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Introduction

Cervical cancer is the second most common gynecological 
cancer worldwide [1]. Although there has been a downward 
trend in the mortality rate associated with cervical cancer, 
its incidence and mortality rates remain high in low- and 
middle-income countries. Global information has recently 
reported that the incidence and age-standardized mortality 
rates of cervical cancer in the Southeast Asian population are 
17.8 and 10.0 per 100,000 people, respectively [1]. In Thai-
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land, cervical cancer is the second most common gynecologi-
cal malignancy after breast cancer [2].

Cervical cancer treatment is based on the disease stage. 
Concurrent chemoradiotherapy (CRT) is the standard main-
stay treatment for early to locally advanced stages of the 
disease [3]. However, most recurrences develop within 3 
years of completing radiotherapy [4,5]. Moreover, patients 
who develop recurrent diseases have a poor survival rate 
[6,7]. The treatment for recurrent disease also varies and de-
pends on the site of recurrence [8,9]. Lymphocytes serve as 
markers of host antitumor immunity. The pretreatment total 
lymphocyte count (TLC) is associated with the prognosis of 
many cancers [10]. According to immunosurveillance theory, 
primary tumors can create a microenvironment and secrete 
various types of chemical substances. This can cause apopto-
sis or downregulation of lymphocytes, leading to lymphope-
nia, which serves as a host immune evasion mechanism for 
tumors [11,12].

Previous studies have demonstrated that pretreatment 
lymphopenia is associated with poor oncological outcomes 
in patients diagnosed with cervical cancer, especially in those 
with locally advanced-stage disease [13-15]. Pretreatment 
TLC has also been associated with survival outcomes in pa-
tients with recurrent cancers such as leukemia and head, 
neck, and esophageal cancers [16-18]. Although previous 
studies [13,14] have shown that pelvic radiation can also lead 
to lymphopenia status, it might affect the survival outcome. 
However, data regarding pretreatment TLC and survival out-
comes in patients with recurrent cervical cancer are limited, 
especially for patients who have received definitive radiation-
based therapy and might have had lymphopenia induced by 
previous CRT [8,19,20]. Furthermore, the results of existing 
studies on pretreatment TLC and survival outcomes for recur-
rent cervical cancer are contradictory and limited by small 
sample sizes.

Therefore, this study aimed to evaluate pretreatment TLC 
as a significant prognostic factor in a cohort of patients with 
recurrent cervical cancer who underwent definitive radio-
therapy.

Materials and methods

This study was conducted in accordance with the principles 
of the Declaration of Helsinki, as revised in 2013, and with 

the checklists and guidelines of strengthening the report-
ing of observational studies in epidemiology. All data were 
reviewed after approval was obtained from the Human Eth-
ics Committee of the Faculty of Medicine (Prince of Songkla 
University REC 65-485-12-1). The requirement for informed 
consent was waived owing to the retrospective nature of the 
study. 

The medical data of patients with recurrent cervical cancer 
who underwent prior definitive radiotherapy or concurrent 
CRT at Songklanagarind Hospital between January 2009 
and December 2022 were retrospectively reviewed, with all 
patients kept anonymous during the entire study period. 
Patients with confirmed squamous cell carcinoma, adeno-
carcinoma, or adenosquamous carcinoma based on tumor 
histology who had previously undergone complete definitive 
radiotherapy or CRT were included in this study. Patients 
who did not have any pretreatment TLC data (within 1 week 
before treatment) were excluded, as were those with active 
systemic infection, human immunodeficiency virus infection, 
hematologic or autoimmune disorders, other malignancies, 
or concurrent steroid use.

All eligible patients were primarily treated with radio-
therapy or CRT and followed up in an outpatient clinic, as 
previously described [15]. Recurrence was defined as the 
appearance of symptoms and radiological or histological evi-
dence of recurrence after a complete response to treatment. 
Detailed patient data, including demographic data, Interna-
tional Federation of Gynecology and Obstetrics (FIGO) stage, 
age at recurrence, sites of recurrent disease, treatment mo-
dalities used after the diagnosis of recurrence, and most re-
cent laboratory data before the initiation of treatment, were 
obtained from medical records. A pretreatment TLC less than 
1,000 cells/mm3 was defined as lymphopenia, in accordance 
with commonly accepted references [21].

The treatment modalities used after disease recurrence 
at our institution were as follows. Patients underwent lo-
cal ablative therapy, such as surgery or radiation, if they 
had a single localized lesion. Systemic chemotherapy was 
administered if patients were not eligible for local therapy. 
Symptomatic palliative care was provided to patients who 
either had a poor functional status or refused chemotherapy. 
At our institute, all patients were scheduled for follow-up at 
an outpatient clinic at the end of treatment. Gynecological 
examinations were performed approximately every 3 months 
during the first 2 years, every 6 months during the 3 to 5 
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years, and then annually after 5 years. Chest radiography 
was performed annually. In addition, we performed imaging 
studies, such as computed tomography or magnetic reso-
nance imaging, to define the disease response to therapy. 
Treatment responses were categorized according to the re-
sponse evaluation criteria in solid tumors 1.1 [22]. Disease 
recurrence was defined as a reappearance of the disease 
after evidence of a definite complete response more than 6 
months after CRT. Progression-free survival (PFS) was defined 
as the duration from the date of treatment initiation at the 
time of diagnosis of recurrence to the date of disease reap-
pearance/progression or the date of the last follow-up. Over-
all survival (OS) was defined as the duration from the date of 

treatment initiation at the time of recurrence diagnosis to the 
date of the last follow-up or death.

1. Sample size calculation
The sample size was calculated from the survival analysis by 
The Lachin and Foulkes method 1986 (R package “GSDe-
sign”; function nSurvival). The significance level (alpha) was 
set to 0.05, and the power of the test (1-β) was 0.80. The 
hazard ratios of patients with pretreatment TLC ≥1,000 
cells/mm3 and those with pretreatment TLC <1,000 cells/mm3  

from a previous study [15] were used for sample size calcula-
tion. Briefly, the hazard rates were 0.46 and 0.77; respective-
ly. A dropout rate of 20% was considered. Ultimately, 278 

Table 1. Demographic data of patients stratified according to pretreatment total lymphocyte count

Characteristic
Overall 
(n=290)

TLC <1,000 cells/mm3 
(n=93)

TLC ≥1,000 cells/mm3 
(n=197)

P-valuea)

Age 52 (45.0 to 60.0) 52 (45.0 to 61.0) 52 (45.0 to 59.0) 0.8

Histology 0.9

AD 76 (26.2) 24 (25.8) 52 (26.4)

ASC 19 (6.6) 7 (7.5) 12 (6.1)

SCC 195 (67.2) 62 (66.7) 133 (67.5)

Site of recurrence 0.3

Extra-irradiated area 125 (43.1) 35 (37.6) 90 (45.7)

Intra-irradiated area 82 (28.3) 26 (28.0) 56 (28.4)

Intra- and extra-irradiated areas 83 (28.6) 32 (34.4) 51 (25.9)

Initial FIGO stage 0.4

I 8 (2.8) 3 (3.2) 5 (2.5)

II 137 (47.2) 38 (40.9) 99 (50.3)

III 136 (46.9) 48 (51.6) 88 (44.7)

IV 9 (3.1) 4 (4.3) 5 (2.5)

Treatment <0.001

CMT 235 (81.0) 65 (69.9) 170 (86.3)

CMT with local RT 6 (2.1) 1 (1.1) 5 (2.5)

RT 20 (6.9) 7 (7.5) 13 (6.6)

Symptomatic 29 (10.0) 20 (21.5) 9 (4.6)

Chemotherapy regimen 0.004

Single platinum 38 (13.1) 10 (10.8) 28 (14.2)

Combined platinum 162 (55.9) 42 (45.2) 120 (60.9)

Others 90 (31.0) 41 (44.0) 49 (24.9)

Values are presented as median (IQR) or number (%).
TLC, total lymphocyte count; AD, adenocarcinoma; ASC, adenosquamous carcinoma; SCC, squamous cell carcinoma; FIGO, International Fed-
eration of Gynecology and Obstetrics; CMT, chemotherapy; RT, radiation therapy; IQR, interquartile range.
a)Wilcoxon rank-sum test; Fisher's exact test; Pearson's chi-square test.
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patients were included in this study. 

2. Statistical analysis
Data analysis was performed using R software version 4.2.2 
(The R Foundation for Statistical Computing, Vienna, Aus-
tria). Patient demographic data were analyzed using the 
Wilcoxon rank-sum test for continuous variables. Categori-
cal variables were analyzed using Pearson’s chi-square test 
or Fisher’s exact test. PFS and OS were assessed using the 
Kaplan-Meier method and statistically compared using the 
log-rank test. Univariate and multivariate analyses were con-

ducted using the log-rank test and Cox proportional hazards 
model, respectively. Statistical significance was set at P<0.05.

Results

A total of 290 patients with recurrent cervical cancer who 
previously received complete definitive radiation-based ther-
apy were included in this study. The demographic data of all 
the patients are summarized in Table 1. The median age of 
the entire cohort was 52 years (range, 45-60). Most patients 

Table 2. Treatment outcomes of patients according to pretreatment lymphocyte count

Characteristic
Overall 
(n=255)

TLC <1,000 cells/mm3 
(n=74)

TLC ≥1,000 cells/mm3

(n=181)
P-valuea)

Response status 0.045

Complete response 25 (9.8) 4 (5.4) 21 (11.6)

Partial response 84 (32.9) 20 (27.1) 64 (35.4)

Progressive disease 68 (26.7) 28 (37.8) 40 (22.1)

Stable disease 78 (30.6) 22 (29.7) 56 (30.9)

Values are presented as number (%).
TLC, total lymphocyte count.
a)Pearson's chi-squared test.

Fig. 1. Overall survival (A) and progression-free survival (B) in patients with recurrent cervical cancer, stratified according to pretreatment 
total lymphocyte count. TLC, total lymphocyte count.
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were diagnosed with squamous cell carcinoma (67.2%), fol-
lowed by adenocarcinoma (26.2%), and adenosquamous 
carcinoma (6.6%). Most patients (47.2%) initially had stage 
II disease. Recurrence occurred at extra-irradiated (43.1%), 
intra-irradiated (28.3%), or both extra-irradiated and intra-
irradiated sites (28.6%). Most patients underwent systemic 
chemotherapy (81.0%), followed by symptomatic treatment 
(10.0%), localized radiation (69.0%), or a combination of 

these treatments (2.1%). Platinum-based chemotherapy was 
administered to most patients (69.0%), either as a single 
agent or in combination with other chemotherapeutic regi-
mens (13.1%, 55.9%; respectively).

In this study, 93 patients (32%) were diagnosed with pre-
treatment lymphopenia. Demographic data were compared 
between patients with TLC <1,000 cells/mm3 and those 
with TLC ≥1,000 cells/mm3, as shown in Table 1. Factors 

Table 3. Univariate and multivariate analyses for factors associated with progression-free survival

Characteristic N
Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Lymphocyte level 222

<1,000 cells/mm3 1.00

≥1,000 cells/mm3 0.71 0.51 to 0.99 0.043 0.81 0.55 to 1.18 0.3

Stage 222

I 1.00

II 0.70 0.30 to 1.60 0.4 1.23 0.49 to 3.09 0.7

III 0.79 0.34 to 1.82 0.6 1.16 0.47 to 2.86 0.8

IV 0.49 0.14 to 1.73 0.3 0.81 0.21 to 3.07 0.8

CMT regimen 222

Single platinum 1.00

Combined platinum 0.92 0.56 to 1.50 0.7 1.23 0.72 to 2.10 0.4

Others 1.37 0.81 to 2.34 0.2 1.54 0.83 to 2.86 0.2

Treatment 222

CMT 1.00

CMT+local RT 0.49 0.16 to 1.54 0.2 1.06 0.32 to 3.48 >0.9

RT 0.99 0.56 to 1.75 >0.9 1.92 0.84 to 4.39 0.12

Symptomatic 3.54 1.80 to 6.97 <0.001 2.92 1.11 to 7.68 0.030

Response status 219

Complete response 1.00

Partial response 1.43 0.83 to 2.48 0.2 1.83 0.97 to 3.45 0.061

Progressive disease 28.2 14.9 to 53.2 <0.001 43.1 20.3 to 91.5 <0.001

Stable disease 1.71 0.93 to 3.14 0.082 1.88 0.91 to 3.88 0.086

Histology 222

AD 1.00

ASC 1.15 0.63 to 2.09 0.6 1.02 0.55 to 1.91 >0.9

SCC 0.89 0.64 to 1.26 0.5 0.70 0.48 to 1.01 0.057

Site of recurrence 222

Distant 1.00

Local 1.27 0.88 to 1.82 0.2 0.91 0.59 to 1.39 0.7

Local+distant 1.20 0.83 to 0.72 0.3 0.78 0.51 to 1.18 0.2

HR, hazard ratio; CI, confidence interval; CMT, chemotherapy; RT, radiation therapy; AD, adenocarcinoma; ASC, adenosquamous carcinoma; 
SCC, squamous cell carcinoma.
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such as median age, tumor histology, initial FIGO stage of 
the disease, and site of recurrent disease were not signifi-
cantly different between the two groups. However, more 
patients without lymphopenia were administered combined 
platinum-based chemotherapy than those with lymphopenia 
(P=0.004). 

The treatment outcomes are presented in Table 2. A to-

tal of 109 patients (42.7%) responded to the treatment 
regimens; of these, 25 (9.8%) demonstrated a complete 
response. Nevertheless, 68 patients (26.7%) did not respond 
to treatment, while 78 (30.6%) exhibited stable disease dur-
ing treatment.

Patients with pretreatment lymphopenia had lower treat-
ment response rates than their counterparts (P=0.045;  

Table 4. Univariate and multivariate analyses for factors associated with overall survival

Characteristic N
Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

Lymphocyte level 287

<1,000 cells/mm3 1.00

≥1,000 cells/mm3 0.57 0.44 to 0.74 <0.001 0.64 0.47 to 0.86 0.003

Stage 287

I

II 0.83 0.39 to 1.78 0.6 1.06 0.44 to 2.56 0.9

III 1.06 0.50 to 2.28 0.9 1.23 0.51 to 2.95 0.6

IV 1.05 0.38 to 2.90 >0.9 1.04 0.32 to 3.33 >0.9

CMT regimen 287

Single platinum 1.00

Combined platinum 0.56 0.39 to 0.81 0.002 0.68 0.45 to 1.03 0.066

Others 0.94 0.63 to 1.38 0.7 1.0 0.61 to 1.63 >0.9

Treatment 287

CMT 1.00

CMT+local RT 0.56 0.21 to 1.51 0.3 1.31 0.47 to 3.69 0.6

RT 1.07 0.67 to 1.69 0.8 1.30 0.70 to 2.40 0.4

Symptomatic 1.72 1.14 to 2.60 0.010 0.68 0.31 to 1.52 0.4

Response status 252

Complete response 1.00

Partial response 1.62 0.96 to 2.72 0.070 1.90 1.09 to 3.33 0.024

Progressive disease 5.51 3.22 to 9.44 <0.001 6.32 3.51 to 11.4 <0.001

Stable disease 2.76 1.64 to 4.65 <0.001 2.92 1.64 to 5.20 <0.001

Histology 287

AD 1.00

ASC 1.14 0.68 to 1.93 0.6 1.23 0.70 to 2.14 0.5

SCC 1.08 0.82 to 1.44 0.6 1.06 0.76 to 1.48 0.7

Site of recurrence 287

Distant 1.00

Local 0.92 0.68 to 1.24 0.6 1.08 0.76 to 1.53 0.7

Local+distant 1.14 0.85 to 1.54 0.4 1.01 0.71 to 1.43 >0.9

HR, hazard ratio; CI, confidence interval; CMT, chemotherapy; RT, radiation therapy; AD, adenocarcinoma; ASC, adenosquamous carcinoma; 
SCC, squamous cell carcinoma.
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Table 2). Furthermore, we performed pairwise comparisons 
and found that patients with TLC ≥1,000 cells/mm3 had a 
significantly greater disease response than those with TLC 
<1,000 cells/mm3 (complete response: progressive disease 
and partial response: progressive disease, 11.6% vs. 5.4%, 
P=0.028; 35.4% vs. 27.1%, P=0.024; respectively). We have 
also shown the treatment outcomes according to treatment 
modality in Supplementary Table 1.

The median OS for the entire cohort was 8 months (95% 
confidence interval [CI], 7.1-9.6 months). A comparison of 
OS between the two groups stratified by pretreatment TLC 
levels is shown in Fig. 1. Patients with pretreatment TLC 
≥1,000 cells/mm3 had significantly higher OS than those with 
TLC <1,000 cells/mm3 (10.74 vs. 3.89 months, P<0.0001; Fig. 
1A).

Similarly, patients with pretreatment TLC ≥1,000 cells/mm3 
had significantly higher PFS than those with TLC <1,000  
cells/mm3 (8.32 vs. 4.97 months, P=0.042; Fig. 1B). Time-
varying PFS stratified by time at <24 and ≥24 months was 
analyzed, and it was observed that patients with a pretreat-
ment TLC ≥1,000 cells/mm3 had a higher PFS than their 
counterparts in the first 24 months (P=0.028). However, PFS 
was not significantly different between the two groups after 
24 months (P=0.994).

Univariate and multivariate analyses of PFS are shown in 
Table 3. Symptom-only treatment or disease progression 
during treatment was a significantly poor predictor of PFS in 
both the univariate and multivariate analyses. Pretreatment 
TLC ≥1,000 cells/mm3 was a good predictor of PFS in the uni-
variate analysis (hazard ratio [HR], 0.71; 95% CI, 0.51-0.99; 
P=0.043). However, pretreatment TLC ≥1,000 cells/mm3 was 
not an independent prognostic factor for PFS in the multi-
variate analysis (HR, 0.81; 95% CI, 0.55-1.18; P=0.3).

Table 4 presents the univariate and multivariate analyses of 
OS. The combination of platinum-based chemotherapy and 
symptomatic treatment was a significant prognostic factor 
only in univariate analysis. Progressive or stable disease dur-
ing treatment was an independent poor prognostic factor 
for OS. Moreover, the results demonstrated that pretreat-
ment TLC ≥1,000 cells/mm3 was a significant independent 
prognostic factor for OS in both univariate (HR, 0.57; 95% 
CI, 0.44-0.74; P<0.001) and multivariate analyses (HR, 0.64; 
95% CI, 0.47-0.86; P=0.003).

Discussion

The findings of the current study indicate that patients with 
pretreatment TLC ≥1,000 cells/mm3 achieved a better treat-
ment response rate and had higher PFS and OS rates than 
those with TLC <1,000 cells/mm3. The time-varying effect 
of the pretreatment TLC was evaluated. The association 
between pretreatment TLC ≥1,000 cells/mm3 and PFS dimin-
ished after >24 months. Our multivariate analysis revealed 
that palliative symptomatic treatment was a poor indepen-
dent prognostic factor for PFS but not OS. Furthermore, we 
identified that pretreatment TLC ≥1,000 cells/mm3 was an 
independent prognostic factor for OS in patients with recur-
rent cervical cancer.

Previous studies have reported the association of pretreat-
ment TLC with the prognosis of various types of cancer, 
including cervical cancer, especially locally advanced-stage 
disease [13-15]. However, data on the importance of pre-
treatment TLC in predicting the prognosis of recurrent cervi-
cal cancer are not well established. Ida et al. [19] observed 
that the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio, and prognostic nutritional index (PNI) 
were significantly associated with OS in univariate analyses 
of recurrent cervical cancer. Moreover, a PNI <46.70 was an 
independent prognostic factor for OS (HR, 3.767; 95% CI, 
1.750-8.109; P=0.001) in patients who developed recurrent 
cervical cancer after CRT. Ittiamornlert and Ruengkhachorn 
[20] reported that NLR ≥3.6 was an independent prognostic 
factor for PFS and OS in recurrent and progressive cervical 
cancer. However, pre-treatment TLC was not associated with 
PFS or OS in that study. Recently, Taguchi et al. [8] also re-
ported that pretreatment TLC at the time of relapse was not 
associated with survival outcomes in patients with recurrent 
cervical cancer (HR, 0.99; 95% CI, 0.9985-1.0000; P=0.08). 
However, the authors did not describe the cutoff points for 
TLC levels. The differences between the findings of these 
studies and ours could be attributed to differences in patient 
characteristics, sample sizes, and heterogeneity in the cutoff 
points of the pretreatment TLC levels used in these studies.

The exact mechanisms by which lymphocyte count affects 
survival remain elusive. However, peripheral lymphocytes se-
crete various chemokines and cytokines that prevent cancer 
progression and metastasis. This antitumor function is im-
paired by chemical substances created and secreted into the 
tumor microenvironment [11,12]. Moreover, lymphopenia is 
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associated with survival in patients diagnosed with various 
types of cancer, including cervical cancer [10].

Immunotherapy serves as an immunomodulator, and its 
mechanism of action is dependent on cytotoxic T-cell lympho-
cytes [23]. According to the latest National Comprehensive 
Cancer Network guidelines, immunotherapy has emerged 
as the first-line treatment for patients with recurrent cervical 
cancer whose tumors express programmed death-ligand 1 
[9]. Recently, lymphopenia has been associated with lower 
response rates and poor survival outcomes in various types of 
cancer treated with immunotherapy [24,25]. In addition, pre-
treatment TLC may serve as a significant biomarker for triag-
ing patients who may benefit the most from immunotherapy.

The limitations of this study include its retrospective na-
ture and the fact that some patients may have been lost to 
follow-up, along with some missing data. Furthermore, the 
functional status of patients could not be ascertained from 
their medical charts. Second, this was a single-center study. 
Moreover, the treatment regimens were not similarly bal-
anced in both groups, as more patients with pretreatment 
TLC ≥1,000 cells/mm3 were treated with combined systemic 
platinum-based chemotherapy than their counterparts. 
Moreover, the tumor load at the time of recurrence was not 
specified. 

Despite these limitations, this study included a large num-
ber of patients with recurrent cervical cancer and showed 
that pre-treatment TLC was associated with time-varying PFS 
for the first 24 months. Moreover, the results of this study 
provide further information that may support the use of pre-
treatment TLC as a significant independent prognostic factor 
associated with survival in patients diagnosed with recurrent 
cervical cancer.

To the best of our knowledge, our study is the first to high-
light a strong association between pretreatment TLC and 
survival in patients with recurrent cervical cancer. Hence, pre-
treatment TLC can be used as an important factor in predict-
ing tumor response and patient survival. Furthermore, this 
laboratory investigation is less expensive and is available in 
most hospitals. With the emergence of immunotherapy, we 
hypothesized that pretreatment TLC could be used as a bio-
marker to triage patients with recurrent cervical cancer who 
might benefit the most from immunotherapy. However, more 
data are required and further prospective studies should be 
performed to confirm this application.

In conclusion, pretreatment TLC is associated with treat-

ment response in recurrent cervical cancer and is an indepen-
dent prognostic factor associated with the survival outcome 
of patients with recurrent cervical cancer.
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