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A B S T R A C T

Plasmablastic lymphoma (PBL) is a rare and hard to treat disease. With current standard chemotherapeutic
regimens, PBL is associated with a median overall survival of 12–15 months. We performed a systematic review
of the literature through March 31, 2017 looking for patients with a diagnosis of PBL who were treated with
bortezomib, alone or in combination. We identified 21 patients, of which 11 received bortezomib in the frontline
setting and 10 received bortezomib in the relapsed setting. Eleven patients were HIV-positive and 10 were HIV-
negative. The overall response rate to bortezomib-containing regimens was 100% in the frontline setting and
90% in the relapsed setting. Furthermore, the 2-year overall survival of patients treated upfront was 55%, and
the median OS in relapsed patients was 14 months. Although the sample size is small, we believe our results are
encouraging and should serve as rationale to investigate bortezomib-based regimens in patients with PBL.

1. Introduction

Plasmablastic lymphoma (PBL) is a rare B-cell lymphoma with
morphological, immunophenotypical and genomic features between
aggressive large B-cell lymphomas and plasma cell neoplasms [1]. The
vast majority of cases will express CD138, CD38, and IRF4/MUM1–-
plasma cell markers – and lack expression of typical B-cell markers such
as CD19 or CD20. Given these distinct features, the WHO has cate-
gorized PBL as an aggressive subtype of diffuse large B-cell lymphoma
(DLBCL) [2].

This rare subtype of DLBCL was originally found to be associated
with HIV-infected patients [3,4]. However, cases of PBL have also been
reported in patients with other immunodeficiencies and even in ap-
parently immunocompetent patients [5]. Treating PBL represents a
challenge given there is no standard regimen of treatment established
for these patients. Currently, the National Comprehensive Cancer Net-
work (NCCN) recommends against the use of standard cyclopho-
sphamide, doxorubicin, vincristine and prednisone (CHOP), in favor of
more intensive regimens [6]. We also need to have in mind that several
patients with PBL are elderly and/or are immunosuppressed and might
not benefit from intensive therapies [7]. However, the outcome of PBL
patients remains poor, and novel approaches are warranted.

Amongst the therapeutic agents used to treat PBL, the proteasome
inhibitor bortezomib alone or in combination has been associated with

promising results [8,9]. In this article, we present a systematic review
of PBL cases treated with bortezomib-containing regimens, and describe
response and survival outcomes on these patients.

2. Methods

2.1. Literature search

Two authors performed a literature search independently using
PubMed through March 31, 2017. The key terms used in the search
were: “plasmablastic lymphoma AND bortezomib”. The titles and ab-
stracts were reviewed and full-text articles were selected based on our
inclusion criteria. The reference list of each selected study was reviewed
to search for additional studies.

2.2. Inclusion and exclusion criteria

An article was considered relevant if it contained original data from
patient(s) older than 18 years of age with a pathological diagnosis of
PBL treated with bortezomib alone or in combination. Case reports and
retrospective and prospective case series were included in this review.
Cases with ALK1 or HHV8 Latent Nuclear Antigen expression were
excluded, as these markers are consistent with ALK-positive DLBCL and
primary effusion lymphoma, respectively. Any discrepancies on
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inclusion or exclusion of a study were resolved through consensus in all
cases. If there were multiple publications from the same study, only the
most recent was selected, using the older publications only to clarify
methodology or characteristics of the population.

2.3. Data gathering

The data extraction was performed independently by two authors,
and included pertinent clinical (e.g. age, sex, stage, HIV status, etc.),
pathological (e.g. CD20, CD38, EBER, etc.), treatment, response and
overall survival (OS) data. For response assessment, we used the 2007
Cheson response criteria, whenever possible [10]. OS was defined as
the time from PBL diagnosis and death or last follow-up, and was es-
timated using the Kaplan-Meier method for incomplete observations.
Comparisons between groups were performed using the log-rank test.
All calculations and graphs were obtained using STATA/SE 13.1 (Sta-
taCorp, College Station, TX).

3. Results

3.1. Patient characteristics

The literature search rendered 22 articles of which 9 articles were
excluded; 4 were reviews, 3 reported on plasmablastic myeloma and 2
were pre-clinical. From the remaining 13 articles, a total of 21 patients
met inclusion criteria and were included in this study [8,9,11–21].
Eleven patients received bortezomib-containing regimens in the front-
line setting, and ten patients received bortezomib-containing regimens
in the relapsed and/or refractory setting.

The patients’ clinical characteristics are summarized in Table 1. The
median age for the patients with frontline use of bortezomib was 42
years (range 34–80 years) and 50 years (range 19–66 years) in the re-
lapsed group. There was a male predominance in both groups, 10 (91%)
in the frontline, and 9 (90%) in the relapsed group. Eleven patients
(52%) were HIV-positive. Sixteen patients (76%) had advance disease
by Lugano staging criteria. All cases had extranodal involvement, and
the lower GI tract was the most common site of extranodal involvement
(43% of the cases).

Pathologically, all cases demonstrated plasmacytic differentiation
by CD38/CD138 expression. Except for one HIV-positive patient, all
cases tested lacked CD20 expression. A Ki67 expression>80% was
found in eleven (52%) of the 21 patients. EBER expression was detected
in 5 of the 7 (71%) HIV-positive patients tested, as opposed to 1 of 6

(16%) HIV-negative patients tested. HHV8 LANA and ALK1 expression
was not identified in any of the tested cases. Selected pathological
characteristics are shown in Table 2.

3.2. Treatment and outcomes

In the frontline setting, the overall response rate (ORR) to borte-
zomib-based regimens was 100%, with complete response (CR) seen in
89% of patients. The response to bortezomib alone in the frontline
setting was also 100% but all cases achieved a partial response (PR). In
the relapsed setting, the ORR to bortezomib-based regimens was also
100% but the CR rate was 16%. In relapsed patients, the ORR to bor-
tezomib alone was 75% but no CR was seen, and one patient (25%) had
progressive disease. Response results are shown in Table 3. With a
median follow-up time of 22 months, the median OS time of PBL pa-
tients treated with bortezomib-based regimens upfront was not
reached. The 2-year OS rate was 55% (95% CI 23–78%; Fig. 1A). The
OS of patients who received bortezomib alone upfront was shorter than
patients who received bortezomib in combination (Fig. 2B). Of the five
deaths, 3 were due to infections (2 sepsis and 1 progressive multifocal
leukoencephalopathy) without evidence disease, and 2 were due to PBL
relapse and progression. After a median follow-up time of 24 months,
the median OS of PBL patients who received bortezomib-based regi-
mens in the relapsed setting was 14 months with a 2-year OS rate of
27% (Fig. 2A). There was no apparent difference in OS between re-
ceiving bortezomib alone or in combination (Fig. 2B). The cause of
death in all patients with relapsed PBL was progressive disease.

3.3. Analysis per HIV status

Out of the 21 patients with PBL, eleven (52%) had HIV infection. All
patients in the bortezomib frontline group were on highly active anti-
retroviral therapy. Of the 11 HIV-positive patients, 5 patients (45%)
had a complete response (CR), 5 (45%) had a partial response and 1

Table 1
Selected clinical characteristics of patients with plasmablastic lymphoma treated with
bortezomib alone or in combination.

Frontline (n = 11) Relapsed (n = 10)

Clinical features
Median age (range) 42 (34–80) 49.5 (19–66)
Male sex 10 (91%) 9 (90%)
IPI score> 2 6 (60%) 4 (44%)
Lugano stage III/IV 7 (70%) 9 (90%)
Extranodal involvement 11 (100%) 10 (100%)
Lower GI tract 5 (45%) 4 (40%)
Head/neck 3 (27%) 2 (20%)
Lung/pleura 3 (27%) 1 (10%)
Bone marrow 3 (27%) 2 (20%)
Skeletal bone 2 (18%) 3 (30%)
Other 4 (36%)a 3 (30%)b

HIV-positive status 6 (55%) 5 (50%)
On HAART 6 (100%) 2 (40%)

IPI: International Prognostic Index; GI: gastrointestinal; HAART: highly active anti-
retroviral therapy.
aOther sites include central nervous system (n = 1), testicle (n = 1), liver (n = 1), skin
(n = 1)
bOther sites include skin (n = 1), spleen (n = 1), muscle (n = 1)

Table 2
Selected pathological characteristics of patients with plasmablastic lymphoma treated
with bortezomib alone or in combination.

Pathological features Frontline (n = 11) Relapsed (n = 10)

CD20 0/11 (0%) 1/10 (10%)
CD38/CD138 11/11 (100%) 10/10 (100%)
Ki67 expression>80% 7/11 (78%) 4/5 (80%)
MYC rearrangement 6/7 (86%) NR
EBER positive 6/9 (67%) 0/4 (0%)
HHV-8 LANA 0/6 (0%) 0/3 (0%)
ALK1 0/4 (0%) 0/1 (0%)

EBER: EBV-encoded RNA; LANA: latent nuclear antigen; ALK1: anaplastic lymphoma
kinase 1.

Table 3
Response of plasmablastic lymphoma patients to bortezomib alone or in combination.

bTHP-COP-bortezomib (n = 1), bortezomib-ESHAP (n = 1), bortezomib-ICE (n = 1),
bendamustine-bortezomib (n = 1), bortezomib-rituximab (n = 1), VDT-PACE (n = 1).

Treatment Frontline (n = 11) Relapsed (n = 10)

Bortezomib-chemo 9 (82%)a 6 (60%)b

Complete response 8 (89%) 1 (16%)
Partial response 1 (11%) 5 (84%)

Bortezomib alone 2 (18%) 4 (40%)
Complete response 0 (0%) 0 (0%)
Partial response 2 (100%) 3 (75%)
Progressive disease 0 (0%) 1 (25%)

aBortezomib-EPOCH (n = 4), bortezomib-CHOP (n = 3), R-CYBORD (n = 1), PAD
(n = 1).
bTHP-COP-bortezomib (n = 1), bortezomib-ESHAP (n = 1), bortezomib-ICE (n = 1),
bendamustine-bortezomib (n = 1), bortezomib-rituximab (n = 1), VDT-PACE (n = 1).
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(10%) had progression of disease (PD) while undergoing therapy. In the
frontline setting, the 5 patients who received bortezomib in combina-
tion (CHOP or EPOCH) had a CR rate of 100%. The one patient treated
with bortezomib alone experienced a PR. For the 10 HIV negative pa-
tients, 3 patients (30%) achieved a CR and 7 (70%) had a PR. In the
frontline setting, the 3 patients (60%) who achieved a CR received
bortezomib in combination (CYBORD or EPOCH).

3.4. Toxicity

Grade 3 neuropathy was reported in 20% of patients. The combi-
nation of bortezomib-chemotherapy resulted in grade 2–4 anemia,
neutropenia and thrombocytopenia. Grade 2–3 urinary and respiratory
infections and zoster reactivations were also reported. One patient ex-
perienced small bowel obstruction needing partial small bowel resec-
tion. Febrile neutropenia was not reported as a complication.

4. Discussion

In this systematic review, we searched for PBL cases treated with
bortezomib-based regimens, and identified a total of 21 cases.
Currently, there is no standard treatment regimen for PBL. Current
NCCN guidelines recommend regimens like DA-EPOCH, HyperCVAD
and CODOX-M/IVAC based on studies largely incorporating other ag-
gressive lymphomas like Burkitt lymphoma, and almost always in the
setting of HIV infection [22–24]. However, none of these seem to have
changed the survival of patients with PBL, and current data does not
support that more intensive regimens improve outcomes in PBL
[25,26]. Standard chemotherapy and survival continues to be poor with
a median survival that ranges between 9 and 15 months [25,27,28].

In these 21 cases of PBL, treatment with bortezomib exhibited
promising results with regard to response and OS rates. ORR rates of
almost 100% were reported in both the frontline and relapsed settings.
Furthermore, bortezomib-based regimens can induce high rates of CR,
which is highly encouraging. Previous studies have shown the im-
portance of inducing deep responses in patients with PBL [25,26]. With
regards to survival, a median OS of 14 months was observed in the
relapsed group, which is comparable to the survival of patients with

PBL treated upfront with standard chemotherapy regimens. The 2-year
OS rate in PBL patients treated upfront with bortezomib-based regimens
was 55% with a median OS that was not reached at 24 months of
follow-up. As an aggressive lymphoma, most relapses are expected to
occur within a 2-year interval. One could speculate that patients alive at
2 years could be cured from the disease.

Given the rarity of PBL, one tends to evaluate patients regardless of
HIV status. There is, however, mounting evidence that HIV-positive and
HIV-negative patients might have different clinical course and survival.
In an initial comparative study, HIV-negative PBL patients were older
and were less likely to obtain CR to chemotherapy. Also, HIV-negative
patients had a worse OS than HIV-positive patients of 9 months and 15
months, respectively [29]. In this systematic review, HIV-negative PBL
patients have lower rates of CR and probably a worse outcome as well.
However, the sample size does not permit strong statements. Previous
studies have shown that autologous hematopoietic stem cell transplant
in first CR might increase survival in PBL patients [30,31].

Recent case series have reported high success rates with the use of
bortezomib upfront in combination with commonly used regimens in
lymphoma such as EPOCH or CHOP. These results are the most pro-
mising results found in the literature in regards to overall length of
survival in PBL patients [8,9,17]. If EPOCH is more effective at inducing
responses and improve survival in PBL is unclear. A recent patient-level
meta-analysis provided higher-level evidence that EPOCH might be a
better option than CHOP in patients with HIV-associated lymphomas by
inducing higher rates of event-free survival (EFS) as well as OS [32].
More recently, results from the highly anticipated Alliance 50303
showed that, with a median follow-up of 5 years, there was no differ-
ence in EFS or OS between R-CHOP and R-EPOCH in patients with
DLBCL [33]. However, subset analyses evaluating high-risk patients
were not reported.

Bortezomib is a proteasome inhibitor approved for the treatment of
multiple myeloma, and there is emerging evidence of its efficacy in non-
germinal DLBCL [34]. Bortezomib has also shown preclinical and
clinical activity in other CD20-negative lymphomas such as primary
effusion lymphoma [35–37]. Therefore, bortezomib presents itself as a
promising alternative for the treatment of PBL. PBL cells are char-
acterized by the expression of plasma cell transcription factors such as

Fig. 1. Median OS curve of PBL patients who re-
ceived frontline bortezomib-containing regimens
(A), and in PBL patients who received upfront bor-
tezomib alone or in combination (B).

Fig. 2. Median OS curve of PBL patients who re-
ceived bortezomib-containing regimens in the re-
lapsed setting (A), and in PBL patients who received
bortezomib alone or in combination (B).
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LRF4, BLIMP1 and XBP1 [1,38]. Expression of XBP1 and BLIMP1 has
been associated with the efficacy of bortezomib in myeloma, likely due
to driving anti- body production and hence reliance on the unfolded
protein response [39–41].

Despite its retrospective design and small number of patients, we
provide perhaps the most updated information about response and
survival of PBL patients treated with bortezomib-based regimens. PBL
will continue being a diagnostic challenge given its features between
lymphoma and myeloma. It will also continue being a therapeutic
challenge given its aggressiveness and lack of effective treatments.
Perhaps in the era of novel agents in the field of multiple myeloma, we
can deploy these agents to see whether mechanistically they could have
any effect in PBL patients. For example, it would be of interest to
evaluate the anti-CD38 monoclonal antibody daratumumab in patients
with PBL given the almost universal expression of CD38 by PBL cells. In
the small proportion of PBL cases expressing CD30, the antibody-drug
conjugate brentuximab vedotin could be of value [42]. Finally, MYC-
directed therapies can prove efficacious against PBL cases with MYC
gene rearrangements.

5. Conclusion

In summary, we have observed higher response and survival rates in
PBL patients treated with bortezomib-based regimens in the frontline
setting, and impressive transient responses in relapsed cases. Larger
multi-institutional studies will need to confirm these observations. We
hope the evidence presented here can help inform therapeutic decisions
clinicians and patients faced with this rare and aggressive disease.
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