Int J Clin Exp Med 2015;8(6):8661-8673
www.ijcem.com /ISSN:1940-5901/1JCEM0O007314

Original Article

Efficacy of concurrent single-agent chemotherapy
using radiotherapy in patients with cervical
cancer: a meta-analysis

Ying Zhang?, Zhicheng Yang?, Yijin Zhou?, Jingjing Pan?, Yongyuan Liu?

1Department of Oncology, The Affiliated Hospital of Guangdong Medical College, Zhanjiang 524001, Guangdong,
China; 2Department of Gastrointestinal Surgery, The Affiliated Hospital of Guangdong Medical College, Zhanjiang
524001, Guangdong, China

Received February 24, 2015; Accepted May 26, 2015; Epub June 15, 2015; Published June 30, 2015

Abstract: Concurrent chemoradiotherapy has proven to be more effective on patients with advanced cervical cancer
than radiotherapy alone. Although cisplatin has been recommended to be the standard agent in chemotherapy, it
has some limitations in clinical use because of its strong side effects. Moreover, the optimal chemotherapy regimen
remains unclear. A comprehensive electronic search was conducted via the Internet retrieval system to identify eli-
gible trials. The ending points included response, overall survival (0OS), local recurrent, and distant metastasis rates.
Odds ratios and 95% confidence interval were calculated to compare the effects. Fifteen trials with 1142 patients
were eligible. With regard to the response rate, only nedaplatin showed a significant improvement compared with
cisplatin. Docetaxel, pacitaxel, fluoropyrimidine, paclitaxel liposome, and irinotecan did not show any advantages.
When targeted on OS or local recurrent rate, no significant advantage was found when these single-drug regimens
were compared with cisplatin. However, when aimed at distant metastasis rate, fluoropyrimidine showed a disad-
vantage to cisplatin, whereas others showed equal efficacy. Nedaplatin, docetaxel, pacitaxel, and fluoropyrimidine
showed a better effect on reducing chemotherapy toxicity than cisplatin. Single-drug chemotherapy concurrent with
radiotherapy, except for nedaplatin, may have no advantage on clinical outcomes when compared with cisplatin but
showed a better effect on reducing chemotherapy toxicity, which could be used as an alternative to patients who
can not tolerate the side effects of cisplatin. Nedaplatin is also effective and safe, and may be highly valuable in
clinical applications.
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Introduction ment combined with radiotherapy and chemo-

therapy is neccesary for advanced cervical
Cervical cancer is one of the major cancer dis- cancer.

eases in the world. It has the second highest
morbidity among females, only next to breast
cancer, accounting for 15% of the cancer

In 1999, the GOG, RTOG, and SWOG for periods
of five random Il clinical studies confirmed that

patients; most cases occurred in developing
countries with no effective screening system
[1]. The current treatments for cervical cancer
are mainly operation and radiotherapy, which
can produce satisfactory therapeutic effects in
the early stage of cervical cancer; however,
combined treatment should be adopted when
the disease severity worsens. Radiotherapy
alone has a higher cure rate for small-size cer-
vical cancer, but curing large-volume tumors is
difficult [2]. Therefore, comprehensive treat-

chemoradiotherapy can decrease the rate of
local recurrence and distant metastasis of cer-
vical cancer, thereby improving the survival rate
of cervical cancer by 30% to 50% [3-6]. The
meta-analysis results of 18 randomized studies
in 2008 showed that the application of concur-
rent chemoradiotherapy in cervical cancer
patients for five years caused the survival rate
to increase by 6% [7]. These results encour-
aged the use of chemoradiotherapy in the com-
prehensive therapy of cervical cancer. In the
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NCCN guidelines, cisplatin is strongly recom-
mended as the standard single agent for
chemoradiotherapy, and it has been widely
used in the comprehensive treatment of cervi-
cal cancer; cisplatin was also proven to improve
the outcomes in nearly all trials for cervical can-
cer [8, 9]. However, given the strong side effects
of cisplatin, such as vomiting, ototoxicity, and
nephrotoxicity, some scholars both in China
and abroad began to study other chemotherapy
drugs to seek alternative treatment regimens
with higher efficiency and lower toxicity.
Recently, reports have surfaced on several
drugs that were used singly in concurrent with
chemoradiotherapy for cervical cancer.
However, the results are contradictory, and the
optimal chemotherapy regimen is not yet under
a certain criteria.

A meta-analysis of data from published litera-
ture was conducted in this study to provide a
theoretical basis for making clinical decisions.
The differences between other chemotherapy
drugs and cisplatin were also characterized to
determine which is more beneficial for clini-
cians and patients. This study compared the
efficacy and safety between the different drug
regimens in the chemoradiation system for cer-
vical cancer.

Subjects and methods
Search strategy

This meta-analysis was reported following the
Preferred Reporting Items for Systematic
Review and Meta-Analysis statement [10]. A
comprehensive electronic search of PubMed,
Embase, Medline, Cochrane Central Register of
Controlled Trials, and China National Knowledge
Infrastructure was performed via the Internet
retrieval system. No language limitation was
indicated, and the cut-off date of the included
articles was 1 November, 2014. The search
terms included the follow: “cervical cancer/car-
cinoma”, “chemoradiation”, “radiochemothera-
py”, “concurrent chemotherapy/radiotherapy”,
and “cisplatin”. The titles and abstracts of ini-
tially selected trials were manually examined to
exclude irrelevant studies. The full texts of the
remaining articles, which were closely related
to the topic, were reviewed for further study.
When multiple publications with the same or
overlapping patient population, from the same
institution were identified, only the published
report with the largest series was included.
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Inclusion and exclusion criteria

Studies were eligible for our meta-analysis if:
(1) they were randomized controlled trials, and
randomization was clearly demonstrated in the
articles; (2) patients were divided into at least
two groups, and one group was treated with
radiotherapy combined with single-drug che-
motherapy of cisplatin, and another group used
radiotherapy concurrent with non-cisplatin but
another single drug (e.g., nedaplatin, docetaxel,
and paclitaxel); and (3) they reported at least
one primary outcome to measure the effect of
the treatments. Studies considered ineligible
for the meta-analysis were as follows: reviews,
conference abstracts, editorials, or case
reports; research on cervical cancer treated by
multi-drug regimen; articles that reported a
single cohort study without a control group,
non-randomized trials, and pseudo-randomized
trials with alternate allocation of subjects; and
studies with incorrect or unavailable data anal-
ysis method.

Data extraction

Data extraction was independently completed
by two authors (ZY and YZC) and checked by a
third reviewer (LYY). Any disagreement was
resolved through discussion. The following data
were extracted from each eligible study: first
author’s name, publication year, journal, loca-
tion, experience design, eligible patients’ crite-
ria (age, TNM stage, and histological type),
sample size (total, eligible, and per group), fol-
low-up time, chemotherapy regimens (drug,
usage, dosage and the completion rate), and
radiotherapy (types and dosimetry). The out-
comes of interest were as follows: the response
rate of concurrent radiochemotherapy, overall
survival (OS) rate, local recurrent rate, distant
metastasis rate, and adverse effects.

Qualitative assessment

The Newcastle-Ottawa Quality Assessment
Scale (NOS), as recommended by the Cochrane
Non-Randomized Studies Methods Working
Group, was used to assess the quality of the
randomized controlled trials that were included
in our meta-analysis [11, 12]. According to the
NOS, the studies were evaluated in four broad
aspects: selection of the case and control
groups (four criteria, one star for each), compa-
rability of the case and control groups (one cri-
terion, one star), assessment of exposure (one
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Records identified through
database searching (n = 314)

rate of single-drug chemora-
diotherapy with cisplatin com-
pared with other single-drug
regimens; the comparisons of

Records excluded:

Unrelated to single-drug regimen or
cisplatin chemotherapy (n = 249)

other clinical results, such as
0S, local recurrent rate, dis-
tant metastasis rate, and
adverse effects, were similar
to this method [13].

A 4

Records screened (n = 65)

Heterogeneity was validated
using the chi-squared test
based Q statistic for statisti-

Records excluded:

trials (n = 44)

Non-real randomized controlled

cal significance [14]. Hete-
rogeneity was considered sta-
tistically significant for P <
0.10, and graphical presenta-
tions were drawn prior to data

A A

Full-text articles assessed
for eligibility (n = 21)

consolidation. Between-study
heterogeneity was determined
by [? statistic inconsistency,
which was not interfered by
the number of studies used in

Records excluded:

r

(n=4)

Duplicated publications (n = 2)
No available data for meta-analysis

the meta-analysis (> < 25%,
no heterogeneity; > = 25% to
50%, moderate heterogeneity;
2> 50%, extreme heterogene-
ity). A fixed-effect model was

A 4

Studies included in this
meta-analysis (n = 15)

criterion, two stars), and outcome of study par-
ticipants (two criteria, one star for each). The
total score ranged from O to 9. Articles that gar-
nered five stars or more were considered high-
quality studies, and only these papers were
included in our meta-analysis.

Statistical analysis

The meta-analysis was spontaneously per-
formed using STATA 11.0 (STATA Corporation,
College Station, TX, USA). The results of each
randomized controlled trial were treated as
dichotomous frequency data. For all the out-
comes of interest, event numbers were extract-
ed from each individual study, and odds ratios
(ORs) and 95% confidence interval (Cl) were
calculated before data pooling. Combined ORs
and 95% Cl were used to estimate the response

8663

Figure 1. Flow diagram of the
study selection process and
specific reasons for exclusion
in the meta-analysis.

applied when no between-
study heterogeneity was found
by the Mantel-Haenszel meth-
od, and a random-effect
model based on the method of
DerSimonian and Laird was
used when significant heterogeneity existed
[15].

The robustness of the meta-analysis outcomes
was confirmed, and sensitivity analysis was
performed by omitting one individual study
each time using the “metainf” STATA command.
Begg's rank correlation and Egger's linear
regression method were used to evaluate
potential publication bias [16], which was also
graphically assessed by funnel plots. Egger’s
test results were statistically significant at P <
0.10. All reported P values were two-sided.

Results
Eligible studies and main characteristics

Fifteen trials met our inclusion criteria for meta-
analysis [17-31]. The detailed steps of our liter-
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Table 1. Characteristics of the included studies
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Loca- ) TNM  Histological Follow-up No. of pts RT dose GY/BT dose  CT completion
Author (year . Research time ) CT schedules (exp/ctr Score
(year) tion stage type time (exp/ctr) (exp/ctr) GY (%) (exp/ctr)

Wang et al. (2011) China 2006.6~2007.7 I~ SCC Up to 2010.7 34/34 WNDP: 40 mg/m?x6/ EBRT 46~56/BT 36~46 85/79 6
wCDDP: 40 mg/m?x6

Cheng et al. (2011) China 2005.1~2007.12 11~ ADC+SCC 3 years 32/32 WNDP: 30 mg/m?x6/ EBRT 40~50/BT 36~42 NR 6
wCDDP: 40 mg/m?x6

Lou et al. (2011) China 2004.5~2006.10 21l ADC+SCC Up to 2009.9 31/31 WNDP: 40 mg/m?x3/ EBRT 50/BT 30~40 81/55 5
wCDDP: 40 mg/m?x3

Wang et al. (2014) China 2011.1~2012.3 I~V NR NR 35/35 WNDP: 40 mg/m?x4/ EBRT 50/BT 40 NR 7
wCDDP: 40 mg/m?x4

Li et al. (2014) China 2010.10~2013.10 li~lll;  ADC+SCC+ASC 1 year 48/48 WNDP: 40 mg/m?x4/ NR NR 6
wCDDP: 40 mg/m?x4

Jiang et al. (2009) China 2000.1~2003.12 I~ ADC+SCC Up to 2007.12 34/30 wDCT: 25 mg/m?2x6/ EBRT 50~60/BT 18 NR 6
wCDDP: 40 mg/m?x6

Lietal. (2011) China 2008.6~2009.12 Il ~IV, ADC+SCC Up to 2011.1 16/22 wDCT: 25 mg/m?x6/ EBRT 50/BT 36 94/100 5
wCDDP: 30 mg/m?x6

Geara B et al. (2010) Lebanon 2000.5~2004.5 1;~1V, ADC+SCC 5 years 15/16 WPAC: 50 mg/m?x5/ EBRT 40/BT 26~34 80/87 8
wCDDP: 40 mg/m?x5

Wang et al. (2011) China 2004.3~2005.3 21l SCcC Up to 2009.3 30/28 WPAC: 60 mg/m?x6/ EBRT 48~54/BT 35~42 NR 6
wCDDP: 30 mg/m?x6

Narayanan et al. (2012) Kenya 2006.2~2007.2 I~ ADC+SCC NR 19/16 WPAC: 50 mg/m?x5/ EBRT 50/BT 21 NR 7
wCDDP: 40 mg/m?x5

Nagai et al. (2001) Japan  1991.1~1998.12 2l ADC+SCC+ASC 4 years 28/32 d5-FU:200 mg/dx4/ EBRT 50/BT 18~20 NR 7

tmCDDP:120 mg/ m?x4

Lanciano et al. (2005) America  1997.10~2000.7 1l ~IV, ADC+SCC+ASC 4 years 157/159 5d/w5-FU: 225 mg/m?x6/ EBRT 45/BT 30~40 72/56 8
wCDDP: 40 mg/m?x6

Xin et al. (2014) China 2009.10~2011.6  I,~IV, ADC+SCC+ASC NR 47/53 WPTL: 45 mg/m?2x4~6/ EBRT 45~50/BT 24~32 NR 6

wCDDP: 40 mg/m?x4~6

Coronel et al. (2013) Mexico NR I;~IV,  ADC+SCC+ASC 29 months 19/20 WVCR: 60 mg/m?x6/ EBRT 50.4/BT 30~35 NR 7
wCDDP: 40 mg/m?x6

Wang et al. (2012) China 2008.6~2010.12  lI~ ADC+SCC NR 40/40 wCPT-11: 40 mg/ EBRT 46/BT 32~45 NR 5

m?2x5/wCDDP: 25 mg/m?x5

NR: none reported; pts: patients; exp: experimental group; ctr: control group; CT: chemotherapy; RT: radiotherapy; EBRT: external beam radiotherapy; BT: brachytherapy; ADC: adenocarcinoma; SCC: squamous cell carcinoma; ASC: adenosqua-
mous carcinoma; wCDDP: weekly cisplatin; tmCDDP: twice per month cisplatin; wNDP: weekly nedaplatin; wDCT: weekly docetaxel; wPAC: weekly paclitaxel; wb-FU: weekly fluorouracil; 5 d/w5-FU: 5 days per week fluorouracil; wPTL: weekly
paclitaxel liposome; wVCR: weekly vinorebine; wCPT-11: weekly irinotecan.
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Table 2. Main outcomes of the eligible studies

Response rate

Local recurrent rate

OS (events/total)

Distant metastasis

Strategy Study (year) (events/total) (exp vs. ctr) (events/total) (exp rate (events/total)
(exp vs. ctr) vs. ctr) (exp vs. ctr)
NDP vs. CDDP Wang et al. (2011) NR 26/34 vs. 24/34 NR NR
Cheng et al. (2011) 32/32vs.31/32 22/32vs.23/32 4/32vs. 4/32 2/32vs.2/32
Lou et al. (2011) 31/31vs.31/31 22/31vs.20/31 NR NR
Wang et al. (2014) 19/35 vs. 10/35 NR NR NR
Li et al. (2014) 46/48 vs. 38/48 44/48 vs. 41/48 6/48 vs. 15/48 3/48 vs. 11/48
DCT vs. CDDP Jiang et al. (2009) 34/34 vs. 29/30 25/34 vs. 17/30 2/34 vs. 3/30 2/34 vs. 2/30
Lietal. (2011) 14/16 vs. 18/22 16/16 vs. 21/22 2/16 vs. 4/22 1/16 vs. 2/22
PAC vs. CDDP Geara B et al. (2010) 10/15 vs. 15/16 6/15 vs. 8/16 6/15 vs. 3/16 5/15 vs. 4/16
Wang et al. (2011) 29/30 vs. 27/28 23/30 vs. 19/28 2/30vs. 3/28 3/30 vs. 4/28
Narayanan et al. (2012)  18/19vs. 12/16 NR 1/19vs. 4/16 NR
5-FU vs. CDDP Nagai et al. (2001) 25/28 vs. 28/32 13/28 vs. 16/32 NR NR
Lanciano et al. (2005) NR 86/157 vs. 102/159 22/157 vs. 25/159 46/157 vs. 29/159
Others vs. CDDP Xin et al. (2014) 46/47 vs. 50/53 NR NR NR
Coronel et al. (2013) NR 15/19 vs. 14/20 NR NR
Wang et al. (2012) 26/30 vs 24/30 NR NR NR

NR: none reported; exp: experimental group; ctr: control group; CDDP: cisplatin; NDP: nedaplatin; DCT: docetaxel; PAC: paclitaxel; 5-FU: fluorouracil; PTL: paclitaxel lipo-
some; VCR: vinorebine; CPT-11: irinotecan.

Table 3. Main results of the meta-analysis for response rate, OS, local recurrent rate and distant

metastasis rate

Categories Outcome No. OR (95% Cl) z P 12 (%) P
(cases) n
NDP vs. CDDP Response rate 4 (292) 3.71 (.66~8.29) 3.20 0.001 0.0 0.749
0Ss 4 (290) 1.27 (0.73~2.22) 0.85 0.397 0.0 0.831
Local recurrent rate 2 (160) 0.46 (0.20~1.06) 1.85 0.068 359 0.212
Distant metastasis rate 2 (160) 0.34 (0.12~1.01) 1.94 0.052 312 0.228
DCT vs. CDDP Response rate 2(102) 1.928(0.396~9.379) 0.81 0.416 0.0 0.668
0s 2(102) 2.142(0.789~5.820) 1.49 0.135 0.0 0.963
Local recurrent rate 2(102) 0.602(0.163~2.227) 0.76 0.447 0.0 0.920
Distant metastasis rate 2 (102) 0.783(0.164~3.741) 0.31 0.759 0.0 0.868
PAC vs. CDDP Response rate 3(124) 0.892(0.290~2.743)F 0.20 0.842 621 0.072
0Ss 2(89) 0.653(0.285~1.496)% 1.01 0.314 80.4 0.024
Local recurrent rate 3(89) 0.850(0.320~2.260) 0.33 0.745 52.7 0.121
Distant metastasis rate 2 (89) 1.008 (0.335~3.033) 0.01 0.989 0.0 0.476
5-FU vs. CDDP Response rate 1(60) 1.190(0.242~5.844) 0.21 0.830 - -
0s 2 (376) 0.705(0.467~1.065) 1.66 0.097 0.0 0.663
Local recurrent rate 1(316) 0.873(0.471~1.625) 0.43 0.669 - -
Distant metastasisrate 1 (316) 1.858(1.094~3.154) 2.29 0.022 - -
PTL vs. CDDP Response rate 1(100) 2.760 (0.277~27.483) 0.87 0.387 - -
VCR vs. CDDP 0Ss 1(39) 1.607 (0.373~6.919) 0.64 0.524 - -
CPT-11 vs. CDDP Response rate 1(60) 1.625(0.408~6.469) 0.69 0.491 - -

All pooled ORs were derived from fixed-effects model except for cells marked with (randomR®). CDDP: cisplatin; NDP: nedaplatin;
DCT: docetaxel; PAC: paclitaxel; 5-FU: fluorouracil; PTL: paclitaxel liposome; VCR: vinorebine; CPT-11: irinotecan; P: P value for

statistical significance based on Z test; P: P value for heterogeneity based on Q test; - unable to calculate.

ature search are shown in Figure 1. 15 studies
with a total of 1142 patients and a sample size
that ranged from 31 to 316 were published
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from 2001 to 2014. Ten of them originated in
China [17-23, 25, 29, 31], and the rest in
Lebanon [24], Kenya [26], Japan [27], the
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Study NDP vs CODP OR (95% CI) Weight %

Cheng 2011 )” 10{0.12.78.87) 7.20
Wang 2014 —— 297(1.10.7.99) 68.93

——  §05{1.252032) 2387

Overal(Hsquared = 0.0% <> 3711568291 100.0
P=0749)

Study DCTvs CDOP OR (95% Cl)  Welght %

fana 2000 35110148642 1909

Li 2011 — 156(0.269.75) 80.91

Overal (l-squared = 0.0%, <> 193(0.409.38) 1000
P=0688)

00127 1 789
C,
Study ACvs CODP OR {85% CI) Weight %
Geara 2010 é_,__ 0.13(0.01.1.32) 7496
Wang 2011 B 1.0710.06.16.04) 1442
Narayanan 2012 .00 (0.50,60.44) 1082

Overal(spared =62.1%, <> 080(029274) 10000
=007

United State [28], and Mexico [30]. Five studies
included patients at stages Il to Il [18, 21, 22,
26, 31], three at stages | to IV [24, 29, 30],
three at stages > Il [19, 25, 27], and the other
at stage lll or stage Il to IV. Seven of the 15 eli-
gible studies focused on adenocarcinoma and
squamous cell carcinoma [18, 19, 22, 23, 24,
26, 31]; five of them contained adenocarcino-
ma, squamous cell carcinoma and adenosqua-
mous carcinoma [21, 27-30]; and two included
only squamous cell carcinoma [17, 25]. Five tri-
als used nedaplatin in the observation group
[47-21], three used paclitaxel [22-24], two used
docetaxel [25, 26], two used fluoropyrimidine
[27, 28], and the other three used paclitaxel
liposome [29], vinorelbine [30], and irinotecan
[31]. The quality scores of the included studies
ranged from five to eight stars. Twelve of the
eligible trials had reported the response rate
for the main outcome [18-27, 29, 31], and 11
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Figure 2. Forest plot of meta-analysis results for re-
sponse rates. A. Forrest plot to assess the response
rate when nedaplatin vs. cisplatin. B. Forrest plot to
assess the response rate when docetaxel vs. cisplatin.
C. Forrest plot to assess the response rate when pacli-
taxel vs. cisplatin.

had reported OS [17-19, 21-25, 27, 28, 30].
However, only eight and seven had reported the
local recurrent [18, 21-26, 28] and the distant
metastasis rates [18, 21-25, 28], respectively.
Table 1 shows the main characteristics of the
15 eligible trials, and Table 2 shows the main
outcomes of the studies through stratification
by different drug schemes.

Main results of response rate

The response rates reported by the 12 trials
ranged from 54.29% to 100% in the non-cispl-
atin group, and 28.57% to 100% in the cisplatin
group. After stratification by different chemo-
therapy regimens, only nedaplatin showed a
higher response rate than cisplatin (OR = 3.71;
95% ClI, 1.66 to 8.29, P = 0.001; fixed-effect
model; Table 3), with data from four trials on
292 patients. When docetaxel, paclitaxel, fluo-
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Figure 3. Forest plot of meta-analysis results for the overall survival rate. A. Forrest plot to assess the overall survival
rate when nedaplatin vs. cisplatin. B. Forrest plot to assess the overall survival rate when docetaxel vs. cisplatin.
C. Forrest plot to assess the overall survival rate when paclitaxel vs. cisplatin. D. Forrest plot to assess the overall

survival rate when fluorouracil vs. cisplatin.

ropyrimidine, paclitaxel liposome, and irinote-
can were compared with cisplatin, no statistical
significance was found on the response rate
(Table 3). No heterogeneity existed among the
studies for these outcomes, except paclitaxel
treatment (I* = 62.1%, P, = 0.072). A forest plot
for response rate in different drug regimens is
shown in Figure 2.

Main results of OS, local recurrent rate, and
distant metastasis rate

When the research focused on OS or local
recurrent rate, no significant advantage existed
when the other single-drug regimen was used
in the concurrent chemoradiotherapy com-
pared with cisplatin. However, when the
research was aimed at distant metastasis rate,
fluoropyrimidine showed a disadvantage in con-
trolling disease metastasis with only one report
in 316 patients (OR = 1.858; 95% CI, 1.094 to
3.154, P = 0.022; fixed-effect model; Table 3),
which indicated that cisplatin demonstrated a
better rate than fluoropyrimidine in reducing
distant metastasis for cervical cancer. No
extreme heterogeneity existed among the stud-
ies for these outcomes, except paclitaxel treat-
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ment for OS (1> = 80.4%, P, = 0.024). The main
results for these indexes are shown in Table 3.
Forest plots for these outcomes in different
drug regimens are shown in Figures 3-5.

Main results of toxicity

A summary of WHO grade 1 or greater drug-
related toxicities is shown in Table 4. Con-
siderable variability in the completeness of tox-
icity reporting was found among the included
studies. Overall, nedaplatin therapy showed a
significant advantage in reducing the risk of
nausea and vomiting (OR = 0.21; 95% ClI, 0.13
to 0.36, P < 0.001; fixed-effect model), renal
dysfunction (OR = 0.41; 95% CI, 0.23 to 0.74, P
= 0.003; random-effect model), liver dysfunc-
tion (OR = 0.40; 95% CI, 0.19 to 0.86, P =
0.019; fixed-effect model), and diarrhea (OR =
0.41; 95% CI, 0.19 t0 0.91, P = 0.027; random-
effect model). However, it acted as a promoting
factor in thrombocytopenia (OR = 1.84; 95% ClI,
1.14 to 2.97, P = 0.012; random-effect model).
When docetaxel treatment was used in the
concurrent chemoradiotherapy, it protected
against myelosuppression (OR = 0.21; 95% Cl,
0.09 to 0.47, P < 0.001; random-effect model)
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and gastrointestinal toxicity (OR = 0.19; 95% Cl,
0.08 to 0.44, P < 0.001; fixed-effect model).
Paclitaxel and fluoropyrimidine both showed a
protective effect on myelosuppression (OR =
0.37,95% CI: 0.17 t0 0.81, P = 0.013, random-
effect model; OR = 0.24, 95% CI: 0.14 to 0.43,
P < 0.001, fixed-effect model), and paclitaxel
showed a significant superiority in decreasing
the risk of nausea and vomiting (OR = 0.40,
95% CI: 0.17 to 0.92, P = 0.030; random-effect
model). Meanwhile, two studies with a total of
376 patients reported that fluoropyrimidine
therapy was associated with a significant
reduction in the risk for overall Grades Il to IV
toxicity (OR = 0.34, 95% CI: 0.22 to 0.52, P <
0.001; random-effect model). Heterogeneity
among individual studies was found in some
toxicity analyses, possibly because of the dif-
ferent treatment regimens.
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Figure 4. Forest plot of meta-analysis results for the
local recurrent rate. A. Forrest plot to assess the
overall local recurrent rate when nedaplatin vs. cis-
platin. B. Forrest plot to assess the overall local re-
current when docetaxel vs. cisplatin. C. Forrest plot
to assess the overall local recurrent when paclitaxel
vs. cisplatin.

Sensitivity analysis and publication bias

Sensitivity analyses were conducted by individ-
ually excluding studies and analyzing the
effects of such exclusion on the remaining
studies to assess the robustness of the results.
No individual study significantly affected the
OR for response, OS, local recurrent or distant
metastasis rates. Funnel plot analysis and
Egger’s test were also performed to evaluate
publication bias. The results showed no publi-
cation bias in each test for each endpoint
analysis.

Discussion
In the past, radiotherapy was the first choice for

treating advanced cervical cancer, but 30% to
40% treatment failure always occurred. The
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main cause of treatment failure was the loss of
local control and relapse of the tumor, which
was followed by lymph node metastasis and
distant spread, which were related to certain
reasons, such as enormous tumor volume,
hypoxic cells and parametrical infiltration insen-
sitive to radiotherapy, or radiotherapy could not
control the radiation field outside the sub-infil-
tration lesions [22]. Concurrent chemoradio-
therapy shows some theoretical advantages of
avoiding any delay in the initiation of radiother-
apy, which is the main treatment method, short-
ening the overall treatment time, preventing the
tumor from relapse and cross resistance to
therapy, and radiosensitizing the effect of che-
motherapeutic agents compared with neoadju-
vant therapy [32, 33]. Concurrent chemoradio-
therapy does not only strengthen the control of
local lesions, but also considers the treatment
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vs. cisplatin. B. Forrest plot to assess the distant
metastasis rate when docetaxel vs. cisplatin. C.
Forrest plot to assess the distant metastasis rate
when paclitaxel vs. cisplatin.

for systemic micrometastasis [34]. Concurrent
chemoradiotherapy is presently the main treat-
ment method for local advanced cervical can-
cer. Chemotherapy drugs act as a radiation
sensitizer, and a synergistic effect combined
with radiotherapy is revealed.

Currently, the most commonly used regimen for
concurrent chemoradiotherapy is the multi-
drug combination scheme, especially the cispl-
atin-based regimen. However, the multi-drug
combination scheme has shown its limitations
in multiple trials. Kim et al. [35, 36] found that
the addition of fluorouracil to cisplatin in
chemoradiation for locally advanced cervical
cancer results in higher acute complication and
poorer compliance without any clear improve-
ment in treatment outcomes; the cisplatin
alone regimen also has the advantage of not
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Table 4. Main results of the meta-analysis for toxicity

No. of studies

Strategy Outcomes (patients) OR (95% CI) P (%) P,
NDP vs. CDDP Nausea and vomiting 5 (360) 0.21 (0.13~0.36) <0.01 0.0 0.754
Leucopenia 4 (290) 0.84 (0.48~1.49)F  0.560 58.9 0.063
Thrombocytopenia 4 (290) 1.84 (1.14~2.97)% 0.012 84.0 <0.01
Renal dysfunction 5 (360) 0.41 (0.23~0.74)% 0.003 74.4 0.004
Liver dysfunction 3( ) 0.40 (0.19~0.86) 0.019 3.5 0.355
Diarrhea 2( ) 0.41 (0.19~0.92)}*  0.027 85.7 0.008
DCT vs. CDDP Myelosuppression 2( ) 0.21 (0.09~0.47)% <0.01 88.1 0.004
Gastrointestinal toxicity 2 (102) 0.19 (0.08~0.44)} < 0.01 69.4 0.071
Renal dysfunction 2 (102) 0.46 (0.10~2.20) 0.330 0.0 0.369
PAC vs. CDDP Myelosuppression 3(124) 0.37 (0.17~0.81)8 0.013 66.5 0.051
Nausea and vomiting 2(93) 0.40 (0.17~0.92) 0.030 0.0 0.799
Diarrhea 3(124) 1.07 (0.46~2.50) 0.873 0.0 0.497
5-FU vs. CDDP Myelosuppression 2 (376) 0.24 (0.14~0.43) <0.01 0.0 0.730
Nausea and vomiting 2 (376) 0.70(0.43~1.14) 0.155 0.0 0.990
Overall Grade Ill to IV toxicity 2 (376) 0.34 (0.22~0.52) <0.01 0.0 0.892

All pooled ORs were derived from fixed-effects model except for cells marked with (randomR). CDDP: cisplatin; NDP: nedaplatin;
DCT: docetaxel; PAC: paclitaxel; 5-FU: fluorouracil; PH: P value for heterogeneity based on Q test; P: P value for statistical signifi-

cance based on Z test; -: unable to calculate.

requiring hospitalization. When paclitaxel was
added into the cisplatin-based scheme, quality
of life did not significantly improve, but Grades
3 to 4 toxicity was more common [37]. The
sequential chemotherapy of paclitaxel plus car-
boplatin in high-risk cervical cancer did not
show any significant benefit to the survival rate,
but more phenomena of toxicity occurrence
and a higher frequency of early treatment ter-
mination appeared than the cisplatin alone
regimen [38]. Thus, there is not enough evi-
dence to prove that multi-drug chemotherapy
with radiotherapy has any advantage compared
with single-agent concurrent chemoradiothera-
py; however, the latter can significantly reduce
the side effects, and is easily accepted by
patients. Thus, it is more suitable for the treat-
ment of cervical cancer.

Cisplatin is a broad-spectrum anticancer drug,
which mainly acts on the target cell DNA, influ-
ences the interlinking interchain or internal
chain, and interferes with DNA replication and
the synthesis of nuclear protein or cytoplasmic
protein [39]. As one of the earliest researched
and the most commonly used sensitizer for
radiotherapy, cisplatin has an affirmative effect
on concurrent chemoradiation, but it also has
some limitations in clinical use because of its
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strong side effects. Therefore, some other che-
motherapy drugs have been researched to
seek an alternative. In this meta-analysis, 15
trials that covered seven chemotherapeutics
were searched as a comparison with cisplatin.
Unfortunately, three of the sevev chemothera-
peutics failed to conduct data synthesis
because of only one report on them. Based on
the results of meta-analysis of the remaining
trials, no advantage was found in response, OS,
local recurrent, or distant metastasis rates,
except for nedaplatin in the response rate. This
result indicated that nedaplatin displayed a
similar or even better clinical efficacy to the
single-cisplatin regimen. However, this conclu-
sion should be regarded with caution because
of the small sample size.

Toxicity is an important indicator for evaluating
the safety and tolerance of pharmaceuticals.
From the composite results that were collected
from the eligible cases, some toxicity was found
to be more severe in patients who received the
single-cisplatin treatment. By contrast, neda-
platin, docetaxel, paclitaxel, or fluorouracil
showed superiority in reducing the risk of over-
all toxicity. However, nedaplatin displayed a dis-
advantage to thrombocytopenia, which was a
main constraint for dose limitation. In particu-
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lar, the toxicity of thrombocytopenia caused by
nedaplatin was mainly in Grade | or Il, and could
be rapidly eased by applying the granulocyte
colony-stimulating factor; thus, the treatment
process was unaffected [17]. To sum up, neda-
platin, docetaxel, paclitaxel, or fluorouracil may
be used as an alternative for patients who can-
not tolerate the side effects of cisplatin.

The technique and dosage of radiotherapy, in
this study, were different in individual trials. The
outcome of therapeutic efficacy and toxicities
should be regarded as a comprehensive
response of the whole treatment. Thus, the
superiority of one regimen over the other
depends on when either radiotherapy or the
radiosensitizer is used. Some other limitations
also existed in our meta-analysis. 1) Considering
the limitation on the quality and quantity of the
eligible trials in this meta-analysis, the conclu-
sions should be regarded with caution. 2) The
included studies are mainly in China, so only
the research status of China is reflected. 3)
Other factors may influence heterogeneity,
such as the timing or approach of drug delivery
and surgery. Unfortunately, this information
could not be accessed.

In conclusion, concurrent chemoradiotherapy
has a treatment history of nearly 20 years for
cervical cancer, and many patients have bene-
fited from it. Given the considerable side effects
of this chemotherapy drug, choosing drugs with
better curative effects and less toxicity as
radiosensitizers is the trend in concurrent
chemoradiation. The data in our meta-analysis
indicated that single-drug chemotherapy with
nedaplatin, paclitaxel, docetaxel, or fluorouracil
may be the direction of concurrent chemoradio-
therapy in the future. Future studies requires
randomized controlled experiments with more
multi-centers, large sample, proper design, and
long follow-up time to prove a more effective
and tolerable scheme.
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