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Objective

This study aimed to evaluate the prognostic impact of age at diagnosis, and pretreatment hematologic markers,
including lymphocyte percentage and the neutrophil-to-lymphocyte ratio (NLR), in patients with locally advanced
cervical cancer (LACC) treated with definitive radiotherapy (RT).

Methods

A total of 392 patients with LACC (stage llb to IVa) treated with cisplatin-based concurrent chemoradiotherapy or RT
alone between 2001 and 2012 were retrospectively enrolled. Clinical data and pretreatment complete blood counts
were extracted from electronic medical records of the patients, and analyzed. Treatment outcomes, progression-free
survival (PFS), and overall survival (OS) were evaluated.

Results

Low lymphocyte percentage and a high NLR were associated with younger age, advanced stage, larger tumor size,
lymph nodes metastasis, and treatment failure. The cut-off value for lymphocyte percentage and NLR was determined
using a receiver operating characteristic curve. In univariate analysis, low lymphocyte percentage (<24%) was
associated with poor PFS and OS, while high NLR (>2.8) was significantly associated only with PFS. In multivariate
analysis, both lymphocyte percentage (hazard ratio [HR], 0.59; 95% confidence interval [Cl], 0.40-0.85; P=0.005) and
NLR (HR, 1.55; 95% Cl, 1.07-2.25; P=0.022) had independent prognostic value for PFS. Compared to younger patients
(age <50 years), older patients (age >60 years) had a lower risk of death.

Conclusion

Although the lymphocyte percentage did not remain significant in multivariate analysis for OS, it was predictive of
PFS and OS. Thus, lymphocyte percentage is a simple hematologic parameter with a significant prognostic value in
patients with LACC treated with definitive RT.
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Introduction

The incidence and mortality of cervical cancer have steadily
decreased since cytological screening with the Papanicolaou
(Pap) test was introduced. However, cervical cancer is still the
most common gynecological cancer, with 3,500 new cases
detected in 2014 [1]. It has been reported that only half of
the target population participates in the Korean nationwide
cervical cancer screening program [2]. Early-stage cervical
cancer can be successfully treated by surgery. However, most
cervical cancers develop in women who do not undergo
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regular screening for cervical cancer, and an advanced-stage
tumor is commonly observed in such women.

The standard treatment for patients with locally advanced
cervical cancer (LACC) is concurrent chemoradiotherapy
(CCRT) with cisplatin [3]. Although CCRT reduces the rates
of local and distant recurrence and improves disease-free
survival, the recurrence rate is still high in patients with very
large or advanced-stage tumors. In contrast to early-stage
cervical cancer, which is usually treated by radical hysterec-
tomy, there is a lack of pathologic parameters in patients
with LACC who are treated with definitive radiotherapy (RT).
Establishment of reliable prognostic or predictive markers is
necessary for identification of high-risk patients who may
benefit from adjuvant therapy.

Cancer outcomes are not only determined by tumor char-
acteristics but are also influenced by patient-related factors
[4]. A variety of host-related features have been implicated
as prognostic factors for cancer-related survival including
age, weight loss, performance status, and immune response.
According to immunosurveillance theory, lymphocytes oper-
ate as guards against cancer by identifying and destroying
malignant cells [5]. Compared to healthy women, those with
cervical cancer have lower peripheral lymphocyte counts [6].

Both young age and low pretreatment lymphocyte counts
have been reported to be associated with poor prognosis in
patients with cervical cancer. A recent epidemiologic study
in Korea revealed increasing incidence and mortality rates of
cervical cancer in the younger population [7]. Pretreatment
lymphocyte count has been shown to independently predict
treatment outcomes in patients with LACC who are treated
using RT or CCRT [8,9]. Pretreatment leukocytosis and neu-
trophilia also have been demonstrated to have an indepen-
dent prognostic impact in these patients. A combination of
these hematological parameters that represent the systemic
inflammatory response, such as the neutrophil-lymphocyte
ratio (NLR), has been demonstrated to have substantial prog-
nostic value in cervical cancer [10-18]. Although the prog-
nostic role of NLR has been confirmed by several studies, it
has not yet been incorporated into clinical practice. Another
hematologic marker, the lymphocyte-to-white blood cell
(WBC) ratio (lymphocyte percentage), was also found to have
prognostic value in nasopharyngeal carcinoma, hepatocellu-
lar carcinoma, and colorectal carcinoma [19-21]. However, to
the best of our knowledge, no studies have investigated the
prognostic value of lymphocyte percentage in patients with
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cervical cancer who undergo definitive RT or CCRT.

In order to identify more useful clinical parameters that pre-
dict RT response and prognosis for patients undergoing de-
finitive RT, we investigated the prognostic impact of various
hematologic markers including lymphocyte percentage and
NLR in patients with LACC who were treated with definitive
RT.

Materials and methods

1. Patients

This study retrospectively enrolled 392 patients with cervical
cancer classified as International Federation of Gynecology
and Obstetrics (FIGO) stage lIb to IVa who were treated using
primary RT or CCRT between 2001 and 2012 at Korea Can-
cer Center in Seoul, Korea. This patient cohort is described
in Fig. 1. Clinicopathologic variables such as age, histological
type, stage, tumor size, and primary treatment method were
ascertained using the cancer registry and patient medical
records, with permission from the Institutional Review Board.
Patients with recurrent cervical cancer; those undergoing
treatment with radical hysterectomy; those with histologi-
cal cancer subtypes other than squamous cell carcinoma,
adenocarcinoma, and adenosquamous cell carcinoma; those

From 2001 to 2012
Locally Advanced Cervix Cancer
FIGO Stage IIA-IVB
Squamous, adenocarcinoma, adenosquamous histology
n=439

Exclusion
Radical hysterectomy : 16
Follow-up loss before 6 months : 25 <
Other cancer within 5 years : 1
Death during Treatment : 5

\ 4

Primary RT or CCRT
n=392

Fig. 1. Patient cohort description. FIGO, International Federation
of Gynecology and Obstetrics; RT, radiotherapy; CCRT, concurrent
chemoradiotherapy.
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with concurrent hematologic or infectious disease; and those
without complete blood cell count data with differential cell
counts within 2 weeks of initiation of RT were excluded from
the study. To analyze the association between age and he-
matologic markers, and the impact of age on the treatment
outcomes for cervical cancer, patients were divided into three
groups: young age group (age <50 years, n=115), intermedi-
ate age group (age 51-60 years, n=119), and old age group
(age >61 years, n=158).

Cervical cancer was staged according to the FIGO stag-
ing system using various examinations, including magnetic
resonance (MR) imaging and abdominopelvic computed
tomography (CT). Tumor size was determined by measuring
the largest tumor diameter in 3-dimensional MR or CT im-
ages. Lymph node (LN) metastasis was defined as any pelvic
or para-aortic LN with a diameter greater than 1 cm along
the short axis on MR or CT images.

WBC, absolute neutrophil count (ANC), and absolute lym-
phocyte count (ALC) were obtained from complete blood cell
count data at diagnosis. The lymphocyte percentage was cal-
culated as the proportion of the ALC in the total WBC count.
NLR was defined as the ANC divided by the ALC.

2. Treatment

All patients underwent either cisplatin-based CCRT or RT
alone. Although CCRT was recommended to all patients as
a standard therapy, some patients received RT only owing
to various reasons including impaired renal function, poor
performance status, and financial problems. The radiation
protocol was as previously described [22]. The cisplatin-based
CCRT regimens included weekly cisplatin (40 mg/m?), tri-
weekly cisplatin (75 mg/m” every 3 weeks), FP (500 mg/m’
5-fluorouracil + 50 mg/m’ cisplatin), or CP (500 mg/m’ cyclo-
phosphamide + 50 mg/m’ cisplatin).

3. Follow-up

Patients were followed by physical examinations and Pap
smears every 3 months for 2 years, and then every 6 months
for the next 3 years. Chest radiography and imaging studies,
such as pelvic CT, positron emission tomography (PET), or
PET/CT imaging, were annually performed. Complete remis-
sion (CR) was defined as no evidence of disease at 6 months
after diagnosis. Residual tumor or the appearance of a new
lesion during the follow-up period was regarded as persistent
disease (PD).
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Recurrence was defined as the appearance of clinical, ra-
diologic, or histologic evidence of disease after completion
of CCRT or RT. Progression-free survival (PFS) was defined as
the time from initial treatment to relapse noted on images or
in histologic examinations, or the time to the final follow-up
visit. OS was defined as the period from initial treatment to
the final follow-up visit or the date of death, the data regard-
ing which were obtained from the National Statistical Office.

Table 1. Baseline characteristics

Characteristics

Age (yn)

Follow-up duration (mon)
WBC count (n/uL)
Hemoglobin (g/dL)

Value (n=392)
57 (28-88)
63.4 (4.4-165.1)
7,680 (2,050-17,260)
11.7 (3.7-15.1)
5, 110(1 080-14,900)

Neutrophil count (n/uL)

Neutrophil percentage 65 (35-95)
Lymphocyte count (n/uL) 1,870 (490-4,640)
Lymphocyte percentage 24 (4-54)
NLR 270(0 65-25.31)
Tumor size (mm) 50 (10-100)
FIGO stage
1B 266 (67.9)
A 33.3)
B 88 (22.4)
IVA 25(6.4)
Histology
ScC 366 (93.4)
Non-SCC 24 (6.6)
LN metastasis
No 158 (40.3)
Yes 234 (59.7)
Treatment
CCRT 294 (75.0)
RT only 98 (25.0)
Treatment result
CR 353(90.1)
PD 39(9.9)

Data are presented as median (range) or number (%).

NLR, neutrophil-to-lymphocyte ratio; FIGO, International Federation
of Gynecology and Obstetrics; SCC, squamous cell carcinoma; LN,
lymph node; CCRT, concurrent chemoradiotherapy; RT, radiotherapy;
CR, complete remission; PD, persistent disease.
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4. Statistical analysis

The characteristics of different patient age groups were
compared using y” test or Fisher's exact test. Student’s -test
and analysis of variance were used to compare hematologic
markers. Continuous variables including hematologic vari-
ables and tumor size were categorized using the median as
the cut-off value. For NLR and lymphocyte percentage, re-
ceiver operating characteristic (ROC) curve analysis was used
to determine the cut-off values. The Kaplan-Meier method,
and log-rank tests and the Cox regression model were used
for survival analysis. Statistical analyses were performed using
SPSS for Windows, version 18 (SPSS, Inc., Chicago, IL, USA).
Statistical significance was defined as P<0.05.

Results

1. Baseline patient characteristics
Baseline patient characteristics are presented in Table 1. The

Table 2. Clinicopathologic differences based on age at diagnosis

median age, tumor size, lymphocyte percentage, and NLR
were 57 years, 50 mm, 24%, and 2.7, respectively. CCRT
was administrated in 294 patients (75.0%). After comple-
tion of RT or CCRT, 39 patients (9.9%) were found to have
PD. Clinicopathologic characteristics significantly differed
between the age groups (Table 2). Patients in the young age
group tended to have earlier-stage disease; however, these
patients had larger tumor size and a higher rate of LN metas-
tasis. The rate of undergoing CCRT decreased with increas-
ing age (89.6%, 85.7%, and 56.3% in young, intermediate,
and old age groups, respectively). Although patients in the
young age group had earlier-stage diseases and high rate of
CCRT, CR rate was the lowest in these patients.

2. Associations between hematologic variables and
clinicopathologic factors

WBC, ANC, neutrophil percentage, ALC, lymphocyte per-

centage, and NLR differed according to clinical characteristics

of the patients (Table 3). ANC was higher in patients who

.. Age groups
Characteristics P-value
<50 (n=115) 51-60 (n=119) >61 (n=158)

FIGO stage 0.015
IB 88 (76.5) 70 (58.8) 108 (68.4)
A, 1B, IVA 27 (23.5) 49 (41.2) 50 (31.6)

Tumor size (mm) 0.008
<50 57 (49.6) 63 (52.9) 105 (66.9)
>50 58 (50.4) 56 (47.1) 52 (33.1)

Histology 0.820
SCC 106 (92.2) 112 (94.1) 148 (93.7)
Others 9(7.8) 7(5.9) 10 (6.3)

LN metastasis <0.001
No 31(27.0) 38(31.9) 89 (56.3)
Yes 84 (73.0) 81(68.1) 69 (43.7

Treatment <0.001
CCRT 103 (89.6) 102 (85.7) 89 (56.3)
RT only 12 (10.4) 17 (14.3) 69 (43.7)

Treatment result 0.017
CR 96 (83.5) 109 (91.6) 148 (93.7)
PD 19 (16.5) 10 (8.4) 10 (6.3)

Data are presented as number (%).

FIGO, International Federation of Gynecology and Obstetrics; SCC, squamous cell carcinoma; LN, lymph node; CCRT, concurrent
chemoradiotherapy; RT, radiotherapy; CR, complete remission; PD, persistent disease.
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Fig. 2. Kaplan-Meier curve of progression-free survival stratified by lymphocyte percentage (A) and neutrophil-to-lymphocyte ratio level (B),
overall survival stratified by lymphocyte percentage (C) and neutrophil-to-lymphocyte ratio level (D). NLR, neutrophil-to-lymphocyte ratio.

logic variables were associated with tumor extent, treatment
outcomes, and risk of recurrence and death. Compared to
old patients, younger patients had a larger tumor and higher
incidence of LN metastasis. Although younger patients re-
ceived CCRT more frequently than the older patients, treat-
ment failure was more common in the younger patients.
These patients had higher ANC, lower ALC, and higher NLR.
A more advanced stage, larger tumor, LN metastasis, and
treatment failure were associated with higher neutrophil and
lower lymphocyte component. Among the hematologic vari-
ables, only lymphocyte percentage had a prognostic signifi-
cance for both PFS and OS in univariable analysis. Compared
to old patients, young patients had a higher risk of recur-

42

rence and death.

Aging and host immune function are known to be interre-
lated [23]. In the general healthy population, the population
of lymphocytes and its subsets decreases with aging [24].
According to the immunosurveillance theory, a clinically vi-
able tumor develops when the immune system fails to eradi-
cate a single tumor cell [25]. This theory is supported by the
increase in cancer risk with aging [26]. It has been reported
that the number of lymphocytes and their subsets decrease
with aging [24]. In cervical cancer, impaired host immuno-
logic status is responsible for persistent human papillomavi-
rus infection and resultant carcinogenesis [27]. Interestingly,
ALC and age showed a positive correlation in our cohort,

www.ogscience.org
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in contrast to the findings in the general population. Our
findings that young patients with LACC had pretreatment
leukocytosis, neutrophilia, relative lymphocytopenia, high
NLR, more aggressive tumor, and poor response to RT match
with the findings of previous studies [14,17,28,29]. These
findings may imply that cervical cancer development at a
relatively young age is associated with early escape from im-
munosurveillance resulting from host immune suppression.
The escape from immunosurveillance may be responsible for
carcinogenesis at a young age.

The occurrence of both neutrophilia and relative lympho-
cytopenia concurrent with malignancy are known to indicate
host immune suppression. Suggested mechanisms of neutro-
philia include a release of granulocyte colony-stimulating fac-
tor (G-CSF) by tumor cells, and cancer inflammation through
release of interleukin-1 and tumor necrosis factor alpha
[30,31]. It has been suggested that tumor-related leukocyto-
sis and myeloid-derived suppressor cells induced by tumor-
derived G-CSF are responsible for the rapidly progressive and
radioresistant nature of tumors [31]. Lymphocytopenia rep-
resents a considerable decline in the cell-mediated immune
system, demonstrated by marked decreases in T4 helper and
T8 suppressor lymphocyte numbers [32].

The most well-established host immune parameter in pa-
tients with malignancy is NLR. A recent meta-analysis has
reported that NLR had a greater magnitude of association
with PFS and OS in patients with advanced disease and in
those who received definitive RT [33]. In 2016, Cho et al. [14]
reported a large-scale retrospective study with 2,456 patients
with LACC who were treated with definitive RT. Both tumor-
related leukocytosis (>9,000/uL) and high NLR (>2.5) were
prognostic for both locoregional failure-free survival (LFFS)
and OS, while high NLR (>2.5) did not influence LFFS. As lym-
phocyte percentage reflects leukocytosis more directly than
NLR does, it can be used as a single hematologic parameter
reflecting host immune status relating to RT response.

While neutrophilia is regarded as an inappropriate host im-
mune response induced by a tumor, lymphocytopenia may
represent a proper host response against the tumor [27]. Tu-
mor-infiltrating lymphocytes (TIL) have been associated with
an absence of LN metastasis and improved outcomes in ear-
ly-stage cervical cancer treated by surgery [34]. There is a lack
of evidence on the association between TIL and response to
RT in LACC, probably because sufficient tissue for evaluating
TIL cannot be obtained in most cases of LACC. Lymphocyte
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percentage, along with NLR, is an easy and inexpensive index
to identify patients who may have a poor response to RT.

None of the hematologic variables including NLR influ-
enced the OS in our study, in contrast to previous studies
[14,33]. This discrepancy can be explained by the difference
in patient cohorts between the current study and previous
studies. In our cohort, a substantial number of patients with
recurrent or persistent cervical cancer were salvaged by the
single or combined application of surgical resection of local
recurrence, metastasectomy, or metastasis-directed irradia-
tion [35]. Patients at high-risk for recurrence, defined by
lymphocyte percentage and/or NLR, may benefit from close
monitoring after primary treatment and active application
of aggressive salvage therapy in case of treatment failure or
recurrence.

The main limitation of this study is its retrospective study
design. We could not obtain pretreatment performance sta-
tus and detailed data on chemotherapy from the medical re-
cord review. These variables have been reported as indepen-
dent predictors of PFS and OS in patients with LACC treated
with RT [36].

In conclusion, our study indicates that lymphocyte percent-
age, apart from NLR, has independent prognostic value for
prediction of recurrence in patients with LACC who are treat-
ed with definitive RT. Younger patients with LACC who have
low lymphocyte percentage at diagnosis should be closely
monitored after primary treatment. As cancer immunother-
apy for recurrent cervical cancer has recently been adopted
[37], our finding that pretreatment lymphocyte status has
independent prognostic value may be useful in identifying
appropriate treatment candidates and for designing future
clinical immunotherapy trials.
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