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The global burden of cervical cancer is highest in low- and middle-
income countries. Women living with human immunodeficiency virus
(HIV) infection are particularly affected by cervical cancer despite
availability and adherence to antiretroviral therapy. Immune profile
correlates of survival and treatment response have not been widely ex-
plored in patients with and without HIV infection. This study recruited
women with cervical cancer undergoing definitive chemoradiation
(CRT) in Botswana. Clinical characteristics and blood samples were
collected. Flow cytometry was performed on samples prior to initiation,
at completion, and 3 months after CRT. Logistic regression analysis
identified immune markers that differed by HIV status and correlated
with overall survival (OS). The study enrolled 131 consecutive women
(HIV+ N = 89 and HIV— N = 42). From initiation to 3 months after
CRT, a significant decrease in CD4 frequency (72%-60.55%, P < 0.001)
and an increase in CD8 frequency (20.9%-31.5%, P < 0.001) were seen in

women without HIV, whereas no significant changes in CD4 frequency

Introduction

Cervical cancer is the fourth most common cancer in women worldwide and
remains the leading cause of cancer-related death in women in low- and

middle-income countries (LMIC; ref. 1). Women living with human
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(52.5%-50.9%) or CD8 frequency (39.9%-41.4%) were observed in those
with HIV. Peripheral T cells underwent similar activation across the
cohort regardless of HIV status. Improved OS was associated with re-
duced frequency of IL-2-expressing CD4 T-cell subsets. In women living
with HIV, enhanced OS was associated with the presence of proin-
flammatory CD8 T cells. CRT induces peripheral T-cell activation and
distinct cytokine profiles that differ by HIV status. Despite similar OS,
HIV infection may differentially affect immune response to CRT in

women with well-managed HIV.

Significance: Chemoradiation affects the immune system of patients
with cervical cancer with well-controlled HIV infection differently than
those without HIV, yet their survival does not differ. This finding is an
important step in understanding how management of HIV infection can
modify cancer outcomes, particularly in settings with a high burden
of HIV.

immunodeficiency virus (HIV; WLWH) are more likely to harbor persistent
human papillomavirus (HPV) infection with high-risk HPV serotypes
(i.e., HPV 16 and 18) and subsequently are at higher risk of developing
cervical cancer than their counterparts without HIV infection (2-4). The

majority of WLWH from LMICs who develop cervical cancer present with
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HIV and Peripheral Inmunity in Patients with Cervical Cancer

locally advanced disease (5-7). Standard treatment of locally advanced cer-
vical cancer consists of chemoradiation (CRT) with external beam radiation
(RT) and concurrent weekly cisplatin-based chemotherapy followed by
brachytherapy (8). The advent and increased accessibility of antiretroviral
therapy (ART) has extended the lifespan of people living with HIV; however,
women remain at an increased risk of developing cervical cancer even when
HIV infection is well-controlled on ART (9, 10). Understanding the ways in
which HIV infection influences cancer biology is critical to improving out-

comes for women with cervical cancer worldwide.

Botswana is an LMIC in sub-Saharan Africa with a high rate of HIV in-
fection, surpassing 23% of the population of women of reproductive age (11).
Cervical cancer rates far outpace those of any other cancer affecting women
or men (11, 12). Despite literature from high-income countries suggesting
that HIV infection negatively affects treatment outcomes, patients in Bot-
swana with well-managed HIV infection who are treated with curative intent
have clinical outcomes comparable with those without HIV infection (7, 10,
13). However, WLWH represent two-thirds of all patients presenting with
invasive cervical cancer, despite excellent adherence to ART (7). This con-
trasts with other HIV-associated malignancies, which demonstrated signifi-
cant decline in incidence after widespread adoption of ART (14, 15).
Additionally, WLWH present with cervical cancer at a significantly younger
age than those without HIV (7). These discrepancies in WLWH compared
with their counterparts without HIV infection suggest that viral presence
continues to promote an immunologic environment supportive of carcino-

genesis even in the setting of viral load suppression and normal CD4 counts.

Although there is a growing body of literature describing changes in the
immunologic profiles of patients receiving treatment for cervical cancer,
most are limited to broad characterizations of lymphocyte fluctuations and
lack detail about behavior of specific subsets of CD4 and CD8 cells. Current
evidence suggests that pretreatment lymphopenia, rapid lymphocyte decline
from baseline during treatment, and poor lymphocyte recovery after treat-
ment completion may be associated with worse prognosis (16). Despite
cervical cancer status as an acquired immunodeficiency syndrome (AIDS)-
defining illness, there are few reports that describe immune profiles of
WLWH undergoing treatment for cervical cancer and virtually none that
compare with that of patients without HIV, limiting the understanding of
any differential impact of HIV infection on treatment-related immune re-
sponses. A single study from Thailand suggested that WLWH on ART ex-
perienced less immunosuppression compared with those not taking ART,
whereas another study from the United States suggested that in patients with
cervical intraepithelial neoplasia, T-cell exhaustion is observed more fre-
quently in those with coinfection of high-risk HPV subtypes compared with
those with low-risk HPV subtypes (17, 18). However, these studies are
limited by their lack of a comparator group without HIV infection. There is a
significant need for ongoing biomedical research in this field, particularly

research carried out in LMICs where the burden of HIV infection is heaviest.

Expanding the understanding of immunologic changes these patients un-
dergo during and after treatment may not only serve a prognostic value but
also provide predictive insights into those at high risk of treatment failure
who may benefit from intensified primary treatment or follow-up strategies.
Despite research attempting to identify molecular, genetic, and immunologic
targets, there are no commercially available predictive biomarkers for pa-
tients with locally advanced cervical cancer (19). Yet identification of

predictors of treatment response or recurrence from peripheral blood could
provide valuable clinical information from a sample easily collected in a
clinic, an approach particularly appealing in regions with limited access to
diagnostic technology that have a higher burden of HIV infection.

This study analyzed peripheral blood mononuclear cell (PBMC) samples
from a cohort of patients with cervical cancer from Botswana with and
without HIV infection who received CRT with curative intent. Comparison
of major peripheral T-cell subsets and functional markers allowed for
identification of correlates of improved survival. The findings of this work
provide novel insights into the immune landscape of women with well-

controlled HIV infection.

Materials and Methods
Patient enrollment and clinical data

Study was approved by the Institutional Review Board (IRB) of the Uni-
versity of Botswana, University of Pennsylvania IRB (IRB# 822683), and the
Ministry of Health of Botswana and conducted in accordance with recog-
nized ethical guidelines. Women >18 years of age with locally advanced
cervical cancer treated with curative intent CRT were enrolled at Princess
Marina Hospital and Gaborone Private Hospital under the “Ipabalele” study
protocol after obtaining written informed consent (20). Patient data and
blood samples were collected as previously described (20). Clinical data
collected included age, HIV status, stage using 2009 International Federation
of Gynecology and Obstetrics guidelines (ref. 21), total radiation dose de-
fined as equivalent total dose in 2-Gy fractions (EQD2; ref. 22), total number
of chemotherapy cycles completed, and vital status.

Patient PBMC analysis

PBMC samples analyzed in this study came from a larger, clinically well-
characterized cohort (20). For each individual patient, at least two longitu-
dinal samples were analyzed, including an initial time point before the start
of treatment (Initial), at least one posttreatment time point, end of treatment
(EOT), and/or 3 months after EOT (M3). For this study, patient samples that
had at least an M3 time point were used in order to control for post-CRT
hematologic toxicity often observed immediately after treatment. Control
samples were procured from the Human Immunology Core at the University
of Pennsylvania and run in parallel to study samples in accordance with IRB
approval from the University of Pennsylvania (IRB# 705906).

PBMC handling

Cryopreserved human PBMCs were transferred from liquid nitrogen storage
onto dry ice for transport and processing in a biosafety hood. Samples were
thawed quickly in a 37°C water bath. Before completely thawing, the samples
were transferred to 15-mL conical tubes containing RPMI medium at room
temperature to dilute (1:10) DMSO from cryopreservation solution in the
sample. Cells were pelleted by centrifugation at 400 x g for 7 minutes to
remove excess cryopreservation mixture in media. Samples were treated with
DNase (100 pg/mL) for ~5 minutes, upon which cells were diluted again in
media to remove excess DNase. Cells in single-cell suspension were resus-
pended in fresh culture media [RPMI medium containing HEPES and gluta-
mine supplemented with 10% FBS and antibiotics penicillin (100 IU/mL)/
streptomycin (100 pg/mL)]. Cells were counted, and viability was assessed by
trypan blue staining under manual light microscopy. Cells were plated at
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concentrations between 0.5 and 1.5 x 10° cells/well in 96-well U-bottom plates
and rested overnight at 37°C, 5% CO, incubating conditions before use.
Samples were plated in duplicate for surface and intracellular cytokine staining
(ICS).

Flow cytometry
Rested PBMCs designated for ICS were incubated with the CD107 antibody

and simultaneously stimulated in culture media with phorbol 12-myristate
13-acetate (Sigma-Aldrich) + ionomycin (Sigma-Aldrich) in the presence of
Monensin (BD GolgiStop) for 5 hours at 37°C, 5% CO,. After incubation, all
cells were washed in PBS before incubating in Live/Dead Aqua (Invitrogen)
staining per the manufacturer’s protocol for 25 minutes on ice. Samples were
subsequently surface stained in designated flow panels (see below) in 50 pL
of wash buffer + antibody cocktail for 30 minutes at room temperature.
Samples designated for ICS were fixed and permeabilized using the
FoxP3 Transcription Factor Staining Buffer Kit (Thermo Fisher Scientific)
according to the manufacturer’s protocols. Samples were stained with an ICS
panel antibody cocktail (see below) diluted in Perm/Wash solution for
50 minutes on ice. Samples were washed and centrifuged 3 times prior to
resuspension in wash buffer before flow cytometric analysis on a BD LSR II.
Panels analyzed were as follows: T-cell subtyping panel used a cocktail
consisting of the following antibodies: CD3 (UCHT1, Beckman Coulter),
CD4 (13B8.2, Beckman Coulter), CD8 (SKI1, BioLegend), CD56 (N901,
Beckman Coulter), CD45RA (2H4, Beckman Coulter), CCR7 (150503, BD
Biosciences), CD27 (1A4CD27, Beckman Coulter), CD28 (CD28.2, Beckman
Coulter), and CD57 (NK-1, BD Biosciences). Functional profiling panel in-
volved an ICS panel that involved surface staining with CD3 (UCHTI,
Beckman Coulter), CD4 (13B8.2, Beckman Coulter), CD8 (SK1, BioLegend),
CD56 (N901, Beckman Coulter), and CD57 (NK-1, BD Biosciences) and
subsequent intracellular staining with CD107 (H4A3, BioLegend), IFNy
(B27, BD Biosciences), TNFa (Mabl1, BD Biosciences), and IL-2 (MQ1-
17H12, Invitrogen).

Flow analysis
BD LSR II used to acquire samples is part of the Penn Cytomics & Cell

Sorting Shared Resource Laboratory. Samples were analyzed on LSR II using
standardized voltages for the designated panels used. A gating strategy ex-
ample is shown in Supplementary Fig. S1. Compensation for antibodies and
LIVE/DEAD staining was set up using UltraComp eBeads (Invitrogen) and
ArC reactive beads (Invitrogen), respectively. Compensation was applied on
the machine and was confirmed/modified after processing on FlowJo soft-
ware as needed. FlowJo v9.9.6 (BD Biosciences) was used for all flow
cytometry analysis. Raw data generated from Flow]Jo analysis was exported

for subsequent biostatistical analysis.

Statistical analysis

Analyses and figure creation were performed in R (v4.1.0) using raw flow
cytometric data acquired from experiments as described in the “Flow anal-
ysis” section and exported from FlowJo. Overall survival (OS) analyses were
conducted in R using the packages “survival” and “survminer” applying the
Cox proportional hazard regression model for the whole cohort and for the
subsets of patients stratified by the time points and/or the HIV status. Ad-
justed P values were derived using Bonferroni correction. OS was estimated

using Cox proportional hazard regression and Kaplan-Meier methods (23).

OS was stratified by high or low expression of immune markers to identify
correlates associated with improved OS. Univariate and multivariate linear
regression analyses were performed across patient treatment time points. For
multivariate regression analysis, the Initial time point were analyzed by in-
cluding age and stage as independent variables. For EOT and M3 time
points, CRT data (radiation dose and chemotherapy cycles) were also in-
cluded with age and stage as independent variables. A two-sample two-tailed
t test was performed for each marker comparing patients by HIV status at

each time point.

Data availability

All data generated in this study are available upon request from the corre-

sponding author.

Results

Clinical characteristics and outcomes of the study
cohort

Between 2016 and 2020, 296 patients with histology-confirmed cervical
cancer were enrolled, and 131 had samples available for analysis (Table 1; ref.
20). WLWH comprised 67.9% (N = 89) of the study cohort, and all had well-
controlled infection on ART. The median baseline CD4 count for WLWH at
initial visit was 454 cells/uL (IQR = 275-590), and most patients presented
with an undetectable viral load (N = 67, 75.3%). Most patients presented
with stage II or III disease, and the majority of patients received four or more
cycles of chemotherapy and >80 Gy EQD2 of RT dose. At EOT, the median
CD4 count had declined to 92 cells/pL (IQR = 75-136) and recovered to
173 cells/pL (IQR = 135-239) by M3.

The median follow-up was 36.8 months (IQR = 20.43-47.77). At the last
follow up, 22% (N = 29) were deceased. Two-year OS was 77.9% [95%
confidence interval (CI), 70%-84%)] for the overall cohort, 78.4% (95% CI,
69%-85%) for WLWH, and 77.0% (95% CI, 63%-86%) for those without
HIV (P = 0.865; Supplementary Fig. S1). There was no survival difference
between patients with and without HIV infection (Supplementary Fig. S2).

Frequency of peripheral CD4 and CD8 T cells in patients
with cervical cancer during treatment

Peripheral T-cell repertoires of the overall cohort displayed a narrowing of
the peripheral CD4:CD8 T-cell ratio from Initial to EOT [1.9:1 (IQR = 1.1-
3.3) to 1.6:1 (IQR = 1.0-2.9)], which was sustained at M3 (1.5:1, IQR = 0.9-
2.4; Fig. 1A; Supplementary Table Sla). At Initial, WLWH presented with a
narrower CD4:CD8 ratio (1.3:1, IQR = 0.9-2.1) compared with patients
without HIV (3.4:1, IQR = 2.5-5.1; Fig. 1B; Supplementary Table S1b). At
EOT, CD4 frequency significantly decreased and CD8 frequency significantly
increased in women without HIV (Fig. 1B), resulting in a narrower
CD4:CD8 ratio (2.5:1, IQR = 1.1-4.7), but the CD4:CD8 ratio in WLWH
was unchanged (1.4:1, IQR = 0.9-2.0). A further narrowing was observed in
women without HIV at M3 (1.9:1, IQR = 1.4-3.4); however, no significant
change in the CD4 frequency, CD8 frequency, or CD4:CD8 ratio from
baseline to M3 was observed in WLWH (1.2:1, IQR = 0.7-1.8). Univariate
and multivariate regression analysis confirmed that the fold change in the
CD4 frequency and CD4:CD8 ratio from Initial to M3 was significantly
larger in patients without HIV compared with WLWH (P < 0.001; Supple-
mentary Table S2).
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TABLE 1 Clinical characteristics of study participants with locally advanced cervical cancer

HIV status

Positive, N = 89 (67.9%)

Negative, N = 42 (32.1%)

Age (years)
<40
40-50
>50
Median age
Histology
Squamous cell carcinoma
Adenocarcinoma
Other
FIGO stage
|
Il
1]
\%
EQD2 (Gy)
<70
70-80
>80
Cycles of chemotherapy

Vital status
Alive
Deceased
Recurrence
Median CD4 (cells/pL), IQR
Initial
EOT
M3
Viral load at initial visit
Detectable
Undetectable
PBMC samples by time point
Initial
EOT
M3

N = 23 (25.8%)
N = 46 (51.7%)
N = 20 (23.5%)
44.0

N =77 (86.5%)
N =7 (7.9%)
N =5 (5.4%)

N =19 (20.2%)
N = 43 (48.3%)
N = 26 (29.2%)
N=1(011%)

N =12 (13.5%)
N =12 (13.5%)
N = 65 (73%)

N=1(011%)

N =5 (5.4%)
N =18 (20.2%)
N = 35 (39.3%)
N = 30 (33.7%)

N = 60 (67.4%)
N =29 (32.6%)
N =3 (3.4%)

454, 275-590 (N = 88)
92, 75-136 (N = 65)
173,135-239 (N = 63)

N =22 (24.7%)
N = 67 (75.3%)

N =289
N =66
N =64

N =4 (9.5%)
N =13 (30.9%)
N = 25 (59.5%)
53.5

N = 38 (90.4%)

N =2 (4.8%)
N =2 (4.8%)
N =8 (19%)

N = 26 (61.9%)
N = 8 (19%)

N =0 (0%)

N =6 (14.3%)
N =3 (71%)
N = 33 (78.6%)

N =1(2.4%)
N =2 (4.8%)
N =5 (11.9%)
N =10 (23.8%)
N = 24 (571%)

N = 27 (64.3%)
N =15 (35.7%)
N =5 (11.9%)

928, 653-1,007 (N = 3)

N/A

165, 152-178 (N = 2)

N =42
N =33
N =39

Abbreviations: EQD2, equivalent dose in 2-Gy fractions; FIGO, International Federation of Gynecology and Obstetrics.

Activation of peripheral CD4 and CD8 T cells in patients
with cervical cancer

Expression of CCR7 and CD45RA on T cells were followed during treatment
to track changes of four primary subtypes (naive: CCR7"CD45RA"; central
memory: CCR7"CD45RA"; effector memory: CCR7 CD45RA; and effec-
tor: CCR7"CD45RA"; Fig. 2A and B). Activation markers associated with

terminal differentiation (CD57) and cell proliferative capacity and memory

phenotypes (CD27 and CD28) were measured given their prognostic value in
literature characterizing tumor-infiltrating lymphocytes (TIL; refs. 24, 25).
Activation of T cells were observed across all patients during treatment with
loss in naive subsets and increases in effector (CCR7 ™) subsets, although this
was less pronounced in WLWH (Fig. 2A and 2B; Supplementary Fig. S3). By
EOT, peripheral CD8 T cells showed statistically significant changes toward
more activated phenotypes, characterized by an increase in populations that

have lost CCR7 expression (i.e., effector and effector memory subsets) and
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Changes in the CD4:CD8 ratio before and after CRT. Frequency of CD4 and CD8 T-cell subsets by flow cytometry. Box plots overlay

individual patient data points for CD4 frequency divided by CD8 frequency (CD4:CD8 ratio) over three longitudinal study time points (Initial, EOT, and
M3) in the (A) total cohort and (B) cohort stratified by HIV status. Significance (P < 0.05) indicated by *; blue and green lines indicate statistical
comparison between Initial and M3 time points for the cohorts with and without HIV, respectively. ns, not significant.

reduction in the naive (CCR7*CD45RA") pool (Supplementary Table Sla;
Supplementary Fig. S3). Additionally, markers of activation such as
CD57 also increased during CRT (Supplementary Tables Sla and S2). Fold
differences in frequencies of T-cell subsets suggest that WLWH present with
more proinflammatory CD8 and CD4 T-cell activation signatures (increases
in CD27" and/or CD57") on subsets that remain elevated and significantly
different through M3 (Supplementary Table S1b). Although a higher fre-
quency of peripheral proinflammatory T-cell subsets was observed in
WLWH before and throughout CRT, overall few of these subsets are sta-
tistically different by HIV status.

Cytokine expression by total CD4 and CD8 T cells

Differences in cytokine expression were assessed to assess global T-cell
proinflammatory capacity. Across the entire cohort, total cytokine-
expressing CD8 (IFNy and TNFa, P < 0.001) and CD4 T (IFNy, TNFa,
and IL-2, P < 0.01) cells undergo similar expression kinetics from Initial to
M3 (Supplementary Table S3a; Supplementary Fig. S4A and S4B). Fre-
quencies of IFNy- and TNFa-coexpressing CD8 T cells and IFNy-
coexpressing, IL-2-coexpressing, and TNFa-coexpressing CD4 T cells in-
crease during CRT. At EOT, T cells from WLWH had more subsets
expressing proinflammatory markers like IFNy and TNFa by univariate and
multivariate regression analyses and undergo significant increases in IFNy-
and TNFa-expressing CD4 and CD8 T-cell subsets from initial to M3
(Supplementary Table S3b).

Multivariate regression analysis including age, HIV status, International
Federation of Gynecology and Obstetrics stage, and treatment cycles showed
WLWH exhibited more cytotoxic cells at initial visit and maintained a higher
frequency of CD4 and CD8 T cells capable of expressing cytokines at
M3 compared with those without HIV (Supplementary Table S2). It also
showed higher total IL-2-expressing (HIV+: 44.45, IQR = 33.98-51.43 and
HIV—: 43.5, IQR = 30.35-53) and TNFa-expressing (HIV+: 584,
IQR = 47.85-67.45 and HIV—: 56.9, IQR = 42.98-63.88) CD4 T cells, and
higher total IFNy (HIV+: 69, IQR = 49.6-84.1 and HIV—: 56.7,
IQR = 39.78-78.1) and TNFa (HIV+: 64.95, IQR = 51.25-71.83 and HIV—:
57.8, IQR = 41.15-72.78) expression by CD8 T cells (Fig. 3A and B; Sup-
plementary Table S4). In WLWH, these changes included CD4 T cells with
predominant populations expressing IL-2 as well as CD8 T cells with sig-
nificant increases in proinflammatory markers such as IFNy and TNFa
(Supplementary Table S3b). Overall, CD8 T cells from WLWH maintained a

proinflammatory status by EOT. CD4 and CD8 T-cell polyfunctionality
increased during CRT regardless of HIV status (Supplementary Table S2).
Taken together, WLWH present with a larger proinflammatory repertoire
before and during CRT, with CD4 polyfunctionality increasing by
M3 regardless of HIV status.

T-cell markers associated with OS

At initial visit, subsets associated with increased OS in the overall cohort
included higher frequency in two CD27°CD8" T-cell subsets and lower
frequency of two CD8 subsets with activated phenotypes (Supplementary
Table S2, Initial, Total). Patients without HIV that presented initially with
lower frequency of activated CD4 T-cell subsets and activated CD8 T cells
had better OS. Changes in peripheral CD4:CD8 ratios in women without
HIV was more striking during CRT compared with WLWH, but this did not
statistically correlate with OS (Fig. 4). Improved survival in WLWH was
associated with activated subsets at Initial, including CD4" T cells expressing
IFNy and IL-2 at higher frequency as well as lower frequency of non-
differentiated CD8 subtypes like CD57-naive cells (Supplementary Table S2).
Women without HIV experienced better outcomes with CD4" T-cell subsets
with lower cytokine expression profiles (Supplementary Table S4). In the
total cohort, improved OS was associated with activated CD8 subsets lacking
CD27 and CD28 at EOT. When stratified by HIV status, patients without HIV
who had lower frequency of IL-2-expressing CD4 T-cell subsets had better OS.
These subsets were present at a higher frequency in WLWH (Supplementary
Table S2). Many T-cell subsets expressing IL-2 significantly decreased between
initial and M3 (Supplementary Table S3a). Lower frequency of multiple IL-2-
expressing T-cell subsets was associated with better OS at all three time points
regardless of HIV status (Supplementary Table S5).

Discussion

The aim of this study was to investigate differences in the immunologic
response to CRT by a cohort of patients with cervical cancer with a large
proportion of WLWH with well-managed HIV infection. Analysis of pe-
ripheral T-cell repertoires before and after treatment demonstrated distinct
differences in the immune profiles of WLWH compared with their coun-
without HIV This initial

CD4:CD8 ratio that remained relatively stable over treatment compared with

terparts infection. included a narrower
the significant decrease seen in patients without HIV, increased T-cell ac-

tivation at baseline and throughout treatment compared with patients
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FIGURE 2 Changes in T-cell subsets
before and after CRT by HIV status. A,
CD8 T cells and (B) CD4 T cells were
stratified into four major subsets by two
additional markers (CCR7 and CD45RA) to
identify naive (CD45RA*CCR7™), central
memory (CD45RA~CCR7™), effector
memory (CD45RACCR77), and effector
(CD45RA*CCR77) subsets. Box plots
overlay individual patient data points
for subset frequencies over three
longitudinal study time points (Initial,
EOT, and M3).

without HIV, and disparate predictors of survival despite similar 2-year OS,
AA with immune activation being protective in WLWH but detrimental in
those without HIV. These results suggest that WLWH who are treated with
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CRT have an immunologic profile distinct from their counterparts without

HIV, yet these differences are not substantial enough to ultimately affect OS
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A narrow CD4:CD8 ratio close to 1 has been suggested to represent high
levels of immune activation, T-cell exhaustion, and T-cell replicative se-
nescence in patients living with HIV (26). People living with HIV who have a

narrower CD4:CD8 ratio are at higher risk of developing cancer. WLWH
who present with cervical cancer in Botswana often have CD4 counts well
above AIDS-defining levels (i.e., >200 cells/mm?); however, they typically
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FIGURE 4 Correlation of the CD4:CDS8 ratio with patient OS. Kaplan-Meier curves show OS probabilities by peripheral CD4:CD8 ratio for the total
analyzed cohort and by HIV status. Ratios are designated as those lower than the mean (blue) vs. higher than the mean (red).

remain below that of their counterparts without HIV (27, 28). The study
found that the CD4 count as measured by routine HIV monitoring labo-
ratory tests in the WLWH cohort demonstrated fivefold reduction in CD4 at
EOT and recovery to just under half of baseline at 3 months. WLWH had a
narrower CD4:CD8 ratio at all time points compared with those without
HIV, but that CD4:CD8 ratio kinetics differed between the two groups.
Patients without HIV had a significant decrease in CD4:CD8 ratio and as-
sociated reduction in CD4 T-cell frequency and increase in CD8 T-cell
frequency during CRT, whereas the CD4:CD8 ratio as well as CD4 and
CD8 T-cell frequencies remained stable in WLWH. Prior studies on the
effect of CRT on peripheral lymphocytes are consistent with this finding in
patients without HIV, demonstrating that women receiving treatment typ-
ically undergo a significant decrease in peripheral CD4 frequency and
CD4:CD8 ratio, resulting in prolonged clinical lymphocytopenia (29-33).
However, the lack of variation in the CD4:CD8 ratio and CD4 and
CD8 T-cell frequency observed here in WLWH has not previously been

reported.

Despite these differing patterns of CD4 and CD8 cell frequencies in WLWH,
T-cell subsets still underwent increased activation in patients regardless of
HIV status, although was more pronounced in WLWH. CD4 and
CD8 T cells trended toward loss of naive populations and had a corre-
sponding shift toward activated effector populations during CRT that con-
tinued to M3. This corresponded with an increase in T cells expressing

inflammatory cytokines, which was similarly more pronounced in WLWH.

These findings prompt several theories about the differences observed be-
tween WLWH and those without HIV. Peripheral T cells may experience
heightened activation prior to treatment initiation, an observation that
would be consistent with an environment of chronic immune activation and
CD4 T-cell depletion that is associated with HIV infection (34). It may also
be that WLWH lack a distinct subpopulation of T cells that has increased
sensitivity to CRT compared with those without HIV. Further investigation
with extensive lymphocyte subtyping, for example including regulatory
T-cell populations and antigen-specific populations, would be needed to
characterize this phenomenon. Overall, the immunologic distribution pat-
terns observed in WLWH are likely due to multifactorial causes that may
include loss of broad or specific CD4 T-cell subsets, increase in CD8 T cells

during treatment response, or a combination of both mechanisms. HIV
directly affects CD4 T cells and indirectly impairs CD8 T-cell functionality
due to dependence on CD4 interaction for activation. Activated T cells
undergo drastic shifts in metabolism and division and are likely differentially
sensitive to these treatments. Understanding the sensitivity of T-cell subsets
to CRT within our patient cohort could provide insights into the mecha-
nisms that reshape immune repertoires regardless in patients both with and
without HIV.

OS in this cohort was consistent with prior reports in this population and
did not differ by HIV status (10). Survival of the overall cohort was pos-
itively associated with a higher frequency of activated CD8 subsets at
baseline, a higher frequency of activated CD8 subsets at EOT, and a lower
frequency of IL-2-expressing CD4 or CD8 subsets at M3. Within the co-
hort of WLWH, a higher frequency of activated CD8 cells and CD4 subsets
expressing IFNy and IL-2 at baseline and lower frequency of IL-2-
expressing cells at M3 was associated with improved survival. Taken to-
gether, these results suggest that survival is positively associated with an
activated pretreatment and tempered posttreatment immune profile. A
pattern of persistent activation can be consistent with the chronic in-
flammation related to prolonged HIV infection. Although inflammatory
cytokine profiles positively correlate with the viral load, this trend is not
completely abrogated by appropriate management with ART, resulting in a
low but persistent inflammatory state even in people with no detectable
viral load (34, 35). Chronic inflammation in patients living with HIV has
been associated with T-cell exhaustion and higher susceptibility to cancer
development and therefore may also play a role in treatment outcomes
(34). Although not currently in regular clinical use, IL-2 has historically
been trialed as a cancer therapeutic as well as for use in immune fortifi-
cation for patients with HIV infection (36-39). Although IL-2 has pleio-
tropic effects on immune proliferation and homeostasis, its role in the
posttreatment immunologic landscape for the patients in this study are not
clear. However, reduced levels at M3 may indicate a pattern of inflam-
matory decline that is protective of entering a chronic inflammatory state.
Further studies will be needed to characterize the optimal immune envi-
ronment for patients before, during, and after treatment in order to de-

termine if immune system modulation can affect disease outcomes.
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Little is known about whether CRT differentially affects specific T-cell pop-
ulations at the site of disease versus the periphery. Transient depletion of
CD4 T cells has been described in novel anticancer therapies to remodel the
immune repertoire (40). CRT-mediated immune repertoire remodeling may be
one mechanism by which well-managed WLWH respond to treatment. CRT,
particularly focal radiotherapy, can convert “cold” tumor cells into “in situ,
individualized vaccines” for priming tumor specific CD8 T cells (41, 42). Acti-
vated tumor-infiltrating immune cell populations (43) have been reported as
potential immune correlates for improved patient outcomes (24, 44). The res-
toration of functional CD4 populations by ART coupled with increased CRT-
mediated tumor killing may provide a synergistic role in WLWH. This study sets
the stage for future studies interrogating antigen-specific differences both in the
vascular periphery and tumor microenvironment to determine if these correlates

have utility in assessing tumor-specific responses and patient outcomes.

Although this study provides important novel findings about the immune
profile of patients with cervical cancer undergoing CRT, there are several
limitations. Given the well-controlled nature of HIV infection in this cohort,
patterns of immune expression reported here are not generalizable to pa-
tients with newly diagnosed or poorly controlled HIV infection. Due to
limitations in sample size, analysis of the patterns of regulatory T cells during
CRT was not possible. Studies examining comparisons of the peripheral
immune kinetics with those of TILs in the cervical microenvironment were
not done because of IRB limitations. However, these limitations represent a
rich area of study for the future. Other areas of future focus may include
analysis with HPV or HIV antigen-specific T-cell identification to better
understand the kinetics of peripheral lymphocytes with tumor-specific
functions that may have more closely reflected the role of TILs as well as
investigation of the impact of CRT on immune subsets associated with ex-
haustion and regulatory function.

In conclusion, this study demonstrates that standard CRT induces a sig-
nificant pattern of activation and differentiation in T cells present in pe-
ripheral blood of patients with cervical cancer during treatment regardless of
HIV status. However, lymphocyte kinetics differ between patients with and
without HIV infection, and WLWH have a higher activation profile at
baseline. Although WLWH may be at higher risk of T-cell exhaustion after
treatment, they do not experience inferior survival outcomes in this cohort
with well-managed HIV infection. Understanding the impact of CRT on
immune response is important in all patients with cervical cancer and par-
ticularly those with HIV infection who may have the opportunity to optimize

HIV infection control prior to CRT initiation.

Authors’ Disclosures

S. Grover reports personal fees from Lumonus, Harbinger Health, and Sustained
Dialogue on Peaceful Uses/Civilian Research and Development Foundation
outside the submitted work. E.S. Robertson reports grants from U54 outside the

submitted work. No disclosures were reported by the other authors.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

Authors’ Contributions

E.C. MacDuffie: Data curation, investigation, methodology, writing-
original draft, writing-review and editing. L. Cocka: Data curation, soft-
ware, formal analysis, validation, investigation, visualization, methodology,
writing-original draft, writing-review and editing. X. Lin: Data curation,
software, formal analysis, validation, visualization, methodology, writing-
review and editing. M. Bvochora-Nsingo: Resources, data curation, in-
vestigation, writing-review and editing. S. Chiyapo: Resources, data
curation, investigation, writing-review and editing. D. Balang: Resources,
data curation, investigation, writing-review and editing. B. Maswabi:
Resources, data curation, supervision, investigation, methodology,
writing-review and editing. K. Ngoni: Resources, data curation, investi-
gation, writing-review and editing. D. Ramogola-Masire: Conceptuali-
zation, resources, data curation, investigation, writing-review and editing.
N.M. Zetola: Conceptualization, resources, supervision, funding acquisi-
tion, investigation, writing-review and editing. Z. Wei: Data curation,
software, formal analysis, validation, visualization, methodology, writing-
review and editing. H. Shen: Conceptualization, resources, software, su-
pervision, investigation, project administration, writing-review and edit-
ing. S. Bassa: Supervision, writing-review and editing. S. Grover:
Conceptualization, resources, data curation, supervision, funding acqui-
sition, investigation, methodology, project administration, writing-review
and editing. E.S. Robertson: Conceptualization, resources, data curation,
supervision, funding acquisition, investigation, methodology, project ad-

ministration, writing-review and editing.

Acknowledgments

S. Grover is funded by NIH-supported grants (Center for AIDS Research
5-P30-AI-045008-17 and 1-K08CA230170-01A1), NCI-supported grants
(Sub-Saharan African Collaborative HIV and Cancer Consortia-U54
1U54CA190158-01), and the Department of Radiation Oncology at the
University of Pennsylvania. E.S. Robertson is funded by NIH-supported
grants (R01CA244074, R01CA268998, P01CA281867, 5U54CA190158,
P01CA174439, RO1CA171979, and R01CA177423). Data presented in this
article were generated by the authors in the Penn Cytomics and Cell Sorting
Shared Resource Laboratory at the University of Pennsylvania and is par-
tially supported by the NCI-supported Abramson Cancer Center Grant (P30
016520, research identifier number is RRID: SCR_022376).

Note

Supplementary data for this article are available at Cancer Research Com-

munications Online (https://aacrjournals.org/cancerrescommun/).

Received July 09, 2024; revised November 10, 2024; accepted March 14, 2025;
posted first March 18, 2025.

2. Liu M, Yan X, Zhang M, Li X, Li S, Jing M. Influence of human papillomavirus
infection on the natural history of cervical intraepithelial neoplasia 1: a meta-
analysis. Biomed Res Int 2017;2017:8971059.

Cancer Res Commun; 5(4) April 2025

https://doi.org/10.1158/2767-9764.CRC-24-0364 | CANCER RESEARCH COMMUNICATIONS


https://aacrjournals.org/cancerrescommun/
https://dx.doi.org/10.1158/2767-9764.CRC-24-0364

HIV and Peripheral Inmunity in Patients with Cervical Cancer

20.

. Stelzle D, Tanaka LF, Lee KK, Ibrahim Khalil A, Baussano I, Shah ASV, et al.

Estimates of the global burden of cervical cancer associated with HIV. Lancet
Glob Health 2021;9:e161-9.

. Tawe L, MacDuffie E, Narasimhamurthy M, Wang Q, Gaseitsiwe S, Moyo S,

et al. Human papillomavirus genotypes in women with invasive cervical cancer
with and without human immunodeficiency virus infection in Botswana. Int
J Cancer 2020;146:1667-73.

. Dryden-Peterson S, Bvochora-Nsingo M, Suneja G, Efstathiou JA, Grover S,

Chiyapo S, et al. HIV infection and survival among women with cervical cancer.
J Clin Oncol 2016;34:3749-57.

. Simonds HM, Neugut Al, Jacobson JS. HIV status and acute hematologic

toxicity among patients with cervix cancer undergoing radical chemo-
radiation. Int J Gynecol Cancer 2015;25:884-90.

. Grover S, Bvochora-Nsingo M, Yeager A, Chiyapo S, Bhatia R, MacDuffie

E, et al. Impact of human immunodeficiency virus infection on survival
and acute toxicities from chemoradiation therapy for cervical cancer
patients in a limited-resource setting. Int J Radiat Oncol Biol Phys 2018;
101:201-10.

. Chuang LT, Temin S, Camacho R, Duefias-Gonzalez A, Feldman S, Gultekin M,

et al. Management and care of women with invasive cervical cancer: American
society of clinical Oncology resource-stratified clinical practice guideline.
J Glob Oncol 2016;2:311-40.

. Yanik EL, Napravnik S, Cole SR, Achenbach CJ, Gopal S, Olshan A, et al.

Incidence and timing of cancer in HIV-infected individuals following ini-
tiation of combination antiretroviral therapy. Clin Infect Dis 2013;57:
756-64.

. MacDuffie E, Bvochora-Nsingo M, Chiyapo S, Balang D, Chambers A, George

JM, et al. Five-year overall survival following chemoradiation therapy for lo-
cally advanced cervical carcinoma in women living with and without HIV in-
fection in Botswana. Infect Agent Cancer 2021;16:55.

. Government of Botswana. Botswana AIDS Impact Survey V 2021 (BAIS V):

Report. Gaborone, Botswana: National AIDS & Health Promotion Agency;
2023.

. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:
394-424.

. Shah S, Xu M, Mehta P, Zetola NM, Grover S. Differences in outcomes of

chemoradiation in women with invasive cervical cancer by human immu-
nodeficiency virus status: a systematic review. Pract Radiat Oncol 2021;11:
53-65.

. Cobucci RNO, Lima PH, De Souza PC, Costa VV, Cornetta MdCdM, Fernandes

JV, et al. Assessing the impact of HAART on the incidence of defining and
non-defining AIDS cancers among patients with HIV/AIDS: a systematic re-
view. J Infect Public Health 2015;8:1-10.

. Adler DH. The impact of HAART on HPV-related cervical disease. Curr HIV Res

2010,8:493-7.

. Wu ES, Oduyebo T, Cobb LP, Cholakian D, Kong X, Fader AN, et al. Lym-

phopenia and its association with survival in patients with locally advanced
cervical cancer. Gynecol Oncol 2016;140:76-82.

. Siraprapasiri P, Tharavichitkul E, Suntornpong N, Tovanabutra C, Meennuch E,

Panboon P, et al. Effects of radiation therapy on immunological and virological
status in HIV-infected cancer patients in Thailand: a multicenter prospective
study. J Med Assoc Thai 2016;99(Suppl 2):59-16.

. Papasavvas E, Surrey LF, Glencross DK, Azzoni L, Joseph J, Omar T, et al. High-

risk oncogenic HPV genotype infection associates with increased immune
activation and T cell exhaustion in ART-suppressed HIV-1-infected women.
Oncoimmunology 2016;5:e1128612.

. Fleischmann M, Chatzikonstantinou G, Fokas E, Wichmann J, Christiansen H,

Strebhardt K, et al. Molecular markers to predict prognosis and treatment
response in uterine cervical cancer. Cancers 2021;13:5748.

Grover S, Zetola N, Ramogola-Masire D, Bvochora-Nsingo M, Schnader AF,
Mick R, et al. Building research capacity through programme development
and research implementation in resource-limited settings - the Ipabalele
study protocol: observational cohort studies determining the effect of HIV

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

on the natural history of cervical cancer in Botswana. BMJ Open 2019;9:
e031103.

Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix, and
endometrium. Int J Gynaecol Obstet 2009;105:103-4.

Suneja G, Brown D, Chang A, Erickson B, Fidarova E, Grover S, et al. American
Brachytherapy Society: brachytherapy treatment recommendations for locally
advanced cervix cancer for low-income and middle-income countries. Bra-
chytherapy 2017;16:85-94.

Dafni U. Landmark analysis at the 25-year landmark point. Circ Cardiovasc
Qual Outcomes 2011;4:363-71.

Jordanova ES, Gorter A, Ayachi O, Prins F, Durrant LG, Kenter GG, et al. Human
leukocyte antigen class |, MHC class | chain-related molecule A, and CD8+/
regulatory T-cell ratio: which variable determines survival of patients with
cervical cancer? Clin Cancer Res 2008;14:2028-35.

Wang J, Li Z, Gao A, Wen Q, Sun Y. The prognostic landscape of tumor-
infiltrating immune cells in cervical cancer. Biomed Pharmacother 2019;120:
109444.

Gras L, May M, Ryder LP, Trickey A, Helleberg M, Obel N, et al. Determinants of
restoration of CD4 and CD8 cell counts and their ratio in HIV-1-positive in-
dividuals with sustained virological suppression on antiretroviral therapy.
J Acqui Immune Defic Syndr 2019;80:292-300.

De Vuyst H, Franceschi S. Human papillomavirus vaccines in HIV-positive men
and women. Curr Opin Oncol 2007;19:470-5.

Serrano-Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL, et al. HIV-
infected individuals with low CD4/CD8 ratio despite effective antiretroviral
therapy exhibit altered T cell subsets, heightened CD8+ T cell activation, and
increased risk of non-AIDS morbidity and mortality. PLoS Pathog 2014;10:
€1004078.

Reits EA, Hodge JW, Herberts CA, Groothuis TA, Chakraborty M, Wansley EK,
et al. Radiation modulates the peptide repertoire, enhances MHC class | ex-
pression, and induces successful antitumor immunotherapy. J Exp Med 2006;
203:1259-71.

Bachtiary B, Herbacek |, Zideck T, Knocke TH, Dimopoulos J, Poetter R, et al.
Impact of radiotherapy with and without concurrent cisplatin on lymphocyte
subpopulations in patients with cervical cancer. Anticancer Res 2005;25:
4673-8.

van Meir H, Nout RA, Welters MJ, Loof NM, de Kam ML, van Ham JJ, et al.
Impact of (chemo)radiotherapy on immune cell composition and
function in patients with cervical cancer. Oncoimmunology 2017;6:
€1267095.

Wang X, Chen J, Sun W, Zhu M, Li D, Chen G. Influences of neoadjuvant
chemotherapy on clinical indicators, prognosis and neutrophil/lymphocyte
ratio of stage IB2-1IB cervical cancer. J BUON 2020;25:757-63.

Lissoni P, Meregalli S, Bonetto E, Mancuso M, Brivio F, Colciago M, et al.
Radiotherapy-induced lymphocytopenia: changes in total lymphocyte count
and in lymphocyte subpopulations under pelvic irradiation in gynecologic
neoplasms. J Biol Regul Homeost Agents 2005;19:153-8.

Paiardini M, Mdller-Trutwin M. HIV-associated chronic immune activation.
Immunological Rev 2013;254:78-101.

Streeck H, Maestri A, Habermann D, Crowell TA, Esber AL, Son G, et al. Dis-
secting drivers of immune activation in chronic HIV-1 infection. EBioMedicine
2022;83:104182.

Sereti |, Martinez-Wilson H, Metcalf JA, Baseler MW, Hallahan CW, Hahn B,
et al. Long-term effects of intermittent interleukin 2 therapy in patients with
HIV infection: characterization of a novel subset of CD4(+)/CD25(+) T cells.
J Am Soc Hematol 2002;100:2159-67.

Raeber ME, Sahin D, Karakus U, Boyman O. A systematic review of interleukin-
2-based immunotherapies in clinical trials for cancer and autoimmune dis-
eases. EBioMedicine 2023;90:104539.

Rosenberg SA. IL-2: the first effective immunotherapy for human cancer.
J Immunol 2014;192:5451-8.

INSIGHT-ESPRIT Study Group; SILCAAT Scientific Committee; Abrams D, Lévy
Y, Losso MH, Babiker A, Collins G, Cooper DA, et al. Interleukin-2 therapy in
patients with HIV infection. N Engl J Med 2009;361:1548-59.

AACRJournals.org

Cancer Res Commun; 5(4) April 2025

619


https://aacrjournals.org/

620

MacDuffie et al.

40.

41.

42.

Aoki H, Ueha S, Shichino S, Ogiwara H, Shitara K, Shimomura M, et al. Transient
depletion of CD4" cells induces remodeling of the TCR repertoire in gastro-
intestinal cancer. Cancer Immunol Res 2021;9:624-36.

Golden EB, Marciscano AE, Formenti SC. Radiation therapy and the in situ
vaccination approach. Int J Radiat Oncol Biol Phys 2020;108:891-8.

Lim JY, Gerber SA, Murphy SP, Lord EM. Type | interferons induced by radiation
therapy mediate recruitment and effector function of CD8(+) T cells. Cancer
Immunol Immunother 2014;63:259-71.

43.

44,

Heeren AM, van Luijk IF, Lakeman J, Pocorni N, Kole J, de Menezes RX,
et al. Neoadjuvant cisplatin and paclitaxel modulate tumor-infiltrating
T cells in patients with cervical cancer. Cancer Immunol Immunother 2019;
68:1759-67.

de Vos van Steenwijk PJ, Ramwadhdoebe TH, Goedemans R, Doorduijn EM,
van Ham JJ, Gorter A, et al. Tumor-infiltrating CD14-positive myeloid cells and
CD8-positive T-cells prolong survival in patients with cervical carcinoma. Int
J Cancer 2013;133:2884-94.

Cancer Res Commun; 5(4) April 2025

https://doi.org/10.1158/2767-9764.CRC-24-0364 | CANCER RESEARCH COMMUNICATIONS


https://dx.doi.org/10.1158/2767-9764.CRC-24-0364

