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Abstract Although biliary tract cancers (BTCs) are known to have an inflammatory component, a detailed characterisation of immune-related transcripts has never been performed. In
these studies, nCounter PanCancer Immune Profiling Panel was used to assess the expression
of 770 immune-related transcripts in the tumour tissues (TTs) and matched adjacent tissues
(ATs) of resected BTCs. Cox regression analysis and KaplaneMeier methods were used to
correlate findings with relapse-free survival (RFS). The first analysis in the TT and AT of
an exploratory set (n Z 22) showed deregulation of 39 transcripts associated with T-cell

Abbreviations: BTC, biliary tract cancer; CCA, cholangiocarcinoma; ECC, extrahepatic CCA; ICC, intrahepatic CCA; GBC, gallbladder cancer;
RFS, relapse-free survival; TT, tumour tissue; AT, adjacent tissue; FFPE, formalin fixed paraffin embedded; PBK, PDZ binding kinase; CTLA4,
cytotoxic T-lymphocyte antigen-4; TGFB1, transforming growth factor beta; IL-6, interleukin 6; CD80, cluster of differentiation 80; IP, immune
profile; R1, positive resection margins; R0, clear resection margins; POLR2A, RNA polymerase II subunit A; IPA, ingenuity pathway analysis;
Treg, T regulatory cell; APC, antigen-presenting cell.
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activation. Risk of recurrence was associated with a greater number of genes deregulated in
AT in comparison to TT. Analysis in the whole set (n Z 53) showed a correlation between
AT cytotoxic T-lymphocyte antigen-4 (CTLA4) expression and RFS, which maintained statistical significance at multivariate analysis. CTLA4 expression correlated with forkhead box P3
(FOXP3) expression, suggesting enrichment in T regulatory cells. CTLA4 is known to act by
binding to the cluster of differentiation 80 (CD80). No association was seen between AT CD80
expression and RFS. However, CD80 expression differentiated prognosis in patients who
received adjuvant chemotherapy. We showed that the immunomodulatory transcriptome is
deregulated in resected BTCs. Our study includes a small number of patients and does not
enable to draw definitive conclusions; however, it provides useful insights into potential transcripts that may deserve further investigation in larger cohorts of patients.
Transcript Profiling: Nanostring data have been submitted to GEO repository: GSE90698 and
GSE90699.
ª 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction
Biliary tract cancers (BTCs) arise from the epithelium of
bile ducts and gallbladder [1]. Ninety percent of BTCs
are adenocarcinomas, also called cholangiocarcinomas
(CCAs). Although intrahepatic (ICC) and extrahepatic
(ECC) CCAs harbour at least partially different molecular features, the clinical management of BTC does
not differ according to the subtypes [2e4]. In phase III
clinical trials, ICC, ECC and gallbladder cancers are
grouped together as BTCs [5,6].
Surgery is the only curative treatment modality in
BTCs. However, the 5-year survival rate for patients
with resected BTCs is only 10e50% [7,8]. Therefore,
consideration of adjuvant therapy is justified. Nevertheless, the BILCAP study suggests that adjuvant
chemotherapy can improve the outcome of resected
BTCs [9]. It is likely that the discovery of prognostic
factors associated with the biological aggressiveness of
these tumours will guide the post-surgical management
of BTCs. Recent evidence suggests that the host immune
response modulates the effect of chemotherapy in solid
tumours [10,11]. Inflammation and immune modulation
are recognised as driving forces in the pathogenesis of
BTCs [2,12e18]. However, detailed immune profiling of
tumour and peritumoural areas has not been performed
in BTCs. In this study, we aimed at characterising the
deregulation of immune-related transcripts in resected
BTCs and exploring their potential as prognostic
markers.

2. Patients and methods
2.1. Patient population
We assessed a set of 53 patients with resected BTCs
treated at the Humanitas Clinical and Research Center,
Rozzano (Milan, Italy) and the University Hospital of

Padua (Padua, Italy). The study protocol was given
ethical approval by Institutional Review Boards. All
patients underwent curative surgery (Table 1). Data
collection was performed retrospectively. Relapse-free
survival (RFS) was used as end-point of the study.
The first analysis was performed in an exploratory
Table 1
Demographics of patients.
Characteristics

Exploratory set

Entire set

Number (%)

Number (%)

Patients
Gender
Female
Male
Age
Median (years) [range]
Tumour site
ICC
ECC
GBC
T stage
T1
T2
T3
T4
N stage
N0
N1
Nx
Resection margins
Negative (R0)
Positive (R1)
Adjuvant chemotherapy
Yes
No
Recurrence
Yes
No
Follow-up
Median RFS (months) [range]

22

53

10 (45%)
12 (55%)

23 (43%)
30 (57%)

65 [41e76]

63 [38e77]

4 (18%)
10 (45%)
8 (37%)

21 (40%)
24 (45%)
8 (15%)

1
9
7
5

(5%)
(40%)
(32%)
(23%)

8 (15%)
29 (55%)
11 (21%)
5 (9%)

11 (50%)
11 (50%)
0 (0%)

24 (45%)
18 (34%)
11 (21%)

17 (77%)
5 (23%)

47 (89%)
6 (11%)

11 (50%)
11 (50%)

33 (62%)
20 (38%)

15 (68%)
7 (32%)

40 (75%)
13 (25%)

13.1 [0.33e63.3]

17.8 [0.33e91.73]

ICC, intrahepatic cholangiocarcinoma; ECC, extrahepatic cholangiocarcinoma; GBC, gallbladder cancer; RFS, relapse-free survival.
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subset including 22 cases, for which nanostring analyses
were performed in tumour (TTs) and adjacent tissues
(ATs). Extended analyses were carried out in the whole
set of patients (n Z 53) by performing nanostring analyses in the AT only. mRNA expression profiling was
analysed with a commercially available nCounter PanCancer Immune Profiling Panel from NanoString
Technologies (Seattle, WA, USA), as per manufacturer’s instructions.
2.22.2. Statistical analysis
RFS was defined as the time between surgery and
radiological evidence of tumour relapse. RFS was chosen as end-point of the study to avoid bias related to
different treatments in the metastatic setting. Patients
alive and without evidence of tumour relapse at the time
of the analysis were censored at last follow-up. The
KaplaneMeier method was used to calculate survival
estimates, and comparison of the treatment arms was
carried out using a log-rank analysis. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were obtained
by Cox regression. Multivariate Cox regression was used
to assess whether an interaction remained significant
after addition of prognostic variables including tumour
site, T, N, resection margins, adjuvant treatment and
institution. We correlated mRNA expression with clinical indicators dichotomising samples at the median
gene expression in high- versus low-expression group. P
value for statistical significance was set at <0.05. Statistical analyses were performed by R and GraphPad
Prism 6 (La Jolla, CA, USA), in a blinded fashion by an
external biostatistician.
Further methods can be found in the Supplementary
file.
3. Results
Previous studies suggest that BTCs are inflammatory
cancers associated with derangement of cytokines and
recruitment of immune cells. To investigate if the transcriptomic immune profile is deregulated in BTC, we
started by performing a comprehensive immune
profiling of 770 immune-related transcripts in TT and
AT of a set including 22 resected BTCs. Demographic
characteristics of patients are listed in Table 1. Onehundred ninety-five transcripts were aberrantly
expressed (109 upregulated and 86 downregulated) in
TT compared with AT (p < 0.05) (Fig. 1A). Of these, 39
transcripts were deregulated >2-fold in TT compared
with AT (Suppl Table 1). Ingenuity Pathway Analysis of
this set of genes showed involvement in the inflammatory response, immune-cell trafficking and T-cell
deregulation (Suppl Table 2). This network includes
genes such as cluster of differentiation 80 (CD80), which
regulates T-cell activation by binding to cytotoxic
T-lymphocyte antigen-4 (CTLA4) (Suppl Fig. 1).

Amongst the transcripts deregulated by an average >2fold (Suppl Table 1, Fig. 1B), there is PDZ-binding kinase, a kinase produced by lymphokine-activated killer
T-cells, which was previously found to be a CCA-specific transcript associated with prognosis [19].
It is recognised that deregulation of the immune
system may be a cause of cancer progression by creating
a favourable microenvironment for cancer growth and
escape. Thus, we extended our analysis to genes that
were not differently expressed between cancer and ATs,
hypothesising that genes expressed in the tumour
compartment may reflect enrichment of immune cells
within the tumour content, whereas genes expressed in
the adjacent compartment reflect deregulation of immune infiltrate in the normal tissue that creates a
favourable soil for cancer-cell growth. We began by
analysing the clinical impact of BTC type on survival.
RFS was not statistically different according to tumour
site (Suppl Fig. 2); thus, we grouped our tumour types
together in line with the analyses performed in the major
clinical trials that have generated recommendation for
clinical practice [5,9].
We derived a list of genes, whose expression was
associated with RFS at univariate analysis, and we
shortlisted genes that maintained statistical significance
at multivariate analysis (Suppl Fig. 3). Interestingly,
tumours with high expression of NOTCH1 were significantly associated with lower RFS (Suppl Fig. 3) as
previously described [20,21]. We observed that risk of
recurrence was associated with a greater number of
genes deregulated in AT in comparison with genes
altered within the TT, suggesting that the inflammatoryeimmunomodulatory background plays an important
role in BTC development and progression (Suppl
Fig. 3). As much as we do believe that deregulation of
immune transcripts in the TT may deserve further
investigation as prognostic markers; for the purpose of
this study, we decided to focus on the transcripts
deregulated in the peritumoural tissue, given this is an
area of recognised activity of the immune cells that
localise in the peritumoural border [22,23]. Thus, we
extended our nCounter profiling to the AT of the 53
cases of the entire set. Univariate and multivariate analyses were run to identify transcripts that were associated with RFS (Suppl Table 3). Amongst several genes,
we focussed on those that represented targetable pathways. While we have not observed any correlation between PD1 expression and RFS (Fig. 2), we observed an
inverse correlation between RFS and expression
of CTLA4 (Fig. 2 and Suppl Fig. 4A). Therapeutics are
available to target CTLA4, and therefore we focussed
our attention on this transcript. The relative expression
of CTLA4 did not differ across the different subtypes in
the set of patients for which TT and AT expression was
available (Suppl Fig. 4B and C). CTLA4 maintained its
prognostic value also in the multivariate analysis (Suppl
Table 4). CTLA4 is mainly displayed on activated T
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Fig. 1. Immunomodulatory transcripts are deregulated in biliary tract cancers (BTCs). RNA from tumour tissue (TT) and adjacent tissue
(AT) of BTCs of the exploratory set were subjected to nCounter analysis of 770 immune-related transcripts. (A) Heatmap showing
mRNAs deregulated in TT compared with AT (adjusted p < 0.05). (B) Graphic representation of the top 20 transcripts deregulated >2fold in TT versus AT (p < 0.05). Each dot represents the log of the ratio between TT and AT for each patient. Positive values indicate
upregulation in TT; negative values indicate downregulation in TT.

regulatory cells (Tregs) and is receptor to CD80 and
CD86 [24]. We noticed a correlation between CTLA4
expression and FOXP3 expression, suggesting that cases
with high CTLA4 indeed have an enrichment of Tregs
(Suppl Fig. 4D). As CD80 and CD86 co-contribute to
the activation of Treg through interaction with CTLA4,
we looked at the correlation between RFS and CD80
and CD86 expression. Neither CD80 nor CD86 could
differentiate prognosis when all the cases were grouped
together. However, there was a trend for worse survival
for high CD80-AT cases in patients undergoing adjuvant chemotherapy (Suppl Fig. 5), in line with published
data on the role of Tregs in response to chemotherapy
[10,11]. To further investigate this finding, we examined
the count of CD80-positive cells using immunohistochemistry (IHC). In the subgroup that received adjuvant
chemotherapy, we confirmed that cases with strong AT
CD80 expression had a longer median RFS (28.8
months) compared to cases with negative/mild CD80

expression (16.27 months) (HR 3.25 [95% CI:
1.31e15.54; p Z 0.02]; Fig. 3AeC). As this may suggest
a value of CD80 as a biomarker of sensitivity to
chemotherapy, we looked at the effect of adjuvant
chemotherapy in patients with strong CD80 expression
compared to the negative/mild ones. While no advantage was observed for cases with strong CD80 expression, adjuvant chemotherapy tended to improve RFS in
cases with negative/mild expression of CD80, even
though statistical significance was not reached (Fig. 3D).
We acknowledge that the low numbers in these analyses
do not allow for any definitive conclusion, but we
believe CD80 may be a promising marker to be studied
in larger cohorts.
Given these data suggest that an immunomodulatory
network plays a role in BTC relapse, we searched for a
gene signature that could identify cases with higher risk
of relapse. We derived a gene signature using the 42
genes that were associated to RFS (Suppl Table 3). This
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Fig. 2. Cytotoxic T-lymphocyte antigen-4 (CTLA4) is associated with relapse-free survival. (A) CTLA4 mRNA was assessed by nCounter
analysis in the entire set (n Z 53). Cases were divided according to low and high expression of mRNA in the adjacent tissue (AT) (using
median as cut-off). Median overall survival was 16.27 months in cases with high CTLA4 expression, whereas it was 29.53 months in low
CTLA4 cases. (B) PDCD1 mRNA was assessed by nCounter analysis in the entire set. Cases were divided according to low and high
expression of mRNA in the AT (using median as cut-off). RFS, relapse-free survival.

signature could significantly differentiate cases with
higher risk of relapse (Suppl Fig. 6). When the predictive
performance of the gene signature and CTLA4 alone
were compared, the gene signature seemed to have only
a slightly stronger predictive power (concordance
probability estimate [CPE] 0.62 versus 0.59, p Z 0.03;
Akaike’s information criterion [AIC] 244 versus 241,
p Z 0.03).
4. Discussion
BTCs are recognised to be inflammatory cancers with
associated activation of the immune system
[16,18,24e26]. Loss of immune response in BTCs is
associated with lack of peritumoural inflammatory
infiltrate and poorer survival [27,28]. It is reasonable to
hypothesise that the activation of immune-escaping
phenomena can favour tumour relapse after surgical
resection [29e31]. In this study, we characterised the
immune response of resected BTCs and observed that
the deregulation of immunomodulatory transcripts in
peritumoural areas can create an immunosuppressive
milieu that facilitates tumour relapse, likely through
the activation of the CTLA4 axis. We focussed our
validation on CTLA4 because it is a target of immunomodulatory drugs currently available and may
represent an ideal target for therapeutic interventions.
Nonetheless, treatment with CTLA4 inhibitors looked
promising in isolated cases of BTCs [32]. Recent studies
provide evidence for the benefit of adjuvant treatment
in resected BTCs [9]. Given post-operative treatment
seems to be effective in improving long-term outcome,
optimisation of adjuvant therapy may be a good
strategy to increase the cure rate of this otherwise
deadly disease. Our data suggest that it may be worth
exploring the role of immunotherapy in the adjuvant

setting of BTCs as a means of preventing recurrence by
re-addressing the immune response. Furthermore,
immunomodulatory drugs targeting CTLA4, given
post-operatively to melanoma patients, appear to provide significant benefit [33]. The BILCAP study has
shown that median RFS is improved from 18 to 25
months [9]. Thus, it is likely that a subgroup of patients
may get higher benefit from additional chemotherapy;
thus, identification of prognostic factors that indicate
the risk of relapse may aid patient selection. In our
data, we observed that the expression of CTLA4 in the
peritumoural area seems to have a high prognostic
value, as it reflects the capacity of the host immune
system to react against the tumour. Extraction of RNA
from the AT may be more challenging in comparison to
TT. However, modern techniques, such as nCounter
analysis, enable the assessment of mRNA transcripts
from small amounts of RNA obtained from formalinfixed paraffin-embedded tissues [34]. This has already
allowed gene expression profiling to guide adjuvant
chemotherapy in other solid tumours such as breast
cancer [35,36].
Emerging evidence is supporting the role of Tregs in
shaping tumour sensitivity to chemotherapy. Low
stromal Treg density is associated with better responses
to chemo-radiotherapy [10], and the depletion of
circulating Treg following chemotherapy is associated
with better outcomes [11]. CTLA4 is expressed on the
surface of Tregs and has to bind to CD80 on antigenpresenting cells to exert inhibitory effects on cytotoxic
cells [24]. Thus, it is likely that the association we have
observed between strong CD80 expression and resistance to adjuvant chemotherapy may reflect the
enrichment of activated Tregs in the microenvironment,
which inhibit response to chemotherapy. The assessment of CD80 by IHC has two advantages: 1) allows
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Fig. 3. Cluster of differentiation 80 (CD80) protein expression and prognosis. (A) The presence of CD80-positive cells in the adjacent tissue
(AT) was assessed by immunohistochemistry (IHC). Examples of CD80-poor and CD80-rich biliary tract cancer cases are shown.
(B) CD80 protein expression was assessed by IHC in the AT of the entire set (n Z 53). Cases were divided according to protein expression
of CD80 in the AT (þþþ versus /þ/þþ). (C) The same analysis was performed in the cohort receiving post-operative observation or
adjuvant chemotherapy. In the latter median relapse-free survival (RFS) was 16.27 months in strong (þþþ) CD80 (n Z 11) whereas it was
28.8 months in the other (/þ/þþ) group (n Z 9). (D) CD80 expression was assessed by IHC in the AT (n Z 53). In strong CD80 cases
median RFS was 16.27 months in the adjuvant group compared to 29.93 months in the observation group. In the cases with negative/mild
expression of CD80, adjuvant chemotherapy improved median RFS from 17.23 months to 28.8 months (non-significant).

differentiation of those cases with a strong expression
compared to differentiation just in two groups and 2) is
a standardised method that can be easily reproduced
and taken into clinical practice, provided confirmation

and validation of our findings are achieved in larger
prospective cohorts.
Our study suggests that the microenvironment of
BTCs is characterised by a deregulation of the immune
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system towards an immunosuppressive phenotype and
may include activation of Tregs that confer aggressiveness and chemo-resistance. Owing to the limited number
of patients in our study, definitive conclusions cannot be
made. However, we believe that these observations
deserve further validation in large, prospective studies to
assess the role of immunomodulatory transcripts as
prognostic factors in resected BTCs and support the
investigation of immunomodulatory drugs in BTCs.

[6]

[7]
[8]

[9]

Funding
Financial support: CB is a recipient of an Institute of
Cancer Research Clinician Scientist Fellowship, a Marie
Curie Career Integration Grant from the European
Union, an Early Diagnosis Award from Pancreatic
Cancer and an NIHR Royal Marsden/ICR Biomedical
Research Centre project grant. NV is a recipient of a
Cancer Research UK Career Development Award
(A18052), a Marie Curie Career Integration Gran from
the European Union, an NIHR Royal Marsden/ICR
Biomedical Research Centre Flagship grant. We
acknowledge Italian Association for Cancer Research
(AIRC Regional grant n. 6421 to MF and MR).

[10]

[11]

[12]

[13]

[14]

Conflict of interest statement
[15]

None declared.

Acknowledgements
The authours would like to thank Dr. Vincenza
Guzzardo for her technical support to this study. They
also would like to acknowledge Joanna K RodzinkaPasko and Mariola Pasko for their support to our
research.
Appendix A. Supplementary data
Supplementary data related to this article can be found
at https://doi.org/10.1016/j.ejca.2017.09.005.

[16]

[17]

[18]

[19]

[20]

References
[1] Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet 2014;383:
2168e79.
[2] Braconi C, Patel T. Cholangiocarcinoma: new insights into disease pathogenesis and biology. Infect Dis Clin North Am 2010;24:
871e884, vii.
[3] Bridgewater J, Galle PR, Khan SA, Llovet JM, Park JW, Patel T,
et al. Guidelines for the diagnosis and management of intrahepatic cholangiocarcinoma. J Hepatol 2014;60:1268e89.
[4] Carotenuto P, Fassan M, Pandolfo R, Lampis A, Vicentini C,
Cascione L, et al. Wnt signalling modulates transcribedultraconserved regions in hepatobiliary cancers. Gut 2016;66:
1268e77.
[5] Valle JW, Wasan H, Johnson P, Jones E, Dixon L, Swindell R,
et al. Gemcitabine alone or in combination with cisplatin in

[21]
[22]

[23]

[24]

patients with advanced or metastatic cholangiocarcinomas or
other biliary tract tumours: a multicentre randomised phase II
study e the UK ABC-01 Study. Br J Cancer 2009;101:621e7.
Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A,
Maraveyas A, et al. Cisplatin plus gemcitabine versus gemcitabine
for biliary tract cancer. N Engl J Med 2010;362:1273e81.
Chan E, Berlin J. Biliary tract cancers: understudied and poorly
understood. J Clin Oncol 2015;33:1845e8.
Cereda S, Belli C, Reni M. Adjuvant treatment in biliary tract
cancer: to treat or not to treat? World J Gastroenterol 2012;18:
2591e6.
Primrose JN. Adjuvant capecitabine for biliary tract cancer: the
BILCAP randomized study. J Clin Oncol 2017;35. p. abstr 4006.
McCoy MJ, Hemmings C, Miller TJ, Austin SJ, Bulsara MK,
Zeps N, et al. Low stromal Foxp3þ regulatory T-cell density is
associated with complete response to neoadjuvant chemoradiotherapy in rectal cancer. Br J Cancer 2015;113:1677e86.
Bracci L, Schiavoni G, Sistigu A, Belardelli F. Immune-based
mechanisms of cytotoxic chemotherapy: implications for the
design of novel and rationale-based combined treatments against
cancer. Cell Death Differ 2014;21:15e25.
Braconi C, Huang N, Patel T. MicroRNA-dependent regulation
of DNA methyltransferase-1 and tumor suppressor gene expression by interleukin-6 in human malignant cholangiocytes. Hepatology 2010;51:881e90.
Braconi C, Swenson E, Kogure T, Huang N, Patel T. Targeting
the IL-6 dependent phenotype can identify novel therapies for
cholangiocarcinoma. PLoS One 2010;5:e15195.
Meng F, Yamagiwa Y, Ueno Y, Patel T. Over-expression of
interleukin-6 enhances cell survival and transformed cell growth
in human malignant cholangiocytes. J Hepatol 2006;44:
1055e65.
Yamada D, Rizvi S, Razumilava N, Bronk SF, Davila JI,
Champion MD, et al. IL-33 facilitates oncogene-induced cholangiocarcinoma in mice by an interleukin-6-sensitive mechanism.
Hepatology 2015;61:1627e42.
Boulter L, Guest RV, Kendall TJ, Wilson DH, Wojtacha D,
Robson AJ, et al. WNT signaling drives cholangiocarcinoma
growth and can be pharmacologically inhibited. J Clin Investig
2015;125:1269e85.
Tran E, Turcotte S, Gros A, Robbins PF, Lu YC, Dudley ME,
et al. Cancer immunotherapy based on mutation-specific CD4þ T
cells in a patient with epithelial cancer. Science 2014;344:641e5.
Andersen JB, Thorgeirsson SS. Genomic decoding of intrahepatic
cholangiocarcinoma reveals therapeutic opportunities. Gastroenterology 2013;144:687e90.
He F, Yan Q, Fan L, Liu Y, Cui J, Wang J, et al. PBK/TOPK in
the differential diagnosis of cholangiocarcinoma from hepatocellular carcinoma and its involvement in prognosis of human
cholangiocarcinoma. Hum Pathol 2010;41:415e24.
Guest RV, Boulter L, Dwyer BJ, Kendall TJ, Man TY, MinnisLyons SE, et al. Notch3 drives development and progression of
cholangiocarcinoma. Proc Natl Acad Sci U S A 2016;113:
12250e5.
Geisler F, Strazzabosco M. Emerging roles of Notch signaling in
liver disease. Hepatology 2015;61:382e92.
Lavin Y, Kobayashi S, Leader A, Amir ED, Elefant N,
Bigenwald C, et al. Innate immune landscape in early lung
adenocarcinoma by paired single-cell analyses. Cell 2017;169:
750e765.e717.
Chevrier S, Levine JH, Zanotelli VRT, Silina K, Schulz D,
Bacac M, et al. An immune atlas of clear cell renal cell carcinoma.
Cell 2017;169:736e749.e718.
Goeppert B, Frauenschuh L, Zucknick M, Roessler S,
Mehrabi A, Hafezi M, et al. Major histocompatibility complex
class I expression impacts on patient survival and type and density
of immune cells in biliary tract cancer. Br J Cancer 2015;113:
1343e9.

M. Ghidini et al. / European Journal of Cancer 86 (2017) 158e165
[25] Li J, Razumilava N, Gores GJ, Walters S, Mizuochi T,
Mourya R, et al. Biliary repair and carcinogenesis are mediated
by IL-33-dependent cholangiocyte proliferation. J Clin Investig
2014;124:3241e51.
[26] Miamen AG, Gustafson MP, Roberts LR. Rethinking cancer
immunotherapy: using advanced cancer genetics in immunemediated eradication of gastrointestinal cancers. Hepatology
2014;60:2121e4.
[27] Lim YJ, Koh J, Kim K, Chie EK, Kim B, Lee KB, et al. High
ratio of programmed cell death protein 1 (PD-1)(þ)/CD8(þ)
tumor-infiltrating lymphocytes identifies a poor prognostic subset
of extrahepatic bile duct cancer undergoing surgery plus adjuvant
chemoradiotherapy. Radiother Oncol 2015;117:165e70.
[28] Ozgur HHEA, Eliyatkin N, Seren A, Kupelioglu A, Ortac R,
Diniz G, et al. Regulatory T cells and their prognostic value in
hepatopancreatobiliary tumours. Hepatogastroenterology 2014;
61:1847e51.
[29] Ben-Josef E, Guthrie KA, El-Khoueiry AB, Corless CL,
Zalupski MM, Lowy AM, et al. SWOG S0809: a phase II intergroup trial of adjuvant capecitabine and gemcitabine followed by
radiotherapy and concurrent capecitabine in extrahepatic cholangiocarcinoma and gallbladder carcinoma. J Clin Oncol 2015;33:
2617e22.
[30] Im JH, Seong J, Lee IJ, Park JS, Yoon DS, Kim KS, et al. Surgery
alone versus surgery followed by chemotherapy and radiotherapy
in resected extrahepatic bile duct cancer: treatment outcome
analysis of 336 patients. Cancer Res Treat 2016;48:583e95.

165

[31] Zhao ZM, Zhao B, Bai Y, Iamarino A, Gaffney SG,
Schlessinger J, et al. Early and multiple origins of metastatic
lineages within primary tumors. Proc Natl Acad Sci U S A 2016;
113:2140e5.
[32] Shimomura A, Fujiwara Y, Kondo S, Kodaira M, Iwasa S,
Kitano S, et al. Tremelimumab-associated tumor regression
following after initial progression: two case reports. Immunotherapy 2016;8:9e15.
[33] Eggermont AMM, Chiarion-Sileni V, Grob J-J, Dummer R,
Wolchok JD, Schmidt H, et al. Adjuvant ipilimumab versus
placebo after complete resection of high-risk stage III melanoma
(EORTC 18071): a randomised, double-blind, phase 3 trial.
Lancet Oncol 2015;16:522e30.
[34] Veldman-Jones MH, Lai Z, Wappett M, Harbron CG,
Barrett JC, Harrington EA, et al. Reproducible, quantitative,
and flexible molecular subtyping of clinical DLBCL samples
using the NanoString nCounter system. Clin Cancer Res 2015;
21:2367e78.
[35] Sparano JA, Gray RJ, Makower DF, Pritchard KI, Albain KS,
Hayes DF, et al. Prospective validation of a 21-gene expression
assay in breast cancer. N Engl J Med 2015;373:2005e14.
[36] Dowsett M, Cuzick J, Wale C, Forbes J, Mallon EA, Salter J,
et al. Prediction of risk of distant recurrence using the 21-gene
recurrence score in node-negative and node-positive postmenopausal patients with breast cancer treated with anastrozole
or tamoxifen: a TransATAC study. J Clin Oncol 2010;28:
1829e34.

