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Background: Although gemcitabine plus cisplatin (GP) is considered astandard
chemotherapy for patients with advanced biliary tract caner (BTC), the optimal regimen
remains unknown.

Methods: Using Network meta-analysis (NMA), a systematic review waonducted to
nd the most effective chemotherapy regimen for advanced BT. We searched PubMed,
Web of Science, Embase, Scopus and the Cochrane Library forréicles published before
October 6, 2018. Articles about chemotherapeutic comparisns were included. Hazard
ratios (HRs) for overall survival (OS) and progression frearvival (PFS) were estimated
while odd ratios (ORs) was assessed for objective responsate (ORR).

Results: The NMA included 25 studies and 3,312 individuals. Among athe regimens,
Folfox-4 regimen obtained a superior difference in OS (BSGvFolfox-4, HR 3.4, 95% CI
1.7-6.7). XP was slightly better than GP in OS and GS approxiately obtained the same
ef cacy to GP (HR for XP vs. GP 0.74, 95% CI 0.51-1.1; HR for GSs. GP 1.1, 95%
Cl10.71-1.5). Most of the targeted therapies included in tlsi study tend to achieve better
results in PFS and ORR but failed to improve OS, in which E-GEBK achieved the best
ORR when compared to BSC (OR 0.03, 95% CI 0.00-0.94).

Conclusions: Folfox-4 regimen is likely to be the optimal chemotherapy fopatients
with advanced BTC and the predominant targeted therapy hashachieved signi cant
success currently. XP and GS can be considered as alternatas for advanced BTC.
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Lietal. Chemotherapy Regimens for Advanced BTC

INTRODUCTION remains unknown. NMA is a better way to identify that regimen
with the advantage of combining direct and indirect evidenc

Biliary tract cancer (BTC) is a heterogeneous group Ofjllowing no head-to-head comparisons from di erent trialsd.

malignancies with features of biliary tract dierentiation  Therefore, we used NMA of randomized controlled trials and

arising from distinct anatomical locations of the biliaryee.  retrospective studies in this study to nd the optimal regimien
BTC is generally classi ed as intrahepatic cholangiocantia, advanced BTC.

extrahepatic cholangiocarcinoma, gallbladder carcinoarad
ampullary cancer. Biliary tract cancer is a rare tumor in som
European countries and the United State, but with a higheﬁrleTHODS

incidence in Latin America and Asial{4). BTC is highly ~1nig NMA was conducted and reported on the recommendations

fatal malignancy with a IOV_V detection_ a“‘?' a poor Prognosis ¢ e preferred reporting items for systematic reviews anteme
which means that a surgical resection is dicult to carry analyses (PRISMA) guidelinex)

out when patients are diagnoseé, (6). Therefore, palliative

chemotherapy becomes a more essential treatment to impros§egrch Strategy

patients' survival and quality of life. Gemcitabine plus @$ipl A jiterature search was conducted for all articles publishefre
(GP) chemotherapy is considered to be the standard rst-linegcroper 6, 2018 using PubMed, Web of Science, Embase, Scopus
chemotherapeutic regimen for advanced BTC after ABC-0Btria 5 the Cochrane Library. The following search terms werel use
(7) and BT22 trials were conducted)( The two trials both — geparately or in combination: (biliary tract neoplasm ORdi
demonstrated that GP was associated with a signi cant s@iVi 115t neoplasm OR neoplasm, biliary tract OR neoplasms, piliar
advantage without increasing adverse events. Fluordased  yact OR biliary tract cancer OR biliary tract cancers ORa,
chemotherapy including S-1 and 5-FU is also conrmed topjiary tract OR cancer of biliary tract OR cholangiocarmina
be an e ective therapy to treat advanced BTE, (0 with  oR gallbladder neoplasms) AND (chemotherapy OR uorouracil
less adverse events than gemcitabine (GEM) bas8d There  oR gemcitabine OR CRT OR panitumumab OR oxaliplatin OR
are currently several trials investigating the role of ncalarly cisplatin). Additionally, we manually searched bibliogrégsh
targeted drugs plus gemcitabine and oxaliplatin (GEMOX) inyng added related references. Two investigators (YY Zhal an
BTCs (12-19). Nevertheless, the e cacy of targeted therapyy| pong) independently reviewed the titles and abstractsy An

remained controversial. Two traditional meta-analysisic®6 gisagreements were resolved by discussion and consultation
had revealed that the targeted therapy did improve the objecti

response rate (ORR) apparently and drugs targeting EGFRligible Criteria

obtained a superior progression free survival (PFS) instdad qhe selection criteria and exclusion criteria were prede ned
VEGF, but all failed to prolong patients’ survival§ 17). N0 Articles were included if they met the following inclusion
signi cant di erence was observed in the incidences of thadg  criteria: (1) randomized controlled trials or retrospective
3/4 adverse events in these two meta-analyses, but patiéats Wy gies: (2) patients with advanced biliary tract cancer who
received GEMOX plus EGFR-targeted chemotherapy showggdcejved chemotherapy; (3) reported outcome values (PFS, OS,
higher risks of diarrhea, neutropenia, transaminase in&eea gndjor ORR). The exclusion criteria were as followed: (1)
and a skin rash than those who were treated with GEMOXetter, commentaries, case reports, reviews, non-humaniesud
chemotherapy in the meta-analysis of four randomized cdntrogng articles that did not provide raw data; (2) non-English
trials (RCTs). A NMA suggested that targeted agents added {gticles; (3) articles that were not randomized or retrosjwect
GP or GEMOX achieved a superior survival outcome thougltydies; (4) studies that did not include chemotherapeutic
associated with higher risk of adverse e ects)( A randomized  comparison; (5) studies included chemotherapeutic comparison
phase Il study conducted by Schinizari et al. in 2017 SUngSt%oncerning adjuvant therapy or new-adjuvant therapy. If
that 5-FU/LV plus oxaliplatin (Folfox-4) could be an option as myltiple publications from the same study were available, we

rst-line treatment with the median overall survival (OS) 3.0 jncluded the publication with the largest number of cases thed
months @), even though the regimen of 5-FU and folinic acid most applicable information.

(FUFA) were ever considered to be less e ectiv /g (However,

due to limitations of traditional meta-analysis and the lack Data Extraction

direct comparison trials, the most e ective regimen for BTCTwo investigators (YY Zhou and YL Hong) independently
reviewed the full text and extracted the following inforrwet
Abbreviations: BTC, biliary tract cancer; RCT, randomized controlled trial; OS, (1) publication data: rst author name, publication year, ey,

overall survival; PFS, progression free survival; ORR, objectipenss rate; HR, . . . .
hazard ratio; OR, odd ratio; VEGFR, vascular endothelial growttofaeceptor; and period of recruitment; (2) characteristics of each study

EGFR, epidermal growth factor receptor; SUCRA, surface under the latiwas ~ POPUIAtION: nUmMber of patients, median age, and gender; (3)
ranking curve; BSC, best support care; GEM, gemcitabine; OX, oxalipyt  tumor stage and the ECOG performance status of patients; (4)
cetuximab; E, erlotinib; Pa, panitummumab; Ce, cediranib; V, vaardbt RT,  treatment characteristics: regimen, dosage, cycles ardlame
radiotherapy; GC, gemcitabin@ carboplatin; GP, gemcitabin€ cisplatin; SP, follow-up period; (5) outcome: PFS, OS, and ORR. When HRs
S-1C cisplatin; XP, capecitabin@ cisplatin; GSo, gemcitabin@ sorafenib; GS, was not reported in the articles digitizing software (D@ﬂ)
gemcitabineC S-1; GV, vandetanil® gemcitabine; Folfox-4, 5-FQ folinic acid ! . . .

C oxaliplatin; FUFA, 5-FLC folinic acid; FUPR, 5-FIC cisplatinC radiotherapy; was used to extract the HRs from the survival curve with a h|gh

FAM, 5-FUC doxorubicinC mitomycin C. degree of accuracy following established meth@ds (
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Statistical Analysis regimens. NMA is based on three main assumptions. First, all
Data was entered and analyzed using Review Manager Versitre studies enrolled are homogeneous. In our study, we found
5.3 (Revman the Cochrane Collaboration; Oxford, England)ieterogeneity in one direct comparison concerning two stadie
Time-related endpoints (PFS and OS) were reported as hazaahd we dealt with it by using a random e ects model. Then all
ratios (HRs) with 95% con dence intervals (95% CI) which weretrials in each study are similar in both clinic and methodology
used to calculate the e cacy of di erent chemotherapy for BTC.ignoring the di erences produced by age, gender, region and
HRs was obtained directly from the articles or used Kaplanthe criteria of nal end point. Last, the results of direct and
Meier survival curves to estimate, while ORR and odd ratioghdirect evidence are consistent. The size of the node reptes
(ORs) were used to assess the pharmacological e ects. Pairwibe proportion of the patients receive the treatment and thetivid
comparisons were made by combining studies that comparedf the lines is proportional to the number of the trials compagin
the same intervention. Statistical heterogeneity fromehgible the connected treatments. The NMA also allows ranking of the
studies was assessed with theX3bst and thed statistic. The>-  enrolled treatments. To obtain the ranking probability ofeth
value> 0.10 for the CH test or B >50% implied heterogeneity, di erent regimens, the surface under the cumulative ranking
thus a random e ects method was required, or else a xed e ectgurve (SUCRA) was calculatedd. The SUCRA index ranges
method was needed. In this study, heterogeneity was foutttein between 0 (or 0%) and 1 (or 100%), where the treatments with
direct comparison of two articles and a random e ects methodhigher SUCRA values are considered to have better e cacy.
was used.

A Bayesian framework and Markov chain Monte CarIORESULTS
methods were used for a random-e ects model in indirect
comparison meta-analysi€%). The NMA, consisting of direct Description of Eligible Trials
and indirect comparison, can be considered as an extension &f total of 3161 records were identi ed through searching
the traditional meta-analysis. By obtaining the comparisd®  PubMed, Embase, WoS, Scopus and the Cochrane Library. Three
to B and B to C, NMA makes it possible to estimate the bene tadditional articles were added from references. 487 recorete
of A over C that can't be compared directly. A network plotremoved due to duplications. 1749 articles were excluded afte
was constructed to present all the relationships of the inetld reviewing title and abstract due to: (1) articles were resiew

= 951 studies on PubMed, 489 studies Additional studies identified

S on Embase, 891 studies on through other resources (n=3)

E Cochrane,532 studies on WoS, 298

% studies on Scopus (Total n=3,161)

l

v
‘ Records after duplicates removed (n=2,717)

g0 Titles and abstracts of

E papers excluded (n =1,749)

e Case report, letter, animals and

@ meeting abstract (n=350)
Without comparison of
chemotherapy and non-
English (n=1,344)
System review and Meta-

i analysis (n=55)

=2

o A 2 ;

5 Full-text articles assessed Full-text articles excluded

for eligibility (n=958) | (=933)
| Full-text not available (n=432)

Articles without eligible data
(n=501)

3

= v

E Studies derived from both database and conference search

o that were included in the analyses (n =25)

FIGURE 1 | A ow-chart of the literature search strategy and included stdies in this network meta-analysis.

Frontiers in Oncology | www.frontiersin.org 3 May 2019 | Volume 9 | Article 441


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Lietal. Chemotherapy Regimens for Advanced BTC

TABLE 1 | Characteristic of the included studies.

References Country Type of Recruitment period Case Median age, range(years) Gender Median follow up,
study (male/female) range(months)
Chen et al. 85) China RCT 2010.12-2012.03 122 C-GEMOX: 61 (32-78) 58/64 10.1 (0.9-24.4)
GEMOX: 59 (32-80)
Fiteni et al. 88) France Retro 1998-2010 64 NA 38/26 NA
Kang et al. ¢8) Korea RCT 2008.03—2009.03 96 GP: 59 (32-77) 62/34 14.2 (12.7-15.5)
SP: 60 (36-77)
Kim et al. ¢7) Korea Retro 2001.03-2012.03 92 XPRT: 56 (32—-75) 72/20 53
XP: 58 (26-78)
Park et al. ¢4) Korea Retro 2011.01-2012.04 134 61.0 (36-77) 73/61 26.2 (22-28.2)
Lee etal. (L3) Korea RCT 2009.02.16-2010.08.1 268 GEMOX: 61 (55-68) 170/98 15
E-GEMOX: 59 (54—66)
Lee et al. £5) Korea Retro 2009.10-2012.07 93 GP: 62 (45-81) 61/32 NA
XP: 65 (39-80)
Lenoe et al. (5) Italy RCT 2010.06-2013.09 89 Pa-GEMOX: 63.9 (46.7-78.5) 32/57 10.1
GEMOX: 64.2 (36.8-78.5)
Li et al. 36) China RCT NA 75 NA NA 24
Malka et al. (2) France and RCT 2007.10.10-2009.12.18 150 C-GEMOX: 61 (35-75) 85/65 C-GEMOX: 31.1
Germany GEMOX: 62 (39-75) GEMOX: 34.9
Moehler et al. (4) Germany RCT NA 97 GSo: 64.0 (44-83) 54/43 12
GEM: 64.5 (36-84)
Morizane et al. 82)  Japan RCT 2009.02-2010.04 101 GS: 66 (39-78) 55/46 10.6
S-1: 62.5 (49-79)
Novariono et al. 84) Italy Retro 2001-2006 40 Folfox-4: 62(47-75) 17/23 12
GEM: 65 (52-75)
Okusaka et al. 8) Japan RCT 2006.09-2008.10 83 GP: 65.0 (43-80) 39/44 NA
GEM: 66.5 (49-78)
Phelip et al. 89) France RCT 2006.07-2010.12 34 FUPR: 69.5 (53-80) 15/119 27.9 (19.8-35.9)
GEMOX: 75 (54-81)
Woo et al. £6) Korea Retro 2001.11-2012.08 344 GP: 62.0 (35-76) 206/138 8.9 (0.4-61)
XP: 58.0 (27-82)
Santoro et al. 83) Italy RCT 2008.10-2012.09 173 63.6 92/81 V: 7 (1-38)
GV: 8.5 (1-31)
GEM: 8 (1-35)
Sasaki et al. 80) Japan RCT 2008.11-2010.03 62 GS: 48 (47-83) 36/26 NA
GEM: 75 (55-86)
Schinzari et al. 9) Italy RCT NA 48 NA NA NA
Sharma et al. ¢0) India RCT 2006.06-2008.10 81 BSC: 51 16/65 9 (1-26)
FUFA: 47
GEMOX: 49
Takahara et al. §1)  Japan Retro 2006.07-2015.08 212 GS: 68 (24-85) 82/130 5.1 (0-34.4)
GP: 69 (37-85)
Valle et al. 7) UK RCT 2002.02-2008.10 410 GEM: 63.2 (23.4-98.4) 194/216 8.2
GP: 63.9 (32.8-81.9)
Valle et al. 87) UK RCT 2011.01.05-2012.09.28 124 GPCe: 68.0 (60.4-73.0) 62/62 12.2
GP: 64.5 (59.7-73.1)
Vogel et al. {1) Germany RCT 2011.07-2015.12 90 61.5 (18-82) 50/40 NA
Yonemoto et al. 9) Japan Retro 2000.04-2003.03 230 NA 133/97 4.57 (0.10-52.5Y

RCT, randomized controlled trial; Retro, retrospective study; NA, noawvailable; GEM, gemcitabine; OX, oxaliplatin; C, cetuximab; E, erlotinib; P@anitummumab; GC,
gemcitabineCcarboplatin; GP, gemcitabineCcisplatin; SP, S-1Ccisplatin; XP, capecitabineCcisplatin; RT, radiotherapy; GSo, gemcitabin€sorafenib; GS, gemcitabin€ S-1; Folfox-4,
5-FUCfolinic acidCoxaliplatin; FUPR, 5-F(CcisplatinCradiotherapy; FUFA, 5-F\Cfolinic acid; Ce, cediranib; V, vandetanib; GV, vandetanibgemcitabine; BSC, best support care.

letters, meetings, and case reports; (2) the research obgst suitable for analysis. Therefore, 25 RCTs and retrospectiiobesr
not human; (3) articles did not concern chemotherapeuticwere included in this NMA Figure 1). 3,312 patients in all were
comparison. Full-texts of the 958 articles were assesse@2®d enrolled in the 25 studies of which 13 were RCTs and eight were
articles were excluded as they were not available, comtaine retrospective studies. There were six studies conducteaied
eligible data, contained duplication of data, and/or werg no(13 24-28), ve in Japan 8, 29-32), four in Italy (9, 15, 33 34),
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] two in China @5 36), two in the UK (7, 37), two in France
x x % £ (38 39), one in India @0), two in Germany (4, 41), and one in
-0 o a8 France and Germanylf). The recruitment period ranged from
e o O 56 1998 to 2015 while the patients number ranged from 34 to 410
S 4 P R 5% and the median age varied from 47 to 7Bble 1). Gemcitabine
N °c °e ° o ° ‘E = was generally used at a dose of 1,000 nfgiith the combination
‘é’_ag of cisplatin at a dose of 25 mgAnwhich was considered as a
@‘q; standard GP regimen. The dose of oxaliplatin was commonly
" < £< 100 mg/nt while the other drugs di ered. The regimens' cycles
o | o N w ~ 2 g2 di ered and Most of the studies got outcomes of OS and PFS.
o< g & g ¢ ¢ 5288 However, clinical stage was not explained clearly in most ef th
w 23 - including studies Table 2.
82 a
s8¢
52e  Pairwise Meta-Analysis for Ef cacy
$ 85  and Response
- < 2 © g Sy A total of seven studies including 1,003 patients were availa
S| . 8 8. . % % < é ;% for the.meta-arllaly5|s for OS. As shovynl-‘rygure 2 the pgoled
- analysis of OS indicated that GP was signi cantly associattd
§t, § better OS than GEM (HR 0.67, 95% CI 0.55-048%, 0.0001)
5 g g8 while no signi cant di erence was observed when cetuximabsplu
S o 2 g E _g GEMOX (C-GEMOX) was compared to GEMOX, gemcitabine
g e £ E Q2 plus S-1 (GS) to GEM and GS to S-1. The pooled analysis of PFS
% 8 5 588 was based on six studies enrolling 941 patigfigure 3showed
£ 4 E E E £ that signi cant di erence could be observed when GP compared
> ~ g g F §3 % to GEM (HR 0.63, 95% CI 0.52-0.%7< 0.00001). Seven studies
(\% 2 & & 8 S were included for pooled analysis of ORR with 980 patients. From
£ 8 £ £ £ £3= Figure 4, no signi cant heterogeneity was observed among the
; o S8 &8 3 Tf—!f § g included studies for ORR.
SEOEOE O T <38 .
Sg ¢ 7 @? 2% 29y Network Meta-Analysis for Ef cacy
£ 8 8 8 8E £8¢ and Response
o= 3 5 = o8 g g % The evidence network of eligible comparisons for OS, PFS and
0 8 é % % 3z é E 243 ORR ip this NMA is shown in_lfigures S1-S8 _Calculated by
o TD'.NE é L g E Eu é S s 8 Bayesian NMA, the result of indirect comparisons of OS and
g T2 g28 ©85938% g% 2 PFS was expressed with hazards ratio and credibility inteamd
8 XS] ORR was expressed with odds ratio and credibilig(res 5-7).
g g g HRs for overall survival was presentedRigure 5, statistical
g" £ § signi cance was found when best support care (BSC) compared
g .3 o« g éé to GP, GS, cediranib plus GP (GPCe), panitummumab plus GP
£ 2852 9o @atdafe"n39 & g8 (GPPa), Folfox-4 and capecitabine plus cisplatin (XP) (HR 2.2,
g SEOO000000000RE 503 95% Cl 1.2-3.8; HR 2.0, 95% Cl 1.2-3.5; HR 2.5, 95% Cl 1.1-5.7;
£Eg8 HR 3.1,95% CI 1.2-7.6; HR 3.4, 95% CI 1.7-6.7; HR 2.9, 95% ClI
$< § 1.4-5.7; respectively). Among the above treatments, the Folfox
&%E ; 4 regimen (HR 3.4, 95% CI 1.7-6.7) seemed to achieve superior
g < ggt survival outcomes. Also, when compared to the standard GP
g = §g§ regimen, GPCe, GPPa, Folfox-4 and XP were associated with
| = 8 2 g better OS (HR 0.85, 95% CI 0.47-1.6; HR 0.70,95% CI 0.35-1.4;
s £ £ £ ¢ 2 538§ HR 0.65, 95% C10.31-1.4; HR 0.74, 95% C1 0.74, 95% C1 0.51-1.1
§ % a respectively), among which Folfox-4 (HR 0.65, 95% CI 0.31-1.4)
£33 still tended to obtained greater improvement. Gemcitabingspl
5 . 5 S§§ carboplatin (GC) was approximately obtained the same OS like
é g § - im” E %3 GP (HR 1.1, 95% CI 0.71-1.5). The treatments of C-GEMOX,
3 E S e & = 3 gcs GEMOX, erlotinib plus GEMOX (E-GEMOX), panitummumab
~ e g g g s 2 g o plus GEMOX (Pa-GEMOX), FUFA, GC, 5-FU and doxorubicin
3|3 % 3 o o 3 § 8 § § plus mitomycin C (FAM) and BSC were more likely to lead
S5 B e $ s £ 2 Dos to worse outcome of OS comparing to other treatments. When
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Hazard Ratio Hazard Ratio
r r log[Hazard Rati E Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% Cl
Chen 2015 -0.1 0.17 48.3% 0.90[0.65, 1.26]
Malka 2014 -0.0202 0.1644 51.7% 0.98[0.71, 1.35]
Total (95% Cl) 100.0% 0.94[0.75, 1.19]
i Chi2 = = - .12 = 09 I t 1 t i
_I;_iet(ta;ogenenyl.l Cfl‘;l t.(;1_1(,)(1;0 l:)(_P0 602.74), 12=0% 0.01 o1 1 10 100
est for overall effect: Z =0.50 (P = 0.62) C-GEMOX GEMOX
Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Okusaka 2010 -0.3711 0.2533 15.9% 0.69[0.42, 1.13] ™7
Valle 2010 -0.4005 0.1101 84.1% 0.67[0.54, 0.83] .
Total (95% CI) 100.0% 0.67 [0.55, 0.82] ¢
Heterogeneity: Chiz = 0.01, df = 1 (P = 0.92); 12 = 0% * f t ‘
o 0.01 0.1 1 10 100
Test for overall effect: Z = 3.92 (P < 0.0001) GP GEM
Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight 1V, Fixed, 95% CI 1V, Fix 5% ClI
Li 2016 0 016 48.9% 1.00[0.73, 1.37]
Sasaki 2013 0.0583 0.1565 51.1% 1.06[0.78, 1.44]
Total (95% Cl) 100.0% 1.03[0.83, 1.28]
Heterogeneity: Chiz = 0.07, df = 1 (P = 0.79); 12 = 0% ‘ ‘ - ‘ ‘
o - 0.01 0.1 1 10 100
Test for overall effect: Z =0.27 (P = 0.79) GS GEM
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% CI
Li 2016 -0.07 0.16 68.1% 0.93[0.68, 1.28]
Morizane 2013 -0.152 0.234 31.9% 0.86[0.54, 1.36]
Total (95% Cl) 100.0% 0.91[0.70, 1.18]
Heterogeneity: Chi2 = 0.08, df = 1 (P = 0.77); I2= 0% ‘ ‘ - ’ ‘
~ - 0.01 0.1 1 10 100
Test for overall effect: Z=0.73 (P = 0.47) GS S-1
FIGURE 2 | Forest plots of treatments effects and response for overa#iurvival.

BSC compared to the treatments of E-GEMOX and GC, th&UFA, FAM, BSC, and vandetanib (V) had the tendency to
two treatments did not indicate a tendency of superior e cacy achieve inferior PFS. When BSC compared to other regimens,
in OS (HR 1.0, 95% CI 0.46-2.2; HR 0.82, 95% CI 0.38-1.BSo, FUFA and FAM did not show a superior PFS than BSC
respectively). When it came to targeted agents, we found th&dHR 1.0, 95%CI 0.35-2.9; HR 1.0, 95% CI 0.24-4.4; HR 0.74,
targeted agent plus GP regimen could lead to a superior succeds% Cl 0.25-7.3; respectively). The regimen of Folfox-4 did
in OS than GEMOX. For example, when panitunmmumab wasiot show its advantage in PFS and it was still showing a
used with GEMOX it showed a superior OS than with GP (GPP&etter e cacy than the standard GP regimen (HR 0.89, 95%
vs. Pa-GEMOX: HR 0.42, 95%CI 0.12-1.5). C10.33-2.4).

For progression free survival Figure 6), statistical As for objective response rat&igure 7), when compared
signi cances were found in the comparisons of FAM to Cto BSC, the treatments of C-GEMOX, E-GEMOX, GEMOX,
-GEMOX, GEMOX, Pa-GEMOX, and 5-FU and cisplatin Pa-GEMOX generally obtained a better ORR with statistical
plus radiotherapy (FUPR) (HR 4.1, 95% CI 1.4-12.0; HRsignicance (OR 0.04, 95% CI 0.00-0.84; OR 0.02, 95% CI
3.6, 95% CI 1.4-9.0; HR 4.6, 95% CI 1.4-15.0; HR 5.6, 95940-0.53; OR 0.06, 95% CI 0.00-0.75; OR 0.03, 95% CI 0.00-
Cl 1.5-20.0; respectively) while the FUPR (HR 5.6, 95% @.94; respectively) while E-GEMOX (OR 0.03, 95% CI 0.00-
1.5-20.0) was the best. Overall, the regimens of C-GEMOX,94) showed a higher incidence of ORR. Though inferior than
GEMOX, Pa-GEMOX, FUPR, GPCe, GPPa, GC and XRegimens containing targeted agents, the Folfox-4 regingen i
were associated with better PFS when compared to othenore likely to react than GP (GP vs. Folfox-4: OR 3.05, 95%ClI
treatments. Unlike the result of overall survival, GEMOX0.11-220.50). Conversely, S-1 monotherapy was associdted w
plus targeted agents seemed to receive better outcomes thantrend of inferior ORR comparing to BSC (OR 1.35, 95%
GP. The treatments of GEM, GEM plus sorafenib (GSo), S-TJI 0.01-405.01). The ORR was likely to be lower in patients
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Study or Subgroup __log[Hazard Ratio] SE_Weight
Chen 2015 -0.24 014 53.5%
Malka 2014 -0.0202 0.1503 46.5%

Total (95% Cl) 100.0%
Heterogeneity: Chi? = 1.15, df = 1 (P = 0.28); I2 = 13%

Hazard Ratio
IV, Fixed, 95% CI

Hazard Ratio
1V, Fixed. 95% CI

0.79[0.60, 1.03]
0.980.73, 1.32]

0.87 [0.71, 1.06]

0.1 1 10

o - 0.01 . 100
Test for overall effect: Z=1.35 (P = 0.18) C-GEMOX GEMOX
Hazard Ratio Hazard Ratio
r r log[Hazard Rati E Weight IV, Fix 5% Cl IV, Fix 5% Cl
Okusaka 2010 -0.4155 0.2429 16.5% 0.66[0.41, 1.06]
Valle 2010 -0.462 0.1078 83.5% 0.63[0.51,0.78] .
Total (95% CI) 100.0% 0.63 [0.52, 0.77] ¢
Heterogeneity: Chiz = 0.03, df = 1 (P = 0.86); I = 0% ‘ ‘ - ‘ ‘
Test for overall effect: Z = 4.61 (P < 0.00001) 001 Gl GP1 GEM L 160
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% Cl IV, Random, 95% Cl
Li 2016 -0.13  0.14 52.8% 0.881[0.67, 1.16]
Morizane 2013 -0.8278 0.2163 47.2% 0.4410.29, 0.67] L
Total (95% Cl) 100.0% 0.63 [0.32, 1.25]
Heterogeneity: Tau? = 0.21; Chi? = 7.33, df = 1 (P = 0.007); 12 = 86% ‘ * - ‘ ’
o _ 0.01 0.1 1 10 100
Test for overall effect: Z=1.32 (P = 0.19) GS S-1
FIGURE 3 | Forest plots of treatments effects and response for progresion free survival.
Experimental Control Odds Ratio Odds Ratio
M-H. Fix M-H. Fix % Cl
Chen 2015 15 62 9 60 34.5% 1.81[0.72, 4.52]
Malka 2014 18 76 17 74  65.5% 1.04 [0.49, 2.22]
Total (95% CI) 138 134 100.0% 1.31[0.73, 2.33]
Total events 33 26
Heterogeneity: Chiz = 0.83, df = 1 (P = 0.36); I = 0% f f ' ‘ ‘
R v 0.01 0.1 1 10 100
Test for overall effect: Z=0.90 (P = 0.37) C-GEMOX GEMOX
GS GEM Odds Ratio Odds Ratio
r r Events Total Events Total Weight M-H. Fix % Cl M-H. Fix % Cl
Li 2016 9 25 6 25 62.3% 1.78 [0.52, 6.09] —
Sasaki 2013 6 30 3 32 37.7% 2.421[0.55, 10.70] - =
Total (95% CI) 55 57 100.0%  2.02[0.79, 5.20] A
Total events 15 9
Heterogeneity: Chiz = 0.10, df = 1 (P = 0.76); 12 = 0% ; t y y
Test for overall effect: Z = 1.46 (P = 0.14) 0.01 01 GS1 GEM 10 160
Experimental Control Odds Ratio Odds Ratio

Lee 2014 12 44 3 49  28.1% 5.75[1.50, 22.03]
Park 2016 7 69 5 55 30.5% 1.13[0.34, 3.77]
Woo 2013 30 179 23 113 41.4% 0.79[0.43, 1.44]
Total (95% CI) 292 217 100.0% 1.54 [0.50, 4.71]
Total events 49 31

M-H. Ran

Heterogeneity: Tau? = 0.69; Chi?2 = 7.07, df = 2 (P = 0.03); I?=72% :

Test for overall effect: Z = 0.75 (P = 0.45)

FIGURE 4 | Forest plots of treatments effects and response for objectie response rate.
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FIGURE 5 | Bayesian framework network meta-analysis. Hazards ratioral 95% con dence intervals for overall survival.

FIGURE 6 | Bayesian framework network meta-analysis. Hazards ratioral 95% con dence intervals for progression free survival.
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FIGURE 7 | Bayesian framework network meta-analysis. Odds ratio and® con dence intervals for objective response rate.

treated with Gem, GP, XP plus radiotherapy (XPRT) andherapy is currently unsatis ed in prolonging patients' sural,
slightly higher in FUFA, XP, S-1, S-1 plus cisplatin (SP}argeted therapy is still a hot topic. New mutations accougfior

and GS. biliary tract cancer have been reported and published, stitirg
) ) ) the emergence of new targeted therapi.(Secondly, Folfox-4
Ranking of the Including Regimens regimen, combined oxaliplatin, 5-FU and folinic acid, appeared

Values of SUCRA were shownigures 8-10. As for OS shown to obtain a better OS in our study. The Folfox regimen was
in Figure 8, the treatment of Folfox-4 had the largest probabilityinitially used in the treatment of colorectal cancer and iasv

of being the rank 1 (40.3%). GPPa was most likely to be the rankst found to obtain positive e cacy in a prospective phase
2 (22.2%), XP to be the rank 3 (28.3%) and GP to be the rank@# study in Korea using the Folfox-6 regimeni3). A recent
(30.9%) while GC was much more likely to be the rank 19 (43.1%hndomized phase Il study of rst-line treatment for advadce
and E-GEMOX to be rank 18 (17.5%). With respect to PFS, theiliary ducts carcinoma demonstrated that the chemotherapy o
FUPR had the highest tendency to be the rank 1 (41.3%), P&olfox-4 produced a desired result without increasing aseer
GEMOX to be the rank 2 (21.8%), and C-GEMOX to be the rankevents when comparing with FUFA (HR for OS, 0.3121, 95% Cl,
3 (19.7%) and GEMOX to be the rank 4 (23.4%). The treatmerg.1535-0.634% D 0.0031) §). Oxaliplatin, a third-generation
that had the largest probability to be the rank 20 was FAM (#9).1 platinum analog, is convinced in previous studiés, (17) that it

and FUFA was likely to be the rank 19 (21.3%jglre 9. The  can achieve improvement in PFS and ORR with less toxicity but
Figure 10revealed that E-GEMOX was most likely to be the rankailed to prolong OS. But in our study, we found that oxaliplatin
1(39%) for ORR, Pa-GEMOX to be the rank 2 (21%), C-GEMO>ombined with 5-FU and folinic achieved superior success in
to be the rank 3 (20%) and GEMOX to be the rank 4 (29%). BS©S and it ranked rst in the value of SUCRA. The regimen
(37%) and S-1(38%) were likely to be rank 15 and the treatments Folfox-4 may be a better alternative to the standard GP

XPRT was likely to be the rank 14 (13%). regimen. Last but not least, most of the including treatnsemére
mainly di erent combinations made by gemcitabine, platinum
DISCUSSION (cisplatin, carboplatin and oxaliplatin) and uoropyrimidine

(5-FU, S-1 and capecitabine). In our study, gemcitabine plus
In this systematic review and NMA conducted to nd the optimal platinum regimens were generally found to obtain better ecya
chemotherapy for patients with advanced biliary tract caneer  than uoropyrimidine based regimens. A previous NMALY)
made several key observations. Firstly, for targeted flydrethis came to the same conclusion that gemcitabine based regimens
study, therapies targeting EGFR in this study containedigsily ~ yielded more satisfying survival outcomes than uoropyriime
cetuximab and panitumumab. Cediranib and sorafenib tametebased. But when it came to toxicity, a gemcitabine based
VEGFR while vandetanib targeted EGFR/VEGFR. Di erentegimen was likely to cause neutropenia than uoropyrimidine
targeted therapies seem to lead to di erent e cacy. Our studybased regimens. Lastly, GS and XP were found to achieve
has come to the conclusion that the targeted therapy targetinapproximately equal e cacy like the standard GP regimen
EGFR was superior than targeting VEGFR in PFS which wdmth in OS and PFS. S-1 and capecitabine are oral form of
ever illustrated in two meta-analysié§ 17). Though targeted uorouracil that is convenient to patients. It was only explath
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FIGURE 8 | Ranking for overall survival.

FIGURE 9 | Ranking for progression free survival.
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FIGURE 10 | Ranking for objective response rate.

in retrospective studies?¢, 31) and no meta-analysis has everdi erent types' characteristics. And in our study, we assumed
can to this conclusion. Therefore, randomized trials aguieed  that patients with biliary tract cancer in dierent countries
to convinced this conclusion. react to the same chemotherapeutic regimen similar. Addélp
Recently, there are several clinical trials on going. A studpopulations, gender ratio, and patients' age of these studies we
conducted by Kobayashi et al. in Japan revealed that GP plassumed similar though they di ered among the studies endblle
S-1 had a promising survival bene #{) and a randomized For example, some studies got a large sample of up to 410 people
phase Il trial comparing this regimen to GP is underwaywhile some studies got a small sample like 43 people. The ratio of
(KHBO1401, UMINO00014371). A phase Il trial comparingmen and women was approximately equal in only a few studies
GEMOX to capecitabine plus oxaliplatin is in progress in Souttand the proportion of men was larger than women in all. Patient'
Korea (NCT01470443). A phase Il/lll trial of FOLFIRINOX (5- age in the majority of our studies was about 65 years old, so
FU plus irinotecan plus oxaliplatin, a standard chemotherajgeut attention can be taken away from the heterogeneity produced
regimen for advanced pancreatic cancer) is also on going iby age. Publication bias and selective reporting biasesatann
France (NCT02591030). New meta-analysis is needed by thenbe excluded which might a ect some comparisons. Also, some
This NMA does have some limitations. In order to maketreatments could not be included due to failing for obtaigin
indirect comparison available, this analysis included notyo full-text or connecting to other treatments. In addition, eles
RCTs but also retrospective studies which increased theot published in English were not included which might lead
heterogeneity in design. Because of the lack of enoughmaégde to a language bias. Lastly, direct comparisons were scant in
it was an inevitable problem that the reliability of the resul some comparisons which might a ect the result of the analysis.
in our study had greatly reduced. Also, most of the studieSherefore, it seemed that the optimal treatment still remaine
included did not provide detail information, so a stratiedro uncertain and more RCTs are required.
subgroup analysis in our study was not accomplished. There In addition, a meta-analysis conducted by Zhuang
were variations in the de nition of advanced biliary tracmcer (16) has discovered that dierent tumor types react
which included not only locally advanced or metastasis s a di erently to chemotherapy. In that study, it was found that
recurrence in this systematic review and some of the studiesholangiocarcinoma patients are more sensitive to chemather
also could not give a speci c illustration of the clinical gga gallbladder adenocarcinoma or patients with ampulla of Vater
In this analysis, treatment outcomes of the four tumor typescancer. Patients with cholangiocarcinoma (intrahepatia an
could not be extracted, respectively, and proportion of casicerextrahepatic) constituted the largest percentage in mostisg,
based on the anatomy location was not balanced. Detaile@imost twice than gallbladder patients. The problem has been
analysis was hard to perform and we draw the above conclusiomaised up but no study has made a clear answer. Besides, biliary
on the premise of ignoring the heterogeneity produced bytract cancer has a characteristic of regional distributigspdrity
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