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Background: Co-occurrence of breast cancer and non-Hodgkin’s lymphoma is a rare condition with diagnostic and therapeutic
challenges. The coexistence of follicular lymphoma (FL) and triple-negative breast cancer (TNBC) has not been described previously.
Case Presentation: A 46-year-old woman, already suffering a history of untreated, advanced-stage, high tumor burden FL, was
admitted for a rapidly progressing right breast mass. Ultrasonography showed an 8.3 x 3.6 x 4.1 cm fungating mass in the right breast
with enlarged lymph nodes (LNs) in bilateral axillae. PET-CT demonstrated increased '*F- FDG activity in right breast mass, LNs on
both sides of the diaphragm, enlarged spleen, and bone marrow. Biopsy of the right breast mass revealed TNBC. The patient
underwent neoadjuvant therapy with R-CHOP and achieved partial response of breast tumor. However, TNBC progressed after
three cycles of R-CHOP. According to the next-generation sequencing (NGS) assay on breast mass showing a homologous recombi-
nation repair (HRR) deficiency (HRD) score of 72, the neoadjuvant regimen was changed to rituximab plus nab-paclitaxel and
cisplatin (R-TP) and resulted in significant tumor regression. The patient then underwent right mastectomy with an axillary LN
dissection. After the surgery, she was regularly monitored and given adjuvant therapy with R-TP and radiotherapy.

Conclusion: The coexistence of FL and HRD-positive TNBC poses diagnostic and treatment challenges. Well-founded neoadjuvant
strategy based on multidisciplinary team (MDT) discussion and NGS warranted a good outcome in this case.
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Introduction

Cancer survivors are at increased risk of second primary malignancies. Multiple primary malignancies (MPMs) occur in
0.4-18.4% of cancer cases.'* However, metachronous or synchronous presentation of breast cancer (BC) and follicular
lymphoma (FL) is rare.* > It is not clear whether these two neoplasms occur by mutually promoting mechanisms and the
consensus is lacking on how to treat patients with co-existing BC and FL since different stages of each disease predict
diverse prognosis and demand utterly different kinds of treatment. Treatment decisions should be made by
a multidisciplinary team (MDT) after the individual prognoses of both malignancies have been scrupulously weighed,
and a win—win situation has been negotiated.
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Triple-negative breast cancer (TNBC), representing 10—15% of BCs”, is the most aggressive subtype with abysmal outcomes.
Currently, treatment modalities for TNBC without distant metastasis include surgery, chemotherapy, and radiology. Neoadjuvant
chemotherapy was indicated for locally advanced (T Lc¢ or above) or limited clinically node-positive TNBC patients with the intent
to downstage the disease as well as evaluate the effectiveness of systemic therapy.® The addition of platinum to traditional
neoadjuvant regimens was proved to be able to further improve the responses and prolong the survival of patients with TNBC,
especially in those who harbor homologous recombination repair (HRR) deficiency (HRD).”

In the present study, we report the first case of TNBC coexistent with high tumor burden FL, successfully treated with
neoadjuvant target therapy combined with chemotherapy and make a review of relevant literature.

Case Presentation

A 46-year-old woman presented to our clinic with a right palpable breast mass in January 2022. Ultrasonography (US)
revealed a 2.3 x 1.7 x 1.3 cm hypoechoic mass in the right breast at 11 o’clock position, with a BI-RADS category of 4a.
Multiple enlarged lymph nodes (LNs) were detected in bilateral axillae. Her past medical history was notable for a low-
grade FL under watchful waiting (Figure 1). A retroperitoneal mass was found during a regular health examination in
December 2020 and biopsy suggested Grade 1-2 FL. Immunohistochemistry (IHC) revealed positive expression of CD21
(FDC), CD20, CD23, CD10, BCL-2 and BCL-6, as well as negative expression of cyclin D1. Ki-67 index was 20%.
A positron emission tomography (PET)-computerized tomography (CT) scan demonstrated significant uptake (SUVmax
7.6) in the retroperitoneal LN, measuring 4.1 x 2.9 cm. Bilateral axillary, left parasternal, paravertebral, intraabdominal,
intrapelvic, and bilateral inguinal LNs were also '*F-fluorodeoxyglucose (FDG)-avid. She remained in good performance
status and asymptomatic under close surveillance by her hematologist for over a year.

The patient was immediately suggested an open biopsy or core biopsy to determine the nature of the right breast mass.
However, she refused due to personal reasons. In October 2022, the patient presented with a large mass in her right breast with skin
involvement. She also suffered from recurrent fevers with headache, chills, and joint pain since August 2022, followed by short of
breath and rapid progression of the right breast mass. US showed an 8.3 X 3.6 X 4.1 cm mass in the right breast, with
lymphadenopathy at all three levels of bilateral axillae. Whole-body PET-CT demonstrated a hypermetabolic mass in the right
breast and hypermetabolic LNs on both sides of the diaphragm. Increased '*F-FDG activity was also detected in enlarged spleen
and bone marrow (Figure 2A). Biopsy of the right breast mass was then performed and the pathological examination revealed no
special type, histological grade 3 TNBC with a Ki-67 index of 70% (Figure 3A-D). Blood test revealed significantly high white
blood cell (WBC 114.28x10%/L) and lymphocyte counts (LY 106.73x10°/L), low hemoglobin (HGB 97g/L), and an elevated
lactate dehydrogenase (LDH) of 443 U/L. Abnormal serum tumor markers including CA19-9 of 189.2 U/mL, CA125 of 938.0 U/
mL, and CA15-3 of 183.5 U/mL were also detected. Bone marrow aspiration and biopsy confirmed bone marrow infiltration by
FL (Figure 3K and L). Therefore, stage IV FL with a FLIPI score of 4 and locally advanced TNBC were confirmed and both were
indicated for systemic therapy.
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Figure | Timeline of this case report.
Abbreviations: FL, follicular lymphoma; HRD, homologous recombination deficiency; MDT, multidisciplinary team; TNBC, triple-negative breast cancer.
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Figure 2 Whole-body PET-CT before (A) and after (B) neoadjuvant therapy. After treatment, the right breast mass (red arrows) significantly decreased in size. Bilateral cervical
(Orange arrows), bilateral axillary (green arrows), mediastinal (purple arrows), cardiophrenic (yellow arrows), intraabdominal, intrapelvic and bilateral inguinal (black arrows) LNs
decreased in both size and '®F-FDG uptake. A significant decrease in size and '|FFDG uptake was also detected in spleen (blue arrows).

Figure 3 Histopathological and immunostaining examination of TNBC and FL. (A) Hematoxylin and eosin (H&E) staining of right breast specimen showing invasive ductal carcinoma.
Magnification, x 400. Right breast specimen immunostaining negative for HER-2 (B), positive for P53 (C) and with a Ki-67 index of 70% (D). Magnification, x 400. (E) H&E staining of
right axillary lymph nodes suggesting lymphoma infiltration. Magnification, X 100. Lymphoid follicles immunostaining positive for CD20 (F), CD10 (G), and BCL-2 (H), suggesting FL.
Magnification, x 100. H&E staining (I) and AEI/AE3 immunostaining (J) of right axillary lymph node suggesting TNBC metastases. Magnification, % 100. (K) H&E staining of bone marrow
specimen showing FL infiltration. Magnification, % 400. (L) Bone marrow specimen immunostaining positive for CD20. Magnification, % 400.
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The patient subsequently underwent neoadjuvant therapy with R-CHOP (rituximab, cyclophosphamide, vincristine,
doxorubicin, and prednisone). After two cycles of R-CHOP, the right breast mass decreased from 8.5 x 6.7 cm to 4.9 x
5.6 cm based on CT examination (Figure 4A, B, E and F), showing a partial response (PR) according to Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1.° WBC, LY, and LDH decreased to normal limits. CA15-3
descended to 99.3 U/mL. However, the mass in the right breast increased rapidly after the completion of the third cycle of
R-CHOP (Figure 4C and G). Next-generation sequencing (NGS) performed on the breast tumor sample revealed a HRD
score of 72 and pathogenic mutations in ARID1A, FBXW7, SLX4, and TP53 genes. According to the NGS results, the
neoadjuvant regimen was changed to R-TP (rituximab, nab-paclitaxel, and cisplatin). The patient responded well to the
R-TP regimen with a rapid reduction in tumor size, from 7.4 X 8.7 cm to 3.9 x 3.7 cm (Figure 4D and H). After three
cycles of R-TP, CA15-3 descended to 51.8 U/mL. PET-CT was performed again and showed that hypermetabolic LNs on
both sides of the diaphragm decreased in size as well as '®F-FDG uptake. A significant decrease in size and '*F-FDG
uptake was also detected in spleen (Figure 2B).

The patient then underwent right modified radical mastectomy and right axillary LN dissection. The pathological
examination of right axillary LNs demonstrated both LN metastases from TNBC (1/50) and FL infiltration (49/50)
(Figure 3E-J). The pathological staging of TNBC was T3N1MO, IIIA. After surgery, the patient continued to receive
R-TP for 3 cycles and adjuvant radiotherapy for breast cancer.

Discussion
The development of breast cancer after treatment for Hodgkin’s lymphoma is a recognized occurrence, especially in
female patients who have undergone chemoradiotherapy.'® However, the coexistence of breast cancer and NHL is rare
and makes the clinical diagnoses and treatment quite challenging.’ A total of 17 cases of BC coexistent with FL,
including the present case, have been reported in the literature. A summary of reported data is listed in Table 1. In the
present case, the patient was diagnosed with dual presentation of treatment-naive stage IV FL and HRD-positive locally
advanced TNBC. Notably, this case was the only one that FL was detected prior to BC and the only one with TNBC.
It is not clear whether there is a direct relationship between TNBC and FL according to the present case.
Theoretically, the coexisting lymphoma could prepare the ground by weakening the immune system and disabling
immune cell-mediated anti-tumor pathways, which might trigger the development of a secondary carcinoma.’*° Given
that FL occurred first and received no treatment before the detection of TNBC, the prior lymphoma might be a possible
cause of the coexisting BC. However, further evidence is needed to elucidate the underlying mechanisms.

Figure 4 Axial CT of the breast (red arrow) before neoadjuvant therapy (A). The right breast mass decreased from 8.5%6.7 cm to 4.9%5.6 cm (red arrow) after two-cycle of
R-CHOP (B), rapidly increased to 7.4x8.7 cm (red arrow) after three-cycle of R-CHOP (C), and decreased to 3.9%3.7 cm (red arrow) after R-TP (D). The corresponding
photos of the right breast mass before neoadjuvant therapy (E), after two-cycle of R-CHOP (F), after three-cycle of R-CHOP (G), and after R-TP (H).
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Table | Double Presentation of Breast Cancer and FL

Year AgelSex BC FL

Side | Histol | Grade | Stage | Subtype Therapy Biopsy Site Stage | Therapy
FL first
Present | 46/F R IDC 3 A ER-/PR-/HER2- | R-CHOP—R-TP+Bt+R-TP | Retroperitoneal LN | IV R-CHOP—R-TP
BC first
20223 73/F R IDC I IA ER+/PR+/HER2- | Bt +Al SLNB I None
2022* 73/F L IDC I ER+/PR-/HER2- AxLN
2021° 72/F R ILC 2 A ER+/PR+/HER2- | Bt +TC Inguinal LN None
2021° 60/F R IDC 3 1B ER+/PR+/HER2- | Bt +CT+RT Mesenteric LN None
2021° 74IF L IDC 2 B ER+/PR+/HER2- | Bt+CT+RT AxLN None
2019'" | 71F Bil ILC 2 \% ER+/PR+/HER2- | Bt+PL Left breast None
20192 | 60/F L IDC 3 IA ER-/PR-/HER2+ | Bp+H SLNB n R-CHOP
2015 | 6I/F R IDC 2 1A ER+/PR+/HER2- Retroperitoneal LN | 1l
2015'* | 55/F R DCIS 0 Bp+RT Inguinal LN A None
2014'° | 40/F R IDC 2 % ER+/PR+/HER2- | TAM+Bt+RT Cervical LN 1% R-CVP
2014'5 | 47/F R DCIS 0 Bp+LP AXLN n R-CVP
2010' | 74/F L ILC 2 1A ER+/PR+/HER2- | Bp+RT+Al SLNB I None
2010'7 | 52F R IDC 2 1B Bt+TAM AxLN IA AC
2006'® | 58/F L DCIS 0 Bt AxLN 1A None
2006'® | 50/F L IDC | | Bp AxLN A CB+DM
2005'" | 6I/F L IDC 2 IIA Bp+TAM+RT AxLN n

Abbreviations: AC, adriamycin + cyclophosphamide; Al, aromatase inhibitor; Ax, axillary; BC, breast cancer; Bil, bilateral; Bp, breast partial mastectomy; Bt, breast total
mastectomy; CB+DM, chlorambucil + dexamethasone; CT, chemotherapy; DCIS, ductal carcinoma in situ; FL, follicular lymphoma; H, herceptin; HER2, human epidermal
growth factor receptor type 2; Histol, histology; IDC, invasive ductal carcinomas; ILC, invasive lobular carcinoma; L, left; LN, lymph node; LP, leuprorelin acetate; PL,
letrozole + palbociclib; R, right; R-CHOP, rituximab + cyclophosphamide + vincristine + doxorubicin + prednisone, R-CVP, rituxan + cyclophosphamide + vincristine +
prednisone; RT, radiotherapy; R-TP, rituximab + nab-paclitaxel + cisplatin; SNLB, sentinel lymph node biopsy; TAM, tamoxifen; TC, docetaxel + cyclophosphamide.

The coexistence of TNBC and FL poses a diagnostic challenge. Lymphadenopathy is a common presentation of
lymphoma. However, BC may also present with enlarged axillary LNs in addition to primary breast masses. Physical
examination and imaging tests, including US and PET-CT are not capable of differentiating the origin of adenopathy in
such occasion. Core biopsy or excisional biopsy of axillary LNs, followed by histology and IHC staining are the exact
methods to assess axillary LNs. According to the literature review, FL was diagnosed by excisional biopsy of axillary
LNs in majority of the reported cases (Table 1). In the present case, axillary dissection and IHC staining also performed
to make accurate staging of both FL and TNBC. In addition, regular follow-up and systematic examination of cancer
patients are necessary to improve detection rate of coexistent malignancies.

Unlike those previously reported cases in which most BCs were treated with surgery followed by adjuvant therapy,
while early-stage FLs were merely followed up (Table 1), both malignancies in this case progressed rapidly and come to
the point where systemic treatment is imminently needed. The top priority is to stabilize both the skin-involved, large
TNBC and the bone marrow involved, disseminated FL as soon as possible while to look for an opportunity for
mastectomy as the systemic treatment goes. R-CHOP, a standard first-line regimen for FL, was given to the patient as
the upfront treatment by MDT since the combination of doxorubicin plus cyclophosphamide in this regimen was also
likely to be effective in treatment-naive TNBC. Although our original assumption has been verified, the primary BC
presented early resistance to the regimen. And the nonsense mutation in FBXW?7 gene identified by NGS might be the
possible explanation. By introducing termination codon, the mutation would lead to early truncation of the protein, and
the loss of FBXW7 has been shown to reduce the sensitivity to doxorubicin in tumor cells.'

NGS genotyping also provides information about genomic alterations that can guide the precision medicine. The
switch of neoadjuvant therapy to nab-paclitaxel and platinum in this case is based on not just the simple thought that the
incorporation of platinum may amplify the efficacy of neoadjuvant therapy in TNBC while benefit FL, but also the NGS
results of high HRD score and mutations of multiple HRR genes (ARID1A and SLX4), which indicate the deficiency in
DNA double-strand break repair and the sensitivity of tumor cells to platinum.22 Besides, poly (ADP-ribose) polymerase
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inhibitors (PARPi) had been proved to be able to bring clinical benefits for BC patients carrying HRR mutations beyond

BRCA.?* HRD-positive TNBC is also sensitive to immune checkpoint blockade (ICB) due to a higher tumor mutation

burden,* so is FL. ICB with PARPi might be considered as salvage therapy after the progression of whichever

malignancy. The biggest challenge of this case is to build a well-founded treatment strategy rather than follow the

routine.

Conclusion
To the best of our knowledge, this is the first case of locally advanced TNBC coexisting with advanced-stage FL. Its

management is discussed with a review of relevant literature. Decisive implement and revision of neoadjuvant therapy

based on MDT discussion and NGS warranted a good outcome in this case.
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