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Over the past years, important progresses have been made 
in the treatment of patients with colorectal liver metastases 
(CLM). Now, 5-year overall survival rate may exceed 
50% by using the combination of multimodality therapies 
among which modern systemic chemotherapy, with or 
without monoclonal antibodies, and hepatic resection are 
the cornerstones (1,2). In such multimodality, hepatic artery 
infusion (HAI) has been proposed since many years with the 
rationale of increasing the concentration of chemotherapy 
agents in the liver (3). However, HAI still remains 
infrequently used, in particular in the adjuvant setting 
mainly because of the requirement of a multidisciplinary 
team to manage therapy, and the more widespread use 
of systemic chemotherapy—in particular following the 
perioperative “sandwich” schema (4).

On this line, we read with interest the retrospective study 
published by Gholami et al. (5), who recently reported on 
the utilization of adjuvant HAI in the setting of resected 
CLM. In particular, they reported how adjuvant HAI 
was independently associated with improved recurrence-
free and overall survival regardless of KRAS mutational 
status. Consistently with their good results, they also 
suggested that the use of HAI might be used to mitigate the 
anticipated worse outcome in KRAS mutated in comparison 
with KRAS wild-type patients. 

T h e  l o n g - s t a n d i n g  w o r k  o n  H A I  f r o m  t h e 
multidisciplinary group of Memorial Sloan Kettering 

Cancer Center of New York City is commendable. Since 
1992 (6), these authors have published many studies in 
support on the use of HAI in CLM patients. However, to 
stay on the most recent work we would like to report how 
these results should be read with caution because of the 
consistent risk of selection bias. 

The authors did not report any information about 
NRAS, BRAF, microsatellite status, and other biomarkers 
that might have had an impact on the results of the analysis. 
In particular, the correlation between BRAF status, RAS 
status and outcome is well-known, with BRAF mutated 
tumors being associated to the worst prognosis, RAS wild-
type to the best, and RAS mutant to an intermediate one, 
although many other factors should be considered in 
defining patients’ prognosis. In addition, on a total of 2,690 
patients with CLM who underwent surgery only 25% had 
known mutational KRAS status and no details are available 
for these patients compared to the patients with unknown 
RAS status. Besides, the heterogeneity in the methods used 
to obtain KRAS mutational status should be mentioned as a 
further potential confounding factor. 

Importantly, 46% of the patients did not receive HAI and 
no information about the selection criteria were provided. 
HAI was generally not offered to patients with progressive 
disease, however, a small minority of selected cases, as 
acknowledged by the authors, received HAI therapy 
notwithstanding disease progression, and it would be of 
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interest to have some details about these patients. Did they 
have a biologically more favorable profile and therefore 
a better prognosis compared to patients with progressive 
disease who did not receive HAI? 

Further important aspects to be mentioned are 
represented by the inclusion in the study of patients with 
synchronous and metachronous CLM, with initially 
unresectable and resectable disease, and the lack of details 
about the primary tumor sidedness, all being related to a 
different prognosis and representing relevant confounding 
factors. Indeed, available evidence shows that the above-
mentioned subgroups of patients have different prognoses 
and benefit from different therapeutic approaches. Systemic 
doublet chemotherapy (FOLFOX/CAPOX) in combination 
with resection is recommended for resectable CLM, while 
doublet or triplet (FOLFOXIRI) chemotherapy with 
or without the addition of a monoclonal antibody is, in 
general, the choice for initially unresectable CLM.

Further issues should be noted: (I) the study period 
(1993–2012) includes patients treated many years ago, when 
the modern systemic chemotherapy was not really modern; 
the modern FOLFOX/CAPOX and FOLFIRI regimes 
with or without anti-vascular endothelial growth factor 
or anti-epidermal growth factor receptor (EGFR) agents 
were adopted since the early 2000s in North America and 
in Europe; therefore, the patients included in this study 
received different regimens over the study period and 
no details of the type of administered systemic therapy 
are provided; (II) the use of neoadjuvant plus adjuvant or 
adjuvant-only systemic chemotherapy has not been detailed 
either as indication criteria, as number of treated patients 
per group, as type of regimens, as number of courses and as 
radiological response to such treatments; (III) similarly, the 
use of HAI as neoadjuvant plus adjuvant or adjuvant-only 

has not been detailed as indication criteria, number and 
duration of courses; (IV) the rate of extrahepatic diseases 
in no-HAI was double than the rate in HAI group (14% 
vs. 7%); consistently, the rate of extrahepatic recurrence 
after hepatectomy was increased in no-HAI group, even if 
it did not reach the statistical significance; (V) the current 
standard practice is to treat RAS wild-type patients with 
left-sided cancer by using anti-EGFR agents; thus, it 
would be of interest to assess the effect of adjuvant HAI 
in this subgroup of patients treated also with systemic 
chemotherapy combined with an anti-EGFR agent over the 
course of their disease. 

Although the rationale for adjuvant HAI is intuitive, 
since approximately 70% of patients develop intrahepatic 
recurrence during the follow-up (2), several randomized 
control trials (RCTs) demonstrated mixed results (Table 1): 
three studies showed increase in overall and/or recurrence-
free survival with the addition of HAI to surgery with 
or without systemic chemotherapy, while one study was 
early interrupted because of no difference (7-10). Of note, 
the two studies that showed an advantage in recurrence-
free survival were from the same group (8,9). Besides, a 
Cochrane review summarizing the data from approximately 
600 patients found no significant differences in overall 
survival between no-HAI vs. HAI (11). Even if differences 
in types of administered agents and in concurrent systemic 
therapy among centers limit generalizability, to date HAI 
should be considered only as an option in selected patients 
treated in expert centers. Indeed, the current guidelines 
from the European Society for Medical Oncology do 
not recommend HAI (12), while the guidelines from the 
National Comprehensive Cancer Network suggest the use 
of HAI as an alternative to systemic therapy in patients with 
limited liver-only disease (13).

Table 1 Trials of adjuvant hepatic arterial infusion

Author, year Patients No. Regimen OS RFS Notes

Kemeny N et al., 1999 156 HAI + systemic 5FU/LV vs. systemic 5FU/LV 2-year: 86% 
vs. 72%

2-year: 90% 
vs. 60%

–

Lorentz M et al, 1998 226 HAI 5FU vs. no therapy n/a n/a Early interrupted

Kemeny MM et al. 2002 109 HAI FUDR + systemic 5FU vs. no therapy n/a 4-year: 46% 
vs. 25%

–

Lygidakis NJ et al., 2001 122 HAI mitomycin C, 5FU, IL-2 + systemic vs. 
systemic immunochemotherapy

2-year: 92% 
vs. 75

n/a –

OS, overall survival; RFS, recurrence-free survival; HAI, hepatic arterial infusion; 5FU, 5-fluorouracil; LV, leucovorin; n/a, not available; 
FUDR, floxuridine; IL-2, interleukin 2. 
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Currently two phase III RCTs of adjuvant HAI are 
underway. The first is the PUMP trial from the Netherlands 
that aims to investigate recurrence-free survival in patients 
at low risk of recurrence being treated by resection only vs. 
resection plus HAI (14). The second is the PACHA-01 trial 
from France that conversely aims to investigate recurrence-
free survival in patients at high risk of recurrence being 
treated by FOLFOX vs. HAI with oxaliplatin plus systemic 
5-flourouracil and leucovorin (15). Both these studies will 
give us evidence on potential benefits of adjuvant HAI but 
the one conducted in high-risk patients, which includes 
patients with at least 4 CLM and treated also with R1-
hepatectomy and/or thermo-ablation, is particularly awaited 
because includes those patients routinely treated in high-
volume centers. 

As clinicians we appreciate that a high level of evidence 
cannot always be achieved with RCTs and in specific 
settings, as in case of liver resection for CLMs, large 
case series and observational studies might be useful and 
should be considered. However, in such retrospective 
study the weight of different patients’ characteristics and of 
therapeutic regimens, as well as risk stratification, should 
be given to support important conclusions and make the 
evidence of survival benefits from adjuvant HAI stronger. 
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