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Abstract
Background  The standard treatment for cervical cancer is chemoradiation although some patients showed treatment resist-
ance. The purpose of this study was to investigate the clinical efficacy of surgery after chemoradiation for cervical cancer.
Methods  Patients with FIGO stage IB2 to IIB cervical cancer were included in the study between 2005 and 2015. A total 
of 50 patients who underwent surgery after neoadjuvant chemoradiation and 76 patients who received only chemoradiation 
were compared. Baseline differences between the two groups were adjusted with inverse probability of treatment weight-
ing method using propensity scores composed of the following independent variables: age, stage, tumor size, lymph node 
metastasis, and histological subtypes.
Results  Median follow-up was 64.8 (range 4.8–143.9) months. After adjustment with inverse probability of treatment weight-
ing, Kaplan–Meier curves showing adjusted progression-free survival and overall survival were significantly longer in the 
neoadjuvant chemoradiation compared with the chemoradiation-only group (p = 0.027 and p = 0.017, respectively). Moreover, 
in patients with squamous cell carcinoma, recurrence in previously irradiated field and recurrence both in and out of previ-
ously irradiated field were significantly decreased in the neoadjuvant chemoradiation compared with the chemoradiation-only 
group (3.1% and 18.4%, respectively; OR 0.142, p = 0.001]. Adverse events of surgery after chemoradiation were acceptable, 
although temporary hydronephrosis was frequently observed (23.1%).
Conclusions  Surgery after chemoradiation reduced pelvic recurrence, and as a result, patients who underwent neoadjuvant 
chemoradiation showed more favorable survival outcomes compared with those who only underwent chemoradiation.

Keywords  Locally advanced cervical cancer · Neoadjuvant therapy · Chemoradiation · Surgery · Inverse probability of 
treatment weighting · Propensity score

Introduction

Cervical cancer is one of the most common malignancies 
in females worldwide. According to cancer statistics, an 
estimated 527,600 new cases and 265,700 deaths associ-
ated with cervical cancer were reported in 2012 [1]. Treat-
ment strategy is dictated by the International Federation of 
Gynecology and Obstetrics (FIGO) staging system, with 
two major treatment options for patients with this type of 
tumor: radical hysterectomy and concurrent chemoradiation 

(CRT) [2, 3]. For patients with locally advanced cervical 
cancer (LACC, FIGO stage IB2–IVA), CRT is considered 
the standard treatment [2, 4]. Surgery is the mainstay of 
treatment for early-stage disease (FIGO stage IA–IB1) and is 
also performed for patients with FIGO stage ≤ IIB LACC [5, 
6]. Despite of the clinical efficacy of CRT and surgery, some 
patients develop treatment resistance, and the prognosis of 
patients with disease recurrence remains poor [2]. Prognosis 
is particularly poor for patients who experience recurrence in 
a previously irradiated field [7–9]. Therefore, new treatment 
modalities have been investigated to maximize local control 
and eventually improve survival of LACC patients.

The advantage of neoadjuvant therapy is its ability to 
shrink bulky tumors and, therefore, improve resection rate 
success compared with surgery without neoadjuvant therapy. 
Neoadjuvant chemotherapy followed by surgery has been 

 *	 Hiroaki Kajiyama 
	 kajiyama@med.nagoya‑u.ac.jp

1	 Department of Obstetrics and Gynecology, Nagoya 
University Graduate School of Medicine, Tsuruma‑cho 65, 
Showa‑ku, Nagoya 466‑8550, Japan

http://orcid.org/0000-0003-0493-1825
http://crossmark.crossref.org/dialog/?doi=10.1007/s10147-019-01551-6&domain=pdf


385International Journal of Clinical Oncology (2020) 25:384–390	

1 3

widely performed. However, its impact on survival has been 
inconsistent [10–12]. Similar to other malignancies, such as 
head and neck cancer and rectal cancer, neoadjuvant CRT 
(NACRT) was proposed for use in cervical cancer, show-
ing efficacy and feasibility [13–15]. However, few reports 
exist comparing the clinical efficacy of NACRT and CRT 
[16, 17]. Moreover, some studies reported high complication 
rates associated with NACRT [18, 19]. Therefore, NACRT 
is not widely performed in most countries, with the clini-
cal benefit and feasibility of additional surgery after CRT 
remaining controversial.

The present study compared the outcomes of patients 
treated with NACRT and those treated with CRT only using 
inverse probability of treatment weighting (IPTW), increas-
ing the body of evidence supporting the clinical efficacy of 
NACRT.

Patients and methods

All the clinical records of patients treated in our hospital 
were retrospectively reviewed from 2005 to 2015, and 174 
patients with FIGO stage IB2 to IIB LACC were identified. 
Patient selection flowchart is presented in Fig. 1. Patients 
who underwent surgery with or without adjuvant chemo-
therapy were excluded. As a result, 50 patients who received 
NACRT and after underwent hysterectomy (NACRT group) 
and 76 patients who received CRT only (CRT group) were 
included. The study was approved by the ethics committee 
of the institution (Approval no.: 2017-0053), and approval 
for an opt-out consent method was given. Informed consent 
was obtained by the opt-out consent method on the website 
of Nagoya University.

The treatment strategy for each patient had been previ-
ously determined by several gynecologic oncologists based 

on patient age, performance status, disease spread, and his-
tology. In the NACRT group, external beam radiotherapy 
(EBRT) and two courses of chemotherapy were performed. 
EBRT was performed at 1.8 Gy once per day (total dose of 
39.6 Gy in 22 fractions), and cisplatin (70 mg/m2 on day 1) 
and 5‑fluorouracil (700 mg/m2, 24 h continuous intravenous 
infusion on days 1–4) combination chemotherapy was usu-
ally administered. Treatment response was evaluated, and 
if possible, radical hysterectomy plus pelvic lymph node 
dissection was performed. Additional chemotherapy was 
considered depending on pathological findings. In the CRT 
group, combination radiotherapy—which included EBRT 
and intracavity brachytherapy (ICBT)—and five courses 
of chemotherapy were performed. EBRT was performed at 
1.8 Gy once per day (total dose of 50.4 Gy in 28 fractions), 
and ICBT was remotely performed after loading the system 
with a Co 60 source. The total dose to point A (a reference 
location 2 cm laterally and 2 cm above the cervical os) was 
15 Gy.

Post-treatment follow-up was performed monthly at the 
beginning, with the interval subsequently extended. Recur-
rence was determined via physical examination, transvagi-
nal ultrasound, vaginal stump cytology, laboratory tests, and 
computed tomography.

The primary outcomes were progression-free survival 
(PFS) and overall survival (OS). PFS was defined as the 
time elapsed between treatment initiation and death caused 
by tumor progression and OS as the time elapsed between 
treatment initiation and death from any cause. The second-
ary outcomes were recurrent pattern, residual lesion, and 
adverse events. Common Terminology Criteria for Adverse 
Events Version 4.0 was used to grade observed adverse 
events.

Statistical analyses for IPTW using propensity scores 
were performed with SPSS version 25 (IBM Corp., Armonk, 
NY). Baseline differences between the NACRT and CRT 
groups were adjusted with IPTW using propensity scores 
with the following independent variables: age, FIGO stage, 
tumor size, lymph node metastases, and histological sub-
types. Differences between the two groups were assessed 
by Mann–Whitney U test and t test. Kaplan–Meier curves 
were generated and compared with the log-rank test using 
SAS version 8 (SAS Institute Inc., Cary, NC). To evaluate 
differences in recurrence sites, odds ratio (OR) and 95% con-
fidence interval (CI) were calculated. Differences at p < 0.05 
were considered significant.

Results

To evaluate the clinical efficacy of NACRT, 50 patients who 
received NACRT and 74 patients who received CRT were 
compared retrospectively. In the NACRT group, all patients 

Patients with FIGO stage IB2 to IIB cervical cancer who were treated
in our hospital between 2005 and 2015 (n = 174).

< Exclusion >
Patients who undergone surgery (n = 48).

Treatment strategies were determined by
several gynecologic oncologists.

Baseline differences were adjusted with 
inverse probability of treatment weighting.

< CRT group (n = 76) >
• Whole pelvic irradiation (50.4 Gy)
• Intra-cavity brachytherapy (15 Gy)
• Five courses of chemotherapy

< NACRT group (n = 50) >
• Whole pelvic irradiation (39.6 Gy)
• Two courses of chemotherapy
    +
• Radical hysterectomy and 
• pelvic lymph node dissection
    +
(• Adjuvant chemotherapy)

Fig. 1   Patient flowchart
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had been submitted to surgery, and the median period from 
the end of radiation to the surgery was 23.5 (range 8–42) 
days. Most patients (n = 43) underwent radical hysterectomy, 
and six patients underwent modified radical hysterectomy. 
These patients also underwent pelvic lymph node dissec-
tion, and one patient underwent tumor debulking surgery 
due to cancer progression. For 43 patients who underwent 
radical hysterectomy, the median operation time was 330 
(range 211–501) min. Moreover, the median blood loss was 
784 (231–3332) mL, and 19 patients (44%) received blood 
transfusions. In the CRT group, two patients with squa-
mous cell carcinoma (SCC) had radiological residual lesion 
after CRT and underwent salvage hysterectomy. Baseline 
patients’ characteristics are shown in Table 1. Age, FIGO 
stage, tumor size, and clinical lymph node metastases were 
well balanced between the two groups, but histological 
subtypes were significantly different between both. While 
non-SCC patients comprised more than half of the NACRT 
group (52%), only four non-SCC patients were included in 
the CRT group (5.3%). Most of the non-SCC cases were 
adenocarcinoma (n = 25), three cases were undifferentiated 
carcinoma, one case was adenosquamous carcinoma, and 
one case was small-cell carcinoma. Baseline differences 
between the two groups were subsequently adjusted with 
IPTW using propensity scores previously described. After 
adjustment, no significant differences existed between the 
two groups (Table 1).

In the 64.8 (range 4.8–143.9) months of median fol-
low-up, 43 patients (34.1%) experienced recurrence, and 
26 patients (20.6%) died. PFS and OS Kaplan–Meier 
curves showed no significant differences between groups 

(p = 0.219 and 0.217, respectively). After IPTW, adjusted 
PFS and OS Kaplan–Meier curves were significantly 
longer in the NACRT than in the CRT group (p = 0.027 
and p = 0.017, respectively) (Fig. 2a, b). In the NACRT 
and CRT groups, adjusted 5-year PFS rates were 78.3% 
and 56.9%, and adjusted 5-year OS rates were 87.7% and 
66.2%, respectively.

To investigate the better survival outcomes observed 
in the NACRT group, recurrence sites were stratified by 
histological subtype. In the patients with SCC, remark-
edly less patients experienced recurrence in previously 
irradiated field (in-field recurrence) in the NACRT [n = 1 
(4.2%)] compared with the CRT group [n = 10 (13.9%)]. 
Moreover, all the four patients experiencing recurrence 
both in and out of previously irradiated field (mixed recur-
rence) were in the CRT group. After IPTW adjustment, 
NACRT significantly decreased local failure rate [the 
NACRT and CRT groups; 3.1% and 18.4%, respectively; 
OR 0.142 (95% CI 0.040–0.505), p = 0.001] (Table 2). 
However, there were no significant differences in recur-
rence out of previously irradiated field (out-field recur-
rence). Then we evaluated the recurrence pattern of non-
SCC patients. While one patient (25.0%) in the CRT group 
experienced mixed recurrence, four patients (15.4%) in 
the NACRT group experienced in-field recurrence. After 
IPTW adjustment, NACRT tended to decrease local 
failure rate, but there was no significant difference [the 
NACRT and CRT groups; 15.4% and 37.1%, respectively; 
OR 0.308 (95% CI 0.087–1.092), p = 0.085] (Table 2). 
Whereas out-field recurrence rates were not significantly 
different between the two groups.

Table 1   Patients’ characteristics

CRT​ concurrent chemoradiotherapy, NACRT​ neoadjuvant CRT, IPTW inverse probability of treatment 
weighting, FIGO the International Federation of Gynecology and Obstetrics, SCC squamous cell carci-
noma

Non-adjusted IPTW-adjusted

CRT (n = 76) NACRT (n = 50) p value CRT (n = 122) NACRT (n = 123) p value

Age 0.668 0.920
 Median (range) 51.0 (19–76) 52.3 (28–72) 52.0 (19–76) 56.9 (28–72)

FIGO stage 0.200 0.117
 IB2, IIA 33 (43.4%) 16 (32.0%) 36 (29.5%) 48 (39.0%)
 IIB 43 (56.6%) 34 (68.0%) 86 (70.5%) 75 (61.0%)

Tumor size 0.969 0.381
 ≤ 4 cm 20 (26.3%) 13 (26.0%) 25 (20.5%) 31 (25.2%)
 > 4 cm 56 (73.7%) 37 (74.0%) 97 (79.5%) 92 (74.8%)

cN 0.181 0.935
 0 41 (53.9%) 33 (66.0%) 76 (62.3%) 76 (61.8%)
 1 35 (46.1%) 17 (34.0%) 46 (37.7%) 47 (38.2%)

Histology < 0.001 0.173
 SCC 72 (94.7%) 24 (48.0%) 87 (71.3%) 97 (78.9%)
 Non-SCC 4 (5.3%) 26 (52.0%) 35 (28.7%) 26 (21.1%)
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The proportion of residual lesions in surgical samples was 
also evaluated. In stages IB2 and IIA, no patients with SCC 
had macroscopic residual lesions, and 45.5% of non-SCC 
patients had macroscopic lesions (Table 3). On the other 
hand, in stage IIB, 47.4% and 66.7% of patients with and 
without SCC had macroscopic residual lesions, respectively. 
This suggests that the pathological efficacy of chemoradio-
therapy tends to decrease in stage IIB compared with stages 
IB2 and IIA, although this result was not statistically sig-
nificant (p = 0.120 and 0.330 in patients with and without 
SCC, respectively) (Table 3). The two patients in the CRT 

group who underwent salvage hysterectomy showed appar-
ent pathological residual lesions.

Adverse events of the 52 patients who underwent sur-
gery after CRT were evaluated. As intraoperative injury, 
one patient experienced ureter injury, and another patient 
experienced left obturator nerve injury. Postoperative 
adverse events in the NACRT group were shown in Table 4. 
No patients reported grade 4 or 5 adverse events. Four-
teen grade 3 acute adverse events were reported in 12 
patients (23.1%), and all the patients had hydronephrosis. 
The patient who experienced intraoperative ureter injury 
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Fig. 2   Kaplan–Meier curves showing progression-free survival (PFS) and overall survival (OS). a IPTW-adjusted PFS and b IPTW-adjusted OS 
in the CRT and NACRT groups

Table 2   Recurrence patterns 
stratified by histology

CRT​ concurrent chemoradiotherapy, NACRT​ neoadjuvant CRT, IPTW inverse probability of treatment 
weighting, SCC squamous cell carcinoma, in-field recurrence recurrence in previously irradiated field, out-
field recurrence recurrence out of previously irradiated field, mixed recurrence recurrence both in and out 
of previously irradiated field, OR odds ratio, CI confidence interval

CRT​ NACRT​ OR (95% CI) p value

SCC
 Non-adjusted (n = 72) (n = 24)
  In-field + mixed recurrence 14 (19.4%) 1 (4.2%) 0.180 (0.022–1.450) 0.105
  Out-field recurrence 12 (16.7%) 4 (16.7%) 1.000 (0.290–3.454) 1.000

 IPTW-adjusted (n = 87) (n = 97)
  In-field + mixed recurrence 16 (18.4%) 3 (3.1%) 0.142 (0.040–0.505) 0.001
  Out-field recurrence 14 (16.1%) 12 (12.4%) 0.736 (0.320–1.692) 0.528

Non-SCC
 Non-adjusted (n = 4) (n = 26)
  In-field + mixed recurrence 1 (25.0%) 4 (15.4%) 0.545 (0.045–6.654) 0.538
  Out-field recurrence 1 (25.0%) 6 (23.1%) 0.900 (0.078–10.327) 1.000

 IPTW-adjusted (n = 35) (n = 26)
  In-field + mixed recurrence 13 (37.1%) 4 (15.4%) 0.308 (0.087–1.092) 0.085
  Out-field recurrence 10 (28.6%) 6 (23.1%) 0.750 (0.233–2.418) 0.771
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presented hydronephrosis and ureterovaginal fistula (grade 
3) postoperatively, and vesicoureteric anastomosis was 
performed approximately 3 years after the initial treat-
ment. Another patient experienced subcutaneous surgical 
site infection (grade 3). One patient underwent surgery for 
right lower limb lymphedema approximately 5 years after 
the initial treatment. Mild urinary toxicity and lymphocele 
were observed frequently (Table 4). Whereas there were 22 
patients (44%) who experienced no adverse events.

Discussion

Since CRT was established, the prognosis of patients with 
LACC has improved. However, some patients still develop 
treatment-resistant tumors and have poor prognosis. NACRT 
has been proposed to improve patient outcomes, but the 

advantages of this treatment compared with CRT have not 
been demonstrated yet. Therefore, the present study pro-
posed to investigate the clinical efficacy of NACRT using 
IPTW.

IPTW is a propensity score method, and the number of 
studies using this analysis is rapidly increasing in recent 
years [20]. In observational studies, treatment assignment 
is influenced by patients’ baseline characteristics, and pro-
pensity score is often used to reduce or minimize the effects 
of confounders due to measured baseline covariates. The 
advantage of using a propensity score method is that it 
allows observational studies to have a similar design for ran-
domized interventions [20, 21]. In this study, most patients 
without SCC underwent NACRT. Subtypes without SCC 
are generally considered radioresistant, and the prognosis of 
these patients is poorer than of those with SCC [22]. In this 
study, after IPTW adjustment, patients’ baseline character-
istics were well balanced between the two groups.

After IPTW adjustment, both OS and PFS in the NACRT 
group were significantly improved compared with the CRT 
group. Although several reports in the literature show the 
clinical efficacy of NACRT [23–29], only few reports com-
pared the outcomes of patients treated with NACRT with 
those of patients treated with CRT alone [16, 17]. Accord-
ing to one previous study, OS and disease-free survival 
rates of patients who underwent NACRT were significantly 
improved compared with those of patients who underwent 
CRT only [16]. Moreover, another report showed that recur-
rence rate was significantly decreased in patients treated with 
NACRT compared with CRT alone [17]. This suggests that 
additional surgery may confer a clinical benefit. Conversely, 
in a meta-analysis, additional surgery reduced the risk of 
recurrence but did not improve OS [30], but the study did 
not take into account the differences in treatment protocols 
between institutions and differences in patients’ character-
istics, such as tumor size and stage and nodal metastasis. To 
maximize the efficacy of NACRT, patients’ eligibility crite-
ria and treatment protocols should, therefore, be considered.

Regarding recurrence sites, NACRT significantly 
reduced in-field recurrence in SCC patients. Previous 
reports also showed good local control associated with 
NACRT [16, 17, 23–27], with results attributed to the 
removal of residual cancer in the uterus and/or pelvic 
lymph nodes by additional surgery. In this study, sev-
eral patients (mainly stage IIB and non-SCC histologi-
cal subtype) had residual regional pathology after EBRT 
(39.6 Gy) plus chemotherapy. Moreover, two SCC patients 
in the CRT group had residual cancer after radical irra-
diation (EBRT 50.4 Gy, ICBT 15 Gy). Previous reports 
also suggested that residual disease was present in nearly 
half of patients who underwent surgery after CRT and 
that it was an important prognostic factor [19, 25–28, 
31]. Therefore, even after definitive CRT, some patients 

Table 3   Proportion of residual tumor in surgical specimens in the 
NACRT group

NACRT​ neoadjuvant concurrent chemoradiotherapy, SCC squamous 
cell carcinoma

IB2, IIA IIB p value

SCC n = 5 n = 19 0.120
 Macroscopic 0 9 (47.4%)
 Microscopic 3 (60.0%) 6 (31.6%)
 No residual tumor 2 (40.0%) 4 (21.1%)

Non-SCC n = 11 n = 15 0.330
 Macroscopic 5 (45.5%) 10 (66.7%)
 Microscopic 2 (36.4%) 4 (26.7%)
 No residual tumor 2 (18.2%) 1 (6.7%)

Table 4   Postoperative adverse events in the NACRT group

NACRT​ neoadjuvant concurrent chemoradiotherapy

Organ system Adverse events G1 G2 G3 G4 or G5

Urinary Urinary tract obstruction 12
Ureterovaginal fistula 1
Urinary retention 6
Urinary incontinence 1 1
Urinary tract infection 2
Urinary frequency 1

Gastrointestinal Ileus 2
Enterocolitis 1

Vascular Lymphocele 6 1
Hematological Neutropenia 3

Thrombocytopenia 2
Others Wound infection 1

Creatinine increased 3 1
Pleural effusion 1
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show treatment resistance. In addition, particular attention 
should be paid to minimal residual disease not detected by 
clinical examinations, including ultrasound and computed 
tomography. Reduction of in-field recurrence by additional 
surgery is beneficial, since the prognosis of patients with 
in-field recurrence remains very poor due to limited treat-
ment options [2]. Overall, in this study, surgery after CRT 
was considered to provide better local control, and as a 
result, survival rate in the NACRT group is higher than in 
the CRT group.

Out-field recurrence rates were no different between the 
two groups, as observed in around 15% of SCC and 25% 
of non-SCC patients. For highly metastatic tumors, local 
surgery is considered to have limited effect on survival and 
is unable to prevent metastases. Therefore, development 
of new therapeutic options is desirable to improve patient 
prognosis.

In this study, adverse events of NACRT were considered 
tolerable, with temporary hydronephrosis most frequently 
observed. A review previously reported a complication 
rate of 15–46% associated with NACRT; it has also been 
reported that most grade 2–3 complications were urologi-
cal or bowel complications [32]. Other reports also showed 
an acceptable morbidity associated with NACRT [24–27]. 
Nevertheless, attention should be paid to adverse events, as 
one study reported two deaths due to complications of this 
treatment modality (although it included 11 patients with 
FIGO stage III or IV) [19]. An important point is that post-
operative complications may happen, not only due to the 
surgical procedure itself but also due to the spread of the dis-
ease. Moreover, total radiotherapy dosing and chemotherapy 
regimens were different between groups. Therefore, to bet-
ter evaluate adverse events, NACRT eligibility criteria and 
treatment protocols should be taken into consideration, and 
prospective studies should be performed.

This study has several limitations. First, it was a small-
scale retrospective study, with only four non-SCC patients 
receiving CRT. Although it is reported that randomized con-
trolled trials and propensity score analyses likely yield simi-
lar results, bias may persist even after IPTW [33]. Therefore, 
the clinical benefit of NACRT should be validated in large-
scale randomized controlled trials. Second, eligibility crite-
ria of NACRT compared with CRT has not been decided, 
and the treatment strategy for each patient had been previ-
ously determined by several gynecologic oncologists in this 
retrospective study. Moreover, optimal timing of surgery 
after CRT has not yet been investigated. Thus, to maximize 
the efficacy of NACRT, further investigations about detailed 
treatment protocol are needed. Third, no comparison was 
performed between patients who received NACRT and those 
who received neoadjuvant chemotherapy. Consequently, the 
possible advantage of NACRT over neoadjuvant chemother-
apy should be evaluated in the future. Lastly, the detailed 

treatment strategy for LACC, especially FIGO stage IIB, is 
different between countries and institutions, as well as the 
total radiation dosing and chemotherapy regimens.

In conclusion, the present study suggests the clinical effi-
cacy of NACRT using IPTW. Surgery after CRT reduced 
pelvic recurrence and, as a result, provided favorable PFS 
and OS. Therefore, NACRT may be a potential treatment 
option for patients with LACC, and further investigation is 
worth pursuing.
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