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Kirsten rat sarcoma (KRAS) oncogene mutation predicts 
magnitude of response and outcomes in hepatic arterial infusion 
pump therapy of unresectable colorectal liver metastases
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Background: The Kirsten rat sarcoma (KRAS) mutation predicts negative outcomes following resection of 
colorectal liver metastases (CRLM) and adjuvant hepatic arterial infusion (HAI) pump chemotherapy. Less is 
known on the effects of KRAS mutation on tumor response in patients with unresectable CRLM undergoing 
HAI chemotherapy with floxuridine.
Methods: This is a retrospective cohort study investigating the effects of KRAS mutation on tumor 
response in patients with unresectable CRLM treated with HAI chemotherapy. Primary endpoint was 
objective response rate (ORR), secondary endpoints included overall tumor response and conversion to 
resectability.
Results: Twenty-five patients with unresectable liver metastases from colorectal cancer were treated with 
HAI chemotherapy between 2017–2019. Median number of liver lesions was 12 (range, 1–59) and almost all 
(n=24) had prior chemotherapy before starting HAI therapy. Median number of cycles administered via HAI 
pump was 6 (range, 3–12). Overall decrease in liver tumor burden was 63.5% (median; range, −257–100%) 
with an ORR of 20/25 (80%) and 10 (40%) patients converting to resectable status. Eleven (44%) patients 
had KRAS positive tumors. When compared to wild-type, KRAS positive tumors had less overall percent 
decrease (58% vs. 70%; P=0.04) and ORR (7/11 vs. 13/13; P=0.03). Fewer patients with KRAS positive 
tumors converted to resectable status during HAI therapy (2/11 vs. 8/13; P=0.05). At a median follow-up of 
14.6 months (range, 4.0–36.6 months), overall survival is 45% among KRAS-positive and 77% for wild type 
patients. 
Conclusions: KRAS mutational status in patients with unresectable liver metastases from colorectal cancer 
predicts worse response to HAI chemotherapy compared to wild type. 
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Introduction

Colorectal cancer is the third leading cause for cancer 
related deaths in the United States today (1). The high 
mortality rate is largely due to the development of liver 
metastases that occurs in approximately 30% of all patients 
with colorectal cancer (2). In select cases potential cure can 
still be reached but only with complete resection of liver 
metastases and aggressive systemic therapy (3). However, 
majority of patients with colorectal liver metastases (CRLM) 
present with unresectable disease (4,5). Utilizing modern 
systemic chemotherapy with or without targeted therapy, 
15–30% of those patients will respond to a degree that 
enables resection and a considerable survival benefit (4,6).

Since its introduction in the 1960s, hepatic arterial 
infusion (HAI) chemotherapy has been predominantly 
used at select centers as an adjuvant therapy modality for 
CRLM (7). Despite advances in modern chemotherapy and 
a decrease in utilization of HAI therapy, recent evidence has 
shown superior survival data with HAI therapy compared 
with chemotherapy alone in patients with CRLM (8). 
These results have been demonstrated both as adjuvant 
therapy in patients after complete resection and in those 
with unresectable liver metastases (8-10). Additionally, in 
the case of unresectable disease, conversion to resectability 
has been described in up to half of all patients undergoing 
combination HAI and systemic chemotherapy (11).

The Kirsten rat sarcoma (KRAS) oncogene mutation 
has been associated with earlier systemic progression of 
colorectal cancer along with worse outcomes in patients with 
metastatic disease (12,13). A recent study from Memorial 
Sloan Kettering Cancer Center on patients undergoing 
liver resection and adjuvant HAI therapy for CRLM 
showed patients with KRAS mutated tumors (KRAS-mut) 
had worse survival compared to wild-type (median overall 
survival: 67 vs. 47 months, respectively) (14). However, the 
effect of KRAS mutational status on those treated with HAI 
chemotherapy for unresectable CRLM has not been a major 
focus of contemporary studies. This has important clinical 
applications when considering whether mutational status 
should be considered before offering HAI chemotherapy for 
patients with unresectable CRLM. The aim of this study is 
to examine the impact of KRAS mutational status on tumor 
response rates and outcomes in a cohort of patients with 
unresectable CRLM, treated with HAI chemotherapy. We 
hypothesize that patients with a KRAS mutation will have a 
lower rate of conversion to resectability compared to wild-
type when treated with HAI chemotherapy for unresectable 

CRLM. We present the following article in accordance with 
the REMARK reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-21-514/rc). 

Methods

This is a single institution retrospective cohort study of 
all patients that underwent HAI therapy for unresectable 
CRLM during the time-period of August 1st, 2017–
September 1st, 2020. This study was reviewed and approved 
by the Spectrum Health institutional review board with a 
waiver of informed consent due to the retrospective analysis 
of the study (IRB00000883, study ID: 2020-314). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Study inclusion criteria 
included all patients with unresectable CRLM, treated 
with hepatic artery infusion chemotherapy during the 
aforementioned time-period. Resectability was determined 
by a multi-disciplinary tumor board. Patients were 
determined to be anatomically unresectable if resection 
could not be performed with preservation of at least two 
contiguous segments or biologically unresectable if there 
were more than eight bilobar lesions present. The primary 
outcome variable was objective response rate (ORR), 
defined per the WHO criteria as 50% decrease in tumor 
burden on axial imaging (15). Secondary outcome variables 
included overall magnitude of response as determined 
by total percent decrease in tumor size of the two largest 
lesions visualized on cross sectional imaging, conversion to 
resectability, overall survival and progression free survival. 
Standardized mutation panel testing was performed on 
all liver tissue specimens that included KRAS, NRAS and 
BRAF.

Surgical approach

All patients who were considered for HAI pump placement 
diagnostic laparoscopy to rule out peritoneal metastases 
before HAI pump placement. Patients with oligometastatic 
lung disease or limited lymphadenopathy within the porta 
hepatis distribution were considered eligible for HAI 
treatment if they demonstrated prior response to systemic 
chemotherapy. All patients with a symptomatic or right 
colon primary tumor underwent synchronous resection 
at the time of HAI pump placement. For those with an 
asymptomatic rectal or rectosigmoid lesion, the primary 
tumor was left in situ and only HAI pump placement 

https://jgo.amegroups.com/article/view/10.21037/jgo-21-514/rc
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was performed. Cholecystectomy and removal of the 
common hepatic artery lymph node were performed as 
standard parts of each procedure. Early initiation of HAI 
chemotherapy (<2 weeks postoperatively) was standard. 
All patients received floxuridine (0.12 mg/kg/day) in 
conjunction with dexamethasone, delivered in standard 
28-day cycles. Systemic chemotherapy was resumed  
4–6 weeks postoperatively and aligned with day 1 of the 
HAI chemotherapy cycle. Standard concomitant systemic 
chemotherapy consisted of a combination of leucovorin, 
5-fluorouracil and irinotecan (FOLFIRI) in most cases. 

Statistical analysis

Twenty-five patients met inclusion criteria. Mean age was 
59 (range, 35–77) years and 13 patients (52%) were male. 
Eleven patients harbored a KRAS mutation, one patient had 
a BRAF V600E mutation and 13 patients were KRAS- and 
BRAF-wild type. Of those with a KRAS mutation, majority 
had codon 12 mutations (66.7%) while two (18.2%) patients 
had a codon 13 and one patient an A146T mutation. Data 
on demographics, tumor, and mutational status along with 
surgical outcomes including operative duration, length 
of stay, and 30-day morbidity as per the Clavien-Dindo 
classification were gathered (16). Long-term pump-related 
complications were defined as an adverse event directly 
related to the pump itself or pump chemotherapy. Tumor 

response was determined as the ratio of tumor size before 
HAI therapy and at the time of greatest response during or 
at conclusion of therapy for the two largest target lesions. 
Tumor size was determined on CT imaging by multiplying 
maximal diameter to longest perpendicular diameter in 
the same plane. Reassessment of resectability was done at 
3-month intervals after initiation of therapy. Patients were 
stratified into two groups for analysis according to their 
mutation status (KRAS-mut or wild-type). One patient with 
BRAF V600E mutation was excluded from the performed 
analyses. Continuous variables were compared using the 
student’s t-test or Mann Whitney U test depending on 
normality of the respective data. Categorical data were 
compared using the chi-square test. Survival is depicted 
using Kaplan-Meier curves with the log-rank test was 
utilized to compare survival between groups. Statistical 
analysis was completed using SPSS v27.0.0.0 (IBM Corp., 
Armonk, NY, USA).

Results

KRAS-mut and wild type patients were similar in terms of 
demographic, operative- and tumor characteristic (Table 1).  
Twelve patients (7/13 wild type, 5/11 KRAS-mut) had 
undergone prior resection of their primary tumor at the time 
of HAI pump placement. Eight patients (2/13 wild type, 
5/11 KRAS-mut, 1/1 BRAF) had synchronous resection of 

Table 1 Demographic, hospital and tumor specific data for KRAS and wild type patients

Variable KRAS mut Wild-type P value

Age, years, median [range] 57.3 [38–73] 55.0 [34–67] 0.61

Sex, male 28% 69% 0.10

Race, White or Caucasian 91% 85% 0.41

BMI, median [range] 27.8 [20.3–31.1] 27.3 [21.3–40.1] 0.61

Synchronous liver metastases 82% 77% 1.0

Operative duration, mins, median [range] 250 [197–474] 228 [122–401] 0.17

Length of stay, days, median [range] 7 [3–13] 3 [2–11] 0.04

Number of liver lesions, median [range] 11 [3–59] 12 [1–54] 0.49

Size of largest lesion, cm2, median [range] 4.2 [1.6–9.0] 5.0 [2.6–11.3] 0.33

Extrahepatic disease 36% 31% 1.0

Nr of prior systemic chemotherapy cycles,  median [range] 7.5 [3–17] 6 [6–23] 0.76

Nr of HAI cycles, median (IQR) 5 (1.5) 6 (2.0) 0.93

HAI, hepatic arterial infusion; KRAS, The Kirsten rat sarcoma; BMI, body mass index.
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their primary tumor at the time of HAI pump placement. 
All patients had undergone prior systemic chemotherapy 
before starting HAI therapy, of which 14 had received 
one prior regimen and 10 patients two prior regimens. 
The median number of prior chemotherapy cycles did 
not differ between the two groups (6 vs. 7.5; P=0.76). The 
most common first line systemic chemotherapy regimen 
utilized was a combination of leucovorin, 5-fluorouracil 
and oxaliplatin (FOLFOX) with or without targeted agents 
(bevacizumab, cetuximab, panitumumab), n=21. Second-
line regimens consisted of FOLFIRI in all 10 patients. The 
number of patients with extrahepatic disease was similar 
between groups (36% vs. 31%). 

Complications

Eight patients (32%) suffered perioperative complications of 

which 7 (28%) were mild (Clavien-Dindo grade 1–2). One 
patient suffered a severe complication that consisted of post-
operative shock of unknown etiology, requiring take-back 
to the operating room for an abdominal exploration which 
was without significant findings. This patient recovered 
and was eventually able to undergo HAI therapy. No  
90-day mortality was witnessed. Long-term pump related 
complications were witnessed in four patients. One pump 
pocket infection occurred and was managed with prolonged 
antibiotics until completion of therapy and pump removal. 
Three other patients suffered biliary complications, either 
strictures or biloma formation requiring endoscopic or 
interventional radiology intervention. Two of those required 
discontinuing HAI chemotherapy infusion permanently, 
both after 6 cycles had been delivered. 

Tumor response and survival

Median follow-up time was 14.6 months (range, 4– 
36.6 months). Overall ORR was 80% (20/25) and median 
tumor burden reduction 63.5% (range, −257–100%). 
KRAS-mut patients had a smaller median tumor reduction 
with HAI therapy when compared to wild type, 58% (range, 
−257–94%) vs. 70% (range, 53–100%) respectively; P=0.04 
(Table 2). Figure 1 shows individual response to HAI therapy 
for KRAS-mut and wild type patients. Three KRAS-mut 
patients suffered disease progression during treatment while 
all wild type patients had some degree of favorable response. 
ORR was lower for KRAS-mut patients (7/11, 64% vs. 
13/13, 100%; P=0.03). KRAS-mut patients were less likely 
to convert to resectable status with HAI therapy (2/11, 18% 
vs. 8/13, 62%; P=0.05). At the end of follow-up, overall 
survival in the KRAS-mut group was 45% (5/11) compared 
to 77% for wild type patients (P=0.30). Median survival 
was 23.7 (95% CI: 14.3–33.1) months for the whole cohort. 
For KRAS-mut patients, median survival was 23.7 (95% 

Table 2 Tumor response based on mutation status

Variable KRAS mut Wild-type P value

Overall tumor reduction, median (range) 58% (−257–94%) 70% (53–100%) 0.04

ORR, n (%) 7 (64%) 13 (100%) 0.03

Conversion to resectability, n (%) 2 (18%) 8 (62%) 0.05

Progression free survival, months, median (95% CI) 8.9 (95% CI: 4.7–13.1) 9.8 (95% CI: 6.4–13.1) 0.68

Hepatic progression free survival, months, median (95% CI) 20.5 (95% CI: 6.1–34.9) 12.7 (95% CI: 5.6–19.8) 0.63

ORR, objective response rate. 

Figure 1 Waterfall plot demonstrating percentage decrease in 
tumor burden by mutation status. Asterix (*) depicts three patients 
(all KRAS-mut) who had disease progression while on HAI 
chemotherapy (+257%, +30% and +14%). HAI, hepatic arterial 
infusion; CRLM, colorectal cancer liver metastases.
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CI: 2.8–44.6) months while for KRAS-wt patients median 
survival has not been reached. Figure 2 shows Kaplan-Meier 
survival probability between the two groups. Wild type and 
KRAS-mut groups were similar in terms of progression free 
survival [9.8 (95% CI: 6.4–13.1) vs. 8.9 (95% CI: 4.7–13.1) 
months], P=0.68. There was no difference in hepatic 
progression free survival between KRAS-mut [20.5 (95% 
CI: 6.1–34.9) months] and wild-type patients [12.7 (95% 
CI: 5.6–19.8) months], P=0.63. 

Discussion

We set out to investigate whether tumor response in 
patients treated with hepatic artery infusion chemotherapy 
for unresectable CRLM is affected by KRAS mutational 
status. Our findings include worse ORR (64% vs. 100%) 
and smaller decrease in tumor burden (median: 58% vs. 
70%) for KRAS-mut patients compared to wild-type. 
Additionally, fewer KRAS-mut patients converted to 
resectable (18% vs. 62%). These results are not surprising 
given that multiple reports, including a 2016 meta-analysis, 
have associated KRAS-mut with worse prognosis in patients 
undergoing hepatic resection for colorectal cancer liver 
metastases (17).

Nevertheless, the negative impact of KRAS mutation 
does not negate the benefits of HAI pump therapy. Indeed, 
the ORR of 64% in our KRAS-mut group is well within 
the 47–90% range of what other authors have described 
with combination HAI and systemic chemotherapy for 
unresectable disease (11,18-21). When comparing these 
data to the efficacy of modern systemic chemotherapy 

alone it should be noted that majority of data for HAI 
chemotherapy comes from patients undergoing 2nd or 3rd 
line therapy. Although aggressive 1st line systemic regimens 
have produced up to 80% response rate (22), second line 
systemic therapies have carried more disappointing results. 
Studies utilizing modern 2nd line chemotherapy regimens 
have described tumor response rates between 20–25% 
and a median 12 month survival (23,24). So far, HAI 
chemotherapy in conjunction with systemic chemotherapy 
has therefore provided superior response rates in the 2nd 
and 3rd line setting.

Conversion to resectability in our cohort was 62% 
among KRAS-wt patients and 18% among KRAS-mut 
patients for an overall conversion rate of 42%. These 
results are similar to previous reports from high-volume 
centers where the conversion rate has been 25–47% with 
majority of patients undergoing HAI chemotherapy as 2nd 
or 3rd line treatment as well (8,11,25). Scarce data exists on 
conversion rates with systemic therapy alone in comparable 
cohorts of pretreated patients. While conversion after first 
line therapy has been reported has high as 50% (26,27), 
many have criticized resectability criteria utilized by some 
as too strict, thus limiting meaningful conclusions. Other 
authors have reported a more modest 15–30% conversion 
to resection with modern first line chemotherapy regimens 
(27-29). Studies investigating 2nd line therapies have 
not reported any patients converting to resectable status 
although a survival benefit has been noted in select cohorts 
(24,30). This achievement of resectability may be the most 
profound impact of HAI therapy. Though median survival 
has shown modest improvements, the tails of Kaplan-Meier 
curves show that those resected can derive lasting benefit 
as seen in series out of Memorial Sloan Kettering Cancer 
Center (9). Median hepatic progression free survival was 
similar between the two groups in our cohort (12.7 vs.  
20.5 months; P=0.63). However, limited conclusions can be 
made based on these findings given the small sample size of 
this study.

There is evidence to support that response to HAI 
chemotherapy correlates with timing of treatment. 
Some authors have pointed out dwindling efficacy in 
heavily pretreated patients and have advocated for earlier 
implementation (19,25,31). D’Angelica and colleagues 
reported a 3-year survival of 75% for the chemo-naïve 
portion of their study cohort with unresectable CRLM 
treated with HAI + systemic therapy, compared to 55% 
3-year survival of the whole cohort, of which 65% had 
received 1 or 2 prior treatments (32). These results should 

Figure 2 Kaplan-Meier survival probability for KRAS-mut and 
wild type patients. 
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prompt further investigation into the optimal timing of 
HAI chemotherapy, ideally as either 1st or 2nd line therapy.

Limitations of this study include its retrospective nature, 
small sample size and short follow-up time, thus limiting 
meaningful survival analysis. Nevertheless, these results 
show a clear difference in treatment response based on 
mutational status even though excellent response rates 
were seen in both groups. Further prospective studies are 
necessary to validate these findings as well as to define 
the optimal timing of HAI chemotherapy in patients 
with unresectable CRLM. An ideal design would include 
prospective design with standardization of timing for HAI 
therapy in the setting of unresectable CRLM stratified 
by mutational status. Hopefully, these questions can be 
addressed in the newly formed national HAI consortium 
which includes over 20 centers.

Conclusions

KRAS mutation negatively affects tumor response to 
HAI chemotherapy in patients with unresectable CRLM. 
Nevertheless, our findings show a benefit from the 
treatment that is superior to what is described with systemic 
chemotherapy alone. Based on our findings molecular 
profiling for selection of patients for this treatment is 
not warranted, however, these results could help aid with 
patient discussion on expected results and prognosis. 
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