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The Principles of Surgical Oncology: 
Surgery and Multimodality Therapy*

The first surgery provides the best 
chance for a cure in an animal with a 
tumor. Therefore, it must be planned 

carefully to ensure that either the mass is 
excised completely or the remaining tumor 
cells can be treated with adjunctive therapy. 
Surgical planning depends on knowledge 
of tumor type, clinical stage, and expected 
biologic behavior.1 If these are not known, 
then surgery should be planned to encom-
pass all possible eventualities, including 
intraoperative cytology or frozen-section 
histopathology.1 There are four levels of 
aggressiveness (doses) for surgical resec-
tion: radical, wide, marginal, and debulk-
ing.2 Incompletely excised benign and 
malignant tumors will recur. Recurrent 
tumors are often more locally invasive due 
to altered vascularity and local immune 
responses, and the destruction of normal 
tissue planes makes subsequent surgeries 
more difficult and extensive.1,3

Perioperative Management
Before definitive surgical resection, appro-
priate diagnostic and staging tests should 
be conducted to assess whether the ani-
mal is a good anesthetic and surgical can-
didate and to determine the surgical plan 
and dose. Comorbid conditions, whether 
related to the primary tumor (e.g., vomit-
ing and dehydration secondary to a gas-

trointestinal tumor) or unrelated (e.g., renal, 
hepatic, cardiac disease), increase the risk 
of surgical morbidity and mortality and 
may affect the surgical dose and postop-
erative management.1,3 Chemotherapy, radi-
ation therapy, and surgery can be altered, 
incorporated, or eliminated on the basis of 
comorbid conditions.1 For example, neuro-
logic disease is a contraindication to limb 
amputation; hence, limb-sparing surgery 
may be preferable for a dog with appen-
dicular osteosarcoma (OSA) and concurrent 
neurologic disease. For postoperative man-
agement, cardiotoxic (e.g., doxorubicin) and 
nephrotoxic (e.g., cisplatin) chemotherapy 
agents should not be administered to dogs 
with preexisting cardiomyopathy or renal 
disease, respectively. 

Anemia
Comorbid conditions are not a contraindi-
cation to surgery with appropriate preoper-
ative management to reduce the associated 
physiologic stresses.3 For instance, anemia 
is relatively common in animals with can-
cer, especially those with advanced dis-
ease.4 Anemia may be caused by chronic 
disease, blood loss, or myelophthisis.1 In 
people, it is associated with poorer sur-
vival times and local tumor control rates.4 
The administration of blood products has 
been recommended to improve oxygen-
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At a Glance

Abstract: Surgery to treat cancer is one of the most common procedures performed in small 
animal practice. Clinicians should identify potential intraoperative risk factors, such as blood 
loss and hypotension, and be prepared to address these complications. Of the surgical doses 
that can be used to resect tumors, wide resections are preferred, although marginal resection 
is acceptable if the tumor is sensitive to radiation and adjunctive radiation therapy is planned. 
Other types of surgical procedures used in oncology include preventive, palliative, and second-
look procedures, as well as minimally invasive laparoscopy and thoracoscopy to assess treat-
ment efficacy. Depending on the tumor type and metastatic potential and the completeness of 
excision, adjunctive radiation therapy and chemotherapy should also be considered.
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*A companion article, “The Princi-
ples of Surgical Oncology: Diag-
nosis and Staging,” is also avail-
able on CompendiumVet.com.
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carrying capacity and potentially decrease 
complications associated with hypotension 
and impaired wound healing.5 However, the 
necessity and timing of blood transfusions 
have not been defined in veterinary medi-
cine. In general, the administration of blood 
products may not be required in animals with 
chronic anemia, whereas transfusions should 
be considered in animals with acute intraop-
erative blood loss (i.e., >25% of blood volume 
or packed cell volume <20%) and hypotension 
(mean arterial pressure <80 mm Hg or systolic 
arterial pressure <100 mm Hg).6 To minimize 
the risk of transfusion reactions, cross-match-
ing or blood typing should be conducted 
before blood products are administered.6

Analgesia
Tumor-associated pain is rare with non-
metastatic tumors, more common with early 
metastatic tumors, and almost universal 
with advanced metastases.7 Pain is caused 
by mechanical or chemical stimulation of 
nociceptors by the tumor, diagnostic or thera-
peutic procedures, or the treatment itself.7 
The deleterious effects of pain on outcome 
are well documented and can be ameliorated 
with the administration of analgesic agents 
(NSAIDs, partial agonists or antagonists, opi-
oids, α

2
-agonists, N-methyl-d-aspartate [NMDA] 

antagonists) through local, regional, or sys-
temic routes or alternative therapies such as 
acupuncture.7

Other Considerations
Enteral nutrition and antibiotic prophylaxis are 
recommended when appropriate. These thera-
pies are described in detail elsewhere, includ-
ing the indications for and techniques, feeding 
protocols, and complications of enteral nutri-
tion.8 The indications, antimicrobial selection, 
and timing of administration for antibiotic 
prophylaxis are likewise addressed in the 
literature.9

Anesthetic Management
General anesthesia is usually required for 
definitive surgical resection, although some 
tumors may be excised using a combination 
of sedation and local or regional anesthesia. 
Local anesthetics should not be administered 
intratumorally, as this distorts tumor architec-
ture, increases the difficulty of histopathologic 

interpretation, and may potentiate metastasis.3 
Depending on the preoperative condition of 
the patient, the presence of paraneoplastic 
syndromes, and the tumor type and location, 
the surgeon should be prepared to address 
possible intraoperative and postoperative 
complications, such as the following: 

 �Hypotension (mean arterial pressure <80 
mm Hg or systolic arterial pressure <100 mm 
Hg), which can be treated with a bolus of 
crystalloid fluid, infusion of natural or syn-
thetic colloidal solution, and administration 
of vasopressor or inotropic drugs

 �Hemorrhage, which is managed with immedi-
ate hemostasis (e.g., vascular clamps, hemo-
clips), and the metabolic consequences of 
acute anemia, for which blood products are 
administered

 �Pain, which should be preempted by adminis-
tration of local, regional, or systemic analgesic 
drugs before, during, and after surgery (intra-
operative analgesia has the added benefit of 
decreasing inhalant anesthetic requirements 
and the subsequent risk of hypotension) 

 �Respiratory compromise, which can be man-
aged with ventilatory support and oxygen 
therapy

	 Anesthetic monitoring is important for the 
early identification and correction of these com-
plications. Basal anesthetic monitoring should 
measure the depth of anesthesia and efficacy 
of ventilation and tissue perfusion using a vari-
ety of monitors, such as an esophageal stetho-
scope, esophageal or rectal thermometer, direct 
or indirect blood pressure monitors, electrocar-
diography, end-tidal carbon dioxide monitor, 
capnography, and pulse oximetry. A centrifuge 
and a blood gas monitor should be available for 
assessment of packed cell volume, total solid and 
electrolyte levels, and blood gas parameters.

Curative-Intent Surgery
The aggressiveness of surgical resection (surgi-
cal dose) is categorized as radical, wide, mar-
ginal, or intralesional (or debulking). These 
categories were first proposed for musculo-
skeletal tumors but have since gained wide 
acceptance for all solid tumors.10 The most 
common mistake in surgical oncology is to 
use too low a surgical dose, particularly from 
fear of being unable to close the resultant 

Surgical treatment 
of cancer is catego-
rized according to 
the aggressiveness 
of the approach, 
with wide resec-
tions recommended 
for the treatment of 
most tumor types if 
feasible. Marginal 
resection is accept-
able if it is planned 
preoperatively and 
combined with 
adjunctive radiation 
therapy.

QuickNotes
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defect. This hazard can be minimized through 
the use of sterile surgical markers to delineate 
margins before incision and assist in orienting 
the surgeon. As two of the most prominent 
veterinary surgical oncologists, Drs. Brodey 
and Withrow, have stated, “It is better to leave 
a wound open […] than to leave tumor cells 
remaining.”2

Wide and Radical Resections
Wide and radical resections are considered 
curative-intent surgeries aimed at resecting 
macroscopic and microscopic disease, includ-
ing biopsy tracts, thus preventing local tumor 
recurrence and improving overall survival 
times. Wide or radical surgical resection is rec-
ommended to manage most solid tumors.
	 For wide and radical resection of tumors, 
a margin of normal-appearing tissue should 
be excised en bloc with the gross tumor to 
eradicate any microscopic extension of the 
tumor. Surgical margins should be determined 
on the basis of the type, grade if appropriate 
(e.g., mast cell tumor [MCT]),11 biologic behav-
ior, and anatomic location of the tumor and 
the barrier provided by surrounding tissue.1,3,10 
Precise guidelines for appropriate tumor mar-
gins have not been defined for most tumor 
types. Most surgeons use predetermined dis-
tances depending on tumor type, but there is 
evidence that tumor size also influences the 
extent of microscopic tumor extension, with 
larger tumors of the same histologic type 
having greater microscopic extension and 
hence requiring larger margins than smaller 
tumors.12 
	 Margins are three-dimensional, so lateral 
and deep margins must be considered when 
planning resections (Figure 1).2 Lateral margins 
are determined by tumor type and biologic 
behavior. For example, 1-cm lateral margins 
are recommended for benign tumors and most 
malignant carcinomas, whereas 3-cm lateral 
margins are required for soft tissue sarcomas 
(STSs).2 For MCTs, lateral margins are also 
determined by histologic grade, with 1-cm lat-
eral margins sufficient for grade I MCTs and 
2-cm lateral margins for grade II MCTs.11 Deep 
margins are determined by natural tissue bar-
riers, as 1- to 3-cm deep margins are often not 
possible in regions such as the extremities and 
trunk. Fat, subcutaneous tissue, muscle, and 
parenchymal tissue do not provide a barrier to 

tumor invasion.13 Connective tissues, such as 
muscle fascia and bone, are resistant to neo-
plastic invasion and provide a good natural 
tissue barrier.13 Hence, deep margins should 
include a minimum of one fascial plane. Two 
fascial planes are recommended for surgi-
cal resection of vaccine-associated sarcomas 
(VASs).10 Lateral and deep margins should be 
greater if the tumor is invasive, recurrent, or 
inflamed. Tumors (particularly STSs) should 
never be “shelled out” because they are often 
surrounded by a pseudocapsule of compressed, 
viable neoplastic cells; these cells must also be 
removed completely.2,3,14

	 Radical resection is defined as the removal 
of a body part. This is occasionally required 
for complete excision of a tumor, such as sple-
nectomy for splenic hemangiosarcoma (HSA) 
and limb amputation for appendicular OSA.

Marginal Resection
Marginal resection is defined as the incom-
plete excision of a tumor with residual micro-
scopic disease. Marginal resection can be 
either planned or unplanned. Planned mar-
ginal resection is used when the tumor type 
is known based on preoperative biopsy. It is 
a useful limb-sparing technique for MCTs and 
STSs of the distal extremities when combined 

Wide resection of tumors involves adequate lateral and deep margins. 
The width of the lateral margins is determined by the tumor type and ranges from 
1 cm for benign tumors and carcinomas to 3 cm for soft tissue sarcomas and 5 
cm for vaccine-associated sarcomas. Deep margins are not determined by tumor 
depth, but rather by tumor-resistant fascial layers. A minimum of one fascial layer 
should be included in the resection. The deep margin is the most common site of 
failure. (Reproduced with permission from Withrow SJ, MacEwen EG, eds. Small 
Animal Clinical Oncology. 3rd ed. Philadelphia: Saunders; 2001:72.)

FIGURE 1
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with postoperative radiation therapy.15,16 Limb 
amputation is usually required for definitive 
surgical resection of tumors in these locations. 
Marginal resection removes the gross tumor 
burden and preserves limb function with-
out compromising wound closure (Figure 2). 
Radiation therapy is more effective against 
microscopic disease than against gross tumor 
burdens, and local tumor control and overall 
survival times with marginal resection and 
postoperative irradiation of extremity STSs 
are not significantly different from those with 
definitive surgical resection.15–17

	 Unplanned marginal resections occur when 
excisional biopsies performed without prior 
knowledge of tumor type result in incom-
plete excision. Unplanned marginal resections 
should be avoided by conducting appropri-
ate preoperative biopsy, clinical staging, and 
surgical planning. Unplanned resections are 
associated with a higher risk of incomplete 
excision and can have a significant negative 
impact on future treatment by either increas-
ing the aggressiveness of therapy required to 
appropriately manage the tumor or making 
further treatment impossible.17–21 Local tumor 
control rates are significantly reduced after 
unplanned resections.20 
	 There are four techniques for managing 
unplanned marginal resections: no treatment, 
staging resection of the surgical wound, wide 

resection of the surgical wound, and combi-
nation with radiation therapy. The no-treat-
ment option may be effective for low-grade 
tumors that may not recur22 or for tumor 
types that do not have a significant impact 
on quality of life, such as some cutaneous 
STSs. Staging resection of surgical wounds 
is an intermediary step used to determine 
whether tumor cells are present in the sur-
gical field and, if so, the need for further 
therapy. Staging resection involves excision 
of the surgical wound with margins of 10 
mm or less (Figure 3). Anecdotally, despite 
histologic evidence of incomplete resection 
after the first surgery, approximately 75% of 
MCTsa and STSs have no evidence of residual 
tumor following staging resection and, hence, 
do not require further treatment.17,23,24 Staging 
resections can therefore be used to determine 
whether animals should be subjected to fur-
ther expensive, time-consuming, and poten-
tially harmful treatments. Aggressive surgical 
resection, using margins appropriate for the 
tumor type, or adjunctive treatment with radi-
ation therapy is required for most tumors after 
unplanned marginal resection or histologic 
evidence of residual tumor burden on staging 
resection.10,18,19,21 

Debulking Surgery
Debulking surgery is defined as the incom-
plete resection of a tumor with residual gross 
disease.2 Debulking surgery is rarely an accept-
able treatment for neoplastic diseases because 
tumor regrowth is usually rapid, and the pres-
ence of a macroscopic tumor burden makes 
adjunctive treatments less effective.17

Intraoperative Management
Preparation
Following induction of general anesthesia, the 
surgical site should be widely clipped to facili-
tate wound closure for more aggressive or recon-
structive procedures, if needed.1 For skin tumors, 
gentle skin preparation is important because vig-
orous scrubbing can result in tumor cell exfolia-
tion and an increased risk of metastasis.1,3 

Technique
Surgical technique is an important consider-
ation during tumor resection because of the 

Planned marginal resection of an STS on the distal limb of a dog. 
Marginal resection results in removal of the measurable tumor burden, but micro-
scopic tumor cells remain in the surgical wound. Adjunctive radiation therapy is 
required to minimize the risk of local tumor recurrence. Planned marginal resec-
tions result in smaller surgical wounds and hence smaller radiation fields with 
less morbidity compared with surgery alone but equivalent tumor control and 
survival times. Furthermore, limb function is preserved.

FIGURE 2

aBacon NJ, Liptak JM, Withrow SJ. Unpublished data.
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effect on tumor control and surgical morbidity. 
Scalpel blades should be used, particularly on 
skin and hollow organs, because they are the 
smoothest and least traumatic cutting instru-
ments.1,3,23 The proper use of scalpels reduces 
tissue trauma and preserves vascular supply. 
Scissors are useful to separate fascial planes 
and in body cavities where scalpel blades may 
be impractical or hazardous.2 Tissue should be 
placed under moderate tension when dissect-
ing or incising to permit more accurate dissec-
tion, decrease tissue trauma and hemorrhage, 
and improve visualization of normal tissue 
planes and vascular and lymphatic vessels.23

	 Hemostasis, with prompt electrocoagula-
tion or ligation of arterial, venous, and lym-
phatic vessels, is important to prevent the 
release of tumor emboli into the circulation 
(especially for tumors with a good vascular 
supply, such as splenic and lung tumors) and 
minimize the risk of postoperative complica-
tions such as hematomas.2,14,25,26 With proper 
technique, electrosurgery and laser surgery 
can be useful for hemostasis, but thermal 
necrosis can delay wound healing, decrease 
resistance to infection, and distort and dam-
age tissue samples, making assessment of 
surgical margins difficult or impossible.1,3,27 
Ligatures or hemoclips can be used for hemo-
stasis, but care should be used when placing 
these devices because inadvertent spread of 
cancer cells has been reported with ligatures 
too close to and cutting into the tumor.14 If an 
exploratory celiotomy or thoracotomy is being 
performed, the entire cavity should be exam-
ined to determine the extent of the tumor. The 
liver, kidneys, omentum, and regional lymph 
nodes are common sites of metastasis in dogs 
with splenic HSA, and the hilar lymph nodes 
should be palpated and aspirated in cats and 
dogs with lung tumors.1,3

	 The surgical handling of a tumor is similar 
to that of an abscess: care is required to pre-
vent exfoliation of cells and local recurrence.1–3 
Normal tissue must be protected from seeding 
with tumor cells resulting from inappropriate 
planning or handling. The tumor should be 
isolated with moistened laparotomy sponges 
and, if required, manipulated with stay sutures 
or atraumatic surgical instruments placed in 
adjacent normal tissue.14 Directly grasping the 
tumor with instruments can result in tissue 
fragmentation and exfoliation of tumor cells 

Staging resection of a scar  
from an incompletely resected mast cell tumor. 

FIGURE 3

Margins of <10 mm around the surgical scar are marked intraoperatively 
with a sterile marking pen.

The surgical scar is resected along the marked margins. 

The surgical wound is closed primarily with minimal tension. 

The aim of staging resections is to determine whether there 
is evidence of tumor cells in the surgical scar of incompletely 
resected tumors and, thus, whether further treatment is required, 
without having a significant impact on the ability to close the 
wound or on quality of life.
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into the surgical wound, as can inadvertent 
penetration of the tumor capsule with sharp 
instruments such as Senn retractors.14 Careful, 
indirect intraoperative handling substantially 
improves 5-year survival rates in people.26 Stay 
sutures can also be used as markers to orient 
the pathologist and identify suspicious surgi-
cal margins.28

	 Tumors can adhere to adjacent structures 
without gross evidence of invasion, but these 
adhesions represent direct tumor invasion in 
many cases.25 As a result, structures adhered 
to tumors should be resected en bloc, if pos-
sible, to minimize the risk of incomplete resec
tion and local tumor recurrence3 (Figure  4). 
For example, pericardiectomy and lung lobec-
tomy should be performed for rib tumors 
adherent to the pericardium and lung lobe, 
respectively. 
	 Suture selection is important in surgical 
oncology because multifilament suture materi-
als are associated with an increased risk of local 
tumor recurrence as a result of tumor cells being 
trapped in the interstices of the braided mate-
rial.29 Monofilament suture material and staples 
are preferred for ligation and wound closure.25,30 
Although most chemotherapy agents do not 
clinically affect wound healing,31 it is prudent to 
use synthetic monofilament absorbable suture 
materials that preserve their tensile strength for 
prolonged periods, such as polydioxanone or 
polyglyconate, if postoperative chemotherapy is 
planned. If postoperative radiation is planned, 

the margins of the surgical field can be marked 
with radiopaque surgical clips to assist the radia-
tion oncologist in planning the radiation field.32 
	 The role of wound lavage is controver-
sial, particularly within body cavities. Wound 
lavage may dilute residual exfoliated tumor 
cells and decrease the risk of local tumor 
recurrence, or it may disseminate the exfoli-
ated cells throughout the lavaged cavity.3 In 
animal models, tumor cells have been shown 
to adhere to specific cellular receptors, and 
wound lavage has minimal benefit following 
this event.29 However, wound lavage is recom-
mended to prevent tissue dehydration and to 
remove blood clots and foreign material from 
the wound or body cavity.2,3 Furthermore, 
cytology of lavage fluid following gastric 
tumor resection in people can provide impor-
tant information on tumor recurrence and 
prognosis.33

	 Drains should not be used during oncologic 
surgery because they further disrupt deep and 
lateral tissue planes distant to the surgical field, 
thus seeding tumor cells and extending mar-
gins if the resection is incomplete. Drains do 
not compensate for poor hemostatic technique. 
However, they can be used to manage post-
operative complications, such as seroma for-
mation, once the surgical margins have been 
determined. Similarly, it is preferable to avoid 
reconstructive surgery, particularly pedicle and 
axial pattern flaps, at the time of initial tumor 
resection. If postoperative radiation is planned 
and drains or tissue flaps are used during pri-
mary surgical resection, they should be placed 
to minimize the size of the radiation field.1,3

Intraoperative Tumor Disruption
Intraoperative disruption of the tumor results 
in contamination of the surgical field and con-
version of a potentially curative resection to a 
large biopsy procedure. If the tumor margins 
are compromised, the exposed surfaces should 
be electrocoagulated, fulgurated, or sutured; 
the wound should be copiously lavaged; and 
gloves, instruments, and drapes should be 
changed.1,3,18 Because the entire wound is 
now effectively seeded with tumor cells, it 
should be resected with appropriate margins 
if possible. If this is not possible, then all evi-
dence of gross disease should be resected 
and adjunctive radiation therapy administered 
postoperatively.18

A segment of chest wall (ribs and sternum) has been resected en bloc 
with an invasive thymoma in a dog (arrow). Tumor adhesion to adjacent 
structures may represent neoplastic invasion, so en bloc resection is recom-
mended in such cases, if feasible.

FIGURE 4
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Wound Closure
Primary wound closure is preferred, but the 
surgical dose should not be compromised 
because of concerns about wound closure.2 
There are a number of options for wounds 
that cannot be closed primarily. I prefer to 
manage these as open wounds until histo-
pathologic analysis reveals whether the tumor 
has been completely or incompletely resected. 
If the tumor has been incompletely excised, 
then further resection is required. Once there 
is no histologic evidence of tumor, pedicle 
or axial pattern flaps can be safely used to 
reconstruct the soft tissue defect (Figure 5). If 
reconstructive surgery is used at the time of 
tumor resection and excision is incomplete, 
then both the flap donor site and tumor resec-
tion site are considered contaminated. This 
has been reported in 39% of dogs in which 
an axial pattern flap was used to reconstruct 
a defect resulting from tumor excision.34,35 In 
these cases, further surgery and/or radiation 
therapy may be either more extensive or not 
possible, depending on the location and extent 
of the contaminated incisions. However, some 
surgical oncologists perform tumor resection 
and reconstruction in the same procedure. 
	 The most useful reconstructive techniques 
involve the use of tension-relieving procedures 
(e.g., suture patterns, releasing incisions), local 
pedicle flaps (e.g., advancement flaps, transpo-
sition flaps, flank fold flaps), axial pattern flaps 
(e.g., thoracodorsal and caudal superficial epi-
gastric axial pattern flaps), and free meshed 
skin grafts. If reconstructive procedures are 
performed at the same time as tumor resec-
tion, it is imperative that gloves and surgical 
instruments be changed for the reconstructive 
procedure to minimize the risk of tumor seed-
ing, particularly when reconstructive surgery 
involves distant sites, such as releasing inci-
sions and skin grafts. A knowledge of these 
techniques before major reconstructive sur-
gery reduces morbidity and decreases the risk 
of compromising the excision margins.3

Histopathology
The entire resected mass should always be 
submitted for histopathologic assessment of 
tumor type, grade if appropriate, and surgical 
margins. This knowledge is essential so that 
the risk of local tumor recurrence and metas-
tasis can be determined, further treatment 

can be planned if necessary, and the own-
ers can be advised of the prognosis.18 Even 
if a preoperative biopsy has been performed, 
histopathologic confirmation is still required 
because biopsies only sample a small region 
of the tumor and may not be representative 
of the true tumor type because of tumor 
heterogeneity. 
	 The entire tumor should be fixed in 10% 
buffered formalin at one part tissue to 10 parts 
formalin.1,36,37 Large tumors may need to be 
sliced into sections more than 1 cm thick to 
facilitate adequate fixation, but to maintain the 
ability of the pathologist to orient the sample 
and assess margins, the slicing should not be 
full-thickness through the tumor.37 Improper 
fixation (e.g., less than 1:10 in 10% formalin) 
produces tissue artifacts and can result in 
misdiagnosis.38 If the entire tumor cannot be 
fixed, then samples of the tumor and com-
plete lateral and deep margins should be fixed 
separately.37 If hemoclips are used during dis-
section of the tumor, they should be removed 
before sample submission to avoid damage to 
microtomes.36 Tumors should be labeled and 
submitted to a veterinary pathologist with a 
detailed history of clinical and surgical find-
ings, including anatomic location, size, shape, 
texture, and relationship to surrounding struc-
tures.37 If required, a drawing of the specimen 
and labeling of margins may assist the pathol-
ogist in selecting the most appropriate area 
of the tumor to sample. If the histopathologic 
results do not correlate with either the preop-
erative biopsy or the clinical presentation, the 
case should be discussed with the pathologist 
and, if required, resectioning, special stains, 
or a second opinion from another pathologist 
should be requested.3,36–38 

Histologic Grade
Histologic criteria are used to determine 
whether a tumor is benign or malignant and, 
if malignant, histologic grade. Cellular fea-
tures of benign masses include low nuclear-
to-cytoplasmic ratio, uniform nuclear size and 
shape, and low mitotic rate.37,38 Histologic fea-
tures do not necessarily correlate with biologic 
behavior because some benign tumors can be 
locally aggressive, such as infiltrative lipomas 
and oral acanthomatous epulides. Histologic 
features of malignant tumors include poor 
cellular differentiation, high cellularity, high 

The first surgery 
provides the best 
chance of a cure for 
animals with cancer.

QuickNotes
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Surgical removal of an MCT from the limb of a dog.
FIGURE 5

A grade II MCT is resected with 2-cm margins.

After confirmation of complete resection following the second surgery, reconstructive surgery with a transposi-
tion flap was used to close the defect. If this flap had been used initially, the donor and recipient surgical wounds would have 
both been considered contaminated because of incomplete tumor excision. Limb amputation or extensive radiation, with the asso-
ciated increase in cost and morbidity, would have been required for management of the contaminated scar.

The large residual defect cannot be closed primar-
ily. This defect was managed as an open wound until 
histopathologic confirmation of complete excision. The 
initial resection was incomplete. A second surgery with addi-
tional lateral resection and deep muscle biopsies resulted in 
complete tumor excision. 

A
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nuclear-to-cytoplasmic ratio, large or multiple 
nucleoli, high mitotic rate, and variations in 
nuclear size (anisokaryosis), nuclear shape, 
and cytoplasmic size (anisocytosis).37,38

	 Histologic grading is valuable for deter
mining treatment plans and prognosis for 
some tumors.37–39 However, surgical patholo-
gists do not uniformly agree on the use of 
grading schemes, and grading schemes are 
not available for all tumors.38 Grading schemes 
have been reported and validated for feline 
lung tumors and mammary gland carcinomas, 
as well as for canine MCTs, STSs, mammary 
gland carcinomas, cutaneous and ocular mela-
nomas, lung tumors, splenic HSAs, splenic 
nonhematogenous and nonlymphatous sarco-
mas, synovial cell sarcomas, transitional cell 
carcinomas, appendicular and mandibular 
OSAs, multilobular osteochondrosarcomas, 
squamous cell carcinomas of the tongue, and 
lymphomas. A histologic grade should be 
requested from the pathologist if one of these 
tumors is diagnosed.39

Margins
Pathologists examine the histologic charac-
teristics of tumor margins to determine the 

absence or presence of neoplastic cells.37,40,41 
Margin assessment can be facilitated by ink-
ing the margins (Figure 6) and pinning out 
the tumor to its original dimensions (Figure 7). 
The risk of local recurrence is not completely 
eliminated even with histologic evidence of 
complete tumor resection because patholo-
gists can only examine a representative sam-
ple and not the entire tissue margin.11,36,37,41 
An 8% local recurrence rate is reported after 
apparently complete resection of truncal STSs 
in dogs.22

	 The tumor margins should be marked 
with sutures or dye to assist the pathologist 
with orientation.10,37,40,42 Alternatively, particu-
larly for large tumors, the surgical margins 
can be submitted separately.28,36,43 Marking 
the tumor edges with dye (ink) is a simple 
method for determining whether a tumor has 
been completely or incompletely resected. Ink 
is retained during tissue processing and helps 
the pathologist to avoid mistaking margins 
resulting from trimming or shrinkage for true 
surgical margins.37 Commercially available 
inking kits, alcian blue, and India ink in ace-
tone are all appropriate for identifying surgical 
margins.42,43 The specimen should be air dried 
for 5 to 20 minutes before it is placed in for-
malin.10,36 Ink should not be used when hor-
mone receptor assays are anticipated because 
false-positive results are common.28,42 
	 Ideally, the tumor should be pinned out on 
cardboard to its original dimensions before 

The lateral and deep margins of a tumor are 
marked with dye to assist the pathologist in 
determining completeness of excision. The 
completeness of excision is important in planning 
postoperative treatment regimens.

FIGURE 6

A tumor pinned out to its original dimensions. This practice minimizes the 
effect of specimen shrinkage on assessment of completeness of excision and 
clean but close excisions.

FIGURE 7
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fixation. During fixation, a tumor sample can 
shrink by up to 38%, depending on the location 
from which it was taken and the inclusion of 
muscle and fascia in the sample.44 This shrink-
age does not influence whether the tumor has 
been completely resected, but it can affect the 
interpretation of the completeness of resec-
tion. Pathologists often comment on whether a 
tumor was resected “clean” or “clean but close,” 
with the latter variably defined as tumor cells 
being within 1 to 10 mm of the surgical mar-
gin.37,44,45 If the tumor sample is not pinned out 
to the original dimensions, sample shrinkage 
may result in the resection being erroneously 
classified as clean but close rather than clean, 
causing unnecessary decision-making dilem-
mas. Unlike the management of animals with 
completely and incompletely resected tumors, 
the management of patients with tumors 
resected clean but close is controversial and 
has not been defined.23,45 

Postoperative Management
In the immediate postoperative period, cats and 
dogs should be monitored for anesthetic and 
surgical complications specific to the procedure 
performed. The type, route, and duration of 
analgesia are determined by the aggressiveness 
of the surgical procedure and response to ther-
apy and may involve local anesthesia, NSAIDs, 
partial agonists or antagonists, NMDA antago-
nists, or opiates. Nutritional support (enteral or 
parenteral) should be started if required.
	 After recovery from surgery, regular follow-
up evaluations are important so that local 
tumor recurrence and distant metastasis can 
be detected early and salvage therapy success-
fully instituted. The intervals between repeat 
examinations and the diagnostic tests to be 
conducted at each examination depend on the 
tumor type, clinical stage, and current treat-
ments (e.g., adjuvant chemotherapy, radiation 
therapy). In general, animals should be exam-
ined monthly for the first 3 months, then quar-
terly for 12 months, and every 6 to 12 months 
thereafter. History, physical examination, and 
palpation and examination of the surgical 
site and regional lymph nodes should be per-
formed in all cases. Evaluation for metastasis 
depends on the tumor type and can include 
three-view thoracic radiography, abdominal 
ultrasonography, blood tests, and other imag-
ing modalities.

	 Owners should be encouraged to allow 
necropsy to provide accurate outcome data 
and critical evaluation of the limitations of 
treatment. Critical review enables consider-
ation of the inclusion or exclusion of diag-
nostic tests and treatment options if local or 
systemic treatments for a particular tumor 
type frequently fail. For instance, postmortem 
examinations revealed that using limb ampu-
tation alone to treat most dogs with appendic-
ular OSA failed because of metastatic disease. 
When chemotherapy was added to the treat-
ment protocol, the time to onset of metastatic 
disease increased and survival times signifi-
cantly improved.1

Multimodal Management
Multimodal therapy comprises some combina-
tion of surgery, radiation therapy, chemother-
apy, immunotherapy, and alternative therapies. 
This approach is aimed at maximizing the 
benefits of treatment and the potential for 
cure while minimizing adverse effects.1,2 The 
timing of these therapies relative to surgical 
resection is an important consideration when 
planning treatment regimens because neoad-
juvant (before surgery) and adjuvant (after sur-
gery) administration have specific advantages 
and disadvantages (Tables 1 and 2). 
	 Neoadjuvant therapy is rarely used in veter-
inary oncology, except for VASs. Neoadjuvant 
therapies, particularly radiation therapy, can 
reduce tumor size, decrease the risk of satel-
lite and skip metastases, and eliminate micro-
scopic tumor extension into normal tissue.46 
As a result, neoadjuvant radiation therapy can 
decrease the surgical dose required for com-
plete tumor resection, permit resection of 
previously inoperable tumors, and reduce the 
incidence of tumor seeding and local tumor 
recurrence.1,20,46 Radiation therapy is theoreti-
cally more effective in the neoadjuvant setting 
because an unimpaired vascular supply to the 
tumor causes the cells to be better oxygen-
ated and more radiosensitive.20,47 However, 
radiation therapy has deleterious effects on 
the regional vascularity and is associated with 
a significantly higher rate of delayed wound 
healing and other wound complications com-
pared with adjunctive radiation therapy, partic-
ularly with doses exceeding 4 Gy/fraction and 
tumors not involving the head and neck.47,48

	 Adjuvant therapies are aimed at eliminating 

Tumor resection 
involves excision 
with adequate 
lateral and deep 
margins. The deep 
margins (which usu-
ally consist of fas-
cial layers) are the 
most common site 
of failure to achieve 
complete excision.

QuickNotes
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residual microscopic tumor burden. Adjuvant 
radiation therapy is recommended for residual 
microscopic disease in surgical wounds (e.g., 
incompletely resected canine MCT or STS; 
feline VAS),47 and adjuvant chemotherapy is rec-
ommended for tumors with a high metastatic 
risk and presumptive disseminated microscopic 
tumor burden (e.g., canine HSA, appendicular 
OSA, oral melanoma). Surgical resection of the 
tumor can facilitate adjunctive therapy by reduc-
ing the gross tumor burden, identifying tumor 
margins, and removing drug- and radiation-
resistant cells, circulating immune complexes, 
and tumor-associated immunosuppressants.2 
For dogs with STS, adjuvant radiation therapy 
is much more effective against local micro-

scopic disease, with 1-year disease-free control 
rates of more than 95% for dogs with residual 
microscopic disease but only 50% for dogs 
with macroscopic tumor burden.15,17 However, 
adjuvant radiation therapy can increase the risk 
of wound complications, especially if started 
before 7 days postoperatively.b The potential 
for complications increases as total radiation 
dose, dose per fraction, and radiation field 
size increase.2 In general, however, postopera-
tive radiation therapy is associated with fewer 
local wound complications than preoperative 
irradiation.20,48 

table 1  Timing of Radiation Therapy Relative to Surgery47,48

Timing Advantages Disadvantages

Preoperative  ��Preservation of blood supply to the tumor decreases the risk of radioresistant 
hypoxic tumor cells

 �Smaller radiation field decreases exposure of surrounding tissue to radiation

 �Decreased risk of disseminating tumor cells during surgery

 Reduction in tumor size facilitates surgical resection

 Delayed wound healing

 Increased risk of wound dehiscence

Intraoperative  �Visualization of tumor bed and accurate delivery of radiation dose

 Decreased exposure of adjacent normal tissue to radiation

 Ability to deliver a larger fractional dose

Special facilities required

Postoperative  No delay in definitive surgery

 Wound healing is not delayed

 Clinical staging is complete before treatment

 �Compromised blood supply results in 
radioresistant hypoxic tumor cells

 �Repopulation of tumor cells between 
surgery and starting radiation therapy

 Larger radiation field

table 2  Timing of Chemotherapy Relative to Surgery48

Timing Advantages Disadvantages

Preoperative  ��Reduction in tumor size facilitates surgical resection

 ��Allows determination of tumor sensitivity to chemotherapy, which helps 
determine prognosis and postoperative chemotherapy

 ��Delayed wound healing

 ��Risk of tumor growth resulting in 
more difficult and aggressive surgical 
resection

Intraoperative  ��Direct (intralesional or intratumoral) administration of chemotherapy into the 
tumor bed

 ��Increased tumor drug levels without increased systemic toxicity

 ��Treatment of microscopic metastatic disease

Decreased wound healing

Postoperative  ��Chemotherapy is more effective when distant microscopic disease is present 
and cell turnover rate is higher at primary and metastatic sites

 ��Definitive surgery is not delayed

 ��Wound healing is not delayed

 ��Efficacy of chemotherapy is difficult to 
determine

 ��Decreased blood supply to tumor may 
decrease chemotherapy efficacy

bHenry CJ, Veterinary Cancer Society Meeting, 2003, 
personal communication. 
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	 For most cases, chemotherapy is adminis-
tered in the adjunctive setting, usually starting 
at 10 to 14 days postoperatively, although start 
times of 0 to 21 days have been reported.49 
Chemotherapy can also have agent-specific 
local and systemic effects. Theoretically, alky
lating agents, antimetabolites, antitumor anti
biotics, and corticosteroids can have deleterious 
effects on wound healing. However, clinical data 
do not support these findings. Chemotherapy 
should be delayed until wound healing has 
begun (i.e., 7 to 10 days) and the risk of wound 
complications is low. This time frame allows 
wound fibroplasia and neovascularization to 
begin while maintaining a favorable environ-
ment for the antineoplastic effects of the che-
motherapy agents, such as low tumor burden 
and few drug-resistant cells.31

Other Types of Oncologic Surgery 
Preventive Surgery 
The major role of surgery in the management 
of animals with cancer is definitive surgical 
resection, but surgery can also be used for the 
prevention and palliation of cancer. Examples 
of preventive surgery include prepubertal 
ovariohysterectomy to significantly reduce or 
eliminate the risk of mammary, ovarian, and 
uterine tumors; castration to reduce the risk 
of Sertoli cell tumors in cryptorchid dogs and 
local recurrence of perianal adenomas; and 
removal of precancerous skin lesions in white 
cats to decrease the risk of dermal squamous 
cell carcinoma.

Laparoscopic and Thoracoscopic Surgery
Minimally invasive surgery is widely used for 
the diagnosis, staging, treatment, monitoring, 
and palliation of benign and intraabdominal 
and intrathoracic malignant diseases in people 
and has been reported in the management of 
primary and metastatic lung tumors in dogs.50,51 
Laparoscopic surgery may be preferred for 
staging and resection of small benign tumors, 
while open surgery is recommended for large 
benign tumors and all malignant tumors.50,51 
The advantages of minimally invasive surgery 
include the ability to thoroughly explore the 
affected body cavity with improved visualiza-
tion under magnification, conduct regional 
staging, and remove the tumor through a 
smaller incision, resulting in less postopera-
tive pain and better cosmetic results.51 The lim-

itations of minimally invasive surgery for the 
management of intracavitary tumors include 
the loss of tactile sensation, potential to miss 
metastatic lesions or underestimate surgi-
cal margins, decreased ability to adequately 
control unexpected hemorrhage, and need 
for a larger incision to remove the tumor fol-
lowing resection.51 There is also an increased 
risk of tumor seeding and local recurrence 
at portal sites as a result of forced extrac-
tion of tumors through an incision smaller 
than the tumor.50,51 To avoid this complication, 
tumors can be placed in a nylon specimen 
bag and morcellated, but this practice results 
in the loss of the ability to determine surgi-
cal margins.51 Another potential complication 
associated with laparoscopic surgery is that 
insufflation increases intraabdominal pres-
sure, which has been shown to significantly 
increase proliferation of carcinoma cells and 
tumor cell adherence to matrix proteins.50,51 
Hand-assisted laparoscopic and thoracoscopic 
surgery is becoming more popular in human 
medicine because it combines the advantages 
of minimally invasive surgery (especially visu-
alization) and open surgery (tactile sensation, 
hemostasis, and tumor extraction).51

Second-Look Surgery
Second-look laparotomy, or repeat surgical 
exploration, has been reported in dogs with 
intraabdominal tumors.52 Second-look laparo-
tomy (or laparoscopy) is aimed at assessing the 
degree of response to adjunctive therapies when 
noninvasive tests suggest a complete response; 
it is less commonly used for palliation of large 
or recurrent tumors.52 Second-look laparotomy 
for assessing therapy response is performed 
at the completion of adjunctive chemotherapy 
protocols, has a high sensitivity and specific-
ity for detecting local tumor recurrence and 
metastasis, and provides valuable information 
on whether adjunctive treatments should be 
continued or modified.52 Disadvantages include 
the additional costs and potential complications 
associated with a second invasive surgical pro-
cedure. However, complications are uncommon 
and usually minor.52

Palliative Surgery
The aim of palliative surgery is to alleviate 
clinical signs and improve the quality of life in 
animals with tumors when the type or extent 

Histopathologic 
analysis is essen-
tial for diagnosing 
tumor type, assess-
ing margins for 
completeness of 
excision, and tumor 
grading (if appropri-
ate). These findings 
determine postoper-
ative management 
and the need for fur-
ther treatment, such 
as radiation therapy 
and chemotherapy.

QuickNotes
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of disease prevents curative-intent surgical 
resection or other treatment.1,3 Palliative sur-
gery should be carefully considered and only 
performed when the morbidity associated 
with the surgical procedure is outweighed 
by the potential benefits to the animal and 
owner.2 Debulking surgery is rarely palliative. 
Examples of palliative surgery include splenec-

tomy for a dog with a ruptured splenic HSA, 
limb amputation for a dog with a pathologic 
fracture or unremitting pain secondary to a 
primary bone tumor, pulmonary metastasec-
tomy for select dogs with hypertrophic oste-
opathy secondary to a metastatic lung lesion, 
and gastrojejunostomy for unresectable pylo-
ric, duodenal, or pancreatic lesions. 
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1. 	 Which surgical dose is appropriate for 
curative-intent resection of tumors?

	 a. 	marginal and wide resection
	 b. 	marginal and radical resection
	 c. 	wide and radical resection
	 d. 	debulking and wide resection

2. 	 During tumor excision, it is acceptable to
	 a. 	directly handle the tumor.
	 b. 	“shell out” well-encapsulated tumors. 
	 c. 	use multifilament suture materials for 

ligation and wound closure.
	 d. 	manipulate the tumor with stay sutures 

or atraumatic surgical instruments.

3. 	 Histologic grading is important for deter-
mining prognosis for

	 a. 	canine MCTs.
	 b. 	feline MCTs.
	 c. 	canine brain and spinal cord 

meningiomas.
	 d. 	feline STSs. 

4. 	 When is marginal resection of a tumor 
indicated?

	 a.	 never
	 b.	 always
	 c.	 for intestinal tumors
	 d.	 for distal-extremity tumors when 

surgery will be followed by radiation 
therapy

5. 	 The minimum surgical margin for wide 
resection of a grade II MCT is ____ cm.

	 a.	 1 	 c.	 3 
	 b.	 2 	 d.	 4
 
6. 	 The minimum surgical margin for wide 

resection of an STS is ____ cm.
	 a.	 1 	 c.	 3
	 b.	 2 	 d.	 4
 
7. 	 Reconstructive surgery should be 

avoided during the initial surgical man-
agement of a tumor because it increases 
the

	 a.	 risk of local tumor recurrence.
	 b.	 extent of a tumor if surgical resection is 

incomplete.
	 c.	 risk of metastasis.
	 d.	 risk of infection.

8. 	 Which method of submitting a tumor 
sample to a laboratory is correct?

	 a.	 A segment of the tumor should be fixed 
in 10% formalin with a 1:10 ratio of 
tumor-to-formalin and submitted to a 
veterinary laboratory.

	 b.	 The tumor margins should be inked, 
and the tumor should be fixed in 10% 
formalin with a 1:5 ratio of tumor to 
formalin and submitted to a veterinary 
laboratory.

	 c.	 The tumor margins should be inked, 
and the tumor should be fixed in 10% 
formalin with a 1:10 ratio of tumor to 
formalin and submitted to a human 
laboratory.

	 d.	 The tumor margins should be inked, 
and the tumor should be fixed in 10% 
formalin with a 1:10 ratio of tumor to 
formalin and submitted to a veterinary 
laboratory.

9. 	 The intention of postoperative chemo-
therapy is to minimize the risk of

	 a.	 local tumor recurrence.
	 b.	 metastatic disease.
	 c.	 infection.
	 d.	 wound dehiscence.

10. The intention of full-course postopera-
tive radiation therapy is to minimize the 
risk of

	 a.	 local tumor recurrence.
	 b.	 metastatic disease.
	 c.	 infection.
	 d.	 wound dehiscence.
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