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ABSTRACT

BACKGROUND: The influence of the breast as the primary site on the outcome of diffuse large B-cell lymphoma (DLBCL) and further
changes in therapeutic strategies remain unclear. We aimed to compare the outcomes between primary breast and non-breast DLBCL and
analyze the genetic profiles of some of the study cohorts using next-generation sequencing.

METHODS: This matched-pair study reviewed the medical records of 19 patients with stage | and Il primary breast DLBCL diagnosed
between January 2005 and December 2021 on the basis of the Wiseman and Liao criteria, and we used 1:4 propensity score matching to
identify patients with non-breast DLBCL as the control group. The overall response rate, progression-free survival (PFS), and overall survival
(OS) were the outcome measures.

RESULTS: Patients with primary breast and non-breast DLBCL had a 5-year PFS of 72.6% and 86.9%, respectively (P=.206). These 2
groups also had comparable 5-year OS (86.9% vs 87.8%; P=.772). The breast as the primary site was not associated with inferior PFS (haz-
ard ratio [HR]: 2.14; 95% CI: 0.66-6.96; P=.206) and OS (HR: 1.26; 95% CI: 0.27-5.93; P=.772).

CONCLUSION: Patients with primary breast DLBCL and those with non-breast DLBCL had comparable PFS and OS under rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) or R-CHOP-like regimens. Further investigations of the mutation profile,

its clinical impact, potential central nervous system relapse, and prognosis of primary breast DLBCL are required.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most preva-
lent subtype of non-Hodgkin lymphoma (NHL), accounting
for 30% to 40% of newly diagnosed patients with NHL.! Most
patients with DLBCL respond to standard treatment with the
R-CHOP regimen (rituximab, cyclophosphamide, doxoru-
bicin, vincristine, and prednisone). However, 30% of DLBCL
cases are refractory to this treatment.?

*Ling-Chiao Teng and Yu-Min Liao contributed equally to this work.

Although the revised International Prognostic Index
(R-IPI) score and Lugano classification significantly predict
the outcome of DLBCL,3* the primary site of DLBCL may
also be a prognostic factor. For example, primary central nerv-
ous system (CNS) DLBCL has worse outcomes than other
types of DLBCL.’ In contrast, patients with primary medias-
tinal B-cell lymphoma have excellent outcomes, showing a
5-year overall survival (OS) of 97%.° However, the influence of
the breast as the primary site on the outcome of DLBCL and
further changes in the therapeutic strategies remain unclear.
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The primary breast lymphoma accounts for only 0.5% of
breast malignancies and 2% of NHLs.” According to Wiseman
and Liao’s criteria, primary breast lymphoma is defined as hav-
ing only ipsilateral axillary lymph node involvement without a
previous history of NHL and multiple-site involvement.®
Nonetheless, the World Health Organization (WHO) 2016
revised classification and the 5th edition (beta version) of the
WHO classification of lymphoma do not specifically designate
primary breast lymphoma as a distinct category.”!® Among the
various pathological subtypes of NHL, non-germinal center
DLBCL is the dominant subtype of primary breast
lymphoma.1!

The treatment protocols for primary breast lymphoma have
changed over the past decades. While surgical intervention was
the therapeutic option for primary breast lymphoma,” studies of
primary breast DLBCL conducted by the International
Extranodal Lymphoma Study Group (IELSG) and the Rare
Cancer Network demonstrated inferior survival with mastec-
tomy.!>13  Radiotherapy may be an alternative treatment
approach. Although radiotherapy can improve local control and
progression-free survival (PFS) of primary breast lymphoma,
the OS benefit is inconclusive.'>!3 Anthracycline-based chem-
otherapeutic regimens with rituximab remain the standard of
care for primary breast DLBCL.1 Because of the controversy
regarding the higher incidence of CNS involvement and relapse
rate of primary breast lymphoma,' the potential benefits of
prophylactic intrathecal chemotherapy are uncertain.!®

Primary breast lymphoma has previously shown an inferior
prognosis in comparison with non-breast lymphoma.l”
However, the US surveillance, epidemiology, and end results
program (SEER) registry found that stage I and II primary
breast DLBCL and non-breast DLBCL had comparable OS.™8
This investigation aimed to compare the clinical features and
treatment outcomes between primary breast and non-breast
DLBCL. In addition, we analyzed genetic profiles using next-
generation sequencing (NGS) in some study cases.

Methods
Patients

Medical records of 19 patients with stage I and II primary
breast DLBCL diagnosed between January 2005 and December
2021 at the Taichung Veterans General Hospital and China
Medical University Hospital were retrospectively reviewed.
The median follow-up time was 4.85years (range: 0.5-
16.4years). We used criteria proposed by Wiseman and Liao®
to confirm the diagnosis of primary breast DLBCL. To further
analyze the various outcomes, we used propensity scores,
including sex, age, and Ann Arbor stage, in a 1:4 ratio to match
primary breast DLBCL with non-breast DLBCL as the con-
trol group. Age was matched at 10-year intervals. When num-
bers of patients for the matching control group were insufficient,
we first matched the Ann Arbor stage and classified the

matched patients in the near-age group as control cases.
Patients with primary CNS DLBCL and those who did not
complete the treatment were excluded from the non-breast
DLBCL group. Ultimately, the control group included 76
patients. This study was approved by the Institutional Review
Boards of China Medical University Hospital (CMUH111-
REC2-028) and Taichung Veterans General Hospital
(CE21513A). Owing to the retrospective nature of the study,
the institutional review board waived the requirement for
informed patient consent.

Definitions and outcome measurements

We used the response evaluation criteria in lymphoma 2017
criteria to evaluate treatment responses.!” Revised International
Prognostic Index and CNS-IPI scores of each patient were
reviewed,>20 and Han’s criteria was used to determine cell of
origin. A double expressor was defined when MYC (=40%)
and BCL-2 (=50%) were both positive.! Progression-free
survival was calculated from the date of diagnosis until pro-
gression, mortality, or last follow-up. Overall survival was cal-
culated from the date of diagnosis and censored by death.

Gene profile analysis

We used NGS to analyze 2 samples of primary breast DLBCL
and 5 samples of non-breast DLBCL. Briefly, we used the
QIAamp DNA Formalin-fixed Paraffin-Embedded Tissue
Kit (Qiagen, Hilden, Germany) to extract genomic DNA from
formalin-fixed paraffin-embedded specimens. The library con-
struction was established using a Human Comprehensive
Cancer Panel (Qiagen, GeneGlobe ID CDHS-3501Z, Catalog
No. 333515, Hilden, Germany), which covers 275 oncogenes.
The prepared library was then loaded onto an Illumina
sequencing system (Nextseq550/NovaSeq6000, San Diego,
CA, USA) for subsequent experiments. We stored the FastQ_
files from the targeted DNA libraries in the CLC Genomics
Workbench 20 (QIAGEN, Demark) for read trimming, align-
ment, and variant calling. To identify high-confidence (patho-
genic) variant calls, we followed the ACMG/AMP guidelines
and the QIAGEN somatic workflow within the QIAGEN
Clinical Insight Translational & Interpret software. Variant
pathogenicity was assessed by identifying variants with a mini-
mum coverage of 500 reads and allele frequency >5%.
Pathogenic or likely pathogenic variants were confirmed using
the ClinVar database (https://www.ncbi.nlm.nih.gov/clinvar/)
(Supplemental File for variant calling).

Statistical analysis

We used Fisher exact tests or chi-square test to compare cate-
gorical variables between primary breast and non-breast

DLBCL groups, as indicated. The Mann-Whitney U test was
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used for comparisons of continuous variables. Both PFS and
OS were investigated using the Kaplan-Meier method and
stratified log-rank tests. This study used Cox proportional haz-
ards regression to analyze prognostic factors for PF'S and OS.
The regression was quantified as hazard ratios (HRs) and their
accompanying 95% Cls. All statistical analyses were performed
using IBM SPSS version 22.0 for Windows (New York, NY,
USA). P<.05 was considered statistically significant.

Results

Comparison of patients’ characteristics

The median ages of the primary breast DLBCL and non-
breast DLBCL groups were 52 and 54years, respectively
(P=.798). Patients in these 2 groups had comparable stage dis-
tribution (P=1.000), R-IPI (P=.304), CNS-IPI (P=.288), cell
of origin (P=.431), and double expression (P=.646) (Table 1).
Regarding extranodal involvement within the control group of
78 cases, 40 patients (51.3%) exhibited extranodal lesions.
Among these cases, the most prevalent site of involvement was
the stomach (19 cases), followed by the intestine (7 cases) and
the nasal cavity and paranasal sinuses (3 cases).

Treatments and treatment response

Regarding treatment, 94.7% (18/19) of patients in the primary
breast DLBCL group and 93.4% (71/76) of patients in the
non-breast DLBCL groups received CHOP or CHOP-like
regimens (P=1.000). In the primary breast DLBCL cohort, 2
patients (10.5%) received fewer than 6 cycles of chemotherapy,
while in the non-breast DLBCL group, 12 patients (15.8%)
received fewer than 6 cycles of chemotherapy (P=.728). In
addition, 6 cases in the primary breast DLBCL group (31.6%)
underwent radiotherapy and 3 (15.8%) received surgical inter-
vention. In the non-breast DLBCL group, 22.4% (17/76) of
patients received radiotherapy and 18.4% (14/76) underwent
surgical treatment. Notably, these surgical interventions were
primarily conducted to alleviate symptoms or facilitate diagno-
sis, rather than to achieve curative outcomes.

In treatment response, the complete response (CR) rates in
the primary breast DLBCL and non-breast DLBCL groups
were 100% and 93.4%, respectively. The treatment response
was not substantially different between these 2 groups of
patients (P=.663) (Table 2).

Furthermore, relapse and progression rates in the primary
breast DLBCL group and non-breast DLBCL group were
21.1% (4/19) and 14.4% (11/79), respectively (P=.328).
Regarding relapse sites, all relapses in patients with primary
breast DLBCL occurred over non-primary sites. In the non-
breast DLBCL group, 72.7% (8/11) of relapses involved non-
primary sites. Central nervous system relapse was observed in
10.5% (2/19) and 2.6% (2/76) of the patients in the primary
breast DLBCL group and non-breast DLBCL group, respec-
tively (P=.177). These results suggested that these 2 groups of
patients had similar relapse patterns (Table 3).

Survival comparison

The 5-year PFS rates of primary breast and non-breast
DLBCL patients were 72.6% and 86.9%, respectively (P=.206)
(Figure 1A). Besides, the 5-year OS rates were 86.9% and
87.8%, respectively (P=.772) in these 2 groups (Figure 1B).
Further details of the survival comparisons are shown in
Supplemental Table 1.

We further identified the prognostic factors for both PFS
and OS using Cox proportional hazards regression. Age, per-
formance status of Eastern Cooperative Oncology Group
(ECOG), Ann Arbor stage, lactate dehydrogenase (LDH),
R-IPI score, primary breast DLBCL or non-breast DLBCL,
cycles of chemotherapy, and treatment modalities were the
independent variables. Univariate analyses revealed that
age=60years (HR: 7.68; 95% CI: 2.56-23.04; P<<0.001),
ECOG performance status=2 (HR: 4.54; 95% CI: 1.25-
16.50; P=.022), and higher R-IPI scores (HR: 7.21; 95% CI:
1.61-32.21; P=.010) were related to poor PFS. However, only
age=60years (HR: 3.96; 95% CI, 1.02-15.37; P=.047)
remained significant in multivariate analyses. For OS, univari-
ate analyses demonstrated that age = 60years (HR: 7.62; 95%
CI:2.19-26.53; P=.001), ECOG performance status =2 (HR:
8.03; 95% CI: 2.02-31.97; P=.003), LDH level above normal
range (HR: 3.50; 95% CI: 1.02-11.97; P=.046), and inferior
R-IPI (HR: 5.22; 95% CI: 1.13-24.18; P=.035) were potential
factors for an inferior OS. However, in the multivariate analy-
ses, only individuals aged=60years exhibited a significant
effect (HR: 8.94; 95% CI: 1.31-60.86; P=.025). Notably, pri-
mary breast DLBCL was not an independent factor for infe-
rior PFS or OS in our study (Table 4).

Genetic analysis by NGS

We used NGS to analyze the genetic profiles of 2 primary
breast DLBCL samples and 5 non-breast DLBCL samples.
Clinicopathological characteristics of these 7 patients are pre-
sented in Supplemental Table 2. Briefly, both primary breast
DLBCL cases and 3 of the 5 non-breast DLBCL cases were of
the ABC type. Mutations in BCR, CHEK2, NF1,and KMT2C
were common in both groups. One primary breast DLBCL
specimen and 2 non-breast DLBCL specimens had CD79B
and MYDE&S mutations. In addition, PRDM1, ARIDIA,
KMT2D, and EZH2 mutations were found in primary breast
DLBCL cases, which was consistent with the genetic profile of
DLBCL reported in previous studies.?>?* The genetic profiles
of these 2 groups did not substantially differ (Figure 2).

Discussion

This matched-pair study showed that primary breast DLBCL
and non-breast DLBCL patients had comparable PFS and
OS. Furthermore, Cox regression analysis demonstrated that
the breast as the primary site was not a significant factor for
inferior PFS or OS. Moreover, the genetic profiles did not dif-
fer between the primary breast and non-breast DLBCL groups
in the limited number of samples analyzed in this study.
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Table 1. Comparison of patient characteristics between primary breast DLBCL and non-breast DLBCL groups.

PRIMARY BREAST DLBCL GROUP (N=19)

NON-BREAST DLBCL GROUP (N=76)

Age, median, y (range) 52 (31-80)
Age at diagnosis =60years 3 (15.8%)
Ann Arbor stage, n (%)

IE 9 (47.4%)

IIE 10 (52.6%)
ECOG performance, n (%)

<2 19 (100%)

=2 0 (0%)
LDH level, n (%)

Within normal range 15 (78.9%)

Above normal range 4 (21.1%)
B symptoms, n (%)

No 16 (84.2%)

Yes 3 (15.8%)
R-IPI score, n (%)

Very good (0) 12 (63.2%)

Good (1-2)/Poor (3-5) 7 (36.8%)
CNS IPI score, n (%)

Low (0-1) 18 (94.7%)

Intermediate (2—3) 1 (5.3%)
Cell of origin, n (%)

Non-GCB 8 (42.1%)

GCB 6 (31.6%)

Unknown 5 (26.3%)
Double expressor, n (%)

Non-double expressor 3 (15.8%)

Double expressor 6 (31.6%)

Unknown 10 (52.6%)

54 (30-84) 7982
17 (22.4%) 7550
1.000¢
36 (47.4%)
40 (52.6%)
.344p
70 (92.1%)
6 (7.9%)
161¢
47 (61.8%)
29 (38.2%)
.755P
59 (77.6%)
17 (22.4%)
.304¢
38 (50.0%)
38 (50.0%)
.288b
63 (82.9%)
13 (17.1%)
A431¢
27 (35.5%)
17 (22.4%)
32 (42.1%)
.646¢
15 (19.7%)
16 (21.1%)
45 (59.2%)

Abbreviations: CNS, central nervous system; DLBCL, diffuse large B-cell ymphoma; ECOG, Eastern Cooperative Oncology Group; GCB, germinal center B cell; LDH,

lactate dehydrogenase; R-IPI, Revised International Prognostic Index.
aMann-Whitney test.

bFisher exact test.

cChi-square test.

The outcome impact of primary breast sites in DLBCL
remains controversial. The IELSG study revealed an estimated
54% of 5-year PFS and 63% of 5-year OS among 204 primary
breast lymphoma cases from 1980 to 2003.1 Besides, the
5-year PFS and OS of patients with primary breast lymphoma
in the Rare Cancer Network study were 49% and 53%, respec-
tively,'? which were comparable to the results of the IELSG

study. Notably, the outcomes of primary breast lymphoma
appear to improve over time. Data from the US SEER registry
revealed that the 5-year relative survival of primary breast lym-
phoma was 45.9% in 1975-1984 and 90% in 2005-18,2012.4
Using a matched-pair analysis, Yhim et al® confirmed this
result, demonstrating that the 3-year OS rates (82.2 vs 90.7%,
P=.345) and 3-year PFS rates (70.0% vs 82.2%, P=.154) did
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Table 2. Treatment and treatment response comparison between primary breast DLBCL and non-breast DLBCL groups.

PRIMARY BREAST DLBCL GROUP (N=19)

NON-BREAST DLBCL GROUP (N=76)

Chemotherapy, n (%)

CVP-like 1 (5.3%)

CHOP-like 18 (94.7%)
Cycles of chemotherapy

<6 cycles 2 (10.5%)

=6 cycles 17 (89.5%)
Rituximab, n (%) 19 (100%)
Radiotherapy, n (%) 6 (81.6%)
Operation, n (%) 3 (15.8%)
Treatment response, n (%)

Complete response 19 (100%)

Partial response 0 (0%)

Progressive disease 0 (0%)

1.000
5 (6.6%)
71 (93.4%)
728
12 (15.8%)
64 (84.2%)
76 (100%) —
17 (22.4%) 388
14 (18.4%) 1.000
663
71 (93.4%)
4 (5.3%)
1 (1.3%)

Abbreviation: DLBCL, diffuse large B-cell ymphoma CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; CVP, cyclophosphamide, vincristine, and

prednisone.
Fisher exact test.

Table 3. Comparison of relapse pattern between primary breast DLBCL and non-breast DLBCL groups.

PRIMARY BREAST DLBCL GROUP (N=19)

Relapsed pattern, n (%)

No relapse 15 (78.9%)

Non-primary site relapse 4 (21.1%)

Primary site relapse 0 (0%)
CNS relapse, n (%)

No CNS relapse 17 (89.5%)

CNS relapse 2 (10.5%)

Abbreviations: CNS, central nervous system; DLBCL, diffuse large B-cell lymphoma.
Fisher exact test.

not substantially differ between primary breast DLBCL and
stage I/11 nodal DLBCL. Our findings are consistent with pre-
viously reported data (Supplemental Table 3). Importantly, the
Cox regression analysis in the current study validated the result
that the breast as the primary site did not relate to worse PFS
and OS.

The potential explanations for the improved outcomes of
primary breast DLBCL over time are conceivably related to
the incorporation of rituximab as a standard chemoimmuno-
therapeutic agent. Hu et al?® demonstrated that rituximab
treatment significantly reduced the risk of disease recurrence
and progression in primary breast DLBCL. Notably, our study
cohort received rituximab treatment. The CR rate of primary
breast DLBCL group can be as high as 100%. Genetic

NON-BREAST DLBCL GROUP (N=76) P-VALUE
328
65 (85.5%)
8 (10.5%)
3 (3.9%)
177
74 (97.4%)
2 (2.6%)

mutations may partially explain the improved outcomes with
rituximab therapy in primary breast DLBCL. Previous studies
have shown that rituximab effectively overcomes PRDM1-
associated resistance to chemotherapy.?’?® Next-generation
sequencing analysis in the current study identified the PRDM1
mutation in one of the 2 patients with primary breast DLBCL.
However, not all studies have supported the clinical benefits of
rituximab treatment for primary breast DLBCL. Zhang et al®
found that patients with primary breast DLBCL treated with
or without rituximab had similar 5-year PF'S (90% vs 71.4%,;
P=.285) and 5-year OS (90% vs 71.4%; P=.239). A retrospec-
tive study by Aviles et al'! also validated this result, showing
that patients of primary breast DLBCL had comparable 5-year
PFS (64% vs 69%; P=.66) and 5-year OS (53% vs 52%; P=.50)
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No. of events/
Total No. S-year PFS  10-year PFS

Primary breast DLBCL group 4/19 72.6% 72.6%
Non-breast DLBCL group 10/76 86.9% 84.0%
100
] 80
[7)
&
« 60
o
>
x
S 40
©
S
a 20 o= Primary breast DLBCL group (n =19)
pvalue =0.206 “* Non-breast DLBCL group (n=76)
e T v T ’ T r L ¥ T v 1
0 2 4 6 8 10
No. at risk PFS (years)

Primary breast DLBCLgroup 19 15 10 10 9 7 3 2 2 2 2
Non-breast DLBCLgroup 76 67 59 53 46 33 19 17 10 8 6

No. of events/
Total No. S-year OS  10-year OS

Primary breast DLBCL group 2/19 86.9% 86.9%
Non-breast DLBCL group 9/76 87.8% 84.1%

100-
80.] oozt
60.]

404

Probability of OS (%)

20 1 o= Primary breast DLBCL group (n = 19)

pvalue =0.772 «g= Non-breast DLBCL group (n=76)

T T T T T T T T T
0 2 4 6 8 10

No. at risk 0S (years)

Primary breast DLBCLgroup 19 15 13 10 9 7 3 2 2 2

Non-breast DLBCLgroup 76 70 63 58 49 36 21 19 12 9 7

Figure 1. Comparison of survival data. (A) The 5-year progression-free survival (PFS) rates in the primary breast diffuse large B-cell lymphoma (DLBCL)
and non-breast DLBCL groups were 72.6% and 86.9%, respectively (P=.206). (B) The 5-year overall survival (OS) rate in these 2 groups was 86.9% and

87.8%, respectively (P=.772).

after R-CHOP and CHOP treatments. Taken together, these
data suggest that the influence of rituximab on the prognosis of
primary breast DLBCL requires more investigation.

Our study demonstrated that primary breast DLBCL and
non-breast DLBCL had similar genetic profiles, as analyzed
via NGS. MYD&8 and CD79B mutations are frequently found
in breast lymphomas.3%3 Furthermore, PIMI1, CRAD11, and
PRDM]1 were reported mutations in breast DLBCL.23:2832
Our results revealed PRDM1, MYDS8S, and CD79B mutations
in one primary breast DLBCL case. Although both MYD&8
and CD79B mutations suggest worse prognosis in DLBCL,?%33
the current analysis did not yield similar results because of the
limited number of analyzed specimens. Notably, 2 cases of pri-
mary breast DLBCL in our study cohort carried the NF1
mutation, which is associated with a favorable risk in DLBCL.34
This could be further evidence for the satisfactory prognosis of
primary breast DLBCL in the current study. Next-generation
sequencing analysis also revealed BCR, CHEK2, KMT2C, and
CYLD mutations in the primary breast DLBCL samples.
However, their impact on the prognosis of primary breast
DLBCL remains unclear.

Lymphoma with breast involvement increases the risk of
CNS recurrence.’® The CNS recurrence rate in primary breast
lymphoma varies from 5% to 16%.1%1315 Two of the 19 (10.5%)
patients with primary breast DLBCL experienced CNS relapse
in our study cohort. This result is comparable to the data from
previous studies. Owing to a limited number of patients, the
CNS relapse rate was not substantially different between the
primary breast DLBCL and non-breast DLBCL groups in our
study (10.5% vs 2.6%; P=.177). The application of prophylac-
tic intrathecal chemotherapy to reduce CNS relapse in breast
DLBCL patients remains debatable.3® Although 2 cases of pri-
mary breast DLBCL in the current study underwent prophy-
lactic intrathecal chemotherapy, and both were free from CNS
relapse, no consolidative evidence supports routine CNS

prophylaxis in this clinical scenario. Notably, prophylactic
intrathecal chemotherapy did not always decrease the CNS
relapse rate. In a phase II study, 33 breast lymphoma patients
received R-CHOP and intrathecal CNS prophylaxis with
MTX. However, the 2-year CNS relapse rate remained as high
as 12.5%.1 Whether intrathecal chemotherapy can effectively
prevent CNS relapse in primary breast DLBCL remains
unclear and warrants further investigation.

The strength of this study was the direct comparison
between primary breast DLBCL and DLBCL of other ori-
gins, with data matched for sex, age, and Ann Arbor stage. A
retrospective matched-pair study design with a small study
cohort was the major limitation of our study. Owing to the
restricted number of patients included in the analysis, this
study solely employed propensity score matching based on age,
sex, and Ann Arbor stage. Furthermore, most lacked data per-
taining to MYC, BCL2, and BCLS6, leading to incomplete
information for the double-hit classification. Furthermore,
statuses of bulky disease and comorbidities were not recorded.
In addition, NGS studies were performed in only a few cases
because we could not obtain specimens, which made the
genetic profiles inconclusive. Further studies with more com-
prehensive analyses of the genetic mutation profile of patients
with primary breast DLBCL and its clinical impact are
urgently needed.

Conclusion

This study matched sex, Ann Arbor stage, and age, comparing
primary breast DLBCL to DLBCL of other origins. The treat-
ment responses of these 2 groups were satisfactory and showed
no significant differences. Moreover, patients with primary
breast DLBCL and non-breast DLBCL had comparable PFS
and OS. With a more extensive study cohort, further investiga-
tion of the mutation profile, its clinical impact, potential CNS
relapse, and prognosis of primary breast DLBCL is required.
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Table 4. Risk factors for PFS and OS by Cox regression.

PFS

UNIVARIATE

HR (95% Cl)

MULTIVARIATE

HR (95% Cl)

(O]
UNIVARIATE

HR (95% Cl)

MULTIVARIATE

HR (95% Cl)

DLBCL

Non-breast DLBCL group

Primary breast DLBCL group

Age at diagnosis
<60years

=60years

Ann Arbor stage
IE
IIE

ECOG performance
<2

=2

LDH level

Within normal range

Above normal range

R-IPI score

Very good (0)

Good (1-2)/Poor (3-5)

Treatment

Chemotherapy only

Chemotherapy with local therapy

Chemotherapy cycles
<6 cycles

=6 cycles

1.00

1.54
(0.48-4.98)

1.00

7.68
(2.56-23.04)

1.00

1.26
(0.45-3.54)

1.00

4.54
(1.25-16.50)

1.00

2.64
(0.91-7.61)

1.00

7.21
(1.61-32.21)

1.00

2.19
(0.78-6.17)

1.00

0.51
(0.14-1.83)

1.00

2.23
(0.64-7.70)

1.00

3.96
(1.02-15.37)

1.00

1.77
(0.43-7.23)

1.00

3.09
(0.52-18.57)

1.00

1.16
(0.25-5.38)

1.00

7.62
(2.19-26.53)

1.00

1.57
(0.46-5.39)

1.00

8.03
(2.02-31.97)

1.00

3.50
(1.02-11.97)

1.00

5.22
(1.13-24.18)

1.00

0.77
(0.22-2.63)

1.00

0.70
(0.15-3.26)

1.00

2.97
(0.52-16.81)

1.00

8.94
(1.31-60.86)

1.00

2.24
(0.46-11.02)

1.00

3.71
(0.77-17.75)

1.00

0.68
(0.07-6.93)

Abbreviations: DLBCL, diffuse large B-cell ymphoma; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; LDH, lactate dehydrogenase; OS, overall survival;
PFS, progression-free survival; R-IPI, Revised International Prognostic Index.
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Figure 2. Genetic profile comparison between primary breast diffuse large B-cell ymphoma (DLBCL) and non-breast DLBCL. The BCR, CHEK2, NF1,
and KMT2C mutations were common in both groups. One primary breast DLBCL and 2 non-breast DLBCL specimens showed CD79B and MYD88
mutations. In addition, PRDM1, ARID1A, KMT2D, and EZH2 were also detected in the primary breast DLBCL cases. The genetic profiles of these 2

groups were not significantly different.

Compliance With Ethical Standards

This study was approved by the Institutional Review Boards of
China Medical University Hospital (CMUH111-REC2-028)
and Taichung Veterans General Hospital (CE21513A). Due to
the retrospective nature of the study, the institutional review
board waived the requirement for obtaining informed patient
consent.

Data Availability Statement

The data that support the findings of this study are available on
request from the corresponding author. The data are not pub-
licly available due to privacy or ethical restrictions.

ORCID iD

Chieh-Lin Jerry Teng (/2) https://orcid.org/0000-0001-9744-0368

SUPPLEMENTAL MATERIAL

Supplemental material for this article is available online.

REFERENCES

1. Sehn LH, Salles G. Diffuse large B-cell lymphoma. N Engl ]| Med.
2021;384:842-858.

2. Susanibar-Adaniya S, Barta SK. 2021 Update on diffuse large B cell lymphoma:
a review of current data and potential applications on risk stratification and man-
agement. Am ] Hematol. 2021;96:617-629. doi:10.1002/ajh.26151

3. Sehn LH, Berry B, Chhanabhai M, et al. The Revised International Prognostic
Index (R-IPI) is a better predictor of outcome than the standard IPI for patients

10.

11.

12.

13.

14.

15.

16.

with diffuse large B-cell treated with R-CHOP. Blood.
2007;109:1857-1861.

Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for initial evalu-
ation, staging, and response assessment of Hodgkin and non-Hodgkin lym-
phoma: the Lugano classification. J Clin Oncol. 2014;32:3059.

YuanY, Ding T, Wang S, Chen H, Mao Y, Chen T. Current and emerging thera-
pies for primary central nervous system lymphoma. Biomark Res. 2021;9:1-15.
Dunleavy K, Pittaluga S, Maeda LS, et al. Dose-adjusted EPOCH-rituximab
therapy in primary mediastinal B-cell lymphoma. N Engl ] Med. 2013;368:1408-
1416. doi:10.1056/NEJMoa1214561

Aviv A, Tadmor T, Polliack A. Primary diffuse large B-cell lymphoma of the
breast: looking at pathogenesis, clinical issues and therapeutic options. Ann
Oncol. 2013;24:2236-2244.

Wiseman C, Liao KT. Primary lymphoma
1972;29:1705-1712.

Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health
Organization classification of lymphoid neoplasms. Blood. 2016;127:2375-2390.
doi:10.1182/blood-2016-01-643569

Alaggio R, Amador C, Anagnostopoulos I, et al. The 5th edition of the World
Health Organization classification of haematolymphoid tumours: lymphoid neo-
plasms. Leukemia. 2022;36:1720-1748. doi:10.1038/541375-022-01620-2

Aviles A, Neri N, Nambo M]J. The role of genotype in 104 cases of diffuse large
B-cell lymphoma primary of breast. Am J Clin Oncol. 2012;35:126-129.
Jeanneret-Sozzi W, Taghian A, Epelbaum R, et al. Primary breast lymphoma:
patient profile, outcome and prognostic factors. A multicentre rare cancer net-
work study. BMC Cancer. 2008;8:1-7.

Ryan G, Martinelli G, Kuper-Hommel M, et al. Primary diffuse large B-cell
lymphoma of the breast: prognostic factors and outcomes of a study by the Inter-
national Extranodal Lymphoma Study Group. Ann Oncol. 2008;19:233-241.
Franco Pérez F, Lavernia J, Aguiar-Bujanda D, et al. Primary breast lymphoma:
analysis of 55 cases of the Spanish lymphoma oncology group. Clin Lymphoma
Mpyeloma Leuk. 2017;17:186-191.

Hosein PJ, Maragulia JC, Salzberg MP, et al. A multicentre study of primary
breast diffuse large B-cell lymphoma in the rituximab era. Br J Haematol.
2014;165:358-363.

Yhim H-Y, Yoon DH, Kim SJ, et al. First-line treatment for primary breast dif-
fuse large B-cell lymphoma using immunochemotherapy and central nervous
system prophylaxis: a multicenter phase 2 trial. Cancers. 2020;12:2192.

lymphoma

of the breast. Cancer.


https://orcid.org/0000-0001-9744-0368

Teng et al

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Validire P, Capovilla M, Asselain B, et al. Primary breast non-Hodgkin’s lym-
phoma: a large single center study of initial characteristics, natural history, and
prognostic factors. Am J Hematol. 2009;84:133-139.

Thomas A, Link BK, Altekruse S, Romitti PA, Schroeder MC. Primary breast
lymphoma in the United States: 1975-2013. J Nat! Cancer Inst. 2017;109:djw294.
Younes A, Hilden P, Coiffier B, et al. International working group consensus
response evaluation criteria in lymphoma (RECIL 2017). Ann Oncol.
2017;28:1436-1447.

Schmitz N, Zeynalova S, Nickelsen M, et al. CNS international prognostic
index: a risk model for CNS relapse in patients with diffuse large B-cell lym-
phoma treated with R-CHOP. J Clin Oncol. 2016;34:3150-3156.

Riedell PA, Smith SM. Double hit and double expressors in lymphoma: defini-
tion and treatment. Cancer. 2018;124:4622-4632.

Schmitz R, Wright GW, Huang DW, et al. Genetics and pathogenesis of diffuse
large B-cell lymphoma. N Engl ] Med. 2018;378:1396-1407.

Shen R, Xu PP, Wang N, et al. Influence of oncogenic mutations and tumor
microenvironment alterations on extranodal invasion in diffuse large B-cell lym-
phoma. Clin Trans/ Med. 2020;10:¢221.

Jia Y, Sun C, Liu Z, Wang W, Zhou X. Primary breast diffuse large B-cell lym-
phoma: a population-based study from 1975 to 2014. Oncorarget. 2018;9:3956.
Yhim HY, Kim JS, Kang HJ, et al. Matched-pair analysis comparing the out-
comes of primary breast and nodal diffuse large B-cell lymphoma in patients
treated with rituximab plus chemotherapy. Inz J Cancer. 2012;131:235-243.

Hu S, Song Y, Sun X, et al. Primary breast diffuse large B-cell lymphoma in the
rituximab era: therapeutic strategies and patterns of failure. Cancer Sci.
2018;109:3943-3952.

27.

29.

30.

31.

32.

34.

35.

36.

Liu Y=Y, Leboeuf C, Shi J-Y, et al. Rituximab plus CHOP (R-CHOP) over-
comes PRDM1-associated resistance to chemotherapy in patients with diffuse
large B-cell lymphoma. Blood. 2007;110:339-344.

Franco F, Gonzilez-Rincén J, Lavernia J, et al. Mutational profile of primary
breast diffuse large B-cell lymphoma. Oncorarger. 2017;8:102888.

Zhang N, Cao C, Zhu Y, et al. Primary breast diffuse large B-cell lymphoma in
the era of rituximab. Onco Turgets Ther. 2016;9:6093.

Taniguchi K, Takata K, Chuang SS, et al. Frequent MYD88 L.265P and CD79B
mutations in primary breast diffuse large B-cell lymphoma. Am J Surg Pathol.
2016;40:324-334.

Cao XX, LiJ, Cai H, Zhang W, Duan MH, Zhou DB. Patients with primary
breast and primary female genital tract diffuse large B cell lymphoma have a high
frequency of MYD88 and CD79B mutations. Ann Hematol. 2017,96:1867-1871.
Qin W, Fu D, Shi Q_, et al. Molecular heterogeneity in localized diffuse large
B-cell lymphoma. Front Oncol. 2021;11:638757.

Vermaat JS, Somers SF, de Wreede LC, et al. MYD88 mutations identify a
molecular subgroup of diffuse large B-cell lymphoma with an unfavorable prog-
nosis. Haematologica. 2020;105:424-434.

Reddy A, Zhang J, Davis NS, et al. Genetic and functional drivers of diffuse
large B cell lymphoma. Cell. 2017;171:481-494.¢15.

Tai WM, Chung J, Tang PL, et al. Central nervous system (CNS) relapse in dif-
fuse large B cell lymphoma (DLBCL): pre-and post-rituximab. Ann Hematol.
2011;90:809-818.

Orellana-Noia VM, Reed DR, McCook AA, et al. Single-route CNS prophy-
laxis for aggressive non-Hodgkin lymphomas: real-world outcomes from 21 US
academic institutions. Blood. 2022;139:413-423.



