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Abstract.
BACKGROUND: Lymphopenia during definitive radiotherapy (RT) has been shown to reduce survival in patients with cervical
cancer. However, there are few studies on the significance of onset time of lymphopenia during RT in patients with cervical cancer.
OBJECTIVE: This study aimed to exam the prognostic significance of early onset of severe lymphopenia (EOSL) during
definitive RT in patients with cervical cancer.
METHODS: Newly diagnosed cervical cancer patients treated with definitive RT from January 2015 to December 2019 were
eligible for this retrospective study. EOSL was defined as first onset of grade 3–4 lymphopenia 6 3 weeks from the start of
RT. Mean body dose (MBD) was the mean radiation dose absorbed by the body during the whole course of external beam RT
(EBRT) and was directly obtained from the dose volume histogram (DVH) of the EBRT planning. Logistic regression analysis and
restricted cubic spline (RCS) models were applied to assess relationships between clinicopathological factors and EOSL. Survival
analysis was performed using Kaplan-Meier curves and log-rank test. A COX regression model was developed to predict overall
survival (OS).
RESULTS: A total of 104 patients were included and 59.6% had EOSL. MBD (P = 0.04), concurrent cisplatin (P = 0.011), and
pre-RT absolute lymphocyte count (ALC) (P = 0.001) were associated with EOSL. A linear relationship (P for non-linearity =
0.803) between MBD and risk of EOSL was found. Patients with EOSL had decreased OS (2-yr 75.1% vs 91.1%, P = 0.021) and
progression-free survival (PFS) (2-yr 71.2% vs 83.7%, P = 0.071). An OS prediction COX model was developed with C-index of
0.835 and AUC of 0.872.
CONCLUSIONS: EOSL during definitive RT correlates with MBD and predicts poor survival in patients with cervical cancer.
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1. Introduction

Cervical cancer is one of the most common ma-
lignant tumors in women [1]. Definitive concurrent
chemoradiotherapy (CCRT) is the preferred treatment
for patients with localized cervical cancer who are not
amenable to surgery [2]. However, there is still room
for improvement in the prognosis of cervical cancer
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with a reported 5-year disease-free survival of less than
70% [3]. It is important to study risk factors for survival
to guide personized treatment.

Immune system plays an important role in the devel-
opment of malignant tumors [4] and is also essential
for tumor response and eradication [5,6]. Lymphocytes
have been recognized as major actors in the fight against
tumor progression. Lymphopenia is a common side ef-
fect of anti-cancer treatment and has been reported to
be an independent prognostic factor for poor survival
in several cancer types [7]. The incidence rate of grade
3–4 lymphopenia during CCRT was as high as 89% in
cervical cancer [8]. Previous studies showed that pre-,
during-, and post-treatment lymphopenia may be asso-
ciated with decreased survival in patients with locally
advanced cervical cancer [8–10].

The onset time of lymphopenia during radiother-
apy (RT) was clinically relevant in patients with lung
cancer [11]: the median overall survival (OS) and
progression-free survival (PFS) for patients with low
absolute lymphocyte count (ALC) (6 900 cells/mm3)
at week 2 of RT were 15.3 and 5.9 months, respectively,
compared to 18.9 and 12.5 months for patients with
higher ALC (> 900 cells/mm3) (P = 0.035 and 0.053,
respectively) [11]. However, the prognostic value of on-
set time of severe lymphopenia during RT has not been
fully addressed in cervical cancer. This study aimed to
investigate the prognostic significance of incidence time
of severe lymphopenia during definitive RT in patients
with cervical cancer. The results of the study may pro-
vide references for clinicians in the process of making
treatment decision.

2. Methods

2.1. Patient selection

This study conforms with The Code of Ethics of the
World Medical Association (Declaration of Helsinki)
and was approved by institutional ethics committee of
the University of Hong Kong-Shenzhen Hospital (NO:
[2019]049). Individual consent from each patient for
this retrospective analysis was waived. Newly diag-
nosed cervical cancer patients treated with definitive
RT from January 2015 to December 2019 were iden-
tified from patient database of the department (N =
116). The process for selecting patients was presented
in Fig. 1. Patients were eligible for this study if they met
the following criteria: 1) > 18 years old, 2) Eastern Co-
operative Oncology Group (ECOG) performance status

6 2, 3) pathology-confirmed cervical squamous cell
carcinoma, adenocarcinoma, or adenosquamous cell
carcinoma, 4) International Federation of Gynecology
and Obstetrics (FIGO) (2018) stage IB1-IVA, 5) treated
with external beam radiotherapy (EBRT) followed by
brachytherapy with or without concurrent cisplatin or
induction chemotherapy (IC), 6) had complete blood
count (CBC) tested before and weekly during RT. Pa-
tients were excluded if they had acquired immune de-
ficiency syndrome (AIDS), PS > 2, concomitant sec-
ondary primary malignant tumor, concurrent carbo-
platin, RT for adjuvant treatment or recurrent disease,
or did not complete RT. All patients provided written
informed consent form for the use of personal medical
data for academic research purpose before treatment.

2.2. Investigations, treatment and follow up

According to the practice guideline of the depart-
ment, all patients had gynecological physical exam-
ination by experienced gynecologists, contrast com-
puted tomography (CT) of thorax, abdomen and pelvis
or positron emission tomography (PET)-CT, and con-
trast magnetic resonance imaging (MRI) of pelvis (if
no contraindication of MRI) for baseline staging. Cys-
toscopy or sigmoidoscopy were indicated only if blad-
der or rectum invasion was suspected. Patients also had
serial CBC, liver and renal function tests before and
weekly during RT. Patients received EBRT followed by
brachytherapy with or without concurrent cisplatin or
IC. Two types of EBRT techniques were used namely
RapidArc or three-dimensional conformal radiother-
apy (3D-CRT). GTV (Gross Tumor Volume)-T: the pri-
mary tumor from hyper intense signal of T2-weighted
MRI images. GTV-N: locoregional pathologically en-
larged lymph nodes. CTV (Clinical Target Volume)-
T included cervix, parametrium bilaterally, uterus and
part of vagina. CTV-N: GTV-N + 3 mm margin. CTV-
E included regional lymphatics (common iliac, exter-
nal iliac, internal iliac, presacral ± para-aortic or in-
guinal). ITV (Internal Target Volume)-T: CTV-T +
margins (10 mm anterior-posterior, 10 mm superior-
inferior, 5 mm lateral). ITV45 = ITV-T + CTV-N
+ CTV-E. PTV (Planning Target Volume) 45: ITV45
+ 5 mm margin. PTV-N: CTV-N + 5 mm margin.
Dose/fractionation: PTV45: 1.8 Gy/Fr daily, 5 Fr/week
up to 45 Gy; PTV-N: using simultaneous integrated
boost (SIB): 2.2Gy/Fr daily, 5 Fr/week up to 55 Gy if
lymph node was located within the pelvis, or 2.3 Gy/Fr
daily, 5 Fr/week up to 57.5 Gy if lymph node was lo-
cated outside the pelvis. 3D-CRT was divided into 2
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Fig. 1. Selection process of study population.

phases: phase I PTV45, 45 Gy in 25 fractions to pelvis;
phase II pelvic wall boost, FIGO IIIB 16 Gy in 8 frac-
tions, other stages 10 Gy in 5 fractions, 5 Fr/week.

Brachytherapy was guided by CT or MRI and was
started 4–5 weeks after the start of EBRT, 192Ir (irid-
ium) high dose rate with 6 Gy × 4 to point A once
a week for 4 weeks were applied. Point A dose was
aimed at cumulative equivalent dose in 2Gy/Fr (EQD2)
of 80–85 Gy.

Concurrent cisplatin was applied at 40 mg/m2 ev-
ery week for up to 5–6 weeks. If waiting time for RT
was more than 1 month, IC with paclitaxel plus carbo-
platin could be given at the discretion of the treating
physicians.

After completion of RT, patients were followed up
every 3 to 4 months for the first 2 years, every 4 to
6 months for third to fifth year and annually there-
after. Surveillance evaluations included physical exam-
ination, tumor marker (optional), imaging studies (op-
tional) such as pelvic MRI, CT chest and abdomen or
PET-CT, and biopsy if clinically indicated on follow
up.

2.3. Data collection

Variables of interest in this study included patient de-
mographics, clinicopathologic findings, and treatment

related data. All these data were collected from hospi-
tal’s electronic medical records. Common Terminology
Criteria for Adverse Events (CTCAE) v4.03 was used
to grade the myelosuppression. Grade 3 lymphopenia
was defined as ALC < 0.5 – 0.2 × 109/L and grade
4 lymphopenia was defined as ALC < 0.2 × 109/L.
Mean body dose (MBD) was the mean radiation dose
absorbed by the body within the range of CT simulation
scan during the whole course of EBRT and was directly
obtained from the dose volume histogram (DVH) of
the EBRT plan in the Varian eclipse treatment planning
system (version 15.0).

2.4. Statistical analysis

Data was analyzed using SPSS version 25.0 (SPSS,
Inc., Chicago, IL, USA) statistical software and R ver-
sion 3.6.1(R Core Team, Vienna, Austria). Demograph-
ics, clinicopathologic findings, and treatment related
characteristics were described as median (interquar-
tile range [IQR]) values of continuous variables and
percentages for categorical variables. Means between
groups were tested for normal distribution with Shapiro-
Wilk tests followed by either a student’s t-test or a
Wilcoxon rank-sum test. Early onset of severe lym-
phopenia (EOSL) was defined as first onset of grade 3–
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4 lymphopenia 6 3 weeks from the start of RT. A mul-
tivariate logistic regression model was used to identify
factors associated with EOSL. Dose-response relation-
ship between MBD and risk of EOSL was assessed by
restricted cubic spline (RCS) functions. PFS was calcu-
lated from the start of RT to the first appearance of pro-
gressive disease or death from any cause. OS was cal-
culated from the start of RT until the date of death from
any cause or the last confirmed date of survival. Sur-
vival analysis was performed using the Kaplan-Meier
curves, significance was tested with the log-rank test.
Univariate and multivariate survival analyses were per-
formed using Cox regression model. The performance
of Cox regression model was evaluated using the C-
index and area under the curve (AUC) statistics. All
P values were two-sided and < 0.05 was considered
statistically significant.

3. Results

3.1. Patient characteristics

A total of 104 women were included in this study.
The median age was 52.5 years. The FIGO (2018) stage
distribution was 3 (2.9%), 31 (29.8%), 66 (63.5%), and
4 (3.8%) for stage I, II, III and IVA, respectively. One
hundred and one (97.1%) had squamous cell carcinoma.
Seventeen (16.3%) patients received IC before RT. Fif-
teen (14.4%) patients had RT alone. The demographics,
clinicopathologic findings, and treatment characteristics
of the patients were listed in Table 1.

3.2. Pattern and characteristics of lymphopenia and
potential contributing factors of early onset of
severe lymphopenia during RT

ALC of all patients significantly declined during RT
and generally recovered to some extent at the end of
RT (Wilcoxon test, all P values 6 0.0001). (Figure 2)
The values (median [IQR]) of pre-RT ALC, mid-RT
ALC nadir, and end-RT ALC was 1.74 (1.32–2.05) ×
109/L, 0.22 (0.17–0.29) × 109/L, and 0.54 (0.36–0.84)
× 109/L, respectively. The median (IQR) time of first
onset of severe lymphopenia (FOSL) from the start of
RT was 20 (14–27) days (approximated to 3 weeks).
The number (percentage) of patients with FOSL at the
1st to 7th week was 5 (4.8%), 23 (22.1%), 34 (32.7%),
21 (20.2%), 7 (6.7%), 7 (6.7%) and 2 (1.9%), respec-
tively (Fig. 3). The rest 5 (4.8%) patients had grade
2 lymphopenia during RT (Fig. 3). Sixty-two (59.6%)
patients had EOSL.

Fig. 2. The change and comparison of absolute lymphocyte count
(ALC) at different time points (pre- RT, mid-RT, and end-RT).
The values (median, interquartile range) of pre-RT ALC, mid-RT
ALC nadir, and end-RT ALC were 1.74 (1.32–2.05) × 109/L, 0.22
(0.17–0.29) × 109/L, and 0.54 (0.36–0.84) × 109/L, respectively;
Wilcoxon test, all P values 6 0.0001.

Fig. 3. Distribution of the time of first onset of severe lymphope-
nia (FOSL) from the start of radiotherapy (RT) (median 20 days,
interquartile range 14–27 days). The number (percentage) of patients
with FOSL at the 1st to 7th week was 5 (4.8%), 23 (22.1%), 34
(32.7%), 21 (20.2%), 7 (6.7%), 7 (6.7%), and 2 (1.9%), respectively.
Five (4.8%) patients with no grade 3–4 lymphopenia during RT was
presented as missing data.

On univariate logistic regression analysis, higher
MBD (P = 0.02), age 6 60 years (P = 0.003), FIGO
IIIA-IVA (P = 0.027), concurrent cisplatin (P =
0.009), lower pre-RT hemoglobin (HGB) (P = 0.039),
and lower pre-RT ALC (P = 0.001) were associated
with EOSL. Multivariate logistic regression with back-
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Table 1
Patient characteristics and clinical outcomes

Features No. (%) or Median (IQR)
Age 52.5 (46–63)

6 60 72 (69.2)
> 60 32 (30.8)

ECOG
0–1 90 (86.5)
2 14 (13.5)

FIGO stage (2018)
I 3 (2.9)
II 31 (29.8)
III 66 (63.5)
IVA 4 (3.8)

Pathology
Squamous cell carcinoma 101 (97.1)
Adenocarcinoma 2 (1.9)
Adenosquamous cell carcinoma 1 (1.0)

Body mass index 23.1 (20.1–24.9)
Induction chemotherapy

Yes 17 (16.3)
No 87 (83.7)

Concurrent cisplatin
Yes 89 (85.6)
No 15 (14.4)

Concurrent cisplatin cycles 5 (3.75–6)
EBRT technique

3D-CRT 27 (26.0)
RapidArc 77 (74.0)

Mean body dose 12.38 (10.52–14.33)
Pre-RT WBC (cells ×109/L) 6.77 (5.45–8.12)
Pre-RT ANC (cells ×109/L) 4.41 (3.36–5.57)
Pre-RT ALC (cells ×109/L) 1.74 (1.32–2.05)
Pre-RT PLT (cells ×109/L) 268 (217.5–324.3)
Pre-RT AMC (cells ×109/L) 0.34 (0.26–0.43)
Pre-RT HGB (g/L) 119 (103–131)
During-RT ALC nadir (cells ×109/L) 0.22 (0.17–0.29)
Grade of lymphopenia during RT

1 0 (0.0)
2 5 (4.8)
3 64 (61.5)
4 35 (33.7)

Early onset of severe lymphopenia
Yes 62 (59.6)
No 42 (40.4)

Post-RT local residual or recurrent disease
Yes 12 (11.5)
No 92 (88.5)

Post-RT regional lymph nodes metastases
Yes 5 (4.8)
No 99 (95.2)

Post-RT distant metastases
Yes 15 (14.4)
No 89 (85.6)

Disease progression
Yes 26 (25)
No 78 (75)

Death
Yes 22 (21.2)
No 82 (78.8)

IQR, interquartile range; ECOG, Eastern Cooperative Oncology Group; FIGO, Federation of Gynecology
and Obstetrics; EBRT, external beam radiotherapy; 3D-CRT, three-dimensional conformal radiotherapy;
WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; PLT, platelet;
AMC, absolute monocyte count; HGB, hemoglobin; RT, radiotherapy.
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Fig. 4. Forest plot of univariate and multivariate logistic regression model for early onset of severe lymphopenia (EOSL). (ECOG, Eastern
Cooperative Oncology Group; FIGO, Federation of Gynecology and Obstetrics; EBRT, external beam radiotherapy; 3D-CRT, three-dimensional
conformal radiotherapy; RT, radiotherapy; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; ANC, absolute neutrophil count; ALC,
absolute lymphocyte count; AMC, absolute monocyte count; OR, odds ratio; CI, confidence interval.)

ward selection models was used to identify indepen-
dent factors associated with EOSL. Factors kept in the
multivariate model were based on the Akaike informa-
tion criterion (AIC). The variables initially included in
the model were treated as continuous variables (MBD,
pre-RT HGB, and pre-RT ALC) and as categorical vari-
ables (age, FIGO stage, and concurrent cisplatin). MBD
(Odds ratio [OR] 1.235, 95% confidence interval [CI]
1.01–1.51, P = 0.04), pre-RT ALC (OR 0.247, 95%CI
0.108–0.566, P = 0.001), concurrent cisplatin (OR
6.268, 95%CI 1.534–25.609, P = 0.011) were corre-
lated with EOSL in the final multivariate model. FIGO
stage (OR 2.484, 95%CI 0.925–6.672, P = 0.071) was
correlated with EOSL with borderline significance. Age

and pre-RT HGB were not included in the final multi-
variate model (Fig. 4).

3.3. Correlation between mean body dose (MBD) and
risk of early onset of severe lymphopenia (EOSL)

Patients with EOSL had higher MBD (mean ± stan-
dard deviation [SD], 13.2 ± 2.8 Gy, N = 62) than those
without EOSL (11.9 ± 2.4 Gy, N = 42; P = 0.016)
(Fig. 5). The restricted cubic spline (RCS) function was
applied to explore the dose-response relationship be-
tween MBD and risk of EOSL. We found a linear re-
lationship (P for nonlinearity = 0.803) between MBD
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Fig. 5. The comparison of mean body dose (MBD) between patients
with or without early onset of severe lymphopenia (EOSL). Patients
with EOSL had higher MBD (mean ± standard deviation, 13.2 ±
2.8 Gy, N = 62) than those without EOSL (11.9 ± 2.4 Gy, N = 42;
P = 0.016).

and risk of EOSL (Fig. 6) According to the RCS curve
after adjusting confounding factors, MBD > 12.4 Gy
increased the risk of EOSL.

3.4. Early onset of severe lymphopenia and survival

With a median follow-up of 26.2 (IQR 16.2–39.0)
months, the estimated 2-year OS and PFS for all pa-
tients were 82.0% and 76.4%, respectively. Patients
with EOSL had decreased OS (2-yr 75.1% vs. 91.1%,
HR [95%CI] = 3.35 [1.12–9.99], P = 0.021, Fig. 7A)
and PFS (2-yr 71.2% vs. 83.7%, HR [95%CI] = 2.18
[0.92–5.21], P = 0.071, Fig. 7B) than those without
EOSL.

Under univariate analysis, EOSL (P = 0.030), MBD
(P = 0.001), concurrent cisplatin cycles (P = 0.049),
pre-RT absolute neutrophil count (ANC) (P = 0.047),
and pre-RT HGB (P = 0.004) were associated with
OS. Multivariate COX regression analysis with all fac-
tors with P < 0.05 on univariate analysis showed that
EOSL was independently significant for poor OS (HR
3.845, 95%CI 1.196–12.360, P = 0.024). Other ad-
justing factors including MBD (P = 0.007), concur-
rent cisplatin cycles (P = 0.007), pre-RT ANC (P =
0.016), and pre-RT HGB (P = 0.010) were also pre-
dictive of OS in the final multivariate COX model (Ta-
ble 2). The C-index and 2-year survival AUC of this
multivariate COX model for OS prediction was 0.835
(95%CI 0.75–0.92) and 0.872, respectively (Fig. 8).

Fig. 6. Restricted cubic spline (RCS) model to illustrate dose-response
relationship between mean body dose (MBD) and risk of early onset
of severe lymphopenia (EOSL). The dashed lines represented the
95% confidence intervals. MBD was linearly correlated with risk of
EOSL.

4. Discussion

Previous studies showed that lymphopenia during RT
was common and correlated with survival in patients
with cervical cancer [8,9,12]. The current study con-
firmed that the incidence rate of severe lymphopenia
was as high as 95.2% in cervical cancer patients treated
with definitive (chemo)RT, which was much higher than
those observed in other solid tumors [7], such as brain
tumors (20–40%), head and neck cancers (48–71%),
and thoracic malignancies (40–50%). Therefore inves-
tigating lymphopenia and seeking ways to minimize the
risk and severity of lymphopenia in cervical cancer are
clinically important topics.

In this study the authors demonstrated that the me-
dian time of FOSL was 20 days (about 3 weeks) from
the start of RT. Patients with EOSL had decreased OS
(2-yr 75.1% vs. 91.1%, P = 0.021) and PFS (2-yr
71.2% vs. 83.7%, P = 0.071) than those without EOSL.
EOSL was prognostic for poor OS (HR 3.845, 95%CI
1.196–12.360, P = 0.024) after adjusting factors in-
cluding MBD, concurrent cisplatin cycles, pre-RT ANC
and pre-RT HGB in a multivariate COX model. This OS
prediction model had good performance with C-index
of 0.835 and AUC of 0.872, which may be used to guide
personized treatment or clinical trial design. In practice,
when grade 3–4 lymphopenia was observed at the first
3 weeks of RT, measures such as adopting adaptive RT,
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Table 2
Factors associated with the overall survival for all 104 patients

Variable Univariate analysis Multivariate analysis
HR (95%CI) P HR (95%CI) P

Age (> 60/6 60 years) 0.338 (0.099–1.147) 0.082 NI
ECOG (2/0–1) 2.024 (0.679–6.040) 0.206 NI
FIGO stage (IIIA-IVA/ IB1-IIB) 1.945 (0.654–5.786) 0.232 NI
EBRT technique (Rapidarc/3D-CRT) 1.080 (0.421–2.768) 0.873 NI
Concurrent cisplatin (Yes/ No) 1.106 (0.317–3.852) 0.875 NI
Concurrent cisplatin cycles (5-6/0-4) 0.416 (0.174–0.995) 0.049 0.245(0.088–0.679) 0.007
Induction chemotherapy (Yes/ No) 1.665 (0.480–5.771) 0.421 NI
Pre-RT WBC (Per 109/L) 1.072 (0.979–1.174) 0.135 NI
Pre-RT ANC (Per 109/L) 1.095 (1.001–1.198) 0.047 1.115 (1.020–1.218) 0.016
Pre-RT ALC (Per 109/L) 0.430 (0.184–1.001) 0.050 NI
Pre-RT HGB (Per g/L) 0.965 (0.943–0.988) 0.004 0.964(0.938–0.991) 0.010
Pre-RT PLT (Per 109/L) 1.002 (0.998–1.005) 0.316 NI
Pre-RT AMC (Per 109/L) 0.821 (0.048–14.145) 0.892
Mean body dose (Per Gy) 1.259 (1.094–1.449) 0.001 1.254 (1.065–1.477) 0.007
EOSL (Yes/ No) 3.351 (1.124–9.991) 0.030 3.845 (1.196-12.360) 0.024

ECOG, Eastern Cooperative Oncology Group; FIGO, Federation of Gynecology and Obstetrics; EBRT,
external beam radiotherapy; 3D-CRT, three-dimensional conformal radiotherapy; RT, radiotherapy; WBC,
white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; HGB, hemoglobin;
PLT, platelet; AMC, absolute monocyte count; EOSL, early onset of severe lymphopenia; HR, hazard ratio;
CI, confidence interval; NI, not included.

Fig. 7. Kaplan-Meier curves of overall survival (OS) and progression-free survival (PFS). A. OS curves of patients with or without EOSL during
radiotherapy (RT) (2-yr 75.1% vs. 91.1%, P = 0.021). B. PFS curves of patients with or without EOSL during RT (2-yr 71.2% vs. 83.7%, P =
0.071).

could be made to preserve or reserve ALC, with the aim
to improve treatment outcome.

Lymphocytes are extremely sensitive to radiation,
LD50 of lymphocyte (lethal dose required to reduce the
surviving fraction of lymphocytes by 50%) is only 2 Gy
and LD90 is only 3 Gy, exposure to even low doses of
radiation can lead to a decrease in the number of pe-
ripheral ALC [13]. Even low radiation doses absorbed
by the whole body may have a role in the radiation-
induced lymphopenia. It was reported that body inte-
gral dose was significant predictor of post-treatment

lymphocytes in lung cancer [14]. Higher body dose-
volume parameters (body V5, V10) may be predictive
of severe lymphopenia after palliative RT [15]. In a
study on esophageal cancer treated with CCRT, MBD
was significantly correlated with lymphocyte nadir dur-
ing treatment [16]. While our findings were in agree-
ment with the results of previous studies, this study
demonstrated a linear relationship (P for non-linearity
= 0.803) between MBD and risk of EOSL and MBD
> 12.4 Gy increased the risk of EOSL. In our opinion,
MBD is a robust dosimetric parameter for radiation-
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Fig. 8. Receiver operator characteristic (ROC) curve of the multivari-
ate COX model for OS prediction.

induced lymphopenia prediction as it encompasses the
effects of both the low dose region and the high dose
volume and can be used as an optimization parameter
when designing treatment plan.

Although we successfully demonstrated significant
association between MBD and risk of EOSL, higher
MBD was independently associated with poor OS (HR
1.254, 95%CI 1.065–1.477, P = 0.007) in multivariate
COX model. We postulated the following reasons for
this result: First, FIGO stage was not included in the
final COX model of this study. We further found that
patients with FIGO IIIA-IVA had higher MBD than
those with FIGO IB-II (13.2 vs 11.7 Gy, P = 0.006).
Higher MBD partly represented more advanced tumor
stage. Second, the effect of pelvic radiation on lympho-
cyte subgroups was different [17]. Different lympho-
cyte subsets may have different impacts on treatment
outcomes of cervical cancer patients [18,19]. There-
fore, MBD may impact survival by means of inducing
lymphopenia or affecting different lymphocyte subsets.
MBD may be a good candidate marker for OS pre-
diction as it correlated with both tumor burden (FIGO
stage) and host immune function (EOSL).

The role of chemotherapy on lymphopenia has not
been fully investigated. In a study in patients treated
with IC for advanced ovarian cancer, ALC increased
significantly post-IC compared with the pre-IC values
(P = 0.009); pre-IC lymphopenia was observed in 27
patients (40%), whereas only 16 patients (24%) dis-
played lymphopenia post-IC (P = 0.020) [20]. How-

ever, in non-small cell lung cancer (NSCLC) patients
treated with IC the ALC did not change after two cycles
of IC [21]. The current study demonstrated that IC did
not correlate with EOSL, however, patients with con-
current cisplatin were more likely to have EOSL. A pre-
vious study evaluated effects of platinum compounds
on lymphocyte proliferation in vitro and demonstrated
that certain platinum salts affected lymphocyte prolifer-
ation [22]. The effect of chemotherapy on lymphocyte
might be less serious but more complex than that of RT
as the cytotoxic mechanisms are diverse among differ-
ent chemotherapy drugs. It is worthwhile to study the
effect of chemotherapy on immune function to assist in
chemotherapy choice.

Neutrophils are important components of immune
system as well. Contrary to lymphocytes, neutrophils
were found to be negatively correlated with survival
for patients with cancers. Wisdom et al. showed that
neutrophils promoted tumor resistance to RT [23]. High
ANC during CCRT was associated with poor local
control and survival in cervical cancer patients [23].
In NSCLC, high baseline ANC was a significant sur-
vival covariate (HR 1.07, 95% CI 1.02–1.11, P =
0.017) [24]. This study showed that higher pre-RT ANC
was associated with poor OS (HR 1.115, 95%CI 1.020–
1.218, P = 0.016), which was consistent with previous
studies.

This study had some limitations. First, the retro-
spective nature of the study created discordance on the
timing of blood test, confounding the interpretation of
the results. Second, lymphocyte subtypes had different
roles in the treatment outcomes of RT [18,19]. However
we did not test lymphocyte subtypes and did not collect
patients’ blood for future research routinely in clinical
practice, so there was lack of data on the lymphocyte
subtype changes and their impact on the treatment out-
come in our patients. Third, we did not exam the rela-
tionship of dose to immune organ at risk (OAR) and
EOSL, which might have important role in radiation-
induced lymphopenia. Finally, the absence of a valida-
tion cohort was also a limitation of our study. However,
we have demonstrated some interesting results with a
linear association between MBD and risk of EOSL and
the prognostic effect of EOSL on survival.

In conclusion, our study demonstrated that EOSL
during definitive RT correlated with MBD and predicted
poor survival in patients with cervical cancer. There
are several questions remain to be answered, such as is
radiation related lymphopenia truly a driver of inferior
survival? Efforts to differentiate this from other con-
tributing factors are required. Furthermore, additional
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research to explore treatment approaches that preserve
or restore ALC during definitive RT will be important
to improve the treatment outcome of cervical cancer
patients with the guidance of these results.
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