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Abstract

Objective: Primary effusion lymphoma (PEL) is a rare non-Hodgkin lymphoma (NHL) subtype
caused by Kaposi sarcoma (KS) herpesvirus. We describe PEL incidence and survival in people
with HIV (PWH) and people without HIV in the US.

Design: Retrospective cohort study of PEL people with and without HIV.

Methods: PEL cases were identified in the HIV/AIDS Cancer Match (HACM) Study, a linkage
of population-based cancer and HIV registries in 14 US regions. PEL incidence was examined
using negative binomial regression and compared with the general population using a standardized
incidence ratio. Survival was evaluated using Cox proportional hazard regression.

Results: During 2001-2019, 53% of 174 PEL cases identified in HACM data were among PWH.
PWH had >700-fold higher PEL incidence than the general population. Compared to PEL cases
without HIV, PWH were younger (median age: 44.8 vs. 77.7 years). Among PWH, prior KS

was associated with 59-fold higher PEL incidence versus those without an AIDS diagnosis. PEL
comprised 1.15% of the 8010 NHLs diagnosed among PWH in HACM during 2001-2019. HIV
was not associated with mortality among PEL cases. Among PWH, Burkitt lymphoma and diffuse
large B-cell lymphoma exhibited similar mortality to PEL but central nervous system lymphoma
mortality was worse.
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Conclusions: There are two distinct subgroups of PEL cases in the US: younger patients

with HIV and older patients without HIV. The proportion of PEL cases among PWH is highly
disproportionate to the size of the HIV population, reflecting the greatly elevated incidence of PEL
among PWH.
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INTRODUCTION

Primary effusion lymphoma (PEL) is a rare, B-cell non-Hodgkin lymphoma (NHL),
often associated with immunosuppression due to human immunodeficiency virus (HIV)
infection.1 PEL typically presents as malignant effusions in the thoracic or abdominal
cavities.l However, it can also manifest as lymphoid masses outside body cavities.?
Historical median survival estimates for PEL range from 5 to 9 months; -5 however, in
settings where patients receive appropriate treatment survival estimates range from 10 to
40 months.5-8 Due to its rarity, there is no standard treatment for PEL, but treatment is
generally extrapolated from other NHL subtypes using combination anthracycline-based
chemotherapy.®

Kaposi sarcoma (KS) herpesvirus (KSHV), also known as human herpesvirus 8 (HHV-8),
is the causative agent of PEL and universally associated with it.10-11 Primarily transmitted
via oral fluids, KSHV establishes lifelong latent infection in humans.1! Globally, KSHV
seroprevalence is estimated at 47% for people with HIV (PWH) and 24% for those without
HIV, although there is marked geographic variability.12-14

Three studies have described PEL incidence and survival in the United States (US).357 The
most recent analysis of population-based data, including 105 patients with PEL diagnosed
during 2004-2012, reported median survival of 4.8 months.2 Baidoun et al. examined
survival among 219 PEL cases identified from the National Cancer Database (2004-2016)
finding that HIV status was not associated with overall survival.® In a study of 70 PEL cases
from 10 US institutions, Hu et al. documented that approximately 90% PEL cases had HIV.’

There is an opportunity to extend reporting on PEL incidence in the US general population
through 2021, and to compare characteristics of PEL cases by HIV status. In the present
study, we use large population-based HIV and cancer registry databases to describe the
incidence of PEL and survival after a PEL diagnosis in the US. Given the disproportionate
incidence of this cancer among PWH, we focus on associations with HIV infection.

METHODS

PEL cases in people =20 years, were identified from two cancer registry data sources: the
Surveillance, Epidemiology, and End Results (SEER) Program and the HIVV/AIDS Cancer
Match (HACM) Study. SEER 22 data, obtained from 22 cancer registries covering 48%
of the US population, were used to describe PEL incidence in the US general population
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during 2001-2021.15 The HACM Study is a population-based study linking HIV and cancer
registries from 12 US states, Puerto Rico, and Washington, DC.16 HACM data were used

to investigate PEL incidence and survival according to HIV status during 2001-2019. The
study populations are described further in Appendix A.

We used the International Classification of Diseases for Oncology version 3 (ICD-03)
histology code 9678/3 to identify PEL cases in cancer registry data. Three physicians

(RR, KL, JYS) reviewed clinical abstracts or pathology reports from 142 patients from

five HACM cancer registries to determine if the available evidence supported a definitive
diagnosis. As described in Appendix B, the clinical review confirmed the diagnosis in 64%
of cases with the histology code 9678/3 overall, and this proportion increased to 100%
when there was sufficient information to reach a confident diagnosis. The pathology review
confirmed that 86% of cases with histology code 9678/3 were PEL. The HACM Study was
exempt from ethics review at the National Cancer Institute but was approved, as required, by
institutional review boards at participating registries.

Statistical analyses

We used SEER 22 data to calculate PEL incidence rates (IRs) in the US general population
during 2001-2021. We employed negative binomial regression to estimate univariable and
multivariable incidence rate ratios (IRRs) according to sex, 10-year age-group, race and
ethnicity, and calendar year.

Remaining analyses used HACM data. We tabulated the characteristics of PEL cases with
and without HIV (based on linkage to the HIV registries) and tested for differences using
chi-square or Fisher exact tests. Since Florida provided data only on PEL cases with HIV, we
excluded data from that state for these comparisons and for the survival analysis (described
below)..

To calculate PEL incidence among PWH, we followed individuals starting at the date

their HIV infection was reported to the HIV registry, January 2001, or their 20t birthday,
whichever occurred later. Follow-up ended at the earliest of PEL diagnosis, death, or end
of cancer registry coverage (the last follow-up was in December 2019). We calculated IRRs
from negative binomial regression models to assess risk factors for PEL among PWH,
including sex and HIV risk group (i.e., men-who-have-sex with men [MSM], other males,
females), age group, race and ethnicity, calendar year, and the presence of KS or another
AIDS diagnosis (based on the 1993 surveillance definition).’

We estimated the proportion of NHL cases among PWH that were PEL using all NHL
cases linked to PWH in HACM as the denominator. As a measure of relative risk for the
association between HIV and PEL, a standardized incidence ratio (SIR) was computed by
dividing the observed PEL cases in PWH by the expected PEL cases. Expected counts were
based on general population rates from HACM cancer registries, stratified by sex, 10-year
age-group, and calendar period (2001-2010 and 2011-2019). Since many PEL cases in the
general population occur among PWH, expected rates are inflated;® we therefore removed
cases in PWH from the general population rates before calculating the SIR.
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To evaluate overall survival among PEL cases by HIV status, we created Kaplan-Meier
curves and performed Cox proportional hazards regression. PWH were followed from
cancer diagnosis to either death or December 2019. We present unadjusted hazard ratios
(HRs) for HIV status and HRs adjusted for sex, age group (<50, 50+), race and ethnicity,
and calendar period. Among PWH, we compared PEL survival to that of other HIV-
associated NHLs — diffuse large B-cell lymphoma (DLBCL), Burkitt lymphoma, and
primary central nervous system lymphoma.

During routine medical care, CD4 counts and HIV viral loads, are evaluated in PWH
and reported to HIV registries. We summarize the proportion of patients with PEL with
CD4 counts of <100, 100-199, 200-499, or =500 cells/mm3 and with detectible versus
undetectable HIV viral loads (<200 copies/mL) during the five years leading to PEL
diagnosis.1® When multiple assessments were available in a time interval, we averaged
CD4 counts, and classified HIV viral load as detectible if at least one measurement was
detectable.

We used a p-value cutoff of 0.05 for statistical significance, and all confidence intervals
(Cls) were calculated at the 95% level. Data were analyzed in Stata 17 software (StataCorp).

RESULTS

During 2001-2021, 440 PEL cases were diagnosed among US adults in SEER 22 registry
areas, corresponding to an incidence of 0.19 per million person-years (Supplementary Table
1). The majority (88.9%) of cases occurred in males, and males had nearly 10-fold higher
PEL incidence compared to females (IRR: 9.76). PEL incidence increased strongly with
age. Compared to 50-59-year-olds, people in their seventies had an IRR of 2.17 and people
in their eighties had an IRR of 7.54. PEL incidence was elevated for non-Hispanic Black
and Hispanic individuals compared to non-Hispanic White individuals (IRRs: 2.74 and 2.13,
respectively). Relative to 2001-2005, PEL incidence was higher in subsequent calendar
periods (IRRs: 1.72 for 2005-2010, 2.25 for 2011-2015, and 2.35 for 2016-2021).

During roughly the same period (2001-2019), 174 PEL cases were diagnosed among US
adults in HACM registry areas, among which 52.9% (n=92) were in PWH (Table 1). A
median of 6.9 years (interquartile range [IQR]: 0.75-10.8; range: 0-26.3 years) elapsed from
HIV diagnosis to PEL diagnosis. PEL cases among PWH were significantly more likely to
be male, younger, and non-Hispanic Black or Hispanic. The median age at PEL diagnosis
was 45 years for PWH (IQR: 40-53, range: 21-79) versus 78 years for people without HIV
(IQR: 63-88, range: 25-92). As a result, the majority (82.8%) of PEL cases in people under
age 60 were among PWH, and 81% of cases aged =60 were among people without HIV.
Almost a third (30.4%) of PEL cases in PWH also had a KS diagnosis, whereas only 12.2%
of people without HIV had concomitant KS.

PEL comprised 1.15% of the 8010 NHLs diagnosed among PWH in HACM during 2001-
2019. The incidence of PEL among PWH was 1.37 cases per million person years (Table 2),
corresponding to a more than 700-fold elevation compared with the expected incidence
(SIR: 712, CI: 553-883). Among PWH, MSM and males with other modes of HIV
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transmission had higher PEL incidence than females. PEL incidence in PWH was somewhat
constant across age groups, except incidence was lower among those 50-59 versus those
aged 60+ (IRR: 0.37). A prior KS diagnosis placed PWH at almost 60-fold higher risk of
PEL (IRR: 58.9), whereas having another AIDS diagnosis without KS was associated with
1.8-fold higher risk of PEL (IRR: 1.82). PEL incidence among PWH was 2.2 to 3.4-fold
times higher in recent years compared to 2001-2005.

Data on CD4 counts were available for 28 to 67 PWH in the five years before PEL
diagnosis, with different individuals contributing depending on the time interval. There was
an increase in the proportion of PWH with CD4 counts below 200 cells/mm3, reaching
68.7% in the six months before diagnosis (Figure 1). Viral load data were available for 27 to
64 of PWH in the corresponding time intervals. The proportion with detectible viral loads in
each time interval ranged from 66.7% to 81.3% without a clear patten (Supplementary Table
2).

In unadjusted survival analyses, PEL cases with HIV had lower mortality than those without
HIV (unadjusted HR: 0.55, Cl: 0.38-0.81) (Figure 2a, Table 3). Five-year overall survival
was 44.5% for PWH and 15.2% for people without HIV, and median overall survival was 17
versus 8 months, respectively. However, after adjusting for age, the difference in mortality
was not significant (age-adjusted HR: 0.77, Cl: 0.49-1.21). In the multivariable model, no
characteristics, including HIV status, were significantly associated with mortality (Table 3).

Among PWH, survival in PEL cases was similar to survival in those with Burkitt lymphoma
or DLBCL; however, survival for primary central nervous system lymphoma was lower
(Figure 2b). In a regression model adjusted for sex, age group, race/ethnicity, and calendar
year of diagnosis, PWH with Burkitt lymphoma or PEL had similar risk of death compared
to those with DLBCL (HR: 1.00, CI: 0.91-1.10, and 1.14, CI: 0.86-1.52, respectively),
whereas PWH with primary central nervous system lymphoma had higher mortality (HR:
1.68, Cl: 1.52-1.85). In an analysis restricted to PWH with PEL, survival was similar

in 2011-2019 versus 2001-2010 (sex, age, and race/ethnicity adjusted HR: 1.62, CI: 0.80-
3.30).

DISCUSSION

The present study comprehensively describes patterns in the incidence of PEL in the US
over a period of two decades. This malignancy is extremely rare, with an incidence of 0.19
per million person-years. Our findings demonstrate two distinct and roughly equal-sized
subgroups of PEL cases in the US: younger patients with HIV and older patients without
HIV. Nonetheless, the proportion of PEL cases among PWH was highly disproportionate to
the size of the HIV population. Indeed, the incidence of PEL among PWH was more than
700-fold higher than expected.

A close association between PEL and HIV has long been established on clinical grounds
and arises due to the high prevalence of KSHV among PWH and poor immune control of
this virus. Our study is the first to quantify the remarkable strength of this association as
indicated by the greatly elevated SIR. Furthermore, among PWH, we demonstrated that PEL
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incidence increased 59-fold after a KS diagnosis, highlighting the strong association with
immune dysregulation and KSHV. In people without HIV, the association with advanced age
may similarly reflect loss of immune control of KSHV due to other immune-related medical
conditions or age-related immune dysfunction (i.e., immunosenescence).

Although it is frequently cited that the vast majority of PEL cases are among PWH,37 we
found that about half of PEL cases in the US between 2001-2019 were among PWH. A
global review of PEL case reports and series published from 1995 to 2019 found that 63%
of PEL cases had HIV.2 Our estimate is modestly lower than the prevalence of HIV in the
global report (63%) and that reported in a recent US-based study (65%).2 It is possible

that our estimate of the proportion of PEL cases with HIV is lower than prior estimates
because our study is population-based, whereas PWH may be overrepresented in hospital
and clinic-based studies. Among PWH, males, especially MSM, had the highest risk of PEL,
likely due to a high prevalence of KSHV in this group.2°

Using both SEER and HACM data, we found that 89% of PEL cases in the US general
population were in males, similar to prior estimates from the literature (86-96%).27 In
our study, 83% of cases in people under age 60 arose in PWH, and like Hu et al., we

found that PEL cases in PWH were much younger than those without HIV (median age at
diagnosis here: 45 vs. 78 years; Hu: 45 vs. 75 years),’ reflecting both the young age of the
PWH population in general and the strongly immunosuppressive effects of HIV. No prior
study has reported on PEL incidence in the US general population by race and ethnicity. We
found that PEL incidence was more than 2-fold higher in Hispanic and non-Hispanic Black
and individuals compared to non-Hispanic White individuals in the general population. This
finding is probably explained by the higher prevalence of HIV infection in minoritized
racial/ethnic groups in the US. Indeed, race and ethnicity were not associated with PEL
incidence in our analyses of HACM data restricted to PWH.

PEL is an uncommon NHL subtype among PWH in the US, comprising just 1.15% of NHL
diagnosed among PWH in our study. This proportion is lower than that reported in Germany
and Austria (3.0% of NHLs diagnosed 2005-2018), Italy (4.0% during 1987-2002) and
France (8.6% during 1996-2019).21-23 After 2001-2005, PEL incidence increased in the
US general population and especially among PWH. This increase may reflect greater
recognition of PEL by clinicians and pathologists and higher uptake of the ICD-O3
histology code specific to PEL (first introduced in 2001). It is difficult to be certain of

a diagnosis of PEL without an expert review of all clinical and pathological information,
and possibly additional testing of tumor tissue. Such an evaluation was not possible using
the retrospective information available to us through cancer registries, which was in some
cases limited. Nonetheless, based on the available information, our clinical and review
demonstrated that this ICD-O3 histology code had a reasonable positive predictive value

of 61.1% (both clinical reviewers classified 22 of the 36 records as PEL). Additionally,

at least one clinical reviewer was very confident/confident of the diagnosis of PEL for 30

of the 36 (83.3%) cases. Similarly, based on a review of pathology reports, we confirmed
PEL diagnoses for 6 of 7 cases (85.7%). We also considered the possibility that the linkage
between HIV and cancer registries would have missed some HIV diagnoses. During our
review of 82 clinical abstracts provided by three HACM cancer registries, we identified three
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PEL cases with HIV that had not been linked to a HACM HIV registry, suggesting that the
linkage had 97% sensitivity (these three cases were then added to the cases in PWH; see
Appendix B).

Several findings in our study support that long-term immunosuppression or immune
dysregulation among PWH contribute to the development of PEL. We found a median time
from HIV diagnosis to PEL diagnosis of 6.9 years. In our study, 68% of PWH had CD4
counts of <200 cells/mm3 in the six months leading to PEL diagnosis. Similarly, Hu et al.
reported that 71% of 35 PWH had CD4 counts <200 cells/mm?3 at PEL diagnosis.” We also
observed that 76% of PWH with PEL had a prior diagnosis of AIDS, and AIDS (even in the
absence of KS), was a risk factor for PEL. The proportion of PWH with detectible viral load
was high (~70-80%) in the years preceding PEL diagnosis, indicating a lack of effective
HIV treatment.

HIV status did not statistically significantly influence survival among patients with PEL
after adjustment for age at diagnosis. Among PWH, survival for patients with PEL was
similar to those with DLBCL and Burkitt lymphoma. In contrast, survival was worse for
patients with primary central nervous system lymphoma, a lymphoma subtype occurring in
the setting of very advanced HIV and that has especially poor prognosis.2>-26 Due to better
HIV treatment and cancer management, we expected PEL survival among PWH to improve
in more recent years; however, survival was unchanged during 2011-2019 versus 2001-
2010. This pattern may reflect gaps in referral of PWH with PEL to expert cancer care, as
treatment of this malignancy is complex and patients frequently have other comorbidities.®

A key strength of our study is our use of large population-based cancer datasets, including
ascertainment of HIV status for many cases by linkage with HIV registries. This permitted
us to include a sizeable number of cases of this rare malignancy and to compare incidence
and survival by HIV status. Our study is the first to quantify the elevation in PEL risk
experienced by PWH and to examine PEL incidence according to race/ethnicity, concurrent
KS diagnoses, and HIV risk group. A limitation of our study is that data on CD4 counts

and HIV viral loads among PWH were incomplete, preventing us from evaluating these HIV
disease markers as risk factors for PEL. There are challenges with the central pathology
review, which is based on appropriate coding and local pathology review. Finally, we lacked
clinical details on PEL cases, such stage of disease, KSHV-specific measurements, and HIV
and cancer treatment.

Combining data from large population-based studies allowed us to provide a comprehensive
overview of PEL in the US. We found that there are two distinct groups of people with PEL,
young people with HIV and older people without HIV. Some of the patterns in the general
population reflect the prevalence of HIV; specifically, the higher frequency of cases among
males and minoritized groups. PWH had enormously elevated risk of PEL compared with
the general population. Among PWH, a diagnosis of KS was a strong risk factor for PEL,
highlighting the key roles played by KSHV infection and immunosuppression in the etiology
of this cancer.
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Figure 1. Distribution of CD4 counts among people with HIV in the five yearsleading to primary

effusion lymphoma diagnosis
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Figure 2. Overall survival after a diagnosis of primary effusion lymphoma or another non-
Hodgkin lymphoma subtype
The Kaplan-Meier curves show overall survival following lymphoma diagnosis. Panel a

depicts survival among primary effusion lymphoma cases with (pink) and without HIV
(blue). Panel b is restricted to people with HIV and depicts survival for four different types
of non-Hodgkin lymphoma.
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