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• We investigated the efficacy of salvage radiotherapy for patients with recurrent cervical cancer.
• The five-year overall survival rate was 66%, and 9.6% of patients (5.6% grade 2, 4% grade 3) showed late complications.
• Radiotherapy is a safe salvage treatment for patients with recurrent cervical cancer.
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Objective. The feasibility of salvage radiotherapy (RT) for patients with recurrent cervical cancer after defin-
itive treatment is contentious. The purpose of this study was to investigate the feasibility and benefit of RT, par-
ticularly intensity-modulated RT (IMRT), for salvage treatment in patients with recurrent cervical cancer.

Methods. We retrospectively analyzed 125 patients with recurrent cervical cancer treated with RT at Yonsei
Cancer Center between January 2007 and December 2016. All patients received salvage RT for the recurred or
metastatic tumor mass. Irradiating dose and volume were determined depending on initial treatment. IMRT
was selected in challenging cases, such as re-irradiation or for patients for whom implementing a satisfactory
3-dimensional conformal RT plan was challenging.

Results. Themedian follow-up periodwas 5.5 years (range, 10.8months to 41 years). The 5-year local failure-
free survival (LFFS) and progression-free survival (PFS) rates were 63.9% and 39.6%, respectively. The 5-year
overall survival (OS) rate was 66%; 10-year OS reached 51%. The median PFS rates in patients with locoregional
failure, distantmetastases, or bothwere 45.4, 29.1, and 14.7months, respectively (p=0.005). For the 45 patients
that received re-irradiation, 5-year LFFS, PFS, and OS rates were 47.1%, 33.2%, and 66.5%, respectively. Late com-
plications were observed in 12 patients (12/125, 9.6%).

Conclusions. Our data suggest that salvage RT is safe and effective against recurrent cervical cancer. IMRT is a
safe and effective salvage modality for these patients, including those requiring re-irradiation.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Patients with cervical cancer can be effectively treated with surgery
and radiotherapy (RT). Patients who have undergone complete resec-
tion by surgery or achieved complete remission after RT have a good
prognosis, with a 5-year overall survival (OS) 80–90% for early-stage
ncology, Yonsei Cancer Center,
, Seodaemun-gu, Seoul 03722,

angjeesuk@yuhs.ac (J.S. Chang),
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disease and 50–60% for advanced-stage disease [1,2]. However, some
patients experience substantial treatment failures such as pelvic recur-
rence, distant metastasis (DM), or a combination of these; their out-
comes are poor with a 5-year OS rate of 10–20% [3,4]. The various
patterns of recurrent cervical carcinoma after initial treatment remain
a major therapeutic challenge. The feasibility of salvage treatment usu-
ally depends on primary treatment in the locoregional recurrent setting.
In case of RT-naïve patients, most physicians choose RT as themain sal-
vage treatment without hesitation. However, the situation is different
for patients previously treated with RT. In patients with out-field recur-
rent lesions, RT still plays a role in salvage treatment. One major di-
lemma has been deciding which treatment is safe and effective for in-
field lesions. Even though radiotherapeutic or surgical options for this
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patient group can be considered, morbiditywould be expected after sal-
vage therapy. In the field of radiation oncology, there have been signif-
icant advances in high-precision RT, including intensity-modulated
(IMRT), image-guided RT (IGRT), and stereotactic body RT (SBRT).
Such developments have made it possible for RT to emerge as a salvage
modality.

The purpose of this studywas to investigate the efficacy and safety of
salvageRT for patientswhoexperienced cervical cancer recurrence after
definitive treatment at our hospital. Furthermore, we evaluated the fea-
sibility andbenefit of re-irradiation, particularly using IMRT, as a salvage
treatment for cancer recurrence.

2. Material and methods

2.1. Patient selection

Between January 2007 and December 2016, 188 women with
recurrent cervical cancer, treated with RT at Yonsei Cancer Center,
Yonsei University College of Medicine, were evaluated. The following
inclusion criteria were applied: i) histologically proven primary cervical
cancer, ii) complete response after initial treatment for primary cancer,
iii) oligometastases in three or fewer sites, if individual sites were
curatively treated with surgery or RT (including patients undergoing
re-irradiation). Exclusion criteria were i) initial suboptimal treatment
(n = 4), ii) disseminated stage IVB disease at initial diagnosis (except
for patients with paraaortic lymph node metastases, which could be
treated with extended-field RT) (n= 16), iii) previous history of malig-
nancies (n = 3), iv) no follow-up after salvage treatment (n = 9),
v) incomplete salvage RT (n = 2), and vi) typical palliative RT (n =
29). Ultimately, 125 patients were included in our analysis. This study
was approved by the Institutional Review Board of our institution
(IRB-4-2017-1243). All data were collected by analyzing medical re-
ports and information from our institutional medical records.

2.2. Treatment

All patients received salvage RT for the recurred or metastatic tumor
mass. Irradiation volume was determined depending on the initial
treatment. In RT-naïve patients with intra-pelvic recurrence (including
local recurrence alone, and/or nodal recurrence alone), external beam
RT (EBRT) was usually delivered to the whole pelvis, and the field bor-
der was dependent on the extent of nodal involvement. Radiation
dose to thewhole pelvis consisted of 41.4–50.4 Gy in 1.8 Gy per fraction,
and a lymph node boost up to 59.4–65 Gywas delivered to the gross re-
sidual mass in cases of lymph node metastasis. Sequential or simulta-
neous nodal boost was used in 22 patients, of whom 18 received
sequential nodal boost with 3 dimensional-conformal radiotherapy
(3D-CRT) and 4 received simultaneous integrated boost with IMRT. In
patients with intra-pelvic recurrence after previous pelvic RT, re-
irradiation volume was limited to the recurred gross mass with a mini-
mal margin. The administered radiation dose was the highest possible
within the range considered safe, taking into account both toxicity and
tumor control. IMRT was preferred for achieving both of these simulta-
neously, as shown in Fig. 1. In cases of extra-pelvic recurrence, the
optimal irradiation volume was individually tailored by physicians ac-
cording to the treatment site; for example, the paraaortic nodal chain
was usually covered in cases of paraaortic lymph node metastasis,
while the gross mass plus a proper margin was decided for other sites.

High-dose-rate intracavitary RT (HDR-ICR) to the vaginal vault or
cervix was applied in selected patients with local recurrence either as
a preferred modality for re-irradiation or a boost following EBRT. Con-
ventional 2-dimensional or CT-guided 3-dimensional HDR-ICR was
used; point A, the rectal point, and the bladder point were defined ac-
cording to the International Commission on Radiation Units and Mea-
surements (ICRU) 38 recommendation [5]. Parameters including the
dose to point A, high-risk clinical target volume (CTV) D90/D100,
intermediate-risk CTV D90/D100, and equivalent dose of 2 Gy per frac-
tion (EQD2), D2cc of the bladder, rectum, and sigmoid were evaluated
during CT-based treatment planning. HDR-ICR was performed three
times a week when the fraction dose was 3 Gy, and twice a week
when the fraction dose was larger.

2.3. Follow-up and toxicity evaluation

Failure pattern at presentation was classified as either local recur-
rence, or regional recurrence, or distant metastasis. Recurrences involv-
ing the cervix, vaginal vault, or parametrial tissuewere classified as local
recurrence. Lymph node failures within the pelvis were defined as re-
gional, while lymph node failures at the paraaortic region in patients
initially treated with extended field RT were classified as regional fail-
ure. Recurrence outside the pelvis was defined as DM. Blood counts of
all patients were examined weekly during the course of salvage RT;
tumor-related leukocytosis (TRL) was defined as at least two separate
occasions of leukocytosis exceeding 9000/μl without any evidence of in-
fection [6]. The neutrophil-lymphocyte ratio (NLR) was defined as the
absolute neutrophil count divided by the absolute lymphocyte count.
After the course of treatment was finished, patients were followed-up
every three months for the first two years, every six months for three
additional years, and annually thereafter. During routine follow-up,
gynecological pelvic examinations and imaging studies, including com-
puted tomography (CT), magnetic resonance imaging (MRI), or posi-
tron emission tomography, were performed. RT response evaluation
was based on the Response Evaluation Criteria in Solid Tumors (RECIST)
v1.1 by CT or MRI, as available [7]. Late toxicities after salvage RT were
defined as those occurring three months after treatment and were
graded according to the Common Terminology Criteria for Adverse
Events (version 5.0).

2.4. Statistical analyses

The primary endpoint was local failure-free survival (LFFS) and sec-
ondary endpoints were late complications, progression-free survival
(PFS), and OS. LFFS was defined as the time interval between the start
of salvage RT and the subsequent in-field recurrence. PFS was defined
as the time interval between the start of salvage RT and any subsequent
recurrence or death. OS was calculated from the date of recurrence to
the date of death from any cause or of the last clinical follow-up. Sur-
vival rates were calculated using the Kaplan-Meier method; groups
were compared using log-rank tests. All statistical tests were two-
sided, with significance defined as p b 0.05. For multivariate analysis
of prognostic factors, a separate Cox proportional hazards regression
model was used to estimate the relationship between each variable
and PFS. The area under the receiver operating characteristic curve
was used to determine the optimal cut-off value of squamous cell carci-
noma (SCC) antigen, as a tumor marker. The cut-off value for NLR was
set to 2.5, based on our previous study [8]. Radiation dose was calcu-
lated in EQD2; α/β = 10. All data were analyzed using IBM SPSS soft-
ware version 23.0 (IBM Corp, Armonk, NY USA).

3. Results

3.1. Patient and treatment characteristics

Patients' characteristics are summarized in Table 1. The median age
of patients was 50 years (range, 27–83 years). SCC was the most com-
mon histological type of cancer, being present in 93 patients (74.4%).
Adenocarcinoma was present in 22 patients (18.5%), followed by
adenosquamous carcinoma and small cell carcinoma in 5 patients
(4.0%) each. Most patients (99; 79.2%) had stage I to II disease at the
time of initial diagnosis, while 27 (20.0%) had stage III to IV disease. Re-
gional lymph node metastasis was clinically observed in 36 patients
(28.8%) at the initial imaging study, while no regional lymph node



Fig. 1. Example of re-irradiation plans with (A) 3-dimensional conformal radiotherapy (3D-CRT) and (B) Intensity-modulated radiotherapy (IMRT); a 49-year old woman had received
extended-field RT (45 Gy in 25 fractions) followed by a high dose rate intracavitary radiotherapy (30 Gy in six fractions) for her initial treatment and achieved complete remission.
After one year, she had a local recurrence involving the upper vagina, cervix, and pelvic side wall. Through a multi-disciplinary team discussion, it was decided that re-irradiation
would be administered for the recurrent mass. The re-irradiation dose was 35 Gy in 10 fractions, and a comparison between IMRT and 3D-CRT plans is also shown. IMRT was superior
in terms of protection of nearby organs, including the bladder and rectum. Doses to 2 cc of the rectum and bladder were 12.6 Gy and 18.2 Gy, respectively, in the IMRT plan, and
30.6 Gy and 30.5 Gy, respectively, in the 3D-CRT plan, as shown in the dose-volume histogram of (C) 3D-CRT and (D) IMRT plans.
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metastasis was observed in 69 (55.2%). Fifty-seven patients (45.6%) had
been treatedwith concurrent chemoradiotherapy (CCRT) or RT alone as
their initial treatment. Surgery was performed in the remaining 68 pa-
tients, 24 (19.2%) of whom underwent postoperative RT. A total of 81
patients (64.8%) had received RT during their first course of treatment
regardless of its sequence.

The median time to disease recurrence from primary treatment was
20.3 months (range, 3.3 months to 35 years). The failure pattern at pre-
sentation with respect to primary treatment is shown in Table 2. Local
recurrence only (48; 38.4%) was the most common treatment site
followed by distant metastasis only (34; 27.2%). Among distant metas-
tases, paraaortic lymph nodemetastasis was themost common location
of salvage RT (19 patients). Mediastinal lymph node metastasis was
present in nine patients, lung metastasis in eight, and liver and bone
metastasis in two each (Table 1). Salvage EBRT was performed with a
median dose of total 54 Gy (range, 34–70 Gy) in 1.8 Gy per fraction
(range, 1.8–3.5 Gy), except for in five patients who received
hypofractionated RT (≥5 Gy per fraction) or SBRT for their lung or he-
patic metastatic lesions; four patients underwent hypofractionated RT
(50–60 Gy in 10 fractions) for lung metastasis and one received SBRT
(60 Gy in 4 fractions) for liver metastasis. Details about the radiation
doses for each recurrence site are summarized in Table 1. IMRTwas per-
formed in 38 patients, and 3D-CRT in 72 patients. The mean prescribed
radiation doses were not significantly different between IMRT and 3D-
CRT (56.7 Gy vs. 57.2 Gy, p = 0.810). HDR-ICR was performed in 31
patients as a boost, following EBRT in 16, and as the sole treatment in
15 patients. The median HDR-ICR dose at point A was 20 Gy (range,
8–30 Gy) as a boost and 21 Gy (range, 10–40 Gy) as the sole modality,
with a median of 4 Gy (range, 3–6 Gy) per fraction.

3.2. Survival outcomes

The median follow-up period was 5.5 years (range 10.8 months to
41 years). The 5-year LFFS and PFS rates were 63.9% and 39.6%, respec-
tively (Fig. 2). Most of the local failures after salvage RT occurred within
the first two years. The OS rate after recurrence for all patients was 66%
at 5 years, and it reached 51% at 10 years. With respect to outcomes ac-
cording to the site of salvage RT, the median PFS rates in patients with
locoregional failure (LRF), or DM, or both were 45.4, 29.1, and
14.7 months, respectively. Patients with both LRF and DM had signifi-
cantly shorter PFS than those with either alone (p = 0.005).

3.3. Re-irradiation

Forty-five patients underwent re-irradiation for their recurrent le-
sions. Locally recurred lesions were most frequently re-irradiated
(62.2%), followed by paraaortic lymph node metastases (15.6%), pelvic
lymph node recurrences (13.3%), and both local and pelvic node recur-
rences (8.9%). The median re-radiation dose was 54 Gy (range,
40–76 Gy) in the EBRT group and 25 Gy (range, 19–50 Gy) in the



Table 1
Patients and treatment characteristics.

N %

Age, years, median (range) 50 (27–83)
Histology

SCCa 93 74.4
Adenoca 22 17.6
Adenosquamous ca 5 4.0
Small cell ca 5 4.0

Initial FIGO stage
I 59 47.2
II 40 32.0
III 7 5.6
IVA 5 4.0
IVB (only with PALNM) 13 10.4
Unknown 1 0.8

Salvage treatment
EBRT 94 75.2
EBRT + HDR-ICR boost 16 12.8
HDR-ICR 15 12.0

EBRT modality
3D-CRT 72 65.5
IMRT 38 34.5

Re-irradiation
Yes 45 36.0
No 80 64.0

Site of salvage RT
Cervix or vaginal vault 66 52.8
Pelvic LN 35 28.0
PALN 19 15.2
Mediastinal LN 9 7.2
Supraclavicular LN 7 5.6
Lung 8 6.4
Liver 2 1.6
Bone 2 1.6
Abdominal wall mass 2 1.6
Peritoneal mass 1 0.8

RT dose (EQD2, Gy), median (range)
Cervix or vaginal vault 54 (18–94)
LNs (pelvic, paraaortic, mediastinal, supraclavicular) 54 (40–72)
Lung 62 (60–80)
Liver 80 (60–94)
Bone 57 (54–60)
Soft tissue mass (abdominal wall, peritoneum) 50 (44–54)

Abbreviations: SCCa = squamous carcinoma; Adenoca = adenocarcinoma; FIGO =
International Federation of Gynecology and Obstetrics; PALNM = para-aortic
lymph node metastasis; RT = radiotherapy; EBRT = external beam radiotherapy;
HDR-ICR= high dose rate-intracavitary radiotherapy; 3D-CRT= 3-dimensional con-
formal radiotherapy; IMRT = intensity modulated radiotherapy; LN = lymph node;
EQD2 = equivalent dose of 2 Gy per fraction.
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HDR-ICR-only group. Re-irradiation was mostly performed with IMRT
(51.1%) followed byHDR-ICR (31.1%) and 3D-CRT (17.8%). Themean ra-
diation doses between patients treated with 3D-CRT or IMRT were not
significantly different (mean 52 Gy vs. 51.7 Gy, p = 0.910).

The 5-year LFFS rate for re-irradiation patients was 47.1%with ame-
dian LFFS of 21.1 months. The 5-year PFS and OS rates were 33.2% and
66.5%, respectively. Patients in the re-irradiation groupweremore likely
to have non-SCC histology (22.5% vs. 37.8%, p = 0.068), were more
often treated for loco-regional failures (46.2% vs. 77.8%, p = 0.001),
Table 2
Failure pattern at presentation based on primary treatment.

Primary treatment

Recurrence at presentation CCRT or RT

Locoregional recurrence 26 (20.8)
Local only 19 (15.2)
Regional only 4 (3.2)
Local and regional 3 (2.4)

Distant recurrence 31 (24.8)
Distant only 23 (18.4)
Concurrent with locoregional recurrence 8 (6.4)

Abbreviations: CCRT = concurrent chemoradiation therapy; RT = radiotherapy.
and had higher rates of IMRT use (51.1% vs. 18.8%, p b 0.001) compared
with patients in the non-re-irradiation group.

3.4. Prognostic factors associated with local failure and PFS

Factors thatmay be associatedwith clinical outcome after salvage RT
were analyzed. In this analysis, factors such as age (b50 vs. ≥50 years
old), initial FIGO stage (I/II vs. III/IV), histology (SCC vs. non-SCC),
recurrence site (LRF vs. DM), use of re-irradiation, RT response (CR/PR
vs. PD/SD), SCC antigen at recurrence (b1.55 vs. ≥1.55), NLR (b2.5 vs.
≥2.5), and TRL were included. Non-SCC histology, use of re-irradiation,
and poor RT response were significantly associated with worse LFFS
(all p b 0001; Supplementary Table S1). In multivariate analysis, non-
SCC histology (Hazard ratio [HR] 2.06, 95% confidence interval [CI]
1.06–4.01; p = 0.034) and poor RT response (HR 4.90, 95% CI
2.37–10.12; p b 0.001) were independent prognostic factors related to
LFFS. For the prognostic factors of PFS, initial FIGO stage, histology, use
of re-irradiation, SCC antigen at recurrence, NLR, and RT response
were significantly associated with PFS in the univariate analysis
(Table 3). Multivariate analysis revealed that initial FIGO stage (HR
3.03, 95% CI 1.47–6.24; p = 0.003), histology (HR 2.82, 95% CI
1.45–5.49; p = 0.002), and SCC antigen at recurrence (HR 4.64, 95% CI
2.41–8.93; p b 0.001) were powerful predictors for PFS.

Next, we sought to identify patients who would derive the most
benefit from salvage RT. Patients were divided into four risk groups
based on the number of factors predictive of poorer PFS that they pos-
sessed (0, 1, 2, and 3 risk factors). As shown in Fig. 3, both PFS and OS
were significantly different between risk groups. In particular, there
was a prominent difference between risk groups 1 and 2. The differ-
ences in OS between risk groups 0 and 1 (p = 0.215) and between
risk groups 2 and 3 (p = 0.260) were not significant; however, there
was a significant difference between risk groups 1 and 2 (p b 0.001).
This significant difference was also observed for PFS. The median PFS
was not reached in patients who had none of the risk factors (risk
group 0), was 45.4 months for risk group 1, 8.2 months for risk group
2, and 5.2 months for risk group 3. The median OS was not reached in
risk groups 0 and 1, while it was 18.6 months for risk group 2 and
8.9 months for risk group 3.

3.5. Late complications

Twelve patients (9.6%) experienced grade ≥ 2 late complications.
Recto- or vesico-vaginal fistula occurred in nine patients, including
grade 3 fistula in five patients and grade 2 in four patients. Among
them, seven had received re-irradiation for local recurrences (two
with HDR-ICR, four with IMRT, and one with 3D-CRT). There was a sig-
nificant difference in the incidence of fistula between the re-irradiation
and RT-naïve groups (15.2% vs. 2.5%, p=0.008). However, therewas no
association between incidence and RT dose (p = 0.330). Another pa-
tientwhohad initially received RT for thewhole pelvis and received sal-
vage RT for a recurred paraaortic lymph node metastasis experienced
grade 2 small bowel obstruction after receiving 54 Gy of radiation.
Two patients experienced grade 2 radiation pneumonitis. No grade 4
Total

Surgery + RT Surgery alone

14 (11.2) 35 (28.0) 75 (60.0)
10 (8.0) 19 (15.2) 48 (38.4)
4 (3.2) 12 (9.6) 20 (16.0)
– 4 (3.2) 7 (5.6)
10 (8.0) 9 (7.2) 50 (40.0)
8 (6.4) 3 (2.4) 34 (27.2)
2 (1.6) 6 (4.8) 16 (12.8)



Fig. 2. Kaplan-Meier curves for (A) local failure-free survival (LFFS), (B) progression-free survival (PFS), and (C) overall survival (OS) after salvage radiotherapy.
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or 5 toxicities were observed. The rates of grade ≥ 2 late toxicities were
higher in the re-irradiation group than in the RT-naïve group, but the
difference was not statistically significant (15.6% vs. 6.2%, p = 0.090).

4. Discussion

Themain recurrence pattern in cervical cancer is locoregional, pelvic
and paraaortic lymph nodes [9,10]. These locations belong to the con-
ventional pelvic or extended RT field. Therefore, previous RT history is
the most important factor for selecting the type of salvage modality
for patients with recurrent cervical cancer. In RT-naïve patients, RT is
the most effective modality to eradicate recurrent tumors, because
most cervical cancer responds well to RT except for rare resistant
cases. However, in case of previousRT history, salvagemodalities should
be cautiously decided depending on recurrence duration and in/out-
field recurrence. Patients with out-field recurrence may be treated sim-
ilarly to RT-naïve patients. However, in case of in-field recurrence,many
factors, such as duration, current site, previous RT dose and field, should
be considered to avoid possible toxicity. Because of difficulties associ-
ated with operating on previously irradiated tissue, surgical interven-
tion is usually avoided [11].

High precision RT has been established in clinical practice ever
since IMRT, IGRT, and SBRT with hypofractionated scheme were
developed. Intensity-modulated technology can deliver various in-
tensified radiation doses within the treatment field usingmulti-leaf
collimators and inverse planning. Consequently, this technology
made it possible to improve dose conformity for organs at risk
(OARs) as well as the tumor, making it possible to deliver radiation
beams that conform to the tumor shape while reducing OAR irradi-
ation [12]. IGRT has continued to be developed, with technologies
Table 3
Factors predictive of progression-free survival.

Univariate

HR (95% CI)

Age, years (b50 vs. ≥50) 1.08 (0.67–1.74)
Initial FIGO stage (I/II vs. III/IV) 2.48 (1.44–4.26)
Histology (SCC vs. non-SCC) 2.27 (1.39–3.69)
Recurrence pattern (LRF vs. DM) 1.48 (0.92–2.38)
Re-irradiation (no vs. yes) 1.81 (1.12–2.92)
Recurrence interval, mo (b24 vs. ≥24) 0.81 (0.50–1.32)
SCC Ag at recurrence (b1.55 vs. ≥1.55) 3.38 (1.91–5.97)
NLR (b2.5 vs. ≥2.5) 2.53 (1.42–4.49)
TRL (no vs. yes) 0.86 (0.67–2.74)
RT response (CR/PR vs. SD/PD) 3.04 (1.73–5.33)

Abbreviations: HR = hazard ratio; CI = confidence interval; FIGO = International Federa
failure; DM= distant metastasis; NLR= neutrophil-lymphocyte ratio; TRL= tumor-relate
SD = stable disease; PD = progressive disease; mo, months.
including linear gram and even real-time tracking using bony or fi-
ducial markers. This technology can reduce intrafractional and
interfractional variations to achieve a high degree of precision
[13,14]. In addition, cone beam CT or megavoltage CT are useful
for acquiring daily data of tumor size, which makes it possible to
adjust the RT plan according to tumor shrinkage (adaptive RT).
SBRT adopts a larger fractional dose with fewer than five fractions
and can have high enough precision to replace surgery using IMRT
and IGRT techniques. This technique is expected to help to over-
come radioresistance [15,16]. Taken together, high-precision RT
can be applied to recurrent cervical cancer, and can be used for sal-
vage re-irradiation, while simultaneously protecting OARs. Fur-
thermore, additional infrastructure, including medical physics,
dosimetry, and quality assurance, is also required.

To our knowledge, this study is the largest to investigate the salvag-
ing role of RT in patientswith recurrent cervical cancer. Our institutional
experience contributed to excellent salvage RT outcomes, with 5-year
LFFS and OS rates of 63.9% and 66%, respectively. Previous studies
have reported that the 5-year OS rateswere between 20 and 45% for pa-
tients with recurrent cervical cancer, who were salvaged either with
surgery or RT [4,5,17–20]. The clinical outcomes in our studywere supe-
rior, which may be attributable to the aggressive salvage treatment de-
vised through multidisciplinary discussion and advances in RT
techniques. Furthermore, we identified patients who would receive
the most clinical benefit from salvage RT; utilizing our independently-
derived prognostic factors (initial FIGO stage, histology, and SCC antigen
at recurrence), we found that patients with 0–1 risk factors showed ex-
cellent survival compared to those with 2–3 risk factors. It is necessary
to consider such prognostic factors comprehensivelywhen determining
the optimal salvage therapy.
Multivariate

p Value HR (95% CI) p Value

0.746
0.001 3.03 (1.47–6.34) 0.003
0.001 2.82 (1.45–5.49) 0.002
0.102
0.015 1.77 (0.88–3.53) 0.108
0.402
b0.001 4.64 (2.41–8.93) b0.001
0.002 1.90 (0.96–3.77) 0.065
0.794
b0.001 1.80 (0.81–3.99) 0.149

tion of Gynecology and Obstetrics; SCC = squamous carcinoma; LRF = locoregional
d leukocytosis; RT = radiotherapy; CR= complete remission; PR= partial response;



Fig. 3. (A) Progression-free survival and (B) overall survival according to the number of risk factors.
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Haasbeek et al. [17] reported that the 5-year disease-free survival
and OS rates following salvage RTwere 45% and 43%, respectively, in re-
current cervical cancer patients previously treated with surgery. Simi-
larly, Jain et al. [20] also reported a 5-year disease-specific survival
rate of 40.2% in patients treated with salvage RT after having previously
been submitted to surgery. In our study, we found that the 5-year LFFS
and PFS rates for re-irradiation patients were 47.1% and 33.2%, respec-
tively, which are similar to the outcomes of RT-naïve patients in previ-
ous reports [17,20]. Patients who relapse after RT are not normally
considered for salvage re-irradiation. However, in a real clinical setting,
physicians are often faced with the difficulty of deciding on salvage
therapy because of the lack of alternative therapies for these patients.
In our study, IMRT was attempted in patients who had been previously
treated with RT and application of 3D-CRT as re-irradiation was chal-
lenging; these patients showed similar clinical outcomes to RT-naïve
patients, who received salvage RT, investigated in other studies. We
suggest that a multidisciplinary approach should be adopted to deter-
mine individualized treatments for patientswith recurrent cervical can-
cer. Radiation oncologists should also review and consider the choice of
RT modality meticulously.

Late complicationswere observed in 9.6% of our patients; such com-
plications were slightly higher in re-irradiation patients, although they
were still relatively low (15.2%). Previous studies investigating salvage
RT in RT-naïve patients have reported late complication rates of
17–33% [17,20]. Mabuchi et al. [21] reported that 25% of their patients
who were re-irradiated with HDR interstitial brachytherapy for recur-
rent cervical cancer experienced late grade ≥ 3 complications, while an-
other study by Park et al. found that grade ≥ 3 chronic toxicities occurred
in 6% of patients who received SBRT for oligometastases [22]. These
findings suggest that precisely planned RT with advanced technol-
ogy is necessary to improve the safety of RT. As there are a few stud-
ies investigating salvage RT, especially re-irradiation, our results may
provide useful information in that re-irradiation using IMRT is a rel-
atively safe treatment option for patients with recurrent cervical
cancer.

Our study has some limitations other than its retrospective nature.
We cannot exclude the possibility that potential selection bias might
have been introduced during salvage treatmentmodality selection. Fur-
thermore, two major factors contributed to patient heterogeneity: first,
patients' initial treatments varied widely, although this may more
closely reflect actual clinical situations; and second, salvage treatments
were also diverse. Because of the severity of recurrent lesions and the
diversity of initial treatments, salvage treatment was not uniformly
defined in real-life clinical practice, and required individualized ap-
proaches through multidisciplinary team consultations.

In conclusion, our data suggest that salvage RT is a safe and effective
treatment against recurrent cervical cancer. In particular, IMRT was
shown to be the preferable salvage modality for these patients, even
for those undergoing re-irradiation. More experiences should be accu-
mulated for RT to salvage these patients.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2018.08.029.
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