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ABSTRACT

Objective: Few data exist regarding adjuvant hysterectomy (AH) in locally advanced cervical
cancer (LACC) patients treated with chemoradiotherapy. We investigated the effect of AH on
prognosis in LACC patients, through meta-analysis.

Methods: EMBASE and MEDLINE databases and the Cochrane Library were searched for
published studies comparing LACC patients who received AH after chemoradiotherapy with
those who did not, through April 2016. Endpoints were mortality and recurrence rates. For
pooled estimates of the effect of AH on mortality/recurrence, random- or fixed-effects meta-
analytical models were used.

Results: Two randomized trials and six observational studies (AH following
chemoradiotherapy, 630 patients; chemoradiotherapy, 585 patients) met our search criteria.
Fixed-effects model-based meta-analysis indicated no significant difference in mortality
between the groups (odds ratio [OR]=1.01; 95% confidence interval [CI]=0.58-1.78; p=0.968)
with low cross-study heterogeneity (p=0.73 and I>=0.0). This pattern was observed in
subgroup analysis for study design, radiation type, response after chemoradiotherapy, and
hysterectomy type. The pooled OR for AH and recurrence was 0.59 (95% CI=0.44-0.79;
p<0.05) with low cross-study heterogeneity (p=0.29 and I?’=17.8), favoring the AH group.
However, this pattern was not observed in the subgroup analysis for the randomized trials.
There was no evidence of publication bias.

Conclusion: In this meta-analysis, AH following chemoradiotherapy did not improve survival
in patients with LACC, although it seemed to reduce the risk of recurrence. Concerning the
significant morbidity of AH after chemoradiotherapy, routine use of AH should be avoided.

Keywords: Cervical Neoplasms; Hysterectomy; Chemoradiotherapy; Prognosis; Meta-Analysis

INTRODUCTION

Since cytological screening was introduced, the incidence of cervical cancer has decreased
remarkably. However, in 2012, there were approximately 528,000 new cases and 266,000
cervical cancer-associated deaths worldwide [1]. In Korea, it is the most common female

1/18


https://ejgo.org
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-8043-2257
https://orcid.org/0000-0001-8043-2257
https://orcid.org/0000-0003-4319-336X
https://orcid.org/0000-0002-9258-8109
https://orcid.org/0000-0003-4769-9093
https://orcid.org/0000-0001-8043-2257
https://orcid.org/0000-0003-4319-336X
https://orcid.org/0000-0002-9258-8109
https://orcid.org/0000-0003-4769-9093
http://crossmark.crossref.org/dialog/?doi=10.3802/jgo.2018.29.e25&domain=pdf&date_stamp=2018-01-05

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Adjuvant hysterectomy in cervical cancer

No potential conflict of interest relevant to this

article was reported.

Conceptualization: S.S.H.; Data curation:
S.S.H.,KS.N.,CS.H., KJ.E, LS.J.; Formal
analysis: S.S.H., K.S.N.; Funding acquisition:
S.S.H., K.S.N.; Investigation: S.S.H., K.S.N.,
C.S.H., K.J.E., L.S.J.; Methodology: S.S.H.,

K.S.N., L.S.J.; Resources: S.S.H., K.S.N.,CS.H.,

K.J.E., L.S.J.; Software: S.S.H., K.S.N., CS.H.,
K.J.E., L.S.J.; Supervision: S.S.H., K.S.N.;

Validation: S.S.H., K.S.N.; Visualization: S.S.H.;

Writing - original draft: S.S.H., K.S.N., C.S.H.,

K.J.E., L.S.J.; Writing - review & editing: S.S.H.,

K.S.N., C.S.H., KJ.E., L.SJ.

https://ejgo.org

genital malignancy, and in 2013, the age-standardized incidence rate was 9.5 cases per
100,000 women [2,3].

Based on five phase III randomized control trials demonstrating that concurrent
chemoradiotherapy (CCRT) improves survival outcome in patients with locally advanced
cervical cancer (LACC) [4], CCRT is accepted as the standard treatment for these patients
[5,6]; however, the 5-year overall survival remains approximately 70%. Investigators have
evaluated whether adjuvant hysterectomy (AH) after CCRT contributes to any survival
benefit. One randomized controlled trial (RCT) by the Gynecologic Oncology Group (GOG)
investigated the role of AH after radiotherapy (without concomitant chemotherapy) in this
patient population [7]. Nonetheless, in the era of CCRT, there is still conflicting evidence
regarding the therapeutic role of AH in LACC.

The current meta-analysis quantified the effects of AH on survival outcome in LACC patients
treated with CCRT. This will help both physicians and LACC patients to balance the risks and
benefits of AH after CCRT.

MATERIALS AND METHODS

1. Literature search

A systematic review and meta-analysis were performed using previously described reporting
guidelines [8-10]. The EMBASE and MEDLINE databases, and Cochrane Central Register for
Controlled Trials database were searched up to April 2016, irrespective of language. Pre-
publication papers were also included. The search strategy is described in the Supplementary
Data 1. Titles and abstracts were checked to identify potentially eligible studies. The full texts
were then reviewed in detail. References were manually screened to find additional studies.
Two authors (S.S.H. and L.S.].) independently carried out all searches.

2. Eligibility criteria

Inclusion criteria for this meta-analysis were as follows: 1) RCT or prospective/retrospective
cohort or case-control study; 2) participants receiving primary CCRT for LACC (stage IB2
to IVA); 3) AH following CCRT (CCRT+AH), as intervention; 4) CCRT without AH (CCRT),
as comparison; and 5) outcomes of mortality or recurrence rates measured via relative

risks (RRs), odds ratios (ORs), or hazard ratios (HRs) with 95% confidence intervals (Cls)
(or sufficient data for calculation). For studies with duplicated data, the most recent or
instructive study was selected. Single-arm cohort studies or case reports were excluded.

3. Data extraction

The following data were extracted from each study: first author; publication year; study
design, location, and period; age; sample size; tumor stage; histology; radiotherapy details
(dose, duration, external beam radiotherapy [EBRT], intracavitary brachytherapy [ICBT]);
concomitant chemotherapy details (regimen, dose, duration); AH details (simple or radical);
time interval from CCRT completion to AH; disease status after CCRT, follow-up duration;
recurrence; death from disease; adverse events related to treatment; and variables controlled
for in the analysis. For response after CCRT, a good response was defined as a decrease in
tumor volume >50% on magnetic resonance imaging (MRI) on completion of CCRT [11,12].
Each study was systematically reviewed for features that may introduce bias, similarity of risk
factors for prognosis, and similarity of follow-up durations, between the CCRT+AH group

https://doi.org/10.3802/jg0.2018.29.€25 2/18


https://ejgo.org

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Adjuvant hysterectomy in cervical cancer

https://ejgo.org

and the CCRT group. Three authors (S.S.H., L.S.J., and K.S.N.) independently extracted data;
discrepancies were jointly reviewed until consensus was reached.

4. Quality assessment

For non-randomized studies (NRSs), the quality of each study was evaluated using the
nine-star Newcastle-Ottawa scale (NOS) in three categories: selection, comparability,

and exposure (case-control studies) or outcomes (cohort studies) [13]. Based on quality
assessment standards from previous meta-analyses [14], a study with five or more stars was
defined as high quality in the present meta-analysis. To evaluate the study quality for RCTs,
the following features were assessed: randomization procedure, estimation of sample size,
blinding and allocation concealment, loss to follow-up, dropout and intention-to-treat
analysis [15]. Study quality was quantified using the Jadad/Oxford quality scoring system
[16]. Three authors (S.S.H., L.S.J., and K.S.N.) independently evaluated study quality;
discrepancies were jointly reviewed until consensus was reached.

5. Data generation and analysis

The primary endpoint was the mortality rate. The secondary endpoints were the total, local,
and distant recurrence rates. The OR and 95% CI for the mortality or recurrence rates for the
CCRT+AH and CCRT groups were calculated from the original data of each study. Cross-
study heterogeneity was examined using the Cochran Q test and the I? statistic [17,18]. If
either the Q test (p<0.1) [17] or the I? statistic (>50%) [18] indicated substantial heterogeneity
between studies, a random-effects model was used (DerSimonian-Laird method) to estimate
the combined OR; [19] otherwise, a fixed-effects model (Mantel-Haenszel method) was
used. Subgroup analyses according to study design (RCT or NRS), type of radiation (ICBT
following EBRT or EBRT only), residual tumor after CCRT (residual or no residual), response
after CCRT (good response or not), and type of AH (simple hysterectomy [SH] or radical
hysterectomy [RH]) were carried out.

Sensitivity analysis was conducted by withdrawing 1 study at a time from the meta-analysis to
evaluate its effect on the pooled OR [10]. Publication bias was determined using the fail-safe
N test [20] and the Begg-Mazumdar rank correlation test [21,22]. Comprehensive Meta-
Analysis version 2.0 (Biostat, Englewood, NJ, USA) was used for all statistical tests. A 2-sided
p value <0.05 was considered significant. The statistician (K.S.N.) contributed the present
meta-analysis.

RESULTS

1. Literature search

From 842 records, 38 papers were identified for detailed full-texts review. Finally, eight studies
were included in the meta-analysis [11,12,23-28]. The literature search process is depicted in
Fig. 1. Supplementary Table 1 shows the excluded studies with reasons for exclusion.

2. Study characteristics

Table 1lists the study characteristics. Eight papers, published between 2008 and 2014, involved
630 LACC patients who received AH after CCRT and 585 who did not receive AH after CCRT.
Two were RCTs [25,26] and 6 were NRSs [11,12,23,24,27,28]. The studies were conducted in
France [12,25,27], Mexico [24,26], China [11,28], and the US [23]. For the RCTs, the quality
score was 3 on the Jadad/Oxford quality scoring system (Supplementary Table 2). For the

https://doi.org/10.3802/jg0.2018.29.€25 3/18


https://ejgo.org

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Articles identified Articles identified Articles identified
in MEDLINE database search (n=662) in Cochrane database search (n=41) in EMBASE database search (n=596)

Adjuvant hysterectomy in cervical cancer

A
‘ Records after duplicates removed (n=842) ‘

Excluded based on screening
or titles (n=725)

A
‘ Potentially relevant studies screened (n=117)

>} Excluded based on abstracts (n=80)
N
‘ Full-text articles assessed for eligibility (n=37) ‘
Handsearch based on references Full-text articles excluded (n=29)
but excluded (n=8) P Non-comparative (n=9)
Non-comparative (n=6) b Case report (n=2)
Comparison is not CCRT (n=2) > Duplicate (n=2)

Did not give data calculate (n=4)
Comparison is not CCRT (n=10)
Review (n=2)

A
Included in meta-analysis (n=8)

Fig. 1. Flow diagram of the literature search process.
CCRT, concurrent chemoradiotherapy.

NRSs, the quality scores were 6 or 7 (Supplementary Table 3). All included NRSs received
three stars and 2 stars for selection and exposure, respectively. One study received one star for
comparability because of one controlled confounder (e.g., disease status after CCRT); 5 studies
received two stars because they satisfied additional comparability criteria.

The median ages in the CCRT+AH group and CCRT group were 47 and 48 years, respectively,
with median follow-up periods of 88 and 90 months, respectively. All studies, except 1 [12],
reported similar histology distributions (squamous and non-squamous) between CCRT+AH
and CCRT groups. All patients received concomitant cisplatin-based chemotherapy. In

5 studies, patients received a concomitant weekly single cisplatin regimen [11,12,23-25],
whereas the other studies featured combination cisplatin regimens [26-28]. The median
EBRT dose was 48.3 Gy (range, 40-55 Gy). ICBT following EBRT was administered to

both groups in all studies, except for 2 in which the CCRT+AH group did not receive ICBT
[11,26]. The time interval from CCRT completion to AH ranged from 2 to 12 weeks. One
study included only patients that achieved complete response after CCRT [25] and 2 studies
included only patients that achieved a good response (decrease in tumor volume >50%)

after CCRT [11,12]. The other 5 studies included all patients who did not show progressive
disease after CCRT completion [23,24,26-28]. The type of AH was SH in 1 study [23], RH in 3
[11,24,26], and a mixture of AH and RH in 4 [12,25,27,28].

3. Meta-analysis of the impact of AH on survival

Five studies compared CCRT+AH with CCRT in terms of survival with a combined total of
60 deaths (33/208 patients with CCRT+AH vs. 27/178 patients with CCRT). No significant

https://ejgo.org https://doi.org/10.3802/jg0.2018.29.€25 4/18


https://ejgo.org

GYNECOLOGIC

JOURNAL OF
ONCOLOGY

)

in cervical cancer

Adjuvant hysterectomy

(e8ed 3xaU BY3 01 panuiIU02)

Apnis
L:305-UON (0g=u) 1012U02-8580
ANE\ME O?v Ly dN €6 :00S L€ ‘gal Ay 14 S 1430 m>_uUwaObwm
unedsio 8:00S-UON (¥e=u)  ¥00G-v66L /leg] e
3pae  ¥o-HS v 9 Apream 95> Sy Sy Ly 4N 91:00S all Ay 14 € HY+1420 /sn Je snieg
el
TL:DO0S-UON ¥ :VII (ot=u) RS e
(g 86:00S  6:al S 8 8 1822 Spouorew
(;w/3w o) Lo annoadsonay
uiedsio GL:00S-UON  v:vII (ov=u)  €£005-6661 /l9g] e
8pOoqe OFHY IV L Apeam ov e 0S 9% UN 86:00S  6:dl  Sp 8 8 HY+1400  /0dIXal 10 BUNGD
(vt=u) fpnis
18 €A 6 ol 1400 1013U09-55€D
(/3w o) gL annoedsonay
L9 :HY jSiepuodsal uneydsio 9L:00S-UON  LL:II (L9=U) 9002-8661 /[al] e
4 JoHs  pood Auo L-S Asam 4N g€ Sy 4N 8L §6 :00S GG -4l LS L Sl HY+1420 [eouel4 anbensn3a
9:00S-UON  §L:II (og=u)
siapuodsai (/3w ot) 6 ¥6:00S  Sligdl  Sv L € 1420
39 I:HY  @191dwod uneidsio €:00S-UON  GL: (le=u)  9003-£00% 104 / [sg]
9°0°q®  JOHS Auo 8-9 Apteam LS SL 0S-S¥ 14 6 86 :00S 9l ‘edl St 14 8 HVY+1d20 /a0uely ‘1B 18 80LIOW
oL -4l
(/3w 531) LL Uum.coz gl w<__ (oot=u)
B — N €8:00S  8LiEdl b EN el 1429
+ (;w/Bw ov) es il
uipeldsio LL:DJS-UON L3Vl (Ll=u)  6005-¥00  L0¥/[¥c]
8poqe 98:HY v 9- Apeam Ly S€-05 0§ 98 UN 00L:20S 8Lzl Sv UN sl HY+1400  /0oIXe ‘e 19 BUN®D
‘Spue‘y g
e
w/3w 53-03, . .
:N_um_ 5 G:DD0S-UON  G:vII (g=u) fpmis
Jau/3u 057) Jig 66:00S  bigal IS S 9 1429 J01U00-558
uoisnyul Lg gl aAoadsounay
PLHY |1oBIN0IONY-G L:00S-UON VI (9v=u)  3lL0E-3003 /L] 1830
gpo GE ‘HS v 9 ApeemiiL 4N (014 S9-0F LE 6 6€ :00S SL:aal K94 9 9 HVY+1d20 /a0uely neasyd
G VNI
(/3w 009) Ly Uu.m.coz oot w___ (981=U) fpms
JOBANCIONY-C N 0¥L:00S  ¥8:dll EN 69 1429 JoU00-558
+ (;w/3w ot) L:VAl aAoadsosnay
3L :HY unedsio € :00S-UON  LOL :II| (c61=u)  310B-266L / [8e] e
89°q 66 ‘HS v Gl-0L AREEIT 4N §5-S¥  09-S¥ 061 8L 6vL:00S 06 :4ll 8y 4N [43 HV+1d20 [euyd 18 uns
Apnis
5:008-UON (D) 1043U02-858D
(/3w ot) og L 9lL:D0S  lel:gll  c§ UN 1 1420 anoedsoney
|siepuodsal upredsio L:0JS-UON (BLL=U) 1103-7003% /1] e
8999 6lL:HY poos Auo €3 Apyeam ;09  5€-8%  0S-Of 9¢ gl glL:00s el Sb dN I HY+1400  /eulyd 18 Buem
HY Jo (4m) HY 01 (Kep) (fo) (fo)
Suwn  uoneldwoo 14D UswiSe)  [¥DDJO 18D 143 (ow)
Hv  Jesnmeis  woyjensul Adelsylowsyo uoneinp Jossop Jo8sOp  poued ("oN) (1K) (‘oN)
.So|qeuen 30 adAL  eseesia SW UBIPSIN  JUBJWOOUOD  UEBIPSIN  UBIPAIN  UBIPSIW  dn-mojjo siseselsw (‘oN) (‘oN) afe  aseasip (oN) pouiad Apnis udisap
paisnfpy S|IeI8p HY S|IE319p 140D Uelpan N1 A30j0151H  o8e1S  UBIpS  JOY1ead 90USLNDSY JUBWIBAll  /UONEIOT /fpms

sisAjeue-e18W BY3 U] PEPN)OUI SBIPNIS JO SOIISIIBIOBIRYD °L B)qeL

5/18

//doi.org/10.3802/jg0.2018.29.625

https

://ejgo.org

https


https://ejgo.org

GYNECOLOGIC

JOURNAL OF
ONCOLOGY

)

*(8) poriad dn-moijoy uelpaw (}) 14D Joye snyes aseasip () siseiseiaw N7 o1aad ((p) azis Jowny jeniul £(2) A30101s1y

‘(q) e3e3s :(e) a3e :m0)]0} SE aJe se]qeLIeA palsnipe, . (uone)dwod 14D Jeye asessip anlssai304d Moys 10U pip oym sjusiied gy (142D JO uo118)dwod uo [YiN 01 SUIPJ0IJE 9,0S 1SES] I€ JO BWNJOA
Jowin] Ul 8sea409p B Sk pauysp sem asuodsal pood; :dnou3 Hy aya 4o} paw.iopiad 1ou sem Adessyifyoe.qgs {HY ou yum dnoid ay3 ul uoireIPEIOWSYD JO UOIIRIND UBIPBW, :a3eiane palydiam, ‘Uesn,
‘“Awo1oa101sAy o)dwis ‘HS fewouldIed 1190 snowenbs ‘02S Awo0108491sAY 1edIpe) ‘HY fel] Pa]10au0d paziwopuel ‘1Y pariodal

10U ‘YN :BuiSew) aoueuosal o13ouSew ‘|HIN epou ydwA ‘N7 ‘Adessyifyoeiq Areyneseniul ‘1gd| ‘Adeayiolpes weaq jeutalxa ‘14g3 ‘Adesaylolpeiowayd JuaLinduod ‘1HIJ ‘Awo3oaia1sAy Juean(pe ‘Hy

in cervical cancer

G VNI
ooL Il
(%lg)  96:00S-UON ¥ :ll (585=U)
106 66640 LL  Lyy:O0S  LL'gdl 187 8LLJO Lo €el 1420
L:VAI
LoL
(0%6l)  ¥6:00S-UON #85:Il (0g9=u)
10°LE €Ly 188 €90J06Yy 897:00S  G6:6dl Ly 80GJOEE 96 HV+1420 paulquiod v
G VNI
ooL:l
(%l)  9L:DJS-UON SL:ll (s5t=u)
190L 66LJ0G9  9€€:00S  v¥icdl 16V 8¥LJ0 9% SLL 1430 pauIgWoo
LvAl salpms
oL JeuoITeAI8SqO
(%LL) LL:DJS-UON 9LL:II (ggp=Uu) paziwopue.
17'6E 1997 150L GEG00F  ¥PEDDS  8F:cdl WLy LLLJO 8T SL HV+1420 -UoN
(%67)  €6:0S-UON L6 (og1=u)
16€ l£jo6 LOL:DDS  €gedl b ocjolL 8L 1420
(%67)  ¥L:00S-UON 8OL:lI (@v1=u) pauIquI0
19'8% 1008 18€ l€Jo6 86 :00S Y€ ‘dl 1SV lEjov 16 HVY+1d420 S10Y
HY Jo (1m) Hy 01 (fep) (o)  (fo)
Suwn  uonedwoo 143D  uawidal 1420 J0 1401 1483 (ow)
Hvy  1esmeis  woyjensul Adelsylowsyo uoneinp Jossop Jo8sOp  pouad ("oN) (k) ("oN)
.So|qeuen 30 adAL  eseesig SWI UBIPAIN  JUBJWODUOD  UEBIPSIN  UBIPAIN  UBIPSIW  dn-mojjo siseselsw (‘oN) (‘oN) o8e  aseasip (‘oN) pouad Apnis udisap
paisnlpy s|ie19p HY s|le1sp 142D ueIpai N1 A30j03sIH  98EIS  UBIPAI JOUIeSQ 9OUBLINISY JUSWIEAIL  /UONEJOT /Apms

Adjuvant hysterectomy

sisAjeue-e3aW ay3 ul papnjoul Sa1pN3s JO So1ISIIaI0eIRYD (Panuiluo)) L aqeL

6/18

//doi.org/10.3802/jg0.2018.29.625

https

//ejgo.org

https


https://ejgo.org

Adjuvant hysterectomy in cervical cancer

)SO

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

difference in the mortality rate was observed between the 2 groups (OR=1.01; 95% CI=0.58—
1.78; p=0.968) with low cross-study heterogeneity (p=0.73 and I’=0.0) (Fig. 2A).

In the sensitivity analysis, no study significantly influenced the pooled OR for AH and
mortality (Supplementary Fig. 1A). No publication bias was found; the funnel plot was
symmetrical (Supplementary Fig. 2A).

A
Study name Statistics for each study Death/Total OR and 95% ClI
OR Lower Upper p-value CCRT+AH CCRT
limit  limit
Chereau et al. [27] 0.870 0.242 3.127 0.831 6/46 5/34
Morice et al. [25] 4.296 0.451 40.890 0.205 4/31 1/30
Léguevaque et al. [12] 0.764 0.288 2.029 0.589  11/67  9/44 I —
Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40  8/40
Darus et al. [23] 1.300 0.289 5.847 0.732 4/24 4/30 |
1.012 0.575 1.780 0.968 l
! I I 1 I I i
01 02 05 1 2 5 10
CCRT+AH CCRT
B
Group by Study name Statistics for each study Death/Total OR and 95% ClI
Study Design OR  Lower Upper p-value CCRT+AH CCRT
limit  limit
NRS Chereau et al. [27] 0.870 0.242 3.127 0.831 6/46 5/34
NRS Léguevaque et al. [12] 0.764 0.288 2.029 0.589  11/67  9/44 —
NRS Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40 8/40
NRS Darus et al. [23] 1.300 0.289 5.847 0.732 4/24  4/30 I
NRS 0.918 0.512 1.646 0.774
RCT Morice et al. [25] 4.296 0.451 40.890 0.205 4/31  1/30 |
RCT 4.296 0.451 40.890 0.205 I
Overall 1.021 0.575 1.780 0.968 l
01 02 05 1 2 5 10
CCRT+AH CCRT
C
Group by Study name Statistics for each study Death/Total OR and 95% ClI
RT type OR  Lower Upper p-value CCRT+AH CCRT
limit  limit
EBRT+ICBT Chereau et al. [27] 0.870 0.242 3.127 0.831 6/46  5/34
EBRT+ICBT Morice et al. [25] 4.996 0.451 40.890 0.205 4/31  1/30
EBRT+ICBT Léguevaque et al. [12] 0.764 0.288 2.029 0.589  11/67  9/44 4+
EBRT+ICBT Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40 8/40
EBRT+ICBT Darus et al. [23] 1.300 0.289 5.847 0.732 4/24 4/30 I
EBRT+ICBT 1.012 0.575 1.780 0.968
Overall 1.012 0.575 1.780 0.968 :
0?1 0?2 0?5 ‘II é é 1’0
CCRT+AH CCRT

Fig. 2. (A) ORs for the risk of mortality in each study and all studies combined; AH following CCRT was compared with CCRT alone in a meta-analysis based on
the fixed-effects model. Low cross-study heterogeneity was observed (p=0.73, I>=0.0). The association between AH and mortality in subgroup meta-analyses

is shown according to (B) study design, (C) type of radiation, (D) response after CCRT, and (E) type of hysterectomy. The size of each square is proportional to
the sample size in each study, and the horizontal line through the square indicates the 95% CI for that study. For the pooled analysis, the diamond indicates the

pooled value, and the right and left ends of the diamond indicate the 95% CI for the analysis.

AH, adjuvant hysterectomy; CCRT, concurrent chemoradiotherapy; Cl, confidence interval; EBRT, external beam radiation; ICBT, intracavitary brachytherapy;
NRS, non-randomized study; OR, odds ratio; RCT, randomized controlled trial; RH, radical hysterectomy; SH, simple hysterectomy. (continued to the next page)
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D
Group by Study name Statistics for each study Death/Total OR and 95% CI
Good responders OR  Lower Upper p-value CCRT+AH CCRT
after RT limit  limit
No Chereau et al. [27] 0.870 0.242 3.127 0.831 6/46 5/34 |
No Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40  8/40 |
No Darus et al. [23] 1.300 0.289 5.847 0.732 4/24  4/30 |
No 1.017 0.491 2.105 0.965 l
Yes Morice et al. [25] 4.296 0.451 40.890 0.205 4/31 1/30
Yes Léguevaque et al. [12] 0.764 0.288 2.029 0.589  11/67 9/44 |
Yes 1.004 0.410 2.460 0.993
Overall 1.021 0.575 1.780 0.968 1
I } } 1 } } |
01 02 05 1 2 5 10
CCRT+AH CCRT
E
Group by Study name Statistics for each study Death/Total OR and 95% ClI
RT type OR  Lower Upper p-value CCRT+AH CCRT
limit limit
RH Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40 8/40 )
RH 1.000 0.334 2.991 1.000
SH Darus et al. [23] 1.300 0.289 5.847 0.732 4/24 4/30 I
SH 1.300 0.289 5.847 0.732
SH+RH Chereau et al. [27] 0.870 0.242 3.127 0.831 6/46 5/34
SH+RH Morice et al. [25] 4.296 0.451 40.890 0.205 4/31 1/30
SH+RH Léguevaque et al. [12] 0.764 0.288 2.029 0.589  11/67 9/44 T B
SH+RH 0.958 0.460 1.996 0.908
Overall 1.012 0.575 1.780 0.968 :
I } } 1 } } |
01 02 05 1 2 5 10
CCRT+AH CCRT

Fig. 2. (Continued) (A) ORs for the risk of mortality in each study and all studies combined; AH following CCRT was compared with CCRT alone in a meta-
analysis based on the fixed-effects model. Low cross-study heterogeneity was observed (p=0.73, 1>=0.0). The association between AH and mortality in subgroup
meta-analyses is shown according to (B) study design, (C) type of radiation, (D) response after CCRT, and (E) type of hysterectomy. The size of each square

is proportional to the sample size in each study, and the horizontal line through the square indicates the 95% CI for that study. For the pooled analysis, the
diamond indicates the pooled value, and the right and left ends of the diamond indicate the 95% CI for the analysis.

AH, adjuvant hysterectomy; CCRT, concurrent chemoradiotherapy; Cl, confidence interval; EBRT, external beam radiation; ICBT, intracavitary brachytherapy;
NRS, non-randomized study; OR, odds ratio; RCT, randomized controlled trial; RH, radical hysterectomy; SH, simple hysterectomy.
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4. AH and mortality risk in subgroup meta-analyses

Fig. 2B illustrates the ORs for AH and mortality for each study and the pooled ORs for study
design (NRS or RCT). Only 1 RCT was included (61 patients); the OR was 4.30 (95% CI=0.45—
40.9; p=0.205). There were 4 NRS studies (325 patients); the pooled OR was 0.92 (95%
CI=0.51-1.65; p=0.774) (p=0.95 and I’=0.0), indicating no significant difference in mortality
rate between the groups.

Fig. 2C shows the pooled ORs for mortality according to radiation type (ICBT following EBRT
or EBRT only). ICBT following EBRT was performed for both CCRT+AH and CCRT groups

in all five studies. The pooled OR was 1.01 (95% CI=0.58-1.78; p=0.968) with low cross-study
heterogeneity (p=0.73 and I>=0.0).

Fig. 2D shows the pooled ORs for mortality according to response after CCRT. In the 2 studies
with good responders or complete responders after CCRT [12,25], no significant difference in
mortality was found between the CCRT+AH and CCRT groups (OR=1.00; 95% CI=0.41-2.46;
p=0.993) (p=0.17 and I’=47.4). In the remaining studies, no significant difference in mortality
was found between the 2 groups (OR=1.02; 95% CI=0.49-2.10; p=0.965) (p=0.92 and I>=0.0).
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Fig. 2E shows the pooled ORs for mortality according to AH type. In three studies featuring a
mixture of SH and RH [12,25,27], there was no significant difference in mortality between the
groups (OR=0.96; 95% CI=0.46-2.00; p=0.908) (p=0.38 and I’=0.0). There was 1 study each for RH
(OR=1.00; 95% CI=0.33-2.99; p>0.99) [24] and SH (OR=1.30; 95% CI=0.29-5.85; p=0.732) [23].

5. Meta-analysis of the impact of AH on recurrence

The eight studies comprised a total of 1,215 patients with a combined total of 229 recurrences
(96/630 patients with CCRT+AH vs. 133/585 patients with CCRT). The pooled OR for AH and any
recurrence was 0.59 (95% CI=0.44-0.79; p<0.05) with low cross-study heterogeneity (p=0.29
and I’=17.8), favoring the CCRT+AH group (Fig. 3A). No publication bias was found (p=0.11);
the funnel plot was symmetrical (Supplementary Fig. 2B). Seven studies, assessing 837 patients,
reported on local recurrence (Fig. 4A). The results favored the CCRT+AH group (OR=0.56;

95% CI=0.33-0.96; p=0.034) with low cross-study heterogeneity (p=0.96 and I>=0.0). No
publication bias was found (p=0.23); the funnel plot was symmetrical (Supplementary Fig. 2C).
Seven studies, assessing 837 patients, reported on distant recurrence (Fig. 4B). There was no
significant difference for distant recurrence between the 2 groups (OR=0.88; 95% CI=0.54-1.45;
p=0.621) with low cross-study heterogeneity (p=0.51 and I’=0.0). No publication bias was found
(p=0.13); the funnel plot was symmetrical (Supplementary Fig. 2D).

The study by Sun et al. [28] significantly affected the pooled OR for AH and recurrence. When
this study was excluded, no significant difference in recurrence was observed between the
groups (OR=0.71; 95% CI=0.49-1.03; p=0.072) (Supplementary Fig. 1B).

6. AH and the risk of recurrence in subgroup meta-analyses

Fig. 3B illustrates the ORs for AH and recurrence for each study and the pooled ORs
according to the type of study design. Two RCTs were conducted, with a total of 272 patients.
A total of 39 recurrences (21/141 with CCRT+AH) were observed in the RCTs. There was no
significant difference in recurrence between the CCRT+AH and CCRT groups (OR=1.05; 95%
CI=0.52-2.11; p=0.889). There were 6 NRSs, with a total of 943 patients and a combined total
0f190 recurrences (75/488 CCRT+AH). The pooled OR for observational studies was 0.52
(95% CI=0.37-0.72; p<0.05) (p=0.80 and I>=0.0) favoring CCRT+AH.

Fig. 3C shows the pooled ORs for recurrence according to radiation type. In the two studies in
which the CCRT+AH group did not receive ICBT after EBRT [11,26], there was no significant
difference in recurrence between the groups (OR=0.60; 95% CI=0.34-1.05; p=0.073) with low
cross-study heterogeneity (p=0.44 and >=0.0). However, the pooled OR for the remaining
studies in which ICBT was administered to both groups after EBRT was 0.58 (95% CI=0.41-
0.83; p<0.05) (p=0.11 and >=31.9), favoring CCRT+AH.

Fig. 3D illustrates the pooled ORs for AH and recurrence according to response after CCRT.
In the two studies of good responders or complete responders after CCRT [11,12,25], there
was no significant difference in recurrence between groups (OR=0.64; 95% CI=0.37-1.08;
p=0.094) with substantial cross-study heterogeneity (p=0.07 and I>=63.4). However, the
pooled OR for the remaining studies was 0.57 (95% CI=0.40-0.81; p<0.05) with low cross-
study heterogeneity (p=0.57 and I’=0.0), thus favoring AH.

Fig. 3E shows the pooled ORs according to AH type. RH did not lead to a significant decrease

in the risk of recurrence (OR=0.67; 95% CI=0.41-1.10; p=0.110) (p=0.53 and I>=0.0). For SH,
only 1 study was reported (OR=0.71; 95% CI=0.15-3.35; p=0.669) [23].
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Study name Statistics for each study Recurrence/Total OR and 95% ClI
OR Lower Upper p-value CCRT+AH CCRT
limit  limit
Wang et al. [11] 0.485 0.2923 1.056 0.069 11/119 21/121 —
Sun et al. [28] 0.431 0.264 0.702 0.001 32/192 59/186 —
Chereau et al. [27] 0.700 0.205 2.396 0.570 6/46  6/34
Cetina et al. [26] 0.752 0.339 1.669 0.483 13/111 15/100 e B
Morice et al. [25] 3.130 0.743 13.196 0.120 8/31 3/30
Leguevaque et al. [12] 0.505 0.218 1.170 0.111 15/67 16/44 I
Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40  8/40
Darus et al. [23] 0.714 0.152 3.347 0.669 3/24  5/30
0.588 0.436 0.793 0.000
01 02 05 1 2 5 10
CCRT+AH CCRT
B
Group by Study name Statistics for each study Recurrence/Total OR and 95% ClI
Study Design OR  Lower Upper p-value CCRT+AH CCRT
limit  limit
NRS Wang et al. [11] 0.485 0.223 1.056 0.069 11/119 21/121 -
NRS Sun et al. [28] 0.431 0.264 0.702 0.001 32/192 59/186 ——
NRS Chereau et al. [27] 0.700 0.205 2.396 0.570 6/46  6/34
NRS Léguevaque et al. [12] 0.505 0.218 1.170 0.111  15/67 16/44 [
NRS Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40  8/40
NRS Darus et al. [23] 0.714 0.152 3.347 0.669 3/24 5/30
NRS 0.516 0.714 0.718 0.000
RCT Cetina et al. [26] 0.752 0.339 1.669 0.483 13/111 15/100 |
RCT Morice et al. [25] 3.130 0.743 13.196 0.120 8/31 3/30
RCT 1.051 0.523 2.111 0.889
Overall 0.588 0.436 0.793 0.000
k + + + + |
0.1 0.2 0.5 1 2 5 10
CCRT+AH CCRT
C
Group by Study name Statistics for each study Recurrence/Total OR and 95% ClI
RT type OR  Lower Upper p-value CCRT+AH CCRT
limit  limit
EBRT only wang et al. [11] 0.485 0.223 1.056 0.069 11/119 21/121 ——
EBRT only Cetina et al. [26] 0.752 0.339 1.669 0.483 13/111 15/100 _
EBRT only 0.601 0.344 1.048 0.073
EBRT-+ICBT Sun et al. [28] 0.431 0.264 0.702 0.001 32/192 59/186 _
EBRT+ICBT Chereau et al. [27] 0.700 0.205 2.396 0.570 6/46 6/34
EBRT+ICBT Morice et al. [25] 3.130 0.743 13.196 0.120 8/31 3/30
EBRT+ICBT Léguevaque et al. [12] 0.505 0.218 1.170 0.111 15/67 16/44 |
EBRT+ICBT Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40 8/40
EBRT+ICBT Darus et al. [23] 0.714 0.152 3.347 0.669 3/24 5/30
EBRT+ICBT 0.583 0.409 0.830 0.003
Overall 0.588 0.436 0.793 0.000
k + + + + |
0.1 0.2 0.5 1 2 5 10
CCRT+AH CCRT

Fig. 3. (A) ORs for the risk of any recurrence in each study and all studies combined; AH following CCRT was compared with CCRT alone in a meta-analysis based
on the fixed-effects model. Low cross-study heterogeneity was observed (p=0.29, 1>=17.8). The association between AH and recurrence in subgroup meta-
analyses is shown according to (B) study design, (C) type of radiation, (D) response after CCRT, and (E) type of hysterectomy.

AH, adjuvant hysterectomy; CCRT, concurrent chemoradiotherapy; Cl, confidence interval; EBRT, external beam radiotherapy; ICBT, intracavitary brachytherapy;
NRS, non-randomized study; OR, odds ratio; RCT, randomized controlled trial; RH, radical hysterectomy; SH, simple hysterectomy. (continued to the next page)
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Group by Study name Statistics for each study Recurrence/Total OR and 95% ClI
Good responders OR  Lower Upper p-value CCRT+AH CCRT
after RT limit  limit
No Sun et al. [28] 0.431 0.264 0.702 0.001 32/192 59/186 —
No Chereau et al. [27] 0.700  0.205 2.396 0.570 6/46 6/34
No Cetina et al. [26] 0.752 0.339 1.669 0.483 13/111 15/100 JEE— . E—
No Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40 8/40
No Darus et al. [23] 0.714 0.152 3.347 0.669 3/24 5/30
No 0.567 0.395 0.814 0.002
Yes Wang et al. [11] 0.485 0.223 1.056 0.069 11/119 21/121 - T
Yes Morice et al. [25] 3.130 0.743 13.196 0.120 8/31 3/30
Yes Leguevaque et al. [12] 0.505 0.218 1.170 0.111 15/67  16/44 B
Yes 0.635 0.374 1.080 0.094
Overall 0.588 0.436 0.793  0.000 } } } } } |
0.1 0.2 0.5 1 2 5 10
CCRT+AH CCRT
E
Group by Study name Statistics for each study Recurrence/Total OR and 95% ClI
Op. type OR Lower Upper p-value CCRT+AH CCRT
limit  limit
RH Wang et al. [11] 0.485 0.223 1.056 0.069 11/119 21/121 _
RH Cetina et al. [26] 0.752 0.339 1.669 0.483 13/111 15/100 —
RH Cetina et al. [24] 1.000 0.334 2.991 1.000 8/40 8/40
RH 0.667 0.406 1.096 0.110 |
SH Darus et al. [23] 0.714 0.152  3.347 0.669 3/24 5/30 |
SH 0.714 0.152 3.347 0.669 l
SH+RH Sun et al. [28] 0.431 0.264 0.702 0.001 32/192 59/186
SH+RH Chereau et al. [27] 0.700 0.205 2.396 0.570 6/46 6/34
SH+RH Morice et al. [25] 3.130 0.743 13.196 0.120 8/31 3/30
SH+RH Leguevaque et al. [12] 0.505 0.218 1.170 0.111 15/67  16/44 |
SH+RH 0.538 0.366 0.791  0.002
Overall 0.588 0.436 0.793  0.000
} t t : ; {
0.1 0.2 0.5 1 2 5 10
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Fig. 3. (Continued) (A) ORs for the risk of any recurrence in each study and all studies combined; AH following CCRT was compared with CCRT alone in a

meta-analysis based on the fixed-effects model. Low cross-study heterogeneity was observed (p=0.29, 1>=17.8). The association between AH and recurrence in
subgroup meta-analyses is shown according to (B) study design, (C) type of radiation, (D) response after CCRT, and (E) type of hysterectomy.
AH, adjuvant hysterectomy; CCRT, concurrent chemoradiotherapy; Cl, confidence interval; EBRT, external beam radiotherapy; ICBT, intracavitary brachytherapy;
NRS, non-randomized study; OR, odds ratio; RCT, randomized controlled trial; RH, radical hysterectomy; SH, simple hysterectomy.
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7. Grade 3 and higher adverse events
Data regarding postoperative complications were available for three studies [24,26,28]
(Table 2). Of those, Sun et al. [28] reported postoperative complications of grade 2 or
higher, whereas the other 2 reported complications of grade 3 or higher [24,26]. Only
the RCT by Cetina et al. [26] clearly gave information according to intraoperative, early,

and late postoperative complications after AH. The pooled incidence of grade 3 or higher
postoperative complications was 26.5% (95% CI=19.5%-33.5%).

Data on late toxicity were available for four studies [11,23,24,26] (Table 2). The most common
grade 3 or higher adverse event was small/large bowel toxicity in both groups. There were no
significant differences in incidence of grade 3 or higher late toxicities between the 2 groups
(5.2%, 95% CI=2.6%7.7% vs. 4.4%, 95% CI=2.1%—6.8%; 2-proportion z-test, p=0.68).
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Study name Statistics for each study Recurrence/Total OR and 95% ClI
OR Lower Upper p-value CCRT+AH CCRT
limit limit

Wang et al. [11] 0.491 0.144 1.677 0.257 4/119 8/121

Chereau et al. [27] 0.356 0.031 4.091 0.407 1/46 2/34

Cetina et al. [26] 0.606 0.221 1.657 0.329 7/111 10/100 _—
Morice et al. [25] 0.966 0.127 7.334 0.973 2/31  2/30

Léguevaque et al. [12] 0.383 0.126 1.165 0.091 6/67  9/44

Cetina et al. [24] 0.778 0.193 3.137 0.724 4/40  5/40

Darus et al. [23] 1.261 0.075 21.266 0.872 1/24 1/30

0.562 0.329 0.958 0.034
\ :

}
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CCRT+AH CCRT
B
Study name Statistics for each study Recurrence/Total OR and 95% ClI
OR  Lower Upper p-value CCRT+AH CCRT
limit  limit
Wang et al. [11] 0.519 0.200 1.351 0.179 7/119 13/121 -
Chereau et al. [27] 0.915 0.226 3.696 0.900 5/46  4/34
Cetina et al. [26] 1.086 0.321 3.673 0.895 6/111 5/100
Morice et al. [25] 6.960 0.784 61.788 0.082 6/31 1/30 N
Leguevaque et al. [12] 0.820 0.281 2.392 0.717 9/67 7/44
Cetina et al. [24] 1.370 0.286 6.559 0.693 4/40  3/40
Darus et al. [23] 0.591 0.099 3.539 0.565 2/24  4/30
0.883 0.538 1.448 0.621
0?1 0?2 0?5 1I é é 1=0
CCRT+AH CCRT

Fig. 4. (A) ORs for the risk of local recurrence in each study and all studies combined; AH following CCRT was compared with CCRT alone in a meta-analysis
based on the fixed-effects model. Low cross-study heterogeneity was observed (p= 0.96, 1>=0.0). (B) ORs for the risk of distant recurrence in each study and all
studies combined; AH following CCRT was compared with CCRT alone in a meta-analysis based on the fixed-effects model. Low cross-study heterogeneity was

observed (p= 0.51, I>=0.0).

AH, adjuvant hysterectomy; CCRT, concurrent chemoradiotherapy; Cl, confidence interval; OR, odds ratio.
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DISCUSSION

In the current meta-analysis, AH after CCRT in LACC patients had no benefit in terms
of survival, compared with no AH after CCRT. This pattern was consistently observed in
the subgroup analyses of study design, radiation type, response after CCRT, and type of
hysterectomy, although AH was associated with a reduced recurrence rate.

AH following radiotherapy has been utilized based on the concept that it may improve

local control, and positively affect survival in patients with LACC. In the GOG-71 trial, 256
LACC patients treated with radiation without concomitant chemotherapy were randomly
assigned to AH after radiation (n=132) or radiation only (n=124) [7]. There was no difference
in survival between the two arms, although the 5-year local relapse rate was lower in the AH
arm (14% vs. 27%). At the present time, the standard treatment for LACC is platinum-based
CCRT, since CCRT offers improvement in overall survival as well as local and distant control
[4]. Therefore, studies without concomitant chemotherapy are rarely clinically valid. It is
important to examine the published data regarding the role of AH in the era of CCRT. In this
regard, our meta-analysis is timely and appropriate.
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Table 2. Severe adverse events associated with treatment”

Symptom Cetina et al. [26] Cetina et al. [24] Darus et al. [23] Wang et al. [11] Sun et al. [28] All combined
CCRT  CCRT+AH CCRT  CCRT+AH CCRT  CCRT+AH CCRT  CCRT+AH CCRT  CCRT+AH CCRT  CCRT+AH
(n=100)  (n=111) (n=40)  (n=40) (n=30)  (n=24) (n=121)  (n=T19) (n=186)  (n=192)
Intraoperative complications
vascular NA 3(2.7) NA 0 NA NR NA NR NA 2 (1.0)t NA 5 (1.5)
Urethral tear NA 1(0.9) NA 0 NA NR NA NR NA 0 NA 1(0.3)
Ureter section NA 2(1.8) NA (0] NA NR NA NR NA (0] NA 2 (0.6)
Early postoperative complications
Bleeding NA 9 (9.0) NA 0 NA NR NA NR NA 0 NA 9 (2.6)
Local infection NA 2(1.8) NA 3(7.5) NA NR NA NR NA 0] NA 5(1.5)
Late postoperative complications
Local infection NA 6 (5.4) NA 0 NA NR NA NR NA 5(2.6) NA 1 (3.2)
Systemic infection NA 1(0.9) NA 0 NA NR NA NR NA 1(0.5)" NA 2 (0.6)
Lymphocyst NA 3(2.7) NA 5 (12.5) NA NR NA NR NA  15(7.8)" NA  23(6.7)
Urinary NA 0 NA 5 (12.5) NA NR NA NR NA 7 (3.6)1 NA  12(3.5)
Gastrointestinal NA 0 NA 0 NA NR NA NR NA 2 (1.0)t NA 2 (0.6)
Total events NA  27(24.3) NA  13(32.5) NA NR NA NR NA  32(16.7) NA  72(21.0)
Late toxicity
Small/Large intestine 4(4) 2(1.8) 2(5) 0 2(6.7) 2(8.3) 0 1(0.8) NR NR 8(27) 5(1.7)
Bladder 3(3) 0 3(7.5)  2(5) 0 1(4.2) 0 0 NR NR 6(21) 3(1.0)
Kidney 0 0 0 0 0 0 1(0.8) 5(4.2) NR NR 1(0.3) 5(1.7)
Total events, n (%) 7(7) 2(1.8) 5(12.5) 2(5) 2(6.7) 3(12.5) 1(0.8) 6 (5.0) NR NR 15(5.2) 13 (4.4)

Date shown are number (%).

AH, adjuvant hysterectomy; CCRT, concurrent chemoradiotherapy; NA, not applicable; NR, not reported.
*Toxicity assessment was performed according to Radiation Therapy Oncology Group toxicity criteria and the Chassagne grading system; grade 2 or more.
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In terms of recurrence, the results of the study design subgroups differ; estimates from

the NRSs implied that AH prevented recurrence, whereas those from the RCTs did not.

One possible explanation is that inherent design features of NRSs may lead to selection

bias. Although prognostic variables such as age, stage, histology, and tumor size were

evenly distributed between the two groups in the NRSs, patients with distant metastasis

or progressive disease during/after CCRT would have not undergone AH. The lymph node
(LN) metastasis rate in the CCRT group (31%) was higher than that of the CCRT+AH group
(17%) in 3 NRSs that reported the nodal metastasis rate [11,12,24], whereas there was no
difference in LN metastasis rate in the RCTs [25]. This implies that patients with a more
favorable prognosis may receive AH in NRSs. In addition, after sensitivity analysis, the overall
association between AH and recurrence was significantly influenced by the study by Sun et
al. [28]. Furthermore, the control groups in the 6 NRSs had a higher recurrence rate (115/455,
25%) compared with the RCTs (18/130, 14%). As seen in Table 1, baseline risk factors of
recurrence differed between the control groups; compared with the RCTs, the NRS control
groups had more stage III/IVA disease (0% vs. 34%) and LN metastasis (29% vs. 36%). These
selection bias features may have influenced the high rate of recurrence in the NRS control
groups, and the results should be interpreted with caution.

Clinicians' concern of AH after CCRT is for cases with residual disease after CCRT. Some
experts believe that AH may be effective in patients with persistent residual disease after

CCRT [29-31]. Houvenaeghel et al. [30] reported that AH may improve prognosis in LACC
patients with macroscopic residual disease after CCRT, allowing a 3-year survival rate of 64.9%.
Meanwhile, Azria et al. [32] have reported that the therapeutic effect of AH was disappointing
in their small series of 10 patients who developed bulky (>2 cm) residual disease after CCRT

for LACC, because LN metastasis was frequent in these patients. Recently, Kim et al. [33]
reported the disease course in 53 patients with residual disease using MRI 3 months after CCRT
for LACC [33]. In their analysis, 60% of patients with residual tumors did not show further
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progression without any treatment, especially in cases of residual tumors sized <2 cm. In this
context, the true therapeutic effect of AH should be tested in cases of residual disease. However,
in our meta-analysis, there was no eligible study that was comprised exclusively of patients with
residual disease. Instead, we performed subgroup analysis according to response after CCRT;
AH was not associated with recurrence and mortality in two studies that exclusively included
good responders and in one study that exclusively included patients with complete response
after CCRT. This supports the current guidelines that do not recommend AH for patients who
achieve a complete response [5,6]. Well-designed clinical trials aimed at patients with residual
disease after CCRT are needed to elucidate the therapeutic impact of AH.

Although most studies implemented EBRT followed by ICBT for CCRT+AH and CCRT
groups, the CCRT+AH group did not receive ICBT in two studies [11,26]. Subgroup analysis
of these 2 studies revealed that AH was not associated with recurrence. However, AH reduced
the risk of recurrence in the remaining six studies. ICBT, which is typically combined with
EBRT, is a critical component of radiotherapy for LACC [34]; total doses for ICBT and EBRT
of 280-85 Gy to point A are currently recommended [34]. In this regard, the CCRT+AH group
that did not undergo ICBT received less radiotherapy than the CCRT group in two studies
[11,26]. This may result in biased estimation of the effect of AH. Accordingly, future studies
of the oncologic outcomes according to radiotherapy in patients undergoing AH are needed.

Our meta-analysis included 2 RCTs. RCTs overcome numerous weaknesses associated with
NRSs and provide the best available data regarding the effect of AH in LACC patients. In the
trial by Morice et al. [25], only patients with macroscopic and radiological complete response
after CCRT were enrolled. This meant that AH could be assessed between subgroups with
similar prognostic factors. However, the trial was closed prematurely due to insufficient
accrual; it only included 61 patients. Another RCT by Cetina et al. [26] included 211 patients,
but the experimental arm did not receive ICBT. It aimed to demonstrate that RH after EBRT
was associated with a greater survival benefit in LACC patients compared with EBRT followed
by ICBT. Thus, the RCTs in the current meta-analysis might have had suboptimal power
owing to insufficient enrollment or different study designs.

Postoperative complications are a major concern of AH after CCRT and must be balanced against
the potential benefits of treatment. According to the present analysis, the pooled incidence of
grade 3 and higher postoperative adverse events was 26.5%, which is mainly attributable to the
RCT by Cetina et al. [26]. In a recent retrospective analysis 0of 362 LACC patients undergoing AH
after CCRT, grade 3—4 adverse events occurred in 21(5.8%) patients [35]. This difference may be
explained by the inherent limitations of a retrospective design [36]. In addition, complication
rates depend on the radicality of the surgery, accompanying procedures, residual tumor,

time interval from CCRT completion to AH, and the skill of the surgeons [26,35]. Indeed, the
toxicity of radiotherapy can be exacerbated by other treatment modalities, such as surgery

and chemotherapy. Compared with radiation alone, acute hematologic and gastrointestinal
toxicity was higher with CCRT in LACC patients [4]. In general, radiation causes tissue to swell
and become fibrotic. Thus, AH can be difficult to perform because the potential for healing

and the quality of the tissues are negatively influenced by the preceding CCRT [37]. The use of
advanced radiotherapy techniques such as intensity modulated radiotherapy (IMRT) can reduce
toxicity compared with conventional radiotherapy. There are recent studies indicating IMRT
results in lower grade 3 toxicity [38]. Unfortunately, advanced radiotherapy techniques were not
considered in this study due to lack of data. Thus, future studies are needed to evaluate the role
of AH in patients receiving advanced radiotherapy techniques.
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Our meta-analysis had some limitations and the results should be interpreted with caution.
First, most studies were observational. This feature may impede the comprehensive reporting
of any confounding factors. Second, the studies were conducted in different institutions
with presumably varying protocols and surgical expertise. Third, this meta-analysis was
performed at a study level, rather than a patient level, and other risk factors such as initial
tumor size, stage, nodal metastasis, or residual disease after CCRT could not be considered.
Therefore, the effect of AH according to these features could not be analyzed. Fourth,
although two RCTs are included in this study, they are underpowered due to aforementioned
reasons. Finally, the heterogeneity of the mortality rate associated with RCTs is significant.
The differences in sample size, stage, details of CCRT or AH, and other factors between the
two RCTs in our analysis may be responsible for the high heterogeneity. A random-effects
model was used to minimize, but not eliminate, this.

In conclusion, AH following CCRT does not improve survival in patients with LACC,
although it seems to reduce the risk of recurrence. Concerning the significant morbidity
associated with AH after CCRT, routine use of AH following CCRT should be avoided. AH
may be considered in cases with residual disease after CCRT. However, the exact therapeutic
role of AH in this population remains unclear. Further clinical trials with regard to AH for

this subgroup are warranted. A multicenter randomized trial by the Korean Gynecologic
Oncology Group is under development to address this issue.
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Funnel plots for identifying publication bias in the meta-analysis of (A) mortality (n=5), (B)
recurrence (n=8), (C) local recurrence (n=7), and (D) distant recurrence (n=7). The Begg-
Mazumdar rank correlation test indicates no evidence of publication bias in (A-D) (p=0.09,
0.11, 0.23, and 0.13, respectively).
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