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Abstract: Intrahepatic cholangiocarcinoma (iCCA) is a rare, understudied primary hepatic
malignancy with dismal outcomes. Aiming to identify prognostically relevant single-nucleotide
polymorphisms, we analyzed 11 genetic variants with a role in tumor-promoting inflammation
(VEGF, EGF, EGFR, IL-1B, IL-6, CXCLS8 (IL-8), IL-10, CXCR1, HIF1A and PTGS2 (COX-2)
genes) and their association with disease-free (DFS) and overall survival (OS) in patients
undergoing curative-intent surgery for iCCA. Genomic DNA was isolated from 112 patients (64
female, 48 male) with iCCA. Germline polymorphisms were analyzed with polymerase chain
reaction-restriction fragment length polymorphism protocols. The IL-1B +3954 C/C (73/112,
hazard ratio (HR)=1.735, p=0.012) and the IL-8 -251 T/A or A/A (53/112 and 16/112,
HR =2.001 and 1.1777, p=0.026) genotypes were associated with shorter OS in univariable and
multivariable analysis. The IL-1B +3954 polymorphism was also associated with shorter DFS
(HR=1.983, p=0.012), but this effect was not sustained in the multivariable model. A genetic
risk model of 0, 1 and 2 unfavorable alleles was established and confirmed in multivariable
analysis. This study supports the prognostic role of the IL-1B C+3954T and the IL-8 T-251A
variant as outcome markers in iCCA patients, identifying patient subgroups at higher risk for
dismal clinical outcomes.

Introduction

Cholangiocarcinoma (CCA) is one of the most aggressive gastrointestinal cancers with a rising
worldwide incidence over the last decadel. Despite the improvement of surgical techniques and
palliative regimens, therapeutic options remain limited and outcomes are dismal2. From the
anatomical and surgical perspective, CCA can be classified into intrahepatic (iCCA), perihilar
(pCCA) and distal (dCCA) disease. While iCCAs arise above the second-order bile ducts,
pCCAs originate above the cystic duct and below the second-order bile ducts and dCCAs below
the cystic duct, and, as a consequence, surgical approaches differ significantly between
entities3'4.

Intrahepatic CCA (iCCA) represents approximately 10-20% of CCA and is an understudied
tumor entity3. Predisposing factors include chronic biliary inflammation such as primary
sclerosing cholangitis, as well as cholelithiasis and liver cirrhosis, but more general risk factors
such as type 2 diabetes and smoking have been described as well5. To date, surgery represents
the only curative treatment for iCCA, with dismal survival rates of 20%-35% after 5 years6.
Clinico-pathological characteristics such as lymphovascular invasion and poor differentiation
remain the best-studied prognostic factors, which, however, have a limited value for the
preoperative identification of patients at risk for poor postoperative outcomes67. Therefore,
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finding prognostic markers as an adjunct to traditional staging systems may facilitate the
selection of patients who require additional or a more aggressive adjuvant treatment approaches
and a closer oncological follow-up8.

The tumor microenvironment (TME) of iICCA is abundant in mediator responses that drive
tumor growth and invasion while abrogating anti-tumor immune responses including antigen
presentation and infiltration of activated cytotoxic T cells. Typically, a prominent desmoplastic
reaction with a proliferation of cancer-associated fibroblasts (CAF) and an infiltration of
immunosuppressive myeloid and lymphoid populations are present. Neoangiogenesis, an
essential prerequisite for tumor growth, is driven by vascular endothelial growth factor (VEGF)
and supported by monocytes urthermore, infiltrating immune cells convey tolerogenic effects
that abrogate efficient antigen cross-presentation and cytotoxic T cell antitumor activity

We hypothesized that functional gene polymorphisms encoding for proteins that are critically
involved in the tumor microenvironment may have prognostic value in iCCA by altering the
systemic and local concentration of mediators relevant for the TME. We hypothesized that an
altered expression of proteins involved in the attraction of suppressive myeloid populations such
as tumor-associated neutrophils (TANs) and tumor-associated macrophages (TAM)—Iike
interleukin (IL)-1B or Hypoxia-inducible factor (HIF)-lo—may impact prognosis in these
patients14'15. Further selected single nucleotide polymorphism (SNP) candidates were in genes
encoding for mediators in VEGF-dependent and independent angiogenesis (VEGF, IL-8)16'17.
Thus, we analysed 11 polymorphisms in ten genes with a role in tumor inflammation and tumor-
related immunosuppression to identify patient subgroups with dismal oncological and overall
outcome after surgical resection of cholangiocarcinoma.

Patients and methods
Study population

In this retrospective single-center study, data of N=112 consecutive patients with localized
iICCA undergoing curative-intent surgery at the University Hospital RWTH Aachen were
analysed. Clinico-pathological and survival data for this study was obtained from a prospectively
managed institutional database spanning 2010-2019. A part of the included cohort had
previously been analyzed to determine the efficacy of the surgical ALPPS technique for
ICCAL8, the prognostic role of pathological factors7 and small nerve fibers19. Patients with
mixed hepatocellular carcinoma (HCC)-CCA histology or neuroendocrine tumor differentiation
were not included in the analysis, nor were pCCA and dCCAs, due to different tumor biology,
prognostic factors, and surgical treatment. Patients with extrahepatic or metastatic disease were
excluded, as well. An overview of the selection criteria is provided in Supplementary Fig. 1. A
senior hepatobiliary pathologist (NTG) reviewed the tumor histology. Patient material for
genotyping was provided by the institutional biobank (RWTH-cBMB) and the Department of
Pathology (NTG, ED, RKC). This study was approved by the institutional review board of the
RWTH Aachen University (EK 360/15, EK 173/06) and conducted in accordance with good
clinical practice guidelines and the current Declaration of Helsinki. For this study informed
consent has been waived by Institutional review board of the RWTH Aachen University, EK
360/15, EK 173/06 due to the anonymity and retrospective nature of the study. An ex-ante
sample size calculation was not performed due to the hypothesis-generating, exploratory study
design.

Staging and surgical technique

Preoperative work-up included appropriate cross-sectional imaging to rule out distant metastases
and CT or magnetic resonance imaging (MRI) of the liver to visualize hilar vessel invasion and,
if necessary, endoscopic retrograde cholangiopancreatography (ERCP) or magnetic resonance
cholangiopancreatography (MRCP) to assess hilar disease extent. Patients with suspected
metastatic disease on conventional imaging underwent positron emission tomography (PET)-CT.
In cases of insufficient estimated future liver remnant on liver volumetry, portal vein
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embolization (PVE) and, if necessary, ALPPS, were employed to allow right-sided hepatectomy.
Indication for surgical resection was based on the recommendation of senior hepatobiliary
surgical staff and approved by the local multidisciplinary tumor board. Depending on tumor
extent, the resection volume ranged from atypical/non-anatomical to extended resections?.

An experienced board-certified staff pathologist performed the routine histopathological work-up
and reported tumor type, histopathological grading and staging, loco-regional lymph node
metastasis, resection margins and vessel invasion.

SNP selection

The polymorphisms were selected in a pathway-centered approach, with the aim of selecting
genes involved in tumor-associated inflammation and neovascularization, as well as tumor
immune suppression (Supplementary Table 1). The following prerequisites were set: (a) that the
gene is a part of a pathway involved in tumor-associated inflammation and tumor
immunosuppression, (b) that the respective polymorphism is well-documented and confers a
biological effect, and (c) that the frequency of the polymorphism is sufficient to enable a
statistically meaningful association with clinical outcomes. In line with previous studies, this was
estimated to be the case if at least 15% of the general population carry the minor allele of the
genetic variant20. A total of 11 SNPs in ten genes were selected, including VEGF, Epidermal
Growth  Factor (EGF), EGF-Receptor (EGF-R), IL-1B, IL-6, C-X-C motif chemokine
ligand (CXCL)8 (IL-8), IL-10, CXC chemokine receptor (CXCR)1, HIF1A and Prostaglandin-
Endoperoxide Synthase (PTGS2, COX2) (Table

Genotyping

Formalin-fixed paraffin-embedded non-tumor tissues were collected and the QlAamp DNA
extraction kit (Qiagen, CA, Valencia, USA) was used to extract genomic DNA according to the
manufacturer’s protocol. DNA quality and content was analysed photometrically (NanoDrop,
Thermo Fisher, MA, USA). The polymerase chain reaction—restriction fragment length
polymorphism (PCR-RFLP) technique was employed for genotyping, as previously
reported2122. The SNP region was amplified in 35 PCR cycles with forward- and reverse-
primers, which were designed with the National Library of Medicine gene database and then
controlled for alternative binding sites with the NCBI/National Center for Biotechnology
Information primer blast function. The amplicon was digested with appropriate DNA restriction
endonucleases specific for the SNP regions (New England Biolabs, MA, USA) (Supplementary
Table 2). Then, the reaction products were separated on a 4% agarose gel at 120 mV for 60 min
and visualized (GelDoc, Bio-Rad Laboratories GmbH, Feldkirchen, Germany) together with a 50
base pair DNA ladder. Based on the visualized fragment length and count, it was determined
whether the region targeted by the restriction nucleases was digested. Appropriate positive
(homocygous genotype of the smaller digested fragment) and negative controls (mastermix plus
restriction enzyme, without DNA) were included on the gels. For quality control, 10% of
positive and negative samples were randomly selected and re-genotyped with a genotype
concordance > 98%.

Endpoints and statistical analysis

Disease-free survival (DFS) was defined as the period between surgery and first recurrence and
patients were censored if they died without recurring. Overall survival (OS) was defined as the
period between surgery and death without censoring for perioperative mortality. Individuals lost
to follow-up were censored at the time of last patient contact. Differences in categorical variables
were evaluated using two-tailed Fisher’s exact test and chi-squared test, in continuous variables
with the Mann-Whitney U test. Kruskal-Wallis test was used to compare non-parametric
variables with more than two groups. Continuous clinical variables were dichotomized at the
median for the categorical presentation in the survival analysis. Differences in DFS and OS
between genotypes were assessed with Kaplan—Meier analysis and the log-rank test for group
comparison. For SNPs with a homozygous minor allele frequency < 10% in the study population,
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a dominant model was employed to test associations between genotypes and clinical outcome.
Otherwise, a codominant or additive model was used. Uni- and multivariable Cox proportional
hazard models were employed to analyze the association of factors with DFS and OS. Hazard
ratios (HR) were presented with 95% confidence intervals (CI). Due to the large number of
examined variables, only variables significant in the univariable analyses were included in the
multivariable analyses, with an exclusion of parameters with potential collinearity. The level of
significance was set to p <0.05. Analyses were performed with SPSS Statistics (v23, IBM Corp.,
Armonk, NY, USA).

Statement of ethics

This research complies with the guidelines for human studies and was conducted ethically in
accordance with the World Medical Association Declaration of Helsinki.

Study approval statement

This study protocol was reviewed and approved by institutional review board of the RWTH
Aachen University (EK 360/15, EK 173/06). For this study informed consent has been waived
by Institutional review board of the RWTH Aachen University, EK 360/15, EK 173/06 due to
the anonymity and retrospective nature of the study.

Results
Clinical and histopathological characteristics and clinical outcome

Of the 112 patients undergoing curative-intent surgery for localized iCCA, 48 (43%) patients
were male and 64 (57%) were female. Median age in this cohort at the time of surgical resection
was 65 (range: 31-87) years. A total of 57 (51%) of patients received adjuvant chemotherapy,
predominantly (27%, 30/112) with Gemcitabine/Cisplatin regimens and 11 (10%) patients
underwent adjuvant radiotherapy (Table 1, Supplementary Table 3). During the follow-up
period, 64 (57%) patients recurred and 74 (66%) died. Median follow-up was 25 months, with a
median DFS of 12 months and median OS of 25 months. Blood transfusions, microvascular and
lymphovascular invasion, lymph node positivity, UICC stage I11/IV and adjuvant treatment were
significantly associated with DFS and OS, while, preoperative alkaline phosphatase > 100 U/,
preoperative Hemoglobin < 12 g/dl, preoperative C-reactive protein > 10 g/dl, resection status Rx
or R1, Comprehensive complication index (CCI)>40, prolonged hospitalization > 14 days, T
category T3 or T4 and intensive care unit stay > 1 day were associated with inferior OS but not
DFS. There were no further associations between clinical, demographic or histopathological
characteristics and DFS or OS (Table 1).

DFS and OS in CCA associated with IL-1B C+3954 T SNP

Genotyping for IL-1B C+3954 T (rs1143634) was successful in 112/112 patients (100%), with
65% (73/112) homozygous for the C-allele (C/C), 28% (31/112) heterozygous (C/T) and 7%
(8/112) homozygous for the T-allele (T/T), corresponding to allele frequencies of C=0.790 and
T=0.210, and therefore with great similarity to the reference allele frequencies in European
populations, which are C =0.763 and T =0.23723. The C/T and T/T genotypes were pooled in an
additive model (“any T allele”) due to the low incidence of the homozygous T/T genotype.
Median DFS for patients with the IL-1B +3954 C/C genotype was 9 months (95% CI 5.9-
12.1 months, HR = 1.983), while for patients with any T allele (C/T or T/T) it was 24 months
(estimates not reached for 95% ClI, log-rank p=0.012, Table 2). Patients homozygous for the IL-
1B +3954 C-allele (C/C) had a median OS of 19 months (95% CI 13.0-19.0 months,
HR =1.735), while patients with a IL-1B +3954 C/T or T/T genotype had a median OS of
44 months (95% CI 3.9-84.0 months, log-rank p=0.034) (Fig.1). The clinical variables
significantly associated with DFS or OS (Table 1) were equally distributed across the C/C and
C/T I TIT groups (Supplementary Table 4).
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The genotyping for IL-8 T-251A (rs4073) was successful in 95% (106/112) of cases, in the
remaining 6 cases the quantity of the extracted genomic DNA was insufficient for analysis.
Eighteen percent (18%, 20/112) of patients were homozygous for the IL-8 -251 A-allele (A/A),
47% (53/112) heterozygous IL-8 -251 T/A and 30% (33/112) homozygous for the T-allele (T/T).
Thus, the allele frequencies in our cohort (A=0.439, T=0.561) were consistent with the allele
frequencies reported in European reference populations (A=0.454, T=0.546)24. Clinico-
pathological characteristics were equally distributed across genotypes (Supplementary Table 5).
While IL-8 T-251A were not significant for DFS, a significant association with survival was
observed: Patients with a A/A genotype had a median OS of 32 months (95% CI 6.3-
57.7 months), patients with an IL-8 -251 T/A genotype had a median OS of 13 months (95% CI
2.7-23.3 months, HR 2.001), whereas patients homozygous for the T-allele (T/T) had a median
OS of 40 months (95% ClI 14.8-65.2 months, HR 1.177, log-rank p=0.026) (Fig. 1).

Multivariable analysis and combined subgroup analysis

We did not observe statistically significant associations between other tested genes involved in
the tumor immune environment and DFS or OS (Table 2). Multivariable analysis of the
significant SNPs adjusted for the significant clinico-pathological variables from univariable
outcome analysis was performed. DFS did not independently correlate with any SNP. However,
multivariable analysis confirmed an independent prognostic effect of the IL-1B +3954
(p=0.013) and the IL-8-251 (p=0.026) polymorphism for OS (Table 3, Supplementary
Table 6).

Table 3 Multivariable Cox regression analysis of IL-1B and IL-8 polymorphisms disease-
free and overall survival in iCCA.

Aiming to establish a novel genetic risk-score based on IL-15 +3954 and IL-8 -251, we further
stratified the cohort into patients without unfavorable alleles (IL-1B +3954 T/T or T/C genotype
and IL-8 -251 T/T genotype, n=14), with 1 unfavorable allele (IL-1B +3954 C/C genotype
or IL-8 -251 T/A or A/A genotype, n=239) and with 2 unfavorable alleles (IL-Bf +3954 C/C
genotype and IL-8 -251 T/A or A/A genotype, n=49). While this stratification did not reach a
significant association with DFS (p =0.056, Fig. 2A), it was significantly associated with OS (no
unfavorable allele, 36 months median OS, 1 unfavorable allele, 25 months median OS, 2
unfavorable alleles, 13 months median OS, p=0.005, Fig. 2B). Multivariable analysis with
significant clinico-pathological characteristics from univariable analysis confirmed the
independent prognostic effect of this allele grouping (p=0.007, Table 3, Supplementary
Table 7).

Conclusion

Intrahepatic CCA is a relatively rare, but highly aggressive gastrointestinal malignancy that
frequently recurs even after major liver resections?. In this study, we analyzed polymorphisms in
genes driving tumor-associated immunosuppression and neovascularization to determine their
prognostic value in a large and homogenous Western cohort of iCCA patients. As such, we
found that patients with the IL-1B +3954 C/C genotype had shorter DFS and OS, while patients
with an IL-8 -251 T/A or A/A genotype had shorter OS. Both polymorphisms were confirmed as
independent prognostic factors for OS in multivariable analysis. Combining these allowed for
patient stratification into survival groups by the number of unfavorable alleles.

IL-1p signals through binding to the receptor IL-1R1, which is widely expressed on various
leucocyte populations and frequently across epithelial tissues25. Physiological effects include the
expansion of hematopoietic progenitors, regulation of emergency hematopoiesis and prolonged
survival of neutrophils and monocytes-macrophages26. The oncological relevance of IL-1p
signaling was recently demonstrated in IL1B-deficient mice, which showed inhibited tumor
growth in various tumor entities and retained antitumor immunity27. IL-1fB signaling drives
carcinogenesis by several mechanisms, including sustained inflammation with preferential
macrophage and neutrophil recruitment, angiogenesis and immunosuppression28.
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Recently, a TME-based prognostic classification of iCCA identified a distinct M2-polarized
macrophage-dominated subtype (13), which was associated with inferior survival compared to
subtypes devoid of any immune infiltration (11) and lymphoid- and myeloid-enriched tumors
(12)29. Interestingly, the potential of targeting IL-1p-mediated cancer immune evasion has been
translated into clinical trials in other gastrointestinal malignancies30.

In our cohort, patients with the IL-1B +3954 (rs1143634) had a median OS of 19 months as
opposed to 44 months with a C/T or T/T genotype. Functional data on the IL-1B rs1143634 SNP
is limited to non-oncological studies, with evidence that in the systemic circulation, the SNP
translates to higher IL-1p production by monocytes without any qualitative changes of the
protein, both in vitro31 and at sites of infection32. Due to a lack of functional data from hepatic
or tumor immunology, the exact effects on the CCA TME remain to be determined.

We furthermore observed an independent association of IL-8 T-251A SNP with OS. IL-8
signaling has been previously identified as a central regulator of VEGF-independent and HIF1a-
independent angiogenesis in gastrointestinal malignancies33, signaling through the
CXCR1/CXCR2 receptors34. Typical origins of IL-8 in the iCCA TME are suggested to be
endothelial cells and CAFs, along with infiltrating myeloid cells3536. CXCRL1 is physiologically
found on granulocytes, monocytes, mast cells and natural killer cells, but also on cancer cells and
the TME, where the signaling mediates immunosuppressive responses34.

Previously, the IL-8 -251 T > A polymorphism has been linked to shortened DFS in stage III
colon cancer and to shortened DFS and OS in localized gastric cancer20'37. The SNP is
localized in the IL-8 promoter region and effects a higher expression of IL-8 with higher serum
levels compared to wildtype individuals38. Furthermore, the IL-8 -251 A allele has been
associated to increased IL-8 mucosal tissue levels, inflammation, metaplasia and carcinogenesis
in individuals with Helicobacter pylori infection39. In this study, no clear association of the A/A
genotype with DFS or OS was demonstrated. Only a small subgroup of our cohort (20 patients,
17.9%) harbored the IL-8 -251 A/A genotype, potentially increasing the risk of type 2 error, and,
at the same time, the risk of type 1 error for significant findings for the TA subgroup.

Our group was the first to recently describe a relevant prognostic value of gene polymorphisms
in patients with CCA40. As such, the CXCR1 (rs2234671) SNP, (IL-8 receptor) was associated
with decreased DFS and OS in surgical pCCA patients. This polymorphism is presumed to
enhance intracellular CXCR1-signaling, leading to stronger 1L-8 effects4l. In keeping with the
prognostic effects of IL-8 variations observed in this study, this underlines the importance of the
IL-8 pathway in the TME of CCA. In keeping with emerging evidence on biological differences
of the two tumor localizations3, this difference in the relevance of prognostic polymorphisms
supports the concept of pluralistic roles in the TME.

As with most clinical outcome studies, this analysis has some inherent limitations. First, this is a
retrospective, single-center analysis that requires prospective external validation. Second, while
this is a very homogenous cohort in terms of patient selection and surgical approach, the present
study completed recruitment in 2019, the same year when the BILCAP study provided universal
level | evidence for adjuvant capecitabine treatment42. However, sufficiently powered
biomarker studies with long-term outcomes in this rare tumor entity may require several more
years to complete patient recruitment under the BILCAP selection criteria. Third, while the
exclusion of patients with extrahepatic spread and inoperable disease afforded an extremely
homogenous patient cohort, our findings may not be representative of all patients with iCCA.
Fourth, while this cohort is relatively large for a single-center study, the relatively low total
number of events leads to a risk of statistical overfitting, thus warranting further external
validation. Fifth, we examined only ten genes in a pathway-driven approach, with the potential to
expand the current analysis to larger gene panels. Our preliminary findings should thus be
regarded as hypothesis-generating until confirmed in independent cohorts.
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The potential of the present study, compared to other prognostic factors for hepatobiliary
malignancies, is the fact that genetic variants can be accessed from any genetic material,
including blood leucocytes, thus constituting a potential preoperative biomarker. As patients with
ICCA often require extensive and high-risk resections, the present study may contribute to
preoperative oncological and outcome considerations.

This study in a large and homogenously treated iICCA cohort reveals a potential prognostic value
of the IL-1B +3954 and the IL-8 -251 polymorphism for OS after curative-intent surgery for
ICCA, consistent with our hypothesis that genetic variants of tumor-mediated immune
suppression and angiogenesis may have additional clinical value for prognostic patient
stratification. Potentially, our findings may translate into the identification of novel therapeutic
targets for this understudied tumor entity. Biomarker-embedded clinical trials and a validation in
independent patient cohorts are required to confirm our findings.
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