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A b s t r a c t

Introduction: Plasmablastic lymphoma (PBL), an extremely rare subtype of 
B-cell non-Hodgkin lymphoma (NHL), is characterized by aggressiveness, 
rapid progression and a  bleak prognosis. Neither a  standardized regimen 
nor a consensus for PBL treatment has been established.
Material and methods: We retrospectively analyzed the clinicopathologic char-
acteristics, therapeutic modalities and survival outcomes of 418 patients regis-
tered in the Surveillance, Epidemiology, and End Results (SEER) database from 
2008 to 2016 and 21 (19 treated) patients in our institution. Kaplan-Meier 
survival curves and the log-rank test for overall survival (OS) and disease-spe-
cific survival (DSS) were performed to compare each variable. Variables with 
statistical significance in the univariate Cox regression were incorporated into 
the multivariate Cox model to determine the independent prognostic factors.
Results: In the patient cohort from the SEER database, PBL has a  striking 
male predilection. The median OS for all PBL patients was 17 months. The 
1-year, 3-year and 5-year OS rates were 54.4%, 40.4% and 37.2% respec-
tively. Patients who suffered from previous malignancy had a  significant 
survival disadvantage compared to those without previous cancer. Patients 
with a higher Ann Arbor stage at diagnosis were at higher risk of death than 
those with a lower stage. Chemotherapy alone or chemotherapy combined 
with radiotherapy could significantly reduce the risk of death and extend 
the patients’ survival, yielding a  HR of 0.209 (95% CI: 0.152–0.288) and 
0.187 (95% CI: 0.089–0.394), respectively. Radiation alone seemed useless. 
All patients from our institution were HIV-negative. The main therapeutic 
regimens were CHOP or CHOPE, DA-EPOCH, DHAP and ESHAP. A  complete 
response (CR) was achieved in only 3 patients, while a partial response was 
achieved in 10 patients. The median OS was 7 months. Fourteen patients 
later died due to disease progression.
Conclusions: Previous malignancy history, Ann Arbor stage and therapeutic 
modality were independent prognostic factors. Bortezomib combined with 
DA-EPOCH may serve as an effective regimen for PBL. The optimal therapeu-
tic modality necessitates further exploration.

Key words: plasmablastic lymphoma, therapeutic modality, prognosis, 
Surveillance, Epidemiology, and End Results.
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Introduction

Plasmablastic lymphoma (PBL) is an extremely 
rare and distinct subtype of B-cell non-Hodgkin 
lymphoma (NHL) [1, 2]. PBL exhibits mixed mor-
phological characteristics of diffuse large B-cell 
lymphoma (DLBCL) and multiple myeloma (MM) 
with its highly aggressive course and plasmacyt-
ic differentiation [3]. The cell origin of PBL is con-
sidered the post-germinal center B-lymphocyte or 
plasmablast. Although PBL cells usually express 
classic biomarkers of plasmacytic differentiation 
(CD38, CD138 and MUM1) such as MM and sel-
domly express B-lymphocyte differentiation mark-
ers (CD19, CD20, and PAX5), PBL bears a striking 
resemblance to DLBCL via genomic profiling [4]. 
It is often believed that PBL afflicts immunocom-
promised individuals, including those infected 
with human immunodeficiency virus (HIV), those 
receiving intense chemotherapy or radiotherapy 
for cancers, those undergoing organ or stem cell 
transplantation and those receiving immunosup-
pressive drugs [5–7]. Plasmablastic lymphoma was 
once regarded as a tumor that predominantly arose 
in patients with HIV-infection [8]. However, Castillo 
et al. reported 71 HIV-negative PBL patients with 
unique clinicopathological characteristics marked-
ly distinct from their HIV-positive counterparts [9].

Plasmablastic lymphoma is notorious for resis-
tance to chemotherapy, invasiveness and rapid 
progression. The CHOP regimen (cyclophospha-
mide, doxorubicin, vincristine, and prednisone) 
serves as the first-line choice for the treatment 
of NHL. However, the National Comprehensive 
Cancer Network (NCCN) guidelines stipulate that 
standard CHOP seems ‘inadequate and less in-
tense’ for PBL [10]. Despite the use of various reg-
imens, the prognosis of PBL remains bleak. Owing 
to the rarity of PBL, previous publications mainly 
focus on clinical case reports or case series with 
a small sample size. Little is known about this rare 
hematological malignancy. What is worse, neither 
a standardized regimen nor a consensus for PBL 
treatment has been established yet. The objec-
tive of our study is to further explore the clinical 
characteristics, prognostic factors and therapeutic 
modality of PBL on a larger scale. Patients in our 
study derived from the Surveillance, Epidemiology, 
and End Results (SEER) database and our institu-
tion. We also discussed the recent therapeutic ap-
proaches and advances in PBL.

Material and methods

Patient data from the SEER database

Patient selection

Initially constructed by the National Cancer In-
stitute of United States (US), the SEER database ac-

counts for nearly 30% of the US population across 
18 cancer registries and is completely available to 
the public via formal application. We obtained au-
thorization to have access to the unidentified indi-
vidual information. According to the International 
Classification of Disease for Oncology, 3rd edition 
(ICD-O-3), we retrieved the SEER database for PBL 
patients from 2008 to 2016 using the “9735/3: 
plasmablastic lymphoma” histology code in the 
“site and morphology ICD-O-3 histology/behavior, 
malignant” field. The patient data were download-
ed using SEER*Stat Software (Version 8.3.6, http://
www.seer.cancer.gov/seerstat).

The patient data include age at diagnosis, 
gender, race, primary anatomical site, Ann Ar-
bor stage, previous malignancy history, survival 
months, vital status, cause of death and the first 
round of treatment modalities (chemotherapy or 
not, radiation or not). However, the detailed HIV 
infection status, immunohistochemical results, 
chemotherapy regimens, types of surgery, drug 
dosage and radiation dosage were not recorded 
in the SEER database. Patients without patholog-
ically confirmed diagnosis or sufficient follow-up 
information were excluded.

Statistical analysis

Overall survival (OS) was determined from the 
time of diagnosis to death from any cause or the 
last follow-up. Disease-specific survival (DSS) was 
calculated from diagnosis to the date of death 
caused by PBL. Kaplan-Meier curves and the log-
rank test for OS and DSS were conducted to com-
pare each potential variable related to the progno-
sis. Variables with a p-value < 0.1 in the univariate 
Cox regression model were incorporated into the 
multivariate Cox model to determine the indepen-
dent prognostic factors, with a hazard ratio (HR) > 
1 indicating adverse factors. All tests were two-sid-
ed, with a p-value < 0.05 regarded as statistically 
significant. All statistical analyses were performed 
with SPSS Software (Version 26.0, IBM Corp., USA).

Patient group from our institution

We then retrospectively identified 21 PBL pa-
tients in our institution between Aug 2009 and 
Aug 2018. In accordance with the 2008 WHO 
classification of tumors of hematopoietic and 
lymphoid tissues, the pathological diagnosis was 
made through hematoxylin-eosin staining and im-
munophenotyping results.

Relevant clinical information of 21 PBL patients 
included age at diagnosis, gender, HIV infectious 
status, Eastern Cooperative Oncology Group per-
formance status (ECOG-PS), Ann Arbor stage, in-
ternational prognostic index (IPI), primary tumor 
locations, immunochemistry results, specific ther-
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apeutic regimen, the best response to therapy and 
the final survival outcomes. Immunohistochem-
ical studies were conducted on formalin-fixed, 
paraffin-embedded tissue sections by utilizing 
antibodies including CD138, CD38, CD10, CD20, 
CD79, PAX5, MUM1, CD30, CD56, BCL6, CD5, CD3, 
CD45 and Ki67. In situ hybridization (ISH) for EB 
virus-encoded small RNA (EBER) was also detect-
ed by employing a fluorescein-labeled peptide nu-
cleic acid probe on the tissue sections.

Given the rarity of PBL and the small sample 
size from our institution, we consider it unreason-
able to conduct a log-rank test or Cox regression 
analysis. Therefore, we only plotted an OS curve to 
demonstrate the patient survival outcomes.

Results

Patients from the SEER population 
registries

After rigorous identification, a total of 418 eligi-
ble patients were ultimately enrolled in our study. 
The flow diagram of the selection process is pre-
sented in Figure 1. The demographic and clinical 
characteristics of PBL patients are summarized in 
Table I. The median age at diagnosis was 56 years. 
PBL has a striking gender predilection for males, 
with the ratio of male to female patients being 
3.5 : 1. Patients with B symptoms accounted for 
23.68%. Nearly 18.7% of the patients had a pre-
vious history of other malignancies. However, the 
SEER database did not record the information on 
the HIV infection status. Only 6% of the patients 
received both chemotherapy and radiation at the 
initial diagnosis, while 66% received chemother-
apy alone and 26.8% of patients were untreated.

The distribution of primary anatomical sites 
is presented in Table II. Of all the patients, 185 
(44.26%) cases were detected within the lymph 
nodes and 233 (55.74%) cases suffered from ex-
tranodal infiltration. The most frequently involved 
extranodal site was the gastrointestinal tract 

Figure 1. Flow chart of the selection process for the 
eligible patient cohort

Plasmablastic lymphoma  
n = 469

no SEER combined  
summary stage  

n = 32

no histologic 
confirmation n = 18

no survival data  
n = 1

Eligible patients n = 418

Table I. Demographic and clinical characteristics of 
418 patients from SEER database

Characteristics Number Percentage (%)

Age [years] (median): 56 (9–95)

0–20 3 0.72

20–40 75 17.94

40–60 175 41.87

60–80 134 32.06

> 80 31 7.42

Gender:

Male 325 77.75

Female 93 22.25

Race:

White 323 77.27

Black 66 15.79

Others 29 6.94

Marital status:

Married 166 39.71

Single 172 41.15

Divorced/separated/
widowed

56 13.40

Unknown 24 5.74

Primary site:

Nodal 185 44.26

Extranodal 233 55.74

Ann Arbor stage:

I 93 22.25

II 66 15.79

III 43 10.29

IV 153 36.60

Unknown 63 15.07

B symptoms:

Yes 99 23.68

No 197 47.13

Unknown 122 29.19

Previous malignancy 
history:

Yes 78 18.66

No 340 81.34

Therapeutic modality:

Chemotherapy alone 276 66.03

Radiation alone 5 1.20

Chemotherapy + 
radiation

25 5.98

No treatment 112 26.79
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(20.10%), followed by nasal cavity/paranasal si-
nuses (11.72%) and oral cavity, mouth and tongue 
(5.50%).

Some patients died promptly after the initial di-
agnosis due to the high aggressiveness and rapid 
progression of PBL. Therefore the follow-up time is 
very short. Other patients survived several years 
after the diagnosis. The follow-up time of pa-
tients varied considerably. As was revealed in the 
Kaplan-Meier curves of OS (Figure 2 A) and DSS 
(Figure 2 B), the median OS for all PBL patients 
was 17 months (95% CI: 10.3–23.7). The 1-year, 
3-year and 5-year OS rates were 54.4%, 40.4% 
and 37.2%, respectively. The median DSS was not 
reached, and the 1-year, 3-year and 5-year DSS 
rates were 69%, 58.6% and 55%, respectively.

In the univariate assessment, marital status  
(p = 0.015), previous malignancy history (p = 
0.003), primary site (p = 0.009), Ann Arbor stage 
(p = 0.001), therapeutic modality (p < 0.001) are 
the possible predictive factors of OS (Table III). 
Age, gender and race were not found to influence 
PBL prognosis. The predictors of DSS were similar 
to those of OS (Table III). Kaplan-Meier survival 
curves gave a vivid description of the association 
between various factors and OS (Figure 3) and DSS 
(Figure 4) of PBL patients. As revealed in Table IV,  
multivariate analysis verified that previous ma-
lignancy history, Ann Arbor stage and therapeutic 
modality were independent prognostic factors. 
Patients who suffered from previous malignan-
cy had a  significant survival disadvantage (HR = 
1.444, 95% CI: 1.037–2.001) compared to those 
without previous cancer. Patients with a  higher 
Ann Arbor stage at diagnosis were at higher risk 
of death than those with a  lower stage. In terms 
of therapeutic modalities, chemotherapy alone or 
chemotherapy combined with radiotherapy could 

significantly reduce the risk of death and extend 
the patients’ survival, yielding HR of 0.209 (95% CI: 
0.152–0.288, p < 0.001) and 0.187 (95% CI: 0.089–
0.394, p < 0.001), respectively. However, radiation 
alone without chemotherapy seemed useless.

Patients from our institution

We enrolled altogether 21 patients including 12 
males and 9 females. The median age at diagnosis 
was 52 years. Clinical features and immunopheno-

Table II. Distribution of primary anatomic sites of 
plasmablastic lymphoma

Primary anatomic sites Number Percentage (%)

Nodal 185 44.26

Extranodal 233 55.74

Oral cavity, mouth, 
tongue

23 5.50

Nasal cavity and sinus 49 11.72

Gastrointestinal tract: 84 20.10

Stomach and 
esophagus

22 5.26

Small intestine 11 2.63

Colon, rectum, anus, 
cecum

51 12.20

Skin and connective 
tissue

19 4.55

Lung and pleura 8 1.91

Urogenital system 11 2.63

Bone 7 1.67

Central nervous system 9 2.15

Bone marrow 11 2.63

Other organs 12 2.87

Figure 2. Kaplan-Meier curves of the whole eligible cohort: A – overall survival, B – disease-specific survival
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Table III. Univariate Cox regression analysis of overall survival and disease-specific survival

Variables Overall survival Disease-specific survival

Median  
survival 
(95% CI)

Hazard ratio 
(95% CI)

P-value Median  
survival 
(95% CI) 

Hazard ratio 
(95% CI)

P-value

Age [years]:

< 60 22 (12.7–31.3) Reference 0.052 NA Reference 0.718

> 60 11 (4.7–17.3) 1.3 (0.998–1.695) NA 0.937 (0.66–1.332)

Sex:

Male 18 (9.6–26.4) Reference NA Reference

Female 13 (1.6–24.4) 1.13 (0.83–1.54) 0.43 NA 0.721 (0.46–1.13) 0.153

Race: 0.364 0.938

White 30 (17.5–NA) Reference NA Reference

Black 17 (7.3–41.1) 1.13 (0.80–1.60) 0.493 NA 1.229 (0.799–1.89) 0.349

Others 21.8 (4–55.2) 1.32 (0.80–2.18) 0.283 NA 0.879 (0.409–1.892) 0.742

Marital status: 0.015 0.039

Married 35 (8.2–61.8) Reference NA Reference

Single 21 (9.8–32.2) 1.192 (0.879–1.615) 0.258 NA 1.566 (1.055–2.325) 0.026

Divorced/
separated/
widowed

7 (4.4–9.6) 1.815 (1.232–2.674) 0.003 13 2.094 (1.261–3.478) 0.004

Previous malignancy history:

No 21 (11.1–30.9) Reference NA Reference

 Yes 8 (3.8–12.2) 1.61 (1.18–2.20) 0.003 NA 0.04 (0.006–0.285) 0.001

Primary site:

Nodal 11 (6.5–15.5) Reference NA Reference

Extranodal 30 (18.5–41.5) 0.7 (0.54–0.91) 0.009 NA 0.68 (0.485–0.953) 0.025

Ann Arbor stage: 0.001 0.044

I NA Reference NA Reference

II 16 (6.2–25.8) 1.69  (1.087–2.627) 0.02 NA 1.86 (1.048–3.299) 0.034

III 11 (3.6–18.4) 1.738 (1.064–2.840) 0.027 55 1.705 (0.884–3.288) 0.111

IV 8 (2.8–13.2) 2.005 (1.384–2.903) < 0.001 30 2.245 (1.382–3.647) < 0.001

B symptoms:

No 25 (11.6–38.4) Reference NA Reference

Yes 15 (6.0–24.0) 1.256 (0.912–1.730) 0.163 NA 1.279 (0.857–1.909) 0.229

Therapeutic modality: < 0.001 < 0.001

No treatment 2 (1.2–2.8) Reference 6 (4.1–7.9) Reference

Chemotherapy 
alone

30 0.277 (0.21–0.367) < 0.001 NA 0.282 (0.197–0.403) < 0.001

Radiation alone 18 (0–39.5) 0.461 (0.169–1.259) 0.131 NA 0.191 (0.026–1.386) 0.102

Combined 
therapy

NA 0.151 (0.073–0.312) < 0.001 NA 0.19 (0.081–0.444) < 0.001

typical results of patients from our institution are 
presented in Table V. All patients were HIV-nega-
tive and were not in immunocompromised status. 
The tumor arose extranodally in 16 (76.2%) cas-
es. Plasma cell marker positivity including CD38, 
CD138, and MUM1 was universally detected 
(81%, 90% and 85.7%, respectively), while CD20 
and PAX5 negativity was detected in most cases 
(90.5% and 86.7%, respectively). The proliferation 

index Ki-67 was commonly high, ranging from 
40% to 95% with 16 cases > 80%. EBER positivity 
was detected in 5 out of 17 cases (29.4%).

Detailed information on therapeutic regimen 
and survival outcomes is summarized in Table VI.  
The Kaplan-Meier plot for the whole group re-
vealed that median OS was 7 months (Figure 5). 
The CHOP regimen (cyclophosphamide, doxorubi-
cin, vincristine, and prednisone) or CHOPE regimen 
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Figure 3. Kaplan-Meier estimate of overall survival by subgroup analysis: A – age, B – marital status, C – previous 
malignancy history, D – primary site,  E – Ann Arbor stage, F – therapeutic modality
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(CHOP + etoposide) was selected as the first-line 
therapy for most patients. DA-EPOCH (dose-ad-
justed etoposide + doxorubicin + vincristine + cy-
clophosphamide + prednisone), DHAP (cisplatin + 
high-dose cytarabine + dexamethasone), DICE (cis-
platin + ifosfamide + etoposide + dexamethasone), 
ESHAP (etoposide + methylprednisolone + high-
dose cytarabine + cisplatin), GDP (gemcitabine 
+ cisplatin + dexamethasone) and HyperCVAD/
high-dose MTX/Ara-C (hyper-fractionated cyclo-
phosphamide + vincristine + doxorubicin + dexa-
methasone alternating with methotrexate and 
cytarabine) were reasonable options. Regimens for 
the treatment of MM such as PAD (bortezomib + 
doxorubicin + dexamethasone), PCD (bortezomib 
+ cyclophosphamide + dexamethasone), TAD (tha-

lidomide + doxorubicin + dexamethasone), and 
MPT (melphalan + prednisone + thalidomide) were 
also administered. Only 1 patient who received au-
tologous stem cell transplantation (ASCT) with tha-
lidomide maintenance was still alive at the end of 
our study. A complete response (CR) was achieved 
in only 3 patients who were still alive at the study 
endpoint. A partial response (PR) was obtained in 
10 patients. Efficacy was limited and transient in 
most patients. Fourteen patients later died due to 
disease progression.

Discussion

Initially described in the oral cavity of HIV-in-
fected patients in 1997, PBL is characterized by 
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male predominance, predilection for extranodal 
involvement and higher incidence among immu-
nocompromised patients [8]. Highly active anti- 
retroviral therapy (HAART) is oriented to kill HIV, 
which mainly includes stavudine in combination 
with lamivudine and nevirapine, zidovudine in 
combination with lamivudine and efavirenz, and 
emtricitabine in combination with tenofovir and 
Kaletra [11, 12]. Some case reports depicted the 
spontaneous regression of HIV-related PBL after 
use of HAART. However, a sustained CR could not 
be achieved and patients experienced early re-
lapse [13, 14]. A study from the LYmphoma Study 
Association (LYSA) Group also verified that HAART 
alone without chemotherapy could not achieve 
a sustained CR [15]. The administration of HAART 
combined with chemotherapy is preferably recom-
mended in HIV-positive patients.

With the increased understanding of PBL, 
we have come to realize that PBL also occurs in 
HIV-negative or other immunocompetent patients. 
All patients from our institution were HIV-negative 
and previously immunocompetent with a  nor-
mal CD4+T cell count. HIV-positive and HIV-neg-
ative PBL are two strikingly distinct subentities 
with different clinicopathological characteristics. 
HIV-negative patients bore a  bleaker prognosis, 
worse response to chemotherapy and shorter OS 
than HIV-positive patients [9, 15, 16]. Some cases 

with oral cavity involvement are associated with 
EB virus (EBV). The criteria for PBL diagnosis have 
varied over time. Some researchers rigorously de-
fined coexistence of a lesion in the oral cavity and 
presence of HIV or EBV. But now the classification 
of PBL has been defined in a  broader sense, in 
which morphology and immunophenotype cor-
respond to B immunoblasts or plasma cells with 
EBV-negativity and extranodal involvement in oth-
er parts of the body [17].

We should make a  reasonable differential 
diagnosis to tell apart anaplastic lymphoma ki-
nase-positive large B-cell lymphoma (ALK+ LBCL), 
primary effusion lymphoma (PEL), Epstein-Barr 
virus-positive DLBCL, human herpes virus 8-pos-
itive DLBCL, intravascular large B-cell lymphoma 
(IVLBCL) and other specific variants of DLBCL [2, 
18]. PBL is not always associated with EBV positiv-
ity. PBL exhibits a  ‘terminal B-cell differentiation’ 
phenotypical feature with upregulation of plasma 
cell markers (CD138, CD38) and downregulation 
of B-cell markers. ALK-positive large B-cell lym-
phoma (ALK + LBCL) exhibits immunoblast-like or 
plasmablast-like features with prominent overex-
pression of ALK protein due to ALK translocation 
and prevalent positivity of plasma cell-associated 
markers [19, 20].

There has been no standard therapeutic reg-
imen for PBL. Arora’s et al. study reported that 

Table IV. Multivariate Cox regression analysis of overall survival and disease-specific survival

Variables Overall survival Disease-specific survival

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Marital status:

Married Reference Reference

Single 1.227 (0.875–1.720) 0.236 1.513 (1.003–2.282) 0.048

Divorced/separated/widowed 1.477 (0.987–2.209) 0.058 2.107 (1.253–3.544) 0.005

Previous malignancy history:

No Reference /

Yes 1.444 (1.037–2.011) 0.029 /

Primary site:

Nodal Reference Reference

Extranodal 0.798 (0.598–1.065) 0.126 0.702 (0.483–1.019) 0.063

Ann Arbor stage:

I Reference Reference

II 1.54 (0.974–2.437) 0.065 1.651 (0.916–2.976) 0.096

III 1.644 (1.002–2.802) 0.048 1.614 (0.79–3.297) 0.189

IV 2.555 (1.688–3.867) < 0.001 3.005 (1.745–5.173) < 0.001

Therapeutic modality:

No treatment Reference Reference

Chemotherapy alone 0.209 (0.152–0.288) < 0.001 0.188 (0.127–0.279) < 0.001

Radiation alone 0.444 (0.16–1.233) 0.119 0.173 (0.023–1.275) 0.085

Combined therapy 0.187 (0.089–0.394) < 0.001 0.201 (0.084–0.483) < 0.001
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median OS of the entire cohort was 15.9 months. 
The median OS for treated and untreated patients 
was 17.9 months and 0.9 months, respectively 
[21]. Despite the fact that the most commonly 
used regimen is CHOP or CHOP-like at present, 
the NCCN guidelines state that CHOP is ‘inade-
quate and inefficient’ and propose more intensive 
regimens including DA-EPOCH, HyperCVAD and 
CODOX-M/IVAC (cyclophosphamide, vincristine, 
doxorubicin, methotrexate/ifosfamide, etoposide, 
cytarabine) [10]. The MD Anderson center report-
ed that patients who underwent the CHOP reg-
imen tended to enjoy better OS compared with 
those who underwent the hyper-CVAD regimen 
(hyperfractionated cyclophosphamide, vincristine,  
doxorubicin, and dexamethasone), which can be 
explained by the fact that hyper-CVAD is much 
more intense and possesses more “toxicity” than 
the CHOP regimen [22]. The efficacy of adding 
rituximab (a kind of anti-CD20 monoclonal anti-
body) to conventional chemotherapy remains ob-
scure. We speculate that the addition of rituximab 
is unlikely to achieve clinical benefit as PBL cells 
scarcely express CD20 antigen. Several studies 
have shown that EPOCH displayed better effica-
cy and survival outcomes than CHOP, especially 
in highly aggressive B-cell NHL [23, 24]. Castillo  
et al. reported that 3 PBL patients achieved a dura-
ble CR to V-DAEPOCH (bortezomib in combination 
with dose-adjusted etoposide, prednisone, vin-
cristine, cyclophosphamide, and doxorubicin) with 
OS of 12, 18, 24 months respectively [25]. Dittus 
et al. reported that the V-DAEPOCH regimen was 
efficacious and well tolerated in 8 PBL patients, 
achieving a CR rate of 100% and 2-year OS rate 
of 50% [26]. In 2018, Castillo et al. reported that 
among 16 patients who received the V-DAEPOCH 
regimen (range: 4–6 cycles), CR was observed in  
15 patients and PR in 1 patient. The 5-year OS rate 
was 65%. Of the 5 dead patients, 3 died due to 
PBL progression and 2 died of infection [27]. The 
infusional EPOCH regimen resulted in long-lasting 

remission in 13 patients with extranodal involve-
ment [28]. The above observations indicate that 
V-DAEPOCH is an effective and frontline therapeu-
tic regimen for PBL.

Lenalidomide is a kind of immunomodulatory 
agent, which is widely used for MM treatment. 
The RCD regimen (lenalidomide in combination 
with cyclophosphamide and dexamethasone) was 
reported to successfully treat a stage IE HIV-nega-
tive PBL patient, achieving an at least 24 months’ 
durable CR [29]. Similarly, an HIV-positive PBL was 
effectively treated with lenalidomide combined 
with CHOP [30].

A case-control study suggested that there was 
no significant difference in non-relapse mortal-
ity, 2-year disease-free survival and OS between 
HIV-positive and HIV-negative NHL patients who 
received ASCT. That is to say, HIV status does not 
influence the long-term outcome of ASCT for NHL 
[31]. Autologous stem cell transplantation during 
first CR after intensive induction therapy is a fea-
sible solution to improve the PBL outcome [32]. 
Infusional EPOCH with subsequent consolidation 
ASCT in the eligible patients was recommended 
for treating HIV-associated PBL [33]. The Europe-
an Society for Blood and Marrow Transplantation 
registry reported 24 PBL patients who underwent 
ASCT. Those who were autografted in CR showed 
a significantly decreased relapse risk and overall 
mortality risk [34]. ASCT warrants to be further in-
vestigated as first-line consolidation and salvage 
therapy for both HIV-positive and negative PBL pa-
tients especially in the absence of effective ther-
apeutic options [35]. Nishi et al. reported that an 
HIV-negative woman with chemotherapy-refrac- 
tory PBL had disease-free survival of more than  
18 months after umbilical cord stem cell trans-
plantation (UBSCT) [36].

PRDM1 gene mutation was frequently found in 
PBL and greatly augmented the oncogenicity of 
the MYC gene to enhance the proliferative activi-
ty by inducing MYC translocation or amplification. 
In a  sense, PRDM1 mutations can be genetically 
regarded as a second hit in PBL and may become 
a  therapeutic target in the future [37]. A  recent 
study found that CD30 expression was pronounced 
in PBL tissue and will become a target with the po-
tential use of brentuximab vedotin [38].

There were several inevitable defects in our 
study mainly owing to the inherent drawbacks 
of the SEER database. Firstly, the SEER registry is 
a population-based registry and does not record 
some important individual information, such as 
ECOG-PS, IPI, tumor size, immunohistochemistry 
results, FISH results, cytogenetic abnormalities, 
virus infection status and lactate dehydrogenase 
(LDH). Secondly, information concerning comor-
bidities, disease progression and relapse was not 
documented. Thirdly, the specific drug dosage and 

Figure 5. Overall survival of 19 plasmablastic lym-
phoma patients treated in our institution
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radiation dose were not recorded in the SEER da-
tabase. Whether PBL patients received ASCT was 
unknown from the SEER. What is more, dates of 
information retrieval spanned a  long period of 
time, which witnessed the variations in diagnostic 
criteria and the advancement of therapeutic ap-
proaches. The high heterogeneity of PBL cannot 
be neglected as well. Lastly, research on patients 
from our institution involved a small sample size 
due to the scarcity of PBL.

In conclusion, PBL is an extremely rare and ag-
gressive entity of B-cell NHL. Despite being initially 
reported in HIV-infected patients, PBL has also been 
identified in other immunocompetent patients. PBL 
has a male predilection. The cohort from the SEER 
database revealed that previous malignancy histo-
ry, Ann Arbor stage, and therapeutic modality were 
independent prognostic factors. Bortezomib com-
bined with DA-EPOCH may serve as an effective 
and frontline therapeutic regimen for PBL. Prospec-
tive clinical trials should also be further conducted 
to explore the efficacy and safety of novel agents 
including chimeric antigen receptor T cell (CAR-T) 
therapy, immune checkpoint inhibitors and other 
monoclonal antibodies for the treatment of PBL.
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