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Abstract

Background: The aim of the present study was to investigate the long-term survival outcomes and toxicities associated
with our experienced early administration of adjuvant concurrent chemoradiotherapy (CCRT).

Methods: Ninety-eight patients with pelvic lymph node metastasis, positive resection margin, and/or parametrial invasion
who received adjuvant CCRT between 1995 and 2011 were analyzed retrospectively. The first cycle of platinum-based
adjuvant chemotherapy was initiated within 2–3 weeks after surgery (median, 12 days) and continued every 4 weeks for
a total of 4 cycles. Adjuvant radiotherapy was performed during the second and third cycles of chemotherapy.

Results: After a median follow-up period of 119 months for survivors, 13 patients (13.3%) experienced recurrence and 11
patients died of cancer during the follow-up period. The 5-year recurrence-free survival and cancer specific survival rates
were 87.6% and 90.6%, respectively. Ninety-four patients (95.9%) received ≥3 cycles of chemotherapy. Total radiation dose
of ≥45 Gy was delivered in 91 patients (92.9%). Grade 3–4 hematologic and gastrointestinal toxicities developed in 37
(37.8%) and 14 (14.3%) patients during CCRT, respectively.

Conclusion: The present study confirmed the long-term safety and encouraging survival outcomes of early administration
of adjuvant CCRT, suggesting the benefits of early time to initiation of adjuvant treatments.

Keywords: Uterine cervical neoplasm, Adjuvant chemoradiotherapy, Time to treatment, Treatment outcome, Long term
adverse effects

Background
The primary treatment for International Federation of
Gynecology and Obstetrics (FIGO) stage IA2–IIA uter-
ine cervical cancer is either radical hysterectomy or ex-
ternal beam radiotherapy with or without concurrent
platinum-based chemotherapy [1]. Although both treat-
ment modalities have similar survival rates, radical
hysterectomy is particularly preferred in some young pa-
tients because of thorough evaluation of pelvic lymph
nodes, prevention of premature and avoidance of
radiation-induced late toxicities. However, a considerable

patient with certain adverse pathologic factors have a
high possibility of recurrence despite they undergo rad-
ical surgery [2–8]. Of these, parametrial invasion, posi-
tive resection margin, and pelvic lymph node metastasis
were classified as high-risk.
Adjuvant radiotherapy significantly improved 2-year

recurrence-free rate in patients with intermediate risk
factors compared with no further treatment [9, 10].
However, in high-risk patients, adjuvant radiotherapy
alone had a limited role in locoregional control without
any survival benefits [11, 12]. In 2000, the Southwest
Oncology Group (SWOG), Gynecologic Oncology
Group (GOG), and Radiation Therapy Oncology Group
(RTOG) reported a collaborative phase III prospective
randomized trial comparing the survival outcomes
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between adjuvant radiotherapy alone and adjuvant con-
current chemoradiotherapy (CCRT) in high-risk, early
stage uterine cervical cancer patients [13]. This trial
(GOG 109/SWOG 8797/RTOG 91–12) demonstrated
the beneficial effects of the concomitant administration
of platinum-based chemotherapy on the survival rates,
as well as the disadvantage of increased treatment-
related toxicities.
Over the last decade, several studies addressing

various settings of adjuvant CCRT reported similar out-
comes, with a 5-year recurrence free survival rate of 70–
80% and a 5-year overall survival rate of 80–85% [14–
20]. In all the previous studies, the first cycle of adjuvant
chemotherapy was usually initiated 4–6 weeks after sur-
gery and adjuvant radiotherapy was performed concur-
rently with the first cycle of adjuvant chemotherapy.
Early start of adjuvant treatments showed potential for

improvement of survival outcomes in breast cancer [21],
colon cancer [22] and ovarian cancer [23]. On the other
hand, there have been no related literatures in cervical
cancer. We previously reported the feasibility and prom-
ising results of the early administration of adjuvant
CCRT, with a 5-year progression-free survival rate of
88.7% and a 5-yearoverall survival rate of 96.7% [24].
However, small sample sizes and short follow-up dur-
ation remained limitations to the study. In the present
study, we reported the long-term outcomes and toxic-
ities associated with the early administration of adjuvant
CCRT for high-risk, early stage uterine cervical cancer.

Methods
The present study was approved by the Institutional
Review Board of Ajou University School of Medicine
with an exemption from informed consent. We reviewed
the medical records of all high-risk, early stage (FIGO
IA2–IIA1) uterine cervical cancer patients who received
adjuvant CCRT at our institution between 1995 and
2011. The exclusion criteria were the following: 1) class
I or II radical hysterectomy, 2) small cell or neuroendo-
crine carcinoma, 3) para-aortic lymph node metastasis,
4) history of neoadjuvant chemotherapy and 5) initiation
of adjuvant CCRT more than 3 weeks after surgery.
We performed a previously described treatment scheme

[24]. In detail, after baseline staging work-ups, all patients
underwent class III radical hysterectomy with bilateral
pelvic lymphadenectomy and para-aortic lymph node
sampling or dissection. The first cycle of adjuvant chemo-
therapy was initiated within 2–3 weeks after surgery. The
most common treatment regimen was cisplatin (70 mg/
m2) plus 5-fluorouracil (1000 mg/m2/day) (n = 90). Other
regimens included paclitaxel (175 mg/m2) combined with
either cisplatin or carboplatin (area under curve of 5)
(n = 8). The combination chemotherapy regimens were
administered every 4 weeks for a total of 4 cycles.

Adjuvant radiotherapy was initiated during the second
course of chemotherapy. Whole-pelvic irradiation was
given with a median total dose of 45 Gy in 25 fractions
using a traditional four-field box technique. An add-
itional boost of 5.4–10.8 Gy was delivered to the risky
area in patients with parametrial invasion or positive lat-
eral resection margins. Patients with positive common
iliac lymph nodes received elective para-aortic irradi-
ation with a median total dose of 44.2 Gy in 26 fractions.
In patients with positive vaginal cuff resection margins,
vaginal brachytherapy administered once or twice with a
fraction size of 4–5 Gy after completion of external
beam radiotherapy was indicated.
Acute and late treatment-related toxicities were evalu-

ated based on the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.02. Adjuvant CCRT
was interrupted if any grade ≥ 3 toxicities occurred. The
treatment was recommenced after any signs or symp-
toms of severe toxicities subsided.

Statistical analysis
The primary endpoints of the present study were the 5-
year recurrence-free survival (RFS) and cervical cancer-
specific survival (CSS) rates. The secondary endpoints
were the 5-year locoregional recurrence free survival
(LRRFS), distant metastasis-free (DMFS) and overall sur-
vival (OS) rates. All endpoints were measured from the
date of radical hysterectomy and were calculated using
the Kaplan–Meier method. A univariate analysis was
performed with log-rank test. A multivariate analysis
using factors with p value of <0.10 in univariate analysis
was performed using the Cox proportional hazards
model through backward stepwise elimination. All statis-
tical analyses were performed using the R software version
3.2.4 (https://cran.r-project.org/). A two-sided p value of
<0.05 was considered statistically significant.

Results
Patient characteristics
Between 1995 and 2001, a total of 98 patients received
early administration of adjuvant CCRT within 2–3 weeks
after radical hysterectomy. The patient characteristics
are summarized in Table 1. The median age was 47 years
(range, 26 to 71 years). Approximately two-thirds of pa-
tients (n = 66) had a single risk factor. The measurement
of serum squamous cell carcinoma antigen before sur-
gery was available in 96 patients, with a median value of
1.5 ng/mL (range, 0.1 to 43.9).

Treatment compliance
The median interval between radical hysterectomy and
initiation of adjuvant chemotherapy in entire patients
was 12 days (range, 8 to 21 days). The second cycle of
adjuvant chemotherapy was delayed for >1 week in 6
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patients owing to abscess development (n = 1), slow re-
covery from chemotherapy-related toxicities (n = 3), and
personal reasons (n = 2). Ninety-four patients (95.9%)
received ≥3 cycles of adjuvant chemotherapy. Chemo-
therapy was terminated in the remaining 4 patients
before the third cycle, owing to treatment intolerability.
The median interval between surgery and the initiation

of radiotherapy was 41 days (range, 28 to 70 days).
Ninety-one patients (92.9%) received a total radiation
dose of ≥45 Gy. The interruption of radiotherapy for
>2 weeks because of treatment-related toxicities (n = 2)
or poor compliance (n = 5) occurred in 7 patients.

Survival rate
The median follow-up period was 119 months (range, 55
to 255 months) for all survivors. Recurrences occurred
in 13 patients (13.3%); 4 (4.1%) of which were isolated
locoregional recurrences, 4 (4.1%) were simultaneous
locoregional recurrences and distant metastases, and 5
(5.1%) were distant metastases. Of these, 2 patients with
lung metastasis developed 34 and 66 months after rad-
ical hysterectomy attained no evidence of disease after
salvage metastatectomy.
The 5-year LRRFS, DMFS and RFS rates were 91.5%

(95% confidence interval [CI], 86.0–97.3%), 90.6% (95%
CI, 84.9–96.6%), and 87.6% (95% CI, 81.3–94.4%),
respectively (Fig. 1). In univariate analysis, the number
of positive pelvic lymph nodes ≥3 (p = 0.021), and lymph
node ratio ≥ 0.25 (p = 0.018) were significantly associ-
ated with poor RFS. Multivariate analysis revealed the
number of positive lymph nodes ≥3 as a significant prog-
nostic factor (hazard ratio [HR], 3.179; 95% CI, 1.066–
9.477; p = 0.038) (Table 2).
At the last follow-up, 11 patients died of cancer progres-

sion and 4 died of intercurrent causes. The 5-year CSS
and OS were 90.6% (95% CI, 85.0–96.7%) and 88.7% (95%
CI, 82.7–95.2%), respectively (Fig. 2). Univariate analysis
identified the number of positive pelvic lymph nodes ≥3
(p = 0.005) and lymph node ratio ≥ 0.25 (p = 0.011) as the
significant risk factors for CSS. In multivariate analysis,
the number of positive pelvic lymph nodes ≥3 (HR, 4.004;
95% CI, 1.130–14.195; p = 0.032) was the only prognostic
factor for CSS (Table 2).

Toxicities
Hematologic toxicities of CTCAE grade 3–4 occurred in
37 patients (37.8%; Table 3). Of these, febrile neutro-
penia developed in 2 patients (2.0%) and they recovered
after antibiotic therapy. Fourteen patients (14.3%) devel-
oped grade ≥ 3 gastrointestinal toxicities during adjuvant
CCRT. Of these, 3 patients (3.1%) developed grade 4
small bowel obstruction and they recovered fully after
successful surgical intervention. One patient died of

Table 1 Patient characteristics

No. of patients (%)

Age median, 47

Clinical FIGO stage

IA2 1 (1.0)

IB1 71 (72.5)

IB2 24 (24.5)

IIA 2 (2.0)

Histology

Squamous cell carcinoma 74 (75.5)

non-squamous cell carcinoma 24 (24.5)

SCC Ag

≤ 2 ng/ml 50 (51.0)

> 2 ng/ml 46 (47.0)

unknown 2 (2.0)

Tumor size

≤ 4 cm 50 (51.0)

> 4 cm 42 (42.9)

unknown 6 (6.1)

Deep stromal invasion

absent 23 (23.5)

present 75 (76.5)

Lymphovascular space invasion

absent 4 (4.1)

present 92 (93.9)

unknown 2 (2.0)

Parametrial invasion

negative 84 (85.7)

positive 14 (14.3)

Resection margin

negative 56 (57.1)

close (<5 mm) 9 (9.2)

positive 33 (33.7)

Pelvic lymph node metastasis

negative 19 (19.4)

positive 79 (80.6)

LNR

< 0.25 87 (88.8)

≥ 0.25 11 (10.2)

No. of high risk factor

1 66 (67.3)

2 27 (27.6)

3 5 (5.1)

FIGO International federation of gynecology and obstetrics, SCC Ag squamous
cell carcinoma antigen, LNR, lymph node ratio
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panperitonitis due to small bowel perforation 7 years
after the completion of adjuvant CCRT.

Discussion
Consistent with the results of our previous study [24],
the present study demonstrated the safety and encour-
aging treatment outcomes of the early administration of
adjuvant CCRT.
In the current clinical practice, adjuvant CCRT for

high-risk, early stage uterine cervical cancer is usually
allowed to initiate 4–6 weeks after radical hysterectomy,
providing time for wound healing. Therefore, it can be
assumed that early initiation of adjuvant CCRT within
2–3 weeks from radical surgery potentially causes de-
layed wound healing. However, Kolb et al. reported that
early initiation of adjuvant chemotherapy was not related
to any increase in wound complications after cytoreduc-
tive surgery for ovarian cancer [25]. In the present study,
the incidence of postoperative morbidities was similar to
that of previous studies, confirming the safety of early
administration of adjuvant CCRT [13–20]. The timely
initiation of the second course of adjuvant chemotherapy
and radiotherapy in the majority of patients (95.8%) sup-
ported this finding.
Early administration of adjuvant CCRT has another

possible concern of increasing treatment-related toxic-
ities because of inadequate recovery from radical sur-
gery. However, the incidence rates of grade 3–4
treatment-related toxicities in the present study were
comparable to those reported by the previous studies
[13–20]. We did not observe any late toxicities related
to early administration of adjuvant CCRT. Thus, the
present study reconfirmed the safety of the early admin-
istration of adjuvant CCRT with long-term follow-up.

In the present study, the 5-year RFS and CSS rates
were 87.6% and 90.6%, respectively. An indirect com-
parison with previous studies showed that the survival
outcomes in the present study appeared to be more
favorable [13–20]. We used chemotherapeutic regimen
based on contemporary guidelines and conventional
radiotherapy. The major discrimination between the
present study and previous studies was the time to initi-
ation of adjuvant treatments. Therefore, early adminis-
tration of adjuvant CCRT might have potential for
improvement of adjuvant treatment outcomes.
The benefit of early administration of adjuvant CCRT

could be explained by the properties of chemotherapeu-
tic agents. In a preclinical experiment, Gunduz et al. ob-
served that the surgical removal of tumor converted
dormant tumor cells into rapidly proliferating ones [26].
In a subsequent study, they demonstrated that long
interval between surgical removal of primary tumor and
administration of chemotherapy attenuated the cytotoxic
effects of the drug, manifested by a decrease in the pro-
liferative index of tumor cells and a gradual increase in
the total tumor volume over time [27]. Considering the
high sensitivity of the chemotherapeutic agents to rap-
idly proliferating cells and lower tumor burden, the im-
mediate administration of adjuvant treatments after
surgery as possible could maximize their efficacy.
In addition, early administration of adjuvant CCRT

contributed to improved survival rates in a different
way. The major concern of adjuvant CCRT for high-risk,
early stage uterine cervical cancer was poor compliance
due to synergistic effects of each treatment-related toxic-
ities. Approximately a quarter of patients ceased further
chemotherapy before the third cycle of chemotherapy in
the GOG 109/SWOG 8797/RTOG 91–12 trial. Further-
more, patients who discontinued further chemotherapy

Fig. 1 Kaplan-Meier curve of recurrence-free survival for all patients (dotted line, 95% confidence interval)
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after the completion of radiotherapy had significantly
lower survival rates than those who received ≥3 cycles of
chemotherapy (p = 0.03 for both progression-free and
overall survival), demonstrating the favorable effect of a
higher number of chemotherapy courses. Early adminis-
tration of adjuvant CCRT provided a countermeasure
through the delivery of adjuvant radiotherapy at the sec-
ond cycle of adjuvant chemotherapy without deferring
the time to initiation of irradiation (median, 41 days).
Therefore, ≥3 cycles of chemotherapy were guaranteed
in the majority of the patients even though further
chemotherapy was not administered following the

completion of radiotherapy at the patients’ discretion.
As mentioned above, the majority of patients (95.9%) in
the present study received ≥3 cycles of chemotherapy
and the survival outcomes were comparable with those
who received ≥3 cycles of chemotherapy in the GOG
109/SWOG 8797/RTOG 91–12 trial. Based on this
finding, the higher number of chemotherapy courses
owing to early administration of adjuvant CCRT
might contribute to the improvement of adjuvant
treatment outcomes.
The present study had several limitations. First, the

sample size was not large enough to draw definite

Table 2 Univariate and multivariate analyses for RFS and CSS

RFS CSS

variables 5 yr. rate p value HR 95% CI p value 5 yr. rate p value HR 95% CI p value

size >4 cm 0.304 0.073 2.781 0.710–10.990 0.142

no 92.0 93.9

yes 83.1 87.9

SCC Ag 0.611 0.904

≤ 2 ng/mL 88.0 89.9

> 2 ng/mL 86.9 91.2

DSI 0.985 0.778

absent 86.4 90.7

present 87.9 90.6

LVSI 0.671 0.720

absent 100.0 100.0

present 86.9 90.1

PM invasion 0.145 0.196

absent 85.7 89.2

present 100.0 100.0

RM 0.052 2.868 0.881–9.333 0.080 0.132

clear 92.8 92.7

close or positive 81.0 88.0

LN metastasis 0.664 0.932

absent 88.8 88.2

present 87.3 91.1

No. of positive LN 0.021 3.179 1.066–9.477 0.038 0.005 4.004 1.130–14.195 0.032

0–2 92.8 94.5

≥ 3 74.1 81.5

LNR 0.018 2.330 0.611–8.879 0.215 0.011 1.740 0.391–7.740 0.467

< 0.25 90.7 91.8

≥ 0.25 63.6 81.8

No. of risk factors 0.299 0.345

1 90.8 90.7

2–3 81.3 90.6

RFS recurrence free survival rate, CSS cancer specific survival rate, HR hazard ratio, CI confidence interval, SCC Ag squamous cell carcinoma antigen, DSI deep
stromal invasion, LVSI lymphovascular space invasion, PM parametrium, RM resection margin, LN lymph node, LNR lymph node ratio
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conclusions. Second, the present study might have selec-
tion bias because of its retrospective nature. Finally, the
details of adjuvant treatment were heterogeneous in the
minority of patients. However, given the similar survival
rates among different chemotherapeutic regimen in
previous studies and few evidence that demonstrated
survival benefit by vaginal brachytherapy in the adju-
vant setting of cervical cancer, it is unlikely that het-
erogeneities in the treatment approach influenced
treatment outcomes.

Conclusion
In summary, the present study demonstrated encour-
aging adjuvant treatment outcomes in high-risk cer-
vical cancer patients, possibly owing to early time to
initiation of adjuvant CCRT. The treatment compli-
ance and toxicities were also at the comparable
levels. Therefore, the present study might suggest a

direction for further improvement of adjuvant treat-
ment for high-risk, early stage uterine cervical can-
cer. Whether this treatment strategy is effective in
only selected patients, further studies with a pro-
spective design are warranted.
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Table 3 Grade 3 or more Treatment-related toxicities

variables Percent

Hematologic

leukopenia 36.5

neutropenia 11.5

anemia 8.7

thrombocytopenia 1.0

Gastrointestinal

anorexia 1.9

nausea/vomiting 1.9

diarrhea 6.7

proctitis 1.0

small bowel obstruction 4.8

Lymphedema 1.0

Kim et al. BMC Cancer  (2017) 17:297 Page 6 of 7



Author details
1Department of Radiation Oncology, Ajou University School of Medicine, 164
Worldcup-ro, Yeongtong-gu, Suwon, Gyeonggi-do 16499, Republic of Korea.
2Department of Radiation Oncology, Konyang University College of
Medicine, 158 Gwanjeodong-ro, Seo-gu, Daejeon 35365, Republic of Korea.
3Department of Obstetrics and Gynecology, Ajou University School of
Medicine, 164 Worldcup-ro, Yeongtong-gu, Suwon, Gyeonggi-do 16499,
Republic of Korea. 4Department of Radiation Oncology, Ilsan Paik Hospital,
Inje University School of Medicine, 170 Juhwa-ro, Ilsanseo-gu, Goyang,
Gyeonggi-do 10380, Republic of Korea.

Received: 17 January 2017 Accepted: 25 April 2017

References
1. Landoni F, Maneo A, Colombo A, Placa F, Milani R, Perego P, Favini G, Ferri

L, Mangioni C. Randomised study of radical surgery versus radiotherapy for
stage Ib-IIa cervical cancer. Lancet. 1997;350(9077):535–40.

2. Inoue T, Okumura M. Prognostic significance of parametrial extension in
patients with cervical carcinoma Stages IB, IIA, and IIB. A study of 628 cases
treated by radical hysterectomy and lymphadenectomy with or without
postoperative irradiation. Cancer. 1984;54(8):1714–9.

3. Alvarez RD, Soong SJ, Kinney WK, Reid GC, Schray MF, Podratz KC, Morley
GW, Shingleton HM. Identification of prognostic factors and risk groups in
patients found to have nodal metastasis at the time of radical hysterectomy
for early-stage squamous carcinoma of the cervix. Gynecol Oncol. 1989;
35(2):130–5.

4. Fuller AF Jr, Elliott N, Kosloff C, Hoskins WJ, Lewis JL Jr. Determinants of
increased risk for recurrence in patients undergoing radical hysterectomy
for stage IB and IIA carcinoma of the cervix. Gynecol Oncol. 1989;33(1):34–9.

5. Sevin BU, Lu Y, Bloch DA, Nadji M, Koechli OR, Averette HE. Surgically
defined prognostic parameters in patients with early cervical carcinoma. A
multivariate survival tree analysis. Cancer. 1996;78(7):1438–46.

6. Zreik TG, Chambers JT, Chambers SK. Parametrial involvement, regardless of
nodal status: a poor prognostic factor for cervical cancer. Obstet Gynecol.
1996;87(5 Pt 1):741–6.

7. Estape RE, Angioli R, Madrigal M, Janicek M, Gomez C, Penalver M, Averette
H. Close vaginal margins as a prognostic factor after radical hysterectomy.
Gynecol Oncol. 1998;68(3):229–32.

8. Kim YJ, Lee KJ, Park KR, Kim J, Jung W, Lee R, Kim SC, Moon HS, Ju W, Kim
YH, et al. Prognostic analysis of uterine cervical cancer treated with
postoperative radiotherapy: importance of positive or close parametrial
resection margin. Radiat Oncol J. 2015;33(2):109–16.

9. Sedlis A, Bundy BN, Rotman MZ, Lentz SS, Muderspach LI, Zaino RJ. A
randomized trial of pelvic radiation therapy versus no further therapy in
selected patients with stage IB carcinoma of the cervix after radical
hysterectomy and pelvic lymphadenectomy: A Gynecologic Oncology
Group Study. Gynecol Oncol. 1999;73(2):177–83.

10. Rotman M, Sedlis A, Piedmonte MR, Bundy B, Lentz SS, Muderspach LI,
Zaino RJ. A phase III randomized trial of postoperative pelvic irradiation in
Stage IB cervical carcinoma with poor prognostic features: follow-up of a
gynecologic oncology group study. Int J Radiat Oncol Biol Phys. 2006;65(1):
169–76.

11. Morrow CP, Shingleton HM, Austin JM, Averette HE, Girtanner RE, Webb MJ,
Masterson JG, Morley GW. Is pelvic radiation beneficial in the postoperative
management of stage Ib squamous cell carcinoma of the cervix with pelvic
node metastasis treated by radical hysterectomy and pelvic lymphadenectomy?:
A report from the presidential panel at the 1979 Annual Meeting of the Society
of Gynecologic Oncologists. Gynecol Oncol. 1980;10(1):105–10.

12. Kinney WK, Alvarez RD, Reid GC, Schray MF, Soong SJ, Morley GW, Podratz
KC, Shingleton HM. Value of adjuvant whole-pelvis irradiation after Wertheim
hysterectomy for early-stage squamous carcinoma of the cervix with pelvic
nodal metastasis: a matched-control study. Gynecol Oncol. 1989;34(3):258–62.

13. Peters WA 3rd, Liu PY, Barrett RJ 2nd, Stock RJ, Monk BJ, Berek JS, Souhami
L, Grigsby P, Gordon W Jr, Alberts DS. Concurrent chemotherapy and pelvic
radiation therapy compared with pelvic radiation therapy alone as adjuvant
therapy after radical surgery in high-risk early-stage cancer of the cervix.
J Clin Oncol. 2000;18(8):1606–13.

14. Fabrini MG, Gadducci A, Perrone F, Cosio S, Laliscia C, Pasqualetti F, Grespi S,
Cionini L. Clinical outcome of tailored adjuvant postoperative chemoradiotherapy
in IB FIGO stage cervical cancer. Anticancer Res. 2009;29(10):4205–10.

15. Sehouli J, Runnebaum IB, Fotopoulou C, Blohmer U, Belau A, Leber H,
Hanker LC, Hartmann W, Richter R, Keyver-Paik MD, et al. A randomized
phase III adjuvant study in high-risk cervical cancer: simultaneous
radiochemotherapy with cisplatin (S-RC) versus systemic paclitaxel and
carboplatin followed by percutaneous radiation (PC-R): a NOGGO-AGO
Intergroup Study. Ann Oncol. 2012;23(9):2259–64.

16. Lee TS, Kang SB, Kim YT, Park BJ, Kim YM, Lee JM, Kim SM, Kim JH, Kim KT.
Chemoradiation with paclitaxel and carboplatin in high-risk cervical cancer
patients after radical hysterectomy: a Korean Gynecologic Oncology Group
study. Int J Radiat Oncol Biol Phys. 2013;86(2):304–10.

17. Okazawa M, Mabuchi S, Isohashi F, Suzuki O, Yoshioka Y, Sasano T, Ohta Y,
Kamiura S, Ogawa K, Kimura T. Impact of the addition of concurrent
chemotherapy to pelvic radiotherapy in surgically treated stage IB1-IIB
cervical cancer patients with intermediate-risk or high-risk factors: a 13-year
experience. Int J Gynecol Cancer. 2013;23(3):567–75.

18. Takekuma M, Kasamatsu Y, Kado N, Kuji S, Tanaka A, Takahashi N, Abe M,
Hirashima Y. Reconsideration of postoperative concurrent chemoradiotherapy
with fluorouracil and cisplatin for uterine cervical cancer. J Obstet Gynaecol
Res. 2015;41(10):1638–43.

19. Lee YY, Park W, Huh SJ, Yoon A, Park JY, Choi CH, Kim TJ, Lee JW, Kim BG,
Bae DS. Platinum-based combination chemotherapy vs. weekly cisplatin
during adjuvant CCRT in early cervical cancer with pelvic LN metastasis.
Anticancer Res. 2013;33(10):4675–81.

20. Trifiletti DM, Swisher-McClure S, Showalter TN, Hegarty SE, Grover S. Postoperative
Chemoradiation Therapy in High-Risk Cervical Cancer: Re-evaluating the Findings
of Gynecologic Oncology Group Study 109 in a Large, Population-Based Cohort.
Int J Radiat Oncol Biol Phys. 2015;93(5):1032–44.

21. Colleoni M, Bonetti M, Coates AS, Castiglione-Gertsch M, Gelber RD, Price K,
Rudenstam CM, Lindtner J, Collins J, Thurlimann B, et al. Early start of adjuvant
chemotherapy may improve treatment outcome for premenopausal breast
cancer patients with tumors not expressing estrogen receptors. The
International Breast Cancer Study Group. J Clin Oncol. 2000;18(3):584–90.

22. Arkenau HT, Bermann A, Rettig K, Strohmeyer G, Porschen R. 5-Fluorouracil
plus leucovorin is an effective adjuvant chemotherapy in curatively resected
stage III colon cancer: long-term follow-up results of the adjCCA-01 trial.
Ann Oncol. 2003;14(3):395–9.

23. Hofstetter G, Concin N, Braicu I, Chekerov R, Sehouli J, Cadron I, Van Gorp T,
Trillsch F, Mahner S, Ulmer H, et al. The time interval from surgery to start of
chemotherapy significantly impacts prognosis in patients with advanced
serous ovarian carcinoma - analysis of patient data in the prospective OVCAD
study. Gynecol Oncol. 2013;131(1):15–20.

24. Ryu HS, Chun M, Chang KH, Chang HJ, Lee JP. Postoperative adjuvant
concurrent chemoradiotherapy improves survival rates for high-risk, early
stage cervical cancer patients. Gynecol Oncol. 2005;96(2):490–5.

25. Kolb BA, Buller RE, Connor JP, DiSaia PJ, Berman ML. Effects of early postoperative
chemotherapy on wound healing. Obstet Gynecol. 1992;79(6):988–92.

26. Gunduz N, Fisher B, Saffer EA. Effect of surgical removal on the growth and
kinetics of residual tumor. Cancer Res. 1979;39(10):3861–5.

27. Fisher B, Gunduz N, Saffer EA. Influence of the interval between primary
tumor removal and chemotherapy on kinetics and growth of metastases.
Cancer Res. 1983;43(4):1488–92.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Kim et al. BMC Cancer  (2017) 17:297 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Statistical analysis

	Results
	Patient characteristics
	Treatment compliance
	Survival rate
	Toxicities

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Author’s contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

