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Methods: This was a retrospective multicenter observational study. Lymphoma was
classified based on signalment, histopathology/cytology, and anatomical site of the
disease. For each type of lymphoma, median survival time was analyzed by Kaplan-
Meier estimates and life table analysis. Prognostic factors for large-cell gastrointesti-
nal lymphoma (LGIL) were analyzed using Cox regression.

Results: Gastrointestinal lymphomas were more common in MDs (53/108) compared to
non-MDs (41/149). The multicentric lymphoma was most common in non-MD breed dogs
(74/149) compared to MDs (33/108). The median age that dog developed lymphoma in
MD and non-MD were both 10 years old; however, lymphomas were more frequently
observed in younger dogs (<4 years) in MDs (20/108) compared to non-MDs (9/149;
P = .002). Seventy percent were diagnosed with B-cell with median age of diagnosis was
3 (1-14) years. Mott cell differentiation was observed in 6 dogs. Age <4 years and B-cell
phenotype were significant factors for longer survival time in MD with LGIL.

Conclusions and Clinical Importance: Lymphomas in MDs involved gastrointestinal
lesions at higher frequency compared to other dog breeds examined. B-cell lymphoma
was more common in early-onset LGIL in MD and cases that involved Mott cell differen-
tiation were observed. Awareness of this specific presentation of lymphoma in dogs will

possibly affect the treatment decision process for the owners of MD with LGIL.
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1 | INTRODUCTION

Multicentric lymphomas (ML) account for approximately 80% of cases
of lymphoma in dogs; however, gastrointestinal lymphomas (GIL)
account for 5% to 7%.>* The median survival time (MST) for ML and
GIL is 10 to 12 months and 0.5 to 2.5 months, respectively.>? The
immunophenotype of tumor cells is 1 of the reasons for the short sur-
vival time of dogs with GIL.1”*® Among ML, B-cell lymphoma account
for 70% to 80% and have a MST of 11 to 13 months, while T-cell

lymphoma is chemoresistant and had a MST of 5 to 5.3 months.>1%-12

T-cell lymphoma account for 63% to 91% of GIL in dogs®®3'*: the
higher proportion of T-cell lymphoma might be 1 factor associated
with shorter MST. Moreover, there have been a small number of cases
of B-cell GIL with long-term survival.»>¢ Furthermore, colorectal lym-
phomas in dogs often originate in B-cells and survive long term.2”*8 A
case report found that a miniature dachshunds (MD) dog had a good
prognosis and different characteristics than usual and occur at a youn-
ger age (mean age = 4 years).!” However, their study did not assess
the immunological characteristics nor mentioned Mott cells. It is clini-
cally relevant to demonstrate the difference, if any, of response to the
treatment and survival time between lymphoma in MD and other
breed dogs to better inform clients in MD diagnosed with lymphoma.
This study therefore aimed to compare the clinical characteristics of

lymphoma in MD with those of other dog breeds.

2 | MATERIALS AND METHODS

2.1 | Study design
This was a retrospective multicenter observational study performed at

11 animal hospitals in Japan.

22 | Animals

MD dogs diagnosed with lymphoma at a referral veterinary hospital and
10 other veterinary clinics and hospitals in Japan between 2006 and
2018, and non-MD dogs of other breeds diagnosed with lymphoma dur-
ing the same period at the referral veterinary hospital were included in
this study. Dogs that did not undergo chemotherapy or for which sur-

vival time (ST) was unknown were excluded from the survival analyses.

2.3 | Review of medical records

The age, sex, weight, anatomical site of the disease, malignancy by
histopathology or cytology, immunological classification, complete
remission rate, first remission, and survival time were assessed based
on medical records. Lymphoma was classified as per cell morphology
and size using a clinical or diagnostic pathologist. Small cell lymphoma
was histopathologically diagnosed using surgical excision biopsy

or endoscopic biopsy specimens. Immunological classification was
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performed by immunohistochemistry using CD3 or CD79 antigens or
by polymerase chain reaction (PCR) for antigen receptor rearrangements
(PARR). Complete remission was determined by the attending veterinar-
ian based on physical examination results, chest and abdominal X-ray,
abdominal ultrasound, and CBC results. Complete remission for Gl
lymphoma was determined by abdominal ultrasound when there was no
lesion detected. Complete remission for multicentral lymphoma was
determined by evaluating superficial lymph nodes through palpation,
evaluating thoracic lymph nodes and lungs through thoracic radiograph,
and evaluating abdominal lymph nodes, liver and spleen through abdom-
inal ultrasound. As for cutaneous lymphoma, skin lesion was evaluated
additional to the above examinations. First remission time was defined
as the time from the day of complete remission until the confirmation of
relapse. Regardless of the cause of death, survival time was defined as

the period from date of diagnosis to death or euthanasia.

2.4 | Statistical analysis

Using the Shapiro-Wilk test, continuous data were assessed for the
normality of distribution. Normally distributed continuous variables
were reported as mean = SD, and non-normally distributed continu-
ous variables were reported as median (range). Using the Kruskal-
Wallis test, age of occurrence of lymphoma was compared. The
chi-square test was used to analyze sex difference of study dogs and
number of dogs for each lymphoma types. The Kolmogorov-Smirnov
test was used to analyze the distribution of age between MD and
non-MD groups. Proportion test was performed to compare complete
remission proportion between groups. The complete remission and
first remission rates were compared using the Kruskal-Wallis test. The
Kaplan-Meier analysis and log-rank test were performed to analyze
the survival period and first remission time among groups. Median
survival period and 95%Cl were computed by survival analysis and
those that did not reach 50% survival probability at the end of the
study, life table analysis was performed to analyze median survival
period at a survival probability of 50% with 95%CIl. Dogs that were
still alive at the end of study, lost to follow-up, or died of other reason
than lymphoma was censored. Univariate Cox regression analyses
were performed to evaluate the prognostic factors for large cell
gastrointestinal lymphoma in MD. Those parameters with a P < .10 on
univariate analysis were put into the multivariate analysis to construct
a final model by backward elimination. Stata Statistical Software:
Release 16 (StataCorp, College Station, Texas) was used in all ana-
lyses. For statistical estimation and inferences, 2-sided hypotheses

and tests were used with a 5% significance level.

2.5 | Ethical statement

This was a retrospective observational study using hospital data at
animal hospitals. Hence, informed consent from the animal owners
was not applicable here. The study was approved by hospital boards
at Saitama Animal Medical Center (Approval number: 20191001,
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approval date: November 15, 2019). All dogs were treated and evalu-
ated by board-certified specialists at the hospital and provided with

customary high standards of medical care and welfare.

3 | RESULTS

A total of 257 dogs were included in this study. One hundred eight
dogs were MDs and 149 dogs were non-MDs. The breed represen-
tation for non-MDs diagnosed with lymphoma is described in
Table 1. The median age (range) for MDs and non-MDs were
10 (1-18) and 10 (1-17) years old, respectively. Twenty out of
108 dogs and 9 out of 149 dogs were <4 years in MDs and non-
MDs, respectively (P = .02). The median body weight (range) for
MD and non-MD were 6 (3-11) kg and 11(2-48) kg, respectively
(P = .0001). Sixty dogs were male and 47 were female in MD, and
69 were male and 57 were female in non-MD (P = .792). No dog
was lost to follow up in this study.

Small cell gastrointestinal lymphoma was observed in 13 dogs
(10 MDs and 3 non-MDs), and small cell multicentric lymphoma was
observed in 2 non-MDs. There was no small cell cutaneous lymphoma
recognized in this study. Among 108 MD diagnosed with lymphoma,
GIL was most common (n = 52), followed by multicentric (MCL;
n = 33), cutaneous (n = 11), hepatosplenic (n = 6), anterior mediasti-
nal (n = 1), and other types of lymphoma (n = 5). Among the
149 non-MDs diagnosed with lymphoma, MCL was most common
(n = 74), followed by GIL (n = 41), cutaneous (n = 14), hepatosplenic
(n = 11), mediastinal (n = 3), and other types of lymphomas (n = 6;
Table 2). The percentage of GIL was significantly higher in lymphoma
in MD than in non-MD s (P = .0178). There was no significant differ-
ence between other anatomic sites for the MD and non-MD groups.
The difference in the presentation between MD and non-MD and

substage were not determined in this study.

31 |
in MD

Investigation of gastrointestinal lymphoma

Among the 52 MD diagnosed with gastrointestinal lymphoma (GIL),
42 were large cell gastrointestinal lymphoma (LGIL) and 10 were small
cell gastrointestinal lymphoma (SGIL). Among the non-MDs with GIL,
38 were LGIL and 3 were SGIL. Because there were only a few cases

of SGIL, survival time was compared in dogs with only LGIL.

3.2 | Comparison of age of LGIL onset

No significant (P = .329) difference in median age of LGIL onset was
seen in MD dogs (median 9 years, range 1-14) and non-MD dogs
(median 9 years, range 2-14; P = .3239). However, the comparison of
age distributions resulted in higher incidence of early-onset disease,
and a bimodal distribution of age at onset in MD compared to the

incidence age distribution in non-MDs (P = .01; Figure 1).

TABLE 1 The breed representation for non-MD group (n = 149)

diagnosed with lymphoma during 2006 to 2018
Dog breed Number of dogs Percentage
Afghan hound 1 0.7
American cocker spanial 2 1.3
Belgian shepherd dog 1 0.7
Borzoi 1 0.7
Bull terrier 1 0.7
Cairn terrier 1 0.7
English bulldog 1 0.7
English cocker spaniel 3 2.0
French bulldog 4 2.7
German shepherd 1 0.7
Italian gray hound 2 1.3
Jack Russell terrier 1 0.7
Kai-ken 3 20
Labrador retriever 9 6.0
Maltese 2 1.3
Miniature pinscher 3 2.0
Miniature schnauzer 2 1.3
Norfolk terrier 1 0.7
Pug 3 2.0
Shih Tzu 2 1.3
West highland terrier 1 0.7
Yorkshire terrier 6 4.0
Barneys mountain dog 3 2.0
Beagle 4 2.7
Border coli 3 20
Chihuahua 11 7.3
Golden retriever 17 11.3
Mix 17 11.3
Papillon 1 0.7
Shetland sheepdog 6 4.0
Shibainu 14 9.3
Toy poodle 3 2.0
Welsh corgi 19 12.7

3.3 | Immunological classifications of LGIL

Of 42 MD with LGIL, immunological classifications were performed
in 28 cases. Of the 28 cases, 20 (71%) were diagnosed with B-cell
and 8 (29%) were diagnosed with T-cell LGIL. The median age at the
onset of 8 cases diagnosed with T-cell type was 12 years (range:
9-15 years), whereas the median age of 20 cases diagnosed with
B-cell type was 3 years (range: 1-14 years; P = .0005). Mott cell
differentiation of neoplastic cells was observed in 6 of 20 cases
(Table 3). The median age of these 6 dogs was 2 years (range:
1-5 years). Immunological classifications were assessed in only
27 dogs of 38 non-MD LGIL and resulted in 18 (67%) of T-cell and
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TABLE 2 Anatomical site of lymphoma observed in this study dogs (MD = 109 and non-MDs = 149)

Multicentric Gastrointestinal
MD (n = 109) 33 52
non-MDs (n = 149) 74 41

Miniature dachshunds Control dogs

Number of dogs
N

10 15 0 5 1

LM T 1l
0 5

0 15

FIGURE 1 Histogram of distribution of age at onset of LGIL in
MD and non-MDs. There were more cases of early onset in MD than
the non-MD dogs, resulting in bimodal distribution (P = .01)

TABLE 3 Immunological classification of large cell gastrointestinal
tract lymphoma in study dogs (MD = 29, non-MDs = 27)
T-cell B-cell (Mott cell) Non-T/Non-B
MD (n = 29) 9 20(6) 0
non-MDs (n = 27) 18 4 5

Note: The number of B-cell lymphoma was significantly higher in MD than
in non-MDs (P = .001).

4 dogs with B-cell lymphoma (15%). Mott cell differentiation was
observed in 1 of the 4 dogs, which was a 2-year-old female MD mix.
As such, LGIL in MD represented a significantly higher incidence of
B-cell LGIL than the non-MDs (P = .001).

3.4 | LGIL onset site

The LGIL site in MD was observed in the small bowel (n = 28),
ileocecal junction (n = 5), duodenum (n = 1), and stomach (n = 1);
1 dog was reported with a mass in 3 sites, the small bowel, large
bowel and tonsils, and 6 MD with LGIL were observed to have the
swelling of mesenteric nodes only and without distinct mass forma-
tion in the gastrointestinal tract. In LGIL in non-MDs, mass formation
was observed in the small bowel (n = 24), duodenum (n = 5), stomach
(n = 1), stomach and duodenum (n = 1), duodenum and ileum (n = 1),
and cecum (n = 1), while only swelling of the mesenteric lymph nodes

was observed in 5 dogs. No dogs exhibited lesions in the large bowel.

Ameri College of
Veterinary Internal Med
Cutaneous Liver/spleen Mediastinum Other
11 6 1 5
14 11 3 6

No significant difference in onset localization/site was seen between
MD and non-MD dogs with LGIL (P = .1).

3.5 | Treatment for LGIL

Chemotherapy was administered to 34 of 42 MD cases, of which sur-
gery was performed before chemotherapy in 6 cases. The chemother-
apy protocol was selected by the attending veterinarian. Twenty-four
dogs were administered L-CHOP (L-asparaginase, cyclophosphamide,
doxorubicin, vincristine, and prednisolone) for initial treatment, 4 with
COP, and 3 with LLP (L-asparaginase, lomustine, prednisolone), and
2 with vincristine and prednisolone. Thirty-four of the 38 non-MD cases
underwent chemotherapy, and 4 underwent surgical resection before
chemotherapy. Chemotherapy comprised L-CHOP for 22 dogs, COP for
3 dogs, LPP for 6 dogs, chlorambucil and prednisolone for 2 cases, and
prednisolone and melphalan for 1 case.

3.6 | Complete remission rate and first remission
time of LGIL

The complete remission rates for MD and non-MDs were 68%
(23/34) and 29% (10/34), respectively, resulting in a statistically
significant difference (P = .002). MD was divided into cases that
lived <4 years and 24 years, which resulted in 93% (13/14) and
50% (10/20), respectively, thus indicating a significant difference
(P <.0001). The median first remission time of MD (n = 19)
and non-MDs (n = 10) that achieved complete remission were
672 (13-5900) and 88 (14-126) days, respectively, thus indicating a
significant difference (P = .0009). There was a significance differ-
ence (P = .0043) between median first remission time of MD
<4 years (n = 13; median 1223 days, range 13-5900) and MD
>4 years (n = 10; median 270 days, range 24-790).

3.7 | LGIL survival time

At the end of the study period, 13 of 34 LGIL cases that underwent
chemotherapy were still surviving. Of 21 MDs that died, the cause
of death was believed to be lymphoma in 17 MDs, cause other than
lymphoma in 2 cases, and cause of death was unknown in 2 cases.
The survival time was significantly longer (P = .0001) for MD with
LGIL with the MST1503 days (survival probability of 50% with 95%
Cl: 30-57) compared to non-MDs with the MST 56.7 days (survival
probability of 50% with 95%Cl: 32-65; Figure 2).
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MD and the non-MD dogs. The MST of MD was 1503 days (survival
probability of 50% with 95%Cl: 30-57). The MST of non-MD dogs,
moreover, was 56.7 days (survival probability of 50% with 95%Cl:
32-65), showing that the survival time of LGIL was significantly longer
in MD (P = .0001)

3.8 | Influence of age on LGIL

Ten out of 14 of the MDs with onset at <4 years were surviving
at the end of the study period. Among these 14 cases, the immuno-
phenotype was assessed in 10 cases; all were B cell, while it was
unknown in 4 cases because they were not tested. The MST of
MDs with onset at 24 vyears (n = 20) was 148 days (95%Cl:
90-424). Among the 15 of these 20 cases that were assessed for
immunophenotype, 9 were B-cell and 6 were T-cell. All 6 cases with
T-cells were 29 years. The immunophenotype was unknown in
5 cases that were untested. The survival time was significantly lon-
ger in MDs diagnosed at <4 years than those diagnosed at 24 years
(P < .001; Figure 3).

Additional comparisons were made in the survival time of B-cell
LGIL as per age by MDs <4 years (n = 10) and 24 years at onset
(n = 9). The survival time of MD <4 years with B-cell LGIL did not
reach MST. However, the MST of MD 24 years was 229 days (sur-
vival probability of 50% with 95%Cl: 17-76); the survival time of MD
<4 years was significant longer (P = .0011; Figure 4).

3.9 | Comparison of survival time of LGIL in MD
according to immunophenotype

The survival of LGIL in MD was assessed as per immunophenotype.
The survival time was significantly longer (P = .0171) for MD with
B-cell LGIL (n = 19) with the MST 1313 days (survival probability of
50% with 95%Cl: 23-67) compared to T-cell LGIL (n = 6) with the
MST 144 days (survival probability of 50% with 95%Cl: 11-80;
Figure 5).

>4 years versus <4 years. Ten of the MD with onset at <4 years

(n = 14) were surviving at the end of the study period; however, their
survival time did not reach MST. MST of MD with onset at 24 years
(n = 20) was 148 days (95%Cl: 90-424), showing that the MD with
onset at <4 years had significantly longer survival time than the MD
with onset at 24 years (P < .0001)

1.00
1

0.50 0.75
1 1

Survival probability

0.25
1

0.00
1

o -

T T T
2000 4000 6000
Survival time (days)

B-cell LGIL >4 years B-cell LGIL <4 years

FIGURE 4 Kaplan-Meier curve of the survival time of MD with
B-cell LGIL onset at 24 years versus <4 years. The survival time of
MD with B-cell LGIL diagnosed at <4 years did not reach the median.
However, among dogs diagnosed at 24 years, the MST was 229 days
(survival probability of 50% with 95%Cl: 17-76), showing that the
survival time of MD diagnosed at <4 years was significantly longer
(P =.0011)

3.10 | Comparison of survival time according to
Mott cell differentiation of tumor cells

Of the 19 B cell LGIL, the MST of 6 dogs with Mott cell differentiation
was 1354 days (survival probability of 50% with 95%Cl: 10-81); how-
ever, it was 377 days for the 13 MD without Mott cell differentiation
(at survival probability of 50% with 95%Cl: 22-73); the difference was
not significant (P = .3805).
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3.11 |
in MD

Analysis of the prognosticators of LGIL

The univariate Cox regression of prognosticators of LGIL in MD
resulted in age <4 years (P < .0001) and B-cell phenotype (P = .025)
as significant factors (Table 3).

3.12 | Results of nongastrointestinal lymphomas

All 33 of MDs with multicentric lymphoma (ML) were large cell multi-
centric lymphoma (LML), and their median age at onset was 11 (2-18)
years. The median age at onset of LML in the 76 non-MD dogs was
9 (7-17) years. Twenty-two out of 33 MDs and 46 out of 56 non-

Survival probability
5
1

0 2000 4000 6000
Survival time (days)

T-cell B-cell

FIGURE 5 Kaplan-Meier curve of the survival time of MD with
LGIL as per B-cell versus T-cell phenotype. Median survival time of MD
with B-cell LGIL (n = 19) and T-cell LGIL (n = 6) were 1313 days
(survival probability of 50% with 95%Cl: 23-67) and 144 days (survival
probability of 50% with 95%Cl: 11-80), respectively, showing that the
survival time for B-cell LGIL was significantly longer (P = .0171)

TABLE 4 The univariate Cox
regression analysis of the association
between time to death and age, sex,

College of

Ameri
Veterir

MDs died in this study. There was no significant difference in MST
(P = .1457) nor in the age distribution (P = .319) between the
2 groups. (Two of the non-MDs comprised small cell ML and were
therefore excluded from the analysis.)

Immunophenotype was assessed in 25 of 33 MD with LML, of
which 72% (n = 18) were B-cell and 20% (n = 5) were T-cell, and
clonality was not detected in 2 cases. Immunophenotype was assessed
in 53 of 74 non-MDs, of which 72% (n = 38) were B-cell and 26%
(n = 14) were T-cell, while clonality was not detected in 1 case. There
was no significant difference between these 2 groups (P = .923) in
immunophenotype (Table 4).

Twenty of the 33 MDs with LML underwent L-CHOP or CHOP
therapy, of which 5 underwent COP and 2 underwent doxorubicin mon-
otherapy. Six were treated by symptomatic therapy, including predniso-
lone. Forty-five of the 74 non-MD cases were treated by L-CHOP or
CHOP, of which 7 underwent COP and 2 underwent doxorubicin mon-
otherapy. Twenty cases were treated with symptomatic therapy only.

The complete remission rates of MDs and non-MDs with LML
that underwent chemotherapy were 82% (24/29) and 75% (42/56),
respectively, resulting in no significant difference between MDs and
other breeds (P = .291). The first remission time of MDs and non-
MDs were 170 (range: 14-1674) and 208 (range: 20-984) days
(P = .4769). MST for MD was 201 days (95%Cl: 120-402) and
178 days for non-MDs (95%Cl: 108-402; P = .9157).

The median age at cutaneous lymphoma (CL) onset was 11.5 years
for MD (range: 7-15, n = 11) and 10 years for non-MDs (range: 6-14,
n = 14; P = .4259). There was no significant difference in age distribu-
tion (P = .955).

The immunophenotype was assessed in 9 of the 11MD with
CL, out of which 78% (n = 7) comprised T-cell and 11% (n = 1)
of B-cell, and clonality was not detected in 1 case. The
immunophenotype was tested in 11 of 14 non-MDs, of which 73%
(n = 8) were T-cell and 18% (n = 2) were B-cell, and clonality was
not detected in case 1. No significant difference was reported

between these 2 groups (P = .679).

Time to death

Incident rate

weight, cell type, and Mott cell in Number of dogs  ratio 95%Cl P-value
miniature dachshunds (MD) with LGIL Age
Less than 4 years old (<4 years) 14 Reference
Above 4 years old (>4 years) 20 39.90 5.02-316.87  <.0001
Sex
Male 18 Reference
Female 17 1.2 0.52-2.70 .687
Weight 37 11 0.80-1.43 .629
Cell type
T-cell 6 Reference
B-cell 19 0.29 0.10-0.85 .025
Mott cell
No Mott cell 13 Reference
With Mott cell 6 0.55 0.14-2.19 400
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Of the 11 MD with CL, 10 were treated by chemotherapy.
Lomustine and prednisolone induction therapy were administered
in 7 cases, chorambucil and prednisolone in 2 cases, and COP ther-
apy was administered in 1 case. Thirteen of the 14 non-MDs with
CL were administered chemotherapy, out of which 9 were adminis-
tered lomustine and prednisolone, 3 were administered chorambucil
and prednisolone, and 1 was treated by CHOP.

The complete remission rate of dogs with CL that underwent che-
motherapy was 20% (2/10) for MDs and 30% (4/13) for non-MDs
(P = .066). All the MDs and 9 out of 14 non-MDs died in this study.
The MST was 60 days for MDs (survival probability of 50% with 95%
Cl: 20-74) and 102 days for non-MDs (95%Cl: 23-608; P = .7586).

4 | DISCUSSION

This study demonstrated that the percentage of gastrointestinal lym-
phoma was higher in MDs than in other dog breeds. The reasons for
this remain largely unknown; however, the genetic factors of MDs
could be playing a role. One observation that supported this was the
difference in age of onset of LGIL in MDs. Although there was no sig-
nificant difference in the median age of onset in MDs and non-MDs,
the age of onset in non-MDs was unimodal whereas the distribution
was bimodal in MD, with a peak at a relatively young age of <4 years,
and a second peak at >10 years. It is possible that the genetic back-
ground specific to MD is involved for the population with early onset.
According to the 2006 VCS oral presentation by Setoguchi et al.
(unpublished article), the mean age of 38 MD with lymphoma was
4 years. The putative reason for this low mean age of MDs with lym-
phoma is the large increase in the total population of young MDs
because the dog breed gained widespread popularity in Japan at the
time. LGIL in dogs in general were characterized by a low response
rate (56%) and short survival time of 0.5 to 2.5 months.>® The MST
of non-MDs was (56 days) consistent with previous reports on LGIL in
dogs in general. The cut-off of 4 years was used in this study for MD
diagnosed with LGIL as per the study by Setoguchi et al., as well as
compared the survival time of MD diagnosed with LGIL at <4 years
and 24 years. This analysis resulted in a significantly longer survival
time of MD with LGIL onset at <4 years; however, it was possible that
their longer survival was associated with other factors related to
young age such as lower rates of comorbidities involving diseases in
other organs and better tolerance of chemotherapy. Among the
14 MDs with LGIL diagnosed at <4 years, 10 dogs that were assessed
for immunophenotype were B-cell types. Moreover, 6 diagnosed with
T-cell LGIL were aged 10 years or older. These results suggested that
a higher proportion of GIL in MD with early-age onset was B-cell and
a higher proportion of late onset lymphoma was T-cell type. The
higher rates of B-cell immunophenotype in young MD with LGIL
might be associated with their longer survival. T cell phenotype
accounted for the majority (63%-91%) of LGIL in dogs reported to
date.®®131 T_cell phenotype accounted for 67% of LGIL in non-MD
dogs in this study, consistent to previous reports. The converse was

true in MDs; however, with 69% confirmed to be B-cell phenotype. In

a retrospective study of 11 dogs with rectal lymphoma, the mean sur-
vival time was 1697 days, which was shorter than the MST. Survival
time was significantly longer in dogs that underwent chemotherapy.
An immunohistochemistry test was performed in 10 of these 11 dogs,
revealing that all were B cell phenotypes.?” In another retrospective
study of lymphoma associated with colon in dogs, immunophenotype
was assessed in 26 of 31 cases, of which 24 were B-cell lymphoma,
and their MST was 61.5 months.'® Because there were only 2 cases
of non-B-cell lymphoma in that study, it was not detected as a prog-
nostic factor. However, there was a high likelihood that this difference
in immunophenotype was associated with the long-term survival of
lymphoma in the colorectum. No cases of colonic lymphoma were
observed in the non-MD dogs in this study. The anatomic site of LGIL
in MD was the small bowel and mesenteric nodes in the majority; as
such, there were no MD with lesions localized in the colon. Therefore,
it did not seem that the high rate of B-cell lymphomas in MDs could
be attributed to the high rate of LGIL of colon in MDs. Mott cell dif-
ferentiation was observed in the tumor cells of 6 of 19 B-cell LGIL in
MDs. Mott cells are plasma cells packed with Russel bodies (saccules
containing immunoglobulins) in the cytoplasm that were first
described by Russell in 1890.2° Initially, the origins or significance of
these cells were unknown; however, Mott hypothesized in 1901 that
the cells that were identified in the brains of monkeys infected by tri-
panosomes were plasma cells, reflecting a state of chronic inflamma-
tion.?! Today, Mott cells are believed to appear in response to
immunoglobulin overproduction or hyposecretion and have been
observed in various inflammatory and neoplastic diseases. One such
example was lymphoma with Mott cell differentiation, which was
characterized by the abundance of Mott cells. In dogs, Kodama et al.
reported a case of a 1-year-old MD in 2008.% The incidence of Mott
cell differentiation is rare and have only been reported in 6 dogs and
1 ferret in recent studies.?22¢ Although details in other breeds are
unknown because the reports are limited, a comparison with the out-
comes of this study seemed to suggest that GIL presenting Mott cell
differentiation in MD might show different behaviors than in other
dog breeds. Our comparison of survival time as per the presence or
absence of Mott differentiation revealed in no significant difference.
However, this outcome could originate from a type Il error, thus addi-
tional investigation of a larger sample is warranted. There was no sig-
nificant difference between the non-MDs and MDs in the age at
onset, immunophenotype, responsiveness to chemotherapy, or sur-
vival time of MIL and LC. Recently, reports had demonstrated the geo-
graphic differences in the occurrence of lymphoma in dogs among
countries. To our knowledge, miniature dachshunds were not found
to be predisposing breed in the reports from the Western countries
and there is no report describing characteristics of lymphoma in minia-
ture dachshunds. Our report might have characterized miniature
dachshunds specific to Japan.?”2®

The limitations of this study were inherent to its retrospective design
and include small sample size, variable staging and treatment regimens, as
well as lack of standardized follow-up. While the population of MD was
collected from multiple centers, the non-MD dogs were exclusively

selected from the referral veterinary hospital, which could have resulted in
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sampling bias. In addition, any consequences of surgery was not examined
in this study that were performed before chemotherapy.

As per the results of analyses performed in this study, lymphomas in
MDs involved gastrointestinal lesions compared to other dog breeds.
The onset of LGIL in MD was bimodally distributed because onset had
occurred at a young age in many dogs. Finally, B-cell lymphoma was
more common in early-onset LGIL in MD and cases that involved Mott
cell differentiation were observed. The veterinarian awareness of this
specific presentation of lymphoma in dogs will possibly affect the treat-
ment decision process for the owners of MD with LGIL. Aggressive che-

motherapy for LGIL in MD might be effective for long-term survival.
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