risk of malignancy up to 25%.

Most patients with adrenal cortical cancer present with large tumors
(>10 cm).

Laterality.

Metastatic disease should be ruled out in cases of bilateral adrenal
tumors [5].

Adenomas are more often identified on the left but can occur on either
side [20].

Density.

Hounsfield units <10 on unenhanced CT strongly suggests a benign,
lipid-rich adenoma.

Hounsfield units >10 on unenhanced CT is indeterminate density which
can be seen with lipid poor adenomas, adrenal cortical cancer, pheo-
chromocytoma, and metastases. In these cases, if washout is >60%), it is
more commonly benign than if washout is <60%.

Myelolipomas often contain macroscopic adipose tissue.

Borders.

Benign incidentalomas are characterized as having smooth borders on
CT and ultrasound imaging [13].
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Irregular borders on imaging or invasive borders, as well as heteroge-
nicity, can be characteristic of a malignant process.

e Appearance of the contralateral gland.

Should be specifically examined to rule out bilateral lesions.
If the contralateral adrenal gland appears atrophied, the incidentaloma
might be producing cortisol.

Growth Rate [34].

Incidentalomas should be monitored with repeat imaging and hormone
lab work at 6 months, 1 year, and the two-year mark.

If the neoplasm’s growth rate is greater than 0.8 cm per year, then sur-
gery should be recommended.

However, there are very few controlled studies looking at growth rate.

— Functional Evaluation.

The goal of a functional evaluation of adrenal incidentalomas is to confirm
or exclude the possibility of overproduction of cortisol, aldosterone, and
catecholamines which all have implications for successful management.
Hypercortisolism [45]:

Cushing’s syndrome refers to the constellation of symptoms associated

with autonomous adrenal production.

Autonomous cortisol secretion prevalent in 5-30% of incidentalo-

mas [44].

Symptoms of Hypercortisolism [10, 36].

* Sequela of prolonged exposure to cortisol includes central obesity,
development of a “buffalo hump,” fatigue, poor wound healing, pur-
ple striae emotional symptoms, erectile dysfunction, hirsutism,
impaired immunity, and proximal muscle weakness and atrophy.

Biochemical Testing.

¢ Low-Dose Dexamethasone Suppression Test [10, 14]:

— 1 mg of dexamethasone is given at 11 pm the night before and a
cortisol level is drawn at 8 am the next day.

— If cortisol level is less than 1.8 mg/dl, then suppression is
appropriate.

— If cortisol is greater than 1.8 mg/dl, there is an inability to sup-
press endogenous cortisol production, and a secondary test should
be performed to confirm.

— Adrenocorticotrophic hormone (ACTH) should be suppressed.

e A 24-h urinary free cortisol: urinary cortisol greater than
100 mcg/24 h suggests hypercortisolism.

¢ Midnight salivary cortisol: Measured via salivary swab three con-
secutive nights at 12 am; elevated levels suggest hypercortisolism.

Hypercortisolism is an indication for excision.

Hypercortisolism secondary to ACTH-independent bilateral macronod-

ular hyperplasia should be treated with unilateral adrenalectomy of the

largest nodules to attempt remission of cortisol excess without causing

adrenal insufficiency [51].
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Bilateral adrenalectomy can be considered to palliate symptoms of cor-
tisol excess failed resection of pituitary Cushing’s disease or unlocal-
ized or metastatic ectopic ACTH production, but this should be
performed only with multidisciplinary consultation and management
due to the resulting adrenal insufficiency.

When ectopic ACTH production can be localized and resection is fea-
sible, excision is recommended to treat the resulting Cushing’s
syndrome.

Patients with hypercortisolism need to be monitored for postoperative
adrenal insufficiency and might need steroids.

Aldosterone or Primary Aldosteronism.

Primary aldosteronism refers to overproduction and autonomous adre-

nal production of aldosterone and is known as Conn’s syndrome.

Observed in up to 1% of incidentalomas [28].

Aldosterone-producing adenomas are typically unilateral and are less

than 2 cm.

Symptoms of Primary Aldosteronism [53]:

¢ Marked refractory hypertension despite several antihypertensives.

* Hypertension onset at young age.

* Hypokalemia can be observed in 20%.

Biochemical Testing [53]:

* Plasma aldosterone concentration to plasma renin activity ratio >20.

* Confirmatory test: lack of decreased aldosterone with sodium
loading.

e Adrenal venous sampling is often necessary to rule out bilateral
adrenal hyperplasia or contralateral aldosterone overproduction [18].

Primary aldosteronism should be further evaluated with adrenal venous

sampling to lateralize and confirm unilateral hypersecretion. Unilateral

disease is an indication for ipsilateral adrenalectomy.

Patients with primary aldosteronism should be monitored for hyperka-

lemia postoperatively.

Catecholamines or Pheochromocytoma.

It is important to rule out a pheochromocytoma any time an inciden-
taloma is identified.
About 7% of adrenal incidentalomas are later diagnosed as pheochro-
mocytomas [7].
Biochemical Testing:
¢ Plasma metanephrines are more sensitive:
— Pheochromocytomas usually produce metanephrine levels >3-4
times normal.
— Mild elevations and false-positive results are observed with tricy-
clic antidepressants, decongestants, amphetamines, reserpine,
caffeine, and nicotine.
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* Urine metanephrines (24 h collection) are more specific if elevated.
— Pheochromocytomas should be resected only following adequate pre-
operative preparation with alpha blockade until they have orthostatic
hypotension. They should also be counseled to stay hydrated and con-
sume salt.
— Patients with pheochromocytomas should be monitored closely for
hypotension and hypoglycemia postoperatively.

— Biopsy is often contraindicated or not useful.

Biopsy should never be attempted prior to ruling out a
pheochromocytoma.

Biopsy of masses suspicious for adrenocortical carcinoma can potentially
rupture the tumor capsule and seed the peritoneum or retroperitoneum.
Biopsy is reasonable to consider to diagnose metastatic disease if the result
will alter management, but only after a pheochromocytoma is ruled out.

¢ Incidentalomas with suspicious radiologic findings or evidence of excess hor-
mone secretion should be resected [9].

Adrenocortical Carcinoma (ACC)

* ACC:s are rare and often have a poor prognosis.
* Incidence: 0.5-2 cases per million populations per year [40].
* Risk Factors.

— Genetic risk factors: Li-Fraumeni syndrome (TP53 mutation), Beckwith-
Wiedemann syndrome (IGF2 mutation), multiple endocrine neoplasia type 1,
Carney complex, neurofibromatosis type 1 [27], and Lynch syndrome [38].

— Female (2:1 female-to-male ratio) [25].

— Tobacco use [22].

* Presentation.
— 14% of cases are found incidentally [40].
— 60% associated with clinical evidence of hypersecretion syndromes

Most common is hypercortisolism.
Can produce multiple hormones in excess.

— 20-40% are metastatic at presentation.
— Signs and symptoms.

Hormonal symptoms:

— Hypercortisolism: plethora, diabetes, osteoporosis, and muscle atrophy.

— Hyperandrogenism: male pattern baldness, virilization, hirsutism, and
menstrual abnormalities.

— Excess estrogen: gynecomastia and testicular atrophy.

Flank pain.

Early satiety.

Abdominal fullness.
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Fig. 1.1 Adrenocortical carcinoma. (a) depicts a CT scan showing a large right adrenal mass
directly invading the liver with an atrophied left adrenal gland due to autonomous cortisol secre-
tion from the adrenal mass. (b) shows the mass directly invading the liver during resection and (c)
shows the final gross specimen

* Evaluation.
— Detailed medical and family history.
— Imaging (Fig. 1.1).
* Risk of ACC is not determined by lab findings but by radiographic charac-
teristics [53].
e CT scan [45]:

— ACC is heterogenous, high density with Hounsfield units greater than
10, irregularly shaped, and can have intramural necrosis.

— In 30% of cases, calcifications are present.

— On contrast-enhanced CT, there is irregular heterogenous peripheral
enhancement and a nonenhancing central portion due to hemorrhagic or
necrotic components.

* MRI [45]:

— On Tl-weighted imaging: ACC is isointensive or hypointense when
compared to the liver parenchyma.

— On T2-weighted imaging: ACC is hyperintense when compared to the
liver parenchyma.

— Biochemical evaluation [45].
¢ Adrenocorticotropic hormone [24]: In cases of adrenocortical carcinoma,
morning ACTH levels can be normal or low in the setting of a cortisol
producing tumor.
* Aldosterone: Can be tested with plasma renin activity to determine if ele-
vation is independent of renin.
e Androgen production [24]: Elevated dehydroepiandrosterone sulfate
(DHEA-S) levels are suspicious for ACC.
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¢ Functional evaluation should also include metanephrine levels to rule out

pheochromocytoma.

— Biopsy should not be attempted for diagnosis if the mass is going to need to
be removed regardless due to the risk of capsule rupture and peritoneal seed-

ing. Biopsy

pheochromocytoma.
» Histology/Pathology [25].
— The tumor is often tan or yellow in appearance with areas of hemorrhage or
necrosis.
— Weiss Criteria used to determine malignancy. Histologically, the tumor must
contain three out of nine of the following criteria [48]:

High nuclear grade (Fuhrman III or I'V).

should never be performed without first ruling out

High mitotic rate (>5 mitoses per 50 high power field).

Atypical mitotic figures.
<25% clear cells

Diffuse architecture.
Tumor confluent necrosis.
Venous invasion.
Sinusoidal invasion.
Capsular invasion.

— Staging [3] (Tables 1.1 and 1.2).

Table 1.1 TNM categories for adrenocortical carcinoma
Tumor Nodes
TX—Tumor cannot be assessed NX—Regional lymph nodes
TO—No evidence of primary tumor cannot be assessed
T1—Primary tumor is 5 cm or less NO—No evidence of nodal
T2—Primary tumor is >5 cm metastases
T3—Primary tumor is invading N1—Regional nodal
surrounding adipose tissue metastases are present

T4—Primary tumor is invading
adjacent organs or vessels

Metastases

MO—No evidence of
distant metastases
MI1—Distant metastases
are present

Table 1.2 American Joint Commission on Cancer eighth edition Staging for Adrenocortical

Carcinoma

TNM

Stage groupings Description

1 T1, NO, MO Tumor 5 cm or less, no nodal involvement or distant metastases

I T2, NO, MO Tumor larger than 5 cm, no nodal involvement or distant metastases

I T1-2,N1, MO Tumor invading surrounding tissue or organs or evidence of regional
T3-4,any N, nodal involvement, no distant metastases
MO

v Any T, any N, Distant metastases are present

Ml
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¢ Treatment.

Although diagnosis requires histology, patients with suspected ACC should

be clinically staged prior to developing a treatment plan.

Full hormonal evaluation should be performed to aid management, gauge the

likelihood of adrenal insufficiency postoperatively, and rule out a

pheochromocytoma.

Any excess hormone production identified preoperatively can be used as a

tumor marker postoperatively.

Operative resection is the primary treatment for resectable tumors.

¢ Minimally invasive approaches are controversial with large indeterminate
adrenal masses [52].

e Open approach is indicated for any known cases of adrenal cortical
carcinoma.

* Goal of resection is negative margins when possible. Positive margins are
associated with advanced carcinoma and worse survival [42].

* Locoregional lymphadenectomy (perihilar and para-aortic/paracaval
nodes) is associated with longer disease-specific survival in patients with
localized (stages I-1IT) ACC (HR 0.42 [0.26,0.68]) [21].

Systemic Therapy.

e Mitotane is cytotoxic for adrenal cortical cells and the primary systemic
treatment for ACC.

— It can be used to decrease cortisol levels in the neoadjuvant setting.

— Mitotane is used for adjuvant therapy in patients considered high risk
for recurrence or those with large tumor size or aggressive features
should be considered for adjuvant treatment.

— Mitotane is used as primary therapy in patients with unresectable
disease.

¢ Mitotane can be used in combination with etoposide, doxorubicin, and cis-
platin (EDP) for aggressive cases or for recurrent or advanced disease.

Radiation.

* Historically, ACC was considered relatively insensitive to radiation
therapy.

¢ Adjuvant radiation might play a role for high-grade tumors or for patients
following incomplete resection or tumor spillage.

e Prognosis.

Overall poor.
A five-year disease-specific survival was 82% for stage I, 61% for stage II,
50% for stage 111, and 13% for stage IV (PMID 19025987, [16]).

¢ Surveillance.

Patients should initially be followed every 3 months following resection with
imaging.

Hormone levels can be used as tumor markers in cases where the cancer was
hormonally active.
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Pheochromocytoma

An adrenal tumor that arises from chromaffin cells within the adrenal

medulla.

Pheochromocytomas are rare, occurring in less than 1 in 100,000 popula-

tion [17].

Risk factors.

— Nearly one-third of seemingly sporadic pheochromocytomas are associated
with a genetic predisposition [17].

— Genetic syndromes associated with pheochromocytomas:

Von Hippel-Lindau disease [39].

— Approximately 20% will develop a pheochromocytoma.

— Malignancy is rare.

Multiple Endocrine Neoplasia Type II [50].

— Risk of pheochromocytoma correlates with the specific RET codon
mutations 918, 634, and 883.

— When it cooccurs with other manifestations, the pheochromocytoma
should be addressed first.

Neurofibromatosis 1.

— Approximately 1% of NF 1 patients will develop a
pheochromocytoma.

— Can be malignant.

Familial Paraganglioma Syndromes [15].

— Identified by a germline mutations in SDHA, SDHAF1, SDHAF2,
SDHB, SDHC, and SDHD, MAX, or TMEM127.

— SDHB mutations are associated with a higher risk of malignant pheo-
chromocytoma and paraganglioma.

Presentation.

— Most pheochromocytomas are initially identified incidentally [19].

— Most pheochromocytomas are hormonally active, in contrast to
paragangliomas.

— Signs and Symptoms [53]:

Hypertension can be severe and episodic but not all patients will present
with hypertension (not present in 15% of patients).

Other classic symptoms include tachycardia, cardiac arrhythmias, head-
aches, anxiety, weight loss, panic attacks, constipation, pallor, and exces-
sive sweating.

Episodic symptoms can be precipitated by activity, defecation, alcohol
ingestion, and general anesthesia.

Cardiac presentations can include heart failure and myocardial infarction.

Evaluation.
— Detailed medical and family history.
— Imaging (Fig. 1.2).
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Fig. 1.2 Malignant pheochromocytoma. (a) depicts a CT scan showing a large irregular, hetero-
geneous left adrenal mass. (b) shows a dotatate PET scan showing uptake in the left adrenal mass
as well as evidence of metastatic disease to the spine and hip

* When imaging pheochromocytomas, it is important to pay special atten-
tion to the contralateral adrenal gland and the sympathetic chain because
they can present with bilateral or extraadrenal disease.

e CT adrenal protocol.

— Provides anatomical information.
— Might look cystic, solid, or partially necrotic.
— Often mimic the appearance of other adrenal lesions [12].

* MRL
— Provides anatomical information, particularly helpful to evaluate vascu-

lar invasion.
— High-intensity signal on T2-weighted images.
— Can mimic the appearance of adrenocortical cancer.

* Imaging with iodine-123 ('*I)-labeled metaiodobenzyl guanidine
(MIBG) [49].

— Used for cases when a pheochromocytoma is biochemically suspected
but CT or MRI does not confirm a mass.

— MIBG is 82-88% sensitive and 82-84% specific for
pheochromocytoma.

e Gallium-68 DOTA, I1-Nal(3)-octreotide (Dotatate) PET scan.

— Functional imaging specific to neuroendocrine tumors including
pehochrmocytoma and paraganglioma.
— May be superior to MIBG imaging for pheochromocytoma in cases of
malignant pheochromocytoma and patients with a history of MEN2 [41].
— Biochemical Evaluation [53].

* Plasma-free metanephrines are sensitive and often exceed 3—4 times the

upper limit of the normal range.
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— False-positive results are common.

— Numerous medications including tricyclic antidepressants, deconges-
tants, amphetamines, and reserpine, in addition to caffeine, nicotine,
stress, and essential hypertension can all cause mild elevations.

Elevations in 24-h urine metanephrines are more specific than plasma-free

metanephrines.

Although rare, some pheochromocytomas can be nonfunctional.

Nonfunctional paragangliomas are much more common.

Chromogranin-A can serve as a nonspecific tumor marker for neuroendo-

crine tumors including pheochromocytomas which may be helpful for

nonfunctional tumors.

— Biopsy should not be attempted for diagnosis or for any adrenal nodule prior
to ruling out a pheochromocytoma due to the risk of precipitating a catechol-
amine crisis.

¢ Histology.

— Pheochromocytoma of the Adrenal gland Scaled Score (PASS) score [46] is
used to predict benign tumors and those with potential for aggressive
malignancy:

Vascular invasion score = 1.

Capsular invasion score = 1.

Periadrenal adipose tissue invasion score = 2.
Large nests or diffuse growth score = 2.
Focal or confluent necrosis score = 2.

High cellularity score = 2.

Tumor cell spindling score = 2.

Cellular monotony score = 2.

Increased mitotic figures >3/10 high power fields; score = 2.
Atypical mitotic figures score = 2.

Profound nuclear pleomorphism score = 1.
Hyperchromasia score = 1.

— If the factors add up to a PASS > or = 4, then there is more potential for
malignancy.
e Staging [3] (Tables 1.3 and 1.4).

Table1.3 TNM Categories for Malignant Pheochromocytoma and Sympathetic Paraganglioma [3]

Tumor Nodes Metastases

TX—Tumor cannot be assessed NX—Regional lymph M0—No evidence of distant
TO0—No evidence of primary tumor  nodes cannot be metastases
T1—Pheochromocytoma is 5 cm or  assessed Mla—Distant metastases to
less NO—No evidence of  bone
T2—Pheochromocytoma is >5 cm or nodal metastases M1b—Distant metastases to
sympathetic paraganglioma N1—Regional nodal nonregional lymph nodes,
T3—Primary tumor is invading metastases are present  liver, or lung

surrounding tissue (adipose or M1c—Metastases to bone and
organs) multiple other sites
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Table 1.4 American Joint Commission on Cancer eighth edition Staging for Malignant
Pheochromocytoma and Sympathetic Paraganglioma

Stage
1

II

11T

v

TNM
groupings Description
T1, NO, MO Pheochromocytoma 5 cm or less, no nodal involvement or distant

metastases

T2, NO, MO Pheochromocytoma larger than 5 cm or sympathetic paraganglioma, no

nodal involvement or distant metastases

T1-2,N1, MO Tumor invading surrounding tissue or organs or evidence of regional

T3, any N, nodal involvement, no distant metastases
MO

Any T, any N, Distant metastases are present.

Mil

e Treatment.
— Surgical resection is the primary treatment for pheochromocytomas, but cat-

echolamines must be adequately blocked before considering surgery.

— Preoperative Preparation [32].

¢ Adequate preoperative blockade prevents a catecholamine crisis during

anesthesia and tumor manipulation. Classic preoperative blockade includes

alpha receptor blockade.

Alpha-adrenergic Blockade.

— Generally initiated at diagnosis and important for this blockade to occur
at least 1-3 weeks prior to operation.

— Classic alpha blockade includes phenoxybenzamine, a long-acting,
nonselective a-adrenergic antagonist.

* Dose is titrated to orthostatic hypotension.
¢ Common side effects include severe congestion.

— Selective alpha blockade with agents such as doxazosin and terazosin
are often more widely available, less expensive, and easier to tolerate
than phenoxybenzamine [37].

Calcium channel blockade—Useful for preparation in patients that are

experiencing catecholamine-induced coronary vasospasm or those that are

normotensive or only intermittently hypertensive and those that cannot tol-
erate alpha blockade due to hypotension.

Beta-adrenergic Blockade.

— Should only be added after an alpha-adrenergic blockade for patients
that remain tachycardic.

— Use prior to adequate alpha blockade can precipitate a hypertensive cri-
sis due to unopposed alpha receptor stimulation.

Patients should be encouraged to increase sodium intake and hydrate prior

to surgical resection due to the decreased intravascular volume associated

with chronic excess catecholamines.

— Surgical resection requires a coordinated, multidisciplinary approach.

Anesthesia Considerations.
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Induction can precipitate a catecholamine surge, so invasive blood pres-
sure monitoring is often established prior to induction.

Tumor manipulation can also cause increased catecholamine release,
and the decrease in catecholamines once the adrenal vein is ligated can
be rapid and profound.

Anesthesiologists must take drugs that stimulate catecholamine release
into account and avoid use.

Inhaled anesthetics are often used due to decreased cardiodepressant
effects [53].

¢ Pheochromocytomas can be safely resected open or minimally invasively
using laparoscopy or robotics and via a transabdominal or retroperitoneo-
scopic approach.

The surgeon should attempt to minimize tumor manipulation prior to
ligating the adrenal vein.

Communication with anesthesia around the time of ligating the adrenal
vein is vital.

* Postoperative Considerations [53].

The alpha-adrenergic blockade is discontinued following a complete
resection.

Patients may require vasopressors immediately postoperatively, but
these can usually be weaned rapidly with fluid resuscitation.

Patients should be monitored for hypoglycemia.

Genetic testing should be considered once pheochromocytoma is con-
firmed with pathology.

— Systemic Therapy.
¢ Chemotherapy.

The most common chemotherapy regimen is cisplatin, vinblastine, and
dacarbazine [29].

Sunitinib is a tyrosine kinase inhibitor that has some efficacy in treat-
ment. It targets the vascular endothelial growth factor pathway [31].

¢ Radiopharmaceutical Therapy [8].

Iodine-131 meta-iodobenzylguanidine (*'I-MIBG) is efficacious for
palliative symptomatic control in patients with both inoperable and
metastatic disease. This therapy is only an option if the patient has a
positive 'PI-MIBG scan. The tumor must have avid tracer uptake.
Imaging is required within 3—6 months of treatment.
177-Lutetium-DOTATATE (""Lu-DOTATATE) is a second efficacious
therapy for metastatic pheochromocytoma. Similar to *'I-MIBG treat-
ment, the tumor must have avid tracer uptake on dotatate PET scan [23].
Choosing which radiopharmaceutical therapy to use is based on the
individual patient and a risk-benefit analysis of the side effects.

— Radiation Therapy.
¢ External beam radiation therapy is utilized in patients with symptomatic
localized disease progression [47] and may help with symptoms of local
progression but often is not curative.
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e Prognosis.

— Those amenable to surgical resection without metastatic disease are curable.
However, patients with metastatic disease at diagnosis or those that have
recurrent pheochromocytoma have a 5-year survival rate of 34—60% [33].

— Factors associated with shorter overall survival: increased tumor size, initial
extraadrenal tumor location, and germline mutations of succinate dehydroge-
nase B subunit (SDHB) [2, 4].

e Surveillance [26, 35].

— Resectable Disease (Postoperative Surveillance):

» Patients should be monitored with history and physical, blood pressure
measurements and hormonal markers in the first year postoperatively, any-
where from every 3 to 12 months. Can also consider imaging to surveil.

* Postoperative years 1-3: Monitor with history and physical, blood pressure
measurements, and hormonal markers every 6—12 months. Can also con-
sider imaging to surveil.

* Postoperative years 4—10: Patients should be monitored annually with hor-
monal markers. Imaging can also be considered.

— Nonresectable Disease:

* Every 3 months to 1 year: Patients should be under surveillance with his-
tory and physical, blood pressure measurements, and hormonal markers.

* Imaging can be considered as well, especially if considering radionuclide
therapies.
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Anal Cancers 2

Keri Mayers and Kevin Train

Premalignant Neoplasms

e Human papilloma virus (HPV) is the primary cause of anal squamous cell carci-
noma (SCC) and is often preceded by the development of squamous intraepithe-
lial lesions (SIL)

— HPV infection is nearly ubiquitous in sexually active adults
 If the patient is immunocompetent, most infections are asymptomatic and
clear within 2 years
e About 15 HPV types are considered “high risk” and associated with the
development of anal cancer
— Most common cancer association: type 16 (~80%) and type 18
— Most common low-risk genital warts association: types 6 and 11
— Elevated risk for SIL
* HIV infection
¢ Men who have sex with men (MSM)
*  Women with history of cervical dysplasia
* Solid organ transplant recipients with history of CIN or anal receptive
intercourse
— Incidence/prevalence ranges widely due to heterogenous populations studied

e SIL terminology
— Previously graded as anal intraepithelial lesions (AIN) 1-3
— Updated to a two-tier system with the LAST project

e LSIL—previously AIN 1
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» Abnormal cells extend less than 1/3 the thickness of the epithelium
e HSIL—previously AIN 2 and 3
e Abnormal cells extend greater than one-third the thickness of the
epithelium.
— Equivocal samples can be differentiated by pl6 staining (marker of cell
proliferation).
* P16 positive = HSIL
Natural history
— LSIL lesions often spontaneously regress
* 50% regression at 2 years
¢ Not considered a precursor for anal cancer but can be a marker for con-
comitant HSIL
— HSIL lesions are less likely to regress
* Generally considered a precursor for anal SCC
* Progression of HSIL to cancer is about —13% over 5 years if untreated
Screening
— No well-defined recommendations or guidelines at this time
e Very limited evidence to support initial screening with anal PAP vs stan-
dard anoscopy vs high-resolution anoscopy (HRA)
Treatment
— Goal is to eliminate HSIL and visible lesions
— Treatment of LSIL is optional but can be offered for cosmesis or to prevent
progression to large condylomata
— Perianal HSIL
» Topical imiquimod or 5% FU
* Compliance limited by discomfort
* Recurrence rate is high after stopping treatment
* Focused topical treatment with trichloroacetic acid (TCA)
¢ Local ablation: electrocautery, infrared coagulation, and excision
— Anal canal HSIL
¢ Trichloroacetic acid (TCA)
* Local ablation
— HPV vaccination is now available up to age 45
¢ Does not treat existing infection but can prevent infection with addi-
tional strains
Surveillance
— No well-established guidelines but generally stratified by degree of SIL and
patient risk factors
* Limited evidence to support benefit of gross exam and standard anoscopy
vs HRA except in the HIV (+) population (Table 2.1)
* Q6—12-month examination probably sufficient for LSIL
* Q3—6 months for HSIL and consider more frequent if patient is
immunosuppressed



2 Anal Cancers 21

Table 2.1 Notable trials in aSCC

Trial Design Locoregional failure
Nigro (1974) Three patients Two patients had complete response at
ChemoXRT with 30 Gy RT with 5-FU APR
and MMC One patient with complete clinical
APR after 6 weeks response refused surgery and was
clinically negative at 1 year
ACT1(996, 577 patients assigned to radiation ChemoXRT lowered locoregional
2010 update) alone or radiation +5-FU/mitomycin  recurrence (HR 0.46) and cancer related
death (HR 0.86)
ACTII 940 patients assigned to chemoXRT  No difference in treatment response,
(2013) with mitomycin OR cisplatin and then overall survival, or disease-free
with OR without two doses of progression between treatment arms
maintenance chemotherapy Incidental: supported extended

surveillance after treatment. 72% of
patients with incomplete response at
11 weeks had complete response by

26 weeks

ANCHOR 4459 HIV (+) patients with biopsy- Progression to SCC was 57% lower in

(2022) proven HSIL the treatment group
All patients underwent HRA g6 Incidental: May support HRA over
months other surveillance methods for HIV (+)
Treatment arm received ablative or patients but was not compared to other
topical therapy for visible HSIL methods
lesions

Keynote 158 Phase 2 trial 11% with objective response

(2022) 112 patients with locally advanced or  15% response in PD-1-positive tumors
metastatic aSCC with failure of and 3% response in PD-1 negative
standard therapy tumors
Received Pembrolizumab 200 mg IV
Q3 weeks x 2 years

NCI9673 Phase 2 trial 24% with a response

(2017) 37 patients with metastatic aSCC who Two patients with a complete response
failed standard therapy
Received nivolumab 3 mg/kg every 2
weeks

Anal Cancer
* Anatomy
— Definitions
* Perianal skin: contains hair follicles and glands; extends 5 cm from the
anal verge

* Anal verge: squamous epithelium that lacks hair follicles; extends from
perianal skin to intersphincteric groove

* Anal canal: extends from anal verge to palpable superior border of the
anorectal ring (anal sphincter and puborectalis muscles)
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— Lymphatic spread

¢ Tumors above dentate will typically drain via superior rectal — inferior mes-
enteric (IM) lymphatics and/or middle/inferior rectal — internal iliac nodes

e Tumors below dentate drain via inguinal and femoral lymphatics

* Tumors at the dentate line can follow both

¢ Incidence:

— Incidence rates are low (1.8 per 100,000) but increasing worldwide about 2%/
year with increased findings of distant disease at time of diagnosis

— Increasing mortality of 3.1% per year

* Workup and staging (Table 2.2)

Exam: digital rectal exam (DRE), anoscopy, and inguinal node exam
Imaging: CT chest abdomen and pelvis

e PET CT can better define groin node or other metastatic involvements
— Alternatively, FNA for questionable nodes
¢ MRI can help define local extent of disease or if patient has iodine contrast
allergy but not required

Table 2.2 TNM staging

T  Primary tumor
Tx Cannot be assessed

T1 Tumor </=2 cm in
greatest dimension

T2 Tumor >2 cmbut</=5cm NI

in greatest dimension
T3 Tumor >5 cm in greatest
dimension

T4 Tumor any size invading
adjacent organs (i.e.,
vagina, urethra, bladder)

N  Regional lymph nodes
NX Cannot be assessed

Additional: HIV testing (if status not known), gynecology referral for cervical
testing, and fertility counseling if appropriate for age
Table 2.3 shows five-year outcomes according to stage

Distant
M  metastases
Mx Cannot be

assessed

NO No involvement of regional lymph MO No distant
nodes

node(s)

Nla Involvement of inguinal,

Involvement of regional lymph

metastasis
M1 Distant
metastasis

mesorectal, superior rectal, internal

iliac, or obturator lymph node(s)

NI1b Involvement of external iliac lymph
node(s)

Nlc Involvement of external iliac + any
Nla lymph node(s)

Paraaortic lymph nodes are considered M1 disease but included as locoregional disease for treat-
ment, as they can be included in XRT treatment field

Table 2.3 A five-year
outcomes by stage

TN stage
T2NO
T3NO
T4NO
T2N+
T3N+
T4N+

Overall survival (%)
82
74
57
70
57
42

Locoregional failure (%)

17
18
37
26
44
60
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Table 2.4 Chemotherapy for locoregional disease

Preferred Alternative
5-FU + mitomycin + RT 5 FU + cisplatin + RT
5-FU: Continuous infusion 1000 mg/m?%day IV 5-FU: continuous infusion 1000 mg/m?/
days 1-4 and 29-32 day IV days 14
Mitomycin: 10 mg/m? IV bolus days 1 and 29 Cisplatin: 75 mg/m? day 1
with RT ***Repeat every 4 weeks with RT
OR

Mitomycin: 12 mg/m? on day 1 with RT
Capecitabine + mitomycin + RT
Capecitabine: 825 mg/m?> PO BID
Mitomycin: 10 mg/m? IV bolus days 1 and 29
with RT
OR
Capecitabine: 825 mg/m? PO BID days 1-5
Mitomycin: 12 mg/m? IV bolus on day 1 with
RT

¢ Management of locoregional disease
— Initial management for perianal and anal canal SCC is primarily chemoradio-
therapy (Nigro protocol)
* Mitomycin/5-FU and radiation therapy (Table 2.4)
— Alternative chemotherapy/radiosensitization
¢ Mitomycin + capecitabine
* 5-FU + cisplatin
— XRT should total 45 Gy minimum, typically 54 Gy
* Option for 9-14 Gy boost to larger primary tumor or positive nodes
 Intensity-modulated RT (IMRT) is preferred over three-dimensional
conformal RT (3D-CRT)
— Exceptions
* Well or moderately differentiated T1 and NO perianal SCC
Local excision with 1 cm margins
e Inadequate margins — reexcision if possible, otherwise
chemoradiation
— Can be extended to select T2, NO disease if no sphincter involvement
— In general, perianal SCC has better prognosis than anal canal SCC
» “Superficially invasive” on biopsy report
Defined as negative margins, less than 3 mm basement membrane inva-
sion, and maximal spread less than 7 mm
— Can be managed with excision alone
— Post-treatment evaluation
* Complete response with chemoradiation ranges from 60% to 90%
¢ Evaluate with exam and DRE 8-12 weeks after chemoradiation (Fig. 2.1)
— Complete remission: enter surveillance
— Persistent disease: Continue exams g4 weeks up to 6 months for full
response
* Avoid biopsies until >6 months to avoid XRT artifact
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— Progressive or non-regressing disease: Restage, then APR + groin dis-
section (if node positive)
— Surgical management
e For persistent, progressive, or recurrent disease — abdominoperineal
resection (APR)
— Include superficial inguinal node dissection if nodes are positive
by biopsy
— Consider flap coverage (i.e., VRAM)
* Still prone to infection and/or dehiscence but can reduce time to
complete wound closure by several weeks
* APR occasionally required for radiation-related toxicity (i.e., extensive tis-
sue necrosis, anal stenosis)
¢ Management of metastatic disease
— Can treat primary site with 5-FU or capecitabine + RT for local control
— Systemic therapy
¢ First-line regimen
— Carboplatin + paclitaxel
— Alternatives
* 5-FU + cisplatin
* FOLFCIS
« mFOLFOX6
* Modified DCF
* Second line
— Nivolumab or pembrolizumab

Other Anal Tumors

* Anal adenocarcinoma
— 20% of all anal cancers
— Mass in anal canal with minimal mucosal component
e Arises directly from the anal glands and is frequently associated with
mucus discharge
* Can be found in proximity to chronic fistula tracts (i.e., Crohn’s disease)
* Increased risk of lymph node metastases and overall lower survival than
both anal canal SCC and rectal adenocarcinoma
* Treatment like low rectal cancer
e Melanoma
— Rare, represents 0.05% of all colorectal malignancy
— Often a late diagnosis; very aggressive disease with poor overall prognosis
* Generally presents with a pigmented, ulcerated mass, but 30% are
amelanotic
— Staging
¢ Does not fall within the typical TNM staging system



26 K. Mayers and K. Train

¢ Pelvic MRI, PET, colonoscopy, complete dermatologic and ophthalmic
exam—rule out other sites of disease
¢ No proven use for sentinel lymph node mapping
— Treatment
¢ Targeted therapy if BRAF or c-KIT mutations present
» Historically, APR offers no survival benefit vs. WLE
— 21% five-year survival for APR and WLE
— Treatment failure from distant metastases
* Perianal basal cell carcinoma
— Also quite rare: 0.1% of all basal cell tumors and 0.2% of all perianal tumors
— Frequently presents with other synchronous lesions
¢ Verrucous carcinoma (Buschke-Lowenstein tumor)
— Large tumor, generally associated with HPV types 6 and 11
* Can have areas of local invasion
* A five-year malignant transformation of 40-60% if left untreated
— Treatment
» Typically wide excision to negative margins
* Can consider chemoXRT or APR if local excision is not feasible or con-
cern for invasive component

Questions

A 46-year-old woman with history of cervical dysplasia and prior pelvic radiation for
Hodkin’s lymphoma presents for widespread perianal skin change. She has no iden-
tifiable lesions within the anal canal. Representative biopsies all demonstrate HSIL.
¢ Topical treatment with imiquomod
¢ Routine surveillance, consider with HRA

A 36-year-old woman sees you for biopsy-proven anal canal cancer. She has no
significant medical history, is monogamous with a single male partner, and cur-
rently feels well. On exam, she has a palpable left inguinal node.

e HIV testing

* Initial staging (CT chest/abdomen/pelvis, but consider PET for node)
* Discuss fertility implications, consider tissue banking

* Chemoradiation—include groin within radiation treatment field

A 50-year-old man sees you for follow-up 6 months after completing chemoradia-
tion for T2NO anal cancer. The anal canal lesion has completely resolved, but he
has a left inguinal node that is newly palpable.

* Restage

* Consider PET +/— inguinal node FNA

* Once confirmed disease, unilateral groin dissection and continue surveillance
of the primary tumor site

Scenario: A 64-year-old man completed chemoXRT 2 years ago for T3NO anal
canal SCC with complete remission. On surveillance, he has developed progres-
sive stenosis of the anal canal. Most recent biopsies of this area were negative for
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invasive disease, but it is becoming challenging to do an adequate physical exam
and he is developing symptoms of impending obstruction.

* Divert

* Consider APR
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Introduction

* Biliary tract cancers (BTCs) are a heterogenous group of cancers for which treat-
ment and prognosis depend on anatomic location (Fig. 3.1)
— Extrahepatic cholangiocarcinoma (ECC)
* Distal cholangiocarcinoma (distal to cystic duct)
 Perihilar cholangiocarcinoma (proximal to cystic duct)

Right hepatic
duct

Left hepatic iCCA
duct
GBC =
L_Common hepatic ] BCCA
| duct (hilum region)
- eCCA
Extrahepatic
bile duct dcca

Common bile
duct (distal region)

\

Pancreas

Small intestine

Fig. 3.1 Anatomic classification of biliary tract cancers, including intrahepatic (iCCA), perihilar
(pCCA), distal (dCCA), and gallbladder (GBC). Extrahepatic (eCCA) includes both pCCA and
dCCA [23]
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— Gallbladder adenocarcinoma (GC)
— Intrahepatic cholangiocarcinoma (ICC)
» Eighty percent are extrahepatic bile duct cancers, of which 60—70% are perihilar
* GCis often incidentally diagnosed either intraoperatively or incidentally on final
pathology after cholecystectomy for other reasons (>70% of cases)
e ICC and ECC often diagnosed at advanced stages
¢ Epidemiology
— ICC and ECC more common in Southeast Asia with >4 deaths per 100,000,

less common in the West [1]

* Risk factors include primary sclerosing cholangitis (PSC), choledochal
cysts, parasitic infections (Clonorchis sinensis), hepatitis C, and anoma-
lous pancreaticobiliary junction (PBJ)

* Choledochal cysts (Fig. 3.1)—thought to be related to anomalous PBJ,
induce low level chronic inflammation [2]

— Todani classification of choledochal cysts [3] (Fig. 3.2)

CHOLEDOCHAL CYSTS

oo
el

Fig. 3.2 Todani classification of choledochal cysts [3]
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— GC more common among people of indigenous American descent and in
southeast Asia
* Other risk factors: obesity, large stones (>3 cm), and PSC
* Segmental calcification = high risk for cancer
¢ Porcelain gallbladder has no increased risk of malignancy
Surgical resection (+ chemotherapy) is a primary treatment for BTCs that are
localized and resectable.
Systemic therapy is the primary treatment for patients with metastatic or unre-
sectable disease:
— BTCs have a relatively high proportion of genetic mutations enabling an
increasing number of targeted and immune-based treatment options available.
— Numerous locoregional options are available to facilitate local control for
those with unresectable cancers.

Diagnosis

Clinical Presentation

ECC

— Most often presents with jaundice, occasionally vague epigastric or right
upper quadrant pain, acholic stool, dark urine, and pruritus [4]

ICC often presents incidentally on cross-sectional imaging. Can present at later

stages with nonspecific symptoms of pain, nausea, and jaundice.

GC presents in three distinct scenarios:

— Incidental (i.e., asymptomatic) pathologic finding after cholecystectomy

— Incidental (i.e., asymptomatic) finding on cross-sectional imaging or intraop-
erative finding

— With symptoms (e.g., jaundice, pain) secondary to large mass or meta-
static disease

Genetics

About 10% of BTCs will occur in association with a germline mutation [5]

— BRCA2>BRCA 1>MLHI1, MSH2, PALB2, RAD51d, BAP1, and ATM

— Increased risk in patients with BRCA mutations and Lynch syndrome

May be a role for somatic genetic testing in unresectable/metastatic disease to
identify targetable mutations (in particular FGFR2, NTRK, IDH1, BRAF, and
MMR genes)
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Histology

* BTC: >90% adenocarcinoma, rarely squamous cell or signet ring [4]
— Sclerosing (>70%)—dense desmoplastic stroma, risk for false-negative
cytology
— Nodular (20%)
— Papillary (5-10%)
¢ Gallbladder almost exclusively adenocarcinoma (which also arises from
epithelium)
— Polyps and other benign lesions—very common (4—7% of the population) [6]
e Cholesterol polyp—not a polyp at all, actually a lipid-laden nonmobile
stone. Will not have Doppler flow
¢ Adenoma—tubular, papillary, or mixed type, malignant potential
¢ Adenomyomatosis—by definition is benign, located in fundus
* Treatment versus surveillance based on size on US
If >2 cm polyp: treat as malignant
If 1-1.9 cm: simple cholecystectomy but increased risk
— 6-9 mm: consider annual ultrasound
5 mm or less: ultrasound in a year, if no change then stop surveillance

Anatomic Classification

¢ Cholangiocarcinoma
— Distal ECC
* Defined as distal to the cystic duct
— Perihilar ECC
¢ Defined as proximal to the cystic duct but distal to the second order biliary
radicals
» Bismuth-Corlette classification (Fig. 3.3)
— I—distal to the confluence
II—involving the confluence but not either hepatic duct
— IIIa/IlIb—involving the right (a) or left (b) hepatic duct
— IV—involving both right and left hepatic ducts
- ICC
e Arising from biliary tracts proximal to the second order biliary radicals
« GC
— Major factor is whether tumor is on peritoneal side or hepatic side [7] and
location near the fundus or infundibulum
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Type IV Type IV

Fig. 3.3 Bismuth-Corlette classification of perihilar cholangiocarcinoma [24]

Evaluation and Staging
Labs

¢ Complete metabolic panel with LFTs, CBC, and coagulation tests
e CA 19-9 (except unreliable with concomitant jaundice)
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Imaging

¢ Transabdominal US—useful for gallbladder pathology
¢ CT abdomen/pelvis with liver or pancreas protocol depending on tumor type
— ECC can be localized based on upstream biliary dilation.
— ICC has more variable appearance; classic finding is a focal segmental bile
duct dilation proximal to an intrahepatic mass.
— Primarily used for determining resectability, operative planning (vascular
anatomy), and evaluation for metastatic disease.
* CT chest to evaluate for metastatic disease
¢ MRI liver—useful for evaluating liver lesions and/or ruling out metastatic disease
¢ MRCP—evaluate biliary anatomy and location of biliary tumor
¢ PET/CT—not routinely used except suspicion of metastatic disease
¢ Endoscopic cholangiopancreatography (ERCP)—as needed for diagnostic or
therapeutic purposes
— Brushings
— Spyglass cholangioscopy
— Biliary stenting
* EUS
— Assess anatomic extent of tumor
— FNA of biliary masses and/or porta hepatis lymph nodes, can help identify
target mutations via next-generation sequencing

TNM Staging: Key Distinctions

o T stage is very different depending on subtype (Table 3.1)
— T stage in distal ECC is based on depth of invasion
— T stage in perihilar ECC and gallbladder cancer depends on relationship to
surrounding structures in the porta hepatis
— T stage in ICC depends on size, number of tumors, vascular invasion, and
invasion of other structures
* Clinicopathologic stage (Table 3.2)
— Relationship between TNM stage and clinicopathologic stage has become
more complex as clinicopathologic stage is better correlated to prognosis.
— Stages I-II are generally amenable to curative intent surgery
— Stage III consists of locally and/or regionally advanced disease.
— Stage IV in distal ECC and ICC represents metastatic disease. In perihilar and
gallbladder cancer, stage IV includes the following:
¢ Stage IVA: locally/regionally advanced disease
» Stage IVB: metastatic disease
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Table 3.1 T stage for biliary tract cancers [5, 8]

Perihilar ECC
Confined to bile duct

Distal ECC
T1 Depth <5 mm

T2 Depth 5-12 mm

T3 Depth > 12 mm

T4 Involves celiac

axis, SMA, and/or

CHA

Invades surrounding
adipose tissue (T2a) or
liver parenchyma (T2b)

Invades unilateral branch
of portal vein or hepatic

artery

Invades main PV or both
right/left PV, CHA, or

second-order biliary

radicals bilaterally with
contralateral PV or HA
involvement

Gallbladder

Invades lamina propria

(T1a) or muscularis
(T1b)

Invades perimuscular

connective tissue on

peritoneal side without
involvement of serosa

(T2a) or liver surface
(T2b)
Perforates serosa,

invades liver, or invades
adjacent organ or bile

duct
Invades main portal

vein or hepatic artery,

or 2+ extrahepatic
organs

Table 3.2 AJCC prognostic groups for biliary tract cancers [5, 8]
Stage Distal ECC

I

I

I

v

T1 NO MO

T1 N1 MO (ITA) or
T2 NO MO (TIA) or
T2 N1 MO (IIB) or

T3 NO-1 MO (IIB)

T1-3 N2 MO (IIIA)
or

T4 Nx MO (IIIB)

Tx Nx M1

Perihilar ECC
T1 NO MO

T2 NO MO

T3 NO MO (IIIA)
or

T4 NO MO (IIIB) or
Tx N1 MO (IIIC)
Tx N2 MO (IVA) or
Tx Nx M1 (IVB)

Gallbladder
T1 NO MO

T2a (ITA) or
T2b (IIB) NO MO

T3 NO MO (IIIA) or
T1-3 N1 MO (IIIB)

T4 NO-1 MO (IVA)
or

Tx N2 MO (IVB) or
Tx Nx M1 (IVB)

ICC

Solitary tumor
without vascular
invasion (T1a up
to 5 cm, Tlb

>5 cm)

Solitary tumor
with intrahepatic
vascular invasion,
or multiple
tumors

Perforates visceral
peritoneum

Directly invades
local extrahepatic
structures

Icc

Tla (IA) or
T1b (ITA) and
NO MO

T2 NO MO

T3 NO MO (ITIA)
or

T4 NO MO (IIIB) or
Tx N1 MO (ITIB)
Tx Nx M1
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Initial Therapy
Surgical Principles

» Distal ECC
— Managed similar to pancreatic head cancer—often requires Whipple proce-
dure (pancreatoduodenectomy)
— Mid-bile duct cancers that are amenable to true extrahepatic bile duct resec-
tion without pancreas or liver resection are uncommon.
— Porta hepatis lymphadenectomy indicated
* Six lymph nodes recommended
* Perihilar ECC
— Excision of bile duct plus major hepatectomy (typically formal anatomic
resection), reconstruct with hepaticojejunostomy
— As with any hepatectomy, consider arterial and portal inflow, venous outflow,
biliary drainage, and future liver remnant (FLR)
— Caudate resection often required due to direct invasion of biliary drainage
— Involvement of both right and left ducts — unresectable; consider transplant
if tumor <3 cm and confined to the liver
— Porta hepatis lymphadenectomy indicated
* Six lymph nodes recommended
* GC
— Surgical management dependent on T stage
* Tla: cholecystectomy alone
* Tl1b+: “radical” cholecystectomy with porta hepatis lymphadenectomy
— Consider anatomic IVb/V bisegmentectomy
— Nonanatomic parenchyma-sparing resection (i.e., 2 cm margin around
gallbladder fossa)
— Consider sending cystic duct margin for frozen or resecting down to CBD—
can be a common site of positive margin
e If positive cystic duct margin, perform bile duct resection and
hepaticojejunostomy
— Consider diagnostic laparoscopy beforehand—30% will present with occult
peritoneal metastasis, especially with known T2/T3 disease
« ICC
— Hepatectomy with goal of RO resection
— As with any hepatectomy, consider arterial and portal inflow, venous outflow,
biliary drainage, and future liver remnant (FLR)
— Porta hepatis lymphadenectomy—one of very few indications for lymphade-
nectomy with hepatectomy for primary tumor
* Six lymph nodes
* Consider personalizing the lymphadenectomy based on location (left-
sided tumors include lesser omentum nodes; right-sided tumors include
retropancreatic lymph nodes) [9]



3 Biliary Cancers 37

Liver Transplant

* Perihilar ECC

— Mayo criteria: biopsy-proven cancer or malignant stricture with CA
19-9 > 100, tumor <3 cm, no distant metastasis, no evidence of nodal involve-
ment by EUS-FNA or surgical lymph node biopsy [10]

— Mayo protocol: Neoadjuvant EBRT + radiosensitizing chemotherapy +/—
brachytherapy — staging laparoscopy — maintenance chemotherapy until
transplant [11]

— Each institution may have slight differences in own protocols

* ICC

— Worse oncologic outcomes compared to perihilar

— May be beneficial with best available neoadjuvant therapy and small, low-
grade tumor with lower CA 19-9 [12]

— Typically offered only as part of a clinical trial

Systemic Therapy
Systemic Therapy Options

* NCCN preferred regimen is gemcitabine + cisplatin + durvalumab (PD-L1
inhibitor) based on TOPAZ-1 trial [13]

e Alternative regimen is gemcitabine-cisplatin alone based on ABC-02 trial [14]

¢ Second-line preferred regimen is FOLFOX based on ABC-06 trial [15]

¢ BTCs have a relatively high rate of genetic mutations which make them suscep-
tible to an increasing array of targeted therapies [5]
- IDH
— FGFR
— MSI-H

Adjuvant Therapy

¢ Current standard of care adjuvant therapy following resection of BTC is adjuvant
capecitabine (also known as Xeloda) based on BILCAP trial [16]
— Grouped all BTCs together, not powered for subgroup analyses of individual
cancer types or by prognostic factors (e.g., lymph node involvement)
— Findings supported by the JCOG1202/ASCOT trial which showed improved
survival with adjuvant S-1 (similar to Xeloda, used in Japan) [17]
¢ Ongoing ACTICCA-1 trial aims to compare adjuvant gemcitabine-cisplatin to
capecitabine but previously published PRODIGE 12-ACCORD 18 Trial found
no survival improvement with adjuvant gemcitabine-oxaliplatin compared to
observation.
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Neoadjuvant Therapy

» Upfront surgical resection is a preferred approach for resectable BTCs
— Neoadjuvant therapy is primarily reserved for unresectable or those at risk for
margin-positive resection [18].
— Can be considered for biologically high-risk scenarios (clinically positive
lymph nodes, markedly elevated tumor markers, satellite lesions, macrovas-
cular invasion, etc.) [19]
e When used, neoadjuvant therapy generally consists of systemic therapy: gem-
cis + durva for most BTCs.
¢ Increasing number of locoregional therapies (see below) which can be used for
unresectable ICC with ~20% downstaging to resection.
e Ongoing Optimal Perioperative Therapy for Incidental Gallbladder Cancer
(OPT-IN) trial randomizes patients with incidental GBC to neoadjuvant
gemcitabine-cisplatin versus upfront surgery

Locoregional Therapies
Radiation Therapy

» Radiation can be considered based on nonrandomized SWOG S0809—adjuvant
gemcitabine + capecitabine followed by capecitabine + RT for extrahepatic and
gallbladder cancer [20].

¢ Unresectable tumors may be amenable to RT with concurrent 5-FU-based chemo
(e.g., capecitabine).

Transarterial Therapies

» Rationale for liver-directed therapy is that death from ICC typically occurs from
liver failure; these modalities can be effective in achieving disease control but
uncommonly downstage unresectable disease to resectable [21].

¢ TACE (transarterial chemoembolization) can be considered for unresectable ICC.

¢ TARE (transarterial radioembolization) is also effective at achieving disease
control.

— MISPHEC trial of Gem-Cis + TARE with Y-90 downstaged 20% of patients
and achieved disease control in 98% [22].

Hepatic Artery Infusion Pump
¢ Several nonrandomized prospective studies of HAI with floxuridine (FUDR)

suggest good disease control and occasional downstaging to surgical resec-
tion [21].
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Surveillance

CT C/A/P every 3—6 months for 2 years and then every 612 months until 5 years
Recurrences can occur locoregionally (along resection margin or regional lymph
nodes) or distant (liver, lungs, peritoneum, lymph nodes most common)
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Breast Cancer 4

Kimberly S. Bailey and Gregory Stimac

Introduction

e Most common malignancy of females in the United States and second highest
cause of cancer death [1].

* Includes carcinoma in situ, invasive carcinoma, Paget’s disease, phyllodes tumor,
and inflammatory breast cancer.

e Common clinical staging studies include mammography, ultrasound, MRI,
and PET/CT.

» Surgical options generally include partial mastectomy (aka lumpectomy) or mas-
tectomy with or without sentinel lymph node biopsy or axillary dissection
depending on stage and age of the patient.

e Adjunct treatments include chemotherapy, radiation therapy, immunotherapy,
and endocrine therapy.

Diagnosis

* Symptoms may include a palpable mass or inflammation of the breast, but most
breast cancers are now screen-detected.
* Most breast cancers are not painful.
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* Screening guidelines:
— Average risk

25-39-year-old women should have review of general medical and family
history, clinical breast exam, risk assessment, risk reduction counseling,
and education about concerning breast findings.

>40-year-old women should have the addition of annual screening mam-
mogram with tomosynthesis. Consideration should be given to supplemen-
tal screening for those with heterogeneously dense or extremely dense
breasts.

There is no consensus on when to stop performing annual screening mam-
mograms, but comorbid conditions and a life expectancy of less than 10
years should be considered in discussion with the patient.

— Increased risk

Includes individuals who:

— Lifetime breast cancer risk of >20% (several risk models available)

— Thoracic radiation therapy between the ages of 10 and 30

— A 5-year risk of breast cancer of >1.7% by Gail model in those 35 years
old and older

— Atypical ductal hyperplasia (ADH), atypical lobular hyperplasia (ALH)
or Lobular carcinoma in situ (LCIS) with >20% residual lifetime risk

— Family pedigree suggestive of a genetic predisposition to developing
breast cancer

No additional screenings prior to the age of 21

Consider referral to genetics counselor

Annual screening mammogram should begin 10 years earlier than age of

youngest family member diagnosed with breast cancer but not before

30 years old or later than 40 years old.

Annual MRI with and without contrast

— Contrast-enhanced mammography (CEM) or molecular breast imaging
(MBI) for those who cannot undergo MRI

— Consider whole breast ultrasound if CEM/MBI is not available

— Start MRIs 10 years earlier than age of youngest family member diag-
nosed with breast cancer but not before 25 years old or later than
40 years old

Risk reduction

— Chemoprophylaxis and/or lifestyle modification.

For individuals who have had thoracic radiation therapy (RT) between 10

and 30 years old, increased screenings should begin 8 years after RT, but

not before age 25 with the exception of an annual clinical history and exam

which should begin 8 years after RT.

There is limited data on screening mammograms for males at increased

risk of breast cancer, but there is potential benefit.

— Transgender individuals—No NCCN guidelines yet, below are condensed
recommendations from the American College of Radiology

Data is still limited.
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¢ Recommendations are based on sex assigned at birth, use and duration of
gender-affirming hormone therapy (past or current), breast surgery, amount
of breast development, age, and personal risk of breast cancer.

¢ Transgender men (assigned female at birth, male gender identity):

In the absence of mastectomy, patients are considered to have the same
risk of developing breast cancer as cis-women and should follow stan-
dard screening guidelines as above

Risk of developing breast cancer decreases by 90% after mastectomy.
No further need for screening

¢ Transgender women (assigned male at birth, female gender identity)

Screening is not recommended to those who have not used gender-
affirming hormones

Screening mammogram should be considered for average risk patients
>40 years old who have had >5 years of gender-affirming hor-
mone therapy

Screening mammogram is usually appropriate for increased-risk
patients 25-30 years old who have had gender-affirming hormone ther-
apy but could also be considered for those who have not.

* Concerning findings on clinical exam
— Palpable mass
e >30 years old start with diagnostic mammogram with tomosynthesis or
CEM +/— ultrasound
e <30 years old

Start workup with ultrasound if clinically suspicious.
If not clinically suspicious, consider observation for 1-2 menstrual
cycles. Get ultrasound if persistent.

— Skin thickening with edema (Peau d’orange)

— New nipple inversion

— Palpable axillary lymphadenopathy

— Unilateral, spontaneous, bloody nipple discharge
— Erythema

— Nipple excoriation

— Scaling or eczema to the breast

— Skin ulcers

— Pain (focal)

¢ Imaging

— Mammogram
¢ Limited by breast higher breast density
* Screening

Two images—craniocaudal (CC) and mediolateral oblique (MLO)
Tomosynthesis reduces callbacks and improves cancer detection but
doubles radiation exposure

* Diagnostic
— Ultrasound
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Screening—routine use not recommended but can be helpful as an adjunct
in individuals with dense breast tissue (4.3 additional cancers identified per
1000 exams performed)

Diagnostic

- MRI

Screening—considered in the following:

— Patients with lifetime risk of developing breast cancer >20%

— Patients with dense breast tissue

— Patients with a personal history of breast cancer and:
* Dense breasts treated with breast conservation therapy (BCT) + RT
» Diagnosed prior to age 50
» Lifetime risk of second primary >20%

Diagnostic

— Can be used for staging evaluation to better define extent of disease, gauge
response to neoadjuvant therapy, screen contra-lateral breast, or determine mul-
tifocal/centric disease at time of cancer diagnosis. More useful in patients with
dense breast tissue and/or lobular cancers.

— Can be used to identify otherwise unidentified disease in cases where
there is a positive axillary node without known primary tumor

— Contrast-Enhanced Mammography (CEM)

Risk of iodinated contrast administration
Higher radiation exposure compared to standard mammography

— Molecular Breast Imaging (MBI)

Substantially higher whole-body radiation dose compared to
mammography

— Breast Imaging Reporting and Data System—BIRADS

BIRADS 0—Needs additional imaging evaluation

BIRADS 1—Negative

BIRADS 2—Benign Finding

BIRADS 3—Probably benign finding

— A 6-month follow-up generally recommended until 2-3 years of stabil-
ity is established

— <2% risk of malignancy

BIRADS 4—Suspicious Abnormality

A. Low suspicion for malignancy 2-9%

B. Moderate suspicion for malignancy 10-49%

C. High suspicion for malignancy 50-94%

BIRADS 5—Highly suggestive of malignancy

— 295% chance of malignancy

BIRADS 6—Known biopsy-proven malignancy

Density:

A. Fatty replaced

B. Scattered fibroglandular density

C. Heterogeneously dense
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D. Extremely dense
— Metastatic workup (more below)
« PET
e CT chest/abdomen/pelvis + bone scan
* Biopsy
— Core needle biopsy
* Stereotactic
 Ultrasound-guided
¢ MRI-guided
— Excisional biopsy
* When core biopsy shows indeterminate, image/pathology discordance,
ADH, papillary lesions with atypia, complex sclerosing lesions (including
radial scar), and nonclassic LCIS
* Consider for ALH, LCIS, flat epithelial atypia (FEA), columnar cell lesions
(CCL), papillary lesions without atypia, and fibroepithelial lesions.
Management of these lesions remains controversial with a range of upstag-
ing rates after excisional biopsy.
— Skin punch biopsy
* Suspicion of inflammatory breast cancer
— Peau d’orange
— Skin thickening
— Edema
— Erythema
* Suspicion of Paget disease
— Nipple excoriation
— Scaling
— Skin ulceration
— Aspiration
¢ Proceed to core biopsy if mass persists
¢ Resume screening if mass resolves with nonbloody cyst fluid obtained
¢ Nontraumatic, bloody fluid should be sent to cytology
— With negative cytology consider core needle biopsy vs short-term
follow-up
— Surgical excision if atypical or malignant cytology
* Environmental risk factors
— Female sex
— Dense breast tissue
— Mantle radiation
— Breast implants
* Breast implant-related anaplastic large cell lymphoma (BIA-ALCL)
— Effusion, enlargement, or mass
* Breast implant-associated squamous cell carcinoma (BIA-SCC)
— Ulceration
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— Lifestyle risks—inactive, poor diet, excess alcohol intake, and outside of ideal
body weight (BMI 20-25)
¢ Familial Risk Factors
— 10% of breast cancer can be linked to a genetic mutation

90% of hereditary breast cancer is due to mutations of the BRCA1 and
BRCA2 genes.

Breast cancers caused by genetic mutations tend to occur at a younger age,
are more likely to be bilateral, and are more likely to be associated with
other cancers such as ovarian, prostate, pancreatic, and melanoma.

Male breast cancer is more likely to be associated with a genetic mutation.

— Genetic mutations associated with breast cancer (Table 4.1)

BRCA1—tumor suppressor gene

BRCA2—tumor suppressor gene

TP53—tumor suppressor gene

PTEN—tumor suppressor gene

STK11—human protein kinase and tumor suppressor gene
CDHI1—tumor suppressor gene

PALB2—tumor suppressor gene

CHEK2—tumor suppressor gene

ATM—spouses of carriers should also be tested as homozygous ATM car-
riers develop ataxia telangiectasia which is a neurological disorder leading
to the formation of cancerous tumors and neurodegeneration
NBN—associated with Nijmegen breakage syndrome

BARD1—works with BRCAT1 to repair damaged DNA

BRIP1—spouses of carriers should also be tested as homozygous BRIP1
carriers may develop Fanconi anemia leading to bone marrow failure syn-
dromes, birth defects, and increased risk of head, neck, skin, GI and genital
tract cancers.

RADSI1C

— When a mutation is discovered, further genetic testing for at-risk family mem-
bers is recommended.
» Pathologic Principles
— Noninvasive breast cancer vs invasive cancer
— Histology

Common

— Ductal/no special type (NST)—80% of breast cancers
Lobular - 2nd most common type

Mixed

Micropapillary

— Metaplastic

Favorable

— Cannot be high grade

— Human epidermal growth factor receptor 2 (HER?2) negative
— Pure tubular
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Pure mucinous

Pure cribriform

Encapsulated or solid papillary carcinoma
Adenoid cystic or other salivary carcinoma
Secretory carcinoma

Rare low-grade forms of metaplastic carcinoma

— Receptors
* Estrogen receptor (ER)

0 — <1% of nuclei stain — ER negative
1-10% of nuclei stain — ER low positive
>10% of nuclei stain — ER positive

* Progesterone receptor (PR)

0 — <1% of nuclei stain — PR negative
1-100% of nuclei stain — PR positive

¢ Human epidermal growth factor receptor 2 (HER2)

Not useful in DCIS
Validated by immunohistochemistry (IHC) assay or dual-probe
ISH assay
e IfIHC O or 1+ — HER2 negative
e If IHC 2+ — equivocal
— Reflex test with ISH on existing specimen or validate with new
specimen
e If IHC 3+ — HER?2 positive

— Nottingham Grade
* Opverall grade is based on combination score of glandular (acinar)/tubular
differentiation + nuclear pleomorphism + mitotic rate
— Luminal Types
e Luminal A

ER and/or PR-positive, HER2 negative, and <20% Ki-67

Clinically low grade, slow growing, best prognosis, less incidence of
relapse, and higher survival rate.

High response to hormone therapy

Limited chemotherapy benefit

e Luminal B

ER-positive, +/— PR negative, >20% Ki-67

Intermediate/high grade

May benefit from hormonal therapy and chemotherapy

Worse prognosis with higher rate of recurrence, higher rate of relapse,
and lower survival

— Special Types of Breast Cancer [2, 3]
¢ Medullary carcinoma
e Mutinous carcinoma
* Tubular carcinoma
¢ Inflammatory breast cancer
» Paget’s disease of the nipple
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¢ Benign, borderline, and malignant phyllodestumor
¢ Mucinous cystadenocarcinoma

¢ Dermatofibrosarcoma protuberans
¢ Malignant mesenchymal tumor

* Mucinous carcinoma

 Invasive papillary carcinoma

¢ Adenoid cystic carcinoma

* Cribriform carcinoma

¢ Apocrine carcinoma

¢ Lobular pleomorphic carcinoma

¢ Micropapillary carcinoma

¢ Metaplastic spindle cell carcinoma

Evaluation and Clinical Stage

Labs
— >cT2 or cTlc HER2+
* Complete blood count
* Comprehensive metabolic panel
¢ Hepatic function tests
— Pregnancy test in all patients with childbearing potential
The stage of the cancer is the most prognostic factor
Survival—S5 years [1]
— 99.3% of patients with localized disease
— 86.3% with regional advancement
— 31.0% of patients with distant metastases
Lymph node status and prognosis, 5-year overall survival [1]
— 92% with unoccupied regional lymph nodes
— 81% with 1-3 lymph nodes occupied
— 57% when metastases were found in >4 lymph nodes
Tumor dimensions and prognosis—>5-year survival [1]
99% with disease confined to the breast and a tumor <1 cm
89% with a tumor measuring 1-3 cm
86% with a tumor of 3-5 cm
— A tumor with an originally large size predisposes to the involvement of
regional lymph nodes
T4 features, that is, invasion of the skin or chest wall, which is associated with a
WOrse prognosis
Clinical staging studies (Table 4.1)
Axillary Imaging preop with biopsy as indicated
CT scan chest, abdomen, and pelvis
FDG-PET—18-fluorodeoxyglucose positron emission tomography
— FES PET/CT for ER-positive disease
MRI brain with contrast if suspicious CNS symptoms are present
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* MRI spine with contrast if back pain/symptoms or cord compression present
e TNM staging (Tables 4.2, 4.3, 4.4, and 4.5)
— T stage—tumor size and/or extension into local structures
— N stage—nodal status of local and regional nodes
— M stage—presence or absence of microscopic vs macroscopic distant
metastasis
— pTNM stage based on surgical resection
¢ Qualifiers: y = after treatment; m = multifocal

Table 4.2 AJCC Cancer Staging Manual, Eighth Edition, Definition of Primary Tumor (T)—
Clinical and Pathological [9]

T category

X
TO
Tis

T1

T2
T3
T4

Tis
(DCIS)?
Tis
(Paget)

T1mi
Tla
Tlb
Tlc

T4a
T4b

T4c
T4d

T criteria

Primary tumor cannot be assessed
No evidence of primary tumor
Cancer in situ

Ductal carcinoma in situ

Paget disease of the nipple not associated with invasive carcinoma and/or
carcinoma in situ (DCIS) in the underlying breast parenchyma. Carcinomas in
the breast parenchyma associated with Paget disease are categorized based on
the size and characteristics of the parenchymal disease, although the presence
of Paget disease should still be noted.

Tumor <20 mm in greatest dimension

Tumor <1 mm

Tumor >1 mm, <5 mm

Tumor >5 mm, <10 mm

Tumor >10 mm, <20 mm

Tumor >20 mm, <50 mm

Tumor >50 mm

Tumor of any size with direct extension to the chest wall and/or to the skin
(ulceration or macroscopic nodules) and invasion of the dermis alone does not
qualify as T4.

Extension to the chest wall (but not the pectoral muscles)

Ulceration and/or ipsilateral macroscopic satellite nodules and/or edema
(including peau d’orange) of the skin that does not meet criteria for
inflammatory carcinoma

Both T4a + T4b

Inflammatory carcinoma

“Note: Lobular carcinoma in situ (LCIS) is a benign entity and is removed from TNM staging in
the AJCC Cancer Staging Manual, eighth Edition
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Table 4.3 Regional lymph nodes clinical (cN) [9]

cN category
cNX*

cNO
cN1
cN1mi®
cN2
cN2a
cN2b
cN3
cN3a
cN3b
cN3c

cN criteria

Regional lymph nodes cannot be assessed (e.g., previously removed)

No regional lymph node metastases (by imaging or clinical examination)
Metastases to movable ipsilateral Level I, Il axillary lymph node(s)
Micrometastases (approximately 200 cells, larger than 0.2 mm, but none larger
than 2.0 mm)

Metastases in ipsilateral level I, Il axillary lymph nodes that are clinically fixed
or matted; or in ipsilateral internal mammary nodes in the absence of axillary
lymph node metastases

Metastases in ipsilateral level I, 11 axillary lymph nodes fixed to one another
(matted) or to other structures

Metastases only in ipsilateral internal mammary nodes in the absence of
axillary lymph node metastases

Metastases in ipsilateral infraclavicular (level 11l axillary) lymph node(s) with
or without level I, Il axillary lymph node involvement, or in ipsilateral internal
mammary lymph node(s) with level I, Il axillary lymph node metastases, or
metastases in ipsilateral supraclavicular lymph node(s) with or without axillary
or internal mammary lymph node involvement

Metastases in ipsilateral infraclavicular lymph node(s)

Metastases in ipsilateral internal mammary lymph node(s) and axillary lymph
node(s)

Metastases in ipsilateral supraclavicular lymph node(s)

Note: (sn) and (f) suffixes should be added to the N category to denote confirmation of metastasis
by sentinel node biopsy or fine needle aspiration/core needle biopsy, respectively

¥The cNX category is used sparingly in cases where regional lymph nodes have previously been
surgically removed or where there is no documentation of physical examination of the axilla
®cN1mi is rarely used but may be appropriate in cases where sentinel node biopsy is performed
before tumor resection, most likely to occur in cases treated with neoadjuvant therapy

Table 4.4 Regional lymph node pathological (pN) [9]

pN category
pNX

pNO
pNOG+)

pN criteria

Regional lymph nodes cannot be assessed (e.g., not removed for
pathological study or previously removed)

No regional lymph node metastasis identified or ITCs only
ITCs only (malignant cell clusters no larger than

0.2 mm) in regional lymph node(s)

pNO(mol+) Positive molecular findings by reverse transcriptase polymerase chain

pN1mi
pNla

pN1b
pNlc

reaction (RT-PCR); no ITCs detected

Micrometastases; or metastases in 1—3 axillary lymph nodes; and/or
clinically negative internal mammary nodes with micrometastases or
macrometastases by sentinel lymph node biopsy

Micrometastases (approximately 200 cells, larger than 0.2 mm, but none
larger than 2.0 mm)

Metastases in 1—3 axillary lymph nodes, at least one metastasis larger than
2.0 mm

Metastases in ipsilateral internal mammary sentinel nodes, excluding ITCs
pNla and pNIb combined

(continued)
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Table 4.4 (continued)

pN category
pN2

pN2a

pN2b

pN3

pN3a

pN3b

pN3c

pN criteria

Metastases in 4—9 axillary lymph nodes; or positive ipsilateral internal
mammary lymph nodes by imaging in the absence of axillary lymph node
metastases

Metastases in 4—9 axillary lymph nodes (at least one tumor deposit larger
than 2.0 mm)

Metastases in clinically detected internal mammary lymph nodes with or
without microscopic confirmation, with pathologically negative axillary
nodes

Metastases in ten or more axillary lymph nodes; or in infraclavicular (level
I11 axillary) lymph nodes; or positive ipsilateral internal mammary lymph
nodes by imaging in the presence of one or more positive level I, 11 axillary
lymph nodes; or in more than three axillary lymph nodes and
micrometastases or macrometastases by sentinel lymph node biopsy in
clinically negative ipsilateral internal mammary lymph nodes; or in
ipsilateral supraclavicular lymph nodes

Metastases in ten or more axillary lymph nodes (at least one tumor deposit
larger than 2.0 mm); or metastases to the infraclavicular (Level Ill axillary
lymph) nodes

pN1la or pN2a in the presence of cN2b (positive internal mammary nodes by
imaging), or pN2a in the presence of pN1b

Metastases in ipsilateral supraclavicular lymph nodes

Note: (sn) and (f) suffixes should be added to the N category to denote confirmation of metastasis
by sentinel node biopsy or FNA/core needle biopsy, respectively, with no further resection of nodes
ITC isolated tumor cell

Table 4.5 Distant metastasis (M) [9]

M category
MO
cMO(@+)

cM1
pM1

M criteria

No clinical or radiographic evidence of distant metastases

No clinical or radiographic evidence of distant metastases in the presence of
tumor cells or deposits no larger than 0.2 mm detected microscopically or by
molecular techniques in circulating blood, bone marrow, or other nonregional
nodal tissues in a patient without symptoms or signs of metastases

Distant metastases detected by clinical and radiographic means

Any histologically proven metastases in distant organs; or if in nonregional
nodes, metastases greater than 0.2 mm

Note that imaging studies are not required to assign the CMO category

Choice of Therapy

* The treatment of breast cancer is multidisciplinary (see Table 4.6 for key studies
leading to current guidelines)
* Address fertility issues and sexual health prior to treatment
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Surgical Therapy

* Breast-conserving therapy (partial mastectomy plus radiation therapy)
* Mastectomy

Nipple-sparing mastectomy
Skin-sparing mastectomy
Simple mastectomy

* Modified Radical Mastectomy
* Axillary Management

Sentinel lymph node biopsy
Targeted sentinel lymph node biopsy
Axillary dissection

* Immediate vs Delayed Reconstruction

Implant-based vs autologous tissue transfer

Can be influenced by patient preference, comorbidities, tobacco use, breast
size and shape, BMI, and tumor factors such as size, depth, and nipple
involvement

Reconstruction should be delayed in cases of inflammatory breast cancer

. Neoadjuvant Therapy (NAT) [4, 5]

Tumor histology, grade, stage, hormone receptors, and HER2 expression

guide therapy

Candidates

* Inflammatory breast cancer, unresectable, or locally advanced disease
whose disease may be resectable with NAT

* High-risk HER2-positive or triple-negative breast cancer (TNBC) in
whom the finding of residual disease would guide recommendations
related to AT

* Reduce the extent of surgery (BCT or ALND).

» If delay in surgery is preferable or unavoidable

Measuring Response to Treatment

e Mammography, ultrasound, or MRI

A pathologic clinical response (pCR) should guide decision-making

Triple-Negative Breast Cancer (TNBC)

Clinically node-positive and/or at least Tlc disease should be offered an

anthracycline- and taxane-containing regimen.

Carboplatin may be offered as part of a regimen to increase likelihood of pCR.

Insufficient evidence routinely adding immune checkpoint inhibitors in

early stages.

HR-positive/HER2-negative breast cancer

Any patient can be offered NAT instead of AT in whom the chemotherapy

decision can be made without surgical pathology data and/or tumor-specific

genomic testing.

HR-positive/HER2-negative breast cancer—NAET

Postmenopausal patients, aromatase inhibitor may be offered to increase

locoregional treatment options
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Patients not undergoing surgery, endocrine therapy may be used for dis-
ease control

HER2-positive disease

Node-positive.

High-risk node-negative.

Anthracycline + taxane + trastuzumab.

Non-anthracycline-based regimen + trastuzumab.

Pertuzumab may be used with trastuzumab in the neoadjuvant setting.

Adjuvant Therapy

* Hormone receptor positive patients should receive endocrine therapy.

e HER2-positive patients should be offered trastuzumab + pertuzumab.

e Triple-negative patients are offered pembrolizumab if not given preop or
capecitabine.

* BRCA 1/BRCA 2 mutation carriers are offered olaparib times 1 year.

Management of Locally Advanced and Recurrent/
Metastatic Disease

¢ Locally advanced disease (noninflammatory)

Preoperative systemic therapy

e Tumor is operable — mastectomy or partial mastectomy with axil-
lary staging

* No response and/or tumor remains inoperable — consider additional sys-
temic therapy and/or preop radiation
— If tumor becomes operable — mastectomy or partial mastectomy with

axillary staging

— Individualized therapy if tumor remains inoperable

¢ Recurrent/Metastatic Disease

Unresectable recurrent disease or stage IV disease should receive systemic
therapy according to receptor status as listed above for adjuvant therapy.

¢ Ifbone disease is present, add denosumab, zoledronic acid, or pamidronate.
May consider ovarian ablation or suppression in premenopausal women.
Biopsy-first recurrence or rebiopsy progression to assess for change in recep-
tor status.

Comprehensive germline and somatic profiling to assess potential for addi-
tional targeted therapies.

If recurrence is localized or isolated to axilla, surgical resection should be
performed if possible. Add RT if not initially performed.

Supraclavicular or internal mammary nodal recurrence should receive RT if
possible.
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Radiation Therapy

e Breast [6]
— Lumpectomy for Invasive Ductal Carcinoma (IDC)
*  Whole breast irradiation is strongly recommended.
 If adjuvant chemotherapy is indicated after lumpectomy, radiation should
be given after chemotherapy is completed.
* Not always necessary in selected women 70 years of age or older [7].
— Mastectomy for IDC with Node-Positive Disease
* Irradiation of chest wall and regional lymph nodes in women with positive
ALNs after mastectomy and ALN dissection.
» Select patients, with clinical stage III disease, and patients with >4 positive
nodes, receiving preoperative systemic therapy before mastectomy.
— Node-Negative Disease
» Features predicting higher risk of local recurrence recommend chest wall
irradiation
— Primary tumors >5 cm.
— Positive pathologic margin—chest wall irradiation is recommended for
these patients.
* Consider chest wall irradiation in tumors <5 cm and negative margins
but <1 mm
e Chest Wall
— Recommended for >4 positive axillary nodes
— Strongly consider if 1-3 positive axillary nodes
— Consider with negative axillary nodes, but tumor >5 cm, margins <l mm, or
for other high-risk features
— Strongly consider if surgical margins are positive and reexcision is not feasible
e Axilla
— Inclusion of axilla at the discretion of the radiation oncologist if 1-2 positive
axillary nodes with cT1-2 NO cancers with no preop chemotherapy and whole
breast RT is planned
— Inclusion of axilla is recommended if patient has positive nodes after preop
chemotherapy, >3 axillary nodes, or >cT3

Surveillance

e H&P 1-4 times annually as clinically appropriate for the first 5 years and then
annually

* Annual mammogram

* No indication for additional lab work or imaging to check for metastasis unless
these are clinical signs and symptoms to suggest recurrent disease

» Cardiotoxicity monitoring for patients who had LEFT-sided radiation therapy,
HER?2-targeted therapy, or anthracyclines
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Assess adherence to endocrine therapy as appropriate. Some patients cannot tol-
erate the site effects of commonly prescribed medications

Encourage low-risk lifestyle (exercise, healthy diet, ideal body weight, low alco-
hol intake, smoking cessation)
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Rob Painter and Hari B. Keshava

Introduction

» Eighth most common type of cancer worldwide and sixth leading cause of cancer
death (Uhlenhopp)

* Squamous cell carcinoma (SCC) is the most common histological type worldwide
* Adenocarcinoma (AC) is the most common histological type in the United States
— Fastest-increasing incidence of any solid tumor in the United States (Pera)

» Disproportionately high mortality due to late presentation
* Symptoms: Progressive dysphagia, weight loss, odynophagia, and anorexia
¢ Risk factors for SCC (Wheeler)
— Male gender
— Tobacco use (5—-10x risk)
— Alcohol use (dose-dependent risk)
— Hot beverages
— Nitroso-containing foods (pickled vegetables in East Asian cuisine)
— Caustic injury
Low socioeconomic status (Brown)
¢ Risk factors for AC (Wheeler)
Male gender
White race
— GERD/Barrett’s esophagus (30x risk)
Obesity
Smoking
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— Nitroso-containing foods
— Familial history of Barrett’s esophagus
* Surveillance for patients with risk factors or Barrett’s (Spechler)

— Random endoscopic biopsies in four quadrants every 2 cm with narrow band-
ing imaging
* No dysplasia: Repeat endoscopy in 3-5 years
* Low-grade dysplasia: Repeat endoscopy in 6—12 months
* High-grade dysplasia: Endoscopic eradication therapy

— Prague Classification (Sharma)
¢ Endoscopic method to localize the squamocolumnar junction in BE

Pretreatment Evaluation

* Labs—Full nutritional assessment
* Clinical Staging—Table 5.1
— SCC and AC
* Endoscopic ultrasound (EUS) for staging (Varghese)
— Early stage: High-grade dysplasia or Tla
— Locoregionalized disease: T1b to T4, any N
— Can include FNA for lymph nodes
* Siewert Classification: Adenocarcinomas involving the GEJ
— Type I: Epicenter of tumor within 1-5 cm above the anatomic GEJ
— Type II: Epicenter of tumor within 1 cm above to 2 cm below the anatomic GEJ

Table 5.1 TNM Staging (AJCC 8th edition)

T category
X
TO
Tis

Tla
Tlb
T2
T3
T4a
T4b

N category
NX

NO

N1

N2

N3

M
category
MO

M1

Tumor cannot be assessed

No evidence of primary tumor

High-grade dysplasia, defined as malignant cells confined by the basement
membrane

Tumor invades the lamina propria or muscularis mucosae

Tumor invades the submucosa

Tumor invades the muscularis propria

Tumor invades the adventitia

Tumor invades the pleura, pericardium, azygos vein, diaphragm, or peritoneum
Tumor invades any other adjacent structures, such as aorta, vertebral body, or
trachea

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

Metastasis in 1-2 regional lymph nodes
Metastasis in 3—6 regional lymph nodes
Metastasis in seven or more regional lymph nodes

No distant metastasis
Distant metastasis
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— Type III: Epicenter of tumor within 2-5 cm below the anatomic GEJ (NCCN
defines as gastric cancer)

For locoregionalized disease, CT of the chest and abdomen as well as PET for

staging (Varghese)

— NCCN advocates for bronchoscopy for locally advanced upper esopha-
geal tumors

— No widely accepted use of diagnostic laparoscopy

— MRI only if suspected metastases to the brain, adrenals, liver, or bone

Consider further testing in unresectable, recurrent, or metastatic disease (NCCN

ESOPH-B)

— HER2

— Microsatellite instability

— PD-L1 testing

— Next-generation sequencing (NGS)

Management (Ajani)

Tis orTla: Consider endoscopic mucosal resection (EMR) + ablation or
esophagectomy
T1b -T2, NO (low-risk lesions*), NO: upfront Esophagectomy per NCCN, ASCO
— Role for neoadjuvant in T2NO is debated
— Meta-analysis found higher RO rates after neoadjuvant chemotherapy without
a survival advantage (Kidane)
— Some advocate for neoadjuvant chemotherapy due to inaccuracy of preopera-
tive staging (Samson) (Zhang)
T2, NO (high-risk lesion) or T2-T4a, or N + disease: No widely accepted
treatment
— Preoperative chemoradiation
¢ No widely accepted regimen
* Carboplatin + Paclitaxel CROSS trial (van Hagen)
 Cisplatin + Fluorouracil CALGB 9781 (Tepper)
— Definitive chemoradiation
» Persistent local disease, proceed with esophagectomy
e If complete response can proceed with surveillance
— Adjuvant therapy: ypT+ and/or N+
¢ Nivolumab Checkmate 577 (Kelly)
e Chemotherapy (Burt) and (Mokdad)
Unresectable Criteria: Definitive chemoradiation
— cT4b
— Bulky, multistation lymphatic involvement is a relative contraindication.
— Esophagogastric junction or supraclavicular lymph node involvement
— Any distant metastases
— <5 cm from the cricopharyngeus

*Low-risk lesions: <3 cm and well differentiated
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Surgical Management (NCCN)

* Multidisciplinary tumor board
* Preoperative feeding tube placement
— Jejunostomy preferred to preserve gastric conduit
* Techniques:
Ivor Lewis Esophagogastrectomy: Laparotomy and Right Thoracotomy or
Thoracoscopy (Jones)

Diagnostic laparoscopy to rule out subclinical metastatic disease
Circumferential mobilization of the esophagus at the GEJ
Mobilization of greater curvature: Division of the greater omentum and
short gastrics while preserving the right gastroepiploic

Division of left gastric artery

Mobilization of the esophageal hiatus

Optional pyloromyotomy

Creation of the gastric conduit

Feeding jejunostomy (if none preoperatively)

Repositioning for right thoracoscopy

Subcarinal nodal dissection

Mobilization of thoracic esophagus

Division of the azygos vein and mobilization of upper esophagus
Esophagogastric anastomosis

Endoscopy and placement of nasogastric tube

Placement of chest tube

McKeown Esophagogastrectomy: Laparotomy and Right Thoracotomy or
Thoracoscopy with Cervical Anastomosis (Wong)

Thoracic phase

— Anterolateral thoracotomy

— Division of inferior pulmonary ligament

— Circumferential mobilization of the lower esophagus

— Ligation of the thoracic duct

— Division of the arch of the azygos vein

— Mediastinal lymphadenectomy with care to preserve the left and right
recurrent laryngeal nerves

— Placement of drain or chest tube

Abdominal phase

— Laparotomy or bilateral subcostal incision

— Mobilization of the greater curvature of the stomach by division of the
short gastrics to the left crus

— Mobilization of the lesser curvature to the right crus
» Take care to preserve a replaced left hepatic

Cervical phase

— Left supraclavicular incision
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Division of the middle thyroid vein to expose the carotid sheath
Apical dissection of the thoracic phase should be present medial to the
carotid sheath and lateral to the trachea

Division of cervical esophagus

Retrieval of the specimen through the abdomen

Creation of the gastric conduit

Optional pyloroplasty or pyloromyotomy

Cervical anastomosis with nasogastric tube placement

— Transhiatal Esophagogastrectomy: Laparotomy with Cervical
Anastomosis (Lin)
¢ Abdominal phase

Upper midline laparotomy

Mobilization of the lesser curvature to the right crus
Mobilization of the greater curvature to the left crus
Assessment of the esophageal tumor to ensure resectability
Opening of the diaphragmatic hiatus to the pericardium
Circumferential mobilization of the esophagus to the carina
Kocher maneuver to mobilize the pylorus to the hiatus
Placement of jejunostomy

* Cervical phase

Left supraclavicular incision

Dissection of the prevertebral fascia medial to the carotid sheath

Blunt dissection of the superior mediastinum with circumferential
mobilization of the esophagus

Proximal transection of the esophagus

* Transhiatal phase

Transhiatal blunt dissection of the remaining mediastinal attachments
to the esophagus until it can be delivered through the abdomen
Evaluation of hemostasis

Resection of specimen and creation of conduit

Delivery of conduit to cervical incision

Cervical anastomosis with nasogastric tube placement

Optional pyloromyotomy

Suture pexy of the conduit to the hiatus

— Thoracic anastomosis may be associated with lower leak rates (Gooszen)
(Biere) although these studies found no difference in mortality
— Some surgeons still choose cervical anastomosis as the complications with
cervical leak are less significant
* Gastric conduit most common
— Can also use colon or jejunum
¢ Needs colon cancer screening if colon conduit
* Atleast 15 lymph nodes should be removed for staging
— Transthoracic lymphadenectomy has a better yield than transhiatal
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Complications After Esophagectomy

e Leak
— Ivor Lewis—stent and drainage
— McKeown/Transhiatal—open neck incision
Can consider T-tube
— Jtube
— Newer techniques like endoscopic negative pressure wound therapy
* Necrotic conduit/unstable patient: consider EGD with possible diversion (cervi-
cal esophagostomy, removal of conduit, feeding jejunostomy)
* Stricture
— Upper GI to help with diagnosis
— EGD and dilation
— R/O recurrent cancer with biopsies
» Tracheoesophageal Fistula
— Rare
— Leak can predispose to this

Palliative Options for Dysphagia

* Brachytherapy

* Endoscopic dilation

* Placement of a metal stent

» External beam radiotherapy

» Palliative/salvage resection reserved for severe refractory dysphagia, stenosis, or
strictures

Surveillance (NCCN)

* Tis or Tla treated with EMR
— EGD every 3 months for the first year, every 6 months for the second year, and
then annually
* Tis, Tla, and NO treated with esophagectomy
— EGD as needed based on symptoms
— If incompletely resected BE, serial EGDs
e Tla N+ or T1b or greater treated with esophagectomy + adjuvant therapy
— CT chest/abdomen every 6 months for 2 years followed by annually for 5 years
— EGD as needed based on symptoms
— If incompletely resected BE, serial EGDs
* AnyT, any N treated with neoadjuvant therapy, esophagectomy +adjuvant therapy
— CT chest/abdomen every 6 months for 2 years followed by annually for 5 years
* Tumor treated with definitive chemoradiation without surgery
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— CT chest/abdomen every 3-6 months for 2 years followed by annually
for 5 years
— EGD every 3-6 months for 2 years followed by annually for 3 years
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Carl Schmidt and Mary Garland Kledzik

Introduction

* Most patients in the USA (2/3) present with advanced or incurable disease.

* Diagnosis is made by upper endoscopy.

e Common clinical staging studies include CT, EUS, MRI, and CT/PET.

* Surgical removal with perioperative chemotherapy is the current standard for
potentially curable disease.

Diagnosis

* Symptoms may include abdominal pain, weight loss, and anemia.
* Dysphagia may occur with proximal or GEJ tumors (ddx includes esophageal
cancer).
* Gastric outlet obstruction may occur with distal tumors (ddx includes peptic
ulcer disease).
* Physical exam findings concerning for metastatic disease
— Virchow’s node (palpable left supraclavicular lymph node)
Sister Mary Joseph’s node (palpable periumbilical mass)
Ascites
— Jaundice
* There are many environmental risk factors [26]:
— Male sex (x2)
— H. pylori infection (3-5x)
— Smoking (1.5-2x)
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Atrophic gastritis resulting in metaplasia [23]

Low ferritin, pernicious anemia, and history of distal gastrectomy for peptic
ulcer disease [11, 14, 24]

Unknown if eradicating H. pylori reduces incidence [12]

Red meat consumption [28, 34]

Countries with high incidence have screening endoscopy programs [33]

Japan—EGD every 2 years after age 50
Korea—EGD every 2 years after age 40

Familial risk factors

Gastric cancer is familial in approximately 10% [18]

Hereditary diffuse gastric cancer (HDGC)

¢ Germline mutations of E-cadherin gene (CDH]I)

¢ Autosomal dominant inheritance pattern

* High penetrance of diffuse subtype gastric cancer [31]

Hereditary nonpolyposis colorectal cancer (HNPCC or Lynch syndrome) car-
ries increased risk of colorectal, endometrial, gastric cancers

Juvenile polyposis syndrome (JPS), Peutz-Jeghers syndrome (PJS), familial
adenomatous polyposis (FAP), ataxia-telengectasia (ATM), Li-Fraumeni
(p53), and Cowden (PTEN) syndrome all have increased risk gastric cancer

Pathologic principles

Gastric ulcers discovered by EGD need multiple biopsies

* Biopsies from edge of ulcer to avoid necrosis

* Seven biopsies increases sensitivity to detect malignancy [13]

Lauren classification system

* Intestinal type

Arises from mucosal glands, defined margins, associated with chronic gastritis

Mass or ulcerated mass common

« Diffuse type

Scattered malignant cells, infiltrative margin, submucosal spread, and

mucin common

May not form discrete mass, thick gastric folds, and difficult to distend on

endoscopy

 Linitis plastic or “leather-bottle-like stomach”

Stomach difficult to distend on endoscopy

Mucosa may appear normal due to submucosal spread

Poor prognosis

Reflex pathology for gastric cancer—important pathologic studies

* HER2/neu

Overexpressed in 10-38% of gastric cancers

Associated with intestinal-type distal cancer

Worse prognosis [19]

* MMR, PDLI, or TMB help define prognosis and response to systemic or
immunotherapy
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Evaluation and Clinical Stage

e Labs—CEA, CA 19-9, and nutrition assessment
* Clinical staging studies—see Table 6.1
* CT scan chest, abdomen, and pelvis
* FDG-PET—18-fluorodeoxyglucose positron emission tomography
— Consider if indeterminate CT findings for metastatic disease
— Used to evaluate response to chemotherapy [21]
— Some diffuse type cancers are not FDG-avid
* Endoscopic ultrasound (EUS)
— Assess small gastric masses for EMR or ESD
— Improved accuracy for T and N stage compared to CT scan
» Diagnostic laparoscopy and cytology
— Staging laparoscopy can avoid unnecessary gastrectomy due to metastatic
disease in 24% [6]
— Positive cytology has a survival similar to macroscopic metastatic disease
* TNM staging—see Table 6.2
— T stage based on depth penetration into gastric wall
— N stage defined by number of involved nodes

Table 6.1 Range of sensitivity and specificity for gastric cancer staging modalities

T1 T2 T3 T4 N
EUS
Sensitivity 64-92% 54-85% 52-80% 25-78% 17-97%
Specificity 52-98% 80-88% 77-93% 92-99% 49-100%
CcT
Sensitivity 13-94% 29-68% 37-91% 29-86% 63-92%
Specificity 80-100% 78-92% 70-95% 92-99% 42-88%
MRI
Sensitivity 51-79% 78-90% 78-91% 78-94% 48-100%
Specificity 94-99% 85-93% 83-93% 94-99% 40-100%

Table 6.2 Gastric cancer TNM staging (AJCC 8th edition)

TO No evidence of tumor

Tis Intraepithelial tumor without invasion of the lamina propria

T1 Tumor invades the lamina propria, muscularis mucosa, or submucosa

T2 Tumor invades the muscularis propria

T3 Tumor penetrates the subserosal connective tissue without invasion of the visceral
peritoneum (serosa) or surrounding structures

T4 Tumor invades the serosa or surrounding structures

NO No regional lymph nodes involvement*

N1 Metastases in 1-2 regional lymph nodes*

N2 Metastases in 3—6 regional lymph nodes*

N3 Metastases in 7+ regional lymph nodes*

MO No distant metastases

M1 Distant metastases
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Table 6.3 Gastric cancer survival by clinical stage

Clinical Five-year survival (%) Postneoadjuvant stage Five-year survival (%)
I 56.8 I 74.2

Ila 474 I 46.3

IIb 33.1

I 25.9 1 18.6

1AY 5.0 v 7.0

— pTNM stage based on surgical resection

— Regional nodes are perigastric and celiac, splenic, left gastric, and common
hepatic arterial nodes

— Paraaortic, retroperitoneal, and other nodes outside regional are classified as
distant metastatic disease

— Tumors involving GEJ with tumor epicenter <2 cm into stomach are classified
as esophageal cancers

— Table 6.3—estimated survival by TNM stage

Choice of Therapy

c¢TNM, clinical stage; pTNM, pathologic stage; and ypTNM, pathologic stage
after neoadjuvant therapy

Palliative intent chemotherapy for patients with distant metastatic disease or
cytology positive disease by diagnostic laparoscopy

T1 and node-negative by clinical stage—evaluate for endoscopic removal or
gastrectomy

T2 and node-negative—evaluate for neoadjuvant therapy or gastrectomy

T3—4 or node-positive by clinical stage—evaluate for neoadjuvant therapy

See Fig. 6.2

Endoscopic Therapy

Endoscopic mucosal resection (EMR) and endoscopic submucosal dissec-
tion (ESD)

Indicated if risk of lymph node metastases <1% [1]

— Tla (mucosal invasion) LNM risk = 1-3%

— T1b (submucosal invasion) LNM risk = 15%

classic indications—nonulcerated, differentiated, T1a, and diameter < 2 cm
ESD expanded criteria [25]

— Ulcerated, differentiated, T1a, and diameter < 3 cm

— Nonulcerated, undifferentiated, T1a, and diameter < 2 cm



6 Gastric Cancer 83

Surgical Therapy

* Surgical removal of primary gastric cancer is required for potential cure
* Determination of resectability
— Contraindications to resection for potential cure include distant metastatic
disease, encasement of aorta, and celiac or hepatic artery occlusion (rare)
— En bloc removal of left lateral liver segment, distal pancreas and spleen, or
partial colectomy are not contraindications to resection
— Linitis plastica, patients needing a Whipple operation or other contiguous
organ resection should prompt strong consideration of neoadjuvant therapy
* Total gastrectomy
— For tumors of GEJ, gastric cardia and upper one-third of stomach
— Siewert’s classification for GEJ tumors
* Type I: distal esophagus -may infiltrate the GEJ from above; typically
treated surgically with esophagogastrectomy
* Type II: carcinoma of cardia arising at GEJ within 1 cm above/2 cm below
e Type III: arising below cardia infiltrating GEJ and distal esophagus
from below
— Reconstruction with Roux-en-Y esophagojejunostomy [see Fig. 6.1]
* Subtotal and distal gastrectomy
— For tumors in distal two-thirds of stomach
— Improved QOL compared to total gastrectomy [4, 5, 9]
— Reconstruction with either Roux-en-Y gastrojejunostomy or Billroth II gas-
trojejunostomy [see Fig. 6.2]

Roux-en-Y_
astrojejunostomy:

Fig. 6.1 Roux-en-Y gastrojejunostomy reconstruction after total gastrectomy or distal subtotal
gastrectomy; the Roux limb is typically made 40—-60 cm in length
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Lymphadenectomy:
D1 dissection -

perigastric lymph nodes

Fig. 6.3 Lymph node regions removed for D1 (perigastric) lymphadenectomy

» Extent of Lymphadenectomy
— Minimum of 16 lymph nodes required for adequate staging
D1 dissection includes perigastric lymph nodes [see Fig. 6.3]
D2 dissection includes hepatic, left gastric, celiac, and splenic artery nodes
and spleen [see Fig. 6.4]
Modified D2 includes hepatic, left gastric, celiac, and splenic artery nodes
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Lymphadenectomy:
D2 dissection -

A) Hepatoduodenal
B) Hepatic artery
C) Celiac

D) Left gastric

E) Splenic artery

F) Spleen

Fig. 6.4 Lymph node regions removed for D2 (extended) lymphadenectomy

— D3 dissection includes porta hepatis and retropancreatic and periaortic nodes
— Dutch D1D2 lymphadenectomy trial [3]
* Operative morbidity and mortality higher in D2 versus D1 group (43%/10%
vs 25%/4%, respectively)
* D2 lymphadenectomy—higher DSS and lower local (12% vs 22%) and
regional (13% vs 19%) recurrence [15, 29]
— Italian Gastric Cancer Study Group—organ-preserving D2 lymphadenec-
tomy [10]
* Morbidity and mortality—12% and 3% for D1 and 18% and 2% for D2
* A five-year DSS 71% and 73% for D1 and D2 groups for all comers
* If node-positive disease—A five-year DSS 61% for D2 group vs 46% D1
» Extent of resection
— Traditional necessity of wide >5 cm proximal margin for distal cancers may
not be necessary [30]
— Multivisceral resection is indicated when required to achieve RO resection
— Frozen section margins of can be considered, but surgical clearance of a
microscopic positive esophageal or duodenal margin may not be beneficial if
increased operative morbidity; other factors such as number of positive nodes
may outweigh prognostic impact of margin
e Minimally invasive gastrectomy [7]
— Laparoscopic distal gastrectomy not inferior to open for stage I GC
¢ KLASS-01 trial (Korea)
* JCOGO0912 trial (Japan)
— Laparoscopic distal gastrectomy not inferior to open for advanced GC
¢ KLASS-02 trial (Korea)
¢ CLASS-01 trial (China)
* Cytoreduction and heated intraperitoneal chemotherapy (CRS/HIPEC)
— Currently under evaluation for patients with limited peritoneal disease
— GASTRIPEC-1 trial awaiting publication, 105 patients; RCT comparing CRS
+/— HIPEC with mitomycin C + cisplatin for gastric adenocarcinoma with
peritoneal metastases, OS 14.9 months for both groups (PFS 7.1 v 3.5 months),
55 pts. progressed prior to operation
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Adjuvant therapy (Table 6.4)

¢ McDonald trial / INT-0116 (2001)—Macdonald et al. [22]
— Most patients T3/T4
— S5FU/LV for five days and then chemoradiation 4500 cGy compared to sur-
gery alone
* MAGIC trial (2006)—Cunningham et al. [§]
- >T1b GC
— Three cycles ECF pre- and postoperative compared to surgery alone
— 42% patients completed all therapies in ECF arm
e FLOT 4 trial (2019)—Al-Batran et al. [2]
- >T2GC
— Three cycles ECF or ECX pre- and postoperative compared to four cycles
FLOT pre- and post
— 50% completed all therapies in FLOT arm

Table 6.4 Randomized trials evaluating adjuvant therapy for gastric cancer

Trial Patients Results

INT-0116 556 patients, RCT OS 36 vs 27 months

(MacDonald) Resectable gastric adenocarcinoma  RFS 30 vs 19 months
Surgery + adjuvant 3-year OS 50% vs 41%
5-FU + leucovorin x 5 days and then Only 10% received D2
4500 cGy vs surgery alone lymphadenectomy

MAGIC trial 503 patients, RCT 5 yr. OS 36% vs 23%
Stagell+ gastric/EGJ PFS
adenocarcinoma Complication rates 46% vs 45%
ECFx3 + surgery+ ECFx3 v surgery Only 41% received D2
alone lymphadenectomy

Only 42% in the perioperative
chemotherapy group completed

all of therapy
CLASSIC trial (Noh 1035 patients, RCT Five-year DFS 68% vs 53%
etal. Lancet 2014)  Stage II-IIIB gastric Five-year OS 78% vs 69%
adenocarcinoma in Asia
All received D2 lymphadenectomy
Surgery + adjuvant CAPEOX vs
surgery alone
FLOT4 716 patients, RCT OS 50 vs 35 months
Stage T2+ or N+, MO resectable DEFES 30 vs 18 months
gastric/GEJ adenocarcinoma Toxicities were equal

FLOT4 + surgery + FLOT4 v ECF/
ECX x 3 + surgery + ECF/ECX x 3 _
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ESD or
early stage Resection

y no
CT CAP with IV contrast
Bulky or advanced disease? Diagnostic laparoscopy
Suspect T3 or N1 \ Midisease?
yes no

CT/PET yes
MeasureSUVmax
Metastatic disease?

yes reflex pathology
firstline systemic therapy

Fig. 6.5 A diagnostic and treatment algorithm for gastric cancer

Algorithm for multidisciplinary evaluation and management of gastric cancer

[see Fig. 6.5]

— Initial staging with contrast-enhanced CT scan chest, abdomen, and pelvis

— Consider CT/PET scan if concern for metastatic disease or to measure pri-
mary tumor SUV response with neoadjuvant therapy

— Consider EUS especially if early-stage cancer amenable to ESD

— Consider diagnostic laparoscopy with cytologic washings for any patient
prior to neoadjuvant chemotherapy or radical resection

— A perioperative chemotherapy strategy is preferred for most patients with T2/
T3/T4 or node-positive gastric cancer s

Management of Locally Advanced and Metastatic Disease

First-line therapy

— ECF—response rate 46%, median survival nine months [32]

— ECX, EOF, EOX, and FOLFIRI also options

— Trastuzumab combined with chemotherapy if HER2/neu-expressing tumors
Second-line therapies

— Irinotecan or docetaxel and median survival <6 months

— Paclitaxel and ramucirumab, median survival nine months
Immunotherapy/targeted therapy—see Table 6.5
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Table 6.5 Immunotherapy and biologic therapy trials for gastric cancer

Trial
Checkmate-649 [16]

CheckMate-577 [17]

Keynote-811

Chung HC et al. First-line
pembrolizumab/placebo plus
trastuzumab and
chemotherapy in HER2-
positive advanced gastric
cancer: KEYNOTE-811
Future Oncol
2021;17:491-501
Destiny-GastricO1 (https://
www.annalsofoncology.org/
article/S0923-
7534(20)39363-7/fulltext)

Destiny-GastricO1 (https://
www.annalsofoncology.org/
article/S0923-
7534(20)39363-7/fulltext)

Patients

790 patients; RCT
Nivolumab + FOLFOX/
CAPEOX v FOLFOX/
CAPEOX

794 patients; RCT

Stage II/stage I1I esophageal/
GE]J s/p neoadjuvant CRT
Nivolumab vs placebo for
one year

434 patients; RCT
Unresectable or metastatic
gastric/GEJ adenocarcinoma
HER2—Positive
Platinum-based
chemotherapy+ trastuzumab
+/— pembrolizumab

187 patients; RCT phase 11
Advanced gastric/GEJ
adenocarcinoma
HER2-positive

Third line; all patients had
prior HER?2 therapy
Trastuzumab deruxtecan vs
irinotecan or paclitaxel

187 patients; RCT phase 11
Advanced gastric/GEJ
adenocarcinoma
HER2-positive

Third line; all patients had
prior HER?2 therapy
Trastuzumab deruxtecan vs
irinotecan or paclitaxel

Results

PD-L1 CPS > 5%:

PFS 7.7 vs 6.1 months
OS 14.4 vs 11.1 months
PD-L1 CPS > 1%

PFS 7.5 vs 6.9 months
OS 14.0 vs 11.2 months
DFS 22.4 vs 11.0 months

Response on imaging
Objective response 74.4 v
51.9%

Disease control 96.2 vs 89.3%
CR 11.3vs3.1%

PR 63.2 vs 48.9%

Stable 21.8 vs 37.4%

ORR 51.3 vs 14.3%
DOR 11.3 vs 3.9 months
PFS 5.6 vs 3.5 months
OS 12.5 vs 8.4 months

ORR 51.3 vs 14.3%
DOR 11.3 vs 3.9 months
PFS 5.6 vs 3.5 months
OS 12.5 vs 8.4 months

Radiation Therapy

¢ Adjuvant radiation considered for microscopically positive margins if risk higher
for locoregional versus systemic recurrence
¢ ARTIST trial (Korea)—no difference in survival between adjuvant chemoradia-
tion and chemotherapy alone [20]
e CRITICS trial—no difference between adjuvant chemotherapy versus adjuvant

chemoradiation [27]
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Key Numbers

Here are some key general numbers to remember

Question Answer
% of gastric cancers that are familial 10%

% of CT-occult metastatic dz. detected by PET 20%
Prognostic change in SUVmax by PET 35%

% patients positive by cytology for M1 disease 10-15%
% yield occult peritoneal disease by laparoscopy 20-25%
Survival benefit with D2 LND in node-positive cancer 15%
FLOT chemotherapy response rate 40-60%
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Nicholas W. Miller, Dane C. Olevian, and Alan A. Thomay

Introduction
Background

* Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal
neoplasms identified in the gastrointestinal (GI) tract [1].

— Despite this, they are still relatively rare, representing less than 1% of all GI
tumors [2].

* The American Cancer Society estimates that there are 4000—-6000 cases of GISTs
diagnosed in the USA each year [3].

* The location of these tumors may vary, but they are most commonly found in the
stomach (60-70%), small bowel (20-25%), colon (5%), rectum (5%), and
esophagus (5%) [4].

— Very rare reports described GISTs in the appendix on surgical pathology from
appendectomy [5].

— They have also been discovered in the retroperitoneum, omentum, and mes-
entery [1, 4].
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e These tumors can range in size from several millimeters to many centimeters
with the average size being about 6 cm, and they most often originate within the
muscularis propria layer of the GI wall [2, 6].

— Some smaller lesions may originate from the muscularis mucosa layer [7].

¢ It is common for these tumors to grow intramurally or in an exophytic pattern to
invade other structures [8].

¢ Those smaller than 1 cm can be designated as microGISTs, and those 1-2 cm can
be called miniGISTs [9].

* The largest GIST documented in the literature was measured to be 55 x 45 x
20 cm [10].

Epidemiology

* Itisestimated that there are upward of 20 cases of GISTs per million people each
year worldwide [1, 2, 9].

» Diagnostic rates have been increasing in recent years with more widespread use
of advanced imaging technology [4].

e While all ages can be affected, the mean age at diagnosis is within the sixth
decade of life, and males and females tend to be affected equally [1, 4].

— About 0.02 GIST cases per million people per year occur in individuals under
14 years of age and are more often clinically malignant [11, 12].

» Studies have not identified associations related to geography, race, ethnicity, or
occupation [2].

* Most cases develop sporadically (97%), but there are descriptions of germline
mutations and associations with systemic diseases such as primary familial GIST
syndrome, neurofibromatosis type 1, Carney-Stratakis syndrome, and Carney
triad (Table 7.1) [2, 6, 13].

Table 7.1 GIST genetic syndromes. Genes involved and other clinical manifestations of various
genetic syndromes presenting with GISTs

Gene

Syndrome involved  Clinical manifestations

Primary familial GIST ~ KIT GISTs, cutaneous hyperpigmentation, mastocytosis,

syndrome [62] PDGFRA dysphagia

Neurofibromatosis type ~ NFI Neurofibromas,

1[63] optic pathway gliomas, malignant peripheral nerve
sheath tumors, GISTs, pheochromocytomas, juvenile
monomyelocytic leukemia, café-au-lait macules,
skinfold freckling, Lisch nodules

Carney-Stratakis SDH Paragangliomas, GISTs, (also pulmonary chondromas in

syndrome, Carney Triad Carney Triad)

[64, 65]
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Pathophysiology

Within the myenteric (Auerbach’s) plexus, interstitial cells of Cajal (ICCs), the
pacemaker cells of the GI tract, appear to be the origination of neoplasia in GIST
[1, 14].

— These ICCs direct peristalsis of the GI tract by providing autonomic innerva-
tion, and their location and function coincide with GISTs, which can be of
smooth muscle and/or neuronal differentiation [2, 11].

Affected cells have been found to have oncogenic gain-of-function mutations in

c-KIT (75%) and/or platelet-derived growth factor receptor alpha (PDGFRA)

(10%), which encode for the receptor tyrosine kinases (RTKs) KIT and PDGFRA,

respectively [1, 4, 15].

— The most common c¢-KIT mutations are within exon 11, which encodes for the
juxtamembrane domain of the RTK.

— The second most common c¢-KIT mutation is within exon 9, encoding for the
extracellular domain.

While these mutations may represent the initial genetic alterations leading to

neoplasia, they appear to only be the first events among a series of additional

genotypic changes necessary for malignancy [4].

Additional documented mutations in malignant GISTs affected tumor suppressor

genes on chromosomes 14q, 22q, 1p, and 15q [16].

A smaller subset of GISTs do not possess changes in KIT or PDGFRA.

— Rather, these cases tend to have defects in SDH (14%), BRAF (0.5%), NF1
(0.5%), RAS (<0.5%), or ETV1(<0.5%) [4, 6, 15].

Investigations into targeted therapies for GISTs associated with these genes are

ongoing [17, 18].

Diagnosis

Symptoms

Because GISTs can arise anywhere along the GI tract and even in extraintestinal
sites, clinical symptoms can vary widely.

Up to 30% of GISTs are asymptomatic and discovered incidentally on diagnostic
imaging or in abdominal surgery for another reason [1, 19].

When symptoms do present, they may include melena, hematemesis, anemia,
weakness, abdominal pain, perforation, bowel obstruction, and/or disten-
tion [1, 5].

There have been unusual case reports where GISTs have presented with sus-
pected appendicitis and inguinal hernias [5, 20].
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Endoscopy

Endoscopy is one of the most common imaging modalities aiding in diagnos-

ing GISTs.

Typically, GISTs will appear as a subepithelial lesion completely covered by

normal mucosa.

— This is a nonspecific finding associated with a wide array of differential diag-
noses including GIST, lipoma, schwannoma, leiomyoma, ectopic pancreas, or
varices (Table 7.2).

Those GISTs found to have malignant courses may have irregular borders, ulcer-

ation, and/or growth of the lesion on follow-up endoscopy.

The subepithelial lesion associated with GIST is generally firm and has a nega-

tive cushion (pillow) sign or formation of indentation in surface of lesion on

contact with forceps [1, 21].

Standard endoscopy alone is unable to narrow the differential diagnoses after

identification of a subepithelial lesion.

Table 7.2 Differential diagnoses of subepithelial lesion (SEL). Endoscopic descriptions, endo-
scopic ultrasound (EUS) descriptions, and immunohistochemical (IHC) findings of various pathol-

ogies presenting as SEL
Differential
diagnosis

GIST [7, 66, 67]

Endoscopic description
Submucosal mass, smooth
margins, normal overlying
mucosa, may protrude into
lumen, negative cushion
sign

Isolated solid bulge,
smooth margins, normal
overlying mucosa, yellow
hue, positive cushion sign
Submucosal mass, smooth
margins, normal overlying
mucosa, may protrude into
lumen

Lipoma [68]

Leiomyoma [69]

Neuroendocrine ~ Small, round, sessile or

tumor [70] polypoid, normal
overlying mucosa

Schwannoma Small, isolated, nodular or

[71] polypoid, normal
overlying mucosa, yellow
hue

Submucosal nodule,

central umbilication

Ectopic pancreas
[72]

Varices [73] Enlarged tortuous vessels,
easily compressed with

instrument, blue hue

EUS description
Hypoechoic, homogeneous,
well-defined margins,
arising from muscularis
propria or muscularis
mucosa

Hyperechoic,
homogeneous, well-defined
margins, arising from
submucosa

Hypoechoic, homogeneous,
well-defined margins,
arising from muscularis
propria or muscularis
mucosa

IHC findings
CD117, DOG-1,
PKC-theta

Smooth muscle
actin, desmin

Hypoechoic or isoechoic, Synaptophysin,
homogenous, arising from  chromogranin
mucosa

Hypoechoic, homogeneous, S-100

well-defined margins,
arising from mucosa or
submucosa

Hypoechoic or isoechoic,
heterogeneous, indistinct
margins, arise from
submucosa or muscularis
mucosa

Anechoic, round, arising
from muscularis propria or
submucosa, Color Doppler
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¢ Therefore, endoscopic ultrasound (EUS) is often utilized to provide more details
about GI wall layer of origination, consistency of lesion, and size.
— Due to characteristic EUS findings, some pathologies, including lipomas,
cysts, and varices, can be diagnosed with these images alone.
— However, if these results are inconclusive (such as in the case of GIST), the
differential diagnosis list may remain broad.
— Lesions less than 1 cm are typically followed with periodic EUS every six
months to one year (Fig. 7.1) [1].
e GISTs will typically appear as hypoechoic, homogeneous, solid masses on
EUS [1, 4].
— These findings may be seen in other GI tumors, including leiomyomas, so
obtaining sample for biopsy is helpful.
* The most effective method for diagnosing lesions found with EUS is to perform
an EUS-guided fine needle aspiration.

* Clincal Symptoms  Imaging Fidings
}

findings and THC.
**Various [HC (SMA, 1 l
Desmin, and S-100) to

differentiate other
mesenchymal neoplasms.

Fig. 7.1 GIST diagnostic tree. An overview of diagnostic studies characterizing GIST and other
subepithelial lesion differential diagnoses
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— This has been found to have an accuracy of up to 93% [1, 22].

— Performed in lesions greater than 1 cm, diagnostic accuracy increases with
tumor size.

— Alternative biopsy methods, including endoscopic forceps biopsy, endoscopic
submucosal dissection, or endoscopic snare resection are not preferred for
obtaining samples for pathology [1].

— Further, tunnel biopsies can sometimes be collected safely and efficiently on
initial endoscopy, preventing the need for follow-up EUS-FNA [23].

Histology

GISTs are notorious for their broad and variable morphologic spectrum, though

three principal types are recognized: spindled, epithelioid, and mixed [1].

All tend to be well-circumscribed lesions often surrounded by a pseudocap-

sule [2].

Spindle-cell GISTs are the most common and represent 70% of all cases.

— These tumors feature uniform fusiform cells arranged in sheets, fascicles,
bundles, or whorls (Fig. 7.2).

— They have relatively monomorphic nuclei with fine chromatin and inconspic-
uous nucleoli.

— The cytoplasm is typically pale and eosinophilic and often has a fibrillary
appearance.

— Paranuclear vacuoles are common, particularly in gastric tumors.

— There may be a fibrocollagenous or myxoid stroma, while other cases may
show prominent stromal hyalinization or sclerosis.

Epithelioid GISTs account for 20% of tumors and typically demonstrate a mark-

edly different appearance than their spindled counterparts.

— These tumors have uniform, rounded cells arranged in sheets, nests, or clus-
ters with a fibrous or myxoid stroma (Fig. 7.3).

— The nuclei are typically monomorphic, though a subset may show significant
nuclear pleomorphism or multinucleation.

— Cytoplasmic vacuolization may be present and is occasionally prominent.

Roughly 10% of tumors show mixed spindled and epithelioid morphology or

cytologic characteristics intermediate between these extremes.

.

Fig. 7.2 Spindle cell GIST. (a, left) 20x magnification. (b, right) 40x magnification
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Fig. 7.4 Mitotic figures and immunohistochemical analysis. (a, left) Mitotic figures at 40x mag-
nification. (b, center) CD117 immunostain at 20x magnification. (¢, right) DOG-1 immunostain at
20x magnification

* Regardless of the morphology, tumors tend to have inconspicuous stromal vascu-
lature and may show a brisk stromal lymphocytic infiltrate.

* Coagulative tumor necrosis is uncommon and is associated with more aggres-
sive cases.

* GISTs may also undergo therapy-associated morphologic changes, manifest by
hypocellularity, fibrosis, hyalinization, myxoid change, necrosis, and increased
nuclear pleomorphism.

* SDH-deficient GISTs may show characteristic multinodular and plexiform
growth within the muscularis propria and typically feature predominately epithe-
lioid morphology [24-26].

¢ Inrare cases, GISTs have been known to dedifferentiate, in which case a conven-
tional GIST shows an abrupt transition to a high-grade, pleomorphic (dedifferen-
tiated) area with abundant mitosis and necrosis.

* GIST grading is based entirely on mitotic count, expressed as the number of
mitoses per 5 mm? (Fig. 7.4).
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Immunohistochemistry

Immunohistochemistry is an important ancillary tool for the diagnosis of GIST

and is necessary to distinguish GISTs from their histologic mimics—most nota-

bly leiomyomas, schwannomas, and desmoid fibromatosis.

A basic initial panel comprising CD117 (KIT), DOG-1, desmin, S100, and CD34

is recommended.

— Approximately 95% of GISTs are immunoreactive to CD117, while DOG-1
has been shown to have over 99% sensitivity (Fig. 7.4).

— Approximately 70% of GISTs are also positive for CD34, 30-40% for smooth
muscle actin, 5-10% for desmin, 5% for S100, and 1-2% for keratin.

— Staining for these less common markers is usually weak or focal—strong or
diffuse CD117 and DOG-1 staining should provide diagnostic clarification.

Notably, the expression of CD117 on IHC evaluation does not necessarily imply

mutation in c-KIT, with one study finding that only about 73% of CD117-positive

GISTs actually carried a mutation in c-KIT [26].

Given that succinate dehydrogenase (SDH)-deficient GISTs have specific clini-

cal implications, some authors recommend screening all gastric GISTs for SDH

deficiency by immunohistochemistry, which can be accomplished by staining for

SDH-B specifically, as this subunit is lost in all forms of SDH-deficient GISTs

[24-28].

Molecular Analysis

Genotyping can also be utilized in GIST diagnosis and is particularly recom-

mended if tyrosine kinase inhibitors are a possible treatment modality.

Approximately 75% of GISTs have activating mutations in the KIT gene (exon

11 is most common), whereas another 10% have mutations in the PDGFRA

gene [1].

— Mutations in KIT and PDGRFA are mutually exclusive.

Approximately 10-15% of tumors harbor neither KIT nor PDGFRA mutations.

— The majority of these so-called wild-type GISTs are SDH-deficient, which
harbor mutations in SDH subunit genes.

— Rare tumors are also associated with mutations in NF1, BRAF, KRAS, and
other genes.

Interestingly, more than 90% of metastatic GISTs have inactivation of the DMD

gene on chromosome Xp21.1 encoding for dystrophin [17].

Despite the increased relevance of genotypic analysis, this is not universally per-

formed for all patients [10].

— In fact, a team of researchers found that among cases of GIST from 2000 to
2018, only 47% of cases had mutational analysis despite its known benefit in
guiding directed medical therapy.
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— As aresult, this team recommended two phases of mutational analysis—basic
testing solely to assess c-KIT and PDGFRA followed by advanced testing for
various other potential genes implicated in pathogenesis if preliminary testing
is inconclusive [27].

Imaging

Cross-sectional imaging studies, most frequently by computed tomography

(CT), can provide information into tumor size, location, and organ involvement.

Further, positron emission tomography (PET) can be utilized to assess tumor

metabolic activity [4].

Other imaging modalities including magnetic resonance imaging (MRI) and

ultrasound may also be useful [6].

When GISTs are suspected in rarer sites, such as the esophagus or rectum, modi-

fied CT scans can be performed with sufflated carbon dioxide to distend the GI

wall for better visualization [29].

In an initial diagnosis, it is possible for the tumor to be so large that it is difficult

to identify the originating location.

— However, imaging will show a heterogeneous mass often with necrosis and
patchy uptake of contrast.

Size can usually be estimated easily on imaging, and metastatic spread can be

assessed.

CT and PET imaging is particularly useful in regularly assessing the response to

medical therapy [30].

Evaluation and Clinical Stage

Pathologic Stage Classification

The 8th edition of the AJCC considers tumor size, lymph node involvement, and

distant metastasis to establish the pathologic stage of all GISTs, regardless

of site.

The T stage is based solely on tumor size.

— A GIST measuring 2 cm or less is considered T1, while those measuring 2 cm
to 5 cm are classified as T2.

— T3 tumors are greater than 5 cm and up to 10 cm, while any tumor greater than
10 cm is classified as T4.

No regional lymph node metastasis receives the NO stage, while any number of

positive lymph nodes is designated N1.

Similarly, MO represents no spread to distant sites, whereas M1 indicates spread

to remote sites of the body.
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— Most GISTs metastasize to intraabdominal soft tissues, liver, or both if they
metastasize at all.

Although T, N, and M definitions are identical for all GISTs, the AJCC provides

separate stage groupings for gastric/omental GISTs versus those arising in the

small intestine, esophagus, colon, rectum, or peritoneum.

— This reflects the lower rates of metastasis of gastric and omental GISTs than
those originating elsewhere.

— Therefore, the criteria is more liberal in assigning a higher stage to a tumor in
the small intestine, esophagus, colon, rectum, or peritoneum.

* For example, a 6 cm GIST originating from the small intestine with low
mitotic rate and no nodal involvement or distant metastasis would be
assigned to AJCC stage II, whereas a tumor of the same characteristics
located in the stomach would only be stage IB (Tables 7.3 and 7.4) [30].

Regarding histologic grading of GIST, the College of American Pathologists

make assignments based solely on mitotic activity of the tumor and highlight that

histologic grading is not well suited to GISTs.

— This is because, in comparison to other soft tissue tumors, GISTs already have
lower mitotic rates but tend to have more aggressive features.

Table7.3 GIST AJCC staging system. AJCC 8th edition staging system for GISTS originating in

the stomach or omentum [74]
AJCC stage TMN Mitotic rate
1A T1 or T2, NO, MO Low
IB T3, NO, MO Low
II T1, NO, MO High
T2, NO, MO High
T4, NO, MO Low
1A T3, NO, MO High
1B T4, NO, MO High
v Any T, N1, MO Any
Any T, any N, M1 Any

Table 7.4 GIST AJCC taging system. AJCC 8th edition staging system for GISTS originating in

the small intestine, esophagus, colon, rectum, or peritoneum [74]
AJCC stage TMN Mitotic rate
I T1 or T2, NO, MO Low
11 T3, NO, MO Low
IITA T1, NO, MO High
T4, NO, MO Low
111B T2, NO, MO High
T3, NO, MO High
T4, NO, MO High
1AY Any T, N1, MO Any

Any T, any N, M1 Any
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Table 7.5 Histologic Ggrade of GIST. College of American Pathologists grading system for
GIST based solely on mitotic activity. Note that 5 mm? is equivalent to 50 high power fields (HPF)

Histologic grade Mitotic activity

GX (grade cannot be assessed) Unable to assess

G1 (low grade) <5 mitoses per 5 mm?
G2 (high grade) >5 mitoses per 5 mm?

— The classification system used for histologic grade is broken down into three
categories: GX, G1, and G2.
* GXis assigned when a grade cannot be assessed.
* Gl is considered low grade and is assigned when mitotic rates are less than
or equal to 5 mitoses per 5 mm?.
* G2 is considered high grade and is assigned when mitotic rates are greater
than 5 mitoses per 5 mm? (Table 7.5) [31].

Risk Stratification

* The biological behavior of GISTs exists on a continuum such that traditional
concepts of benign and malignant are difficult to apply.

— Furthermore, most GISTs are regarded as having some potential for distant
metastasis.

» Consequently, a stratification scheme for risk of progressive disease is advocated
by the College of American Pathologists based on the classification set forth by
Miettinen and Lasota [32].

— This scheme stratifies risk of progressive disease based on anatomic site,

mitotic rate, and tumor size (Table 7.6).

e Smaller tumors with lower mitotic rates and those arising in the stomach
are considered lower risk than larger tumors with high mitotic rates arising
in the jejunum/ileum.

 For tumor sites not listed in the table, such as esophagus, peritoneum, and
mesentery, the risk criteria for jejunum/ileum is recommended.

Prognosis

* The same factors used in establishing malignancy risk can aid in determining
disease prognosis.
e Metastasis of GISTs is typically to the liver (65%) or peritoneum (21%) [1, 33].
— It is rare for GISTs to metastasize to lymph nodes (6%), bone (6%), or lung
(2%) [33].
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Table 7.6 Guidelines for risk assessment of primary GIST
Tumor parameters Risk of progressive disease?(%)
Mitotic rate = Size Gastric Duodenum Jejunum/ileum Rectum
<5 per <2 cm None (0%) None (0%) None (0%) None (0%)
5 mm? >2-<5cm Very low Low (8.3%) Low (4.3%) Low (8.5%)
(1.9%)
>5-<10 cm Low (3.6%) (Insufficient ~ Moderate (Insufficient
data##) (24%) data##)
>10 cm Moderate High (34%)  High (52%) High (57%)
(12%)
>5 per <2cm None (Insufficient ~ High High (54%)
5 mm? data#)
>2-<5cm Moderate High (50%) High (73%) High (52%)
(16%)
>5-<10 cm High (55%) (Insufficient ~ High (85%) (Insufficient
data##) data##)
>10 cm High (86%) High (86%) High (90%) High (71%)

Adapted from Miettinen and Lasota. # defined as metastasis or tumor-related death. ## denotes

small number of cases

Table 7.7 Differentiating GIST prognosis based on location

GIST Percentage of
location cases [4]
Stomach 60-70%

Small 20-25%
intestine

Colon 5%
Rectum 5%

Esophagus 5%

Five-year survival with

surgical resection [34] Symptoms [75]

88% GI bleeding, abdominal pain,
asymptomatic

84% GI bleeding, abdominal pain

92% GI bleeding

90% GI bleeding

80% Abdominal pain

Survival data derived from large population-based study using the surveillance, epidemiology, and
end results (SEER) database from the National Cancer Institute

— The strongest indicator of metastasis to the liver is angioinvasion [14].
— The risk of GIST metastasis has been correlated with size regardless of mitotic

index [1].

* One of the largest studies of GIST assessed over 10,000 cases from 2000 to 2018
and found the following factors to impact survival most negatively: tumor size
greater than 5 cm and poorly differentiated or undifferentiated histology [34].

* According to SEER, the five-year survival rate for GIST is 85% for all stages

combined.

— Localized disease has a five-year survival rate of 95%, regional disease is
84%, and distant disease is 52% [34].
— Survival rates also vary based on the organ the GIST originated (Table 7.7).
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Follow-Up

e Follow-up after GIST treatment focuses on assessing local recurrence and
metastasis.

e Abdominal CT scanning can allow visualization from the diaphragm to the
inguinal region and is widely used [1].

e For intermediate and high-risk GISTs, imaging is recommended every
3—-6 months for three years and then every 6 months for an additional two years
and annually thereafter.

e Low-risk GISTs can be followed with imaging every 6—12 months for 5 years
and annually thereafter.

e Very low-risk GISTs do not have recommended follow-up guidelines estab-
lished [4].

Treatment
Surgical

e Treatment of GISTs requires multidisciplinary teams that include surgeons,
medical oncologists, pathologists, and radiologists [13].

e Preoperative planning with imaging studies is necessary to understand affected
organs and assess for metastasis [10].

» Following appropriate diagnosis, surgical resection is the widely accepted first
choice of therapy for localized GISTs that are larger than 2 cm [1, 4, 5].

e The goal of surgical intervention is an RO complete resection with negative
microscopic margins with intent to cure [1, 4].

¢ Depending on the location, wedge or segmental resections may be performed to
preserve organs to the greatest extent; this is generally indicated for tumors that
are smaller than 10 cm [1, 13].

¢ When tumors are adherent to contiguous organs, en bloc resection is utilized.

 Partial resections are only considered with very large tumors or palliative pur-
poses [35].

» Laparoscopic techniques have even been found to benefit resection of smaller
gastric GISTs less than 2 cm and have the benefits of decreasing blood loss and
length of hospital stay [1, 2, 13].

e It is critical to prevent rupture of the pseudocapsule surrounding the GIST to
avoid implanted recurrence to the peritoneum [4].

¢ Notably, lymph node metastasis is rare in GISTs, so lymphadenectomy is not
standard of care during resection [1].

* In cases of metastatic GIST, surgery may be utilized for debulking [9].

— It is estimated that up to 30% of presenting patients with GIST have already
developed metastatic disease [13].
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— Reducing tumor burden may prevent the development of additional mutations
that influence effectiveness of medical therapies [9].

— The goal for surgical intervention in metastatic disease is to remove all gross
disease; this may require specialized techniques including multivisceral
resection, omentectomy, and peritoneal stripping.

— Due to the multifocal presentation of liver metastasis in GIST, traditional
hepatectomy techniques are usually not indicated, but radiofrequency abla-
tion or hepatic embolization may provide some benefit [13].

— Interventional radiologists can be particularly helpful in radiofrequency abla-
tion and hepatic artery embolization and chemoembolization in cases of met-
astatic disease to the liver refractory to traditional surgical or medical
approaches [36].

Endoscopic

¢ Though not the usual standard of care, studies into the efficacy and safety of
endoscopic treatment approaches for GIST are ongoing [1, 37].

e A systemic review assessed the utility of various approaches, including endo-
scopic band ligation, endoscopic submucosal dissection, endoscopic submucosal
excavation, endoscopic full-thickness resection, and submucosal tunneling endo-
scopic resection in the treatment of gastric GIST.

— While the authors believed these approaches to be an option for smaller GIST
confined to the gastric muscularis propria, the study found the most common
complications associated with endoscopic approaches to be bowel perforation
and rupture of the tumor pseudocapsule [37].

e Overall, long-term disease control with endoscopic approaches remains
unknown.

Medical

* Originally approved in 2001 for treatment of certain leukemias, imatinib revolu-
tionized the approach to treating cancer.

— This small molecular inhibitor directly acts on tyrosine kinase, one of the
receptors transmitting growth signals to certain cancer cells and is hypothe-
sized to be effective in cancers with high proliferation through tyrosine
kinase-mediated signaling [38].

— Further trials found it to be useful in the treatment of advanced GIST by
inhibiting KIT [39].

— Imatinib is now the now most widely used medical treatment for GIST, often
used in the adjuvant setting.

— Itis even used as sole therapy for unresectable, metastatic, or recurrent cases
of GIST [1, 5].
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¢ Deciding who qualifies for adjuvant imatinib therapy requires assessing the risk
of disease recurrence, discussed previously, which requires consideration of
tumor location, size, mitotes, and rupture.

Several risk stratification models have been studied including an original

National Institutes of Health (NIH) consensus criteria, a modified version of

this NIH criteria, and the Armed Forces Institute of Pathology (AFIP) prog-

nostic model.

* Inthe USA, the AFIP model appears to be most widely used (Table 7.6).

* There does not appear to be data supporting that one of these models out-
performs the other in assessing risk [40].

Overarching factors increasing risk of disease recurrence include increased

size, increased mitoses, site of origin outside stomach, and presence of rup-

ture [32].

Imatinib is usually considered in patients whose classification of disease

recurrence falls into moderate or high risk [41, 42].

e Three notably large Phase III clinical trials assessed the use of adjuvant imatinib
for GIST: ACOSOG 79001, SSG trial XVIII, and EORTC trial 62026 [42].

ACOSOG 79001 compared 400 mg/day of adjuvant imatinib for one year
with a placebo group receiving surgery alone and found one-year RFS to be
98% in adjuvant imatinib group compared with 83% in placebo group [43].
The SSG XVIII trial compared 400 mg/day imatinib duration between two
groups: one receiving adjuvant treatment for one year and the other receiving
for three years.
* They found five-year RFS to be 65.6% in three-year group compared to
47.9% in one-year group [44].
The EORTC trial 62026 compared 400 mg/day of adjuvant imatinib for two
years with placebo group receiving surgery alone and found RFS to be 69%
in imatinib group and 63% in placebo group [45].

¢ While originally considered for three years, adjuvant treatment with imatinib for
GIST may show benefit with extension to five years based on the Postresection
Evaluation of Recurrence-free Survival for Gastrointestinal Stromal Tumors
With 5 Years of Adjuvant Imatinib (PERSIST-5) clinical trial.

This study found that no patients had recurrence during therapy when receiv-
ing five years of adjuvant imatinib after resection of primary GIST with
imatinib-sensitive mutations.

Inclusion criteria for this study included adults with primary GIST expressing
KIT who had complete resection within 12 weeks before starting the adjuvant
imatinib; Eastern Cooperative Oncology Group performance status of O or 1,
which is an assessment of functional status; adequate liver, kidney, and bone
marrow function; and intermediate or high risk of GIST recurrence based on
the Miettinen and Lasota risk classification (meaning having primary GIST at
any site that is 2 cm or larger with >5 mitoses per 50 high-power field or hav-
ing a nongastric primary GIST that is 5 cm or larger).

Opverall, the study found a five-year estimated recurrence-free survival (RFS)
to be 90% and the overall survival rate to be 95%.
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— Notably, this study had about half of the participants discontinue therapy early
and noted some recurrences after discontinuation, highlighting the need for
improved support in maintaining patient compliance to therapy [46].

e Other studies have shown imatinib therapy for at least three years has shown
promising results, significantly improving recurrence-free survival, and further
studies are underway comparing outcomes in varying durations of adjuvant ther-
apy [47].

e In cases where imatinib is unsuccessful, newer TKIs, including sunitinib,
sorafenib, nilotinib, dasatinib, avapritinib, regorafenib, larotrectinib, and entrec-
tinib, may provide benefit [1, 4, 9].

— Notably, these drugs have varying targets and many studies are underway to
assess their utility in GIST with differing mutations.

— Specifically, sunitinib, often the second-line to imatinib, may target multiple
receptor tyrosine kinases including VEGFR, PDGFR, KIT, FLT3, RET, and
CSFIR [48].

— Sorafenib can target VEGFR, KIT, and PDGFR [49].

— Nilotinib has been shown to target KIT, PDGFR, and BCR-ABL [50].

— Dasatinib can inhibit KIT, PDGFR, and SRC kinases [51].

— Auvapritinib notably targets KIT and PDGFR and may show particular benefit
in GISTs with PDGFRA exon 18 D824V mutations [52].

— Regorafenib can also inhibit KIT, PDGFR, and VEGFR [51].

— Larotrectinib and entrectinib can both target tropomyosin receptor kinases,
which results from NTRK fusions that are present in some wild-type
GISTs [53].

* There has also been investigation into using TKIs in the neoadjuvant setting.

— It is believed that this can provide reduction in tumor sizes to allow greater
feasibility in obtaining appropriate surgical margins; it may also have benefits
in sparing organs and decreasing rates of bleeding and tumor rupture [4].

— Specifically, since rectal GIST resections tend to be more difficult, imatinib is
recommended in the neoadjuvant setting as it has been shown to aid in tumor
shrinkage for RO resection and improve overall survival compared to upfront
surgery [9, 54].

— When used as neoadjuvant treatment, surgery should ideally be scheduled
within 612 months [4].

— After one month from initiation of neoadjuvant therapy, imaging exams are
usually repeated to assess for response [55].

— A systematic review found that neoadjuvant imatinib in cases of localized
GIST demonstrated progression in 0-2% of cases with the eventual RO resec-
tion occurring in 77-91% of cases.

* This same study found that when the case was metastatic and neoadjuvant
imatinib was administered, 4.5% of cases progressed with eventual RO
resection occurring in 58% of cases [47].

* Unfortunately, not all GISTs show similar responsiveness to TKI therapy.

— It has been demonstrated that different locations of mutation in ¢-KIT may
predict success.
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— Specifically, when the c-KIT mutation is within exon 11, imatinib therapy has
its best response; however, when located within exon 9, imatinib is less ben-
eficial [2].

— A meta-analysis of data from the US-CDN and EU-AUS trials comparing
imatinib dosing for treatment of unresectable or metastatic GIST showed that
800 mg imatinib daily did not have much advantage over 400 mg daily with
less toxicity for most patients and recommended the 400 mg daily dosing.

* They found an exception for patients with the exon 9 KIT mutations who
may benefit from treatment at 800 mg, though this higher dose has not
been extensively studied in adjuvant setting [42, 56].

— GISTs with mutations in PDGFRA on exons 12, 14, and 18 tend to be less
responsive to imatinib with the exon 18 D824V mutation being imatinib-
resistant [6, 16].

— Some studies have found sunitinib and other newer TKIs to be useful in
imatinib-resistant GIST; avapritinib is recommended for the PDGFRA D824V
mutation [2, 9].

— Because of these differences in treatment response dependent on tumor genet-
ics, mutational analysis is recommended in all patients being considered for
medical therapy [9].

— It is hypothesized that secondary mutations may develop with imatinib ther-
apy in ¢-KIT exons 13, 14, and 17 contributing to medical therapy resis-
tance [57].

Current recommendations for adjuvant imatinib remains 400 mg/day for most

patients, particularly for patients with high risk of relapse based on the ACOSOG,

SSG, and EORTC trials [42].

In the neoadjuvant setting, mutational analysis before initiating treatment is criti-

cal as certain mutations (PDGFRA D842V) will not respond to imatinib and

would not be used.

Some evidence suggests the KIT exon 11 mutations responds better to neoadju-

vant imatinib compared to other mutations [58].

Metastatic GIST makes surgical resection difficult as tumors appear multifocal

and have usually spread to liver and peritoneum [4].

— Inthese cases, imatinib may be initiated and has been shown to extend median
overall survival from 1.5 to 5 years in metastatic disease [6].

— Importantly, in cases of metastatic disease, there can be different mutations in
various tumor foci within the same patient.

* This means that some of these foci could be capable of responding to ima-
tinib, while others are resistant.

¢ Therefore, in such cases, a combination of surgical treatment for imatinib-
resistant lesions and imatinib medical therapy may be required.

In addition to TKI therapy, there have been investigations into the use of immu-

notherapy in GIST treatment.

— There are ongoing studies regarding the utility of cytokine-based therapy,
immune checkpoint inhibitors, anti-KIT monoclonal antibodies, bispecific
monoclonal antibodies, and therapy with CAR T cells [59].
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— While these investigations expand the potential for GIST therapy, they are not
currently standard of care [9].

Further, there are ongoing investigations to understand the potential role of

microRNAs in diagnosis and treatment since the genetic aberrations associated

with GIST are well described.

— These microRNAs are thought to play a role in carcinogenesis by affecting
posttranscriptional gene expression.

— Implications for clinical practice could include future therapy directed at
these or even their use as biomarkers with advanced technologies in detecting
RNA [58, 60, 61].

Summary

While GISTs are rarer tumors of the GI tract, they represent the most common
GI tract mesenchymal neoplasm.

Diagnostic rates are increasing with greater widespread use of more advanced
imaging technology.

Most are associated with mutations in c-KIT and/or PDGFRA, and there is high
potential and increasing investigations into targeted molecular medical therapy.
Currently, endoscopic ultrasound-guided fine needle aspiration typically pro-
vides a tissue sample that is assessed for morphology, mitoses, and immunohis-
tochemical staining (KIT, CD34, DOG]I, etc.) to diagnose GIST.

All GISTs are considered potentially malignant with factors including size, mito-
ses, rupture, and location being beneficial in determining risk (very low, low,
intermediate, high) of malignancy.

The most widely accepted initial therapy is complete RO surgical resection of the
GIST with techniques varying based on size and location of the disease.
Imatinib and other newer TKI therapies have shown promise in both neoadjuvant
and adjuvant settings and even in cases of metastatic disease.

General Numbers to Remember

Percent of All GI Tumors: <1%
Percent of Sarcomas: 30-45%
Percent By Location:

— Stomach: 60-70%

— Small Bowel: 20-25%

— Colon: 5%

— Rectum: 5%

— Esophagus: 5%

Percent Malignant: 30%
Percent Sporadic: 97%
Percent Asymptomatic: 30%
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Percent By Mutation:

— ¢-KIT: 80%

— PDGFRA: 5%

Percent By Morphology:

— Spindle-Shaped: 70%

— Epithelioid: 20%

— Mixed: 10%

Percent By Immunohistochemistry

— KIT: 95%

CD34: 60-70%

SMA: 30-40%

Desmin: 5-10%

S-100: 5%

Percent Having Mutational Analysis: 47%
Total 5-Year Survival: 85%

— Localized Disease Five-Year Survival: 95%
— Regional Disease Five-Year Survival: 84%
— Distant Disease Five-Year Survival: 52%
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Breast Guidelines to Test
Mutations National Comprehensive Cancer Network® (NCCN®) [1]  ASBS [2]
BRCA 1 Age < 50 years at diagnosis All breast
BRCA 2 All patients: cancer
PALB2 Ashkenazi Jewish ancestry patients are
ATM Male breast cancer eligible for
PTEN To aid in systemic treatment decisions using PARP genetic
CHD1 inhibitors for breast cancer in the metastatic setting screening.
Neurofibromatosis  Triple-negative breast cancer
PTEN Multiple primary breast cancers (synchronous or
metachronous)
Lobular breast cancer with personal or family history of
diffuse gastric cancer
Family history of >1 close blood relative with ANY
breast cancer at age < 50, male breast cancer, ovarian
cancer, pancreatic cancer, and prostate cancer with
metastatic or high grade
Family history of >3 total diagnoses of breast cancer in
patient and/or close blood relatives
Family history >2 close blood relatives with either breast
or prostate cancer (any grade)
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Colon Guidelines for Testing

Bethesda Criteria [4] (Lynch

Mutations NCCN [3] syndrome / HNPCC) Further testing [3]
Lynch Age < 50 years at At least three relatives with  All tumors should be
FAP diagnosis a Lynch syndrome- sent for mismatch repair
STK11 All patients: associated cancer (see deficiency (MLHI,
MUTYH Personal or family below) MSH2, MSH6, PMS2,
SMAD4 history of >10 1 is first-degree relative =~ and EPCAM). This is
Juvenile cumulative adenomas 2 successive generations immunohistochemistry
Polyposis (polyposis syndrome) At least 1 at If MLH1 deficient,
CHEK2 >2 hamartomas or age < 50 years they need further
PTEN polyps HNPCC-associated tumors testing with BRAF
>20 serrated lesions include colon, endometrial, for MLH1 promoter
throughout the colon  ovarian, renal, bladder, hypermethylation
>5 serrated polyps gastric, small bowel, (implies somatic
proximal to the rectum pancreas, biliary, prostate, mutation rather than
greater than 5 mm with breast, and skin. Risk of germline mutation)
2 greater than 10 mm  each is dependent on exact Microsatellite
dMMR tumor gene mutation and further instability needs to be
explained in gene-specific assessed by PCR
recommendations. testing.

Pancreas Guidelines for Genetic Testing

Mutations NCCN [1]

BRCA 1 All patients with exocrine pancreatic cancer and/or all patients with
ATM first-degree relatives with exocrine pancreatic cancer should have
CDKN2A genetic testing

TP3

PRSS1

Lynch

PALB2

STK11

Gastric Guidelines for Genetic Testing

Mutations NCCN [5]

CDH1 Known mutation in gene related to gastric cancer in the family or young
FAP patients with a family member meeting below criteria:

MEN2 Age < 40 year with gastric cancer

SMAD4 Gastric cancer <50 years old with a first- or second-degree relative with
Peutz Jeghers gastric cancer

Syndrome Anyone with gastric cancer with 2+ first- or second-degree relatives with

gastric cancer

Gastric and breast cancer diagnosed <50 years old

Gastric cancer with a family history of Lynch or polyposis syndrome
Gastric cancer in patient with Maori ancestry

Gastric cancer in patient with history of cleft lip
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Sarcoma Guidelines for Genetic Testing

Mutations Classic Li-Fraumeni [1] Chompret [1]
LiFraumeni (LES) Known TP53 mutation  LFS tumor diagnosed age < 45 years old and
Neurofibromatosis in family at least a first- or second-degree relative with
Lynch syndrome (see Age < 45 sarcoma LFS-related cancers diagnosed age < 55 years
colon guidelines) diagnosis and first- or  or multiple primaries at any age
second-degree family or individual with multiple LFS tumors
member with cancer diagnosed <45 years old
<45 years or adrenal cortical carcinoma, choroid

plexus carcinoma, or rhabdomyosarcoma

of embryonal anaplastic subtype at any age

or breast cancer <30 years old
LFS-associated tumors include adrenocortical
carcinoma, breast cancer, osteosarcoma, soft
tissue sarcoma, and CNS tumor

Endocrine Guidelines for Genetic Testing

Mutations

VHL All patients with medullary thyroid cancer [6]
SDHA/B/C/D

MENI1

MEN2

Guidelines Once Positive:

APC—familial adenomatous polyposis [3]

Colon adenocarcinoma
100% lifetime risk of colorectal cancer
Annual colonoscopy starting at 10—15
Proctocolectomy at 18, if delaying recommend annual colonoscopy
Post colectomy—care depends on type of colectomy
— Ileorectal anastomosis—Lifetime risk 10-30% risk of colorectal cancer
* Rectal endoscopy every 6—12 months
* If endoscopy shows dense polyposis or high-grade dysplasia in any indi-
vidual, then a completion proctocolectomy is recommended.
— Ileal pouch—anal anastomosis. Lifetime risk 1-3% of colorectal cancer
* Endoscopic evaluation of pouch and anastomosis every year
Duodenal adenocarcinoma [14]
— 1-10% absolute risk
— Screening
* Upper endoscopy starting at 2025 years old with follow-up depending on
Spigelman score
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Spigelman score [14]

Criteria 1 point 2 point 3 points
Polyp number 1-4 5-20 >20
Polyp size (mm) 1-4 5-10 >10
Histology Tubular Tubulovillous Villous
Dysplasia Mild Moderate Severe

Stage 0-0 pts

— Repeat upper endoscopy and duodenoscopy in four years

Stage 1-1-4 pts

— Repeat upper endoscopy and duodenoscopy in three years

stage 2—5—6 pts.

— Repeat upper endoscopy and duodenoscopy in 1-3 years

stage 3—7-8 pts.

— Repeat upper endoscopy and duodenoscopy in 6—12 months

Stage 4-9-12 pts

— Surgical evaluation

Gastric adenocarcinoma

— 0.1-7.1% absolute risk

— Screening—during endoscopy for duodenal adenocarcinoma

Thyroid carcinoma

— 1-12% absolute risk

— Screening—baseline thyroid ultrasound starting in late teenage years, if nor-
mal repeat every 2—5 years

Desmoids

— 10-24% absolute risk

Higher risk with mutations at 3" end of APC gene

If patient develops abdominal symptoms, then CT abdomen/pelvis

— If patient develops symptomatic desmoids, recommend annual CT or MRI

ATM [1]

Breast cancer 20-30% absolute risk, ovarian cancer 2-3% absolute risk, and

pancreatic adenocarcinoma 5—-10% absolute risk

Risk reduction—insufficient evidence for prophylactic mastectomy, bilateral

salpingo-oophorectomy (BSO) not recommended

Screening

— Annual mammogram starting at 40

— Consider annual MRI at 30-35 (Note: MRI is often recommended at younger
ages due to increased breast density)

— Pancreatic cancer screening in patients with family history of exocrine pan-
creatic cancer (MRCP or EUS at age 50 or 10 years prior to earliest first-
degree relative)

BARDI1 [1]

Breast cancer 20—40% absolute risk, no associated cancers
Risk reduction—insufficient evidence for prophylactic mastectomy
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Screening

— Annual mammogram starting at 40

— Consider annual MRI at 40 (Note: MRI is often recommended at younger
ages due to increased breast density)

BRCA1[1]

Absolute lifetime risk >60% breast cancer in females; 0.2—1.2% absolute risk of

male breast cancer prior to age 70, 39-58% absolute risk of ovarian cancer, <5%

absolute risk of pancreatic adenocarcinoma, and 7-26% absolute risk of pros-

tate cancer

Breast screening (females)

— Clinical exam every 6—12 months starting at 25

— 25-29 annual MRI (Note: MRI is often recommended at younger ages due to
increased breast density)

— 30-75 annual mammogram and MRI

— >75 screening on individual basis

— Discuss prophylactic mastectomy

Breast screening (males)

— Annual clinical exam starting at 35

— Consider annual mammogram starting at 50

Ovarian

— Recommend risk reduction bilateral salpingo-oophorectomy at 35—40 (after
done with childbearing)

* However, data has started to show higher rates of cancer originating from
the fallopian tubes in the premenopausal age group. There are ongoing tri-
als looking at salpingectomy followed by delayed oophorectomy after
menopause vs bilateral salpingo-oophorectomy in this patient subset.
Recommend discussion with an ovarian cancer expert in this patient subset.

Prostate
— Consider screening starting at age 40

BRCA 2 [1]

Absolute lifetime risk >60% breast cancer in females, 1.8—7.1% absolute risk of

male breast cancer, 13—-29% absolute risk of ovarian cancer, 5-10% absolute risk

of pancreatic adenocarcinoma, and 19-61% absolute risk prostate cancer

Breast screening (females)

— Clinical exam every 6—12 months starting at 25

— 25-29 annual MRI (Note: MRI is often recommended at younger ages due to
increased breast density)

— 30-75 annual mammogram and MRI

— >75 screening on individual basis

— Discuss risk reduction mastectomy

Breast Screening (males)

— Annual clinical exam starting at 35

— Annual mammogram starting at 50
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e Ovarian
— Recommend risk reduction bilateral salpingo-oophorectomy at 40—45 (after
done with childbearing)
* Prostate
— Screening starting at age 40
* Pancreas
— For patients with first-degree family member with exocrine pancreatic cancer
recommend MRCP or EUS starting at 50 or 10 years prior to age at diagnosis
of earliest family member

CDH1 [1]

e Absolute lifetime risk 41-60% for breast cancer, 70% lifetime risk of gastric
adenocarcinoma in men, and 56% lifetime risk in women;. Gastric penetrance
however is dependent on whether the patient has family members with history of
gastric cancer with patients with positive family history at higher risk. [1, 7]

* Screening
— Annual mammogram, consider breast MRI starting at 30 (Note: MRI is often

recommended at younger ages due to increased breast density)

* Gastric cancer
— Recommend prophylactic total gastrectomy from 18-40 with preop

endoscopy;
— If deferring gastrectomy recommend endoscopies every 6—12 months

CDKN2A [1]

* Pancreatic adenocarcinoma—absolute risk >15%

* Screening—EUS or MRCP at 50 or 10 years before age at diagnosis of earliest
family member if applicable

* Melanoma—absolute risk 28-76%
— Screening—comprehensive skin exam every six months

¢ P14ARF mutation specifically also at risk for nerve sheath tumors and sarcoma

CHEK2 [1]
* Breast—absolute risk 20-40%
* Screening—annual mammogram starting at 40, consider MRI starting at 30
¢ Risk reduction—not enough data supporting prophylactic mastectomy
* Colorectal—absolute risk 5-10%
— Screening—colonoscopy every 5 years starting at 40 or 10 years prior to age
at diagnosis of earliest family member

MENI [8]

¢ Initial evaluation

¢ Serum calcium

e CT abdomen/pelvis with multiphase contrast or MRI
¢ CT chest with contrast

* Pituitary MRI
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e Parathyroid adenoma
— >90% lifetime risk
— Surveillance—annual calcium
¢ Pancreatic or duodenal neuroendocrine tumor
— 20-80% lifetime risk
* Gastrinoma—20-60%
¢ Insulinoma—7-31%
* Glucagonoma—I1-5%
e VIPoma—<2%
— CT abdomen/pelvis or MRI abdomen every 1-3 years
— Consider serial EUS
* Pituitary adenomas
— 30-40% lifetime risk
— Pituitary MRI every 3-5 years
— Prolactin, IGF-1, and other previously abnormal pituitary hormones every
3-5 years
¢ Gastric carcinoid
— 7-35% lifetime risk
* Bronchial/thymic carcinoid
— <8% lifetime risk
— Consider MRI or CT chest every 1-3 years
* Adrenal adenoma
— 27-36% lifetime risk

MEN2A [6, 8]
¢ Medullary thyroid cancer
* >98% lifetime risk
* Basal serum calcitonin level
* Central and lateral neck compartment ultrasound
* Consider neck CT with contrast if ultrasound is unclear
¢ Total thyroidectomy prior to age five or at diagnosis
e Therapeutic neck dissection as indicated; would consider prophylactic bilateral
central neck dissection (level VI) depending on disease burden on presentation
and during operation
* Pheochromocytoma
— 50% lifetime risk
— Surveillance starting at ages 10-15
¢ Blood pressure monitoring annually
¢ Annual plasma free or 24 hour fractionated metanephrines
e Parathyroid adenoma
— 25% lifetime risk
— Surveillance—annual calcium
* Cutaneous lichens amyloidosis
e Hirschsprung disease



124 J.Swords et al.

MEN2B [6, 8]

Medullary thyroid cancer

>98% lifetime risk

Basal serum calcitonin level

Central and lateral neck compartments ultrasound

Consider CT neck with contrast

Total thyroidectomy during the first year of life or at diagnosis

Recommend referral to facilities with experience in pediatric thyroid surgery
RET918 oncogene highest risk, recommend prophylactic central node dissection
as well [6]

Therapeutic neck dissection as indicated; consider prophylactic bilateral central
neck dissection (level VI)

Pheochromocytoma

— 50% lifetime risk

Surveillance starting at ages 6—10

— BP monitoring annually

— Annual plasma free or 24-hour fractionated metanephrines

Intestinal ganglioneuromas

Mucosal neuromas

Marfanoid habitus

MUTYH [3]

Screening—colonoscopy every 1-2 years starting at 20-25 years old

If adenoma burden is too high (>20 adenomas <1 cm or any polyps with high-
grade dysplasia) recommend total colectomy with ileorectal anastomosis or
proctocolectomy with ileal pouch-anal anastomosis if there is a high rectal
polyp burden

Ileal rectal anastomosis screening—endoscopy every 6—12 months

Duodenal screening—baseline endoscopy at 30-35 years old and further man-
agement based on Spigelman score (see APC recommendations)

Neurofibromatosis (NF1) [1]

Breast

20-40% absolute risk

Screening—Annual mammogram with tomosynthesis starting at age 30 and con-
sider breast MRI with contrast from ages 30-50 (Note: MRI is often recom-
mended at younger ages due to increased breast density)

Risk reduction—Evidence insufficient for risk reduction mastectomy, manage
based on family history

Malignant peripheral nerve sheath tumors and GIST

— Refer to NF1 specialist

PALB2 [1]

Breast
Absolute risks of breast cancer 40-60%, 1% risk of male breast cancer
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Screening: MRI/mammography with tomosynthesis every 6 months starting at
30 years old.

Consider risk reduction mastectomy

Ovarian

— Absolute risk of ovarian cancer 10%

— Consider risk reduction bilateral salpingo-oophorectomy

Pancreatic

— Absolute risk of 5-10%

— Screening—EUS/MRCP at age 50 if family history of pancreatic cancer

PTEN (Cowdens) [1, 3]

Breast

Absolute risk 40-60%

Screening—Clinical exam every 6—12 months starting at 25
Screening—Annual mammography and breast MRI screening with contrast
starting at age 35 years or 10 years before the earliest known breast cancer in the
family (Note: MR1 is often recommended at younger ages due to increased breast
density)

Discuss risk reduction mastectomy in patients with known mutation

Colon

— Absolute risk 11-20%

— Colonoscopy starting at age 35 or 10 yrs. prior to earliest relative

— Atleast every 5 years

Endometrial

— Consider endometrial biopsy every 1-2 years

— Consider hysterectomy once done with childbearing years

Renal

— Consider renal ultrasound every 1-2 years starting at age 40

Thyroid

— Annual exam starting at age 7

Lynch [3]

Most Lynch cancers (60—80%) come from mutations in MLH1 or MSH2. MSH6
and PMS2 have much lower penetrance for cancer. Lynch-related cancers are
rarely related to EpCAM MSHG6 carriers are much more common and are more
related to extracolonic cancers, particularly endometrial cancer.

Total colectomy in Lynch syndrome when a new cancer is diagnosed is often
debated. The risk of a metachronous second colon cancers is less than 20% at
10 years but up to 60% at 30 years. Especially in older patients with less than
20 years of life expectancy, the risk/benefit ratio of total colectomy should be
carefully weighed in reliable patients willing to be screened.

MLH1 [3]

Colorectal
Absolute risk 46-61%
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* Screening—colonoscopy starting at age 20-25 or 2-5 years prior to age at diag-
nosis of earliest family member and every 1-2 years after

¢ No indication for prophylactic total proctocolectomy

* Pancreatic

— Absolute risk 6.2%

— Screening—For patients with first-degree family member with exocrine pan-
creatic cancer MRCP or EUS Start at age 50 or 10 years prior to earliest fam-
ily member

* Endometrial

— Absolute risk 34-54%

— Screening can consider endometrial biopsy every 1-2 years starting at
ages 30-35

— Consider prophylactic hysterectomy—decreases incidence but has not been
shown to improve overall mortality

e Ovarian

— Absolute risk 4-20%

— Screening—none

- No evidence for prophylactic BILATERAL
SALPINGO-OOPHORECTOMY

¢ Gastric—(5-7% absolute risk) /small bowel—0.4—11% absolute risk

— Recommend EGD starting at age 30-35 with repeat every 2—4 years in con-

junction with colonoscopy
* Other high cancer risks
— Prostate 4.4-13.8% absolute risk

MSH2 [3]

* Colorectal

* Absolute risk 33-52%

* Screening—colonoscopy starting at age 20-25 and every 1-2 years after
¢ No indication for prophylactic total proctocolectomy

* Pancreatic

— Absolute risk 0.5-1.6%

— Screening—For patients with first-degree family member with exocrine pan-
creatic cancer, consider MRCP or EUS at age 50 or 10 years prior to earliest
family member

* Endometrial

— Absolute risk 21-57%

— Screening—can consider endometrial biopsy every 1-2 years starting at
ages 30-35

— Consider prophylactic hysterectomy—decreases incidence but has not been
shown to improve overall mortality

¢ Gastric (0.2-9% absolute risk)/small bowel (1.1-10% absolute risk)

— Recommend EGD starting at ages 30-35 with repeat every 2—4 years in con-

junction with colonoscopy
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e Ovarian

— Absolute risk 8-38%

— Screening—none

— Can consider prophylactic bilateral salpingo-oophorectomy
* Other high-risk cancers

— Renal/ureter—2.2-28% absolute risk

— Bladder—4.4-12.8% absolute risk

— Prostate—3.9-23.8% absolute risk

MSHG6 [3]
* Colorectal
* Absolute risk 10-44%
* Screening—colonoscopy starting at ages 30-35 and every 1-3 years after
¢ No indication for prophylactic total proctocolectomy
* Pancreatic
— Absolute risk 1.4-1.6%
— Screening—none
* Endometrial
— Absolute risk 16-49%
— Screening—can consider endometrial biopsy every 1-2 years starting at
age 30-35
— Consider prophylactic hysterectomy—decreases incidence but has not been
shown to improve overall mortality
¢ Gastric (1-8% absolute risk)/small bowel (1-4% absolute risk)
— Recommend EGD starting at ages 30—40 with repeat every 2—4 years in con-
junction with colonoscopy
e Ovarian
— Absolute risk 1-13%
— Screening—none
— Can consider prophylactic bilateral salpingo-oophorectomy
* Other high-risk cancers
— Renal/ureter—0.7-5.5% absolute risk
— Bladder—4.4-12.8% absolute risk
— Prostate—2-11% absolute risk

PMS2 [3]
* Colorectal
* Absolute risk—8-20%
* Screening—colonoscopy starting at 30-35 years old and every 1-2 years after
* No indication for prophylactic total proctocolectomy
* Pancreatic
— Absolute risk 0.5-1.6—not increased from general population
* Endometrial
— Absolute risk 13-26%
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— Screening—can consider endometrial biopsy every 1-2 years starting at
ages 30-35
— Consider prophylactic hysterectomy—decreases incidence but has not been
shown to improve overall mortality
* Gastric/small bowel—minimal data for increased risk from general population
e Ovarian
— Absolute risk 1-3%
— Screening—none
— No evidence for prophylactic bilateral salpingo-oophorectomy
* Other high-risk cancers
— Renal/ureter—not increased
— Bladder—not increased
— Prostate—4-11% absolute risk

RADS51C/D [1]

* Breast

* 17-30% absolute risk

* Screening—Annual mammogram and consider breast MRI with contrast starting
at age 40

e Ovarian
— C—10-15% absolute risk; D—10-20% absolute risk
— Recommend—consider risk reduction bilateral salpingo-oophorectomy

at 45-50

SDHA/B/C/D [8]
¢ Hereditary paraganglioma
* Pheochromocytoma
¢ Surveillance starting at ages 610 (B) or 10-15 (others)
— BP monitoring annually
— Annual plasma free or 24 hour fractionated metanephrines

SMAD4- Juvenile Polyposis [3]
» Diagnosed by >5 juvenile colon polyps or multiple juvenile polyps throughout
GI tract or any juvenile polyps
Colon adenocarcinoma
— Absolute risk 50%
— Colonoscopy at ages 12—15 if no polyps repeat every 2-3 years starting at
18 years old, if polyps found repeat every 2-3 years
Stomach adenocarcinoma
— Absolute risk 21%
— Endoscopy at 12-15 if no polyps repeat every 2-3 years starting at 18 years
old, if polyps found repeat every 2-3 years

STK11—Peutz-Jeghers Syndrome [1, 3]
* Breast cancer



8 Genetic Syndromes 129

* 32-54% absolute risk
* Screening—mammogram and breast MRI with contrast starting at age 30
¢ Discuss risk reduction mastectomy
* Pancreatic adenocarcinoma
— Around 15% absolute risk
— Screening EUS/MRCP starting at 30-35 years old or 10 years younger than
earliest family member
* Colon and stomach adenocarcinoma
— 39% absolute risk (colon) 29% (stomach)
— Screening—endoscopy and colonoscopy starting at 8—10 years, repeat every
2-3 years if polyps are found, shorter intervals depending on polyp findings
* Small intestine
— 13% absolute risk
— Screening—capsule endoscopy or CT/MR enterography every 2-3 years
starting at age 18
* Cervix
— 10% absolute risk
— Annual pelvic exam and pap smear starting at age 18-20
— Consider total hysterectomy once done with childbearing
* Endometrial carcinoma
— 9% absolute risk
— Annual pelvic exam and endometrial biopsy if abnormal bleeding starting at
age 18-20
e Ovary—sex cord stromal tumors
— 20% absolute risk
— Annual pelvic exam and pelvic ultrasound starting at ages 18—20
— Physical exams for signs of precocious puberty starting at age 8

TP53—LiFraumeni [1, 3]
* Breast
* >60% absolute risk
* Screening
e Age 20-25—annual breast MRI
* Age 30-75—annual breast MRI and mammogram
* >75—screening on individual basis
* Discuss risk reducing mastectomy
* Pancreatic
— 5-10% absolute risk
— Consider EUS/MRCP at age 50 or 10 years younger than earliest family
member with pancreatic cancer
e Colon
— >20% absolute risk
— Screening
* Colonoscopy every 2-5 years starting at age 25 or 5 years before earliest
first-degree family member
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Stomach

— Upper endoscopy every 2-5 years starting at age 25 or 5 years before earliest
first-degree family member

Consider annual whole body MRI

Von Hippel Lindau [8, 9]

Pheochromocytoma

10-20% lifetime risk

Blood pressure monitoring at all medical visits starting at age two years.

Abdominal MRI or CT with/without contrast every 2—3 years starting at 15 years.

Paraganglioma

— 10-20% lifetime risk

Pancreatic neuroendocrine tumors

— 5-17% lifetime risk

Clear cell renal cell carcinoma

— Abdominal MRI or CT with/without contrast to assess kidneys, pancreas, and
adrenal glands every two years starting at age 15

Also associated with hemangioblastoma

Disclaimers

Single nucleotide polymorphisms (SNPs) [10-13]

SNPs are variations within the human genome that can be germline or sporadic.
Many SNPs do not alter function and are thus labeled as “silent.”

SNPs alone may not confer a biological affect but together may influence gene
expression.

There is currently testing to assess breast cancer risk using SNPs. As SNPs
between family members are extremely variable, family history should not be a
criteria for this testing, although it is not well defined.

Patients considered high risk based on SNPs should be considered for increased
screening practices.

There is similar data in colorectal cancer, although newer, that can potentially
guide screening and treatment.

Risk reduction

It is important to note that some risk-reducing surgeries such as breast still leave
a 5-10% risk of breast cancer, but patients are no longer screened with mammo-
grams or MRIs. This means that any cancers found would be clinically palpable
and thus invasive.

The benefit of risk reduction surgery diminishes as a patient passes their peak
risk age (e.g., a 70-year-old woman found to have BRCA1 mutation will get little
benefit from a prophylactic mastectomy and a hysterectomy with bilateral
salpingo-oophorectomy as her risk of either after age 70 is <5%).
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Variants of Undetermined Significance (VUS)

VUS is a change, or variant, in a gene that has never been seen before or because
of conflicting or incomplete information in the medical literature. Its association
with cancer risk is unknown.

Therefore, it cannot be determined yet whether this genetic variant is associated
with an increased risk of cancer (pathogenic) or is a harmless, normal genetic
variant (benign). At this time, predictive testing for variants of unknown signifi-
cance is not recommended for at-risk family members. In the absence of a defini-
tive mutation, the patient’s risk of future cancers and medical management
recommendations must be based on personal and family history of cancer.
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Introduction

 Cirrhosis is present in 90% of patients who develop HCC.

* About 40% of HCC patients do not secrete AFP.

* Diagnosis is primarily made by CT, MRI, and contrast-enhanced US on LI-
RADS criteria in patients with known cirrhosis or hepatitis B (Fig. 9.1). All oth-
ers require a biopsy for pathologic diagnosis.

» Consider screening with ultrasound (US) and alpha fetoprotein (AFP) in at-risk
populations.

e AFP > 400 mg/mL, tumor size >5 cm, and vascular invasion are associated with
metastasis.

» Several staging systems for HCC are available, but none are universally adopted;
the severity of the liver disease, the size and extent of the tumor, and the presence
of metastases are important factors to consider.
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Fig. 9.1 Li-RADS v2018 diagnostic algorithm for CT and MRI ((LI- RADS) v2018 ACR.org.

Untreated observation without pathologic proof in patient at high risk for HCC

I— If cannot be categorized due to image degradation or omission ————> LR-NC

— If definite tumor in vein (TIV) LR-TIV
— If definitely benign -
I— If probably benign -

I— If probably or definitely malignant but not HCC specific (e.g., if targetoid) ———> Rz

Otherwise, use CT/MRI diagnostic table below

I— If intermediate probability of malignancy LR-3

— If probably HCC

“— If definitely HCC

CT/MRI Diagnostic Table

Arterial phase hyperenhancement (APHE) No APHE Nonrim APHE

Observation size (mm) <20 =20 <10 10-19 =20

Count additional major features: None | LR-3 LR-3 LR-3 LR-3
+ Enhancing “capsule” One
* “Nonperipheral “washout”

« Threshold growth

LR-3
=Two
- Observations in this cell are categorized based on one additional major feature:

+ LR-4 - if enhancing “capsule”
* LR-5-if nonperipheral “washout” OR threshold growth

[29]). (Reproduced under CC BY-NC-ND 4.0)

e Curative treatments include resection and transplantation; locoregional and sys-
temic therapies are available for nonsurgical candidates and as adjunct therapy in

postoperative patients.

Epidemiology

¢ Most common cause HBV worldwide and HCV in the USA

A third of cases not associated with a virus

— NAFLD affects up to one-third of HCC patients and is associated with obesity
and metabolic syndrome

Other risk factors

Male sex (2—-8x higher than women)

Older age: typically presents in 50-60 s

Smoking

Alcohol use

Synergistic effect with HBV and HCV
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— Chemical exposure: aflatoxin (B1), nitrites, hydrocarbons, pesticide, anabolic
steroid use
Less common risk factors

Hemochromatosis
Alpha-1-antitrypsin deficiency
Primary sclerosing cholangitis
History of hepatic adenoma
Primary biliary cirrhosis
Wilson’s disease

Diagnosis

Symptoms

May include RUQ abdominal pain, weight loss, and palpable mass
Advanced malignant disease may present with nonspecific symptoms such as
anorexia, nausea, and lethargy

If cirrhotic, may have hepatic decompensation

Can be asymptomatic

Rarely present with paraneoplastic syndrome (usually poor prognosis)

Hypercalcemia, hypoglycemia, erythrocytosis, and diarrhea

Imaging
— Critical for diagnosis of HCC
— Abdominal US

Screening and surveillance in patients with cirrhosis
Masses with poorly defined margins

— Multiphase contrast CT abdomen or MRI abdomen

Confirmatory study

A focal nodule with early enhancement in the arterial phase and rapid con-
trast washout in the delayed portal venous phase

Enhancing capsule appearance

Growth of >50% in size (threshold >5 mm) in <6 months on previous
CT or MRI

— LI-RADS [Liver Imaging Reporting And Data System] criteria (Fig. 9.1)

Comprehensive system to standardize the terminology, technique, inter-
pretation, reporting, and data collection of liver imaging

Applies to high-risk patients with the following:

— Cirrhosis from noncongenital causes

— Chronic HBV infection

— History of HCC

— Listed for or after liver transplant

— Opver age 18

Used to estimate likelihood of HCC and malignancy associated with each
category and guide subsequent work up and management, including repeat
imaging and biopsy
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* Biopsy
— Diagnosis should be as noninvasive as possible

Not recommended for LRs 1, 2, 3, and 5

— May be pursued for LR-4 and LR-M lesions

Patient’s risk of HCC is not high (e.g., no cirrhosis)

Imaging studies are inconclusive for HCC

Lesion is <1 cm

Not candidate for curative resection and needs diagnosis for systemic ther-
apy or transplant

— Risks include bleeding, pneumothorax, and biliary peritonitis

Overall risk for needle tract seeding 2.7% [16]

— Histopathology

Most widely used grading system is 4-scale Edmondson and Steiner system.

Graded well, moderately, poorly differentiated, or undifferentiated.

Central necrosis of large tumors is common.

Bile globules and acidophilic inclusions may be present.

Growth patterns can vary

— Can be attached to the liver via a vascular stalk

— A demarcated mass often surrounded by a fibrous capsule, displacing
vascular structures without invasion

— Infiltrative into vascular structure

¢ Serum markers
— AFP (alpha-fetoprotein)

Usual threshold for HCC evaluation is at AFP level > 20 ng/mL

Not used as primary surveillance test due to low sensitivity and speci-
ficity [31]

However, serum level AFP >400 ng/mL in high-risk patients is diagnos-
tic for HCC

Used as adjunctive test for diagnosis and for monitoring patients after
treatment (tumor marker)

— Other labs to obtain in patient with liver mass suspicious for HCC

CBC + platelet count

Liver function tests including albumin
Renal function tests

Coagulation panel

CA 19-9, CEA

» Staging
— Tumor, node, and metastasis (TNM) staging (Table 9.1)

T stage based on number and size of the primary tumor and presence of

vascular invasion

N stage defined by presence of regional lymph node metastasis

— Regional lymph nodes are hilar, hepatoduodenal ligament, inferior
phrenic, and caval lymph nodes

M stage defined by presence of distant metastasis
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Table 9.1 AJCC 8th edition T, N, and M for HCC [26]
Regional lymph Distant
Primary tumor (T) nodes (N) metastases (M)
Tla Solitary tumor <2 cm with/without vascular Nx Regional MO No distant
invasion lymph nodes metastasis
cannot be
assessed
T1b Solitary tumor >2 cm without vascular NO No regional M1 Distant
invasion lymph node metastasis
metastasis
T2 Solitary tumor >2 cm with vascular invasion or N1 Regional
multifocal tumors, none >5 cm lymph node
metastasis

T3 Multifocal tumors of at least one of which is

>5cm

T4  Single tumor or multifocal tumors of any size
involving a major branch of the portal vein or

hepatic vein or tumor(s) with direct invasion of

adjacent organs other than the gallbladder or
with perforation of visceral peritoneum

Table 9.2 AJCC 8th edition for staging for HCC [26]

Stage
Stage IA
Stage IB
Stage 11
Stage IITA
Stage I1IB
Stage IVA
Stage IVB

Tumor Node
Tla NO
Tlb NO

T2 NO

T3 NO

T4 NO
Any T NI
Any T Any N

Distant metastasis
MO
MO
MO
MO
MO
MO
M1

— Common extrahepatic metastases include lungs (most common), bones,

brains, and adrenal glands

* Anatomic stage/prognostic group dependent on TNM classification
(Table 9.2)
— Barcelona Clinic Liver Cancer (BCLC) staging classification
* Integrates assessment of extent of the primary tumor, liver function, vascu-
lar invasion, and distant metastases
* Guides surgical vs nonsurgical management (Fig. 9.2)
e Currently most used in the Western countries
» If radiologic progression, change management
— Okuda system
* Includes size and volume of the tumor and measures of liver function such
as albumin, bilirubin, and presence of ascites
* Identifies and distinguishes patients with poor prognosis who are not can-
didates for resection

— Cancer of Liver Italian Program (CLIP)
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* Considers tumor morphology, AFP level, presence of portal vein thrombo-
sis, and the severity of cirrhosis per Child-Pugh score
* Shown to be more reliable in predicting survival than other systems
— Others less frequently used include GRETCH score, Tokyo score, and CUPI

Choice of Therapy

* Surgical Resection
— Selection criteria for safe and effective resection for potential cure is highly
subjective; these are some general guidelines:
* Solitary mass without major vascular invasion and adequate liver function
* Future liver remnant—20% in healthy individuals; >30% if status post
neoadjuvant therapy; >40% in patients with cirrhosis
¢ 1 cm margins needed
* About 10-20% of patients considered to have resectable disease at the time
of presentation
— Contraindications: For major hepatectomy, FLR <40% in cirrhosis, portal
hypertension (platelet count <100), Child-Pugh class B or C
e Transplant
Potentially curative for patients with early-stage HCC and cirrhosis
Candidate patients with HCC granted extra MELD points
Criteria:
e Atleast T2 and AFP <1000 ng/ml
* BCLC stage 0/A or B
* Milan criteria
— Single tumor <5 ¢cm or no more than three tumors with none >3 cm
— Other expanded criteria exist such as UCSF
— No significant difference between the two in overall survival rate
(de Sousa)
Contraindications: severe cardiopulmonary disease, extrahepatic malignancy,
active alcohol/substance use, active infection/sepsis, and lack of psychoso-
cial support
¢ Locoregional therapies
— Ablation
* For one or few small lesions <3—4 cm
¢ Radiofrequency, microwave, and cryotherapy
* Contraindications: proximity to bowel/gallbladder, injury; blood vessels,
heat sink effect, size >4 cm
— Transarterial chemoembolization (TACE)
 For larger, unresectable lesions >5 cm
e Can be combined with ablation, including for patients with portal vein
tumor thrombus
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— Intraarterial chemotherapy (IACT)

For those not eligible for ablation or refractory to other regional therapies
Typically multiagent approach without embolization

— Intraarterial radiotherapy

Administers yttrium-90 microspheres into hepatic artery

Risk of microspheres shunting into lungs or GI tract

Pretreatment study to measure the lung shunt fraction (LSF)—need LSF
<20% to minimize risk of radiation pneumonitis. Larger tumors (>5 cm)
correlate with higher LSF.

Other contraindications: severe cardiopulmonary disease, total bilirubin
>2 mg/dL, albumin <2.8 g/dL, AST or ALT >5x upper limit of normal, and
presence of ascites

— External beam radiotherapy (EBRT)

Selection criteria: unresectable HCC ineligible for transplant or locore-
gional therapies as above

Contraindications: extrahepatic disease and advanced cirrhosis

Difficult to deliver effective dose without causing toxicity in the past,
improving with development of 3D-CRT and SBRT

SBRT utilizes larger fractional doses in fewer fractions

— High-intensity-focused ultrasound ablation (HIFU)

Does not puncture tumor, less risk of bleeding or needle tract seeding
Limited by cost, availability, and need for general or epidural anesthesia

— Histotripsy

Noninvasive, nonthermal, and nonionizing focused ultrasound

Phase 1 study, THERESA trial [27]

First-in-man study

Correlated well with planned histotripsy volume with high safety profile

Systemic Therapy

For patients with advanced unresectable disease inappropriate for surgical
therapy nor liver directed therapy listed above

Must have adequate liver function and performance status to tolerate sys-
temic therapy

Advanced Liver Cancer Prognostic System (ALCPS), the ALBI (albumin and
bilirubin) score

Considering ongoing clinical trials

First line therapy

Preferred regimens

— Atezolizumab plus bevacizumab
— Tremelimumab plus durvalumab
Sorafenib

Lenvatinib

Durvalumab

Pembrolizumab

Nivolumab
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— Subsequent-line systemic therapy with disease progression
e Child-Pugh Class A only
— Regorafenib
— Cabozantinib
— Lenvatinib
— Sorafenib
— Nivolumab plus ipilimumab
— Pembrolizumab
* Ramucirumab (Child-Pugh class A and AFP >400 ng/ml)
¢ Nivolumab (Child-Pugh class B)
* Dostarlimab-gxly (For MSI-H/dMMR tumors)
* Selpercatinib (for RET gene fusion-positive tumors)
¢ Nivolumab plus ipilimumab (for TMB-H tumors)
¢ Hospice
— Patients with poor liver function (Child B and C) may be ineligible for local,
regional, and systemic treatment options
— Patients with poor performance status
¢ Adjuvant therapy
— Recurrence common after surgical resection
— Antiviral therapy against HBV and/or HCV
— Systemic therapy—no standard adjuvant therapy after resection
* STORM trial, evaluation of sorafenib as adjuvant therapy [28]
¢ Potential role of capecitabine for intrahepatic cholangiocarcinoma or
mixed tumors
* Clinical trials for HCC
Table 9.3 lists recent studies that have led to changes by the FDA.
— Various recently reported
Phase 1
* Histotripsy, see THERESA trial [27] above
Phase 2 trials
« IMMUTACE
— 49 patients received at least one dose of nivolumab
— Transarterial chemoembolization (TACE) in combination with
nivolumab for patients with intermediate-stage HCC
— No new safety signals in enrolled patients
¢ Hepatic artery infusion chemotherapy combined with sintilimab and beva-
cizumab biosimilar in unresectable hepatocellular carcinoma.
— Single arm, phase II study
— 30 patients enrolled
e 20 patients had partial response and were eligible for surgical
resection
¢ 14 patients underwent resection
— pCR rate 52%
— Manageable safety profile for initially unresectable HCC.
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— Phase 3 trials
e STORM trial
— Sorafenib versus placebo for adjuvant therapy for advanced HCC
— Did not achieve primary endpoint (RFS)
— BIOSTORM
* Added targeted exome sequencing, immunohistochemistry, FISH,
and immunome.
* Some improvement with highly selected, by gene signature,
sorafenib RFS responders
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Introduction

* Colorectal cancer (CRC): 150 k cases per year in the USA, third most common
for both sexes
— 20% diagnosed before age 55, median age is 66, and 70% nonmetastatic at
diagnosis
— Colonoscopy for diagnosis, CT for staging
— Surgical resection with postoperative chemotherapy depending on stage is
standard of care for nonmetastatic
— Metastases to the liver, lung, or peritoneum may be resectable
* Anal squamous cell carcinoma (ASCC): 10 k cases per year
— Risk triples after age 50, 77% nonmetastatic at diagnosis, median age is 63
— Anoscopy for diagnosis, PET/CT for staging
— Chemoradiation is standard for nonmetastatic, chemotherapy for metastatic
— Surgical resection only for T1, low-risk tumors or salvage APR

Diagnosis

*  Symptomatic cases
— Blood per rectum is most common early symptom, followed by constipation
— Anemia is a common laboratory finding
— Locally advanced tumors may cause large bowel obstruction requiring urgent
colostomy creation
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— Late-stage symptoms include abdominal distension (from ascites or carcino-
matosis), jaundice (from liver metastases obstructing the biliary system),
weight loss, anorexia, and rarely dyspnea (from lung metastases)

* Screening for colorectal cancer

— Colonoscopy starting at age 45 and repeated every 5-10 years is recom-
mended for average risk (no family history of polyps or cancer, no predispos-
ing syndrome)

— Annual FIT with colonoscopy if positive is an acceptable alternative

» Screening for anal squamous cell carcinoma

— High-resolution anoscopy recommended for HIV-positive patients
* Reduces risk of death from anal cancer

— Anal pap smear is not routinely recommended.

* Does not reduce risk of anal cancer or death from it
e Risk Factors [1]

— Familial adenomatous polyposis (FAP): Nearly 100% risk by age 40
¢ 1% of all CRC, due to autosomal dominant APC mutation
* Prophylactic total proctocolectomy is standard treatment by ages 18-20
 Increased risk of gastric and duodenal cancer

— Hereditary nonpolyposis colorectal cancer (HNPCC): 70-80% lifetime risk
¢ 5% of all CRC, due to MLH1, MSH2, MSH6, PMS2, or POLE mutation
» Diagnosed with tumor and blood testing for microsatellite instability/defi-

ciency in mismatch repair
* Median age at diagnosis is 45 years old
» Total or segmental colectomy is a standard treatment for resectable cases
¢ Immunotherapy is a standard treatment for unresectable cases
* Increased risk of endometrial, ovarian, ureteral, gastric, biliary, pancreatic,
small bowel, and CNS cancers

— Inflammatory bowel disease (4—20x risk)

— Age (8x increase for 55-65 years old compared to <55 years old)

— Family history (especially <60 years old)

— Obesity (men: HR 1.2-1.8 for BMI >30, women: HR 2.0 for waist >40in) 3, 4].

— Smoking history (HR 1.2—-1.3 depending on current status and years duration) [2]

— Other genetic syndromes include MYH-associated polyposis (MAP), PTEN-
associated (Cowden), Peutz-Jeghers and Juvenile Polyposis

Evaluation and Staging (Table 10.1)

Colon colonoscopy with biopsies, CT chest, abdomen, and pelvis, CEA,
MSI testing

* MSI (microsatellite-instability) testing is PCR-based

¢ Deficient mismatch (AIMMR) testing is IHC-based

¢ MRI with contrast is useful if CT is indeterminate for liver lesions

e M stage for all depend on organs involved ((a) one site, (b) more than one site,
(c) peritoneum with or without other sites)
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Table 10.1 Staging of colon and rectal adenocarcinomas. Used with permission of the American
College of Surgeons, Chicago, Illinois. The original source for this information is the AJCC Cancer
Staging System (2023)

T staging AJCC staging
TO No evidence of tumor Stage I: T1/T2 and NO
Tis Intraepithelial tumor without invasion of the lamina propria  Stage I: T3/T4 and NO
T1 Tumor invades the lamina propria, muscularis mucosa, or Stage III: T1-T4 and
submucosa N1-N3
T2 Tumor invades the muscularis propria Stage IV: T1-T4,
N1-N3, and
Mla-Mlc
T3 Tumor penetrates the subserosal connective tissue without
invasion of the visceral peritoneum (serosa) or surrounding
structures
T4 Tumor invades the serosa or surrounding structures
N staging
NO No regional lymph node involvement
N1 Metastases in 1-2 regional lymph nodes or tumor deposits
present with 0 nodal metastases (N1c)
N2 Metastases in 3—6 regional lymph nodes
N3 Metastases in 7+ regional lymph nodes
M staging
MO No distant metastases
Mla Distant metastases in one organ
MIlb Distant metastases in two or more organs not including
peritoneum
Mlc Distant metastases to peritoneum with or without other
organs

Rectum Above and MRI pelvis for T stage, N stage, EMVI, and pelvic sidewall
evaluation

* Endoscopic ultrasound is acceptable if MRI is unavailable.

Anal Anoscopy with biopsies, HPV status, p16 IHC, MRI pelvis, and PET-CT
e HPV+/pl6+ has better response to therapy.

Clinical staging: Colorectal

e T1-T4 based on depth of invasion (often cannot determine for colon)

¢ NO-N2 based on number of nodes (often cannot determine for colon)
Clinical staging: Anal (Table 10.2)

e T1-T3 depending on size of tumor

e NO or N1 based on any nodal metastases

Due to high median age at diagnosis and efficacy of treatment, overall survival
for nonmetastatic patients depends on age (Table 10.2)

¢ OS in <65 year olds is much higher than >65 year olds
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Table 10.2 Staging of anal squamous cell carcinomas. Used with permission of the American
College of Surgeons, Chicago, Illinois. The original source for this information is the AJCC Cancer
Staging System (2023)

T staging AJCC staging

TO No evidence of tumor Stage I: T1 NO

T1 Intraepithelial tumor without invasion of the lamina Stage II: T1 N1 or T2, NO-N1
propria

T1 Tumor <2 cm Stage III: T3-T4, NO-N1

T2 Tumor 2-5 cm Stage IV: T1-T4, NO-N1, M1

T3 Tumor >5 cm

N staging

NO No regional lymph nodes involvement

N1 Metastases to lymph nodes

M staging

MO No distant metastases

Ml Distant metastases in one organ

Choice of Therapy

Colon Stages I-III undergo resection followed by chemotherapy if indicated

e Stage I (T1 or T2, NO): no therapy

e Stage II low risk (T3 or T4, NO, LVI-, PNI-, well or moderately differentiated):
no therapy

e Stage II high risk (T3 or T4, NO with any of above three factors or less than 12
lymph nodes evaluated): 3 months FOLFOX (5-FU, Leucovorin, Oxaliplatin) or
XELOX (Xeloda: capecitabine, Oxaliplatin)

¢ Stage III: 3-6 months FOLFOX or XELOX

Rectal Depends on T and N status, distance from anal verge, and other risk factors

e Stage I (T1 or T2, NO): resection

e Stage II (T3 or T4, NO): 5-FU-based chemoradiation to 54Gy if <10 cm from
anal verge or threatened margin and then resection

e Stage III (T1-4, N+): 5-FU-based chemoradiation to 54Gy followed by four
months FOLFOX, followed by resection

¢ Risk factors for distant metastases: T4, N+, extramural vascular invasion (EMVI),
tumor deposits, poorly differentiated grade, and signet ring cell histology

¢ Pelvic sidewall nodes (obturator, internal iliac) are generally resected if >5 mm
after neoadjuvant therapy

Anal Depends on T and N stage

e Stage I (T1, NO): wide local excision if anatomically feasible, low-grade, no
PNI or LVI

¢ All other nonmetastatic cases: Chemoradiation with 54Gy external beam, 5-FU,
and either mitomycin or cisplatin
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Stage IV (all types) Resectability depends on many biologic and technical factors
— Isolated CRC metastases to the liver, lung, or peritoneum should be evaluated for
resection and systemic therapy in a multidisciplinary setting.

— Metastatic anal SCC is rarely resectable.

Microsatellite-instability high (MSI-H) Consider checkpoint blockade if
unresectable

¢ Metastatic: Median OS of four years [5]

Surgical Therapy

Colon Partial colectomy for patients without genetic syndrome or inflammatory
bowel disease

¢ Total colectomy or proctocolectomy generally recommended for these exceptions
* Goal is to remove entire draining lymph node basin and at least 12 lymph nodes
¢ Leak rate for right-sided (ileocolic) anastomosis: 1-2%

» Leak rate for colorectal anastomosis: 5-10%

Rectal low anterior resection (LAR) or abdominoperineal resection (APR)

* Goal is to remove draining lymph nodes and mesorectum without defects in
mesorectal fascia (total mesorectal excision)

e Atleast 5 cm of mesorectum distal to tumor is needed

¢ For low rectal tumors, 1 cm with TME is adequate margin.

¢ Diverting ileostomy recommended for LAR after neoadjuvant radiotherapy,
tumors <5 cm from anal verge or other risk factors for poor anastomotic healing
— Leak rate varies from 3% to 15% depending on risk factors

e Multivisceral, extra-TME, and pelvic lymph node resections should be per-
formed at specialized centers

Anal Wide local excision in low-risk T1, otherwise salvage APR after chemoradia-
tion if residual tumor after 12 weeks

Vascular anatomy

* Right colectomy: ileocolic vessels and right colic at origins from SMV and
SMA, right branch of middle colic

e Extended right: ileocolic, right colic, and middle colic at origins from
SMV and SMA

» Left/splenic: left branch of middle colic, left ascending, and IMV at origin
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* Sigmoid: IMA and IMV at origins

¢ Rectal and anal: IMA, IMV at origins, and middle rectals during total mesorectal
excision

e Transverse colectomy is rarely performed and suboptimal for lymph node
retrieval.

Extent of lymphadenectomy

* Right colon: D2 includes nodes along named vessels, D3 includes nodes along
SMV, and complete mesocolic excision includes all tissue overlying right
side of SMV

e Left colon, rectum, and anus: all nodes from IMA origin should be included.

e Common sites of locoregional recurrence in rectal cancer are missed pelvic
lymph nodes (obturator or iliac), especially for <10 cm from anal verge.

Nonoperative management for rectal cancer should be performed at special-
ized centers

* Considered when tumor and nodes have complete clinical response:
— Palpation: no palpable tumor
— Endoscopy: no residual nodularity or mucosal abnormality other than white
scar or telangiectasia
— MRI: scar without evidence of tumor on diffuse-weighted sequences, no
abnormal lymphadenopathy
* Surveillance every 3—4 months for at least five years
— 15-30% regrowth rate requiring resection
— 5% distant metastasis risk

Systemic Therapy for Nonmetastatic Cancer

Decision for systemic therapy driven by recurrence and mortality risk

(Table 10.3)

— Stage II high risk (T4, LVI, PNI, poor differentiation, high tumor budding or <12
nodes resected):

— Stage III (any positive nodes)

5-Fluorouracil / Leucovorin [6, 7] backbone of chemotherapy (Table 10.4)

* 40% relative risk reduction in death compared to observation (39% vs 55%
five-year OS)
— Neutropenia, nausea, and fatigue are common.
» Capecitabine is the orally available prodrug:
— Neutropenia and hand/foot syndrome (peeling of skin)
— Risk of severe enterocolitis with poor metabolism (<5% of patients)
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Table 10.3 Survival by pathologic stage and age

Stage Colon five-year OS (%) Rectum five-year OS (%)  Anus five-year OS
Age < 65

Stage I/stage II 93.4-96.9 93.3-95.3 84.4-89.9
Stage III 77.9-83.3 77.0-80.6 63.6-74.9
Stage IV 17.0-24.5 18.2-24.1 17.2-35.6
Age 65+

Stage I/IT 88.3-89.7 82.2-84.5 78.1-83.1
Stage III 67.9-69.4 64.8-67.3 59.2-65.4
Stage IV 9.7-10.7 12.3-14.3 26.8-35.0

Source: National Institutes of Health Surveillance, Epidemiology and End Results (SEER)
Explorer https://seer.cancer.gov/statistics-network/explorer/ updated: 2024 Jun 27

Table 10.4 Adjuvant therapy trials

Trial Cohorts Results

NSABP C06 [25] Stage III CRC Five-year OS
SFU/LV 55%
Observation 39%

MOSAIC [26] Stage III CRC Five-year DFS
SFU/LV 64%
FOLFOX 69%

Oxaliplatin [8, 14]

* 18% relative risk reduction for recurrence: 69% five-year DFS versus 64% for
5-FU alone
— OS was not affected (likely due to age at diagnosis)

* A six-month therapy is a preferred duration.
— Three months acceptable for T1/T2 and N1 tumors [9]

» Paresthesia of feet and hands can be permanent, especially after three months.

Management of Metastatic Cancer

Mutation testing should be performed in all cases:

¢ Minimum of MSI/MMR, KRAS, NRAS, and BRAF

* BRAF V600E mutations respond to encorafenib, bimetinimb, and cetuximab [10]
¢  KRAS mutations do notrespond to anti-EGFR therapy (cetuximab, panitumumab)

Systemic Therapy for Metastatic Disease

* FOLFOX (5-FU, Leucovorin, Oxaliplatin) and FOLFIRI (5-FU, Leucovorin,
Irinotecan) have similar efficacy [11]
— FOLFOX: Constipation and neurotoxicity
— FOLFIRI: Diarrhea and neutropenia


https://seer.cancer.gov/statistics-network/explorer/

154 A. Uppal

e FOLFIRINOX can be considered for patients <70 with excellent perfor-
mance status
* 2-3 months PFS benefit but more GI toxicity
* Targeted therapies (anti-VEGF, bevacizumab, or anti-EGFR, cetuximab and
panitumumab) have modest 1-2-month PES benefit but are well tolerated.
— Bevacizumab should be held six weeks prior to planned surgery due to risk of
anastomotic leak.

Left-sided CRC generally better response and prognosis

¢ KRAS or NRAS-mutated tumors: FOLFOX or FOLFIRI + bevacizumab
¢ KRAS and NRAS wild-type tumors: FOLFOX or FOLFIRI + panitumumab or
cetuximab

Right-sided CRC higher rates of BRAF mutation and worse prognosis

¢ BRAF-mutated tumors: FOLFOX+Bevacizumab or encorafenib, bimetinimb,
and cetuximab
* Right-sided tumors do not respond to anti-EGFR therapy.

MSI-H/pMMR tumors checkpoint blockade (anti-PD1 or anti-CTLA4) provide
disease control

— Median PFS 16 versus 8 months, median OS of 61% versus 50% with 83% hav-
ing over 2 years of response to immunotherapy [12]

Surgical Resection of Liver and Lung Metastases

¢ Risk stratification based on patient condition, risk of operation, future organ rem-
nant, and biology
e Liver: CEA >200 at diagnosis, 2+ tumors, largest >5 cm, N+ primary, and
DFI < 12 months are all risk factors for recurrence [15]
— A five-year OS 60% if O risk factors, 40% with 1-2, 20% with 3-4, 14%
with all 5
— Liver remnant <30% is at risk of liver failure, consider portal vein emboliza-
tion of most affected lobe to hypertrophy remaining tissue
e Lung: Similar criteria are associated with survival, with similar five-year OS [16]
— Preoperative PFT's are important to risk stratify resection
— Stereotactic radiotherapy (SBRT) can be considered instead

Surgical Resection of Peritoneal Metastases

¢ Peritoneal Cancer Index (PCI) risk-stratified risk of recurrence [17]
— Abdomen divided into 13 sections (9-square grid +4 sections of small bowel)
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Tumor <5 mm scores 1, 5 mm-5 cm scores 2, >5 cm or confluent scores 3
PCI score of 0-10 is lower risk (five-year OS of 50%)
— PCI score of 11 or higher has lower OS (20-25%)
— Completeness of cytoreduction is the most important prognostic factor [18]
¢ Median disease-free survival is <18 months regardless of PCI [19]
— 20-25% of low-PCI group will be disease-free at five years
* Role of Heated Intraperitoneal Chemotherapy (HIPEC) is unclear
— Randomized trial of oxaliplatin HIPEC showed no difference in OS or DFS
— Retrospective comparisons of oxaliplatin and mitomycin-C HIPEC show no
clear difference [20, 21]

Radiotherapy

Rectal cancer neoadjuvant radiation is the standard of care for T3-T4 or N+
tumors (Table 10.5)

* Short course: 25Gy over five doses
— RAPIDO study: short-course followed by FOLFOX reduced the risk of dis-
tant metastases, but potential risk of local recurrence compared to long course
* Long course: 54Gy over 28 doses with capecitabine
— OPRA study: long course followed by FOLFOX reduced the risk of distant
metastases and increased organ preservation

Anal cancer definitive chemoradiation with either 5-FU and MMC or 5-FU and
Cisplatin

* Reevaluate at three-month posttherapy for response

— Complete response: q6—12 month anoscopy, q6-month imaging and exam
» Persistent disease: reevaluate for APR after 1-3 months

— Progression: salvage APR

— Stable: APR or continue monitoring q3 months for progression

Table 10.5 Neoadjuvant Rectal Cancer Trials

Trial Cohorts Results
OPRA[27] Stages II-1II, lower risk Three-year DFS

CXRT then FOLFOX 76%

FOLFOX then CXRT 76%
RAPIDO Stage II-11I, high risk Three-year metastasis-free
[28] CXRT +/— adj FOLFOX survival

RT and neoadj FOLFOX 73%

80%

PRODIGE 23 Stage II-III, high risk Seven-year OS
[29] CXRT, adjuvant FOLFIRINOX 76%

FOLFIRINOX then CXRT and adjuvant 82%

FOLFOX or capecitabine
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Unusual Scenarios

Large Intestinal Neuroendocrine Tumors:

* Low grade and < 1 cm: polypectomy or transanal excision is sufficient
— No specific surveillance required beyond colonoscopy in one year

* High grade or > 1 cm: higher risk of lymphadenopathy or metastatic disease,
surgical treatment similar to adenocarcinoma
— Surveillance similar to adenocarcinoma

Adenocarcinoma Within a Polyp:
* Polypectomy is sufficient if >2 mm margin, no LVI, and no poor differentiation
* Colonoscopy in 3—6 months and then at one-year postpolypectomy
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Melanoma 1 1

Jessica S. Crystal and Susan B. Kesmodel

Introduction

* Epidemiology

— Malignant melanoma represents only about 1% of all skin cancer cases but
accounts for most of the deaths from skin cancer [1].

— In 2023, approximately 97, 610 people will be diagnosed with malignant mel-
anoma, 89, 070 people will be diagnosed of melanoma in situ, and 7990 peo-
ple will die of melanoma in the United States [1].
 This is likely an underestimate of the true annual incidence, as many super-

ficial and in situ melanomas are not reported.

— Increasing incidence: rate of 33% for men and 23% for women from 2002 to
2006 [2].

— Median age of diagnosis 59 years.

— One of the most deadly skin cancers.

Clinical Presentation and Prognostication

* Signs/Symptoms:
— Assessment of pigmented lesions for suspicious features
*  Asymmetry
* Border (irregular, uneven)
¢ Color (more than one color)
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Diameter (> 6 mm)
Evolution (changes in size, shape, or color)

— Bleeding
— Pruritus
— Constitutional symptoms (e.g., headache, dizziness, weight loss, GI bleed-
ing, etc.)
¢ Physical Exam Findings
— Suspicious pigmented lesions
— Enlarged regional nodes
* Risk Factors
— Personal/Hereditary Factors [3-11]

Male Sex
Age > 50 years
Skin type
— Fitzpatrick skin type I
 Pale skin, blue/green eyes, and red/blond hair
e Always burns
— Fitzpatrick skin type 11
 Fair skin and blue eyes
* Burns easily
History of blistering sunburns
Personal history of prior melanoma, actinic keratosis, nonmelanoma skin
cancers (basal cell and squamous cell carcinoma)
Multiple clinically atypical moles (particularly large nevi)
Dysplastic nevi
Immunosuppression
— Solid organ transplant
— Hematopoietic cell transplantation
— HIV/AIDS
Family history of melanoma (especially if multiple); pancreatic, renal,
and/or breast cancer; astrocytoma; uveal melanoma; and/or mesothelioma
Inherited genetic mutations
— CDKN2a, CDK4, MCIR, BAPI1 [especially for uveal melanoma],
TERT, MITF, PTEN, and BRCA
Xeroderma pigmentosum

— Environmental Factors [12-14]

Excess sun exposure
UV-based artificial tanning

¢ Pathologic Features [14—18]

Histologic subtype (if desmoplastic, specify pure vs. mixed)
Breslow thickness (reported to nearest 0.1 mm)

Ulceration

Mitotic rate (number of mitoses per mm?)

Microsatellites
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— Macroscopic satellites

— Lymphovascular/angiolymphatic invasion
— Regression

— Neurotropism

— Margin status (peripheral and deep)

Prognostic Factors [3, 19]

— Patient-specific factors

Older age
Gender

— Tumor-Specific Factors

Breslow tumor thickness
Ulceration

Mitotic rate

Lymphovascular invasion (LVI)
Microsatellites

Nodal status

— Molecular Testing—Gene Expression Profile (GEP)

Some of these tests may be used to assist in distinguishing lesions of
uncertain biologic potential or uncertain histopathology [20-22].
Commercially available GEP testing is being advertised as a means to
prognosticate melanoma biopsies. There is no randomized controlled trial
evidence supporting that GEP testing is superior to the aforementioned
known prognostic factors (like thickness, ulceration, and nodal status). As
such, currently, there are no established guidelines on how to use GEP test-
ing to direct clinical management [23-25].

Evaluation and Clinical Staging

¢ Diagnostic Tests:
— Principles of Biopsy of Suspicious Skin Lesions: [26]

Suspicious skin lesions should be biopsied. Appearance of lesion should

dictate approach.

When possible, perform a full-thickness biopsy by elliptical, incisional,

punch, or shave biopsy, depending on the size and location of the lesion.

With excisional biopsy, it is important to use narrow margins (1-3 mm) to

allow for future lymphatic mapping if needed.

Should consider the orientation of the biopsy to optimize the subsequent

definitive wide local excision.

If unable to do full excision due to the size or location of the lesion, per-

form an incisional or punch biopsy of the thickest or most abnormal por-

tion of the lesion on clinical exam.

— Multiple (scouting) biopsies of larger lesions to guide management may
be helpful.
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e If biopsy is felt to be discordant with clinical appearance or potentially
understages the lesion, consider obtaining additional biopsies or full exci-
sional biopsy for diagnosis.

¢ If concern for true scar recurrence, recommend biopsy of abnormal area.

— Principles of Biopsy of Clinically Negative Lymph Nodes

* Sentinel Lymph Node Biopsy (SLNB)

Minimally invasive surgical technique to determine spread of mela-

noma to regional lymph node basins.

¢ Preoperative dynamic lymphoscintigraphy (often with technetium
99), intraoperative identification using dye (most commonly isosul-
fan blue), and a gamma probe to detect radiolabeled lymph nodes.

For patients with clinical stage I/stage II disease, SLN status serves as

the most significant prognostic factor [26].

When possible, SLNB should be performed at the time wide local exci-

sion (WLE) (to avoid disruption to the draining lymphatics), although it

can be successfully performed after WLE [27].

Recommended for patients with clinical stage IB-II:

* < 0.8 mm with ulceration

e > 0.8 mm with or without ulceration

* Consideration of performing SLNB for patients with thinner, nonul-
cerated melanoma where there is a positive deep margin on biopsy.

* Consideration of performing SLNB for patients whose risk of a posi-
tive SLN is >5% (Breslow depth > 0.5 mm with other risk factors
including age < 42 years, head/neck location, presence of lympho-
vascular invasion, and/or mitotic index >2/mm?,
immunosuppression).

SLNB can provide regional nodal disease control (see Treatment sec-

tion for details) [28].

It is important for the surgeon to assess the risk/benefit ratio of this

procedure in each patient. Must take into account each patient’s risk of

SLN positivity, comorbidities, and whether the information will change

management.

* Can also use online tools to calculate the risk of SLN-positive disease.

Currently GEP testing should not replace SLNB nor should surveil-

lance ultrasounds [29].

— Principles of Biopsy of Clinically Suspicious Lymph Nodes [30]
¢ If an abnormal lymph node is found on physical exam or incidentally on
imaging, biopsy should be obtained.

When possible core biopsy is preferred over fine-needle aspiration (FNA).
If percutaneous biopsy is not possible, can consider excisional biopsy.

— Principles of Biopsy of In-Transit Lesions:

» Similar principles to biopsy of suspicious skin lesions (see above)
— Principles of Biopsy of Suspicious Metastases

* Obtain biopsy to confirm distant metastasis

When possible, try to limit the morbidity of the procedure while obtain-
ing staging information.
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— Options include core (preferred), FNA, incisional, or exci-
sional biopsy.

— If needed consider determining presence of BRAF or KIT mutations (if
patient is being considered for targeted therapy) or broader genomic
profiling to allow for clinical trials (if indicated).

Labs:

Routine lab tests are not recommended for node-negative melanoma
Otherwise are performed at the discretion of the treating clinician to assess
patient-reported signs or symptoms.

Lactate dehydrogenase (LDH) when metastatic disease is found.

Imaging:

Routine imaging (cross-sectional imaging with CT with IV contrast of the

chest, abdomen, pelvis (and neck if needed), and/or PET/CT) is not recom-

mended for node-negative melanoma (stages 0, IA, IB, and II), unless needed

for surgical planning.

* Some practitioners may consider systemic staging for patients who are
going to be getting adjuvant immunotherapy (>T3B tumors).

Appropriate imaging should be performed at the discretion of the treating

clinician to evaluate any signs or symptoms concerning for metastatic disease

regardless of stage.

While ultrasound (US) of the nodal basin may assist with staging, it is not a

substitute for the SLNB.

* Nodal basin US should assist in assessing suspicious lymph nodes identi-
fied on physical exam.

* Characteristics of abnormal lymph nodes:
— Hypoechoic islands in the cortex
— Asymmetrical focal cortical thickening
— Peripheral vascularity (especially when perfusion is associated with the

area of cortical thickening)

e Abnormal lymph nodes or lesions should be further evaluated with core
needle biopsy for histologic confirmation.

For patients with Stage IIIA (sentinel lymph node positive):

* Cross-sectional whole body imaging can be considered.

For patients with stage IIIB/C/D:

* Cross-sectional whole body imaging with or without brain imaging with
MRI brain.

For patients with scar recurrence (persistent disease):

¢ Imaging appropriate to tumor characteristics and melanoma staging.

For patients with local satellite/intransit recurrence:

¢ Imaging to evaluate the extent of disease and any specific signs or
symptoms.

* Cross-sectional whole body imaging should be considered in these patients
since this is a stage IIIC disease.

For patients with stage IV or recurrence with distant metastatic disease:

* Cross-sectional whole body imaging and brain imaging.

TNM staging (see Table 11.1) and survival (Table 11.2).
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Table 11.1 AJCC 8th Edition Staging of Melanoma

T category

TX: Primary tumor thickness cannot be assessed

(e.g., diagnosis by curettage)

TO: No evidence of primary tumor (e.g., unknown
primary or completely regressed melanoma)

Tis (melanoma in situ)
Tl

Tla

T1b

T2
T2a
T2b
T3
T3a
T3b
T4
T4a
T4b

Thickness
N/A

N/A

N/A

<1 mm

<0.8 mm
<0.8 mm
0.8-1.0 mm
>1.0-2.0 mm
>1.0-2.0 mm
>1.0-2.0 mm
>2.0-4.0 mm
>2.0—4.0 mm
>2.0-4.0 mm
>4.0 mm
>4.0 mm
>4.0 mm

Ulceration
N/A

N/A

N/A

Unknown or unspecified
Without ulceration

With ulceration

With or without ulceration
Unknown or unspecified
Without ulceration

With ulceration
Unknown or unspecified
Without ulceration

With ulceration
Unknown or unspecified
Without ulceration

With ulceration

Presence of intransit,
satellite, and/or

microsatellite
N category Number of tumor involved lymph nodes metastases
NX Regional nodes not assessed (e.g., SLN biopsy not No
performed, regional nodes previously removed for another
reason) Exception: When there are no clinically detected
regional metastases in a pT1 cM0 melanoma, assign cNO
instead of pNX.
NO No regional metastases detected No
N1 One tumor-involved node or intransit, satellite, and/or
microsatellite metastases with no tumor-involved nodes
Nla One clinically occult (i.e., detected by SLN biopsy) No
Nl1b One clinically detected No
Nlc No regional lymph node disease Yes
N2 Two or three tumor-involved nodes or intransit, satellite, and/
or microsatellite metastases with one tumor-involved node
N2a Two or three clinically occult (i.e., detected by SLN biopsy) No
N2b Two or three, at least one of which was clinically detected No
N2c One clinically occult or clinically detected Yes
N3 Four or more tumor-involved nodes or intransit, satellite,
and/or microsatellite metastases with two or more tumor-
involved nodes, or any number of matted nodes without or
with intransit, satellite, and/or microsatellite metastases
N3a Four or more clinically occult (i.e., detected by SLN No
biopsy)
N3b Four or more, at least one of which was clinically detected, No
or presence of any number of matted nodes
N3c Two or more clinically occult or clinically detected and/or ~ Yes

presence of any number of matted nodes

(continued)
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Table 11.1 (continued)

M category Anatomic site LDH level

MO No evidence of distant metastasis Not applicable

Ml Evidence of distant metastasis

Mla Distant metastasis to skin, soft tissue including Not recorded or unspecified
muscle, and/or nonregional lymph node

Mla (0) Not elevated

Mla (1) Elevated

Mlb Distant metastasis to lung with or without M1a sites Not recorded or unspecified
of disease

M1b (0) Not elevated

Mib (1) Elevated

Mlc Distant metastasis to non-CNS visceral sites with or Not recorded or unspecified
without M1a or M1b sites of disease

Mlc (0) Not elevated

Milc (1) Elevated

Mld Distant metastasis to CNS with or without M1a, Not recorded or unspecified
Ml1b, or Mlc sites of disease

M1d (0) Not elevated

Mld (1) Elevated

AJCC Prognostic Stage Groups Clinical Staging (cTNM)

T N M
Stage 0 Tis NO MO
Stage IA Tla NO MO
Stage IB Tlb NO MO
T2a NO MO
Stage ITA T2b NO MO
T3a NO MO
Stage IIB T3b NO MO
T4a NO MO
Stage IIC T4b NO MO
Stage III Any T, Tis >N1 MO
Stage IV Any T Any N Ml

Pathologic staging (pTNM)

T N M
Stage 0 Tis NO MO
Stage 1A Tla NO MO
T1b NO MO
Stage IB T2a NO MO
Stage I1A T2b NO MO
T3a NO MO
Stage 11B T3b NO MO
T4a NO MO
Stage 1IC T4b NO MO
Stage IITA Tla/b, T2 Nla, N2a MO
Stage I1IB TO N1b, Nlc MO
Tla/b, T2aN1b/c, N2b MO

(continued)
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Table 11.1 (continued)
Pathologic staging (pTNM)

T N M
T2b, T3a Nla/b/c, N2a/b MO
Stage IIIC TO N2b/c, N3b/c MO
T1a/b, T2a/b, T3a N2c, N3a/b/c MO
T3b, T4a Any N > N1 MO
T4b Nla/b/c, N2a/b/lc MO
Stage IIID T4b N3a/bl/c MO
Stage IV Any T, Tis Any N M1
Table 11.2 Melanoma- Stage Five-year MSS Ten-year MSS
specific survival according to IA 999 98%
stage [31] IB 97% 94%
ITA 94% 88%
1B 87% 82%
1nc 82% 75%
IIA 93% 88%
1B 83% 717%
1Ic 69% 60%
11D 32% 24%

Please note that stage IITA has a worse prognosis than IIB—
IIC. For metastatic disease, survival rates are 20-30% at five
years since the advent of immunotherapy and targeted
therapies

Treatment

* Local Disease
— Surgery

¢ WLE (to level of the fascia, or at least 3 cm in areas such as the buttock or
breast, in stages I-IIT) Margins discussed in Tables 11.3 and 11.4. For sub-
types like a pure desmoplastic melanoma, risk of positive SLNB is <5%.

e MelMarT-11 (NCT 03860883) is an ongoing RCT looking at AJCC 8th edi-
tion pT2b-T4b patients randomized to 1 versus 2 cm margins due to risk of
distant disease as opposed to locoregional control.

* Addition of SLNB:

— <0.8 mm thick with ulceration or > 0.8 mm = ulceration
¢ If there is uncertainty about the true depth of the melanoma (eg, due
to positive deep margins or inadequate sampling of a larger lesion),
may consider SLNB.
— For patients with >10% risk of SLN metastases
— Whenrisk is 5-10%, SLN should be discussed with the patient. Features
which increase risk of SLN positivity include age < 42 years, head/neck
location, LVI, and/or mitotic index >2/mm [39].
¢ Can use available normograms to calculate risk [40].
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Table 11.3 Margins for
wide local excision of

melanoma

Breslow thickness
Melanoma in situ
<1 mm (T1)

>1 to 2 mm (T2)
>2 mm (T3 to T4)

Recommended excision margin
0.5to I cm

1 cm

1to2cm

2 cm

Table 11.4 RCT for surgical margins in cutaneous melanoma

Trial Patients

Kunishige N=1120

et al. [32] Melanoma in situ

WHO (1988) N =703

[33] <2 mm
Excluded face
and digits

Intergroup N =740

[34] 1-4 mm

Swedish N =989

melanoma 0.8-2.0 mm

trial I [35]

European N =337

melanoma <2 mm

trial [36] Excluded digits
and acral
melanomas

UK melanoma N =900

trial [37] > 2 mm
Excluded palms
of hands and
soles of feet

Swedish N=936

melanoma > 2 mm

trial IT [38]

NS not significant

Margins

3 mm margin followed
by 3 mm— if positive
margin resect another

3 mm
1v3cm

2v4cm
All head and neck

received 2 cm margins

for technical
feasibility
2vs5cm

2vs5cm

1v3cm

2vs4cm

Results

86% with negative margins at

6 mm

97% at 9 mm

Local recurrence 0.8% at 5 years
Local recurrence rate 2.6% vs
0.1%

OS 89.6% vs 90.3%

In the group < 1 mm, there were
no recurrences at 55 months—
recommend 1 cm margins < 1 mm
thickness

OS 70% vs 77% (NS)

Local recurrence 2.1% vs 2.6%
(NS)

Local recurrence rates < 1% which
was too low to draw conclusions

DFS 85% vs 83% (NS)

OS 87% vs 86% (NS)

Local recurrence 0.6% vs 2.4%
(NS)

1 cm group with more LRR (38%
vs 32%, p = 0.05)

and 24% increased risk of death
This was the first trial to show that
wider may be better in thicker
melanomas

Note that these patients did not
have a SLNB

OS 65% in both groups (NS)
LRR 4.3% vs 1.9% (NS)

2 cm margin is safe for thick
melanomas

* At the present time, the use of GEP to determine need for SLNB requires
further investigation and should not directly drive decision-making.

* SLNB is performed for staging, prognosis even in those with intransit dis-
ease, and locoregional control/survival benefit in intermediate to thick

melanomas.
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Table 11.5 Immunotherapy trials in thick primaries

Trial

716 [41]

Patients Results
KEYNOTE Resected stage IIB or IIC melanoma  15% of patients in the pembrolizumab
received either pembrolizumab or group and 24% in the placebo group had
placebo every 3 weeks for 17 cycles  a first recurrence or died (HR 0-61 [95%
or until disease recurrence or CI 0-45-0-82])
unacceptable toxicity RFS was not yet reached. OS not
evaluated

CheckMate  Resected stage IIB or IIC melanoma  7.8-month follow-up, nivolumab

76K [42]

received either nivolumab or placebo  patients had a significantly improved

every 4 weeks for 12 months RFS versus placebo (hazard ratio
(HR) = 0.42; 95% confidence interval
(CI): 0.30-0.59; P < 0.0001)
12-month RFS of 89.0% versus 79.4%
and benefit observed across subgroups.
Nivolumab patients also had improved
distant metastases-free survival

— Adjuvant systemic therapy

If final pathology shows pT1a—3a NO (path stages I-IIA): clinical trial for
stage II disease or observation.

For patients with pT3b-T4b NO (stages IIB and IIC disease) status post
resection, consider adjuvant immunotherapy.

Randomized controlled trials for immunotherapy in thick primaries are
listed in Table 11.5.

— Radiation: No benefit in comparison to WLE; however may consider defini-
tive radiation to treat melanoma in situ, lentigo maligna-type (i.e., high-
cumulative sun damage) in patients who cannot tolerate surgical resection
(due to comorbidities or extent of resection needed relative to critical ana-
tomic structures [43, 44]

* Locally Advanced Disease

— SLNB Positive

Multicenter Selective Lymphadenectomy Trial-I (MSLT-I) was a large ran-
domized controlled trial that showed that lymphatic mapping with SLNB
is useful in determining prognosis of melanoma and its influence on sur-
vival. Patient with SLNB positive disease had improved melanoma out-
comes when SLNB was used to stage nodal disease, instead of observation
and lymph node dissection when lymph node metastases became clinically

present [45, 46].

— Ten-year disease-free survival rates were significantly improved in the
biopsy group as compared with the observation group, in patients with
intermediate-thickness melanoma (1.20-3.50 mm) (71.3 = 1.8% vs.
64.7 + 2.3%; hazard ratio for recurrence or metastasis, 0.76; P = 0.01)
and those with thick melanomas, defined as >3.50 mm (50.7 £ 4.0% vs.
40.5 + 4.7%; hazard ratio, 0.70; P = 0.03).

— When management was directed by SLNB in patients with intermediate-
thickness melanomas and nodal metastases, there was an improved
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ten-year distant disease-free survival (HR 0.62; P = 0.02) and ten-year
melanoma-specific survival (HR 0.56; P = 0.006).

* Surgery with completion lymph node dissection (CLND) versus active sur-
veillance without additional nodal surgery with radiographic nodal
surveillance.

e Active surveillance is the preferred approach based on the results of
MSLT-II and German Dermatologic Cooperative Oncology Group —
Selective Lymphadenectomy Trial (DeCOG-SLT) and their follow-up
studies [28, 47, 48] (Table 11.6). These two large randomized controlled
trials showed no difference in OS when comparing these two approaches

in patients with positive SLNB.

» For patients where active surveillance is not possible, perform CLND.
* Adjuvant systemic therapy (Table 11.7): Use depends on risk of recurrence.
— Targeted Therapy

Table 11.6 RCT of completion lymph node dissections

Trial Patients Results

MSLTII  Phase 3
Sentinel lymph
node biopsy

positive

DeCOG- Phase 3

SLT Sentinel lymph
node positive
*Head and

neck

melanoma

At a median follow-up of 43 months, 3-year melanoma-specific
survival was similar in the CLND group and the observation group
(86 + 1.3% and 86 + 1.2%, respectively, P =0.42)

Trial was underpowered

At a median follow-up of 72 months, analysis of the observation
and CLND arms showed no significant treatment-related difference
in five-year DMFS between the (67.6% vs. 64.9%, respectively,

HR 1.08; P = 0.87), five-year RFS and OS also showed no

excluded

difference (HR, 1.01 and 0.99, respectively).

Table 11.7 RCT of adjuvant use of checkpoint inhibitors

Trial
Checkmate 238
[49]

KEYNOTE-054
[50]

Patients

Phase 3

Stage IlIB-C/IV without
brain metastases (NO
stage IIIA patients
included)

Ipilimumab or nivolumab
up to 12 months

Phase 3

Stage IIIA-IIIC
Pembrolizumab v placebo
up to 12 months

Results

A four-year RFS (51-7% (95% CI 46-8-56-3)
in the nivolumab group and 41-2% (36-4—45-9)
in the ipilimumab group (hazard ratio [HR]
0-71 [95% CI 0-60-0-86]; p = 0-0003))

A four-year DMFS (59-2% (95% CI 53-7-64-2)
with nivolumab and 53-3% (47-7-58-5) with
ipilimumab, with an absolute risk difference of
59% (95% CI 2-8—10-7)

Improved RFES in the pembrolizumab group
59.8% (95% CI 55.3—64.1) than the placebo
group 41.4% (37.0-45.8)

Improved 3.5-year DMFS

65-3% [95% CI 60-9-69-5] in the
pembrolizumab group versus 49-4%
[44-8-53-8] in the placebo group; HR 0-60
[95% CI 0-49-0-73]; p < 0-0001



172 J.S. Crystal and S. B. Kesmodel

o Single Agent Vemurafenib for adjuvant treatment

— BRIMS: Trial evaluating patients with AJCC 7th Edition stage
[IC-1II disease and BRAF V600-activating mutation who received
adjuvant treatment with the BRAF inhibitor vemurafenib mono-
therapy compared to placebo. The study showed improved DFS
and possibly DMFS but no OS benefit [51].

* Dabrafenib/trametinib for patients with BRAF V600 activating
mutation.

— COMBI-AD: Trial in patients with resected stage Il disease and
BRAF V600 E/K mutation. Compared adjuvant treatment with
dabrafenib/trametinib (BRAF/MEK inhibitor combination) com-
pared to placebo. At a median follow-up of five years, combina-
tion of dabrafenib plus trametinib improved both five-year RFS
(52 versus 36 percent; HR 0.51, 95% CI 0.42-0.61) and DMFS at
five years (65 versus 54 percent, HR 0.55, 95% CI 0.44-0.7)
compared to placebo. There was also improved OS at three years
(86 versus 77%; HR 0.57, 95% CI 0.42-0.79) and this occurred
regardless of baseline factors. [44, 52]

— Studies showed that there was an increase in hyperproliferative
cutaneous adverse events in the adjuvant vemurafenib arm com-
pared to placebo in BRIMS. This was not shown in the COMBI-AD
trial [51, 52].

— Consequently, since the safety and efficacy of the combo BRAF/
MEK inhibitor therapy is better than monotherapy, single agent
vemurafenib is no longer approved for treatment of melanoma at
this time.

— Many of the clinical trials evaluating immune checkpoint inhibitors or
BRAF-targeted therapies included SLN+ patients who had greater
nodal disease burden, at least 1 mm in diameter, who were felt to be
higher risk. Also, for these studies, AJCC 7th Edition staging was com-
monly used. As such, the patients listed as stage IIIA disease were a
higher risk group than the current AJCC 8th Edition stage IIIA patients
as current staging incorporates Breslow thickness into stage III (AJCC
7th Edition stage IIIA five-year melanoma-specific survival is 78%,
compared to 93% for AJCC 8th Edition) [53].

— Risks of toxicity of adjuvant therapy may outweigh benefits in very-
low-risk stage IIIA disease (nonulcerated primary <2 mm thickness,
SLN metastasis <1 mm).

— There are no head-to-head trials comparing nivolumab to pembroli-
zumab, but given the aforementioned trials showed similar outcomes
from a survival standpoint and safety profile, there is no preference for
one checkpoint inhibitor over the other. Likewise, there are no random-
ized controlled trials directly comparing checkpoint inhibitors to tar-
geted therapy, and therefore both options are considered effective
treatments.
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— Clinically positive node[s]: Defined as clinically identified lymph nodes on

Surgery:

radiographic imaging or physical exam and confirmed by biopsy.

— Resectable nodal disease: WLE of primary tumor (if found) + therapeu-

tic lymph node dissection (TLND).

— If unresectable, proceed with systemic therapy.

Systemic Therapy
— Adjuvant Thera py

* Similar approach to systemic therapy in SLN-positive patients

(see above).

* Can also consider dual agent therapy

— Advanced Disease

¢ Checkpoint inhibition (Table 11.8)
* Neoadjuvant therapy (Table 11.9)
¢ Neoadjuvant therapy is now used in both resectable and unresectable

advanced stage melanomas.

» Radiation: Consider radiation therapy to nodal basin in patients with an

elevated risk of regional recurrence. This may reduce the risk of regional
recurrence but is not associated with improved RFS or OS. The decision to
use radiation therapy should be balanced between the toxicity of radiation
(lymphedema and oropharyngeal complications) compared to benefits,
especially in the setting of the current effective systemic therapies [60-63].
— Risk factors for regional nodal recurrence [58, 60, 61]:

* Gross and/or histologic extracapsular extension of melanoma in

clinically (macroscopic) involved node(s)

e >1 parotid node
e >2 cervical or axillary nodes

Table 11.8 Checkpoint inhibition in advanced stage melanoma

Trial Patients

Checkmate 067 Phase 3

[54] Untreated stages I1I-1V
Nivolumab (mg/
kg) + ipilimumab (3 mg/kg) x
4 doses and then nivolumab
alone versus nivolumab alone
versus ipilimumab alone

RELATIVITY-047 Phases 2-3

[55] Stages III-1V
Relatlimab (Lag3

inhibitor) + nivolumab
versus nivolumab single agent

Results

Median PFS NR in the ipilimumab/
nivolumab group, 37.6 months in the
nivolumab group, and 19.9 months in the
ipilimumab group

OS at three years was 58% in the
ipilimumab/nivolumab group, 52% in
the nivolumab group, and 34% in the
ipilimumab group

Median PFS was 10.1 months (95%
confidence interval [CI], 6.4—15.7) in the
combo arm and 4.6 months (95% CI,
3.4-5.6) with nivolumab alone (hazard
ratio for progression or death, 0.75 [95%
CI, 0.62-0.92]; P = 0.006)

*This did come at the cost of increased
adverse events in the relatlimab/
nivolumab (18.9 versus 9.7%)
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Table 11.9 Neoadjuvant therapy in advanced stage melanoma

Trial Patients Results

SWOG S1801 Phase 2 The neoadjuvant arm had a

[56] Stages IIIB-IVC resectable significantly longer event-free survival
Three doses of neoadjuvant (72% vs. 49%)

pembrolizumab + surgery + 15
adjuvant doses v surgery + I year
adjuvant pembrolizumab

OpACIN-neo Phase 2 Group B was well tolerated with high

[57, 58] Stage 111 pathologic complete response rates
Resectable Radiological response in 63% [95% CI
(no intransits) 44-80] Group A, 57% [95% CI 37-75]
Group A: Two cycles ipilimumab Group B 35% Group C[95% CI 17-57]
3 mg/kg + nivolumab 1 mg/kg Pathological response in 80% [95% CI
Q3weeks 61-92] Group A, 77% [95% CI 58-90]
Group B: Two cycles 2 cycles Group B, and 65% [95% CI 44-83]
ipilimumab 1 mg/kg + nivolumab  Group C
3 mg/kg Q3weeks Grades 11l and 1V events was 40%

Group C: Two cycles of ipilimumab group A, 20% Group B, and 50%

3 mg/kg Q3 W followed by 2 cycles Group C

of nivolumab 3 mg/kg Q2 weeks Pathologic response to neoadjuvant
therapy also appeared to be a reliable
surrogate for RFS and OS

PRADO [59] Extension of OpACIN-neo The pRR was 72%.

Stage IIIB-IIID (no intransits) Relapse-free survival and distant

Major pathologic response (MPR,  metastasis-free survival rates

<10% viable tumor) in their index ~were — 93% and 98% in patients with

lymph node — TLND and adjuvant MPR

therapy were excluded —64% and 64% in patients with pPR
Partial pathologic response —71% and 76% in patients with pNR
(pPR;>10-<50% viable tumor) —t This trial provides support for
TLND only individualizing treatment based on
No pathologic response response to neoadjuvant systemic

(pPNR;>50% viable tumor— TLND therapy
and received adjuvant systemic

therapy + synchronous

radiotherapy

e >3 inguinofemoral nodes
e >3 cm cervical or axillary node
e >4 cm inguinofemoral node
— Lymphatic Mets:
e Microsatellites: one or more discontinuous nests of neoplastic cells
>0.05 mm, clearly separated from normal dermis
» Satellite metastases: cutaneous and /or subcutaneous intralymphatic
metastases occurring within 2 cm of from the primary melanoma)
» Intransit metastases: cutaneous and/or subcutaneous metastases at a dis-
tance >2 cm from the primary melanoma in the region between the primary
and first echelons of regional lymph nodes
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* Microscopic Satellites: Defined as microscopic lymphatic metastasis that
are discontinuous from the primary tumor.
— Microscopic satellites in biopsy specimen from primary lesion:

Surgery: WLE and discuss/offer SLNB

Systemic Therapy:

— If SLNB negative, can consider adjuvant PD-1 immunotherapy
including pembrolizumab or nivolumab, observation, or a clini-
cal trial.

— If SLNB positive, adjuvant systemic therapy as per node-positive
discussion (see above)

Radiation principles as per above for positive nodal disease

— Microscopic satellites positive in wide excision specimen and SLNB
negative or not performed:

Surgery: Consider delayed SLNB.

— If SLNB negative, can consider adjuvant PD-1 immunotherapy
including pembrolizumab or nivolumab, observation, or a clini-
cal trial.

— If SLNB positive, adjuvant systemic therapy as per node-positive
discussion (see above)

— Microscopic satellites in wide excision specimen and SLNB positive:
see discussion for SLNB-positive disease.
* Intransit Disease:
— Limited resectable disease

Surgery: Complete excision to clear margins (preferred management
of small number of resectable intransit metastases if able to achieve
negative margins). No evidence to support exact margin. Can con-
sider SLNB if it would change management [64].

Intralesional Injection: Talimogene laherparepvec (T-VEC) which is
a modified oncolytic herpes simplex virus-1 (see explanation below)
Systemic therapy to follow surgery with nivolumab, pembrolizumab,
or dabrafenib/trametinib for patients with BRAF V600-activating
mutations.

— Unresectable disease

Systemic therapy: with nivolumab, pembrolizumab, or dabrafenib/
trametinib for patients with BRAF V600-activating mutations.
Local therapy:

— Intralesional injection:

* T-VEC (oncolytic virus): Inject the first dose of T-VEC at 10°
pfu/mL  (to seroconvert HSV-seronegative patients).
Subsequent T-VEC doses of 10® pfu/mL were administered
three weeks after the first dose and then once every two weeks.
Total T-VEC volume was up to 4.0 mL per treatment session.
Injected volume per lesion ranged from 0.1 mL for lesions
<0.5 cm to 4.0 mL for lesions >5 cm in longest diameter.
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* OPTiM study: Randomized open-label phase III trial. Patients
with unresectable, injectable disease (stage [IIB-IVMIc) ran-
domized to receive intratumoral T-VEC or subcutaneous GM-
CSFE. T-VEC durable response rate was better (16.3%; 95% CI,
12.1-20.5%) than GM-CSF (2.1%; 95% CI, 0-4.5%]; odds
ratio, 8.9; P < 0.001). Overall response rate was also higher in
the T-VEC arm (26.4%; 95% CI, 21.4% to 31.5% v 5.7%; 95%
CI, 1.9% t0 9.5%). Median OS was 23.3 months (95% CI, 19.5
to 29.6 months) with T-VEC and 18.9 months (95% CI,
16.0-23.7 months) with GM-CSF (hazard ratio, 0.79; 95% ClI,
0.62 to 1.00; P =0.051) Treatment with T-VEC worked best in
untreated patients or those with stage IIIB, ITIIC, or IVM1a dis-
ease [65, 66]. T-VEC injection resulted in shrinking and reso-
Iution of injected lesions, noninjected lesions, and visceral
metastasis [67]. Most common adverse effects: fatigue, chills,
and pyrexia.

e There is mixed data regarding benefit of combination of
T-VEC with immunotherapy. It is our practice to not com-
bine them.

— MASTERKEY-265: Study combining pembrolizumab and
T-VEC did not show improvement in PFS or OS [68].

— Study combining T-VEC and ipilimumab vs ipilimumab
alone showed objective response rate was significantly
higher with T-VEC plus ipilimumab versus ipilimumab
alone [69]. But given that ipilimumab is not the preferred
first-line immune checkpoint inhibitor, and because the
improvements in response did not result in improved PFS,
this is not frequently used.

e JL-2 (Useful in certain circumstances): Complete response
rate in IL-2-injected lesions may be as high as 70% and the
treatment is less toxic than IV [70].

e Topical imiquimod for superficial dermal lesions (useful in
certain circumstances).

— Regional Therapy:

¢ Isolated limb perfusion/infusion (ILP/ILI):

e ILP: isolation of the inflow and outflow of the extremity and admin-
istration of a concentrated chemotherapy via an extracorporeal
bypass circuit, with an oxygenator to maintain physiologic pH and
oxygenation.

— Delivery of high-dose cytotoxic chemotherapy (usually melpha-
lan) limited to the affected limb, while trying to reduce the side
effects to the rest of the body).

— Usually performed under hyperthermic conditions to improve
effectiveness (felt to promote venodilation, but no proof of
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overall survival benefit), but at the cost of potential increased
adverse events [71].

Can achieve good disease control. A large systematic review of
ILP studies from 1990 to 2008 showed an overall response rate
(ORR) of 90% (64—100%), and median complete response rate of
58% (25-89%). This is a complex procedure which requires
experience and has potential for limb toxicity. Therefore, this sur-
gery should only be performed at experienced centers and should
be avoided in patients with multiple comorbidities or who are
frail [72].

e ILI: technique that accesses the lower-extremity vessels percutane-
ously and does not require the use of the bypass circuit. It uses mild
hyperthermia (39 °C), hypoxemia, and acidemia within the limb and
uses a slower infusion of the same chemotherapeutic agent with a
shorter exposure time of 30 minutes.

ILI was adopted in the 1990s to simplify the approach to perfu-
sion of the limb and make it less invasive and in turn less toxic/
morbid. This treatment can be repeated if there is recurrence or
progression.

There is mixed data as to the response rate. The largest studies
showed ORR of 64-75% [73, 74].

* Complications:

Local skin reactions

Systemic toxicity from chemo (small amounts) reaching the sys-
temic circulation

Extremity compartment syndrome

Amputation

— Radiation therapy: to be used for symptomatic unresectable regional
recurrences when no better options are available.

¢ Recurrence:

— WLE Scar Recurrence
* Surgery: Reexcise tumor site to appropriate margin. Consider SLNB
dependent on pathology of scar recurrence.
¢ Further treatment based upon clinical stage of surgery.
— Local satellite/intransit recurrence: See above discussion of management of
local satellite/intransit recurrence.
— Nodal recurrence (without distant metastatic disease):
¢ No prior lymph node dissection
— If resectable either therapeutic lymph node dissection (TLND) or neo-
adjuvant therapy followed by TLND
— Adjuvant systemic therapy: nivolumab, pembrolizumab, or dabrafenib/
trametinib (for BRAF V600 activating mutation); consider ipilimumab
if prior exposure to anti PD-1
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— Can consider radiation therapy for select high-risk patients based upon
location, size, number of involved nodes, and presence of extracapsular
extension.

¢ Prior lymph node dissection:
— If resectable: excise recurrence and if prior node dissection was incom-
plete, perform complete dissection, or consider neoadjuvant therapy.
¢ Adjuvant systemic therapy: nivolumab, pembrolizumab, or dab-
rafenib/trametinib (for BRAF V600-activating mutation), consider
ipilimumab if prior exposure to anti-PD-1

* Can consider radiation therapy for select high-risk patients based
upon location, size, number of involved nodes, and presence of
extracapsular extension.

— If unresectable: systemic therapy and/or palliative RT and/or intrale-
sional TVEC.

* Metastatic Disease
— Oligometastatic Disease
¢ Multidisciplinary evaluation
¢ Metastatic directed therapy:

— Resection
e Even before the advent of effective systemic therapy showing

improved survival, studies showed survival benefit to complete cura-

tive resection of select stage IV patients with melanoma metastases

[75, 76].

— Howard et al. compared patients with metastatic disease who
were given systemic therapy with or without metastasectomy.
The median survival was 15.8 versus 6.9 months, and four-year
survival was 20.8 versus 7.0% for patients receiving surgery with
or without systemic medical therapy versus systemic medical
therapy alone (p < 0.0001; hazard ratio 0.406). There was a ben-
efit shown regardless if patients had M1a, M1b, or M1c disease.

* Symptomatic metastatic disease may require surgical resection for
palliation

— Stereotactic ablative therapy

— T-VEC/intralesional therapy

* Systemic Therapy can be considered before and after resection (if resec-
tion is feasible) nivolumab, pembrolizumab, nivolumab/ipilimumab, or for

BRAF V600-activating mutation: dabrafenib/trametinib,

vemurafenib/cobimetinib, and encorafenib/binimetinib, consider ipilim-

umab if prior exposure to anti-PD-1.
— Multivisceral disease (widely disseminated):
* With or without brain metastases

— Systemic therapy: if unresectable: nivolumab/ipilimumab, nivolumab/
relatlimab, pembrolizumab, nivolumab, or for BRAF V600-activating
mutations: Dabrafenib/trametinib, vemurafenib/cobimetinib, and
encorafenib/binimetinib
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 Ifthere is progression, consider above, or can try other recommended
regimens including ipilimumab alone, high-dose IL2, KIT inhibitor
(for KIT-activating mutation), crizotinib or entrectinib (for ROSI
fusions), larotrectinib or entrectinib (for NTRK fusions), binimetinib
(for NRAS mutated tumors), combination therapy with pembroli-
zumab/lenvatinib, ipilimumab/intralesional T-VEC, combo BRAF/
MEK + PD(L)-1 checkpoint inhibitors, or cytotoxic agents.
— If limited extracranial lesions, consider intralesional T-VEC.
— Consider palliative resection and/or RT for symptomatic intracra-
nial disease
— Palliative care

Summary Malignant melanoma represents a minority of skin cancers but a major-
ity of the deaths from skin cancer. While the primary treatment for localized mela-
noma is surgical, immunotherapy and targeted therapy are important in the
management of patients with more advanced disease. With these new effective sys-
temic therapies, the management of locally advanced and metastatic disease will
continue to evolve.
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Squamous Cell Skin Cancer

* Introduction

— Cutaneous squamous cell cancer is the second most common nonmelanoma
skin cancer, after basal cell cancer

— Diagnosis is made by physical exam and confirmed via biopsy

— Locally advanced disease can be assessed with US, CT, MRI, or PET/CT

— Surgical resection is the current standard of care with a variety of systemic
treatments and radiotherapy modalities available for patients with locally
advanced, unresectable, and metastatic disease.

* Diagnosis

— Symptoms may include bleeding, pruritus, and growing lesion

— Physical exam findings concerning for regional metastatic disease:
» Cervical, occipital, axillary, or inguinal lymphadenopathy

— Risk factors [65]
» Ultraviolet light-cumulative exposure
* Age
* Fair skin
* Recreational tanning/tanning beds
* Immunosuppression
» HPV/HIV/AIDS
* lonizing radiation exposure
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Chemical exposure

Arsenic

Polycyclic aromatic hydrocarbons (coal tar)
Nitrosamines

Alkylating agents

Chronic inflammation (healing scars, burns, ulcers)
Personal history of skin cancer

Family history of skin cancer

Benign sun-related skin disorders

Solar lentigines

Premalignant lesions

Actinic keratoses

Squamous cell carcinoma in situ (Bowen’s disease)
Keratoacanthoma

Cutaneous horn

Psoralen/PUVA for psoriasis
— Genetic syndromes [36]
¢ Xeroderma pigmentosum
Oculocutaneous albinism
¢ Muir-Torre syndrome
Fanconi anemia
— Screening recommendations and total body skin exam
Immunosuppressed [97]

No skin cancer/field disease every 12 months
Field disease/one NMSC every 3—6 months
High-risk cSCC/multiple NMSC every 3 months
Metastatic SCC or melanoma every 1-3 months
Xeroderma pigmentosum [46]

e 3-6 months

Oculocutaneous albinism

* 6-12 months

Muir-Torre syndrome

e Annual

Fanconi anemia

e Annual

— Chemoprevention
* Transplant, Xeroderma pigmentosa, psoriasis, and PUVA exposure

Oral retinoid prophylaxis may be effective in reducing development of
new SCC (NCCN 2023 Squamous cell carcinoma)

Acitretin may be used in solid organ transplant recipients (SOTR) with
history of SCC [91]

Consider side effect profile and teratogenesis in patients of child-
bearing age
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— Nicotinamide (vitamin B3) did not lead to reduction in SCC incidence
in SOTR at 12 months [3] (ONTRANS trial)
¢ Immunocompetent, high-risk of recurrence or metastases
— Nicotinamide B3, 500 mg BID, and 30% reduction in 12-month rate of
new SCC [16] (ONTRAC trial)
¢ Evaluation and Clinical Stage
— History and Physical Exam
» History focusing on risk factors
¢ Total body skin examination
— Clinical exam findings consistent with cSCC
— Induration
— Adherent crust with ill-defined margins
¢ Dermoscopy can aid in diagnosis with two vascular patterns: small,
dotted vessels and glomerular vessels
¢ Regional lymph node examination
— Biopsy and pathology [91]
* Punch, shave, and excisional biopsy all are acceptable.
* Size and depth should be adequate to assess high-risk pathologic findings.
— Regional lymph node examination
» US for initial assessment of palpable regional lymph nodes
e CT scan with contrast
— Nodal basin can assess size, number, and location of lymph nodes.
— Assessing invasion of bone (preferred), named nerve, or deep
soft tissue.
¢ MRI with contrast used to assess for peripheral nerve involvement or if
there is suspicion of extensive disease
* Sample clinically suspicious lymph nodes with FNA, core needle, or exci-
sional biopsy
— Systemic imaging to evaluate metastatic disease in locally advanced or posi-
tive regional disease:
¢ CT chest, abdomen, and pelvis with contrast
* FDG PET/CT skull to foot
* Consider MRI brain if concern for subcortical involvement from bone
invasion
* Biopsy clinically suspicious lesions for locoregional or metastatic disease
— FNA, core needle biopsy, or excisional biopsy
— Risk factors for recurrence and metastases — Table 12.1 (NCCN cutaneous
squamous cell cancer risk) [75]
— TNM staging of head and neck (AJCC 8th edition) — Table 12.2 (American
College of Surgeons)
— AJCC Prognostic Stages — Table 12.3 (American College of Surgeons)
— Brigham and Women’s Hospital (BWH) system for prognostication of local-
ized cSCC — Table 12.4 [37]
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Table 12.1 Cutaneous squamous cell cancer stratification of risk factors for recurrence and
metastases

Risk group Low risk High risk Very high risk
H&P
Location/size Trunk, Trunk, extremities >4 cm (any
extremities >2 cm— <4 cm location)
<2 cm Head, neck, hands,

feet, pretibial, and
anogenital (any size)

Clinical extent Well-defined Poorly defined

Primary vs. recurrent Primary Recurrent

Immunosuppression - +

Site of prior RT or chronic - +

inflammatory process

Rapidly growing tumor - +

Neurologic symptoms - +

Pathology

Degree of differentiation Well or Poor differentiation
moderately
differentiated

Histologic features: Acantholytic — + Desmoplastic SCC

(adenoid), Adenosquamous
(showing mucin production), or
metaplastic (carcinosarcomatous)

subtypes
Depth: thickness or level of < 2 mm thick 2—-6 mm depth > 6 mm or invasion
invasion and no invasion beyond subcutaneous
beyond fat
subcutaneous fat
Perineural involvement - + Tumor cells within
the nerve sheath of a
nerve lying deeper
than the dermis or
measuring >0.2 mm
Lymphatic or vascular - - +
involvement

Table 12.2 TNM Staging classification of cutaneous carcinoma of the head and neck (AJCC 8th
edition)

Tis Carcinoma in situ

Tl <2 cm

T2 >2cm <4 cm

T3 >4 cm, or minor bone erosion, or perineural invasion or deep invasion (>6 mm)

T4 Gross cortical bone/marrow, skull base invasion, and/or skull base foramen invasion
T4a Gross cortical bone/marrow invasion

T4b Skull base invasion and/or skull base foramen involvement

NO No regional lymph node metastasis

N1 Metastasis 1 ipsilateral LN, <3 cm and ENE-

N2 Metastasis 1 ipsilateral LN, <3 cm and ENE+
Or metastasis >3 cm < 6 cm and ENE—
Or metastasis in multiple ipsilateral LN, <6 cm and ENE-
Or bilateral or contralateral LN, <6 cm and ENE-

(continued)
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Table 12.2 (continued)

Tis
N2a

N2b
N2c¢
N3

N3a
N3b

MO
M1
Gl

G2
G3

Carcinoma in situ

Metastasis 1 ipsilateral LN, <3 cm and ENE+

Or metastasis >3 cm < 6 cm and ENE—

Metastasis in multiple ipsilateral LN, < 6 cm and ENE—

Metastasis in bilateral or contralateral LN, < 6 cm and ENE—
Metastasis in a LN > 6 cm and ENE—

Or 1 ipsilateral LN >3 cm and ENE+

Or multiple ipsilateral, contralateral, or bilateral LN, any with ENE+
Or single contralateral LN any size and ENE+

Metastasis in a LN > 6 cm and ENE—

Metastasis in 1 ipsilateral LN > 3 cm and ENE+

Or multiple ipsilateral, contralateral, or bilateral LN, any with ENE+
Or single contralateral LN any size and ENE+

No distant metastasis

Distant metastasis

Well differentiated

Moderately differentiated

Poorly differentiated

Table 12.3 Prognostic stage groups for cutaneous carcinoma of the head and neck (AJCC 8th

edition)

Stage 0
Stage 1
Stage 11
Stage III
Stage IV

T N M

Tis NO MO
T1 NO MO
T2 NO MO
T3 NO MO
T1 N1 MO
T2 N1 MO
T3 N1 MO
T1 N2 MO
T2 N2 MO
T3 N2 MO
Any T N3 MO
T4 Any N MO
Any T Any N M1

Table 12.4 Brigham and Women’s Hospital (BWH) system for prognostication of localized cuta-
neous squamous cell carcinoma

Number of 10-year 10-year
T high-risk 10-year local 10-year nodal disease-specific  overall death,
stage factors® recurrence, (%)  metastasis, (%)  death, (%) (%)
T1 0 0.6 0.1 0 32
T2a 1 5 3 1 32
T2b 2-3 21 21 10 51
T3 >4 67 67 100 100

“Tumor diameter >2 cm, poorly differentiated histology, perineural invasion >0.1 mm, tumor



190 J. M. Lizalek and J. A. Santamaria-Barria

¢ Choice of Therapy
— Local disease
¢ Low risk = curettage and electrodessication, shave excision, standard exci-
sion, Mohs or PDEMA (peripheral and deep en face margin assessment),
or definitive RT if not candidate for above
* High-risk/very-high-risk = Mohs or PDEMA, standard excision, definitive
RT, or systemic therapy
— Positive regional lymph nodes
¢ Head and neck = excision of primary tumor, unilateral or bilateral neck
dissection, +/— parotidectomy, +/— RT, and +/— systemic therapy
¢ Trunk and extremities = excision of primary tumor and regional lymph
node dissection, +/— RT
— Locally advanced unresectable, metastatic disease, or nonsurgical candidate
e RT +/— systemic therapy
* Nonoperative Therapy
— Curettage and electrodessication
¢ Does not allow histologic margin assessment
¢ First-line therapy for local, low-risk without dermal invasion
— Recurrence rate 1.7% [45]
* Contraindications as definitive therapy:
— Areas of terminal hair growth — scalp, pubic or axillary regions, and
beard area — due to potential follicular extension of tumor
— If subcutaneous tissue reached requires surgical excision
— Biopsy of lesion reveals high-risk pathologic features
Cryotherapy
¢ Can be used for local, low-risk cSCC when other methods contraindicated
or impractical
¢ Recurrence rate 0.8% [45]
* Unable to assess histologic margin control
Topical therapy — 5-fluorouracil or imiquimod — can consider for cSCC in situ
Photodynamic therapy — can consider for cSCC in situ
Definitive radiation therapy
* 70-93 Gy for conventional fractionation
* 56-88 Gy for hypofractionation
e ~7-year local control rate and local recurrence rate, 87.2% and 7.2% [41]
* Surgical Therapy
— Mohs
* Allows for histologic examination of 100% of surgical margins with
sequential thin excisions [80].
* Preferred method for low-, high-, and very high-risk lesions (Connolly
etal. 2012)
* 2.3% local recurrence for primary and up to 16% for recurrence treated
with Mohs [81]
— Peripheral and Deep En face Margin Assessment (PDEMA)
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¢ Techniques allow complete histopathologic marginal (deep and peripheral)
assessment of tumor
e Mohs
¢ Tubingen muffin technique [56]
* Tubingen torte technique [62]
Low-risk
¢ 4-mm margin for tumor <2 cm
e 6-mm margin for tumor >2 cm
* Wide local excision
— Cure rates 90-98% [44]
¢ Mohs or other PDEMA methods (preferred technique)
High-risk/very-high risk
* Wide local excision to 6—10 mm margins
— Local recurrence 0-14%, regional metastases 0—13%
— A five-year recurrence rate for primary vs. recurrence, 5.7% vs. 17.3%
e Mohs or other PDEMA method (preferred technique)
— Local recurrence rate = 1.2-4.1% [94]
Sentinel lymph node biopsy [2]
* Consider in very-high-risk or recurrent disease when clinically node nega-
tive and occult risk > 15% [96].
» Rate of subclinical nodal positivity 7-21% [28, 42, 68]
» False-negative rate 4.6% [58]
Lymphadenectomy
* Head and neck
— Unilateral nodal disease — Excision of primary tumor and ipsilateral
neck dissection
— Bilateral nodal disease — Excision of primary tumor and bilateral neck
dissection
— Parotid nodal disease — Excision of primary tumor, superficial paroti-
dectomy, and ipsilateral neck dissection
* Consider role of total parotidectomy
— A five-year overall survival, 45-50% and disease-specific rates,
60-72% [96]
* Trunk and extremities
— Excision of primary tumor and regional lymph node dissection
— A five-year overall survival, 32-56% [96]
— Reconstruction
¢ Delay until final histologic margin assessment complete
¢ Adjuvant Therapy
— All adjuvant therapies should be discussed at a multidisciplinary tumor board
* Postoperative adjuvant radiation therapy [47]
— Local, low-risk positive margins
* Nonsurgical candidates
— Local, high-risk/very-high-risk
e >6 cm primary tumor
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Positive margins

Negative margins if extensive perineural, large, or named nerve
involvement or poor prognostic features (see Table 12.1)
Nonsurgical candidates

— Lymph node basin after lymphadenectomy

Negative margins — 50-60 Gy over 5-6 weeks
Positive margins or extracapsular extension (ECE) — 60-66 Gy over
6-7 weeks

Trunk and extremities

— Multiple involved lymph nodes

— ECE (extracapsular extension)

Head and neck [64]

Consider if 1 + node <3 cm without ECE
— >2+nodes or 1 +>3 cm without ECE

— Any node with ECE

— Incomplete lymphadenectomy

— Lymph node basin without lymphadenectomy (NCCN squamous cell
carcinoma)

Positive regional lymph nodes but unresectable or medically inoper-
able — definitive 60-70 Gy over 67 weeks

Clinically negative but high-risk for metastases — 50 Gy over
5-7 weeks

— Clinically at-risk nerves — 50-60 Gy over 5-6 weeks
— Systemic therapy
* Systemic therapy with concurrent radiation therapy
Cisplatin — complete response rate 63% [61]
EGFR inhibitors

Cetuximab — RT vs. cetuximab + RT [10]

— Disease control rate (DCR) = 14.9 months vs. 24.4 months, over-
all survival (OS) = 29.3 months vs. 49 months, progression-free
survival (PFS) = 12.4 months vs. 17.1 months, objective response
rate (ORR) = 64% vs. 74%

Erlotinib, gefitinib, and panitumumab

Cisplatin + 5-FU
Carboplatin + paclitaxel
* Systemic therapy alone (Table 12.5)
— Cemiplimab-rwlc (first-line) [54, 55]

Locally advanced, recurrent, or metastatic disease

— Pembrolizumab

KEYNOTE - 629 trial [34]
Locally advanced, recurrent, and metastatic disease



12 Nonmelanoma Skin Cancers

193

Table 12.5 Trials and responses to systemic treatments for locally advanced, recurrent, or meta-
static cutaneous squamous cell carcinoma

Trial
NCT02760498
[55]

NCT03565783
[26]

KEYNOTE-629

NIVOSQUACS

Patients
Phase II, non-RCT
Multicenter, open-label

78 patients

Locally advanced cSCC
Cemiplimab every 2 weeks up to
96 weeks

59 patients

Metastatic cSCC

Cemiplimab every 2 weeks up to
96 weeks

Phase II, non-RCT
Single-center, open-label

20 patients

Newly diagnosed or recurrent
resectable cSCC head and neck
stages [II-IV

Cemiplimab two cycles every
three weeks + surgery

Phase II, non-RCT
Multicenter, open-label

159 patients

54 locally advanced ¢cSCC

105 recurrent/metastatic cSCC
Pembrolizumab every 3 weeks up
to 35 cycles

Phase II, non-RCT
Multicenter, open-label

31 patients

Locally advanced and/or
metastatic cSCC

7 prior systemic therapy

24 treatment naive

11 with concomitant hematologic
malignancies

Nivolumab every two weeks
<2 years

Results

1-year OS 93% 1-year PFS 58%

ORR 44-53% PR 31-35% CR 13-17%
DCR 79% DOR > 6 months 68%

AEs

Grades 3-4 44%

1-year OS 81%

1-year PES 53%

ORR 47%, PR 40.7%, CR 6.8%
DCR 61%

AEs

Grade > 3 42%

1-year OS 95%

1-year DFS 89.5% 1 year DSS 95%
ORR/PR 30%

MPR 15%, pCR 55%

AEs

Grades 1-2 35%, grade 3 5%

N

Locally advanced cSCC

1-year OS 73.6% 1-year PFS 54.4%
ORR 50%, PR 33.3%, CR 16.7%
DCR 64.8% DOR >12 months 84.1%
Recurrent/metastatic cSCC

1-year vs. 2-year OS 61% vs. 48.4%
1-yr PFS 36.4%

ORR 35.2%, PR 24.8%, CR 16.7%
DCR 52.4% DOR >12 months 77.8%
AEs

Grades 3-5 11.9%

Overall

Median OS not reached

Median PFS 11.1 months

ORR 61.3%, PR 38.7%, CR 22.6%
DCR 64.5%

Prior systemic therapy

ORR 71.4% DCR 85%

Concomitant hematologic malignancy
Median OS and PFS 20.7 months and
10.9 months

ORR 45.5% DCR 54.5%

AEs

Grade > 3

(continued)
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Table 12.5 (continued)

Trial
Cetuximab [51]

Panitumumab
[27]

NCT01198028
[30]

NCT00054691
[87]

Patients

Phase II, non-RCT
Multicenter, open-label

36 patients

Locally advanced or metastatic
c¢SCC

Evidence of mod-strong EGFR
expression

Cetuximab weekly up until

48 weeks

Phase II, non-RCT
Single-center, open-label

16 patients

Locally advanced, recurrent, or
metastatic cSCC

Panitumumab weekly until disease

progression, toxicity, or nine total
cycles

Phase II, non-RCT
Single-center, open-label

39 patients

Locoregional or metastatic cSCC
without curative-intent therapy
Erlotinib daily for 28-day cycles
until disease progression

Phase II, non-RCT
Single-center, open label

40 patients

Locoregionally recurrent and/or
metastatic cSCC not amenable to
surgery or radiation

Gefitinib daily until disease
progression or toxicity

— Nivolumab

NIVOSQUACS trial [43]
— Locally advanced and metastatic cSCC
— Included progressing or stable hematologic malignancies

Results

48-week OS 52%

Median PFS 4.1 months

ORR 28%, PR 22%, and CR 6%
DCR 69%

AEs

Grades 3-4 64%

Median age of study population
79 years

Median OS 11 months

Median PFS 8 months

ORR 31%, PR 18.8%, and CR 12.5%
Median DOR 6 mo

6-wk DCR 69%

AEs

Grades 3-4 31%

1-year and 3-year OS 53% and 19%
Median PFS 4.7 months

ORR/PR 10%

DCR 72%

Modest activity in incurable cSCC

Median OS 12.9 months

Median PFS 3.8 months

ORR/PR 16%

Median DOR 31.4 months

AEs

Grade 3 16%

ORR did not meet targeted rate of 20%

— If ineligible for or progressed on immunotherapy

Carboplatin +
inhibitors

EGFR inhibitors
— Cetuximab — Phase II trial [51]

paclitaxel — if ineligible for immune checkpoint

* Consider use in elderly patients (median age 79 years old)

— Panitumumab — Phase II study [27]

e Treatment option for incurable ¢cSCC without local ther-

apy options
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— Erlotinib — Phase II trial [30]
¢ Modest activity
— Gefitinib — Phase II trial [89]
* Systemic chemotherapy
— Data limited to case series and small retrospective studies
— Cisplatin — ORR =45%, CR = 22%, and DFS 14.6 months [79]
— Can consider capecitabine, cisplatin + 5-FU, and carboplatin

¢ Neoadjuvant Therapy

Borderline resectable, unresectable, or high morbidity resections
Cemiplimab-rwlc
e NCT03565783 Phase II trial [26]

— Neoadjuvant immunotherapy safe and results in ~40% response rates

* Management of Recurrence

Local — see “Choice of therapy — local disease”

Regional — see “Regional lymph node examination,” “choice of therapy —

positive regional lymph nodes”

Distant metastases — multidisciplinary consultation

* See “locally advanced unresectable, metastatic disease, or nonsurgical
candidate”

* Clinical trial

Basal Cell Skin Cancer

¢ Introduction

Basal cell cancer is the most common cancer worldwide.

Diagnosis is made by physical exam and confirmed via biopsy.

Although rare, locally advanced disease can be assessed with US, CT,
and MRL

Surgical excision is the current standard of care with a variety of modalities
including topical therapies, radiotherapy, and systemic therapies.

» Diagnosis

History — enlarging, nonhealing skin lesions

Symptoms may include bleeding or pruritus or may be asymptomatic.

Physical exam findings concerning for regional metastatic disease (very rare)

* Cervical, occipital, axillary, or inguinal lymphadenopathy

Risk factors [12]

¢ Intense, intermittent sun exposure

* Increasing age

* Fair skin, red or blond hair, light eye color, inability to tan, and propensity
to freckle

* Recreational tanning/tanning beds

* Immunosuppression
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e HPV/HIV/AIDS
* Exposure to ionizing radiation
* Chemical exposure
— Arsenic
¢ Personal history of skin cancer
¢ Family history of skin cancer
¢ Genetic syndromes [36]
— Xeroderma pigmentosum
— Oculocutaneous albinism
— Muir-Torre syndrome
— Fanconi anemia
— Nevoid basal cell (Gorlin) syndrome
— Bloom syndrome
— Werner syndrome
— Rombo syndrome
Bazex-Dupre-Chrisol syndrome
* Psoralen/PUVA for psoriasis
— Screening recommendations and total body skin exam
e Immunosuppressed [97]
— No skin cancer/field disease every 12 months
— Field disease/one NMSC every 3—6 months
— High-risk cSCC/multiple NMSC every 3 months
¢ Xeroderma pigmentosum [46]
— Every 3-6 months
* Oculocutaneous albinism
— Every 6-12 months
¢ Muir-Torre syndrome
— Annually
* Fanconi anemia
— Annually
¢ Nevoid basal cell (Gorlin) syndrome [84]
— Annual exams starting at age 10
— Every 3-6 months after first BCC
* Bloom syndrome
e  Werner syndrome
* Rombo syndrome
— Annual exams starting before age 10
* Bazex-Dupre-Chrisol syndrome
— Every 6-12 months before age 10
— Chemoprevention
* No current recommendations although NCCN recognizes further clinical
investigation is necessary for the following:
* Solid organ transplant recipients
— Nicotinamide did not lead to reduction in BCC incidence in SOTR at
12 months [3] (ONTRANS trial)
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Immunocompetent, high-risk of recurrence or metastases
— Nicotinamide B3 and 500 mg BID
e Phase III RCT 20% reduction in 12-month rate of new BCC [16]
(ONTRAC trial)
— Celecoxib
e Phase III RCT = 56% relative risk reduction in BCC incidence at
11 months [24]
— DFMO (a-difluoromethylornithine)
e Phase III RCT = 30% relative risk reduction in BCC incidence at
4 years [5]
Basal-cell nevus (Gorlin) syndrome
— Vismodegib
e NCT00957229 trial [74]
— Basal-cell nevus syndrome with >10 surgically eligible BCCs
— Daily Vismodegib for 3 months vs. placebo
— Reduced incidence of new BCC lesions, size of existing lesions,
and number of surgeries to remove BCC lesions
— Adverse events lead to treatment interruption — tumor recurrence

¢ Evaluation and Clinical Stage
— History and physical exam

History focusing on risk factors
Total body skin examination
— Clinical exam findings consistent with BCC
* Shiny
* Pearly papule or nodule
* Rolled borders and central clearing
¢ Arborizing telangiectasias
* Induration
* Infiltrated plaque
— Dermoscopy — diagnostic accuracy 95-99%

— Biopsy and Pathology [12, 13]

Punch, shave, and excisional biopsy acceptable

Size and depth should be adequate to assess high-risk pathologic

findings

Subtypes

— Nodular, superficial, infundibulocystic, fibroepithelial, morpheaform,
infiltrative, micronodular, and basosquamous

Clinically suspicious lesions for locoregional or metastatic disease

— FNA, core needle biopsy, or excisional biopsy

Clinical imaging, if clinically concerning

CT with contrast to evaluate for bone disease or nodal involvement

MRI with contrast to assess for peripheral nerve involvement

— Risk factors for recurrence — Table 12.6 (NCCN Basal cell Skin can-
cer 2024)
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Table 12.6 Stratification of risk factors in local basal cell carcinoma for recurrence

Risk group Low risk High risk
H&P
Location/size Trunk, extremities Trunk, extremities >2 cm
<2 cm Head, neck, hands, feet, pretibial, and anogenital
area (any size)
Borders Well-defined Poorly defined
Primary vs. recurrent  Primary Recurrent
Immunosuppression  — +
Site of prior RT - +
Pathology
Subtype Nodular and Aggressive growth pattern
superficial
Choice of Therapy [92]

* Local disease
— Low-risk = Curettage and electrodessication, shave excision, standard exci-
sion, topical therapy, or definitive RT
— High-risk = Mohs or PDEMA, standard excision, definitive RT, systemic ther-
apy, or neoadjuvant vismodegib + PDEMA
¢ Positive margins following resection
— Low-risk = Mohs or PDEMA, reexcision if feasible, RT for nonsurgical
candidates
— High-risk
¢ Mohs or PDEMA as primary treatment = reresect, RT, or systemic therapy
» Standard excision as primary treatment = Mohs or PDEMA, standard reex-
cision, multidisciplinary consultation, RT or systemic therapy (if
unresectable)
¢ Locally advanced, unresectable, metastatic disease and nonsurgical candidates
— Primary or recurrent nodal metastasis — multidisciplinary consultation
* Surgery = Excision of primary tumor and regional lymph node dissection
« RT
* Systemic therapy = Hedgehog pathway inhibitors (HHI: vismodegib,
sonidegib), cemiplimab-rwlc, clinical trial
— Distant metastases — multidisciplinary consultation
* Systemic therapy = HHI (vismodegib), cemiplimab-rwlc
e RT or surgery for limited disease
 Palliative and supportive care
* Nonoperative Therapy
— Curettage and Electrodesiccation
¢ Does not allow histologic margin assessment
* A five-year recurrence rates 1.8—40% depending on high-risk pathology
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* Contraindications as definitive therapy:
— Areas of terminal hair growth — scalp, pubic or axillary regions, and
beard area — due to potential follicular extension of tumor
— If subcutaneous tissue reached requires surgical excision
— Biopsy of lesion reveals high-risk pathologic features
* Consider on head, neck, and pretibial lesions < 6 mm depth if not candi-
date for Mohs or PDEMA
Cryotherapy
* Poorer cosmetic outcomes
* A five-year recurrence rate 5-39% in prospective trials (NCCN 2023 basal
cell skin cancer)
Topical therapy
* 5-FU
— A five-year DFS 70.0% and cure rates up to 90% in superficial sub-
types [38]
¢ Imiquimod
— Effective for superficial and nodular subtypes
— 82.5% clinical success rate [7, 89]
Photodynamic therapy [6]
¢ Most evidence for superficial and nodular subtype
* Optimal cosmetic outcomes compared to surgery or cryotherapy
¢ Cure rates 60-100% (NCCN 2023 basal cell skin cancer)
Radiation therapy
¢ Primary lesion
— 70-93 Gy for definitive conventional fractionation
— 56-88 Gy for definitive hypofractionation
— A five-year local control rate up to 95% [86]
— A five-year recurrence rate 8.7% [66]
— Efficacy dependent on stage, primary or recurrent, size, and histo-
logic subtype
¢ Lymph node basin
— Clinically negative, at risk — 50 Gy over 5-7 weeks
— Clinically positive — definitive 60—70 Gy over 67 weeks
* Surgical Therapy
— Mohs vs. standard surgical excision
* A five-year recurrence = primary lesions 2.5% vs. 4.1% and recurrent
lesions 2.4% vs. 12.1% [57]
— Mohs
* Allows intraoperative analysis of 100% of excision margin via thin sequen-
tial excisions
* Indications:
— Low-risk lesions with positive margin following standard excision
¢ High-risk lesions (first-line)
* Unable to achieve negative margins with standard excision in high-
risk lesions
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Significant tissue-sparing compared to standard excision (Muller et al.
2009; [83])

PDEMA (see “surgical therapy — squamous cell carcinoma”)
Low-risk

Standard excision

— 4 mm clinical margins

— Cure rates up to 99% [70]

Postoperative margin assessment

— Intraoperative frozen section

— Permanent margin analysis with delayed tissue repair

High risk

Standard excision

— >4 mm clinical margins

— No definitive margin recommendations due to high variability of high-
risk lesions and lack of evidence

— Key: Complete histologic margin assessment

Mohs or other PDEMA methods (preferred)

Reconstruction

Delay reconstruction if significant tissue rearrangements required until
negative histologic margins confirmed

Standard excision = linear repair, skin graft, or healing by secondary
intention

Mohs = complex linear closure, skin flaps, skin grafts, and interpolation
flaps or healing via secondary intention [9]

¢ Adjuvant Therapy
— All adjuvant therapies should be discussed at a multidisciplinary tumor board
— Adjuvant radiation therapy

60-79 Gy for conventional fractionation

56-70 Gy for hypofractionation

Local, low-risk positive margins

— Nonsurgical candidates

Local, high-risk

— Positive margins after Mohs or PDEMA

— Positive margins after standard excision if further resection not feasible
via Mohs or PDEMA

— Negative margins but extensive perineural or large-nerve involvement [52]
¢ 50-60 Gy over 5-6 weeks

Lymph node basin following lymphadenectomy

— Negative margins, no ECE — 50-60 Gy over 5-6 weeks

— Positive margins or ECE — 60-66 Gy over 67 weeks

— Systemic therapy (Table 12.7)

Hedgehog pathway inhibitors (HHIs) (first line)

— Vismodegib (first line)
¢ Recurrence following surgery for locoregional or metastatic disease
* Nonsurgical or radiation therapy candidates



12 Nonmelanoma Skin Cancers

201

Table 12.7 Hedgehog pathway inhibitor and immunotherapy trials for basal cell skin cancer

Trial
ERIVANCE
BCC

BOLT

NCTO03132636
[73]

VISMONEO

Patients

Phase II, non-RCT
Multicenter

104 patients

71 locally advanced BCC
33 metastatic BCC
Vismodegib daily

Phase II, RCT

Multicenter, double-blind

230 patients

194 1aBCC: 66200 mg, 128,800 mg
36 mBCC: 13200 mg, 23,800 mg
and

42 months analysis

Phase II, non-RCT

Multicenter, open-label

84 patients

LaBCC or mBCC progressed or
intolerant to HHI

Cemiplimab every 3 weeks for
93 weeks

Phase II, non-RCT

Multicenter, open-label

55 patients

>1 facial BCC, inoperable or
operable with functional or major
aesthetic sequelae risk
Vismodegib daily 4-10 months +
surgery

Results

LaBCC

3-yr OS 79.4%

PFES 12.9 months

DOR 26.2 months

ORR 60.3%, PR 28.6%, and CR
31.7%

mBCC

3-yr OS 48.5%

PFES 9.3 months

DOR 14.8 months

ORR/PR 48.5%

AEs 100%, grade > 3 55.4-56.3%
LaBCC

200 mg:

ORR 56%, PR 55%, CR 5%, DCR
91%

DOR 26.1 months PFES 22.1 months
800 mg:

ORR 46.1%, PR 44.5%, CR 1.6%,
DCR 82% DOR 23.3 months, and PFS
24.9 months

MBCC

200 mg:

ORR/PR 8%, DCR 92%

DOR 24 months, PFS 13.1 months
800 mg:

ORR/PR 17%, DCR 91%

DOR not estimable, PFS 11.1 months
AEs

200 mg: 98%, grades 3—4 43%
800 mg: Grades 3—4 64%

ORR 31%, PR 25%, CR 6%

DCR 60%

DOR 91% @ 6 months, 85%
12 months

PES 19 months

2-year OS 80%

AEs 100%, grades 3—4 47%

80% had surgical downstaging
ORR 70.9%, PR 45.5%, CR 25.5%,
and

Three-year recurrence 36.4%

AEs 98.2%, grade > 3 20%

(continued)



202

J. M. Lizalek and J. A. Santamaria-Barria

Table 12.7 (continued)

Trial Patients
NCT00957229  Phase II, RCT
[74] Multicenter, double-blind,

placebo-controlled

41 patients

Basal-cell nevus syndrome >10
surgically eligible BCCs
Vismodegib vs. placebo over

3 months comparing new lesion
development

* ERIVANCE BCC trial [69]

Results

Decreased surgically eligible BCCs 2
v 34 per year

Crossover from placebo reduced new
BCCs 0.4 v. 30

Noninterrupted treatment reduced new
BCCs 0.6 vs. 1.7

Two patients developed resistance
AEs

17% tolerated therapy for full

36 months

— Locally advanced BCC (laBCC) and metastatic BCC (mBCC)
— Vismodegib daily until disease progression, unacceptable toxic-

ity, or withdrawal from study

* Adverse events: significant and poorly tolerated
— Treatment-emergent = muscle spasms, alopecia, taste loss, weight
loss, decreased appetite, fatigue, nausea, and diarrhea

— Serious — 25-32%

* Consider the development of drug resistance [22]

— Sonidegib (second-line)

* Recurrence following surgery or radiation therapy
* Nonsurgical or radiation therapy in 1aBCC only, not mBCC

e BOLT trial [53] [23]
— 1aBCC and mBCC

— Sonidegib daily at either dose of 200 mg or 800 mg
* Adverse events: significant and poorly tolerated
* Consider the development of drug resistance

e Immunotherapy
— Cemiplimab-rwlc

* Previous treatment with HHI or when HHI not appropriate

— NCT03132636 trial [73]

— 1aBCC or mBCC progressed on HHI/intolerant
— Cemiplimab every 3 weeks for 93 weeks

* Neoadjuvant Therapy

— Locally advanced disease where surgery associated with significant damage

— VISMONEDO [8]

* Locally advanced facial lesions prior to curative intent surgery via PDEMA
* Vismodegib daily 4-10 months prior to curative operation

» Effective at surgical downstaging
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* Management of Recurrence

Local — see “Choice of Therapy — local disease — high-risk”

Primary or recurrent nodal metastases — see “Choice of Therapy — Locally
advanced, unresectable, metastatic disease, nonsurgical candidates — Primary
or recurrent nodal metastasis”

Distant metastases — see “Choice of Therapy — Distant metastases”

Merkel Cell Carcinoma

¢ Introduction

Merkel cell carcinoma (MCC) is a rare, aggressive cutaneous neuroendocrine
malignancy due to its potential for metastases

Diagnosis is often challenging clinically and requires confirmation via biopsy.
Locally advanced and metastatic disease can be assessed with US, CT, and
MRI PET/CT.

Surgical resection is the cornerstone of management for localized disease.
Sentinel lymph node biopsy of draining lymph node basin is essential for
prognostication.

Locally advanced, unresectable, and metastatic disease may be treated with a
variety of radiation and systemic therapy including immunotherapy and rarely
chemotherapy.

» Diagnosis

Lesions are usually asymptomatic.

History — painless, nontender, rapidly growing lesion
Physical exam findings concerning for metastatic disease
* Cervical, occipital, axillary, or inguinal lymphadenopathy
Differential diagnosis

¢ Cutaneous lymphoma

* Melanoma

¢ Ewing sarcoma

* Neuroblastoma

e Metastatic small cell lung cancer (SCLC)

Risk factors [95]

» Ultraviolet light exposure

¢ Merkel cell polyomavirus

* Increasing age > 65 years old

e Male sex

* Fair skin

¢ Immunosuppression — solid organ transplant

 HIV

* Chronic inflammatory disorders

¢ Lymphoproliferative malignancies
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¢ Evaluation and Clinical Stage
— History and Physical Exam
¢ History focusing on risk factors
¢ Total body skin examination
— Clinical exam findings consistent with MCC [18]
e Variable signs, often misdiagnosed as benign lesion
* Papule
* Plaque
* Cyst-like structures
— Dermoscopy is not definitive but can aid in decision to biopsy
¢ Polymorphous vascular pattern with architectural disruption
¢ Milky-red areas on white sheen
¢ Large-caliber arborizing vessels
* Sharply and poorly focused vessels
¢ Lymph node examination
— Biopsy and Pathology [29]
* Shave, punch, incisional, or excisional biopsy acceptable
» Histopathology
— Dermal tumor with sheets and nests of crowded basaloid cells
— “Salt and pepper” chromatin pattern, indistinct nucleoli, and scant
cytoplasm
¢ Immunohistochemistry critical to diagnostic confirmation
— Cytokeratin 20 (CK2-) — diffuse cytoplasmic and paranuclear dot-like
(sensitive stain)
— Thyroid transcription factor 1 (TTF-1): —in MCC, + SCLC
— Neuron-specific enolase (sensitive stain)
— Synaptophysin
— Chromogranin A — diffuse cytoplasmic (specific stain)
— Merkel cell polyomavirus (MCPyV) oncoprotein antibodies [63]
* Consider assessment of serum MCPyV oncoprotein antibodies within
3 months of treatment
— Seropositive — Serial titers during surveillance to detect recurrence
— Seronegative — Higher risk of recurrence, consider more intensive
surveillance
— Regional lymph node examination
* US can be used as initial assessment of palpable regional lymph nodes
* CT scan with contrast
— Specific but not sensitive for nodal metastases
* FDG PET/CT
— Increased sensitivity for detection of nodal disease compared to CT
— Systemic imaging to evaluate metastatic disease
e CT chest/abdomen/pelvis with contrast (can include head/neck as
indicated)
— Sensitive but not specific
* FDG PET/CT skull to foot
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— Often recommended due to high rate of occult metastases, 12-20%, in
asymptomatic patients [72]
— High sensitivity and specificity
e MRI brain
— Consider for patients suspicious for CNS metastases or those with
widespread metastases
* Biopsy clinically suspicious lesions for locoregional or metastatic disease
— FNA, core needle, or excisional biopsy
— Multidisciplinary consultation
— TNM Clinical and pathologic staging — Tables 12.8 and 12.9
AJCC Prognostic groups — Tables 12.10 and 12.11
¢ Choice of Therapy
— Local disease
* Standard excision preferred 1-2 cm margins, Mohs or PDEMA, or
definitive RT
— Margin + = reexcision preferred, RT alternative
— Margin — and no adverse risk factors = consider observation
— Margin — and adverse risk factors = adjuvant RT
* Sentinel lymph node biopsy (SLNB)
— Negative
* Observation of nodal basin
* Consider adjuvant RT to nodal basin for high-risk false negatives
— Positive
* See “Choice of Therapy — Positive regional lymph nodes”

Table 12.8 Clinical TNM TO No evidence of primary tumor

Staging Classification of Tis In situ primary tumor
Merkel cell carcinoma (AJCC Tl <2cm

8th edition) T2 >2but<5cm

T3 >5cm

T4  Tumor invades fascia, muscle, cartilage, or bone

NO No LN metastasis detected on clinical and/or
radiologic exam

N1 Metastasis in regional LN(s)

N2 Intransit metastasis* without LN metastasis

N3 Intransit metastasis* with LN metastasis

MO No distant metastasis on clinical and/or radiologic
examination

M1 Distant metastasis detected on clinical and/or
radiologic examination

Mla Metastasis to distant skin, distant subcutaneous
tissue, or distant LN(s)

MI1b Metastasis to the lung

Mlc Metastasis to all over visceral sites

*Discontinuous from primary tumor located between primary
tumor and draining regional nodal basin or distal to the
primary tumor
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Table 12.9 Pathologic TNM staging classification of Merkel cell carcinoma (AJCC 8th edition)

TO No evidence of primary tumor

Tis In situ primary tumor

T1 <2cm

T2 >2 but <5 cm

T3 >5 cm

T4 Tumor invades the fascia, muscle, cartilage, or bone

NO No regional LN metastasis detected on pathologic evaluation

N1 Metastasis in regional LN(s)

Nla(sn) Clinically occult regional LN metastasis identified only by SLNB

Nla Clinically occult regional LN metastasis following LN dissection

Nl1b Clinically and/or radiologically detected regional LN metastasis, microscopically
confirmed

N2 Intransit* metastasis without LN metastasis

N3 Intransit* metastasis with LN metastasis

MO No distant metastasis detected on clinical and/or radiologic examination

Ml Distant metastasis microscopically confirmed

Mla Metastasis to distant skin, distant subcutaneous tissue, or distant LN(s),

microscopically confirmed
MIlb Metastasis to the lung, microscopically confirmed
Mlc Metastasis to all other distant sites, microscopically confirmed

“Discontinuous from primary tumor located between primary tumor and draining regional nodal

Table 12.10 Clinical prognostic stage groups for Merkel cell carcinoma (AJCC 8th edition)

T N M
Stage 0 Tis NO MO
Stage I T1 NO MO
Stage IIA T2-T3 NO MO
Stage 1IB T4 NO MO
Stage 111 TO-T4 N1-N3 MO
Stage IV TO-T4 Any N Ml

Table 12.11 Pathologic prognostic stage groups for Merkel cell carcinoma (AJCC 8th edition)

T N M
Stage 0 Tis NO MO
Stage 1 T1 NO MO
Stage I11A T2-T3 NO MO
Stage 1IB T4 NO MO
Stage IITA T1-T4 Nla(sn) or Nla MO

TO Nl1b MO
Stage 111B T1-T4 N1b-3 MO

Stabe IV TO-T4 Any N Ml
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— Positive regional lymph nodes

Excision of primary tumor +

— Lymph node dissection + RT

— Lymph node dissection or RT

— Consider clinical trial for adjuvant therapy

Consider neoadjuvant immunotherapy prior to surgical excision for large
locally advanced or clinical bulky nodal disease

— Locally advanced unresectable, metastatic disease, or nonsurgical candidate

RT, systemic therapy, clinical trial, and excision for limited metastases

* Nonoperative Therapy
— Radiation therapy

Local disease, surgery refused, unresectable disease; MCC is very radio-

sensitive (NCCN Merkel Cell 2023)

— 60-66 Gy for definitive dose

— Schedule and fractionation to be determined by radiation oncologist

— Median OS = 25 months, 5-year OS = 32%, 8-year OS = 25% for stage
I/stage 11 [93]

Locoregional disease (NCCN Merkel Cell 2023)

Consider irradiation of intransit lymphatics of primary site close to

nodal basin

Clinically node-negative, at risk for subclinical disease — 4650 Gy

Clinically node-positive — 60-66 Gy

Median OS = 15 months, 5-year OS = 19%, 8-year OS = 16% [93]

* Surgical Therapy

Stage I/stage II: Median OS = 76 months, 5-year OS = 61%, 8-year OS =
42% [93]

Stage III: Median OS = 30 months, 5-year OS = 34%, 8-yearr OS = 21% [93]
Wide local excision (WLE)

1-2-cm clinical margins to investing muscle fascia or pericranium

— Sensitive areas such as the face, scalp, and ears may be unable to achieve
2-cm margins without significant morbidity

Consider feasibility of primary closure to expedite adjuvant radia-

tion therapy

Margin size in stage I/stage II [4]

— <£1.0 cm: Median OS = 69 months

— 1.1-2.0 cm: Median OS = 95 months

— >2.0 cm: Median OS = 91 months

Mohs or PDE-A — See “Squamous cell carcinoma — Surgical therapy —
Mohs/PDEMA”

Can be considered in select cases for margin control
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¢ Similar rates of recurrence and survival

Stage I/stage II: Mohs vs. WLE [71]
Three-year overall survival = 65.1% vs. 68.1% (p = 0.841)

* Benefit: complete histologic margin assessment
— Sentinel lymph node biopsy
¢ Indicated in all patients with clinically node-negative disease

SLN positivity 30—40% [33, 67]

* Predictors of SLN positivity [48]

Primary site — head and neck

Presence of lymphovascular invasion, which portends worsened
outcomes

Tumor size

Immunosuppression — history of chronic lymphocytic leukemia (CLL)
and solid organ transplant

* Positive SLN requires imaging to quantify regional and distant meta-
static disease
» False-negative rate up to 21% [32]
— Lymphadenectomy (LND)
 Indications — Clinical node (+) and pathologic node (+) after SLNB
¢ Provides optimal control of regional disease
* Retrospective data — Increased DFS (28.5 months vs. 11.8 months) but no
effects on overall survival [35]
— Reconstruction
* Delay until negative histologic margins are verified and SLNB performed
e Primary closure should be chosen, if possible, to allow for expeditious
initiation of adjuvant radiation therapy
¢ Adjuvant Therapy
— All adjuvant therapy should be discussed at a multidisciplinary tumor board
* Postoperative adjuvant radiation therapy

Primary site — Negative resection margins — 50-56 Gy
* Margin size in stage I/stage II with adjuvant radiation therapy [4]
- <£1.0cm (p =<0.001)
* + RT: Median OS = 84 months
e — RT: Median OS = 56 months
— 1.1-2.0 cm (p=0.046)
* + RT: Median OS = 125 months
e — RT: Median OS = 84 months
» Stage I/stage II: A two-year recurrence-free survival in RT vs. obser-
vation [39]
— Local = 89% vs. 36%
— Regional = 84% vs. 43%
» Stage I/stage II: guideline-concordant RT vs. observation [90]
— A five-year OS =75.7% vs. 68.2% (p = <0.005)
e Adverse risk factors guiding preference for radiation
— Primary tumor > 1 cm
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— Chronic T-cell immunosuppression
- HIV
- CLL
— Solid organ transplant
— Head/neck primary site
— Lymphovascular invasion
e Primary site -  Microscopically  positive  resection
margins — 56-60 Gy
* Primary site — Grossly positive resection margins and further resec-
tion not possible — 60-66 Gy
* Lymph node basin without SLNB or LND
— Clinically node-positive — 60—-66 Gy
— Clinically node —negative, but at risk for subclinical disease (See
“Adverse risk factors) — 46-50 Gy
* Lymph node basin with SLNB without LND
— SLN negative — observation (See “Adverse risk factors™)
— SLN positive — 50-56 Gy
* Microscopic nodal disease = small metastatic foci, no ECE
— A three-year OS observation vs. RT = 49.2% vs. 70.5% [19]
* Lymph node basin after LND — 60-66 Gy
— Multiple involved nodes and/or ECE
— A three-year OS LND vs. LND + RT =52.9% vs. 79.5% [19]

— Systemic therapy (Table 12.12)
Regional disease

Clinical trial
Adjuvant chemotherapy not routinely recommended

Recurrent locally advanced or regional disease

Pembrolizumab — if curative surgery or curative RT are not feasible
Retifanlimab-dlwr — patient not amenable to surgery or RT

Disseminated metastatic disease

Clinical trial
Avelumab
* JAVELIN Merkel 200 [20, 21, 40]
— Chemotherapy-refractory metastatic MCC
— Treatment-naive metastatic MCC
— Avelumab infusion every 2 weeks
Nivolumab
¢ CheckMate 358 trial [77]
— MCC with < 2 prior therapies
— Nivolumab every 2 weeks until disease progression or response
Pembrolizumab
 KEYNOTE-017 [60]
— Distant metastatic or recurrent locoregional MCC
— Pembrolizumab every 3 weeks for <2 years
Retifanlimab-dlwr
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Table 12.12 Immunotherapy trials and responses for Merkel cell carcinoma

Trial
JAVELIN Merkel
200 [20, 21, 40]

CheckMate 358
(NCT02488759)
[77, 78]

KEYNOTE-017
(NCT02267603)

POD1UM-201
(NCT03599713)

Patients

Phase Il non-RCT

Multicenter, open-label

88 patients

Metastatic chemo-refractory
MCC

Avelumab every 2 weeks

116 patients

Treatment-naive metastatic MCC
Avelumab every 2 eeks

Phase I/phase II non-RCT
Multicenter, open-label

25 patients

MCC with <2 prior therapies
Nivolumab every 2 weeks

39 patients
Resectable stage IIA-IIIB MCC
Nivolumab x2 doses + surgery

Phase II non-RCT
Multicenter, open-label

50 patients

Unresectable MCC
Pembrolizumab every 3 weeks
for <2 years

Phase II non-RCT

Multicenter, open-label

65 patients
Chemotherapy-naive metastatic
or recurrent unresectable
locoregional MCC
Retifanlimab every 4 weeks for
<2 years

Results

OS 12.6 months

5-year OS 26%

ORR 31.8%, PR 22.7%, CR 9.1%
AEs 70%, grade 3 5%

OS 20.3 months

PES 4.1 months

Response lasting >6 months 30.2%
ORR 39.7%, PR 23.3%, CR 16.4%
AEs 81%, grades 3—4 18.1%
Response rates higher in those with
MCPyV-negative tumors

3-month OS 92%

3-month PFS 82%

ORR 68%, PR 55%, CR 14%

AEs 68%, grades 3—4 20%

47.2% pCR, 15.4% MPR

87.9% had some radiographic tumor
reduction

54.5% tumor reduction >30%

RFS 12 and 24 months = 77.5% and
68.5%

(+) MPR/pCR vs. (=) MPR/pCR

12 months 100% vs. 50%

24 months 88.9% vs. 50%

OS 12 and 24 mo = 93.2% and 79.4%
(+) MPR/pCR

12 months 100%

24 months 88.9%

AEs 46.2%, grades 3—4 7.7%

3 patients did not undergo surgery
3-year OS 59.4% (for

responders = 89.5%), median OS not
reached

3-year PFS 39.1%, median PFS

16.8 months

ORR 58%, PR 28%, CR 30%

AEs 98%, grade > 3 30%

ORR 46.2%, PR = 33.8%, CR 12.3%
DCR 53.8%

AEs 75.9%, grade > 3 42.5%
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* PODIUM-201 [31]
— Metastatic or recurrent unresectable locoregional metastatic MCC
— Retifanlimab every 4 weeks for <2 years

— Cytotoxic chemotherapy (rare)

* Overall response rates 40-60%

* Median duration of response = 2-9 months

 Cisplatin + etoposide (most common)

» Carboplatin + etoposide (most common)

* Cyclophosphamide, doxorubicin, and vincristine

* Topotecan

¢ Neoadjuvant Therapy (Table 12.12)
— CheckMate 358 trial — Nivolumab led to increased pCR (47.2%) and major

pathologic response (15.4%) which was significantly associated with
recurrence-free survival [78]

* Management of Recurrence

Local — Consider clinical trial

* Systemic therapy + RT =+ surgical resection

Regional — Consider clinical trial

* Systemic therapy + RT =+ surgical resection

Distant metastases — See “Choice of therapy — Locally advanced unresectable,
metastatic disease, or nonsurgical candidate”

Dermatofibrosarcoma Protuberans

¢ Introduction

Dermatofibrosarcoma protuberans (DFSP) is rare cutaneous soft tissue sar-
coma which is locally aggressive.

Diagnosis obtained via biopsy.

5-10% of DFSPs have high-grade sarcomatous component and are consid-
ered an intermediate or high-grade sarcoma (DFSP-FS).

Metastases are rare (<5%) but local recurrences are common.

MRI can be used to assess degree of subcutaneous tissue involvement

>90% of DFSPs are caused by a translocation between chromosomes 17 and
22 causing a fusion protein transcript PDGFB/COLIAI with autocrine
PDGFBR tyrosine kinase activation.

Surgical resection is the standard of care with options for radiotherapy as well
targeted therapy for locally advanced or recurrent disease.

Diagnosis

Symptoms may include ulceration, bleeding, and pain.
History — Small skin plaque that enlarges over months or years, becomes
large, and protrudes as a skin nodule with fast growth
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— Differential diagnosis

Dermatofibroma
Keloid

Lipoma

Abscess

— Risk factors

Male gender
African American race
Prior trauma or scar

¢ Evaluation and Clinical Stage
— History and physical exam [85]

Total body skin examination

— Pink, violaceous, or reddish-brown

— Single lesion but possible satellite nodules
— Irregular borders or fingerlike extensions
Regional lymph node evaluation

— Biopsy and Pathology

Core needle, punch, or incisional biopsy to ensure sampling of subcutane-

ous tissue

Subtypes

— Giant cell fibroblastoma, pigmented, atrophic, sclerosing, myxoid,
myxoid, granular cell, and fibrosarcomatous transformation

Histopathology

— Spindle cells with low mitotic activity arranged in storiform or fascicu-
lar pattern with minimal pleomorphism

— DFSP-FS: herringbone pattern, increased cellularity, high pleomor-
phism, and mitotic rate >5/10 hpfs
— Treat as true sarcoma

Immunohistochemistry

— CD34+, vimentin+

— Factor XIIIA-, desmin -, smooth muscle actin-, S100-, keratin-

Consider fluorescence in situ hybridization (FISH), and polymerase chain

reaction (PCR) to detect t(17;22)(q22;q13) translocation for diagnostic

confirmation

— Clinical imaging

MRI
— Preoperative planning
— Determine extent of subcutaneous extension

¢ Choice of Therapy (NCCN DFSP)
— Resectable disease

Mohs or PDEMA or wide local excision (WLE)
Positive margins + candidate for reresection

— Mohs or PDEMA or WLE

Positive margins + noncandidate for reresection
— Consider radiation therapy
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— Borderline resectable disease
* Consider neoadjuvant therapy
¢ Mohs or PDEMA, WLE, and radiation therapy
— Unresectable or metastatic disease
* Systemic targeted therapy, radiation therapy, and multidisciplinary
consultation
* Surgical Therapy
— No definitive resection margin, but goal is clear surgical margins
* Classically margins of 2-3 cm
» Relative risk reduction of 83% when resection margin >3 cm [15]
— >3 cm margins = 3.9% recurrence
— <3 cm margins = 23.1% recurrence
— Mohs or PDEMA (first-line) — See “Squamous cell carcinoma — Surgical
therapy — Mohs/PDEMA”
¢ Preferred method to prevent missing small foci of tumor
¢ Real-time histologic assessment of peripheral and deep margins limits
overall tissue defect
¢ Local recurrence rate [49]
— DFSP + DFSP-FS = 1.5%
— DFSP=1.5%
— Wide local excision
* Inability to perform complete histologic assessment of margins
¢ Local recurrence rate [49]
— DFSP + DFPS-FS =9.4%
— DFSP=8.1%
¢ Median excision margin of 2 cm cm with total peripheral margin patho-
logic evaluation [25]
— 0.9% recurrence rate at median follow-up of 64 months
— Can consider combination for Mohs or PDEMA technique for peripheral mar-
gin clearance and WLE for deep margin clearance
* 57 patients treated with staged Mohs of peripheral margin and WLE of
deep margin and no recurrence at 3 years [14]
— Reconstruction
 Tissue rearrangement delayed until complete histologic margin assessment.
* If concern for positive histologic margins, split thickness skin grafting is
recommended to monitor for recurrence instead of tissue rearrangement.
¢ Adjuvant Therapy
— All adjuvant therapies should be discussed at multidisciplinary tumor board.
* Postoperative adjuvant radiation therapy (NCCN DFSP)
— Positive margins or recurrence or metastasis
* Indeterminate or positive margins — 50-60 Gy
 Positive margins or gross tumor — up to 66 Gy
¢ Recurrence rate after WLE + RT = 14.23% [17]
— Negative margins
* Consider if margins < 1 cm
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¢ Recurrence rate after WLE + RT = 0% [17]
— Disease-free recurrence: 86% at 10.5 years [88]
— 5-year OS = 100% for RT for positive margin or possible local recur-
rence [11]
* Targeted therapy
— Imatinib
¢ Locally advanced or metastatic disease
¢ Systematic review [59]
— ORR =60.5%, PR =55.2%, CR 5.2%
— DCR =27.6%
¢ Neoadjuvant Therapy
— Imatinib
» Consider for unresectable or borderline resectable disease
* Phase II nonrandomized trial (DeCOG) — 16 patients with advanced pri-
mary or locally recurrent disease received imatinib + surgery [82]
— PR =50%, CR =7.1%, DCR = 35.7%, progressive disease 14.3%
— No local recurrence at 6.4 years
* Management of Recurrence
— Local — See “Choice of therapy — resectable and borderline resectable disease”
— Metastasis — multidisciplinary consultation

Malignant Cutaneous Adnexal Tumors

* Rare, associated with germline mutations
* A ten-year overall survival and disease-specific survival, 54% and 97% [50]
¢ Eccrine and apocrine gland tumors
— Porocarcinoma — head/neck and lower extremities in older patient
¢ Tx: WLE, lymph node dissection for clinically positive LNs
— Adenoid cystic carcinoma — Rx: WLE
— Mucinous carcinoma and endocrine mucin-producing sweat gland carcinoma
* Scalp, eyelids, and axilla
¢ Endocrine mucin-producing sweat gland carcinoma can be precursor to
mucinous carcinoma — on or near eyelid
— Microcystic adnexal carcinoma occurs on central face
* WLE/Mohs +/— RT
— Digital papillary adenocarcinoma occurs on volar surface of digits of the
hands and feet
e Rx: WLE or digital amputation
— Extramammary Paget disease
e Primary cutaneous or secondary cutaneous involvement of GI or GU
carcinoma
— Cutaneous cribriform carcinoma — low-grade sweat gland carcinoma on upper
and lower extremities
* Surgical excision
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— Cutaneous secretory carcinoma — low-grade sweat duct carcinoma
* Surgical excision
Follicular tumors
— Trichoblastic carcinoma — Rx: WLE
— Trichilemmal carcinoma — Sun-exposed surfaces of older adults
* Rx: WLE/Mohs
— Pilomatrix carcinoma — High-rate of local recurrence
* Head and neck
e Rx: WLE >2 cm or Mohs
— Sebaceous carcinoma — head and neck, periocular
¢ Rx: excision with PDEMA, nonsurgical candidate can receive RT or
chemo; consider immunotherapy, +LNs require biopsy
Cutaneous leiomyosarcoma
— More indolent course compared to other soft tissue sarcoma and low rate of
metastasis
— Recurrence dependent on depth of invasion, higher if into subcutaneous tissue
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Michael Sestito, Britney Niemann, and Brian A. Boone

Introduction

» Pancreatic adenocarcinoma (PDAC) is a systemic disease

* Requires BOTH systemic therapy and surgical removal for best chance of cure or
cancer control

* Tenth most common cancer in the United States

» Fourth leading cause of cancer-related death

* Five-year survival in United States is 10-12% [1-3]

* 80% of patients have metastatic or unresectable disease at diagnosis

* Genetic progression from pancreatic intraepithelial neoplasia to invasive ductal
adenocarcinoma [4, 5] involves these mutations, among others:
— KRAS (90-95%)
— CDKN2A (80%)
— P53 (80%)/SMAD4 (50-55%)

Diagnostic Workup

* Imaging [6, 7]
— Multiphase contrast-enhanced CT
* Arterial, pancreatic parenchymal, and portal venous phases
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¢ Pancreatic parenchymal phase — acquired after the arterial phase and
before the portal venous phase to optimize the visual contrast of enhanced
pancreatic parenchyma and hypoattenuating tumor

e Portal venous phase — liver metastases may appear as hypoattenuat-
ing lesions

MRI of abdomen with contrast

» Equally sensitive and specific for staging as CT

* Cost and availability limit use

¢ Primarily used to evaluate isoattenuating pancreatic and liver lesions

EUS

¢ Primarily used to obtain a biopsy sample via FNA

e Complementary to CT and MRI for staging, should not be primary staging
modality

PET-CT

» Evaluate for metastatic disease when high risk or suspected (nonspecific
liver abnormality, high Ca 19-9, etc.)

« CA199

Sialylated Lewis A blood group antigen

Baseline level is a prognostic biomarker

Prognosis also associated with response after systemic therapy and surgical

resection [8]

Not useful if Lewis blood group negative (5—10% of population)

Nonspecific — may be elevated by other malignancies and benign biliary dis-

ease (e.g., cholangitis, biliary obstruction)

Should recheck if obtained in the setting of jaundice or hyperbilirubinemia

once those conditions have resolved (such as after biliary stent)

Low PPV - should not be used for cancer screening (0.9%) [9]

NCCN recommends measurement of CA 19-9 at baseline, after neoadjuvant

therapy, prior to adjuvant therapy, and for surveillance [10]

CA 19-9 >500 units/mL suggests occult metastatic disease - supports neoad-

juvant therapy even in resectable disease [11]

>50% decrease in CA 19-9 after neoadjuvant therapy associated with

improved RO resection rate and overall survival in borderline resectable [12]

Change in CA 19-9 is useful in evaluating benefit of treatment [13]

Prognostic marker for postresection survival:

* In resectable disease, median survival after operation is higher if CA 19-9
level <180 U/mL [14]

* Low CA 19-9 associated with longer DFS after adjuvant therapy (26
months vs 16.7 months) [15]

¢ Tumor biopsy and biliary brushing

Pathologic diagnosis is required prior to administration of neoadjuvant
therapy.

If original biopsy not definitive, repeat biopsy should not delay attempt at
surgical removal if resectable disease and cancer is highly suspected.
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Pathologic confirmation preferred when higher-risk patient for operation or

imaging suggests alternate diagnosis such as chronic pancreatitis or autoim-

mune pancreatitis.

Biopsies should target lesions that provide highest stage of disease (suspected

metastatic lesions).

EUS-FNA (preferred modality) — sensitivity 90.8% and specificity 96.5% [16]

* Biopsies prone to sampling error.

e Pancreatic tumors are densely fibrotic with relatively sparse tumor cell
clusters.

ERCEP biliary brushings — sensitivity 40-60%, specificity >98% [17]

¢ May be performed if in need of concurrent biliary decompression

¢ Not used for diagnosis alone without biliary obstruction due to the risk of
pancreatitis and inferior sensitivity

Percutaneous CT- or US-guided biopsy — rarely performed for pancreatic tis-

sue sampling

* Genetic Testing

Genetic basis of inherited predisposition not known in most cases.

Eighty percent of patients with family history of pancreatic cancer have no
known genetic cause [18].

One first-degree relative with pancreatic cancer raises risk 4.6-fold.

Two affected first-degree relatives raise the risk 6.4-fold [19].

NCCN guidelines recommend genetic testing of hereditary cancer syndromes
for any patient with confirmed pancreatic cancer:

e Targeted treatment options may be available.

* Genetic counseling recommended when testing positive [10] (Table 13.1).

» Staging Laparoscopy

Not universally accepted — reasonable in select patients

Consider prior to neoadjuvant treatment in high-risk patients (suspicious
imaging for abdominal metastatic disease or markedly elevated CA19-9)
May increase accuracy of resectability status [20]

Table 13.1 Genetic syndromes associated with PDAC [10]

Risk relative to

Genetic mutation Syndrome Cumulative risk general population
STK11 Peutz-Jeghers Syndrome 11-36% by age 70 130-fold increase
PRSS1, SPINK1, Familial pancreatitis 40-50% by age 75 25-85-fold increase
and CFTR

CDKN2A Familial atypical mole and 14% by age 70 >40-fold increase

multiple melanoma syndrome

BRCA1/BRCA2  Hereditary breast and ovarian 1.5% (female), Tenfold increase

cancer 2-4% (male)

MLHI, MSH2, Lynch syndrome 4% by age 70 Tenfold increase
and MSH6
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Assessment of Primary Tumor [6, 10, 21, 22]

 First determine presence or absence of metastatic disease.
e Primary tumor resection status — resectable, borderline, or locally advanced
unresectable.
— Table 13.2 — NCCN definition of resectable and borderline resectable
* More extensive disease than outlined in the table indicates locally
advanced/unresectable disease.
e Other published standards for resection status may vary (MD Anderson
Cancer Center [22] and Society for Surgery of the Alimentary Tract [21]).
e CT PPV for locally advanced unresectable (89-100%); PPV for resectable
is 45-79%.

Table 13.2 Resectability status of pancreatic cancer

Resectable Borderline
Venous®
SMV or < 180° contact without < 180°contact with contour irregularity or
Portal Vein contour irregularity thrombosis
>180° contact
No involvement of first jejunal
vein branches draining SMV
T __ 2 ¢ < //
IvC --- Any contact
Arterial
Celiac Axis - < 180° contact
SMA < 180°contact @
Common - Contact allowing for safe and complete resection
Hepatic and reconstruction?
Variant = Any contact with variant anatomy
anatomy

Created in BioRender. Henderson, E. (2024) BioRender.com/m85s584
“Must be able to resect and reconstruct
"Without extension to celiac axis or the hepatic artery bifurcation
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Neoadjuvant Treatment

 First define as resectable, borderline, or locally advanced to be clear about goal
of preoperative therapy.

» Histologic confirmation of disease is required prior to initiation of chemother-
apy, not necessarily required in a surgery first approach.

* Neoadjuvant therapy for resectable disease:

— Increasingly used at select institutions

— Data less clear to support role in this population

— Not recommended by NCCN guidelines except with clinical trial or high-risk
patient (large primary tumor, markedly elevated CA19-9, highly symptom-
atic, bulky lymph nodes) [10]

— Advantages:

* Surgical complications and difficult postoperative recovery can delay or

preclude receipt of systemic treatment in up to 40% of patients [23].

* Early treatment of occult metastatic disease [24]

» Evaluate histopathologic response to preoperative treatment [25]

* Opportunity to change therapy if lack of response [26]

¢ Possible decrease in tumor size, increased likelihood of RO resection, and
reduction in number positive nodes [27, 28].

Disadvantages

* Inability to operate on the primary tumor if progression to unresectable.

* Chemotherapy-related complications result in surgical delay.

* PREOPANC trial — phase III randomized trial, n = 246 [29]

— Resectable AND borderline resectable randomized to surgery and adjuvant
chemotherapy (n = 127) or neoadjuvant chemotherapy and chemoradiation
(n=119)

— Median OS - 15.7 months for neoadjuvant group vs 14.3 months for adjuvant
group (p =0.025)

— RO resection rate — 72% vs 43% (p < 0.001)

— Of patients who underwent resection, neoadjuvant survival 33.7 months vs
17.3 months (p = 0.029)

* Preferred Regimens:

— FOLFIRINOX or gemcitabine + albumin-bound paclitaxel

— FOLFIRINOX or gemcitabine + cisplatin (BRCA 1/BRCA 2 or PALB2
mutations)

» Radiologic response after neoadjuvant therapy may not correlate with pathologic

response [6].

* Timing of surgery: 4-8 weeks following neoadjuvant completion
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Surgical Technical Approach

Obstructive Jaundice

May proceed with operation in setting of jaundice and resectable tumor

— Total bilirubin < ~8—10 mg/dL.

— Preoperative biliary drainage may increase rate of serious complications [30].

— Preoperative biliary decompression is indicated if cholangitis, coagulopathy,
severe bilirubin elevation, and anticipated delay in surgery.

Preoperative biliary stenting is needed prior to neoadjuvant therapy.

Self-expanding metal stent (SEMS) is preferred over plastic stents — improved

patency rate and less migration [31]

Pancreatoduodenectomy (Whipple) [10]

Careful review of preoperative imaging to evaluate for aberrant anatomy, par-

ticularly replaced right hepatic artery

Intraoperative staging to assess for liver or peritoneal metastases

Six steps of pancreatoduodenectomy (resection) [32] (order of steps may vary)

1. Entry into lesser sac, separation of colon, and mesentery from duodenum and
identification of infrapancreatic superior mesenteric vein (SMV)

(a) May require mobilization of right colon and hepatic flexure.

(b) Some surgeons ligate right gastroepiploic vein at this stage.

2. Extended Kocher maneuver — elevate lymphatic and fatty tissue anterior to
the IVC and extend dissection to left renal vein

3. Division of distal stomach or first portion of duodenum if pylorus preservation

4. Dissection of porta hepatis:

(a) Remove hepatic artery node and ligate right gastric artery.

(b) Clamp gastroduodenal artery (GDA) before division to check for celiac
stenosis and retrograde flow — if found may abort case or consider arte-
rial bypass.

(c) Expose suprapancreatic portal vein (PV).

(d) Cholecystectomy and divide common hepatic duct — manual palpation to
check for replaced right hepatic artery posterior to bile duct.

(e) Create tunnel under the neck of pancreas overlying PV/SMV confluence.

5. Division of jejunum and all attachments at ligament of Treitz followed by
ligation of jejunal mesentery and duodenal mesentery to near level of pan-
creas head

6. Division of pancreas neck and retroperitoneal dissection — identify and pre-
serve first jejunal branch when dividing connective tissue between uncinate
process and lateral border of SMA (this is most common positive margin due

to tumor spread along perineural autonomic plexus) [33, 34] (Table 13.3).
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Table 13.3 Representative images demonstrating tumor involvement with vasculature

‘ ‘ Schematic Representative image
Venous*

Contour
irregularity

SMV
thrombus

Encasement
and
impingement
of PV

Arterial

SMA
abutment
with tumor

Variant
anatomy:
CHA arising
from SMA
with tumor
abutment

Created in BioRender. Henderson (2024) BioRender.com/m85s584
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* Reconstruction
— Pancreaticojejunostomy:

e Common approach to outer layer — transpancreatic horizontal mattress
sutures placed 1-2 cm from the cut edge of the pancreas followed by sero-
muscular bite of jejunum and then passing needle back through pancreas.

* Consider a probe or stent in duct to prevent occlusion during outer layer sutures.

e Interrupted duct-to-mucosa layer between pancreatic duct and small
enterotomy.

¢ Return to the outer layer by completing more seromuscular jejunal bites to
bring bowel wall over anterior surface of pancreas [35, 36].

— Hepaticojejunostomy - single layer with absorbable suture, running or
interrupted

— Gastrojejunostomy (GJ) or duodenojejunostomy — stapled or handsewn for GJ

— Drain(s) around HJ and PJ

Vein Resection

* Not a contraindication to resection especially after neoadjuvant therapy

e Comparable outcomes including long-term survival to surgery without vein
resection [37, 38]

* Classified by ISGPS:
— Partial resection with direct closure or patch venoplasty (types 1 and 2)
— Segmental resection with primary venous anastomosis or interposition con-

duit (types 3 and 4) [39] (Fig. 13.1)

» Postoperative imaging changes after venous resection may be confused for recur-

rent disease [40].

Arterial Resection

* Generally considered locally advanced unresectable; few advocates for its use
[41,42]

* Increased perioperative mortality [OR 5.04; p < 0.0001] and poor survival at one
year (49%) [43]

Distal pancreatectomy with en bloc celiac axis resection (DP-CAR); modified
Appleby procedure:

* Operation involves division of celiac artery — common hepatic artery flow main-
tained by retrograde flow-through GDA.

* Contraindications include tumor involvement of GDA or base of celiac at aorta.

* Outcomes superior at high-volume centers [44].
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Fig. 13.1 (a) Head of pancreas mass invading portal vein. (b, ¢) Partial resection with direct clo-
sure and patch venoplasty (types 1 and 2). (d—f) Segmental resection with primary venous anasto-
mosis (type 3) and interposition graft with vein and synthetic graft (type 4). PV, portal vein; SV,
splenic vein; and SMYV, superior mesenteric vein; (Graphics illustrated by Emily Henderson and
created with BioRender.com)

Q

e Complications (overall rate 40%) include chyle leak (16%), gastric, or liver
ischemia
¢ Median overall survival 19 months [45, 46].

Intraoperative Radiation (IORT)

* Has been used for patients with borderline resectable disease to treat close or
positive margins [47]

* Delivered prior to reconstruction to avoid radiation to anastomotic structures

* Dose of radiation varies from 10 to 20 Gy depending on resection status and field
geometry

Other Considerations

 Elderly patients with poor performance status have worse outcomes [48].

* Reasonable alternative to surgical resection in high-risk patients without meta-
static disease is a stereotactic body radiation therapy (SBRT). [49]

¢ Lymphadenectomy [50] (Table 13.4)

* Pancreaticoduodenectomy — stations 5, 6, 8a, 12b1, 12b2, 12¢ 13a, 13b, 14a right
lateral side, 14b right lateral side, 17a, and 17b.
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Table 13.4 Pancreatic cancer TMN staging (AJCC 8th edition) [90]

T stage—primary tumor

Tx Tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor <2 cm in greatest dimension
Tla Tumor <0.5 cm in greatest dimension
T1b Tumor >0.5 cm and < 1.0 cm in greatest dimension
Tlc Tumor 1-2 cm in greatest dimension
T2 Tumor >2 cm and < 4 cm in greatest dimension
T3 Tumor >4 cm in greatest dimension
T4 Tumor involves the celiac axis, superior mesenteric artery, and/or common

hepatic artery
N stage—regional lymph nodes

Nx Regional lymph nodes cannot be assessed
NO No regional LN metastases

N1 Cancer in 1-3 LNs

N2 Cancer in >4 LNs

M stage—distant metastasis

MO No distant metastasis

M1 Distant metastasis

» Distal subtotal pancreatectomy — stations 9, 10, 11, and 18.
* Adequate staging requires >15 nodes.
* No benefit to extended lymphadenectomy [51].

Complications After Operation

* Outcomes superior for pancreaticoduodenectomy with high-volume surgeon and
hospital [52]

* 30-40% complication rate for Whipple [53]

* Delayed gastric emptying — 15-20% [54] — incidence unaffected by classic vs
pylorus-preserving pancreaticoduodenectomy [55]

» Pancreatic leak or fistula — at least 10% (wide range reported)
— Drain output of any measurable volume on or after postoperative day 3 with

amylase >3 times upper limit of normal [56-58]

* Grade A — biochemical leak only without clinical impact, can be dis-
charged with a drain, but removed <21 days postoperatively

* Grade B — change in management such as NPO with TPN, often discharged
with drains and possibly antibiotics or somatostatin analogues, may require
drainage for extended period (>21 days)

* Grade C - significant clinical deterioration requiring intensive care unit,
may have sepsis and organ dysfunction, may require interventions such as
percutaneous drainage, and attempted repair of leak or completion
pancreatectomy

* High-output fistula = more than 200 ml/day
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— Risk factors for leak = soft pancreatic parenchyma, small pancreatic duct
(<4mm), nonpancreatic adenocarcinoma indication for surgery, high BMI,
and arterial vascular disease [59]
¢ Endocrine and Exocrine Insufficiency
— Risk of new-onset diabetes following pancreaticoduodenectomy -
12-20% [60]
— Exocrine insufficiency requiring supplementation — up to 36% [61]
* Hemorrhage [62]
— Early — within 1-2 weeks of operation
¢ Most worrisome cause is gastroduodenal artery bleed or pseudoaneurysm,
most often in setting of pancreatic leak.
¢ May present as gastrointestinal bleed due to blood entry into bowel through
anastomotic dehiscence.
* Obtain urgent CT angiogram or straight to angiography if unstable.
¢ Intervention most commonly coiling or covered metal stent.
— Bleeding anastomosis, gastritis, or marginal ulceration also possible
— Late (>2 months, may occur many years later) — most common cause is mar-
ginal ulcer at gastrojejunostomy anastomosis, treated with endoscopy inter-
ventions and proton pump inhibitors

Adjuvant Therapy

* Consider restaging imaging and repeat CA 19-9 level before initiation [10].
* Superior outcomes if initiation within 12 weeks of resection.
¢ Completion of six total months associated with improved survival [63, 64].
» Total therapy goal is six months when perioperative (pre and post) strategy used
(e.g., 2 months neoadjuvant + 4 months adjuvant) [65]
¢ Regimens:
— No neoadjuvant therapy:
* Modified FOLFIRINOX — patients with optimal performance status
* Gemcitabine + capecitabine vs gemcitabine + nab-paclitaxel — unable to
tolerate FOLFIRINOX or less fit patients
— Following neoadjuvant therapy — tailored based on response to neoadjuvant
therapy.
— Chemoradiation is also an option in the adjuvant setting [66].
— Benefit of adjuvant chemotherapy greater after RO resection [67].

Landmark Trials:
ESPAC-1: [68]

e Compared chemoradiation (5-FU, 20 Gy) vs chemotherapy (5-FU) vs both vs
observation. N = 541
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A five-year survival significantly less in chemoradiotherapy than other groups
(10% vs 20%; p= 0.05)

A five-year survival significantly more in chemotherapy group (21% vs 8%;
p <0.009)

Takeaway: chemotherapy as opposed to chemoradiation provided overall sur-
vival benefit in adjuvant setting (Table 13.5)

CONKO-001: [69]

Compared chemotherapy (gemcitabine x6 cycles for 6 months) vs observation
group. N=354

DFS significantly improved in treatment group, 13.4 vs 6.9 months, p <0.001
OS benefit seen on subsequent five- and ten-year analyses with 20.7% vs 10.4%
and 12.2% vs 7.7%, respectively.

Takeaway: established use of gemcitabine as adjuvant therapy in pancre-
atic cancer

ESPAC-3: [70]

Compared 5-FU/leucovorin chemotherapy vs gemcitabine chemotherapy after
curative surgery. N = 1088

OS similar between treatment arms (5-FU/leucovorin — 23.0 months vs gem-
citabine 23.6 months, p = 0.39).

14% receiving 5-FU/leucovorin group had serious adverse events compared to
7.5% of gemcitabine group (p<0.001), better overall compliance in the gem-
citabine group.

Takeaway: Gemcitabine has key advantages over 5-FU/leucovorin including
reduced side effects and risk of serious adverse events.

ESPAC-4: [71]

Compared gemcitabine and capecitabine vs gemcitabine monotherapy after
curative surgery. N = 732

OS for gemcitabine plus capecitabine group was 28.0 months vs 25.5 months
(p = 0.032) in gemcitabine monotherapy group.

Takeaway: established combination treatment as standard adjuvant regimen over
gemcitabine alone.

PRODIGE 24: [72]

Compared adjuvant mFOLFIRINOX vs gemcitabine therapy. N = 493
Eligibility included WHO performance 0-1, CA 19-9 <189 U/mL, and RO or R1
resection.

DFS 21.6 months in mFOLFIRINOX group vs 12.8 months in gemcitabine
group (HR 0.58; p <0.001). OS 54.4 months in the mFOLFIRINOX group vs
35.0 months in the gemcitabine group (HR 0.64; p = 0.03).

Grade 3 or 4 adverse events were seen more frequently with mFOLFIRINOX
therapy group (75.9%) than in gemcitabine therapy group (52.9%).
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Takeaway: mFOLFIRINOX is the current standard of care in the adjuvant
setting.

APACT: [73]

Compared gemcitabine plus nab-paclitaxel vs gemcitabine monotherapy. N = 866
Eligibility included ECOG 1-0, CA 19-9 <100 U/mL, and RO or R1 resection.
DEFS (primary end point) with no significant difference in either group — 19.4 vs
18.8 months HR 0.88, P = 0.18.

OS 40.5 and 36.2 months favoring the combined gemcitabine plus nab-paclitaxel
(HR 0.82, P = 0.045).

Takeaway: gemcitabine plus nab-paclitaxel is used for adjuvant therapy; how-
ever, it is probably inferior to mFOLFIRINOX.

Management Unresectable/Metastatic

Goals of chemotherapy in this population are cancer control and prolonged sur-
vival [10, 74].
Therapy choice based on performance status, symptom burden, and
comorbidities:
— ECOG score 0-1 — multiple-agent therapy preferred
— ECOG score of 2 — single-agent therapy preferred
First-line regimens: [75]
— FOLFIRINOX or gemcitabine + albumin-bound paclitaxel
— FOLFIRINOX or gemcitabine + cisplatin (BRCA 1/2 or PALB2 mutations)
Special treatment populations
— Genetic testing performed soon after diagnosis — targeted therapy may be
available for specific subpopulations [76]
— Germline BRCA 1/2 or PALB?2 pathogenic variants
e Mutations that sensitize cells to therapeutics that either further damage
DNA (platinum-based chemotherapy) or prevent other mechanisms of
repair (poly(ADP-ribose) polymerase [PARP] inhibitors).
» Exceptional response rates when compared to population data [77, 78].
* PARP inhibitors may be used for maintenance after chemotherapy [77, 79].
— Patients with microsatellite unstable tumors
* <2% of patients presenting with advanced disease [80].
¢ Immunotherapy has impressive objective and durable response rates in
those who progress on first-line treatment regimens [80, 81].
— Pembrolizumab approved as a second-line treatment strategy [76].
Chemoradiation or short-beam radiation therapy can potentially maintain local
control while offering patients systemic therapy holiday [74, 82, 83] [84].
Aggressive treatment of pain and other cancer-related symptoms: [85]
— Radiation for bleeding or painful tumors
— EUS- or IR-guided celiac block for intractable pain
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Landmark Trials to Know:
— Single-agent 5-fluorouracil (5-FU) was standard of care for unresectable/
metastatic disease until the 1990s.
* Single-agent gemcitabine found to be superior to 5-FU with overall survival
advantage (5.6 vs 4.4 months, p < 0.003) and QOL [86].

ACCORD 11: [87]

e Compared FOLFIRINOX vs gemcitabine monotherapy. N = 342

* Chemotherapy naive, performance status O or 1, and serum bilirubin <1.5 times
upper limit of normal

e FOLFIRINOX - found to have superior overall survival (11.1 months vs
6.8 months; HR 0.57, p <0.001), progression-free survival (6.4 months vs
3.3 months; HR 0.47; p <0.001), and QOL compared to gemcitabine.

* Grade 3 or 4 adverse events occurred more often in FOLFIRINOX group.

* Takeaway: FOLFIRINOX has survival advantage in metastatic disease but with
greater toxicity than gemcitabine.

MPACT: [88]

* Compared gemcitabine plus nab-paclitaxel to gemcitabine monotherapy. N =861

* Gemcitabine plus nab-paclitaxel found to be superior to single-agent gem-
citabine, with improvement in overall survival (8.5 vs 6.7 months [HR 0.72,
0.62-0.83; p < 0.001]) and progression-free survival (5.5 months vs 3.7 months
[HR 0.69; 0.58-0.82]) with a response rate of 23% vs 7%.

» Take away: OS, PFS and response rate was higher with combination gemcitabine
and nab-paclitaxel.

GEMCAP: [89]

* Compared gemcitabine plus capecitabine vs gemcitabine monotherapy. N = 533

* Gemcitabine with capecitabine found to have improved response rate 19.1% vs
12.4% (p = 0.034) and improved progression-free survival (HR, 0.78; 0.66—0.93;
p =0.020)

Table 13.5 Landmark trials evaluating chemotherapy and/or chemoradiation in the neoadjuvant,
adjuvant, and unresectable setting

Trial Patients Results Takeaway point

Neoadjuvant

PREOPANC 246 patients OS 15.7 vs 14.3 months Neoadjuvant

[29] Resectable and (HR 0.73; p = 0.025) chemoradiation has many
borderline resectable  If underwent resection, benefits over adjuvant
adenocarcinoma neoadjuvant survival gemcitabine alone,
Surgery and adjuvant  33.7 months vs 17.3 months including long-term
chemotherapy vs (HR 0.47; p = 0.029) survival and RO resection
neoadjuvant RO resection rate was 72%  rate
chemotherapy/ vs 43% (p < 0.001)
chemoradiation

(continued)
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Table 13.5 (continued)

Trial
Adjuvant
ESPAC-1
[68]

CONKO-001
[69]

ESPAC-3
[70]

ESPAC-4
[71]

PRODIGE
24 [72]

APACT [73]

Patients

541 patients
Chemoradiation
(5-FU, 20 Gy) vs
chemotherapy (5-FU)
vs both vs observation

354 patients
Gemcitabine six
cycles for six months
Vs observation

1088 patients
5-FU/leucovorin
chemotherapy vs
gemcitabine
chemotherapy after
curative resection
732 patients
Gemcitabine and
capecitabine vs
gemcitabine
monotherapy after
curative resection
493 patients
Modified
FOLFIRINOX vs
gemcitabine
Eligibility: WHO
performance O or 1,
CA19-9 < 189 u/mL,
and RO or R1
resection

866 patients
Gemcitabine and
nab-Paclitaxel vs
gemcitabine
monotherapy
Eligibility: ECOG
1-0, CA

19-9 < 100 U/mL, and
RO or R1 resection

Results

A five-year survival less in
chemoradiotherapy groups
than all others 10% vs 20%
(»p =0.05)

A five-year survival
significantly more in
chemotherapy group 21%
vs 8% (p < 0.009)

DEFS 13.4 vs 6.9 months in
gemcitabine group

(» <0.001)

OS at 5 and 10 years were
20.7% vs 10.4% and 12.2%
vs 7.7%, respectively

OS with no difference 23.0
vs 23.6 months (p = 0.39)
14% serious adverse events
with 5-FU/leucovorin vs
7.5% gemcitabine

(» <0.001)

OS for combination 28.0 vs
25.5 months (p = 0.032)

DES 21.6 months in
mFOLFIRINOX vs

12.8 months in Gemcitabine
group (p < 0.001)

OS 54.4 vs 35.0 months

(p =0.03)

Grade 3 or 4 adverse events
75.9% vs 52.9%

DEFS no difference 19.4 vs
18.8 months (p = 0.18)

OS 40.5 vs 36.2 (p = 0.045)
months favoring
combination therapy

Takeaway point

Chemotherapy as
opposed to
chemoradiation provided
OS benefit in adjuvant
setting

Established use of
gemcitabine as adjuvant
therapy in pancreatic
cancer

Gemcitabine has key
advantages over 5-FU/
leucovorin including
reduced side effects and
serious adverse events

Established combination
treatment as standard
adjuvant regimen over
gemcitabine monotherapy

Survival is significantly
improved with
mFOLFIRINOX over
gemcitabine but with
greater toxicity

Combination gemcitabine
plus nab-paclitaxel has
improved survival over
gemcitabine monotherapy

(continued)
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Table 13.5 (continued)

Trial Patients Results Takeaway point

Metastatic disease

Accord 11 342 patients OS 11.1 months FOLFIRINOX has

[87] FOLFIRINOX vs FOLFIRINOX vs survival advantage over
gemcitabine 6.8 months (p < 0.001) gemcitabine but with
monotherapy PFES 6.4 vs 3.3 months greater toxicity
Eligibility: (p <0.001)
Performance status 0 Grade 3 or 4 adverse events
or 1 and serum more frequent in

bilirubin <1.5 times FOLFIRINOX group
upper limit of normal

MPACT [88] 861 patients Combination therapy Combination
Gemcitabine and showed improved OS 8.5 vs Gemcitabine plus
nab-paclitaxel vs 6.7 months (p < 0.001), PFS nab-paclitaxel has better
gemcitabine 5.5 vs 3.7 months and survival and response rate
monotherapy response rate 23% vs 7% than gemcitabine

monotherapy

GEMCAP 533 patients Combination therapy has

[89] Gemcitabine and improved response rate
capecitabine vs 19.1% vs 12.4% (p = 0.034)
gemcitabine and PFS (HR 0.78,
monotherapy p=0.02)

Pancreatic cancer by numbers

Question Answer

% metastatic/unresectable at diagnosis 80-85%
Overall survival in those who undergo RO resection and complete 40-54 months
neoadjuvant/adjuvant therapy [72,73]

% who have familial pancreatic cancer syndrome 5-10%

% reduction of OS if R1 resection 25%

Overall morbidity after pancreaticoduodenectomy 30-40%
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Laura J. Ostapenko, and Katherine A. Hill

What Is Palliative Care?

The term “palliative care” was introduced by a surgeon, Dr. Balfour Mount, in
1975 [1].
The goal of palliative care is to preserve quality of life and treat suffering.

» To weigh not only longevity, but to consider survival together with comfort and
function [2]
— Twin obligations: relief of suffering and cure of disease [3]

* Recognized as important by many national and international organizations,
including the American College of Surgeons [4]
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Members of the Society of Surgical Oncology estimate that 21% of their surger-
ies are palliative in nature (determined by tumor still evident postoperatively and
poor prognosis, with a goal of symptom relief) [5]

Opportunities and roles for palliative care [6, 7]:

. Symptom management

. Advance care planning

. Goals of care clarification and challenging communication
. Hospice transition

Studies show that palliative care is often underutilized or not addressed until late

in a patient’s course [2, 6]. In contrast, early palliative care has been associated with
improved quality of life and longer survival [8].

Barriers to involving palliative care clinicians or discussing a palliative approach:

Lack of training in this area — in 2015, only 60% of surgical oncology fellow-

ships included formal training in aspects of palliative care [9]

Uncertainty about prognosis [10, 11]

Emotional stress, fear of damaging patient-provider relationship [12]

— However, studies show that the physician-patient relationship is actually
strengthened by discussion of prognosis [13].

Systemic barriers — referring physician expectations, urgency, or time constraints

[14, 15]

Bias or stigma associated with the label “palliative care.” Some institutions have

substituted “supportive care” [16].

Patients who identify as underrepresented minorities have been shown to be less

likely to receive palliative care services [17].

Palliative care includes skills that each individual physician (including surgical

oncologists) can practice and develop, and it also often includes involvement of an
interdisciplinary team [6]:

Physicians

Nurses

Nutritionists
Counselors
Chaplains and clergy
Social workers
Others

When considering a palliative approach — ask for help and engage the team.
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Fig. 14.1 Phases of illness

Surgical oncologists see patients through many phases of cancer treatment and
with varying prognoses. For the purposes of this chapter, the overall health of a
surgical oncology patient may fall into four categories (Fig. 14.1):

In general, surgical oncology patients may benefit from considering palliative
interventions in any of these categories but particularly #2, 3, and 4.

Chronically Il

Most patients undergoing cancer treatment can be considered chronically ill.
Cancer itself, as well as its treatments, can lead to symptoms that significantly
impact quality of life. These symptoms can be difficult to manage and are one oppor-
tunity to provide a palliative approach. Some of the most common symptoms for
cancer patients include pain, nausea, anorexia/loss of appetite, and fatigue. The
patient early in their cancer course also provides an opportunity to provide pallia-
tive support by doing advance care planning.

Pain

* Type of pain: nociceptive (visceral vs. somatic) and neuropathic

¢ Remember that pain is multifactorial, for example, the concept of “total pain”
(Fig. 14.2) and cannot always be fully addressed by physical analgesia [18, 19].

* Treat pain in step-wise fashion (Fig. 14.3) and use multimodal approach

* Opioids — short-acting opioids include morphine, hydrocodone, oxycodone, oxy-
morphone, and fentanyl:

— Conversions between formulations are complex and imprecise:

* Calculate total oral morphine equivalents (OME) and refer to a conversion
chart [21].

— If taking short-acting opioids around the clock for pain that is expected to be
long-term and constant, consider initiating long-acting scheduled opioid in
addition (morphine extended-release, oxycodone extended-release, oxymor-
phone extended-release, fentanyl transdermal).
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Fig. 14.2 Total pain

Emotional

“total pain”
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Fig. 14.3 WHO Analgesic Ladder [20]
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Interventions
Invasive and
Minimally-invasive
Treatments

Spiritual

— If initiating long-acting medications, consider referral to palliative care or
pain specialist.
— Patients on prior long-acting opioid therapy should have this continued in the
perioperative period — either with home regimen or converted to IV if unable
to take oral medications [2].

* Adverse and Side Effects

— Always screen for opioid misuse before initiating opioids: [22]

— Opioid-induced constipation [23]

Risk factors for opioid misuse: personal or family history of alcohol,
tobacco, or substance use disorder, age < 35 years old, concomitant psy-

chiatric disease (particularly if uncontrolled)

Check state registries (PDMP) for prescription history
Routine urine drug screening to ensure results as expected

Tolerance never develops.



14 Palliative Interventions 251

* Prevention is easier than treatment.

¢ Docusate typically ineffective.

¢ Multimodal regimen: sennosides (motility) + polyethylene glycol (osmotic)

Nausea, sedation, and confusion [23]

¢ Alternate opioid forms can be tolerated differently by individuals.

¢ Tolerance to these effects often develop with time (a few doses or days).

* Add a PRN antiemetic.

* Respiratory depression is rare; tolerance develops quickly — “start low and
go slow” [23]

Neurotoxicity — myoclonus and seizure

* Avoid morphine in renal impairment due to accumulation of neurologi-
cally active metabolites.

¢ Nonopioids and Adjuncts

Scheduled acetaminophen as adjunct to potentiate opioid effect.

NSAIDS - consider comorbidities (renal function, anticoagulation, bleeding
diathesis or history of bleeding events), and if permissible with cancer therapy
regimen [24]

Steroids (short-term) if pain from bony metastases or liver capsular stretch
Neuropathic pain agents: antiepileptics (gabapentin, pregabalin) or SNRIs
(duloxetine, venlafaxine)

Others: ketamine, methadone, and buprenorphine (consider palliative care or
pain specialist referral) [2, 20, 24]

Cannabinoids — moderate quality evidence for neuropathic and cancer
pain [25-27]

* Interventional pain management (consider anesthesiology or interventional pain
referral)

Local and regional anesthetics and nerve blocks

Physical therapy, massage, and acupuncture

Transcutaneous electrical nerve stimulation (TENS)

Behavioral treatments

Cancer-directed therapies such as chemotherapy, immunotherapy, hormonal
therapy, and external beam radiation (discussed later in chapter) [2, 20, 28, 29]

Nausea

Chronic GI symptoms, both during and after cancer treatments, are common and
significantly impact function and quality of life [30].

In treatment, consider (and treat if possible) the underlying cause and mecha-
nism (Fig. 14.4) [31, 32].

Nausea mechanisms:

e Not mutually exclusive; rather, most etiologies arise due to more than one
of these.
* Most medications affect more than one receptor and/or nausea pathway as well.
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Fig. 14.4 Mechanisms and treatment of nausea
Nausea treatment pearls [31, 32]:

¢ Most medications affect multiple receptors; mechanism-based treatment is not
an absolute rule — if one agent is not effective, try another.

¢ Avoid dopamine antagonists in patients with Parkinson’s disease.

¢ Use caution if QTc >500 — most antiemetics are QT-prolonging.

* Anticholinergics have highest risk for delirium, particularly in elderly.

Adjuncts: cannabinoids, inhaled isopropyl alcohol [33], ginger, and acupuncture

Appetite and Weight Loss

¢ Common among patients with cancer.

* Screen for inadequately treated symptoms (nausea, constipation, pain)

¢ Consider intestinal dysmotility due to disease.

e Refer to a registered dietician for nutritional assessment and counseling on non-
pharmacologic strategies.

Cancer Anorexia-Cachexia Syndrome [2, 34]

¢ Definition — Reduced appetite + weight loss (multiple eligibility criteria)
¢ Clinical diagnosis
¢ In context of advanced malignancy

— Poor prognosis — typically <3 months
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— Caused by neuroendocrine alterations:

* Systemic phenomenon

* Cytokine and hormonal mediators causing increased cellular oxidative stress
— Calorie supplementation does not benefit: [35]

* Refocus on hunger and thirst and not on weight gain and caloric intake.
— Consider discussion of prognosis and goals.

When to provide artificial enteral nutrition? Who will benefit from gastrostomy
tube placement (Fig. 14.5)? [36—40]

What about parenteral nutrition (PN)? Who benefits? Guidelines and criteria
include the following: [41, 42]

» Patients with a nonfunctioning GI tract as the primary problem, rather than
cachexia itself.

¢ Death would occur from starvation or malnutrition soon than from disease pro-
gression alone.

» Life expectancy sufficient for adequate trial of PN (several months).

» Life prolongation is consistent with their goals/values.

¢ They are informed and accepting of the risks.

e The patient or caregiver, and their home environment can safely accommodate
PN administration.

* The patient or caregiver can comply with close laboratory monitoring.

¢ Frequent reassessments of PN appropriateness and benefit

Appetite stimulants [2, 43—47]

e May affect appetite:
— Few (if any) reliably increase strength.
— Weight gain is typically water or fat rather than muscle mass.
— No demonstrated effects on survival.
¢ FDA-approved agents include megestrol acetate and dronabinol:
— Megestrol can increase risk for thrombotic events — use caution.

Benefits:

Quality of lfe and survival may improve for select Negatives:
patients, including:
- No survival benefit in cancer anorexia-

- Proximal Gl tract obstruction (head and A
cachexia syndrome

neck, esophageal, Gl cancers)

_ proximal Gl tract radiation - Does not reduce aspiration pneumonia
incidence

- Acute catabolic state (acute sepsis, post-

operative recovery) - Side effects or complications may

adversely affect quality of life
- Other populations (amyotrophic lateral
sclerosis, non-bedbound stroke)

Fig. 14.5 Benefits and negatives of artificial enteral nutrition
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e Other options: steroids (short-term), mirtazapine, olanzapine, and other
cannabinoids.

* Screen for other symptoms (such as nausea, mood disorder, or sleep disturbance)
in considering choice of medication.

* Per American Society of Clinical Oncology (ASCO) Guidelines:

e Evidence remains insufficient to strongly endorse any pharmacologic agent to
improve cancer cachexia outcomes, clinicians may choose not to offer medica-
tions for the treatment of cancer cachexia.

Fatigue

¢ Fatigue and low energy levels are common [48] — may exceed pain as most
prevalent symptom in cancer patients [49]

* Multifactorial: disease effects, treatment effects, sleep disturbances, psychologic
and emotional effects

Treatments: [2, 50]

¢ Nonpharmacologic — sleep hygiene, anticipatory guidance and counseling
patients and families, relaxation techniques, “batching” activities such as visits
from friends and family, and exercise

¢ Pharmacologic:
— Steroids (short-term)
— Stimulants (methylphenidate, may suppress appetite, dose BID in morning

and at noon to preserve sleep drive; modafinil)

— Treat concomitant depression

Cancer-Directed Therapies

* Surgical, pharmacologic (chemotherapy, immunotherapy, hormonal therapy),
radiation

e Ensure that patients understand the palliative vs. curative intent of their
treatments.
— Often misunderstood by patients [51]
— Discussing intent and prognosis improves patient prognostic awareness and

physician-patient relationship [52].

— Weigh benefits (life prolongation, symptom benefit) vs. risks and side effects.

Palliative Radiation [53, 54]
¢ Localized tumor burden reduction without systemic side effects

* Often daily, schedule can be shortened when for palliative (rather than cura-
tive) intent
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* Pain
— Isolated bone mets can cause “incident”’-type pain and be difficult to
control.
— Consider single-fraction radiation therapy for analgesia [55].
— Any radiation can lead to pain flare within days after treatment (30—40%
patients) [56]
* Dexamethasone or NSAIDs can help or prevent.
— Pain relief can continue to improve for up to 4 weeks after completion
* Bleeding — GI, head and neck, bladder, and gynecologic cancers
* Mass Effect — vascular, GI, or biliary obstruction
e CNS - often utilized for epidural (+/— spinal cord compression) or brain
metastases
* Side effects — pain flare and inflammation of tissues in field (e.g., mucositis,
skin burn)

Advance Care Planning

¢ Definition: communication between patient and healthcare team to prospectively
identify a surrogate, clarify values, and develop individualized care plans near
the end of life [57]
e Advance directives — legal documents that vary by jurisdiction:
— Living wills
— Medical power of attorney
— Power of attorney for healthcare
* Recognize caregiver burden (common) [58] — advance care planning may help
*  When should you do advance care planning? (Fig. 14.6)
« Patients want these discussions early in disease course [60]
* Assess the patient’s capacity
— Decision-making capacity has four criteria:
1. The patient can indicate his or her treatment choice.
2. The patient understands the relevant information being conveyed.

Fig. 14.6 “Surprise
question” [59]

Would you be surprised if the patient
died within the next 12 months?

If “No,” consider advance care
planning.
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3. The patient acknowledges his or her medical condition, options, and likely
outcomes.
4. The patient can reason about treatment options.
— Even if a patient has capacity, a patient may prefer to share or delegate
decision-making [61].
e Avoid jargon.
* Example phrases:
“I"d like to spend some time talking to you about the future course of your
illness so that I have a clear understanding of your wishes”
— “Have you given any thought to how you wish to be cared for, if your illness
worsens?” [57]
—  “Who would you trust us to talk to if you were so sick that we could not talk
to you?”
— “Have you talked to ____ about what is most important should you get
sicker?”
« Patients may not want to, or be able to, discuss preferences at the time — consider
revisiting the discussion at a future encounter.

How to find an advance directive form:

» Search by state (see Resources at the end of the chapter)
¢ May include POLST (Portable Medical Orders)

— Many states have registries.

— Copy for medical record.

— Patients should be given the original.

Chronically Il with Acute Event

Often cancer patients will face one or more acute changes in their health through-
out their course. Sometimes this is an acute exacerbation of symptoms, a hospital-
ization, a complication of treatment, or a surgery itself. In these situations, a
palliative approach might include effectively delivering this news and forming a
plan based on their goals and priorities. Some specific acute changes faced by can-
cer patients and their surgeons include events such as malignant bowel obstruction
or malignant ascites — palliative symptom management in these situations includes
both medical and surgical or procedural options.

Delivering Serious News

* What is considered a “difficult conversation”?
— Emotional information is presented, discussed, and processed.
— Highly consequential decisions are made — impact future function, sur-
vival, etc.



14 Palliative Interventions 257

— Shared decision-making between the patient and healthcare provider is
the intent.

— For surgical oncologists, this can include conveying diagnostic information,
surgical planning, intraoperative findings, or postoperative complications,
among others.

In oncology as well as palliative medicine, multiple structured communication

tools have been developed to aid in shared decision-making [62—65].

— SPIKES

— Serious Illness Conversation Guide

— REMAP

Most communication frameworks share four key steps (Fig. 14.7):

One example is REMAP, which is amnemonic including five steps (Fig. 14.8) [63].

— Reframe the Information, Expect Emotion, Map Patient Values, Align with
Values, and Propose a Plan

Best Case: Worst Case (Fig. 14.9) [66]

Agree on the
medical context

Respond to
emotion

Clarify values in
the setting of that
medical context

Make a
recommendation

Fig. 14.7 Communication framework key steps

Definition Example

R Reframe Assess the patient’s “What have the doctors told you so far?
understanding and provide ...That’s correct, your colonoscopy found a
new information. Place cancer in your large intestine. Unfortunately,
details into a bigger picture — | your other tests show that it has spread to
give a “headline.” other organs. This means doing a surgery won’t

help your cancer overall, and we should talk
about other cancer treatments.”

E Expect Emotion Look for verbal or nonverbal “This is so unexpected. Nobody could blame
emotional responses. you for being overwhelmed and afraid. | wish
Attending to emotion often there was an operation we could do to take it
needs to occur multiple times | all out.”
in a conversation.

™M Map values Step back to explore the “I wonder, hearing this news, what you are
patient’s values before thinking now? What’s most important to you?
discussing choices — what What are you worried about? Have you ever
matters most, and what seen family or friends go through cancer
concerns are there for the treatments?”
future?

A Align Verbally reflect back what “It sounds like you're willing to go through a lot
you hear from the patient, of medical care, to get more time with your
sometimes this includes grandkids and family. | also hear you saying
contradiction or ambivalence. | that your physical independence is very
Use reflections to important, and you wouldn’t ever want to live
hypothesize what the patient | in a nursing home.”
means.

P Propose a Plan Make a recommendation “Could | make a recommendation? | think
based on patient values. given what you’ve told me, we should get you
Choose the options that you to a medical oncologist to discuss starting
believe have the best chance | systemic treatment as soon as possible. If we
to attain the patient’s goals. reach a time when you become weaker, or

need help with basic care, then you and your
family should ask for another conversation, to
re-evaluate whether more treatment makes
sense for you.”

Fig. 14.8 REMAP framework for difficult conversations
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Best Case/Worst Case Best Case/Worst Case

“I have bad news. You have a serious problem
that will change your life.”

“We have a choice between 2 options” Treatment 1 Treatment 2
“In the best case ...”
1. Realistic best long-term treatment outcome:
Best Case

2. Short-term implications: tell a story about what

treatment & recovery entail, e.g. hospital

course, SNF: CD

Most Likely

3. Orientinto context of patient’s overall health &
prognosis

“In the worst case ...”
Describe points 1-3. When death is possible,
avoid euphemisms, e.g. “die” is preferred to
“pass on”.

“Based on what | know about you, what | think
is most likely...”

Worst Case .

. ) What is important to
» “Based on what I’'m hearing from you, would
it be alright if | make a recommendation?” youn ow?

» “How are you thinking about this?”

Fig. 14.9 Best case/worst case framework. (Used with permission by author)

* Tool developed by surgeons for presenting the medical context, that is, the
“Reframe.”

e Can be helpful when there are two options, that is, surgery and no surgery.

e Utilizes a drawn graphic aid that patients can take with them.

* See Resources at the end of the chapter for more information.

Malignant Obstruction [2, 67-69]

e Most common in GI or gynecologic cancers

* High morbidity and mortality when urgent surgery is performed and high reob-
struction rate

e Overall indicator of limited prognosis (typically months)

* Variable proportion of bowel obstructions (3—48%) in patients with previously
diagnosed malignancy are due to benign causes — always consider surgery

* Surgical management:

Resection — may lengthen survival, highest complication risk [70]

Bypass

— Fecal diversion/ostomy

Venting gastrostomy — very effective for symptom relief [71]

* Procedural/Interventional Management:
— Nasogastric decompression — typically not long term

Endoscopic stenting (GI, biliary, respiratory)

Radiation

— Endoscopic laser
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¢ Medical management:

— Reduce gastric secretions — PPL.

— Metoclopramide — for partial obstruction, can cause cramping, and do not
give in complete obstruction.

— Antisecretory medications, for example, glycopyrrolate.

— Octreotide for high-volume output.

— Dexamethasone 4-8 mg per day.

— If parenteral nutrition not recommended or aligned with patient goals, stop-
ping caloric supplementation often reduces GI tract secretions.

Malignant Ascites [72, 73]
» Cause of pain, pressure, nausea, bloating, and constipation

Medical management

e Typically does not respond to diuretics
— Patients with concurrent portal hypertension may respond.

Paracentesis

* Immediate relief of symptoms for up to 90% of patients.
» Pigtail catheters can be considered in short-term situations.

Tunneled drainage catheter

« Patients who require frequent paracenteses

» Limited prognosis but life expectancy of at least one month is recommended
* Can by drained repeatedly, as needed, in the home

* FDA approved for this indication

¢ Performed usually by interventional radiology clinician

For low-grade cancers and patients with longer survival, hyperthermic intraperi-
toneal chemotherapy (HIPEC) is associated with high rates of ascites control [74].

End of Life and Dying

Cancer patients sometimes reach a point at which their disease progresses despite
therapy, and therefore (or for any other medical reason) their time is very short. In
these scenarios, palliative care may become the predominant strategy or even the
only treatment plan available to them.
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Indicators That Prognosis Is Short [2, 75, 76]
Weeks to Months

» Cancer anorexia-cachexia syndrome

e Malignant obstruction

¢ Hypercalcemia of malignancy

¢ Malignant pericardial effusion

¢ Malignant ascites

* Spinal cord compression

¢ Confusion, altered mentation, and multiple brain metastases

Days to weeks

e Bed-bound state

* Decreased desire for food or fluids

¢ Decreased urine output

* Increased sleep

 Difficulty with oral secretions — “death rattle”

¢ Open-mouthed breathing and flattened nasolabial folds
e Delirium

* Incontinence

¢ Change in respiratory pattern and apneic pauses

¢ Mottling or cool extremities

Hospice [77-79]

¢ What is hospice?
— Philosophy
e Transition to focus on symptoms and quality of life, maximizing time
out of the hospital, rather than life prolongation or disease-directed
therapy.
e The word “hospice” is scary and emotional for many.
e The family is the unit of care.
— Medicare Benefit
e If <65 years old, most insurances will have a hospice benefit modelled
after the Medicare benefit but will need to be verified by social work/care
management.
— Hospice team consists of nurse, physician, social worker, chaplain, and some-
times others (aid, volunteer, therapist).
¢ Who can enroll in hospice care?
— Eligibility — prognosis of 6 months or less “if the illness runs its normal
course.”
¢ Certified by two physicians — typically referring physician and the hospice
medical director
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— Patient or surrogate must elect to enroll in hospice.
— Limited code status is not required.
— Not required to be certain they will die within 6 months, just more likely
than not
« Patients can be recertified indefinitely if they remain eligible, that is, con-
tinue to have a prognosis of 6 months or less.
¢ Where can hospice occur?
— Home
— Nursing homes
— Inpatient hospice facility — hospice house or hospital
¢ What do they provide?
— Medications for symptoms and those related to the hospice diagnosis
— Equipment and supplies
— Visits from hospice nurse, typically 2-3 times per week
— On-call number for as-needed visits available 24 h
— Bereavement support for families for up to 13 months after patient’s death
— Inpatient level of care if symptoms unable to be controlled in less-acute setting
— Respite care up to 5 days
¢ What do they not provide?
— Daily around-the-clock custodial care — in the home, this is done by family,
friends, or privately hired caregivers.
— They do not cover nursing home room and board costs.
— Curative treatment.
— Medications not related to the hospice diagnosis.
— Hospice is not “giving up,” does not “stop all care,” and does not give medica-
tions that hasten death.
» Special cases: dialysis, tube feeding, parenteral nutrition, radiation, blood trans-
fusions, and inotropes
— Case by case and hospice-specific

Counseling for Families [75]
“How long do they have?” [76]

* Confirm that patient, and/or all individuals present, are ready and want a prog-
nostic estimate.
— Ask whether specific goal or milestone in mind.

¢ Present information in a range (days to weeks, short months, months to short
years, etc.).

¢ Allow silence and attend to emotion.

“Have we made the right decision?” “Are they suffering?”’

* Reiterate patient goals.
¢ Discuss symptom management.
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» Offer spiritual, psychological, social support — therapeutic presence.
“Are they hungry/thirsty/starving?”’:

 Patients at end of life do not experience hunger/thirst [80].
» Reiterate that the disease is leading to end of life, not starvation.

“Can they hear me?” [81]
¢ Yes — evidence demonstrates that hearing persists at end of life.

¢ Encourage families to talk to their loved one and to each other.
» Familiar voices can bring symptom relief and calm to their dying loved one.

Palliative Care Resources

* Fast Facts — www.mypcnow.org

e Caringlnfo Advance Directives — www.caringinfo.org/planning/advance-
directives/by-state/

e POLST (Portable Medical Orders) — www.polst.org

* The Patient Preferences Project (Best Case/Worst Case) — www.patientprefer-

ences.org
¢ VitalTalk — www.vitaltalk.org
e Ariadne Labs (Serious Illness Care Program) — www.ariadnelabs.org/

serious-illness-care

* Hospice Care Overview and FAQs — www.nhpco.org/

* Gone from My Sight: The Dying Experience by Barbara Karnes, RN — www.
bkbooks.com
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Peritoneal Surface Malignancies 1 5

Jackson Baril and Trang Nguyen

Introduction

e Majority of PSM are metastatic with most common primaries being ovarian,
gastric, and colon cancer. Less common but more often surgically treated are
appendiceal primaries.

* Only 3% are of primary peritoneal origin (mesothelioma).

* Pseudomyxoma peritonei (PMP) was originally a clinical description of muci-
nous ascites, now with WHO pathology classification.

* Surgical treatment typically involves cytoreductive surgery (CRS) +/- intraperi-
toneal chemotherapy.

e Hyperthermic intraperitoneal chemotherapy (HIPEC) first developed by Dr.
Spratt in 1980 treating a patient with heated intraperitoneal chemotherapy for
pseudomyxoma peritonei [1] and early work on peritoneal metastases for gastric
cancer in Japan by Dr. Koga in the 1980s [2, 3].

e Peritoneum—mesothelial cells overlying a network of lymphatics and blood
vessels.

— Thin basal lamina acts as a filter for proteins and cells and allows for transport
of fluid. This allows for peritoneal dialysis [4].

— Malignant cells should not pass this basement membrane, thus making perito-
neal carcinomatosis a locoregional spread of disease.

— The flow of peritoneal fluid is based on primary site of origin, negative pres-
sure from respirations, and gravity-dependent area.
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— Primary sites of absorption and peritoneal tumors are the greater and lesser
omentum, under the diaphragm and areas of fluid stagnation such as the peri-
colic gutters [5]. Macroscopic tumor is often adhered to greater and lesser

omentum and under the diaphragm.

* Small bowel is somewhat protected by peristaltic movement reducing the seed-

ing of cancerous cells.

Diagnosis and Workup

* Symptoms may include abdominal pain, abdominal distention, and early satiety
or be found incidentally on imaging or during surgery.
* Obtaining tissue diagnosis:

Percutaneous biopsy if possible (omental, peritoneal) of metastatic deposits

¢ Mucinous ascites often difficult to sample and associated with false nega-
tives and low cellularity
e Tumor genomic profiling can be helpful in unknown primaries and for
potential targeted therapies
— EGD/colonoscopy—to evaluate for primary site; colonoscopy to also rule out
synchronous tumors
— Diagnostic laparoscopy may be needed for biopsy (consider appendectomy,
bilateral salpingo-oophorectomy) and to evaluate extent of disease

— Consider secondary review on pathology, especially for rare cancers
— Various classification systems exist for peritoneal disease/pseudomyxoma
peritonei (Table 15.1)
* Imaging—CT chest to rule out extraabdominal disease and CT or MRI abdomen

and pelvis

— Mucin and miliary disease are often not FDG avid during PET.

— Imaging can underestimate extent of peritoneal disease:

* CT imaging has a sensitivity and specificity of 83% and 86%, respectively,
for detecting peritoneal metastases; however, the performance is worse for
smaller tumors and CT underpredicts the extent of disease or peritoneal
carcinomatosis index (PCI) score [6, 7]. It is easier to obtain than MRI.

Table 15.1 Classification systems for peritoneal disease/pseudomyxoma peritonei

2016 Acellular
PSOGI mucin without
[6] epithelial cells
2019 pMla

WHO [7]

9th Mla
version
AJCC [8]

Low-grade
mucinous
carcinoma
peritonei
pMl1b, grade 1

Mlb, well
differentiated
(grade 1)

High-grade
mucinous
carcinoma
peritonei
pMl1b, grade 2

M1b, moderately
differentiated
(grade 2)

High-grade mucinous
carcinoma peritonei
with signet ring cells
pM1b, mucinous tumor
deposits with signet
ring cells

M1b, poorly
differentiated (grade 3)
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* Contrast-enhanced MRI is superior for detecting smaller tumors <1 cm
with sensitivity 85-90% but limited by a lack of access and standardized
protocols [7].

¢ Labs—Tumor markers are nonspecific but can follow trends (CEA, CA19-9,
CA125), nutrition assessment, CBC, and CMP.

» Extent and severity of peritoneal disease
— Peritoneal cancer index (PCI) is calculated as a sum of the lesion sizes (score

0-3: 0 is no disease, 1 point is <2 cm, 2 points is 2-5 cm, 3 points is >5 cm of

disease) seen in each of the 13 defined abdominopelvic regions (numbered O

through 12) as noted in Fig. 15.1 for a maximum score of 39 [8].

— Estimated PCI by imaging may miss smaller radiographically occult lesions.
— Peritoneal surface disease severity score (PSDSS) incorporates both PCI and

tumor histology (Table 15.2).

* Score 2-3 is stage I, score 4-7 stage II, score 8—10 stage III, and score >10
stage IV.

* PSDSS correlates with resectability with stages III and IV having little
chance of resectability [10].

Central

1] 2 | 3]

|
8| o | 4
7|6 |5

Tumor 2 5.0 cm

Fig. 15.1 Peritoneal cancer index. (Image created with Biorender)

Table 15.2 Peritoneal surface disease severity score (PSDSS) for colon [9]

Clinical disease PCI Histology
No symptoms = 0 points PCI <10 =1 point Well-moderately differentiated and NO = 0
points
Mild symptoms = 1 point PCI 10-20 =3 Moderately differentiated/N1 or N2 = 3 points
points
Severe symptoms = 6 PCI >20 =7 points Poor differentiated, any signet ring cancer = 9

points points
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Treatm

ent

* It depends on primary tumor type and functional status to tolerate chemotherapy
or surgery.

e At this time, radiation plays no role outside of clinical trials in peritoneal
disease.

Survival data can be difficult to interpret due to varying descriptions of pathology.

e NCCN guidelines are limited. Consensus groups offer some guidelines—
Peritoneal Surface Oncology Group International (PSOGI) and the Yale
Peritoneal Surface Malignancy Consortium formerly Chicago Consensus.

— Appendiceal neoplasms and tumors

- Co

Low-grade and high-grade appendiceal mucinous neoplasms do not
respond to systemic therapy, and therefore CRS/HIPEC is considered
upfront if there is disseminated peritoneal disease:

— For positive margins on appendectomy without peritoneal dissemina-
tion, resection of the appendiceal cuff or partial cecectomy is recom-
mended over resection requiring anastomosis.

— LAMN and HAMN have similar survival rates of 100% at three years,
86% at five years, and 45% at ten years [11], but HAMNSs believed to
have a slightly higher recurrence risk.

Goblet cell carcinoma (formerly goblet cell carcinoid)—chemotherapy

upfront considered for high grade (Tang classification group B or C with

group B having signet ring cell morphology and C having additional fea-
tures of poorly differentiated adenocarcinoma) or when incomplete CRS

predicted (Table 15.3) [12, 13]

Adenocarcinoma—consider neoadjuvant chemotherapy if incomplete

cytoreduction predicted or higher-grade (moderately or poorly differenti-

ated) peritoneal disease [13]. Goal is improvement or stable disease with

progression being a poor prognostic factor (Table 15.4).

Right colectomy is indicated for goblet cell carcinoma and appendiceal

adenocarcinoma confined to the appendix. Observation without right col-

ectomy can be considered for well-differentiated mucinous adenocarci-

noma [13].

Survival for low- and high-grade adenocarcinomas after CRS/HIPEC is

80-90% [15].

lorectal/small bowel primaries—chemotherapy and CRS +/- HIPEC in

select cases.

Table 15.3 Disease-specific Tang subtype Five years Five years
survival of goblet cell A 100% 85%
carcinoma B 85% 36%

C 17% 0%
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Tabl'e 15.4 Outcpmes of Grade Five-year OS Five-year DFS
mucinous appendiceal Well differentiated 94% 66%
adenocarcinoma by Moderately differentiated 71% 21%

grade [14] Poorly differentiated 30% 0%

Considerations include progression-free interval, BRAF wild-type, low

PCI, peritoneal metastasis-only disease, response to systemic therapy, and

MSI (immunotherapy considered for MSI high).

Typically 3—6 months of neoadjuvant chemotherapy prior to consideration

of CRS +/- HIPEC.

Verwaal 2003—Randomized controlled trial of CRS+HIPEC vs chemo-

therapy alone (5-FU) for colorectal cancer with peritoneal carcinomatosis

showed benefit with CRS+HIPEC (22.3 vs 12.6 months, p = 0.032) [16].

— 105 patients, not modern chemo regiment

PRODIGE 7—No survival benefit for CRS and HIPEC (30-min oxalipla-

tin) over CRS alone (41.7 vs 41.2 months, p = 0.99)

— Subset analysis showed survival advantage for PCI 11-15 with CRS-
HIPEC, but study was not powered for this subset analysis [17].

— Primary peritoneal tumors

Peritoneal mesothelioma [18]

— CRS/HIPEC upfront for epithelioid histology, low Ki-67%

— Systemic therapy upfront for high-risk biphasic/sarcomatoid histology,
high tumor burden, and Ki-67 >10%

— Assess for BAP1 mutation (related cancers—uveal melanoma, clear
cell and renal cell carcinoma)

Well-differentiated papillary mesothelial tumor—can observe if asymp-

tomatic, otherwise consider repeat biopsy and CRS+/-HIPEC.

There are no randomized controlled trials in mesothelioma.

Median survival for epithelial subtype is 79 months; biphasic/sarcomatoid

is 10 months (p = 0.001) in patients who received CRS/HIPEC [19]

All subtypes, three-year OS 50-65% [20-22].

— See corresponding chapters for other primary tumor types.

Consider palliative interventions and surgery if unable to undergo curative intent
treatment. This can include limited debulking, perfusion alone for mucinous
tumors, intestinal bypass, and draining gastrostomy.

Surgical Treatment

Selection Criteria for Surgery
— Histologies with regional rather than systemic spread

Region being peritoneal cavity (no extraabdominal metastasis)

— Good tumor behavior—Progression-free or recurrence-free survival >2 years
and response to chemotherapy
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Considered when it is the only treatment option (low-grade appendiceal neo-

plasms)—not sensitive to chemotherapy

Favorable peritoneal carcinomatosis index (PCI) or extent of metastases:

* For colorectal cancer, more favorable outcomes with CRS and intraopera-
tive intraperitoneal chemo if PCI <20 or lymph node negative and in the
original Verwaal study if five or less of seven regions (pelvis and sigmoid;
right lower abdomen; small bowel and mesentery; omentum and transverse
colon; subhepatic space and stomach; right subphrenic space; and left sub-
phrenic space) were involved [16, 23].

Ability to achieve complete cytoreduction (e.g., cannot cover entire small

bowel or require portal resection)

Malignant small bowel obstruction is typically a relative contraindication as a

sign of aggressive biology. An exception would be a small bowel primary

(typically treated like colorectal) that is causing an obstruction.

e Preoperative considerations: nutrition optimization, prehabilitation, splenectomy
vaccination, ostomy nursing, and fertility counseling

* Cytoreductive surgery +/— HIPEC indicated for primary malignancies of the
appendix and peritoneum. Selectively indicated for colorectal cancers, ovarian
cancer, neuroendocrine tumors, sarcomatosis, and gastric cancers

* Cytoreductive surgery

Goal is to remove all macroscopic diseases of cancer via visceral resection
and peritonectomies
CCR (completeness of cytoreduction) [§]
e CC-0 = no visible tumor
e CC-1 = largest remaining tumor implants <0.25 cm in diameter
e (CC-2 = largest remaining tumor implants 0.25-2.5 cm in diameter
e (CC-3 = largest remaining tumor implants >2.5 cm in diameter

— CC-2 and CC-3 are considered debulking surgeries instead of

cytoreduction.

Consider diagnostic laparoscopy to evaluate tumor burden and disease along
major vessels and screen for extensive serosal involvement.
Stepwise CRS depending on extent of disease can include resection of lesser
and greater omentum, splenectomy, left upper quadrant peritonectomy, right
upper quadrant peritonectomy, lesser omentectomy-cholecystectomy with
stripping of the omental bursa, pelvic peritonectomy with or without sleeve
resection of sigmoid colon, hysterectomy with bilateral salpingo-
oophorectomy, and bowel resections [24].

« HIPEC

Closed abdomen technique: after CRS, inflow and outflow catheters are
placed in the abdomen along with temperature probes. Outflow catheters are
placed in dependent areas in the pelvis and under right diaphragm. The skin is
closed in a water-tight fashion and heated chemotherapy solution is adminis-
tered. Generally the heat exchanger is set at 44-46 °C such that the perfusate
is maintained at 41-43 °C for 30-90 min of therapy. External manual agita-
tion is performed to promote distribution of the chemotherapy [25].
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— Open abdomen technique: catheters are placed in the abdomen through the mid-
line incision or separate lateral incisions to tunnel subcutaneously and enter the
abdomen at the midline facial incision. Skin edges are lifted using a self-retain-
ing retractor with elevation creating an open reservoir in the abdominal cavity. A
plastic sheet covers the midline incision to prevent spillage, through which the
surgeon may manually stir the chemotherapy perfusate. A smoke evacuator is
placed under the sheet to prevent vapors and small droplets from dissipating [11].

— General safety components: correct instrument counts prior to initiating
HIPEC; proper PPE including double gloves, eye protection, impervious
gowns, and shoe covers; and absorbent towels for possible spills

— No difference in postoperative morbidity or mortality between the open and
closed techniques [11]

— Chemotherapeutic agents:

* Mitomycin C and oxaliplatin commonly used for appendiceal and colorec-
tal primaries with no difference in outcomes in randomized controlled trial
(This is the only randomized controlled trial in appendiceal cancers.) [15]

¢ Platinum compounds: cisplatin, carboplatin, and oxaliplatin
— Cisplatin nephrotoxicity limits the dose. Doses under 240 mg may
reduce risk of renal injury, as well as IV sodium thiosulfate prior to
cisplatin use [12, 13].

» Alkylating agents: mitomycin C and melphalan

e Antimicrobials: docetaxel and paclitaxel

* Antimetabolites: 5-FU and gemcitabine

¢ Topoisomerase inhibitors: doxorubicin, mitoxantrone, irinotecan, and
topotecan

* Penetration depth 1-3 mm depending on agent

Commonly used HIPEC agents by primary disease [13, 18, 26-28]

Appendiceal tumors Mitomycin C, oxaliplatin, and mitomycin C + doxorubicin
Colorectal cancer Mitomycin C (favored over oxaliplatin after PRODIGE 7)
Mesothelioma Cisplatin +/— doxorubicin, mitomycin C, and carboplatin

* PIPAC (pressurized intraperitoneal aerosol chemotherapy)

— Currently used in a clinical trial setting. PIPAC therapy increases the depth of
chemotherapy penetration. Oxaliplatin, cisplatin, and doxorubicin are com-
monly used chemotherapy [29].

e NIPEC (normothermic intraperitoneal chemotherapy), EPIC (early postopera-
tive intraperitoneal chemotherapy)

— Used in select centers, typically as part of a clinical trial. Utilizes cell cycle-
dependent chemotherapy such as paclitaxel and 5-FU [30]

* Prevention of complications

— Hold antiangiogenic agents such as bevacizumab for five weeks prior to CRS-
HIPEC (strong recommendation, low evidence) [15].

— Hold systemic chemotherapy four weeks prior to surgery.
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ERAS components recommended [15]: epidural neuraxial analgesia or
blocks, multimodal pain regimen, early oral intake, glucose and nutrition
monitoring, removal of urinary catheter by post op day #3, and perioperative
venous thromboembolism prophylaxis

* Surgical Complications

Overall morbidity 33% and mortality 2.9% [31]

Bowel obstruction: Rates range from 20% to 37% [14]

Perforations/leak:

(i) Anastomosis before or after HIPEC not shown to affect leak rates [16]
(i) Leak rates similar with and without HIPEC [32]

Ileus

Infection

Neutropenia: risk factors—neoadjuvant chemotherapy, female, and mitomy-
cin C dose/BSA (body surface area). Mitomycin C has more of a WBC
decrease than oxaliplatin typically between POD 5 and 10 [15, 33].

Long term—hernia and GI dysfunction.

Readmission 11% [31].

Follow-Up

* Imaging every 3—6 months for adenocarcinomas and peritoneal mesothelioma
and every 6—12 months for appendiceal mucinous neoplasm for 5-10 years with
tumor markers such as CEA and others that were abnormal at diagnosis [13, 18].

* Adjuvant FOLFOX can be considered for stage III appendiceal adenocarci-
noma [13].

» Utility of prophylactic HIPEC colorectal cancers at high risk for peritoneal
metastases is debatable

COLOPEC trial—No difference in a five-year overall survival between adju-
vant chemotherapy and oxaliplatin HIPEC for patients with high-risk colorec-
tal cancer (perforated or T4ANO-2MO) [34].

PROPHYLOCHIP-PRODIGE 15—No difference in a three-year overall sur-
vival with second look laparoscopy and oxaliplatin HIPEC after adjuvant sys-
temic chemotherapy for perforated or metastatic colon cancers [35]
HIPECT4—Addition of mitomycin C HIPEC to cytoreductive surgery for T4
colon cancer showed improved locoregional control but no disease free or
overall survival difference at three years without increased morbidity [36].
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Cameron Keramati and Anthony Scholer

Introduction

e Represent a rare and diverse group of malignancies, accounting for approxi-
mately 1% of all cancer diagnoses [1].
— SEER database 2018
* Incidence is 3.46 per 100,000 or roughly 56,529 new cases between 2014-2018.
*  Mortality is 5,000-6,000.
* National Cancer Institute and American Cancer Society, five-year relative sur-
vival for STS [2]
— Overall 65%
— Localized 81%
— Locally advanced 58%
— Metastatic 17%
* Arises from various connective tissues, including tendons, muscles, adipose tis-
sue, and vascular/neural structures in the extremities and retroperitoneum
e Primary location(s) [3, 4]
— 50-60% extremities
— 15-20% retroperitoneum
* Over 60 subtypes, with a range of clinical behaviors (highly aggressive to indolent).
— Classification is based on anatomical location, histological features, and, in
some cases, specific genetic translocation profiles (Table 16.1).
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The most common subtypes

* Liposarcoma (LPS), leiomyosarcoma (LMS), synovial sarcoma, epithe-
lioid sarcoma, undifferentiated Pleomorphic sarcoma (UPS), malignant
peripheral nerve sheath tumors (MPNST), and rhabdomyosar-
coma (RMS).

» This chapter will focus on STS aligned with the typical clinical focus of a com-
plex general surgical oncologist, excluding non-STS neoplasms (such as osteo-
sarcoma and chondrosarcoma).

Gastrointestinal stromal tumors (GIST) have a dedicated chapter within this
textbook.

Classification and Characteristics of Subtypes

The 2020 World Health Organization (WHO) Classification of Soft Tissue and
Bone Sarcomas

Categorized by histopathologic type and tumor biology

Subtype categories

* Adipocytic, fibroblastic, myofibroblastic, vascular, pericytic (perivascu-
lar), smooth muscle, skeletal muscle, chondro-osseous, peripheral nerve
sheath, and tumors of uncertain differentiation [3].

Risk Factors

Generally, STS occurs in individuals without known risk factors.

Incidence is relatively equal in men versus women, except for certain

subtypes.

Prior radiation therapy is associated with a delayed risk of less than 1% (with

an onset of approximately seven years) of developing angiosarcoma and

undifferentiated pleomorphic sarcoma.

Lymphedema (especially when associated with radiation exposure) has up

to a 0.05% risk of developing lymphangiosarcoma (Stewart-Treves

syndrome).

Other risk factors:

e Arsenic, thorotrast, arsenic (angiosarcoma), immunosuppression (HIV,
HHV-8, and immunosuppressive agents), herbicides (phenoxyacetic acid),
and wood preservatives (chlorophenol).

3% of cases are associated with underlying genetic syndromes

(Table 16.2).

* Cases that arise in association with genetic syndromes tend to be
younger at onset (median age of 37 vs. 53 compared to sporadic cases)
[38-49].
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Table 16.2 Genetic syndromes associated with sarcomas

Inheritance
Syndrome Mutation pattern Sarcoma type
Carney-Stratakis SDH Autosomal GIST
dominant
Hereditary RBI1 Autosomal Increased risk overall, but particularly
retinoblastoma dominant LMS
Neurofibromatosis NF1/ Autosomal MPNSTs
(NF)-1 and NF-2 NF2 dominant
Li-Fraumeni syndrome ~ TP53 Autosomal Pediatric rhabdomyosarcoma and adult
dominant undifferentiated pleomorphic sarcoma
Familial adenomatous APC Autosomal Intraabdominal desmoid tumors
polyposis (FAP) dominant

GIST Gastrointestinal stromal tumor, LMS leiomyosarcoma, and PMNST malignant peripheral
nerve sheath tumor

Liposarcoma [50-52]

e Common subtype in the USA.

e Most common subtype globally.

* Frequently found in the extremities, trunk, and retroperitoneum.
¢ Originates from lipoblasts.

e WHO subclasses LPS based on histological features.

Well-differentiated (WD)/dedifferentiated (DD), round cell/myxoid, and
undifferentiated pleomorphic sarcoma
LPS found in the extremities is more likely to be of the myxoid or WD LPS.
LPS located in the retroperitoneum is more often categorized as a DD-LPS.
WD LPS
* Can be further categorized into the following.
— Lipoma-like subtype shares similarities with lipomas, typically con-
tains a significant number of lipoblasts.
— Sclerosing subtype is characterized by an abundance of fibrosis,
whereas the inflammatory subtype exhibits prominent B-cell infiltration.
— Inflammatory subtype exhibits prominent B-cell infiltration.
Myxoid LPS
* Characterized on histology by abundance of curved “chicken-wire” capil-
laries, bland nuclei, and a dearth of cellularity.
Round Cell LPS
* Can be thought of as a high-grade version of Myxoid LPS
» Similar histological characteristics with abundant “chicken-wire” capillar-
ies, but with the addition of thick sheets of round cells [53]
Undifferentiated Pleomorphic Sarcoma
* Previously known as malignant fibrous histiocytoma (MFH)
— Modern classification schema has reclassified many of the tumors that
were formally belonged in this group.
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» Histologically defined by presence of at least 65% pleomorphic cells
within the sample, along with intervening areas showing typical liposar-
coma differentiation [53].

— Atypical Lipomatous Tumors (ALT)
* Formally categorized as a WD LPS subtype, now a distinct diagnosis
* Two subtypes:
— Atypical lipomatous spindle cell tumors
— Atypical pleomorphic lipomatous tumors

e These tumors display alarming histological characteristics but often have
indolent clinical courses with metastasis and recurrence being rare.

¢ Often lack driver mutations found in other LPSs [3]

Leiomyosarcoma (LMS)

* One of the most common subtypes
¢ Most common subtype found within the abdomen
— Also found in the retroperitoneum and uterus and arising from large blood
vessels (vena cava)
* Originates from smooth muscle and mesenchymal cells
* Risk Factors
— Men are more at risk to develop cutaneous LMS.
— Women are more at risk of developing LMS of the retroperitoneum, vena
cava, and aorta [54].
» Histopathology
— Characterized by intersecting, sharply marginated fascicles of spindle cells
with elongated, hyperchromatic nuclei and abundant eosinophilic cytoplasm.
— Spindle-cell variants are most common; however, nonspindle-cell vari-
ants exist.
— Can be difficult to differentiate between LMS and benign leiomyoma.
— The presence of abrupt necrosis heavily suggests LMS [55, 56].

Synovial Sarcoma [28]

* Represents 10% of all STS

* Highest prevalence in individuals <30 years of age

¢ Characteristic translocation, t(X;18)(p11;ql1)

» Histopathology
¢ Monophasic pattern: spindle cell or epithelial morphology.
* Biphasic pattern: both fibroblast-like spindle-shaped cells and epithelial cells.
* Cytokeratin (CK)7 and cytokeratin (CK)19 are highly specific markers of

synovial sarcoma [57].
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Angiosarcoma

* Constitutes <1% of all STS
* Endothelial origin
* Significantly aggressive
e Subtypes [12, 13, 58]
— Categorized by the location in which the tumor develops.
¢ Primary—tissue parenchyma
— Higher risk of early metastasis
¢ Secondary—skin overlying the tissue
— Defined by its risk factors
— Higher risk of local recurrence
— Displays unique genetic alterations, such as the amplification of MYC
and FLT4 (VEGFR3)
¢ Risk factors [11]
— Primary angiosarcoma
* Environmental exposures (arsenic, polyvinyl chloride, and thorotrast, a
radiopaque contrast agent not used in the USA since the 1950s)
¢ Women aged 30-50
— Secondary angiosarcoma
¢ Radiation therapy (commonly in the context of chest wall radiation for
breast cancer)
¢ Chronic lymphedema (Stewart-Treves syndrome)
» Histopathology [59]
— In early stages, challenging to differentiate from benign endothelial tissue due
to the lack of capsule
— In late stages, challenging to differentiate from melanoma
— Immunohistochemical staining
e Markers of vascular endothelial origin
— Vascular endothelial growth factor (VEGF) and Von Willebrand
Factor (VWF)
* For poorly differentiated
— Ulex europaeus agglutinin 1 and CD31 may help identify endothelial
origin
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Fibrosarcoma

e Rare
— Historically more common, many now reclassified due to new classification
schema and improved diagnostic capabilities
» Two distinct disease entities
— Congenital infantile fibrosarcoma and adult-type sarcoma
e Adult type has a much worse prognosis.
¢ Risk factors [60]
— Prior trauma, radiation, and chemotherapy
» Histopathology [25]
— Spindle-cell “herringbone” pattern
— Immunohistochemical staining.
¢ Vimentin, a marker of mesenchymal origin.
e Actin and desmin may indicate a degree of myofibroblastic
differentiation.

Myxofibrosarcoma

» Estimated to be 5% of all STS.

* High local recurrence rate.

* Risk Factors
— Male sex and elderly (6th—8th decades)

» Histopathology
— “Curvilinear" capillaries (vs. the “chicken-wire” capillaries found in

myxoid LPS)

e Unlike myxoid LPS, myxofibrosarcoma does not display consistent genetic

alterations [61].
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Malignant Peripheral Nerve Sheath Tumors (MPNSTSs)

Originates from nerve sheath differentiation

Can occur spontaneously or arise from existing neurofibromas

Risk Factors

— 50% of cases linked to neurofibromatosis

— Approximately 10% of all patients with neurofibromatosis will develop
an MPNST
* These patients should undergo yearly neurological and ophthalmological

examination.

Histopathology [62]

— Spindle cells arranged in a palisade or rosette-like pattern

— Immunohistochemical staining
¢ S100 protein

Dermatofibrosarcoma Protuberans (DFSP)

Slow growing.

1-5% of all STS cases

Typically presents as a firm truncal plaque in young adults

Can present with rapid growth during pregnancy

— The behavior of these tumors after pregnancy is not well defined, although
recurrence and metastasis has been reported.

— Can be treated during or after pregnancy.

— The influence of oral contraceptives on DFSP behavior is under investiga-
tion [63].

Histopathology:

— COLI1A1-PDGF-beta fusion gene is diagnostic for DFSP.

— Displays features of fibroblastic, muscular, and neurological differentiation.

— DFSP lesions exhibit cells that are arranged in a storiform pattern.

— The presence fibrosarcomatous changes with atypical cytological features
within the tumor margins indicates a more aggressive form of DFSP and a
poorer prognosis.

In the absence of these features, a 10-year survival rates exceed 99% [64].

Desmoid Tumor

Also known as aggressive fibromatosis (AF)

Locally invasive tumors with high recurrence rates

Low rates of metastasis

High association with familial adenomatous polyposis (FAP)

— All patients with desmoid tumors should be evaluated for germline APC
mutations.
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* Associated with pregnancy
— Postpartum cases have improved outcomes.
» Histopathology
— Most sporadic common mutation: CTNNB1
— Resemble the proliferative stage of wound healing with a rich vascular net-
work, abundant collagenous stroma, and an abundance of myofibroblasts.
— May resemble fibrosarcoma, myxofibrosarcoma, or myxoid liposarcoma but
without significant cellular atypia.
— Immunohistochemical staining [65, 66]:
* Nuclear f-catenin, vimentin, PDGF-beta, androgen receptor, and estrogen
receptor beta

Rhabdomyosarcoma (RMS) [67, 68]

* Most common STS in children and adolescents
* Four main subtypes that commonly occur within specific age ranges:
— Botryoid sarcoma
¢ Most favorable prognosis
* Infants and young children
 Originates specifically within hollow organs, such as the bladder or vagina.
— Embryonal rhabdomyosarcoma
e Worse prognosis than botryoid sarcoma
 Children in early childhood and adolescence
— Alveolar rhabdomyosarcoma
¢ Worse prognosis than embryonal rhabdomyosarcoma
* Adolescents
* Identified by specific chromosomal translocations: PAX3-FOXO1 or
PAX7-FOXO1
— Pleomorphic rhabdomyosarcoma
» Affects adults
*  Worst prognosis of the RMS subtypes
» Histopathology
— Poorly circumscribed, highly infiltrative
— Characteristic pattern of cells with eccentric eosinophilic cytoplasm filled
with granules and thick and thin filaments, reflecting their rhabdomyoblas-
tic origin

Clinical Evaluation

* The National Comprehensive Cancer Network (NCCN) guidelines categorize
the management of STS according to their location.
— Extremity, trunk, or head/neck (referred to as extremity unless specified)
— Retroperitoneal or intraabdominal (RP unless specified)
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— Specific subtypes such as desmoid tumors, RMS, and DFS [4, 69]
« Evaluation should focus on the following:

— Identify the primary tumor location.

— Signs or symptoms of local-regional or distant metastasis.

— Explore presence of subtype-specific risk factors.

— Discuss any possible genetic predisposition within the family.

Extremity and Trunk STS

¢ Most common location (63%) of all STS [50, 51]
— Upper thigh (44%)
— Other sites include the following:
* Lower extremity (27%)
» Upper extremity (12%)
¢ Shoulder/axilla (11%)
e Trunk (10%)
e Forearm (6%)
e Most common subtypes [50, 51]
— Undifferentiated pleomorphic sarcoma (24%)
LPS (21%)
— Synovial sarcoma and myxofibrosarcoma (each 10%)
— LMS (8%)
* Presentation and evaluation
— Painless mass of the extremity (most likely proximal thigh) [50, 51]
 Differential diagnosis
— Exclude traumatic injury
— Benign etiologies
e Cysts, leiomyomas, schwannomas, neurofibromas, ganglions,
nodular fasciitis, sebaceous cysts, hypertrophic scarring, hemato-
mas, lipomas, myositis ossificans, myxomas, infections, and
hemangiomas
— Malignancy causes
¢ Lymphoma, skin cancers, and metastatic diseases
* Increased risk of malignancy if [70]
— Larger than 4 cm
— Increase in size
Located deep to the fascia
— Painful
— Recurrence after previous excision
— Comprehensive physical exam of the mass, focusing on the following:
* Size and immobility.
» Consider complexity of wound closure and potential for reconstruction.
* Potential neurovascular involvement.
* Lymph node evaluation.



16 Soft Tissue Sarcomas 291

Retroperitoneum and Intraabdominal STS

RP and intraabdominal sarcomas make up 15% of STS compared to visceral STS

(22%) [50, 51].

LPS and LMS are the most common.

Presentation

— Vague abdominal pain, palpable mass (average size at presentation 15 cm),
compressive symptoms secondary to mass effect (early satiety and obstruc-
tion), or an incidental mass found on imaging.

Broad differential, with specific history taking aimed at cancers of the following:

— Adrenal gland, kidney, pancreas, duodenum, metastatic urologic and gyneco-
logical malignancies, extrarenal paragangliomas, lymphomas, schwannomas,
and germ cell tumors

Exam should include a thorough abdominal, regional lymph node, and testicular

(in young men) examination.

Diagnosis

Extremity and Trunk STS

Preferred imaging modality:
— Magnetic resonance imaging (MRI) with gadolinium contrast
¢ Some evolving roles for CT and ultrasound
e WD-LPS has high signal intensity during the T1 phase with lower intensity
in the T2 phase compared to Myxoid STS (high T2 intensity).
¢ Non-WD-LPS have varying intensities.
* High-grade STS is T1 isointense to muscle, T2 (fat-suppressed) hyperin-
tense, and contrast enhancement in the delay phase.
— Poor prognostic signs
* Satellite lesions
* Enhancement or nodularity which suggests a high-grade tumor component
within the STS
— WD-LPS with classic MRI findings do not require tissue diagnosis to initiate
treatment.
Biopsy recommendations for tissue diagnosis
Core needle biopsy no smaller than an 18 gauge.
Aimed at nodular or enhancing lesions.
It is imperative to carefully plan the biopsy track.
* The biopsy track should be aimed in such a way that a subsequent resec-
tion would encompass the track.
— This is to not seed the surrounding tissues.
Up to 15% of biopsies do not yield a definitive diagnosis.
¢ An incisional biopsy is appropriate if it would alter treatment.
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— Performed along the axis of the extremity so that it can be incorporated
into the definitive surgical resection with minimal dissection.
— For superficial lesions <3 cm, excisional biopsy can be an appropriate choice.
e Pathological testing
— Hemotoxin and eosin.
— Immunohistochemistry
— Identification of chromosomal abnormalities with fluorescence in situ hybrid-
ization (FISH)

Retroperitoneum and Intraabdominal STS

¢ Preferred imaging
— Cross-sectional contrast computed tomography (CT)
¢ To determine location and size relative to surrounding structures
— PET scans rarely aid diagnosis or change management and are therefore usu-
ally not indicated.
* Some recent use in differentiating WD-LPS from DD-LPS and determin-
ing response to neoadjuvant treatment.
* Biopsy
— Given the risk of undergoing an intraabdominal or RP biopsy due to tumor
location and size, biopsy is pursued only when.
* Suspicion of a dedifferentiated component.
* Imaging is inconclusive.
e Tissue diagnosis would alter treatment and the risk of biopsy is
acceptable.
¢ Adrenal masses should particularly be ruled out to avoid inadvertent
biopsy of a hormone secreting adrenal mass or paraganglioma (Chapter:
Adrenal and/or Endocrine Tumors for adrenal mass workup and biopsy
indications).

Subtype Special Considerations
Clinical Evaluation, Diagnosis, and Stage and Grade

» Subtypes that have a propensity for metastasis at specific sites should have con-
trast imaging of the potential metastatic site at the initial diagnostic workup,
during surveillance, and with recurrence regardless of the primary site loca-
tion [4]:

— CT or MRI of the abdomen and pelvis
* Angiosarcoma, leiomyosarcoma, myxoid/round cell sarcoma, and epithe-
lioid sarcoma
— Chest CT scans
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* Intermediate- and high-grade STS and subtypes with a tendency for lung
metastasis (Table 16.1).
e Can avoid Chest CT in WD-LPS, ATL, and low-grade desmoid tumors
because of their low metastatic potential.
— Whole-body MRI
* Myxoid/round cell LPS given propensity for soft tissue metastasis
— MRI should map outside the CT chest, abdomen, and pelvis
— MRI of the total spine:
* Myxoid/round cell LPS because of the likelihood of spinal metastasis
— MRI of all CNS structures:
¢ Angiosarcoma and alveolar soft part sarcoma
— CT or PET/CT of regional lymph node basins:
e Angiosarcoma, epithelioid sarcoma, clear cell sarcoma, synovial sar-
coma, and RMS, given their high propensity for lymph node metasta-
sis [71].
— PET/CT can be useful for selecting histologies for neoadjuvant therapy when
further assistance is required for determining staging, prognosis, grading, and
response to subsequent neoadjuvant therapy [4].

Stage and Grade

Sarcomas are staged in accordance with the guidelines set forth by the American
Joint Committee on Cancer (AJCC) in their Cancer Staging Manual, Eighth
Edition, using the Tumor, Node, Metastasis (TNM) system [72] (Tables 16.3,
16.4, 16.5, and 16.6).
Histologic grade plays a critical role in the staging process of sarcomas.
The Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC)
system standardizes the grading of sarcomas by the following:
— Tumor differentiation, mitotic rate, and necrosis (Table 16.3) [73]
Within this system, the grading of the following sarcomas is not recommended.
— Gastrointestinal stromal tumors, malignant peripheral nerve sheath tumors,
embryonal and alveolar rhabdomyosarcomas, angiosarcomas (rapid growth
and dissemination common), extraskeletal myxoid chondrosarcomas, alveo-
lar soft part sarcomas, clear cell sarcomas, and epithelioid sarcomas.
Sarculator
— Online validated nomogram developed to aid in prognostication.
e https://www.sarculator.com/
— Resected, primary extremity and trunk [75-77]
* Age, size, grade, and histology
* Predicts five- and ten-year OS and distant metastasis-free survival
— Resected RP STS [78]
* Age, size, grade, histology, multifocality, and completeness of resection
* Predicts five-year OS and DFS for high-volume and low-volume sar-
coma centers
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Table 16.3 FNCLCC histologic grading system [72, 73]

Tumor differentiation score Definition

1 Resemble normal mesenchymal
tissue (low-grade LMS)

2 Histologic subtype is certain
(myxoid/round cell LPS)

3 Embryonal and undifferentiated

sarcomas, sarcomas of doubtful
type, synovial sarcomas, soft tissue
osteosarcoma, and Ewing sarcoma/
primitive neuroectodermal tumor
(PNET) of soft tissue

Subtype-specific tumor differentiation score Score
ALT, WD-LPS, and WD-LMS 1
Myxoid LPS, fibrosarcoma, myxofibrosarcoma, LMS 2
(conventional)

LPS (round cell, pleomorphic, DD), undifferentiated 3

pleomorphic sarcoma, poorly differentiated/pleomorphic/
epithelioid LMS, synovial sarcoma (biphasic/monophasic
or poorly differentiated), RMS (pleomorphic),
mesenchymal chondrosarcoma, extraskeletal
osteosarcoma, Ewing sarcoma/PNET, malignant rhabdoid
tumor, undifferentiated sarcoma, not otherwise specified

Mitotic count score? Definition

1 0-9 mitoses per 10 HPF

2 10-19 mitoses per 10 HPF

3 >20 mitoses per 10 HPF

Tumor necrosis score” Definition

0 No necrosis

1 <50% tumor necrosis

2 >50% tumor necrosis

Grade Definition

GX Grade cannot be assessed

Gl1 Total differentiation, mitotic count,
and necrosis score of 2 or 3

G2 Total differentiation, mitotic count,
and necrosis score of 4 or 5

G3 Total differentiation, mitotic count,

and necrosis score of 6, 7, or 8

Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC)
In the most mitotically active area of the sarcoma, ten successive high-power fields (HPF; one
HPF at 400x magnification = 0.1734 mm?) were assessed using a 40x objective.
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Table 16.4 Extremity and Trunk STS AJCC Tumor, Node, Metastasis Staging System [74]

Primary tumor (T)

T category T criteria

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

T1 Tumor 5 cm or less in greatest dimension

T2 Tumor more than 5 cm and less than or equal to 10 cm in greatest
dimension

T3 Tumor more than 10 cm and less than or equal to 15 cm in greatest
dimension

T4 Tumor more than 15 cm in greatest dimension

Regional lymph nodes (N)

N category N criteria

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis or unknown lymph node status

N1 Regional lymph node metastasis

Distant metastasis (M)

M category M criteria

MX Distant metastases cannot be assessed

MO No distant metastasis

M1 Distant metastasis

Definition of grade (G)

G G definition

GX Grade cannot be assessed

Gl Total differentiation, mitotic count, and necrosis score of 2 or 3

G2 Total differentiation, mitotic count, and necrosis score of 4 or 5

G3 Total differentiation, mitotic count, and necrosis score of 6, 7, or 8

Prognostic stage groups

T stage N stage M stage Grade Stage

T1 NO MO Gl1,GX 1A

T2, T3, T4 NO MO Gl1, GX 1B

T1 NO MO G2, G3 1I

T2 NO MO G2, G3 IIA

T3, T4 NO MO G2, G3 I11B

Any T N1 MO Any G v

Any T Any N M1 Any G v

STS Soft tissue sarcoma, TNM tumor, node, metastasis, AJCC American Joint Committee on

Cancer
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Table 16.5 Retroperitoneum STS AJCC Tumor, Node, Metastasis Staging System [74]

Primary tumor (T)

T category T criteria

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

T1 Tumor 5 cm or less in greatest dimension

T2 Tumor more than 5 cm and less than or equal to 10 cm in greatest
dimension

T3 Tumor more than 10 cm and less than or equal to 15 cm in greatest
dimension

T4 Tumor more than 15 cm in greatest dimension

Regional lymph nodes (N)

N category N criteria

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis or unknown lymph node status

N1 Regional lymph node metastasis

Distant metastasis (M)

M category M criteria

MX Distant metastasis cannot be assessed

MO No distant metastasis

M1 Distant metastasis

Definition of grade (G)

G G definition

GX Grade cannot be assessed

Gl Total differentiation, mitotic count, and necrosis score of 2 or 3

G2 Total differentiation, mitotic count, and necrosis score of 4 or 5

G3 Total differentiation, mitotic count, and necrosis score of 6, 7, or 8

Prognostic stage groups

T stage N stage M stage Grade Stage group

T1 NO MO Gl,GX 1A

T2-T4 NO MO G1, GX IB

T1 NO MO G2, G3 I

T2 NO MO G2, G3 IIA

T3-T4 NO MO G2, G3 1B

Any T N1 MO Any G 1B

Any T Any N M1 Any G 1A%

STS Soft tissue sarcoma, TNM tumor, node, metastasis, AJCC American Joint Committee on
Cancer



16 Soft Tissue Sarcomas

297

Table 16.6 Intraabdominal and Intrathoracic Viscera STS AJCC Tumor, Node, Metastasis
Staging System [74]*

Primary tumor (T)

T category

TX

T1

T2
T2a
T2b

T3

T4
T4a
T4b
T4c

T criteria

Primary tumor cannot be assessed
Organ confined

Tumor extension into tissue beyond organ
Invades serosa or visceral peritoneum
Extension beyond serosa (mesentery)
Invades another organ

Multifocal involvement

Multifocal (two sites)

Multifocal (three to five sites)
Multifocal (>5 sites)

Regional lymph nodes (N)

N category
NX
NO
N1

N criteria

Regional lymph nodes cannot be assessed

No lymph node involvement or unknown lymph node status
Lymph node involvement present

Distant metastasis (M)

M category
MX

MO

Ml

STS Soft tissue sarcoma, TNM tumor, node, metastasis, AJCC American Joint Committee on

Cancer

M criteria

Distant metastasis cannot be assessed
No metastases

Metastases present

“There is no recommended prognostic stage grouping currently

Multidisciplinary Management

Resectable and Locally Advanced Extremity and Trunk STS

* Treatment is multifaceted; however, surgery remains the primary modality.

— If margins are positive, reresection is strongly advised.
— Careful consideration of radiation and systemic therapy where appropriate.
* Limb-Sparing Surgery
— Prior to Rosenburg et al.’s groundbreaking study, STS of the extremity was
treated with amputation with local recurrences < 5% (nonamputation
approaches had recurrences of 30-50%) [79].
* However, high rates of distant metastasis remained a significant challenge
when undergoing such a morbid operation.
— This led to a shift toward limb-sparing surgery followed by XRT
(Table 16.7).
* Equivalent five-year disease-free survival (DFS) and overall sur-
vival (OS)

* Less than 5% rate of amputation [80]

e QOver time, as XRT techniques have improved [81-83, 89]

— Local recurrence rates have dropped to between 10% and 20%.

— XRT is associated with a 50% relative risk reduction.
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Table 16.7 Extremity STS surgery and radiation studies

Study

Design

Surgery Studies

Rosenberg
(1982) [80]

LSS + adjuvant XRT
(6000-7000 Gy) vs.
amputation

Low- and high-grade
extremity STS

Adjuvant Brachytherapy Studies

Pisters
(1996) [81]

LSS +/— adjuvant BRT
Low- and high-grade
extremity and trunk STS

Adjuvant radiation studies

Yang
(1985) [82]

Beane
(2010) [83]

Pisters
(2007) [84]

LSS +/- adjuvant XRT
Low- and high-grade
extremity STS

Only high-grade STS
received concurrent
chemotherapy
(doxorubicin +
cyclophosphamide)

Long-term follow-up

LSS for T1 (n = 88)
Adjuvant XRT for R1+

Results

Similar five-year DFS (71%

vs. 78%, p = 0.75) and OS

(83% vs. 88%, p = 0.99) but

LSS had an increased LR
(15% vs. 0%, p = 0.06)
however < 5% needed an
amputation.

Improved five-year local
control with BRT (overall,

82% vs. 69%, p = 0.04 and

high grade, 89% vs. 66%,

p = 0.0025) but not for low

grade.
BRT did not improve.

Five-year DSS or the risk of

distant metastasis.

Overall, 5-year LR decreased
with XRT, 13% vs. 26% with

no difference in 5-year OS
66% vs. 57%.
Low-grade five-year LR

decreased with XRT (7% vs.

21%, p = 0.016) with no
difference in five-year OS
(78% vs. 11%).
High-grade five-year LR
decreased with XRT (20%

vs. 33%, p = 0.0028) with no

difference in five-year OS
(58% vs. 46%).

XRT LR (17.9-years 1.4%
vs. 25%, p = 0.0001).
XRT trend toward more

wound complications (17%
vs. 12.5%) and edema (25%

vs. 12%) with worse
functional outcomes (15%
vs. 12%)

RO five-year and ten-year LR

7.9% and 10.6%,
respectively

R1 + XRT (14/88) with 6 LR

of which 2 required
amputation

Interpretation

LSS + adjuvant XRT
becomes the new
standard of care.

Local control is
achieved in high-grade
STS with little effect on
preventing systemic
disease or survival.

The benefit of XRT for
high grade is because
they have a greater risk
of LR (vs. low grade)
despite toxicity profile.

XRT reduced LR <10%
(vs. 30-50% history
control) with
nonsignificant rate of
complications.

XRT can be omitted in
T1 tumors. Achieving a
negative margin is
essential to improving
LR in this subset of
patients

(continued)
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Table 16.7 (continued)

Study Design Results Interpretation

Neoadjuvant vs. adjuvant radiation studies

O’Sullivan  Neoadjuvant (50 Gy) vs. No difference in LR, OSS, Adjuvant XRT had

(2002) [85] adjuvant (66 Gy) XRT and DSS worse long-term
Neoadjuvant had increased ~ functional outcomes
acute wound complications  while neoadjuvant XRT

(35% vs. 17%, p=0.01). had more initial wound
complications
Davis Adjuvant XRT had increased
(2005) [86] grade or higher fibrosis

(48.2% vs. 31.5%, p = 0.07)

with trend toward increased

edema and joint stiffness

which correlated with

significant worse functional

outcomes (p < 0.01).
Chemoradiation studies

Kraybill Neoadjuvant High toxicity (5% grade 5 Feasibility and efficacy

(2006) [87] chemoradiation and 83% grade 4) with 59%  of chemoradiation
Three cycles pre- and completing treatment however the benefit
postop (mesna, Three-year LR 17.6% (5 must be weighed
doxorubicin, ifosfamide, amputations) with 56.6% against the toxicity
and dacarbazine) disease-free survival (DFS), profile

64.5% distant disease-free
survival (DFS) 64.5%, and
75.1% overall survival (OS)

RTOG 97% grade 3 toxicity at
9514 5 years with 28% distant
(2010) [88] metastasis (7.7-year

follow-up) with lung being
most common site

LSS Limb-sparing surgery, XRT radiation, BRT brachytherapy, DFS disease-free survival, LR
local recurrence, OS overall survival, DSS disease-specific survival, DFS distant disease-free
survival

* XRT
— General indications

* Intermediate- and high-grade tumors, where the most significant clinical
benefit is anticipated.

* Tumors are proximate to critical structures and pose a risk for suboptimal
margins [4].

— Tumor stage and grade considerations

* Low-grade tumors <5 cm, such as T1Gl1 (stage [A), surgery without radia-
tion may be appropriate.

e Larger low-grade stage IB (T2-T4G1) tumors typically undergo sur-
gery alone, provided that a satisfactory margin of at least 1 cm is
achievable.

— Local recurrence rates of 7.9% and 10.6% at five and ten years, respec-
tively, with specific histologic subtypes considered [4, 81, 85, 90-94].
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Small high-grade stage II (T1G2-3) and large high-grade stage IIIA/IIIB

(T2-T4, G2-3) extremity STS are generally considered for XRT.

— Due to higher rates of local recurrence (16.7% at ten years) for high-
grade neoplasms [81].

— Timing of XRT (neoadjuvant vs. adjuvant)

Multidisciplinary discussions are warranted.

No significant differences in OS, LR, or progression-free survival (PFS)

(Table 16.7).

Consider patient factors, tumor characteristics, and toxicity profile (radia-

tion therapy) (85, 95].

Neoadjuvant XRT may improve the likelihood of a negative surgi-

cal margin.

— Delivering radiation to an intact mass may facilitate more precise radia-
tion planning but must be balanced against the increased risk of acute
wound complications [85, 96].
¢ For example, in individuals who are at risk for poor wound healing

(smokers, peripheral arterial disease, poorly controlled diabetes),
favoring an adjuvant approach could be preferred despite a higher
risk of limb dysfunction.

— Conversely, in young healthy patients, neoadjuvant therapy can be con-
sidered because of the lower risk of long-term limb dysfunction.

* Systemic Therapy
— Integration of chemotherapy into the treatment regimen for stage II and III
sarcomas remains a contentious issue due to the disparate evidence found in
the literature.

In a subset of patients with stage III extremity STS exhibiting adverse

prognostic indicators, the addition of chemotherapy, whether in a neoadju-

vant or adjuvant setting, has been suggested to confer benefits.

— This is evidenced by a limited number of clinical trials (Tables 16.7,
16.11, and 16.12).

— Timing of systemic therapy (neoadjuvant vs. adjuvant)

Optimal timing of systemic therapy and its concomitant use with radio-
therapy (chemoradiation) in the treatment of extremity soft tissue sarco-
mas remains a subject of debate [87, 88].

Neoadjuvant chemoradiation is considered for stage II and III extremity
STS due to an association with improved DFS, OS, and local control [108,
109] (Table 16.7).

— However, data supporting this approach is not uniform and remains a

point of clinical investigation.

* In summary
— Stage I are treated with wide local excision with adequate margin.

Reresection is preferred for postoperative positive margin if there is an
acceptable cosmetic and functional outcome.

— Resectable and locally advanced stage II and III extremity STS are most com-
monly treated via surgical excision complemented by neoadjuvant
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radiotherapy, preferably over adjuvant radiotherapy, particularly when there
is a concern for potential positive surgical margins [85, 96, 108, 110].

Resectable and Locally Advanced RP and Intraabdominal STS

* Surgery remains the backbone of treatment with the goal of a macroscopically
negative resection (RO/R1).

— To achieve this, en bloc resection of organs or other vital structures is indi-
cated when tumor invasion is present (surgical technique, intraoperative
decision-making, and outcomes).

* Unfortunately, many patients with RP sarcoma eventually develop unresectable
local disease.

— As such, treatment is focused on reducing LR.

« XRT

— Complex decision with multidisciplinary review [111].

— Historically, conflicting retrospective and small single institution studies
(Table 16.8)

Table 16.8 Retroperitoneal STS surgery and radiation studies

Study Design Results Interpretation

Surgery studies

Bonvalot Retrospective Compartmental resection was  Suggests the need for a

(2009) [112] multiinstitutional associated with improved prospective study
Simple vs. three-year LR HR 3.86 before making
macroscopic en bloc  (p =0.01) but no difference in  definitive conclusions.
vs. compartmental five-year OS compared to Does not factor in
resection macroscopic resection HR 1.37 chemotherapy or

(0.06). radiation bias.

Number of resected organs did
not differ between macroscopic
and compartmental resections
and was not associated with
improved three-year LR.

Gronchi Retrospective Ten-year OS 36%, LR 47%, 2001 the institution
(2009) [113] single institution and distant metastasis 20%. changed to a
Compartmental vs. Prior 2001, 20% multivisceral ~ compartment resection
macroscopic en block resections compared to 50% policy
resection (>/=2 after 2001 (18% simple Extrapolation of this
visceral resections) resection) data should be done
Compartmental improved with caution.

five-year LR (48% vs. 28%, Had short-term

p =0.01) and distant metastases follow-up for the

22% vs. 13% (p = 0.01). surgery group after
2001.
Does not factor in
chemotherapy or
radiation bias.

(continued)
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Table 16.8 (continued)

Study

Gronchi
(2012) [114]

Design
Retrospective
Reassessment of
initial single
institution study

Radiation studies
Nussbaum  Retrospective
(2016) [115]

vs. adjuvant XRT

EORTC- Phase I1I
62092 neoadjuvant XRT
STRASS (50.4 Gy, 28

(2020) [116]

Callegaro

(2023) [117] STREXIT

(propensity matched)
and STRASS trials

Neoadjuvant XRT vs.
surgery and surgery

fractions) vs. surgery

Pooled data from the

Results

Compartmental had an
improved five-year OS 66.5%
vs. 44.8% (p = 0.009) and
five-year LR 27.8% vs. 49.3%
(p <0.0001) compared to
macroscopic resection but a
decreased five-year distant
metastasis 24.5% vs. 12.1%

Neoadjuvant improved median
OS 110 months (110 months,
95% CI 75-not estimable vs. 66
months 95% CI 0.59-0.82; HR
0.70, p < 0.0001)

Adjuvant improved mOS (89
months, 95% CI 79-100 vs. 64
months 95% CI 0.71-0.85; HR
0.78, p < 0.0001)

No difference in median AFRS
(4.5 XRT vs. five-year surgery,
p =0.095)

Posthoc analysis showed the
potential for improved local
control with XRT for WD LPS
and grade 1-2 DD LPS.
Neoadjuvant XRT was
associated with improved AFRS
(HR 0.61; 95% CI, 0.42-0.82)
and AFRI in WD LPS and
grade 1-2 DD LPS

Interpretation
Long-term follow-up to
initial study.

Worse distant
metastasis suggest
more aggressive
surgery may not
influence outcomes
past five years
especially for certain
subtypes.

The addition of XRT
can improve OS.

The addition of
neoadjuvant XTR does
not improve local
control except for
certain LPS subtypes.

XRT had a similar
effect on AFRS in both
studies.

XRT Radiation, DFS disease-free survival, LR local recurrence, OS overall survival, DSS
disease-specific survival, DFS distant disease-free survival, AFRS abdominal recurrence-free
survival, AFRI abdominal recurrence-free interval, LPS liposarcoma, WD well-differentiated, DD

dedifferentiated

— STRASS (Surgery with or without Radiation Therapy in Untreated
Nonmetastatic Retroperitoneal Sarcoma) Trial
¢ No difference in abdominal recurrence-free survival (ARFS) between neo-

adjuvant XRT and curative surgery alone [116].

* This controversial result was further analyzed in a follow-up study which
suggested in posthoc analysis that LPS specifically may benefit from neo-
adjuvant XRT, warranting further study [117].

— When XRT is administered, it is generally recommended in the neoadjuvant

setting.

* As the mass effect of the tumor can displace nearby bowel
— Theoretically decreases the risk of seeding nearby structures at the time
of the operation (radiation therapy).
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Systemic Therapy

— Benefits of chemotherapy for high-grade RP STS are being investigated
(STRASS2).

— Current recommendations are based on data from extremity STS clinical trials
(Table 16.12) (systemic therapy) [101, 118, 119].

Metastatic Extremity and RP STS [4, 120]

30% have synchronous or metachronous metastatic disease (8% extremity and
10% RP) [121, 122]
— Most frequent sites
¢ Liver and lung
— Lung slightly more common in metastatic extremity
— Liver slightly more common in metastatic RP
— Tumor grade, size, and incomplete resection increase likelihood of metastasis
— Tumor subtype can also influence metastatic potential (Table 16.1)
e Tumor subtypes with the greatest metastatic potential

— LMS, epithelioid sarcoma, clear cell sarcoma, angiosarcoma, RMS,
synovial sarcoma, fibrosarcoma, PMNST, DD-LPS, alveolar soft part
sarcoma, myxoid/round cell LPS, undifferentiated pleomorphic sar-
coma, and myxofibrosarcoma

— Stage IV disease (any T, N1, M0, any G, or any T, any N, M1, any G)
* Generally poor prognosis (17% five-year relative survival)
— Due to the limited clinical benefits of most modern therapies [2—4]
(Table 16.12)
Systemic Therapy
— Largely doxorubicin-based regimens either alone or in combination
e Commonly combined with ifosfamide depending on patient functional sta-
tus and toxicity tolerance
— Next-generation sequencing can be used to identify targetable mutations.
All patients with metastatic STS should be considered for enrollment into clini-
cal trials.
— Due to poor outcomes of current first-line therapy
Surgical Resection
— Synchronous metastasis
* Resection of primary is considered when anatomically feasible with mini-
mal morbidity AND if the site of metastatic disease can also be adequately
controlled with surgery, local therapy, or systemic therapy.

— Metastasectomy is controversial, but several prognostic factors can
help aid in identifying patients who would benefit (surgical technique,
intraoperative decision-making, and outcomes, metastasectomy)
[123-126].

— Consider palliative resection after other treatment modalities fail to control
symptomatology.
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Unresectable Extremity and RP STS [4, 75, 111, 120]

Tumors may be deemed unresectable if:

— Involvement of vital structures.

— Those whose surgery would cause unacceptable morbidity.

— Those that are unfit for surgery due to frailty and comorbidities (surgical tech-
nique, intraoperative decision-making, and outcomes)

Biopsy is recommended prior to initiating treatment.

Treatment

— Typically consists of any of the following in isolation or in combination with
another modality:
* XRT
¢ Systemic therapy (chemotherapy, targeted therapy, or immunotherapy)
* Regional therapy

— Isolated limb infusion reserved for select extremity STS patients

— Conversion to resectability is low with treatment and the intent of therapy is
palliative.

Surgical Resection

— Palliative surgery can be considered for patients who remain symptomatic
after other therapies.
¢ Includes amputation in extremity STS

Observation can be considered in patients who are asymptomatic.

Recurrent Extremity and RP STS [75, 111]

20-50% develop recurrence after treatment (including local and metachronous
metastasis).
— Five-year DSS 20-70%, largely dependent on STS subtype [121, 127]
— Recurrence rate dependent on location, grade, subtype, and surgical margin
[128-130]
Extremity STS is less likely to develop local recurrence compared to RP
sarcoma.
— Extremity (15-30%) vs. RP (30-70%)
» This is largely due to extremity accessibility and amenability to surgery as
well as advances in limb-sparing surgery with XRT.
— Results in a greater RO rate (Table 16.7)
¢ RO surgical margins for RP sarcoma are less likely due to invasion into RP
fat and nearby structures (surgical technique, intraoperative decision-
making, and outcomes).
Subtypes with higher recurrence rates
— DD-LPS (20-30%)
— High-grade STS (30-50% vs. 20-25% in low grade) [131]
* High-grade tends to be more infiltrative with poorly defined margins.
Evaluation of Recurrent Extremity STS
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— Clinical evaluation, diagnosis, stage, and grade of LR should mirror the initial
management of extremity STS (clinical evaluation and diagnosis, extremity
and trunk, and stage and grade).

— Multimodality treatment (multidisciplinary management, extremity and trunk
STS) should be offered when indicated.

* Surgery can be offered to resectable recurrent tumors when good func-
tional and cosmetic outcomes are anticipated.
— Palliative resections when other treatment modalities fail to control
symptomatology.
* XRT and Systemic Therapy
— Indications for systemic therapy and XRT remain the same as a primary
occurrence.
¢ If a patient has previously received XRT, should be reevaluated by a
radiation oncologist.
— Patients with nonoperable recurrence can be offered palliative XRT/
chemotherapy.
* Evaluation of Recurrent Intrabdominal and RP Sarcoma

— Like the management of extremity STS local recurrence, RP and intraabdom-
inal STS LR follow the initial primary tumor management (Clinical Evaluation
and Diagnosis, RP and Intraabdominal STS and Stage and Grade and
Multidisciplinary Management, RP and Intraabdominal STS).

* Surgery is indicated for tumors that can be resected with a negative margin
and acceptable morbidity.
— Palliative surgery when other treatment modalities fail to control
symptomatology.
e XRT and Systemic Therapy:
— Multidisciplinary discussion for indications and sequence of treatment.
— Indications for systemic therapy and XRT remain the like primary
occurrence.
¢ If a patient has previously received XRT, should be reevaluated by a
radiation oncologist.
¢ XRT can be offered with a preference for neoadjuvant XRT.
— Patients who are not candidates for surgery can under palliative local or
systemic therapy as indicated (Multidisciplinary Management,
Unresectable and Metastatic Extremity and RP STS).

Surgical Technique, Intraoperative Decision-Making,
and Outcomes

* Goals of surgery
— Obtain an RO/R1 margin:
¢ Negative margin is highly prognostic for LR.
¢ STS in difficult anatomic locations (RP and head/neck) have higher LR.
— Likely due to difficulty in obtaining negative margin [132, 133].
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— Avoid pseudocapsule or intratumoral violation.
— Achieve functional outcome.

Extremity and Trunk STS

¢ Limb-salvage surgery
— Standard of care
¢ Amputation reserved for salvage therapy
— Preoperative planning to determine the extent of resection
* Based on tumor subtype, grade, and depth
— Margin width
¢ 1-2 cm margin of normal tissue is acceptable.
— Decreases rate of R1
¢ Narrower margin is acceptable when.
— Need to preserve functional outcome.
e STS are more likely to push neurovascular and osseous structures
rather than invade or encase.
— Adventitia (vascular structures), nerve sheath, perineurium
(bone), and/or fascia (muscle) is used as a barrier when possible
[134-136].
¢ Deep tumors are more likely to involve critical structures.
— Intraoperative decisions
* Involvement of neurovascular structures
— With exception of malignancy arising from the nerve sheath (MPNST),
extremity STS rarely invades neural tissue.
¢ Major nerves can safely be left intact with the nerve sheath utilized
as the margin [137, 138].
— If the presence of a major nerve or artery impedes surgical margin:
¢ Attempt to open the neurovascular bundle and lift the nerve or artery
away from the tumor (neurolysis or arteriolysis) [138, 139].
 If this does not facilitate a proper surgical margin
— Resection of major neurovascular structures is indicated, with
subsequent vascular reconstruction to improve limb function.
— Unlike nerves and arteries, major veins can often be resected with mini-
mal morbidity.
* Involvement of osseous structures
— Given the absence of frank bone invasion.
— Deploying the use of periosteal stripping can facilitate a surgical margin
in tumors that abut bone.
* Complications of periosteal stripping
— Increased risk of radiation dose-dependent fractures.
— Increased rate of nonunion.
— The femur is especially susceptible to these complications
[138, 140].
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* Surgical clips can be placed in the operative bed to aid planning of XRT,
especially when there is suspicion of a positive surgical margin.
» Use of surgical drains:
— Drains may be left within the operative bed to decrease fluid retention.
— Insert drains through skin near the edge of the wound so that the site can
be incorporated into XRT field or reexcised as needed.
— If margins are positive
* Reresection is indicated.
— TI1GI (stage IA) and T2-T4G1 (stage IB) [4, 81, 85, 90-94]
— Improved LR at 5, 10, and 15 years with reresection compared to those
who did not undergo surgery (5%, 85%, and 82% vs. 78%, 73%, and
73%, respectively, p = 0.03) [4, 81, 85, 90-94].
¢ Proceed with XRT (reresection not indicated)
— Invasion of blood vessel, bone, and nerve
— Nonacceptable functional outcome or morbidity

Regional Node Evaluation in Extremity and Trunk STS

<5% of STS spreads to regional lymph nodes [141]
— Exception is lymphotropic STS (15% of all STS)
¢ 20-40% involvement of lymph nodes [29, 142, 143]
* Synovial cell sarcoma, clear cell sarcoma, angiosarcoma, RMS, and epi-
thelioid sarcoma (SCARE) [144].
— Synovial cell sarcoma and clear cell sarcoma have demonstrated up to
40% regional lymph node metastasis [28, 34, 36, 37, 144].
Lack of evidence to support routine intraoperative lymphatic staging.
— True incidence of occult lymph node metastasis in extremity STS is unknown.
— Clinical benefit needs to be determined.
* Sentinel lymph node biopsy (SLBN)
— With goal of removal of occult lymph node metastasis
— Dearth of well-designed phase 3 clinical studies
e 62 patients with lymphotropic sarcoma subtypes who underwent
SNLB [144]

» FEight patients with +SNLB (12.9%)

— Two with evidence of regional disease upon completion of lymph node
dissection (CLND).
¢ Both patients went on to develop distant metastatic disease.

* Three patients with -SNLB went on to develop regional metastatic disease.
The American College of Surgeons Operative Standards for STS does not rec-
ommend routine regional lymph node evaluation due to limited known clinical
utility of SNLB [138].

— However, regional lymphatic staging may be considered in select patients at
high risk for lymph node metastasis.
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e When to Consider Lymphadenectomy
— Clinically positive lymph nodes noted on physical exam
— Suspicious lymph nodes seen on imaging
— Lymphotropic subtypes
* May have significantly longer median survival (4.3 months vs. 16.3 months)
with lymphadenectomy [143]

RP and Intraabdominal STS

¢ Preoperative imaging can determine tumor extent and possible invasion of adja-
cent structures.
— Unresectable disease
¢ Peritoneal carcinomatosis, spinal cord invasion extensive involvement of
the superior mesenteric vessels, aorta, and/or porta hepatis.
¢ Those that would require and unacceptably morbid operation such as prox-
imity to vertebrae, the lumbar plexus, or other neurovascular structures.
— Relative contraindications (must weigh the morbidity of the operation)
* Involvement of the IVC
— LMS can originate from the IVC and require IVC resection with or
without reconstruction.
* Involvement of iliac vessels
— These can in some cases be resected with or without subsequent
reconstruction.
* Surgical Technique
— RO/R1 resection associated with a decrease in LR vs. R2 (gross tumor) [112].
* Depending on subtype and study, LR can be >40% at ten years [145],
— Resect visible tumor with a margin of normal tissue.
¢ RP can be difficult to achieve RO/R1 [138, 146].
— Large tumor size (15-20 cm)
— Proximity to critical structures
— Difficulty differentiating gross tumor from retroperitoneal fat
 Indistinct borders with low-grade tumors (WD LPS) whereas LMS
have more distinct borders.
¢ Avoidance of tumor rupture (friable tumors)
— Rupture and subsequent dissemination are associated with increased
LR similar outcomes to R2 [138, 147, 148].
— Macroscopic complete resection
* Comparable oncologic outcomes to compartmental resection with less
morbidity [112, 127, 138, 145, 146, 148—156] (Table 16.8).
¢ En bloc resection of organs involved with gross tumor invasion.
— Structure is resected because it cannot be removed from the tumor (R2).
— Direct organ invasion
* Splenectomy, nephrectomy, distal pancreatectomy, diaphragm resec-
tion, and small intestine or colon resections
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— Preoperative spleen vaccines and bowel preparation should be
administered when indicated should be provided when
appropriate.

— Renal involvement
¢ Evaluate the functionality of the spared counterpart.

— For example, renal scintigraphy
* Consider neoadjuvant vs. adjuvant chemotherapy, as toxicity
may be better tolerated with both kidneys intact.
— Pancreatic involvement
¢ Pancreaticoduodenectomy can be considered for right-sided
disease.
— Increases the morbidity of the operation.
— When appropriate, partial resection of the duodenum is
preferred.

¢ Itis recommended to place an intraabdominal drain at the level
of the pancreas when pancreatectomy is performed, especially
when performing concomitant vascular reconstruction, bowel
anastomosis, or diaphragm resection [157].

— Compartmental resection

Systematic removal of the tumor en bloc with “normal” appearing adjacent
organs and surrounding soft tissue
— Removal of adjacent organs with no direct tumor invasion
¢ Most common organs are surrounding muscle, kidney, or colon.
— Only perform neurovascular and osseous resections and Whipple with
direct tumor invasion
Generally, not recommended due to insufficient data (Table 16.8)
[112-114]
— Retrospective studies
— Limited survival benefit
e Only with long-term follow-up in WD-LPS
— No comparison to the morbidity or mortality with macroscopic resection
¢ No quality of life or patient-reported outcomes
— Increased organ resection with either compartmental or macroscopic
resection was not associated with improved LR or OS.
* Suggests routine resection of grossly normal organs may not be the
underlying mechanism to prevent LR or increase OS.

— Subtype and genomic profiles may determine the extent of surgical resec-
tion [158].

Belief that compartmental resection improves LR because it removes
microscopic tumor that would have been left behind with a macroscopic
resection.
— Residual tumor (microscopic invasion) can be seen after reexcision
with macroscopic en bloc resection.
Importance of microscopic invasion needs to be elucidated.
— Certain subtypes are at greater risk for microscopic invasion.
* WD-LPS >LMS
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— Subtypes may determine the extent of surgery needed.
¢ Low-grade tumors (WD-LPS) increased LR.
— May benefit from compartmental resection given indistinct
borders and possible survival benefit.
* High-grade tumors (LMS) increased distant recurrence.
— May benefit from macroscopic complete resection given
oncologic outcomes would be less likely effected by a LR.
* However, residual tumor after complete resection has been shown to be
associated with OS and distant metastasis but not LR.
¢ Removing residual tumor with compartmental resection may not improve
OS given the propensity for high distant metastasis.

Metastasectomy
» Patients whose primary disease is controlled, have favorable prognostic factors,

are fit for surgery, have limited metastatic disease, and have improved survival
with metastasectomy (Table 16.9).

Table 16.9 Metastasectomy in STS studies

Study Design Results Interpretation
Pulmonary metastasectony
Canter Retrospective No difference in median DSS Lack of benefit of
(2007) (extremity) (24 vs. 33 months, p = 0.19) and neoadjuvant
[159] Neoadjuvant PFS (10 vs. 11 months, chemotherapy
chemotherapy vs. p = 0.063, neoadjuvant and
pulmonary surgery, respectively)
metastasectomy
Blackmon Retrospective No difference in median survival Extrapulmonary
(2009) Pulmonary (pulmonary resection 35.5 vs. metastases should not
[160] metastasectomy vs.  extrapulmonary resection be a contraindication
extrapulmonary 37.8 months, p = 0.96) however for resection when
resection worse median survival in complete resection is
(synchronous and patients who were not offered possible
metachronous) resection (13.5 months,
p <0.001)
Predina Retrospective 5-year OS 52% and DFS 10% Improved OS compared
(2011) Pulmonary with <2 cm and <2 pulmonary to historic controls
[161] metastasectomy metastases associated with better (10-40%)
survival.
Treasure  Systematic review Metastasectomy median Improved survival in
(2012) (no clinical trials) five-year survival 34% STS and patients who undergo
[162] Pulmonary 25% for bone sarcoma pulmonary
metastasectomy Median five-year survival for metastasectomy
patients with any site of compared to other
metastatic disease 15% STS and metastatic sites of
25% bone sarcoma disease

(continued)
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Table 16.9 (continued)
Study Design

Chudgar  Retrospective

(2017) Pulmonary

[163] metastasectomy

Hepatic metastasectomy

DeMatteo  Retrospective
(2001) Surgery vs. control

[164]

Adam Multivariate analysis
(2006) Hepatic metastasis
[79] resection

Noncolorectal and
neuroendocrine
cancers (n = 205;
13.5% GIST and

sarcoma)
Groeschl  Retrospective
(2012) Hepatic metastasis
[165] resection

Noncolorectal and
neuroendocrine
cancers (n = 98; 23%

sarcoma)

Brudvik Retrospective
(2015) Hepatic metastasis

[166] resection

Results

Median OS, 33.2 months (95%

CI, 29.9-37.1)
Improved prognosis with

LMS, primary </= 10 cm, time
to recurrence, solitary lung
metastasis, and minimally

invasive resection

Improved five-year survival with
hepatic resection (30% vs. 4%)
with median survival of 39

months

A two-year recurrence interval
associated with better prognosis
Median five-year survival

GIST 70%

Other types 58%
Adenocarcinoma 36%
Sarcoma 31%
Melanoma 21%

Squamous cell carcinoma 19%

Overall, five-year survival 31%
with median OS 49 months with
no difference among cancer

types

66% recurred after resection
with lymphovascular invasion
and metastases >5 cm associated

with a poor prognosis

Five-year overall survival:

GIST: 55.3%
LMS: 48.4%
Sarcoma: 44.9%

Imatinib improved five-year
RFS GIST (47.1% vs. 9.5%,

p=0.013).

Lung recurrence most common
in LMS (36%, p < 0.0001)

Interpretation

Help define which
patients might benefit
most from pulmonary
metastasectomy

Hepatic resection
improved survival.

Sarcoma patients
benefit from
hepatectomy compared
to other cancers.

Hepatic resection has
acceptable morbidity
and mortality however
most patients recur.

GIST and LMS appear
to have better outcomes
with hepatic resection.

STS Soft tissue sarcoma, DFS disease-free survival, OS overall survival, DSS disease-specific
survival, LMS leiomyosarcoma, GIST gastrointestinal stromal tumor, LPS liposarcoma, WD well

differentiated, DD dedifferentiated

— Tumor biology plays a vital role in selecting appropriate patients.
* Surrogates of tumor biology
— Longer time from recurrence
— Good response to systemic therapy

* Prognostic factors
— Low-grade tumors
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— Number of tumors (<3)
— Size (<2 cm)
— Location
¢ Hepatectomy has slightly improved outcomes over pulmonary metastasectomy.
— Median disease-free survival (38—43-month hepatectomy vs. 12-26-month
pulmonary resection).
— Five-year OS (27-32% hepatectomy vs. 14-38% pulmonary resection).
— Five-year relapse-free survival (20% hepatectomy vs. 7-35% pulmonary
resection).
* Nonsurgical candidates may be offered ablative therapies (lung and liver) and
additional arterial-based liver-directed therapies.

Management of Peritoneal Sarcomatosis

» Sarcomatosis is a very poor prognostic indicator.

 Palliative systemic therapy is recommended in most cases.

* Cytoreductive surgery with heated hyperthermic intraperitoneal chemotherapy is
indicated in select patient populations with a low peritoneal carcinomatosis index.
— Uterine leiomyosarcoma
— Pediatric desmoplastic small round cell tumors

Postoperative Care and Complications

 For all extremity and RP STS:
— Assess neurological and vascular function.
— Early drain removal when appropriate.
— Aspiration for symptomatic fluid collection.
— Adequate pain control.
— Wound care, especially if adjuvant XRT is planned.
— Physical therapy for patients with neurovascular defects.

Radiation Therapy

¢ External beam radiation using intensity-modulated radiotherapy (IMRT) is the
standard of care (Table 16.10).
— Intraoperative XRT can be used at the time of surgery when RO resection is
not feasible or if a positive margin is suspected.
¢ Neoadjuvant vs. Adjuvant XRT (Table 16.11)
— NCCN guidelines discourages the use of adjuvant XRT in RP STS.
* With a suspected positive margin in RP sarcoma, regardless of reresection,
patients should be closely followed for recurrence.
— If patient recurs, at that time, they can be offered neoadjuvant XRT [4].
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Table 16.10 Radiation modalities for soft tissue sarcomas

Modality
Retroperitoneal STS
Neoadjuvant IMRT
Intraoperative IORT
Extremity/trunk STS
Neoadjuvant
Adjuvant IMRT

Dose

50-50.4 Gy or 1.8-2.0 Gy per fraction
Microscopic disease (10-12.5 Gy)
Macroscopic disease (15 Gy)

50-50.4 Gy or 1.8-2.0 Gy per fraction
50-50.4 Gy or 1.8-2.0 Gy per fraction
Boost for + margin (10-20 Gy)

STS Soft tissue sarcoma, IMRT intensity modulated radiotherapy, /ORT intraoperative

radiotherapy, Gy Gray

Table 16.11 Comparison of neoadjuvant and adjuvant radiation

Neoadjuvant XRT Adjuvant XRT

Dose Lower (50 Gy) Higher (66 Gy)
Target volume Small Large

Toxicity

Wound complication, overall 35% 17%

‘Wound complication, upper extremity 6% 0%

‘Wound complication, lower extremity 35% 25%

Grade 2+ dermatitis 36% 68%

Fibrosis, edema, and stiff joints Less Higher
Function Better Worse
XRT Radiation

Systemic Therapy

* Doxorubicin continues to be the first-line systemic agent for STS despite its

toxicity.

 Difficulty in selecting additional lines of systemic therapy (second or higher) due

to poor quality data.

¢ Next-generation sequencing is recommended in all patients.

— Targeted therapy can have rapid tumor response in select circumstances.
* Tyrosine kinase inhibitors (TKIs) have prolonged survival in STS.

— Combination with chemotherapy may provide

breakthrough.

¢ Immunotherapy’s benefit is limited to certain subtypes.

e Sarculator (stage and grade)

a much-needed

— Online validated nomogram developed to aid in prognostication.

* https://www.sarculator.com/

¢ Predicts survival in resected, primary extremity and trunk STS [75-77]
¢ Predicts survival in resected, RP STS in high- and low-volume cen-

ters [78]

— Recent studies have demonstrated chemotherapy response (neoadjuvant and

perioperative) [167, 168].


https://www.sarculator.com/
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Chemotherapy

e Lack of consensus regarding when to incorporate chemotherapy into the multi-
modality treatment of STS owing to its limited benefit.
e The absolute clinical benefit from chemotherapy has been studied (Tables 16.7,

16.8, 16.9, and 16.12).

— Prognostic factors for patient selection

— Timing (neoadjuvant vs. adjuvant)

— Benefit of its combination with XRT (chemoradiation)

— Largely reserved for high-grade, unresectable disease, and stage IV [169,
170] (multidisciplinary management, unresectable, and metastatic STS).

e Can improve survival in high-grade STS.
¢ Doxorubicin remains the first-line chemotherapy drug.
* The selection of second line or higher therapeutic agents remains a challenge.

— Several nonanthracycline or anthracycline (nondoxorubicin) clinical trials
have been conducted in the hope of improving upon the survival seen with
doxorubicin while decreasing its associated toxicity.

* No agent is superior to doxorubicin’s efficacy and safety profile even
though they may have good efficacy in certain subtypes.

— Including but not limited to taxanes, trabectedin, cisplatin, vinca alka-

loid agents, etoposide, dacarbazine, pemetrexed, gemcitabine, eribulin,

and methotrexate

* Various response rates, safety, and efficacy

¢ Extremity and Trunk STS

— Most clinical trials have failed to show substantial benefit with adjuvant che-

motherapy in resectable extremity STS.

* Due to the design, dosage, stratification, and lack of knowledge regarding

STS subtype tumor biology

Table 16.12 STS Systemic Therapy Metanalysis and Clinical Trials

Study Design

Results

Adjuvant, locally advanced, and metastatic chemotherapy

Sarcoma Metanalysis Metanalysis (14 clinical

Collaboration (1997) trials)

[97] Adjuvant doxorubicin-
based chemotherapy

Sarcoma Metanalysis Metanalysis (18 trials)

Collaboration-Update  Adjuvant doxorubicin-

(2008) [98] based chemotherapy

EORTC 62931 (2012) Multicenter phase I1I
[99] Grade II-1IT STS
Any site
No metastasis
Adjuvant doxorubicin +
ifosfamide vs. surgery

Doxorubicin improved OS, LR, and
distant recurrence with 4—10% absolute
10—year benefit.

Doxorubicin improves OS.

OR 0.84 (95% CI, 0.68-1.03; p = 0.09).
The addition of ifosfamide to doxorubicin
improves OS

OR 0.56 (95% CI, 0.36-0.85; p = 0.01).
No difference in five-year OS (66.5% vs.
67.8%, p = 0.72) adjuvant and surgery,
respectively) or relapse-free survival.

(continued)



16 Soft Tissue Sarcomas 315

Table 16.12 (continued)

Study Design Results

EORTC 62012 (2014) Multicenter phase III No difference in median OS (12.8 vs.

[100] High-grade 14.3 months, p = 0.076 doxorubicin vs.
locally advanced, doxorubicin + ifosfamide, respectively)
unresectable, or metastatic Doxorubicin + ifosfamide had improved
Doxorubicin vs. median PFS (7.4 vs. 4.6 months,

doxorubicin + ifosfamide ~ p = 0.003) with a better overall response
(26% vs. 14%, p < 0.0006).
La Cense (2014) [101] Pooled analysis (phase II  No difference in OS
clinical trials, n = 2) Adjuvant chemotherapy associated with
Adjuvant doxorubicin + better RFS
ifosfamide vs. surgery HR 0.7, 95% CI 0.6-0.9; p = 0.01.

GeDDIS (2017) [102] Phase IIT No difference in median PFS (23.3 vs.
Locally advanced and 23.7 months, p = 0.06 for doxorubicin
metastatic and gemcitabine + docetaxel,

Gemcitabine + docetaxel  respectively)
vs. doxorubicin
Neoadjuvant chemotherapy

Gortzak (2001) [103]  Phase IT No difference in five-year OS (64% vs.
Neoadjuvant doxorubicin + 65%, p = 0.2204) or DFS (56% vs. 52%,
ifosfamide) vs. surgery p = 0.3548) for neoadjuvant and surgery,
High-risk extremity respectively.

Grobmyer (2004) Retrospective Neoadjuvant doxorubicin + ifosfamide

[104] Neoadjuvant doxorubicin + was associated with improved DSS but
ifosfamide vs. surgery not metastasis-free survival.

High grade, deep, > 5 cm
Extremity sarcoma

ISG-STS 0101 Phase 1T No difference in ten-year OS (64% vs.
(2016) [105] Neoadjuvant vs. 59%, HR 95% CI 0.68-1.23) neoadjuvant
perioperative epirubicin and perioperative, respectively
+ifosfamide Better response rates in UPS than LMS.
High-risk
Targeted therapy
PALETTE (2012) Phase III Pazopanib improved median PFS (4.6 vs.
[106] Pazopanib vs. control 1.6 months, p < 0.01) with no difference
143 placebo) in OS (12.5 vs. 10.7 months, p = 0.25).
Nonadipocytic
Metastatic
Progressed on
chemotherapy
Immunotherapy
SARC028 (2017) Two-cohort, single-arm, Overall objective response (7/40) with
[107] open-label study responses in
Pembrolizumab 4/10 UPS

Metastatic or unresectable  2/10 LPS
STS with >3 previous lines 1/10 Synovial

of systemic therapy 0/10 LMS

At least one measurable 1/22 Osteosarcoma
lesion and one lesion 1/5 Chondrosarcoma
accessible for biopsy 0/10 Ewing

LMS Leiomyosarcoma, UPS undifferentiated pleomorphic sarcoma, RFS recurrence-free
survival, DF'S disease-free survival, OS overall survival, DSS disease-specific survival, LMS
leiomyosarcoma
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e Sarcoma Metanalysis Collaboration pooled data from these trials
(1997-2008)
— Improvement in local recurrence and distant recurrence with the combi-
nation of doxorubicin and ifosfamide [97, 98]
— However, higher toxicity and minimal clinical improvement compared
to single-agent doxorubicin
¢ Many patients do not complete therapy due to toxicity (Table 16.12).
¢ In 2012, EORTC 62931 showed no difference in survival or recurrence
between surgery and adjuvant ifosfamide to doxorubicin.
— Suggests there is minimal clinical benefit of adjuvant multiagent adju-
vant chemotherapy.
— Must weigh the toxicity of multiagent therapy compared to single-agent
doxorubicin.
Conflicting data exists supporting the use of chemoradiation for locally
advanced resectable extremity STS (Multidisciplinary Management of STS,
Resectable and Locally Advanced Extremity STS).

e RPSTS

Data supporting the use of chemotherapy is largely extrapolated from extrem-

ity STS (Table 16.12).

One meta-analysis found that when used selectively in patients with FNCLCC

grades of 3.

* Adjuvant chemotherapy had improved five-year OS and five-year
metastasis-free survival [118].

In another study, which included pooled data from two prior studies.

¢ R1 treated with cyclophosphamide, vincristine, doxorubicin, and
dacarbazine

* Improved OS and RFS with significant short-term toxicity [101]

The largest retrospective study investigating the use of chemotherapy in

RP sarcoma

 Patients either underwent surgery or surgery with adjuvant or neoadjuvant
chemotherapy
— Decrease in OS in patients receiving chemotherapy [119]

NCCN guidelines [4]

¢ Does not recommend routine use of chemotherapy in R1 and R2 resections
— Limited data, marginal benefit, and toxicity

* Consideration in cases where there is a high likelihood for recurrence
based on pathological findings.

STRASS2 Trial is currently enrolling patients to further investigate the role of

chemotherapy in RP sarcoma [4, 171].

Targeted Therapy and Immunotherapy (Table 16.12)

e All patients should undergo next-generation sequencing and receive appropriate
therapy if a targetable mutation is identified.

Enrollment into clinical trials is recommended for those that do not tolerate
treatment due to toxicity.
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Targeted therapy has been utilized over the past decade in STS.
— For example, pazopanib has improved survival.
* Antivascular endothelial factor receptor multitarget tyrosine kinase inhibi-
tors (TKIs)
— Combination with chemotherapy was a breakthrough.
¢ Phase II: Doxorubicin + olaratumab (platelet-derived growth factor o
(anti-PDGFa) antibody) vs. doxorubicin
— Dual-agent therapy improved survival (26.5 months vs. 14.7 months,
respectively).
— 18% objective response rate.
» Differences in efficacy when tailoring a chemotherapy agent and different
targeted agents.
— Selection of a particular combination should consider the STS subtype
to attempt to improve efficacy.

e Limited data to support the selection of a certain chemotherapy
agent to be combined with a particular targeted therapy.
Immunotherapy has not been as successful in treating STS when compared to

lung cancer or melanoma.
— Further investigation to delineate appropriate indications is ongoing [107].
¢ Programmed cell death protein 1 inhibitors have some clinic benefit in
certain STS subtypes [107, 172, 173].

Neoadjuvant and Adjuvant Regimens [4]

Regimens are for general STS (STS Subtype Regimens below)
First line
— Doxorubicin, ifosfamide, and mesna (AIM, preferred neoadjuvant and adju-
vant regimen) [100] (Table 16.12).
* Synovial sarcoma is more sensitive to this combination.
Second line
— Double agent (doxorubicin and dacarbazine)
e LMS or if ifosfamide cannot be used.
— Single agent (doxorubicin)
— Gemcitabine and docetaxel
Useful in certain situations
— Trabectedin (myxoid liposarcoma)

Unresectable and Metastatic Regimens [4]

Regimens are for general STS (Systemic Therapy, STS Subtype Regimens for
subtype recommendations)
First-line preferred regimens
— Anthracycline-based regimens (doxorubicin, epirubicin) or in combination
with dacarbazine or ifosfamide/mesna
¢ Double agent (doxorubicin and dacarbazine)
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— If +NTRK gene fusion (any subtype)
¢ Larotrectinib or entrectinib
— Other recommended regimens.
¢ Gemcitabine-based regimens (alone or with docetaxel, vinorelbine, or
dacarbazine)
— Useful situations
¢ Pazopanib
— Contraindication to IV systemic therapy or anthracycline toxicity
¢ Trabectedin and doxorubicin (LMS)
e If + RET gene fusion, Selpercatinib
* Subsequent lines of therapy
— Preferred regimens
¢ Recommended for palliative therapy only.
— Pazopanib (nonadipocyte sarcomas)
— Eribulin (especially LPS)
— Trabectedin (especially LPS and LMS)
— Useful in certain circumstances
* Pembrolizumab or nivolumab +/- ipilimumab
— Myxofibrosarcoma, UPS, DD-LPS, cutaneous angiosarcoma, undiffer-
entiated sarcoma
— Regardless of subtype if tumor mutational burden high (>/= 10 muta-
tions/mega base)
* Pembrolizumab
— MSI-H or dMMR regardless of subtype

STS Subtype Regimens [4] (Table 16.12)

* There is conflicting data regarding the sensitivity of STS subtypes to a given
therapeutic agent.
¢ No agent has convincing data to support its superiority over doxorubicin.
— However, NCCN guidelines suggest the use of nondoxorubicin agents in cer-
tain clinical situations for different subtypes.
* Considered to be the more favorable chemosensitive STS.
— Synovial sarcoma, RMS, and myxofibrosarcoma [28]
e Desmoid
— Sorafenib (preferred)
Methotrexate with vinorelbine or vinblastine
Imatinib
Doxorubicin regimens
— Pazopanib
¢ Angiosarcoma
— Paclitaxel (preferred) followed by anthracycline or gemcitabine-based
regimens
— TKIs
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— Pembrolizumab
» Cutaneous angiosarcoma
* DFSP with fibrosarcomatous transformation
— Imatinib (preferred)
— Anthracycline or gemcitabine-based regimens
— Pazopanib
* Contraindication to systemic therapy or anthracycline toxicity
» Epithelioid sarcoma
— Tazemetostat single-agent therapy
e Metastatic or locally advanced epithelioid sarcoma (nonsurgical
candidates)
* Malignant perivascular epithelioid cell tumor (PEComa)
— Sirolimus-albumin bound
¢ Locally advanced unresectable or metastatic disease
* Solitary fibrous tumor
— Preferred regimens
* Bevacizumab and temozolomide
* Sunitinib or sorafenib
¢ Pazopanib
* RP WD and DD-LPS
— Palbociclib
e Unresectable

Follow-Up and Surveillance [4]

* Surveillance based on stage

¢ Extremity stages IA and IB
— History and physical q3—6 months for 2-3 years.
— Then, annually for ten years.
— Imaging:

¢ If physical exam is unchanged, can forgo routine imaging at the time of
physical exam.

e Chest CT and primary site imaging is based on sarcoma subtype (local,
regional, distant) (Subtype Special Considerations, Clinical Evaluation,
Diagnosis, and Stage and Grade).

* Extremity stage II-III and RP stage I-III STS
— History and physical q3—6 months for 2-3 years
— Then q6 months for two years.
— Then annually for ten years
— Imaging:

* Based on subtype STS risk of local-regional recurrence and distant

metastasis.
* Extremity and RP stage IV STS
— History and physical q2—6 months for 2-3 years
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— Then q6 months for two years
— Then annually if there is no evidence of disease
— Imaging:
* CT of the chest and other known metastatic sites with imaging of the pri-
mary site based on subtype local regional risk

Subtypes with Special Considerations

Multidisciplinary Management

Dermatofibrosarcoma Protuberans

Excellent overall survival
Poor prognostic factors
— Head/neck DFSP, high mitotic rate, fibrosarcomatous transformation, male
sex, and African American patients
— Fibrosarcomatous transformation = high-grade tumor
* Increased risk of metastasis and LR
¢ Recommend multidisciplinary management and treatment like other high-
grade STS
Treatment:
— Mohs Excision and Peripheral and Deep Margin Assessment (PDEMA)
* Preferred over wide resection
* Provides better evaluation of histologic margins (crucial in DFSP)
* Several studies have indicated significantly lower recurrence rates and
improved cosmesis with Mohs vs. wide resection
— 1-3% vs. 20%, respectively [8, 14-20, 22-24]
— Wide resection
* Can be performed when PDEMA and Mohs are not available or the pri-
mary tumor is in a less cosmetically sensitive area.
¢ Must meticulously evaluate margin.
Follow-up
— High LR rates.
— NCCN guidelines
* Physical exam q6—12 months with focus on primary disease site
* Rebiopsy any suspicious regions [69]
Recurrent DFSP
— Recurrent disease can be treated with reexcision and adjuvant XRT.
Locally advanced or unresectable DFSP
— Consider neoadjuvant imatinib [69]

Desmoid

Benign, yet locally aggressive tumors with no metastatic potential
High recurrence rate despite wide margins (Table 16.13)
Treatment
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Table 16.13 Desmoid tumor surgery and targeted therapy studies

Study Design

Penel Prospective

(2017) Wait and see vs. surgery

[174] Favorable locations
(abdominal wall,
intraabdominal, breast,
digestive viscera, and
lower limb)
Nonfavorable locations

Janssen Cochrane meta-analysis

(2017) Surgery (R1 vs. R0O)

[175] Adjuvant XRT

Targeted therapy

Grounder  Phase III

(2018) Sorafenib vs. control

[176]

Grounder  Phase IIT

(2023) Nirogacestat vs. control

[177] Desmoids with

progression

Results

No difference in two-year
event-free survival (EFS)
(53% vs. 58%, p = 0.42).
Improved two-year EFS
with favorable locations

(66% vs. 41% p = 0.0001).

Favorable locations
two-year EFS was similar
for wait and see and
surgery (70% vs. 63%;

p=041)

Whereas unfavorable
locations, had improved
2-year EFS with Wait &
see (52% vs. 25%;

p=0.001).

R1 associated with
increased LR (RR 1.78,
95% CI 1.40-2.26) and
can benefit from adjuvant
XRT (RR 1.54, 1.05-2.27)

Sorafenib improved
two-year PES (81% vs.
36%, p < 0.001).
Improved PFS (HR 0.28)
and response rate (41% vs.
8%)

Decreased two-year
event-free (76% vs. 44%)

— Shift toward a period of observation
— Patients with symptomatic tumors or tumors with continued growth in areas
where resection would cause large surgical defects and/or morbidity should
be offered surgery
— Spontaneous regression possible

Systemic therapy can reduce LR [178].

Interpretation
Location is prognostic.
Validation of these
findings is needed.

Local recurrence is more
likely in desmoid tumors
after R1 therefore benefit
from adjuvant XRT.

Sorafenib prolongs PFS
in desmoid tumors.

Nirogacestat improved
outcomes and quality of
life in the setting of low
toxicity profile

— Multidisciplinary discussion imperative to delineate which patients would

benefit from observation, surgery, or systemic therapy.

— Systemic Therapy

* Nirogacestat was recently approved by FDA (150 mg PO, BID).
— A gamma secretase inhibitor

— Phase III trial demonstrated.

* Improved PFS, response rates (40%), and patient-reported outcomes

(less symptoms and improved quality of life) compared to pla-

cebo [177].
¢ Side effects
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— Ovarian dysfunction in women of child-bearing potential (75%
low-grade fatigue, nausea, and diarrhea
* Ovarian dysfunction resolved in 74% of affected patients
¢ Desmoid tumors involving small intestine:
— RI resection appropriate to limit potential of small bowel devasculariza-
tion [138]

Atypical Lipomatous Tumor

e Typically well-circumscribed, low-grade tumors with a capsule, facilitating
resection

e In cases of neurovascular invasion, preservation of these structures is
paramount

 If pathologic margins are positive:
— Observation vs. reresection is recommended.
— If dedifferentiation is observed, recommend reresection with negative mar-

gins [138].

Liposarcoma (LPS)

* Surgery for RP liposarcoma (LPS) involves removing the tumor en bloc with the
fascia of the psoas muscle and surrounding adipose tissue to decrease marginal
involvement and improve surveillance [138].

Leiomyosarcoma (LMS)

* RP leiomyosarcoma (LMS) of the IVC require resection of the IVC due to their
high metastatic potential.

* When invasion into adjacent organs is present, visceral resection is
required.

Malignant Peripheral Nerve Sheet Tumor (MPNST)

* Malignant peripheral nerve sheath tumors (MPNST) of the RP require surgical
resection of the nerve of origin.

* Like LMS, may also require multiorgan resection of the invaded structures.

Solitary Fibrous Tumor
* Solitary fibrous tumors have a low risk of a local recurrence therefore a marginal
resection rather than radical resection is preferred [25, 75, 82, 145].

Myxofibrosarcoma
« Extremity myxofibrosarcoma is highly infiltrative with fibrous septae.
— Often septae extend beyond surgical field.
¢ Difficult-to-obtain RO/R1 resection [32].
e High risk of LR.
¢ Imaging
— Recommend MRI, which may assist preoperative planning if fibrous septae
are identified.
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Angiosarcoma

Goal of RO resection

Primary breast angiosarcoma

— Wide local excision preferred

— Mastectomy reserved for tumors where RO cannot be obtained with wide
local excision

Secondary breast angiosarcoma

— Mastectomy is required due to more aggressive tumor biology [179].

— Removal of irradiated skin is important to improve local control.

Low rate of regional lymph node metastasis

— Lymphadenectomy reserved for clinically suspicious nodes
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Introduction

¢ An uncommon location for tumors, <5% of all tumors in the GI tract [1].
* Subtypes: adenocarcinoma, neuroendocrine, and lymphoma.

e Most common imaging modality is CT.

* Treatment is highly variable based on tumor subtype.

e Can be associated with several different familial syndromes.

Adenocarcinoma

* Background
— Average age at diagnosis between the fifth and sixth decades of life
— Risk factors
¢ Small bowel Crohn’s disease [2]
¢ Celiac disease [3]
e Familial syndromes
— Familial adenomatous polyposis (FAP)
— Hereditary nonpolyposis colorectal cancer (HNPCC)
— Peutz-Jeugers syndrome
* Diagnosis
— Abdominal pain is the most common symptom followed by nausea, vomiting,
obstruction, and anemia/bleeding.
— Imaging with contrasted CT, best by CT enteroclysis [4].
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— Diagnosis can also be obtained by endoscopic ultrasound (EUS) if duodenal.
— Laboratory evaluation includes a complete blood count, chemistry profile, CA
19-9, and CEA.
— Consider studies for celiac disease.
— Mismatch repair testing.
— PET/CT is not indicated.
* Evaluation and Clinic Stage
— Pathology
e Well, moderately, or poorly differentiated
* Signet ring subtype portends worst prognosis [5]
— Staging
* AJC TNM Staging; AJCC 8th edition

Stage
Stage grouping  Stage description
0 Tis The cancer is only in the epithelium (the top layer of cells of the mucosa).
NO It has not grown into the deeper tissue layers (Tis).
MO It has not spread to nearby lymph nodes (NO) or distant parts of the body
(MO).
I T1lor T2  The cancer has grown into deeper layers (the lamina propria or the
NO submucosa) (T1) OR it has grown through the submucosa into the
Mo muscularis propria (T2).
The cancer has not spread to nearby lymph nodes (NO) or to distant parts of
the body (MO).
oA T3 The cancer has grown through the muscularis propria and into the
NO subserosa.
MO It has not started to grow into any nearby organs or structures (T3).
The cancer has not spread to nearby lymph nodes (NO) or to distant parts of
the body (MO).
oA T3 The cancer has grown through the muscularis propria and into the
NO subserosa.
MO It has not started to grow into any nearby organs or structures (T3).
The cancer has not spread to nearby lymph nodes (NO) or to distant parts of
the body (MO).
IIIA AnyT The cancer might have grown into any layers of the wall of the small
N1 intestine (Any T). It has spread to one or two nearby lymph nodes (N1) but
Mo not to distant parts of the body (MO).
IIIB AnyT The cancer might have grown into any layers of the wall of the small
N2 intestine (Any T). It has spread to three or more nearby lymph nodes (N2)
Mo but not to distant parts of the body (MO).
IV  AnyT The cancer might have grown into any layers of the wall of the small
Any N intestine (any T).
M1 It might or might not have spread to nearby lymph nodes (any N).

It has spread to distant lymph nodes or organs such as the liver or the
peritoneum (the inner lining of the abdomen) (M1).

* Choice of Therapy
— Resectable
* Upfront surgery confers a survival benefit when resectable.
e Segmental resection with 5-10 cm margins with en bloc removal of
regional lymph nodes.
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¢ If duodenal, Whipple may be indicated.
¢ Minimally invasive techniques are frequently utilized such as laparoscopic
or robotic approaches.
e If the tumor is in the terminal ileum, then right hemicolectomy likely
indicated.
— Locally unresectable
 Palliative bypass
e Stenting (if obstructed)
— Metastatic or locally advanced disease
¢ No large clinical trials to dictate therapy
* Chemotherapy regimens for metastatic disease
— Capecitabine + oxaliplatin
— FOLFOX
— 5-Flourouracil + leucovorin
e Surveillance
— Follow-up every 3—6 months for 2 years and then every 6 months for a total of
5 years.
— Laboratory evaluation with CEA and CA 19-9 every 3—-6 months for 2 years
and then every 6 months for a total of 5 years
— CT chest, abdomen, and pelvis every 6—12 months for 2 years and then every
12 months for 3-5 years.

Neuroendocrine

* Background
— Most common location for neuroendocrine tumors is the small bowel.
— Most commonly diagnosed in the sixth decade of life.
— More common in Caucasians.
— Most common location is the terminal ileum.
— Risk factors
¢ Familial syndromes
— Multiple endocrine neoplasias (MEN) 1 and 2
Von Hippel-Lindau
Neurofibromatosis type 1 (NF1)
— Tuberous sclerosis
¢ More common in Caucasians
¢ Occur more frequently in women than men
* Diagnosis
— Need to determine whether the tumor is functional (hormone producing) or
nonfunctional
— Symptoms
¢ Hormonal: serotonin, dopamine, histamine, and tachykinins
— Flushing
— Secretory diarrhea
— Bronchospasm



334

M. Read and L. M. Enomoto

— Right heart failure
— Edema
Obstruction
Bleeding

— Labs

Urinary 5-HIAA, indicates tumor function

Serotonin

Chromogranin A

— Also elevated in postmenopausal women, renal or hepatic disease,
and PPI use

Pancreastatin

— Provides information on disease progression and tumor burden within
the liver

— Imaging

Multiple modalities

— CT is best for identifying metastasis.

— CT enteroclysis.

— MRI and best for identifying local tumor invasion.

— Both double balloon endoscopy and capsule endoscopy have poor
detection rates.

— Somatostatin receptor scintigraphy
e SSTR2 receptor is most commonly expressed and utilized for

scintigraphy.

— SRS improved by addition of PET utilizing ®*Ga-DOTATOC, %Ga-
DOTANOC, and ®*Ga-DOTATATE

ECHO to evaluate for disease on the tricuspid and pulmonary valves.

— Tumors can be discovered incidentally on imaging obtained for another reason

Primary tumor visualized
[ll-defined mesenteric mass with a spiculated/stellate pattern indicating
metastatic spread

— Biopsy

EUS-FNA is an option for proximal lesions.

Colonoscopy.

Percutaneous biopsy.

Diagnostic laparoscopy with surgical resection for both tissue diagnosis
and definitive surgical therapy.

* Evaluation and Clinic Stage
— 2019 WHO Classification and Grading Criteria

Mitotic rate Ki-67
Terminology Differentiation ~ Grade (mitoses/2 mm?)  index (%)
NET and G1 Well Low <2 <3
differentiated
NET and G2 Well Intermediate 2-20 3-20
differentiated
NET and G3 Well High > 20 > 20
differentiated

(continued)
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Mitotic rate Ki-67

Terminology Differentiation Grade (mitoses/2 mm?) index (%)

Neuroendocrine carcinoma  Poorly High > 20 >20

(NEC) and small cell type differentiated

(SCNEC)

NEC and large cell type Poorly High > 20 >20

(LCNEC) differentiated

Mixed neuroendocrine Well or poorly Variable Variable Variable

nonneuroendocrine differentiated

neoplasm

— TNM Staging, AJCC 8th edition

— Du

Tis: Carcinoma in situ or dysplasia (size <0.5 mm). Confined to mucosa.
T1: Tumor invades mucosa or submucosa. Size <1 cm.

T2: Tumor invades muscularis propria. Size >1 cm.

T3: Tumor invades subserosa without penetrating serosa (jejunal/ileal
tumors) or invades pancreas or retroperitoneum (duodenal tumors) or
invades into nonperitonealized tissues (any small bowel).

T4: Tumor invades peritoneum or other organs.

NO: No regional lymph node metastasis.

N1: Regional lymph node metastasis.

MO: No distant metastasis.

M1: Distant metastasis.

odenal

Stage I: T1 NO MO

Stage II: T2 or T3 NO, and MO

Stage I1I: Any T, N1, MO, or T4 NO MO

Stage IV: Any T, any N, and M1

— Jejunal/ileal

e Choic

Stage I: T1 NO MO

Stage II: T2 or T3 NO and MO

Stage I1I: Any T, N1 or N2, MO, or T4 NO MO
Stage IV: Any T, any N, and M1

e of Therapy

— Surgical therapy

Generally reserved for well-differentiated low- and intermediate-grade
tumors; poorly differentiated, high-grade neuroendocrine carcinoma is
typically treated with systemic cytotoxic chemotherapy.

Goal of surgical therapy is to achieve debulking greater than 70% of dis-
ease including resection of metastatic burden.

Most common place for unknown primary in setting of metastatic neuro-
endocrine tumor is the small bowel.

Segmental resection of tumor with en bloc lymphadenectomy of regional
lymph nodes (at least 12).

Cholecystectomy should be considered at the time of resection due to the
high rates of cholecystitis (cholestasis) with adjuvant somatostatin recep-
tor therapy.
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— Locoregional disease
* Duodenal NET
— Endoscopic resection
— Local excision via transduodenal approach with regional
lymphadenectomy
— Whipple procedure
* Jejunal/ileal NET
— Segmental resection of tumor with en bloc lymphadenectomy of
regional lymph nodes (at least 12)
* Duodenal gastrinoma
— Occult or unknown primary: observe versus exploratory laparotomy
with duodenotomy and intraoperative ultrasound
— Local resection or enucleation with local lymph node dissection
— Whipple procedure
— Advanced locoregional disease or resectable metastatic disease
* Surgical debulking/cytoreductive surgery
* Goal of debulking >70% of disease
— Unresectable metastatic disease
¢ Octreotide or lanreotide
* Disease progression on octreotide or lanreotide treatment consider
— Everolimus
— PRRT with 177Lu-dotatate
Liver-directed therapy
— Radiotherapy for bone metastasis
— Cytotoxic chemotherapy for high-grade disease
e Surveillance
— No adjuvant treatment in completely resected disease
— 12-week—12-month postresection: Follow-up, possible biochemical markers,
with possible imaging including CT or MRI
— >1-10 years postresection: follow-up every 1-2 years with possible biochem-
ical markers and possible imaging
— >10 years: surveillance as clinically indicated

Lymphoma

* Background

— Historically a treatment shift from surgical management to medical.
— Male predominance, average age at diagnosis in the sixth decade of life.
— Small bowel lymphoma represents a non-Hodgkin’s lymphoma.
— Risk factors

e Older age

¢ Crohn’s disease, active in the small bowel

— Increased risk associated with thiopurine use
* Celiac disease associated with T-cell lymphomas
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* Immunosuppression, especially organ recipients, and HIV/AIDS
* Helicobacter pylori
* Diagnosis
— Symptoms
¢ Abdominal pain
¢ Nausea and vomiting
* Obstructive symptoms
* Bleeding
¢ B symptoms: fevers, night sweats, and weight loss
— Incidental finding on imaging obtained for another reason
— Labwork
* CBC, CMP, LDH, cytology for tumor markers, Beta 2-microglobulin, and
hepatitis panel
— Imaging
* Most commonly found on CT
* Best study CT and MR enteroclysis
¢ Findings
— Mesenteric adenopathy
— Obstruction
— Intussusception
— Tissue diagnosis
» Tissue is imperative for identifying histologic subtype and architecture
* Options for obtaining tissue
- EUS
— Percutaneous biopsy via core needle biopsy to preserve follicle structure
— Local resection
— Staging
e CT chest, abdomen, and pelvis
* PET dependent on subtype
* Consider head CT/MRI
— Pathology
* DLBCL, follicular, MALT lymphoma, Burkitt lymphoma, and T-cell
» Tissue sampling is important to identify cell surface proteins, receptors,
and genetic abnormalities
* Evaluation and Clinic Stage
— Lugano staging system
» Stage I: Tumor confined to small bowel: single or multiple primary lesions
 Stage II: Tumor extending into the abdomen from primary small bowel site
— II1: Paraintestinal nodal involvement
— 1II2: Involving mesenteric, aortic, caval, pelvic, or inguinal nodes
— E (IIE, II1E, or II2E) with penetration of serosa involving adjacent
organs or tissues
» Stage III: No stage III
» Stage IV: Disseminated extranodal sites or supradiaphragmatic nodal
involvement
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* Therapy
— Surgical therapy
* Relieve obstruction
¢ Treat perforation or bleeding
* Secure a diagnosis
* Segmental resection with en bloc lymphadenectomy to obtain adequate
lymph node sampling
* Not for curative purpose
— Medical therapy
e CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) and
R-CHOP (the addition of anti-CD20 rituximab)
e R-CHOP is superior to CHOP
— MabThera International Trial (MInT)
— Groupe d’Etudes des Lymphomes de I’ Adulte trial (GELA)

Summary

Small bowel cancers are a heterogenous group of rare malignancies and are often a
diagnostic challenge. Cross-sectional imaging and endoscopy often play a pivotal
role in staging and diagnosis. Laboratory studies for tumor markers and differentiat-
ing functional versus nonfunctional tumors are critical for workup. Treatment
modalities and prognosis vary widely depending on tumor type and extent of dis-
ease. It is important for the surgeon to be aware of these uncommon group of tumors
including the diagnostic and treatment strategies to allow for the best patient
outcomes.
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Thyroid and Parathyroid Cancers 1 8

Melissa LoPinto

Thyroid Cancer

e Introduction [1-4]

— Common, increasing incidence, female predominance

* In the United States about 45,000 new cases of thyroid cancer/year
— 12000 in men and 33000 in women

* In the United States about 2000 deaths/year from thyroid cancer

— Most common variants have indolent course and excellent prognosis.

— Newer pathology classification identifies high-grade and poorly differentiated
variants as intermediate prognosis.

— Follicular cell-derived carcinoma accounts for over 90% of thyroid cancer.

— Medullary thyroid carcinoma is a parafollicular cell (c-cell)-derived tumor.
e Occurs as sporadic forms, familial forms, and MEN 2 syndromes

— Anaplastic thyroid carcinoma is one of the most aggressive and deadly
human tumors:
* By definition is stage IV at diagnosis.
» Disease-specific mortality is near 100%.
e Median survival is 5-6 months [2].

— Surgery is the primary treatment modality for the vast majority of thyroid
cancers.

* Diagnosis
— Thyroid cancer usually presents as a thyroid nodule.
* May be incidentally discovered on imaging, noted during a physical exam,
or patient discovered.
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 Patients are often asymptomatic and euthyroid.

Symptoms may be from mass effect or direction invasion (e.g., vocal cord

paralysis).

— Symptoms of direction invasion raise concern for poorly differentiated
or anaplastic carcinoma.

— History:

— Workup

Assess for symptoms: pressure, mass or mass sensation, dysphagia, hoarse-
ness of voice, and hyperthyroidism/hypothyroidism.

Family history: thyroid cancer, benign thyroid disease, and other endo-
crine tumors

Radiation exposure

Personal history of thyroid cancers or other malignancies

— Physical exam

Nodule may not be palpable.

« Palpable thyroid nodule is suspicious if hard and fixed.

¢ Palpable lateral neck nodes should be evaluated with ultrasound and FNA

* TSH and free T4; consider TPO and TSI as clinically indicated

— Suppressed TSH suggests hyperthyroidism:

Ultrasound may demonstrate diffuse goiter, multinodular goiter, or
solitary nodule.

Nuclear thyroid uptake scan is useful for surgical planning:

Diffuse uptake with elevated TSI (Graves’ disease) has two
options for definitive management.
* RAI ablation
¢ Total thyroidectomy
— Thyroidectomy may be preferable for younger patients,
those with current tobacco use, and ophthalmopathy.
— Thyroidectomy is indicated when there are concurrent
compressive symptoms.
Solidary toxic nodule with negative TSI can be management with
lobectomy.
Toxic multinodular goiter:
e If considering RAI, assess nodules as detailed below to rule
out malignancy.
¢ Total thyroidectomy is the preferred treatment option for con-
current compressive symptoms and mass effect.

Preoperative medical management includes antithyroidal medica-
tion (methimazole, PTU, SSKI) and betablocker.

Risk of perioperative thyroid storm is not well delineated in the lit-
erature but reports range from 0% to 14% [5].

¢ Preoperative thyroglobulin has little clinical utility.

Ultrasound to assess size and features of the nodule [6]:

— Solid, cystic, and spongiform

— Well defined vs poorly defined
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Hyper-, hypo-, and isoechoic
Calcifications and their pattern
— Wider than tall (reassuring) vs taller than wide (suspicious)
— Evaluate for adenopathy in central and lateral neck
* Fine need aspiration biopsy (FNA) as indicated by sonographic findings
— 2015 ATA Guidelines [1]
— Pattern of sonographic features conferring increasing risk
e Benign:
— Purely cystic
* ROM 1%
* Only aspirate if symptomatic
¢ Very low suspicion
— Spongiform
* ROM <3%
* FNA >2cm: surveillance acceptable

e Low suspicion
— Solid nodule that is iso- or hyperechoic
Partially cystic with solid areas
Must lack calcification or extrathyroidal extension
— Must lack irregularity
Must not be taller than wide
* ROM 5-10%
* FNA > 1.5cm

¢ Intermediate suspicion
— Solid hypoechoic nodule with regular margin
* ROM 10-20%
* FNAif > lcm
* High suspicion
— Solid hypoechoic nodule with any of the following:
¢ Irregular margins
* Microcalcification
* Rim calcifications
¢ Taller-than-wide shape
¢ Evidence of extrathyroidal extension
— ROM >70-90%
— FNA > lcm

— ACR TI-RADS classification [7]
— Numerical scoring system based on sonographic features
* For composition, echogenicity, shape, and margin choose most appropriate
description
* For echogenic foci (calcification), include all that apply.
* Calculate total to determine TI-RADS (TR) category
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TR categories

* TR 1: 0 points: no FNA

e TR 2: 2 points: no FNA

* TR 3: 3 points, mildly suspicious:
— FNA if >2.5cm
— Surveillance if >1.5cm

* TR 4: 4-6 points, moderately suspicious:
— FNAif >1.5cm
— Surveillance if >1cm

e TR 5: 7 or greater points, highly suspicious:
— FNAif >lcm
— Surveillance if >0.5cm

Bethesda classification for thyroid FNA cytology and clinical management [1, 8]

Risk of malignancy (ROM) varies depending on how noninvasive follicular
thyroid neoplasm with papillary-like nuclear features (NIFTP) is considered.
— If NIFTP is considered malignancy, ROM falls toward the higher end of
the range.
Bethesda I: Insufficient specimen/nondiagnostic
— ROM 5-10%
— Plan: repeat FNA
Bethesda II: Benign
— ROM 0-3%
— Plan: surveillance imaging in 612 months
Bethesda III: Atypia of uncertain significance/follicular lesion of uncertain
significance
— ROM 6-30%
— Plan
* Molecular/gene expression classifier (GEC) testing if available
* Repeat FNA
* Repeated Bethesda III and molecular/GEC testing not possible:
— Surveillance vs diagnostic lobectomy based on risk factors

¢ Bethesda IV: follicular neoplasm
— ROM 10-40%
— Plan:

* Molecular/GEC testing if available
* If molecular testing/GEC is not possible: diagnostic lobectomy

* Bethesda V: suspicious
— ROM: 45-75%
— Plan: resection

¢ Bethesda VI: malignant
— Risk of malignancy: up to 99%
— Plan: resection
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— Role of molecular and gene expression classifier testing
 Further risk stratify Bethesda III and IV nodules.
¢ Identify potential genetic markers of more aggressive behavior.
¢ Identify potentially actionable mutation in advanced or unresectable disease.

* Follicular cell-derived thyroid carcinoma
— Follicular cell-derived carcinoma (nonmedullary thyroid carcinoma) include
follicular carcinoma, papillary carcinoma, and variants thereof. Prognosis is
generally good to excellent but varies with type and subtype, molecular signa-
ture, and histologic features.
— Accounts for at least 90-95% of thyroid cancer.
— Low-risk/indolent lesions include (Ras-like lesions):
 Follicular adenoma (benign)
* Noninvasive follicular thyroid neoplasm with papillary-like nuclear fea-
tures (NIFTP) [9]
* Minimally invasive follicular carcinoma (FTC) or follicular variant papil-
lary thyroid cancer (<4 foci of capsular and/or vascular invasion)

— Papillary thyroid carcinoma (PTC) histologic subtypes (BRAF-like lesions)

* Classical

* Infiltrative follicular variant PTC (BRAF mutations, occasionally NRAS)

* Subtypes with ATA intermediate prognosis are the following:
— Columnar cell
— Tall cell (associated with BRAF V600E and TERT promotor mutations)
— Hobnail (associated with BRAF V600E, TP53, and TERT promotor

mutations)

— Diffuse sclerosing (associated with lymphocytic thyroiditis)

— Cribriform morula carcinoma (associated with familial adenomatous polyp-
o0sis/FAP)
» Historically classified as a PTC subtype
* 2022 WHO classification regards separately [10]

— High-grade differentiated and poorly differentiated subtypes [10]

* High-grade differentiated thyroid carcinoma

— May be follicular, papillary, or oncocytic; histologic pattern is similar to
well-differentiated tumors but has additional features of the following:

— Tumor necrosis
— Elevated mitotic rate

e Poorly differentiated thyroid carcinoma
— Solid trabecular or insular growth; “raisin-like” cells or pleomorphic nuclei
— Tumor necrosis
— Mitotic count >5/2mm? fields

— Familial papillary thyroid carcinoma:
» Approximately 1-3% of cases may be familial [11], possibly up to 10% [12]
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Unknown genetic signature

Defined clinically as two or more first-degree relatives with nonmedullary
thyroid carcinoma in the absence of other genetic syndromes.

May be more aggressive than sporadic forms but standard treatment results in
similar outcomes, stage for stage.

— Extent of surgery [1]

Lobectomy may be adequate treatment for early stage, low- to intermediate-
risk tumors
— Tumor <4cm (T1 or T2 tumors)
— Unilateral involvement
— Clinically node negative by physical exam and ultrasound
— No sonographic evidence of extrathyroidal extension or contralat-
eral disease
— Local recurrence rates may be increased compared with total
thyroidectomy
Total thyroidectomy is preferred for the following
— Higher-risk sonographic features including the following:
e Tumor >4cm
» Extrathyroidal extension
* Suspicious lymph nodes
— Bilateral nodules
— Familial nonmedullary thyroid cancer
— History of radiation treatments or exposures
— Likely need for postoperative RAI ablation
— Multiple bilateral nodules
— Patient preference and other patient-specific considerations
Role lymph node dissection [1]
— Prophylactic central neck dissection (levels VI and VII) is controversial:
* Consider central neck dissection for T3 and T4 tumors
* Consider central neck dissection if information can help determine the
potential benefit radioactive iodine (RAI).
* Consider if higher-risk mutation is known (e.g., BRAF V600E, and
TERT promotor)
— Therapeutic central neck dissection is performed for clinically positive or
biopsy positive central neck nodes.
Modified radical neck dissection is performed for biopsy-proven lateral neck
metastasis [1, 13]:
— Compartment-oriented dissection includes levels II, III, IV, and Va.
— Complete compartment-oriented approach minimizes recurrence to about
5% [13].

— Adjuvant Therapy and Surveillance [1, 14]

Radioactive iodine
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— Remnant ablation is not routinely recommended; consider patient-specific
factors
— Low-risk patients (tumor <4cm, node-negative disease)

RAI not routinely given

May consider for aggressive histology

May consider based on quality/reliability of follow-up

Role in patients with <5 involved nodes with micrometastasis

<0.2cm is unclear.

— These patients may still be low risk in the absence of other
increasing risk features.

— Adjuvant therapy: consider for ATA intermediate risk, recommended for
ATA high risk
— Intermediate-risk features

Tumor >4cm (pT3)
Microscopic extrathyroidal extension
Aggressive histology
— Overall survival improved for diffuse sclerosing variant and tall
cell variant with RAIT following surgery [15]:
 Diffuse sclerosing variant patients were 4.9x more likely to die
without RAI
e Tall cell variant patients were 2.1x more likely to die
without RAI
>5 positive cervical nodes with metastasis no larger than 0.2-3cm
Tumor <4cm with BRAF mutation
PTC with vascular invasion
Data regarding the benefit of RAI in this category is mixed (possible
confounding variables, age, sex, and heterogeneous tumor
characteristics)
— Multivariate analysis of SEER data suggests improved overall
survival with RAI [16]
* Overall 29% reduction in risk of death
 For the subgroup <45 years, risk reduction was 36%.
* However, absolute risk reduction was 1% for age <45 years
and 4% for age >65years [1, 16].
— Benefit may be greatest for patient with metastasis to the lateral
neck nodes (N1b), larger tumors, and larger nodal deposits [17].
— Advancing age would also favor RAI treatment.

— High-risk features

RAI recommended

Gross extrathyroid extension
R2 resection

Any nodal metastasis >3cm
Distant metastases
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— Patients >45years, tumor >2cm, positive nodes, and M1 disease
experienced overall median survival more than double 7 vs 57
months with RAI [18]
¢ TERT promotor mutation
 Follicular carcinoma with >4 foci of vascular invasion
* TSH suppression goals are based on ATA risk category:
High risk: 0.1mU/L
Intermediate risk: 0.1-0.5 mU/L
— Low risk, with RAI and undetectable Tg level: 0.5-2 mU/L
Low risk with mildly elevated Tg or no RAI: 0.1-0.5mU/L

— Surveillance
* Labs: Thyroglobulin, antithyroglobulin antibody, TSH, and initially every
6-12 months, more frequent in higher-risk patients
e Ultrasound every 6—12 months
¢ RAI thyroid uptake scan for suspected persistent or recurrent disease
+ BEDG-PET to evaluate high-risk patient with Tg>10ng/ml and negative
RAI imaging

— Other Adjuvant Therapies

 Kinase inhibitors
— Should be considered for RAI refractory disease when metastatic, symp-
tomatic, and/or rapidly progressive [1]

Sorafenib [19, 20]

¢ Phase 3 DECISION trial, double-blinded RCT

* FDA-approved metastatic RAI refractory DTC

* Progression-free survival increased to 10.8 months with sorafenib vs
5.8 months with placebo

* No difference in overall survival

Lenvatinib [20, 21]

e FDA approved for progressive RAI refractory-differentiated thy-
roid cancer

e Phase 3 SELECT trial multicenter RCTs

* Progression-free survival 18.3 months vs 3.6 with placebo

* Improved overall survival in the >65-year-old subgroup [22]

Cabozantinib [20, 23]

* Second-line therapy

e COSMIC-311 trial, phase 3 RCT in patient previously treated with
sorafenib and/or lenvatinib

» Disease stabilization in 43% vs 16% for placebo

e Survival data limited by small sample size and short follow-up
duration

Dabrafenib [20]

* Indicated for metastatic, RAI refractory BRAFV600E positive DTC

* FDA approved monotherapy
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e Phase 2, unblinded comparison of Dabrafenib vs dabrafenib/
trametinib concluded no statistically significant benefit over mono-
therapy [24]:

— Progression-free survival for monotherapy 10.7 months vs 15.7
for combination therapy
— Overall survival 37.9 months for monotherapy vs 47.5 combination
— Entrectinib and larotrectinib [20]

¢ FDA approved for advanced NKTR fusion-positive tumors

e Larotrectinib [25]

— Pooled data from three phase 1 and 2 trials, included 24% ana-
plastic thyroid cancer patients

— 24-month progression-free survival 69%

— 24-month overall survival 76%

— Active surveillance as a management option
Data is limited and quality of evidence is generally low [26].
May be appropriate for very low-risk cancers in selected circumstances

Tumor <1-1.5cm with low-risk histology

No clinical or sonographic evidence of extrathyroidal extension or nodal
metastasis

Older patients

Multiple comorbidities/high surgical risk

* Medullary Thyroid Carcinoma (MTC)
Preop Workup [3]

Presents as a nodule, begin workup as for any thyroid nodule.

History to assess risk of familial MTC or MEN2.

FNA may reveal MTC; molecular/GEC testing may reveal an MTC
signature.

Screen for primary hyperparathyroidism and pheochromocytoma.

Genetic testing for RET germ-line RET mutations should be considered
for any MTC patient.

Prophylactic thyroidectomy is recommended before age five years in
MEN2A and before age 1 in MEN2B.

RET mutations at codons 634 and 918 are subject to early and aggressive
cancers and prophylactic node dissection should be discussed.

Lymph node dissections for prophylactic thyroidectomy are not
recommended.

Calcitonin: increasing level corresponds to increasing burden of disease
[27, 28]:

— >20 pg/mL ipsilateral central neck nodes

— >50 pg/mL ipsilateral lateral neck nodes

— >200 pg/mL contralateral central neck nodes

— >500 pg/mL mediastinal nodes

— >1000 pg/mL bilateral lateral neck nodes
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— >10,000 pg/mL surgical cure is unrealistic
¢ CEA is a marker of nodal metastasis [28].
¢ Rule out pheochromocytoma preoperatively
— For concomitant pheochromocytoma, treat the pheochromocytoma first
due to perioperative risks.
— RO Resection offers best chance of cure.

e Surgery [27, 3, 28]:

¢ Total thyroidectomy with central neck dissection

e Prophylactic ipsilateral lateral neck dissection is controversial but can be
considered:
— If positive central neck nodes
— If calcitonin>20pg/mL

¢ Prophylactic contralateral lateral neck dissection may be considered:
— If clinically positive nodes in the ipsilateral neck
— If calcitonin >200pg/mL
* Therapeutic modified radical neck dissection for positive nodal disease

— AJCC staging for MTC [3]
e Stage I: tumor 2cm or less, NOMO
» Stage II: larger tumors including >4cm but limited to thyroid with minimal to
no extrathyroidal extension, NOMO
» Stage III: any tumor with minimal to no extrathyroidal extension and involved
level VI nodes, MO
» Stage IVa: locally advanced tumor with invasion to surround sutures includ-
ing trachea, esophagus, recurrent laryngeal nerve, or any size tumor with lat-
eral neck node involvement or level VII node involvement
» Stage IVb: extensive local disease involving prevertebral fascia, encasing
major vessels
» Stage IVc: distant metastatic disease
— Surveillance [3, 28]
* Calcitonin and CEA at three months postoperatively
— Normal CEA and undetectable calcitonin at three months constitute a bio-
chemical cure:
* Biochemical cure confers 5-10-year recurrence rate of <1-8.5% and
survival >97% at five years and >95% at ten years [29]
— Biochemically incomplete response
¢ Detectable calcitonin and/or CEA, no structural lesion
— 10 year disease-specific survival approaches 100%.
— 15-year disease-specific survival about 80%.
— Clinical outcomes are similar to those with biochemical cure.
— Structurally incomplete response
* Structural disease present
— Disease-specific survival: 80% at 5 years, 40% at 10 years, and
25% at 15 years.
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— Continue surveillance with calcitonin and CEA 6 monthsx1 year;
yearly thereafter.
— If postop calcitonin is elevated but <150pg/mL.:
¢ Exam, ultrasound, calcitonin, and CEA levels every six months
* Calcitonin doubling time can predict survival:
— Doubling time is correlated to rate of structural disease progression.
— Doubling time <lyear: five-year recurrence-free survival 20%
— Doubling time >1 year: five-year recurrence-free survival 75% [30]
— Doubling time >2-year disease stability; patients outlived the study
period [31]
— If postop calcitonin >150pg/mL
* Image for metastatic disease: CT chest + contrasted MRI or triple phase
liver CT + bone scintigraphy or MRI of pelvis and axial skeleton

— Adjuvant Therapy
* Since MTC originates from parafollicular c-cells, there is no role for TSH
suppression or radioactive iodine ablation
* Targeted RET and VEGFR
— Vandetanib
* FDA approved for symptomatic, progressive, unresectable, and/or met-
astatic MTC
* Phase 3 trial ([32]; NCT00410761)
— Statistically significant improvement in response rate and biochemi-
cal control
— A six-month progression-free survival 83% vs 63% with placebo
— Predicted progression-free survival 30.5 months vs 19 months
for placebo
— Overall survival data not available
— Cabozantinib
e FDA approved for progressive metastatic medullary thyroid
carcinoma
* Phase 3 EXAM trial ([33]; NCT00704730)
— Increased overall survival by 5.5 months compared to placebo but
not statistically significant
— Larger clinical response for the subgroup with RET M918T mutation
* Response rate 34% vs 20% in non-RET M918T
* Increase overall survival 44.3 months vs 18.9 months for placebo
— Selpercatinib
* FDA approved for RET mutation metastatic medullar thyroid carcinoma
¢ Phase 1-2 clinical trial ([34]; NCT03157128)
— Patient previously treated with vandetanib and/or cabozantinib had a
response rate was 69%, and one-year progression-free survival
was 82%.
— Patients not previously treated had response rate 73% of and one-
year progression-free survival of 92%.
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¢ Anaplastic

— Presents as a rapidly enlarging, sometimes painful neck mass.
— Age at presentation 60s—early 70s.
— Other associated symptoms may include airway compromise, vascular compro-

mise, dysphagia, and hoarseness from direct nerve invasion [35].

— Initial evaluation should be prompt and include the following:

* Clinical evaluation for impending airway compromise/need for urgent airway
protection.

e Ultrasound, FNA, and FDG PET/CT:

— Must quickly confirm suspected diagnosis and stage tumor.

» Larger biopsy, such as a core needle biopsy, may be needed to confirm diag-
nosis, and provide material for molecular evaluation [2]; can be useful to
evaluate for thyroid lymphoma which may have similar presentation.

» Triple endoscopy to assess invasion into larynx, trachea, and esophagus.

¢ Initial workup should include BRAF mutational analysis to determine role of
BRAF/MEK inhibitors:

— Dabrafenib/trametinib is FDA approved for BRAF-mutated anaplastic thy-
roid carcinoma
e Opverall response rate 69% ([36], NCT02034110)

— Current phase 2 clinical trial (NCT04675710) assessing effect of dab-
rafenib/trametinib with pembrolizumab to facilitate RO resection [37]

« Data on other potentially actionable targets is insufficient but treatment may

be available in clinical trials:
— ALK fusion (crizotinib)
— RET fusions
— PD-LI
— NTRK (larotrectinib)
— By definition anaplastic thyroid cancer is stage IV at diagnosis [38, 2]:

¢ For tumors confined to thyroid, T1-T3a, and stage IVA, the initial treatment
is resection.

* Tumors with gross extrathyroidal extension and/or lymph node involvement
are stage [VB:

— Some stage IVB tumors may be resectable.

* Presence of metastatic disease is stage IVC.

* Surgery for advanced disease may be with therapeutic intent after neoadju-
vant therapy or as part of palliative approach.

— Determining resectability

» Evaluate cross-sectional imaging and triple endoscopy.

* Goalis resection of gross cervical and mediastinal disease (RO/R1) with mini-
mal morbidity; vital structures should be preserved.

— Avoid laryngectomy, esophagostomy, and major vascular resection.
— Palliative surgery is aimed at preventing airway compromise:

 Partial thyroidectomy without or without tracheostomy can be considered.

¢ Prophylactic tracheostomy:
— Can be technically difficulty and may delay other adjuvant therapies
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— May traverse tumor
— May provide only temporary airway protection
— Radiation
* Greatest benefit when given at high dose after RO or R1 resection.
* High dose >59.4Gy after total thyroidectomy in patients without metastatic
disease improved median survival to 16 months and overall survival to 38% at
two years [39].
— Benefit may be limited by treatment toxicity.
— Likely represents highly selected group of patients.
¢ For unresectable or R2 resection [40]
— 60-75 Gy OS 31% at one year
— 45-59.9 Gy OS 16% at one year
— Cytotoxic chemotherapy
* Given in combination with radiation
¢ Taxane with or without doxorubicin or platin
— Paclitaxel produced transient disease regression in 53% of 19 patients [41].
— Doxorubicin is approved for use in ATC [42].
— General lack of data to suggest improved survival or quality of life from
systemic therapy [2].

— Recent advances in targeted therapy have resulted in improved survival:
e With aggressive multidisciplinary treatment (BRAF-directed therapy fol-
lowed by surgery), survival may approach one year [43, 44], but survival at
two years is rare [2].

ACR TI-RADS Points
Composition
Cystic
Spongiform
Mixed solid/cystic
Solid
Echogenicity
Anechoic
Hyperechoic or isoechoic
Hypoechoic
Very hypoechoic
Shape
Wider-than-tall
Taller-than-wide
Margin
Smooth
[11-defined
Lobulated or irregular
Extrathyroidal extension
Echogenic foci
None
Large comet-tail artifact
Macrocalcification
Peripheral or rim calcification
Punctate echogenic foci
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Parathyroid Cancer

* Introduction

— Rare, accounts for 0.5-5% of cases of primary hyperparathyroidism.

— Morbidity and mortality is from symptomatic hypercalcemia and hypercalce-
mic crisis, not tumor burden.

— Surgery with RO resection is the only potentially curative treatment option.

— Parathyroid carcinoma is radio-resistant and no cytotoxic chemotherapy has
been proven effective.

» Diagnosis [45, 46]

— High index of suspicion based on clinical presentation and imaging:

* Calcium >12mg/dL (and especially if calcium >14mg/dL) , markedly ele-
vated PTH, rapidly progressive course (rather than the indolent course
typically seen with primary hyperparathyroidism).

* Symptoms may be severe including weakness, weight loss, confusion,
polydipsia, polyuria, and dehydration; life-threatening hypercalcemic cri-
sis may occur.

* Parathyroid tumors >3cm should be considered suspicious.

* Imaging may demonstrate evidence of invasion and loss of plane between
parathyroid and adjacent thyroid tissue.

* Surgical management

— Enbloc resection of parathyroid with ipsilateral thyroid lobe and any involved
structures.

— Involved lymph nodes should be resected, but prophylactic central neck dis-
section is controversial as nodal disease is rare [45] and does not indepen-
dently predict prognosis [47]:

e Tumor size >3cm is associated 7.5 times (21% vs 2.8%) increased risk of
nodal metastasis [47]

— Possible benefit of prophylactic central neck dissection for tumors >3cm

— RO resection is the only potentially curative treatment option [45]:

* Role of intraoperative PTH (IoPTH) in parathyroid carcinoma:

* >50% drop in IoPTH is less predictive of postoperative eucalcemia for
carcinoma than for benign sporadic primary hyperparathyroidism [48]:
— JoPTH drop >50% and into the normal range predictive of an RO
resection in 92.9% of cases compared to RO resection in 50% of
cases with >50% drop but not into the normal range [49]
 Difficult to confirm diagnosis histologically:

— Evidence of invasion or metastasis confirms diagnosis [50]

— Suspicious findings include necrosis, nuclear atypia, mitotic figures, and
fibrosis.

— Loss of the tumor suppressor parafibromin (CDC73) portends more aggres-
sive clinical course and occurs in a majority of parathyroid cancers [51].

» Tumor size >4cm is associated with decreased cancer-specific survival [52]

— AJCC staging [53]

* Prognostic stages are not defined due to lack of data
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e Tumor

— Tis: atypical parathyroid neoplasm

— T1: confined to the thyroid

— T2: invasion to other adjacent structures

— T3: invasion to major vascular structures or spine
* Nodes

— Nila: Level VI or VII involvement

— NI1b: Any lateral cervical chain involvement (levels [-V) or

retropharyngeal

¢ Metastasis:

— MI: Presence of distant metastasis

— Postoperative surveillance [54]

* PTH serves as a tumor marker

e Calcium, PTH should be monitored at least every 6—12 months.

* In cases of biochemical recurrence, imaging is preformed to assess for struc-
tural recurrence. Sensitivity data for detection of recurrence is lacking due to
rarity of disease. Combination of ultrasound and CT features may facilitate
early detection of local recurrence [46]

Ultrasound
* >90% of recurrence demonstrated solid hypoechoic nodule, 81.8% of
which had increased vascularity
Sestamibi/spect/ct
- 4DCT
— F18-choline PET
* Resection is the preferred treatment for structural local recurrence
— Must balance risk/benefit of reoperative neck surgery

¢ Adjuvant therapy
— Calcimimetics are used to control calcium levels in inoperable parathyroid
carcinoma
* Cinacalcet reduced serum calcium in two-thirds of patients with inopera-
ble disease [55].
* May be titrated to high doses up to 90 mg four times daily.
* Gastrointestinal side effects are not uncommon and may limit ability
to treat.
— Bisphosphonates and denosumab (monoclonal against RANK ligand)
are alternatives when cinacalcet is not tolerated.
— Radiotherapy is controversial.
— Cytotoxic chemotherapy is generally not effective:
» Case reports note partial response
¢ No standardized regimens
— Recent studies have suggested a role for genetic profiling to assess poten-
tially actionable mutations [56, 57]; however, data regarding specific
agents and response rates are limited to case reports such as the following:
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* Sorafenib in a patient with a CDC73 germline mutation [58]

* One of two patients treated with sorafenib experience regression of
metastatic lesions, the other died of progression [59]

* Compassionate use pembrolizumab for abdominal nodal metastasis
with biochemical remission [60]
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Surgical Oncology: Review Questions
and Suggested Answers

Review Questions

1. A 55-year-old healthy woman presents with jaundice (total bilirubin of 12 mg/
dL). She undergoes ERCP and EUS showing a mass in the head of pancreas
with abutment along the portal vein around 60 degrees. Cytology confirms ade-
nocarcinoma. The Ca 19-9 is 1900 U/mL and bilirubin is now 1.0 mg/dL after
biliary stent placement. Describe any further workup and initial treatment plan
with rationale.

2. A 55-year-old healthy woman is diagnosed with a new pancreatic head adeno-
carcinoma that appears resectable by initial imaging. During operation for
planned pancreatoduodenectomy procedure (Whipple), the surgeon discovers
involvement of the first jejunal vein branch during dissection. The patient did
not receive chemotherapy or radiation prior to operation. Describe intraopera-
tive decision-making given this unexpected finding.

3. A 75-year-old man with history of coronary artery disease is diagnosed with
a new pancreatic head adenocarcinoma that appears resectable by initial
imaging and undergoes operation for planned pancreatoduodenectomy proce-
dure (Whipple). During the porta hepatis dissection, a test clamp is placed
across the gastroduodenal artery (GDA) resulting in loss of pulse in the proper
hepatic artery. Describe the next steps of operation given this unexpected
finding.

4. A 55-year-old healthy woman is diagnosed with a new pancreatic head adeno-
carcinoma. Two weeks after pancreatoduodenectomy procedure (Whipple), she
presents to the Emergency Department with three episodes of bloody emesis. A
surgical drain remains in place with gray, cloudy fluid consistent with pancre-
atic leak. Hemoglobin and vitals are stable. Describe workup and management
of this patient.

5. A 65-year-old healthy man has distal gastric cancer with obstructive symptoms
and node-positive disease by clinical staging (uT3N1 by EUS). Describe next
steps in management with rationale.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 359
C. Schmidt, M. G. Kledzik (eds.), Complex General Surgical Oncology,
https://doi.org/10.1007/978-3-031-88954-7


https://doi.org/10.1007/978-3-031-88954-7#DOI

360

Surgical Oncology: Review Questions and Suggested Answers

6.

10.

11.

12.

13.

14.

15.

A 65-year-old healthy man has distal gastric cancer with node-positive disease
by clinical staging (uT3N1 by EUS). During the first two cycles of FLOT che-
motherapy, he requires increasingly frequent transfusions due to anemia and
associated melena. Repeat upper endoscopy confirms slow bleeding from the
tumor. What are next steps in management with rationale?

. A 56-year-old man with no significant medical history undergoes right hepatec-

tomy and porta hepatis lymphadenectomy for intrahepatic cholangiocarcinoma.
Margins are negative and there is one of four porta hepatis lymph nodes positive
for adenocarcinoma. Describe next steps in management for the patient with
rationale.

A 70-year-old woman presents with painless jaundice. On CT scan she is found
to have intra- and extrahepatic biliary dilation without pancreatic ductal dila-
tion. There are indeterminate hypodense lesions in segments II and VI. Describe
the next steps in management of the patient.

A 65-year-old woman undergoes laparoscopic cholecystectomy for acute cho-
lecystitis. Pathologic examination shows adenocarcinoma invading the peri-
muscular connective tissue on a cauterized surface (the specimen was not
oriented). Review of preoperative imaging shows enlarged lymph nodes near
the portal vein and no liver lesions. Describe next steps in management.

A 73-year-old man without cirrhosis presents with abdominal pain and weight
loss. RUQ ultrasound shows a liver mass, and MRI liver protocol confirms a
LIRADS-5 mass in the right liver measuring 6 cm in diameter involving seg-
ments 6 and 7. AFP level is 568. Describe next steps in management with
rationale.

A 73-year-old man without cirrhosis presents with abdominal pain and weight
loss. RUQ ultrasound shows a liver mass, and MRI liver protocol confirms a
large infiltrating mass in the right liver with tumor invasion into the right portal
vein and four small satellite tumors around the primary mass. AFP level is
2350. Describe next steps in management with rationale.

A 58-year-old man with cirrhosis undergoes surveillance ultrasound showing a
liver mass. RUQ ultrasound shows a liver mass, and MRI liver protocol con-
firms a LIRADS-5 mass in the right liver measuring 6 cm in diameter involving
segments 6 and 7. AFP level is normal, total bilirubin is 0.8, INR and Cr are 1.0,
albumin is 3.6, and platelet count is 57,000. Describe next steps in management
with rationale.

A 39-year-old average-risk woman presents to discuss breast cancer screening.
She has no family history of breast cancer. When should she begin image
screening for breast cancer and what information would you tell her about
screening imaging?

A 37-year-old woman presents to discuss breast cancer screening. Her mother
was diagnosed with breast cancer at age 46. When should she begin image
screening and what information would you tell her about screening imaging?
An 18-year-old woman wishes to discuss breast cancer screening. She received
thoracic radiotherapy for Hodgkin’s lymphoma at age ten and has no family
history of breast cancer. When should she begin image screening for breast
cancer and what information would you tell her about screening imaging?
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

A 30-year-old average-risk transgender woman presents to discuss breast can-
cer screening. She has received seven years of hormone therapy. At what age
should image screening begin and what else would you tell her about image
screening?

A 31-year-old woman undergoes mammogram for a palpable unilateral mobile
breast mass demonstrating BIRADS-3 characteristics. She has no other symp-
toms. What is the next best step?

A 55-year-old woman presents with unilateral nipple inversion and retraction
without palpable mass on physical exam. Diagnostic mammogram demon-
strates a BIRADS-4 lesion. What is the next best step?

A 65-year-old woman undergoes unilateral skin-sparing mastectomy with SLN
biopsy for a 2 cm invasive ductal carcinoma. The nodes are not palpable how-
ever pathology returns one-fourth lymph nodes positive. Margins are negative.
What is the next best step in management?

A 59-year-old woman undergoes unilateral skin-sparing mastectomy with
SLN biopsy for DCIS. Pathology returns a 1.0 cm invasive ductal carcinoma,
ER/PR+ and HER2+, and nodes negative. What is the next best step in
management?

A 35-year-old woman undergoes unilateral SSM with SLN biopsy for
DCIS. Pathology returns a 1.5 cm IDC ER/PR- and HER2+. pNO. OncotypeDX
is 26. What is the next best step in management?

A 75-year-old woman undergoes right mastectomy and SLN biopsy for
IDC. She is stage ITA with high-risk features and is advised to undergo adjuvant
chemotherapy. She refuses. One year later, she develops a large painful, immo-
bile mass in the ipsilateral axilla. Core biopsy demonstrates benign lymphoid
tissue. What is the next best step in management?

A 55-year-old healthy patient is referred from the plastic surgeon after a skin
graft for a 3 cm squamous cell carcinoma (SCC), poorly differentiated, with
lymphovascular invasion. Margins are negative. They are concerned that the
patient needs further care. On physical exam, there is no lymphadenopathy.
What other considerations should you have for the patient?

A 72-year-old woman with a 4 cm Merkel cell carcinoma (MCC) of the leg has
palpable lymphadenopathy. Staging imaging is without distant disease and
biopsy proves MCC in the palpable nodes. The patient receives neoadjuvant
immunotherapy with an excellent response on PET. She undergoes a wide local
excision and inguinal node dissection. Final pathology reveals a complete
pathologic response (pCR). Should this patient get any further therapy?

A 90-year-old man with an extensive history of sun damage presents with mul-
tiple lesions on his scalp. Two of the lesions are biopsy-proven well-differentiated
squamous cell carcinoma (SCC). The Mohs surgeon removes both of those, and
there is now a 10 x 8 cm (large) defect on the apex of the patient’s scalp with
persistent positive margins. How do you advise this patient?

A 55-year-old woman with a history of right breast cancer 7 years ago (partial
mastectomy, sentinel lymph node biopsy, and radiation) presents with a bruise
on the right outer breast. A dermatologist does a biopsy showing high-grade
angiosarcoma. How would you manage this patient?



362

Surgical Oncology: Review Questions and Suggested Answers

27.

28.

29.

30.

31.

32.

33.

A 75-year-old-woman is four weeks after completion of chemoradiation for
moderately differentiated anal squamous cell carcinoma. While the lesion
appears to be smaller, it is still there. How long would you wait to consider
surgical resection?

The patient from question 27 has residual local disease at 6 months. They also
have biopsy-proven inguinal nodal disease on the right which was also radiated.
There is still palpable nodal disease and repeat biopsy shows residual disease.
Staging imaging has no distant disease. How would you treat this patient?

A 60-year-old man is sent to medical oncology a month after a sigmoid resec-
tion for a T3AN2MO grade 2 neuroendocrine tumor. Postoperative somatostatin
PET shows a pelvic lymph node near the anastomosis that is 1.5 cm in size with
a high SUV, suggestive of residual nodal disease. Medical oncology would like
you to take out this lymph node so the patient is disease free.

A 72-year-old woman has a growing pigmented lesion of the back. Biopsy
shows a melanoma with a depth of 2.2 mm transected at the base, with ulcer-
ation, mitotic rate 3/mm?, and presence of regression. A wide excision and sen-
tinel lymph node biopsy are done. In the left axilla, two of three sentinel nodes
are positive, the largest measuring 0.4 mm. In the right axilla, all nodes were
negative. What is the next treatment plan?

A 54-year-old woman has a history of melanoma excised from the pretibial area
three years ago with wide excision and sentinel lymph node biopsy. Final path
was pT2aNOMx. She now presents with raised, pigmented lesions in the lower
thigh. What is the initial workup? What is the treatment if biopsy shows intran-
sit lesion? How does the treatment plan change if the amount of disease is not
resectable?

A patient is referred after laparoscopic appendectomy for acute appendicitis.
Pathology shows a low-grade appendiceal mucinous neoplasm. What further
information or workup is needed, and how would you evaluate for treatment
options?

Ten years following distal gastrectomy for a gastric antral GIST, a 75-year-old
man presents with multiple (six total) peritoneal masses. Biopsy confirms
recurrent, metastatic GIST with an exon 9 mutation. What treatment modifica-
tions are necessary in this patient?

Suggested Answers

1.

The patient has a persistent elevation of CA 19-9 after resolution of jaundice. At
a minimum, CT CAP with contrast is needed for complete staging as well as
further characterization of tumor as resectable, borderline, or locally advanced.
If the CT scan confirms less than 180-degree abutment of the vein, the mass is
resectable. CT/PET scan is a reasonable adjunct to evaluate for occult meta-
static disease given the high CA 19-9, especially if any indeterminate areas
show on CT CAP. If no metastatic disease is found, up-front surgical resection
followed by adjuvant therapy with mFOLFIRINOX should be the goal. Given
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the high CA 19-9 and vein abutment, neoadjuvant chemotherapy or a periopera-
tive chemotherapy approach with either mFOLFIRINOX or gemcitabine and
nab-paclitaxel is also an acceptable treatment plan.

2. Involvement of the first jejunal branch by tumor is considered locally advanced
unresectable. In this case, the surgeon must determine if ligation of the branch
is feasible without need to resect SMV within the deep mesentery. Resection of
the distal SMV is often not feasible as there remains no adequate distal target
for venous reconstruction. If the vein can be ligated with preservation of the
SMYV, this is reasonable to do. It is also reasonable to abort the operation with
this finding and plan for chemotherapy or chemoradiation.

3. This situation usually arises in the setting of celiac artery stenosis. Ligation of
the GDA may result in diminished or loss of flow within the proper hepatic
artery. This can result in liver ischemia or poor healing of the biliary anastomo-
sis postoperatively. Options are to abort this operation which must be consid-
ered in more frail patients or those less likely to survive serious postoperative
complications. Another option is to ligate the GDA and plan for arterial bypass
if proper hepatic arterial blood flow is compromised. In that case, one should
consider total pancreatectomy especially if the pancreas gland is soft or pan-
creas duct small, increasing the risk of postoperative pancreatic leak. A pancre-
atic leak with arterial bypass can result in graft injury leading to major
postoperative hemorrhage.

4. One of the most serious complications after Whipple operation is hemorrhage
from the gastroduodenal artery stump. This is most common in the setting of
pancreatic leak. The bleeding may manifest as either intraperitoneal blood or
upper gastrointestinal bleeding. In this patient, the authors recommend admis-
sion to an intensive care unit, large bore I'V access, and urgent consultation with
both gastroenterology and interventional radiology. CT angiogram in a hemo-
dynamically stable patient is a reasonable first study. In hemodynamically
unstable patients, we prefer emergent abdominal angiography. Upper endos-
copy has arole, and given bleeding ulcer and gastritis are also in the differential
diagnosis.

5. One should consider up-front surgical resection in a patient with gastric cancer
and obstructive symptoms without metastatic disease. Since perioperative che-
motherapy is associated with superior outcomes, another consideration may be
feeding jejunostomy and neoadjuvant chemotherapy. For the latter, the surgeon
must be thoughtful about placement of the j-tube in terms of distance from the
ligament of Treitz since eventual reconstruction may require Roux-en-Y gastro-
jejunostomy or esophagojejunostomy.

6. Itis reasonable to proceed with operation at this point if anemia is complicating
perioperative chemotherapy. In the metastatic disease setting, radiation oncol-
ogy should evaluate to see if palliative radiation can slow or stop bleeding from
the primary tumor.

7. Assuming the patient made adequate recovery from operation, referral to medi-
cal oncology is appropriate to evaluate for adjuvant therapy options. At the time
of this publication, adjuvant therapy for six months with oral capecitabine is
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16.

17.

18.

19.

20.

appropriate. Regimens like gemcitabine, cisplatin, and durvalumab are appro-
priate for locally advanced or metastatic disease.

Endoscopic retrograde cholangiopancreatography with brushings and stent
placement is appropriate in this patient with jaundice and concern for malignant
etiology. A liver protocol MRI with MRCP reconstruction may help define the
level of stricture and further characterize the liver lesions.

The patient has an indication for second operation, specifically segment IVb/V
hepatectomy with porta hepatis lymphadenectomy.

If the patient is a candidate for major hepatectomy, surgical resection is the
preferred therapy for this patient without cirrhosis. The surgeon should deter-
mine the volume of the future liver remnant to be sure it is adequate if right
hepatectomy will be needed. In this patient with a mass in segments 6/7, a right
posterior sectorectomy may be feasible.

This patient has a diffusely infiltrating tumor with multiple nodules and portal
vein invasion. This is an advanced stage C hepatocellular carcinoma by BCLC
criteria. Recommended initial treatment is with systemic therapy (atezo/bev or
durvalumab/tremelimumab). In this case, regional therapy options may be fea-
sible since the tumor is limited to the right liver.

This patient has cirrhosis with portal hypertension and compensated liver func-
tion. The HCC is early stage (A) by BCLC criteria. The patient should be evalu-
ated for liver transplant. Since the mass is 6 cm in size, initial therapy with
chemoembolization may be best as a bridging therapy even if transplant is the
ultimate goal.

The patient should begin annual screening mammography at age 40. Historically,
age 40-50 was a common recommendation. Currently, many guidelines recom-
mend age 40 for an average risk patient.

The patient should begin annual screening mammography whenever her age is
ten years younger than her mother (age 36), unless another first-degree relative
was diagnosed at a younger age. If her mother was premenopausal at age 46,
genetic counseling should be done.

The patient should begin annual screening mammography at age 25. Annual
screening mammogram with tomosynthesis is indicated eight years after radia-
tion to the chest but not prior to age 25.

The patient should begin annual screening mammography at age 40 because
more than five years of hormone use increases the risk of developing
breast cancer.

The patient should have a physical exam in six months with diagnostic mam-
mogram or ultrasound. It is not necessary to proceed with core needle biopsy
for a BIRADS-3 lesion.

The patient should undergo a core needle biopsy of the concerning area.

The patient should undergo regional node radiation and adjuvant
chemotherapy.

The patient should undergo adjuvant therapy with trastuzumab and endocrine
therapy with anastrozole.
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31.

This premenopausal patient should be treated with adjuvant chemotherapy and
trastuzumab with ovarian suppression/ablation.

The physician should discuss the biopsy result with breast radiology. If the
biopsy is discordant, an excisional biopsy should be done next.

Sentinel lymph node biopsy (SLNB) is preferred but not always possible at the
time of index operation. High-risk SCC should offer SLNB, especially in
younger, healthy patients.

As of this publication, there is no role for further therapy. Radiation is a consid-
eration for some patients with MCC; however, it is not indicated in this patient
with a complete pathologic response after immunotherapy.

It is ill-advised to continue to resect more scalp tissue. One should consider
shave biopsies a few centimeters away from the lesions to prove there is a larger
field defect. One option is skin graft followed by definitive radiotherapy.

All sarcoma patients should be discussed at a multidisciplinary tumor board.
For angiosarcoma, disease often extends microscopically past the visualized
area of discoloration. An MRI should be obtained for planning purposes. While
radiation is not generally used for secondary angiosarcoma, it can be for pri-
mary angiosarcoma. Recent data suggests the use of neoadjuvant chemotherapy
(such as paclitaxel) can reduce local recurrence rates after resection.

Waiting six months for complete response is advised. If the disease begins to
grow, consider restaging and APR or second-line therapy if metastatic disease.
There is no role for sentinel lymph node biopsy.

Both APR and inguinal lymph node dissection are recommended. This can be
at the same time as the APR or staged depending on patient’s functional status.
Even if the primary responds and the nodal basin does not, resection is recom-
mended, with close monitoring of the primary and for metastatic disease.
While waiting for the patient to recover from the initial operation, it is reason-
able to consider systemic therapy. It is important to consider this may not be a
Iymph node but rather peritoneal disease.

This patient has a stage IIIC (pT3bN2aMO0) melanoma. They need full-body
staging (we prefer CT-PET and brain MRI) and a referral to medical oncology
to evaluate for adjuvant immunotherapy. Surveillance should also include ultra-
sound of the nodal basin (left axilla) every four months for two years and then
every six months.

First, she needs a complete physical exam and biopsy. If biopsy is positive for
melanoma, the patient needs complete staging imaging, perhaps CT-PET and
brain MRI. If no other diseases, resection with adjuvant therapy is the ideal
treatment. If the recurrence is a single, resectable lesion, then consider repeat
sentinel lymph node biopsy. In the setting of a large area of disease, neoadju-
vant immune checkpoint blockade and BRAF/MEK inhibition are options with
later attempt at resection depending on response. For unresectable disease,
options include LAG3 inhibition, T-vec, limb infusion, and limb perfusion.
Referral to a tertiary center with experience treating intransit disease is a high
priority.
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32.

33.

Review of the operative and pathology reports is the first step to know margin
status, whether the appendix was perforated and if the surgeon saw any other
mucinous lesions. If this LAMN did not penetrate to the serosa or mesoappen-
dix, margins are negative and have no perforation; the original operation was
likely curative. Consider colonoscopy after recovery. If any of the above risk
factors are present, follow national guidelines for surveillance. For a positive
margin, consider ileocecectomy. Right hemicolectomy is not required as this
disease does not spread to lymph nodes. If in the presence of residual or recur-
rent peritoneal disease, evaluate for cytoreduction and heated intraperitoneal
chemotherapy (HIPEC). There is no good data to support prophylactic HIPEC
in the absence of known disease.

The presence of an exon 9 mutation means the patient should get a higher dose
of imatinib (800 mg/day) and that response rate is lower. There is a role for
cytoreduction if the metastases are resectable. In general, we recommend ima-
tinib in the neoadjuvant setting initially; however, operation may be indicated
for other reasons besides cancer control, such as palliation of symptoms or
tumor complication like bowel obstruction.
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