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Abstract

Background: The aim of the current study was to evaluate oncologic outcomes of patients who were treated with
salvage hysterectomy (HT), compared to systemic chemotherapy (CT) for persistent cervical cancer after definitive
radiotherapy (RT)/ concurrent chemoradiotherapy (CCRT).

Methods: Patients with persistent cervical cancer treated with definitive RT/CCRT at 35 institutions from 2005 to
2014 were reviewed retrospectively (n = 317). Those who underwent a HT for persistent cervical cancer after
definitive RT/CCRT were matched with propensity scores for patients who underwent systemic CT. Oncologic
outcomes between the two groups using a propensity score matched–cohort analysis were compared.

Results: A total of 142 patients with persistent cervical cancer after definitive RT/CCRT were included after
matching (HT: 71, systemic CT: 71). All background factors between HT and CT groups were well balanced. Median
overall survival was 3.8 and 1.5 years in the HT and CT groups, respectively (p = 0.00193, hazards ratio [HR] 0.41, 95%
confidence interval [CI] 0.23–0.73), Increasing residual tumor size was significantly associated with a high
incomplete resection rate (p = 0.016, Odds Ratio 1.11, 95%CI 1.02–1.22). Severe late adverse events occurred in 7
patients (9.9%) in the HT cohort.

Conclusion: The current study demonstrated that, when compared to systemic CT, the adoption of salvage HT for
patients with persistent cervical cancer after definitive RT/CCRT reduced mortality rate by about 60%. This indicates
that salvage HT could be curative treatment for those patients. Further prospective clinical trials with regard to
salvage HT after RT/CCRT are warranted.
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Background
The survival of patients with cervical cancer has improved
over recent decades due to improvements in screening,
which allows for the detection and removal of precancer-
ous lesions, generalization of vaccination against human
papilloma virus (HPV), and the improved efficacy of anti-
cancer therapeutics. However, there were approximately
12,820 new cases and 4210 cervical cancer-associated
deaths in the US in 2017 [1].
Early stage cervical cancer can be cured with surgery,

while concurrent chemoradiotherapy (CCRT) is accepted
as the standard treatment for patients with locally
advanced cervical cancer [2]. However, the 5-year-overall
survival (OS) of locally advanced cervical cancer remains
approximately 70% [3]. One fifth of patients with stage III-
IVA were reported to have persistent disease after defini-
tive CCRT [4], and these patients have a poor prognosis
because cisplatin-based chemotherapy (CT), which is the
treatment of choice, is not be effective for those patients
[5]. The development of novel treatments for these
patients is therefore needed, as it would address an un-
met medical need.
Salvage hysterectomy (HT) is considered curative

treatment; however, very little data exists showing the
survival advantage of HT over standard systemic CT.
Many guidelines do not have definitive recommenda-
tions regarding the treatment of residual tumors of the
uterine cervix after radiotherapy (RT)/CCRT, although
pelvic exenteration or radical HT is raised as an optional
treatment for patients with local recurrence of central
disease [6–8].
Ota, et al. showed that HT significantly improved

disease-specific 5-year survival rates for patients with
residual tumor after RT (rates were 68.6 and 14.5%, with
and without HT respectively, p = 0.0001) [9]. However,
safety is a critical issue for those patients with persistent
or recurrent disease after RT or CCRT who may be
eligible for salvage surgery. This is because severe com-
plications, including postsurgical death, have been
reported with relatively high frequency (16–25% of
adverse events ≥ grade 2) [9–15].
The aim of the current study is to evaluate oncologic

outcomes of patients with persistent cervical cancer after
definitive RT/CCRT who were treated with salvage HT,
compared to systemic CT using a propensity score
analysis.

Methods
Setting and subjects
We conducted a retrospective cohort study using data
from 35 academic and/or regional cancer centers that
belong to the Japan Clinical Oncology Group (JCOG), the
largest Japanese cooperative group funded primarily by
the National Cancer Center Research and Development

Fund. The protocol was approved by the institutional
review board of each participating institution, and the
need for written informed consent from each patient was
waived.
Patients were identified by using an institutional data-

base at each participating institution. All patients were
treated with definitive RT/CCRT between January 2005
and December 2014. To be included in this study,
patients had to meet all of the following conditions: (1)
persistent cervical cancer clinically diagnosed after
definitive RT/CCRT; (2) salvage treatment with HT,
excluding pelvic exenteration (PE), or systemic CT
within a year after completion of definitive RT/CCRT;
(3) clinical stage IB1, IB2, IIA1, IIA2, IIIA, IIIB and IVA
at initial treatment, according to the staging system of
the International Federation of Gynecology and Obstet-
rics (FIGO); (4) less than 75 years of age at the diagnosis
of persistent cervical cancer; (5) histological confirm-
ation of the primary site; (6) histological type of squa-
mous cell carcinoma (SCC), adenocarcinoma (AC), or
adenosquamous cell carcinoma (ASC).

Data elements
For eligible patients, we noted data regarding the follow-
ing clinical and pathological details: patient demograph-
ics, treatment methods of definitive RT/CCRT, status of
persistent cervical cancer, treatment contents and ad-
verse events of salvage HT or systemic CT, and survival
outcomes. For patient demographics, patient age and
performance status (PS) at diagnosis of persistent cer-
vical cancer, histological type, FIGO stage, tumor diam-
eter, presence or absence of invasion to corpus lesion
and number of lymph node metastasis at initial treat-
ment were collected. Treatment methods of definitive
RT/CCRT were evaluated based on total RT dose to the
cervical lesion, presence or absence of intracavitary
brachytherapy (ICBT) and concurrent chemotherapy. All
treatments were normalized to biologically equivalent
total doses in 2 Gy per fraction (EQD2) using the linear-
quadratic model with α/β = 10 Gy for the tumor. Total
RT doses were calculated by summation of each EQD2,
external beam radiotherapy (EBRT), excluding the frac-
tions with central shielding and ICBT, prescribed at
point A. Regarding the status of persistent cervical can-
cer, we recorded tumor diameter, presence or absence of
invasion into the parametrium or vaginal wall, the num-
ber of residual lymph node metastases and the period
between completion of definitive RT/CCRT and diagno-
sis of persistent cervical cancer. Salvage HT was
abstracted for mode of hysterectomy (simple hysterec-
tomy, Piver-Rutledge type II or III radical hysterectomy),
operation time, estimated blood loss and status of
residual tumor at the end of surgery. Systemic CT was
abstracted for the drugs to be used and response to the
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treatment assessed according to RECIST version 1.1. For
survival outcomes, progression-free survival (PFS) and
OS were recorded.

Study definition
Cancer stage was re-classified based on the 2008
FIGO staging [16]. Definitive RT as the initial treat-
ment consisted of whole-pelvis EBRT and/or high-
dose rate ICBT. Patients who underwent interstitial
brachytherapy were excluded. The methods for diag-
nosis of persistent cervical cancer were imaging tests
(MRI, CT or PET) and histopathological examination
of cervix. The confirmation of persistent tumor by
histopathological examination was mandatory for any
patient whose tumor was not detected by any imaging
tests. PFS was the period from the start date of HT
or salvage CT until the date of subsequent radiologic
relapse or progression, or the date of last contact for
disease-free patients. OS was the observed length of
life from the start date of HT or salvage CT to death
or the date of last contact. Early adverse events were
defined as those that developed within 30 days after
surgery, and late ones as those observed at least 30
days after surgery.

Statistical analysis
We defined two treatment groups: a HT group and a
CT group. The former comprised patients who under-
went salvage HT for persistent cervical cancer and the
latter included patients who received systemic CT. To
control for confounders, the propensity score for select-
ing treatment was estimated by a multivariate logistic
regression model, with treatment groups as dependent
variables, and all the variables listed in Table 1 as covari-
ates. Propensity score-matching was performed using a
1:1 matching with replacement, with a caliper width
equal to 0.2 of the standard deviation of logit of propen-
sity score, in which system subjects could be restored
and extracted. Missing valuables were included in the
model as separate categories; this is because missing data
may systematically differ between the two treatment
groups [17]. Log-rank test was carried out for survival
analyses, and statistical significance was expressed with
hazard ratio (HR) and 95% confidence interval (CI). Sur-
vival curves were constructed using the Kaplan-Meier
method. P < 0.05 was considered statistically significant
(all, two tailed). The cut-off value regarding complete
resection of persistent cervical cancer in a HT group
was evaluated using receiver operating characteristic
(ROC) analysis. Statistical package for Social Science
software (SPSS, version 12.0, Chicago, IL) and R (version
3.5.1, Vienna, Austria) were used for all the analyses.

Results
Demographics and propensity score matching
Between 2005 and 2014, we identified 309 patients from
35 institutions who underwent salvage HT or systemic
CT; 298 patients were included in the analysis (Fig. 1).
Among the original data set, and when compared to
those who received systemic CT, patients who under-
went salvage HT were more likely to have FIGO stage I-
II disease and pelvic lymph node metastasis at the initial
treatment, PS of 0 at the diagnosis of persistent tumor,
small persistent cervical tumor with no parametrial inva-
sion, and no other persistent disease besides that affect-
ing the cervix (Table 1). A propensity match was then
performed, and 142 patients were 1:1 matched, compris-
ing a HT and CT cohort. The propensity score distribu-
tions for the cohorts both before and after matching are
shown in Supplementary Figure A1; Figure A1A demon-
strates an initial dissimilarity across the two cohorts on
the basis of the propensity score distributions. However,
after matching, the distributions of the propensity score
for the two cohorts (Supplementary Figure. A1B) were
quite homogenous and demonstrated the adequacy of
the propensity score model to achieve balance. Table 1
shows that covariates after matching were well balanced
with no significant differences in demographic or tumor-
related variables between cohorts. The median EDQ2 of
definitive RT/CCRT was 68.1 Gy (49.5–81.0) in the HT
cohort and 64.0 Gy (35.4–74.0) in the CT cohort. The
median time of diagnosis of persistent cervical cancer
and of salvage HT or systemic CT after completion of
definitive RT/CCRT were 51 days (0–276) and 98 days
(13–343) in the HT cohort, and 50 days (0–230) and 96
days (13–265) in the CT cohort. The method of
hysterectomy included 37 simple hysterectomies, 7
Piver-Rutledge type II radical hysterectomies, 23 Piver-
Rutledge type III radical hysterectomies and 4
unknowns. Laparotomy was the procedure of choice for
all surgeries. Out of 71 patients in the HT cohort, 20
received post-operative chemotherapy (18 taxane +
platinum combination therapies, 2 other platinum
therapies). In the CT cohort, 14 patients underwent hys-
terectomy after systemic CT (Supplementary Table A1).

Perioperative adverse events in the HT cohort
The severe postoperative adverse events in the HT
cohort, which were assessed by CTC AE version 4.0, are
summarized in Table 2. Eleven late severe adverse events
occurred in 7 patients (9.9%): 3 abscesses, 1 wound
dehiscence, 1 ileus, 2 hydronephroses, 2 vesicovaginal
fistulas, 1 rectovaginal fistula and 1 lymphocele, and 4
early severe adverse events developed in 3 patients
(4.2%): 2 abscesses, 1 wound dehiscence and 1 lympho-
cele. With regard to intraoperative complications, there
was one incidence of ureteral injury, which was fixed
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Table 1 Baseline characteristics of patients treated with systemic chemotherapy versus salvage hysterectomy for persistent cervical
cancer after definitive radiotherapy/concurrent chemoradiotherapy

Original Data Set Matched Data Set

Variables salvage HT systemic CT P salvage HT systemic CT P

Sample size, No. 99 199 71 71

Variables at initial treatment

Histology

SCC 70 (70.3) 142 (71.4) 0.766 52 (73.2) 52 (73.2) 1

ADC / ADSC 29 (29.3) 57 (28.1) 19 (26.8) 19 (26.8)

Stage

I 26 (26.3) 8 (4.0) < 0.001 15 (21.1) 11 (15.5) 0.608

II 43 (43.4) 57 (28.6) 33 (46.5) 37 (52.1)

III 29 (29.3) 107 (53.8) 22 (31.0) 23 (32.4)

IV 1 (1.0) 27 (13.6) 1 (1.4) 0 (0)

Tumor size, mm 54 (20–110) 57 (10–100) 0.085 55 (27–110) 50 (25–96) 0.238

Parametrial invasion

yes 66 (67.3) 178 (90.4) < 0.001 51 (71.8) 55 (77.5) 0.44

no 32 (32.7) 19 (9.6) 20 (28.2) 16 (22.5)

Pelvic lymph node metastasis

yes 43 (44.8) 119 (60.4) 0.015 32 (45.1) 40 (56.3) 0.735

no 53 (55.2) 78 (39.6) 39 (54.9) 31 (43.7)

Para-aortic lymph node metastasis

yes 8 (8.2) 21 (10.7) 0.506 7 (9.9) 13 (18.3) 0.148

no 89 (91.8) 175 (89.3) 64 (90.1) 58 (81.7)

Variables regarding definitive RT

IBCT

yes 88 (88.9) 161 (80.9) 0.08 61 (85.9) 66 (93.0) 0.172

no 11 (11.1) 38 (19.1) 10 (14.1) 5 (7.0)

Concurrent chemotherapy

yes 89 (89.9) 166 (83.4) 0.134 66 (93.0) 65 (91.5) 0.754

no 10 (10.1) 33 (16.6) 5 (7.0) 6 (8.5)

Boost irradiation

yes 20 (20.2) 54 (27.3) 0.184 19 (26.8) 22 (31.0) 0.579

no 79 (79.8) 144 (72.7) 52 (73.2) 49 (69.0)
a Variables at the diagnosis of persistent cervical cancer

Age, year 52 (26–82) 52 (26–81) 0.589 52 (26–82) 53 (26–78) 0.662

Performance status

0 79 (83.2) 115 (62.8) 0.002 64 (90.1) 66 (93.0) 0.311

1 16 (16.8) 53 (29.0) 7 (7.0) 5 (7.0)

2 0 10 (5.5) 0 0

3 0 5 (2.7) 0 0

Sites of persistent tumor

cervix alone 72 (72.7) 97 (49.2) < 0.001 20 (28.2) 23 (32.4) 0.468
b cervix and the others c 27 (27.3) 100 (50.8) c 51 (71.8) 48 (67.6)

Tumor size of persistent cervical disease, mm 21 (0–8) 30 (0–70) 0.011 22 (0–80) 30 (0–68) 0.156

0- ≤ 40mm 70 (82.4) 106 (70.2) 0.055 58 (81.7) 57 (80.3) 1
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during surgery and did not lead to any adverse events
after surgery. Nineteen patients underwent blood trans-
fusion in the perioperative period. We have had no
treatment-related deaths. We were unable to identify
predictors of severe adverse events.

Survival analysis in the matched data set
The median follow-up period for OS was 4.6 years in the
propensity score matched data set. Figure 2 shows OS
and PFS estimated by the Kaplan-Meier method. OS for
patients in the HT cohort was significantly longer than
patients in the CT cohort (median OS, 3.8 years vs. 1.5
years, respectively; stratified log-rank P = 0.00193). Over-
all mortality was reduced in the HT cohort, with an esti-
mated HR of 0.41 (95% CI, 0.23–0.73). PFS for patients
in the HT cohort was also significantly longer than that
of patients in a CT cohort (median PFS, 2.0 years vs. 0.7
years, respectively; stratified log-rank P = 0.00463). Over-
all risk of recurrence was reduced in the HT cohort,
with an estimated HR of 0.45 (95% CI, 0.25–0.79).

Relationship between the resectability of the residual
cervical tumor for salvage hysterectomy and survival
A flow chart in supplementary Figure A2 shows distribution
of patients in the HT cohort classified by status of residual
tumor after hysterectomy. In the HT cohort, 67 out of 71
patients underwent resection with no macroscopic residual

tumor (R0 group); microscopically complete resection was
achieved in 10 of these patients. The remaining 4 patients in
the HT cohort underwent resection with macroscopic tumor
after surgery (R1 group) (refer to the footnote of
supplementary Fig. A2, which provides the definition
criteria for residual tumors).
Patients in the R0 group had a significantly longer sur-

vival compared to those in the R1 group and those in
the CT cohort (Fig. 3). Median OS was ‘not estimated’ in
the R0 group, 1.0 year in the R1 group and 1.5 years in
the CT cohort (Log-rank test, P < 0.001) (Fig. 3a). The
HR of R1 with reference to R0 was ‘infinity’ (0.00–∞),
and HR of CT with reference to R0 was 3.25 (1.702–
6.207). Median PFS was 3.2 years in the R0 group, 0.2
years in the R1 group and 0.7 years in the CT cohort
(Log-rank test, P = 0.001) (Fig. 3b). HR of R1 with refer-
ence to R0 was 8.761 (0.837–91.873), and HR of CT with
reference to R0 was 2.973 (1.557–5.487). HR of CT with
reference to R1 was 0.333 (0.035–3.205).
Out of 67 patients in the R0 group, 10 patients who

obtained microscopically complete resection were
grouped into the pathological R0 group and the
remaining 57 were grouped into the non-pathological R0
group (refer to the footnote of supplementary Fig. A2,
which provides the definition criteria for residual
tumors). There was no significant survival difference
between the pathological and non-pathological R0

Table 1 Baseline characteristics of patients treated with systemic chemotherapy versus salvage hysterectomy for persistent cervical
cancer after definitive radiotherapy/concurrent chemoradiotherapy (Continued)

Original Data Set Matched Data Set

Variables salvage HT systemic CT P salvage HT systemic CT P

> 40mm 15 (17.6) 45 (29.8) 13 (18.3) 14 (19.7)

Parametrial invasion of persistent tumor

yes, and no extension to the pelvic wall 24 (25.8) 68 (42.0) < 0.001 17 (23.9) 0 (0) 0.749

yes, and extension to the pelvic wall 1 (1.1) 33 (20.4) 1 (1.4) 22 (31.0)

no parametrial invasion 68 (73.1) 61 (37.7) 53 (74.6) 49 (69.0)

Vaginal invasion of persistent tumor

yes 19 (20.0) 44 (26.7) 0.227 14 (19.7) 24 (33.8) 0.058

no 76 (80.0) 121 (73.3) 57 (80.3) 47 (66.2)

Residual pelvic lymph node metastasis

0 82 (82.8) 141 (72.3) 0.027 58 (81.7) 58 (81.7) 0.29

1 11 (11.1) 20 (10.3) 8 (11.3) 4 (5.6)

2 or more 6 (6.1) 34 (17.4) 5 (7.0) 9 (12.7)

Number (%), or median (range) is shown. The original data sets were not available for pelvic and para-aortic lymph node metastasis (n = 5) and parametrial
invasion (n = 3) at initial treatment, boost irradiation (n = 1) for definitive RT, and performance status at the diagnosis of persistent cervical cancer (n = 20), sites of
persistent tumor (n = 2), tumor size of persistent cervical disease (n = 62), parametrial invasion (n = 44) and vaginal invasion of persistent tumor (n = 38), and
residual lymph node metastasis (n = 4)
Abbreviations: HT hysterectomy; CT chemotherapy; SCC squamous cell carcinoma; ADC/ADSC adenocarcinoma/adenosquamous cell carcinoma; RT radiotherapy;
and IBCT intracavitary brachytherapy
aDiagnosis method of persistent tumor were imaging tests (MRI, CT or PET) and histopathological examination of cervix
bPatients with parametrial invasion, vaginal invasion, corpus invasion and persistent lymph node tumor were included in ‘cervix and the others’
cThe number in the original data set is less than in the matched data set because subjects could be restored and extracted in the propensity
score-matching system
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Fig. 1 Study selection schema (n = 317). RT, radiotherapy; CCRT, concurrent chemoradiotherapy; SCC, squamous cell carcinoma; ADC,
adenocarcinoma; ADSC, adenosquamous cell carcinoma

Table 2 Postoperative adverse events for salvage hysterectomy

Early adverse events Late adverse events

Events (n = 71) Any grade Grade 3/4 Any grade Grade 3/4

abscess 3a (4.2) 2 (2.8) 3 (4.2) 3 (4.2)

wound dehiscence 1 (1.4) 1 (1.4) 1 (1.4) 1 (1.4)

vaginal cuff dehiscence 2 (2.8) 0 (0) 3b (4.2) 0 (0)

ileus 1 (1.4) 0 (0) 1 (1.4) 1 (1.4)

hydronephrosis 3 a (4.2) 0 (0) 4b (5.6) 2 (2.8)

vesicovaginal fistula 1a (1.4) 0 (0) 3b (4.2) 2 (2.8)

Rectovaginal fistula 1 (1.4) 0 (0) 3 (4.2) 1 (1.4)

lymphocele 3a (4.2) 1 (1.4) 3b (4.2) 1 (1.4)

lymph edema 15 (21.1) 0 (0) 14b (19.7) 0 (0)

Number (%) is shown
aEarly adverse events with unknown grade were included in abscess (n = 1), hydronephrosis (n = 2), vesicovaginal fistula (n = 1) and lymphocele (n = 1)
bLate adverse events with unknown grade were included in vaginal cuff dehiscence (n = 1), hydronephrosis (n = 1), vesicovaginal fistula (n = 1), lymphocele (n = 1)
and lymph edema (n = 2)
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groups (Fig. 4). Median OS of both groups was not
estimated (Log-rank test, P = 0.500, HR 0.653, 0.198–
2.158) (Fig. 4a). Median PFS was 3.2 years in the patho-
logical R0 group and 2.0 years in the non-pathological
R0 group (Log-rank test, P = 0.939, HR 0.947, 0.367–
2.449) (Fig. 4b).
Predictive factors regarding R0 and pathological R0 resec-

tion were evaluated by logistic regression analysis using all
variables in Table 1 in addition to the method of hysterec-
tomy (simple hysterectomy, Piver-Rutledge type II or type
III radical hysterectomy), corpus invasion of the persistent
tumor (yes or no) and resection of lymph node (yes or no).

On univariate analysis, corpus invasion of the persist-
ent tumor (Odds ratio (OR) 8.17, 95% CI 0.80–83.66)
and increasing tumor size (OR1.11, 95% CI 1.03–1.19)
were independently associated with R0 resection. On
multivariate analysis, increasing tumor size of persist-
ent cervical cancer alone remained as significant pre-
dictive factor associated with high incomplete
resection rate (P = 0.016, OR1.11, 95% CI 1.02–1.22).
With reference to pathological R0, both uni and
multivariate analysis revealed that increasing tumor
size of persistent cervical cancer alone was signifi-
cantly associated with a high incomplete pathological

Fig. 2 Propensity score matched survival outcomes of patients with persistent cervical cancer after RT/CCRT (systemic CT (n = 71) vs. salvage HT
(n = 71)). a Kaplan-Meier curve of overall survival. b Kaplan-Meier curve of progression free survival. RT, radiotherapy; CCRT, concurrent
chemoradiotherapy; systemic CT, systemic chemotherapy; salvage HT, salvage hysterectomy

Takekuma et al. BMC Cancer         (2020) 20:1169 Page 7 of 13



resection rate (P = 0.0385, OR1.06, 95% CI 1.003–
1.126). The cut-off values of the persistent tumor
diameter for R0 resection and pathological R0 resec-
tion after ROC analysis were 40 mm (sensitivity 100%,
specificity 80.6%) and 11 mm (sensitivity 70%, specifi-
city 86.9%), respectively (supplementary Figure. A3).

Discussion
In this study on the effectiveness of salvage HT for
patients with persistent cervical cancer after definitive
RT/CCRT, we found the following two major points.
First, the adoption of salvage HT reduced mortality rate
up to about 60%, compared to systemic CT. Second, the

relative resectability of a persistent tumor obviously
affected survival, and tumor size alone was a significant
predictive factor regarding resectability.
We showed that, when compared to systemic CT,

salvage HT provided a significant PFS and OS improve-
ment for patients with persistent cervical cancer after
definitive RT/CCRT. These patients have an extremely
poor prognosis due to their chemoresistance [5, 18, 19].
Therefore, our findings have important clinical implica-
tions, as they may provide a strategy to address an
unmet medical need. Salvage HT has been suggested to
impart benefits for treatment of persistent disease after
RT since the 1990s [9–15]. However, all of the reports

Fig. 3 Survival outcomes of the R0 group (n = 67), R1 group (n = 4) and systemic CT (n = 71). a Kaplan-Meier curve of overall survival. b Kaplan-
Meier curve of progression free survival. Systemic CT, systemic chemotherapy; R0 group, patients with no macroscopic residual tumor; R1 group,
patients with macroscopic residual tumor after salvage hysterectomy
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to support this conclusion were based on retrospective
studies from single institutions with small sample sizes.
Furthermore, no randomized trials have directly com-
pared salvage HT and systemic CT, and thus the clinical
role of surgical treatment has remained unclear. Specif-
ically, there has been a lack of Level 1 evidence to guide
management for patients with persistent tumors after
RT/CCRT. To overcome the limitations of published
noncomparative retrospective studies, we used propen-
sity score matching with patients who underwent con-
temporary salvage HT to generate comparable subjects
in a systemic CT group. To the best of our knowledge,

this is the first study to employ propensity-matched ana-
lysis to look at survival benefits in this patient
population.
Several studies have examined ‘completion HT/adju-

vant HT’ after RT or CCRT [20–25]. While the concept
behind this approach is similar to that of salvage HT,
there are some key differences. For example, salvage HT
is a treatment specifically for patients in whom tumors
persist after definitive RT/CCRT, whereas completion
HT/adjuvant HT can be given to all patients who
undergo definitive RT/CCRT. A meta-analysis has
shown that completion HT/adjuvant HT is not superior

Fig. 4 Survival outcomes of pathological R0 group (n = 10) and non-pathological R0 group (n = 57). a Kaplan-Meier curve of overall survival. b
Kaplan-Meier curve of progression free survival. Pathological R0 group, patients who obtained complete resection macroscopically, and also
microscopically; non-pathological R0 group, patients who had microscopically residual tumor, even though they had no macroscopic tumor after
salvage hysterectomy
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to conventional surveillance with regard to survival
benefit [25]. Therefore, the selection of HT after defini-
tive RT/CCRT requires a careful patient selection strat-
egy in order for it to be an effective treatment modality.
We showed that the resectability of persistent tumor
obviously affected survival, and that tumor size alone is
a significant predictive factor regarding resectability.
Therefore, the goal of salvage HT should be R0 resec-
tion, and we suggest that stratification based on residual
tumor size could be used to identify appropriate candi-
dates for salvage HT. Indeed, the heterogeneity of
residual tumor size might explain why surgical treatment
has not been applied in clinical practice more success-
fully, even though there have been some reports of the
benefits of surgery [9–15]. The opportunity to identify
patients who would not benefit from a morbid surgery is
a key consideration for patients who are deemed to have
resectable disease. Based on our results, we suggest that
patients with persistent cervical tumors less than 40mm,
which do not affect bladder and/or rectum, could be
potential candidates for salvage HT. A more reliable cut-
off value for complete resection would be 11mm,
although our results did not show a significant survival
difference between pathological and non-pathological R0
groups. Houvenaeghel et al. showed relatively good
results of 3-year and 5-year survival rates (64.9 and
55.6%, respectively) after curative surgery for patients
with residual tumors of 20 mm or more [14]. However,
Azria et al. reported that the therapeutic effect of HT
was disappointing in a small series of 10 patients who
developed residual disease of 20 mm or more after
CCRT [13].
Intensity of RT is the most important factor that

affects treatment outcomes of cervical cancer patients
treated with RT/CCRT. In the current study, RT doses
were evaluated as EQD2, which quantifies the biological
effect of any RT method and also takes account of dose-
per-fraction or dose-rate [26]. Our study is the first to
take the treatment intensity of RT into account when
evaluating the efficacy of surgical treatment for cervical
cancer after definitive RT. Indeed, previous studies,
including prospective trials or meta-analysis, did not
contain details of RT intensity [20–25, 27, 28], which
might preclude the adoption of salvage HT after defini-
tive RT/CCRT in the clinic. In the current study, the
median dose of EQD2 in the HT cohort was 68.1 Gy,
and this dose would ensure that RT/CCRT leads to a
complete cure. Thus, we have shown that salvage HT
could be a valuable curative intervention for persistent
cervical tumors, even after definitively invasive treatment
has been performed.
PE could be a curative option for some of those patients

[6, 29]. Total PE offers a 5-year survival of 23–50%, how-
ever, high rate of severe postoperative complications, such

as infection, injury of the urinary and gastrointestinal
tracts, and small-bowel obstruction, occurs, in addition to
a 4–14% surgery-related mortality rate [30–33]. The major
clinical issue associated with surgical treatment after RT/
CCRT is the high incidence of post-operative complica-
tions, and this must be balanced against the potential
benefit of treatment. In this sense, PE has been employed
sparingly. Therefore, salvage HT could be an acceptable
alternative to PE and vaginectomy might be also allowed
as salvage therapy for patients with recurrent vaginal
tumors, in case that they had no prior pelvic radiotherapy
[34]. The current study, in which patients who underwent
PE were excluded, showed that early and late severe
adverse events occurred in 4.2 and 9.9% of patients,
respectively (Table 2). In a recent retrospective analysis of
362 locally advanced cervical cancer patients undergoing
adjuvant HT after CCRT, grade 3 or 4 post-operative
complications occurred in 5.8% of cases [35].
The current study has some limitations that should be

taken into account when interpreting our results. First,
there were some unbalanced variables present in the
data, although these variables were not statistically sig-
nificant between the two groups, even after propensity
score matching was performed (Table 1). This may be
explained by significant differences in the characteristics
of treated populations in clinical practice, which would
lead to large biases between the groups (supplementary
Figure. A1A). The retrospective nature of the study
meant that our ability to control for differences was
limited to variables for which data were available. In
spite of this limitation, we suggest that our current
results, and our interpretation of them, are valid, and
provide important information. Second, the salvage HT
was not based on random assignment, and we could not
control the eligibility criteria for salvage HT in the study.
The result of the current study may be confounded by
other unobserved variables. Although we used a rigorous
statistical method to adjust for baseline differences
between treatment groups, including propensity score
matching, unobserved variables could be unbalanced
across treatment groups and partly explain the difference
in survival. Furthermore, safety records of the salvage
HT could be changed depending on the eligibility cri-
teria. Despite the recent development of vessel-sealing
and cutting devices and advances in surgical techniques,
salvage HT in a previously irradiated field is usually
challenging, even in patients with seemingly resectable
disease. Third, we were unable to determine the specific
time at which the diagnosis of persistent tumor was
made based on the available data. In the current study,
the median time at which diagnosis was made in the sal-
vage HT and systemic CT groups was 51 days and 50
days after completion of RT/CCRT, respectively. Some
tumors continue to regress several months after
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radiation treatment, meaning that a complete response
may eventually be achieved, even if the tumor existed at
the time when RT was terminated. This selection bias is
fully acknowledged. The opportunity to identify the
appropriate time of diagnosis and understand tumor
biology could make salvage HT a more appealing treat-
ment strategy. Fourth, although systemic CT with beva-
cizumab significantly improves the survival for patients
with advanced and recurrent cervical cancer [36], we
could not compare its efficacy with that of salvage HT.
This is because the current study included cases between
2005 and 2014, which is before bevacizumab was used
for the treatment of cervical cancer. It is therefore still
possible that bevacizumab, rather than salvage HT, could
address the unmet medical need of patients with residual
disease after definitive RT/CCRT.

Conclusions
We have shown that the adoption of salvage HT for patients
with persistent cervical cancer after definitive RT/CCRT sig-
nificantly reduces mortality rate when compared to systemic
CT. Furthermore, complete resection obviously affected sur-
vival compared to incomplete resection and systemic CT,
and increased size of the persistent tumor is negatively corre-
lated with successful resection rate. Further prospective clin-
ical trials with regard to salvage HT after RT/CCRT are now
warranted. The other survey to address appropriate patients
for salvage HT after definitive RT/CCRT was conducted and
several factors were identified as selection criteria for salvage
HT (no publication). Based on the results of that study, the
Japanese Clinical Oncology Group is now planning to con-
duct a multicenter prospective trial to address this issue.
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Additional file 1 : Figure A1. Propensity score distributions (A) before
matching, and (B) after matching. HT, hysterectomy; CT, chemotherapy.
Figure A1A demonstrates an initial dissimilarity across the two cohorts
on the basis of the propensity score distributions. However, after
matching, the distributions of the propensity score for the two cohorts
(supplementary Figure A1B) were quite homogenous. This demonstrates
that the propensity score model was able to achieve balance. Note:
Propensity score-matching was performed using a 1:1 matching with re-
placement, with a caliper width equal to 0.2 of the standard deviation of
logit of propensity. In this matching system, some subjects could be re-
stored and extracted. Figure A2. Distribution of patients in the HT cohort
classified by residual tumor status after hysterectomy. R0 group, patients
with no macroscopic residual tumor; R1 group, patients with macroscopic
residual tumor after salvage hysterectomy; pathological R0 group, pa-
tients in whom complete macroscopic or microscopic resection was ob-
tained; non-pathological R0 group, patients with no macroscopic tumor
after salvage hysterectomy, but in whom microscopic residual tumors
could be detected.Figure A3. ROC analysis indicated that the cut-off
values of the diameter for persistent tumors were 40 mm for R0 resection
(A) and 11 mm for pathological R0 resection (B). Figure A4. Survival com-
parison using propensity matched data between salvage HT and systemic
CT for patients with persistent cervical cancer after RT/CCRT. Patients with

stage IB1 and IVA malignancies were excluded from the analysis. Figure
A5. Survival comparison using propensity matched data between salvage
HT and systemic CT for patients with persistent cervical cancer after RT/
CCRT. Patients who did not undergo intracavity brachytherapy were ex-
cluded from the analysis. Figure A6. Survival comparison using propen-
sity matched data between salvage HT and systemic CT for patients with
persistent cervical cancer after RT/CCRT. Patients who had experienced
crossover treatments were excluded from the analysis. Figure A7. Sur-
vival comparison using propensity matched data between salvage HT
and systemic CT. Patients were divide into two groups according to
whether imaging after definitive RT/CCRT revealed a residual lymph node
tumor or not. Figure A8. Survival comparison using propensity matched
data between salvage HT and systemic CT. Patients were divide into two
groups according to whether imaging after definitive RT/CCRT revealed a
residual cervical cancer or not. Figure A9. Survival comparison of pa-
tients in the systemic CT group, which was subdivided into 3 groups ac-
cording to their response of each patient to chemotherapy (data are
from the original data set). Table A1. Summary of treatments received.
Table A2. Adverse events for systemic chemotherapy. Table A3. Evalu-
ation of CT, MRI and PET-CT for persistent tumors after definitive RT/CCRT.
Table A4. Sites of progressive disease after salvage HT or systemic CT.
Table A5. Participating institutions and sample size.
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