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Despite well-established guidelines for screening and 
prevention, colorectal cancer remains highly prevalent in 
the USA with more than 150,000 new cases diagnosed annu-
ally.1 Among this population, nearly 25% will develop liver 
metastases throughout their disease course and 50–75% of 
patients who undergo curative intent hepatic resection will 
experience hepatic recurrence.2 As patient outcomes are 
primarily driven by the hepatic disease burden, a therapy 
specifically targeting the liver is fundamentally important 
to improving outcomes.

Hepatic artery infusion (HAI) chemotherapy is a liver-
directed intraarterial regional treatment that can be used 
for patients with disseminated liver metastases, most com-
monly those with colorectal liver metastases (CRLM). The 
rationale of HAI is based upon the dominant blood supply of 
liver metastases from the hepatic artery as well as the near 
complete first-pass hepatic extraction of certain chemothera-
peutic agents.3 Thus, high-dose chemotherapy is delivered 
directly to the liver by way of a surgically inserted catheter, 
most commonly into the gastroduodenal artery, which limits 
systemic toxicity, promotes conversion to resectable disease, 
and improves overall survival.4

Although HAI chemotherapy has largely been limited to 
select, highly specialized centers over the past several dec-
ades, recently, there has been exponential growth with new 
HAI programs opening across the world as institutions gain 
interest in offering HAI as a potential treatment modality 

for this historically difficult-to-treat subset of patients. The 
current body of literature regarding HAI chemotherapy has 
primarily been published by investigators at Memorial Sloan 
Kettering Cancer Center (MSKCC), one of the pioneering 
institutions of HAI.5–7 However, due to the recent expan-
sion of HAI programs, the HAI Consortium Research Net-
work (HCRN) was established in 2020, consisting of more 
than 150 surgeons and medical oncologists from nearly 60 
centers worldwide, which houses an international HAI data-
base to facilitate research on patient selection and clinical 
outcomes.8

While most recent single- and multi-institutional studies 
using data collected for the HCRN have demonstrated the 
safety, feasibility, and efficacy of HAI, the delivery of HAI 
chemotherapy also poses unique risks that providers must 
be able to swiftly recognize and manage to minimize the 
potential consequences of HAI-specific complications.9,10 
For example, close attention and avoidance of the develop-
ment of biliary sclerosis as a result of HAI chemotherapy is 
critical as it may result in serious patient morbidity including 
infectious complications such as ascending cholangitis and 
hepatic abscesses.11 Due in part to quality and safely con-
cerns, several HAI programs developed over the past several 
years were unsustainable and unfortunately dissolved. How-
ever, the role of HAI in treating additional hepatic malignan-
cies continues to expand as modern research increasingly 
demonstrates its benefit for patients with advanced liver 
disease, most recently hepatocellular carcinoma.12 Thus, as 
HAI programs continue to grow and offer this therapy as an 
available treatment option, a quality framework for HAI best 
practices and comparative quality assessment is essential to 
maximize patient safety and program sustainability as well 
as minimize HAI toxicity.
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In recent years, hospital quality improvement collabora-
tives have proliferated where groups of hospitals participate 
to share knowledge, benchmark performance, and work on 
common quality improvement initiatives to improve patient 
care and outcomes. One of the largest and most successful 
surgical quality improvement collaboratives to date is the 
American College of Surgeons National Surgical Quality 
Improvement Program (ACS NSQIP) Quality Verification 
Program (QVP).13 This standards-based verification pro-
gram was designed to facilitate hospitals across the country 
in improving the quality of surgical care by leveraging ACS 
NSQIP data to provide benchmarked performance reports. 
Similarly, effective quality improvement collaboratives have 
been formed at the regional level such as the Illinois Surgical 
Quality Improvement Collaborative (ISQIC), a 56-hospital 
learning collaborative created through Northwestern Uni-
versity which has demonstrated success in improving the 
quality of surgical care in Illinois including reduced rates of 
venous thromboembolism, surgical site infections, and death 
or serious morbidities.14–16

Quality improvement collaboratives extend beyond gen-
eral surgical care and have proven their significance in the 
delivery of cancer care as well, the most notable of which is 
through the ACS Commission on Cancer (CoC).17 Likewise, 
the ACS CoC provides data reporting and feedback to their 
accredited hospitals through the use of the National Cancer 
Database to assess performance on quality measures and 
identify areas for improvement in cancer care. In addition, 
cancer quality improvement collaboratives have also formed 
at the regional level. Specifically, the Illinois Cancer Col-
laborative (ILCC) was a first-of-its-kind statewide cancer 
collaborative designed to partner Illinois hospitals together 
in a multidisciplinary learning collaborative to improve the 
quality and safety of care for patients with cancer in Illi-
nois.18 For example, the ILCC has established initiatives to 
efficiently address the unique challenges in delivering cancer 
care during the coronavirus disease 2019 (COVID-19) pan-
demic through creation of a set of guidelines focused on the 

appropriate triage and management of patients with cancer 
during this unprecedented time.19

Although these collaboratives differ in terms of their 
patient populations and scale, the same fundamental princi-
ples are applied across all successful quality improvement 
collaboratives which include defining best practices, bench-
marked data, coaching, and shared strategies. However, HAI 
processes and outcomes are not captured by other quality 
programs such as ACS NSQIP or CoC. Using this struc-
ture, a HAI-specific quality improvement collaborative is 
under development through the HCRN which will serve as 
a multi-institutional network to improve outcomes among 
patients receiving HAI chemotherapy built upon these same 
principles (Fig. 1).20

First, defining best practices will include development 
of novel quality measures for HAI chemotherapy delivery, 
driven by data leveraged from the HCRN database, the col-
lective experience of multidisciplinary experts in the field, 
and a review of the literature (Table 1). As an example, 
these quality measures will provide recommended guide-
lines regarding postoperative and HAI-specific complica-
tions, HAI chemotherapy delivery, and oncologic outcomes. 
The second pillar of a HAI quality framework will focus 
on benchmarked data through augmentation of the current 
HCRN database to measure adherence to the previously 
defined quality measures. Comparative benchmark reports 
will be generated to provide a feedback mechanism to inform 
each individual program of their performance and identify 
specific areas for quality improvement. The aim of the third 
pillar is coaching. This includes organizing HAI disease 
management team meetings to discuss patient selection, 
difficult cases, treatment decisions, and management of 
complications which has already been established among 
HCRN members. Additionally, all HAI programs will have 
access to experienced peer-to-peer quality mentors to guide 
them through program-level quality improvement projects 
as a part of the coaching pillar. Lastly, shared strategies 
will involve the development of HAI-specific toolkits for 

FIG. 1  Hepatic artery infusion 
chemotherapy quality frame-
work model
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decision-making and best practices for both medical and 
surgical oncology,8 as well as require hospitals to partici-
pate in annual, collaborative quality improvement projects. 
Importantly, the development of each pillar within this HAI 
quality framework will be driven by the collaboration of a 
multidisciplinary team, including both medical oncologists 
and surgical oncologists among other specialties as well.

Quality improvement is a vital aspect of both surgical 
and cancer care as it has demonstrated success in improving 
patient outcomes across multiple different collaboratives. 
Through leveraging the data and infrastructure already built 
within the HCRN, this HAI-specific quality improvement 
collaborative represents a first-of-its-kind effort through a 
learning collaborative approach to address HAI chemother-
apy care. By utilizing previously defined collaborative strat-
egies to drive quality improvement, the goal of this HAI-
specific collaborative is to improve the safety, feasibility, and 
efficacy of HAI chemotherapy delivery by engaging HAI 
providers with high-quality comparative data. Like other 
quality improvement collaboratives as well, the long-range 
goal of this HAI-specific collaborative will work towards 
developing a formal HAI accreditation program, identifying 
centers of excellence based on volume and patient outcomes. 
Moving forward, each program will be able to measurably 
increase adherence to best-practice treatment guidelines, 
improve the quality and safety of care provided, potentially 
reduce costs, and prevent program dissolution for newly 
established HAI institutions.

DISCLOSURES Dr. Ryan Merkow reports serving as a consultant 
to Intera Oncology. Dr. Lauren Janczewski is supported by a Grant by 
the National Cancer Institute (T32CA247801).

REFERENCES

 1. Cancer Stat Facts. Colorectal Cancer. March 18, 2023; Available 
from: https:// seer. cancer. gov/ statf acts/ html/ color ect. html.

 2. Martin J, Petrillo A, Smyth EC, et al. Colorectal liver metasta-
ses: Current management and future perspectives. World J Clin 
Oncol. 2020;11(10):761–808.

 3. Cady B, Oberfield RA. Regional infusion chemotherapy of 
hepatic metastases from carcinoma of the colon. Am J Surg. 
1974;127(2):220–7.

 4. Levi FA, Boige V, Hebbar M, et al. Conversion to resection of 
liver metastases from colorectal cancer with hepatic artery infu-
sion of combined chemotherapy and systemic cetuximab in mul-
ticenter trial OPTILIV. Ann Oncol. 2016;27(2):267–74.

 5. Kemeny N, Huang Y, Cohen AM, et al. Hepatic arterial infu-
sion of chemotherapy after resection of hepatic metastases from 
colorectal cancer. N Engl J Med. 1999;341(27):2039–48.

 6. D’Angelica MI, Correa-Gallego C, Paty PB, et al. Phase II trial 
of hepatic artery infusional and systemic chemotherapy for 
patients with unresectable hepatic metastases from colorectal 
cancer: conversion to resection and long-term outcomes. Ann 
Surg. 2015;261(2):353–60.

 7. Kemeny NE, Chou JF, Boucher TM, et al. Updated long-term 
survival for patients with metastatic colorectal cancer treated 
with liver resection followed by hepatic arterial infusion and 
systemic chemotherapy. J Surg Oncol. 2016;113(5):477–84.

 8. Sharib JM, Creasy JM, Wildman-Tobriner B, et al. Hepatic artery 
infusion pumps: a surgical toolkit for intraoperative decision-
making and management of hepatic artery infusion-specific com-
plications. Ann Surg. 2022;276(6):943–56.

TABLE 1  Hepatic artery 
infusion chemotherapy quality 
framework principles

Quality pillar Components

Best practices Develop quality measures through:
  Analyzing HCRN data
  Consult with multidisciplinary HAI experts
  Perform a literature review
Define best practices with regards to:
  HAI chemotherapy delivery
  Postoperative and HAI-specific complications
  Oncologic outcomes

Benchmarked data Leverage HCRN data to measure adherence to quality measures in real time
Provide annual comparative reports to inform HAI programs of their performance
Identify areas for quality improvement at the program level

Coaching Organize monthly HAI Disease Management Team Meetings to discuss:
  Patient selection
  Difficult cases
  Treatment decisions
  Management of complications
Provide experienced peer-to-peer quality mentors to guide program-level quality 

improvement projects
Shared strategies Create HAI-specific toolkits for both medical and surgical oncology

  Inform decision-making
  Guide best practices
Develop annual, collaborative quality improvement projects across all HAI pro-

grams on an international level

https://seer.cancer.gov/statfacts/html/colorect.html


704 L. M. Janczewski et al.

 9. Muaddi H, D’Angelica M, Wiseman JT, et al. Safety and feasibil-
ity of initiating a hepatic artery infusion pump chemotherapy pro-
gram for unresectable colorectal liver metastases: a multicenter, 
retrospective cohort study. J Surg Oncol. 2021;123(1):252–60.

 10. Creasy JM, Napier KJ, Reed SA, et al. Implementation of a 
hepatic artery infusion program: Initial patient selection and 
perioperative outcomes of concurrent hepatic artery infusion 
and systemic chemotherapy for colorectal liver metastases. Ann 
Surg Oncol. 2020;27(13):5086–95.

 11. Ito K, Ito H, Kemeny NE, et al. Biliary sclerosis after hepatic 
arterial infusion pump chemotherapy for patients with colorectal 
cancer liver metastasis: incidence, clinical features, and risk fac-
tors. Ann Surg Oncol. 2012;19(5):1609–17.

 12. Li QJ, He MK, Chen HW, et al. Hepatic arterial infusion of oxali-
platin, fluorouracil, and leucovorin versus transarterial chem-
oembolization for large hepatocellular carcinoma: a randomized 
phase III trial. J Clin Oncol. 2022;40(2):150–60.

 13. Hu QL, Fischer CP, Wescott AB, Maggard-Gibbons M, Hoyt DB, 
Ko CY. Evidence review for the American College of Surgeons 
quality verification part I: building quality and safety resources 
and infrastructure. J Am Coll Surg. 2020;231(5):557–69.

 14. Berian JR, Thomas JM, Minami CA, et al. Evaluation of a novel 
mentor program to improve surgical care for US hospitals. Int J 
Qual Health Care. 2017;29(2):234–42.

 15. Silver CM, Yang AD, Shan Y, et al. Changes in surgical out-
comes in a statewide quality improvement collaborative with 

introduction of simultaneous, comprehensive interventions. J Am 
Coll Surg. 2023;237(1):128–38.

 16. Bilimoria KY, McGee MF, Williams MV, et al. Development of 
the Illinois surgical quality improvement collaborative (ISQIC): 
implementing 21 components to catalyze statewide improvement 
in surgical care. Ann Surg Open. 2023;4(1):e258.

 17. Nussbaum DP, Rushing CN, Sun Z, et al. Hospital-level com-
pliance with the commission on cancer’s quality of care meas-
ures and the association with patient survival. Cancer Med. 
2021;10(11):3533–44.

 18. Illinois Cancer Collaborative. April 14th, 2023]; Available from: 
https:// ilcan cer. org/ Home/ Index.

 19. Brajcich BC, Benson AB, Gantt G, et al. Management of colo-
rectal cancer during the COVID-19 pandemic: recommendations 
from a statewide multidisciplinary cancer collaborative. J Surg 
Oncol. 2022;125(4):560–3.

 20. Donabedian A. Evaluating the quality of medical care. Milbank 
Mem Fund Q. 1966;44(3):166–206.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://ilcancer.org/Home/Index

	Hepatic Artery Infusion Chemotherapy: A Quality Framework
	References




