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Abstract: Background: The management of cholangiocarcinoma is continually reviewed on a current
evidence basis to develop practice guidelines and consensus statements. However, the standardized
treatment guidelines are still unclear for cholangiocarcinoma patients who are listed for liver trans-
plantation. We aimed to validate and evaluate the potential efficacy of chemotherapy combination of
Gemcitabine and Cisplatin as a neo-adjuvant treatment for cholangiocarcinoma patients before liver
transplantation. Methods: In this prospective case series, patients with locally advanced, unresectable,
hilar, or intrahepatic cholangiocarcinoma with no evidence of extrahepatic disease or vascular involve-
ment were treated with a combination of neoadjuvant gemcitabine and cisplatin with no radiation.
All patients included received chemotherapy prior to being listed for liver transplantation at a single
cancer center according to an open-labeled, and center-approved clinical management protocol. The
primary endpoints were the overall survival and recurrence-free survival after liver transplantation.
Results: Between 1 March 2016, and 15 March 2022, 10 patients (8 males and 2 females) with a median
age of 62.71(interquartile range: 60.02-71.87) had a confirmed diagnosis of intrahepatic or hilar
cholangiocarcinoma and underwent liver transplantation. Median days of neoadjuvant therapy for
a given combination of gemcitabine and cisplatin were 181 (IRQ: 120-250). Nine patients (90%) were
reported with no recurrence or metastasis, and only 1 patient had confirmed metastasis (10%); days
for metastasis after transplantation were 612 for this patient. All patients received a combination of
gemcitabine and cisplatin as neo-adjuvant while awaiting liver transplantation. The median days of
follow-up were 851 (813-967). Overall survival was 100% (95% CI 100-100%) at both years one and
two; 75% (95% CI 13-96%) at years three to five. One patient died at eight hundred and eighty-five
days. No adverse events were reported after liver transplantation including the patient who was
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confirmed with recurrence. Conclusions: Our finding demonstrated that neo-adjuvant gemcitabine
and cisplatin with no radiation prior to liver transplantation resulted in excellent outcomes for
patients with cholangiocarcinoma.

Keywords: hepatocellular carcinoma; gemcitabine; cisplatin; immunotherapy; liver transplantation;
cholangiocarcinoma

1. Introduction

The second most common primary liver cancer after hepatocellular Carcinoma is
cholangiocarcinoma which is a rare tumor [1]. However, its worldwide incidence is increas-
ing, and the five-year survival rate is only 25% despite tumor resection. Tumor recurrence
is the major reason for mortality in 53-79% of patients. The recurrence is usually localized
in 83% of patients and occurs within two years post tumor resection [2-7]. In this highly
infiltrative cancer, there is insufficient local tumor control with resection, and survival rates
are suboptimal even with systemic chemotherapy, regional ablative options, and radiation.
Due to the tumor site, size, or multifocality, most patients present with unresectable disease.

Liver transplantation for patients with unresectable cholangiocarcinoma has been pre-
viously investigated [8-10]. Outcomes for intrahepatic cholangiocarcinoma are poor in com-
parison with hepatocellular carcinoma, with five years overall survival rate of 25% [11-13].
Consequently, most centers consider intrahepatic cholangiocarcinoma a contraindication to
liver transplant. Hilar cholangiocarcinoma initially had poor outcomes with liver trans-
plants. However, per the United Network of Organ Sharing (UNOS) database, hilar
cholangiocarcinoma patients who have undergone pre-transplant anticancer therapy have
significant survival outcomes in contrast with transplanted patients for incident disease.
The improved survival rate for cholangiocarcinoma patients treated with liver transplants
preceded by neoadjuvant chemoradiation has been reported in 14 studies [13-18].

The five-year survival rate after liver transplant was reported to be up to 65% by
a multicenter study. Thus, liver transplantation became a preferred strategy for patients
with early-stage and unresectable hilar cholangiocarcinoma. However, only incidental
or misdiagnosed intrahepatic cholangiocarcinoma tumors identified on pathology can
undergo liver transplantation [19-21]. Patients with cholangiocarcinoma who might benefit
from transplantation have also been shown to have a good response to neoadjuvant therapy.

Pre-transplant therapy has been shown to reduce disease recurrence in both intra-
hepatic and hilar cholangiocarcinoma [15,19-21]. The outcomes of liver transplantation in
48 patients with intrahepatic cholangiocarcinoma who received locoregional therapy or
didn’t receive neoadjuvant chemotherapy were analyzed by a retrospective, multicenter
international study [10]. Advanced (>2 cm) intrahepatic cholangiocarcinoma) five-year
overall survival was found to be up to 45% while early intrahepatic cholangiocarcinoma
(£2 cm) was up to 65%. These results indicate that for small, solitary intrahepatic cholan-
giocarcinoma, a liver transplant might be indicated if pre-transplant therapy is not feasible.
Regarding multifocal, larger tumors the outcome of neoadjuvant chemotherapy remains
significantly undetermined. The option of treating cholangiocarcinoma and hepatocellular
carcinoma via liver transplant has been actively evolving with promising outcomes in
addition, other related options to liver transplant are keep evolving such as the main
loco-regional therapies that can be used to reduce the tumor burden in locally advanced
cases who are not LR candidates, including transarterial chemoembolization (TACE), selec-
tive internal radiation therapy (SIRT), radiofrequency ablation (RFA), and photodynamic
therapy (PDT) should be mentioned. These treatments, in fact, can control local tumors
and avoid systemic treatment side effects and allow these patients to eventually be re-
sected or transplanted [19,22-25]. As far as we know, no previous reports have studied
the effect of gemcitabine and cisplatin as neo-adjuvant therapy for cholangiocarcinoma
patients prior to liver transplantation. This study reports our experience and outcomes
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with chemotherapy combination of gemcitabine and cisplatin as a neo-adjuvant treatment
for cholangiocarcinoma patients prior to liver transplantation.

2. Methods
2.1. Participants

This study is based on the clinical management of patients with intrahepatic and hilar
cholangiocarcinoma at our institution. We have been providing liver transplantation to
eligible patients with intrahepatic or hilar cholangiocarcinoma since 2016. The clinical
management protocol requires the usage of a combination of gemcitabine and cisplatin
as neo-adjuvant for intrahepatic or hilar cholangiocarcinoma and encourages biological
stability or response for choosing patients for liver transplantation.

With regards to our liver transplantation protocol, locally advanced intrahepatic or
hilar cholangiocarcinoma was defined as a solitary tumor if greater than 2 cm in diameter
or if the multifocal disease was confined to the liver without radiological evidence of
extrahepatic, macrovascular, or lymph node involvement. Patients were selected if there
was tumor regression on neoadjuvant therapy or if they had shown six months of disease
stability. A multidisciplinary case review by the tumor board was carried out to choose
potentially appropriate candidates composed of medical oncologists, transplant surgeons,
radiation oncologists, hepatologists, pathologists, and interventional radiologists. A formal
screening meeting and comprehensive evaluation of medical history were carried out on
the chosen candidates by our tumor board. Acceptable patients were then brought up for
formal liver transplantation evaluation and listing. In order to be listed, patients should
have had a biopsy or cytology confirming cholangiocarcinoma and had unresectable tumors
either due to site or underlying liver disease after six months of neoadjuvant therapy. The
feasibility of tumor resections was based on a majority decision after evaluation by GI
oncologists and liver transplant surgeons from Houston Methodist Hospital.

For liver transplantation to be qualified under clinical administration protocol, the
malignant tumor should be found in those patients and proofed by imaging characteristics
(proportionate with intrahepatic cholangiocarcinoma (CEA) and serum cancer antigen
(CA)19-9 concentrations greater than 100 U/mL), or biopsy confirming malignancy and
unresectable disease [based on technical analysis or underlying liver disease, supported
response for at least six months with the combination of gemcitabine and cisplatin neo-
adjuvant therapy] assessed by MRI or CT Scan. In addition, patients must have had no
evidence of extrahepatic disease, at least six months of sustained response after the most
recent therapy, reduction of transperitoneal tumor aspiration, or biopsy, and control of
biliary sepsis. Patients were excluded if there was a presence of extrahepatic metastases,
lymph node involvement, invasion or encasement of major hepatic vascular structures, in-
vasion of extrahepatic structures, and perforation of the visceral peritoneum. Furthermore,
patients had to undergo a complete medical and psychosocial work-up. There were no
age or morbidity limitations and only adult patients (18 years or older) were considered
if they met medical criteria for liver transplantation. Transplanted patients in this series
were recorded between 1 March 2016, and 15 March 2022. Attending GI oncologists and
surgeons were consulted to assess the risks of using orphan livers. At transplant, recipients
were consented to by the transplanting surgeon and were informed of the risks of receiving
a transplant, including portal vein or hepatic artery thrombosis and primary non-function,
with additional agreement obtained in cases where donors were at a high risk of disease
transmission. The collection of data from recipients was carried out in compliance with the
Houston Methodist Institutional Review Board approved protocol (IRB ID: PRO00032826).

2.2. Gemcitabine plus Cisplatin as Neo-Adjuvant Treatment

All of the patients received gemcitabine plus cisplatin regimen as neoadjuvant therapy.
The regimen consisted of gemcitabine 1000 mg/m? which was administered intravenously
(IV) over 30 min followed by cisplatin 25 mg/m? IV over 60 min on days 1 and 8 of a 21-day
cycle. All patients on the liver transplantation waiting list were monitored for any changes
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for at least six months. Patients who progressed within this time frame were excluded from
the study Figure 1.

Gemcitabine 1000 mg/m? intravenously

Intrahepatic or hilar Cholangiocarcinoma (IV) over 30 minutes followed by Cisplatin A minimum of six months of Liver transplant

with no evidence of extrahepatic disease 25 mg/m2 IV over 60 minutes on days 1 scans response or stability  |surgery  occurred

or vascular involvement and 8 of a 21-day cycle as neo-adjuvant must be confirmed then follow up
treatment.

‘ Vv L AR 4
—

Figure 1. Schema of the treatment timeline of gemcitabine and cisplatin as neo-adjuvant for cholan-
giocarcinoma patients prior to liver transplantation.

With regards to follow-up, patients were monitored for any new events, or any ob-
structive symptoms such as jaundice, pruritus, clay-colored stools, dark urine, or any other
systemic symptoms including, weight loss, fever, and night sweats. We also performed
physical examinations and repeated tumor markers such as CA19-9 and CEA. MRI and
PET scans were also performed and evaluated for pertinent clinical findings.

2.3. Follow Up

Patients were followed up every month with a complete blood cell count and pro-
thrombin time test, as well as liver function tests for alanine aminotransferase (ALT),
aspartate aminotransferase (AST), bilirubin, albumin, and carcinoembryonic antigen CEA.
In addition, radiographic tests such as a liver contrast-enhanced CT or MRI, as well as
a chest CT and/or bone scan, were carried out every six to nine weeks to evaluate the treat-
ment response. The tumor response was assessed using the Modified Response Evaluation
Criteria in Solid Tumors (mRECIST). The overall survival was measured from the beginning
of the first treatment cycle to death or the last visit, whichever came first. Patients who
were lost to follow-up were tracked until the last date they were known to be alive, and
those who survived were censored until the data cutoff date of December 2021 Figure 1.

2.4. Statistical Analysis

For CCA recurrence after transplantation, frequencies, and proportions as well as
categorical variables, such as demographic and clinical data, were reported, while contin-
uous variables were presented as the median and interquartile range or mean (standard
deviation [SD]). For categorical variables, the Chi-square or Fisher’s exact tests were used,
while for continuous variables, the Kruskal-Wallis test or unpaired t-test was used. The
Kaplan-Meier curves were utilized to show overall patient survival and CCA-free survival.
The log-rank test was used to compare differences across groups. Stata version 17.0 was
used for all analyses (StataCorp LLC, College Station, TX, USA). A p-value of 0.05 was
considered to be statistically significant [26,27].

3. Results

Between 1 March 2016, and 15 March 2022. 10 patients (8 males and 2 females) with
a median age of 62.71 (interquartile range: 60.02-71.87) were diagnosed with cholangio-
carcinoma Table 1. All of the patients included in this study had been subjected to liver
transplantation for intrahepatic cholangiocarcinoma. Among these patients 10% were
Asian, 10% were black, and 80% were Caucasian. Also, 20% of patients identified as
Hispanic or Latino.

All patients received the combination of gemcitabine and cisplatin for 181 (120.00-250.00)
days. Most patients (1 = 9) had no recurrence or metastasis. Tumor recurrence was only re-
ported in one patient in the study group (10%) and occurred 612 days after liver transplant.
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Table 1. Patients’ details who received gemcitabine plus cisplatin as a neo-adjuvant treatment for

cholangiocarcinoma prior to liver transplantation with their related outcomes.

Native

Treatment

Recurrence

Days to The Date

Days to

PatIile)nts Sex Liver Duration- Tr];)rig;ltaont or of Recurrence The Last to['l))aey:th
Diagnosis Days Rejection or Rejection Follow up
1 Female HCCA 603 8 No 813
2 Male IHCCA 149 5 Yes 603 871 885
3 Male IHCCA 250 20 No 824
4 Male IHCCA 120 369 No 967
5 Male IHCCA 83 472 No 1405
6 Male HCCA 161 64 No 418
7 Male HCCA 201 5 No 812
8 Male IHCCA 206 79 No 831
9 Male IHCCA 77 445 No 1834
10 Female IHCCA 200 113 No 870

All patients in the current study received the combination of gemcitabine and cisplatin

as neoadjuvant therapy while waiting for liver transplantation. After a median follow-up
of 851 (813-967), overall survival (OS) was 100% (95% CI 100-100), respectively. In the
third to fifth year, the overall survival rate was 75% (95% CI 13-96%) Figure 2. At the last
follow-up, 1 patient died at 885 days. No significant adverse effects were observed since
it wasn’t reported after liver transplantation, including in the patient who was confirmed
with recurrence.

Survival
0.6

0.4

0.2

T T | T T T T T T I
0 5 10 15 20 25 30 35 40 45 50 55 60
Months

Number at risk
10 10 10 9 8 5 2 2 2 1 1 1 0

Figure 2. Overall survival was 100% (95% CI 100-100) at one year and two years, respectively. In
the third year, the overall survival was 75% (95% CI 13-96%). One patient died at eight hundred
and eighty-five days. This patient died due to acute renal failure superimposed on stage 3 chronic
kidney disease.
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Patients in the study group concerning the gemcitabine—cisplatin combination regimen
with IHCCA or HCCA were also compared separately evaluating the risk of recurrence or
rejection. No significant differences were observed in the baseline characteristics of patients
in either group. Among the 10 patients in the study group, 3 patients were classified as
Hilar CCA subgroup whereas the IHCCA subgroup was composed of 7 patients. The tumor
recurrence rate/rejection was relatively higher in IHCCA subjects being occupying one
patient who was on the regimen for almost four months. The rejection occurred two years
after the transplant and he died a few months later (Table 2).

Table 2. Transplant-related outcomes in patients who received Gemcitabine plus Cisplatin as a neo-
adjuvant treatment for cholangiocarcinoma prior to liver transplantation; data were presented as median
(25th percentile-75th percentile) for continuous variables and number (%) for categorical variables.

The Basic Characteristics of the Included Patients Who Received Gemcitabine Plus Cisplatin
as a Neo-Adjuvant Treatment for Cholangiocarcinoma Prior to Liver Transplantation

Total
N =10
Age
62.71 (60.02-71.87)
Gender
Female 2 (20.00)
Male 8 (80.00)
Race
Asian 1 (10.00)
Black 1 (10.00)
Caucasian 8 (80.00)
Ethnicity
Hispanic or Latino 2 (20.00)
Not Hispanic or Latino 8 (80.00)
Recurrence or rejection
Yes 1 (10.00)
no 9 (90.00)
Recurrent time 612.00 (612.00-612.00)
Days for GIM/CIS 181.00 (120.00-250.00)
Death
0 9 (90.00)
1 1 (10.00)

Follow-up time (days)
851.00 (813.00-967.00)

Regarding the duration of treatment for other IHCCA patients who received gemc-
itabine plus cisplatin as a neo-adjuvant treatment for cholangiocarcinoma prior to liver
transplantation, the shortest period was on three months while the longest period was
nine months. None of these patients experienced tumor rejection or recurrence. Details are
shown in (Table 1). Concerning Hilar CCA, there were no reports of recurrence or rejection,
and patients were on the regimen for at least six months, with one patient completing up to
two years of therapy. After transplantation patients were discharged home and followed
up for median days of 851.00 (813.00-967.00).
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Our results indicate the practicality of this approach and highlight the demand for
a large-scale, multi-center, prospective trial of neoadjuvant therapy followed by liver
transplantation for intrahepatic cholangiocarcinoma in the future.

4. Discussion

The number of patients diagnosed with cholangiocarcinoma continues to rise. Thus,
to assess the outcome of therapy with gemcitabine and cisplatin as neo-adjuvant for cholan-
giocarcinoma, we analyzed patients with stable intrahepatic or hilar cholangiocarcinoma
before they had liver transplantation and found an overall survival rate of 100% in both
years one and two compared to 75% (95% CI 13-96%) at years three to five. In the third
year, tumor recurrence was reported in only one patient in 10% of the study group, and
this case was reported 612 days after the liver transplant Figure 2. The selection criteria
may recognize samples of intrahepatic cholangiocarcinoma patients who may benefit from
a liver transplant. These results recommend that therapy response and the stability of the
tumor at each time could work as a substitute marker for approving tumor biology for
a liver transplant.

Not many previous studies have proposed a possible dominance of pre-transplant
therapy. The only study that has addressed these investigated patients with mostly incident
tumors and reported a five-year recurrence-free survival of up to 50% in patients with
intrahepatic and hilar cholangiocarcinoma [15]. This data has suggested that liver trans-
plantation is an option for intrahepatic cholangiocarcinoma management. Nevertheless,
the criteria for patient selection have not been elucidated in the literature.

The prevalence of cholangiocarcinoma has increased on a global scale in the past three
decades, especially intrahepatic cholangiocarcinoma. However, the most common biliary
tract cancer in developed countries is hilar cholangiocarcinoma. The overall survival of
intrahepatic cholangiocarcinoma is less than one year after receiving systemic therapy due
to late detection of tumors at an advanced stage where it is unresectable [28]. Consequently,
other treatment modalities need to be considered for the management of these patients.
Hilar cholangiocarcinoma is highly responsive to liver transplantation and has been ap-
proved the benefit of neoadjuvant therapy. Nevertheless, previous studies showed that
intrahepatic cholangiocarcinoma followed by liver transplantation has a poor response.
A recognized risk factor for recurrence of intrahepatic cholangiocarcinoma followed by
liver resection is tumor size. Multiple studies have shown that tumor size is correlated with
tumor recurrence after liver transplantation, One retrospective, multicenter cohort study in
Spain reported the overall survival for intrahepatic cholangiocarcinoma with a cumulative
radiographic diameter of less than 8 cm was up to 78% at one year, 66% at three years
and 51% at five years [29]. Correspondingly, a multi-national retrospective study showed
that early detected (<2 cm) tumors five-year overall survival rate was 80% in contrast with
intermediate tumors (2-3 cm) with 61% and 42% for advanced tumors (>3 cm) [10]. A case
series study in China analyzed patients with intrahepatic cholangiocarcinoma with liver
transplantation managed by liver resection or pre-transplant loco-regional therapy and
reported that tumor recurrence was linked with tumor size greater than 5 cm [30].

According to selection criteria, degradation of the disease or its stability was manda-
tory for at least six months before transplantation in our case series. The overall survival
of intrahepatic cholangiocarcinoma was significantly enhanced with transplantation com-
pared to liver resection (83% versus 25% in a preceding study). However, 10% of candidates
in our study had recurrent diseases.

Our case series has the capability to pilot for the development of a larger clinical trial
aimed at investigating liver transplantation treatment for locally advanced intrahepatic
cholangiocarcinoma. Regarding this clinical trial, careful attention should be paid to the
presence of lethargic disease, particularly the necessity of continuous neoadjuvant therapy
before liver transplantation.

Using the results from a randomized controlled trial, for instance, the ABC-01 study [24]
conducted in the UK in patients with advanced or metastatic cholangiocarcinoma or



Curr. Oncol. 2022, 29

3592

other biliary tract tumors treated with Gemcitabine alone or in combination with cisplatin
showed that overall survival was up to 11 months. However, few patients were alive after
five years [31].

Most patients with intrahepatic cholangiocarcinoma treated by liver resection who
are alive at five years have the early-stage disease and comprise only 20—40% of patients.
This analysis was supported by a study of a total of 933 patients who had intrahepatic
cholangiocarcinoma subjected to liver resection. Results showed that up to 73% of patients
experienced a recurrence of intrahepatic cholangiocarcinoma after liver resection with
a five-year overall survival rate of 41%. In multifarious inspection, they found that the risk
of intrahepatic recurrence was linked to tumor pathologic features such as a number of
lesions, tumor size (>5 cm in diameter), and the presence of satellite lesions.

Here, all transplanted patients had a high risk of recurrence after tumor resection.
The five-year overall survival for patients with intrahepatic cholangiocarcinoma has in-
frequently been more than 80% regardless of tumor resection or chemotherapy. Our
conclusions that no full response occurred to transplanted patients in addition to the risk
of recurrence after resection in one patient attests to the aggressive nature of the disease.
Regarding to the effect of liver fibrosis on survival of patients with IHCCA who receiv-
ing gemcitabine chemotherapy, Kinzler et al. [32] were addressing that fibrosis has no
significant impact on OS and PFS as well as that patients should not be prevented from
state-of-the-art chemotherapy.

Liver toxicity due to chemotherapy is likely to occur in untransplanted patients and
should be an important consideration. However, gemcitabine can be dose adjusted to 800
mg/m? if total bilirubin is greater than 1.6 mg/dL and if tolerated, maybe escalated back
to 1000 mg/m?. Cisplatin is not metabolized by the liver. Of note, none of the subjects in
this study could have had stable disease on medical therapy or would have been being
downstaged for surgical resection after medical therapy.

However, the clinical trial which employed gemcitabine and cisplatin, and nab-
paclitaxel for the management of advanced intrahepatic cholangiocarcinoma indicated
that around 10-20% of patients with the unresectable disease were downstaged for tumor
resection and 50% had the capability for responding to treatment or having stable disease.

Our case series result suggests that liver transplantation is preferred over liver resec-
tion and other modalities such as radical hepatobiliary techniques for advanced intrahepatic
cholangiocarcinoma resection, hepatic artery and portal vein remodeling, hepatic vein reim-
plantation, and in situ cold perfusion. Consequently, we opine that patients who respond
to treatment or have the stable disease may benefit from liver transplantation.

By reviewing genomic profiles for biliary tract cancers and their implications for
clinical practice, we conclude that the patient outcomes are largely influenced by tumor
biology and should guide decision-making regarding who may benefit from sustained
response to chemotherapy or targeted therapy. Improvements in bioinformatics and
genomic profiling have largely expanded our knowledge of genetic mutations which
frequently occur in intrahepatic cholangiocarcinoma [33-35].

We acknowledge the limitations of our findings from this case series from an external
validity perspective. Nevertheless, our well-designed study is hypothesis-generating and
contributes data to real-world management of intrahepatic cholangiocarcinoma as it relates
to liver transplantation. Our study results indicate and highlight the requirement for
a large size number, multicenter, prospective trial of neoadjuvant therapy followed by liver
transplantation for intrahepatic cholangiocarcinoma in the future.

5. Conclusions

Our study illustrated that gemcitabine and cisplatin as neo-adjuvant therapy with no
radiation resulted in excellent outcomes for patients with intrahepatic and hilar cholangio-
carcinoma who underwent liver transplantation. A prospective clinical trial of gemcitabine
and cisplatin as neoadjuvant therapy followed by liver transplantation for intrahepatic
cholangiocarcinoma is highly needed to confirm these outcomes.



Curr. Oncol. 2022, 29 3593

Author Contributions: M.A., A.E. and RM.G. contributed to the conception; M.A., H.A.-R., G.U.
and A.E. contributed to abstract writing; A.E. contributed to literature search and acquisition; A.E.,
E.AN,, D.B., M.A-R. and M.A. are responsible for drafting and revising the manuscript; J.X., H.A.-R.
and A.E. contributed to data analysis and interpretation; M.A., ].X.,, G.U., A.S,, EANN,, D.B,, M.A-R,,
RM, EI, A A,D.V, HA.-R. and A.E. were responsible for the critical revision of the manuscript for
intellectual content; and all authors issued final approval for the version to be submitted. All authors
agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately investigated and resolved. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Houston Methodist
Hospital (protocol code PRO00032826).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to patient confidentiality.

Conflicts of Interest: None reported. All authors have declared there are no financial conflict of
interest with regard to this work.

References

1.

10.

11.

12.

13.

Banales, ].M.; Cardinale, V.; Carpino, G.; Marzioni, M.; Andersen, ]J.B.; Invernizzi, P.; Lind, G.E.; Folseraas, T.; Forbes, S.J.;
Fouassier, L.; et al. Expert consensus document: Cholangiocarcinoma: Current knowledge and future perspectives consensus
statement from the European Network for the Study of Cholangiocarcinoma (ENS-CCA). Nat. Rev. Gastroenterol. Hepatol. 2016,
13,261-280. [CrossRef] [PubMed]

Benson, A.B., 3rd; Abrams, T.A.; Ben-Josef, E.; Bloomston, PM.; Botha, ].F.; Clary, B.M.; Covey, A.; Curley, S.A.; D’Angelica, M.L;
Davila, R.; et al. NCCN clinical practice guidelines in oncology: Hepatobiliary cancers. J. Natl. Compr. Cancer Netw. 2009, 7,
350-391. [CrossRef] [PubMed]

Endo, I.; Gonen, M.; Yopp, A.C.; Dalal, KM.; Zhou, Q.; Klimstra, D.; D’Angelica, M.; DeMatteo, R.P; Fong, Y.; Schwartz, L.; et al.
Intrahepatic cholangiocarcinoma: Rising frequency, improved survival, and determinants of outcome after resection. Ann. Surg.
2008, 248, 84-96. [CrossRef] [PubMed]

Hyder, O.; Hatzaras, I.; Sotiropoulos, G.C.; Paul, A.; Alexandrescu, S.; Marques, H.; Pulitano, C.; Barroso, E.; Clary, B.M,;
Aldrighetti, L.; et al. Recurrence after operative management of intrahepatic cholangiocarcinoma. Surgery 2013, 153,
811-818. [CrossRef]

Spolverato, G.; Kim, Y.; Ejaz, A.; Alexandrescu, S.; Marques, H.; Aldrighetti, L.; Gamblin, T.C.; Pulitano, C.; Bauer, TW.,;
Shen, F; et al. Conditional Probability of Long-term Survival After Liver Resection for Intrahepatic Cholangiocarcinoma:
A Multi-institutional Analysis of 535 Patients. JAMA Surg. 2015, 150, 538-545. [CrossRef]

Tabrizian, P; Jibara, G.; Hechtman, ].E; Franssen, B.; Labow, D.M.; Schwartz, M.E.; Thung, S.N.; Sarpel, U. Outcomes following
resection of intrahepatic cholangiocarcinoma. HPB 2015, 17, 344-351. [CrossRef]

Wang, Y.; Li, J.; Xia, Y.; Gong, R.; Wang, K; Yan, Z.; Wan, X,; Liu, G.; Wu, D.; Shi, L.; et al. Prognostic nomogram for intrahepatic
cholangiocarcinoma after partial hepatectomy. J. Clin. Oncol. 2013, 31, 1188-1195. [CrossRef]

Gupta, R.; Gupta, J. Strategies to improve survival of patients with intrahepatic cholangiocarcinoma undergoing liver transplanta-
tion. Hepatology 2017, 65, 1777-1778. [CrossRef]

Rana, A.; Hong, J.C. Orthotopic liver transplantation in combination with neoadjuvant therapy: A new paradigm in the treatment
of unresectable intrahepatic cholangiocarcinoma. Curr. Opin Gastroenterol. 2012, 28, 258-265. [CrossRef]

Sapisochin, G.; Facciuto, M.; Rubbia-Brandt, L.; Marti, J.; Mehta, N.; Yao, FY.; Vibert, E.; Cherqui, D.; Grant, D.R;
Hernandez-Alejandro, R.; et al. Liver transplantation for “very early” intrahepatic cholangiocarcinoma: International retrospec-
tive study supporting a prospective assessment. Hepatology 2016, 64, 1178-1188. [CrossRef]

Goldstein, R.M.; Stone, M; Tillery, G.W,; Senzer, N.; Levy, M.; Husberg, B.S.; Gonwa, T.; Klintmalm, G. Is liver transplantation
indicated for cholangiocarcinoma? Am. J. Surg. 1993, 166, 768-771; discussion 771-772. [CrossRef]

Pichlmayr, R.; Weimann, A.; Oldhafer, K.J.; Schlitt, H.J.; Klempnauer, J.; Bornscheuer, A.; Chavan, A.; Schmoll, E.; Lang, H.;
Tusch, G.; et al. Role of liver transplantation in the treatment of unresectable liver cancer. World |. Surg. 1995, 19, 807-813.
[CrossRef] [PubMed]

Schiile, S.; Altendorf-Hofmann, A.; Utef;, F; Rauchfuf3, E; Freesmeyer, M.; Knosel, T.; Dittmar, Y.; Settmacher, U. Liver transplantation
for hilar cholangiocarcinoma-a single-centre experience. Langenbecks Arch. Surg. 2013, 398, 71-77. [CrossRef] [PubMed]


http://doi.org/10.1038/nrgastro.2016.51
http://www.ncbi.nlm.nih.gov/pubmed/27095655
http://doi.org/10.6004/jnccn.2009.0027
http://www.ncbi.nlm.nih.gov/pubmed/19406039
http://doi.org/10.1097/SLA.0b013e318176c4d3
http://www.ncbi.nlm.nih.gov/pubmed/18580211
http://doi.org/10.1016/j.surg.2012.12.005
http://doi.org/10.1001/jamasurg.2015.0219
http://doi.org/10.1111/hpb.12359
http://doi.org/10.1200/JCO.2012.41.5984
http://doi.org/10.1002/hep.28994
http://doi.org/10.1097/MOG.0b013e32835168db
http://doi.org/10.1002/hep.28744
http://doi.org/10.1016/S0002-9610(05)80696-8
http://doi.org/10.1007/BF00299775
http://www.ncbi.nlm.nih.gov/pubmed/8553670
http://doi.org/10.1007/s00423-012-1007-8
http://www.ncbi.nlm.nih.gov/pubmed/23053456

Curr. Oncol. 2022, 29 3594

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

Darwish Murad, S.; Kim, W.R.; Harnois, D.M.; Douglas, D.D.; Burton, J.; Kulik, L.M.; Botha, J.E.; Mezrich, ].D.; Chapman, W.C;
Schwartz, J.J.; et al. Efficacy of neoadjuvant chemoradiation, followed by liver transplantation, for perihilar cholangiocarcinoma
at 12 US centers. Gastroenterology 2012, 143, 88-98.e83; quiz e14. [CrossRef] [PubMed]

Hong, J.C.; Jones, C.M.; Dulffy, J.P.; Petrowsky, H.; Farmer, D.G.; French, S.; Finn, R.; Durazo, FA,; Saab, S.; Tong, M.].; et al.
Comparative analysis of resection and liver transplantation for intrahepatic and hilar cholangiocarcinoma: A 24-year experience
in a single center. Arch. Surg. 2011, 146, 683-689. [CrossRef] [PubMed]

Marchan, E.M.; Landry, ].C. Neoadjuvant chemoradiation followed by orthotopic liver transplantation in cholangiocarcinomas:
The emory experience. |. Gastrointest. Oncol. 2016, 7, 248-254. [CrossRef]

Rea, D.J.; Heimbach, J.K.; Rosen, C.B.; Haddock, M.G.; Alberts, S.R.; Kremers, WK.; Gores, G.J.; Nagorney, D.M. Liver
transplantation with neoadjuvant chemoradiation is more effective than resection for hilar cholangiocarcinoma. Ann. Surg. 2005,
242,451-461. [CrossRef]

Sudan, D.; DeRoover, A.; Chinnakotla, S.; Fox, I.; Shaw, B., Jr.;, McCashland, T.; Sorrell, M.; Tempero, M.; Langnas, A. Ra-
diochemotherapy and transplantation allow long-term survival for nonresectable hilar cholangiocarcinoma. Am. |. Transpl. 2002,
2,774-779. [CrossRef]

Abdelrahim, M.; Esmail, A.; Abudayyeh, A.; Murakami, N.; Saharia, A.; McMillan, R.; Victor, D.; Kodali, S.; Shetty, A,;
Nolte Fong, J.V.; et al. Transplant Oncology: An Evolving Field in Cancer Care. Cancers 2021, 13, 4911. [CrossRef]

Meyer, C.G.; Penn, I.; James, L. Liver transplantation for cholangiocarcinoma: Results in 207 patients. Transplantation 2000, 69,
1633-1637. [CrossRef]

Robles, R.; Figueras, J.; Turrién, V.S.; Margarit, C.; Moya, A.; Varo, E.; Calleja, J.; Valdivieso, A.; Valdecasas, ].C.; Lopez, P; et al.
Spanish experience in liver transplantation for hilar and peripheral cholangiocarcinoma. Ann. Surg. 2004, 239, 265-271. [CrossRef]
Abdelrahim, M.; Victor, D.; Esmail, A.; Kodali, S.; Graviss, E.A.; Nguyen, D.T.; Moore, L.W.; Saharia, A.; McMillan, R;;
Fong, J.N.; et al. Transarterial Chemoembolization (TACE) Plus Sorafenib Compared to TACE Alone in Transplant Recipients
with Hepatocellular Carcinoma: An Institution Experience. Cancers 2022, 14, 650. [CrossRef]

Reddy, T.; Esmail, A.; Chang, J.C.; Ghobrial, R.M.; Abdelrahim, M. Utility of Cell-Free DNA Detection in Transplant Oncology.
Cancers 2022, 14, 743. [CrossRef] [PubMed]

Abdelrahim, M.; Esmail, A.; Saharia, A.; Abudayyeh, A.; Abdel-Wahab, N.; Diab, A.; Murakami, N.; Kaseb, A.O.; Chang, ].C,;
Gaber, A.O,; et al. Utilization of Immunotherapy for the Treatment of Hepatocellular Carcinoma in the Peri-Transplant Setting:
Transplant Oncology View. Cancers 2022, 14, 1760. [CrossRef] [PubMed]

Renzulli, M.; Ramai, D.; Singh, J.; Sinha, S.; Brandi, N.; lerardi, A.M.; Albertini, E.; Sacco, R.; Facciorusso, A.; Golfieri, R.
Locoregional Treatments in Cholangiocarcinoma and Combined Hepatocellular Cholangiocarcinoma. Cancers 2021, 13, 3336.
[CrossRef] [PubMed]

Hastie, T.; Tibshirani, R.; Wainwright, M. Statistical Learning with Sparsity: The Lasso and Generalizations; Chapman and Hall/CRC:
London, UK, 2019.

Lasso, S. Stata Reference Manual: Release 16; Stata Press: College Station, TX, USA, 2020.

Patel, T. Cholangiocarcinoma—Controversies and challenges. Nat. Rev. Gastroenterol. Hepatol. 2011, 8, 189-200. [CrossRef] [PubMed]
Sapisochin, G.; de Lope, C.R.; Gastaca, M.; de Urbina, J.O.; Lopez-Andujar, R.; Palacios, F.; Ramos, E.; Fabregat, J.;
Castroagudin, J.E; Varo, E.; et al. Intrahepatic cholangiocarcinoma or mixed hepatocellular-cholangiocarcinoma in patients
undergoing liver transplantation: A Spanish matched cohort multicenter study. Ann. Surg. 2014, 259, 944-952. [CrossRef]

Fu, B.S,; Zhang, T.; Li, H.; Yi, SH.; Wang, G.S.; Xu, C; Yang, Y.; Cai, C.J.; Lu, M.Q.; Chen, G.H. The role of liver transplantation for
intrahepatic cholangiocarcinoma: A single-center experience. Eur. Surg. Res. 2011, 47, 218-221. [CrossRef]

Valle, ].W.; Wasan, H.; Johnson, P; Jones, E.; Dixon, L.; Swindell, R.; Baka, S.; Maraveyas, A.; Corrie, P; Falk, S.; et al. Gemcitabine
alone or in combination with cisplatin in patients with advanced or metastatic cholangiocarcinomas or other biliary tract tumours:
A multicentre randomised phase II study—The UK ABC-01 Study. Br. J. Cancer 2009, 101, 621-627. [CrossRef]

Kinzler, M.N.; Klasen, C.; Schulze, F.; Herrmann, E.; Schnitzbauer, A.A.; Trojan, J.; Zeuzem, S.; Wild, PJ.; Walter, D. Impact
of Liver Fibrosis on Survival of Patients with Intrahepatic Cholangiocarcinoma Receiving Gemcitabine-Based Chemotherapy:.
J. Clin. Med. 2022, 11, 2057. [CrossRef]

Hayashi, A.; Misumi, K.; Shibahara, J.; Arita, J.; Sakamoto, Y.; Hasegawa, K.; Kokudo, N.; Fukayama, M. Distinct Clinicopathologic
and Genetic Features of 2 Histologic Subtypes of Intrahepatic Cholangiocarcinoma. Am. J. Surg. Pathol. 2016, 40, 1021-1030.
[CrossRef] [PubMed]

Jain, A.; Kwong, L.N.; Javle, M. Genomic Profiling of Biliary Tract Cancers and Implications for Clinical Practice. Curr. Treat.
Options Oncol. 2016, 17, 58. [CrossRef] [PubMed]

Lee, H.; Ross, J.S. The potential role of comprehensive genomic profiling to guide targeted therapy for patients with biliary cancer.
Therap. Adv. Gastroenterol. 2017, 10, 507-520. [CrossRef] [PubMed]


http://doi.org/10.1053/j.gastro.2012.04.008
http://www.ncbi.nlm.nih.gov/pubmed/22504095
http://doi.org/10.1001/archsurg.2011.116
http://www.ncbi.nlm.nih.gov/pubmed/21690444
http://doi.org/10.3978/j.issn.2078-6891.2015.117
http://doi.org/10.1097/01.sla.0000179678.13285.fa
http://doi.org/10.1034/j.1600-6143.2002.20812.x
http://doi.org/10.3390/cancers13194911
http://doi.org/10.1097/00007890-200004270-00019
http://doi.org/10.1097/01.sla.0000108702.45715.81
http://doi.org/10.3390/cancers14030650
http://doi.org/10.3390/cancers14030743
http://www.ncbi.nlm.nih.gov/pubmed/35159010
http://doi.org/10.3390/cancers14071760
http://www.ncbi.nlm.nih.gov/pubmed/35406533
http://doi.org/10.3390/cancers13133336
http://www.ncbi.nlm.nih.gov/pubmed/34283065
http://doi.org/10.1038/nrgastro.2011.20
http://www.ncbi.nlm.nih.gov/pubmed/21460876
http://doi.org/10.1097/SLA.0000000000000494
http://doi.org/10.1159/000332827
http://doi.org/10.1038/sj.bjc.6605211
http://doi.org/10.3390/jcm11072057
http://doi.org/10.1097/PAS.0000000000000670
http://www.ncbi.nlm.nih.gov/pubmed/27259014
http://doi.org/10.1007/s11864-016-0432-2
http://www.ncbi.nlm.nih.gov/pubmed/27658789
http://doi.org/10.1177/1756283X17698090
http://www.ncbi.nlm.nih.gov/pubmed/28567120

	Introduction 
	Methods 
	Participants 
	Gemcitabine plus Cisplatin as Neo-Adjuvant Treatment 
	Follow Up 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

