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There are no studies comparing the prognosis for mature T-cell lymphoma (TCL) in

people with HIV (PWH) to people without HIV (PWoH) and to AIDS-defining B-cell

lymphomas (A-BCLs) in the modern antiretroviral therapy era. North American AIDS

Cohort Collaboration on Research and Design and Comprehensive Oncology Measures for

Peripheral T-cell Lymphoma Treatment are cohorts that enroll patients diagnosed with

HIV and TCL, respectively. In our study, 52, 64, 101, 500, and 246 PWH with histologic

confirmation of TCL, primary central nervous system lymphoma, Burkitt’s lymphoma,

diffuse large B-cell lymphoma (DLBCL), and Hodgkin’s lymphoma (HL), respectively, and

450 TCLs without HIV were eligible for analysis. At the time of TCL diagnosis, anaplastic

large-cell lymphoma (ALCL) was the most common TCL subtype within PWH. Although

PWH with TCL diagnosed between 1996 and 2009 experienced a low 5-year survival

probability at 0.23 (95% confidence interval [CI]: 0.13, 0.41), we observed a marked

improvement in their survival when diagnosed between 2010 and 2016 (0.69; 95% CI:

0.48, 1; P 5 .04) in contrast to TCLs among PWoH (0.45; 95% CI: 0.41, 0.51; P 5 .53).

Similarly, PWH with ALCLs diagnosed between 1996 and 2009 were associated with a

conspicuously inferior 5-year survival probability (0.17; 95% CI: 0.07, 0.42) and

consistently lagged behind A-BCL subtypes such as Burkitt’s (0.43; 95% CI:0.33, 0.57;

P 5 .09) and DLBCL (0.17; 95% CI: 0.06, 0.46; P 5 .11) and behind HL (0.57; 95% CI: 0.50,

0.65; P , .0001). Despite a small number, those diagnosed between 2010 and 2016

experienced a remarkable improvement in survival (0.67; 95% CI: 0.3, 1) in comparison

with PWoH (0.76; 95% CI: 0.66, 0.87; P 5 .58). Thus, our analysis confirms improved

overall survival for aggressive B- and T-cell malignancies among PWH in the last decade.
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Key Points

� Overall survival has
improved for patients
with HIV and TCLs
such as AIDS-defining
B-cell lymphomas in
the last decade.

� Low CD4 cell count
predicts poor overall
survival in patients
with HIV and TCL,
emphasizing the need
for effective
antiretroviral therapy.
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Introduction

Mature T-cell lymphomas (TCLs) and natural killer-/T-cell lymphomas
(NK/TCLs) are a group of heterogeneous neoplasms, comprising
peripheral T-cell lymphomas (PTCLs) and cutaneous T-cell lymphomas
(CTCLs) as its 2 major subgroups.1,2 Prior pivotal studies showed
that the 5-year overall survival (OS) response of PTCL to cyclophos-
phamide, doxorubicin, vincristine and prednisone is suboptimal (range,
32%-43%).1-7 An exception is anaplastic lymphoma kinase (ALK)-pos-
itive (ALK1) large cell lymphoma (ALCL), which is associated with
5-year OS up to 70% after cyclophosphamide, doxorubicin, vincristine
and prednisone.1,8 Overall, little is known about TCLs because they
occur much less frequently than B-cell lymphomas (BCLs).

Little is known about the incidence, clinical, virologic, and immuno-
logic features of TCLs and NK/TCLs in people with HIV (PWH) as
these are less common than AIDS-defining B-cell lymphomas
(A-BCLs), and currently, there are no standard guidelines for treat-
ment of these patients. Most of the available literature for PWH and
TCL is descriptive in nature, restricted to small series and/or based
on compilation of cases identified through online search of pub-
lished reports.9-18 The largest experience reported in 2011 was an
updated retrospective multicenter review of 51 patients and demon-
strated poor survival in those patients with low CD4 cell count and
high viral load (VL).9 The OS was noted to be �12 months with no
significant difference between the different subtypes of TCL. The
widespread use of antiretroviral therapy (ART) has allowed for the
delivery of full-dose and dose-intensive chemotherapy regimens with
improved outcomes for A-BCL that could be compared with those
seen in non–HIV-infected patients.19,20 In a recent retrospective
multicenter international analysis of 249 patients with newly diag-
nosed HIV-Burkitt lymphoma (BL), contemporaneously treated in the
United States and United Kingdom, no HIV-related factors influ-
enced survival outcomes that correlated with prior reports in this
subtype.21,22 Similar observations have been reported for other HIV-
associated lymphomas such as diffuse large B-cell lymphoma
(DLBCL), Hodgkin’s lymphoma (HL), and primary central nervous
system lymphoma (PCNSL).23-25 There have been no comparative
studies evaluating prognostic factors and outcomes of TCL and
NK/TCL in people with and without HIV (PWoH). Furthermore, no
literature exists delineating differences in clinical features and sur-
vival relative to A-BCL subtypes within PWH to inform integration of
targeted therapeutics into standard frontline treatments.

We hypothesized that PWH with TCL and NK/TCL are associated
with a worse survival in comparison with PWoH, but like A-BCL,
their prognosis has improved in the recent years. The primary objec-
tive of this study was to compare the clinicopathologic characteris-
tics, prognostic factors, and survival of patients with validated TCL
and NK/TCL with and without HIV among those treated for lym-
phoma in United States and Canada. A secondary objective was to
contrast the clinical features and outcomes of A-BCL and HL with
TCL in PWH that would highlight similarities and differences ulti-
mately leading to better understanding of these rare and heteroge-
neous lymphomas. To achieve this, we evaluated studies in the
North American AIDS Cohort Collaboration on Research and
Design (NA-ACCORD for PWH) cohort collaboration and the Com-
prehensive Oncology Measures for Peripheral T-cell Lymphoma
Treatment (COMPLETE for PWoH) cohort.

Methods

Study population

The study population included patients from the 2 source popula-
tions, the NA-ACCORD for PWH and COMPLETE for PWoH, both
of which have been previously described.26-29 Briefly, the
NA-ACCORD is a collaboration of .20 longitudinal cohorts of
adults (age $ 18 years) with HIV in the United States and Canada.
List of enrolling sites is included in the supplemental Information.
Enrollment criteria include successful linkage into HIV care (defined
as $2 HIV clinical visits within 12 months) or enrollment into a con-
tributing interval cohort. Cohorts submit data to the Data Manage-
ment Core (Washington University, Seattle, WA) using standardized
submission methods, which are harmonized and undergo data qual-
ity checks before secure transfer to the Epidemiology/Biostatistics
Core (Johns Hopkins University, Baltimore, MD) where data undergo
additional quality checks and analytic-ready datasets are maintained.
Cohorts obtain institutional review board approval for all human sub-
ject activities conducted within the NA-ACCORD.

The NA-ACCORD protocol for validation of cancer diagnoses has
been previously described.30 Briefly, cancer was validated via
matching to cancer registries or through submission of cancer diag-
nosis information (from the electronic medical record) via a web-
based standardized abstraction protocol that included cancer site
and histopathology. Data abstractors and reviewers were overseen
by physicians and abstracted data on cancer site, diagnosis date,
histopathology, grade, stage, and risk factors. Reviewers were pro-
vided detailed instructions and examples based on SEER cancer
data collection instructions to determine the most accurate cancer
diagnosis category and date. Further details of this process have
been validated and previously described.30

The study population for this analysis included PWH receiving HIV
care in 1 of 20 clinical cohorts in the NA-ACCORD who had an inci-
dent cancer diagnosis of mature TCL, NK/TCL, BL, PCNSL, DLBCL,
and HL between 1 January 1996 and 31 December 2016. We ana-
lyzed only the first cancer diagnosis of any of the above HLs and non-
Hodgkin’s lymphoma (NHL) subtypes if more than 1 type of cancer
occurred. Individuals with previous cancer diagnoses apart from TCL,
NK/TCL, BL, PCNSL, DLBCL, and HL were included in this analysis.

COMPLETE is a prospective, multicenter cohort study of patients
with newly diagnosed mature TCL in the United States between 5
February 2010 and 5 February 2014. List of enrolling sites is
included in the supplemental Information. The same inclusion/exclu-
sion criteria for TCL and NK/TCL cases were applied to both
NA-ACCORD and COMPLETE cohorts. All study participants pro-
vided written consent at enrollment, and each participating institution
obtained institutional review board approval. In the COMPLETE
cohort, a central review of the locked data was performed by a steer-
ing committee of experts in TCL, and queries were generated to verify
data inconsistencies. A separate analysis was performed to verify the
accuracy of the histologic data entered through comparison of the
uploaded histologic data to the diagnostic pathology reports.27 Treat-
ment data were available. The last follow-up date was 17 December
2018, and the database was fully locked on 28 December 2018.

For our nested study, institutional review board approval at Beth
Israel Deaconess Medical Center was obtained before receipt of
NA-ACCORD and COMPLETE data.
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Outcomes: death

All-cause mortality at 5 years after type-specific lymphoma diagnosis
was an outcome of interest. Cohorts in the NA-ACCORD have
comprehensive ascertainment of deaths using active and passive
methods.31 The NA-ACCORD cohorts obtain the date of death
through linkages to the Social Security Death Index, the National
Death Index, and/or state vital statistics registries, as well as Cana-
dian provincial death registries; the sources change over time in
some cohorts.

The COMPLETE cohort obtained the date of death through active
reporting by participating site and through extensive communica-
tions with the providers at each participating site.

Further details of the methods section including description of cova-
riates and description of the statistical tools are provided in the sup-
plemental Information.

Results

Of the 109167 people living with HIV and enrolled in the 20
NA-ACCORD cohorts, 1216 with a diagnosis of NHL and 246 with
HL were eligible for this study. Among these eligible subjects, 52
patients with mature TCL and NK/TCL, 101 with BL, 64 with
PCNSL, and 500 with DLBCL were included in the final analysis.
Median follow-up for PWH in the NA-ACCORD cohort was 5.4
years (range, 2.4-9.1 years). Of the 499 patients with mature TCL
and NK/TCL enrolled in the COMPLETE study, 452 patients with
locked baseline records and follow-up were included for initial analy-
sis. Two patients were further excluded from analysis who had
documented evidence of HIV infection, thereby making a total of
450 patients available for the final analysis. The median follow-up
was 2.2 years for PWoH in the COMPLETE cohort (range, 0.6-
4.73 years).

Comparison of general patient characteristics

between TCL and NK/TCL in people with and

without HIV

Table 1 summarizes the baseline demographic and clinical charac-
teristics of study subjects with and without HIV that were included
in the final analysis. At the time of TCL or NK/TCL diagnosis
(n 5 52), PWH were significantly younger compared with PWoH
(n 5 452; 49 vs 60 years, respectively; P , .001). There were sig-
nificantly more men (96% vs 63%; P , .001), patients of Black
race (34% vs 15%; P 5 .006), patients with chronic kidney disease
(CKD; 19% vs 2.2%; P , .001), and patients with coinfections
such as hepatitis B virus (13% vs 0.9%; P , .001) and hepatitis C
virus (19% vs 1.1%; P , .001) in PWH and TCL relative to
PWoH. It is to be noted that all patients with TCL and NK/TCL
within the COMPLETE cohort were newly diagnosed between
2010 and 2014 as opposed to only 25% of PWH in NA-ACCORD
during that calendar period. Patients with a diagnosis of ALCL and
PTCL-not otherwise specified (PTCL-NOS) comprised 50% and
23% of the overall cohort in PWH with TCL in comparison with
18% (P , .001) and 32% (P 5 .26) of these histologic subtypes
in PWoH, respectively. Angioimmunoblastic T-cell lymphoma (AITL)
was the third most common subtype in PWoH, accounting for
16% of overall cases in comparison with 6% in PWH with TCL
(P 5 .07). The majority (93%) of the patients within the COM-
PLETE registry exhibited an Eastern Co-operative Oncology Group

performance status between 0 and 1, with approximately half of the
patients experiencing B symptoms and an elevated lactate dehydro-
genase level as depicted in supplemental Table 1. Median Interna-
tional Prognostic Index was 2 (range, 1-3) for subjects in the
COMPLETE cohort. This information was not available for PWH
and TCL.

Comparing outcomes of TCLs and NK/TCLs in

people with and without HIV

The estimated median 5-year OS was 46.2 months (range, 36.7-not
reached) for PWoH with TCL and NK/TCL. This was substantially
higher (P 5 .0012) as opposed to 12.9 months (range, 6.6-51.8
months) for PWH with TCL and NK/TCL (Figure 1A; supplemental
Table 2). This statistically significant difference in survival between
the 2 cohorts was observed even after adjusting for the statistically
significant differences in baseline clinical characteristics such as age,
race, and ALCL, using a Cox regression model (Table 2). Over a
5-year follow-up period since lymphoma diagnosis, the survival prob-
ability was 0.32 (95% confidence interval [CI]: 0.21, 0.49) and 0.45
(95% CI: 0.41, 0.51) in patients with and without HIV, respectively
(supplemental Table 2). The diverse outcomes persisted through the
first 5 years of lymphoma diagnosis (supplemental Table 2).

We next sought to compare the survival of patients with ALCL spe-
cifically, the most common histologic subtype in people with and
without HIV. Patients with HIV and ALCL had an inferior median
5-year OS of 10.6 months (range, 2.1-33.4 months) contrary to
those without HIV where median survival not reached (range, not
reached-not reached; P # .0001; Figure 1B; supplemental Table
3). The disparate outcomes for this histologic entity were observed
throughout the first 5 years of lymphoma diagnosis (supplemental
Table 3).

We further wanted to assess the impact of median CD4 and VL lev-
els before the initiation of ART on outcomes after lymphoma diagno-
sis. Therefore, we stratified patients into 2 groups (CD4 $200
cells/mL and/or VL , 500 copies/mL and CD4 , 200 cells/mL and
VL $500 copies/mL categories). As expected, patients with higher
VL level and lower CD4 cell counts exhibited shorter median OS of
26.1 months (range, 1.3-not reached months) relative to the group
with higher CD4 cell count and lower viral load (median OS, not
reached; range, not reached-not reached; P 5 .03; Figure 1C; sup-
plemental Table 4).

Comparison of general patient characteristics

between TCL and NK/TCL and A-BCL among PWH

The median age at lymphoma diagnosis was comparable between
TCL and NK/TCL and the DLBCL (n 5 500) and BL (n 5 101)
subgroups of A-BCL (Table 1; supplemental Table 5). However,
patients with PCNSL (n 5 64) were younger than those with TCL
and NK/TCL within the PWH cohort (41 vs 49 years; P , .001;
supplemental Table 5). There were no statistically significant racial
differences between PWH with TCL, NK/TCL, and A-BCL (Table 1;
supplemental Table 5). Although there was a greater percentage of
CKD in TCL and NK/TCL relative to patients with PCNSL (19% vs
3%; P 5 .03), the percentage of coinfections with hepatitis B virus
and hepatitis C virus and the number of cases diagnosed per calen-
dar period were not statistically different between the groups. The
median age at the time of enrollment into the NA-ACCORD was 44
years (range, 41-50 years) in the TCL and NK/TCL groups, and
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although this was comparable to the BL and DLBCL subgroups,
patients with PCNSL were younger with a median age of 39 years
(range, 34-45 years; P 5 .01; supplemental Table 5).

Comparison of HIV-related characteristics between

TCL and NK/TCL and A-BCL among PWH

The median time to lymphoma diagnosis from the time of
NA-ACCORD enrollment was 2.3 years (range, 0.3-5.9 years) for
the TCL and NK/TCL subsets, which was equivalent to the 3
A-BCL subgroups (Table 1). Although the pattern and type of antire-
troviral regimens within PWH changed over the course of cohort
enrollment period as expected, most of the patients (92%-96%)
within the TCL and NK/TCL group and A-BCL subgroups were on

at least 1 ART class during their cohort enrollment period without
statistically significant differences among the subtypes (P 5 .61;
Table 3). Median duration of time in the cohort and median duration
of ART were similar among the TCL, NK/TCL, and A-BCL sub-
groups. However, within the A-BCL group, patients with PCNSL
had significantly shorter duration of cohort enrollment and ART rela-
tive to the BL and DLBCL subgroups. Similar results were observed
for the median duration of ART therapy preceding and after the
diagnosis of lymphoma (Table 3). Among risk behaviors and expo-
sures, men who have sex with men was the dominant risk factor for
HIV transmission among patients with BL and DLBCL (supplemen-
tal Table 6). Pneumocystis jirovecii, Candida, and cytomegalovirus
were the most common AIDS-defining infections, albeit the fre-
quency varied across the 4 groups. Hypertension and diabetes

Table 1. Baseline demographic and clinical characteristics for NA-ACCORD (N 5 717) and COMPLETE cohorts (N 5 450)

Characteristic

PWoH with TCL and

NK/TCL (n 5 450

PWH with TCL and

NK/TCL (n 5 52)

PWH with BL

(n 5 101)

PWH with PCNSL

(n 5 64)

PWH with DLBCL

(n 5 500) P* P†

Age at diagnosis of lymphoma (y),
median (IQR)

60 (48-70) 49 (43-55) 47 (39-51) 41 (37-49) 47 (40-55) ,.001 .12

Biological sex, no. (%)

Male 283 (63) 50 (96) 94 (93) 58 (91) 437 (87) ,.001 .11

Race, no. (%)

White 339/438 (77) 30/47 (64) 58/94 (62) 21/58 (37) 255/461 (55) .006‡ .51‡

Black 67/438 (15) 16/47 (34) 31/94 (33) 34/58 (59) 189/461 (41)

Other 32/438 (7) 1/47 (2) 5/94 (5) 3/58 (5) 17/461 (4)

Comorbid conditions, no. (%)

Chronic kidney disease§ 10 (2.2) 10 (19) 7 (7) 2 (3) 62 (12) ,.001‡ .07‡

Coinfections, no. (%)jj
HBV 4 (0.9) 7 (13) 7 (7) 7 (11) 54/494 (11) ,.001‡ .63

HCV 5 (1.1) 10 (19) 23 (23) 11 (17) 100 (20) ,.001‡ ..99

No of cases per calendar period, no. (%)

1996-1999
2000-2009
2010-2016 450 (100)

10 (19)
29 (56)
13 (25)

13 (13)
54 (53)
34 (34)

27 (42)
31 (48)
6 (9)

67 (13)
292 (58)
141 (28)

.82

Alive at study exit, no. (%) 233 (52) 18 (35) 53 (52) 11 (17) 200 (40) .05 .57

Histologic subtypes

ATLL 13 (3) 1 (2) ..99‡

AITL 73 (16) 3 (6) .07

ALCL 79 (18) 26 (50) ,.001

CTCL 26 (6) 4 (8) .54‡

PTCL-NOS 143 (32) 12 (23) .26

NK/TCL 46 (10) 3 (6) .44

T-LGL 0 3 (6)

Age at NA-ACCORD enrollment (y),
median (IQR)

44 (41-50) 43 (35-47) 39 (34-45) 43 (36-50) .08

Time to diagnosis of lymphoma from
time of NA-ACCORD enrollment
(y), median (IQR)

2.3 (0.3-5.9) 2.8 (1.0-6.7) 1.9 (0.6-4.3) 3.0 (0.7-7.2) .21

IQR, interquartile range.
*P values for the comparison between patients with TCL and NK/TCL with vs without HIV infection were calculated using t tests and x2 tests for continuous and categorical variables,

respectively.
†P values for the comparison between patients with TCL and NK/TCL vs with B-cell NHL (Burkitt’s, PCNSL, DLBCL combined) were calculated using t tests, Wilcoxon rank sum tests,

and x2 tests for normally distributed continuous, non-normally distributed continuous, and categorical variables, respectively.
‡P values based on Fisher’s exact test because of some small cell counts.
§Patient with CKD were defined as those who ever had an eGFR consistently ,60 mL/min per 1.73 m2 for at least 3 months.
jjHBV, hepatitis B virus, as determined by detection of surface antigen, e antigen, or DNA quantification; HCV, hepatitis C virus as determined by detection of antibody, RNA

quantification, or genotype.
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were the most common comorbid medical conditions within PWH.
Although an equal distribution in the prevalence of diabetes was
seen among the 4 groups, a lower prevalence of hypertension was
noted in patients with PCNSL compared with the other 3 groups
(supplemental Table 6).

We hypothesized that HIV RNA level (VL) and CD4 cell count
before initiation of ART could predict survival based on previous
reports20; hence, patients with TCL and NK/TCL and A-BCL were
stratified into 2 groups: CD4 $ 200 cells/mL and/or VL , 500 cop-
ies/mL and CD4 , 200 cells/mL and VL $ 500 copies/mL before
or at ART initiation (Table 4). Although median viral loads and CD4
cell counts for PWH at or before commencement of ART varied

considerably within the four subtypes of lymphomas, it was broadly
comparable across patients with TCL, NK/TCL, and A-BCL. More
than half of the patients with BL demonstrated CD4 $ 200 cells/mL
and/or VL , 500 copies/mL like patients with TCL and NK/TCL, in
contrast to approximately 40% for patients with DLBCL and 23%
for patients with PCNSL (Table 4).

We also interrogated the median CD4 cell counts and VL at the
time of lymphoma diagnosis or within 3 years leading up to it.
Despite remarkable heterogeneity within each of the 4 groups of
patients, once again patients with PCNSL manifested considerably
lower CD4 counts and higher VL in comparison with the other 3
subgroups (Table 5).
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Figure 1. OS at 5 years for patients with TCL and NK/TCL enrolled in COMPLETE relative to people with HIV with TCL and NK/TCL and A-BCL enrolled in

NA-ACCORD. Kaplan-Meier analysis of (A) OS for all mature patients with TCL and NK/TCL with and without HIV, (B) OS for all patients with ALCL with and without HIV,

(C) OS for all patients with TCL and NK/TCL stratified by CD4 cell count in cells/mL and viral load in copies/mL, and (D) OS for all mature patients with TCL and NK/TCL

and A-BCLs stratified by subtype.
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Table 3. Antiretroviral therapy (ART) characteristics for PWH with T-cell, NK/T-cell, and AIDS-defining B-cell lymphomas in NA-ACCORD

(N 5 717)

Features

TCL and NK/TCL

(n 5 52)

BL

(n 5 101)

PCNSL

(n 5 64)

DLBCL

(n 5 500) P*

ART therapy†

Yes, no. (%) 48 (92) 96 (95) 61 (95) 479 (96) .61‡

Different categories of ART, no. (%)

Standard (NNRTI, PI, and NRTI)§ 14 (27) 12 (12) 20 (31) 124 (25) .02jj
Standard (3-4 NRTIs)§ 4 (8) 2 (2) 2 (3) 29 (6) .29

Other (2 or fewer drugs)¶ 42 (81) 86 (85) 56 (90) 449 (90) .18

INSTI-based# 13 (25) 35 (35) 6 (9) 142 (28) .004jj
Unknown 0 0 0 1 (,1)

Median length of time since NA-ACCORD enrollment (y) 5.2 (2.2-8.8) 5.9 (2.8-9.6) 3.3 (1.5-5.5) 5.6 (2.5-9.5) ,.001jj
Duration of ART (y), median (IQR) 6.5 (3.3-9.2) 7.6 (2.5-12.8) 3.9 (2.1-8.2) 7.9 (3.6-13.8) ,.001jj
Duration of ART before lymphoma diagnosis (y), median (IQR) 3.9 (1.3-6.5) 2.9 (0.7-8.0) 2.5 (0.9-5.5) 4.8 (1.2-9.4) .01jj
Duration of ART after lymphoma diagnosis (y), median (IQR) 1.4 (0.2-4.8) 3.2 (0.3-7.3) 0.3 (0.1-1.2) 1.3 (0.3-6.1) ,.001jj

*P values for the comparison between patients in different lymphoma groups (Burkitt’s, PCNSL, DLBCL, and TCL and NK/TCLs) were calculated using Kruskal-Wallis and x2 tests for
non-normally distributed continuous variables and categorical variables, respectively.
†ART therapy here is defined as patients being on at least 1 class of antiretroviral medications during their cohort enrollment period.
‡P values based on Fisher’s exact test because of some small cell counts.
§Patient was considered on standard ART if they fell into 1 of the following 2 categories on 1 occasion or more during their cohort enrollment period: (1) were on at least 1 NNRTI, 1

PI, and 1 NRTI triple combination or (2) were on at least 3 NRTIs.
jjBonferroni adjusted P values for pairwise comparison: PI-based ART: Burkitt’s vs TCL and NK/TCL, PCNSL, DLBCL: .03, .008, ,.001, NNRTI-based ART: PCNSL vs Burkitt’s,

DLBCL: .02, .003, Non-standard regimen ART: Burkitt’s vs PCNSL, DLBCL: .02, .046, Median duration of time in NA-ACCORD cohort: PCNSL vs Burkitt’s, DLBCL: ,.001, ,.001,
Median duration of ART: PCNSL vs Burkitt’s, DLBCL: .048, ,.001, Duration of ART before lymphoma diagnosis: PCNSL vs DLBCL: .02, duration of ART after lymphoma diagnosis:
PCNSL vs Burkitt’s, DLBCL: ,.001, ,.001.
¶Patients were considered on other ART if they were on 2 or less drugs during their cohort enrollment period.
#Patients were considered on INSTI-based ART if 1 of the ART drugs was an INSTI during their cohort enrollment period. It is to be noted that, for example, if a patient was on 1

INSTI and 1 PI, they were included in both INSTI- and PI-based categories. During the cohort enrollment period, if a patient was on an INSTI, PI, or NNRTI drug more than once after a
disruption, this was captured more than once in the categories specified, resulting in percentage greater than 100% when combined.

Table 2. Cox regression analysis for baseline characteristics in NA-ACCORD (N 5 717) and COMPLETE (N 5 450)

Multivariate analysis Univariate analysis

Variable HR (95% CI) P HR (95% CI) P

HIV infection* (yes, no) 1.92 (1.27, 2.91) .002 1.80 (1.25, 2.59) .001

Age (y) 1.02 (1.01, 1.03) ,.001 1.01 (1.01, 1.02) .002

Female sex (yes, no)† 1.00 (0.77, 1.30) .98

Race‡

Black (yes, no) 1.65 (1.19, 2.29) .002 1.72 (1.26, 2.35) ,.001

Other 1.75 (1.11, 2.77) .02 1.60 (1.02, 2.52) .04

CKD§ (yes, no) 1.35 (0.74, 2.47) .33

HBVjj (yes, no) 2.10 (1.04, 4.25) .04

HCVjj (yes, no) 1.90 (1.06, 3.39) .03

ATLL (yes, no) 1.45 (0.75, 2.83) .27

ALCL (yes, no) 0.55 (0.37, 0.80) .002 0.59 (0.42, 0.84) .004

AITL (yes, no) 1.12 (0.80, 1.56) .52

CTCL (yes, no) 1.19 (0.74, 1.89) .48

NK/TCL (yes, no) 0.89 (0.58, 1.36) .59

PTCL-NOS (yes, no) 1.35 (1.04, 1.74) .02

*Reference group: non-HIV.
†Reference group: male.
‡Reference group: White.
§Patients with CKD were defined as those who ever had an eGFR consistently ,60 mL/min per 1.73 m2 for at least 3 months.
jjHBV, hepatitis B virus, as determined by detection of surface antigen, e antigen, or DNA quantification; HCV, hepatitis C virus as determined by detection of antibody, RNA

quantification, or genotype.
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Comparing outcomes of TCL and NK/TCL with

A-BCL in people with HIV

We investigated variations in the OS of PWH with A-BCL com-
pared with TCL and NK/TCL. Within the A-BCL, patients with
PCNSL had worse survival, with a 5-year median OS of 3.8 months
(range, 2.0-7.2 months), followed by DLBCL (15.6 months; range,
12.7-22.2 months) and BL (median OS, not reached; range, 13.1-
not reached months), which was statistically significant (P , .0001;
Figure 1D; supplemental Table 7). Within TCLs and NK/TCLs,
patients with ALCL had a lower median OS of 10.6 months (range,
2.1-33.4 months) in comparison with the other TCLs (45.6 months;
range, 2.8-not reached months). Overall, when contrasting out-
comes of A-BCL with TCL and NK/TCL at 5 years since lymphoma
diagnosis, patients with PCNSL were associated with the worst
survival, followed by ALCL, DLBCL, non-ALCL TCL, and BL
subsets.

To assess the impact of potentially uncaptured mortality because of
loss to follow-up, we performed a sensitivity analysis where we set
more stringent criteria on the censoring time as mentioned above.
The results of the sensitivity analysis were no different to the
main analysis, thereby resulting in similar conclusions (supplemental
Table 8).

Comparison of general patient characteristics and

outcomes between TCL and NK/TCL and HL

among PWH

We also investigated the differences between PWH with TCL and
NK/TCL with a non–AIDS-defining illness such as HL (supplemental
Table 9). Except for a greater percentage of people of White race
in the TCL group, there were no statistically relevant variations
between the 2 groups with respect to clinical features such as age
at diagnosis of lymphoma, sex, CKD, number of cases per calendar

Table 4. CD4 cell count and HIV VL stratified by lymphoma subtype before or at ART start date, NA-ACCORD (N 5 717)

Features Number of patients TCL and NK/TCL BL PCNSL DLBCL P*

CD4 (cells/mL) Total (n) 25 64 29 257

,200 (n) 12 25 23 150 .002†

.200 (n) 13 39 6 107

Median (IQR) 214 (47-377) 236 (145-416) 56 (14-179) 148 (55-316) ,.001†

VL (copies/mL) Total (n) 24 64 23 241

,500 (n) 4 5 1 12 .12‡

$500 (n) 20 59 22 229

Median (IQR) 56163 (12758-164204) 55469 (15047-144419) 118000 (62668-260849) 89678 (21828-318419) .03

Total (n) 22 62 22 234

CD4 $200/mL and/or VL ,500 copies/mL (n) 12 40 5 93 ,.001†

CD4 ,200/mL and VL $500 copies/mL (n) 10 22 17 141

The CD4 cell count and VL exhibited here represent values measured closest to before or at ART start date.
*P values for the comparison between patients in different lymphoma groups (Burkitt’s, PCNSL, DLBCL, and TCL and NK/TCLs) were calculated using Kruskal-Wallis and x2 tests for

non-normally distributed continuous variables and categorical variables, respectively.
†Bonferroni-adjusted P values for pairwise comparison: CD4 cell count ,200 vs .200: Burkitt’s vs PCNSL: .004, median CD4 cell count: Burkitt’s vs PCNSL, DLBCL: ,.001, .006,

Median VL: PCNSL vs DLBCL: .02, CD4 $200 and/or VL ,500 vs CD4 ,200 and VL $500: Burkitt’s vs PCNSL, DLBCL: .01, .005.
‡P values based on Fisher’s exact test because of some small cell counts.

Table 5. CD4 cell count and HIV VL stratified by lymphoma subtype at lymphoma diagnosis, NA-ACCORD (N 5 717)

TCL and NK/TCL

(n 5 52)

BL

(n 5 101)

PCNSL

(n 5 64)

DLBCL

(n 5 500) P*

Patients with any CD4 measurement, no. (%) 45 (87) 96 (95) 51 (80) 467 (93) .001†‡

Patients with CD4 measurement within 3 y before cancer diagnosis§, no. (%) 40 (77) 92 (91) 45 (70) 424 (85) .002†

CD4 (cells/mL), median (IQR) 142 (83-469) 309 (170-491) 45 (10-128) 182 (72-372) ,.001†

Patients with any VL measurement, no. (%) 44 (85) 96 (95) 50 (78) 467 (93) ,.001†‡

Patients with VL measurement within 3 y before cancer diagnosis§, no. (%) 38 (73) 92 (91) 44 (69) 427 (85) ,.001†

VL (copies/mL), median (IQR) 400 (48-38140) 1738 (50-23 422) 72550 (2941-266305) 6510 (75-110362) ,.001†

The CD4 cell count and VL exhibited here represent values measured either at time of cancer diagnosis or up to 3 years before cancer diagnosis.
*P values for the comparison between patients in different lymphoma groups (Burkitt’s, PCNSL, DLBCL, and TCL and NK/TCLs) were calculated using Kruskal-Wallis and x2 tests for

non-normally distributed continuous variables and categorical variables, respectively.
†Bonferroni adjusted P values for pairwise comparison: patients with any CD4 measurement: PCNSL vs Burkitt’s, DLBCL: .02, .005, patients with CD4 measurement within 3 years

before cancer diagnosis: PCNSL vs Burkitt’s, DLBCL: .007, .04, median CD4 count: TCL and NK/TCL vs PCNSL: .001, Burkitt’s vs PCNSL, DLBCL: ,.001, ,.001, DLBCL vs PCNSL
,.001, patients with any viral load measurement: PCNSL vs Burkitt’s, DLBCL: .01, .002, patients with viral load measurement within 3 years before cancer diagnosis: Burkitt’s vs TCL
and NK/TCL, PCNSL: .04, .003, PCNSL vs DLBCL: .008, median viral load: PCNSL vs TCL and NK/TCL, Burkitt’s, DLBCL: .002, ,.001, .02.
‡P values based on Fisher’s exact test because of some small cell counts.
§The vast majority of patients had at least 1 HIV RNA level and 1 CD4 level measured within 3 months before the diagnosis of lymphoma.
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period, and coinfections with hepatitis B and C virus. Median time
to diagnosis of lymphoma from time of cohort enrollment was signifi-
cantly longer for PWH with HL at 3.9 years (range, 1.9-7.5 years)
as opposed to PWH with TCL and NK/TCL at 2.3 years (range,
0.3-5.9 years; P 5 .004). PWH with HL had superior 5-year median
OS (median OS, not reached; range, not reached-not reached)
relative to the TCL and NK/TCL groups (12.9 months; range,
6.6-51.8 months), which was statistically significant (P , .0001;
supplemental Table 2; supplemental Figure 1A). Survival for both
groups of patients improved over time, and PWH with HL continued

to demonstrate greater 5-year median OS when stratified per calen-
dar period of diagnosis (supplemental Figure 1B).

Comparing outcomes of TCL, NK/TCL, A-BCL, and

HL in people with HIV over time

Next, to determine the impact of changes related to clinical manage-
ment of patients over time on outcomes since lymphoma diagnosis,
we stratified patients into 3 calendar periods based on time of their
lymphoma diagnosis (1996-1999, 2000-2009, and 2010-2016).
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Figure 2. OS at 5 years for people with HIV diagnosed with A-BCL and TCL and NK/TCL in NA-ACCORD per calendar period. Kaplan-Meier analysis of (A) OS

for patients with TCL and NK/TCL stratified by period of diagnosis from 1996 to 2016, (B) OS of PWH with A-BCL such as BL, PCNSL, DLBCL, and HL diagnosed from

1996 to 1999, (C) OS of PWH A-BCL such as BL, PCNSL, DLBCL, and HL diagnosed from 2000 to 2009, and (D) OS of PWH with A-BCL such as Burkitt’s lymphoma,

PCNSL, DLBCL, and HL diagnosed from 2010 to 2016.
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Except for PCNSL, we observed marked improvement in OS for all
other subtypes of NHL with passage of time. The highest survival
was observed for patients diagnosed between 2010 and 2016
(Figure 2A-D). Patients with PCNSL, however, continued to mani-
fest worse outcomes in comparison with other A-BCL counterparts
such as BL and DLBCL without appreciable progress in the last 2
decades. Of particular interest was a marked enhancement in the
median OS of patients with ALCL, which started to mirror current
outcomes for PWoH with ALCL.8

When we performed additional sensitivity analysis to compare sur-
vival of TCL and NK/TCL patients with (n 5 13) and without HIV
(n 5 450) diagnosed in the same study years (2010-2014), we
observed no difference in the 5-year median OS between the 2
populations (P 5 .53; Figure 3A). Similar results were observed
for patients with the ALCL subtype diagnosed between 2010
and 2016 with HIV (n 5 3) and without HIV (n 5 79; P 5 .58;
Figure 3B).

Discussion

To our knowledge, this is the first study to compare clinical charac-
teristics and outcomes of patients with mature TCLs and NK/TCLs
among patients with and without HIV given the rarity of this neo-
plasm. Our analysis, based on 2 of the largest and most diverse
cohort collaborations of PWH and patients with TCL in United
States, found significantly inferior survival for patients with TCLs and
NK/TCLs among PWH that were diagnosed between 1996 and
2009. However, this improved substantially for patients diagnosed
in 2010 and onward. Even after adjusting for several statistically sig-
nificant variations in baseline demographics such as age, sex, race,
and histologic subtype in a Cox multivariate stepwise analysis, we
found that PWH with TCL and NK/TCL were at a higher risk for
death when juxtaposed with similar patients without HIV. Thus, we
were able to confirm our initial hypothesis that HIV infection was an

independent predictor of increased death for patients with TCL and
NKTCL at least for patients diagnosed between 1996 and 2009.
Although the sample size was small, no difference in survival for
patients with TCL and NK/TCL with and without HIV was noted
when diagnosed in the same study period of 2010 to 2016, under-
lining potential contributions of efficacious ART, earlier diagnosis of
HIV, and directed treatment. The large number of well-characterized
NHLs observed in NA-ACCORD also enabled us to examine multi-
ple factors simultaneously, including, known NHL risk factors such
as hepatitis viral coinfections, to define the independent association
between HIV-specific factors and prognosis for patients with TCL
and NK/TCL.

Furthermore, we found that, unlike PWoH, ALCL is the most com-
mon histologic subtype of TCL within PWH and conspicuously
exhibited a worse survival compared with its non-HIV counterpart
between 1996 and 2009 with eminent improvement from 2010
onward, despite a small dataset. Our results reaffirm and expand
findings from a MEDLINE review–based study of 37 cases of HIV-
associated ALCLs that reported a median OS of just 5 months.18

Furthermore, patients with CD4 count , 200 cells/mL before admin-
istration of ART manifested a significantly lower OS as opposed to
those with CD4 count $ 200 cells/mL, underscoring the need to
evaluate biological relationships between immune constitution and
T-cell lymphomagenesis and the need for early, sustained, and effec-
tive ART.

Our study is the first to determine differences within PWH with
mature TCLs and NK/TCLs and A-BCLs. Although the survival of
patients with ALCL consistently lagged behind the BK and DLBCL
subgroups from 1996 to 2009, it has remarkably improved in the
last decade, now paralleling outcomes of these A-BCL subtypes.
Whether this benefit was driven by changes in ART or lymphoma-
related management or because of the combination remains unclear
and could not be addressed in our study. ART-related factors that
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Figure 3. OS at 5 years for patients with TCL and NK/TCL enrolled in COMPLETE relative to people with HIV with TCL and NK/TCL enrolled in

NA-ACCORD between 2010 and 2016. Kaplan-Meier analysis of (A) OS for all mature patients with TCL and NK/TCL with and without HIV, (B) OS for all patients with

ALCL with and without HIV.
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could have contributed to augmentation of survival include modifica-
tions in first-line and subsequent antiretroviral regimens from 1996
to 2016 such as drug switches, drug substitutions, optimal adher-
ence to ART, and progressive improvement in supportive care.
Lack of knowledge of lymphoma-directed treatment details for
NA-ACCORD participants limited our ability to ascertain that this
was not a confounding variable when elucidating causes for the dis-
tinct outcomes of subjects with TCL and NK/TCL in our study.
However, we believe that the expansion in survival for all lymphoma
subgroups included in this analysis among PWH supports the
notion that temporal changes in potent ART contributed at least par-
tially toward favorable outcomes for this population.

Our study has several other limitations including small sample size
of PWH and TCL in comparison with PWoH. Lack of knowledge of
ALK expression within the NA-ACCORD cohort makes it hard to
distinguish if a particular subtype of ALCL (ALK1 or ALK2) is more
common among PWH and at a greater survival disadvantage than
the other. Known risk factors such as human T-cell lymphotropic
virus type 1 and Epstein-Barr virus infections and International
Prognostic Index–related risk factors were not captured in
NA-ACCORD, and hence, its effect on outcomes for PWH could
not be estimated. In addition, we acknowledge the missing data for
several patient and disease characteristics including cause of death,
treatment details, and International Prognostic Index score for the
NA-ACCORD study subjects as another major weakness of the
study. The time from enrollment into the cohort to diagnosis of lym-
phoma was 2.3 years for patients with TCL and NK/TCL and did
not differ from the A-BCL subgroups. It is difficult to ascertain the
latency time with more precision from the time of HIV infection to
the diagnosis of lymphoma in our cohort because many
NA-ACCORD participants were diagnosed with HIV for variable
duration before cohort enrollment. It is likely that comprehensive
assessments of recent, past, cumulative, and nadir or peak meas-
ures of CD4 count and VL using demographics-adjusted, cohort-
stratified Cox models with novel statistical models are needed for
this. The duration of ART before developing lymphoma did not vary
prominently between TCL, NK/TCL, and DLBCL, the most common
A-BCL, but was substantially shorter for patients with PCNSL. This
can at least partly provide rationale for the dismal prognosis of
patients with PCNSL, albeit no definite conclusions can be made
outside of prospective randomized study.19 It is also important to
mention that the dissimilar enrollment and follow-up period for PWH
(1996-2016) relative to PWoH (2010-2018) could contribute to
the observed difference in survival for patients with TCL and NK/
TCL, which was accounted for by our sensitivity analysis. Finally, the
COMPLETE cohort enrolled newly diagnosed patients with TCL
and NK/TCL with and without HIV as opposed to NA-ACCORD,
which only enrolled people with HIV, thereby raising the possibility
of confounding results. We controlled for this by carefully excluding
both patients with HIV in the COMPLETE cohort for our study.

However, we argue that, despite these drawbacks, prospective
cohort studies such as ours provide a unique perspective of real-
world disease outcomes and prognostic factors for patients with
TCL and NK/TCL with and without HIV in the contemporary ART
era that can be compromised by the scrutiny of clinical trials and/or
registrational studies, making it more clinically relevant. In contrast to
previous studies conducted in single health care systems, the diver-
sity of our cohorts regarding geographic, demographic, and clinical
characteristics including the full spectrum of HIV disease severity

and comorbidities makes our findings more broadly applicable to
PWH in settings where treatment with ART is readily available.

In conclusion, by focusing our analysis on TCL and NK/TCL and
comparing outcomes among patients with and without HIV, within 2
large, diverse, and well-characterized cohorts, we have shown with
broad generalizability that HIV infection is independently associated
with inferior survival and provided robust estimates of the risk asso-
ciated with HIV-specific factors. Our results suggest that viral sup-
pression and boosting of CD4 count by commencing early and
uninterrupted use of ART can contribute toward vastly improved
prognosis for this rare subtype of NHL, like A-BCL. Further investi-
gation into impact of immunosuppression on T-cell lymphomagene-
sis, better understanding incorporation of targeted strategies such
as brentuximab vedotin and ALK inhibitors such as crizotinib into
treatment paradigms for TCL subtypes, and access to novel thera-
peutic approaches should be prioritized for PWH with TCL to maxi-
mize their outcomes.
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