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Background: Chemotherapy is frequently used in cholangiocarcinoma as an adjunct to surgical resection,
but the appropriate sequence of chemotherapy with surgery is unclear.
Patients and methods: Using the National Cancer Database, we identified patients who underwent sur-
gery and chemotherapy for stage I-III cholangiocarcinoma between 2006 and 2014. The propensity score
reflecting the probability of receiving neoadjuvant chemotherapy was estimated by multivariate logistic
regression method. Patients in the neoadjuvant and adjuvant chemotherapy study arms were then
propensity-matched in 1:3 ratios using the nearest neighbor method. Overall Survival (OS) in the
matched data set was estimated using the Kaplan-Meier method. Hazard ratios (HRs) were calculated
using Cox proportional hazard regression model.
Results: Of the 1450 patients who met our inclusion criteria, 299 (20.6%) received neoadjuvant
chemotherapy while 1151 (79.3%) received adjuvant chemotherapy. The median age at diagnosis was 63
years. 278 patients in the neoadjuvant group were matched to 700 patients in the adjuvant group. In the
matched cohort, patients who received neoadjuvant chemotherapy had a superior OS compared to those
who received adjuvant chemotherapy (Median OS: 40.3 vs. 32.8 months; HR: 0.78; 95% CI: 0.64e0.94,
p¼ 0.01). The 1- and 5-year OS rates for the neoadjuvant chemotherapy group were 85.8% and 42.5%
respectively compared to 84.6% and 31.7% for the adjuvant chemotherapy group.
Conclusion: In this large national database study, neoadjuvant chemotherapy was associated with a
longer OS in a select group of patients with cholangiocarcinoma compared to those who underwent
upfront surgical resection followed by adjuvant chemotherapy.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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Introduction

Cholangiocarcinoma is a rare and aggressive cancer of the biliary
epithelium. Approximately 8000 people in the United States are
diagnosed with cholangiocarcinoma each year [1]. Surgical resec-
tion with histologically negative margin is the only potentially
curative treatment for cholangiocarcinoma. However, a majority of
the patients are not amenable for surgical resection as they present
with locally advanced disease or distant metastasis [2]. Even in
opean Society of Surgical Oncology. All rights reserved.
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cases that are surgically resected, recurrences develop in approxi-
mately two-thirds of cases, and overall survival (OS) is poor [3e5].

Several chemotherapy regimens have been explored in the
adjuvant setting, and many retrospective studies evaluating these
have shown improvement in outcomes [6e12]. These results have
led to randomized clinical trials of adjuvant chemotherapy, but a
definitive survival advantage has been difficult to prove [13e16].
Most recently, the BILCAP study, which randomized patients to
receive adjuvant capecitabine or placebo, showed improvement in
OS in the per-protocol analysis, although this was not evident in the
intention-to-treat analysis [17]. In the absence of definitive evi-
dence, the decision on adjuvant chemotherapy has been left to
Fig. 1. Patient sele
clinicians and patients, and chemotherapy is frequently being used
in these cases.

Neoadjuvant chemotherapy may be of benefit in these patients
by improving resectability similar to other malignancies including
pancreatic cancer and breast cancer. Neoadjuvant chemotherapy
may also allow for better selection of patients for surgical resection
by excluding patients who develop metastatic disease and sparing
them from unnecessary surgery. This question has only been
explored in small retrospective series of patients, but some of these
studies have shown some promising results [18e22]. It is unclear
how this strategy compares to adjuvant chemotherapy, as they
have not been compared in prospective or retrospective studies. In
ction schema.
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this study utilizing the National Cancer Database (NCDB), we
evaluate the role of neoadjuvant chemotherapy in OS of patients
with cholangiocarcinoma.
Materials and methods

Patient selection

We identified patients in NCDB using the histologic code for
cholangiocarcinoma (8160/3) per the third edition of the Interna-
tional Classification of Diseases for Oncology. We restricted our
analysis to patients who had the diagnosis confirmed by histology
or cytology and were diagnosed between the years 2006 and 2014.
Patients with metastatic disease or unknown stage at diagnosis
were excluded. In addition, we excluded patients who did not un-
dergo surgery, did not receive chemotherapy, underwent liver
transplant or if the sequence of chemotherapy in relation to surgery
was unknown (Fig. 1).

We abstracted data on demographics, tumor characteristics,
treatment modalities, and OS. The primary outcome of this study
Table 1
Baseline characteristics in the matched and unmatched groups.

All Patients (N¼ 1450)

Neoadjuvant (N¼ 299) Adjuvant (N¼ 1151) Sdiff

Age 0.33
18e54 105 (35.1%) 264 (22.9%) 0.27
55e64 97 (32.4%) 358 (31.1%) 0.02
65e74 75 (25.1%) 369 (32.1%) 0.15
75þ 22 (7.4%) 160 (13.9%) 0.21
Sex
Male 156 (52.2%) 604 (52.5%) 0.00
Female 143 (47.8%) 547 (47.5%) 0.00
Race
White 273 (91.3%) 989 (85.9%) 0.17
Black 15 (5.0%) 76 (6.6%) 0.06
Other or unknown 11 (3.7%) 86 (7.5%) 0.16
Insurance Status
No insurance 6 (2.0%) 18 (1.6%) 0.03
Private 162 (54.2%) 588 (51.1%) 0.06
Government 123 (41.1%) 524 (45.5%) 0.08
Unknown 8 (2.7%) 21 (1.8%) 0.05
Charlson Score
0e1 277 (92.6%) 1082 (94.0%) 0.05
2 or higher 22 (7.4%) 69 (6.0%) 0.05
Year of diagnosis
2006e2008 55 (18.4%) 239 (20.8%) 0.06
2009e2011 100 (33.4%) 454 (39.4%) 0.12
2012e2014 144 (48.2%) 458 (39.8%) 0.16
Facility type
Non-academic 92 (30.8%) 427 (37.1%) 0.13
Academic/Research 185 (61.9%) 685 (59.5%) 0.04
Other/unknown 22 (7.4%) 39 (3.4%) 0.17
Location
Intrahepatic 222 (74.2%) 620 (53.9%) 0.43
Extrahepatic 74 (24.7%) 486 (42.2%) 0.37
Not specified/unknown 3 (1.0%) 45 (3.9%) 0.18
Grade
1 23 (7.7%) 104 (9.0%) 0.04
2 104 (34.8%) 527 (45.8%) 0.22
3 or 4 65 (21.7%) 365 (31.7%) 0.22
Unknown 107 (35.8%) 155 (13.5%) 0.53
Clinical Stage
Stage I 136 (45.5%) 439 (38.1%) 0.14
Stage II 103 (34.4%) 478 (41.5%) 0.14
Stage III 60 (20.1%) 234 (20.3%) 0.00
Radiation
No 161 (53.8%) 618 (53.7%) 0.00
Yes 138 (46.2%) 529 (46.0%) 0.00
Unknown 0 (0.0%) 4 (0.3%) 0.08

NS: Not Significant.
was to evaluate the difference in OS between patients
who received neoadjuvant chemotherapy and adjuvant
chemotherapy.
Propensity score matching

We estimated the propensity score or the probability of
receiving neoadjuvant chemotherapy by using a multivariable lo-
gistic regression model. Covariates included in the model were age
at diagnosis, sex, race, insurance status, Charlson comorbidity
score, year of diagnosis, facility type, tumor location, tumor grade,
clinical stage, and use of radiation. Each sub-category was entered
as a separate variable in the model. A 1:3 matching was then per-
formed by using the nearest neighbor method with a caliper width
equal to 0.25 standard deviations using the MatchIt’ package in R
[23]. We examined the balance in the baseline covariates in the
matched data by using standardized mean differences (Table 1),
histogram (Supplemental Figure 1) and jitter plots (Supplemental
Figure 2).
Matched Cohort (N¼ 978)

p-value Neoadjuvant (N¼ 278) Adjuvant (N¼ 700) Sdiff p-value

<0.001 0.25
<0.05 89 (32.0%) 193 (27.6%) 0.09 NS
NS 94 (33.8%) 222 (31.7%) 0.04 NS
<0.05 73 (26.3%) 212 (30.3%) 0.09 NS
<0.05 22 (7.9%) 73 (10.4%) 0.02 NS
0.92 0.73
NS 140 (50.4%) 361 (51.6%) 0.02 NS
NS 138 (49.6%) 339 (48.4%) 0.02 NS
0.03 0.80
<0.05 253 (91.0%) 630 (90.0%) 0.03 NS
NS 14 (5.0%) 43 (6.1%) 0.04 NS
<0.05 11 (4.0%) 27 (3.9%) 0.00 NS
0.45 0.72
NS 6 (2.2%) 10 (1.4%) 0.05 NS
NS 151 (54.3%) 365 (52.1%) 0.04 NS
NS 116 (41.7%) 314 (44.9%) 0.06 NS
NS 5 (1.8%) 11 (1.6%) 0.01 NS
0.38 0.82
NS 257 (92.4%) 650 (92.9%) 0.01 NS
NS 21 (7.6%) 50 (7.1%) 0.01 NS
0.03 0.83
NS 54 (19.4%) 138 (19.7%) 0.00 NS
NS 94 (33.8%) 249 (35.6%) 0.03 NS
<0.05 130 (46.8%) 313 (44.7%) 0.04 NS
<0.001 0.23
<0.05 88 (31.7%) 245 (35.0%) 0.07 NS
NS 171 (61.5%) 424 (60.6%) 0.02 NS
<0.05 19 (6.8%) 31 (4.4%) 0.10 NS
<0.001 0.43
<0.05 203 (73.0%) 487 (69.6%) 0.07 NS
<0.05 72 (25.9%) 208 (29.7%) 0.08 NS
<0.05 3 (1.1%) 5 (0.7%) 0.03 NS
<0.001 0.01
NS 23 (8.3%) 63 (9.0%) 0.02 NS
<0.05 104 (37.4%) 299 (42.7%) 0.10 NS
<0.05 65 (23.4%) 192 (27.4%) 0.09 NS
<0.05 86 (30.9%) 146 (20.9%) 0.23 <0.05
0.04 0.96
<0.05 127 (45.7%) 313 (44.7%) 0.02 NS
<0.05 96 (34.5%) 245 (35.0%) 0.01 NS
NS 55 (19.8%) 142 (20.3%) 0.01 NS
0.59 0.77
NS 156 (56.1%) 400 (57.1%) 0.02 NS
NS 122 (43.9%) 300 (42.9%) 0.02 NS
NS 0 (0.0%) 0 (0.0%) 0.00
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Statistical analysis

We compared the baseline categorical variables in the matched
and unmatched cohort using Chi-Square test and adjusted for p-
values within each sub-group using Bonferroni correction. We
estimated the OS in the matched data set using Kaplan-Meier curve
and compared OS between the two groups by the log-rank test.
Hazard ratios (HRs) were calculated using Cox proportional hazard
regression model. All tests were two-sided. A p-value less than 0.05
was considered significant. Statistical analysis was performed using
R software (version 3.5.1).

Results

Baseline characteristics and patterns of neoadjuvant chemotherapy
use

A total of 1450 patients met our inclusion criteria; 299 (20.6%)
received neoadjuvant chemotherapy while 1151 (79.4%) received
adjuvant chemotherapy (Fig. 1). The median time from diagnosis to
surgery in the neoadjuvant group was 172 days, while it was 25
days in the adjuvant group (p< 0.001). The median time to starting
chemotherapy from diagnosis was 39 days and 84 days in neo-
adjuvant and adjuvant chemotherapy groups respectively
(p< 0.001). Clinical variables associated with higher likelihood of
using of neoadjuvant chemotherapy were younger age at diagnosis,
white race, year of diagnosis between 2012 and 2014, intra-hepatic
location of tumor, unknown tumor grade and clinical stage I
(Table 1).

Propensity score matching

From the neoadjuvant group, 278 (92.9%) patients were
matched with 700 (60.8%) patients who received adjuvant
chemotherapy. All covariates, except for unknown tumor grade,
were adequately balanced in the matched data set as demonstrated
by a standard difference of less than 0.1 (Table 1, Supplemental
Figure 1 and Supplemental Figure 2).
Fig. 2. Overall survival between patients who received neoadjuvant ch
OS in the matched data set

The median follow up duration of the matched cohort was 27
months. In the neoadjuvant chemotherapy group, 56.8% of the pa-
tients received multi-agent chemotherapy compared to 45.9% in the
adjuvant chemotherapy group (p< 0.05), while the rest received
single-agent chemotherapy. Patients who received neoadjuvant
chemotherapy were more likely to have R0 surgical resection
compared to patients who underwent upfront surgical resection
(71.2% vs. 61.6%, p¼ 0.02). Patients who underwent neoadjuvant
chemotherapy also had a significantly longer OS compared to those
who received adjuvant chemotherapy (median OS: 40.3 vs. 32.8
months, HR: 0.78, 95% CI: 0.64e0.94, p¼ 0.01, Fig. 2). The 1- and 5-
year OS rates for the neoadjuvant group was 85.8% and 42.5%
respectively, compared to 84.6% and 31.7% for the adjuvant group.

In sub-group analysis, statistically significant longer OS for
neoadjuvant chemotherapy was noted in the younger age group
(18e54 years), male sex, white race, government insurance,
Charlson score 1e2, year of diagnosis 2006e2008, treatment at an
academic facility, intrahepatic tumor location, unknown tumor
grade, and clinical stage I (Fig. 3).
Discussion

The role of neoadjuvant chemotherapy in cholangiocarcinoma
has been explored in several small clinical studies and case reports
with mixed results [20,24e29]. A retrospective review of 28 pa-
tients who received neoadjuvant chemotherapy did not show any
difference in OS compared to patients who underwent upfront
resection [24]. In a more recent study of 74 patients with unre-
sectable intrahepatic cholangiocarcinoma, neoadjuvant chemo-
therapy was found to be an effective downstaging option although
it was not associated with a difference in OS [20]. However, the
majority of prior studies were limited by their small sample size
and lack of a comparable control group, which did not allow for a
meaningful evaluation of the effects of neoadjuvant chemotherapy
on OS. In contrast, in our large national database study, we evalu-
ated 278 cholangiocarcinoma patients receiving neoadjuvant
emotherapy and adjuvant chemotherapy in the matched cohort.



Fig. 3. Forest plot demonstrating hazard ratios for neoadjuvant chemotherapy for different subgroups in the matched cohort.
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chemotherapy and found that neoadjuvant chemotherapy followed
by surgery was significantly associated with longer OS in patients
with cholangiocarcinoma.

There are several theoretical possibilities regarding how neo-
adjuvant chemotherapy can improve OS compared to adjuvant
chemotherapy. First, neoadjuvant chemotherapy can downstage
tumors and improve the probability of complete resection of tu-
mors with negative margins. R0 resections are typically associated
with better OS [30e32]. In our study as well, a significantly higher
proportion of patients in the neoadjuvant chemotherapy had R0
resections compared to the group that underwent upfront resec-
tion despite being matched for tumor stage. Second, neoadjuvant
chemotherapy potentially allows for the selection of patients who
may benefit from surgical resection. Administration of neoadjuvant
chemotherapy provides additional time to identify patients who
have a chemotherapy-resistant micrometastatic disease and are
more likely to progress to overt metastasis irrespective of surgical
intervention. Third, post-surgical morbidities may preclude
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administration of chemotherapy in the adjuvant chemotherapy
group. In our matched cohort, multiagent chemotherapy was
administered less frequently in the adjuvant chemotherapy group
compared to the neoadjuvant group, which could be due to post-
surgical morbidities in the adjuvant arm. However, this also raises
the possibility that the adjuvant chemotherapy armmay have been
undertreated.

In subgroup analysis, we identified several features of patients
who may benefit from neoadjuvant chemotherapy (Fig. 3).
Although this may help in selecting patients who will benefit from
neoadjuvant chemotherapy approach, these results need to be
interpreted with caution. Our study may not have detected differ-
ence across several subgroups due to lack of statistical power,
rather than due to an absence of a real difference. Interestingly, we
identified that stage I patients may be more likely to benefit from
neoadjuvant chemotherapy compared to stage II-III. This challenges
the traditional notion that neoadjuvant chemotherapy may be
effective by facilitating surgical resectability by downstaging tu-
mors [29] and hence should be reserved for higher stage tumors.
The observed benefits in early-stage disease could be due to the
effective management of micrometastatic disease rather than due
to tumor downstaging. We also observed that neoadjuvant
chemotherapy was associated with superior OS in patients diag-
nosed in the years 2006e2008 compared to later years of diagnosis,
although the proportion of patient receiving neoadjuvant chemo-
therapy between 2006 and 2008 was lower compared to later
years. The reasons behind these findings are unclear, but selection
bias or a type I error due to low number of patients in this group
cannot be ruled out. These findings and several other subgroup
analysis findings will have to be validated in future studies.

In this study, we also included patients who received radiation
in addition to chemotherapy. Neoadjuvant chemoradiation in
conjunction with liver transplant has shown some benefit in
cholangiocarcinoma [33e37]. However, its role in patients who are
not candidates for a liver transplant is unclear. Our analysis
excluded patients who underwent liver transplant. The proportion
of patients who received radiation treatment was also similar be-
tween neoadjuvant and adjuvant chemotherapy groups, making it
unlikely that the observed difference in survival due to neoadjuvant
chemotherapy is due to the effect of radiation therapy alone.

In recent years, studies have demonstrated the effectiveness of
neoadjuvant chemotherapy approach in several tumor types
[38,39]. In the absence of any clinical trials addressing the role of
neoadjuvant chemotherapy in cholangiocarcinoma, we designed
this national database study to evaluate the efficacy of this
approach. To the best of our knowledge, this is the first and the
largest study that has demonstrated a survival advantage for pa-
tients who received neoadjuvant chemotherapy for chol-
angiocarcinoma. Our findings will need to be confirmed and
validated in future prospectively-designed clinical trials such as the
ongoing neoadjuvant clinical trial with the combination of gemci-
tabine, cisplatin, and nab-paclitaxel in patients with high-risk bile
duct cancer [40].

Our study suffers from the usual limitations of the National
Cancer Database [41] and retrospective analyses. In addition, we
acknowledge the possibility of selection bias sincewewere not able
to include patients who may have started with neoadjuvant
chemotherapy, but did not make it to surgery due to the progres-
sion of the disease. However, this bias may not be purely detri-
mental, as one of the strengths of neoadjuvant chemotherapy is
that it allows selection of patients who may benefit from surgery,
and avoids unnecessary surgical interventions in those who may
not. In addition, the data on the type of chemotherapy regimens,
dosage and duration are not available. The adverse events from the
therapies are also not recorded in NCDB. This limit our analysis in
comparing therapies between the two groups and determining
which regimens works best in neoadjuvant setting. All covariates
were well-balanced between the matched cohorts except for un-
known tumor grade. However, it is unlikely that a higher propor-
tion of patients with an unknown grade in the neoadjuvant
chemotherapy could lead to the observed differences. On further
analysis, we observed that unknown grade was in-fact associated
with poor prognosis. The higher proportion of unknown grade
tumors in the neoadjuvant chemotherapy is likely a result of neo-
adjuvant chemotherapy causing a significant pathological response
in the tumor leading to a difficulty in proper classification of tumor
grade.

Conclusions

In this large national database study, we have demonstrated that
neoadjuvant chemotherapy followed by surgery is associated with
better OS in patients with cholangiocarcinoma compared to
upfront resection followed by adjuvant chemotherapy. Our findings
have implications in designing future clinical trials for generating
definitive evidence on the comparative benefit of neoadjuvant
chemotherapy in managing patients with cholangiocarcinoma.

Declaration of interest

RRM serves on the advisory board for Ipsen, steering board for
BMS and has received institutional support from Merck and BMS.
RLS serves in consulting/advisory role for Intuitive Surgical. SY, HX,
IB, PS, UD, GG, BB, RSG and AM have no potential conflicts of in-
terest to declare.

Prior presentation

This study was presented in part as a poster presentation at the
2018 European Society of Medical Oncology Annual Congress in
Munich, Germany.

Acknowledgements

None.

Appendix ASupplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.ejso.2019.03.023.

References

[1] Key statitistics for bile duct cancer: American Cancer Society; [10/11/2018].
Available from: https://www.cancer.org/cancer/bile-duct-cancer/about/key-
statistics.html.

[2] Khan SA, Thomas HC, Davidson BR, Taylor-Robinson SD. Cholangiocarcinoma.
Lancet (London, England) 2005;366(9493):1303e14.

[3] Nathan H, Pawlik TM, Wolfgang CL, Choti MA, Cameron JL, Schulick RD. Trends
in survival after surgery for cholangiocarcinoma: a 30-year population-based
SEER database analysis. J Gastrointest Surg: Off J Soc Surg Alimantary Tract
2007;11(11):1488e96. discussion 96-7.

[4] DeOliveira ML, Cunningham SC, Cameron JL, Kamangar F, Winter JM,
Lillemoe KD, et al. Cholangiocarcinoma: thirty-one-year experience with 564
patients at a single institution. Ann Surg 2007;245(5):755e62.

[5] Gil E, Joh JW, Park HC, Yu JI, Jung SH, Kim JM. Predictors and patterns of
recurrence after curative liver resection in intrahepatic cholangiocarcinoma,
for application of postoperative radiotherapy: a retrospective study. World J
Surg Oncol 2015;13:227.

[6] Murakami Y, Uemura K, Sudo T, Hayashidani Y, Hashimoto Y, Nakamura H,
et al. Gemcitabine-based adjuvant chemotherapy improves survival after
aggressive surgery for hilar cholangiocarcinoma. J Gastrointest Surg: Off J Soc
Surg Alimantary Tract 2009;13(8):1470e9.

[7] Todoroki T. Chemotherapy for bile duct carcinoma in the light of adjuvant
chemotherapy to surgery. Hepato-Gastroenterology 2000;47(33):644e9.

https://doi.org/10.1016/j.ejso.2019.03.023
https://www.cancer.org/cancer/bile-duct-cancer/about/key-statistics.html
https://www.cancer.org/cancer/bile-duct-cancer/about/key-statistics.html
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref2
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref2
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref2
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref3
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref4
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref4
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref4
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref4
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref5
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref6
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref7
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref7
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref7


S. Yadav et al. / European Journal of Surgical Oncology 45 (2019) 1432e14381438
[8] Yubin L, Chihua F, Zhixiang J, Jinrui O, Zixian L, Jianghua Z, et al. Surgical
management and prognostic factors of hilar cholangiocarcinoma: experience
with 115 cases in China. Ann Surg Oncol 2008;15(8):2113e9.

[9] Murakami Y, Uemura K, Sudo T, Hayashidani Y, Hashimoto Y, Nakamura H,
et al. Adjuvant gemcitabine plus S-1 chemotherapy improves survival after
aggressive surgical resection for advanced biliary carcinoma. Ann Surg
2009;250(6):950e6.

[10] Miura JT, Johnston FM, Tsai S, George B, Thomas J, Eastwood D, et al.
Chemotherapy for surgically resected intrahepatic cholangiocarcinoma. Ann
Surg Oncol 2015;22(11):3716e23.

[11] Sur MD, In H, Sharpe SM, Baker MS, Weichselbaum RR, Talamonti MS, et al.
Defining the benefit of adjuvant therapy following resection for intrahepatic
cholangiocarcinoma. Ann Surg Oncol 2015;22(7):2209e17.

[12] Schweitzer N, Weber T, Kirstein MM, Fischer M, Kratzel AM, Reineke-Plaass T,
et al. The effect of adjuvant chemotherapy in patients with intrahepatic
cholangiocarcinoma: a matched pair analysis. J Cancer Res Clin Oncol
2017;143(7):1347e55.

[13] Takada T, Amano H, Yasuda H, Nimura Y, Matsushiro T, Kato H, et al. Is
postoperative adjuvant chemotherapy useful for gallbladder carcinoma? A
phase III multicenter prospective randomized controlled trial in patients with
resected pancreaticobiliary carcinoma. Cancer 2002;95(8):1685e95.

[14] Neoptolemos JP, Moore MJ, Cox TF, Valle JW, Palmer DH, McDonald AC, et al.
Effect of adjuvant chemotherapy with fluorouracil plus folinic acid or gem-
citabine vs observation on survival in patients with resected periampullary
adenocarcinoma: the ESPAC-3 periampullary cancer randomized trial. Jama
2012;308(2):147e56.

[15] Ebata T, Hirano S, Konishi M, Uesaka K, Tsuchiya Y, Ohtsuka M, et al. Ran-
domized clinical trial of adjuvant gemcitabine chemotherapy versus obser-
vation in resected bile duct cancer. Br J Surg 2018;105(3):192e202.

[16] Edeline J, Bonnetain F, Phelip JM, Watelet J, Hammel P, Joly J-P, et al. Gemox
versus surveillance following surgery of localized biliary tract cancer: results
of the PRODIGE 12-ACCORD 18 (UNICANCER GI) phase III trial. J Clin Oncol
2017;35(Suppl. 4):225.

[17] Primrose JN, Fox R, Palmer DH, Prasad R, Mirza D, Anthoney DA, et al. Adju-
vant capecitabine for biliary tract cancer: the BILCAP randomized study. J Clin
Oncol 2017;35(Suppl. 15):4006.

[18] Kato A, Shimizu H, Ohtsuka M, Yoshidome H, Yoshitomi H, Furukawa K, et al.
Surgical resection after downsizing chemotherapy for initially unresectable
locally advanced biliary tract cancer: a retrospective single-center study. Ann
Surg Oncol 2013;20(1):318e24.

[19] Gelli M, Le roy B, Serji B, Vibert E, Cherqui D, Adam R, et al. Neoadjuvant
chemotherapy for intrahepatic cholangiocarcinoma: a new perspective for
initially unresectable cases. HPB 2016;18:e849e50.

[20] Le Roy B, Gelli M, Pittau G, Allard MA, Pereira B, Serji B, et al. Neoadjuvant
chemotherapy for initially unresectable intrahepatic cholangiocarcinoma. Br J
Surg 2018;105(7):839e47.

[21] Walker EJ, Simko JP, Nakakura EK, Ko AH. A patient with cholangiocarcinoma
demonstrating pathologic complete response to chemotherapy: exploring the
role of neoadjuvant therapy in biliary tract cancer. J Gastrointest Oncol
2014;5(6):E88e95.

[22] Poruk KE, Pawlik TM, Weiss MJ. Perioperative management of hilar chol-
angiocarcinoma. J Gastrointest Surg: Off J Soc Surg Alimantary Tract
2015;19(10):1889e99.

[23] Ho Daniel E, Imai Kosuke, King Gary, Stuart Elizabeth A. MatchIt: nonpara-
metric preprocessing for parametric causal inference. J Stat Softw 2011;42(8):
1e28.

[24] Glazer ES, Liu P, Abdalla EK, Vauthey JN, Curley SA. Neither neoadjuvant nor
adjuvant therapy increases survival after biliary tract cancer resection with
wide negative margins. J Gastrointest Surg: Off J Soc Surg Alimantary Tract
2012;16(9):1666e71.
[25] Walker EJ, Simko JP, Nakakura EK, Ko AH. A patient with cholangiocarcinoma
demonstrating pathologic complete response to chemotherapy: exploring the
role of neoadjuvant therapy in biliary tract cancer. J Gastrointest Oncol
2014;5(6):E88e95.

[26] Kawashima H, Takeda Y, Nakahira S, Mukai Y, Hamanaka M, Uchiyama C, et al.
A case of advanced cholangiolocellular carcinoma successfully treated by
neoadjuvant chemotherapy with gemcitabine followed by radical resection.
Gan to kagaku ryoho Cancer Chemother 2012;39(12):2113e5.

[27] Kamo N, Mori A, Nitta T, Hatano E, Mitsuyoshi H, Ikeda K, et al. Two cases of
curatively resected intrahepatic cholangiocellular carcinomas through effec-
tive response to neoadjuvant chemotherapy. Gan to kagaku ryoho Cancer
Chemother 2011;38(2):305e8.

[28] Omichi K, Cloyd JM, Yamashita S, Tzeng CD, Conrad C, Chun YS, et al.
Neutrophil-to-lymphocyte ratio predicts prognosis after neoadjuvant
chemotherapy and resection of intrahepatic cholangiocarcinoma. Surgery
2017;162(4):752e65.

[29] Grendar J, Grendarova P, Sinha R, Dixon E. Neoadjuvant therapy for down-
staging of locally advanced hilar cholangiocarcinoma: a systematic review.
HPB 2014;16(4):297e303.

[30] Ma KW, Cheung TT, She WH, Chok KS, Chan AC, Ng IO, et al. The effect of wide
resection margin in patients with intrahepatic cholangiocarcinoma: a single-
center experience. Medicine 2016;95(28). e4133.

[31] Zhou Y, Liu S, Wu L, Wan T. Survival after surgical resection of distal chol-
angiocarcinoma: a systematic review and meta-analysis of prognostic factors.
Asian J Surg 2017;40(2):129e38.

[32] Matull WR, Dhar DK, Ayaru L, Sandanayake NS, Chapman MH, Dias A, et al. R0
but not R1/R2 resection is associated with better survival than palliative
photodynamic therapy in biliary tract cancer. Liver Int: Off J Int Assoc Stud
Liver 2011;31(1):99e107.

[33] Sahai P, Kumar S. External radiotherapy and brachytherapy in the manage-
ment of extrahepatic and intrahepatic cholangiocarcinoma: available evi-
dence. Br J Radiol 2017;90(1076). 20170061.

[34] Duignan S, Maguire D, Ravichand CS, Geoghegan J, Hoti E, Fennelly D, et al.
Neoadjuvant chemoradiotherapy followed by liver transplantation for unre-
sectable cholangiocarcinoma: a single-centre national experience. HPB
2014;16(1):91e8.

[35] Welling TH, Feng M, Wan S, Hwang SY, Volk ML, Lawrence TS, et al. Neo-
adjuvant stereotactic body radiation therapy, capecitabine, and liver trans-
plantation for unresectable hilar cholangiocarcinoma. Liver Transplant: Off
Publ Am Assoc Stud Liver Dis Int Liver Transplant Soc 2014;20(1):81e8.

[36] McMasters KM, Tuttle TM, Leach SD, Rich T, Cleary KR, Evans DB, et al. Neo-
adjuvant chemoradiation for extrahepatic cholangiocarcinoma. Am J Surg
1997;174(6):605e8. discussion 8-9.

[37] Katayose Y, Rikiyama T, Motoi F, Yamamoto K, Yoshida H, Morikawa T, et al.
Phase I trial of neoadjuvant chemoradiation with gemcitabine and surgical
resection for cholangiocarcinoma patients (NACRAC study). Hepato-Gastro-
enterology 2011;58(112):1866e72.

[38] Mokdad AA, Minter RM, Zhu H, Augustine MM, Porembka MR, Wang SC, et al.
Neoadjuvant therapy followed by resection versus upfront resection for
resectable pancreatic cancer: a propensity score matched analysis. J Clin Oncol
: Official J Am Soc Clin Oncol 2017;35(5):515e22.

[39] Redden MH, Fuhrman GM. Neoadjuvant chemotherapy in the treatment of
breast cancer. Surg Clin 2013;93(2):493e9.

[40] ClinicalTrialsgov. Gemcitabine, cisplatin, and nab-paclitaxel before surgery in
patients with high-risk liver bile duct cancer. https://clinicaltrials.gov/ct2/
show/NCT03579771. Available from:.

[41] Boffa DJ, Rosen JE, Mallin K, Loomis A, Gay G, Palis B, et al. Using the national
cancer database for outcomes research: a review. JAMA Oncol 2017;3(12):
1722e8.

http://refhub.elsevier.com/S0748-7983(19)30351-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref8
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref9
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref10
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref11
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref12
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref13
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref14
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref15
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref16
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref17
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref18
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref19
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref20
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref21
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref22
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref23
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref24
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref25
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref26
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref27
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref27
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref27
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref27
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref27
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref28
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref28
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref28
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref28
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref28
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref29
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref29
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref29
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref29
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref30
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref30
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref30
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref31
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref31
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref31
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref31
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref32
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref32
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref32
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref32
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref32
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref33
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref33
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref33
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref34
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref34
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref34
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref34
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref34
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref35
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref35
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref35
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref35
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref35
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref36
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref36
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref36
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref36
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref37
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref37
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref37
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref37
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref37
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref38
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref38
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref38
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref38
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref38
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref39
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref39
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref39
https://clinicaltrials.gov/ct2/show/NCT03579771
https://clinicaltrials.gov/ct2/show/NCT03579771
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref41
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref41
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref41
http://refhub.elsevier.com/S0748-7983(19)30351-8/sref41

	Neoadjuvant vs. adjuvant chemotherapy for cholangiocarcinoma: A propensity score matched analysis
	Introduction
	Materials and methods
	Patient selection
	Propensity score matching
	Statistical analysis

	Results
	Baseline characteristics and patterns of neoadjuvant chemotherapy use
	Propensity score matching
	OS in the matched data set
	Discussion
	Conclusions

	Declaration of interest
	Prior presentation
	Acknowledgements
	Appendix ASupplementary data
	References


