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Abstract 

Diffuse Large B Cell Lymphoma (DLBCL) is a heterogeneous disease with a variety of chromo-

somal abnormalities contributing to differences in management. While it is known that Double 

Hit Lymphomas (DHL) warrant more aggressive chemotherapy regimens, debate remains on 

how to treat Double Expresser Lymphomas (DEL). We present a case of a DEL treated with an 

aggressive regimen of 2 alternating cycles of R-CODOX-M (rituximab, cyclophosphamide, dox-

orubicin, vincristine and methotrexate) and R-IVAC (rituximab, ifosfamide, etoposide and high 

dose cytarabine). The regimen resulted in a significant response to treatment with marked 

reduction in tumor size and avidity, and an acceptable side effect profile. There was, however, 

residual metabolic activity on repeat PET CT scan. After consolidation with 36 Grey radiother-

apy, a PET CT demonstrated a complete metabolic response. Debate remains regarding treat-

ment approaches in DEL. Our case supports the categorization of DEL alongside DHL as re-

sistant lymphomas requiring a more aggressive regimen than standard therapy. 
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Introduction 

The 2016 revision of the World Health Organization classification of lymphomas included 
new categories for Diffuse Large B Cell Lymphoma (DLBCL) by their gene expression profile 
[1]. One such classification of DLBCL was termed high grade B cell-lymphoma (HGBL) with 
MYC and BCL2 and/or BCL6 rearrangements, commonly referred to as double hit lymphoma 
(DHL) containing a MYC and one additional rearrangement, or triple hit lymphoma (THL) con-
taining all three rearrangements. Another broader classification includes HGBL not otherwise 
specified (NOS), which include lymphomas with high expression of MYC and BCL2/BCL6 on 
immunohistochemistry (IHC) but without gene rearrangements; these lymphomas are re-
ferred to as double expresser lymphomas (DEL). In these cases IHC demonstrate ≥40% MYC 
and >50% BCL2, as described in the 2016 WHO classification of lymphomas. DELs are rather 
common, comprising approximately 20–30% of all DLBCL [2]. 

Standard treatment for DLBCL remains a regimen of rituximab, cyclophosphamide, dox-
orubicin, vincristine, and prednisone (R-CHOP) [3, 4]. It has been observed that DHLs are less 
responsive to standard chemotherapy and have poor outcomes [5, 6]. The clinical significance 
of DHL status has prompted the investigation of using more aggressive chemotherapy regi-
mens, however there remains debate as to whether DELs warrant similar consideration. In 
the following case report we present a case of a DEL treated as an aggressive lymphoma with 
R-CODOX-M (rituximab, cyclophosphamide, doxorubicin, vincristine) and methotrexate) R-
IVAC (rituximab, ifosfamide, etoposide and high dose cytarabine).  

Case Presentation 

A 57 year old male with a past medical history of hypertension presented with 3 months 
of worsening right sided nasal congestion and facial swelling. A few days prior to presentation 
he developed right eye lacrimation and blurry vision. A maxillofacial CT scan revealed a 4.5 × 
2.8 cm lobulated, rim enhancing hyperdense mass centered in the right nasal cavity with ex-
tension into the right choana and maxillary sinus with mass effect causing leftward bowing of 
the nasal septum. He was promptly evaluated by otolaryngology for biopsy. 

Biopsy Morphology 
Microscopic examination revealed respiratory mucosa with underlying proliferation of 

large lymphoid cells with centroblastic morphology. The cells exhibited high nuclear:cyto-
plasmic ratio, vesicular nuclei, one to three peripherally placed nucleoli, and frequent mitoses 
(Fig. 1). 

Immunohistochemistry (IHC) 
IHC stains showed large lymphoid cells to be positive for CD20, PAX-5, CD5 (weak), CD10, 

BCL2 (strong and diffuse), BCL6, MUM-1 and C-MYC, while negative for CD30, ALK-1, HHV8, 
EBV (ISH-EBER), and BCL1. CD3 and CD5 stains were positive in the scattered reactive T-cells. 
Ki-67 proliferation index >95%. 

FISH 
FISH analysis did not reveal a MYC or BCL-2 translocation; it did reveal an abnormal MYC-

IGH and BCL2-IGH hybridization pattern in 96% and 97% of nuclei, respectively. FISH was 
also negative for rearrangements of MYC, BCL2, and BCL6. There were 3–4 copies of MYC in 
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71% of nuclei. BCL2 showed amplification in 86% of nuclei, and 3–8 copies of BCL6 were seen 
in 81% of nuclei. These findings were consistent with DLBCL-NOS. Given the high expression 
of MYC and BCL2, the tumor was further classified as a DEL.  

Diagnosis 
The overall morphologic, immunophenotypic and molecular characteristics of the tumor 

cells were consistent with DLBCL, not otherwise specified (NOS), and favored a germinal cen-
ter B-cell subtype. The high proliferation index of Ki-67 (Fig. 2A) with coexpression of C-MYC 
(Fig. 2B) and BCL2 (Fig. 2C) on the tumor cells (DEL) suggested a resistant lymphoma.  

Patient Course and Follow Up 
Initial positron emission tomography-computed tomography (PET-CT) scan revealed 

marked diffuse FDG activity involving the right nasal cavity extending into the adjacent right 
frontal sinuses with SUV of 28.7 (Fig. 3A). PET-CT also revealed focal FDG activity in the right 
submandibular gland with SUV of 5.4. CT scan of the head, chest, abdomen, and pelvis was 
negative for any metastasis. A bone marrow biopsy did not reveal evidence of lymphoma on 
IHC or flow cytometry. Cerebrospinal Fluid (CSF) analysis did not reveal the presence of ab-
normal cells. The findings of additional lymph node involvement were consistent with DEL, 
stage IIB. 

The patient underwent 4 alternating cycles of R-CODOX-M/R-IVAC, as follows: 
R-CODOX-M (cycle 1 and 3):  
Rituximab 375 mg/m2 on day 1 
Cyclophosphamide 800 mg/m2 day 1–4 
Doxorubicin 40 mg/m2 day 1 
Vincristine 1 mg/m2 IV day 1–2 
Methotrexate 300 mg/m2 IV mg on day 8 with leucovorin rescue 
Granulocyte colony-stimulating factor beginning 24 h after completion of IV chemother-

apy and continuing until absolute neutrophil count >1,000/microL 
R-IVAC (cycle 2 and 4):  
Rituximab 375 mg/m2 IV on day 1  
Ifosfamide 1,500 mg/m2 IV day 1–5 with mesna  
Etoposide 60 mg/m2 IV day 1–5 
Cytarabine 2 g/m2 IV on days 1 and 2 (total of four doses) 
Intrathecal Methotrexate 12 mg on day 5 
Granulocyte colony-stimulating factor beginning 24 h after completion of IV chemother-

apy and continuing until absolute neutrophil count >1,000/microL 
After the first cycle of R-IVAC, the patient experienced febrile neutropenia, grade 3, re-

quiring readmission to the hospital and IV antibiotics. During the same admission the patient 
was found to have anemia, grade 3, and thrombocytopenia, grade 3, requiring transfusion of 
packed red blood cells and platelets. During cycle 2 of R-CODOX-M the patient developed acute 
kidney injury that improved with IV fluids; his renal function returned to baseline by cycle 2 
of IVAC and he did not experience additional acute kidney injury. After cycle 2 of R-CODOX-M 
the patient also developed proctocolitis, grade 2, requiring treatment with antibiotics, as well 
as transaminitis with AST peaking at 200, ALT at 451, and ALP at 450, with all enzymes grad-
ually returning to normal values. From the time of diagnosis through completion of chemo-
therapy, the patient experienced a 40 lb weight loss.  

After completion of chemotherapy course, the patient had repeat PET-CT imaging which 
revealed SUV activity in the original right nasal cavity mass of 6.1 (Fig. 3B), with resolution of 
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SUV activity in the right submandibular gland. Given the persistent metabolic activity of the 
nasal cavity mass he was treated with radiotherapy consolidation with 36 Grey. PET/CT after 
radiation showed no residual uptake in the right nasal cavity (Fig. 3C), indicating a complete 
response. 

Discussion 

The pathogenesis of DLBCL is heterogeneous, with a variety of chromosomal abnormali-
ties contributing to disease. The MYC gene, located at chromosome 8q24, encodes for the pro-
tein c-MYC which acts as a transcription factor with oncogenic potential that can transform 
cells through chromosomal translocation and gene amplification [7]. BCL2, located at chro-
mosome 18q21, encodes a protein that inhibits apoptosis and is involved in physiological DNA 
repair; overexpression of BCL2 has been shown to promote resistance to chemotherapy [8]. 
BCL6, located at chromosome 3q27, encodes a protein that acts as a transcriptional repressor 
for a variety of processes in B cells, namely apoptosis; gene translocation or BCL6 overexpres-
sion can contribute to lymphoma development via prevention of normal BCL6 down regula-
tion [9]. As reviewed in the introduction, the presence of both MYC and BCL6/BCL2 rearrange-
ments confer a worse prognosis and may require more aggressive management. This high-
lights the importance of routinely assessing cytogenetics in DLBCL.  

Debate remains regarding the appropriate treatment in DHLs and DELs. Despite the Can-
cer and Leukemia Group B 50303 trial not finding significant difference between R-CHOP and 
R-EPOCH in DLBCL [10], the study was not designed to specifically investigate outcomes in 
DHL and DEL. Furthermore, other studies have demonstrated worse outcomes in DEL with R-
CHOP [11], as well as lack of improvement in outcomes using R-EPOCH in DEL [12]. These 
conflicting findings warrant investigation into alternative strategies in treating DELs.  

Magrath and colleagues established favorable outcomes with CODOX-M/IVAC in a small 
cohort of patients with Burkitt’s Lymphoma (BL) and Burkitt’s like Lymphoma [13]. Low risk 
patients received CODOX-M alone while higher risk cases received the addition of alternating 
cycles of IVAC for a total of 4 cycles; the addition of IVAC improved 2 year event free survival 
(EFS) at 92% compared with 56% in the group receiving CODOX-M alone. The LY10 trial ex-
panded the inclusion criteria for CODOX-M/IVAC to patients with high risk DLBCL (70 pa-
tients), all with proliferation index >95%; 2 year progression free survival reached 85% in 
low risk patients, but only 49% in high risk patients [14]. 

Given the poor outcomes observed in patients with DHL and DEL, research has focused 
on implementing more aggressive chemotherapy regimens such as CODOX-M/IVAC with the 
addition of rituximab. A phase II UK trial evaluated R-CODOX-M/R-IVAC in 116 patients with 
high risk DLBCL based on IPI score >3, with 44% of patients achieving complete remission 
[15]. Seven of these patients were DHL/THL and 5 patients were DLBCL-NOS without MYC 
translocation. Follow up survival data on the group of DLBCL/HGBL patients presented at the 
2018 European Hematology Association meeting revealed 3 year PFS of 68.4% and 3 year 
overall survival of 76.2%. 

Despite the absence of typical rearrangements of MYC or BCL2 in our patient’s lymphoma, 
we considered it high risk for recurrence given the high expression of MYC and BCL2 on IHC, 
as well as the high Ki-67 proliferative index (>95%) and CNS proximity. He was treated ag-
gressively with R-CODOX-M/R-IVAC followed by radiation as consolidation and achieved a 
complete metabolic response on PET/CT 
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In our presented case, the patient experienced manageable chemotherapy toxicities that 
included grade 2 proctocolitis, grade 3 febrile neutropenia, anemia, thrombocytopenia; all tox-
icities resolved without permanent sequelae. After completing 2 full courses of R-CODOX-
M/R-IVAC, the patient had good response to high dose definitive chemotherapy, however he 
had significant residual SUV activity of 6.1 (decreased from 28.7) within the original right na-
sal cavity mass requiring consolidative radiation. After radiation, repeat PET/CT showed com-
plete metabolic response with no residual activity in the original nasal mass and stable meta-
bolic activity in lymph nodes in the chest. The lack of complete response on PET-CT with R-
CODOX-M/R-IVAC suggests that DEL should be considered as aggressive and resistant as DHL, 
and warrants further evaluation for more effective therapies. Radiation is not typical for con-
solidation and was chosen in part given his single site of residual disease. Given that our pa-
tient achieved a complete response after receiving radiation as consolidation, it is a strategy 
that should be further investigated for DEL with residual single site disease after definitive 
chemotherapy. Long-term follow up on our patient will be required to further assess the out-
come in our case. It should be noted that our patient did not have advanced age or significant 
comorbidities, and that the use of such an aggressive chemotherapy regimen may not be ap-
propriate in all patients. 

Evaluating chemotherapy regimens in different subtypes of DLBCL has been challenging 
given the evolution in how B cell lymphomas are defined. Much existing data evaluating re-
sponses to chemotherapy in DHL and DEL are retrospective and small in sample size due to 
lack of stratification for cytogenetics. Further prospective clinical trials comparing more ag-
gressive and novel regimens to standard treatment in patients with DEL and DHL are war-
ranted. 

Acknowledgements 

We would like to thank Adler Institute for Advanced Imaging for providing radiographic 
images. 

Statement of Ethics 

Research was conducted ethically in accordance with the World Medical Association Dec-
laration of Helsinki. Informed consent was obtained from the patient for publication of the 
case and accompanying images. 

Disclosure Statement 

The authors have no competing financial interests to disclose. 

Funding Sources 

There were no funding sources related to this case report. 



 

Case Rep Oncol 2019;12:595–602 

DOI: 10.1159/000502087 © 2019 The Author(s). Published by S. Karger AG, Basel 
www.karger.com/cro 

Bemis et al.: A Case of Double Expresser Diffuse Large B Cell Lymphoma Treated with  
R-CODOX-M/R-IVAC 

 
 

 

 

600 

Author Contributions 

Thomas Bemis, Jonathan Ioanitescu, and Jascha Rubin designed the case report and wrote 
the manuscript. Lynn Mackovich and Azzam Hammad performed the pathology analysis and 
contributed to the pathology sections in the patient case presentation. All authors have read 
and approved the final manuscript. 

References 

1 Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R, et al. The 2016 revision of the World Health 
Organization classification of lymphoid neoplasms. Blood. 2016 May;127(20):2375–90. 

2 Riedell PA, Smith SM. Double hit and double expressors in lymphoma: definition and treatment. Cancer. 
2018 Dec;124(24):4622–32. 

3 Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP chemotherapy plus rituximab 
compared with CHOP alone in elderly patients with diffuse large-B-cell lymphoma. N Engl J Med. 2002 
Jan;346(4):235–42. 

4 Pfreundschuh M, Trümper L, Österborg A, Pettengell R, Trneny M, Imrie K, et al.; MabThera International 
Trial Group. CHOP-like chemotherapy plus rituximab versus CHOP-like chemotherapy alone in young 
patients with good-prognosis diffuse large-B-cell lymphoma: a randomised controlled trial by the MabThera 
International Trial (MInT) Group. Lancet Oncol. 2006 May;7(5):379–91. 

5 Hu S, Xu-Monette ZY, Tzankov A, Green T, Wu L, Balasubramanyam A, et al. MYC/BCL2 protein coexpression 
contributes to the inferior survival of activated B-cell subtype of diffuse large B-cell lymphoma and 
demonstrates high-risk gene expression signatures: a report from The International DLBCL Rituximab-
CHOP Consortium Program. Blood. 2013 May;121(20):4021–31. 

6 Li S, Lin P, Fayad LE, Lennon PA, Miranda RN, Yin CC, et al. B-cell lymphomas with MYC/8q24 
rearrangements and IGH@BCL2/t(14;18)(q32;q21): an aggressive disease with heterogeneous histology, 
germinal center B-cell immunophenotype and poor outcome. Mod Pathol. 2012 Jan;25(1):145–56. 

7 Meyer N, Penn LZ. Reflecting on 25 years with MYC. Nat Rev Cancer. 2008 Dec;8(12):976–90. 
8 Schmitt CA, Lowe SW. Bcl-2 mediates chemoresistance in matched pairs of primary E(μ)-myc lymphomas in 

vivo. Blood Cells Mol Dis. 2001 Jan-Feb;27(1):206–16. 
9 Basso K, Dalla-Favera R. BCL6: master regulator of the germinal center reaction and key oncogene in B cell 

lymphomagenesis. Adv Immunol. 2010;105:193–210. 
10 Wilson WH, sin-Ho J, Pitcher BN, Hsi ED, Friedberg J, Cheson B, et al. Phase III Randomized Study of R-CHOP 

Versus DA-EPOCH-R and Molecular Analysis of Untreated Diffuse Large B-Cell Lymphoma: CALGB/Alliance 
50303. Blood. 2016 Dec;128(22):469–469. 

11 Staiger AM, Ziepert M, Horn H, Scott DW, Barth TF, Bernd HW, et al.; German High-Grade Lymphoma Study 
Group. Clinical impact of the cell-of-origin classification and the MYC/BCL2 dual expresser status in diffuse 
large B-cell lymphoma treated within prospective clinical trials of the German High-Grade Non-Hodgkin’s 
Lymphoma Study Group. J Clin Oncol. 2017 Aug;35(22):2515–26. 

12 Zhang XY, Liang JH, Wang L, Zhu HY, Wu W, Cao L, et al. DA-EPOCH-R improves the outcome over that of R-
CHOP regimen for DLBCL patients below 60 years, GCB phenotype, and those with high-risk IPI, but not for 
double expressor lymphoma. J Cancer Res Clin Oncol. 2019 Jan;145(1):117–27. 

13 Magrath I, Adde M, Shad A, Venzon D, Seibel N, Gootenberg J, et al. Adults and children with small non-
cleaved-cell lymphoma have a similar excellent outcome when treated with the same chemotherapy 
regimen. J Clin Oncol. 1996 Mar;14(3):925–34. 

14 Mead GM, Barrans SL, Qian W, Walewski J, Radford JA, Wolf M, et al.; UK National Cancer Research Institute 
Lymphoma Clinical Studies Group; Australasian Leukaemia and Lymphoma Group. A prospective 
clinicopathologic study of dose-modified CODOX-M/IVAC in patients with sporadic Burkitt lymphoma 
defined using cytogenetic and immunophenotypic criteria (MRC/NCRI LY10 trial). Blood. 2008 
Sep;112(6):2248–60. 

15 Ardeshna KM, Gambell J, Jack A, Kirkwood A, Laurie A, Montoto S, et al. Rituximab and CODOX-M / IVAC 
Without Stem Cell Transplantation For Poor Risk Diffuse Large B Cell Lymphoma (IPI3-5) and Burkitts 
Lymphoma Is Feasible and Gives a High Response Rate: Preliminary Results Of a Phase 2 UK National Cancer 
Research Institute Trial. Blood. 2013 Nov;122(21):4348–4348. 

 
 

 

 

https://www.karger.com/Article/FullText/502087?ref=1#ref1
https://www.karger.com/Article/FullText/502087?ref=2#ref2
https://www.karger.com/Article/FullText/502087?ref=3#ref3
https://www.karger.com/Article/FullText/502087?ref=4#ref4
https://www.karger.com/Article/FullText/502087?ref=5#ref5
https://www.karger.com/Article/FullText/502087?ref=6#ref6
https://www.karger.com/Article/FullText/502087?ref=7#ref7
https://www.karger.com/Article/FullText/502087?ref=8#ref8
https://www.karger.com/Article/FullText/502087?ref=9#ref9
https://www.karger.com/Article/FullText/502087?ref=10#ref10
https://www.karger.com/Article/FullText/502087?ref=11#ref11
https://www.karger.com/Article/FullText/502087?ref=12#ref12
https://www.karger.com/Article/FullText/502087?ref=13#ref13
https://www.karger.com/Article/FullText/502087?ref=14#ref14
https://www.karger.com/Article/FullText/502087?ref=15#ref15


 

Case Rep Oncol 2019;12:595–602 

DOI: 10.1159/000502087 © 2019 The Author(s). Published by S. Karger AG, Basel 
www.karger.com/cro 

Bemis et al.: A Case of Double Expresser Diffuse Large B Cell Lymphoma Treated with  
R-CODOX-M/R-IVAC 

 
 

 

 

601 

 

 

Fig. 1. Pathology slide of nasopharyngeal mass: large lymphoid cells with centroblastic morphology. These 

cells exhibit high nuclear:cytoplasmic ratio, vesicular nuclei, one to three peripherally placed nucleoli, and 

frequent mitoses. 

 

 

 

Fig. 2. Immunohistochemistry. A: Ki-67 proliferation >95%. B: C-MYC expression 71%. C: BCL-2 expression 

83%. 
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Fig. 3. PET/CT Images. A: Initial PET/CT scan showing right sided nasal mass with SUV 28.7. B: PET/CT 

After 2 cycles R-CODOX-M/R-IVAC, with primary tumor SUV 6.1. C: PET/CT After Radiation as Consolida-

tion with 36 Grey, with no residual uptake in site of primary tumor. 
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