
Comparison of Hepatic Arterial Infusion Pump Chemotherapy
vs Resection for Patients With Multifocal Intrahepatic Cholangiocarcinoma
Stijn Franssen, MD; Kevin C. Soares, MD; Joshua Samuel Jolissaint, MD; Diamantis I. Tsilimigras, MD;
Stefan Buettner, MD, PhD; Sorin Alexandrescu, MD; Hugo Marques, MD; Jorge Lamelas, MD; Luca Aldrighetti, MD;
T. Clark Gamblin, MD; Shishir K. Maithel, MD; Carlo Pulitano, MD; Georgios A. Margonis, MD, PhD;
Matthew J. Weiss, MD; Todd W. Bauer, MD; Feng Shen, MD; George A. Poultsides, MD; James Wallis Marsh, MD;
Andrea Cercek, MD; Nancy Kemeny, MD; T. Peter Kingham, MD; Michael D’Angelica, MD;
Timothy M. Pawlik, MD, PhD; William R. Jarnagin, MD; Bas Groot Koerkamp, MD, PhD

IMPORTANCE Intrahepatic cholangiocarcinoma (iCCA) is often multifocal (ie, satellites or
intrahepatic metastases) at presentation.

OBJECTIVE To compare the overall survival (OS) of patients with multifocal iCCA after hepatic
arterial infusion pump (HAIP) floxuridine chemotherapy vs resection.

DESIGN, SETTING, AND PARTICIPANTS In this cohort study, patients with histologically
confirmed, multifocal iCCA were eligible. The HAIP group consisted of consecutive patients
from a single center who underwent HAIP floxuridine chemotherapy for unresectable
multifocal iCCA between January 1, 2001, and December 31, 2018. The resection group
consisted of consecutive patients from 12 centers who underwent a curative-intent resection
for multifocal iCCA between January 1, 1990, and December 31, 2017. Resectable metastatic
disease to regional lymph nodes and previous systemic therapy were permitted. Patients with
distant metastatic disease (ie, stage IV), those who underwent resection before starting HAIP
floxuridine chemotherapy, and those who received a liver transplant were excluded. Data
were analyzed on September 1, 2021.

MAIN OUTCOMES AND MEASURES Overall survival in the 2 treatment groups was compared
using the Kaplan-Meier method and log-rank test.

RESULTS A total of 319 patients with multifocal iCCA were included: 141 in the HAIP group
(median [IQR] age, 62 [53-70] years; 79 [56.0%] women) and 178 in the resection group
(median [IQR] age, 60 [50-69] years; 91 [51.1%] men). The HAIP group was characterized by a
higher percentage of bilobar disease (88.0% [n = 124] vs 34.3% [n = 61]), larger tumors
(median, 8.4 cm vs 7.0 cm), and a higher proportion of patients with 4 or more lesions (66.7%
[94] vs 24.2% [43]). Postoperative mortality after 30 days was 0.8% (95% CI, 0.0%-2.1%) in
the HAIP group vs 6.2% (95% CI, 2.3%-9.7%) in the resection group (P = .01). The median OS
for HAIP was 20.3 months vs 18.9 months for resection (P = .32). Five-year OS in patients
with 2 or 3 lesions was 23.7% (95% CI, 12.3%-45.7%) in the HAIP group vs 25.7% (95% CI,
17.9%-37.0%) in the resection group. Five-year OS in patients with 4 or more lesions was
5.0% (95% CI, 1.7%-14.3%) in the HAIP group vs 6.8% (95% CI, 1.8%-25.3%) in the resection
group. After adjustment for tumor diameter, number of tumors, and lymph node metastases,
the hazard ratio of HAIP vs resection was 0.75 (95% CI, 0.55-1.03; P = .07).

CONCLUSIONS AND RELEVANCE This cohort study found that patients with multifocal iCCA had
similar OS after HAIP floxuridine chemotherapy vs resection. Resection of multifocal
intrahepatic cholangiocarcinoma needs to be considered carefully given the complication rate
of major liver resection; HAIP floxuridine chemotherapy may be an effective alternative
option.
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I ntrahepatic cholangiocarcinoma (iCCA) is the second most
common primary liver malignant neoplasm after hepato-
cellular carcinoma. Intrahepatic cholangiocarcinoma arises

from the epithelial cells of the intrahepatic bile ducts.1,2 The
incidence of iCCA appears to be increasing and may be as high
as 2.1 cases per 100 000 person-years in Western countries.3

Intrahepatic cholangiocarcinoma occurs in the periphery of the
liver, proximal to the second-degree bile ducts.

Intrahepatic cholangiocarcinoma is often multifocal (ie,
satellites or intrahepatic metastases) at presentation, which is
staged as T2 (ie, there are 2 or more tumors).4,5 Multifocal iCCA
is associated, however, with a poor prognosis, and most guide-
lines recommend palliative chemotherapy rather than surgi-
cal resection.5-11 Only in select patients with limited multifo-
cal disease can resection be considered.10,11 In a subgroup
analysis of the Advanced Biliary Cancer (ABC) trials, patients
who received gemcitabine with cisplatin for advanced iCCA
without distant metastases had a median survival of 16.7
months, and almost all patients had died after 2.5 years.12 These
survival outcomes of systemic treatment have become the
benchmark for local treatments, including surgery.

A hepatic arterial infusion pump (HAIP) enables the de-
livery of high-dose chemotherapy directly into the liver. The
liver’s dual blood supply preferentially delivers high doses of
chemotherapeutic agents to the hepatic artery. Cancer cells de-
rive most of their blood supply from the artery, whereas blood
delivered by the portal vein maintains the health of the non-
neoplastic liver parenchyma.13,14 Because the liver metabo-
lizes the chemotherapy (first-pass effect), intra-arterial deliv-
ery diminishes systemic toxic effects. The most effective agent
is floxuridine, a precursor of fluorouracil, which has a first-
pass effect of 95%. With this approach, approximately 200-
fold higher tumor drug levels are reached compared with sys-
temic administration.15,16 Three phase 2 clinical trials that
evaluated the use of HAIP chemotherapy for unresectable iCCA
found a median overall survival (OS) ranging from 25.0 to 29.5
months.17-19 The aim of the current study was to compare OS
of patients with multifocal iCCA treated with HAIP floxuri-
dine chemotherapy vs surgical resection.

Methods
Study Population
In this cohort study, all consecutive patients who were treated
with HAIP floxuridine chemotherapy between January 1, 2001,
and December 31, 2018, were included in a prospectively main-
tained database at Memorial Sloan Kettering Cancer Center in
New York. Patients were eligible for HAIP floxuridine chemo-
therapy if they had unresectable iCCA, as ascertained at the
multidisciplinary team review. Unresectable disease was de-
fined as the inability to achieve an R0 resection with an ad-
equate functional liver remnant or poor tumor biology as re-
flected by multiple lesions. For the present study, only patients
with multiple lesions were eligible. Past systemic therapy was
permitted. Patients who did undergo a resection before start-
ing with HAIP chemotherapy with floxuridine and patients with
distant metastatic disease (ie, stage IV) were excluded.

All consecutive patients undergoing resection for iCCA be-
tween January 1, 1990, and December 31, 2017, were identi-
fied from 12 major hepatobiliary institutions in the US, Asia,
Australia, and Europe (Johns Hopkins University, Baltimore,
Maryland; Emory University, Atlanta, Georgia; Stanford Uni-
versity Medical Center, Stanford, California; University of Vir-
ginia Health System, Charlottesville, Virginia; Fundeni Clini-
cal Institute, Bucharest, Romania; Beaujon Hospital, Clichy,
France; Curry Cabral Hospital, Lisbon, Portugal; Eastern Hepa-
tobiliary Surgery Hospital, Shanghai, China; Ottawa General
Hospital, Ottawa, Canada; Royal Prince Alfred Hospital, Syd-
ney, Australia; San Raffaele Hospital, Milan, Italy; and Eras-
mus MC, University Medical Centre Rotterdam, Rotterdam, the
Netherlands).20 Patients who did not undergo resection, pa-
tients who had a macroscopically positive resection margin (ie,
R2 resection), patients who received a liver transplant, and pa-
tients with distant metastatic disease (ie, stage IV) were ex-
cluded. Only patients with histologically confirmed iCCA and
multiple lesions on imaging or at the time of surgery were in-
cluded. Institutional review boards at each participating in-
stitution approved this study and waived the requirement for
patient informed consent because only deidentified data were
used. The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline.

Data Acquisition
Demographic and clinical data were retrieved from hospital
medical records and included age, sex, and body mass index
(calculated as weight in kilograms divided by height in me-
ters squared). Data on race and ethnicity were not collected.
Pathological data such as tumor number, tumor size, grade of
differentiation, presence of nodal metastases, and final resec-
tion margin were also retrieved. Margin status was catego-
rized as R0 for tumor-negative resection margins and R1 for
microscopically positive margins. Tumor size was recorded dif-
ferently in the 2 cohorts; the maximum diameter of the larg-
est lesion on cross-sectional imaging was documented in the
HAIP group, and the cumulative sum of the size of multiple
tumors was documented in the resection group. Multiple le-
sions were categorized as 2 lesions, 3 lesions, and 4 or more

Key Points
Question Can hepatic arterial infusion pump (HAIP) floxuridine
chemotherapy be considered as an alternative treatment to
resection in patients with multifocal intrahepatic
cholangiocarcinoma?

Findings In this cohort study of 319 patients with multifocal
intrahepatic cholangiocarcinoma, those treated with HAIP
floxuridine chemotherapy had similar overall survival to those who
underwent resection.

Meaning Results of this study suggest that resection of multifocal
intrahepatic cholangiocarcinoma needs to be considered carefully
given the complication rate of major liver resection, and HAIP
floxuridine chemotherapy may be an effective alternative
treatment option.
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lesions. The date and vital status of last follow-up were col-
lected for all patients. Overall survival was calculated from the
date of HAIP placement or surgical resection. A prespecified
subgroup analysis was performed for the number of intrahe-
patic lesions.

Statistical Analysis
All data were analyzed on September 1, 2021. Summary sta-
tistics were provided as whole numbers and percentages for
categorical variables and medians with IQR for continuous vari-
ables. The distribution of categorical variables was tested using
the χ2 test or Fisher exact test, as appropriate. The distribu-
tion of continuous variables was tested using the Mann-
Whitney U test. The primary outcome of interest was OS, de-
fined as the time interval between the date of surgery and the
date of death or last follow-up. Estimates for OS were calcu-
lated using the Kaplan-Meier method. Differences in OS were
assessed using the log-rank test.

Univariable and multivariable Cox proportional hazards
models were used to identify potential risk factors for sur-
vival time. In the multivariable regression, risk factors includ-
ing age, grade of differentiation, lymph node metastases, tu-
mor size, and number of tumors were included. Backward
selection was performed. Two-sided P < .05 was considered
to be statistically significant. Analyses were performed using
SPSS, version 24 (IBM Corp) and RStudio, version 1.0.153
(RStudio).

Results

Cohort Description
In total, 319 patients with multifocal iCCA were included: 141
in the HAIP group (median [IQR] age, 62 [53-70] years; 62
[44.0%] men and 79 [56.0%] women) and 178 in the resec-
tion group (median [IQR] age, 60 [50-69] years; 91 [51.1%] men
and 87 [48.9%] women). Baseline characteristics are noted in
Table 1. The HAIP group was characterized by a higher per-
centage of bilobar disease (88.0% [124] vs 34.3% [61]), larger
tumor size (median [IQR], 8.4 [5.9-11.3] cm vs 7.0 [5.0-9.5] cm),
and a higher proportion of patients with 4 or more lesions
(66.7% [94] vs 24.2% [43]). In the HAIP group, the median (IQR)
number of floxuridine cycles administered was 8 (4-12). In 46
patients (32.6%) in the HAIP group, systemic chemotherapy
was administered before HAIP floxuridine chemotherapy, and
109 patients (77.3%) received concurrent systemic chemo-
therapy. In the resection group, 14 patients (7.9%) received pre-
operative chemotherapy and 74 patients (41.6%) adjuvant che-
motherapy.

Surgery and Postoperative Complications
The median (IQR) postoperative length of hospital stay was
6 (5-7) days after HAIP placement and 12 (7-17) days after
resection. Postoperative complications of Clavien-Dindo
grade 3A or higher occurred in 9 patients (6.4%) after HAIP

Table 1. Baseline Characteristics

Characteristic

Patients, No. (%)

P value
HAIP
(n = 141)

Resection
(n = 178)

Sex

Male 62 (44.0) 91 (51.1)
.17

Female 79 (56.0) 87 (48.9)

Age, median (IQR), y 62 (53-70) 60 (50-69) .23

BMI, median (IQR) 27.0 (23.6-30.4) 25.6 (22.7-27.9) .006

Bilobar tumor distribution 124 (88.0) 61 (34.3) <.001

Largest tumor diameter on imaging,
median (IQR), cm

8.4 (5.9-11.3) 7.0 (5.0-9.5)a .005

No. of lesions

2 31 (22.0) 104 (58.4)

<.0013 16 (11.3) 31 (17.4)

≥4 94 (66.7) 43 (24.2)

Regional nodal disease 72 (51.1) 44 (24.7) <.001

Grade of differentiation

Well differentiated 6 (4.3) 15 (8.4)

.09

Moderately differentiated 64 (45.4) 107 (60.1)

Poorly differentiated 42 (29.8) 43 (24.2)

Not specified 29 (20.6) 13 (7.3)

R1 margin NA 26 (14.6)

Systemic chemotherapy

Before HAIP or resection 46 (32.6) 14 (7.9)

<.001During HAIP 109 (77.3)b NA

Adjuvant NA 74 (41.6)

Radioembolization 4 (2.8) 16 (9.0) .06

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
HAIP, hepatic arterial infusion pump;
NA, not applicable.
a In the resection group, the sum of

tumor diameters is reported.
b Some patients received systemic

chemotherapy both before and
during HAIP chemotherapy.
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placement and in 45 patients (25.3%) after resection
(P = .04).21 Postoperative 30-day mortality was 0.8% (95%
CI, 0.0%-2.1%) in the HAIP group vs 6.2% (95% CI, 2.3%-
9.7%) in the resection group (P = .01); postoperative 90-day
mortality was 5.0% (95% CI, 1.3%-8.6%) in the HAIP group
vs 7.9% (95% CI, 3.9%-11.8%) in the resection group
(P = .37). In the HAIP group, 10 patients (7.1%) underwent a
resection after initial HAIP chemotherapy. In the resection
group, major liver resection was performed in 126 patients
(70.8%), extended hemihepatectomy in 54 (30.3%), hemi-
hepatectomy in 67 (37.6%), and central hepatectomy in 5
(2.8%). A bisegmentectomy was performed in 24 patients
(13.5%) and a single segmentectomy or a nonanatomic
wedge resection in 23 (12.9%).

Survival
Median OS for HAIP floxuridine chemotherapy was 20.3
months vs 18.9 months for resection (P = .32) (Figure 1). Five-
year OS for HAIP floxuridine chemotherapy was 12.5% (95%
CI, 7.4%-21.1%) vs 20.7% (95% CI, 14.4%-29.7%) for resec-
tion. Median OS for patients with 2 or 3 lesions was 29.5 months
in the HAIP group vs 20.4 months in the resection group
(P = .46) (Figure 2A). Five-year OS for patients with 2 or 3 le-
sions was 23.7% (95% CI, 12.3%-45.7%) in the HAIP group vs
25.7% (95% CI, 17.9%-37.0%) in the resection group. Median
OS for patients with 4 or more lesions was 18.0 months in the
HAIP group vs 15.6 months in the resection group (P = .86)
(Figure 2B). Five-year OS for patients with 4 or more lesions
was 5.0% (95% CI, 1.7%-14.3%) in the HAIP group vs 6.8% (95%
CI, 1.8%-25.3%) in the resection group. We performed a sub-
group analysis in the resection group. No difference in sur-
vival outcomes of surgical patients from the most recent
decade was found (Figure 3).

Multivariable Analysis
Risk factors for decreased OS in patients with multifocal iCCA
after HAIP chemotherapy or resection were tumor diameter
(hazard ratio [HR], 1.74; 95% CI, 1.20-2.52; P < .01), number of
lesions (HR, 1.84; 95% CI, 1.39-2.44; P < .01), and regional nodal
disease (HR, 1.51; 95% CI, 1.17-1.96; P < .01) (Table 2). All 3 fac-
tors were also independent risk factors for decreased OS. The
HR of HAIP vs resection after adjustment for tumor diameter,
number of tumors, and lymph node metastases was 0.75 (95%
CI, 0.55-1.03; P = .07).

Discussion
In this study of 319 patients, we found that those with multi-
focal iCCA had similar OS after HAIP chemotherapy or resec-
tion. Overall survival curves were overlapping for patients with
2 to 3 lesions as well as those with 4 or more lesions. Hepatic
arterial infusion pump chemotherapy had an HR of 0.75 (95%
CI, 0.55-1.03) compared with resection after adjusting for tu-
mor diameter, number of lesions, and nodal disease. The num-
ber of tumors was associated with OS after resection; median
OS for 2 or 3 tumors was 20.4 months compared with 15.6
months for 4 or more tumors.

Other studies have reported a similar OS after resection in
patients with multifocal iCCA.22-27 An international study of
449 patients included 120 patients with multifocal iCCA who
underwent a resection between 1973 and 2010.22 The median
OS was 19.0 months, which is similar to the 18.9 months in the
resection group (n = 178) of the present study.

Most guidelines recommend palliative chemotherapy
rather than resection for multifocal iCCA.5-9,11 Patients who
received gemcitabine with cisplatin for advanced iCCA
without distant metastases in the ABC trials, however, had a
median survival of only 16.7 months, with no survivors
beyond 2.5 years.28 The main rationale for locoregional
treatment for advanced iCCA is that most patients (approxi-
mately 70%) die from progressive disease in the liver with
biliary obstruction and liver failure.29 Surgical resection can
control disease in the liver in patients with multifocal iCCA,
although most patients will eventually die from distant
metastases.11 Patients who underwent a resection for multi-
focal iCCA in the present study had a median OS of 18.9
months and a 5-year survival of 20.7%. Although the
median OS after palliative systemic chemotherapy and
resection was similar, the difference in 5-year survival sug-
gests that select patients with multifocal iCCA can benefit
from resection in the long term. Median OS outcomes in the
2 groups analyzed in this study are not entirely dissimilar
from reported median OS outcomes for patients treated
with systemic chemotherapy alone (17 months).12 The pre-
sent study shows the limitation of reporting only the
median OS. The median OS is only 1 point of the survival
curve, and patients and physicians care about the entire
curve.

Three phase 2 trials investigated the combination of sys-
temic and HAIP chemotherapy for locally advanced
iCCA.17-19 Approximately 62% of these patients had multifo-
cal disease. These trials consistently reported a partial
response rate of approximately 50%, a median OS of
approximately 25 months, and a 3-year OS rate of approxi-
mately 35%. Most patients who received HAIP chemo-
therapy also underwent systemic chemotherapy before or

Figure 1. Overall Survival for Hepatic Arterial Infusion Pump vs Resection
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during HAIP chemotherapy. It is unlikely, however, that sys-
temic chemotherapy alone was responsible for the favorable
survival outcomes of the HAIP group, considering that
3-year OS was not observed with systemic chemotherapy
alone in the ABC trials.12 In the resection group, only 41.6%
of patients received adjuvant systemic chemotherapy. The
use of adjuvant chemotherapy has increased since the pub-
lication of the BILCAP (Capecitabine or Observation After
Surgery in Treating Patients With Biliary Tract Cancer)
trial in 2019, which found superior OS with adjuvant
capecitabine in the per-protocol analysis.30 Only 7.9% of
patients received chemotherapy before resection. Future
studies should identify the role of preoperative treatment
with systemic chemotherapy and targeted agents in patients
with iCCA. Overall survival of the resection group may have
been somewhat better if more patients had received peri-
operative systemic chemotherapy.

The present study found that, in patients with multifo-
cal iCCA, OS was similar for HAIP chemotherapy and resec-
tion. Disease control in the liver with HAIP chemotherapy
appears to be equally effective as surgical resection in
patients with multifocal disease. Long-term follow-up

found that almost all patients with multifocal iCCA will
eventually die from distant metastatic disease.11 This also
explains the limited role of resection after HAIP chemo-
therapy (7.1% [10] of patients in the present study). Hepatic
arterial infusion pump chemotherapy can make surgical
resection technically feasible because of the 50% partial
response rate. However, tumor biology (in particular, pro-
gression of distant metastases) and surgical risk mostly pre-
vail over what is technically feasible.

Liver-directed therapies are recommended by interna-
tional guidelines for multifocal or locally advanced (ie, unre-
sectable) iCCA.5,6,9,11 Intrahepatic cholangiocarcinoma
lesions are often too large for percutaneous ablation with radio-
frequency ablation or microwave ablation. Several percuta-
neous intra-arterial approaches have been investigated, in-
cluding transarterial chemoembolization and selective
internal radiotherapy. To our knowledge, no randomized
clinical trials comparing hepatic intra-arterial therapies have
been published. A systematic review compared HAIP
chemotherapy, transarterial chemoembolization, and
radioembolization.31 In this review, 20 studies were ana-
lyzed, and the longest median survival was associated with
HAIP (22.8 months), followed by radioembolization (13.9
months) and transarterial chemoembolization (12.4 months).
Unlike other locoregional approaches, HAIP chemotherapy is
not limited by tumor size, number, or distribution across the
liver.32-34

Limitations
This study has limitations. First, the comparison between
the 2 treatment groups was not randomized, and patients
were included over a long period of time. We adjusted for
known risk factors for decreased survival, but unmeasured
risk factors could be unbalanced across treatment groups
and may partly explain the difference in OS. Second, details
about how the multifocal iCCA was spread across the liver
were not available. Therefore, multifocal iCCA could not be
further divided into intrahepatic metastases (ie, several
lesions spread across the liver) and satellite lesions (small

Figure 2. Overall Survival per Number of Lesions
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Figure 3. Overall Survival in Year of Resection
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lesions surrounding a large lesion).9 Third, genomic altera-
tions are of increasing importance for targeted therapy (ie,
isocitrate dehydrogenase and fibroblast growth factor
receptor alterations) and prognosis. However, data on
genomic alterations were not available for most patients in
the present study.35 Fourth, no data were collected on HAIP-
related complications in this cohort. Several large studies of
patients who underwent HAIP chemotherapy for colorectal
liver metastases provide the most precise estimate of these
complications.36,37 Fifth, HAIP chemotherapy is currently
offered in only approximately 30 centers worldwide. It is a
complex treatment requiring close collaboration of a multi-
disciplinary team. But in experienced hands, the mortality
is much lower than for an extended hemihepatectomy, and
the complication rates (eg, biliary sclerosis and pump
pocket infection) are low.36

Conclusions

The findings of this cohort study suggest that select patients
with multifocal iCCA may benefit from surgical resection.
Shared decision-making involves a careful tradeoff between
individual surgical risk and long-term oncological benefit. A
minor liver resection or even a major resection in a patient with
a good performance score may be justified in select patients
with multifocal iCCA, particularly those with only 2 or 3 le-
sions. Hepatic arterial infusion pump chemotherapy may be
considered for patients with an increased surgical risk or more
advanced disease, as reflected by the tumor diameter, num-
ber of tumors (4 or more), and nodal disease. Resection can
be considered after HAIP chemotherapy in patients with a good
response and a good performance score.
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Table 2. Univariable and Multivariable Survival Analysis

Variable

Univariable Multivariable

HR (95% CI) P value HR (95% CI) P value
Age 0.99 (0.98-1.01) .37 NA NA

Tumor diameter ≥5 cm 1.74 (1.20-2.52) <.01 1.58 (1.06-2.15) .02

No. of lesions

2 1 [Reference] NA 1 [Reference] NA

3 1.59 (1.08-2.35) .03 1.41 (0.94-2.12) .09

≥4 1.84 (1.39-2.44) <.01 1.71 (1.27-2.30) <.001

Regional nodal disease 1.51 (1.17-1.96) <.01 1.44 (1.06-1.94) .02

Grade of differentiation

Well differentiated 1 [Reference] NA NA NA

Moderately differentiated 1.05 (0.61-1.80) .87 NA NA

Poorly differentiated 0.79 (0.47-1.34) .39 NA NA

Treatment

Resection 1 [Reference] NA 1 [Reference] NA

HAIP 0.88 (0.68-1.13) .32 0.75 (0.55-1.03) .07

Abbreviations: HAIP, hepatic arterial
infusion pump; HR, hazard ratio;
NA, not applicable.
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