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Bortezomib plus EPOCH is effective as frontline treatment in
patients with plasmablastic lymphoma

Plasmablastic lymphoma (PBL) is a rare and aggressive

CD20-negative lymphoma associated with poor outcomes.

Multiple studies have shown median survival times of 12–
18 months (Castillo et al, 2012; Schommers et al, 2013;

Morscio et al, 2014). Several case reports and small case ser-

ies have suggested an increased response rate in patients trea-

ted with bortezomib alone or in combination, especially the

combination of bortezomib and dose-adjusted etoposide,

prednisone, vincristine, cyclophosphamide and doxorubicin

(V-EPOCH) (Castillo et al, 2015a; Fedele et al, 2016). Due

to its rarity, prospective studies exclusively in PBL patients

are unlikely to be performed. We evaluated the potential

therapeutic value of V-EPOCH in patients with PBL.

We retrospectively reviewed medical records at participat-

ing institutions of all patients with a diagnosis of PBL who

received frontline V-EPOCH. The lymphomas were required

to have plasmablastic morphology, lack CD20 expression and

express one plasmacytic marker (CD38, CD138, MUM1/

IRF4). This study was approved by institutional review

boards at each of the participating centres. This report
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includes updated survival data on four previously published

cases (Castillo et al, 2015a; Fedele et al, 2016). Pertinent clin-

ical data were gathered. Pathological samples were reviewed

at the respective institutions. Pathological data included

expression of CD20, CD38, CD138, Ki67, anaplastic lym-

phoma kinase (ALK), human herpesvirus 8 (HHV8) latency-

associated nuclear antigen (LANA), Epstein–Barr virus

(EBV)-encoded RNA (EBER), and MYC gene rearrange-

ments. Response to therapy was assessed following the

revised response criteria for malignant lymphoma. Overall

survival (OS) was estimated as time between diagnosis and

last follow-up or death. OS curves were estimated using the

Kaplan-Meier method. All calculations and graphs were

obtained using STATA (StataCorp, College Station, TX,

USA).

Sixteen patients met the inclusion criteria; their clinical

characteristics are shown in Table I. Extranodal sites

included gastrointestinal tract (n = 8), head/neck (n = 4),

lung/pleura (n = 4), bone marrow (n = 3), skeletal bone

(n = 3), testicles (n = 2), kidney/adrenals (n = 2), and sub-

cutaneous tissue (n = 1). Among human immunodeficiency

virus (HIV)-infected patients, the median CD4+ count was

0�128 3 109/l (range 0�033–0�29 3 109/l). All patients were

treated with a curative intent. Bortezomib was administered

at 1�3 mg/m2 SQ or IV weekly or twice weekly with each

cycle of EPOCH (etoposide, prednisone, vincristine,

cyclophosphamide and doxorubicin). Dose frequency/route

of administration of bortezomib was per investigator’s

choice. Patients with advanced disease received a median of

6 cycles (range 4–6 cycles). The two patients with early stage

received 4 cycles of V-EPOCH followed by 30–36 Gy of radi-

ation therapy to the involved area. Complete response was

seen in 15 patients (94%) and partial response in 1 (6%).

Two patients received autologous stem cell transplantation

(ASCT) in first remission. Four patients (31%) experienced

Table I. Patients’ clinicopathological characteristics.

Characteristic Number Percentage

Age ≥60 years 6/16 38

Male sex 15/16 94

ECOG performance score >1 7/16 44

Increased LDH level 8/16 50

Advanced stage 14/16 88

Extranodal involvement 16/16 100

Low/low intermediate IPI score 5/16 37

High/high intermediate IPI score 10/16 63

HIV infection 6/16 38

CD20 expression 0/16 0

CD38/CD138 expression 16/16 100

HHV8 LANA expression 0/10 0

ALK expression 0/10 0

Ki67 expression ≥80% 14/16 88

EBER ISH positive 9/14 64

MYC rearrangements 8/10 80

ALK, anaplastic lymphoma kinase; EBER ISH, Epstein–Barr virus-

encoded RNA in situ hybridisation; ECOG, Eastern Central Oncology

Group; HHV8 LANA, human herpesvirus 8 latent nuclear antigen;

HIV, human immunodeficiency virus; IPI, International Prognostic

Index; LDH, lactate dehydrogenase.

Fig 1. Overall survival estimates for (A) the entire group, (B) per

IPI score, and (C) per HIV status. HIV, human immunodeficiency

virus; IPI, International Prognostic Index; PBL, plasmablastic

lymphoma. [Colour figure can be viewed at wileyonlinelibrary.com]
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relapsed disease within 2 years of diagnosis, including one

who achieved CR and underwent ASCT. Salvage therapy was

provided to only one patient and included daratumumab in

combination with ifosfamide, carboplatin and etoposide

(ICE) followed by ASCT. The patient achieved CR and is

alive at 15 months after salvage therapy. The median follow-

up was 48 months [95% confidence interval (CI) 20–
61 months], and the median OS was 62 months (95% CI

17-not reached). The 5-year OS rate was 63% (95% CI 24–
86%; Fig 1A). There were no deaths in the low International

Prognostic Index (IPI) group, and the median OS for

patients with high IPI was 53 months (95% CI 8-not

reached; log-rank P = 0�10; Fig 1B). There were no deaths

among patients in the HIV-positive group, and the median

OS among HIV-negative patients was 53 months (95% CI 8-

not reached%; P = 0�06; Fig 1C). Adverse events (Grade 3 or

higher) included thrombocytopenia (n = 7), febrile neutrope-

nia (n = 5), neuropathy (n = 3), infections (n = 2), gastroin-

testinal obstruction (n = 1), pleural effusions (n = 1),

catheter-associated thrombosis (n = 1) and atrioventricular

block (n = 1). Of the 5 deaths, 3 were due to lymphoma

progression and 2 due to infections.

Biologically, CD20-negative aggressive lymphomas show

plasmacytic differentiation, which can be mediated by the

anti-apoptotic effect of nuclear factor-kappa B (NF-kB).

Specifically, EBV-related antigens, such as LMP-1, can sup-

press ATF3 and also inhibit BAX inducing NF-kB activity.

MYC dysregulation in PBL allows overcoming the regulatory

effects of BCL6 and BLIMP-1 promoting cell cycle dysregula-

tion (Castillo et al, 2015b). Bortezomib has been shown to

inhibit NF-kB in primary effusion lymphoma (PEL) cell lines

(An et al, 2004). Furthermore, the combination of doxoru-

bicin and bortezomib was synergistic for inducing PEL cell

killing. In a murine xenograft model, bortezomib was associ-

ated with downregulation of cell cycle progression, DNA

replication and down-regulation of MYC-target genes, result-

ing in longer survival of PEL-bearing mice (Sarosiek et al,

2010). EPOCH has been shown to be associated with better

outcomes than cyclophosphamide, doxorubicin, vincristine

and prednisone (CHOP), especially in double hit and HIV-

associated lymphomas (Barta et al, 2012; Petrich et al, 2014).

Our study suggests that V-EPOCH is feasible and effective as

frontline treatment in patients with PBL, and is associated

with a complete response rate exceeding 90% as well as a 5-

year OS rate of 65%.

The patients presented here have been treated at reference

centres, which can introduce selection bias. However, some

of the patients were older than 60 years, had poor perfor-

mance status, and many had HIV infection. Despite the

encouraging results, HIV-negative and patients with high IPI

scores had worse outcomes. Given the observed efficacy,

prospective studies are needed to confirm the therapeutic

role of V-EPOCH in PBL. However, toxicity has remained

an issue with high rates of febrile neutropenia, neuropathy

and infectious complications. Therefore, other potent and

safe agents are needed. Agents of interest include daratu-

mumab, anti-PD-L1 monoclonal antibodies, and agents that

downregulate MYC function.

Acknowledgements

Portions of this research have been submitted to the 2017

American Society of Hematology Annual Meeting in Atlanta,

GA, USA.

Authorship contributions

JJC designed the research and wrote the initial manuscript.

JJC and TGG analysed the data. All the authors pro-

vided data, and critically read and approved the final

manuscript.

Disclosures

JJC has received consulting honoraria and/or research fund-

ing from Abbvie, Biogen, Gilead, Janssen, Millennium and

Pharmacyclics. GC has received consulting honoraria and

research funding from Roche, Celgene, Sanofi, BMS, Janssen

and Gilead. FL has received consulting honoraria and/or

research funding from Spectrum and Seattle Genetics. JTN

has received research funding from CERCA, Josep Carrera

International Foundation, DKMS and Celgene. JLR is an

advisory board member for Teva. AJO has received research

funding from Genentech and Spectrum Pharmaceuticals.

Jorge J. Castillo1

Thomas Guerrero-Garcia2

Francesco Baldini3

Emmanuelle Tchernonog4

Guillaume Cartron4

Slavisa Ninkovic5

Kate Cwynarski5

Daan Dierickx6

Thomas Tousseyn6

Frederick Lansigan7

Yevgeny Linnik7

Renzo Mogollon8

Jose-Tom�as Navarro9

Adam J. Olszewski10

John L. Reagan10

Pasquale Fedele11

Michael Gilbertson11

George Grigoriadis11

Michele Bibas3

1Division of Hematologic Malignancies, Dana-Farber Cancer Institute,

Harvard Medical School, Boston, 2Division of Hematology and Oncol-

ogy, Dana-Farber Cancer Institute at St. Elizabeth’s Medical Center,

Brighton, MA, USA, 3National Institute for Infectious Diseases Lazzaro

Spallanzani, Rome, Italy, 4Department of Haematology, CHU Montpel-

lier, Montpellier, France, 5Department of Haematology, UCLH London,

Correspondence

ª 2018 British Society for Haematology and John Wiley & Sons Ltd 681
British Journal of Haematology, 2019, 184, 634–696

http://orcid.org/0000-0001-9490-7532
http://orcid.org/0000-0001-9490-7532
http://orcid.org/0000-0001-9490-7532
http://orcid.org/0000-0001-9101-6013
http://orcid.org/0000-0001-9101-6013
http://orcid.org/0000-0001-9101-6013
http://orcid.org/0000-0002-6472-6658
http://orcid.org/0000-0002-6472-6658
http://orcid.org/0000-0002-6472-6658
http://orcid.org/0000-0003-4877-6863
http://orcid.org/0000-0003-4877-6863
http://orcid.org/0000-0003-4877-6863


London, UK, 6Department of Haematology, University Hospitals Leu-

ven, Leuven, Belgium, 7Division of Hematology and Oncology, Dart-

mouth-Hitchcock Medical Center, Dartmouth Medical School, Lebanon,

NH, USA, 8Department of Medicine, Universidad San Martin de

Porres, Lima, Peru, 9Catalan Institute of Oncology, German Trias I

Pujol Hospital, Badalona, Spain, 10Division of Hematology and Oncol-

ogy, Rhode Island Hospital, The Warren Alpert Medical School of

Brown University, Providence, RI, USA and 11Monash Haematology,

Monash Medical Centre, Monash University, Clayton, Australia

E-mail: jorgej_castillo@dfci.harvard.edu

Keywords: plasmablastic lymphoma, bortezomib, chemotherapy,

survival.

First published online 12 March 2018

doi: 10.1111/bjh.15156

References

An, J., Sun, Y., Fisher, M. & Rettig, M.B. (2004)

Antitumor effects of bortezomib (PS-341) on

primary effusion lymphomas. Leukemia, 18,

1699–1704.

Barta, S.K., Lee, J.Y., Kaplan, L.D., Noy, A. &

Sparano, J.A. (2012) Pooled analysis of AIDS

malignancy consortium trials evaluating ritux-

imab plus CHOP or infusional EPOCH

chemotherapy in HIV-associated non-Hodgkin

lymphoma. Cancer, 118, 3977–3983.

Castillo, J.J., Furman, M., Beltran, B.E., Bibas, M.,

Bower, M., Chen, W., Diez-Martin, J.L., Liu,

J.J., Miranda, R.N., Montoto, S., Nanaji, N.M.,

Navarro, J.T., Seegmiller, A.C. & Vose, J.M.

(2012) Human immunodeficiency virus-asso-

ciated plasmablastic lymphoma: poor prognosis

in the era of highly active antiretroviral therapy.

Cancer, 118, 5270–5277.

Castillo, J.J., Reagan, J.L., Sikov, W.M. & Winer,

E.S. (2015a) Bortezomib in combination with

infusional dose-adjusted EPOCH for the treat-

ment of plasmablastic lymphoma. British Journal

of Haematology, 169, 352–355.

Castillo, J.J., Bibas, M. & Miranda, R.N. (2015b)

The biology and treatment of plasmablastic lym-

phoma. Blood, 125, 2323–2330.

Fedele, P.L., Gregory, G.P., Gilbertson, M.,

Shortt, J., Kumar, B., Opat, S. & Grigoriadis,

G. (2016) Infusional dose-adjusted epoch

plus bortezomib for the treatment of plas-

mablastic lymphoma. Annals of Hematology,

95, 667–668.

Morscio, J., Dierickx, D., Nijs, J., Verhoef, G.,

Bittoun, E., Vanoeteren, X., Wlodarska, I.,

Sagaert, X. & Tousseyn, T. (2014) Clinico-

pathologic comparison of plasmablastic lym-

phoma in HIV-positive, immunocompetent,

and posttransplant patients: single-center series

of 25 cases and meta-analysis of 277 reported

cases. American Journal of Surgical Pathology,

38, 875–886.

Petrich, A.M., Gandhi, M., Jovanovic, B., Castillo,

J.J., Rajguru, S., Yang, D.T., Shah, K.A., Why-

man, J.D., Lansigan, F., Hernandez-Ilizaliturri,

F.J., Lee, L.X., Barta, S.K., Melinamani, S., Kar-

mali, R., Adeimy, C., Smith, S., Dalal, N., Nab-

han, C., Peace, D., Vose, J., Evens, A.M., Shah,

N., Fenske, T.S., Zelenetz, A.D., Landsburg, D.J.,

Howlett, C., Mato, A., Jaglal, M., Chavez, J.C.,

Tsai, J.P., Reddy, N., Li, S., Handler, C., Flow-

ers, C.R., Cohen, J.B., Blum, K.A., Song, K.,

Sun, H.L., Press, O., Cassaday, R., Jaso, J.,

Medeiros, L.J., Sohani, A.R. & Abramson, J.S.

(2014) Impact of induction regimen and stem

cell transplantation on outcomes in double-hit

lymphoma: a multicenter retrospective analysis.

Blood, 124, 2354–2361.

Sarosiek, K.A., Cavallin, L.E., Bhatt, S., Toomey,

N.L., Natkunam, Y., Blasini, W., Gentles, A.J.,

Ramos, J.C., Mesri, E.A. & Lossos, I.S. (2010)

Efficacy of bortezomib in a direct xenograft

model of primary effusion lymphoma. Proc Natl

Acad Sci USA, 107, 13069–13074.

Schommers, P., Wyen, C., Hentrich, M., Gillor,

D., Zoufaly, A., Jensen, B., Bogner, J.R., Thoden,

J., Wasmuth, J.C., Fatkenheuer, G. & Hoffmann,

C. (2013) Poor outcome of HIV-infected

patients with plasmablastic lymphoma: results

from the German AIDS-related lymphoma

cohort study. AIDS, 27, 842–845.

Reducing the need for diagnostic imaging in suspected cases
of deep vein thrombosis

The objective diagnosis of deep vein thrombosis (DVT)

depends on imaging using compression ultrasound, however,

because of cost and the increasing number of negative tests,

strategies have been developed which can exclude the diagno-

sis in some patients without the need for diagnostic imaging.

These rely on the use of information from the patients’ clini-

cal history and examination (a pre-test probability assess-

ment) and assays to detect D-dimers (Fig 1). Pre-test

probability assessment is usually with the Wells score (Wells

et al, 1997, 2003; Wells, 2007). The original score divided

patients into three categories: low (≤0), moderate (1–2) or

high (≥3) (Wells et al, 1997), but later into two categories:

“unlikely” (≤1) and “likely” (≥2) (Wells et al, 2003). Imaging

is required in those assessed as “likely” (≥2) or high risk

(≥3). A negative D-dimer test can be used to forgo imaging

in those deemed “unlikely” (≤1) or low/moderate risk (≤2).
Clearly, the latter will reduce the number of ultrasounds, as

those with a Wells score of 2 have a D-dimer test to deter-

mine their need for diagnostic imaging.

The other way of reducing the number of ultrasounds is to

increase the D-dimer threshold that defines a negative test.

The usual D-dimer threshold is 500 lg/l and strategies to
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