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IMPORTANCE Unresectable intrahepatic cholangiocarcinoma (IHC) carries a poor prognosis,
with a median overall survival (OS) of 11 months. Hepatic arterial infusion (HAI) of high-dose
chemotherapy may have potential benefit in these patients. Supplemental content
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OBJECTIVE To evaluate clinical outcomes when HAI chemotherapy is combined with systemic
chemotherapy in patients with unresectable IHC.

DESIGN, SETTING, AND PARTICIPANTS A single-institution, phase 2 clinical trial including 38
patients was conducted with HAI floxuridine plus systemic gemcitabine and oxaliplatin in
patients with unresectable IHC at Memorial Sloan Kettering Cancer Center between May 20,
2013, and June 27, 2019. A confirmatory phase 1/2 study using the same therapy was
conducted during the same time period at Washington University in St Louis. Patients with
histologically confirmed, unresectable IHC were eligible. Resectable metastatic disease to
regional lymph nodes and prior systemic therapy were permitted. Patients with distant
metastatic disease were excluded.

INTERVENTIONS Hepatic arterial infusion of floxuridine and systemic administration of
gemcitabine and oxaliplatin.

MAIN OUTCOMES AND MEASURES The primary outcome was progression-free survival (PFS)
of 80% at 6 months.

RESULTS For the phase 2 clinical trial at Memorial Sloan Kettering Cancer Center, 42 patients
with unresectable IHC were included and, of these, 38 patients were treated (13 [34%] men;
median [range] age at diagnosis, 64 [39-81] years). The median follow-up was 30.5 months.
Twenty-two patients (58%) achieved a partial radiographic response, and 32 patients (84%)
achieved disease control at 6 months. Four patients had sufficient response to undergo
resection, and 1 patient had a complete pathologic response. The median PFS was 11.8 months
(1-sided 90% Cl, 11.1) with a 6-month PFS rate of 84.1% (90% Cl, 74.8%-infinity), thereby
meeting the primary end point (6-month PFS rate, 80%). The median OS was 25.0 months
(95% Cl, 20.6-not reached), and the 1-year OS rate was 89.5% (95% Cl, 80.2%-99.8%).
Patients with resectable regional lymph nodes (18 [47%]) showed no difference in OS
compared with patients with node-negative disease (24-month OS: lymph node negative:
60%; 95% Cl, 40%-91% vs lymph node positive: 50%; 95% Cl, 30%-83%; P = .66). Four
patients (11%) had grade 4 toxic effects requiring removal from the study (1 portal hypertension,
2 gastroduodenal artery aneurysms, 1infection in the pump pocket). Subgroup analysis showed
significant improvement in survival in patients with IDH1/2 mutated tumors (2-year OS, 90%;
95% Cl, 73%-99%) vs wild-type (2-year OS, 33%; 95% Cl, 18%-63%) (P = .01). In the
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control at 6 months; the most common grade 3 toxic effect was elevated results of liver article.
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ntrahepatic cholangiocarcinoma (IHC) is rare but increas-

ing in incidence and mortality largely owing to an in-

crease in the prevalence of risk factors, in particular, non-
alcoholic steatohepatitis and hepatitis C.1"® The IHC cure rate
is low and generally achievable only after resection of a soli-
tary tumor; even in this case, 60% of patients develop recur-
rent disease.”® Furthermore, most patients present with un-
resectable or distant metastatic disease, for which the prognosis
is poor.”°-10

Currently, the standard systemic therapy for IHC remains
platinum-based chemotherapy in combination with gemcitabine.
Cisplatin improves median overall survival (OS) from 8.1 months
with gemcitabine alone to 11.7 months with the combination.™
The combination of gemcitabine and oxaliplatin has demon-
strated similar efficacy.’? Targeting actionable genomic altera-
tions, specifically IDHI mutations and FGFR2 fusions,® is a
potential approach for IHC, which remains to be determined by
ongoing clinical trials (eg, ivosidenib'4).

Most patients with advanced IHC present with disease
confined to the liver that is unresectable owing to tumor
location and/or multifocal involvement. Liver-directed
therapy via a hepatic arterial infusion (HAI) pump enables
the delivery of high-dose chemotherapy directly into the
liver (eFigure 1 in the Supplement). The liver’s dual blood
supply preferentially delivers high doses of chemotherapeu-
tic agents to the hepatic artery, which supplies nearly all of
the tumor’s blood flow, while blood delivered by the portal
vein maintains the health of the nonneoplastic liver
parenchyma.!®¢ Because the liver clears the chemotherapy
via first-pass metabolism, this approach diminishes systemic
toxic effects. Given that advanced disease within the liver
accounts for most unresectable cases, continuous HAI che-
motherapy is particularly well suited to cancers in the liver.
With this approach, floxuridine, a precursor of fluorouracil, is
the most active agent, achieving much higher tumor drug
levels than systemic administration.'”!®

A prior study of HAI floxuridine in patients with ad-
vanced IHC found a response rate of 45% and an OS of 29
months. A subsequent study found that the addition of beva-
cizumab to HAI floxuridine increased biliary toxic effects with-
out a meaningful improvement in response or OS compared
with HAI floxuridine alone.2° The present study sought to build
on liver-directed therapy with the addition of systemic
gemcitabine and oxaliplatin chemotherapy. Gemcitabine and
oxaliplatin was chosen owing to its efficacy similar to
gemcitabine and cisplatin and because the administration
schedule coincided best with HAI therapy. Herein, we report
the results of HAI floxuridine plus systemic administration of
gemcitabine and oxaliplatin in patients with unresectable IHC
treated at 2 medical centers.

Methods

Study Design and Participants

From May 20, 2013, to June 27, 2019, we conducted a single-
arm phase 2 study of HAI floxuridine and systemic gemcitabine
and oxaliplatin in patients with unresectable IHC at Memo-
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Key Points

Question Is hepatic arterial infusion of floxuridine in combination
with systemic gemcitabine and oxaliplatin associated with
improved outcomes in patients with unresectable intrahepatic
cholangiocarcinoma?

Findings In this single-arm, phase 2 clinical trial, 38 patients with
unresectable intrahepatic cholangiocarcinoma were treated with
hepatic arterial infusion of floxuridine in combination with
systemic gemcitabine and oxaliplatin, with 58% of the patients
achieving an objective radiographic response and 84% achieving
disease control. Median overall survival was 25.0 months, and

4 patients had sufficient response to undergo resection; lymph
node status did not appear to be associated with clinical benefit.

Meaning Combination hepatic arterial infusion floxuridine with
systemic chemotherapy appears to be clinically active in patients
with unresectable intrahepatic cholangiocarcinoma and should be
investigated further.

rial Sloan Kettering Cancer Center and a phase 1/2 study of
the same therapy at Washington University in St Louis
(NCT01862315). All patients had histologically confirmed,
measurable, unresectable IHC. Unresectability was confirmed
by hepatobiliary surgeons after multidisciplinary review and
inability to achieve an RO resection owing to extensive vascular
and/or biliary involvement, multifocal liver disease, regional
lymph node metastases, or a combination of these factors. Prior
systemic therapy was permitted. Metastatic disease to regional
lymph nodes (porta hepatis, porto-caval, common hepatic
artery) was permitted as long as the nodes were resectable at
the time of pump placement. Pretreatment evaluation details
can be found in the eMethods in the Supplement. The study
was approved by the institutional review boards at Memorial
Sloan Kettering Cancer Center, New York, New York, and
Washington University in St Louis, St Louis, Missouri. Written
informed consent was obtained from all participants.
Participants did not receive financial compensation.

Surgical HAI Pump Placement

All patients underwent a hepatic computed tomographic an-
giogram preoperatively to evaluate hepatic arterial blood sup-
ply. Guidelines for pump placement have been previously
reported.’® Additional details of pump placement can be
found in the eMethods in the Supplement. Regional lymph
nodes, as defined above, were removed at the time of pump
placement.

Treatment

Hepatic arterial infusion chemotherapy was initiated 2 weeks
after pump placement on a 4-week cycle (eTable 1in the Supple-
ment). Additional details of the treatment schema, chemo-
therapy dosing and administration, and toxic effect grading can
be found in the eMethods in the Supplement. Treatment with
HAI floxuridine and systemic gemcitabine and oxaliplatin was
continued until toxic effects developed; oxaliplatin was dis-
continued early in most patients to prevent neurotoxic ef-
fects. At Washington University in St Louis, because HAI
therapy was in the early stages of use, the phase 2 protocol was
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Figure 1. Patient Screening and Enrollment Flowchart
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initiated after an initial phase 1 study confirmed the safety of
this treatment approach. The results are reported herein sepa-
rately as a confirmatory cohort.

Outcomes

The primary outcome was 6-month PFS. Secondary analyses
included responserate, OS, and safety and toxic effects, as well
as genomic analyses, dynamic contrast-enhanced magnetic
resonance imaging, diffusion-weighted imaging, and circulat-
ing tumor DNA as a potential biomarker. The results of the
imaging and biomarker studies will be reported separately.

Tumor Genomic Analyses

Tumor DNA and matched germline DNA from prospectively
collected blood samples were analyzed using the Memorial
Sloan Kettering-Integrated Mutation Profiling of Actionable
Cancer Targets (MSK-IMPACT) deep sequencing assay.?!
Additional details can be found in the eMethods in the
Supplement.

Statistical Analysis

Previous data report a median PFS of 6 to 8 months for pa-
tients treated with systemic chemotherapy.! The single-
stage study design was built around a null rate of 60% PFS at
6 months and required 36 patients for detection of an abso-
lute difference of 20% for a target rate of 80% PFS at 6 months.
The trial was designed to have a10% type 1 error (1-sided) and
90% power. Progression-free survival was calculated from the
date of pump placement until the date of progression or death,
whichever occurred first. Further details can be found in the
eMethods in the Supplement. Progression-free survival was
estimated using Kaplan-Meier methods and per protocol de-
sign, the 1-sided 90% CI is presented for overall median PFS
and 6-month PFS. A sensitivity analysis of PFS was also con-
ducted separately in both cohorts in which patients for whom
participation ended for reasons other than progression of
disease (eg, toxic effects) but continued to receive systemic
treatment and had routine scans were followed up until the
first documented progression of disease or death, whichever
occurred first. In the sensitivity PFS analysis, patients who
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were able to undergo resection were censored at the time of
surgery.

Secondary objectives included OS, overall best response
rate, and genomic analysis. Overall survival was calculated
from the date of pump placement until the date of last fol-
low-up and estimated using Kaplan-Meier methods along with
the 95% CI. For PFS and OS, patients alive and without an event
of interest were censored at the date of the last follow-up or
at the cutoff date of June 27, 2019. Overall best response rate
was defined as partial response and stable disease. Response
rates were calculated based on Response Evaluation Criteria
in Solid Tumors (RECIST), version 1.1,2? and estimated using
binomial distribution along with the 95% CI.

For the genomic analysis, common recurrent mutations
were defined as those occurring in 4 or more patients. Uni-
variate Cox regression was used to test for associations be-
tween outcomes and genomic alterations, clinical risk factors
(age at diagnosis, largest tumor size, tumor differentiation,
lymph node status, sex, and multifocal disease), and baseline
biomarkers (aspartate aminotransferase, alanine aminotrans-
ferase, bilirubin, alkaline phosphatase, carcinoembryonic an-
tigen, and cancer antigen 19-9 levels). Baseline biomarkers were
transformed using natural logarithm transformation.

All P values were 2-sided with type 1 error of 5%; P < .05
was considered statistically significant. All statistical analy-
ses were performed using SAS, version 9.3 (SAS Institute Inc)
or R, version 3.3.2 (R Foundation).

PN o
Results

Patient Characteristics

A total of 42 patients were enrolled. Thirty-eight patients (13
[34%] men; median [range] age at diagnosis, 64 [39-81] years)
with unresectable IHC were treated with HAI floxuridine and
systemic gemcitabine and oxaliplatin at Memorial Sloan Ket-
tering Cancer Center (Figure 1). No patients were lost to follow-
up. Patient characteristics are presented in Table 1. In the
treated cohort, the reasons for unresectability were multifo-
cal disease (21 [55%]), histologically proven lymph node in-
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volvement (18 [47%]), and/or anatomic location of the tumor
with involvement of multiple major inflow pedicles or he-
patic veins vessels (12 [32%]). Three patients (8%) required bili-
ary stent placement prior to HAI pump placement. The me-
dian time from diagnosis to HAI pump placement was 1.5
months (range, 0.5-10.2). The median time from pump place-
ment to start of therapy was 0.57 months (range, 0.26-1.0).

Radiographic Response and Survival

The median follow-up at the time of data cutoff (June 27, 2019)
among survivors was 30.5 months (range, 17.2-56.5). As of that
date, 4 patients (11%) continued to receive study treatment.
Reasons for treatment discontinuation included disease pro-
gression (25 [66%]), toxic effects (4 [11%]), resection due to re-
sponse (4 [11%]), and withdrawal of consent (1 [3%]).

Overall, 32 patients (84%) achieved disease control at 6
months, with 22 patients (58%) demonstrating a partial radio-
graphicresponse. Four patients had sufficient response to un-
dergo resection and 1 had a complete pathologic response
(Figure 2A). At the time of analysis, 25 of the 38 patients (66%)
had progression of disease. Most patients (18 [47%]) had pro-
gression outside of the dominant tumor, with the most com-
mon sites of progression being satellite liver lesions (8 [21%)]),
lungs (5 [13%]), peritoneum (3 [8%]), and lymph nodes (3 [8%]).

The study met its primary end point of 6-month PFS of
80%; clinical response data are summarized in eTable 3 in the
Supplement. The median PFS was 11.8 months (1-sided 90%
CI, 11.1) with a 6-month PFS of 84.1% (90% Cl, 74.8%-infinity)
(Figure 2B). Sensitivity analysis yielded a similar estimate for
median PFS. Three patients received chemotherapy prior to
pump insertion; 1 of these patients died due to disease 3.3
months after pump placement, and the other 2 patients were
alive without progression at 5.2 and 16.0 months. A total of 3
patients were pretreated and 35 patients were chemotherapy
naive. The 6-month PFS was 67% (95% CI, 30.0%-99.9%)
for pretreated patients and 89% (95% CI, 78.6%-99.7%) for
chemotherapy-naive patients (P = .70). In addition, median
PFS did not differ between node-positive and node-negative
patients (11.5 vs 14.6 months, P = .37) (eFigure 2 in the
Supplement).

At the time of analysis, we observed 21 deaths. The
median OS was 25.0 months (95% CI, 20.6-not reached)
(Figure 2C). The 1-year OS rate was 89.5% (95% CI, 80.2%-
99.8%). Patients with node-negative disease showed no dif-
ference in survival from those with histologically proven nodal
disease (24-month OS: lymph node negative: 60%; 95% CI,
40%-91% vs lymph node positive: 50%; 95% CI, 30%-83%;
P = .66) (eFigure 3 in the Supplement).

Somatic mutation data from targeted next-generation se-
quencing were available for 33 patients (eFigure 4 in the Supple-
ment). The most commonly mutated loci were IDHI/2 (147700/
147650 OMIM) (30.3%), BAPI (603089 OMIM) (27.2%),
CDKN2A (600160 OMIM) (18.1%), TP53 (191170 OMIM) (12.1%),
ARIDIA (603024 OMIM) (12.1%), FGFR2 (176943 OMIM) (12.1%),
and PBRM1I (606083 OMIM) (12.1%). IDH1/2 genomic altera-
tions were significantly associated with a benefitin OS (P = .01),
with a 2-year OS of 90% (95% CI, 73%-99%) in the IDH1/2 mu-
tant group vs 33% (95% CI, 18%-63%) in the IDH1/2 wild-type
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Table 1. Patient Characteristics (n = 38)

Characteristic No. (%)
Age at diagnosis, median (range), y 64 (39-81)
Sex, No. (%)
Men 13 (34)
Women 25 (66)
Karnofsky performance status, median (range) 80 (70-100)
Prior chemotherapy, No. (%)
No prior 35(92)
Gemcitabine/cisplatin 2 (5)
Folfirinox 1(3)
Histologic grade, No. (%)
Differentiated
Well 3(8)
Moderately 19 (50)
Poorly 14 (37)
Unknown 2(5)
Tumor size prior to treatment, median (range), cm 8.3(1.7-24.8)
Disease, No. (%)
Bilobar 25 (66)
Multifocal 21 (55)
Lymph node disease, No. (%)
Positive 18 (47)
Negative 16 (42)

group. The median PFS in the IDHI/2 mutant group was 14.1
months (95% CI, 11.5-not reached) vs 10.9 months (95% CI, 7.8-
14.8) in the wild-type group (P = .42). None of the other patient/
tumor characteristics examined were associated with a sig-
nificant survival benefit (eFigure 5 in the Supplement).

Toxic Effects and Chemotherapy Dose Modifications

The most common grade 3 and 4 adverse events are reported
in Table 2 and were commonly related to elevated levels shown
in liver function tests. Four patients (11%) required biliary
stents: 2 owing to chemotherapy-induced biliary sclerosis and
2 owing to progression of the primary tumor following dis-
continuation of protocol therapy. Four patients (11%) had grade
4 toxic effects requiring removal from the study, including
1 for portal hypertension, 2 for gastroduodenal artery aneu-
rysm, and 1 for infection in the pump pocket.

In the initial 3 months of therapy, 27 patients (71%) re-
ceived the expected dose of floxuridine. This number de-
creased to 18 patients (47%) receiving the expected dose over
the next 6 months (eTable 2 in the Supplement) consistent
with prior HAI floxuridine studies.'®-?° The most common
reasons for discontinuation and dose reduction of floxuri-
dine included elevated levels shown on liver function tests
and abdominal pain. Gemcitabine was most commonly
discontinued due to thrombocytopenia (3 [8%]), fatigue
(4 [11%), abdominal pain (4 [11%]), and poor tolerance (3 [8%]).
Oxaliplatin was discontinued after 8 cycles in most patients
(30 [80%]) for prevention of neurotoxic effects. Of the pa-
tients who continued to receive treatment, gemcitabine was
most often continued (8 [21%]) even after stopping floxuri-
dine and oxaliplatin.

jamaoncology.com
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Figure 2. Hepatic Arterial Infusion Chemotherapy With Floxuridine Plus Systemic Gemcitabine and Oxaliplatin
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Confirmatory Cohort

Ten patients with unresectable IHC were enrolled and treated
with HAI floxuridine plus systemic gemcitabine and oxalipl-
atin at Washington University in St Louis. The median age was
63 years (range, 45-80). Most patients (9 [90%]) had moder-
ately to poorly differentiated tumors, 7 patients (70%) had mul-
tifocal disease, and 2 patients (20%) had lymph node involve-
ment. Two patients (20%) received prior chemotherapy:
1 patient received gemcitabine and cisplatin and the other
received capecitabine and oxaliplatin.

The most common grade 3 toxic effects included el-
evated levels noted in liver function test results, including ala-
nine aminotransferase (7 [70%]), aspartate aminotransferase
(3 [30%]), and bilirubin (1 [10%]); anemia (1 [10%]); and ab-
dominal pain (1 [10%]). Grade 4 toxic effects included el-
evated alanine aminotransferase levels (2 [20%]) and hyper-
bilirubinemia (1[10%]). Three patients (30%) had grade 4 toxic
effects requiring removal from the study: 1 for gastroduode-
nal artery aneurysm, 1 for extravasation related to the HAI cath-
eter, and 1 for hyperbilirubinemia.

Nine patients (90%) achieved disease control at 6 months,
with 5 patients (50%) demonstrating a partial radiographic re-
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sponse; 2 patients (20%) underwent resection. One patient had
progression of disease as the best response. This patient re-
ceived 1 dose of HAI floxuridine and systemic gemcitabine and
oxaliplatin and was then removed from the study owing to
clinical decline. By sensitivity analysis, the median PFS was
12.8 months (1-sided 90% CI, 6.4), the 1-year OS rate was 70%
(95% CI, 46%-100%), and the 2-year OS rate was 40% (95% CI,
19%-85%).

(= =er s il
Discussion

The combination of HAI floxuridine plus systemic gemcitabine
and oxaliplatin in patients with unresectable IHC was associ-
ated with clinical response in comparison with published data
on systemic chemotherapy alone.!'2 This finding is consis-
tent with prior studies of HAI therapy in unresectable IHC.!%-2°
Herein, we observed a response rate of 58% and excellent dis-
ease control of 84% in the primary tumor at 6 months. These
results are likely related to the high dose of floxuridine deliv-
ered continuously into the liver via the HAI pump. With the
HAI approach, diffuse distribution also permits perfusion of
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multifocal lesions. Unlike other locoregional approaches, such
as radioembolization (y90), radiation, or chemoemboliza-
tion, HAI chemotherapy is not limited by tumor size or
location.?325

All patients experienced response or disease control in the
primary tumor, and the responses were durable in most. More
than 70% of the patients developed progression of disease out-
side of the dominant liver mass. It is conceivable that this ini-
tial robust response in the dominant mass helped to prevent
liver-related complications, such as biliary obstruction and por-
tal vein occlusion, which are associated with clinical se-
quelae that can lead to interruption of systemic therapy. Fur-
thermore, the sustained response of the primary tumor likely
led to longer survival, A recent study?® reported that use of sys-
temic gemcitabine, cisplatin, and nab-paclitaxel in patients
with advanced biliary tumors, including 38 patients with IHC,
led to a comparable PFS of 12.9 months and a median OS 0f19.0
months in the subgroup with liver-only disease. A post hoc
analysis of the ABC-01, ABC-02, and ABC-03 clinical trials
evaluated survival and PFS in patients with locally advanced
IHC.?’ Sixty-six patients (60.6%) received gemcitabine and cis-
platin, and PFS was 8.4 months and OS was 16.7 months. In
both of these studies, the median OS was shorter than the me-
dian OS of 25.0 months achieved in our study. This difference
is also supported by retrospective data suggesting that con-
trol of hepatic disease is associated with better survival in pa-
tients with unresectable IHC.28

In our cohort, subgroup analysis showed that patients with
node-positive disease had similar survival outcomes as patients
with node-negative disease. Prior retrospective analyses reported
worse survival in node-positive patients treated with systemic
chemotherapy alone vs the combination of HAI therapy and sys-
temic platinum and gemcitabine chemotherapy.?® In patients
with node-positive disease, the microscopic tumor burden is
expected tobe higher and outcomes worse; however, in the pre-
sent study, there was no significant difference at 2 years, suggest-
ing that the addition of systemic chemotherapy benefited node-
positive patients. It is known that HAI-delivered floxuridine per-
fuses the porta hepatis tissue; whether this offers some additional
advantage in node-positive patients is unclear. In addition, this
finding suggests that adequate and early treatment of the primary
tumor portends a longer survival owing to maintenance of ad-
equate liver function and less tumor burden, even with metastatic
disease. Although most patients experienced response, only
4 underwent resection, reflecting that many tumors remain in-
volved with major vascular structures despite significant disease
regression.

Consistent with published data, the most common
somatic genomic alterations in our cohort were hotspot
mutations in IDH1/2, BAPI1, and TP53. Published data
do not indicate that IDHI mutations are prognostic in

cholangiocarcinoma.'® Our data suggest that the presence of '

IDH1/2 alterations was protective and associated with a sta-
tistically significant improvement in OS. Four of the 10 pa-
tients with IDHI mutations later received investigational IDH1-
targeted therapy (ivosidenib; NCT02989857, NCT02073994),%°
and 2 patients underwent resection of all visible disease. Be-
cause of the small sample size, it is possible that the survival
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Table 2. Adverse Events (n = 38)

No. (%)
Toxic Effects Grade 3 Grade 4
Elevated levels
Alanine aminotransferase 16 (42) 2(5)
Aspartate aminotransferase 13 (34) 2(5)
Bilirubin 7(18) 2 (5)
Alkaline phosphatase 5(13) 0
Lipase 0 2(5)
Serum amylase 0 1(3)
Blood glucose 2(5) 1(3)
Decreased levels ' '
Hemoglobin 6 (16) 0
Platelet count 1(3) 0
Lymphocytes 2(5) 1(3)
Phosphate 5(13) 0
Sodium 3(8) 0
Potassium 1(3) 0
Albumin 1(3) 0
Ascites 1(3) 0
Nausea 1(3) 0
Abdominal pain 4(11) 0

advantage seen in our analyses without PFS benefit may be due
to resection and subsequent IDHI1-directed therapy. How-
ever, given that 2 of the 4 patients who underwent resection
had IDHI-mutated tumors, it is also possible that IDHI/2 mu-
tation conferred increased sensitivity to HAI floxuridine
therapy. Studies in other tumor types, particularly glioma and
acute myeloid leukemia, have shown differences in therapeu-
tic responsiveness and prognosis between IDH wild-type and
mutant tumors.3"32 Studies in larger cohorts are necessary to
confirm the associations between IDH mutations and treat-
ment response.

Limitations

This study has several limitations. As with all single-
institution phase 2 trials, there is the possibility of selection
bias owing to small sample size. In addition, our small confir-
mation cohort suggests that HAI therapy can be adminis-
tered at other institutions with comparable safety and effi-
cacy, supporting broader applicability. However, a larger
number of institutions is needed to validate this.

PR TRTOY|
Conclusions

Liver-directed floxuridine in combination with systemic
gemcitabine and oxaliplatin chemotherapy appears to show
good clinical activity and appears to be safe and tolerable in
patients with unresectable IHC in this prospective study com-
pared with contemporary results in this population.! Given
these results, a multicenter randomized study of HAI pump-
based therapy is warranted to confirm our results and deter-
mine whether liver-directed therapy should be incorporated
into first-line treatment for patients with unresectable IHC.
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