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Background: Advanced cholangiocarcinoma (CCA) is associated with considerable morbidity and
mortality. Novel second-line treatments for advanced CCA underscore the need to understand treatment
patterns and economic burden of illness in clinical practice.

Methods: This retrospective, claims-based study using Optum’s de-identified Clinformatics® Data Mart
Database [2007-2019] selected patients with CCA who experienced failure of a line of therapy containing
either gemcitabine or fluorouracil. The index date was defined based on evidence of treatment failure: date
of last administration of the gemcitabine- or fluorouracil-based regimen plus 28 days, or initiation date of
the next-line systemic therapy. Treatment patterns, healthcare resource use (HRU), costs, and survival were
assessed during the follow-up period (index until death or end of eligibility).

Results: A total of 1,298 patients met inclusion criteria and had a mean age of 69.1 years. There were 958
patients (73.8%) with intrahepatic and 275 patients (21.2%) with extrahepatic CCA. Average follow-up was
7.5 months. Almost 40% of patients did not receive another line of therapy after the index date. Among
the 784 patients who received another line of therapy, 40.3% used fluorouracil-based therapy, 30.7% used
gemcitabine-based therapy, and 29.3% used capecitabine-based therapy. Total mean per patient per month
CCA-related healthcare costs were $7,743, with medical services ($6,685) a larger driver of monthly costs
relative to treatment costs ($1,058). Median overall survival (OS) was 5.3 months among all patients.
Conclusions: Many patients with advanced CCA do not initiate additional therapy after failure of
gemcitabine or fluorouracil treatment, and there is considerable variation in treatments among those who do.

"This study highlights the high costs and unmet need for a standard of care in this patient population.
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Introduction of CCA is low [approximately 1-2.4 per 100,000 in the
United States (US)], but has increased over the past four
decades (4-8). Due to errors in classification and difficulty
in the bile ducts (1). It is typically classified based on in diagnosis, the actual incidence rate may be higher (8).

anatomical location as intrahepatic CCA (ICC) or CCA is asymptomatic in its early stages, typically
extrahepatic CCA (ECC) (2,3). The overall incidence rate diagnosed in older adults (>65 years) and is usually

Cholangiocarcinoma (CCA) is a rare cancer that originates
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advanced at the time of diagnosis (4,9,10). The prognosis
for CCA is poor, with 5-year overall survival (OS) rates of
approximately 10% (11). Currently, there are few treatment
options available for CCA, mainly limited to chemotherapy-
based regimens, though a number of targeted therapies have
recently been developed (12,13). Surgical resection is the
only potentially curative therapy, but it is feasible in only
approximately one-third of patients, and rates of recurrence
are high (14,15).

For patients with unresectable or advanced CCA,
chemotherapy (locoregional or systemic) is the main
treatment option (14). In particular, gemcitabine plus
cisplatin is recommended as the primary treatment per the
NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) for Hepatobiliary Cancers (15-17). However,
there is no clear standard of care for subsequent lines, and
current chemotherapy-based second-line options, including
a combination of modified (i.e., varying) doses of leucovorin
calcium, fluorouracil, and oxaliplatin (mFOLFOX),
are associated with limited survival benefit (18). The
NCCN Guidelines® include newer targeted treatments
for subsequent lines, which may be useful for patients
with specific mutations (17). Specifically, pemigatinib
was recently approved in the US for previously-treated
patients with fibroblast growth factor receptor 2 (FGFR2)
rearrangement/fusion CCA, and ivosidenib is being
investigated in a Phase III clinical trial (ClarIDHy) for
previously-treated patients with isocitrate dehydrogenase 1
mutation (mIDH1) CCA (12,13,19).

In addition to the unmet treatment needs of patients with
CCA, the disease is associated with a considerable economic
burden that has increased over time. One US study found
that the mean number of CCA-related hospital admissions
increased by 16% and mean CCA-related inflation-adjusted
hospital charges increased by 113% from 1997 to 2012 (20).
This aligns with another study examining trends in CCA-
related hospitalizations in the US (2000 to 2014) that found
the number of hospitalizations related to ICC increased
by 86%, and charges for both ICC and ECC increased
significantly over time (21). However, there are significant
gaps in the literature describing the healthcare resource use
(HRU) and costs associated with CCA as related studies are
dated, do not focus specifically on advanced CCA, and only
assess CCA-related hospitalizations, not other sites of care
or treatment patterns. This study addresses the gaps and
describes treatment patterns, HRU in all settings, and costs
associated with previously-treated advanced CCA among
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adults in the US. Survival for this population was also
evaluated.

We present the following article in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting checklist available
at: http://dx.doi.org/10.21037/jgo-20-544.

Methods

This retrospective study used data from Optum’s de-
identified Clinformatics® Data Mart Database (Q12007—
Q12019), a commercial and Medicare Advantage insurance
claims database consisting of approximately 15 million
beneficiaries in any given year. The covered population
is located predominantly in the South and North
Central (Midwest) US census regions, although there are
beneficiaries from all fifty states. Complete medical and
pharmacy claims are available for all members, including
those 65 years of age or older with Medicare Advantage.
The database also contains linked information related to
mortality. Cost data are based on standardized payments.
Adult patients with CCA who were previously treated
with and had failure of a line of therapy containing either
gemcitabine or fluorouracil (5-FU), suggesting possible
advanced disease, were included. Specifically, patients with
CCA were identified based on having at least 3 claims with
an International Classification of Diseases, 9/10th Revision
(ICD-9/10) diagnosis code of ICC ICD-9 155.1, ICD-10
C22.1), ECC (ICD-9 156.1, ICD-10 C24.0), or undefined
CCA (ICD-10 C24.8, C24.9) on distinct days within one
year of the first CCA diagnosis observed in the data.
Patients were required to have undergone treatment
with a systemic regimen containing gemecitabine or 5-FU
following diagnosis for CCA (defined here as first-line
systemic therapy), and then to have either received another
line of systemic chemotherapy treatment or died during
follow-up (suggesting treatment failure). The next line of
systemic therapy was defined as the initiation of at least one
new chemotherapeutic agent not present in the first-line
therapy. For combination regimens, discontinuation of one
of the agents was not considered a new line of therapy. The
index date was defined as the last administration of the first-
line regimen plus 28 days, or the initiation of the next-line
systemic therapy, whichever occurred first. For patients who
had a surgical resection, including hepatic wedge resection,
Whipple procedure, or bile duct resection, adjuvant
chemotherapy was not considered first-line systemic
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therapy unless a next line was started less than six months
after completion of the adjuvant regimen, suggesting rapid
disease progression. In this scenario, the index date was
defined as the initiation date of this next-line therapy.

Patients were also required to have had at least 9 months
of continuous health plan enrollment, with at least 6 months
prior to and at least 3 months following the index date.
Patients who died within 3 months of the index date were
also included in the study sample as they were considered
to have failure of first-line therapy. The 6 months prior
to the index date were defined as the baseline period. The
time from the index date until death or end of health plan
enrollment/eligibility was defined as the follow-up period
(Figure S1).

To ensure the sample was limited to patients with
failure of gemcitabine- or 5-FU-based therapy, patients
were excluded if they were alive at the end of the follow-
up period with no evidence of initiating a next line of
therapy. In addition, to avoid including patients with
potential misdiagnosis, patients with an ECC diagnosis
code and a procedure code for cholecystectomy or distal
pancreatectomy, but no evidence of a resectable ECC
surgery (e.g., Whipple procedure, bile duct resection), were
excluded.

Patient demographics, clinical characteristics and CCA-
related treatment use during the baseline period were
assessed. Treatment patterns during the follow-up period
included the number of lines of systemic therapy on or after
the index date. For the first two lines of therapy on or after
the index date, the duration of each line and proportion of
patients receiving each type of regimen were described. For
those patients for whom the index date was defined as the
last administration of first-line regimen plus 28 days, the
time from index date to second-line therapy was described.

For HRU, the percentage of patients with each type
of medical visit [e.g., inpatient admissions and subset of
intensive care unit (ICU) admissions, emergency room
visits, outpatient visits, home health/hospice, radiographic
services| during the follow-up period was summarized.
Monthly HRU [e.g., average number per patient per month
(PPPM)] was also assessed by calculating the total number
of each type of admission or visit divided by months of
follow-up for each patient. Medical visits were defined as
CCA-related if any claim associated with that visit had a
diagnosis code for CCA. Both all-cause and CCA-related
HRU were reported.

Monthly all-cause and CCA-related healthcare costs
included medical service costs (e.g., inpatient admissions
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and subset of ICU admissions, emergency room visits,
outpatient visits, home health/hospice, radiographic
services, and other medical services) and treatment costs.
Costs were separately summarized by patient age (<65,
>65 years) and site of disease (ICC, ECC). Costs were
adjusted for inflation (2019 USD) using the US Medical
Care consumer price index from the Bureau of Labor
Statistics from the US Department of Labor (22). Lastly,
patient survival was measured from the index date to death,
with patients censored at the end of data coverage.

Statistical analysis

Continuous variables were described using means, medians,
and standard deviations (SD); categorical variables were
described using frequencies and percentages. Kaplan-Meier
(KM) analyses were used to evaluate survival.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The de-
identified data did not require approval from an ethics

board.

Results

A total of 1,298 patients met the inclusion criteria, 108
of whom (8.3%) had resection prior to initiating a line
of gemcitabine- or 5-FU-based therapy. Mean follow-up
was 229 days (median 140 days). There were 958 patients
(73.8%) with ICC, 275 patients (21.2%) with ECC, and
65 patients (5.0%) with undefined CCA. Patients had
a mean age of 69.1 years, with the majority of patients
(72.3%) =265 years, and 51% female. Common CCA-related
comorbidities included hypertension (70.3%), liver disease
(60.7%), and coronary heart disease (24.9%). A total of
1,080 patients (83.2%) were treated with a gemcitabine-
based regimen and 224 (17.3%) were treated with a 5-FU-
based regimen in the first line (6 patients received both
treatments) (Table 1). There were 84.8% of patients with
ICC and 78.2% of patients with ECC who received a
gemcitabine-based first-line regimen. Similarly, there were
85.2% of patients >65 and 78.0% of patients <65 years old
who received a gemcitabine-based first-line regimen.

A total of 514 patients (39.6%) died during the follow-
up period without receiving a second-line therapy. Among
the remaining sample (784 patients), 510 patients (65.1%)
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Table 1 Baseline' patient characteristics and treatment use

Characteristics A(\’I\Ilzjltlzegn;)s
Age at index date, mean + SD 69.1+10.0
Gender, N (%)

Female 661 (50.9)

Male 636 (49.0)

Unknown 1(0.1)
Type of CCA*

Intrahepatic 958 (73.8)

Extrahepatic 275 (21.2)

Undefined 65 (5.0)
Year of index date, N (%)

2007-2010 244 (18.8)

2011-2014 411 (31.7)

2015-2019 643 (49.5)
Insurance type®, N (%)

Commercial 362 (27.9)

Medicare 940 (72.4)
Geographic region®, N (%)

Northeast 183 (14.1)

Midwest 371 (28.6)

South 486 (37.4)

West 255 (19.6)

Unknown 9(0.7)
Common CCA-related comorbidities, N (%)

Hypertension 912 (70.3)

Liver disease 788 (60.7)

Coronary heart disease 323 (24.9)
Radiotherapy, N (%) 227 (17.5)
Surgery, N (%)

Whipple procedure 30 (2.3)

Hepatic wedge resection 36 (2.8)

Bile duct resection 4 (0.3)

Table 1 (continued)
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Table 1 (continued)

Characteristics A(:\Ilzpitgg)s
First-line systemic therapy®' including, N (%)
Gemcitabine 1,080 (83.2)
Fluorouracil 224 (17.3)

T, the baseline period is the 6 months prior to index date; ¥,
for patients with diagnosis codes for both ICC and ECC, their
classification as having ICC or ECC was based on the most
recent code prior to the index date; §, patients may have more
than one insurance type and more than one geographic region
during the baseline period. Additionally, patients may be
categorized under both gemcitabine-based and fluorouracil-
based therapy if the combination included both treatments.
1, first-line systemic therapy is defined in this study as the
line of therapy containing either gemcitabine or fluorouracil
that resulted in treatment failure as of the index date. CCA,
cholangiocarcinoma; ECC, extrahepatic cholangiocarcinoma;
ICC, intrahepatic cholangiocarcinoma; SD, standard deviation.

received one subsequent line of therapy during the follow-
up period, and 274 patients (34.9%) received two or more
subsequent lines of therapy. Among the 784 patients
who received second-line therapy, regimens including
infusional 5-FU were used by the largest proportion of
patients (40.3%), while regimens including gemcitabine
or capecitabine were each used by approximately 30% of
patients. Patients were treated with the second-line therapy
for a median of 56 days. Among the 274 patients with a
third line of therapy, regimens including gemcitabine or
5-FU were each used by approximately 38% of patients.
Median treatment duration was similar to second-line
(49 days) (Table 2).

There were 502 (38.7%) patients with a CCA-related
inpatient admission and 778 patients (59.9%) with a CCA-
related outpatient visit during the follow-up period. Patients
had an average of 0.2 CCA-related inpatient admissions
and 1.0 CCA-related outpatient visit per month. Among
the patients with a CCA-related inpatient admission, the
average length of stay per admission was 4.4 days, and over
one-third of these patients spent time in the ICU (7able 3).
The total mean all-cause PPPM healthcare costs were
$14,403. CCA-related PPPM costs ($7,743) were over half
of the total all-cause costs, with medical services (mean
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Table 2 Treatment patterns during follow-up period

Chamberlain et al. US burden of iliness for patients with CCA

All patients (N=1,298)

Length of follow-up (days), mean [median]

Systemic therapy during the follow-up period, N (%)

Number of lines of therapy identified on or after the index date, mean + SD [median]

0 lines of therapy identified on or after index date, N (%)
1 line of therapy identified on or after index date, N (%)
>2 lines of therapy identified on or after index date, N (%)
Second-line systemic therapy'

Patients receiving second-line therapy, N (%)

Second-line systemic therapy' including, N (%)
Gemcitabine
Fluorouracil
Capecitabine

Other systemic therapy*

Duration of second-line systemic therapy' (days), mean + SD [median]

Time from index date to second-line therapy among patients with second-line initiation after index date®

(days), mean + SD [median]
Third-line systemic therapy”, N (%)
Patients receiving =2 lines of therapy on or after the index date
Third-line systemic therapy" including, N (%)
Gemcitabine
Fluorouracil
Capecitabine

Other systemic therapy®

Duration of third-line systemic therapy' (days), mean + SD [median]

229 [140]

0.9+1.1[1.0]
514 (39.6)
510 (39.3)
274 (21.1)

784 (60.4)

241 (30.7)
316 (40.3)
230 (29.3)

52 (6.6)

87.9+104.4 [56.0]

92.6+142.6 [35.0]

274 (21.1)

103 (37.6)
104 (38.0)
47 (17.2)
36 (13.1)
80.7+100.7 [49.0]

', second-line systemic therapy is defined in this study as the next-line of treatment after failure of the first-line systemic therapy containing
either gemcitabine or fluorouracil. Categories are not mutually exclusive; *, other systemic therapy regimens including irinotecan, nab-
paclitaxel, and/or oxaliplatin; %, 274 patients initiated a second-line therapy after the index date; 510 patients had index date defined as
initiation of second-line therapy. ", third-line systemic therapy is defined in this study as the next-line treatment after second-line therapy
defined above. Categories are not mutually exclusive. SD, standard deviation.

$6,685) being a larger driver of monthly CCA-related costs
relative to treatment costs (mean $1,058) (Table 4). The
main medical service monthly cost drivers were inpatient
(mean $3,529) and outpatient costs (mean $2,212). CCA-
related healthcare costs were higher for patients <65 vs.
>65 years, driven by both CCA-related resource use and
systematic treatment costs (Figure 1, Tables S1 and S2).
There were no substantial differences in healthcare costs
observed between patients with ICC and ECC.

© Journal of Gastrointestinal Oncology. All rights reserved.

Three-quarters of patients (74.5%) died during the
follow-up period. The median OS was 5.3 months [95%
confidence interval (CI): 4.8-5.8 months], with 6- and
12-month OS rates of 46.7% and 28.9%, respectively.
Among the 784 patients who received a second line of
therapy, 57.8% died during the follow-up period and
median OS was 10.2 months (95% CI: 9.4-12.0 months).
Median OS was 1.8 months (95% CI: 1.6-2.1 months) for
the 514 patients who did not receive a second-line therapy

7 Gastrointest Oncol 2021;12(2):658-668 | http://dx.doi.org/10.21037/jgo-20-544


https://cdn.amegroups.cn/static/public/JGO-20-544-supplementary.pdf

Journal of Gastrointestinal Oncology, Vol 12, No 2 April 2021

Table 3 HRU during the follow-up period
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CCA-related’ (N=1,298) All-cause (N=1,298)

Patients with medical services®, N (%)
Inpatient admission
ICU admission
Emergency room visit
Home health care/hospice visit
Qutpatient visit
Radiology visit
Number of medical services per patient per month®, mean + SD
Inpatient admissions
Inpatient length of stay per admission'
ICU admissions
ICU length of stay per admission
Emergency room visits
Home health care/hospice visits
Qutpatient visits

Radiology visits

502 (38.7) 830 (63.9)
186 (14.3) 265 (20.4)
143 (11.0) 512 (39.4)
112 (8.6) 296 (22.8)
778 (59.9) 1,096 (84.4)
573 (44.1) 937 (72.2)
0.2+1.1 0.5+2.0
444172 4.9+17.1
0.1+0.9 0.1+1.0
3.6+9.9 3.7+11.9
0.0+0.1 0.1+0.3
0.10.4 0.2+1.1
1.0+1.9 2325
0.2+0.4 0.6+1.1

', if any claim within an admission/visit had a diagnosis code for CCA, the entire visit was considered CCA-related; *, patients with any
of the following medical services during their follow-up period were summarized; patients have varying length of follow up; %, per patient
per month HRU was calculated based on the average of the number of admission(s) or visit(s) per patient divided by number of months in
each patient’s follow-up; ", length of stay for inpatient and ICU admissions were calculated only among patients with at least one inpatient
or ICU admission, respectively. CCA, cholangiocarcinoma; HRU, healthcare resource utilization; ICU, intensive care unit; SD, standard

deviation.

(all of whom died during the follow-up period).

Discussion

This retrospective claims-based study characterizes current
treatment patterns, HRU, healthcare costs, and OS among
patients with previously-treated advanced CCA in the US.
Following failure of an initial gemcitabine- or 5-FU-based
regimen, chemotherapy regimens varied with gemcitabine,
capecitabine, or infusional 5-FU being commonly used
in subsequent lines; however, there was a substantial
percentage of patients (nearly 40%) who did not receive
a second-line therapy. The large percentage of patients
without second-line therapy coupled with the high CCA-
related medical services costs and short OS underscore the
need for more effective treatment options in this patient
population.

This is the first study to present all-cause and CCA-

© Journal of Gastrointestinal Oncology. All rights reserved.

related HRU and costs for this patient population, so direct
comparisons cannot be made to existing studies; however,
these findings align with prior studies highlighting the high
economic burden associated with CCA (20,21,23). All-cause
costs are nearly double CCA-related costs, which may be
explained in part by underlying health issues associated with
CCA (e.g., hypertension and liver disease) that contribute
to the overall burden as well as common complications
of disease including cholangitis, biliary obstruction,
and abdominal pain. Patients with CCA had high all-
cause inpatient utilization, and the majority of their ICU
admissions were attributed to CCA. The biggest driver of
CCA-related healthcare costs was medical services relative
to treatment costs. Our study also found patients younger
than 65 had higher CCA-related costs than patients 65 and
older, possibly due to the management of younger patients
with more intensive (and expensive) treatments which
may not be appropriate for older patients, as well as the
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Table 4 Monthly healthcare costs per patient during the follow-up period

Chamberlain et al. US burden of iliness for patients with CCA

CCA-related (N=1,298)

All-cause (N=1,298)

Total healthcare costs per patient per month™®

Mean = SD
Median
IQR

Medical service costs per patient per month

7,743+16,373
3,464
[306, 9,361]

14,403+22,160
9,147
[3,640, 18,673

Mean + SD 6,685+16,046 12,828+21,353
Median 2,090 7,606
IQR [4, 8,028] [2,741, 16,533]
Inpatient
Mean + SD 3,5629+12,778 6,523+16,088
Median 0 1,655
IQR [0, 2,363] [0, 6,901]
ICU
Mean + SD 1,470+11,327 2,028+12,167
Median 0 0
IQR [0, 0] [0, 0]
Emergency room
Mean + SD 79+784 343+4,015
Median 0 0
IQR [0, 0] [0, 152]
Outpatient
Mean + SD 2,212+8,867 4,244+10,358
Median 294 2,008
IQR [0, 2,243] [423, 4,940]
Home health care/hospice
Mean + SD 43+325 115475
Median 0 0
IQR [0, 0] [0, 0]
Radiology
Mean + SD 642+2,103 1,234+2,762
Median 0 414
IQR [0, 413] [0, 1,199]
Other"
Mean + SD 180+1,071 367+1,167
Median 15 131
IQR [0, 134] [27, 375]
Table 4 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 4 (continued)
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CCA-related (N=1,298) All-cause (N=1,298)

Treatment costs per patient per month”*
Mean + SD
Median
IQR

1,058+2,912 1,575+3,199
172 584
[0, 1,279] [64, 2,022]

T, if any claim within a visit had a diagnosis code for CCA, the entire visit was considered CCA-related; ¥, all costs were inflated to 2019
USD; §, per patient per month costs were calculated based on the average of the costs per patient for each admission or visit type
divided by number of months in each patient’s follow-up; ", “Other” refers to the following types of services: durable medical equipment,
services and supplies, transportation services, laboratory services, and dental services; *, CCA-related treatment costs included systemic
treatments only. CCA, cholangiocarcinoma; ICU, intensive care unit; SD, standard deviation; USD, United States dollars.

$12,000

$10,481

$10,000

$8,000 $7,743

$6,696
$6,000
$4,000
$2,000
$0
Total sample Age <65 years  Age =65 years
(N=1,298) (N=359) (N=939)
u|P admissions ™ ER visits @ OP visits Other Treatment costs

Figure 1 Mean monthly CCA-related healthcare costs' per
patient during the follow-up period stratified by age. ', if any claim
within a visit had a diagnosis code for CCA, the entire visit was
considered CCA-related; ¥, all costs were inflated to 2019 USD.
CCA, cholangiocarcinoma; ER, emergency room; IP, inpatient;
OP, outpatient; USD, United States dollars.

management of symptoms and side effects associated with
these regimens.

Although chemotherapy, particularly with gemcitabine
plus cisplatin, is considered standard of care for front-
line treatment of patients with advanced or metastatic
CCA, there is no consensus regarding specific treatment
combinations/sequences in later lines (18,24). The
variation in second-line treatments reported in this study
aligns with a retrospective chart review study of patients
receiving second-line treatment for advanced CCA (25).
All patients in that study received a second-line therapy
by design, but the variation was evident: 19.6% received

© Journal of Gastrointestinal Oncology. All rights reserved.

gemcitabine plus platinum, 28.6% received gemcitabine
plus fluoropyrimidine, 37.5% received another
fluoropyrimidine combination regimen, and 14.3% of
patients received other treatment combinations (25). For
the majority of patients with advanced or metastatic CCA,
there are limited treatment options beyond intravenously
infused chemotherapy, which typically provides only modest
survival benefits and substantial toxicity, contributing to
the burden of illness in this patient population. New and
upcoming targeted treatments may provide improvements
for at least some patients. Pemigatinib was approved
recently for treatment of CCA with FGFR?2 rearrangement/
fusion, a mutation that occurs almost exclusively in ICC
and is observed in 10-16% of these patients (13,26-28).
Ivosidenib is under investigation for CCA with mIDHI, a
mutation that is prevalent in approximately 18% of patients
with ICC and 1% of patients with ECC in the US (29).
These oral, targeted therapies may be cost-effective options
for improving disease control, as has been seen in other
tumor types (e.g., non-small-cell lung carcinoma) (30).

The poor OS reported here is consistent with other
studies (18,31) that have assessed survival in advanced or
metastatic CCA despite differences in methodological
design. In this study, OS was assessed among a population
of patients starting from the time of assumed first-line
therapy failure, not necessarily from the start of subsequent-
line treatment initiation commonly used in clinical trials;
nonetheless, the median OS of 5.3 months is poor. A phase
III clinical trial comparing mFOLFOX to supportive care
as second-line therapy for patients with biliary tract cancer
estimated median OS of 6.2 and 5.3 months, respectively (18).
A phase II clinical trial assessed OS with capecitabine +
irinotecan + gemcitabine + bevacizumab in previously-
treated patients and estimated median OS of 7.7 months in
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patients with CCA (31). Collectively, these studies suggest
that many currently available second-line chemotherapy
treatment options have limited survival benefits. A
substantial proportion of our sample did not initiate a
second-line treatment and had shorter OS (1.8 months),
further supporting the need for additional second-line
treatment options. Emerging targeted treatments, such as
oral pemigatinib and oral ivosidenib, have the potential to
improve survival among certain CCA populations (12,13).

This study should be considered within the context of
limitations that are inherent to retrospective observational
claims-based studies. Additional considerations specific to
this study design should also be noted. First, retrospective
databases are subject to coding errors or data omissions.
Relatedly, visits were defined as CCA-related if any claim
within that visit had a diagnosis code for CCA; therefore,
whether a visit was CCA-related was determined by
physician coding practices. Second, healthcare resources and
treatments received in clinical trials were not captured in the
data. It is unknown what percentage of the study population
may have been enrolled in a clinical trial. Third, the sample
selection algorithm was designed to identify patients with
CCA and failure of treatment with gemcitabine- or 5-FU-
based therapies (i.e., indication of possible advanced disease)
by using treatment discontinuation, treatment switch, or
death as a proxy for failure. However, this algorithm may
not have identified all patients of interest, and therefore
results may not be fully representative of the intended
population. Lastly, the focus of the study was advanced CCA
requiring systemic treatment after an initial line of therapy,
and patients who were alive at the end of the follow-up
period with no evidence of initiating a new treatment after
the initial line were excluded (234 patients). The likelihood
that these excluded patients actually had advanced CCA was
assumed to be low.

This study underscores the limitations of current
treatment options for patients after failure of initial
gemcitabine- or 5-FU-based therapy and the economic
burden associated with previously-treated advanced CCA.
There is a need for safe and effective treatments that will
improve outcomes and minimize the burden of illness

associated with CCA.
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Supplementary
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Abbreviations: 5-FU = fluorouracil; CCA = cholangiocarcinoma
Figure S1 Study schematic.
Table S1 CCA-related HRU during the follow-up period stratified by age
<65 years >65 years
(N =359) (N = 939)
Number of CCA-related medical services per patient per month'?,
mean + SD
Inpatient admissions 0.2+0.5 0.2+1.3
Inpatient length of stay per admission® 2.8+6.5 5.3+20.7
ICU admissions 0.1+0.2 0.1+1.1
ICU length of stay per admission® 1.7+2.8 5.2+13.1
Emergency room visits 0.0+0.1 0.0+0.1
Home health care/hospice visits 0.1+0.4 0.1+£0.3
Outpatient visits 1.3x2.6 0.9+1.6
Radiology visits 0.3+0.4 0.2+0.4

Abbreviations: CCA = cholangiocarcinoma; HRU = healthcare resource utilization; ICU = intensive care unit; SD = standard deviation
Notes:

" If any claim within an admission/visit had a diagnosis code for CCA, the entire visit was considered CCA-related.

? Per patient per month HRU was calculated based on the average of the number of admission(s) or visit(s) per patient divided by number
of months in each patient’s follow-up.

® Length of stay for inpatient and ICU admissions were calculated only among patients with at least one inpatient or ICU admission,
respectively.
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Table S2 Monthly CCA-related healthcare costs per patient during the follow-up period stratified by age

<65 years >65 years
(N = 359) (N = 939)
Total healthcare costs per patient per month'*®
Mean + SD 10,481+18,461 6,696+15,382
Median 5,553 2,585
IQR (1,889, 13,185) (118, 7,831)

Medical service costs per patient per month

Mean + SD 8,874+18,018 5,848+15,152
Median 3,909 1,541
IQR (297, 12,326) (0, 6,429)
Inpatient
Mean + SD 4,522+9,127 3,150+13,909
Median 75 0
IQR (0, 4,974) (0, 1,644)
ICU
Mean + SD 1,250+3,890 1,554+13,100
Median 0 0
IQR 0,0 0, 0)
Emergency room
Mean + SD 141+1,261 55+490
Median 0 0
IQR 0, 0) 0,0)
Outpatient
Mean + SD 3,045+15,242 1,893+4,435
Median 738 229
IQR (0, 3,026) (0, 1,963)
Home health care/hospice
Mean + SD 133+603 9+54
Median 0 0
IQR 0,0 0, 0)
Radiology
Mean + SD 863+2,738 558+1,797
Median 29 0
IQR (0, 636) (0, 327)
Other*
Mean + SD 170+338 183+1,242
Median 31 11
IQR (0, 178) 0, 119)
Treatment costs per patient per month®
Mean + SD 1,607+4,684 848+1,786
Median 726 58
IQR (0, 2,105) (0, 976)

Abbreviations: CCA = cholangiocarcinoma; ICU = intensive care unit; SD = standard deviation; USD = United States dollars Notes:

"If any claim within a visit had a diagnosis code for CCA, the entire visit was considered CCA-related.

% All costs were inflated to 2019 USD.

® Per patient per month costs were calculated based on the average of the costs per patient for each admission or visit type divided by
number of months in each patient’s follow-up.

* “Other refers to the following types of services: durable medical equipment, services and supplies, transportation services, laboratory
services, and dental services.

® CCA-related treatment costs included systemic treatments only.
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