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Abstract

Background: Intrahepatic cholangiocarcinoma (iCCA) is the second most common hepatic
malignancy and has a poor prognosis. Surgical resection is the standard of care for patients with
resectable disease, representing 30-40% of cases. Increasingly, neoadjuvant systemic therapy is
being utilized in patients due to high-risk anatomic or biologic considerations. However, data on
the clinical effect of this approach are limited. We performed a cohort study to evaluate the effect
of neoadjuvant therapy in patients with oncologically high-risk iCCA.

Methods: iCCA patients (n = 181) between the years 2014-2020 were reviewed for clinical,
histopathologic, treatment, and outcome-related data. Tumor regression grade was scored per CAP
criteria for gastrointestinal carcinomas.

Results: 47 iCCA patients received neoadjuvant therapy and 72 did not. Neoadjuvant treatment
led to objective response and tumor regression by CAP score. After adjustment for age, clinical
stage, and tumor size, the outcomes of patients who had neoadjuvant therapy followed by surgery
were not significantly different from those patients who had surgery first.
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Discussion: In conclusion, neoadjuvant therapy in iCCA facilitated surgical care. The
progression-free and overall survival for surgical patients with and without neoadjuvant therapy
were not significantly different suggesting this approach needs further exploration as an effective
treatment paradigm.

Background

Methods

Cholangiocarcinoma (CCA) is a primary biliary tract malignancy and is the second most
common primary hepatic neoplasm. CCAs are classified into three subtypes based on

their anatomic location: intrahepatic, perihilar, and distal. Intrahepatic cholangiocarcinoma
(iCCA) comprises about 10-20% of all cholangiocarcinoma subtypes.! The incidence and
mortality of iCCA has been increasing in the USA and worldwide despite advances in
treatment options.2= Currently, surgical resection with curative intent is the standard of care
for patients with resectable tumor burden. Approximately 30-40% of iCCA patients have
resectable disease at presentation with the 5-year survival post-resection varying from 20 to
40% depending on the multiple prognostic factors such as margin status, presence of lymph
node metastases, tumor multifocality, and/or vascular invasion.3 In patients with advanced
disease, the median survival is only 12—15 months.3

Due to high recurrence rates combined with the morbidity of major hepatectomy,
neoadjuvant therapy is considered at some institutions in the setting of locally advanced
disease or in patients with high-risk oncologic features such as lymphadenopathy or tumor
multifocality. In these centers neoadjuvant therapy is used as a tool to convert patients with
unresectable/borderline resectable disease into potential surgical candidates..>~7 This follows
an approach that has been utilized in other gastrointestinal tumor types such as pancreatic
ductal adenocarcinoma and colorectal adenocarcinoma.® Gemcitabine in combination with
platinum-based chemotherapy has been the long-standing first line treatment for advanced
stage, unresectable cholangiocarcinoma and this regimen has also been used for neoadjuvant
therapy for iCCA.%-12 Triplet regimen including gemcitabine, cisplatin and nab-paclitaxel
has been increasingly utilized recently.13 The current first-line therapy includes immune
checkpoint inhibition with durvalumab based on a positive phase 3 study, however the use of
this regimen in the neoadjuvant setting is only starting to undergo evaluation.14

Only a few previous small retrospective studies have described the outcomes of neoadjuvant
therapy for locally advanced iCCA and subsequent surgery.11:1516 Therefore, we performed
a retrospective cohort analysis to examine the oncologic outcomes of neoadjuvant therapy
for the treatment of patients with locally advanced or oncologically high-risk iCCA.

Patient selection

All iCCA patients who underwent partial hepatectomy at Mayo Clinic in Rochester,
Minnesota between the years 2014—2020 were identified retrospectively (Fig. 1).

Medical records, histologic slides, and pathology reports were retrieved and reviewed.
Histopathological diagnosis was made based on H&E slides and available clinicopathologic
information. The pathological tumor stage was determined using the American Joint
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Comossion on Cancer (AJCC) 8th edition criteria. A control group consisting of patients
with iCCA who did not undergo partial hepatectomy and only received palliative
chemotherapy were also selected (Fig. 1). Patients with combined hepatocellular carcinoma
and iCCA or mixed neuroendocrine non-neuroendocrine neoplasms were excluded.

Clinicopathologic data acquisition

After selecting patients who met the inclusion criteria, the patient’s medical charts were
examined retrospectively from the date of diagnosis to either the date of last follow-up
or death. Initial diagnosis was based on a tissue biopsy. Disease recurrence was based
on imaging studies and/or tissue biopsy. The type of chemotherapy regimen used for
neoadjuvant, adjuvant, and palliative purposes was collected.

Statistical analysis

The patients were separated into three categories as follows: 1) Palliative therapy

group; Patients with locally advanced/unresectable iCCAwithout partial hepatectomy +
palliative chemotherapy (PTG), 2) Oncologic high-risk group (Neoadjuvant), Patients with
locally advanced/initially surgically unresectable iCCA status post neoadjuvant therapy
(OHRG), and 3) Standard therapy group, Patients with surgically resectable iCCA without
neoadjuvant therapy + adjuvant chemotherapy (STG). Patient characteristics were compared
in a pairwise fashion using chi-square, Fisher’s exact, or Wilcoxon rank sum tests, as
appropriate. Overall survival was defined as time from diagnosis or surgery to death from
any cause. Progression-free survival was defined as time from date of diagnosis or surgery to
disease recurrence or death from any cause. Patients without an event (death or progression)
were censored at date of last follow-up. For analyses including surgical together with
non-surgical patients, the diagnosis date was regarded as baseline. For analyses limited to
surgical patients only, the date of partial hepatectomy was regarded as baseline. The Kaplan—
Meier method was used to estimate the median time-to-event, as well as overall survival
(OS) and progression-free survival (PFS) at 1- and 3-years post-baseline. Hazard ratios
(HRs) and 95% confidence intervals (Cls) were calculated using Cox proportional hazards
regression. P-values less than 0.05 were considered significant. All analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Histopathologic tumor regression analysis

Histologic tumor regression grade was scored per the College of American Pathologists
(CAP) criteria for gastrointestinal carcinomas.1” The CAP tumor regression grade categories
are listed below:

Score 0: complete response - no viable cancer cells.
Score 1: near complete response - single cells or rare small groups of cancer cells.

Score 2: partial response - residual cancer with evident tumor regression, but more than
single cells or rare small groups of cancer cells.

Score 3: poor or no response - extensive residual cancer with no evident tumor regression.
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In addition to the CAP tumor regression grade, the percent tumor regression was assessed in
5% increments. The tumor regression grade and percent tumor regression were calculated by
two gastrointestinal pathologists (BJV and RPG) after performing a consensus review of all
H&E-stained slides from each case.

Clinical characteristics

A total of 181 cases of iCCA were included in the study with median age at diagnosis of 64
years (interquartile range [IQR] 57-72), 91 (50.3%) were male. Additional clinicopathologic
details are listed in Table 1. Of the 181 iCCA cases, 62 patients were deemed to have locally
advanced/oncologically high-risk iCCA (PTG: Palliative therapy group). The remaining

119 cases of iCCA underwent partial hepatectomy with 47 patients receiving neoadjuvant
therapy (OHRG: Oncologic high-risk group) and 72 patients not receiving neoadjuvant
therapy and undergoing upfront surgery (STG: Standard therapy group) (see Fig. 1). In the
oncologic high-risk group who received neoadjuvant therapy, the median number of cycles
was 4 (IQR 3-6, range 2-12). The neoadjuvant regimen used and information on adjuvant
chemotherapy after partial hepatectomy are shown in Table 2. Among 72 patients within the
standard group, 39 received adjuvant chemotherapy, 28 did not, and 5 had unknown adjuvant
chemotherapy status (Supplemental Table 1). Of the 62 patients within the palliative therapy
group, 40 received palliative chemotherapy, 21 did not, and 1 had unknown chemotherapy
status (Supplemental Table 2).

The oncologic high-risk group patients were significantly younger at time of surgery
(median 62 vs. 68 years, p = 0.024), had larger tumors (median 6.9 cm vs. 4.8 cm; p <
0.001), and were at higher pre-treatment T stage and clinical stage (both p < 0.001) than
standard group patients. There was no significant difference in distributions of patient sex (p
=0.388), race (p = 0.677) or final post-surgical pathologic T stage (p = 0.126) between the
oncologic high-risk patient group and standard patient group (Table 1).

Tumor regression analysis

Of the patients in the oncologic high-risk group, twenty-two patients showed response to
therapy (46.8%) as defined by a final pathologic stage less than the initial clinical stage, 14
patients showed a pathologic stage that was the same as the initial clinical staging (29.8%)
and a total of 11 patients developed tumor progression (23.4%). Within the standard therapy
group, eleven patients showed a final pathology stage less than the initial clinical stage (h =
11, 15.3%), 38 patients showed no change in clinical staging and (52.8%), and a total of 23
patients developed tumor progression (31.9%).

Histologic tumor regression analysis was performed on 31 oncologic high-risk cases (where
all of the histologic slides were available), including 7 cases of large duct type iCCA
(22.6%) and 24 cases of small duct type iCCA (77.4%). Most cases (n = 20, 64.5%) showed
CAP score 2. Near complete response (CAP score 1) was observed in 7 patients (22.6%)
and CAP score 3 response was seen in 4 cases (12.9%). None of the patients had a complete
response (CAP score 0). The median percent viable tumor was 60% (interquartile range:
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30-80%, range 0-95%). Eighteen cases (58.1%) had 60% or more viable tumor cells, while
13 cases (41.9%) had less than 60% viable tumor cells.

Survival analysis

The OS and

The follow up for all patients ranged from 0.5 months to 78.8 months. Overall survival (OS)
was significantly lower for the palliative therapy group as compared to standard therapy and
oncologic high-risk groups (p < 0.001), with median OS of 11.4, 44.8, and 34.4 months,
respectively (as compared to the palliative therapy group: HR 0.20 [95% CI: 0.11-0.34]

and HR 0.27 [95% CI: 0.15-0.48] for standard therapy and oncologic high-risk groups,
respectively (Supplemental Table 3, Fig. 2a).

Progression-free survival (PFS) also differed significantly between the three groups (p <
0.001), with a median of 12.3 months in the palliative therapy group patients compared to
30.2 months (HR 0.31, 95% CI: 0.18-0.51) in the standard therapy group, and 23.0 months
(HR 0.45, 95% CI: 0.27-0.76) in the oncologic high-risk group (Supplemental Table 3, Fig.
2b).

OS and PFS in univariate models specified by selected characteristics for the standard
therapy group are shown in Supplemental Table 4. Without any adjustment, OS was not
significantly different between the oncologic high-risk and standard therapy patients (HR
1.68, 95% ClI: 0.87-3.22, p = 0.118), while PFS was significantly worse for the oncologic
high-risk group when compared with the standard therapy group (HR 1.93, 95% CI: 1.10-
3.39, p = 0.021). The risk of both death and disease progression increased for larger tumor
sizes, pre-treatment T stage =2, and pre-treatment clinical stage >2.

The oncologic high-risk group with near complete response (CAP score 1) had a median

OS of 21.9 months and 1-year and 3-year percent survival of 83.3% (95% CI: 53.5-100%)
and 41.7% (95% CI: 0-100%), respectively. The cases with CAP score 2, had a median

OS of 18.2 months and 1 and 3-year percent survival of 57.9% (95% CI: 30.3-85.4%) and
14.5% (95% CI: 0-40%), respectively. This difference between CAP score 1 vs. 2 was not
statistically significant (HR 2.14, 95% CI: 0.55-14.1, Table 3). There were insufficient cases
in the poor or no response (score 3) category to calculate a median OS.

Additionally, no significant difference in OS was seen between the large duct iCCA (median
survival: 18.2 months; 1 year survival: 57.1%; 3-year survival: 0%) and small duct iCCA
(median survival: 31.4 months; 1 year survival: 63.5%; 3-year survival: 38.1% (Table 3).

PFS of oncologic high risk and standard patients were not different

After adjustment for age at surgery, clinical stage, and tumor size, neoadjuvant therapy

was not significantly associated with a difference in OS (HR 0.90, 95% CI: 0.41-1.99,

p = 0.793); or with a difference in PFS (HR 1.20, 95% CI: 0.60-2.41, p = 0.609) when
compared to the standard therapy group. Although the estimated effect of treatment on OS
and PFS was slightly different between those with lower vs. higher stages, when stratified by
clinical stage, the OS and PFS of the oncologic high-risk group did not differ significantly
from the standard therapy group (p-values for treatment-by-stage interaction 0.668 and
0.271, respectively, Table 4).
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Discussion

Intrahepatic cholangiocarcinoma (iCCA) is the second most common primary liver
malignancy, and its incidence is rising.18:19 The prognosis and long-term outcomes are
highly dependent on the tumor resectability and unfortunately, more than a third of the
patients present with locally advanced and unresectable disease.® Neoadjuvant therapy and
subsequent surgical resection have been reported as an effective downstaging approach in
multidisciplinary therapy for pancreatic and colorectal cancer. Prior studies have shown that
neoadjuvant therapy and/or presurgical liver-directed therapies may increase the proportion
of iCCA patients who are eligible for surgery and improve the prognosis.20-22

Our retrospective cohort study compared outcomes of the use of neoadjuvant therapy for
iCCA and found that neoadjuvant therapy led to objective tumor response and pathologic
regression based on CAP regression criteria allowing to convert patients with advance
disease into surgical candidates. Given that stage was the strongest predictor of OS and
PFS, these data suggest that neoadjuvant therapy is potentially associated with apparent
regression and reduction in final pathologic stage when compared with initial clinical
parameters based on pre-treatment evaluation. This aligns with another observation from
our cohort investigation; the clinical endpoints, OS and PFS in patients initially treated with
neoadjuvant therapy prior to surgery (oncologic high-risk group) were not different from
patients who had hepatectomy without neoadjuvant therapy (standard therapy group) after
adjusting for pre-treatment stage, suggesting that neoadjuvant therapy could normalize the
risk in patient’s who present with advanced stage disease allowing for surgical resection,
obtaining similar outcomes than patients with lower stage disease.

The role of neoadjuvant therapy in iCCA has been evaluated in small single institution
studies and in a database analysis.11:1516 There has been only 1 clinical trial reported

in resectable iCCA.13 However, the practice of neoadjuvant therapy in intrahepatic
cholangiocarcinoma is not uniformly widespread within the US. Multiple hypotheses have
been raised in the literature concerning the benefits of neoadjuvant therapy. Neoadjuvant
therapy can downstage tumors and improve the probability of complete resection of

tumors with negative margins. This theory has been demonstrated in different tumors

such as such as pancreatic ductal adenocarcinoma, colorectal adenocarcinoma, and others,
allowing to achieve resectable tumor burden.8 Kato et al. implemented this approach in

a small series in Japan and showed that a proportion of patients achieved RO resections,
highlighting a potential benefit of chemotherapy allowing to achieve margin negative
resections. Additionally, neoadjuvant therapy potentially aids in the selection of patients who
may benefit from surgical resection, providing additional time to identify patients who have
occult micrometastatic disease and are more likely to progress to higher stage disease.1116

In a recent retrospective study of 74 advanced iCCA patients conducted in a single
institution in France, 39 (53%) patients of the cohort considered initially to have
unresectable disease were able to undergo surgery after neoadjuvant therapy.1! The authors
reported similar results to ours with patients receiving neoadjuvant treatment having a
similar outcome to those patients who did not need neoadjuvant therapy.23

HPB (Oxford). Author manuscript; available in PMC 2024 October 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Van Treeck et al.

Page 7

A recently published US based single institution also evaluated this approach obtaining
similar findings to ours, however only included 10 patients receiving neoadjuvant
chemotherapy.?2

Our study includes the largest number of patients receiving neoadjuvant therapy and
specifically the widely used regimen in the US and incorporates evaluation of the histologic
regression score and tumor subtype as part of the analysis. These data therefore add to our
understanding of the impact of neoadjuvant therapy in intrahepatic cholangiocarcinoma and
indicate the need for further study of a neoadjuvant approach in larger cohorts.

We acknowledge the limitations of our study, including a single institution and small cohort,
making it challenging to properly adjust for important confounders in the comparison
between survival outcomes with treatment. Specifically, Approximately 20% of our
oncologic high risk cases cohort were large duct iCCA and there was no significant
difference in outcome correlated with histologic type; however the limited number of cases
may have obscured the prognostic impact of the large duct histologic type. Importantly,

the retrospective nature of the study, and the possibility of selection bias due to a lack of
well-defined standardized criteria for resectability is also identified. The heterogeneity in
neoadjuvant therapy regimens might also represent a limitation, with few patients receiving
triple chemotherapy regimen and majority receiving double chemotherapy regimen; different
chemotherapy agents as well as duration of therapy regimens.

Neoadjuvant therapy can serve as a surgical selection instrument for patient selection who
would benefit from surgical intervention. Our study demonstrates that neoadjuvant therapy
can potentially improve survival outcomes. Further prospective studies are required to
evaluate the impact on prognosis of neoadjuvant therapy not only in unresectable/borderline
cases but also in resectable early-stage cases. Also, further studies are needed to investigate
optimal neoadjuvant and adjuvant therapy regimens, and surgical intervention as well as the
appropriate sequence to achieve a sustained increase in long-term survival in patients with
iCCA diagnosis.

Conclusions

Our single institution-based study reveals that neoadjuvant therapy in iCCA lead to clinically
objective tumor regression and pathologic regression based on CAP regression criteria and
change in final pathologic stage when compared with initial clinical parameters based on
pre-treatment evaluation allowing for surgical resectability. Importantly, surgical patients
who underwent neoadjuvant therapy had similar clinical outcomes to surgical patients who
did not need neoadjuvant therapy. These data provide evidence in support of neoadjuvant
therapy and suggest further study is needed for this treatment approach in larger cohorts and
prospective studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patients with intrahepatic cholangiocarcinoma
(iCCA) at Mayo Clinic in Rochester, MN between
01/01/2014 and 07/15/2020

(n=193)
12 Excluded
— .
No research authorization
h 4
Patients included in the study
(n=181)
l v l
Oncologic high-risk group Standard therapy group Palliative therapy group
(OHRG) (STG) (PTG)
(n=47) (n=72) (n=62)
18 Deaths 19 Deaths 38 Deaths
16 Recurrences 17 Recurrences 3 Recurrences

Figure 1.

Flowchart of patients with intrahepatic cholangiocarcinoma
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Table 2

Characteristics of chemotherapy for patients with intrahepatic cholangiocarcinoma who underwent partial

hepatectomy with neoadjuvant chemotherapy

"Characteristic

OHRG? (n = 47)

Neoadjuvant chemotherapy (n, %) 47 (100.0)
Number of cycles (n, %)
1 0(0.0)
2 4(9.1)
3 13 (29.5)
4 11 (25.0)
5 0(0.0)
6 8(18.2)
>6 8(18.2)
Unknown 3
Number of cycles (median, IQR) 4.0 (3.0-6.0)
Range 2-12
Chemotherapy regimen (n, %)
Gemcitabine + cisplatin 30 (65.2)
Gemcitabine + cisplatin + paclitaxel 4 (8.7)
R-CHOP 1(2.2)
Capecitabine + oxaliplatin 1(2.2)
Capecitabine + radiation 1(2.2)
Gemcitabine + carboplatin 1(2.2)
Gemcitabine + oxaliplatin 1(2.2)
Rituximab + cyclophosphamide 1(2.2)
Gemcitabine + cisplatin, then FOLFOX 1(2.2)
Gemcitabine + cisplatin, then capecitabine + oxaliplatin 1(2.2)
Gemcitabine + cisplatin, then gemcitabine + cisplatin + paclitaxel 1 (2.2)
Gemcitabine + oxaliplatin, then capecitabine + oxaliplatin 1(2.2)
Gemcitabine + oxaliplatin, then gemcitabine 1(2.2)

HPB (Oxford). Author manuscript; available in PMC 2024 October 25.
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’Characteristic

OHRG? (n = 47)

Gemcitabine, then dabrafenib + trametinib 1(2.2)
Unknown 1
Adjuvant chemotherapy (n, %)
No 35 (77.8)
Yes 10 (22.2)
Unknown 2
Number of cycles (n, %)
1 1(16.7)
2 1(16.7)
3 2(33.3)
4 0(0.0)
5 0(0.0)
6 1(16.7)
>6 1(16.7)
Unknown 4
Number of cycles (median, IQR) 3.0 (2.0-6.0)
Range 1-12
Chemotherapy regimen (n, %)
Gemcitabine + cisplatin 3(30.0)
Gemcitabine 1(10.0)
Capecitabine + radiation 1(10.0)
Gemcitabine + paclitaxel 1(10.0)
FOLFIRI, then FOLFOX 1(10.0)
FOLFOX, then gemcitabine + paclitaxel 1(10.0)
Gemcitabine + carboplatin, then FOLFOX 1(10.0)
Gemcitabine + cisplatin, then pembrolizumab, then FOLFOX 1(10.0)

OHRG, Oncologic high-risk group (Neoadjuvant), Patients with locally advanced/oncologically high-risk iCCA status post neoadjuvant
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therapy; iCCA, intrahepatic cholangiocarcinoma; R—-CHOP, rituximab, cyclophosphamide, doxorubicin hydrochloride, vincristine, and prednisone;

FOLFOX, leucovorin calcium, fluorouracil, and oxaliplatin; FOLFIRI, leucovorin calcium, fluorouracil, and irinotecan hydrochloride.
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aThe distributions and percentages were calculated among applicable patients for whom this information was known.
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