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ABSTRACT. We evaluated the postsurgical outcomes of cutaneous or subcutaneous mast cell

J. Vet. Med. Sci. tumors (MCTs, n=25) in 23 dogs, resected with lateral surgical margins proportional to the widest
83(2): 230-233, 2021 tumor diameter, including at least one facial plane. The tumor diameter range was 0.3-2.6 cm
(median: 0.9 cm), and all were histologically diagnosed as Kiupel’s low-grade MCT. Resection was
histologically complete in 20, close (deep margin) in three, and incomplete (deep margin) in two.
No dogs developed local recurrence at the site of initial surgery during follow-up of 161-2,219
days (median: 976 days). These results suggest that resection of low-grade, relatively small MCTs
with surgical margins proportional to the tumor diameter is a practical procedure with high
success rates.
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Mast cell tumors (MCTs) are the most common type of cutaneous malignancy in dogs. Complete resection with a wide margin
of normal tissue is widely accepted as the best treatment for localized MCTs [1, 9]. Recently, it has been recognized that the
traditional 3-cm lateral margin is not always required; a 2-cm lateral margin with one fascial plane being sufficient when resecting
most grade 1-2 MCTs [2, 4, 17]. However, the optimal margin for grade 3 MCT has not been well investigated [15].

With increasing owner interest in their dogs’ health, the opportunities to treat small MCT nodules detected early have increased
in primary care hospitals, raising questions regarding the need for lateral 2-cm margins for all MCT nodules. Such wide resection
is often difficult when the MCT is in a location with limited normal skin, such as on the face or extremities [9, 15]. Furthermore,
the histological grade of the MCT is usually unknown before surgery [2].

Generally, small MCT nodules are more likely to be grade 1-2 [6], for which the narrower surgical margin may be optimal,
whereas larger or grade 3 MCTs could require wider margins. Recently, Pratschke et al. [15] reported a practical policy of
widening surgical margins proportional to tumor diameter for all grades of cutaneous or subcutaneous MCTs, resulting in a local
recurrence rate of only 2% during a median follow-up period of 420 days. This study was performed in a university hospital and
did not report the number of cases in which this approach could not be applied [15]. Although no further studies of this method
have been reported, its applicability and validity are worth evaluating in MCTs encountered in primary care settings with longer
follow-up. The purpose of this study was to examine the long-term postsurgical outcomes of MCTs resected in accordance with
this approach and to evaluate its applicability.

We retrospectively reviewed the medical records and pathology reports of dogs with cutaneous or subcutaneous MCTs resected
in Aoba Animal Hospital between November 2013 and September 2018. Inclusion criteria were MCT cases resected with surgical
margins proportional to tumor diameter (proportional margin resection: PM resection) and examined pathologically; however,
the clinicopathologic data of the excluded cases were also recorded. The following data were retrieved: signalment, clinical
features of the tumor, histological grade (Patnaik’s classification [14], Kiupel’s classification [7]), histological site (cutaneous or
subcutaneous), treatments, and prognosis. The grade of subcutaneous MCTs was classified only by the Kiupel’s classification.
Regarding postsurgical outcomes, we evaluated histological completeness of resection, local recurrence at or near the surgical site,
new-MCT development at cutaneous or subcutaneous sites distant to the surgical site, metastasis, and cause of death. One dog’s
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prognosis was determined by telephone interview with the owner.

All MCTs were resected after a preoperative cytological diagnosis of MCT. PM resection was performed as described in a
previous report [15]. Briefly, the maximal tumor diameter (MTD) was measured using a caliper and several points around the
tumor at the same distance from the tumor margin marked, after which the planned resection line was drawn. The skin was incised
along the planned resection line, and the MCT resected, including at least one fascial plane as a deep margin, and by placing
tacking sutures to connect the deep margin to the skin, as needed. Regional lymph node resection was performed in one dog, in
which MCT at the lateral knee and popliteal lymph node was resected en bloc. The same PM resection was performed for newly
developed MCTs that occurred during follow-up.

Both the lateral and deep margins of the resected lesion were marked with colored inks (Davidson Marking System®; Bradley
Products, Bloomington, MN, USA) prior to submission for histopathological analysis. The completeness of the resection was
histologically determined to be complete, close (tumor cells within 1 mm of the margin), or incomplete (tumor cells in the margin),
as reported previously [1, 4, 17], by re-evaluating the slides of the operative specimens.

Twenty-nine dogs had undergone resection of MCTs during the study period. Six MCTs (MTD: 2.8-5.1 cm, median 5.7 cm) of
six dogs, including four cutaneous MCTs (Kiupel’s low grade: one MCT, high grade: three MCTs) and two subcutaneous MCTs
(both Kiupel’s low grade), were excluded because the margins were narrower or wider than specified for PM resection (Fig. 1). As
a result, 23 dogs, from which 25 MCTs had been resected in the first surgery, were included.

Toy poodles were the most common breed (n=8, 35%), other breeds including three mixed-breed dogs, two Chihuahuas, two
Labrador retrievers, and one each of Miniature dachshund, Shiba, Sikoku, Pug, Jack Russell Terrier, French bulldog, Boston
terrier, and Bernese mountain dog. The dogs weighed 2.2-32.6 kg (median: 6.9 kg). Female dogs (18 dogs, 12 spayed) were more
common than male dogs (five dogs, four castrated). The age range at the time of surgery was 4—15 years (median: 10 years), and
the site of origin was the trunk in 12, extremities in seven, head in two, vagina/perineum in three, and tail in one tumor. The MTD
ranged from 0.3 cm to 2.6 cm (median: 0.9 cm) (Fig. 1). Some MCTs (MTD: 0.4—1.2 cm) occurred in areas where a 2-cm margin
could not be secured for anatomical reasons, such as the head, distal extremities, and tail; however, they were easily removed by
the PM method. Two dogs had undergone simultaneous resection of two different MCTs.

Histologically, all 24 cutaneous MCTs were diagnosed as Kiupel’s low grade (Patnaik’s grade 1: five MCTs and grade 2: 19
MCTs), and the one subcutaneous MCT was diagnosed as Kiupel’s low grade. Surgical margins were determined to be complete in
20 cases, close (deep margin) in three (2 cutaneous, 1 subcutaneous), and incomplete (deep margin) in two. Lymph node metastases
were found on histological examination in one dog (grade 2 MCT) that had undergone resection of the popliteal lymph node. This
dog had no evidence of recurrence during 990 days of follow-up.

No dogs received postoperative adjuvant therapy, including prednisolone. Two dogs died from non-MCT-related causes 161-248
days postoperatively, and the remaining 21 dogs were followed for 410-2,219 days (median: 990 days). During the follow-up
period (161-2,219 days, median: 976 days), no dogs developed local recurrences at the site of initial surgery. However, seven dogs
(30%) developed new MCTs at distant sites 15-1,148 days (median: 399 days) postoperatively, for which the same PM resections
were performed, achieving complete removal in all cases. Five of these dogs were disease-free for additional 577—1,722 days
(median: 672 days) after their second surgeries. The remaining two dogs developed local recurrences near the second surgical
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Fig. 1. Histologicalgradesandmaximaldiametersofmastcelltumorsthatwereresectedwithorwithoutimplementation
of the proportional margin (PM) method.
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site; one developing a grade 1 MCT (MTD: 0.4 cm) 588 days after complete resection of the second grade 1 MCT, and the other a
subcutaneous low-grade MCT (MTD: 2.8 cm) 385 days after complete resection of the second cutaneous low-grade MCT. These
recurrent lesions were re-excised with 2-cm and 3-cm lateral margins, respectively, after which the dogs remained disease-free for
618 days and 249 days after their third surgeries, respectively.

Potential benefits of PM resection include minimal invasiveness [2, 15], feasibility in sites where wide margins cannot be
achieved for anatomical reasons [15], and applicability regardless of histologic site (cutaneous or subcutaneous) and grade [15].
Six of the original MCTs in six dogs were excluded from our study because the margins were too large or too small; we were able
to perform PM resection on the remaining 33 of 39 MCTs (85%) that were resected during the study period (Fig. 1), suggesting
high applicability of this method. None of the 25 MCTs that were initially managed by PM resection had tumor cells in the lateral
margins, and no local recurrences occurred in any of these 25 cases. In all 33 MCTs including newly-developed MCTs, the local
recurrence rate at surgical sites after PM resection was 6.1% (2/33 MCTs), despite the lack of postoperative medical therapy. These
results suggest that PM resection can lead to local control of most small MCTs, as reported previously [15].

One potential disadvantage of PM resection is an increased risk of incomplete MCT excision, which is of particular concern for
high grade MCTs [2]. It should be noted that all MCTs managed by PM resection in the present study were Kiupel’s low grade
MCTs. PM resection is not applicable to large MCTs, including high grade (grade 3) cases; therefore, only small MCTs were
included in the present study. The results of our previous study [6] suggested that small nodular MCTs are unlikely to be grade 3,
which is supported by the results of the present study. More than 80% of canine cutaneous MCTs resected before the age of 12
years are low grade [11], and 30 of 33 MCTs in our study were in that age category. This fact, together with our selection of small
tumors, may have contributed to all participating dogs having low-grade tumors and in turn, good outcomes in the present study.

Histologically, the deep margin, which was not affected by PM method, was determined to be close for three MCTs and as
incomplete for two MCTs. Close margins have often been defined as <1 mm of histological tumor-free margin (HTFM) [1, 4,

17]; however, there is no evidence to support the prognostic significance of this assessment [8, 10]. It has recently been proposed
that all tumors with HTFM >0 mm be classified as complete [8]. Using this criterion, the rate of incomplete resection (HTFM=0
mm) with PM resection was 15% (7/47) in a cohort of grade 1-3 MCTs (MTD: 0.5-6 cm, 4-cm of maximal lateral margin) [15]
and 6.5% (3/46) in a cohort of grade 1-2 MCTs (MTD: 0.1-4 cm [median 1.0 cm], 2-cm of maximal lateral margin) [2], the latter
being consistent with our results (6.1% [2/33], low-grade MCTs, MTD: 0.3-2.6 cm [median 0.9 cm]).

Two dogs with MCTs judged as incomplete in the present study showed no local recurrence, as often observed in previous
studies [4, 15, 16—19]. In these two cases, there were scattered mast cells at the surgical margin of the muscle far away from the
tumor foci; these cells may have been non-neoplastic mast cells [4, 15]. In one study of low-grade MCTs, the recurrence rate was
low (4%, 2/51) despite 30% of the MCTs having close margins [3]. In another recent study of 56 incompletely-resected grade 2
MCTs (tumor infiltration, n=10; close margins, n=46), only nine MCTs (16%) were found to have tumor cells in the re-excised
tissue [19]. Therefore, basing additional treatment on histological evaluation of the surgical margins should be considered carefully
for low-grade MCTs [15, 19].

Development of new MCTs at different sites has been reported in 11-19% of grade 2 MCTs [16, 18], in 19-24% of grade 1-2
MCTs [4, 17], and in 23% of subcutaneous MCTs [5]. Such new MCTs are generally regarded as de novo tumors because of the
favorable prognosis [5, 12, 13, 16, 18], the exception being grade 3 or large (>3cm) MCTs, which may have cutaneous metastasis
with poor prognoses [13]. In the present study, 30% of dogs (7/23) developed new MCTs, which is a higher proportion than
previously reported [4, 16—18]. This discrepancy is likely attributable to longer follow-up or case composition, rather than the
surgical procedure. The median time from surgery to new-MCT development was longer in our study (399 days) than in other
studies (54-362 days) [4, 16, 17]. It has been suggested that female dogs, which accounted for 78% (18/23 dogs) of our cases, have
a higher risk of developing multiple cutaneous MCTs than male dogs [12, 13]. Toy poodles (n=8) were the most common breed of
dog in the present study, four of which developed new MCTs and another one had a previous MCT, suggesting that this breed may
have a high incidence of new-MCT development (63%, 5/8 dogs). The present results suggest that multiple or new MCTs may not
be uncommon in dogs, and that PM resection can be a practical and effective option for such lesions, as suggested previously [15].

Two dogs developed local recurrences after second complete resections of MCT. One of them had a long interval (588 days)
from the second resection (grade 1) to the local recurrence (grade 1), and the other developed a different type of MCT (second:
cutaneous, third: subcutaneous). Neither dogs had a recurrence or metastasis after their third surgeries. Therefore, these locally
recurrent MCTs may have been de novo MCTs rather than true recurrences as a result of incomplete resection.

The limitations of this study include its retrospective nature and small number of cases. Both surgical margin assessment
(recommended as five directions of interest [10]) and clinical staging (evaluation of nodal and visceral metastases) were
incomplete. However, the follow-up period of this study (median: 976 days) was longer than that of other reports (median: 351—
540 days) [4, 15—17]; therefore, there was a minimal likelihood of missing local recurrence or visceral metastases. We performed
PM resection regardless of histologic grade, location (cutaneous or subcutaneous), and numbers (single or multiple) of MCTs, as in
a previous study [15], but were unable to determine its validity for subcutaneous (n=1), high-grade (n=0), or large (>2.6 cm, n=0)
MCTs owing to insufficient numbers of cases in these categories. Further larger studies are needed to evaluate the validity of PM
resection for subcutaneous, high-grade, and large MCTs.

In conclusion, PM resection is a practical method applicable to relatively small MCTs and can achieve local control with high
success rates in small, low-grade MCTs.
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