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ABSTRACT

Background. In the era of effective modern systemic
chemotherapy (CT), the role of hepatic arterial infusion of
fluoxuridine (HAI-FUDR) in the treatment of isolated
unresectable colorectal liver metastasis (IU-CRCLM)
remains controversial. This study aimed to compare the
overall survival (OS) of HAI-FUDR in combination with
modern systemic CT versus modern systemic CT alone in
patients with [U-CRCLM.

Methods. This was a case—control study of [U-CRCLM
patients who underwent HAI + modern systemic CT or
modern systemic CT alone. Modern systemic CT was
defined as the use of multidrug regimens containing
oxaliplatin and/or irinotecan £ biologics.

Results. Overall, 86 patients met the inclusion criteria
(n = 40 for the HAI + CT group, and n = 46 for the CT-
alone group). Both groups were similar in demographics,
primary and stage IV tumor characteristics, and treatment-
related variables (carcinoembryonic antigen, use of bio-
logic agents, total number of lines of systemic CT
administered) (all p > 0.05). Additionally, both groups
were comparable with respect to liver tumor burden
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[median number of lesions (13.5 vs. 15), percentage of
liver tumor replacement (37.5 vs. 40 %), and size of largest
lesion] (all p > 0.05). Median OS in the HAI + CT group
was 32.8 months compared with 15.3 months in the CT-
alone group (p < 0.0001). Multivariate analysis revealed
HAI + CT (hazard ratio 0.4, 95 % confidence interval
0.21-0.72; p = 0.003), Eastern Cooperative Oncology
Group status, and receipt of increasing number of lines of
systemic CT to be independent predictors of survival.
Conclusions. In this case—control study of patients with
TU-CRCLM, HAI in combination with CT was associated
with improved OS when compared with modern systemic
CT alone.

Colorectal cancer (CRC) is the third most common
cancer worldwide and the third leading cause of mortality
among men and women. In 2015, an estimated 132,700
new cases led to nearly 49,700 deaths. Approximately
60 % of patients with CRC will develop liver metastases
(LM), of which 1025 % will have liver-only disease.” In
the era of effective modern-day multidrug chemotherapy
(CT), patients with isolated unresectable CRC LM (IU-
CRCLM) can have response rates of up to 60 % and a
median overall survival (OS) of 2 years. Additionally, a
subset of these patients (approximately 15-40 %) may
convert to resectable, achieving 5-year survival rates of 30—
40 % after resection.*™'° However, a significant number of
IU-CRCLM fail to become resectable and are relegated to
second-line CT, the response of which is generally poor
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(20-30 %), with a median survival of approximately
1 year.''™!?

Regional hepatic therapy may have a role in patients
with IU-CRCLM. Hepatic arterial infusion (HAI) therapy
exploits the principle that CRCLMs derive their blood
supply predominately from the hepatic artery.'® This
unique characteristic, when coupled with the high first-pass
extraction and short half-life of certain chemotherapeutics
such as floxuridine (FUDR), allows for greater tumor—drug
exposure with minimal systemic toxicity. Recent studies
have reported impressive response rates for HAI-FUDR as
first- and second-line therapy in [U-CRCLM,"'"'® including
a recent phase II study from Memorial Sloan Kettering
Cancer Center (MSKCC) that combined modern systemic
CT with HAI-FUDR and reported response rates of up to
80 % and a conversion rate of 47 %."” Despite these
encouraging data, the role of HAI therapy in the treatment
of IU-CRCLM remains controversial, particularly in the
era of effective contemporary CT.

Ideally, a randomized controlled trial of HAI + modern
CT versus modern CT alone is needed to delineate the
impact of HAI therapy on the survival of this patient
subset. Since HAI therapy remains a modality employed
only at specialized centers, and given the preference of the
medical oncology community to exhaust effective systemic
therapeutic options, accrual to such trials may prove to be
difficult. Short of such level I evidence, a case—control
study may be a practical alternative. Therefore, the aim of
this study was to compare the OS of HAI + modern sys-
temic CT versus modern systemic CT alone in patients
with TU-CRLM.

PATIENTS AND METHODS
Study Design, Definitions, and Patient Selection

This was a case—control study of IU-CRLM patients
who underwent either HAI-FUDR + modern systemic CT
(HAI 4+ CT group) or modern systemic CT alone (CT
group) at the University of Pittsburgh Medical Center
(UPMC) from 2004 to 2014. This tertiary care center
consists of a large network of hospitals, only one of which
(UPMC'’s flagship oncologic facility: UPMC Shadyside)
offers HAI therapy. Thus, the decision to pursue
HAI + CT (vs. CT alone) was dependent on whether the
patient was referred to this core oncologic facility.

This Institutional Review Board (IRB)-approved study
was restricted to CRC patients with radiologically verifiable
TU-CRCLM. All cross-sectional imaging (CT + MRI +
PET of the chest, abdomen, and pelvis) was reviewed to
document the absence of extrahepatic disease (EHD).
Importantly, patients with equivocal imaging findings such
as ‘indeterminate’, ‘small’, or ‘suspicious’ EHD were

excluded. Similarly, ‘unresectability’ was confirmed by
review of cross-sectional imaging and verification that the
remnant liver volume was too small in relation to the extent
of a resection + ablation needed to extirpate all metastasis.
Modern CT was defined as the use of multidrug regimens
containing oxaliplatin and/or irinotecan % biologics.
Patients who underwent Y°° radioembolization at any point
after the diagnosis of [U-CRCLM were not excluded.

Hepatic Arterial Infusion (HAI) + Chemotherapy (CT)
Group

HALI therapy at our institution is usually undertaken in a
pretreated cohort, since, based on inherent referral patterns,
most CRCLM patients are typically first evaluated by
medical oncology and systemic CT is administered as first-
line therapy. Some of these patients are then referred for
regional therapy to our division of surgical oncology, were
all potential candidates for regional HAI-FUDR therapy
undergo multidisciplinary assessment. Following HAI
placement, these patients then undergo further systemic CT
concurrently with HAI-FUDR.

The technique for HAI pump placement has previously
been outlined.'® Our approach is to remove the primary
tumor, if present, at the time of HAI pump insertion. HAI-
FUDR is administered at 0.12 mg/(kg/day) x kg x pump
volume/flow rate in addition to 30 mg of dexamethasone,
30,000 U heparin, and saline (all mixed to a total volume of
30 ml). Therapy is administered in a 4-week cycle; HAI
therapy is started on day 1 of each cycle, and the pump is
emptied and filled with heparin (30,000 units) and normal
saline on day 15. Systemic CT treatment is started at least
2 weeks after HAI pump placement.

In order to fully evaluate the impact of HAI therapy in
this patient subset, HAI patients were excluded if they had
(i) concurrent isolated liver perfusion; (ii) resection of
LM = ablation at the time of HAI pump placement; (iii)
resection of limited abdominal EHD; or (iv) presence of
definite, suspected, or indeterminate EHD. Figure la
details the search strategy for the HAI + CT group.

CT-Alone Group

The unique setup of the University of Pittsburgh Cancer
Centers Network connects the main institution with >21
network community sites. The Medical Archival Software
(MARS) system provides a centralized means of unifying
the majority of electronic data in UPMC’s Hospital Infor-
mation Systems, and allows analysis of all patients treated
within this large network. Using an initial search for
‘CRCLM’, patients with unresectable CRCLM were iden-
tified between 2004 and 2014. Through a manual search of
each patient’s EMR and cross-sectional imaging, the search
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was further refined to identify patients with ITU-CRLM
treated with modern systemic CT (Fig. 1b).

Statistical Analyses

Continuous data were summarized as medians and
interquartile ranges, and categorical data were summarized
as frequencies and percentages. To examine the baseline
differences between the two groups, Fisher’s exact test
(categorical variables) and Wilcoxon rank sum tests

A

Patients with colorectal liver metastases
treated with placement of HAI pump
from 2004 to 2014 = 163

(continuous variables) were used. To avoid lead-in bias, OS
(the primary endpoint of this study) was measured as the
time from the date of diagnosis of IU-CRCLM to the date
of death or last censored follow-up. Follow-up was com-
plete for all patients. The Kaplan—-Meier method was used
to estimate the probability of OS and the log-rank test was
used to compare survival functions. Univariate and multi-
variate analysis was based on Cox proportional hazards
regression modeling. All analyses were performed using
STATA 14.1 (StataCorp LP, College Station, TX, USA).

N=7

Excluded patients

1. Patients who underwent isolated liver perfusion at the time of
pump placement = 77

2 Resection +/- ablation with HAI pump as adjuvant therapy N = 24

3. Extrahepatic disease N = 15
4. Miscellaneous/lost to follow up/older chemotherapy regimens

IU- CRLM treated with HAI pump and
modern systemic chemotherapy = 40

Patients with unresectable liver metastases and colon
or rectal cancer identified through electronic medical
record (EMR) search, years 2004 - 2014 N = 369

EMR review excluded patients with EHD, no modern
chemotherapy and incomplete or unavailable chemotherapy

records (N = 305)

Patients with IU-CRLM treated with modern
systemic CT alone as verified by EMR search N = 64

Review of cross sectional imaging excluded

Lung metastases N = 14

Adrenal and ovarian metastases N = 2

Complete cross sectional imaging not available N = 2

EMR and radiographically verified ITU-CRLM
treated with modern systemic CT alone N = 46

FIG. 1 Search strategy for the a HAI 4+ modern systemic CT (HAI + CT) group, and b modern systemic CT alone (CT alone) group. HAI
hepatic arterial infusion, CT chemotherapy, /U-CRLM isolated unresectable colorectal liver metastasis, EHD extrahepatic disease
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TABLE 1 Clinicopathologic and chemotherapy-related characteris-
tics for all patients included in the current study (N = 86)

Demographics
Age (years)
Sex, females
ECOG
0
1
2
Race, Caucasian
BMI
CEA at diagnosis of stage IV disease
Synchronous
Bilobar
Liver tumor burden
No. of liver lesions
Size of largest lesion (cm)
Percentage of liver replacement by tumor
Primary tumor characteristics
Primary tumor location
Right colon
Left colon/sigmoid
Rectum
Primary resected
Lymph node status of primary (N = 65)
NO
N1
N2
Unknown
Primary tumor differentiation (N = 65)
Well
Moderate
Poor
Unknown
Lymphovascular invasion (N = 47)
Perineural invasion (N = 46)
KRAS status (N = 70)
Mutated
Microsatellite status (N = 42)
MSS
Chemotherapy related data
Duration of first-line systemic CT, months
Duration of second-line systemic CT, months
Biologic agent use
No. of lines of systemic CT
Radioembolization/Y®°
First-line chemotherapy regimens (N = 86)
FOLFOX/FOLFIRI/XELIRI + bevacizumab
FOLFOX or FOLFIRI
FOLFOX/FOLFIRI + cetuximab/panitimumab
FOLFOXIRI =+ bevacizumab

59 (51-69)
32 .(37)

44 (51
39 (45)

4 (4)

84 (98)

28.3 (23.5-31.9)
184 (18.2-1044)
77 (90)

84 (98)

15 (7-30)
5.9 (3.7-8.5)
40 (20-60)

27 (31)
35 (41)
24 (28)
65 (76)

12 (20)
30 (49)
19 (31)
4

9 (16)
42 (72)
7 (12)
7

35 (74)
19 (41)

28 (40)

40 (95)

6 (4-7)
5 (3-7)
74 (86)
2.5 (2-3)
14 (16)

48 (56)
25 (29)
6 (7)
22

TABLE 1 continued

Other 5 (6)
Second-line chemotherapy regimens (N = 70)
FOLFIRI + Avastin 15 (21)
FOLFIRI 13 (19)
FOLFIRI + cetuximab/panitimumab 12 (17)
Irinotecan + cetuximab 8 (11)
FOLFOX + Avastin 7 (10)
5-fluorouracil or Xeloda + Avastin 7 (10)
Other 8 (11)
Type of biologic agent used (N = 74)
VEGEF inhibitor 41 (55)
EFGR inhibitor 8 (11)
VEGEF inhibitor + EGFR inhibitor 25 (34)

Conversion to resection & ablation 9 (11.5)

Data are expressed as N (%) for categorical variables, and median
(interquartile range) for continuous variables

ECOG Eastern Cooperative Oncology Group, BMI body mass index,
CEA carcinoembryonic antigen, CT chemotherapy, VEGF vascular
endothelial growth factor receptor, EFGR epidermal growth factor
receptor

RESULTS
Overall Cohort Characteristics

Between 2004 and 2014, a total of 163 HAI and 369 CT-
alone patients with metastatic unresectable CRC were
identified using our initial search strategy. Based on the
exclusion criteria described above (Figs. la, b), 40
HAI + CT and 46 CT-alone patients met the inclusion
criteria of the study and hence formed the two patient
cohorts in this case—control study. The median age for the
entire group (N = 86) was 59 years (63 % males), and
90 % of patients had synchronous LM at presentation
(Table 1). Liver tumor burden was extensive, with a
median of 15 lesions and 40 % replacement of liver par-
enchyma. Primary tumors were removed in 76 % of
patients, and over two-thirds of these had node-positive
disease. Expectantly, two-thirds of the tumors were mod-
erately differentiated and 40 % had KRAS mutations.
Median duration of first-line systemic CT was 6 months.

HAI-Related Treatment Characteristics

The median duration between the diagnosis of IU-
CRCLM and HAI pump placement was 8.5 months. All
HAI pumps were placed after first-line CT had previously
been administered for [TU-CRCLM, with a median duration
of pre-pump CT of 6 months. The median number of HAI-
FUDR cycles administered was 4 (interquartile range 2—7).



154

M. Dhir et al.

TABLE 2 Comparison of clinicopathologic and treatment-related factors between the HAI + CT and CT-alone groups

HAI + CT (N = 40) CT alone (N = 46) p value
Demographics
Age (years) 58.5 (51.5-65.5) 60 (50-71) 0.418
Sex, females 11 (27.5) 21 (46) 0.117
ECOG

0 20 (50) 24 (52.2) 0.93

1 19 (47.5) 20 (43.5)

2 12.5) 2 (4.3)

Race, Caucasian 39 (97.5) 45 (97.8) 1
BMI 28.7 (23-32.26) 27.7 (24.2-31) 0.762
CEA at diagnosis of stage IV disease 210 (19-1044) 167 (16.6—-1209) 0.92
Synchronous 34 (85) 43 (93.5) 0.293
Time from diagnosis of primary to stage IV, months <1 <1 0.463
Bilobar 38 (95) 46 (100) 0.2
Liver tumor burden
No. of liver lesions 13.5 (7-31) 15 (10-30) 0.927
Size of largest lesion, cm 5.6 (3.35-8.15) 6 (3.9-9.5) 0.722
Percentage of liver replacement 37.5 (20-60) 40 (20-75) 0.993
Primary tumor characteristics
Tumor location

Right colon 10 (25) 17 (37) 0.5

Left colon/sigmoid 18 (45) 17 (37)

Rectum 12 (30) 12 (26)

Primary resected 40 (100) 25 (54.3) <0.001
Lymph node positive (N = 65) 29 (78) 20 (83) 0.749
Tumor differentiation [N = 65]

Well/moderate/poor 6 (17)/27 (77)/2 (6) 3 (13)/15 (65)/5 (22) 0.237

Unknown 5 2
Lymphovascular invasion (%) (N = 47) 75 73 1
Perineural invasion (%) (N = 46) 35 53 0.34
Kras mutation, Mut (%) (N = 70) 31 47 0.223

Chemotherapy-related data
Duration of first-line chemotherapy 6 (4-7) 6 (4-8) 0.533
Duration of second-line chemotherapy 6 (3-12) 4 (3-7) 0.151
Biologic agent use 37 (92.5) 37 (80.5) 0.129
No. of lines of systemic CT 3 (24 2 (2-3) 0.269
Radioembolization/Y90 2 (5) 12 (26) 0.008
Duration of CT prior to HAI (months) 6 (5-14) NA
No. of cycles of HAI 4 (2-7) NA

Conversion to resection & ablation 3(7.5) 6 (13) 0.495

Data are expressed as N (%) for categorical variables, and median (interquartile range) for continuous variables

HAI hepatic arterial infusion, CT chemotherapy, ECOG Eastern Cooperative Oncology Group, BMI body mass index, CEA carcinoembryonic

antigen, NA not applicable

Comparison of HAI + CT Versus CT

Table 2 compares the demographic and treatment
characteristics of both groups. Median time from the first
diagnosis of CRC to the diagnosis of unresectable disease
was less than 1 month in both groups, consistent with the

fact that most patients had synchronous disease at the time
of presentation. Demographics, including age, sex, body

mass index (BMI), race, and Eastern Cooperative Oncol-
ogy Group (ECOG) status, were similar between both
groups. Primary CRC tumor characteristics, including
location, lymph node status, tumor grade, lymphovascular
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invasion (LVI), perineural invasion, Kras, and microsatel-
lite instability, were also similar (all p > 0.05). As
expected, the primary tumor was removed in all HAI 4+ CT
patients, but only in 54 % of the CT-alone group
(p < 0.001). Metastatic liver tumor burden was comparable
between both groups, with a similar median number of
liver lesions (13.5 vs. 15), percentage of liver tumor
replacement (37.5 vs. 40 %), size of largest liver lesion
(5.6 vs. 6 cm), and carcinoembryonic antigen (CEA) at
diagnosis of IU-CRCLM (210 vs. 167) [all p > 0.05].
Additionally, both groups were comparable with regard to
the total number of lines of CT, duration of first- and
second-line CT, and the use of biologic agents.

Survival Analysis

Median survival for the HAI + CT group was
32.8 months versus 15.3 months for the CT-only group
(»p < 0.0001) (Fig. 2). On univariate analysis, age, ECOG
status, resection status of the primary, lymph node status,
grade, LVI, duration of second-line CT, use of biologic
agent, number of lines of systemic CT, and the use of HAI
pump therapy displayed a significant association with OS
(Table 3). On multivariate analysis, HAI + CT treatment
(hazard ratio 0.39, 95 % confidence interval 0.21-0.72;
p = 0.003), ECOG status, and number of lines of systemic
CT remained as independent predictors of OS.

DISCUSSION

This case—control study demonstrates that HAI-FUDR
in combination with modern systemic CT is associated
with improved OS when compared with modern systemic
CT alone for patients with ITU-CRCLM.

- Kaplan-Meier survival estimates

i .

0 | Median Survival

S HAI + CT - 32.8 months
CT alone - 15.3 months

= p <0.0001

(=}

&

[

S

Q 4

[ T T T T T

0 20 40 60 80
Time in months from the diagnosis of unresectable disease

— CT alone HAI + CT therapy

FIG. 2 Kaplan—-Meier survival estimates for the HAI + CT group
versus the CT-alone group. The p value was calculated using the log-
rank test. HAI hepatic arterial infusion, CT chemotherapy

CT remains the mainstay of treatment for patients with
unresectable CRCLM. Recent trials of modern CT report
response rates of up to 60 % and a median survival of up to
24 months in the first-line setting using contemporary
regimens, including FOLFOX/FOLFIRI in combination
with anti-vascular endothelial growth factor inhibitors or
anti-epidermal growth factor receptor inhibitors.>’?
Response and survival in the second-line setting is signif-
icantly worse. Since HAI therapy in this study can be
considered to have been administered in the second-line
setting (a median of 6 months pretreatment with systemic
CT prior to HAI insertion), the median OS of 33 months is
encouraging, particularly in view of the heavy liver tumor
burden. In addition to HAI, low ECOG status and receipt of
multiple lines of systemic therapy were also associated
with improved survival. Not surprisingly, patients with
good performance status can expect better longevity by
virtue of tolerating successive lines of CT. Interestingly,
resection of the primary tumor exhibited a strong associa-
tion with survival on UVA, narrowly failing to reach
significance in the MV model (p = 0.065). Two recent
studies have questioned the contemporary assumption that
resection of the asymptomatic primary tumor harbors no
survival benf:ﬁt,z‘"25 and this issue is now being investi-
gated in two phase III trials.’*® Although both groups
were similar with respect to all other treatment character-
istics, more patients underwent radioembolization (Y?") in
the CT arm, however this was not an independent predictor
of survival.

Several clinical trials have evaluated HAI therapy in
the setting of unresectable CRCLM:?*?72° however, most
of these have compared HAI therapy alone with CT or
best supportive care. A meta-analysis of those trials
reported no survival advantage for HAIL?’ the reasons for
which are multifactorial but include the fact that some of
these trials used 5-fluorouracil rather than FUDR as the
chemoperfusate; the former agent does not possess the
high hepatic tumor uptake seen with FUDR. Additionally,
although HAI therapy may reduce the risk of disease
progression in the liver, a significant proportion of
patients with liver-only disease will progress in extra-
hepatic sites due to occult EHD; such patients will benefit
from the addition of systemic CT.*®2° Importantly, HAI
pump placement and maintenance requires technical
expertise that may not be readily available outside a few
specialized high-volume centers, invariably leading to
higher dropout rates in some of the HAI arms of those
trials. A recent phase II clinical trial by D’ Angelica et al.
more accurately depicts the outcomes of unre-
sectable CRCLM when HAI is combined with
contemporary CT at a high-volume specialized center,
with an overall RR of 76 % (72 % in previously treated
patients) and a median OS of 38 months."’
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TABLE 3 Univariate and multivariate Cox regression analysis for overall survival
Clinical variables Univariate Multivariate

HR 95 % CI p value HR 95 % CI p value
Age 1.021 1.001-1.041 0.038 1.008 0.989-1.027 0.38
Sex, male versus female 0.862 0.542-1.372 0.533
ECOG 1/2 versus 0 1.81 1.141-2.871 0.012 2.113 1.262-3.539 0.004
BMI 1.021 0.979-1.063 0.337
CEA at stage IV diagnosis 1 0.999-1.0001 0.95
Synchronous disease (yes vs. no) 1.136 0.522-2.471 0.32
No. of liver lesions 1.009 0.997-1.021 0.127
Size of largest tumor, cm 0.96 0.893-1.031 0.267
Percentage of liver replacement 1.003 0.993-1.012 0.6 0.996 0.985-1.006 0.458
Primary tumor location (left vs. right) 0.646 0.395-1.057 0.082 1.128 0.653-1.948 0.664
Primary resected (no vs. yes) 2.565 1.517-4.337 <0.001 1.881 0.961-3.681 0.065
Lymph node status of primary (positive vs. negative) 2.18 1.0141-4.577 0.039
Grade (high vs. low) 2.635 1.070-6.490 0.035
Lymphovascular invasion (yes vs. no) 2.644 1.076-6.498 0.034
Perineural invasion (yes vs. no) 1.526 0.792-2.939 0.206
KRAS, Mut vs. WT 1.469 0.876-2.463 0.145
Duration of first-line chemotherapy, months 0.984 0.908-1.066 0.699
Duration of second-line chemotherapy, months 0.914 0.850-0.983 0.016
Biologic agent used (no vs. yes) 2.367 1.229-4.558 0.01 1.553 0.713-3.379 0.267
No. of lines of systemic chemotherapy 0.683 0.533-0.876 0.003 0.669 0.498-0.900 0.008
Y*° Radioembolization (no vs. yes) 0.76 0.422-1.361 0.354
HAI + CT versus CT alone 0.392 0.243-0.631 <0.001 0.387 0.209-0.717 0.003

HR hazard ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, BMI body mass index, CEA carcinoembryonic antigen,

WT wild-type, HAI hepatic arterial infusion, CT chemotherapy

The ability of modern CT to convert unresectable dis-
ease to resectable status is an important endpoint. Adam
et al. previously showed that 12.5 % of initially unre-
sectable patients can undergo surgery after CT and achieve
survival similar to resectable patients.’>" In the recent
PEAK trial, 15 % of patients converted to resection.”!
Others have shown conversion rates as high as 24-46 %
but many of these reports are limited by less stringent
definitions of unresectability, and the exclusion of pre-
treated patients.?'* HAI therapy in combination with
modern-day CT seems to be associated with favorable
conversion rates, as shown by three trials from the
MSKCC."™ 1In the recent trial by D’Angelica et al.
mentioned above, the conversion rate was 47 %, which is
significantly higher than the conversion rate in this series.'’
Although cross comparison between both reports is not
feasible, it is noteworthy that 35 % of the MSKCC cohort
were chemo-naive, and that the ‘converted’ group had a
median number of nine liver tumors. In contrast, all the
HALI patients in this series were heavily pretreated (median
time on CT prior to HAI pump placement = 6 months),
and had a relatively larger hepatic tumor burden (median
number of tumors = 15; hepatic replacement by

tumor = 40 %). Interestingly, 73 % of the ‘non-converted’
cohort in the MSKCC trial were treated with HAI in the
second-line setting, and those patients had a median of 17
tumors—characteristics more in keeping with our current
report. Taken together, these data suggest that HAI in
combination with contemporary CT is associated with
prolonged survival in the salvage setting, even when con-
version is not achieved (33 months in our report and
32 months in the MSKCC trial). Even more provocative,
based on the D’Angelica report, is that HAI + CT may
need to be considered in the first-line setting since this
strategy is associated with impressively high conversion
rates and even longer survival (3-year survival of 91 %;
median OS not reached.lg)

This case—control study has several limitations. First,
despite the well-balanced groups, this retrospective analy-
sis suffers from an inherent selection and referral bias in
the HAI group. The decision to administer HAI + CT
therapy was performed in multidisciplinary fashion at
UPMC'’s flagship oncologic facility, whereas the CT-alone
group originated from any of the UPMC’s 21 satellite
community centers. Such differences in expertise and lack
of valuable multidisciplinary assessment could have
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negatively influenced patient survival in the CT-alone
group. Second, and due to the strict inclusion criteria, the
sample size in both groups was small. This was necessary
however to minimize the potential for including con-
founding patients with EHD. Third, although all patients
received contemporary multidrug regimens, there was
inherent heterogeneity in the type of regimen used. Finally,
the median survival of patients treated with systemic CT
alone (approximately 15 months) is inferior to recently
reported historic controls (up to 2 years). This can be
explained by the large tumor burden in our cohort but may
also be a consequence of less stringent and objective def-
initions of ‘unresectability’ in other trials.

CONCLUSIONS

This case—control study of patients with ITU-CRCLM
suggests that the addition of HAI-FUDR therapy to modern
systemic CT is associated with improved OS when com-
pared with modern systemic CT alone.
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