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ABSTRACT

ARTICLE HISTORY

Using records from the National Cancer Data Base, we studied overall survival of CD20-negative
variants of diffuse large B-cell lymphoma (DLBCL): primary effusion (PEL, N ¼ 228), plasmablastic
(PBL, N ¼ 481), ALK-positive large B-cell (ALK þ LBLC, N ¼ 15), and human herpesvirus-8-positive
DLBCL (HHV8 þ DLBCL, N ¼ 77). Three-year survival was 27% for PEL, 40% for PBL, 34% for
ALK þ LBCL, and 63% for HHV8 þ DLBCL. Compared with unspecified DLBCL, and adjusting for
clinical characteristics (including the HIV status), survival was significantly worse for PEL (hazard
ratio [HR], 1.58; 95% confidence interval [CI], 1.31–1.90), PBL (HR 1.66; 95% CI, 1.41–1.95), and
ALK þ LBCL (HR, 2.70; 95% CI, 1.27–5.75), but not for HHV8 þ DLBCL (HR, 0.89; 95% CI, 0.54–1.45).
The HIV status was not an independent prognostic factor in PEL, PBL, or HHV8 þ DLBCL.
Advanced stage was prognostic for PBL (p ¼ .0002), but not for ALK þ LBCL (p ¼ .96), or
HHV8 þ DLBCL (p ¼ .28). In PEL and PBL survival significantly differed according to primary site.
Novel therapeutic approaches are urgently needed for these rare diseases.
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Introduction
CD20-negative variants of diffuse large B-cell lymphomas (DLBCL) represent a diverse group of aggressive
non-Hodgkin lymphomas characterized by extranodal
involvement, association with viral infections, and relatively poor prognosis [1–3]. Their rarity, variable clinical
presentation, and unique pathological features have
historically posed a challenge for accurate and consistent diagnosis. These obstacles have also precluded
design of large-scale studies which could identify
important epidemiological considerations and optimize
therapeutic modalities. As a result, our current understanding of these malignancies relies primarily on case
reports, small case series, and systematic reviews of
data in four distinct types of CD20-negative DLBCL:
primary effusion lymphoma (PEL) [4], plasmablastic
lymphoma (PBL) [5], anaplastic lymphoma kinase-positive large B-cell lymphoma (ALK þ LBCL) [6], and
human herpesvirus-8-positive DLBCL (HHV8 þ DLBCL,
usually arising from multicentric Castleman’s disease)
[7,8]. Case series have demonstrated a strong relationship between PEL, PBL, HHV8 þ DLBCL, and infections
with HIV, Epstein–Barr virus (EBV), and/or HHV8 (also
known as Kaposi sarcoma herpesvirus) [5,7,9–11].
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Beginning in 2010, cancer registries in the United
States (US) began to explicitly distinguish the CD20negative DLBCL subtypes (except for PEL, which was
identified since 2004), allowing for a larger and more
diverse sampling of patients. This addition followed
the World Health Organization’s (WHO) formal recognition of PEL, PBL, ALK þ LBCL, and HHV8 þ DLBCL in the
2008 classification of lymphoid neoplasms [12]. The
objective of our study was to use these newly available data to describe demographic and clinical characteristics, use of chemotherapy, and survival outcomes
in patients with CD20-negative DLBCL subtypes in a
large nationwide sample.

Methods
Data source
We obtained data from the National Cancer Data Base
(NCDB), a joint project of the Commission on Cancer
of the American College of Surgeons and the
American College of Surgeons, which has collected
information on patients receiving care at hospitals
accredited by the Commission on Cancer since 1998
[13]. Across a variety of clinical settings, the NCDB
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accounts for about 84% of all lymphomas diagnosed
in the US [14]. Researchers can apply for access to
data subsets, which include variables related to demographics, patient’s baseline health status, staging, and
treatment. Information on chemotherapy is limited to
record of any administration of chemotherapy, without
information on doses, route of administration, number
of cycles, specific drugs, or response to treatment [15].
The NCDB uses electronic data checks as well as regular audits of participating programs to assure high
quality and completeness of records. We used the
2008 WHO histology codes to select patients with histologically confirmed diagnosis of PEL (histology code
9678/3), PBL (9735/3), ALK þ LBCL (9737/3), or
HHV8 þ DLBCL (9738/3). Data on PEL were available
beginning in 2004, and on PBL, ALK þ LBCL, and
HHV8 þ DLBCL beginning in 2010. We compared those
cases to matched cases of DLBCL, not otherwise specified (DLBCL-NOS, codes 9680/3 and 9684/3) diagnosed
in 2010–2013. This study was approved by the
Institutional Review Board at Rhode Island Hospital.

Variables
We collapsed all race and ethnicity options to five categories: white non-Hispanic, white Hispanic, black,
Asian/other, and unknown. HIV status was explicitly
recorded in the data. Stage was classified as early (I/II)
or advanced (III/IV), and assigned according to the
American Joint Committee on Cancer system. All cases
of PEL were classified as advanced stage regardless of
recorded stage, given that PEL is formally defined as
stage IV malignancy [16].
The anatomic origin (or primary site) for each
lymphoma was categorized as nodal or extranodal.
Extranodal sites were further classified based on typical primary locations: heart/mediastinum/pleural cavity, peritoneal cavity, and other sites for PEL; and head
and neck, gastrointestinal, skin/connective tissue, bone
marrow, and other sites for PBL.
Overall survival (OS) was the only available survival
endpoint, and was calculated from the date of diagnosis until death or last recorded follow-up. As a quality
measure, the NCDB requires complete follow-up from
at least 90% of analytic cases within 5 years from diagnosis. Progression-free survival or cause of death was
not recorded in the data.

Statistical analysis
We compared clinical characteristics between groups
using chi-squared (for categorical variables) or
Kruskal–Wallis
test
(for
continuous
variables).

Unadjusted OS estimates were calculated using the
Kaplan–Meier method, and compared by log-rank test,
where indicated, stratified by age (grouped into 18–50,
51–60, 61–70, 71–80, and >80 years) and HIV status.
Survival of DLBCL-NOS and CD20-negative subtypes
was compared in a single multivariable proportional
hazard model stratified by age group, sex, race/ethnicity, HIV status, and stage of lymphoma. The model
thus reported hazard ratios (HR) for each CD20-negative
DLBCL subtype (compared with DLBCL-NOS) with 95%
confidence intervals (CI). We then generated adjusted
survival curves graphically representing the expected
survival of DLBCL-NOS patients with the same distribution of covariates as among patients with each CD20negative DLBCL subtype, using previously described
methods [17]. Briefly, OS of DLBCL-NOS patients was
modeled in a flexible parametric survival model including age, sex, race, HIV status, lymphoma stage, and B
symptoms [18]. We included B symptoms, because they
correlated with the International Prognostic Index (IPI)
in a subset of NCDB records (11%) that had explicit
IPI data [19]. This model was then used for out-of-sample prediction in the population of patients with each
CD20-negative subtype to generate the ‘expected
survival’ if these patients had DLBCL-NOS histology
instead. All statistical analyses were conducted in Stata/
MP version 14.2 (StataCorp, LLC, College Station, TX).
Associations with p value <.05 were considered statistically significant. Additionally, all cell sizes <11 were suppressed in the results to protect patients’ privacy,
according the NCDB Data Use Agreement.

Results
Patient characteristics
We identified 801 patients with the four subtypes of
CD20-negative DLBCL recorded in the NCDB, and a
comparative cohort of 68,402 cases of DLBCL-NOS. PEL
constituted 0.2%, PBL 0.7%, ALK þ LBCL 0.02%, and
HHV8 þ DLBCL 0.11% of all DLBCL cases. Median age
at diagnosis was significantly lower in CD20-negative
subtypes (p < .0001 for comparison with DLBCL-NOS),
with HHV8 þ DLBCL representing the youngest group
(Table 1). Compared with DLBCL-NOS, patients with
CD20-negative subtypes were also significantly more
likely to be male (p < .0001) and Hispanic or black
(p < .0001), with the male to female ratio ranging from
2.0 in ALK þ LBCL to 5.7 in PEL.
Except for ALK þ LBCL, CD20-negative DLBCL
patients were significantly more likely to be HIV-positive
(overall, 48%) compared with those with DLBCL-NOS
(3%, p < .0001). Similarly to known associations in
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Table 1. Characteristics of patients with CD20-negative DLBCL, compared with DLBCL-NOS.
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DLBCL-NOS
N
Age, median (IQR)
Sex, N (%)
Male
Female
Male: female ratio
Race, N (%)
White non-Hispanic
White Hispanic
Black
Asian/other
Unknown
HIV Status, N (%)
HIV-negative
HIV-positive
Stage, N (%)
Early (I/II)
Advanced (III/IV)b
B symptoms, N (%)
Absent
Present
Unrecorded
Primary site, N (%)
Nodal
Extranodal

68,402
68 (57–78)

PEL

PBL

ALK þ LBCL

HHV8 þ DLBCL

228
54 (41–78)

481
55 (45–69)

15
57 (33–76)

77
47 (39–66)

–
–
2.0

59 (76.6)
18 (23.4)
3.3

–
–
–
–
–

48 (62.3)
a
–
19 (24.7)
a
–
a
–

–
–

36 (46.8)
41 (53.2)

–
–

26 (33.8)
51 (66.2)

–
–
–

38 (49.4)
29 (37.7)
10 (13.0)

–
–

61 (79.2)
16 (20.8)

37,061 (54.2)
31,341 (45.8)
1.2

194 (85.1)
34 (14.9)
5.7

367 (76.3)
114 (23.7)
3.2

a

54,948
4456
5313
2971
714

(80.3)
(6.5)
(7.8)
(4.3)
(1.0)

141 (61.8)
29 (12.7)
50 (21.9)
a
–
a
–

301 (62.6)
77 (16.0)
83 (17.3)
a
–
a
–

a

66,233 (96.8)
2169 (3.2)

98 (43.0)
130 (57.0)

268 (55.7)
213 (44.3)

a

a

a
a
a
a

a
a

a

30,502 (44.6)
37,900 (55.4)

––
228 (100.0)

207 (43.0)
274 (57.0)

a

41,219 (60.3)
18,332 (26.8)
8851 (12.9)

107 (46.9)
90 (39.5)
31 (13.6)

280 (58.2)
137 (28.5)
64 (13.3)

a

45,492 (66.5)
22,910 (35.3)

98 (43.0)
130 (57.0)

226 (47.0)
255 (53.0)

a

a

a
a
a

a
a

ALK þ LBCL: ALK-positive large B-cell lymphoma; DLBCL-NOS: diffuse large B-cell lymphoma, not otherwise specified; HHV8 þ DLBCL: human herpesvirus8-positive diffuse large B-cell lymphoma; IQR: interquartile range; PBL: plasmablastic lymphoma; PEL: primary effusion lymphoma
a
Exact value is <15 and was suppressed according to the NCDB policy to protect patients’ privacy.
b
Including <5% of cases with unrecorded stage.

DLBCL-NOS [11], HIV-positive patients with PBL, PEL,
ALK þ LBCL, or HHV8 þ DLBCL were significantly
younger on average (median age 45 versus [vs.] 70
years, p < .0001), more often male (88 vs. 70%,
p < .0001), and less often white non-Hispanic (49 vs.
75%, p < .0001). HIV-positive patients had more often B
symptoms (44 vs. 22%, p < .0001) or advanced-stage
lymphomas (74 vs. 67%, p ¼ .021).
In the HIV-negative population, median age was 68
years for DLBCL-NOS, 80 years for PEL, 67 years for
PBL, 55 years for ALK þ LBCL, and 65 years for
HHV8 þ DLBCL. The proportion of women was 47, 29,
29, 36, and 42%, respectively, and the proportion of
patients who were black or Hispanic was 13, 21, 18,
14, and 30%, respectively.
Although PEL by definition is an extranodal lymphoma, in a number of cases the registry recorded its
site of origin as ‘unspecified lymph nodes’. Among
those with a specified extranodal origin, 75% had
pleural or pericardial location, 19% originated from
peritoneum, and 6% in other or unknown sites. The
most common recorded extranodal PBL sites were
gastrointestinal tract (34%), head and neck (27%), skin
or connective tissue (16%), and bone marrow (7%),
with 16% other or unspecified sites.

Chemotherapy use
The use of chemotherapy varied considerably by
lymphoma subtype, as well as by HIV status.

Compared with DLBCL-NOS (81%), application of
chemotherapy was less frequent among patients with
PEL (54%), PBL (66%), HHV8 þ DLBCL (60%, all
p < .0001), but not ALK þ LBCL (>75%, p ¼ .96). In contrast to DLBCL-NOS, HIV-positive patients were more
likely to receive chemotherapy than HIV-negative ones
in PEL (60 and 46%, respectively) and in PBL (75 and
59%, respectively). However, HIV-negative patients
were significantly older, and differences in chemotherapy application were not significant after adjustment
for age (Mantel–Haenszel estimates stratified by age
group, p ¼ .98 and .87, respectively).

Survival outcomes
With a median follow-up time of 2.6 years, median OS
was 56 months (95% CI, 55–58) for DLBCL-NOS, 5
months for PEL (95% CI, 3–8), 15 months for PBL
(95% CI, 12–23), 13 months for ALK þ LBCL (95% CI, 7
to not reached), and it was not reached for
HHV8 þ DLBCL (Figure 1). Compared with DLBCL-NOS,
unadjusted 3-year OS was significantly lower for PEL,
PBL, but not significantly different for ALK þ LBCL or
HHV8 þ DLBCL (Table 2). In a multivariable model
stratified by age, sex, race, stage, and HIV status, OS
was significantly worse for PEL (HR, 1.58; 95% CI,
1.31–1.90), PBL (HR 1.66; 95% CI, 1.41–1.95), and
ALK þ LBCL (HR, 2.70; 95% CI, 1.27–5.75) compared
with DLBCL-NOS. In contrast, in this dataset there was
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Figure 1. Survival of patients with primary effusion lymphoma (PEL), plasmablastic lymphoma (PBL), ALK-positive large B-cell
lymphoma (ALK þ LBCL) and human herpesvirus-8-positive diffuse large B-cell lymphoma (HHV8 þ DLBCL), compared with DLBCLNOS cases matched by age, sex, race, HIV status, and stage. Hazard ratios (HR) and 95% confidence intervals (CI) are derived from
a proportional hazard model stratified by age group, sex, race/ethnicity, stage, and HIV status.
Table 2. Unadjusted estimates of overall survival of patients with CD20-negative DLBCL, subtypes, compared with DLBCL-NOS.
Lymphoma
DLBCL-NOS
PEL
PBL
ALK þ LBCL
HHV8 þ DLBCL

All cases OS (95% CI)
59.3%
26.6%
40.0%
34.4%
63.0%

(58.8–59.8)
(20.2–33.4)
(33.7–46.2)
(9.2–62.0)
(47.8–74.9)

HIV-negative OS (95% CI)
59.6%
14.4%
34.7%
37.9%
62.9%

(59.1–60.1)
(6.8–24.6)
(26.8–42.7)
(10.1–66.3)
(39.2–79.5)

HIV-positive OS (95% CI)

p

50.5% (47.9–53.1)
34.5% (25.6–43.6)
47.6% (37.6–56.9)

<.0001
.21
.39

a

a

63.1% (42.3–78.2)

.56

a

Value could not be calculated because of small sample size.
p value from log-rank stratified by age group.
ALK þ LBCL: ALK-positive large B-cell lymphoma; CI: confidence interval; DLBCL-NOS: diffuse large B-cell lymphoma, not otherwise specified;
HHV8 þ DLBCL: human herpesvirus-8-positive diffuse large B-cell lymphoma; PBL: plasmablastic lymphoma; PEL: primary effusion lymphoma; OS: overall
survival

no statistically significant difference between cases
diagnosed as HHV8 þ DLBCL or DLBCL, NOS (HR, 0.89;
95% CI, 0.54–1.45).
We then evaluated the prognostic significance of
HIV infection status, stage, and primary site in the
CD20-negative DLBCL subtypes. Unadjusted OS of HIVpositive PEL and PBL patients appeared paradoxically
better, but HIV-negative patients were significantly
older and less likely to receive chemotherapy. When
survival was compared using a log-rank test stratified
by age group, the HIV status was not associated with
worse prognosis in any subtype (Figure 2). Advanced
stage was associated with a significantly worse survival
only among patients with PBL (p < .0001). This association was not observed in ALK þ LBCL or
HHV8 þ DLBCL (Figure 3).
OS of PEL patients was significantly better (log-rank
stratified by age and HIV status, p ¼ .0019) for cases
with intrathoracic origin (1-year OS, 50%) than for peritoneal (6%) or extracavitary origin (31%; Figure 4(A)).
In PBL, 1-year OS was best for the head and neck,
skin, bone, and connective tissue origin (75%), intermediate for gastrointestinal or other sites (50%), and
worst for bone marrow disease (30%, log-rank stratified by age and HIV status, p ¼ .0002, Figure 4(B)).

Discussion
By conducting this large-scale analysis of CD20-negative DLBCL subtypes recognized in the WHO classification, we have identified key differences between these
rare lymphomas and DLBCL-NOS, and further defined
the prognostic role of HIV status and clinical stage.
Patients with CD20-negative subtypes are on average
younger, more often male, nonwhite, and HIV-positive
– with the exception of ALK þ LBCL. They are also less
likely to receive chemotherapy, and (with the exception of HHV8 þ DLBCL), have significantly reduced survival compared to DLBCL-NOS. Despite higher
prevalence of HIV among PEL, PBL, and HHV8 þ DLBCL,
we found no differences in OS by HIV status. We also
found that traditional staging may not provide prognostic value in HHV8 þ DLBCL, whereas advanced
stage is strongly prognostic in PBL.
Compared with literature based on anecdotal
reports and case series, our data confirm and more
precisely quantify the prognosis of the CD20-negative
DLBCL subtypes treated in the community. In PEL, single- and multi-institutional series of HIV-positive
patients reported median OS of about 6 months, with
only poor performance status and absence of antiviral
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Figure 2. Survival of patients with primary effusion lymphoma (PEL), plasmablastic lymphoma (PBL), or human herpesvirus-8-positive diffuse large B-cell lymphoma (HHV8 þ DLBCL), stratified by HIV status. p values are derived from a log-rank test stratified by
age.

Figure 3. Survival of patients with plasmablastic lymphoma (PBL), ALK-positive large B-cell lymphoma (ALK þ LBCL) or human herpesvirus-8-positive diffuse large B-cell lymphoma (HHV8 þ DLBCL), stratified by Ann Arbor stage. p values are derived from a logrank test stratified by age.

Figure 4. Survival of patients with primary effusion lymphoma (A), and plasmablastic lymphoma (B), stratified by primary site of
origin. p values are derived from a log-rank test stratified by age and HIV status.

therapy recognized as significant prognostic factors
[20,21]. The prognosis of HIV-associated PEL has not
improved over time [11]. A collective review of 147
previously reported cases calculated median OS of

9 months, somewhat longer than our communityderived estimate of 5 months [22]. Interestingly, many
PEL cases in the registries had unspecified lymph
nodes recorded as the primary site, supporting the
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anecdotal reports of extracavitary PEL [7,10]. We further demonstrated differential survival based on the
primary site of PEL, although we could not discern the
number of involved body cavities previously reported
to carry a prognostic value [22]. We cannot rule out
some degree of misclassification of HHV8 þ DLBCL as
‘nodal’ PEL, because their differentiation requires
expertise, including determination of co-infection with
HHV8 and EBV [7,23]. Similarly, DLBCL associated with
chronic inflammation, another rare WHO subtype associated with EBV infection, may involve pleural cavity
(‘pyothorax-associated lymphoma’) leading to misclassification [12]. Recently, reports of HIV-negative PEL
responding to immunomodulatory agents or intracavitary cidofovir have emerged [24–28]. Our data indicate
that HIV-negative PEL is not infrequent, occurs in a
much older population, and has prognosis as poor as
in HIV-positive patients.
PBL has also been described as an HIV-associated
subtype with poor prognosis. Castillo et al. reviewed
248 historically reported PBL cases, of which 63% were
HIV-positive [29]. In this subgroup, median OS was 14
months, with 3-year estimate of 31%, and similar to
our analysis, early stage carried a better prognosis. A
subsequent review of 590 reported cases also showed
63% prevalence of HIV infection [5]. The lower (44%)
HIV prevalence in the NCDB cohort may indicate
under-reporting, or a higher incidence of HIV-negative
PBL in the community. The NCDB data also how a
higher proportion of gastrointestinal (34 vs. 14%) primary sites, and confirm that HIV status is not a poor
prognostic factor in the contemporary era [30]. In a
recent series of 135 cases from France, the prevalence
of HIV infection was only 41%, and median OS was 32
months, supporting the notion that the epidemiology
of PBL may be shifting [31]. The French series suggested better survival of HIV-positive patients,
although our NCDB data indicate that there is no survival difference when age is accounted for, as younger
HIV-positive patients are more likely to be treated with
chemotherapy.
ALK þ LBCL also had a poor prognosis in the NCDB
data, with median OS of 13 months, regardless of
stage, and despite chemotherapy application as frequent as in DLBCL-NOS. The survival estimate is lower
than in the largest retrospective series of 38 cases
with median OS of 20 months [6]. Similarly, a comprehensive retrospective review of 108 cases calculated
median OS of 1.8 years and 5-year OS of 34% [32].
ALK þ LBCL is distinct from other studied CD20-negative DLBCL subtypes in that it is defined by a specific
molecular characteristic and lacks association with HIV
or other viral infections [1]. The extremely low number

of cases of ALK þ LBCL in the NCDB limits our interpretation and indicates poor recognition of this subtype, which requires detection of the t(2;17)(p23;q23)
CLTC-ALK or t(2;5)(p23;q35) NPM-ALK translocations by
fluorescence in situ hybridization. Raising awareness of
this rare pathology is crucial, as specific targeted
therapies for ALK-expressing lymphomas emerge [33].
So far, anecdotal use of ALK inhibitor crizotinib in
ALK þ LBCL appears less promising than in ALK-positive anaplastic large cell lymphoma, with only brief
partial remissions [34,35].
In contrast, outcomes in HHV8 þ DLBCL reported to
the NCDB were essentially identical to DLBCL-NOS. The
63% 3-year OS is markedly higher than in prior case
reports which defined this disease as a disseminated
lymphoma in immunocompromised patients, characterized by aggressive course and dismal survival of
1–2 months [8,36,37]. While refined diagnostic criteria
and advances in antiviral therapy might play a role in
improved survival of HHV8 þ DLBCL, this major discrepancy puts the reliability of this challenging diagnosis in the community under question. We note that
the description of this lymphoma was changed from
the 2008 WHO classification used by the NCDB (‘large
B-cell lymphoma’ arising in HHV8-associated multicentric Castleman’s disease) to ‘HHV8 þ DLBCL, NOS’ in
the 2016 revision [37,38]. Furthermore, HHV8 þ DLBCL
is difficult to distinguish from PBL, and existence of
intermediate steps in the progression from multicentric Castleman’s disease (including ‘microlymphomas’)
to frank diffuse lymphoma may obfuscate the prognosis [7]. Nevertheless, the NCDB data reflect application
of the current WHO classification of lymphomas in
actual clinical practice, and uncovers the need for further research on the pathology, prognosis, and optimal management of this complex entity.
We found that a significant proportion of patients
with CD20-negative subtypes (46% in PEL and 34% in
PBL) did not receive chemotherapy at all. This surprising finding may hypothetically relate to the aggressiveness of clinical presentation, patients’ poor
functional status at diagnosis, advanced age, or complications of the HIV infection. Although no formal
research confirmed the sensitivity of the NCDB variables indicating chemotherapy use, our results are consistent with prior studies showing that 23% of patients
with DLBCL in the US, both HIV-positive and negative,
receive no lymphoma-directed therapy [39,40].
We note that the unfavorable HR for OS of the
CD20-negative subtypes compared with DLBCL-NOS
(ranging from 1.58 for PEL to 2.70 in ALK þ LBCL) is
reminiscent of inverted HR for rituximab benefit in
combination
with
CHOP
(cyclophosphamide,
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doxorubicin, vincristine, and prednisone) chemotherapy (1.56 in the Groupe d’Etude des Lymphomes de
l’Adulte trial [41], and 2.04 in the MabThera
International Trial [42]). This suggests that lack of efficacious monoclonal antibody may be one of the factors contributing to worse outcomes of the CD20negative histologies, although aggressive biology
related to viral oncogenesis and MYC rearrangements
may play the pivotal role [9,43]. This observation has
been reflected in the National Comprehensive Cancer
Network guidelines, which state that CHOP is an inadequate therapy for PBL, and is reasonable but not preferred in PEL [44]. CD38, a marker of plasmacytic
differentiation commonly expressed by PBL, PEL,
ALK þ LBCL, and HHV8 þ DLBCL, may be potentially
targetable using the newly available monoclonal antibody daratumumab [1,7]. Other investigational
approaches, so far only presented as case reports,
include incorporating the proteasome inhibitor bortezomib into anthracycline-based regimens in PBL [45],
use of brentuximab vedotin in CD30-expressing PEL
[46], or ALK inhibitors in ALK þ LBCL [34,35]. More
recently, a few prospective interventional studies have
been initiated in PBL and PEL (e.g. NCT02911142 and
NCT01775475). Immune checkpoint inhibitors have
shown activity in some lymphomas and solid tumors
driven by viral infections, holding promise of an alternative therapeutic avenue [47–49].
Our results need be considered within the context
of methodological limitations of cancer registry data,
which do not include expert histopathologic review.
Given the evolving classification of CD20-negative
DLBCL and their relative rarity, the consistency of
histologic code assignment in the community is uncertain. A substantial number of CD20-negative cases
may be diagnosed as DLBCL-NOS in the absence of
specialized immunohistochemistry or molecular analyses, as discrepancies in diagnosis upon expert review
are not uncommon even in more straightforward
lymphoma subtypes [50,51]. We used the grouping of
DLBCL-NOS as a comparison – which is now recognized to be also heterogeneous. The emerging subcategories of ‘double-expressor’ and ‘double-hit’
lymphoma (defined by immunohistochemical expression or rearrangements in the MYC, BCL2, and/or BCL6
genes) are now included in the WHO classification, but
have not been yet distinguished in the cancer registry
data. Along with the rarity of CD20-negative subtypes
and the fact that the NCDB is not a population-based,
but rather hospital-based resource [52], this lack of
awareness and diagnostic expertise limits our sample
size, precluding more nuanced analyses, in particular
among ALK þ LBCL patients. The narrow set of
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variables collected by the NCDB represents another
key limitation, as we lacked information about important pathologic features (expression of immunophenotypic markers like CD20, CD30, viral markers of EBV
and HHV8, and molecular markers like MYC or ALK
rearrangements), specific chemotherapy regimens,
drugs, or doses. The observed differences in survival
would be best explored while explicitly adjusting for
the International Prognostic Index, but it was not available in the NCDB for a sufficient number of cases.
However, previous research suggests that survival
models based on registry data can provide OS discrimination similar to the IPI using sex, race/ethnicity, and
B symptoms as surrogate variables [19]. Without data
on response to therapy or subsequent lines of treatment, we could not study progression-free survival or
the course of disease after recurrence/progression. We
also cannot rule out an imbalance in the frequency of
HIV testing between patients with DLBCL, NOS and
with CD20-negative variants, although studies suggest
that US registries collect the HIV status of lymphoma
patients fairly accurately [53].
In conclusion, the poor prognosis of CD20-negative DLBCL subtypes reflects an unmet need for new
therapeutic approaches. Additional studies evaluating
outcomes with specific chemotherapy regimens could
inform the design of future clinical trials, and lead to
more robust and evidence-driven treatment guidelines. Our study illustrates that comprehensive data
collection by cancer registries might provide important insights into therapy and prognosis of rare lymphomas. Raising awareness of the rare DLBCL
subtypes among community pathologists and clinicians should also be a priority, as our analysis
uncovers discrepancies between clinical characteristics
and outcomes in the registry data, compared with
cases series complemented by expert hemopathology
review. Further studies are needed to more accurately characterize the incidence of CD20-negative
DLBCL and determine whether these lymphomas are
being
consistently
recognized
and
optimally
managed.
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