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Background: Orthotopic liver transplantation (OLT) after neoadjuvant therapy (NT) in
well-selected patients with unresectable hilar cholangiocarcinoma (CCA) achieves
excellent recurrence-free survival. Current criteria for NT-OLT exclude patients with
locally advanced hilar and intrahepatic CCA from potential cure. We sought to evaluate
the efficacy of NT in downstaging locally advanced CCA, and examine outcomes after
OLT.

Methods: Among 24 patients referred for unresectable hilar and intrahepatic CCA from
January 2013 through August 2017, 18 met center-specific inclusion criteria for the NT-
OLT treatment protocol: hilar tumor size <3.5 cm or intrahepatic <8 cm, and regional
lymphadenopathy but without distant metastasis. Median follow-up was 22.1 mo from
diagnosis.

Results: Of 18 patients who initiated NT, 11 were removed from the protocol due to tumor
progression (n = 6) or uncontrolled infection and failure-to-thrive (n = 5). Median NT
duration tended to be shorter for patients progressing to dropout than for those surviving
to OLT (5.5 versus 13.5 mo, P = 0.109). Among five patients who received OLT, 1-y post-OLT
patient survival was 80%: three survive recurrence-free (14.5-29.2 mo post-OLT); one
developed an isolated tumor recurrence in a single portacaval lymph node at 12 mo post-
OLT; and one experienced non-tumor-related death. All dropout patients died at a median
of 14.4 mo after diagnosis.
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Conclusions: This is the first prospective study to show successful NT downstaging of
unresectable locally advanced hilar and intrahepatic CCA before OLT. NT-OLT for select
patients with locally advanced hilar and intrahepatic CCA achieved acceptable short-term

recurrence-free survival.

© 2019 Published by Elsevier Inc.

Introduction

Cholangiocarcinoma (CCA) is a malignant neoplasm arising
from epithelial cells of the extrahepatic and intrahepatic bile
ducts, excluding the papilla of Vater and the gallbladder.” CCA
is the second most common primary hepatobiliary malig-
nancy in the United States. Anatomically, CCA is classified
into the proximal type, also known as hilar, perihilar, or
Klatskin tumors, which accounts for 60%-70% of cases; distal
type for 20%-30%; and intrahepatic or peripheral for the
remaining 5%-10%.”> The three different types of CCA have
distinct pathophysiology and differ in their epidemiologic
features.®*

Complete tumor extirpation with microscopically negative
margins by RO resection offers the best possibility of long-term
survival in patients with CCA; conversely, there are no survi-
vors with residual disease.” ' Unfortunately, many hilar and
intrahepatic CCA tumors are deemed unresectable due to the
following: cancer involvement of bilateral hemilivers, inade-
quate hepatic functional reserve (underlying liver paren-
chymal disease), or inadequate projected future liver remnant
volume. Most patients with unresectable disease die within 6-
12 mo of diagnosis.’

Treatment protocols using a combination of neoadjuvant
radiation and systemic chemotherapy followed by orthotopic
liver transplantation (OLT) for unresectable early stage hilar
CCA have achieved excellent long-term tumor recurrence-free
patient survival.'’** However, this treatment protocol was
restricted to those with early stage and small hilar CCA only
and excluded those with locally advanced hilar and intra-
hepatic CCA despite the absence of distant metastasis. The
University of California Los Angeles (UCLA) group developed a
risk-stratification index to predict tumor recurrence after OLT
for those with locally advanced hilar and intrahepatic
CCA."'® Based on their experience, neoadjuvant therapy (NT)
followed by OLT in select patients with locally advanced dis-
ease achieved acceptable tumor recurrence-free survival.
Despite positive findings from these retrospective studies,
OLT for locally advanced hilar and intrahepatic CCA remains
controversial.">'” The present prospective study was under-
taken to evaluate the efficacy of NT in downstaging locally
advanced hilar and intrahepatic CCA and examine outcomes
after OLT.

Methods
Patient selection
We performed a prospective analysis of all patients who were

referred to the Froedtert & the Medical College of Wisconsin
(MCW) Hepatobiliary Surgery and Transplant Center for

unresectable hilar and intrahepatic CCA from January 2013 to
August 2017. Tumor unresectability was determined by pre-
operative imaging showing the following: (1) tumor involve-
ment of the main portal vein or hepatic artery, (2) tumor in
both hemilivers, or (3) projected inadequate hepatic func-
tional reserve to achieve margin-negative tumor excision due
to underlying chronic liver disease or small future liver
remnant volume.?

Inclusion criteria for the MCW treatment protocol for
unresectable CCA include tumor size <3.5 cm for hilar and
<8 cm for intrahepatic and absence of distant metastasis.’”” A
cutoff size of 8 cm for intrahepatic tumors was chosen based
on previous studies that demonstrated beneficial down-
staging effects after NT for intrahepatic CCA using this size
criteria.”>”"'® Patients underwent exploratory staging lapa-
rotomy only when a liver allograft became available for
transplantation, with the goal of ensuring that tumor burden
remained within the confines of the operative field for total
hepatectomy and regional lymphadenectomy. Any tumor
spread beyond this defined area precluded OLT. Median
follow-up was 22.1 mo from diagnosis. The study was
approved by the Medical College of Wisconsin institutional
review board.

NT and OLT protocol

The NT protocol used locoregional therapy followed by
chemotherapy for locally advanced hilar and intrahepatic
CCA. Intrahepatic CCA <6 cm and hilar tumors were treated
with stereotactic body radiation therapy (SBRT) for a total dose
of 40 Gray, fractionated into five treatment sessions over 7-
12 d.15,18

The short locoregional treatment course allowed the
administration of full, uncompromised doses of chemo-
therapy as early as 10-14 d from the last radiation session. For
intrahepatic tumors >6 cm, transarterial chemoembolization
was given instead of SBRT.'>'° First-line neoadjuvant sys-
temic chemotherapy consisted of an infusional 5-fluorouracil
or capecitabine-based regimen until the time of trans-
plantation.’?%?! Based on the patient’s tolerance, toxicity,
and radiographic tumor response, other agents used included
oxaliplatin, leucovorin, and gemcitabine.”” Surveillance of
tumor progression included imaging with computed tomog-
raphy or magnetic resonance imaging of the chest and
abdomen as well as determination of serum tumor marker
carbohydrate antigen (CA) 19-9 levels every 3 mo. Positron
emission tomography (PET) scan was used selectively in pa-
tients with suspicion of metastasis on routine imaging.
Restaging results were reviewed by a multidisciplinary com-
mittee including hepatologists, radiologists, and hepatobiliary
or transplant surgeons to confirm that patients continued to
meet the inclusion criteria for the NT protocol, including
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unresectability. In general, patient performance status and
tumor responsiveness to NT determined medical suitability
for OLT. Patients with tumor progression, identified during NT
or in pre-OLT surgical staging laparotomy, or clinical decom-
pensation such as infection and failure-to-thrive dropped out
of the NT protocol for OLT.

Immunosuppression

The primary induction immunosuppression regimen (first
3 wk after OLT) consisted of tacrolimus (Prograf; Astellas
Pharmaceutical Inc), mycophenolate mofetil (CellCept; Gen-
entech), and steroids.”®> Maintenance immunosuppression
(>3 wk after OLT) was an everolimus-based regimen (Zortress;
Novartis Pharmaceutical Corporation) because of its anti-
proliferative and antiangiogenic properties.’>**?* Mycophe-
nolate mofetil was discontinued after 3 wk, and steroids were
weaned off per protocol.

Statistical analysis

Categorical variables were enumerated as totals. Durations
were summarized as medians, and Fisher exact tests were
used to test for differences in medians. Statistical significance
was accepted at P < 0.05. All other continuous variables were
summarized as means. Among this patient cohort, large
tumor size perfectly predicts dropout, and intrahepatic type

perfectly predicts transplant. Because quasi-complete sepa-
ration occurs in the data, conventional logistic regression re-
sults in inflated parameter estimates. To address this
problem, Bayesian logistic regression analysis was applied.”
Statistical analysis and modeling were performed in R
Version 3.3.2.

Results
Patient characteristics

During the study period, 24 patients were referred for unre-
sectable CCA. Of these, six patients were excluded: three were
found to have distant metastases on staging evaluation, two
patients could not proceed with transplant evaluation due to
insurance reasons, and one patient who had sought dual-
listing was transplanted at another center shortly after the
initial consultation. The remaining 18 patients met criteria for
the NT-OLT protocol and were included in the study. Ulti-
mately, five patients were successfully downstaged and
received OLT; two await OLT; and 11 were removed from the
waitlist due to tumor progression while on NT (n = 6) or un-
controlled infection and failure-to-thrive (n = 5).

Patient characteristics on referral are shown in Table 1A.
Overall, patients were predominantly men, with mean age
61.2 y and mean body mass index 28.4 kg/m? at referral. All

Table 1 — Patient (A) and tumor (B) characteristics upon referral, by outc

by liver transplantation protocol.

e on the neoadjuvant chemoradiation followed

Patient and tumor characteristics

Transplanted (n = 5)

Listed (n = 2) Dropped out (n = 11)

(A) Patient characteristics
Mean age, y
Male, n
White race, n
Mean body mass index, kg/m?
Liver disease, n
Primary sclerosing cholangitis
Alcohol
Hepatitis C
Non-alcoholic steatohepatitis
History of choledochal cyst
Mean laboratory MELD
Prior surgical resection, n
Prior chemotherapy, n
(B) Tumor characteristics
CA 19-9 >100 units/mL, n
Mean elevated CA 19-9, units/mL
Mean total bilirubin, mg/dL
Intrahepatic tumor, n
Large tumor, n (hilar >3 cm or intrahepatic >5 cm)
Presence of positive lymph nodes on staging PET scan, n
TNM stage 3 or higher, n

59.9 60.9 61.8
4 0 8
5 2 11
27.0 21.1 30.4
2 0 1
1 0 3
0 0 1
0 0 1
0 1 1
10 9 13
0 1 2
0 0 2
2 1 8
553.4 175.9 951.1
5.6 2.1 33
2 1 0
0 2 4
2 2 6
3 2 8

MELD = model for end-stage liver disease score.
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patients were white. Only seven patients had underlying
chronic liver disease: the most common etiology was alcohol
use in four patients, followed by primary sclerosing chol-
angitis (PSC) in three patients. Neither of the two patients with
a prior history of choledochal cyst excision had underlying
PSC. All PSC patients had concomitant ulcerative colitis. Mean
laboratory model for end-stage liver disease score (MELD) was
12. Four patients had received treatment for CCA before
referral to this center: two had undergone surgical resections,
one had started chemotherapy, and one had received both.

Tumor characteristics

Tumor characteristics are shown in Table 1B. Overall, 11 pa-
tients presented with CA 19-9 level >100 units/mL. Mean total
bilirubin was 3.1 mg/dL. Histopathologic confirmation of
cellular atypia (n = 1) or adenocarcinoma (n = 13) was obtained
in 14 out of the 17 patients who underwent biopsy or resection
before initiating NT. Of the remaining three patients with
inconclusive biopsy findings before NT, two patients were
ultimately transplanted, and their explants demonstrated
invasive CCA, whereas one patient dropped out due to meta-
static disease diagnosed 3 mo after starting NT. Thirteen pa-
tients presented with clinical tumor node metastasis (TNM)
stage 3 disease or higher by the American Joint Committee on
Cancer (AJCC) Eighth edition criteria.”’

Table 2 shows the tumor characteristics among the 15 of 18
patients who presented with tumor burden beyond Mayo
Clinic criteria before NT: three patients had intrahepatic CCA,
six patients had large tumors (hilar >3 cm or intrahepatic
>5 cm), 10 patients had PET-positive lymphadenopathy dur-
ing staging, and four patients described previously had
received treatment elsewhere before transplant evaluation.

Patient waitlist dropout and liver transplantation
Of 18 patients who initiated NT, only one patient was removed

from the study before receiving any chemotherapy due to a
precipitous decline in functional status and rise in serum

bilirubin after completing reduced-dose SBRT. Of the
remaining 17 patients, 13 patients required their chemo-
therapy to be held or changed for various toxicities: infection
(n = 7), peripheral neuropathy (n = 4), coronary vasospasm
(n = 2), failure-to-thrive (n = 6), and hyperbilirubinemia (n = 3).
All patients continued to demonstrate unresectable disease
on clinical restaging.

Eleven patients dropped out after a median of 5.5 mo on
the treatment protocol (range 2-31 mo), due to tumor pro-
gression (n = 6) or uncontrolled infection and failure-to-
thrive (n = 5). These patients died at a median of 14.4 mo
after diagnosis (range 8.3-62.4 mo). As shown in Figure 1,
time to dropout demonstrated a bimodal distribution, with
some patients exhibiting early dropout after a short interval
of NT (median 4.0 mo), and the remaining dropout occur-
ring at median 16.8 mo after starting NT (P = 0.012). Among
patients who dropped out early, reason for dropout was
fairly evenly divided between tumor progression and
failure-to-thrive, whereas late dropouts were due to tumor
progression in three of four patients. Bayesian logistic
regression analysis found that hilar location and large
tumor size predicted dropout while on NT (95% credible
interval 0.60-1.0).

Six patients underwent staging laparotomy when a liver
allograft became available, at a median NT duration of 14.3 mo
(range 8.8-22.7 mo). The patient who had been waiting the
longest, 23 mo since starting NT, was found to have metastatic
disease on operative exploration and was therefore excluded
from OLT. The remaining five patients had negative laparot-
omies and underwent total hepatectomy with radical bile duct
resection, regional lymphadenectomy, OLT, and Roux-en-Y
hepaticojejunostomy. Transplanted patients had received
NT for a median of 13.5 mo (range 8.8-19.3 mo) before OLT.
Median NT duration tended to be shorter for patients who
progressed to dropout than for those who survived to OLT but
did not reach statistical significance (5.5 versus 13.5 mo,
P = 0.109). Protocol removals from the initiation of NT due to
dropout and successful completion of NT followed by OLT are
shown in Figure 2.

Table 2 — Patients accepted for the neoadjuvant chemoradiation followed by liver transplantation protocol who were

outside Mayo Criteria on referral.

Outside Mayo Clinic Criteria
. Intrahepatic Large PET-positive Prior
gelent CCA Tumor Lymph Nodes Treatment (e
(n=3) (n=6) (n=10) (n=4)

1 X

g x & Transplanted
4 X

3 = = Listed

6 X X X X

7 X X

8 X X

9 X
10 X X
11 X Dropped Out
12 X
13 X
14 X
15 X X
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Fig. 1 — Patients who dropped out over time, by reason for dropout. Each of the 11 patients who dropped out while receiving
NT is shown by reason for dropout: tumor progression (orange) or uncontrolled infection and failure-to-thrive (blue).
Dropout patients demonstrated a bimodal distribution of short versus long NT duration (medians 4.0 versus 16.8 mo,

P = 0.012).

Explant pathology and posttransplantation outcomes

All explants demonstrated microscopically tumor-negative
resection margins and confirmed invasive CCA with varying
degrees of necrosis. The background liver showed cirrhosis in
three explants, periportal fibrosis in two, and PSC in two.
Explant pathology demonstrated evidence of successful NT
downstaging effect. Of the two patients who had demon-
strated PET-positive lymphadenopathy before starting NT,
one patient had a post-NT PET scan showing resolution of the
adenopathy before transplantation, and all patients had
negative portal lymphadenectomies at the time of OLT.
Although two patients had radiographic evidence of vascular
encasement of the left portal vein before starting NT, no
explant demonstrated lymphovascular or perineural invasion.
Four of five patients were found to have the same or lower

1.00-

Dropout

0.50 -

p=0.109

Proportion of Protocol Removals

0.00
10 20 30

Time on Neoadjuvant Therapy (months)

Fig. 2 — NT protocol removals by reason for removal:
dropout versus OLT. Patients who ultimately dropped out
received a median of 5.5 mo of NT treatment before
removal, whereas those who were removed due to OLT
received a median of 13.5 mo of NT (P = 0.109).

AJCC Eighth edition TNM stage in their explant compared with
pre-NT clinical staging. Although one patient had pre-OLT
imaging showing a single intrahepatic tumor, histologic ex-
amination of the explant demonstrated a second, 1.5 cm focus
of intrahepatic CCA, which had not been detected on imaging.
Another patient whose pre-NT imaging had shown intra-
hepatic CCA was actually found to have multifocal hilar CCA
on explant pathology. Pre-NT clinical staging features are
compared with explant pathology in Table 3.

Of the five patients who received OLT, four recipients are
alive at a median of 44.1 mo (range 35.8-55.2 mo) after their
CCA diagnosis. None received adjuvant therapy. Three pa-
tients currently survive with no recurrence, 22.2-37.4 mo post-
OLT. One patient, described previously with a second focus of
intrahepatic CCA undetected pretransplant but found on
explant pathology, was subsequently diagnosed with an iso-
lated recurrent CCA in a single portacaval lymph node at
12 mo post-OLT, underwent excision and close surveillance,
and remains tumor recurrence-free at 28 mo post-OLT. One
patient died 6 d after transplantation due to non-tumor-
related cause (aspiration pneumonia).

Discussion

The role of OLT in the therapy of hilar and intrahepatic CCA
remains controversial because of high tumor recurrence in
the early experience. Recurrence can be attributed to poor
patient selection and impaired cancer surveillance from
intense exposure to immunosuppressive therapy after trans-
plantation. The Mayo Clinic group reported excellent long-
term recurrence-free survival in highly selected patients
with small hilar CCA using a strict regimen of preoperative
staging and neoadjuvant chemoradiation treatment followed
by OLT.™ Although they considered hilar tumor >3 cm and
intrahepatic CCA as contraindications to OLT, a study from
UCLA demonstrated that a combination of neoadjuvant and
adjuvant therapies with OLT provided 5-y disease recurrence-
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Table 3 — Preneoadjuvant chemoradiation clinical staging compared with explant pathology for the five patients who

underwent liver transplantation.

Patient Pre-NT clinical staging Explant pathology
cTNM, Intrahepatic  Hilar Comments ypTNM, RO  Tumor Liver LN LVI
stage stage grade histology met
A cT1NOMO, X ypT1INOMX, I Yes WD Cirrhosis, No No
I PSC
B cT2N2MO, X PET-positive LNs ypTINOMx,I  Yes WD Periportal No No
IVB fibrosis, PSC
c cTINOMO, X ypT2bNxMx,  Yes MD Cirrhosis No No
I I1B
D cT2N1MO, X PET-positive LNs, ypT2bNOMX,  Yes WD Periportal No No
I1IB vascular encasement IIB fibrosis
E cT3NOMO, X Vascular encasement  ypT2aNOMx,  Yes WD Cirrhosis No No
IIIA IIA

LN = lymph nodes; LVI = lymphovascular invasion; Met = metastases; MD = moderately differentiated; RO = microscopically tumor-negative

margin; PSC = primary sclerosing cholangitis; WD = well-differentiated.

free survival rate of 47% for both locally advanced hilar and
intrahepatic tumors.” They found that aggressive tumor
biology, including multifocality and perineural invasion, but
not tumor size, to be independent predictors for diminished
recurrence-free patient survival. Noteworthy was the benefi-
cial effect of NT for patients with locally advanced CCA.
Although only 27% of those in the intermediate risk group
with locally advanced diseased received NT before OLT, the 2-
y patient survival was 65%. The study suggested a potential
role of NT in downstaging locally advanced hilar and intra-
hepatic CCA before OLT to improve recurrence-free patient
survival. However, a limitation of the UCLA report was its
retrospective study design.

The present study is the first prospective report to show
successful downstaging of locally advanced hilar and intra-
hepatic CCA with the NT-OLT protocol. In this study, all pa-
tients with locally advanced hilar and intrahepatic CCA
received NT. Among the five transplanted patients in this
study, 1-y post-OLT patient survival was 80%. The single pa-
tient death that occurred 6 d after OLT was not tumor-related
but due to aspiration pneumonia. Although pre-NT imaging
showed two patients with PET-positive lymphadenopathy and
two patients with vascular encasement, explants showed
absence of lymph node metastasis and vascular tumor inva-
sion. The AJCC Eighth edition stages for 3 of the 5 transplanted
patients decreased due to these nodal and vascular changes.
Although the study patients had locally advanced tumors on
entry into the NT-OLT protocol (outside of the Mayo Clinic
criteria), all five explants in this study achieved RO resection
and showed favorable grade (well or moderately differenti-
ated) and stage (I or II) disease without lymphovascular in-
vasion, perineural invasion, or positive lymphadenopathy. As
such, the present study suggests that current criteria for OLT
restricted to hilar tumors based on size may exclude patients
with locally advanced hilar and intrahepatic CCA from a
potentially curative procedure despite the absence of meta-
static disease. We recognize a limitation of our present study
is that it only reports short-term recurrence-free survival. In
future, we intend to expand on the short-term results re-
ported here with longer term follow-up and survival data.

In keeping with the organ shortage crisis and current organ
allocation policy, waitlist dropout presents a major concern
for patients with unresectable hilar and intrahepatic CCA in
need of life-saving OLT. Although NT has the potential to
downstage the tumor burden and tumor biology, a timely OLT
is paramount to achieving cancer cure. While a few previous
studies reported a four-times higher post-OLT tumor recur-
rence among patients who waited a “long” interval to trans-
plant, >100 d, compared with those who waited <100 d (19%
versus 4.8%), others have suggested a significant association
between a shorter period of NT before OLT and post-OLT
tumor recurrence (mean 18 versus 56 d, P = 0.04).® We
observed a pre-OLT dropout rate of 61% (11 of 18 patients),
which was higher than previously reported among patients
meeting more restrictive inclusion criteria, where 25%-42%
dropout has been observed.’”'*?%3° Patient dropout while
undergoing NT showed a bimodal distribution of a short, at a
median of 4 mo, versus long interval of median 16.8 mo. This
suggests that NT provides a period for tumor biology selection.
Tumors with aggressive tumor biology tend to be resistant to
NT, whereas tumors with favorable biology could be down-
staged. As such, the optimal time for OLT for patients with
favorable response to NT may fall between 6 and 8 mo.

Nearly half of the protocol dropout observed in the present
study was attributable to infection and failure-to-thrive,
whereas the majority of dropout reported in previous
studies of NT-OLT for CCA has been due to tumor progression,
mostly diagnosed at routine operative staging after NT.'*%?3*
Among patients who dropped out in this study, the observed
median patient survival was 14.4 mo after diagnosis, similar to
the survival of patients who dropped out from reports using
the Mayo protocol**?° and the patient survival reported in
trials of palliative chemoradiation for unresectable CCA.***
These observations are interesting for two reasons: first,
with comparable median survival despite the locally
advanced tumor characteristics of patients in this study, using
restrictive selection criteria for NT-OLT protocols does not
actually select out better tumor biology or responsiveness to
treatment. Second, a trial of NT did not shorten the survival of
those who ultimately dropped out compared with palliative
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patients and did offer the possibility of OLT, and cure if suc-
cessful, to more patients.

In conclusion, the present study is the first prospective
study to show successful NT downstaging of unresectable
locally advanced hilar and intrahepatic CCA before OLT. NT-
OLT for select patients with locally advanced hilar and intra-
hepatic CCA achieved acceptable short-term recurrence-free
survival.
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