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Abstract

Background—Optimal management of patients with intrahepatic cholangiocarcinoma (ICCA)
and elevated CA19-9 remains undefined. We hypothesized CA19-9 elevation above normal
indicates aggressive biology and that inclusion of CA19-9 would improve staging discrimination.

Methods—The National Cancer Data Base (NCDB-2010-2012) was reviewed for patients with
ICCA and reported CA19-9. Patients were stratified by CA19-9 above/below normal reference
range. Unadjusted Kaplan—Meier and adjusted Cox-proportional-hazards analysis of overall
survival (OS) were performed.

Results—A total of 2,816 patients were included: 938 (33.3%) normal; 1,878 (66.7%) elevated
CA19-9 levels. Demographic/pathologic and chemotherapy/radiation were similar between
groups, but patients with elevated CA19-9 had more nodal metastases and less likely to undergo
resection. Among elevated-CA19-9 patients, stage-specific survival was decreased in all stages.
Resected patients with CA19-9 elevation had similar peri-operative outcomes but decreased long-
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term survival. In adjusted analysis, CA19-9 elevation independently predicted increased mortality
with impact similar to node-positivity, positive-margin resection, and non-receipt of chemotherapy.
Proposed staging system including CA19-9 improved survival discrimination over AJCC 7th
edition.

Conclusion—Elevated CA19-9 is an independent risk factor for mortality in ICCA similar in
impact to nodal metastases and positive resection margins. Inclusion of CA19-9 in a proposed
staging system increases discrimination. Multi-disciplinary therapy should be considered in
patients with ICCA and CA19-9 elevation.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICCA), also known as peripheral cholangiocarcinoma, is
the second most common primary liver malignancy after hepatocellular carcinoma [1].
Although many patients present with either distant metastases or anatomically unresectable
tumors with a historical survival of 6-12 months, aggressive surgical intervention can offer
improved survival in selected patients with localized disease [2]. Assessment of resectability
in ICCA has traditionally focused only on anatomic factors and the achievement of negative
resection margins while preserving postoperative hepatic function [3]. Despite these criteria,
long-term outcomes for ICCA after resection remain variable with median survival of 15-80
months and 5-year OS ranging from 14% to 40% [4]. The high recurrence rate and poor
long-term prognosis associated with resected ICC reinforces the use of multimodality
therapy [5], and patients identified pre-operatively with increased biologic risk may be better
triaged for either neoadjuvant or adjuvant therapy to maximize patient outcomes [6,7]. For
ICCA, previously identified important risk factors include: patient age, tumor size, multiple
tumors or satellites, lymph node metastases, vascular invasion, positive margins, and pre-
existing liver disease [8-10]. However, a definitive and quantifiable biologic risk factor to
facilitate pre-operative identification of patients at highest risk of early post-operative
recurrence remains lacking [11].

Originally found in the serum of metastatic gastrointestinal cancer patients in the 1970’s
[12,13], Carbohydrate Antigen 19-9 (CA19-9) is an established biomarker in pancreatic and
hepatobiliary malignancies [14-19] and has been suggested to play a mechanistic role in the
formation of metastasis [20-23]. We have recently shown that any CA19-9 elevation above
normal in patients with anatomically resectable pancreatic cancer is independently
associated with decreased survival in a surgery-first strategy and that neoadjuvant systemic
chemotherapy is the only treatment sequence that mitigates this increased biological risk
[17]. Prior studies have explored the significance of CA19-9 elevation in ICCA as it relates
to recurrence and decreased long-term survival after curative-intent resection [19,24], but
these have all been institutional in nature with limited power. Given the relative rarity of
cholangiocarcinoma, regardless of subtype, few institutions have sufficient clinical volume
to accrue a large enough cohort of patients to effectively perform biomarker studies. Hence,
the utility of CA19-9 as a triage biomarker for patients with ICCA remains unclear.
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The current AJCC staging system for ICCA includes tumor, node, and metastasis categories
to determine the summary stage with mixed results quantifying its prognostic value [25-27].
Consequently, the subject of staging quality in ICCA remains an area of active investigation
[5,8,28-31] with a lack of consensus on how best to counsel, triage, and sequence therapy
for these patients [11]. CA19-9 is a readily available and inexpensive measure of tumor
biology, quantifiable in the pre-operative setting without invasive tests—making it an ideal
parameter for use in a staging system. Because of its pro-metastatic mechanism, we
hypothesized that any CA19-9 elevation in anatomically resectable ICCA indicates a
biologically aggressive phenotype with worse prognosis and such patients should be
considered for multidisciplinary therapy. We further hypothesized that inclusion of CA19-9
as a marker of biologically borderline resectability would improve staging quality over the
current AJCC 7th edition staging. We sought to evaluate these hypotheses using a national
hospital-based datasource.

METHODS

Methods used were similar to those used in our prior study of CA19-9 in pancreatic cancer
[17] and are further detailed below. Our Institutional Review Board has deemed analysis of
the NCDB PUF exempt from review. The NCDB contains over 30 million records of
individual cancer cases collected by more than 1,500 Commission on Cancer (CoC)
approved facilities across the United States (US) and is estimated to capture 70% of newly
diagnosed cases of cancer in the US [32].

Patients with ICCA were identified using International Classification of Diseases for
Oncology, 3rd edition (ICD-0-3) topography (C22.0-22.1), and histology (8160) codes.
Included patients were diagnosed and treated at the reporting facility. Patients diagnosed
with multi-site cancer and those missing pathologic or follow-up data were excluded.
Summary staging was assessed using the 7th edition AJCC staging manual. Curative intent
surgery included surgery of primary site codes 20-26 (wedge resection); 30-38
(Lobectomy); 50-59 (extended lobectomy); 60-61 (hepatectomy); 65-66 (bile duct
excision); and 75 (hepatectomy with transplantation). Patients with surgical codes 0 (no
surgery), 10-17 (local tumor destruction), 90 (Surgery, NOS), and 99 (Unknown) were
classified as not having curative intent surgery. A STROBE-compliant diagram showing
patients included and excluded is provided in Figure 1.

CA19-9 is reported in the biliary NCDB PUF as site-specific-factor 12 and is the highest
value documented in the medical record prior to treatment. The value is recorded
continuously between 0 and 98.0 U/ml, and values in excess of 98.0 U/ml are clipped.
Because of the clipped nature of the data, sensitivity analysis to determine an ideal cut-off
level using this data source is not possible. Institutional threshold normal levels of CA19-9
vary from 35 to 55 U/ml because of multiple commercially available test assays. At most
institutions, a CA19-9 level of 37 U/ml or less is considered normal, and we have used this
level as the threshold, consistent with previous methods [17]. Prior to 2010, CA19-9 was not
reported in the NCDB (<0.5% of cases per year). Therefore, cases prior to 2010 were
excluded from the analysis. Bilirubin level is not reported in the NCDB PUF, making
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bilirubin correction impossible. Missing data were handled with indicator variables, and
these are displayed in the tables.

Statistical Analysis

RESULTS

For intergroup comparisons, normally distributed continuous data were expressed as mean
and standard deviation examined with the two-tailed student’s #test. Non-normally
distributed data were expressed as median and inter-quartile range and examined with the
Mann-Whitney U test. Pearson’s chi-squared tests were used for uniformly distributed
categorical variables and Fisher’s exact test was used for non-uniformly distributed
categorical variables.

The primary study outcome was OS and secondary outcome was peri-operative mortality.
Unadjusted survival analysis was performed using the method of Kaplan and Meier with
survival defined as time from diagnosis to death or censor. Unadjusted survival estimates
were compared with the log-rank test. NCDB does not provide data on progression or
recurrence, therefore OS is reported. To estimate impact of CA19-9 level on survival, a
multivariable Cox proportional hazards model adjusted for age, race, Charlson-Deyo
comorbidity score, AJCC 7th edition stage, tumor size, node status, grade, presence of
lympho-vascular invasion, margin status, receipt of radiation, chemotherapy, surgery, and
type of facility. NCDB does not capture information on tumor multicentricity or
multifocality, therefore, it was not possible to adjust for these pathologic covariates.

Staging was modified based on CA19-9 levels and patients were moved into new stages for
comparison with AJCC 7th edition summary staging. In the proposed staging system,
patients were considered to be in Proposed-Stage | if they were AJCC 7th edition Stage |
with a normal CA19-9. Patients were considered Proposed-Stage Il if they were AJCC 7th
edition Stage | with elevated CA19-9 or AJCC 7th edition Stage Il or 11 with normal
CA19-9. Finally, patients were placed in Proposed-Stage Il if they were AJCC 7th edition
Stages Il or 111 with elevated CA19-9. Patients with Stage IV disease were not altered.
Unadjusted OS estimates were computed for Stages I-111 patients under both staging
systems, and the improvement in predictive ability using the Proposed-Stage compared to
the AJCC 7th edition summary stage was assessed via the increase in the commonly used
model assessment measures Concordance index and Goodman and Kruskal’s gamma
statistic [33]. The net reclassification improvement (NRI) outlined by Pencina [34-37] has
also become a popular means of assessing predictive improvement in survival models and
was applied for this analysis. The nonparametric bootstrap procedure [38,39] was used to
provide 95% confidence intervals for the predictive improvement under each of these
measures, as suggested by Pencina [35]. Thus, a significance level of 0.05 was used for all
comparisons. Statistical analysis was performed with R version 3.2.4 (“\Very Secure Dishes”
— R Foundation for Statistical Computing— Vienna, Austria www.r-project.org).

A total of 2,816 (57.8%) patients had CA19-9 reported in the database and were included;
2,125 (42.2%) had no reported CA19-9 and were excluded (Fig. 1). Unadjusted survival was
similar between reported and unreported biomarker cohorts suggesting similar tumor
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biology independent of biomarker measurement (log rank £=0.945). During the course of
the study, 2,150 (76.3%) patients had observed mortality and among the 23.6% of patients
without observed mortality, the median length of follow-up was 22.7 months (IQR 13.2—
33.6 months). Of those included, 938 (33.3%) had normal CA19-9 levels, and 1,878 (66.7%)
had elevated levels. Overall demographics including age, race, Charlson-Deyo score, and
year of diagnosis were similar, but patients with elevated CA19-9 were more likely to be
male and to have their operation in the community (Table I). Pathologic comparisons were
similar for grade, tumor size, and margin status, but patients with elevated CA19-9 were
more likely to have higher stage disease due to nodal positivity (Table I). Patients with
elevated CA19-9 were equally likely to receive chemotherapy and radiation but less likely to
undergo surgery (83.0% vs. 67.0% having no surgery, £< 0.001 Table I).

Among patients with elevated CA19-9, stage-specific survival was decreased in all stages
(Fig. 2) with the largest difference in early stages. In the resected cohort, those with CA19-9
elevation had similar peri-operative outcomes (30-day-mortality 4.2% vs. 4.5%, P=0.110)
but decreased intermediate and long-term survival (90-day mortality 13.2% with elevated
CA19-9 vs. 6.2% with normal CA19-9, £< 0.001 Table I; median OS 22.6 months
(elevated) vs. 47.8 months (normal), £< 0.001 Fig. 3). After adjustment for patient and
tumor factors, CA19-9 elevation was independently associated with increased mortality
hazard (HR 1.46 in the cohort of all patients; 1.76 in the resected cohort, both £< 0.001
Table 11). The hazard ratio for CA19-9 elevation was thus similar in magnitude to that
associated with node positivity (1.42, £=0.01), positive margin resection (1.56, £= 0.004),
and non-receipt of chemotherapy (1.40, = 0.02).

Survival analysis after re-staging patients by the proposed staging system including CA19-9
as a marker of biologic resectability is shown in Figure 4. The new staging system had a
concordance of 60.2% as opposed to 54.6% for the AJCC 7th edition staging, leading to an
improvement of 5.5% (95%CI 3.7-7.6%). The Gamma statistic (essentially a measure of
rank correlation) increased from 0.144 under the AJCC 7th edition staging to 0.321 under
the new staging system, an increase of 0.177 (95%CI 0.121-0.239). Improvements in
conditional concordance and Gamma (restricted to the reclassified set of observations) are
similar to the improvement in concordance and Gamma on the entire sample (Supplemental
Table SI). In order to evaluate NRI, one must specify a time horizon (H) for declaring an
event. For example, if H = 12 months, then any deaths prior to 12 months are considered
“events,” and those occurring after 12 months are “non-events.” With H = 12 months, the
NRI results are summarized in Supplemental Table SI. The event NRI = 51.4%, non-event
NRI = -31.2%, and NRI = event NRI + non-event NRI = 20.2% (95%CI 12.3-28.7%). An
NRI of 20.2% indicates that the new staging system is effective at re-classifying events
(upwards and not downwards), while less effective at re-classifying non-events (i.e., some
upward reclassifying of non-events). As a whole, the NRI of 20.2% suggests that the new
staging system leads to a substantial overall improvement in classification and corresponds
with the visible depiction of staging improvement shown in Figure 4. The NRI estimates
across varying values of H along with corresponding pointwise 95%Cls are shown in
Supplemental Figure S1. The NRI stays relatively stable at approximately 20%, regardless
of the value chosen for the event horizon.
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DISCUSSION

We present here the largest analysis of CA19-9 levels in ICCA and the first to utilize a
national dataset. Slightly more than half of patients presenting with ICCA had CA19-9 level
reported in the NCDB. Any preoperative elevation of CA19-9 above normal is an
independent negative prognostic indicator for ICCA patients adjusted for patient and tumor
factors as well as receipt of surgery, chemotherapy, and radiation. The negative impact of
high CA19-9 on prognosis is similar in magnitude to nodal metastases and positive margin
resection—both of which are accepted predictors of poor outcome. Incorporation of CA19-9
as a marker of biologically aggressive disease improved the ability of a proposed novel
staging system to correctly classify mortality risk, and this improvement was not a function
of event horizon. The implications of such a change in staging are substantial for prognostic
counseling, therapeutic triage, and treatment sequencing.

The fact that patients with elevated CA19-9 levels are less likely to undergo surgery than
those with normal levels suggests that clinicians are already using CA19-9 in practice as a
means for treatment selection. In spite of this, even in the cohort of patients undergoing
curative-intent surgical resection, there is a persistent increase in adjusted mortality hazard
associated with CA19-9 elevation, most marked in early stages of disease. The increased
mortality due to CA19-9 elevation suggests that surgery—although necessary for long-term
survival—is not sufficient as monotherapy. Additionally, the fact that non-receipt of
chemotherapy is a persistent predictor of increased mortality—even in the resected cohort—
indicates that chemotherapy remains an important therapeutic modality even after surgical
resection (HR 1.4, P=0.02 Table I1) and supports the notion that a multidisciplinary
approach to ICCA is critical to achievement of satisfactory long-term outcomes.

Although systemic cytotoxic chemotherapy options for ICCA have had limited efficacy with
best results from the combination of gemcitabine and cisplatin [40], there is mounting
evidence that improvement of long-term survival in patients with ICCA requires
multidisciplinary therapy. Recent developments regarding use of chemoradiation in
unresectable ICCA patients with disease control after initial systemic induction
chemotherapy have demonstrated improvement in non-operative long-term outcomes,
approaching the expected survival seen in surgical series [6,41]. Similar improvement in
long-term oucomes with optimization of pre-operative sequencing have been seen in
perihilar cholangiocarcinoma [42]. Due to the evolution of multidisciplinary management
patterns for ICCA and advances in chemotherapy effectiveness, pre-operative identification
of patients with the most aggressive disease—we believe identified by CA19-9 elevation at
diagnosis—can maximize survival gained from therapy in addition to surgery [43,44].
Incorporation of this knowledge at the trial design stage can help researchers and clinicians
identify the cohort of patients most likely to benefit from alternative treatment sequencing
strategies.

Inclusion of CA19-9 in our proposed staging system increases discrimination. Our study is
not the first effort to include CA19-9 in ICCA staging [5,8,28,45], but it is by far the largest
and most well powered to evaluate such a change. A recent institutional study proposed
updated ICCA staging [45] including CA19-9, but this study utilized a CA19-9 threshold of
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1,000 U/ml and the institutional data analyzed had limited statistical power (N = 399
patients) to compare staging discrimination. The utilization of such a high level of CA19-9
as a trigger for re-staging leaves unaddressed an important clinical question which is: “what
is best for a patient who presents with an CA19-9 above normal but not extremely high
(>1,000 U/ml)?” Our analysis would suggest that this patient should be upstaged and
managed in a multi-disciplinary manner.

The staging system presented here amplifies the power of pre-operative prognostic
assessment through increased emphasis on tumor biology and decreased importance of
tumor size and anatomy. This is an important step forward because as we learn more about
tumor biology—particularly in aggressive cancers such as cholangiocarcinoma—nhaving pre-
operatively assessable biologic metrics will drive prognostic counseling and clinical
management. Other parameters such as tumor grade, node status, and final pathologic
analysis are certainly important predictors of survival— and our results confirm this.
However, these parameters require expensive and invasive procedures (biopsy or surgical
resection) in order to be adequately assessed. CA19-9 is assessable with a simple blood draw
and is actionable for clinical decisions regarding non-surgical therapy and treatment
sequence in the pre-operative setting. The data supporting such clinical decisions are
currently lacking and trials will take years to show results, but utilization of a staging system
which accounts for tumor biology can help maximize trial enrollment of the highest risk
patients now. Finally, as seen in other aggressive cancers, the pre-operative identification of
those with aggressive biology followed by neoadjuvant treatment can serve to select for
surgical intervention only those patients who are most likely to derive benefit, which will
help focus surgical resources on patients who need them the most while eliminating excess
morbidity for those who would not benefit from surgery.

Our study is limited by its retrospective and non-randomized nature, preventing the
elimination of selection bias between treatment groups. We have attempted to adjust for
intergroup differences with adjusted regression modeling and subgroup analysis of cohorts
which are as homogenous as possible. However, the small number of patients receiving
surgery and/or adjuvant therapies limit the size of this multivariable analysis, and
unobserved confounding likely remains. It is not possible to adjust for biliary obstruction
because the NCDB does not provide data regarding this, though jaundice is less frequent
with intrahepatic compared to extrahepatic cholangiocarcinoma. There is likely a cohort of
patients who have elevated CA19-9 due to biliary obstruction and not caused by aggressive
disease. However, biliary obstruction—although it may contribute to treatment delay —is
not in and of itself deadly and therefore is an unlikely source of the excess mortality
observed. Removal of these patients with elevated CA19-9 due to obstruction—if they could
be identified— would likely result in an even more dramatic difference in outcomes for the
remaining patients with CA19-9 elevation, compared to those with normal levels.
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CONCLUSION

We have demonstrated using national data adjusted for patient, tumor, and treatment factors
that CA19-9 elevation at diagnosis is an independent predictor of increased mortality and
decreased OS most marked in early stage ICCA. The increased mortality hazard is similar in
impact to nodal metastases and positive resection margins—both accepted predictors of poor
outcomes with resectional surgery. Our proposed staging system including CA19-9 more
accurately stratifies OS by increasing the emphasis placed on biology and decreasing
emphasis on anatomy. Quantification of the impact of elevated biomarker level on survival is
informative for clinicians in understanding disease prognosis and has implications for
patient counseling. Utilization of this staging system can help facilitate trial enrollment of
the cohort of patients with the most aggressive disease who are most likely to benefit from
multidisciplinary therapy. Additional studies are needed to further confirm and interpret the
present findings with robust control for the presence of biliary inflammation, jaundice, the
presence/absence of underlying liver disease, and peri-operative complications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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