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ABSTRACT

PURPOSE Compared with people living without HIV (PWOH), people living with HIV
(PWH) and cancer have traditionally been excluded from immune checkpoint
inhibitor (ICI) trials. Furthermore, there is a paucity of real-world data on the
use of ICIs in PWH and cancer.

METHODS This retrospective study included PWH treated with anti–PD-1- or anti–
PD-L1-based therapies for advanced cancers. Kaplan-Meier method was
used to estimate overall survival (OS) and progression-free survival (PFS).
Objective response rates (ORRs) were measured per RECIST 1.1 or other
tumor-specific criteria, whenever feasible. Restricted mean survival time
(RMST) was used to compare OS and PFS between matched PWH and PWOH
with metastatic NSCLC (mNSCLC).

RESULTS Among 390 PWH, median age was 58 years, 85% (n 5 331) were males, 36%
(n 5 138) were Black; 70% (n 5 274) received anti–PD-1/anti–PD-L1 mono-
therapy. Most common cancers were NSCLC (28%, n 5 111), hepatocellular
carcinoma ([HCC]; 11%, n 5 44), and head and neck squamous cell carcinoma
(HNSCC; 10%, n 5 39). Seventy percent (152/216) had CD41 T cell counts ≥200
cells/mL, and 94% (179/190) had HIV viral load <400 copies/mL. Twenty percent
(79/390) had any grade immune-related adverse events (irAEs) and7.7%(30/390)
had grade ≥3 irAEs. ORRs were 69% (nonmelanoma skin cancer), 31% (NSCLC),
16% (HCC), and 11% (HNSCC). In the matched mNSCLC cohort (61 PWH v 110
PWOH), 20% (12/61) PWHand 22% (24/110) PWOHhad irAEs. Adjusted42-month
RMST difference was –0.06 months (95% CI, –5.49 to 5.37; P 5 .98) for PFS and
2.23 months (95% CI, –4.02 to 8.48; P 5 .48) for OS.

CONCLUSION Among PWH, ICIs demonstrated differential activity across cancer typeswith no
excess toxicity. Safety and activity of ICIswere similar betweenmatched cohorts
of PWH and PWOH with mNSCLC.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have successfully
shifted the treatment paradigm in oncology and received
regulatory approval for a broad spectrum of tumor types.1-6

People livingwith HIV (PWH) remain at higher risk than people
living without HIV (PWOH) for developing various cancers
where ICIs are the standard of care, including lung cancer,
the second leading cause of cancer deaths in PWH.7-10

Since PWH may have dysfunctional immune systems, there
have been safety and efficacy concerns of including them in
clinical trials with ICIs. Consequently, these studies have
either entirely excluded PWH or limited their participation
to specific inclusion criteria such as baseline CD41 T-cell
counts ≥350 cells/mL, HIV viral load (VL) <400 copies/mL,
and adherence to antiretroviral therapy (ART).11 However,
recent clinical trials and retrospective studies that included
PWH demonstrated that ICIs were active and safe for PWH,
although these observations were hampered by small sample
sizes and heterogeneous tumor types.11-21

Given the potential benefit of ICIs in PWH and cancer,22 larger
real-world cohorts are needed to address the existing knowledge
gaps, guide clinical decision making, and increase therapeutic
opportunities forPWH.Herein,we implement agrassroots effort
and assemble a real-world international cohort of PWH who
received ICIs for advanced cancers. We evaluate the safety and
activity of ICIs inPWHwith cancer. Additionally,we compare the
clinical outcomes for metastatic NSCLC (mNSCLC) among a
subset of PWH who were matched to a cohort of PWOH.

METHODS

Study Design

This study is based on an analysis of a retrospective, mul-
ticenter database of the Cancer Therapy using Checkpoint

inhibitors in PWH-International (CATCH-IT) consortium. Data
from 33 participating institutions across the United States,
Europe, and Australia were obtained and are currently housed
and maintained at the Dana-Farber Cancer Institute (DFCI;
Data Supplement [Fig 1], online only). This study is approvedby
the institutional review boards at DFCI and participating
centers per institutional policy and the Declaration of Helsinki.
Since this was a retrospective study and involved deidentified
information, individual patient consent was waived at the re-
spective institutions.

Cohort A: Inclusion Criteria

Medical charts for PWHwho received ICIs and had a diagnosis
of HIV (International Classification of Diseases-10 codes Z21
or B20) were manually curated. PWH were included in the
overall cohort A if they (1) had a laboratory-confirmed di-
agnosis of HIV, (2) had a biopsy-proven solid or hematologic
malignancy, and (3) received ≥1 dose of ICI-based therapy
between January 1, 2015, and October 1, 2021 (date of database
lock). Baseline CD41 T-cell counts, CD4:CD8 T-cell ratios,
Hepatitis B virus,Hepatitis C virus, andHIVVLswere collected
up to 3 months before ICI initiation. ICI regimens included
anti–PD-1 or anti–PD-L1 monotherapy or in combination
with anti–cytotoxic T-lymphocyte–associated antigen-4
(anti–CTLA-4) or other anticancer therapies (ie, chemo-
therapy or targeted agents such as tyrosine kinase inhibitors,
antibody-drug conjugates, and antiangiogenic therapies). On
the basis of institutional documentation, all PWH included in
this study had received treatment in the real-world setting.

Cohort B: Matching Criteria for PWOH With Stage
IV NSCLC

To evaluate the impact of HIV diagnosis on clinical out-
comes, cohort B was assembled. PWH and PWOH with
mNSCLC were matched at each participating institution in a

CONTEXT

Key Objective
Determine safety and activity of immune checkpoint inhibitors (ICIs) among people living with HIV (PWH) and cancer.

Knowledge Generated
Three hundred and ninety PWH received ICIs while on antiretroviral therapy (ART), including 30% PWHwith baseline CD41 T-cell
counts <200 cells/mL. ICIs were deemed safe and had differential activity across tumor types. Among PWH with non–small-cell
lung cancer (NSCLC), clinical outcomes were not generally influenced by CD41 T-cell counts or ART regimens. In a subset of
PWHwith metastatic NSCLC, the safety and activity of ICIs were comparable with amatched cohort of people living without HIV
after matching for relevant clinical variables at the same institution.

Relevance (G.K. Schwartz)
General concerns have persisted on the safety of ICIs in patients with cancer and HIV. This study should reassure
physicians that the use of ICIs is safe and effective in this patient population, even for those on ART.*

*Relevance section written by JCO Associate Editor Gary K. Schwartz, MD, FASCO.
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1:2 or 1:1 ratio, depending on the feasibility of finding ap-
propriately matched PWOH. Matching was performed for all
of the following variables: (1) 10-year age groups (41-50, 51-
60, 61-70, and 71-80 years), (2) sex, (3) class of ICI, (4) use
of concurrent chemotherapy (yes/no), and (5) number of
lines of systemic therapy before ICI initiation. To detect a
hazard ratio of 1.64 on progression or death using a two-
sided alpha of .05 and a power of 80%, the probability of a
progression-free survival (PFS) event was assumed to be
equal to 0.8 and a required sample size of 180 (60 PWH:120
PWOH) was calculated. Accordingly, cohort B included a
subset of 61 PWH with mNSCLC from cohort A and 110
matched PWOH across 15 institutions. A flowchart of the
study is represented in Figure 1.

Clinical Outcomes and Toxicity Profiles

The primary end point of this studywas overall survival (OS),
defined as the date of ICI initiation to death or censored at
the date of last follow-up. The secondary end points were (1)
immune-related adverse events (irAEs), graded per the
Common Terminology Criteria for Adverse Events version
5.0, and (2) PFS, the time from ICI initiation to radiologic or

clinical disease progression, death, or censored on the date
of last follow-up. Objective response rates (ORRs) were
measured either by the clinical investigator or whenever
possible per the RECIST 1.1 criteria for solid tumors and the
Lugano classification for Hodgkin lymphoma and non-
Hodgkin lymphoma. The AIDS clinical trials group criteria
for ORR and staging were used for Kaposi sarcoma (KS).23

Statistical Analysis

Cohort A

The cumulative incidence rates (CIRs) of irAEs at 24 weeks
after ICI initiation were calculated after considering ICI dis-
continuation (ie, secondary to progression or other reasons)
as a competing risk. Gray’s test was used to compare the CIRs
of irAEs between the groups stratifiedby baseline CD41T-cell
counts and CD4:CD8 ratios, respectively. CD41 T-cell counts
and HIV VL at baseline and any time after the last dose of ICI.

For analyses of clinical outcomes (OS, PFS, and ORR), PWH
with advanced-stage cancers (locally advanced/metastatic)
were included and those receiving adjuvant or neoadjuvant

PWH and cancer receiving ICI in the real-
world setting (N = 408)

PWH included in ICI safety analysis
(n = 390)

PWH with advanced/metastatic cancer
eligible for analysis of clinical outcomes

(n = 378)

PWH with the most represented cancer type
(NSCLC; n = 111)

Excluded with stage III NSCLC              (n = 17)
Excluded for lack of ≥1 control PWOH (n = 33)

PWH with stage IV NSCLC
(n = 61)

PWOH with stage IV NSCLC
(n = 110)

Excluded for receiving ICI in the
adjuvant setting (n = 12)

Excluded for receiving ICI before
January 1, 2015, or after October 1, 2021 

(n = 18)

Cohort A

1:2 matching at

the same institutiona

Cohort B

FIG 1. Flowchart of the study design. aMatched variables are sex, age group, ICI class, use of chemotherapy, and number of lines of prior systemic
therapy. ICI, immune checkpoint inhibitor; NSCLC, non–small-cell lung cancer; PWH, people living with HIV; PWOH, people living without HIV.

3714 | © 2023 by American Society of Clinical Oncology

El Zarif et al



ICI therapy were excluded (Fig 1). OS and PFS were estimated
by the Kaplan-Meier method, and ORRs were calculated and
presented as percentages for each cancer type with ≥10 PWH
who were response evaluable. Since hepatocellular carci-
noma (HCC) was the second most represented cancer type,
PWH were stratified by Child-Pugh (CP) score subgroups,
and comparisons were performed by log-rank tests for OS
and PFS and the Fisher’s exact test for ORR.

Cohort B

OS and PFS were calculated using the Kaplan-Meier method.
Since there was evidence of nonproportionality on the basis of
the log-minus-log plots, restrictedmean survival time (RMST)
was used instead of the Cox proportional hazards model to
compare time-to-event outcomes between the two groups.
RMST is the area under the survival curve corresponding to the
average event-free time up to a prespecified time point.24,25 In
our analysis, RMST was determined by integrating the Kaplan-
Meier curves up to 42months after ICI initiation because of the
limitednumberofPWHorPWOHbeyond that timepoint (n< 5).
To further estimate the effect of HIV status on RMST, a linear
regression model was fitted for OS and PFS using RMST as the
outcome and HIV infection as a predictor after adjusting for
race, Eastern Cooperative Oncology Group performance status
(ECOG-PS), histology, smoking status, and PD-L1 expression.

RESULTS

Characteristics of PWH Receiving ICIs in Cohort A

In total, 390 PWH treated with ICIs for different cancer types
were included in cohortA (DataSupplement [Table 1 andFig2]).
Themedian age in cohort Awas 58 years (IQR, 51-63), and 85%
(331/390) were males. Black/African American (race) and
Hispanic/Latinx (ethnicity) PWHconstituted36%(138/381) and
14% (54/378) of the cohort, respectively. All PWH received ≥1
dose of ICI, with 70% (274/390) receiving anti–PD-1/anti–PD-
L1 monotherapy (Table 1). Overall, 70% (152/216) had a CD41
T-cell count ≥200 cells/mL, while 63% (92/146) had CD4:CD8
ratio ≥0.4. HIV was well controlled (HIV VL <400 copies/mL) in
94% (179/190). All PWHwere on ART before ICI initiation, with
79% (309/390) on an integrase-strand transfer inhibitor
(INSTI) as part of their ART regimen (Table 1).

Safety and Impact of ICIs on HIV VL and CD41 T Cells in
Cohort A

The incidence of irAEs of any grade was 20% (79/390). The
distribution of irAEs is shown in Figure 2A and the Data
Supplement (Table 2). The median time of irAE onset was
8.1 weeks in 91% (72/79) PWH with available data, and the
24-week CIR of any grade irAEs was 15% (95% CI, 12 to 19).
All 20 PWH with available HIV VL at irAE onset had unde-
tectable HIV VL. Overall, grade ≥3 irAEs occurred in 7.7% (30/
390) PWH, and 7.4% (29/390) required hospitalization. The
most common grade ≥3 irAEs were colitis/diarrhea or

pneumonitis, each occurring in 1.5% (6/390) of PWH. At the
time of grade ≥3 irAEs, CD41T-cell countswere available for
47% (14/30) PWHwith amedian of 286 (IQR, 244-344) cells/
mL. Steroids were administered in 49% (39/79) PWH with
irAEs, where 54% (21/39) received high-dose glucocorti-
coids (≥1 mg/kg). Only one person required additional im-
munosuppression with mycophenolate mofetil. The main
reasons for treatment discontinuation were tumor progres-
sion or death from cancer in 70% (233/334) and irAEs in 12%
(39/334) PWH. Death was attributed to ICIs in one person
presenting with a grade 5 pneumonitis 16 days after receiving
one dose of nivolumab for SCLC.

Among 274 PWH who received ICI monotherapy, 55 (20%)
developed any grade irAEs, and 22 (8.0%)developed grade≥3
irAE. In patients who received ICI with chemotherapy, 19%
(13/68) developed any grade irAEs and 5.9% (4/68) devel-
oped grade ≥3 irAEs. Any grade irAEs and grade ≥3 irAEswere
identified in 8.0% (2/25) and 4.0% (1/25) of patients treated
with ICI plus targeted agents, respectively; and 39% (9/23)
and 13% (3/23) with dual ICI therapy (anti–PD-1 1 anti–
CTLA-4), respectively (Data Supplement [Table 2]).

Among PWH with baseline CD41 T-cell counts <200 cells/mL
(n 5 64), any grade irAEs occurred in 16% (10/64), with 7.8%
(5/64) being grade ≥3. The most common irAEs were pneu-
monitis and endocrine irAEs, occurring in 4.7% (n 5 3) each.
AmongPWHwithCD41T-cell counts≥200 cells/mL (n5 152),
irAEs occurred in 24% (37/152), with 9.9% (15/152) being
grade ≥3. Cutaneous irAEswere themost common, occurring
in 6.6% (10/152) PWH (Data Supplement [Table 2]). Addi-
tionally, the incidence of any grade irAEs was 9.3% (5/54)
and 30% (28/92) in PWH with CD4:CD8 ratio <0.4 and ≥0.4,
respectively (Data Supplement [Table 2]). The difference in
the CIR of any grade irAEs was not statistically significant
between PWH with CD41 T-cell counts <200 cells/mL
versus ≥200 cells/mL (24-week CIR; 16% [95% CI, 7 to 26]
v 20% [95% CI, 13 to 27]; Gray’s test: P 5 .22; Fig 2B);
however, it was significantly lower among PWH with
baseline CD4:CD8 ratio <0.4 versus ≥0.4 (CIR, 10%
[95% CI, 4 to 20] v 26% [95% CI, 17 to 36]; Gray’s test:
P 5 .01; Fig 2C) after accounting for the competing risk of
treatment discontinuation.

For PWH with data at baseline and after ICI initiation, there
were no significant changes in CD41 T-cell counts (n 5 74;
P 5 .19) or HIV VL (n 5 107; P 5 .97) during treatment
(Data Supplement [Fig 3]). Furthermore, since data on the
use of anti–CTLA-4 among PWH is scarce, we tracked the
evolution of the HIV VL among 43% (10/23) PWH who re-
ceived the combination of nivolumab and ipilimumab and
had ≥1 HIV VL datapoint before or after ICI initiation. In this
subset, 70% (7/10) patients had undetectable VL throughout
treatment, whereas three PWH had transient elevations in
HIV VL peaking at 63 copies/mL (Data Supplement [Fig 4]).

Finally, six PWH had an active opportunistic infection treated
at ICI initiation which did not worsen during treatment (Data
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Supplement [Table 3]). Only one patient with HCC developed
herpes zoster during ICI treatment.

Clinical Outcomes of PWH in Cohort A

Themost represented cancer type was NSCLC (28%; n5 111),
with 51% (56/111) PWH receiving ICI in ≥second-line setting
and 36% (40/111) on combination ICI and chemotherapy. The
ORR of PWH with NSCLC was 31% (Table 2; Fig 2D), with
ORR5 38% versus 25% in the first-line versus ≥second-line

TABLE 1. Baseline Characteristics of PWH Receiving ICIs (cohort A)

Clinical Characteristic Total (N 5 390)

Age at ICI initiation, years

Median (IQR) 58 (51-63)

Time from HIV diagnosis to cancer development, years

Median (IQR) 17 (6.7-24)

Sex, No. (%)

Female 59 (15)

Male 331 (85)

Race, No. (%)

Black or African American 138 (36)

White 204 (54)

Other 39 (10)

Not reporteda 9

Ethnicity, No. (%)

Hispanic/Latinx 54 (14)

Non-Hispanic/Non-Latinx 334 (86)

Not reporteda 2

Region, No. (%)

North America

Northeast 131 (34)

South 83 (21)

Midwest 77 (20)

West 76 (20)

Europe 21 (5.4)

Australia 2 (0.51)

Smoking, No. (%)

Current/former 283 (73)

Never 105 (27)

Not reporteda 2

Type of malignancy, No. (%)

NSCLC 111 (29)

HCC 44 (11)

HNSCC 39 (10)

Anal cancer 28 (7.2)

Melanoma 26 (6.7)

SCLC 24 (6.2)

KS 21 (5.4)

HL 15 (3.8)

NHL 15 (3.8)

Nonmelanoma skin cancer 13 (3.3)

UC 12 (3.1)

RCC 9 (2.3)

Other 33 (8.5)

No. of systemic therapy lines before ICI initiation, No. (%)

0 166 (43)

≥1 224 (57)

ICI regimen used, No. (%)

Anti–PD-1/anti–PD-L1 monotherapy 274 (70)

Anti–PD-1/anti–PD-L1 1 chemotherapy 68 (17)

Anti–PD-1/anti–PD-L1 1 targeted agentsc 25 (6.4)

Anti–PD-1 1 anti–CTLA-4 23 (5.9)

ECOG at ICI initiation, No. (%)

0 120 (32)

1 179 (47)

≥2 77 (21)

(continued in next column)

TABLE 1. Baseline Characteristics of PWH Receiving ICIs (cohort A)
(continued)

Clinical Characteristic Total (N 5 390)

Unknowna 14

Stage at ICI initiation, No. (%)

III 52 (13)

IV 291 (75)

Extensive-stage SCLC 23 (5.9)

T1 (poor-risk KS) 18 (4.6)

T0 (good-risk KS) 3 (0.77)

Otherb 3 (0.77)

ART regimen at ICI initiation, No. (%)

NRTI 1 INSTIs 309 (79)

NRTI 1 non-INSTIs 81 (21)

Boosted ART regimen

Yes 107 (27)

No 283 (73)

Baseline CD41 T-cell counts (cells/mL), No. (%)

<200 64 (30)

≥200 152 (70)

Unknowna 174

Baseline CD4:CD8 count ratio, No. (%)

<0.4 54 (37)

≥0.4 92 (63)

Unknowna 244

HIV VL pre-ICI (copies/mL), No. (%)

<400 179 (94)

≥400 11 (6.0)

Unknowna 200

Abbreviations: ART, antiretroviral therapy; CTLA-4, cytotoxic
T-lymphocyte–associated antigen-4; ECOG, Eastern Cooperative
Oncology Group; HCC, hepatocellular carcinoma; HL, Hodgkin lymphoma;
HNSCC, head and neck squamous cell carcinoma; ICI, immune
checkpoint inhibitor; INSTI, integrase-strand transfer inhibitor; KS, Kaposi
sarcoma; NHL, non-Hodgkin lymphoma; NRTI, nucleoside reverse
transcriptase inhibitor; NSCLC, non–small-cell lung cancer; PWH, people
living with HIV; RCC, renal cell carcinoma; SCLC, small-cell lung cancer;
UC, urothelial carcinoma; VL, viral load.
aUnknown variables were not included in the denominator when
calculating percentages.
bThis group includes PWHwith stage I urothelial carcinoma (n5 2) who
received ICIs for persistent/recurrent disease, and limited-stage SCLC
(n 5 1) who received ICI in maintenance setting per treating physician.
These patients were not included in the analysis of clinical outcomes.
cTargeted agents include tyrosine kinase inhibitors, antiangiogenic
therapies, and antibody-drug conjugates.
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settings (P 5 .063; Data Supplement [Table 4]). Among 67
PWHwith NSCLC and available baseline CD41 T-cell counts
data, the median CD41 T-cell counts was 314 cells/mL (IQR,
206-472; Data Supplement [Table 5]), whereas, among
57 PWH with available VL, 96% (n 5 55) had
VL <400 copies/mL. There was no significant difference in
OS (P 5 .88) or PFS (P 5 .72) between PWH with NSCLC
presenting with baseline CD41 T-cell counts ≥200
versus <200 cells/mL (Data Supplement [Fig 5]). Addi-
tionally, there were no significant differences in OS
(P5 .90) or PFS (P5 .44) among PWHwith NSCLC receiving
INSTI (n 5 83) or not (n 5 28; Data Supplement [Fig 6]).
The ORRs in these subgroups were 33% (25/76) versus 27%
(7/26), respectively (P 5 .63).

The second most represented cancer type in cohort A was
locally advanced or metastatic HCC (Data Supplement [Ta-
ble 6]), which included 44 PWH: 75% (33/44) received
nivolumab, and 25% (11/44) received atezolizumab 6

bevacizumab. ICI treatment was used in thefirst-line setting
in 55% (24/44) of PWH. At baseline, 61% (26/43) presented
with CP A (CP-A), 77% (34/44) had Barcelona Clinic Liver
Criteria (BCLC) stage C, and 46% (20/44) had an ECOG-PS of
0. ProlongedOS (P5 .02) andPFS (P< .001)were observed for
PWH with CP-A versus CP-B (Data Supplement [Fig 7 and
Table 7]). The ORR of CP-A and CP-B subgroups were 24%
(95%CI, 10 to 46) and 6.3% (95%CI, 0.33 to 32), respectively
(P 5 .13).

For the rest of cohort A, the tumor types with the highest
ORR to ICI therapy were nonmelanoma skin cancer (ORR,
69%; n 5 9/13), KS (ORR, 60%; n 5 12/20), and melanoma
(ORR, 47%; n 5 9/19; Table 2; Fig 2D). By contrast, PWH
with HNSCC had the lowest ORR of 11% (n 5 4/38). Fur-
thermore, PWH with the three most represented cancer
types (NSCLC, HCC, and HNSCC) treated with ICIs in the
first-line setting had numerically higher ORRs versus
≥second-line setting (Data Supplement [Table 4]).
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FIG 2. Safety profiles and activity of ICIs among PWH. (A) irAEs by type; cumulative incidence of irAEs among (B) CD41 T-cell counts and (C) CD4:CD8
ratio subgroups; and (D) ORR across top 10 cancer types. HCC, hepatocellular carcinoma; HL, Hodgkin lymphoma; HNSCC, head and neck squamous cell
carcinoma; ICI, immune checkpoint inhibitor; irAEs, immune-related adverse events; KS, Kaposi sarcoma; NHL, non-Hodgkin lymphoma; NSCLC, non–
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Clinical Outcomes and Toxicity Profiles: Matched
Cohort B

Since NSCLC was the most represented cancer type and a
powered analysis was feasible, we next sought to better
characterize the safety and activity of ICIs in PWH compared
with amatched control group of PWOH as a proof of principle.
We matched 61 PWH to 110 PWOH treated with ICIs for
mNSCLC in cohort B. Notably, the PWH cohort was over-
represented with Black individuals and those with a positive
PD-L1 tumor proportion score (TPS; Table 3). Comparing
PWH versus PWOH and after controlling for race, ECOG-PS,
histology, smoking status, andPD-L1 TPS, the adjusted RMST
difference within 42 months was 2.23 months (95% CI, –4.0
to 8.5; P5 .48) for OS and–0.06months (95%CI,–5.5 to 5.4;
P5 .98) for PFS (Fig 3 and Data Supplement [Tables 8 and 9]).
In addition, the 24-month OS rates were 42.3% for PWH
versus 41.5% for PWOH, whereas the 24-month PFS rates
were 17.8% PWH versus 18.4% PWOH. The ORR was similar
between both groups (28% PWH v 36% PWOH; P 5 .31).

The incidence of irAEs was comparable amongmatched PWH
and PWOH, where any grade irAEs occurred in 20% (12/61)
versus 22%(24/110), respectively. Additionally, grade≥3 irAEs
occurred in 12% (7/61) PWH versus 9.1% (10/110) PWOH, and
systemic steroids were required for 9.8% (6/61) and 15%
(16/110) of PWH and PWOH, respectively (Data Supplement
[Table 10]).

DISCUSSION

Although recent advocacy efforts have successfully increased
the enrollment of PWH in clinical trials,26-28 PWH have been

historically excluded from the majority of the trials, in-
cluding those with ICIs.6,29-35

In this large real-world cohort of PWH receiving ICIs for
various cancer types, we build on prior efforts and dem-
onstrate that PWH have no excess or unexpected treatment-
related immune toxicities compared with historical and
matched controls without HIV. In addition, our study adds a
breadth of safety data to recently reported clinical trials of
ICIs in PWH that had considerably smaller sample sizes.19-21

In our cohort, we overcame some of these limitations by
including PWHwith >10 distinct cancer types, baseline CD41
T-cell counts <200 cells/mL (30%; n5 64/216), baseline HIV
VL ≥400 (5.8%; n 5 11/190), or opportunistic infections (n 5

6). Our data also support the extension of the safety signal to
treatment regimens that remain unexplored in prospective
studies, such as the combination of ICIs with chemotherapy
or targeted agents. Furthermore, we show that CD41 T-cell
counts remained stable with modest changes in HIV VL
below the clinical significance threshold (<400 copies/mL)
even when PWH received the combination of anti–PD-1 and
anti–CTLA-4 therapy. These data provide real-world evi-
dence and support thefindings of the currently ongoingAIDS
Malignancy Consortium 095 clinical trial where there was
only a modest increase in plasma HIV RNA in PWH receiving
the combination of nivolumab and ipilimumab.36

Notably, our sample size allowed for examining the rate of
irAEs in PWHwith CD41T-cell counts <200 cells/mL, a subset
that is also poorly represented in prior ICI-based trials, yet
constituted 30% of our cohort.19,20 We showed that the
24-month incidence rate of irAEs of any grade in this group is
comparablewithPWHwithCD41T-cell counts>200cells/mL.
Similar findings have been reported by Odeny et al,17 where

TABLE 2. Clinical Outcomes of PWH Receiving ICIs for Top 10 Cancer Types

Cancer Type
PWH

(N 5 329)

Median
Follow-Up for
Surviving PWH,

Months

Death
Events,
No.

Median OS
Months, (95% CI)

PFS
Events,
No.

Median PFS
Months, (95% CI)

Evaluable
Response,

No. ORR (%)

95% CI
of

ORR, %

NSCLC 111 14.8 53 16.0 (10.6 to 40.2) 77 6.3 (4.3 to 10.1) 102 31 (32/102) 23 to 41

HCC 44 13.3 28 7.1 (3.7 to 10.3) 35 2.8 (2.1 to 3.4) 43 16 (7/43) 7.3 to 31

HNSCC 39 14.6 25 11.3 (7.3 to 17.3) 33 4.1 (2.8 to 5.9) 38 11 (4/38) 3.4 to 26

Anal cancer 28 7.4 15 13.6 (7.5 to 30.3) 19 5.6 (3.1 to 11.7) 25 16 (4/25) 5.3 to 37

SCLC 23 7.2 14 8.0 (4.7 to 21.5) 19 4.2 (2.2 to 5.5) 21 19 (4/21) 5.4 to 42

KS 21 30.5 8 NR (NR to NR) 13 31.4 (8.3 to 43.0) 20 60 (12/20) 36 to 80

Melanoma 20 11.1 6 NR (NR to NR) 12 5.9 (2.5 to NR) 19 47 (9/19) 25 to 71

HL 15 18.9 4 NR (11.6 to NR) 8 NR (NR to NR) 12 67 (8/12) 35 to 89

NHL 15 28.9 11 4.2 (2.7 to 34.0) 12 3.2 (1.6 to 8.8) 14 29 (4/14) 9.6 to 58

Nonmelanoma skin
cancer

13 26.3 4 NR (10.3 to NR) 8 15.6 (5.7 to NR) 13 69 (9/13) 39 to 90

NOTE. PWH receiving treatment in the adjuvant setting were excluded and only cancer types with at least 10 response evaluable PWH are
represented in the table.
Abbreviations: HCC, hepatocellular carcinoma; HL, Hodgkin lymphoma; HNSCC, head and neck squamous cell carcinoma; ICI, immune checkpoint
inhibitor; KS, Kaposi sarcoma; NHL, non-Hodgkin lymphoma; NR, not reached; NSCLC, non–small-cell lung cancer; ORR, overall response rate; OS,
overall survival; PFS, progression-free survival; PWH, people living with HIV; SCLC, small-cell lung cancer.
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the effect of baseline CD41 T-cell counts on the incidence of
treatment-emergent adverse events was not modified by HIV
status. These data further endorse the need to abrogate ar-
bitrary CD4 cutoffs when using ICIs in the appropriate setting
for the treatment of PWH and subsequently reduce barriers to
ICI access on the basis of their favorable benefit-to-risk
profiles. Furthermore, we showed that when accounting for
the competing risk of treatment discontinuation, PWH with
CD4:CD8 >0.4 had higher incidence of irAEs, which may be
driven by the presence of abundant circulating CD41 T cell
counts relative to CD81 T cells, as has been shown by Lozano
et al37 among patients developing severe irAEs after ICI
treatment. Nevertheless, validation of these findings in on-
going ICI clinical trials among PWH is warranted.

Correlative efforts from Chaudhary et al38 recently demon-
strated that PWH have higher levels of circulating dys-
functional T cells and are associated with cancer
development and progression, even when on ART with viral
suppression. However, it is unclear whether these findings
may have an impact on outcomes of PWH to immune-
modulating agents compared with PWOH. In our robustly
matched cohort of PWH, who were on ART, and PWOH with
mNSCLC, we showed that both groups had comparable OS,
PFS, and ORRs. Similarly, ORRs across other cancers fol-
lowed the general trends seen in PWOH, wherein skin,
melanoma, and NSCLC had higher ORRs than other tumor
types.4,6,32,34,39 Despite that, the heterogeneity in response to
ICI treatment and the modifying effect of HIV infection on
clinical outcomes in different tumors warrant further ex-
ploration through prospective studies with robust transla-
tional correlatives.40

Overall, these results add to the growing body of evidence
supporting the use of ICIs among PWH to enhance their in-
clusion in ICI clinical studies. Therefore, similar to ourmatched
cohort analysis in mNSCLC, future studies comparing large,

TABLE 3. Baseline Demographic and Clinical Characteristics of PWH
With mNSCLC by HIV Status (cohort B)

Matched Variables PWH (n 5 61) PWOH (n 5 110)

Age group, years, No. (%)

41-50 4 (6.6) 8 (7.3)

51-60 28 (46) 48 (44)

61-70 25 (41) 46 (42)

71-80 4 (6.6) 8 (7.3)

Sex, No. (%)

Male 47 (77) 85 (77)

Female 14 (23) 25 (23)

ICI class, No. (%)

Anti–PD-1 54 (89) 97 (88)

Anti–PD-1 1 anti–CTLA-4 2 (3.3) 4 (3.6)

Anti–PD-L1 5 (8.2) 9 (8.2)

ICI 1 chemotherapy, No. (%)

Yes 27 (44) 49 (45)

No 34 (56) 61 (55)

No. of prior lines, (%)

0 37 (61) 69 (63)

1 20 (33) 35 (32)

2 2 (3.3) 2 (1.8)

3 2 (3.3) 4 (3.6)

Unmatched Variables
PWH

(n 5 61)
PWOH

(n 5 110) P

ICI, No. (%) .99

Atezolizumab 5 (8.2) 9 (8.2)

Nivolumab 11 (18) 18 (16)

Nivolumab 1 ipilimumab 2 (3.3) 4 (3.6)

Pembrolizumab 43 (70) 79 (72)

Smoking, No. (%) .15

Ex/current 56 (95) 97 (88)

Never 3 (5.1) 13 (12)

Unknown 2 0

ECOG PS, No. (%) .25

0 10 (18) 30 (28)

1 37 (65) 56 (52)

≥2 10 (18) 21 (20)

Unknown 4 3

Self-reported race, No. (%)

Black 26 (44) 28 (25) .013

Non-Black 33 (56) 82 (75)

Unknown 2 0

Self-reported ethnicity, No. (%) .64

Hispanic/Latinx 5 (8.5) 11 (10)

Non-Hispanic/Latinx 54 (92) 96 (90)

Unknown 2 3

Histology, No. (%) .56

Adenocarcinoma 41 (67) 83 (75)

Squamous cell carcinoma 15 (25) 17 (15)

Adenosquamous 1 (1.6) 1 (0.91)

(continued in next column)

TABLE 3. Baseline Demographic and Clinical Characteristics of PWH
With mNSCLC by HIV Status (cohort B) (continued)

Unmatched Variables
PWH

(n 5 61)
PWOH

(n 5 110) P

Large cell neuroendocrine 2 (3.3) 2 (1.8)

Sarcomatoid carcinoma 0 (0.0) 1 (0.91)

NSCLC NOS 2 (3.3) 6 (5.5)

PD-L1 TPS, No. (%) .005

≥1% 38 (79) 55 (63)

<1% 10 (21) 33 (38)

Unknown 13 22

Abbreviations: CTLA-4, cytotoxic T-lymphocyte–associated antigen-4;
ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint
inhibitor; mNSCLC, metastatic non–small-cell lung cancer; NOS, not
otherwise specified; NSCLC, non–small-cell lung cancer; PS,
performance status; PWH, people living with HIV; PWOH, people living
without HIV; TPS, tumor proportion score.
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matched cohorts of PWH and other cancer types are warranted
for formal comparisons with the general population.

There are several limitations to this retrospective study.
First, we were unable to monitor trends in HIV VL to assess
the impact of ICIs on the HIV reservoir.41 This is partially
explained by the infrequent VL testing by oncologists in a
real-world setting, highlighting the importance of a mul-
tidisciplinary approach that includes infectious disease

specialists for this unique patient population. Second,
missing data on some tumor-specific biomarkers (ie, PD-L1
status and tumor mutational burden) might have influenced
our findings, particularly in the matched mNSCLC cohort.
Third, response evaluations were a mixture of objective
response assessments (ie, RECIST v1.1) and investigator-
based evaluations, which may affect the categorization in
a subset of PWH in our cohort into the appropriate response
groups. Finally, the lower incidence of irAEs may be mainly
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due to the treatment of PWH outside of clinical trials,
treatment discontinuation because of progression, and sub-
optimal capture of events. Additionally, PWH with missing
baselineCD41T-cell counts andCD4:CD8 ratiowere excluded
from subset analyses of irAEs, which might have introduced
bias to our analyses. Nonetheless, this is unlikely to affect
reporting of higher-grade irAEs (grade ≥3) that usually in-
fluence the course of treatment.

The unique strength of our study lies in the broad and diverse
data of this one-of-a-kind international registry within the
CATCH-IT consortium that included PWH treatedwith ICIs for
several cancer types. Our registry offers a unique opportunity
for additional real-world subanalyses of clinical outcomes of
PWH receiving ICIs that could guide oncologists treating this
unique population aswe await results fromongoing ICI clinical
trials.42,43
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