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Abstract

Background: The utility of adjuvant chemotherapy after resection of colorectal liver metastasis 

(CLM) in patients with rapid recurrence after adjuvant chemotherapy for their primary tumor is 

unclear. The aim of this study was to evaluate the oncologic benefit of adjuvant hepatic arterial 

plus systemic chemotherapy (HAIC+Sys) in patients with early CLM.

Study design: A retrospective analysis of patients with early CLM (≤12 months of 

adjuvant chemotherapy for primary tumor) who received either HAIC+Sys, adjuvant systemic 

chemotherapy alone (Sys), or active surveillance (Surgery alone) following resection of CLM was 

performed. Recurrence and survival were compared between treatment groups using Kaplan-Meier 

methods and Cox proportional hazards models.

Results: Of 239 patients undergoing resection of early CLM, 79 (33.1%) received HAIC+Sys, 

77 (32.2%) received Sys, and 83 (34.7%) had Surgery alone. HAIC+Sys was independently 

associated with reduced risk of RFS events (adjusted hazard ratio [HRadj]: 0.64, 95%CI:0.44–
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0.94, p=0.022) and all-cause mortality (HRadj: 0.54, 95%CI:0.36–0.81, p=0.003) compared to 

Surgery alone patients. Largest tumor >5cm (HRadj: 2.03, 95%CI: 1.41–2.93, p<0.001) and right

sided colon tumors (HRadj: 1.93, 95%CI: 1.29–2.89, p=0.002) were independently associated with 

worse OS.

Conclusion: Adjuvant HAIC+Sys after resection of early CLM that occur after chemotherapy 

for node-positive primary is associated with improved outcomes.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer and the second leading cause 

of cancer-related death in the United States, with approximately 140,000 new patients 

diagnosed annually 1. The risk of death is directly related to the development of distant 

metastatic disease, the prevention of which is the rationale for adjuvant therapy. The benefit 

of adjuvant chemotherapy for selected stage II and stage III colon cancer has been clearly 

established. Standard adjuvant chemotherapy regimens include fluorouracil (5-FU) with or 

without oxaliplatin 2,3. The relative risk of recurrence and death is reduced by approximately 

20–30% with fluoropyrimidine monotherapy 3–5. When oxaliplatin is added to this treatment 

regimen, additional improvements in overall survival (OS) have been reported in three 

individual landmark trials 6–8 and a pooled analysis 9. Although colon and rectal cancers are 

frequently grouped as a single entity, there are important differences in treatment approach 

and pattern of recurrence between these two malignancies. Due to the lack of data on the 

adjuvant management of rectal cancer, extrapolation from colon cancer studies has been 

used to evaluate the optimal systemic therapy regimen in rectal cancer, but recent data 

suggest a benefit of adjuvant modern chemotherapy in stage II/III rectal cancer previously 

treated with neoadjuvant chemoradiation and surgery 10.
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The utility of adjuvant systemic chemotherapy after resection of colorectal liver metastasis 

(CLM), especially in patients who have recently received chemotherapy for their node

positive primary tumor, is controversial. Several prospective randomized-controlled trials 

(RCT) have evaluated the role of perioperative or adjuvant systemic chemotherapy after 

resection of CLM 11–14. Recurrence-free survival (RFS) was improved in one of these trials; 

however, there was no difference in OS among patients receiving perioperative or adjuvant 

chemotherapy as compared to those who received surgery alone 11–15. Adjuvant hepatic 

arterial infusion chemotherapy (HAIC) combined with systemic 5-FU was associated with 

improved RFS and OS as compared to adjuvant systemic 5-FU alone in patients with 

resected CLM 16,17. Additionally, HAIC has proven efficacy in patients with advanced 

disease who have “failed” one or more lines of systemic treatment.

Patients who receive adjuvant systemic chemotherapy after resection of CRC and recur 

with resectable CLM soon afterward present a particularly difficult clinical situation. These 

patients are typically considered to be systemic chemotherapy failures and have limited 

options for adjuvant systemic chemotherapy at the time of resection of CLM. In the 

palliative setting, it is well known that response rates are very low after failure of first-line 

systemic therapy, an observation that calls into question the utility of further systemic 

treatment after resection of early liver metastases. This study investigated whether adjuvant 

therapy with HAIC and systemic chemotherapy (HAIC+Sys) or systemic chemotherapy 

alone (Sys) is associated with improved oncological outcome after resection of CLM 

in patients who had rapidly developed CLM after adjuvant chemotherapy for their node

positive primary tumor.

METHODS

Study Design

This retrospective analysis included patients with resected “early” CLM identified from 

a prospectively maintained institutional database at Memorial Sloan Kettering Cancer 

Center. Early CLM was defined as metachronous occurrence of CLM within 12 months 

of finishing adjuvant chemotherapy for primary CRC. Patients who developed CLM within 

the first 3 months after primary resection were excluded as 1) these tumors most likely 

constitute missed synchronous metastases and 2) patients had not received more than 1–

2 cycles of chemotherapy in this time period and therefore did not meet the criteria of 

“failed” chemotherapy. Only patients with stage III CRC tumors (node-positive disease) 

who received adjuvant chemotherapy after resection of their primary tumor were included. 

Patients with completely resected extrahepatic disease diagnosed before or at the time of 

liver resection were included. Patients who were treated with ablative techniques exclusively 

or who suffered postoperative mortality in the first 90 days after liver surgery were excluded. 

The study was performed after approval by the Institutional Review Board at Memorial 

Sloan Kettering Cancer Center.

Therapeutic approach, demographic and clinical data, and clinical outcomes were extracted 

from the database. Preoperative staging at the time of liver surgery consisted of 

cross-sectional imaging, primarily contrast-enhanced computed tomography of the chest, 

abdomen, and pelvis; magnetic resonance imaging and fluorodeoxyglucose positron 

Boerner et al. Page 3

HPB (Oxford). Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



emission tomography were utilized selectively at the discretion of the treating clinician. 

Systemic chemotherapy regimens varied over time and were determined by the treating 

medical oncologist based on guidelines, chemotherapy history, and ongoing clinical trials. 

Modern chemotherapy was defined as regimens containing oxaliplatin or irinotecan. 

Adjuvant systemic chemotherapy for CLM was defined as systemic chemotherapy starting 

within 3 months after resection. Neoadjuvant chemotherapy was defined as systemic 

chemotherapy given after detection of CLM but prior to liver resection. All patients 

receiving adjuvant HAIC were scheduled to also receive systemic 5-FU with or without 

additional systemic chemotherapy, such as irinotecan or oxaliplatin 17. Patients received 

HAIC in the setting of a clinical trial or outside a trial at the discretion of their treating 

physician. For those receiving HAIC, an implantable pump was placed at the time of 

hepatic resection and positioned subcutaneously in the abdominal wall, with the catheter tip 

typically positioned in the gastroduodenal artery, as previously reported 17. Bilobar hepatic 

perfusion and lack of extrahepatic perfusion were confirmed by both intraoperative dye 

testing and postoperative technetium-99–labeled macroaggregated albumin nuclear medicine 

scanning. These patients received intra-arterial floxuridine (FUDR, Roche Pharmaceuticals), 

with six cycles scheduled. Patients who did not complete all six cycles due to toxicity 

continued on systemic chemotherapy as tolerated and were included in the HAIC group for 

all analyses. Patients who never received HAIC because of technical failure of the pump 

were included in the systemic chemotherapy or surgery alone group, depending on the 

treatment received. HAIC was routinely offered to patients at MSKCC during the study 

period.

Clinical risk scores (CRS) were calculated using a previously reported scoring system 

based on 5 factors: node-positive primary, disease-free interval (DFI) of CLM <12 months 

(synchronous), >1 CLM (multiple), size of the largest CLM >5 cm, and carcinoembryonic 

antigen (CEA) >200 µg/L, each scoring 1 point 18. Patients with a score of 0–3 were 

considered low-risk for recurrence, whereas patients with a score of 4–5 were deemed 

high-risk.

Consistent with previous publications, right-sided colon primary tumors were defined as 

tumors in the cecum, ascending colon, hepatic flexure, or transverse colon 19,20. Left-sided 

primary tumors were defined as those in the splenic flexure, descending colon, or sigmoid. 

Tumors within 16 cm of the anal verge were classified as rectal cancer. Patients with 

multiple primaries or unknown location of primary were excluded. TNM staging was 

performed based on the American Joint Committee on Cancer (AJCC) Cancer Staging 

Manual, 8th Edition.

Statistical Analysis

Disease and treatment characteristics were summarized using frequency and percentages 

for categorical variables and median and range for continuous variables; comparisons 

were made using the Chi-square test and Wilcoxon rank-sum test. The Fisher’s exact 

test was used for subgroups with numbers <5. All patients were followed every 3 to 6 

months. A physical examination, CEA level determination, and cross-sectional imaging 

were performed at each visit. Time of recurrence was defined as the time of the first 
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imaging that reported definitive or suspicious new tumors. For patients with biopsy-proven 

recurrence, the date of positive cytological or histological results was defined as the time 

of recurrence. The DFI was defined as time elapsed from primary resection to hepatic 

recurrence. RFS and OS were calculated from the date of liver resection until the first 

relapse or death, whichever came first (for RFS) or until the time of death (for OS). Patients 

who did not experience the event of interest by the end of the study were censored at 

the time of the last follow-up. RFS and OS were estimated using Kaplan-Meier methods 

and were compared between treatment groups using a log-rank test. A Cox proportional 

hazards model was used to evaluate independent associations between treatment groups and 

outcomes.

Covariates for inclusion in the multivariable OS and RFS survival analyses were chosen a 

priori. These covariates included nodal status of primary disease (N1 vs N2), largest CLM 

tumor size (>5 vs ≤5 cm), number of CLM tumor (1 vs >1), CEA prior hepatectomy (>200 

vs ≤200 µg/L), DFI from surgical resection of primary cancer to CLM diagnosis (<12 vs 

≥12 months) and tumor location (right colon vs left colon vs rectum) and they have been 

previously established as important known confounders in this disease group 18,19. MSKCC 

implemented modern chemotherapy into clinical practice in early 2002. To further control 

the heterogeneity of the study cohort due to different option of systemic therapies, and 

improved quality imaging over time, surgical era was dichotomized into patients resected 

between 1992–2001 vs 2002–2014 and included in the multivariable OS and RFS models. 

The estimates from the multivariable models were reported as adjusted hazard ratios (HRadj) 

along with 95% confidence interval (CI). All p values were based on 2-tailed statistical 

analysis, and p<0.05 was considered statistically significant. All analyses were performed 

with SAS version 9.4 (SAS Institute, Cary, North Carolina) or R version 3.6.0 (R Foundation 

for Statistical Computing Vienna, Austria).

RESULTS

Patient and Clinicopathological Characteristics

Of 2,623 patients who underwent resection for CLM between January 1992 and December 

2014, 239 patients (9.1%) had complete resection of early CLM after receiving adjuvant 

chemotherapy for node-positive stage III CRC. Of the 239 patients, 79 (33.1%) received 

adjuvant HAIC+Sys, 77 (32.2%) received only adjuvant Sys, and 83 (34.7%) had no 

adjuvant therapy (Surgery alone). The demographic and clinicopathological characteristics 

for all 239 patients are summarized in Table 1. Extrahepatic disease at the time of liver 

resection was present in 6 patients in the Sys group, 3 in HAIC+Sys, and 1 in Surgery alone. 

All of these patients had incidental portal lymph node metastasis on surgical pathology and 

no distant metastatic disease.

Recurrence-Free and Overall Survival

The median follow-up for survivors was 96 (range: 0.4–287) months, and 165 (range: 

19–297), 150 (range: 45–246), and 55 (range: 0.4–205) months for patients treated with 

HAIC+Sys, Sys only, and Surgery alone, respectively. At the time of analysis, a total of 

190 events (recurrence or death) for RFS (58 in HAIC+Sys, 68 in Sys and 64 in Surgery 
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alone) were observed. The median RFS was 17.4 months (95%CI: 14.5–22.4) for the entire 

cohort, with a 5-year RFS of 26% (95%CI: 21–32%). In univariate analysis, patients treated 

with adjuvant HAIC+Sys after liver resection had a prolonged median RFS (HAIC+Sys: 

22.5 months [95%CI: 14.7–47.3] vs. Sys: 14.4 months [95%CI: 11.3–22.4] vs. Surgery 

alone: 17.3 months [95%CI: 13.1–27.1]; p=0.046) (Figure 1A). Additional factors that 

were significantly associated with improved RFS from univariate analyses are shown in 

Supplemental Table 1.

On multivariable analysis, after controlling for potential confounders, patients who received 

HAIC+Sys had a reduced risk of RFS events as compared to patients who had received 

Surgery alone (HRadj: 0.64, 95%CI: 0.44–0.94, p=0.022) (Table 2). In contrast, relative 

to the Surgery alone group, an elevated risk of RFS events among patients in the Sys 

group (HRadj: 1.06, 95%CI: 0.74–1.53, p=0.751) was not observed. Other factors that 

were independently associated with increased risk of RFS included largest tumor size >5 

cm (HRadj: 1.64, 95%CI: 1.15–2.32, p=0.006), multiple CLM (HRadj: 1.53, 1.13–2.08, 

p=0.006), and right-sided primary tumors (HRadj: 1.76, 95%CI: 1.21–2.58, p=0.003).

For the whole cohort, there were a total of 166 deaths at the time of analysis (49 in 

HAIC+Sys, 61 in Sys and 56 in Surgery alone). The median OS was 54.7 months (95%CI: 

47.3–71.3), with a 5-year OS of 47% (95%CI: 40–54%). The median OS for patients 

treated with HAIC+Sys was longer than for patients in the Sys or Surgery alone groups 

(HAIC+Sys: 74.3 months [95%CI: 59.3–131.6] vs. Sys: 46.6 months [95%CI: 31.7–69.2] 

vs. Surgery alone: 50.0 months [95%CI: 35.2–76.8]; p=0.008) (Figure 1B). Other factors 

associated with improved OS from univariate analyses are shown in Supplemental Table 2.

Adjuvant treatment with HAIC+Sys remained independently associated with improved 

OS in multivariable analysis, and patients who received HAIC+Sys had a reduced risk 

of all-cause mortality as compared to patients in the Surgery alone group (HRadj: 0.54, 

95%CI: 0.36–0.81; p=0.003) (Table 2). In addition, largest tumor size >5 cm (HRadj: 2.03, 

95%CI: 1.41–2.93, p<0.001) and right-sided primary tumors (HRadj: 1.93, 95%CI: 1.29–

2.89, p=0.002) were also independently associated with worse OS.

DISCUSSION

Patients who receive adjuvant systemic chemotherapy for resected node-positive stage III 

CRC and fail during or shortly after completion of treatment have limited chemotherapy 

options. Many of these patients are treated with further systemic chemotherapy, despite data 

from several trials that demonstrate that second-line agents have very limited activity 21–27. 

By contrast, HAIC does have activity in the second-line setting and is a proven adjuvant 

therapy for resected CLM 16,17,28. No prior study has addressed adjuvant therapy in the 

context of early CLM with prior adjuvant chemotherapy for the primary.

This study analyzed 239 consecutive patients who underwent complete resection for early 

metachronous CLM and found that adjuvant therapy with HAIC+Sys was independently 

associated with prolonged RFS and OS. Furthermore, the outcomes for patients receiving 

adjuvant systemic chemotherapy did not differ from those receiving surgery alone. These 
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results are consistent with previously published studies on surgery for CLM 16,17,28. In a 

recent large study of 2,368 consecutive patients who underwent complete resection of CLM, 

Groot Koerkamp et al. demonstrated that adjuvant HAIC was independently associated with 

improved OS, despite more advanced disease in the HAIC group 28. The OS rates for 

patients in the present study receiving adjuvant systemic chemotherapy alone was similar 

to the OS found in other large studies. Hamady et al. reported a median OS of 45 months 

among 2,715 patients after resection of CLM 29. These results were nearly identical to the 

48 months reported in this study.

It is noteworthy that no significant difference in OS was found between patients treated 

with adjuvant systemic chemotherapy and those receiving surgery alone. These findings 

are consistent with previously published results from several prospective RCT 11–14. 

For example, Nordlinger et al. found no difference in OS comparing the addition of 

perioperative FOLFOX4 chemotherapy (n=182) with surgery alone (n=182) for patients with 

resectable CLM 11. In the present analysis there was a shorter median follow-up time for 

patients undergoing surgery alone than that in the two other groups. However, 55 months, 

is an adequate follow up time given that recurrence usually occurs within 2 years after 

resection of CLM 11–14,29.

Among patients who develop a recurrence after resection of CLM, the liver is the only 

site of initial recurrence in approximately half of the patients 30. Therefore, HAIC+Sys 

has been investigated as an adjuvant strategy. HAIC takes advantage of the fact that CLM 

are perfused by the hepatic artery and drugs such as floxuridine have a high first-pass 

extraction in the liver31,32. A phase III RCT performed at MSKCC by Kemeny et al. found 

a 2-year OS and PFS benefit for patients treated with systemic 5-FU and HAIC compared 

to systemic 5-FU alone after resection of CLM16,17. An additional multicenter RCT found a 

significant reduction in RFS and hepatic RFS after resection in patients treated with adjuvant 

HAIC+Sys as compared with surgery alone33. The current study demonstrates that adjuvant 

HAIC is associated with improved outcomes in the specific subset of patients who “fail” 

adjuvant chemotherapy for their primary tumor.

The specific adjuvant chemotherapy regimen after primary resection was not associated with 

outcome in the analysis (Supplemental Table 1–2). Modern more effective chemotherapy 

may exert a selective pressure on its own, and patients with early failure may develop 

therapeutic resistant disease 34,35. A study by Andreou et al. showed that adjuvant FOLFOX 

for primary CRC was associated with a high rate of somatic mutations in liver metastases 

and inferior outcomes after hepatectomy for metachronous CLM 34. However, the use of 

adjuvant regional therapy with HAIC may be an effective therapeutic approach overcome 

this potential chemoresistance. As regional therapy gains more acceptance in the adjuvant 

therapy of CLM 36,37, further studies of this topic are hopefully forthcoming.

The role of resection in patients with extrahepatic metastatic disease is controversial. In this 

study, 6 patients (2.5%) had incidental portal lymph node metastasis found at the time of 

surgery but without any presence of other extrahepatic metastatic disease. These patients 

were included since they are typically included in most series on this topic 13,28.
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In the present study a Cox hazards model was used to evaluate independent associations 

between treatment groups and outcomes. This method was chosen to avoid the difficulties 

of matching across three groups and excluding a number of unmatched patients, a source 

of bias itself. Research suggests that regression can be more powerful than matching in 

dealing with confounders 38. The covariates chosen to be included in the reported OS and 

RFS models were known confounders in this disease group 18,19 and included the individual 

component of CRS, tumor location and surgical era. To address the concerns that propensity 

score frame work and Inverse-probability-of-treatment-weighted (IPTW) method might 

yield a more robust result, a sensitivity analysis using IPTW methodology was performed 

which adjusted for baseline covariates (age, body mass index, number of resected liver 

segment, gender, ASA score, exposure to neoadjuvant chemotherapy prior hepatectomy, size 

of largest tumor at pathology, preoperative CEA, number of liver metastasis, nodal status 

from primary disease, DFI, location of primary tumor, any complication and surgical era) 

and the results and conclusion of the adjusted mean treatment effect on OS and RFS didn’t 

change substantially (data not shown).

The current study has several limitations. Most importantly, the difference in outcome 

between HAIC+Sys and Sys may be explained by selection bias. There are no specific 

selection criteria for the use of adjuvant HAIC at MSKCC and it is considered in nearly all 

cases. The decision to proceed with adjuvant HAIC is the result of extensive consultation 

with our own and external physicians and ultimately is at the discretion of the treating 

physicians and patients. Another source of bias was that the study covered a long-time 

period of 21 years, spanning the introduction of modern chemotherapy. Patients were more 

likely to have HAIC in the modern era, while the rate of surgery alone decreased over 

time. However, the surgical era was not associated with improved outcome multivariable 

analyses. The creation of a homogenous cohort that was limited to patients with stage 

histologically proven stage III CRC required a long time period to have an adequate number 

of patients. An intent to treat principle is important when studying adjuvant chemotherapy. 

Unfortunately, in the setting of a retrospective study, an intention-to-treat analysis was not 

feasible, since it is unknown what the preoperative intention was in the Sys and Surgery 

alone groups.

CONCLUSIONS

Adjuvant HAIC was independently associated with an improved RFS and OS in patients 

presenting with early CLM after adjuvant chemotherapy for node-positive CRC. This 

significant association remained after adjustment for known confounding factors. Patients 

who received adjuvant HAIC lived over 2 years longer than patients treated with systemic 

chemotherapy alone. Adjuvant systemic therapy alone was not associated with improved 

outcomes compared to surgery alone. Adjuvant HAIC+Sys is a promising therapy for 

patients with early metachronous CLM who have received prior systemic chemotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Recurrence-free (A) and overall-survival (B) by treatment groups

HAIC=hepatic arterial infusion chemotherapy; Sys=systemic chemotherapy; 

CLM=colorectal liver metastasis.
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