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Purpose: The immunosuppressive function of myeloid-derived suppressor cells (MDSCs) has been implicated in the regulation of
immune responses against cancer and is associated with poor prognosis. Radiation treatment is known to alter immune cell
populations within the tumor; however, whether this results in the recruitment of immunosuppressive MDSC populations is not well
understood. Here we evaluate the response of circulating MDSC populations in patients treated per standard-of-care cisplatin
chemoradiation therapy (CRT) for locally invasive cervical cancer.

Methods and Materials: Newly diagnosed, treatment-naive patients with locally advanced cervical cancer were enrolled. Blood
samples were collected from patients prior to starting CRT (T,), after external beam radiation therapy (T,), and after high-dose-rate
brachytherapy (T,). Samples from each time point were processed, and the prevalence of MDSC subsets was determined using flow
cytometry. MDSC populations were identified using Live/Dead-CD11b+CD33+HLA-DR- staining. MDSC subsets were further
subdivided into granulocytic (g-, CD15+CD14-), monocytic (m-, CD15-CD14+), or early-MDSCs (e-, CD15-CD14-).

Results: Most patients in our study were Caucasian nonsmokers with human papillomavirus-associated squamous cell carcinoma of
the cervix. We saw a trend for increased MDSC frequency in patients with more advanced-stage disease at the time of initiating
treatment. MDSCs increase in response to CRT and peak after brachytherapy (T,). In particular, the g-MDSC subset increases by
6.44 times relative to the baseline. There was no correlation between MDSC expansion and response to therapy.

Sources of support: Data acquisition and analysis funded by the Sloan Laboratory at the University of Minnesota Medical School, Minneapolis,
Minnesota.
Research data are stored in an institutional repository and will be shared upon request to the corresponding author.
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Conclusion: Our study confirms other reports that circulating MDSCs in patients with cervical cancer increase in response to CRT and
are associated with more advanced stages. Additionally, we show that MDSC expansion is driven by the g-MDSC subset. We did not see
any correlation between MDSC expansion and treatment response, though this may be because of the limited sample size for this study.
© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Myeloid-derived suppressor cells (MDSCs) are imma-
ture myeloid cells that develop in the context of chronic
inflammation, such as cancer or infection. They are a het-
erogeneous population and are often subdivided into 2
subsets, monocytic- and granulocytic-MDSCs, based on
phenotypic characteristics.’ MDSCs are present in
numerous types of cancer, both within the tumor stroma
and associated blood/lymphoid tissue. They contribute to
immune suppression and tumor progression by stimulat-
ing tumor cell proliferation and angiogenesis.”” The pres-
ence of MDSCs within tumors is associated with an
increased likelihood of progression during chemotherapy
or radiation therapy and a high probability of future
recurrence.

Cervical cancer is known as an immunogenic tumor
due in part to the role of human papillomavirus (HPV)
infection in its carcinogenesis and progression. The HPV-
induced chronic inflammation also likely promotes the
development of MDSCs in the tumor and peripheral
blood of patients with cervical cancer. Consistent with
this, several studies have shown that MDSCs are elevated
in patients with cervical cancer and are associated with
poor prognosis.“’

There has been growing evidence that radiation ther-
apy (RT) can augment anti-tumor immune responses
through the immunostimulatory effect of damage-associ-
ated molecular patterns release and radiation-induced
DNA damage, which lead to increased production of
inflammatory cytokines, increased antigen presentation,
and recruitment of cytotoxic T cells.”* RT also results in
the recruitment of immunosuppressive populations such
as MDSCs. The outcomes of clinical studies investigating
the interactions between MDSCs and RT have identified
context-dependent heterogeneity based on both intrinsic
(eg, tumor type) and extrinsic (eg, dose-fractionation)
factors.”” In cervical cancer, van Meir et al'’ showed that
circulating MDSCs in patients with cervical cancer
increase in response to CRT. However, this study did not
report patient outcomes, and it remains unknown
whether the increased frequency of MDSCs results in
poor responses to RT. Here we investigated how circulat-
ing MDSC populations change in response to chemora-
diation therapy (CRT) and whether changes in MDSC
frequency or subsets are predictive of cervical cancer
treatment responses.

Methods and Materials
Study design

After obtaining institutional review board approval
from the University of Minnesota, we conducted a pro-
spective, single-arm, single-institution, observational
study of treatment-naive patients undergoing primary
CRT for locally advanced carcinoma of the cervix.
Patients were recruited from either the gynecologic oncol-
ogy or radiation oncology clinics. All provided written
informed consent prior to any sample collection.

Patients were all treated per the standard of care at our
institution for locally advanced disease. Briefly, external
beam radiation therapy (EBRT) of 45 Gy in 25 fractions was
delivered to the pelvis, with a simultaneous integrated boost
of 52 to 55 Gy to involved regional lymph nodes and para-
metria, concurrent with weekly cisplatin (40 mg/m?). Gross
tumor was boosted via interstitial or tandem ring high-dose-
rate brachytherapy (22.5-27.5 Gy) after completion of EBRT.

Blood samples were collected prior to initiating ther-
apy (Ty), post-EBRT, prebrachytherapy (T;), and 1 month
postbrachytherapy (T,). Treatment response was deter-
mined based on pretreatment positron emission tomogra-
phy-computed tomography scans compared with a 3-
month follow-up positron emission tomography-com-
puted tomography scan after completing treatment.
Tumor measurements in pretreatment pelvic magnetic
resonance imaging were used to calculate tumor volume.
Complete response was defined as the resolution of
hypermetabolism in the cervix and any previously
involved lymph nodes. A response less than a complete
response was scored as a partial response.

Sample processing and analysis

Peripheral blood mononuclear cells were isolated from
whole blood using density gradient centrifugation and
stained for analysis using flow cytometry. MDSC popula-
tions were identified using Live/Dead CD11b"CD33"HLA-
DR’ staining. MDSC subsets were further subdivided into
granulocytic  (g-, CDI15'CD14), monocytic (m-,
CD15CD14"), or early-MDSCs (e-, CD15°CD14"). Fluo-
resce minus one and isotype controls were used for proper
gating of MDSCs and MDSC subpopulations. Flow cyto-
metric analysis was performed on a Fortessa, and data were
analyzed using Flow]Jo software v10.8.
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Figure 1 Increased circulating myeloid-derived suppressor cells (MDSCs) correlate with a more advanced stage of cervical can-
cer. Frequency (freq) total MDSC (Live/Dead CD11b"CD33"HLA-DR’) was measured in the peripheral blood of the 10 enrolled
patients (pts) at Ty (prior to initiating CRT). (a) relative to tumor FIGO stage and (b) relative to estimated tumor burden on pre-

treatment MRI scan. Statistical analysis was calculated using an unpaired ¢ test (a) and simple linear regression (b).
Abbreviations: CRT = chemoradiation therapy; FIGO = International Federation of Gynecology and Obstetrics; MRI = magnetic resonance imaging.

Statistics
Table 1  Patient characteristics
Th.is eff.ort Wa.s a pilot study With th.e primary goal of Characteristic All subjects (n = 10)
assiessmg circulating MI?SC freque.znaes in patients und.er- Age (1), Mean (SD) 47.8 (104)
going CRT and providing an estimate of the effect size. Tewe 35.73

Time constraints for this study limited the enrollment of

. . . P f high risk HPV 7 (70%)*
additional patients. Data were subject to the Kolmogorov- et b (70%)

Smirnov test to assess the normality of samples. Statistical Former/Current smoker 2 (20%)
differences were calculated using an unpaired 2-tailed T Ethnicity Caucasian: 7 (70%)
test. Correlation analyses were conducted using simple Hispanic/Latino: 2(20%)
linear regression. All statistical analyses were performed Other: 1 (10%)
using Prism 9. Graphical data are shown with error bars Tumor histology Squamous cell carcinoma: 8 (80%)
indicating the standard error of the mean. Adenocarcinoma: 2 (20%)
FIGO stage (2018) ITIA/B: 4 (40%)
IIIC: 6 (60%)
Results Type of brachytherapy Tandem and Ring: 6 (60%)'
Interstitial: 3 (30%)
Patients Response Complete: 6 (60%)
Partial: 4 (40%)
We enrolled 12 patients between July 2022 and July 2023. Progression: 0 (0%)
Two patients withdrew from the study prior to initial sample Abbreviations: FIGO = International Federation of Gynecology and

collection, leaving a final sample size of 10. One patient Obstetrics; HPV = Human Papillomavirus.
*HPV status unavailable for one patient

wmdrew aft?r initial samp le.collectlon and IS. only included tOne patient underwent 1 tandem and ring treatment initially and
in Fig. 1. Patient characteristics are reported in Table 1, but then 4 interstitial treatments
most patients had HPV-associated squamous cell carcinoma
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Figure 2 Granulocytic myeloid-derived suppressor cells (g-MDSCs) expand in response to external beam radiation therapy
(EBRT) and brachytherapy. The frequency of total MDSC (Live/Dead CD11b"CD33"HLA-DR’) was measured in the peripheral
blood of patients (pts) with cervical cancer and then was further divided into MDSC subsets e-MDSC (CD14'CD157), m-MDSC
(CD14*CD15"), and g-MDSC (CD14 CD15"). Fold change of (a) total MDSC or (b) each MDSC subset from T; (post-EBRT)
and T, (post brachytherapy) relative to T, (prior to initiating CRT) was calculated, and the average fold change indicated on the

graph. Pt 9 was excluded from the analysis because they withdrew from the study after T,
Abbreviations: CRT = chemoradiation therapy; e-MDSC= early myeloid-derived suppressor cell; m-MDSC = monocytic myeloid-derived suppressor cell.
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of the cervix and were Caucasian nonsmokers. International
Federation of Gynecology and Obstetrics (FIGO) 2018 stage
at diagnosis ranged from IIB to IIIC.

Circulating MDSCs are elevated in patients
with advanced tumor stage

Fresh peripheral blood samples were analyzed from the
10 participants prior to initiating CRT to establish base-
line MDSC frequencies (T,). There was a trend for
increased total MDSC frequency in patients with more
advanced FIGO 2018 stage at the time of diagnosis
(Fig. 1a). However, there was no obvious relationship
between tumor volume at Ty and circulating MDSC fre-
quencies (Fig. 1b).

Frequency of g-MDSCs increases in response
to RT

Peripheral blood samples were analyzed after completing
EBRT (T;) and 1 month after completing brachytherapy
(T,). Total circulating MDSCs in this cohort increased
1.46 times from baseline in response to EBRT and brachy-
therapy (Fig. 2a). MDSC expansion occurred primarily in
the g-MDSC subset. The g-MDSCs increased 2.41 times rel-
ative to baseline in response to EBRT (T, — T)), and
644 times 1 month after completing brachytherapy
(To — T,) (Fig. 2b). There was no correlation between total
MDSC or g-MDSC expansion and response to CRT
(Fig. Ela, b). However, one patient with adenocarcinoma of
the cervix (Patient 8) had an increased frequency of g-
MDSCs at all time points relative to other patients with
squamous cell carcinoma of the cervix (Fig. E2).

Discussion

We investigated the response of circulating MDSC pop-
ulations to CRT in patients with cervical cancer. A previous
study has demonstrated that circulating MDSC levels are
increased in patients with more advanced-stage disease."’
Though not statistically significant, in our cohort of
patients, we also observed a trend for increased MDSC lev-
els with more advanced FIGO 2018 stage. van Meir et al'’
demonstrated that MDSC levels peak at the end of EBRT
and brachytherapy in patients with cervical cancer. Our
data confirms that MDSCs expand in response to CRT but
also shows that MDSC expansion is largely driven by g-
MDSCs. Interestingly, the presence of g-MDSCs has been
associated with increased tumor burden and poor survival
in patients with cervical cancer.” We did not see any rela-
tionship between g-MDSC levels and the FIGO 2018 stage
or response to CRT in our study.

Our study enrollment was time-limited, yielding a rela-
tively small sample size and limiting our power to detect
potentially relevant treatment effects. Additionally, our
study analyzed circulating MDSCs in the peripheral
blood, which may not be representative of MDSC popula-
tions within the tumor. In future studies, we would like to
analyze the immune composition of pretreatment biopsy
specimens and compare them to peripheral blood sam-
ples. However, our study is novel in that we show the
dynamics of MDSC subsets at multiple time points
throughout a patient’s treatment course.

The patients in our study were treated with RT and
concurrent cisplatin chemo-sensitization. A recent clinical
trial demonstrated that checkpoint inhibitor pembrolizu-
mab used in combination with CRT was efficacious for
improving progression-free survival in patients with
locally advanced cervical cancer,'” prompting US Food
and Drug Administration approval. MDSCs have been
shown to directly interfere with T-cell- and B-cell-medi-
ated responses against the tumors in cervical cancer.'>"*
Future studies should address the impact of adding
immunotherapy to CRT regimens in modulating MDSC
populations in patients with cervical cancer.
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