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Abstract
Background: Immune markers have been correlated with prognosis in a variety of 
solid tumors, including cervical cancer.
Objective: To review the literature on hematologic and immune markers and their 
association with recurrence and survival among patients with cervical cancer treated 
with chemoradiation.
Evidence review: This systematic review was conducted in accordance with PRISMA 
guidelines via searches of Ovid MEDLINE, Ovid Embase, and the Cochrane Library 
using keywords regarding cervical cancer, immune markers, and HIV. Studies in-
volving patients treated with cisplatin- based chemoradiotherapy were selected and 
reviewed by at least two independent reviewers, with disagreements resolved by a 
third reviewer.
Findings: A total of 737 studies were identified, of which 314 assessed immune bio-
markers in immunocompetent patients (30 included in the final analysis) and 327 stud-
ies in immunosuppressed patients (5 included in the final analysis). The strongest 
prognostic indicators were lymphopenia and elevated neutrophil- to- lymphocyte ratio. 
Other potential markers included HPV- specific lymphocyte response, cytokine pro-
file, expression of immune- blocking antigens on cell surfaces, and tumor- associated 
lymphocyte, macrophage, and neutrophil infiltration. Studies of immunosuppressed 
patients described more severe cytopenic changes overall and concluded that viral 
suppression led to improved outcomes.
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Conclusions: The immunologic interplay at work in cervical cancer development, pro-
gression, and treatment is complex. Strong evidence was found in favor of lymphope-
nia and elevated neutrophil- to- lymphocyte ratio being prognostic for worse outcomes 
with other markers showing potential associations as well. Although the interpretation 
of immune status with regard to treatment approach remains unclear, future studies 
should aim to tailor treatment that minimizes possible detrimental immune effects.

K E Y W O R D S

immunologic factors, biomarkers, cervical cancer, HIV, immune exhaustion, lymphocytes, 
prognosis

1 |  INTRODUCTION

Understanding of the importance of the immune system in 
cancer development, progression, and therapeutic response 
has increased greatly over the past decade. In particular, 
tumor- specific immune responses, as well as non- specific 
systemic inflammatory responses, have been correlated with 
treatment- related outcomes in a variety of solid tumors,1 in-
cluding cervical cancer.2,3  These observations underscore 
the importance of immune surveillance throughout the 
course of cervical cancer care as well as the need for more 
detailed understanding of the specific factors involved.

The role of the immune system is particularly relevant in 
the pathogenesis and treatment of cervical cancer because most 
cases are associated with human papillomavirus (HPV) infec-
tion.4 In addition, chemoradiation (CRT), which is the standard 
of care for locally advanced cervical cancer,5,6 can result in sig-
nificant lymphopenia due to the exquisite radiosensitivity of 
lymphocytes. In geographic regions where the cervical cancer 
burden is greatest, e.g., in sub- Saharan Africa,7 co- infection 
with HIV has been associated with inferior clinical outcomes 
after CRT,8- 14 further underscoring the importance of an intact 
immune system for positive therapeutic outcomes. Finally, im-
munotherapies aimed at circumventing intratumoral immune 
blockade have shown promise in the management of several 
types of solid malignancies, including cervical cancer.15,16

Given the importance of immunologic factors in cancer 
surveillance, this review examines the role of immune mark-
ers in predicting clinical outcomes among patients with cer-
vical cancer receiving CRT. Additionally, we performed a 
separate review of hematologic and immunologic markers in 
patients who are living with HIV (PLWH) and receiving CRT 
for cervical cancer.

2 |  DATA SOURCES AND 
SELECTION

To review immune markers associated with cervical can-
cer, we undertook a systematic review in accordance with 

the Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA) guidelines.17 An electronic search 
of the following databases was performed for each research 
question namely, relationships between immune mark-
ers and outcome among (a) patients with cervical cancer 
treated with CRT and (b) patients with cervical cancer and 
HIV co- infection treated with CRT: Ovid MEDLINE, Ovid 
Embase, and Cochrane Library for publications in English 
from January 2000 to date. The search was first performed 
in February 2020 and updated in May 2020. To assess the 
relationship of immune markers and clinical outcomes, the 
following concepts were searched by using the following 
subject headings and keywords as needed: “uterine cervical 
cancer,” “radiotherapy”, “survival analysis”, “survival rate”, 
“adverse events”, “lymphocytes”, “lymphocyte count”, “lym-
phocyte ratio, “lymphopenia”, “neutrophils”, “leukocytes”, 
“platelet count”, “T- lymphocyte differentiation antigens”, 
“immunologic cytotoxicity”, “cellular immunity, “immune”, 
“immunity” and “biomarkers”. Inclusion criteria required re-
ceipt of concurrent platinum- based CRT in at least 50% of 
patients; exclusion criteria were having small- cell or other 
non- squamous/non- adenomatous histology or an exclusive 
focus on recurrent disease (Figure 1).

To assess immune marker changes in PLWH with cervi-
cal cancer who received CRT, the following concepts were 
added to the search strategy: “human immuno deficiency 
virus”, “HIV”, “HIV Infections”, “acquired immuno defi-
ciency syndrome”, and “AIDS.” Inclusion and exclusion 
criteria were the same as those noted above, with docu-
mented HIV infection and measurements of hematologic/
immune variables throughout treatment. The strategy and 
full list of terms for an Ovid MEDLINE search are provided 
in Appendix I.

After removal of duplicates, each study was initially iden-
tified by title and abstract review followed by full- text eval-
uation. At least two reviewers independently reviewed full 
articles; the methodological quality of each publication was 
graded per the NIH National Heart, Lung, and Blood Institute 
(NHLBI) quality assessment tool for observational cohort 
studies, and disagreements were resolved by a third reviewer.
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A total of 737 studies were identified; removal of 274 dupli-
cates resulted in 463 studies (314 on immune biomarkers and 149 
on immune or hematologic changes over cancer treatment in the 
context of HIV). Subsequent screening of the titles and abstracts 
for eligibility led to selection of 59 immune- biomarker studies 
and 22 HIV- associated immune/hematologic changes. Of these 
studies, full- text review of the 59 immune- marker studies led to 
exclusions for non- standard CRT (n = 25) or for having non- 
squamous / adenomatous disease (n = 2) or recurrent disease 
(n = 2). Of the 22 studies of immune changes in HIV- positive 
patients, the most common exclusions were non- standard CRT 
(n = 10) or not having reported changes in hematologic or im-
mune variables (n = 7). The final numbers of studies included in 
the qualitative synthesis were 30 on immune markers and 5 on 
immune/hematologic markers associated with HIV.

Among the 30 immune- marker studies, most focused pri-
marily on standard hematologic venous markers (n = 22) vs 
non- standard markers (n = 9), with one study including both. 
The immune markers studied most often were lymphocytes 
(n = 15) or neutrophil- to- lymphocyte (NLR) ratios (n = 9). In 
the 5 studies of immune changes in immunosuppressed (i.e., 
HIV- infected) patients, assessed total leukocyte count was re-
ported in 3, absolute neutrophil count (ANC) in 2, and ALC/
CD4 count in 2.

A summary of the quality assurance grading system is 
reported in Appendix II. Overall, most studies (71%) were 
retrospective. Areas of bias included selection, with stud-
ies focusing on a narrow selection of cervical cancer stages 
(43%), and reliance on single exposure measures rather than 
repeat or longitudinal measures (63%).
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3 |  FINDINGS AND DISCUSSION

The immune system has a central role in cancer development, 
including the targeting and elimination of neoantigens. Local 
and systemic inflammatory processes are known to inter-
sect with a variety of tumor- promoting effectors including 
growth factors, proangiogenic factors, extracellular matrix- 
modifying enzymes, and mutagenic molecules that all have 
individual and overlapping roles with tumor formation, pro-
gression, invasion, and metastasis.1,18 Although there are in-
numerable immune markers to examine, we focused on two 
general types: hematologic markers that are easily obtained 
via a standard- of- care peripheral- blood differential analysis 
(Table  1) and other markers requiring more sophisticated 
techniques to assess, such as immunohistochemical stain-
ing, flow cytometry, and other non- standard- of- care assays 
(Table 2).

3.1 | Standard- of- care hematologic 
immune markers

Studies assessing standard hematologic immune markers are 
particularly plentiful as these markers are relatively inexpen-
sive to obtain, are accessible, and can be measured repeat-
edly throughout therapy and follow- up. Although the results 
studied do not yield a complete picture of the immune sys-
tem, they nevertheless provide a basic overview that is easily 
clinically translated to clinical practice.

3.1.1 | Lymphocytes

The concept of immunosurveillance wherein immune cells, 
primarily lymphocytes, can identify and eliminate nascent 
malignant cells was proposed as early as the 1950s.19 Two 
central questions regarding the prognostic value of lym-
phocyte count are what thresholds and what time points 
throughout treatment are most informative in predicting 
outcomes. Some investigators have found that low ab-
solute lymphocyte counts (ALC) at baseline (i.e., before 
treatment is begun) ranging from 1000 to 2350 cells/μL 
are associated with poor outcomes, including attenuated 
overall survival (OS), progression- free survival (PFS), 
and worse locoregional control.20- 23 However, other stud-
ies using similar thresholds (1000– 1870 cells/μL) did not 
show comparable results.24- 27

Having low baseline lymphocyte counts suggests the 
presence of aberrant systemic T- cell homeostasis influ-
enced by each individual's cancer- derived microenvironment 
and may represent a fixed characteristic for each patient.28 
However, changes in lymphocyte counts during treatment 
and at recovery in patients with cervical cancer treated 

with standard- of- care definitive CRT can be strongly influ-
enced by the treatment itself. Lymphocytes are among the 
most radiosensitive cells in the body,29 and lymphopenia 
can result from irradiation of circulating lymphocytes30 and 
bone marrow.31 Research regarding lymphopenia nadir val-
ues during treatment is less robust than studies evaluating 
baseline lymphocyte count, with conflicting results in the 
literature.25,26 That said, one group reported that the rate of 
lymphocyte count change throughout treatment, specifically 
a more rapid relative loss of lymphocytes from baseline, can 
itself be prognostic of PFS and disease- specific death.32

Changes in ALC after treatment, relative to baseline, 
should also be considered, as recovery of circulating lym-
phocytes may have prognostic influence. One study showed 
that ALC levels of ≥500 cells/μL at 2 months after therapy 
may be associated with improved OS and PFS,24 and another 
found that ALC <600 cells/μL at that time was associated 
with inferior OS and PFS.25 Thus, although lymphocyte count 
has been shown to be prognostic, the precise timepoints and 
thresholds are still unclear. The gist seems to be that higher 
lymphocyte counts before, during, and after recovery from 
therapy are associated with better prognosis.

3.1.2 | Neutrophils

Unlike lymphocytes, which serve to eliminate neoantigens, 
neutrophils have multifaceted roles in tumor initiation, 
growth, and metastasis,33 and some evidence exists to sug-
gest that neutrophils may promote radiation resistance.34 
Indeed, higher neutrophil counts at baseline generally por-
tend worse prognosis.33 Similar to lymphocytes, the levels 
and time points at which absolute neutrophil count (ANC) 
are most predictive remain unclear. Findings from studies of 
baseline neutrophilia are mixed,27,34- 37 although some studies 
have found that elevated ANC during treatment was associ-
ated with worse DFS35 and with lower rates of local control, 
metastasis- free survival, and cause- specific survival.34 Thus 
although the predictive power of ANC levels at baseline re-
mains debated, rises in ANC during therapy likely indicate 
worse outcomes.

More than ALC or ANC alone, the combination of neu-
trophilia and relative lymphopenia— often reported as the 
neutrophil- to- lymphocyte ratio (NLR)— has been more ro-
bustly associated with poor outcomes in gynecologic ma-
lignancies.3 NLR is thought to be a proxy for the systemic 
balance between the pro- inflammatory effects of neutrophils 
and the antitumor immune response of lymphocytes, and 
thus can describe simultaneous trends in greater tumorigenic 
activity and decreased antitumor capacity.38 Several groups 
have evaluated NLR at baseline and generally found signifi-
cantly worse outcomes associated with NLR values from 1.6 
to 3.03.27,39- 42 Post- treatment NLR (or the change in NLR 
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T A B L E  2  Studies of non- standard- of- care immune markers as prognostic oncologic determinants for patients with cervical cancer treated with 
definitive chemoradiation

Study and 
reference No of patients

FIGO disease 
stage

Immune markers 
assessed Central outcomes

Peripheral

Ordoñez et al 
(2013)46

58 I- II Radiation- induced 
apoptosis value of 
peripheral CD8+ 
cells

↑ Radiation- induced apoptosis for CD8+ T cells 
associated with worse DFS and CSS (OR 12.915, 
95% CI 2.837– 58.794, p = 0.001; OR 7.805, 95% CI 
1.243– 48.991, p = 0.028)

Yang et al 
(2006)52

42 IBI- III Baseline serum levels 
of TGF- β1, VEGF, 
IL−6

Baseline TGF- β1<30 ng/mL and VEGF <70 pg/mL 
associated with complete or partial tumor response 
(OR 3.1, p = 0.04; OR 2.7, p = 0.05)

IL−6 >35 pg/mL not associated with response

Delgado et al 
(2009)51

32 (16 controls) IBI- IIIB IFN- γ and IL−4 
cytokine response 
from lymphocytes 
stimulated with 
HPV−16 E7 peptides 
at baseline and after 
treatment

↓Th2 response at baseline associated with significant 
decrease in DFS (p = 0.027)

Not observed with Th2 response after treatment or with 
Th1 responses at any time

Ma et al 
(2018)45a 

66 (60 controls) IIB- IIIB HPV E1- specific T- cell 
response (PBMCs 
were isolated and 
stimulated with 
whole E1- protein and 
measured with an 
IFN- γ ELISA)

↑HPV E1- specific T- cell response an independent 
prognostic factor for improved OS and PFS (HR 
7.499, 95% CI 1.661– 33.856, p = 0.009; HR 7.252, 
95% CI 1.690– 31.126, p = 0.008)

Tumor- associated

Tsuchiya et al 
(2020)56

104 I- IV PDL1- expressing tumor 
cells

Tumor- associated CD8+, 
FoxP3+ cells

↑ PDL1 expression on tumor cells after treatment 
associated with improved OS (HR 0.224, 95% CI 
0.096– 0.525, p < 0.001) and reduced out- of- field 
recurrence (p = 0.005)

↑ CD8+ and FoxP3+ T- cell infiltration within the 
tumor microenvironment at baseline associated with 
better OS on univariate analysis (HR 0.260, 95% CI 
0.108– 0.628, p = 0.003, HR 0.286, 95% CI 0.120– 
0.683, respectively)

Matsumoto et 
al (2017)64

250 IA2- IVB Tumor- associated 
neutrophils (CD66b+ 
cells)

↑ Intratumoral neutrophil density associated with worse 
PFS (HR 4.95, 95% CI 2.51– 10.7, p < 0.0001)

Cosper et al 
(2020)60

115 IB1- IIIB Before- treatment and 
mid- treatment 
analysis of:

PD1, PDL1, 
PDL2, CTLA4 
expression, and 
genetic expression 
differences as a 
response to treatment

CD8+ cells within the 
microenvironment

T- cell expression of: 
CD3e, CD4, CD8a, 
PRF1, GAMA, 
GNLY

655 genetic changes vs 5533 after treatment in those 
who DoD vs had NED; 67% and 80% of immune- 
related pathways enriched at before treatment and 
mid- treatment vs 0% and 0.6% at before treatment 
and mid treatment for patients NED vs DOD 
(p < 0.01)

↑CTLA4 and PD1 expression in patients with NED vs 
those who DoD who had increased expression of 
PDL1 and PDL2 at mid- treatment

↓Intratumoral lymphocytes in patients who DoD vs 
those who had NED (2% vs 9%, p = 0.01)

↓ Expression of CD3e, CD4, CD8a, PRF1, GAMA, 
GNLY (markers of cytolytic activity) in patients 
who DoD vs those who had NED

(Continues)
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from baseline) has not been assessed as rigorously, and find-
ings are more ambiguous.37,43 In sum, NLR values at base-
line may be informative, but how changes during and after 
therapy can better inform outcomes requires additional study.

3.1.3 | Eosinophils and monocytes

Eosinophils and monocytes have also been assessed as mark-
ers of inflammation akin to neutrophils. Thus far little prog-
nostic utility has been found for either cell type measured 
individually; however, in combination with lymphocytes 
(i.e., eosinophil- to- lymphocyte [ELR] or lymphocyte- to- 
monocyte [LMR] ratios), they have shown some association 
with outcomes. For example, a baseline ELR of >0.07 was 
correlated in one study with improved 5- year OS,44 and a 
LMR >5.28 was shown in another to predict improved 5- 
year OS and PFS.21

3.2 | Non- standard- of- care peripheral and 
intratumoral immune markers

Beyond the information to be gained from a typical venous 
blood differential analysis, the ability to detect and identify 
not only specific immune cells but also qualitative changes in 
gene expression and cell- associated protein expression asso-
ciated with immune regulation has enhanced the understand-
ing of immune dynamics in cervical cancer, as described 
below.

3.2.1 | Peripheral markers

Lymphocyte response
Functional assays have suggested some association between 
peripheral lymphocytes and response to cervical cancer 
therapy. In one study, higher activity of T cells (extracted 
before treatment) in response to HPV E1- specific antigens 
was linked with improved OS and PFS.45 Another study ex-
amined the radiosensitivity of CD8+ T cells extracted before 
treatment and found that patients whose T cells had higher 
rates of radiation- induced apoptosis (i.e., higher lymphocyte 
radiosensitivity) had worse disease- free and cancer- specific 
survival.46 Interestingly, the same study found no links be-
tween other lymphoid immune cells including CD4+ T cells, 
B cells, and natural killer cells and prognosis.46 Collectively, 
these findings support the importance of the CD8  T- cell 
subset, with its emphasis on antigen- specific responses, as a 
positive indicator of cancer- free survival.

Cytokine profiles
Although immune cells ultimately execute immune func-
tions (e.g., antigen presentation, surveillance, cytotoxicity), 
it is cytokines, a broad group of soluble proteins, that orches-
trate immune cell migration patterns, polarization/differen-
tiation, and overall activity. The cytokine profile produced by 
CD4+ T- helper cells in particular, i.e., the Th1/Th2 cytokine 
balance, is important in the prognosis of several types of 
cancer.47- 50 Delgado et al. found that cervical cancer patients 
whose peripheral lymphocytes expressed a Th2- type response 
after HPV- specific antigen stimulation before treatment had 

Study and 
reference No of patients

FIGO disease 
stage

Immune markers 
assessed Central outcomes

Petrillo et al 
(2015)61a 

84 IB2- IVA Tumor- associated 
macrophages (M1 
and M2 phenotypes)

↑ M1/M2 associated with improved 5- yr OS (69.3% vs 
46.9%; p = 0.037) and 5- yr DFS (67.2% vs. 44.3%; 
p = 0.019) vs ↓ M1/ M2

Total TAM count not associated with oncologic 
outcome

Martins et al 
(2019)57

21 IIB- IIIB Tumor associated CD8+ 
T cells

Tumor- associated 
macrophages 
(CD68+ cells)

PD1, PDL1, and PDL2 
expression on TILs

↑ CD8+ T cells in responders vs non- responders in both 
the stroma and peri/intratumoral region (p < 0.05)

Macrophage infiltration no different in the stroma and 
peri- intratumoral region between responders vs 
non- responders

↑ PDL1+ expression on TILs in responders (p < 0.01); 
responders had ↑PDL1+ TILs within the stroma 
vs the peri/intratumoral region vs non- responders 
(p < 0.01)

All studies had at least ≥50% of patients who were treated with platinum- based chemoradiotherapy.
Abbreviations: CI, confidence interval; CSS, cancer specific survival; DFS, disease- free survival; DoD, died of disease; ELISA, enzyme- linked immunosorbent assay; 
FoxP3+, Forkhead box P3; GAMA, Ganzyme A; GNLY, Granulysin; HPV, human papillomavirus; HR, hazard ratio; IFN- γ, interferon- γ; IL- , interleukin; NED, no 
evidence of disease; OR, odds ratio; PBMC, peripheral blood mononuclear cell; PDL, programed cell death ligand; PFS, progression- free survival; PRF1, perforin 1; 
TAM, tumor- associated macrophage; TGF- , tumor growth factor- ; Th- , t- helper cell; TILs, tumor infiltrating lymphocytes; VEGF, vascular endothelial growth factor.
aDenotes studies with additional concurrent chemotherapy regimens (Petriollo et al, 2015, cisplatin and flurouracil; Ma et al 2018, cisplatin with or without paclitaxel).

T A B L E  2  (Continued)
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significantly worse DFS (p = 0.027) and perhaps worse OS as 
well (p = 0.126) at 40 months.51 Overall, a higher Th1/Th2 ratio 
has been linked with better outcomes in cervical cancer. This re-
lationship between Th1 cytokine profiles and better prognosis is 
also consistent with findings from other studies of type 1 tumor- 
associated macrophages (TAMs) and profiles favoring cyto-
toxic CD8 T- cell infiltration (i.e., Th1- induced), as reviewed in 
the tumor microenvironment markers section below.

Studies of the angiogenic factors tumor growth factor- β 
(TGF- β1) and vascular endothelial growth factor (VEGF) 
have also shown that having lower levels of both before CRT 
for cervical cancer has been associated with complete or par-
tial tumor response.52 Possible mechanisms for this observa-
tion are that attenuated TGF- β1 levels result in decreased cell 
proliferation53 and restriction of T- cell infiltration,54 whereas 
decreased VEGF levels restrict endothelial cell proliferation 
and permeability.55

3.2.2 | Tumor microenvironment markers

3.3 | Lymphocytes

In addition to functional assays of peripheral lymphocytes, the 
composition of intratumoral lymphocyte subpopulations (cy-
totoxic and regulatory T- cell) has also been assessed in cervi-
cal tumor specimen's pre- treatment for prognostic significance. 
Infiltration of CD8+ T cells into both the tumor stroma and the 
peri- tumoral or intratumoral region has been associated with 
response and survival.56,57 Also, intratumoral infiltration of 
Forkhead box P3 (FoxP3)+ T cells (that is, regulatory T cells 
associated with reduced immune activation and enhanced tumor 
immune escape) evident before treatment has been associated 
with better OS.56  Mechanistically, these improved outcomes 
may be attributable to co- association with increased HPV- 16 
positivity, co- infiltration with effector T cells, and increased anti- 
inflammatory effects, all known to limit tumor progression.58,59 
Studies assessing tumor- associated lymphocyte subpopulations 
during and after treatment are limited. Cosper et al. found that 
patients who died of disease after CRT had significantly fewer 
intratumoral lymphocytes (3% vs 9%, p = 0.01) and lower ex-
pression of cytolytic lymphocyte genes at mid- treatment com-
pared with patients with no evidence of disease after treatment.60 
Establishing direct links among a baseline immunoregulatory- cell 
set point in the tumor microenvironment, lymphocyte infiltration, 
and response to therapy is an ongoing area of investigation.

Tumor- associated macrophages and neutrophils

Although to date no differences have been found in infiltra-
tion of myeloid cells within the tumor microenvironment at 

baseline or after treatment between patients who respond 
to treatment and those who do not,57,61 closer assessment 
of myeloid polarization patterns has raised the hypothesis 
that macrophage polarization phenotypes may be prognos-
tic.61 Type 1 (M1) TAMs promote inflammatory immune 
activity by increasing antigen- presentation capacity and 
inducing Th1 immunity;62 type 2 (M2) TAMs are activated 
through a variety of pathways, including anti- inflammatory 
molecules such as interleukins (IL) −4, IL- 13, and IL- 
10.63 Consistent with the link between CD8  T- cell cyto-
toxic phenotypes and tumor control, greater polarization 
towards the M1 phenotype (an M1/M2 ≥ 0.600) has been 
shown to independently predict improved 5- year OS and 
DFS.61

With regard to neutrophil infiltrates at baseline, increased 
density of CD66b+ neutrophils within the tumor microen-
vironment has been linked with shorter PFS.64 Future stud-
ies are needed to address whether the presence of greater 
neutrophil- based inflammation is counter to steady- state lev-
els of FOXP3 T cells or to the emergence of M1 and CD8 T- 
cell infiltrates. For example, whether activated neutrophils 
act on myeloid suppressor cells within the tumor microenvi-
ronment in a way that leads to a poor prognosis remains to be 
determined.65

Immune blockade

Cell surface markers associated with downregulation of 
immune activity, particularly those markers mediated by 
T- cell lymphocytes (e.g., programmed cell death pro-
tein/ligand- 1/2 [PD/L1/2]) and cytotoxic T- lymphocyte- 
associated protein [CTLA4]), are often upregulated on 
tumor cells.15,16 The effects of blocking the cell- surface ex-
pression of immune markers have been assessed both before 
and after CRT for cervical cancer, with studies showing 
mixed to negative findings. In one study, patients who re-
sponded to standard CRT had an overall increase in PDL1, 
but not in PD1 or PDL2 expression, on tumor- infiltrating 
lymphocytes (TILs) at baseline relative to patients who did 
not respond.57 A separate study also found that decreased 
PD1 expression at baseline may have been associated with 
worse OS (p = 0.116).56 Analysis of RNA expression pat-
terns during CRT showed a mixed picture in which patients 
who died of disease had increase expression of PDL2 but 
decreased expression of CTLA4 and PD1.60 Finally, others 
have found that increased PDL1 expression on tumor cells 
after CRT was associated with improved OS.56 The hetero-
geneity of these results suggests that enhanced expression 
of immune blockade markers could be correlated with an 
active immunoregulatory environment, perhaps dependent 
on PD1 interactions, a concept that would support the ef-
ficacy of anti- PD1 as immunotherapy.
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3.4 | Role of HIV

The global burden of cervical cancer is increasingly shift-
ing to locations where HIV co- infection is more com-
mon.7  Treatment of locally advanced cervical cancer does 
not vary based on HIV status— or, indeed, on receipt of anti- 
retroviral therapy (ART). Nevertheless, due to the inherent 
immunologic impacts caused by HIV, this raised the ques-
tion of how HIV may alter the various links between immune 
markers and prognostic outcomes detailed above. While no 
studies in our search directly answered this question, there 
have been separate analyses of women living with HIV 
(WLHW) who have received chemoradiotherapy for cervi-
cal cancer in which acute immune response to treatment is 
assessed.

3.4.1 | Immune response to chemoradiation for 
women living with HIV with cervical cancer

Studies assessing changes in immune markers among 
WLWH are fairly sparse, with most having limited sam-
ple sizes (Table  3); nevertheless, cytopenic changes seem 
to be more severe among WLWH than in women who are 
HIV- negative.66,67 One report of 29 WLWH (90% of whom 
were on ART) showed that although ALC (and thus abso-
lute CD4 cell count) was reduced in conjunction with an 

absolute reduction in total WBC, the percentage of CD4+ 
cells (CD4%) was not affected by radiation.68 These results 
suggest that CRT itself should not specifically affect im-
mune function in HIV disease. However, intensified neutro-
penia has also been observed in WLWH in several separate 
studies.67,69

Importantly, most of the WLWH in the published studies 
were immunologically stable on ART with suppressed vire-
mia,67,69,70 although one group found that four patients (14%) 
had an increased HIV viral load after CRT, with two patients 
on ART and two not on ART.68 Generally, viral suppression 
while taking ART portends successful completion of therapy; 
for example, the AIDS- Malignancy- Consortium- 081  study 
found that 82% of WLWH were able to complete anti- cancer 
therapy.70 However, the effects of residual immune activation 
for patients taking ART in response to therapy remain to be 
investigated, as cancer, HIV coinfection, and HPV coinfection 
have all been reported to increase activation despite ART.71,72

3.4.2 | Immune exhaustion and HIV

One potential explanation for why WLWH, even with viral 
suppression while on ART, often have worse outcomes 
after therapy for cervical cancer despite having minor 
changes in immune cell populations is immune exhaus-
tion. The idea that dysregulation of T cells can prompt a 

T A B L E  3  Immune changes in women living with HIV undergoing chemoradiation for cervical cancer

Study and reference
No of patients, 
total (WLWH)

FIGO 
disease stage

% of 
WLWH 
receiving 
ART

Immune markers 
assessed Central outcomes

Siraprapasiri 
et al (2011)68

29 (29) NA 96% WBC, CD4, 
CD4%, ALC%, 
HIV- VL

No change in CD4% from baseline to last week 
of RT

↓ WBC (6771 vs 3903 cells/μL), ALC% (31.7% 
vs 17.5%), CD4 (388 vs 158 cells/μL) from 
baseline to last week of RT

Four patients (14%) had increased HIV- VL after 
treatment (2 on ART, 2 not on ART)

Grover et al (2018)67 143 (96) I- IV 95.8% WBC, ANC No difference in WBC and ANC nadir during 
treatment between WLWH and HIV- 
negative women

Vendrell 
et al (2018)69

61 (6) IB- IV 67% ANC Possibly increased risk of grade 3– 4 neutropenia 
during treatment for WLWH vs HIV- 
negative women (16.7% vs 3.6%, p = 0.27)

Simonds 
et al (2015)66

213 (36) IB1- IIIB 100% WBC, ANC ↑ in rates of grade 3– 4 leukopenia (30.6% vs 
10.2%, p = 0.003) for WLWH vs HIV- 
negative women

Einstein 
et al (2019)70

40 (40) IB2- IVA 100% ALC All patients had decreases in lymphocyte 
counts that were largely self- limiting and 
manageable

Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; ART, antiretroviral therapy; HIV- VL, HIV viral load; RT, radiation therapy; WBC, 
white blood cell; WLWH, women living with HIV.



   | 4217LAKOMY et AL.

state of “exhaustion” that limits response to therapy has 
been of growing interest. Immune exhaustion results from 
the progressive loss of effector T cells in the presence of 
continued antigen exposure. First described in chronic in-
fections such as HIV,73,74 this process has become increas-
ingly well- documented in cancer as well.75 Under normal 
circumstances, naïve T cells, when activated through ap-
propriate antigen presentation, are transformed into effec-
tor T cells, which have cytotoxic activity.76,77 Once antigen 
clearance is achieved and inflammation is resolved, most 
T cells are then eliminated, leaving behind a small pool 
of memory T cells.76,77 However, persistent antigen pres-
entation and inflammation (as is seen in HIV and cancer) 
can result in an alternative end state, that is, T- cell exhaus-
tion.76,77 Although exhausted T cells are not “inert”, in 
that some residual function remains present, exhaustion is 
characterized by expression of inhibitory cell surface mol-
ecules and a general inability to eradicate pathogens or to 
mitigate tumor progression.77

4 |  CONCLUSION AND FUTURE 
DIRECTIONS

The immunologic interplay in cervical cancer development, 
progression, and treatment response is inherently complex. 
The numerous factors identified to date as having prognostic 
influence (Table 4) rarely have singular functions and often 
interact in intricate synergistic networks. In this systematic 
review, we outlined the immune markers that have been as-
sociated with inferior recurrence and survival after CRT for 
locally advanced cervical cancer, reviewing both standard 
hematologic markers and non- standard markers in peripheral 
blood and in tumor tissues.

This review has several limitations. Most of the stud-
ies evaluating standard hematologic marker panels were 

retrospective and only utilized a single timepoint. As immune 
markers may vary greatly over the course of treatment, a sin-
gle time- point may not be singularly reflective of a patient's 
immunological state. Additionally, studies that examined 
more specific immune markers tended to have small numbers 
of patients which may limit generalizability. Furthermore, 
selected studies were limited to patients undergoing CRT; 
consequently, other adjunctive treatments which may im-
pact survival outcomes were not specifically assessed. Image 
guided brachytherapy, for example, has shown increased con-
trol and survival.78 Additionally, we limited the selection of 
studies to focus on squamous, adenosquamous, or adenocar-
cinomas. Not only do these histologic variants have diverging 
prognoses, with adenocarcinomas often portending poorer 
outcome than squamous carcinomas,79 but the exclusion of 
other histologic variants such as neuroendocrine derived 
tumors might limit external generalizability of the findings 
presented. Lastly, it is important to note that while the major-
ity of these studies occurred in academic centers, the global 
burden of cervical cancer is increasingly in low and middle 
income countries7 where treatment availability may differ 
from the ones utilized in these studies.

Nevertheless, given the limitations of current staging prac-
tices and the auspicious emergence of immune- modulating 
therapies, a more nuanced understanding of these immune 
factors may be of benefit. A deeper understanding of each pa-
tient's immune phenotype will be vital in optimizing care for 
patients, whether that translates into choosing radiation mo-
dalities for their ability to minimize immune cell toxicity80 or 
identifying novel systemic therapies that influence the cellu-
lar immune milieu in ways that enhance antitumor immune 
activity.81 The goal in any approach to tailoring treatment is 
to maximize effectiveness while minimizing possible det-
rimental immune effects by optimizing individual patients’ 
immune phenotypes, with the ultimate result of enhancing 
oncologic outcomes for cervical cancer. Given the potential 

T A B L E  4  Immune signatures of cervical cancer related to prognosis

Favorable prognosis Unfavorable prognosis

Hematological Markers ↑ ALC20- 22

↑ relative lymphocyte count27

↑ ELR44

↑LMR21

↑ ANC34- 36

↑ relative rate of on treatment ALC decline32

↑ NLR27,37,39- 42

↑ AMC61

Other Immune Markers ↑CD8+ T cells in the tumor microenvironment56,57

↑ FoxP3 in the tumor microenvironment56

HPV E1- specific T- cell response45

↑ tumor- associated neutrophils (CD66+)64

M1>M2 TAMs61

Th1>Th2 cytokine balance51,84

↓TGF- β152

↓ VEGF52

↓ CD8+ T cells60

↓ PRF1, GAMA, GNLY expression by T 
cells60

↑ lymphocyte radiosensitivity46

Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count; ELR, eosinophil- to- lymphocyte ratio; FoxP3+, 
Forkhead box P3; GAMA, granzyme A; GNLY, granulysin; HPV, human papillomavirus; LMR, lymphocyte- to- monocyte ratio; NLR, neutrophil- to- lymphocyte ratio; 
PDL, programed cell death ligand; PRF1, perforin; TGF- , tumor growth factor- ; Th, T- helper cell; VEGF, vascular endothelial growth factor.
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for immune exhaustion among WLWH who are undergoing 
therapy for cervical cancer, a better understanding of their 
baseline immune status and the effects of CRT on immune 
status and thus on recurrence and survival may help to inform 
treatment for all women with cervical cancer.

ACKNOWLEDGEMENTS
We would like to thank Maria A. Lopez Olivo,  M.D., M. 
Sc., Ph.D. for her advice and clarification regarding certain 
components of the systematic review process and Christine 
Wogan MS, ELS for her editorial support.

CONFLICTS OF INTEREST
Dr. Lin reports receiving funding from AstraZeneca for an 
investigator- initiated clinical trial. The authors report no 
other disclosures or conflicts of interest.

AUTHOR CONTRIBUTIONS
L.L, L.M., E.C., and S.M. were involved in manuscript con-
ceptualization. L.L., Y.G, and E.C. drove study methodology 
with Y.G performing the systematic review process. D.S.L., 
J.W., S.M, D.L., E.C., managed data curation. D.S.L., L.L., 
D.L., J.W., E.P. performed the draft preparation with review 
and supervision from L.L, L.M., E.C., and S.M. All authors 
commented on and reviewed the final manuscript.

ETHICS STATEMENT
No ethical approval was sought as this project utilized previ-
ously published studies in which informed consent was ob-
tained by primary investigators.

DATA SHARING POLICY
Data sharing not applicable to this article as no datasets were 
generated or analyzed during the current study.

ORCID
David S. Lakomy   https://orcid.org/0000-0001-8866-1003 

REFERENCES
 1. Hanahan D, Weinberg RA. Hallmarks of cancer: the next genera-

tion. Cell. 2011;144(5):646- 674.
 2. Bellati F, Visconti V, Napoletano C, et al. Immunology of gyne-

cologic neoplasms: analysis of the prognostic significance of the 
immune status. Curr Cancer Drug Targets. 2009;9(4):541- 565.

 3. Ethier J- L, Desautels DN, Templeton AJ, Oza A, Amir E, Lheureux 
S. Is the neutrophil- to- lymphocyte ratio prognostic of survival 
outcomes in gynecologic cancers? A systematic review and meta- 
analysis. Gynecol Oncol. 2017;145(3):584- 594.

 4. Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. The 
Lancet. 2019;393(10167):169- 182.

 5. Vale CTJ, Stewart LA, Brady M, et al. Reducing uncertainties 
about the effects of chemoradiotherapy for cervical cancer: a sys-
tematic review and meta- analysis of individual patient data from 
18 randomized trials. J Clin Oncol. 2008;26(35):5802- 5812.

 6. West C, Davidson SE, Elyan S, et al. Lymphocyte radiosensitivity 
is a significant prognostic factor for morbidity in carcinoma of the 
cervix. Int J Radiation Oncol*Biol*Phys. 2001;51(1):10- 15.

 7. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2018;68(6):394- 424.

 8. Lowy DR, Solomon D, Hildesheim A, Schiller JT, Schiffman M. 
Human papillomavirus infection and the primary and secondary 
prevention of cervical cancer. Cancer. 2008;113(S7):1980- 1993.

 9. Kelly H, Weiss HA, Benavente Y, et al. Association of antiretrovi-
ral therapy with high- risk human papillomavirus, cervical intraep-
ithelial neoplasia, and invasive cervical cancer in women living 
with HIV: a systematic review and meta- analysis. The Lancet HIV. 
2018;5(1):e45- e58.

 10. Kojic EM, Kang M, Cespedes MS, et al. Immunogenicity and 
safety of the quadrivalent human papillomavirus vaccine in HIV- 
1- infected women. Clin Infect Dis. 2014;59(1):127- 135.

 11. Chirenje ZM, Rusakaniko S, Akino V, Mlingo M. A randomised 
clinical trial of loop electrosurgical excision procedure (LEEP) 
versus cryotherapy in the treatment of cervical intraepithelial neo-
plasia. J Obstet Gynaecol. 2001;21(6):617- 621.

 12. Smith JS, Sanusi B, Swarts A, et al. A randomized clinical trial 
comparing cervical dysplasia treatment with cryotherapy vs 
loop electrosurgical excision procedure in HIV- seropositive 
women from Johannesburg. South Africa. Am J Obstet Gynecol. 
2017;217(2):183.e181- 183.e111.

 13. Coghill AE, Shiels MS, Suneja G, Engels EA. Elevated cancer- 
specific mortality among HIV- infected patients in the United 
States. J Clin Oncol. 2015;33(21):2376- 2383.

 14. Coghill AE, Pfeiffer RM, Shiels MS, Engels EA. Excess mortality 
among HIV- infected individuals with cancer in the United States. 
Cancer Epidemiol Biomarkers Prev. 2017;26(7):1027- 1033.

 15. Lin LL, Lakomy DS, Ning MS, Simpkins F, Jhingran A. 
Combining novel agents with radiotherapy for gynecologic malig-
nancies: beyond the era of cisplatin. Int J Gynecologic Cancer. 
2020;30(4):409- 423.

 16. Lee L, Matulonis U. Immunotherapy and radiation combinatorial 
trials in gynecologic cancer: a potential synergy? Gynecol Oncol. 
2019;154(1):236- 245.

 17. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement 
for reporting systematic reviews and meta- analyses of studies that 
evaluate health care interventions: explanation and elaboration. 
PLoS Medicine. 2009;6(7):e1000100.

 18. Balkwill F, Mantovani A. Inflammation and cancer: back to 
Virchow? The Lancet. 2001;357(9255):539- 545.

 19. Burnet M. Cancer– a biological approach: I. The processes 
of control. II. The significance of somatic mutation. BMJ. 
1957;1(5022):779- 786.

 20. Hoskin PJ, Rojas AM, Peiris SN, Mullassery V, Chong IY. Pre- 
treatment haemoglobin and peripheral blood lymphocyte count as 
independent predictors of outcome in carcinoma of cervix. Clin 
Oncol (R Coll Radiol). 2014;26(4):179- 184.

 21. Li S- W, Yuan W, Zhao BO, et al. Positive effect of HPV status 
on prognostic value of blood lymphocyte- to- monocyte ratio in ad-
vanced cervical carcinoma. Cancer Cell Int. 2016;16:54.

 22. Choi CH, Kang H, Kim WY, et al. Prognostic value of baseline 
lymphocyte count in cervical carcinoma treated with concurrent 
chemoradiation. Int J Radiat Oncol Biol Phys. 2008;71(1):199- 204.

https://orcid.org/0000-0001-8866-1003
https://orcid.org/0000-0001-8866-1003


   | 4219LAKOMY et AL.

 23. Onal C, Yildirim BA, Guler OC, Mertsoylu H. The utility of pre-
treatment and posttreatment lymphopenia in cervical squamous 
cell carcinoma patients treated with definitive chemoradiotherapy. 
Int J Gynecol Cancer. 2018;28(8):1553- 1559.

 24. Wu ES, Oduyebo T, Cobb LP, et al. Lymphopenia and its associ-
ation with survival in patients with locally advanced cervical can-
cer. Gynecol Oncol. 2016;140(1):76- 82.

 25. Taguchi A, Furusawa A, Ito K, et al. Postradiotherapy persistent 
lymphopenia as a poor prognostic factor in patients with cervical 
cancer receiving radiotherapy: a single- center, retrospective study. 
Int J Clin Oncol. 2020;25(5):955- 962.

 26. Cho O, Chun M, Chang SJ, Oh YT, Noh OK. Prognostic value of 
severe lymphopenia during pelvic concurrent chemoradiotherapy 
in cervical cancer. Anticancer Res. 2016;36(7):3541- 3547.

 27. Jeong MH, Kim H, Kim TH, Kim MH, Kim BJ, Ryu SY. Prognostic 
significance of pretreatment lymphocyte percentage and age at di-
agnosis in patients with locally advanced cervical cancer treated 
with definite radiotherapy. Obstet Gynecol Sci. 2019;62(1):35- 45.

 28. Whiteside T. Immune suppression in cancer: Effects on immune 
cells, mechanisms and future therapeutic intervention. Semin 
Cancer Biol. 2006;16(1):3- 15.

 29. Nakamura N, Kusunoki Y, Akiyama M. Radiosensitivity of CD4 
or CD8 positive human T- lymphocytes by an in vitro colony for-
mation assay. Radiat Res. 1990;123(2):224- 227.

 30. Yovino S, Kleinberg L, Grossman SA, Narayanan M, Ford E. The 
etiology of treatment- related lymphopenia in patients with malignant 
gliomas: modeling radiation dose to circulating lymphocytes explains 
clinical observations and suggests methods of modifying the impact of 
radiation on immune cells. Cancer Invest. 2013;31(2):140- 144.

 31. Sini C, Fiorino C, Perna L, et al. Dose– volume effects for pel-
vic bone marrow in predicting hematological toxicity in prostate 
cancer radiotherapy with pelvic node irradiation. Radiother Oncol. 
2016;118(1):79- 84.

 32. Lee S, Cho O, Chun M, et al. Association between radiation toler-
ance of lymphocytes and clinical outcomes in cervical cancer. In 
Vivo. 2019;33(6):2191- 2198.

 33. Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in cancer: 
neutral no more. Nat Rev Cancer. 2016;16(7):431- 446.

 34. Wisdom AJ, Hong CS, Lin AJ, et al. Neutrophils promote 
tumor resistance to radiation therapy. Proc Natl Acad Sci U S A. 
2019;116(37):18584- 18589.

 35. Glicksman R, Chaudary N, Pintilie M, et al. The predictive value 
of nadir neutrophil count during treatment of cervical cancer: 
Interactions with tumor hypoxia and interstitial fluid pressure 
(IFP). Clin Transl Radiat Oncol. 2017;6:15- 20.

 36. Escande A, Haie- Meder C, Maroun P, et al. Neutrophilia in locally 
advanced cervical cancer: a novel biomarker for image- guided 
adaptive brachytherapy? Oncotarget. 2016;7(46):74886- 74894.

 37. Lee HJ, Kim JM, Chin YJ, et al. Prognostic value of hemato-
logical parameters in locally advanced cervical cancer patients 
treated with concurrent chemoradiotherapy. Anticancer Res. 
2020;40(1):451- 458.

 38. Moses K, Brandau S. Human neutrophils: their role in cancer 
and relation to myeloid- derived suppressor cells. Semin Immunol. 
2016;28(2):187- 196.

 39. Jonska- Gmyrek J, Gmyrek L, Zolciak- Siwinska A, Kowalska M, 
Fuksiewicz M, Kotowicz B. Pretreatment neutrophil to lympho-
cyte and platelet to lymphocyte ratios as predictive factors for the 
survival of cervical adenocarcinoma patients. Cancer Manag Res. 
2018;10:6029- 6038.

 40. Onal C, Guler OC, Yildirim BA. Prognostic use of pretreat-
ment hematologic parameters in patients receiving definitive 
chemoradiotherapy for cervical cancer. Int J Gynecol Cancer. 
2016;26(6):1169- 1175.

 41. Wang Y- Y, Bai Z- L, He J- L, et al. Prognostic value of neutrophil- 
related factors in locally advanced cervical squamous cell 
carcinoma patients treated with cisplatin- based concurrent chemo-
radiotherapy. Dis Markers. 2016;2016:3740794.

 42. Mizunuma M, Yokoyama Y, Futagami M, Aoki M, Takai Y, 
Mizunuma H. The pretreatment neutrophil- to- lymphocyte ratio 
predicts therapeutic response to radiation therapy and concur-
rent chemoradiation therapy in uterine cervical cancer. Int J Clin 
Oncol. 2015;20(5):989- 996.

 43. Cho O, Noh OK, Oh Y- T, et al. Hematological parameters 
during concurrent chemoradiotherapy as potential prognosti-
cators in patients with stage IIB cervical cancer. Tumour Biol. 
2017;39(2):1010428317694306.

 44. Holub K, Biete A. Impact of systemic inflammation biomarkers 
on the survival outcomes of cervical cancer patients. Clin Transl 
Oncol. 2019;21(7):836- 844.

 45. Ma M, Feng Y, Fan P, et al. Human papilloma virus E1- specific 
T cell immune response is associated with the prognosis of cer-
vical cancer patients with squamous cell carcinoma. Infect Agent 
Cancer. 2018;13(1):35.

 46. Ordonez R, Henriquez- Hernandez LA, Federico M, et al. Radio- 
induced apoptosis of peripheral blood CD8 T lymphocytes is a 
novel prognostic factor for survival in cervical carcinoma patients. 
Strahlenther Onkol. 2014;190(2):210- 216.

 47. Lee HL, Jang JW, Lee SW, et al. Inflammatory cytokines and 
change of Th1/Th2 balance as prognostic indicators for hepatocel-
lular carcinoma in patients treated with transarterial chemoemboli-
zation. Sci Rep. 2019;9(1):451- 458.

 48. De Monte L, Reni M, Tassi E, et al. Intratumor T helper type 2 cell 
infiltrate correlates with cancer- associated fibroblast thymic stro-
mal lymphopoietin production and reduced survival in pancreatic 
cancer. J Exp Med. 2011;208(3):469- 478.

 49. Ito N, Suzuki Y, Taniguchi Y, Ishiguro K, Nakamura H, Ohgi S. 
Prognostic significance of T helper 1 and 2 and T cytotoxic 1 and 
2 cells in patients with non- small cell lung cancer. Anticancer Res. 
2005;25(3b):2027- 2031.

 50. Xu X, Wang R, Su Q, et al. Expression of Th1-  Th2-  and 
Th17- associated cytokines in laryngeal carcinoma. Oncol Lett. 
2016;12(3):1941- 1948.

 51. Delgado FG, Martínez E, Céspedes MA, Bravo MM, Navas MC, 
Cómbita Rojas AL. Increase of human papillomavirus- 16 E7- specific 
T helper type 1 response in peripheral blood of cervical cancer pa-
tients after radiotherapy. Immunology. 2009;126(4):523- 534.

 52. Yang Y- C, Wang K- L, Su T- H, et al. Concurrent cisplatin- based 
chemoradiation for cervical carcinoma: tumor response, toxicity, 
and serum cytokine profiles. Cancer Invest. 2006;24(4):390- 395.

 53. Li J, Shen C, Wang X, et al. Prognostic value of TGF- β in lung 
cancer: systematic review and meta- analysis. BMC Cancer. 
2019;19(1):691.

 54. Mariathasan S, Turley SJ, Nickles D, et al. TGFβ attenuates tu-
mour response to PD- L1 blockade by contributing to exclusion of 
T cells. Nature. 2018;554(7693):544- 548.

 55. Loncaster JA, Cooper RA, Logue JP, Davidson SE, Hunter RD, 
West CML. Vascular endothelial growth factor (VEGF) expression 
is a prognostic factor for radiotherapy outcome in advanced carci-
noma of the cervix. Br J Cancer. 2000;83(5):620- 625.



4220 |   LAKOMY et AL.

 56. Tsuchiya T, Someya M, Takada Y, et al. Association between 
radiotherapy- induced alteration of programmed death ligand 1 and 
survival in patients with uterine cervical cancer undergoing preop-
erative radiotherapy. Strahlenther Onkol. 2020;196(8):725- 735.

 57. Martins PR, Machado CMT, Coxir SA, et al. Cervical cancer pa-
tients that respond to chemoradiation therapy display an intense 
tumor infiltrating immune profile before treatment. Exp Mol 
Pathol. 2019;111:104314.

 58. Shang B, Liu Y, Jiang S- J, Liu Y. Prognostic value of tumor- 
infiltrating FoxP3+ regulatory T cells in cancers: a systematic re-
view and meta- analysis. Sci Rep. 2015;5(1):15179.

 59. Whiteside T. The role of regulatory T cells in cancer immunology. 
ImmunoTargets Therap. 2015;4:159.

 60. Cosper PF, McNair C, González I, et al. Decreased local immune 
response and retained HPV gene expression during chemoradio-
therapy are associated with treatment resistance and death from 
cervical cancer. Int J Cancer. 2020;146(7):2047- 2058.

 61. Petrillo M, Zannoni GF, Martinelli E, et al. Polarisation of tumor- 
associated macrophages toward M2 phenotype correlates with poor 
response to chemoradiation and reduced survival in patients with 
locally advanced cervical cancer. PLoS One. 2015;10(9):e0136654.

 62. Wang Y- C, He F, Feng F, et al. Notch signaling determines the 
M1 versus M2 polarization of macrophages in antitumor immune 
responses. Can Res. 2010;70(12):4840- 4849.

 63. Mantovani A, Sozzani S, Locati M, Allavena P, Sica A. 
Macrophage polarization: tumor- associated macrophages as a 
paradigm for polarized M2 mononuclear phagocytes. Trends 
Immunol. 2002;23(11):549- 555.

 64. Matsumoto Y, Mabuchi S, Kozasa K, et al. The significance of 
tumor- associated neutrophil density in uterine cervical cancer treated 
with definitive radiotherapy. Gynecol Oncol. 2017;145(3):469- 475.

 65. Aarts CEM, Hiemstra IH, Béguin EP, et al. Activated neutrophils 
exert myeloid- derived suppressor cell activity damaging T cells 
beyond repair. Blood Adv. 2019;3(22):3562- 3574.

 66. Simonds HM, Neugut AI, Jacobson JS. HIV status and acute 
hematologic toxicity among patients with cervix cancer un-
dergoing radical chemoradiation. Int J Gynecol Cancer. 
2015;25(5):884- 890.

 67. Grover S, Bvochora- Nsingo M, Yeager A, 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(1):201- 210.

 68. Siraprapasiri P, Tharavichitkul E, Suntornpong N, 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(Supplement 2):S9- S16.

 69. Vendrell I, Ferreira AR, Abrunhosa- Branquinho AN, et al. 
Chemoradiotherapy completion and neutropenia risk in HIV patients 
with cervical cancer. Medicine (Baltimore). 2018;97(30):e11592.

 70. Einstein MH, Ndlovu N, Lee J, et al. Cisplatin and radiation ther-
apy in HIV- positive women with locally advanced cervical cancer 
in sub- Saharan Africa: a phase II study of the AIDS malignancy 
consortium. Gynecol Oncol. 2019;153(1):20- 25.

 71. Firnhaber C, Zungu K, Levin S, et al. Diverse and high prevalence of 
human papillomavirus associated with a significant high rate of cer-
vical dysplasia in human immunodeficiency virus- infected women in 
Johannesburg, South Africa. Acta Cytol. 2009;53(1):10- 17.

 72. Papasavvas E, Surrey LF, Glencross DK, et al. High- risk onco-
genic HPV genotype infection associates with increased immune 

activation and T cell exhaustion in ART- suppressed HIV- 1- 
infected women. Oncoimmunology. 2016;5(5):e1128612.

 73. Gallimore A, Glithero A, Godkin A, et al. Induction and exhaus-
tion of lymphocytic choriomeningitis virus– specific cytotoxic 
t lymphocytes visualized using soluble tetrameric major histo-
compatibility complex class i- peptide complexes. J Exp Med. 
1998;187(9):1383- 1393.

 74. Zajac AJ, Blattman JN, Murali- Krishna K, et al. Viral immune eva-
sion due to persistence of activated T cells without effector func-
tion. J Exp Med. 1998;188(12):2205- 2213.

 75. Wherry EJ. T cell exhaustion. Nat Immunol. 2011;12(6):492- 499.
 76. Hashimoto M, Kamphorst AO, Im SJ, et al. CD8 T cell exhaustion 

in chronic infection and cancer: opportunities for interventions. 
Annu Rev Med. 2018;69(1):301- 318.

 77. Wherry EJ, Kurachi M. Molecular and cellular insights into T cell 
exhaustion. Nat Rev Immunol. 2015;15(8):486- 499.

 78. Sturdza A, Pötter R, Fokdal LU, et al. Image guided brachyther-
apy in locally advanced cervical cancer: improved pelvic control 
and survival in RetroEMBRACE, a multicenter cohort study. 
Radiother Oncol. 2016;120(3):428- 433.

 79. Pan X, Yang W, Wen Z, Li F, Tong L, Tang W. Does adenocar-
cinoma have a worse prognosis than squamous cell carcinoma in 
patients with cervical cancer? A real- world study with a propensity 
score matching analysis. J Gynecol Oncol. 2020;31(6):e80.

 80. Venkatesulu BP, Mallick S, Lin SH, Krishnan S. A system-
atic review of the influence of radiation- induced lymphopenia 
on survival outcomes in solid tumors. Crit Rev Oncol/Hematol. 
2018;123:42- 51.

 81. Xian J, Yang H, Lin Y, Liu S. Combination nonviral murine inter-
leukin 2 and interleukin 12 gene therapy and radiotherapy for head 
and neck squamous cell carcinoma. Archives Otolaryngol- Head 
Neck Surg. 2005;131(12):1079- 1085.

 82. Haraga J, Nakamura K, Omichi C, et al. Pretreatment prognostic 
nutritional index is a significant predictor of prognosis in patients 
with cervical cancer treated with concurrent chemoradiotherapy. 
Mol. 2016;5(5):567- 574.

 83. Koulis TA, Kornaga EN, Banerjee R, et al. Anemia, leukocytosis 
and thrombocytosis as prognostic factors in patients with cervical 
cancer treated with radical chemoradiotherapy: a retrospective co-
hort study. Clin Transl Radiat Oncol. 2017;4:51- 56.

 84. Sharma A, Rajappa M, Satyam A, Sharma M. Cytokines (TH1 and 
TH2) in patients with advanced cervical cancer undergoing neoad-
juvant chemoradiation: correlation with treatment response. Int J 
Gynecol Cancer. 2009;19(7):1269- 1275.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Lakomy DS, Wu J, Lombe D, 
et al. Immune correlates of therapy outcomes in women 
with cervical cancer treated with chemoradiotherapy: A 
systematic review. Cancer Med. 2021;10:4206–4220. 
https://doi.org/10.1002/cam4.4017

https://doi.org/10.1002/cam4.4017

