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UPDATES IN SURGICAL ONCOLOGY

Introduction: Updates in Surgical Oncology

STEVE KWON, MD, MPH, MBA, FACS, FSSO 

GUEST EDITOR

The field of surgical oncology has undergone transforma-
tive evolution in the past decade, reflecting the impact of 
multidisciplinary cancer research and redefinement of the 
possibilities of surgical care. Procedures have become less 
invasive, safer, and more accurate with new technology such 
as robotic approaches and expanding uses of minimally inva-
sive surgeries. In terms of management, we are understand-
ing how to de-escalate surgical oncology care. There is an 
understanding that more may not be necessarily better with 
the rise of modern, powerful therapies such as immunother-
apies. For example, cancer types such as rectal cancer are 
now being treated with chemotherapy and radiation alone 
if these therapies are able to achieve complete pathological 
responses.1 At the same time, we are also understanding 
when to escalate surgical oncology care. For example, the 
use of regional therapies in advanced, unresectable cancers 
have allowed expanding opportunities to convert patients 
who were once deemed inoperable and uncurable over to 
resectable and curable states.2,3 With this special issue in 
surgical oncology, we hope to share some of the advances 
and evolving treatment options for patients in the state of 
Rhode Island. Below is a quick synopsis of what is to come 
in this special edition on updates in surgical oncology. 

Once considered to be systemic disease, colorectal liver 
metastases have evolved to be considered potentially curable 
disease. Local liver therapy in the form of liver resection has 
resulted in 10-year survival of 22 to 26% in the late 1990s 
to early 2000s.4,5 Survival rates of colorectal metastases con-
tinues to improve with one estimate demonstrating median 
overall survival of 22.6 months for patients diagnosed 
between 2004 and 2012 to 32.4 months for those diagnosed 
between 2016 and 2019, helped by powerful modern chemo-
therapy and the rise of immunotherapy.6 With the ability to 
achieve longer survival rates, multiple liver-directed thera-
pies have been highlighted as an adjunct to systemic therapy. 
Numerous options now exist for patients, with opportunity 
to personalize treatments to optimize every patient’s indi-
vidual outcome. To help us grasp an understanding of vari-
ous treatment options, CROCKER ET AL cover a wide range 
of treatment armamentarium available in the treatment of 
patients with colorectal liver metastases. These range from 
trans-arterial chemotherapy, trans-arterial radioemboliza-
tion, thermal tumor ablations, and hepatic artery infusion 

chemotherapy pumps. The authors highlight data behind 
each of these modalities and certain indications for their 
use, and help the readers to appreciate the therapies that 
are available for patients in Rhode Island. Another regional 
therapy utilization in surgical oncology is with the surgi-
cal management of peritoneal carcinomatosis – intraperi-
toneal chemotherapy. Peritoneal carcinomatosis remains 
a challenging pathology with poor patient prognosis and 
symptoms. Intraperitoneal chemotherapy has been around 
since 1950s but it is underutilized due to lack of awareness 
and limited access to hyperthermic intraperitoneal chemo-
therapy (HIPEC) experts.7 With the treatment being readily 
available in Rhode Island, WILSON ET AL provide a nice 
overview of the treatment, appropriate patients who may 
benefit from the treatment, and its impact on survival and 
patients’ quality of life to improve our awareness and con-
sideration of this important treatment modality. 

Then we turn to three manuscripts on the opposite spec-
trum to highlight new technologies that have allowed for 
less invasive approaches. A minimally invasive surgery 
(MIS) approach is increasingly utilized for liver surgeries. 
With the robotic platform, further growth in MIS for liver is 
anticipated. TALUKDER ET AL discuss some of the potential 
benefits of the MIS approach for patients with primary and 
secondary liver malignancies, including its association with 
lower complications, shorter length of stay, and perioperative 
mortality that has dropped below 2% in modern times. An 
overview of the technologies that has helped with the safety 
profile of liver surgeries are discussed, including the use of 
Indocyanine Green and intraoperative ultrasound to delin-
eate tumor and to facilitate parenchymal-sparing resections, 
which has helped decrease the rate of post-hepatectomy 
liver failure and postoperative recovery. Ablation techniques 
including novel Histotripsy treatment are also discussed to 
round out the authors’ discussion on MIS approach to pri-
mary and secondary liver cancers. This theme of minimally 
invasive approaches is extended into pancreatic surgeries 
by WILSON ET AL. The authors provide a comprehensive 
review addressing the indications for pancreatic surgeries, 
traditional techniques involved in pancreatic surgeries and 
discuss the rise of minimally invasive pancreatic surgeries 
as well as other emerging techniques and exciting tech- 
nological developments in the field of pancreatic surgery. 
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Lastly, LI ET AL introduce an emerging technology to treat 
benign symptomatic thyroid nodules. Radiofrequency abla-
tion (RFA) may help shift some surgical resection to mini-
mally invasive, low-risk alternative. RFA has been shown 
to be a cost-effective alternative with excellent results in 
reducing thyroid nodule volume, improving symptoms, and 
cosmetic appearance. The authors nicely outline patient 
selection criteria and one’s eligibility for this procedure.  
The special edition on surgical oncology ends with provid-
ing an interesting epidemiology of cancer in Rhode Island. 
Using Cholangiocarcinoma as a case study, LIGHTFOOT  

ET AL provide a nice epidemiological overview of cancer 
risks in Rhode Island and provide an interesting insights into 
the relationship between environmental factors in Rhode 
Island and cancer. This article highlights growing interest 
in recognizing cancer as a public health and environmen-
tal issue. It also highlights oncology as a true multidisci-
plinary field where surgical oncology is one component of 
many others. As the field of surgical oncology evolves, it is  
evolving together with other cross-linked disciplines. 

The ancient Greek philosopher, Heraclitus, famously 
stated, “there is nothing permanent except change.” The 
field of surgical oncology is constantly transforming, but the 
fundamental goal remains true – we continuously seek to 
find new and innovative ways to address cancer by physical 
intervention.
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Regional Hepatic Therapies for Colorectal Hepatic Metastases 

ANDREW B. CROCKER, MD; MUNYA H. TALUKDER, MD; MOHAMMAD S. ALI, MD; ABDUL SAIED CALVINO, MD, MPH; 

PONNANDAI SOMASUNDAR, MD, FACS; N. JOSEPH ESPAT, MD, MS, FSSO, FACS

ABSTRACT 

The modern era of hepatic resection began with the first 
published report on “formal” right hemi-hepatectomy by 
Jean Louis Lortat–Jacob in France in 1952.1 Advanced im-
aging has enabled improved patient selection for poten-
tially curative resection.2 Dramatic clinical and technical 
innovations over the last several decades have resulted 
in >50% five-year survival for patients undergoing resec-
tion; however, only about 25% patients with colorectal 
hepatic metastases (CRHM) will be candidates for op-
eration.3 Given this modest rate of resectability, most  
patients will require a combination of systemic and local 
non-surgical therapies 

In this patient population, besides systemic chemo-
therapy, treatment modalities collectively termed “re-
gional hepatic therapies (RHT)” may be employed. RHT 
include trans-arterial chemotherapy, hepatic artery in-
fusion (HAI) pumps, trans-arterial radio-embolization 
(TARE) with Yttrium-90 (Y-90) and thermal tumor abla-
tion using radiofrequency ablation (RFA) or microwave 
ablation (MWA). 4  

In this review, we introduce RHT and discuss their 
utility in the modern day.  

KEYWORDS:  systemic chemotherapy; hepatic resection; 
hepatic artery infusion; trans-arterial embolization; 
thermal tumor ablation   

INTRODUCTION

Surgical resection is the gold standard for the potential 
curative treatment of CRHM, but optimal patient selection 
continues to evolve. While there are few generally accepted 
guidelines, the consensus is that absolute contraindica-
tions to resection include: extensive extrahepatic disease, 
involvement of more than 70% or six segments of liver, 
tumor involvement of major hepatic artery, major bile ducts 
or main portal veins or co-morbidities preventing surgery.4 
Barring these contraindications, operative resection in the 
management of colorectal hepatic metastases should be rou-
tinely considered and evaluation by experienced hepatic sur-
geons is the standard of care.  

For patients with resectable CRHM, there must be the 
potential to achieve complete resection with negative 

margins without evidence of extrahepatic disease, which is 
essential for survival.5 Patients with borderline resectable 
disease may not be initially deemed operable due to inad-
equate liver reserve, high risk of positive margin, or prior 
metastatic disease that is no longer visible. These patients 
along with patients with advanced surgically untreatable 
liver dominant disease will benefit from systemic therapy 
and non-operative regional treatment adjuncts.6-7 In some 
patients these non-surgical therapies may also improve 
resectability.  

There is a wealth of historical data suggesting the util-
ity and effectiveness of hepatic resection in colorectal liver 
metastases. Collectively, over time, multiple studies review-
ing surgical resection outcome for CRHM have demon-
strated overall survival with reproducible five-year survival 
metrics above 50%.8-12

SYSTEMIC CHEMOTHERAPY   

Systemic chemotherapy is an important treatment modality 
that can be used as adjuvant to resection, in a neoadjuvant 
manner for potentially resectable, and as primary therapy for 
unresectable CRHM.  

Prior the FOLFOX era (2008), the chemotherapy agent 
most often employed was 5-Flourouracil (5-FU).  In the pre-
ceding 20 years to FOLFOX, the extent of progress had been 
the advancement from 5-FU + Levamisole to 5 FU + Leucov-
orin. Rapidly after the introduction of FOLFOX the advent 
of specific anti-angiogenic therapies led to the now explosive 
era of targeted/immunotherapies.13-16 These modern che-
motherapy ± immunotherapy regimens have demonstrated 
remarkably improved outcomes for resectable and non- 
resectable CRHM, and median survival with 5-FU based  
regimens has dramatically improved with time.17-18

Conceptually, patients that can undergo curative resection 
and patients that are only candidates for systemic chemo-
therapy, represent the treatment extremes of this popula-
tion. Most patients will be in-between, and it is for these 
patients RHT have the potential utility. 

REGIONAL HEPATIC THERAPIES 

Regional hepatic therapies (RHT) can be broadly orga-
nized into nonarterial, arterial, and ablative modalities. 
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Non-arterial modalities include radiosurgery and intense 
modulated radiation therapy (IMRT) or image-guided radi-
ation therapy (IGRT). Arterial regional hepatic therapies 
include non-embolic treatment such as the hepatic artery 
infusion pumps (HAI) or embolic treatment such as Y-90 
trans-arterial radioembolization (TARE). Thermal ablative 
modalities include hot-thermal modalities such as RFA and 
MWA or cold-thermal modality such as cryoablation (not 
discussed, due to limited modern use). 

Fundamental to arterial-based approaches was the descrip-
tion in the 1970s that tumors in the liver >3mm derive their 
blood supply from the hepatic artery and not the portal 
vein.19 Thus, increased delivery and concentration of che-
motherapy is achieved by arterial infusion compared to sys-
temic venous infusion and this is the principle for hepatic 
artery infusion pumps. 

Next, trans-arterial radioembolization with yttrium 90 
utilizes the arterial route to deliver targeted brachytherapy 
and internal tumor embolization.20 CRHM are vascularized 
in peripheral neo-angiogenic arcades with central necrosis, 
thus traditional embolization ± chemotherapy is of limited 
use. Additionally, the known susceptibility of hepatic paren-
chyma to radiation requires a focused and defined delivery of 
radiation to tumor while sparing normal parenchyma. 

Last, hot-thermal ablation relies on heat induction by 
electromagnetic resonance to achieve protein denaturation 
progressing to tumor coagulative necrosis.21 Radiofrequency 
ablation (RFA) and Microwave ablation (MWA) are generally 
grouped together; however, the mechanism for the heat gen-
eration is distinct and RFA is more susceptible to incomplete 
tumor destruction due to energy loss to nearby structures 
causing a “heat-sink”. MWA ablation is the newer modality 
and likely due to the efficiency in heat delivery has become 
the more commonly used modality.22 

Hepatic Artery Infusion (HAI)

HAI pumps are subdermally implanted specialized infu-
sion pumps that deliver chemotherapy through a surgically 
placed catheter passing retrograde from the gastroduodenal 
artery to the proper hepatic arterial circulation. In this way, 
HAI takes advantage of both liver metabolism and tumor 
blood supply.23 The liver metabolizes certain drugs in a “first 
pass” effect, i.e. 5-FU to floxuridine.24 This leads to high 
intrahepatic concentrations with minimal systemic toxic-
ity, which makes drugs with short half-lives such as Floxu-
ridine (FUDR) useful. 5-FU specifically demonstrated up to 
99% extraction by the liver during first-pass metabolism.25 

HAI has various roles; it can be used for initially unre-
sectable colorectal hepatic metastases to potentially convert 
to resectability, as adjuvant liver-directed therapy post liver 
resection or as liver directed therapy in combination with sys-
temic therapy for unresectable otherwise untreatable disease.  

In a prospective phase II study, 33 of 64 (52%) patients 
were reported to have conversion to resection after receiving 

hepatic artery infusion FUDR with modern systemic che-
motherapy.26 Conversion to resection was associated with 
long-term survival, with a five-year OS for resected disease 
at 63.3% compared with 12.5% for patients who did not 
undergo resection.26 Overall, studies support the use of HAI 
to increase the number of patients who are eligible for resec-
tion, which is associated with longer survival. 

HAI can also be used as an adjuvant therapy after liver 
resection. A retrospective study of 125 patients treated 
between 2000 and 2005 with adjuvant HAI with FUDR and 
concurrent systemic chemotherapy including 5-FU plus 
oxaliplatin or irinotecan found that patients who received 
HAI with FUDR with systemic chemotherapy demonstrated 
improved OS and hepatic PFS compared with those who 
received systemic therapy alone.27 The strongest evidence 
for adjuvant HAI is from the Memorial Sloan Kettering Can-
cer Center (MSKCC) group who reported results from 2,368 
patients with consecutive colorectal hepatic metastases 
resections who received modern systemic chemotherapy, 
785 of which also had adjuvant HAI with FUDR. Despite a 
higher disease burden, patients who received combined ther-
apy had a longer median OS of 67 months compared with 
44 months for those who were treated with adjuvant sys-
temic chemotherapy alone (p < 0.01).28 This survival benefit 
persisted as the ten-year OS was 38.0% in the HAI/sys-
temic therapy group compared with 23.8% in the systemic  
therapy–alone group.  

In 2006, a multi-institutional study of HAI was reported 
by the Cancer and Leukemia Group B for patients with unre-
sectable otherwise untreatable colorectal hepatic metasta-
ses. A total of 135 patients with hepatic metastases were 
randomly assigned to receive HAI FUDR/leucovorin/dexa-
methasone compared with 5-FU/leucovorin. OS was favored 
with HAI with FUDR at 24.4 months versus 20.0 months for 
systemic therapy (p = .0034).29 

It is worth noting that there is strong literature going back 
to the early 1990s for the survival benefit of HAI.30 How-
ever, in the era of 5-FU there remain few specialized cen-
ters with dedicated HAI programs. There has been renewed 
interest in this modality in the last few years as modern sys-
temic agents have been proven effective. As more centers 
adopt HAI programs the use of this treatment option will 
become increasingly common. Established centers continue 
to demonstrate viability of this approach with robust clini-
cal studies, but an individualized approach will be necessary 
as not all centers may have HAI programs at their disposal. 
When available, HAI should be considered for patients  
with CRHM.   

Transarterial Radioembolization (TARE)  

TARE is a catheter-based intra-arterial technique that focally 
delivers a high radiation dose using β-radiator Yittrium-90 
(Y-90) into hepatic tumors; this results in tumor necrosis 
and fibrosis. TARE should be considered for patients with 
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colorectal hepatic metastases with liver-limited disease that 
have failed to respond to systemic chemotherapeutic options 
or are not candidates for resection. The Y-90 TARE concept 
dates to the 1970s when Y-90 TARE was initially used to 
salvage patients with CRHM being treated with HAIP that 
had progressed though HAIP therapy. Since then, TARE  
was shown to be beneficial in conjunction with systemic 
chemotherapy in the pre-FOLFOX era. In a phase III ran-
domized controlled clinical trial of 44 patients with chemo- 
refractory disease who were treated with 5-FU or TARE/ 
5-FU, patients who received the combined TARE/5-FU 
demonstrated longer time to tumor progression (median, 
4.5 months vs. 2.1 months; p = .03) and longer time to liver 
progression (median, 5.5 months vs. 2.1 months; p = .003).20 

In the modern era of FOLFOX, the use of TARE for patients 
with treatment-naïve colorectal hepatic metastases has been 
evaluated in three large randomized controlled trials. In 
the SIRFLOX trial, van Hazel et al, randomly assigned 530 
patients with treatment-naïve disease to FOLFOX versus 
TARE/FOLFOX with or without bevacizumab.31 Although 
TARE/FOLFOX did not improve PFS (median, 10.7 months 
vs. 10.2 months; p = .43), median liver PFS was longer in 
the TARE trial arm (20.5 months vs. 12.6 months; p = .002). 
The combined results of the three phase III trials, SIRFLOX, 
FOXFIRE, and FOXFIRE Global, which evaluated the effec-
tiveness of TARE/FOLFOX as first-line treatment for 1,103 
patients with treatment-naïve colorectal liver metastases, 
did not note prolonged OS compared with FOLFOX alone 
(median OS, 22.6 months vs. 23.3 months; p = .61).32 How-
ever, subgroup analyses suggested that selected patients 
might benefit from TARE. These analyses highlight the 
necessity for optimized patient selection to maximize the 
clinical effectiveness of TARE and to provide individualized 
treatment schemes. 

Thermal Ablation  

Thermal tumor ablation techniques (RFA/MWA) induce 
tumor cell death through frictional heating resulting in 
protein denaturation and coagulation necrosis. Ablation 
can be considered for patients with CRHM that are deemed 
unresectable or as a combined approach with resection. It 
is preferred for patients with less than three lesions, each 
with a diameter less than 3 cm.33 While it may be offered 
independently, it can also be utilized alongside surgical resec-
tion in patients with small or low volume metastatic burden 
isolated to the liver. Ablation may be done in the open, lapa-
roscopic or image-guided percutaneous setting. Percutaneous 
ablation with image guidance is most frequently performed 
for patients with recurrence after hepatectomy. In all cases 
where thermal ablation is planned, all metastatic disease sites 
must be feasible and accessible for ablation with encompassed 
treatment margins. The choice of laparoscopic versus percu-
taneous image guided thermal ablation depends on practical 
factors related to tumor size and location for accessibility.  

Several studies have been published over the last two 
decades demonstrating the effectiveness and safety of 
thermal ablation for CRHM. One phase II trial randomly 
assigned 119 patients with CRHM to systemic therapy 
versus radiofrequency ablation plus systemic therapy with 
or without surgical resection. Longer OS was reported for 
the combination treatment (HR, 0.58; 95% CI, 0.38–0.88; 
p = .01).34 Associated five-year OS rates were 43.1% ver-
sus 30.3%, with a median OS of 45.6 months versus 40.5 
months. Wang et al, described excellent outcomes in 115 
patients with CRHM who underwent percutaneous ultra-
sound-guided microwave ablation; three-year OS was 78.7% 
and the three-year recurrence rate was 59.3%.35    

Both RFA and MWA show comparable technical success 
rates, outcomes, and safety in patients with CRHM.36 How-
ever, MWA demonstrates a technical advantage over RFA 
because of a reduced heat-sink effect.37 

SUMMARY

Surgical hepatic resection with clear margins has been and 
remains the gold standard for the potentially curative treat-
ment of CRHM. However, modest rates of surgical resect-
ability require a multidisciplinary team approach employing 
systemic chemotherapy and the various regional hepatic 
therapies. 

There is a consistent theme to this disease; there is no 
one independent “magic bullet”. While resection is the gold 
standard for potential cure there is still the need for adju-
vant systemic chemotherapy ± immunotherapy. The recur-
ring theme is that a combination of modalities is required 
to achieve the best possible outcome. Considering the well- 
documented historical experiences with combined modali-
ties, the evidence is clear that treatment must be individual-
ized and that patients need to have a care team that is aware 
and knowledgeable in the various options that are available. 

A care team must have expertise in the total assessment 
of the patient to inclusively and collaboratively recom-
mend treatment. Modern treatment strategy necessitates a 
patient-centered approach to fully optimize clinical options 
and outcomes.  

References  

1.	 Fineberg C, Goldburgh WP, Templeton JY. Right hepatic lo-
bectomy for primary carcinoma of the liver. Ann Surg. 1956 
Nov;144(5):881-92. doi: 10.1097/00000658-195611000-00013. 
PMID: 13373274; PMCID: PMC1465280. 

2.	 Bipat S, van Leeuwen MS, Comans EF, Pijl ME, Bossuyt PM, 
Zwinderman AH, Stoker J. Colorectal liver metastases: CT, MR 
imaging, and PET for diagnosis--meta-analysis. Radiology. 2005 
Oct;237(1):123-31. doi: 10.1148/radiol.2371042060. Epub 2005 
Aug 11. PMID: 16100087. 

3.	 Su YM, Liu W, Yan XL, Wang LJ, Liu M, Wang HW, Jin KM, Bao 
Q, Wang K, Li J, Xu D, Xing BC. Five-year survival post hepa-
tectomy for colorectal liver metastases in a real-world Chinese 

UPDATES IN SURGICAL ONCOLOGY

11J U L Y  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  J U L Y  I S S U E  W E B P A G E  |  R I M S 5

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org


cohort: Recurrence patterns and prediction for potential cure. 
Cancer Med. 2023 Apr;12(8):9559-9569. doi: 10.1002/cam4.5732. 
Epub 2023 Feb 27. PMID: 36846977; PMCID: PMC10166917. 

4.	 Pwint TP, Midgley R, Kerr DJ. Regional hepatic chemotherapies 
in the treatment of colorectal cancer metastases to the liver. Se-
min Oncol. 2010 Apr;37(2):149-59. doi: 10.1053/j.seminoncol. 
2010.03.005. PMID: 20494707. 

5.	 Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken 
JH, Aderka D, Aranda Aguilar E, Bardelli A, Benson A, Bodoky 
G, Ciardiello F, D’Hoore A, Diaz-Rubio E, Douillard JY, Du-
creux M, Falcone A, Grothey A, Gruenberger T, Haustermans 
K, Heinemann V, Hoff P, Köhne CH, Labianca R, Laurent-Puig 
P, Ma B, Maughan T, Muro K, Normanno N, Österlund P, Oyen 
WJ, Papamichael D, Pentheroudakis G, Pfeiffer P, Price TJ, 
Punt C, Ricke J, Roth A, Salazar R, Scheithauer W, Schmoll HJ, 
Tabernero J, Taïeb J, Tejpar S, Wasan H, Yoshino T, Zaanan A, 
Arnold D. ESMO consensus guidelines for the management of 
patients with metastatic colorectal cancer. Ann Oncol. 2016 
Aug;27(8):1386-422. doi: 10.1093/annonc/mdw235. Epub 2016 
Jul 5. PMID: 27380959. 

6.	 Shindoh J, Tzeng CW, Aloia TA, Curley SA, Zimmitti G, Wei 
SH, Huang SY, Mahvash A, Gupta S, Wallace MJ, Vauthey JN. 
Optimal future liver remnant in patients treated with exten-
sive preoperative chemotherapy for colorectal liver metasta-
ses. Ann Surg Oncol. 2013 Aug;20(8):2493-500. doi: 10.1245/
s10434-012-2864-7. Epub 2013 Feb 3. PMID: 23377564; PMCID: 
PMC3855465. 

7.	 Kishi Y, Abdalla EK, Chun YS, Zorzi D, Madoff DC, Wallace 
MJ, Curley SA, Vauthey JN. Three hundred and one consecutive 
extended right hepatectomies: evaluation of outcome based on 
systematic liver volumetry. Ann Surg. 2009 Oct;250(4):540-8. 
doi: 10.1097/SLA.0b013e3181b674df. PMID: 19730239. 

8.	 Fernandez FG, Drebin JA, Linehan DC, Dehdashti F, Siegel 
BA, Strasberg SM. Five-year survival after resection of hepat-
ic metastases from colorectal cancer in patients screened by 
positron emission tomography with F-18 fluorodeoxyglucose 
(FDG-PET). Ann Surg. 2004 Sep;240(3):438-47; discussion 447-
50. doi: 10.1097/01.sla.0000138076.72547.b1. PMID: 15319715; 
PMCID: PMC1356434. 

9.	 Choti MA, Sitzmann JV, Tiburi MF, Sumetchotimetha W, Rang-
sin R, Schulick RD, Lillemoe KD, Yeo CJ, Cameron JL. Trends 
in long-term survival following liver resection for hepatic col-
orectal metastases. Ann Surg. 2002 Jun;235(6):759-66. doi: 
10.1097/00000658-200206000-00002. PMID: 12035031; PM-
CID: PMC1422504. 

10.	Abdalla EK, Vauthey JN, Ellis LM, Ellis V, Pollock R, Broglio KR, 
Hess K, Curley SA. Recurrence and outcomes following hepat-
ic resection, radiofrequency ablation, and combined resection/ 
ablation for colorectal liver metastases. Ann Surg. 2004 Jun;239 
(6):818-25; discussion 825-7. doi: 10.1097/01.sla.0000128305. 
90650.71. PMID: 15166961; PMCID: PMC1356290. 

11.	 Pawlik TM, Scoggins CR, Zorzi D, Abdalla EK, Andres A, Eng 
C, Curley SA, Loyer EM, Muratore A, Mentha G, Capussotti 
L, Vauthey JN. Effect of surgical margin status on survival and 
site of recurrence after hepatic resection for colorectal metasta-
ses. Ann Surg. 2005 May;241(5):715-22, discussion 722-4. doi: 
10.1097/01.sla.0000160703.75808.7d. PMID: 15849507; PMCID:  
PMC1357126. 

12.	Miller G, Biernacki P, Kemeny NE, Gonen M, Downey R, Jar-
nagin WR, D’Angelica M, Fong Y, Blumgart LH, DeMatteo RP. 
Outcomes after resection of synchronous or metachronous 
hepatic and pulmonary colorectal metastases. J Am Coll Surg. 
2007 Aug;205(2):231-8. doi: 10.1016/j.jamcollsurg.2007.04.039. 
Epub 2007 Jun 27. PMID: 17660069. 

13.	Siriwardena AK, Serrablo A, Fretland ÅA, Wigmore SJ, 
Ramia-Angel JM, Malik HZ, Stättner S, Søreide K, Zmora O, 
Meijerink M, Kartalis N, Lesurtel M, Verhoef K, Balakrishnan 
A, Gruenberger T, Jonas E, Devar J, Jamdar S, Jones R, Hilal MA, 
Andersson B, Boudjema K, Mullamitha S, Stassen L, Dasari BVM, 

Frampton AE, Aldrighetti L, Pellino G, Buchwald P, Gürses B, 
Wasserberg N, Gruenberger B, Spiers HVM, Jarnagin W, Vauthey 
JN, Kokudo N, Tejpar S, Valdivieso A, Adam R. Multisocietal 
European consensus on the terminology, diagnosis, and manage-
ment of patients with synchronous colorectal cancer and liver 
metastases: an E-AHPBA consensus in partnership with ESSO, 
ESCP, ESGAR, and CIRSE. Br J Surg. 2023 Aug 11;110(9):1161-
1170. doi: 10.1093/bjs/znad124. PMID: 37442562; PMCID: 
PMC10416695.

14.	André T, Shiu KK, Kim TW, Jensen BV, Jensen LH, Punt C, 
Smith D, Garcia-Carbonero R, Benavides M, Gibbs P, de la 
Fouchardiere C, Rivera F, Elez E, Bendell J, Le DT, Yoshino T, 
Van Cutsem E, Yang P, Farooqui MZH, Marinello P, Diaz LA 
Jr; KEYNOTE-177 Investigators. Pembrolizumab in Microsatel-
lite-Instability-High Advanced Colorectal Cancer. N Engl J Med. 
2020 Dec 3;383(23):2207-2218. doi: 10.1056/NEJMoa2017699. 
PMID: 33264544.

15.	Lenz HJ, Van Cutsem E, Luisa Limon M, Wong KYM, Hendlisz 
A, Aglietta M, García-Alfonso P, Neyns B, Luppi G, Cardin DB, 
Dragovich T, Shah U, Abdullaev S, Gricar J, Ledeine JM, Over-
man MJ, Lonardi S. First-Line Nivolumab Plus Low-Dose Ipilim-
umab for Microsatellite Instability-High/Mismatch Repair-De-
ficient Metastatic Colorectal Cancer: The Phase II CheckMate 
142 Study. J Clin Oncol. 2022 Jan 10;40(2):161-170. doi: 10.1200/
JCO.21.01015. Epub 2021 Oct 12. PMID: 34637336.

16.	Sonbol MB, Siddiqi R, Uson PLS, Pathak S, Firwana B, Botrus 
G, Almader-Douglas D, Ahn DH, Borad MJ, Starr J, Jones J, 
Stucky CC, Smoot R, Riaz IB, Bekaii-Saab T. The Role of Sys-
temic Therapy in Resectable Colorectal Liver Metastases: Sys-
tematic Review and Network Meta-Analysis. Oncologist. 2022 
Dec 9;27(12):1034-1040. doi: 10.1093/oncolo/oyac212. PMID: 
36239399; PMCID: PMC9732220.

17.	Falcone A, Ricci S, Brunetti I, Pfanner E, Allegrini G, Barbara 
C, Crinò L, Benedetti G, Evangelista W, Fanchini L, Cortesi E, 
Picone V, Vitello S, Chiara S, Granetto C, Porcile G, Fioretto L, 
Orlandini C, Andreuccetti M, Masi G; Gruppo Oncologico Nord 
Ovest. Phase III trial of infusional fluorouracil, leucovorin, ox-
aliplatin, and irinotecan (FOLFOXIRI) compared with infusional 
fluorouracil, leucovorin, and irinotecan (FOLFIRI) as first-line 
treatment for metastatic colorectal cancer: the Gruppo Onco-
logico Nord Ovest. J Clin Oncol. 2007 May 1;25(13):1670-6. doi: 
10.1200/JCO.2006.09.0928. PMID: 17470860. 

18.	Saltz LB, Cox JV, Blanke C, Rosen LS, Fehrenbacher L, Moore MJ, 
Maroun JA, Ackland SP, Locker PK, Pirotta N, Elfring GL, Miller 
LL. Irinotecan plus fluorouracil and leucovorin for metastatic col-
orectal cancer. Irinotecan Study Group. N Engl J Med. 2000 Sep 
28;343(13):905-14. doi: 10.1056/NEJM200009283431302. PMID:  
11006366. 

19.	Ackerman NB. The blood supply of experimental liver metas-
tases. IV. Changes in vascularity with increasing tumor growth. 
Surgery. 1974 Apr;75(4):589-96. PMID: 4840805.

20.	Hendlisz A, Van den Eynde M, Peeters M, Maleux G, Lambert 
B, Vannoote J, De Keukeleire K, Verslype C, Defreyne L, Van 
Cutsem E, Delatte P, Delaunoit T, Personeni N, Paesmans M, 
Van Laethem JL, Flamen P. Phase III trial comparing protract-
ed intravenous fluorouracil infusion alone or with yttrium-90 
resin microspheres radioembolization for liver-limited meta-
static colorectal cancer refractory to standard chemotherapy.  
J Clin Oncol. 2010 Aug 10;28(23):3687-94. doi: 10.1200/JCO. 
2010.28.5643. Epub 2010 Jun 21. PMID: 20567019. 

21.	Lucchina N, Tsetis D, Ierardi AM, Giorlando F, Macchi E, Keha-
gias E, Duka E, Fontana F, Livraghi L, Carrafiello G. Current role 
of microwave ablation in the treatment of small hepatocellular 
carcinomas. Ann Gastroenterol. 2016 Oct-Dec;29(4):460-465. doi:  
10.20524/aog.2016.0066. Epub 2016 Jun 24. PMID: 27708511; 
PMCID: PMC5049552.

22.	Izzo F, Granata V, Grassi R, Fusco R, Palaia R, Delrio P, Car-
rafiello G, Azoulay D, Petrillo A, Curley SA. Radiofrequency 
Ablation and Microwave Ablation in Liver Tumors: An Update. 

UPDATES IN SURGICAL ONCOLOGY

12J U L Y  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  J U L Y  I S S U E  W E B P A G E  |  R I M S 5

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org


Oncologist. 2019 Oct;24(10):e990-e1005. doi: 10.1634/theoncol-
ogist.2018-0337. Epub 2019 Jun 19. PMID: 31217342; PMCID: 
PMC6795153.

23.	Johnson LP, Rivkin SE. The implanted pump in metastatic col-
orectal cancer of the liver. Risk versus benefit. Am J Surg. 1985 
May;149(5):595-8. doi: 10.1016/s0002-9610(85)80133-1. PMID: 
3158217.

24.	Standring O, Gholami S. Adjuvant hepatic artery infusion 
pump chemotherapy for resected colorectal cancer liver me-
tastases. Surgery. 2023 Sep;174(3):747-749. doi: 10.1016/j.surg. 
2023.04.043. Epub 2023 Jun 14. PMID: 37321884.

25.	Thiels CA, D’Angelica MI. Hepatic artery infusion pumps. J 
Surg Oncol. 2020 Jul;122(1):70-77. doi: 10.1002/jso.25913. Epub 
2020 Mar 25. PMID: 32215927; PMCID: PMC9014308.

26.	Pak LM, Kemeny NE, Capanu M, Chou JF, Boucher T, Cercek 
A, Balachandran VP, Kingham TP, Allen PJ, DeMatteo RP, Jar-
nagin WR, D’Angelica MI. Prospective phase II trial of combi-
nation hepatic artery infusion and systemic chemotherapy for 
unresectable colorectal liver metastases: Long term results and 
curative potential. J Surg Oncol. 2018 Mar;117(4):634-643. doi: 
10.1002/jso.24898. Epub 2017 Nov 22. PMID: 29165816; PM-
CID: PMC5878699. 

27.	House MG, Kemeny NE, Gönen M, Fong Y, Allen PJ, Paty PB, 
DeMatteo RP, Blumgart LH, Jarnagin WR, D’Angelica MI. Com-
parison of adjuvant systemic chemotherapy with or without 
hepatic arterial infusional chemotherapy after hepatic resection 
for metastatic colorectal cancer. Ann Surg. 2011 Dec;254(6):851-
6. doi: 10.1097/SLA.0b013e31822f4f88. PMID: 21975318. 

28.	Groot Koerkamp B, Sadot E, Kemeny NE, Gönen M, Leal JN, 
Allen PJ, Cercek A, DeMatteo RP, Kingham TP, Jarnagin WR, 
D’Angelica MI. Perioperative Hepatic Arterial Infusion Pump 
Chemotherapy Is Associated With Longer Survival After Resec-
tion of Colorectal Liver Metastases: A Propensity Score Analy-
sis. J Clin Oncol. 2017 Jun 10;35(17):1938-1944. doi: 10.1200/
JCO.2016.71.8346. Epub 2017 Apr 20. PMID: 28426374; PM-
CID: PMC5466010.

29.	Kemeny NE, Niedzwiecki D, Hollis DR, Lenz HJ, Warren RS, 
Naughton MJ, Weeks JC, Sigurdson ER, Herndon JE 2nd, Zhang 
C, Mayer RJ. Hepatic arterial infusion versus systemic thera-
py for hepatic metastases from colorectal cancer: a randomized 
trial of efficacy, quality of life, and molecular markers (CALGB 
9481). J Clin Oncol. 2006 Mar 20;24(9):1395-403. doi: 10.1200/
JCO.2005.03.8166. Epub 2006 Feb 27. PMID: 16505413.

30.	Allen-Mersh, T.G, S Earlam, C Fordy, K Abrams, J Houghton. 
Quality of life and survival with continuous hepatic-artery flox-
uridine infusion for colorectal liver metastases. The Lancet, Vol-
ume 344, Issue 8932, 1255 – 1260

31.	van Hazel GA, Heinemann V, Sharma NK, Findlay MP, Ricke 
J, Peeters M, Perez D, Robinson BA, Strickland AH, Ferguson 
T, Rodríguez J, Kröning H, Wolf I, Ganju V, Walpole E, Boucher 
E, Tichler T, Shacham-Shmueli E, Powell A, Eliadis P, Isaacs R, 
Price D, Moeslein F, Taieb J, Bower G, Gebski V, Van Buskirk M, 
Cade DN, Thurston K, Gibbs P. SIRFLOX: Randomized Phase III 
Trial Comparing First-Line mFOLFOX6 (Plus or Minus Bevaci-
zumab) Versus mFOLFOX6 (Plus or Minus Bevacizumab) Plus 
Selective Internal Radiation Therapy in Patients With Metastat-
ic Colorectal Cancer. J Clin Oncol. 2016 May 20;34(15):1723-
31. doi: 10.1200/JCO.2015.66.1181. Epub 2016 Feb 22. Erra-
tum in: J Clin Oncol. 2016 Nov 20;34(33):4059. doi: 10.1200/
JCO.2016.70.8982. PMID: 26903575. 

32.	Wasan HS, Gibbs P, Sharma NK, Taieb J, Heinemann V, Ricke 
J, Peeters M, Findlay M, Weaver A, Mills J, Wilson C, Adams 
R, Francis A, Moschandreas J, Virdee PS, Dutton P, Love S, 
Gebski V, Gray A; FOXFIRE trial investigators; SIRFLOX trial 
investigators; FOXFIRE-Global trial investigators; van Hazel 
G, Sharma RA. First-line selective internal radiotherapy plus 
chemotherapy versus chemotherapy alone in patients with liv-
er metastases from colorectal cancer (FOXFIRE, SIRFLOX, and 
FOXFIRE-Global): a combined analysis of three multicentre, 

randomised, phase 3 trials. Lancet Oncol. 2017 Sep;18(9):1159-
1171. doi: 10.1016/S1470-2045(17)30457-6. Epub 2017 Aug 3. 
PMID: 28781171; PMCID: PMC5593813. 

33.	Uhlig J, Lukovic J, Dawson LA, Patel RA, Cavnar MJ, Kim HS. 
Locoregional Therapies for Colorectal Cancer Liver Metastases: 
Options Beyond Resection. Am Soc Clin Oncol Educ Book. 2021 
Mar;41:133-146. doi: 10.1200/EDBK_320519. PMID: 34010047. 

34.	Ruers T, Van Coevorden F, Punt CJ, Pierie JE, Borel-Rinkes I, 
Ledermann JA, Poston G, Bechstein W, Lentz MA, Mauer M, 
Folprecht G, Van Cutsem E, Ducreux M, Nordlinger B; Euro-
pean Organisation for Research and Treatment of Cancer (EO-
RTC); Gastro-Intestinal Tract Cancer Group; Arbeitsgruppe 
Lebermetastasen und tumoren in der Chirurgischen Arbeit-
sgemeinschaft Onkologie (ALM-CAO); National Cancer Re-
search Institute Colorectal Clinical Study Group (NCRI CCSG). 
Local Treatment of Unresectable Colorectal Liver Metastases: 
Results of a Randomized Phase II Trial. J Natl Cancer Inst. 2017 
Sep 1;109(9):djx015. doi: 10.1093/jnci/djx015. PMID: 28376151; 
PMCID: PMC5408999. 

35.	Wang J, Liang P, Yu J, Yu MA, Liu F, Cheng Z, Yu X. Clinical out-
come of ultrasound-guided percutaneous microwave ablation on 
colorectal liver metastases. Oncol Lett. 2014 Jul;8(1):323-326. 
doi: 10.3892/ol.2014.2106. Epub 2014 Apr 29. PMID: 24959270; 
PMCID: PMC4063642. 

36.	Pathak S, Jones R, Tang JM, Parmar C, Fenwick S, Malik H, 
Poston G. Ablative therapies for colorectal liver metastases: a 
systematic review. Colorectal Dis. 2011 Sep;13(9):e252-65. doi: 
10.1111/j.1463-1318.2011.02695.x. PMID: 21689362. 

37.	Shady W, Petre EN, Do KG, Gonen M, Yarmohammadi H, 
Brown KT, Kemeny NE, D’Angelica M, Kingham PT, Solomon 
SB, Sofocleous CT. Percutaneous Microwave versus Radiofre-
quency Ablation of Colorectal Liver Metastases: Ablation with 
Clear Margins (A0) Provides the Best Local Tumor  Control. J 
Vasc Interv Radiol. 2018 Feb;29(2):268-275.e1. doi: 10.1016/j.
jvir.2017.08.021. Epub 2017 Dec 6. PMID: 29203394; PMCID: 
PMC5803367.

Authors

Andrew B. Crocker, MD, St. Elizabeth Medical Center, Brighton, MA.

Munya H. Talukder, MD, St. Elizabeth Medical Center, Brighton, MA.

Mohammad S. Ali, MD, Boston University; Roger Williams 
Medical Center, Providence, RI. 

Abdul Saied Calvino, MD, Boston University; Roger Williams 
Medical Center, Providence, RI.  

Ponnandai Somasundar, MD, MPH, FACS, Boston University; 
Roger Williams Medical Center, Providence, RI.  

N. Joseph Espat, MD, MS, FSSO, FACS, Boston University; Roger 
Williams Medical Center, Providence, RI.  

Disclosures

None

Correspondence

N. Joseph Espat, MD
jespat@bu.edu

UPDATES IN SURGICAL ONCOLOGY

13J U L Y  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  J U L Y  I S S U E  W E B P A G E  |  R I M S 5

mailto:jespat@bu.edu
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org


UPDATES IN SURGICAL ONCOLOGY

Current Applications of Intraperitoneal Chemotherapy

JENNA WILSON, DO; AISHWARYA AYYAPPAN, DO; ANDREW B. CROCKER, MD; STEVE KWON, MD

ABSTRACT 

Peritoneal carcinomatosis presents significant thera-
peutic challenges due to the unique characteristics of 
peritoneal metastases, such as their widespread nature, 
variability in size, and limited blood supply. Intraperito-
neal chemotherapy (IPC) was first introduced in 1955 as a 
targeted treatment modality to address these challenges. 
By delivering cytotoxic agents directly into the perito-
neal cavity, IPC enhances drug concentration at tumor 
sites while minimizing systemic toxicity. Two primary 
methods of IPC are Hyperthermic Intraperitoneal Che-
motherapy (HIPEC) and Early Postoperative Intraperito-
neal Chemotherapy (EPIC), each with distinct protocols 
and advantages. HIPEC is administered during cytore-
ductive surgery under hyperthermic conditions, while 
EPIC is applied post-surgery over an extended period. 
Patient selection is critical, and the technique is most 
effective when tumor burden is manageable post-cytore-
duction. This review explores the molecular properties of 
IPC agents, their clinical applications across various can-
cers, adverse effects, and long-term outcomes, highlight-
ing IPC’s potential as a life-saving treatment for patients 
with peritoneal metastases.

KEYWORDS:  Intraperitoneal Chemotherapy; HIPEC; EPIC;    
peritoneal carcinomatosis 

INTRODUCTION 

Peritoneal metastases pose a unique issue when consider-
ing treatment modalities. These tumors, often arising from 
colon, appendix, stomach and ovary, can be widespread, 
variable in size, and occupy organs with relatively sparse 
blood supply compared to other tumor locations.1 Because 
of these characteristics, patients with peritoneal carcino-
matosis are poor candidates for both local radiation therapy 
and systemic chemotherapy. This problem was first tack-
led in 1955 by Weissberger with the advent of intraperito-
neal chemotherapy (IPC), an administration technique that 
allows for cytotoxic therapies to make direct contact with 
tumor deposits and penetrate via passive diffusion.2 Since 
its introduction to the oncologic space, several patient pop-
ulations with previously fatal prognoses have demonstrated 
significant benefit from its effects.3 Our aim is to outline 

the specific current applications of IPC in terms of patient 
selection and cancer type, and to discuss adverse effects and 
overall clinical outcomes.

MECHANISM OF INTRAPERITONEAL  

CHEMOTHERAPY 

IPC involves the direct instillation of cytotoxic drugs into 
the peritoneal cavity, maximizing drug-tumor cell contact.2 
The therapeutic agents reach tumor deposits through pas-
sive diffusion, allowing for enhanced local drug concentra-
tion while minimizing systemic toxicity.2 This approach is 
particularly beneficial for treating peritoneal metastases, 
which are often difficult to reach through traditional sys-
temic chemotherapy due to their limited vascular supply. 
IPC is more effective when the tumor deposits are small 
(typically no larger than 2.5 mm) as drug penetration is gen-
erally limited to 1–3 mm.4 As such, cytoreductive surgery 
is crucial for reducing tumor burden prior to IPC2 [Figure 1].

IPC agents are typically high molecular weight, hydro-
philic, and ionized molecules. These properties facilitate 
the passive diffusion of the drugs into tumor deposits while 
limiting their passage across the plasma-peritoneal bar-
rier, which helps reduce systemic toxicity.6 Any drug that 
does cross the barrier is either metabolized by the liver or 
excreted by the kidneys, further minimizing bioavailability 
and preventing significant systemic effects.1

Figure 1. Omental caking due to peritoneal carcinomatosis –  

cytoreductive surgery5
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HIPEC VS EPIC 

The two primary IPC modalities are Hyperthermic Intraperi-
toneal Chemotherapy (HIPEC) and Early Postoperative Intra-
peritoneal Chemotherapy (EPIC). While the overarching goal 
of therapy are the same, they have important distinctions. 

HIPEC is the intra-operative administration of cytotoxic 
drugs at an ideal temperature range of 41–43°C that allows 
for the synergistic destruction of tumor cells.2 It is admin-
istered at the time of cytoreductive surgery for 30 to 120 
minutes, just after resection has taken place and while the 
patient is still under general anesthesia. Hyperthermia is 
thought to amplify the cytotoxic effects of chemotherapy 
drugs through multiple mechanisms, particularly in hypoxic 
and nutrient-deprived environments.10 By heating the che-
motherapeutic agents to an ideal temperature of 41–43°C, 
the following changes occur: 

1. The protein distribution across the plasma  
membranes of the tumor cells is shifted, leading to 
enhanced permeability of the tumor cells to the drugs; 

2. The transmembrane efflux pumps are modulated  
to a lower functioning state; 

3. DNA repair is impaired; 

4. Heat shock proteins are activated.10 

These changes enhance drug penetration and tumor cell 
destruction, and therefore, proponents of HIPEC believe 
hyperthermia to be an important component of HIPEC.

EPIC on the other hand, is administered on postopera-
tive day one and can be readministered for up to seven days 
postoperatively. The cytotoxic drug is instilled and dwelled 
within the patient for 23 hours before draining and re-instill-
ing the next day. Unlike HIPEC, EPIC uti-
lizes cell cycle specific drugs which require 
prolonged tumor cell exposure and thus 
lengthened installation.2

The utilization of one modality over the 
other remains a matter of surgeon prefer-
ence. Several studies have attempted to 
compare differences in survival outcomes 
and adverse effects when utilizing HIPEC 
vs EPIC. A recent study found EPIC to be 
an independent risk factor for major surgi-
cal complications.7 Another study argued 
that HIPEC led to longer operative times, 
which naturally can lend itself to anesthe-
sia-related complications.7 Regardless of 
these findings, overall survival between the 
two groups were similar.7 Certain retrospec-
tive analyses have also shown a benefit to 
overall survival when adding EPIC to CRS 
+ HIPEC.8 The addition of EPIC after ini-
tial treatment with CRS + HIPEC provides 
another opportunity to eradicate tumor cells 
that may have been left behind by HIPEC 

and incorporated themselves into postoperative adhesions. 
This has been named “the tumor entrapment theory,” and 
poses a convincing argument to incorporate both modalities 
of IPC but can be challenging for patients to tolerate.9

PROCESS OF ADMINISTRATION

After complete cytoreduction surgery and before creation of 
any anastomoses, HIPEC can be administered by either the 
open abdomen or closed abdomen technique [Figure 2]. 

In the open abdomen technique, a Tenckhoff catheter is 
placed in the abdominal cavity as well as several closed suc-
tion drains.1,2 The abdominal walls are suspended by a self- 
retractor and the open space is covered with a plastic sheet 
to maintain the elevated temperature. A heat exchanger is 
attached, and the chemotherapy is infused while the sur-
geon constantly manipulates and agitates the abdomen to 
ensure the solution covers as much surface area as possible. 
This is done for a duration of 30–120 minutes.1,2 

The closed abdomen technique is similar, except that the 
skin edges are sutured after placement of the catheters in 
order to create a closed circuit for the perfusate to instill 
[Figure 3]. The volume of fluid is higher, as is the intra-ab-
dominal pressure, which can aid in better tissue penetration. 
The closed technique also lessens heat dissemination due to 
the closed circuit.1,2 

EPIC is administered on postoperative day one following 
cytoreduction surgery.2 Intraperitoneal catheters are placed 
at the time of surgery, which are then used for the next one 
to seven days to percutaneously administer and then drain 
the cytotoxic medication once the 23-hour cycle completes.2 

Figure 3. Intraoperative set up of HIPEC instillation – 

closed abdomen technique12

Figure 2. HIPEC machine  

(from ThermaSolutions)11
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While EPIC provides the benefits of longer dwell times and 
repeated administration opportunities, it does have the lim-
itations of potential patient discomfort as well as the lack of 
hyperthermic conditions.2

PATIENT SELECTION

Careful patient selection is crucial for the effective use of 
HIPEC. Treatment with HIPEC is generally reserved for 
patients with tumor burdens that can be feasibly removed 
on cytoreduction within 2-3 mm13 [Figure 4]. Patients with 
larger or unresectable tumor burdens after cytoreduction are 
poor candidates due to limitations of chemotherapy penetra-
tion. Scoring systems such as the complete cytoreduction 
score are available to quantify residual tumor burden and  
have been shown to have prognostic significance for patient 
outcomes.14 Similarly, patients must be able to tolerate 
cytoreduction and HIPEC administration. As a result, severe 
malnutrition and poor performance status are contraindica-
tions to this procedure just as with any other major surgery.13 
It is also recommended to delay or abort cytoreduction if 
there is concern for active peritonitis or sepsis.13 Treatment 
agent specific contraindications are also important factors 
when considering patient selection for HIPEC, such as plat-
inum-based chemotherapeutic agents, which are renally 
cleared and may not be tolerated by patients with renal 
disease.13 An individualized and patient specific approach 
is important to optimize patient inclusion while limiting  
ineffective or potentially harmful attempts at treatment. 

APPLICABLE CANCERS

Ovarian  

The most common route of metastases of ovarian cancer 
to the peritoneum is by the shedding of cancerous ovar-
ian cells into the peritoneal cavity.15 The most common 

Figure 4. Before and after cytoreductive surgery with HIPEC30. [A] Before cytoreduction;  

[B] After cytoreductive surgery; [C] Tumor with involved organs removed

chemotherapeutic agent for ovarian cancer 
is cisplatin, administered every three weeks 
for six cycles.2 Studies have demonstrated 
improved overall survival of patients with 
ovarian cancer when systemic chemotherapy 
was combined with IPC.2 HIPEC and cytore-
duction treatment was found to have a five-
year progression free survival rate of 12.3% 
compared to 6.6% in patients who underwent 
surgery alone.16  

Appendiceal/pseudomyxoma peritonei (PMP)  

PMP is a difficult clinical condition in which 
a neoplasms, typically appendiceal in origin, 
secrete a gelatinous mucin causing profound 
mucinous ascites and can lead to bowel ob- 
struction.17 They have a characteristic perito-
neal spread and have been shown to be respon-

sive to CRS + HIPEC. The most commonly used agent for 
PMP is mitomycin C, typically administered in two separate 
doses2. Treatment with cytoreduction and HIPEC was found 
to be associated with 10-year overall survival rates of 37% 
versus 16% in patients who underwent surgery alone.18 

Gastric 

Carcinomatosis due to gastric cancer represents a majority 
of gastric cancer related deaths at a range of 53–60%.19 The 
use of both HIPEC and EPIC in peritoneal gastric cancer 
has been studied and shown to be effective for improving 
survival. HIPEC typically uses mitomycin C and cisplatin, 
while EPIC uses 5-FU.2 In patients who underwent surgery 
alone versus HIPEC and surgery, overall five-year survival 
rates improved from 53.4 to 86.8%.20 

Colorectal  

Colorectal cancer continues to occupy a large portion of 
annual cancer deaths, ranking at number two in the US in 
terms of cancer-related mortality. Researchers have esti-
mated up to 10% of patients have peritoneal spread at the 
time of diagnosis, making this a significant patient popu-
lation to be considered for IPC.21 While systemic therapy 
with FOLFOX and certain biologics remain a mainstay of 
colorectal cancer treatment, when HIPEC is employed for 
peritoneal metastases, mitomycin C as well as oxaliplatin 
are often used.2 Compared to systemic chemotherapy alone, 
there was improved outcomes in survival in those who 
received combined cytoreductive surgery and HIPEC where 
median survival lengthened from three to seven months to 
41 months.22 

Malignant peritoneal mesothelioma 

Typically related to asbestos exposure, malignant peritoneal 
mesothelioma is a rare, aggressive entity that leads to the for-
mation of plaque-like tumor deposits within the abdominal 
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cavity.23  Prior to the development of IPC, the median sur-
vival with systemic chemotherapy, surgical resection, and 
total abdominal radiation was 12 months.23 Now, CRS + 
HIPEC ± EPIC is used for MPM and has increased the median 
survival up to 92 months.23 The most common agents used 
in HIPEC for MPM are mitomycin C, doxorubin, and cispla-
tin, while paclitaxel is commonly used in EPIC.2

AGENTS

As previously discussed, the ideal IPC drug is one that has a 
high molecular weight, hydrophilicity, and is ionized. These 
properties allow for maximal penetration into micrometas-
tases while reducing systemic toxicity.2 Currently, the most 
commonly used agent in US is Mitomycin C(MMC).24 It 
works by adding alkyl groups to DNA, leading to cross-link-
ing and strand breaks, which hinders cancer cell replica-
tion.25 MMC is often used in HIPEC due to its favorable 
pharmacokinetics, including a satisfactory area under the 
curve (AUC) ratio of intraperitoneal to plasma concentra-
tions, high tissue penetration distance of up to 5mm, low 
systemic absorption rate, stability at elevated temperatures, 
and synergistic effects with heat. It is the drug of choice 
for appendiceal, colorectal, and, in combination with other 
drugs, gastric malignancies.2 ​Other agents that have shown 
to be effective with tolerable side effect profiles include 
5-FU, oxaliplatin, doxorubicin, cisplatin, and paclitaxel.2

COMPLICATIONS/ADVERSE EFFECTS

The combined treatment of cytoreductive surgery and 
HIPEC has been associated with mortality rates of 0–18% 
and morbidity rate between 30–70%.26 The PRODIGE 7 trial 
comparing cytoreductive surgery and HIPEC vs. cytoreduc-
tive surgery alone demonstrated an increased rate of 26% 
versus 15% occurrence of grade 3 or worse events within 60 
days of treatment.27 Common postoperative complications 
include enterocutaneous fistulas, neutropenia, post-op-
erative bleeding, anastomotic leaks, systemic sepsis, and 
infection.28 Of the various post-operative complications, the 
most common is infections, resulting in a decreased over-
all survival and recurrence free survival rate.28 After initial 
surgery, there was an associated re-operation rate of 14.5% 
performed seven to nine days after initial treatment for 
fascial dehiscence, intraabdominal hemorrhage and anas-
tomotic leak along with a 1–4% 30-day mortality rate.26,29 
Factors associated with increased morbidity and mortality 
are increased age, hypoalbuminemia, high peritoneal car-
cinomatosis index, cytoreductive surgery involving bowel 
resection, diaphragmatic involvement, performance of distal  
pancreatectomy, hepatobiliary and urologic procedures.26

OUTCOMES

The beneficial outcomes of IPC in patients with peritoneal 
metastases and malignancies range from increased long-term 
survival to improved quality of life. While these metrics 
vary depending on the type of cancer and individual patient, 
several studies have correlated IP with better outcomes.

A retrospective study in 2015 looking at 876 patients with 
metastatic ovarian cancer demonstrated a median survival 
of 61.8 months (95% CI, 55.5 to 69.5) in the IP chemother-
apy group compared to 51.4 months (95% CI, 46.0 to 58.2) 
in the intravenous systemic chemotherapy group.31 They 
also showed that for each cycle of IP chemotherapy com-
pleted, the risk of death decreased by 12% (AHR, 0.88; 95% 
CI, 0.83 to 0.94; P < .001).31 After a median follow-up of over 
10 years, the HIPEC group exhibited a median overall sur-
vival of 44.9 months, compared to 33.3 months in the sur-
gery-only group.32 The five-year overall survival rates were 
36.9% for the HIPEC group versus 19.7% for the control 
group, and the 10-year overall survival rates were 16.1% 
versus 10.9%, respectively.32 Multiple other studies have 
concluded that there was an improved overall survival when 
IPC is administered.1

Beyond survival, peritoneal carcinomatosis can also be 
extremely life-limiting due to its associated symptoms. 
McQuellen et al used various scales to assess the quality 
of life (QoL) and functional status of patients after treat-
ment with IPC.33 Using the Functional Assessment of 
Cancer Therapy–Colon (FACT-C) scale, a measure of QoL 
after debulking and HIPEC, they found that the majority 
of patients returned to their functional baseline by three 
months post-treatment.33 Dodson et al used several scales 
of measure, including the SF-36 Physical Functioning scale, 
FACT-C, the Brief Pain Inventory, the Center for Epidemio-
logic Studies Depression scale, and the Eastern Cooperative 
Oncology Group (ECOG) performance status, and concluded 
that the majority of patients showed an improved scoring 
at six months after treatment with CRS and HIPEC.34 Even 
for patients seeking palliation only, the administration of 
IPC can contribute to improved quality of life by lessening 
pain, decreasing bloating and early satiety, and lessening the 
need for paracentesis in cases of advanced pseudomyxoma 
peritonei.35 

FUTURE DIRECTIONS

IPC is a consistently evolving treatment option for the man-
agement of peritoneal malignancies. One promising avenue 
of development is the use of neoadjuvant intraperitoneal and 
systemic chemotherapy (NIPS).36 This approach has been 
shown to be a feasible option to reduce tumor burden and 
improve the likelihood of resection with negative margins.36 
Prospective research regarding efficacy and ideal patient 
selection for NIPS is ongoing.37 As laparoscopic and robotic 
surgery continues to push the boundaries of what can be 
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accomplished without open surgery, minimally invasive 
CRS and HIPEC may also become more frequently utilized.38 
With more data from ongoing studies becoming available, 
standardized protocols should be established as few are cur-
rently available.1 IPC remains an area of active research and 
development with exciting potential to improve patient  
outcomes moving forward. 

CONCLUSION

IPC allows for localized high-dose drug delivery directly to 
the peritoneal cavity, overcoming limitations of other treat-
ment modalities. While HIPEC and EPIC are the primary 
IPC techniques, current evidence does not show a clear 
advantage of one over the other. IPC has demonstrated sur-
vival benefits in select malignancies, particularly ovarian 
and colorectal cancers, but results in gastric cancer and other 
peritoneal surface malignancies remain investigational. Fur-
ther research is needed to optimize patient selection, refine 
treatment protocols, and clarify IPC’s long-term benefits in 
managing peritoneal metastases.

References

1.	 Ben Aziz M, Di Napoli R. Cytoreduction (CRS) and Hyperther-
mic Intraperitoneal Chemotherapy (HIPEC). In: StatPearls. Stat-
Pearls Publishing; 2025. Accessed March 17, 2025. http://www.
ncbi.nlm.nih.gov/books/NBK570563/

2.	 Goodman MD, McPartland S, Detelich D, Saif MW. Chemo-
therapy for intraperitoneal use: a review of hyperthermic in-
traperitoneal chemotherapy and early post-operative intraper-
itoneal chemotherapy. J Gastrointest Oncol. 2016;7(1):45-57. 
doi:10.3978/j.issn.2078-6891.2015.111

3.	 Foster JM, Sleightholm R, Patel A, et al. Morbidity and Mortal-
ity Rates Following Cytoreductive Surgery Combined With Hy-
perthermic Intraperitoneal Chemotherapy Compared With Oth-
er High-Risk Surgical Oncology Procedures. JAMA Netw Open. 
2019;2(1):e186847. doi:10.1001/jamanetworkopen.2018.6847

4.	 Rationale and techniques of intra-operative hyperthermic intra-
peritoneal chemotherapy - PubMed. Accessed March 17, 2025. 
https://pubmed.ncbi.nlm.nih.gov/11908929/

5.	 Glockzin G, Schlitt HJ, Piso P. Peritoneal carcinomatosis: pa-
tients selection, perioperative complications and quality of 
life related to cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy. World J Surg Oncol. 2009;7:5. doi: 
10.1186/1477-7819-7-5

6.	 Yan TD, Cao CQ, Munkholm-Larsen S. A pharmacological re-
view on intraperitoneal chemotherapy for peritoneal malignan-
cy. World J Gastrointest Oncol. 2010;2(2):109-116. doi:10.4251/
wjgo.v2.i2.109

7.	 Jeong MH, Kang SJ, Park SY, et al. Comparison of EPIC Ver-
sus HIPEC in the Treatment of Colorectal Peritoneal Metasta-
ses and Appendix Tumors Using Inverse Probability of Treat-
ment Weighting. Ann Surg Oncol. 2024;31(10):7111-7121. doi: 
10.1245/s10434-024-15674-2

8.	 Soucisse ML, Liauw W, Hicks G, Morris DL. Early postopera-
tive intraperitoneal chemotherapy for lower gastrointestinal 
neoplasms with peritoneal metastasis: a systematic review 
and critical analysis. Pleura Peritoneum. 2019;4(3):20190007. 
doi:10.1515/pp-2019-0007

9.	 Sugarbaker PH. A narrative review of what can HIPEC do. Eur 
J Surg Oncol. 2023;49(9):106976. doi:10.1016/j.ejso.2023.07.002

10.	Helderman RFCPA, Löke DR, Kok HP, et al. Variation in Clini-
cal Application of Hyperthermic Intraperitoneal Chemotherapy: 
A Review. Cancers. 2019;11(1):78. doi:10.3390/cancers11010078

11.	ThermaSolutions – Hyperthermic Intraperitoneal Chemother-
apy. ThermaSolutions – Hyperthermic Intraperitoneal Chemo-
therapy. Accessed March 19, 2025. https://www.thermasolu-
tions.com/

12.	Garnier H, Murawski M, Jastrzebski T, et al. Case Report: Cy-
toreductive Surgery and Hyperthermic Intraperitoneal Chemo-
therapy Application in Intraperitoneally Disseminated Inflam-
matory Myofibroblastic Tumor and in the Youngest Patient 
in the World: New Indication and Modification of Technique. 
Front Surg. 2021;8:746700. doi:10.3389/fsurg.2021.746700

13.	Simkens GA, Rovers KP, Nienhuijs SW, de Hingh IH. Patient 
selection for cytoreductive surgery and HIPEC for the treatment 
of peritoneal metastases from colorectal cancer. Cancer Manag 
Res. 2017;9:259-266. doi:10.2147/CMAR.S119569

14.	Munoz-Zuluaga CA, King MC, Diaz-Sarmiento VS, et al. Defin-
ing “Complete Cytoreduction” After Cytoreductive Surgery and 
Hyperthermic Intraperitoneal Chemotherapy (CRS/HIPEC) for 
the Histopathologic Spectrum of Appendiceal Carcinomatosis. 
Ann Surg Oncol. 2020;27(13):5026-5036. doi:10.1245/s10434-
020-08844-5

15.	Yeung TL, Leung CS, Yip KP, Au Yeung CL, Wong STC, Mok SC. 
Cellular and molecular processes in ovarian cancer metastasis. 
A Review in the Theme: Cell and Molecular Processes in Cancer 
Metastasis. Am J Physiol - Cell Physiol. 2015;309(7):C444-C456. 
doi:10.1152/ajpcell.00188.2015

16.	HIPEC/Cytoreduction Produces Long-Term Survival in Ad-
vanced Ovarian Cancer. Cancer Network. December 19, 2023. Ac-
cessed March 17, 2025. https://www.cancernetwork.com/view/ 
hipec-cytoreduction-produces-long-term-survival-in-advanced- 
ovarian-cancer

17.	Scally CP, Fournier KF, Mansfield PF. Hyperthermic Intraperito-
neal Chemotherapy in Pseudomyxoma Peritonei After Cytore-
ductive Surgery. JAMA Surg. 2021;156(3):e206364. doi:10.1001/
jamasurg.2020.6364

18.	Wang B, Ma R, Shi G, Fan X, Rao B, Xu H. Hyperthermic intra-
peritoneal chemotherapy in patients with incomplete cytoreduc-
tion for appendiceal pseudomyxoma peritonei: a 10-year treat-
ment experience in China. Orphanet J Rare Dis. 2024;19(1):8. 
doi:10.1186/s13023-023-02995-w

19.	Okines A, Verheij M, Allum W, Cunningham D, Cervantes A. 
Gastric cancer: ESMO Clinical Practice Guidelines for diag-
nosis, treatment and follow-up. Ann Oncol. 2010;21:v50-v54. 
doi:10.1093/annonc/mdq164

20.	Wu Z, Li Z, Ji J. Morbidity and mortality of cytoreductive sur-
gery with hyperthermic intraperitoneal chemotherapy in ad-
vanced gastric cancer. Transl Gastroenterol Hepatol. 2016;1:63. 
doi:10.21037/tgh.2016.07.03

21.	Drittone D, Schipilliti FM, Arrivi G, Mazzuca F. Cytoreductive 
surgery followed by hyperthermic intraperitoneal chemotherapy 
applications in upper and lower gastrointestinal cancer, a review. 
Oncol Rev. 2024;18:1496141. doi:10.3389/or.2024.1496141

22.	Sarofim M, Wijayawardana R, Ahmadi N, Morris DL. Repeat 
cytoreductive surgery with HIPEC for colorectal peritoneal me-
tastases: a systematic review. World J Surg Oncol. 2024;22(1):99. 
doi:10.1186/s12957-024-03386-6

23.	Enomoto LM, Shen P, Levine EA, Votanopoulos KI. Cytore-
ductive surgery with hyperthermic intraperitoneal chemo-
therapy for peritoneal mesothelioma: patient selection and 
special considerations. Cancer Manag Res. 2019;11:4231-4241. 
doi:10.2147/CMAR.S170300

24.	Ihemelandu CU, Shen P, Stewart JH, Votanopoulos K, Levine 
EA. Management of Peritoneal Carcinomatosis from Colorectal 
Cancer. Semin Oncol. 2011;38(4):568-575. doi:10.1053/j.semi-
noncol.2011.05.011

UPDATES IN SURGICAL ONCOLOGY

18J U L Y  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  J U L Y  I S S U E  W E B P A G E  |  R I M S 5

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org


25.	Mitomycin C. An overview | ScienceDirect Topics. Accessed 
March 19, 2025. https://www.sciencedirect.com/topics/chem-
istry/mitomycin-c

26.	Newton AD, Bartlett EK, Karakousis GC. Cytoreductive surgery 
and hyperthermic intraperitoneal chemotherapy: a review of 
factors contributing to morbidity and mortality. J Gastrointest 
Oncol. 2016;7(1). doi:10.3978/j.issn.2078-6891.2015.100

27.	Quénet F, Elias D, Roca L, et al. Cytoreductive surgery plus hy-
perthermic intraperitoneal chemotherapy versus cytoreductive 
surgery alone for colorectal peritoneal metastases (PRODIGE 
7): a multicentre, randomised, open-label, phase 3 trial. Lancet 
Oncol. 2021;22(2):256-266. doi:10.1016/S1470-2045(20)30599-4

28.	Gamboa AC, Lee RM, Turgeon MK, et al. Implications of 
Postoperative Complications for Survival After Cytoreductive 
Surgery and HIPEC: A Multi-Institutional Analysis of the US 
HIPEC Collaborative. Ann Surg Oncol. 2020;27(13):4980-4995. 
doi:10.1245/s10434-020-08843-6

29.	Blaj S, Nedelcut S, Mayr M, et al. Re-operations for early post-
operative complications after CRS and HIPEC: indication, tim-
ing, procedure, and outcome. Langenbecks Arch Surg. 2019; 
404(5):541-546. doi:10.1007/s00423-019-01808-8

30.	Cytoreductive surgery and intraperitoneal chemotherapy for 
peritoneal metastasis of colorectal cancer: long-term follow-up 
results at a single institution in Korea | Request PDF. Research-
Gate. Published online October 22, 2024. doi:10.1007/s00384-
023-04340-w

31.	Tewari D, Java JJ, Salani R, et al. Long-term survival advantage 
and prognostic factors associated with intraperitoneal chemo-
therapy treatment in advanced ovarian cancer: a gynecologic 
oncology group study. J Clin Oncol Off J Am Soc Clin Oncol. 
2015;33(13):1460-1466. doi:10.1200/JCO.2014.55.9898

32.	Aronson SL, Lopez-Yurda M, Koole SN, et al. Cytoreductive 
surgery with or without hyperthermic intraperitoneal chemo-
therapy in patients with advanced ovarian cancer (OVHIPEC-1): 
final survival analysis of a randomised, controlled, phase 3 tri-
al. Lancet Oncol. 2023;24(10):1109-1118. doi:10.1016/S1470-
2045(23)00396-0

33.	McQuellon RP, Loggie BW, Fleming RA, Russell GB, Lehman 
AB, Rambo TD. Quality of life after intraperitoneal hyper-
thermic chemotherapy (IPHC) for peritoneal carcinomatosis. 
Eur J Surg Oncol J Eur Soc Surg Oncol Br Assoc Surg Oncol. 
2001;27(1):65-73. doi:10.1053/ejso.2000.1033

34.	Dodson RM, McQuellon RP, Mogal HD, et al. Quality-of-Life 
Evaluation After Cytoreductive Surgery with Hyperthermic In-
traperitoneal Chemotherapy. Ann Surg Oncol. 2016;23(Suppl 
5):772-783. doi:10.1245/s10434-016-5547-y

35.	Lambert LA, Harris A. Palliative cytoreductive surgery and hy-
perthermic intraperitoneal chemoperfusion: current clinical 
practice or misnomer? J Gastrointest Oncol. 2016;7(1):112-121. 
doi:10.3978/j.issn.2078-6891.2015.132

36.	Fujiwara Y, Takiguchi S, Nakajima K, et al. Neoadjuvant intra-
peritoneal and systemic chemotherapy for gastric cancer pa-
tients with peritoneal dissemination. Ann Surg Oncol. 2011; 
18(13):3726-3731. doi:10.1245/s10434-011-1770-8

37.	Lu S, Yang ZY, Yan C, et al. A Phase III Trial of Neoadjuvant 
Intraperitoneal and Systemic Chemotherapy for Gastric Cancer 
with Peritoneal Metastasis. Future Oncol. 2022;18(10):1175-
1183. doi:10.2217/fon-2021-1414

38.	Ortega J, Orfanelli T, Levine E, Konstantinidis IT. The robotic 
future of minimally invasive cytoreduction and hyperthermic 
intraperitoneal chemotherapy for peritoneal surface malignan-
cies. Chin Clin Oncol. 2023;12(2):16-16. doi:10.21037/cco-22-
118

Authors

Jenna Wilson, DO, St. Elizabeth Medical Center, Brighton, MA. 

Aishwarya Ayyappan, DO, St. Elizabeth Medical Center,  
Brighton, MA. 

Andrew B. Crocker, MD, St. Elizabeth Medical Center, Brighton, MA.

Steve Kwon, MD, Boston University; Roger Williams Medical 
Center, Providence, RI. 

Disclosures

None

Correspondence

steve.kwon@chartercare.org

UPDATES IN SURGICAL ONCOLOGY

19J U L Y  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  J U L Y  I S S U E  W E B P A G E  |  R I M S 5

mailto:steve.kwon%40chartercare.org?subject=
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org


UPDATES IN SURGICAL ONCOLOGY

Minimally Invasive Liver Surgery for Primary and Secondary  

Liver Malignancies

MUNYA H. TALUKDER, MD; JENNA WILSON, DO; ANDREW B. CROCKER, MD; ALI AHMAD, MD, FACS;  

PONNANDAI SOMASUNDAR, MD, MPH, FACS

ABSTRACT 

Minimally invasive (MIS) liver surgery has grown tre-
mendously in the past two decades and today represents 
a major weapon in the fight against primary and meta-
static neoplasms of the liver. This review catered towards 
the modern evolution of MIS hepatectomy techniques in 
addition to the role of robotic surgery in this field. The ar-
ticle also addresses the utility of advanced intra-operative 
techniques in hepatic parenchymal transection ranging 
from the Glissonian pedicle approach to the use of indo-
cyanine green (ICG) guided near-infrared fluorescence in 
non-anatomic resections. In addition, we briefly discuss 
ablation techniques utilized for liver cancer, including 
microwave ablation and the novel histotripsy ablation. 

KEYWORDS: Minimally invasive; laparoscopic; robotic; 
hepatectomy; ablation  

INTRODUCTION

In current times, surgical resection is still considered the 
gold standard treatment for patients with resectable liver 
malignancies. Liver surgery has dramatically evolved in 
recent decades, improving its safety profile with peri-opera-
tive mortality rates below 2% for most MIS hepatectomies.1 
Successful oncologic outcomes in liver surgery are reliant 
on obtaining a R0 resection margin with preservation of 
healthy liver parenchyma.

Surgery remains the mainstay of treatment in patients 
with primary hepatic neoplasms such as hepatocellular car-
cinoma (HCC) and intra-hepatic cholangiocarcinoma (ICC).2  
The use of MIS approach to hepatectomy for HCC has 
shown promise worldwide, with up to 30% of HCC resec-
tions estimated to be minimally invasive.3 The majority of 
patients with HCC also harbor chronic liver disease (CLD). 
The presence of CLD and liver cirrhosis pose substantial 
challenges such as increased hemorrhagic complications 
and higher rates of post-hepatectomy liver failure (PHLF). 
Therefore, locoregional tumor ablative treatments such as 
microwave ablation (MWA), trans-arterial chemoemboliza-
tion (TACE) and Yttrium-90 (Y-90) radio-embolization have 
gained substantial traction. In addition, liver transplant 
remains a viable option for some patients with HCC who 
meet the criteria. 

Colorectal cancer liver metastasis (CRLM) is the most 
common indication for MIS hepatectomy in the United 
States; about a quarter of laparoscopic liver resection (LLR) 
for malignancy is performed for CRLM.4 Liver resection (LR) 
for CRLM in selected patients offers excellent oncologic 
outcomes, with a five-year overall survival rate of 40–50%.5

In the modern era, robotic surgery has allowed for expan-
sion of MIS approach to liver surgery. The technological 
advantages offered by the robotic platform, such as multi-ar-
ticulated instruments, increased dexterity along with the 
3D visualization, has allowed surgeons to tackle more com-
plex resections via MIS approach. 

Parenchymal transection techniques have also evolved 
with a drive towards parenchyma preservation. The past 
decade has seen a substantial increase in non-anatomic 
parenchyma-sparing resections with an expected decrease 
in the rate of extended hepatectomies. Owing to this para-
digm shift in the surgical management of liver metastases, 
techniques such as ICG-guided resections and Glissonian 
pedicle guided segmentectomies have emerged as attractive 
approaches to tackle non-anatomic and anatomic resections.

LAPAROSCOPIC LIVER RESECTION 

Similar to minimally invasive surgery in other fields, LLR 
for hepatic pathology has been increasingly utilized over 
the last several decades with promising results in the lit-
erature. Two international consensus conferences and sev-
eral retrospective studies supported that LLR is equivalent 
to open approach for both minor and major hepatic resec-
tions in terms of oncological outcomes, but is associated 
with less blood loss, decreased postoperative morbidity and 
a shorter hospital stay.6 A randomized control study, con-
ducted to evaluate Enhanced recovery after surgery (ERAS) 
in LLR verified these advantages. For example, the median 
postoperative hospital stay was 6.2 (±2.6) days in the ERAS 
group, compared to 9.9 (±5.9) days in the control group 
(p-value<0.01). The morbidity rate was 22.5% (18 of 80 
patients) in the ERAS group and 43.9% (47 of 107 patients) in 
the control group (P = 0.002).7  While MIS approach has been 
shown to be safe and effective relative to open surgery, sur-
geon comfort remains an important factor in the use of LLR.
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ROBOTIC HEPATECTOMY 

Robotic surgery has the potential to overcome some of the 
limitations of laparoscopy. The stability of the robotic plat-
form, combined with the 3D, magnified high-definition 
vision, increased degrees of freedom of the instruments and 
tremor filtering provide higher dexterity to the surgeon and 
allow for the same movements of open surgery. Further-
more, the robotic platform allows for easier integration of 
technologies, such as near-infrared fluorescence for vascular 
and biliary identification and 3D ultrasound instruments 
with integrated probes for section margin assessment. In 
2014, Tsung et al  performed a matched series comparison of 
surgical and postsurgical outcomes between robotic (n=57), 
laparoscopic (n=114), and open hepatic resections (n=21). A 
statistically significant difference was seen when comparing 
the EBL of robotic versus open surgery, as well as in the hos-
pital length of stay.8 With continued technological advances 
and improved access to robotic consoles, the role of robotic 
hepatectomies should continue to develop over time. 

GLISSONIAN PEDICLED APPROACHES

In recent years, parenchymal-sparing liver resections have 
become the cornerstone approach to preserve residual liver 
volume, decrease postoperative liver failure, and enhance 
the possibility of repeated liver resection rates.9 Small ana-
tomical resections using ICG and Glissonian approaches are 
techniques employed to achieve a successful parenchymal- 
sparing liver resection. 

The Glisson’s capsule wraps the hepatic artery, the por-
tal vein and the bile duct in the liver and forms bundles at 
the hepatic hilus and in the liver as the Glissonian pedicle 
tree (Figure 1). The capsule does not connect to the proper 
membrane of the liver. Therefore, the Glissonian pedicles 
can be detached from the liver parenchyma without liver 
dissection. When the Glissonian pedicles are ligated before 
liver transection, various types of anatomical hepatectomy 
can be carried out.10

Intraoperative bleeding is a predictor of postoperative 
outcomes following liver surgery; therefore, it is crucial to 
have vascular control during liver resection. In addition, 
preservation of future liver remnant is critical in prevent-
ing post-hepatectomy liver failure as one of the main causes 
of postoperative morbidity and mortality. The Glissonian 
approach to liver resection offers an effective method for 
vascular inflow control while protecting future liver rem-
nant from ischemia-reperfusion injury. With increasing 
popularity of minimally invasive surgery, laparoscopic 
liver resection via Glissonian approach has been shown to 
be superior to standard laparoscopic hepatectomy.11 In the 
intrahepatic Glissonian approach small incisions on well-de-
fined anatomical landmarks are performed to approach the 
pedicles of both right and left liver, making dissection of the 
hilar plate unnecessary. Intrahepatic access to Glissonian 

pedicles complements laparoscopy, since it avoids unnec-
essary extensive dissection along the hepatic hilum during 
laparoscopic procedures, which are technically complex and 
potentially time-consuming with high morbidity. 12

MINIMALLY INVASIVE MAJOR HEPATECTOMY 

Major hepatectomy is a complex procedure that requires 
advanced surgical knowledge and skills. Although mini-
mally invasive resections of the liver have been performed 
more frequently in recent years, major resections are still a 
minority of those cases. Current data on these numbers is 
somewhat sparse, but one report described that out of 149 
robotic liver cases studied, 47% of them counted as major 
resections.13 The largest series of robotic hepatectomy was 
reported by Giulianotti et al in 2011 with a total of 70 hepatic 
resections, of which 27 were major hepatectomies.14 Spam-
pinato et al performed a retrospective study comparing the 
perioperative outcomes of robot-assisted major hepatectomy 
and laparoscopic major hepatectomy in four Italian centers. 
A total of 50 major hepatectomies were considered, includ-
ing 25 robotic and 25 laparoscopic resections. The mean 
robotic operative time was 430 minutes with a median EBL 
of 250 mL, comparable to laparoscopy.15

INDOCYANINE GREEN (ICG) AND  

INTRA-OPERATIVE ULTRASOUND (IOUS)

Due to the intricate anatomy and 3D contouring of the liver 
segments, non-anatomic parenchymal sparing resections can 
be technically challenging. Use of adjuncts such as intra-op-
erative ultrasound (IOUS) and ICG fluorescence can help 
with adequate mapping of tumors in relation to vasculo-bili-
ary pedicles. The use of intraoperative ICG fluorescence has 
been proven to be a high potential navigation tool during 
liver surgery. The variability of ICG accumulation within 
tumors as opposed to the background hepatic parenchyma 

Figure 1. Glissonian Pedicle
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allows for precise anatomic 
delineation of lesions for safe 
liver resection [Figure 2]. Stud-
ies have reported higher detec-
tion rates of primary lesions 
and additional metastases after 
intravenous administration of 
ICG.16  Handgraaf et al reported 
better survival after ICG-ori-
ented liver resections due to the 
resection of additional nodules, 
which had been missed by con-
ventional imaging.17 Marino et 
al compared robot-assisted liver 
resections with and without 
additional ICG application and 
reported significantly higher R0 
resection rates after ICG appli-
cation.18 However, since the 
plasma clearance of ICG is pri-
marily dependent on hepatocyte 
function, the sensitivity of ICG-
guided tumor detection is somewhat limited in patients suf-
fering from advanced liver cirrhosis. Although early data is 
promising, further studies are needed to determine the true 
benefit and potential pitfalls of ICG guided hepatectomies 
including its use among patients with cirrhosis. 

Intra-operative liver ultrasound can also provide an addi-
tionally useful adjunct in mapping of tumors in relation to 
inflow pedicles and outflow veins. Assessment of such anat-
omy can prove critical in surgical planning especially in the 
context of non-anatomic resections. With the newer robotic 
platforms, IOUS can be used with a flexible cord allowing 
it to be used with high accuracy even in difficult to visual-
ize portions such as the posterior and superior segments of 
the liver. Figure 3 shows an intra-operative picture of IOUS 
being used during a hepatectomy procedure.

MICROWAVE/THERMAL ABLATION

Resection is the standard of care for patients with resect-
able primary and secondary liver cancers. However, large 

number of patients who are diagnosed 
with primary and secondary liver cancers 
are not eligible for resection or transplan-
tation due to inadequate functional liver 
function, and multifocal or advanced dis-
ease. As a result, microwave (MVA) and 
radiofrequency thermal ablations (RFA) 
are increasingly utilized. Both RFA/MWA 
induce tumor cell death through frictional 
heating resulting in protein denaturation 
and coagulation necrosis. MWA generates 
heat at a faster rate, creates larger ablation 
zones, and have reduced heat-sink effect 
compared to RFA leading to more utili-
zation when tumors are nearby vascular 
structures.19

HISTOTRIPSY ABLATION 

Histotripsy is a novel non-invasive tech-
nique recently FDA-approved to treat liver 
cancers. It utilizes focused ultrasound to 
ablate targeted regions of tissues into acel-
lular debris. The first human clinical trial 
of histotripsy for liver cancers, named the 
THERESA Study (NCT03741088), resulted 
in the establishment of histotripsy’s effi-
cacy in destroying targeted tissue without 
harmful device-related effects.20 Studies 
further suggests that local tumor ablation 
by histotripsy induces systemic immu-
nomodulation, contributing to enhanced 
anti-tumor responses that can synergis-
tically work with immunotherapy. Con-
sidering that this combinatorial approach 
with histotripsy potentially leads to better 

prognosis for cancer patients, it will be pivotal to translate 
these findings into clinical use to effectively optimize the 
potency of immunotherapy.21

CONCLUSION 

Liver resection continues to be the gold standard treatment 
for patients with liver malignancies. such as hepatocellu-
lar carcinoma (primary liver cancers) and colorectal liver 
metastasis (secondary liver cancers). Minimally invasive 
liver surgery is increasingly used over open approach with 
data showing reduced postoperative morbidity/complica-
tions and length of stay. Current technological advances 
such as robotic platform have facilitated this trend by mak-
ing liver MIS safer and more precise. By understanding avail-
able treatment options and cultivating a patient centered 
approach to treatment planning, we can continue to improve 
the treatment of patients with primary and secondary  
liver malignancies. 

Figure 3. Intra-operative Ultrasound 

Figure 2. Indocyanine Green (ICG)
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Emerging Technologies for Pancreas Resection

JENNA WILSON, DO; MUNYA H. TALUKDER, MD; PONNANDAI SOMASUNDAR, MD, MPH; ALI AHMAD, MD, FACS

ABSTRACT 

Pancreatic resection has necessitated continuous tech-
nological advancements since its first introduction into 
the surgical field. The delicate nature and complex anat-
omy of the pancreas demand an evolution of techniques 
to improve outcomes and lessen complications. This 
article serves as an overview of current and emerging 
surgical technologies that have helped to push the bar 
forward, broaden candidacy, and provide patients with 
better quality of life postoperatively. The topics of dis-
cussion include indications for pancreatic resection, as 
well as traditional pancreaticoduodenectomy and dis-
tal pancreatectomy, laparoscopic and robotic resection, 
ctDNA biomarkers, arterial divestment and autologous 
grafts, near infrared surgery, irreversible electroporation, 
and neo-adjuvant therapies.

KEYWORDS: Pancreatic resection; 
pancreaticoduodenectomy; robotic pancreatic surgery;  
near-infrared (NIR surgery); irreversible electroporation  

INTRODUCTION

The surgical complexity of pancreatic resection remains a 
persistent challenge when it comes to advances in safety 
and favorable outcomes. As pancreatic cancer continues to 
be a lethal threat globally with a low five-year survival rate 
and tendency toward late detection, it is paramount that 
surgical options evolve and improve. The intricacies of pan-
creaticoenteric reconstruction and its associated morbidity 
have created an ongoing pursuit to develop technologies that 
combine the superior exposure and dexterity granted by an 
open resection with the advantages of minimally invasive 
techniques. Here we discuss the various existing approaches 
to pancreatic resection along with emerging adjuncts that 
are aiming to fill the gap between old and new.

INDICATIONS FOR PANCREATIC RESECTIONS

Pancreatic resection has amassed a reputation over the years 
that can lend itself to hesitancy from both the surgeon and 
patient perspective. Despite major advances in surgical tech-
nique and technology, pancreatic resection is still associ-
ated with a host of probable complications both immediate 
and long-term, simply due to the complexity of pancreatic 

anatomy and the unforgiving nature of the organ. Because 
of this, operative intervention for pancreatic pathology is 
reserved for strictly appropriate candidates. Some of the cur-
rent indications for resection are described below.

Pancreatic adenocarcinoma

Though not the most common gastrointestinal malignancy, 
pancreatic cancer maintains the highest mortality rate of 
all major cancers and is the fourth leading cause of cancer 
deaths in the United States (US). It carries an estimated 
8% five-year survival rate, with an overwhelming 85% of 
pancreatic cancers being represented by pancreatic adeno-
carcinoma.1 Moreover, there is a tendency toward late detec-
tion of pancreatic adenocarcinoma due to its asymptomatic 
nature in the early stages, and by the time patients are diag-
nosed, only about 15–20% of them have resectable disease.2 
This means that they either have metastases or major ves-
sel involvement, making resection unsafe or impossible. 
For those that do have resectable disease, the mainstay of  
treatment includes chemotherapy ± radiation and surgery.

Pancreatic neuroendocrine tumors

A rarer malignancy making up no more than 5% of pan-
creatic cancers is the pancreatic neuroendocrine tumor 
(PNET).3 These are neoplasms of islet cell origin that can 
be classified as non-functional or functional. Functional 
PNETs include insulinomas, gastrinomas, glucagonomas, 
somatostatinomas, and VIPomas. The clinical manifesta-
tions differ depending on peptide secreted, which also plays 
into resection indications. In general, non-functional PNETs 
do require resection, as they have a high chance of malig-
nancy. Since they are often asymptomatic until they are 
large enough to create a mass effect, these are frequently 
diagnosed at a late stage. On the other hand, the resection 
indications for functional PNETs vary depending on the 
size and features of the tumors. Insulinomas and gastrino-
mas can be managed with enucleation if they fit a favorable 
size and location category, vs formal resection if otherwise. 
Glucagonomas, somatostatinomas, and VIPomas typically 
require formal resection due to high malignancy potential.3

Intraductal papillary mucinous neoplasm

IPMNs are a benign pancreatic lesion that are known to 
have malignant potential. They are cystic, mucin-producing 
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neoplasms that grow within pancreatic ducts, and can 
undergo malignant transformation, making them potential 
precursors to pancreatic adenocarcinoma.4 They are the 
most common pancreatic cystic lesion, making up about 
50% of those diagnosed. Because of this, they are also the 
most common cystic neoplasm that undergoes resection.5 
Currently, prophylactic resection is recommended for all 
main duct IPMNs as well as branch duct IPMNs with high-
risk features. The five-year survival rate after resection for 
noninvasive lesions is between 77–100%, while that of  
invasive carcinoma is 34–62%.2, 6

Serous cystadenoma/mucinous cystic neoplasms

Two other cystic neoplasms of the pancreas are serous cysta-
denoma and mucinous cystic neoplasms. Serous cystadeno-
mas are reported to be the second most common pancreatic 
cystic lesion, followed by mucinous cystic neoplasms.5  
Since the vast majority are benign, resection is only indicated 
if they are greater than or equal to 4cm in size, symptomatic 
or obstructive, or growing on surveillance. Mucinous cys-
tic neoplasms on the other hand, have a higher chance of  
malignancy, up to 25%, and resection is indicated.5

Chronic Pancreatitis

Patients who experience chronic pancreatitis endure a host 
of potentially debilitating symptoms that can extend beyond 
what medical management can provide. From severe abdom-
inal pain, to ongoing fibrosis of both pancreatic tissue and 
adjacent organs, to impairment of endocrine and exocrine 
function, the wide range of manifestations can require opera-
tive intervention.7 The most common indication for surgery 
in chronic pancreatitis is refractory pain due to pancreatic 
duct obstruction. The procedures offered typically involve 
resection, drainage, or a combination of both. Multiple ran-
domized control trials have shown surgical management of 
chronic pancreatitis to be superior to endoscopic drainage in 
terms of pain relief.8, 9 One of which demonstrated 75% of 
patients with partial or complete pain relief after surgery as 
compared to 30% after endoscopic drainage.8

TRADITIONAL TECHNIQUES OF PANCREATIC 

SURGERY: A BRIEF HISTORY

Commonly regarded as the birth of pancreatic surgery, the 
first successful major pancreatic resection was performed by 
Dr. Friedrich Trendelenburg in 1882. He performed a distal 
pancreatectomy for a large solid mass arising from the tail 
of the pancreas, and while the patient did sustain a splenic 
injury requiring splenectomy and died several weeks later 
from what was presumed to be respiratory failure, the proce-
dure itself was technically successful and became an import-
ant landmark in the history of pancreatic surgery.2 Several 
decades and daring surgeons later, Dr. Allen Whipple devel-
oped a two-stage procedure in 1935 for the radical resection 

of periampullary tumors which involved common bile duct 
ligation, cholecystogastrostomy, and posterior loop gastro-
jejunostomy, followed by partial duodenectomy and pan-
creatic head resection.2 He later revised this and ultimately 
condensed it into a one-stage procedure during a 1940 case 
in which the patient was found intraoperatively to have a 
pancreatic head mass and lived for nine more years follow-
ing her surgery. This technique was then refined into the 
pancreaticoduodenectomy, or “Whipple procedure” that we 
know today. Variations of this procedure are currently used 
for pancreatic head masses, periampullary tumors, severe 
pancreatic trauma, and more.

SURGICAL APPROACHES

Pancreaticoduodenectomy

The pancreaticoduodenectomy, inclusive of the classic 
Whipple procedure as well as pylorus sparing variations, is 
indicated for masses of the head of the pancreas, and bile duct 
and periampullary tumors. It consists of several key com-
ponents, including bilioenteric reconstruction comprised of 
three anastomoses: pancreaticojejunostomy, hepaticojeju-
nostomy, and gastrojejunostomy.10 It is a complicated proce-
dure that requires both careful patient selection and surgeon 
experience for favorable outcomes. It has been reported 
that the mortality of this procedure at high-volume centers 
is less than 1–2%, but morbidity remains high at 30–45% 
of patients. In patients with resectable disease, it has been 
shown to improve five-year mortality to about 15–25%.11

Distal pancreatectomy

Distal pancreatectomy is indicated for tumors of the body 
and tail of the pancreas. Due to the anatomic proximity to 
the spleen, this is often performed in conjunction with a 
splenectomy, though a spleen-preserving variation can also 
be performed. Because resection of this portion of the pan-
creas does not require complex bilioenteric reconstruction, 
it is associated with a lower morbidity and mortality. 

MINIMALLY INVASIVE TECHNIQUES

Laparoscopic resection

Advances in laparoscopy have been one of the most import-
ant factors in widening the candidacy for pancreatic surgery. 
The main advantages of laparoscopic resection over tradi-
tional open techniques include reduced intraoperative blood 
loss, reduced postoperative pain, and shorter length-of-stay 
(LOS). A meta-analysis examining six RCT on the topic 
of open vs minimally invasive pancreatic surgery demon-
strated that the minimally invasive group had an average 
of 1.3 days shorter LOS, as well as 137ml less blood loss 
when compared to the open group.12 This also demonstrated 
fewer surgical site infections. On the other hand, the same 
analysis revealed a longer operative time, about 54 minutes 
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on average, for laparoscopic cases, high-
lighting the difficulty of the technique.12 
Overall, laparoscopic pancreatic resec-
tion has been found to be successful 
at high volume centers, but requires 
technically outstanding laparoscopists. 
Pancreaticoenteric anastomoses are 
complex surgical entities and remain  
a major source of morbidity even at  
the hands of experienced surgeons at 
tertiary centers.13

Robot-assisted resection

The surgical robot solves several technical issues that tra-
ditional laparoscopy creates, from 3D visualization, to 
wide-ranging wrist articulation, to improved ergonomics. 
These advances have helped to overcome major roadblocks 
with laparoscopic pancreatic resection.13 While little high 
powered data exists for direct comparison of laparoscopic 
vs robotic-assisted resection (RA), the studies we do have 
demonstrate the RA approach has less conversion to open 
surgery, and even less excessive blood loss. RA also has bet-
ter oncologic outcomes with higher rates of margin negative 
resection and improved lymph node yield for both benign 
and malignant lesions.13 However, as with any emerg-
ing technology, there is a significant learning curve to the 
robotic approach. This same meta-analysis also reported on 
the comparison of learning curve time for laparoscopic vs 
robotic resection, and found an average of 30 cases vs 36.5 
respectively.13

Minimally invasive in comparison to open resection

Overall, minimally invasive techniques, whether laparo-
scopic or robotic, have comparable morbidity and mortality 
to open resection. The main advantages of open resection 
include a shorter operative time due to the lack of laparo-
scopic technical complexity, and the superior haptic feed-
back that open surgery provides.

EMERGING TECHNIQUES/INTRAOPERATIVE 

ADJUNCTS

As more surgeons are trained in minimally invasive tech-
niques for pancreatic surgery, the next frontier to conquer 
is the adjunct technologies that can make these approaches 
even more efficient and effective. Some of these technolo-
gies are described below.

Near-Infrared (NIR) surgery

One major advantage of the minimally invasive approach 
to pancreatic resection is the ability to use tumor localiz-
ing dye to help guide resection. Indocyanine green (ICG) 
is a fluorescent dye that is given intravenously and binds 
to plasma proteins and remains intravascular before being 

cleared by hepatocytes and secreted into bile. Using an NIR 
camera intraoperatively after ICG administration allows for 
visualization of the biliary tree, various vascular structures, 
tumors and metastatic deposits [Figure 1].14 A 2022 system-
atic review and meta-analysis demonstrated that the use of 
ICG can help surgeons identify pancreatic lesions with an 
accuracy of 81.3%.14 Another study titled, The COLPAN 
Study (Colour and Resect the Pancreas) 2017, studied sub-
jects undergoing minimally invasive resection of pancreatic 
neuroendocrine tumors who were injected with ICG dye to 
help identify lesions intraoperatively. Nine out of 10 PNETs 
were identified after the second bolus of ICG.15

Reconstructive techniques for tumors with vascular 

involvement

When discussing the resectability of a pancreatic tumor, an 
important criterion to know is the vascular involvement 
of the tumor. Generally speaking, if the tumor involves a 
major venous structure, it can still be considered borderline 
resectable if venous reconstruction is possible. If it has less 
than 180 degrees of abutment with the celiac axis or SMA, 
it is considered borderline resectable, and greater than 180 
degrees of abutment is considered locally advanced.17 How-
ever, development of vascular reconstructive techniques has 
allowed for a greater number of these tumors to be resected. 

Some pancreatic tumors, particularly pancreatic ductal 
adenocarcinoma (PDAC), infiltrate the nerve fibers and soft 
tissue that surround the celiac axis, common hepatic artery, 
and SMA, without actually involving the arterial walls 
themselves.17 This is an important distinction to make, as a 
true involvement of the wall requires resection, which car-
ries a high morbidity and mortality rate. For those tumors 
that involve the periarterial tissue only, arterial divestment 
can be attempted. This is essentially a meticulous dissec-
tion of the periadventitial plane between the tumor and the 
artery itself, allowing for an R0 resection without needing to 
do any resection or reconstruction [Figure 2].18 

Graft reconstruction

For those tumors that do have true involvement beyond the 
adventitia of these major arterial structures, surgeons have 
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Figure 1. Intraoperative usage of ICG during pancreatic resection. The stained area is pancreatic 

tissue (the uncinate process), which is visually differentiated from the SMA and SMV, aiding in 

resection margins.16
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the option of using autologous or synthetic grafts to recon-
struct the vessels that require resection. In certain cases with 
short segment involvement, end-to-end anastomosis can 
be performed, but most patients undergoing arterial resec-
tion will require an interposition graft. Several autologous 
options exist, including harvested saphenous or renal veins, 
or splenic artery if splenectomy is also being performed.17 
Synthetic grafts can also be used, though care must be taken 
in these cases to avoid graft infection.17 Though these tech-
niques have evolved and improved over the years, arterial 
resection and reconstruction remain significant sources of 
morbidity and mortality in pancreatic resections, with one 
study citing a 90-day major morbidity rate of 53% and mor-
tality rate of 14%.20 Most of these complications were due to 
postoperative hemorrhage, pancreatic fistula, or ischemia.20

Irreversible electroporation (IRE)

So far, our discussion has focused primarily on operative 
strategies for resectable disease. However, a significant 
subsect of patients have unresectable disease without arte-
rial reconstruction options. One treatment modality under 
development for these patients is irreversible electropo-
ration (IRE). This strategy involves an ablation technique 
that uses high voltage, low energy electropulsations to cre-
ate pores in the tumor cell membranes, leading to necrosis  
[Figure 3]. Because this is a non-thermal technique, there is 
no risk of thermal injury to surrounding areas, making it a 
theoretically safe approach for tumors close to vital struc-
tures.21 This technique is particularly useful for margin 
accentuation, or the treatment of tumor edges in order to 
decrease the likelihood of leaving positive tumor margins 
behind.22 The efficacy of this technique has been demon-
strated in vivo and in vitro studies. While the technology is 
promising, one major disadvantage of IRE is its inability to 
eradicate larger tumors >3cm. This is potentially due to the 
fact that the electrodes would need to be further away from 
the core of the target tissue, leading to a decreased magni-
tude of pulsation reaching each part of the mass.22 Regard-
less of this, IRE remains an exciting territory for treatment 
of pancreatic malignancies, even if only as an adjunct to  
surgical resection.

FUTURE DIRECTIONS

Despite all of the impressive advancements discussed above, 
the final frontier of successful treatment of pancreatic can-
cer is early detection of disease. Currently, the majority of 
pancreatic cancers are discovered only after symptoms have 
manifested and disease is more likely to be at least locally 
advanced at that time. Some sources estimate up to 85% of 
diagnosed PDACs are locally advanced or metastatic at the 
time of diagnosis.20 

An emerging area of interest for early detection is the 
“liquid biopsy” or body fluid sample such as blood, saliva, 
or urine, that may contain biomarkers that can direct a 
diagnosis of pancreatic cancer. One such biomarker being 
examined is circulating cell-free tumor DNA (ctDNA). This 
approach looks for circulating nucleic acids of tumor cells 
that are prevalent during early stage disease, which could 
provide diagnosis without the undue risk of tissue biopsy.20 
While the concept is promising for future development, 
ctDNA testing is currently somewhat controversial as a 
method for early detection of pancreatic cancer due to its 
instability, low circulating volume, and variable sensitivity 
and specificity across available studies.20 

Another encouraging area undergoing development is 
neoadjuvant chemotherapy for pancreatic cancer. Currently, 
some data supports that a course of neoadjuvant chemo-
therapy can improve 12-month overall survival rates to 
77% compared to 40% in the upfront surgery groups.24 This 
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Figure 2: Sub-adventitial divestment of a grade I tumor with invasion 

into the tunica adventitia.19

Figure 3: Irreversible electroporation electrodes surrounding pancreatic 

tumor.23
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data also shows that it can make patients with previously 
unresectable cancers newly eligible for surgery, as well as 
improve the overall survival of those who experience post-
operative complications.24

CONCLUSION

As new technologies emerge to help solve problems in the 
operating room, an additional problem is created: where do 
these technologies fit in with existing techniques and how 
can they be incorporated to improve outcomes as well as 
efficiency? The advent of the surgical robot has moved the 
needle forward dramatically in terms of creating a more ergo-
nomic operating environment with improved visualization 
without needing to commit patients to the complications 
associated with open surgery; however, we continue to seek 
out additional tools that can be used along with the robot 
that can push it to be unequivocally superior for safety and 
outcomes. The adjuncts discussed here have indeed broad-
ened surgical candidacy and therefore allowed more patients 
to lead longer and more comfortable lives, which is the ulti-
mate purpose of this work.
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Management of Benign Symptomatic Thyroid Nodules  

in Rhode Island Using Radiofrequency Ablation

NINA S. LI, BS; SONIA GIYANANI, DO; DAEHEE KIM, MD; STEVE KWON, MD, MPH; JOHN LEE, MD 

ABSTRACT  

The management of benign symptomatic thyroid nodules 
can pose a challenge when weighing treatment options. 
While surgical resection has been the gold standard, the 
risks and consequences of partial or total thyroidectomy 
may outweigh the benefits of the procedure. Additional-
ly, a significant number of patients are not surgical can-
didates due to comorbidities, potential risks, or personal 
preference. Radiofrequency ablation (RFA) has emerged 
as a minimally invasive, low-risk alternative to tradition-
al surgery, and it has demonstrated to have high efficacy 
in nodule volume reduction, symptom resolution, and 
cosmetic improvement. Hence, the use of RFA for treat-
ment of benign thyroid nodules has been supported by 
both international and national professional groups. This 
paper hopes to promote the use of RFA for treatment of 
benign solid thyroid nodules in the Rhode Island popula-
tion as well as outline its potential clinical application.

KEYWORDS:  Radiofrequency ablation; benign 
symptomatic thyroid nodule; minimally invasive procedure  

INTRODUCTION 

There is a high prevalence of thyroid nodules in the gen-
eral population, with an upwards of 50–60% detection.1 The 
majority of thyroid nodules are found from incidental find-
ings and benign. Hence, management includes ruling out 
potential malignancy (5–15% of cases)2,3 and treatment of 
nodules causing significant symptoms and/or cosmetic con-
cerns. Symptoms of a thyroid nodule can include dysphagia, 
dyspnea, foreign body sensation, voice change, and cough.4 
In addition, toxic nodules producing hormone dysfunction 
and thyrotoxicosis are often an indication for treatment. 

Surgical resection has been the gold standard for treatment 
of clinically significant benign thyroid nodules. Partial or 
total thyroidectomy poses certain risks and complications 
including transient hypocalcemia (~5–20%),5 permanent 
hypocalcemia (<3%),5 persistent hypoparathyroidism (~2%),6 
recurrent or superior laryngeal nerve injury (1–4%),6 hem-
orrhage (~2%).7 The incidence of post hemithyroidectomy 
hypothyroidism has been reported to be approximately 27%, 
indicating that a significant portion of patient will require 

thyroid hormone therapy.8 These risks and complications 
often outweigh the benefits of the procedure, especially in 
patients with benign disease. Therefore, there has been an 
increased interest towards alternative minimally invasive 
procedures. Specifically, radiofrequency ablation (RFA) has 
garnered great interest due to its increased efficacy in com-
parison to other ablation treatments.9 

RFA is a minimally invasive, low-risk procedure that uti-
lizes an electrode under sonographic guidance to treat the 
target thyroid nodule. RFA has been endorsed in guidelines 
by multiple national, professional societies as a promising 
alternative to surgery for patients with benign symptomatic 
thyroid nodules and/or with malignant disease who are not 
surgical candidates.1,10 International groups including the 
Korean Society of Thyroid Radiology and European Thyroid 
Association also share similar sentiments in recent guide-
lines for use of RFA for clinically significant benign thyroid 
nodules.11-15 This article hopes to describe the potential 
impact of RFA as a low-risk and cost-effective alternative 
for the treatment of benign solid thyroid nodules in select 
patients in the state of Rhode Island. 

CURRENT PRACTICE GUIDELINES 

Various professional groups have supported the use of RFA 
for treatment of benign symptomatic thyroid nodules, and 
as such, there are agreements as well as variations in spe-
cific practice guidelines outlined. The Asian Conference on 
Tumor Ablation (ACTA) Task Force consolidated recom-
mendations and highlighted areas of debate from recommen-
dations made by academic societies in various countries.13 
For benign, nonfunctioning thyroid nodules with symptoms 
or cosmetic concerns, a 10 cm Visual Analog Scale for symp-
toms and cosmetic score (a cosmetic score of 1 to 4: (1) no 
palpable mass, (2) no cosmetic issues but a palpable mass, 
(3) cosmetic issue only during swallowing, and (4) nodule 
visible to the naked eye) can be utilized to assess patient 
burden and the need for treatment.13 While there are no 
definitive cutoff values for nodule size, nodules exceeding 
a maximum diameter of 2 cm and demonstrating continued 
growth may be considered for RFA treatment if they pose 
symptoms, cosmetic and/or clinical concerns.11 Histori-
cally, cytologically benign nodules of 4 cm or larger were 
recommended for surgical removal due to increased risk of 
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carcinoma development, structural and/or compressive con-
cerns, as well as cosmetic concerns, but modern approaches 
rely more on assessment of symptoms and changes over 
time as smaller nodules can also cause concerns depending 
on nodule location and patient neck circumference.11,16 

THE RADIOFREQUENCY ABLATION PROCEDURE

The thyroid nodule should be confirmed to be benign by at 
least two ultrasound-guided fine needle aspiration (FNA) or 
core needle biopsy (CNB) prior to RFA to prevent possible 
false-negative diagnosis of malignancy.13 However, some 
guidelines believe a single diagnosis of a thyroid nodule with 
highly suggested benign features (isoechoic spongiform or 
partially cystic nodules with an intra-cystic comet tail arti-
fact) is sufficient.11 On ultrasound, the following are eval-
uated in detail to determine if the nodule may be suitable 
for RFA: nodule echogenicity, margin, vascularity, volume, 
and relationship of nodule to surrounding critical structure. 
The following labs are also reviewed: complete blood count, 
coagulation test, thyroid function test, and thyroid autoanti-
bodies if thyroid function test abnormality is present.13 

RFA procedure consists of inserting a probe connected to 
a generator producing a high-frequency current into the tar-
get nodules. The resulting heat produced due to the electri-
cal current passing through a circuit with focal impedance 
(i.e., the target tissue) induces thermal injury and coagula-
tive necrosis in the target tissue.4 The procedure is generally 
performed under local anesthesia and real-time sonogra-
phy guidance; general anesthesia is not recommended.13 
Treated areas will appear as mildly hypoechoic spots on 
ultrasound, demonstrating tissue vaporization. There are 
several important techniques employed with thyroid RFAs 
to reduce complications related to thermal damage to sur-
rounding structures. First, hydro-dissection technique is 
used to protect adjacent surrounding structures of the neck. 
The hydro-dissection technique involves injection of either 
lidocaine or dextrose 5% in water in between the nodule 
and critical adjacent structures (e.g., carotid artery, recurrent 
laryngeal nerve), creating a margin of safety that prevents 
unintentional thermal damage.11,17 Second, the “moving- 
shot” technique through the trans-isthmic approach has 
been employed to treat thyroid nodules, where the electrode 
tip is moved continuously to ensure adequate treatment 
coverage and adequate sonographic target visualization 
while preventing overtreatment of the peripheral margins.13 
The electrode needle can be inserted in the midline-to- 
lateral direction first at the deepest and most remote portion 
of the nodule, and then gradually moved backwards for best 
electrode visualization and control.13 

Follow-up visits are recommended at one to three months 
for early exam of initial effects of ablation and for thyroid 
function analysis, at six and twelve months for assessment 
of volume reduction as this is where max nodule shrinkage 

is obtained, and at every six to twelve months thereaf-
ter to monitor for regrowth.12,13 In certain cases, including 
marginal regrowth of the treated nodules, increase of  50% 
volume compared to minimum recorded volume, <50% vol-
ume reduction rate, or incomplete resolution of symptoms, 
additional rounds of RFA may be considered. 

PATIENT SELECTION AND ELIGIBILITY 

RFA should be used for the treatment of solid or majority 
solid benign thyroid nodules causing symptomatic, clini-
cal, or cosmetic concern. RFA should not be performed on 
nodules with high-risk ultrasound features due to risk of 
harboring malignancy, and unnecessary treatment of asymp-
tomatic benign nodules are discouraged.12 RFA can be the 
treatment of choice for autonomously functioning thyroid 
nodules (AFTNs) in instances where the patient refuses both 
surgery and radioactive iodine treatment. Additionally, it 
can be considered for cases of AFTN in young patients due 
to the potential of a much longer period of hypothyroidism 
following RAI or surgery.4 RFA has demonstrated to have 
lower efficacy in larger nodules, and therefore nodules >20 
mL in volume are not recommended for RFA treatment.11 
Selected cases of malignant thyroid nodule, such as residual 
or recurrent disease after thyroidectomy can be considered 
for RFA after multidisciplinary discussion. Indications for 
RFA of malignant nodules rather than surgical resection 
may be appropriate in cases where the patient is a nonsurgi-
cal candidate and the tumor is of specific locations (unifocal 
disease, central location in gland, confined to thyroid gland) 
or types.4,10 Bipolar electrode may be recommended for preg-
nant women or patients with cardiac pacemaker.13 Imag-
ing from a benign thyroid nodule RFA procedure at Roger  
Williams Medical Center is shown in Figure 1.  

OUTCOMES OF THYROID NODULE  

RADIOFREQUENCY ABLATION

Benign thyroid nodules compromise a high impact area of 
RFA. RFA has been widely adopted across Asia and Europe 
over the past decade for treatment of benign nodules. In 
international studies, there is an overall consensus in the 
literature suggesting RFA to be efficacious in reducing nod-
ule volume, with 70% to 80% reduction in six to 18 months 
or even higher depending on the study, as well as improving 
related symptoms and cosmetic concerns.18-22 Therapeutic 
response is often defined as >50% volume reduction after 
twelve months. A retrospective cohort study comparing 
outcomes of RFA to surgery for treatment of benign thyroid 
nodules found that RFA reduced nodular volume by 70% 
after 12 months and was more cost-effective than surgery for 
the treatment of nodule-related clinical problems.22 A large 
systematic review of reports published between 2009 and 
2021 of mostly solid nodules found that volume reduction at 
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12 months follow-up ranged from 67 to 75% for single treat-
ment nodules and reached approximately 94% for repeat 
treatments, demonstrating that RFA produced long-term 
clinical efficacy.18 

The FDA-approved use of RFA in soft tissue tumors in 
2018, and since US-based studies have also found RFA to be 
efficacious in treatment of benign thyroid nodules. For large 
benign thyroid nodules, defined as 3 cm in largest diameter, 
an early case series by Mayo Clinic found a median volume 
reduction rate (VRR) of 44.6% over a median follow up of 
8.6 months.23 Subsequent studies in the US also found sig-
nificant VRRs and good efficacy. A single center retrospec-
tive study between 2018 and 2021 found that mean VRR 
was 70.8% after a median follow-up period of 109 days, with 
symptomatic and cosmetic improvement (P < 0.01).24 Both 
nonfunctioning thyroid nodules (NFTNs) and AFTNs were 
included in the study, and RFA was found to cause a greater 
volume reduction in smaller nodules (P = 0.03) and improve 
thyrotropin (TSH) in AFTNs (P value < 0.01).25 A study at 
Columbia University saw that RFA procedures performed 
in the outpatient setting under local anesthesia were well 
tolerated and resulted in a VRR of 52.9% at one month fol-
low-up.21 All patients included in the study (n = 15), except 
two, had nodules that were benign on fine-needle biopsy 
but enlarging, symptomatic, or toxic, and patients were 

Figure 1A,B. Pre-procedure imaging of a 2.9 x 2 x 2.8 cm TIRADS 4 right thyroid nodule with two 

fine needle aspiration results showing benign findings. Patient had symptoms of dysphagia and 

cosmetic concerns. 

Figure 1C,D. Post-procedure imaging demonstrating post radio- 

frequency ablation changes including areas of hyperechogenicity  

without evidence of immediate complications. 

euthyroid at follow up, suggesting 
reduced need of thyroid hormone sup-
plementation compared to traditional 
surgery.8 

Several studies have also reported 
on the positive improvements of cos-
metic and symptoms scores following 
RFA. A US-based study following 56 
patients with 76 benign thyroid nod-
ules treated with RFA demonstrated 
a significant improvement for goiter 
symptoms, anxiety, appearance, and 
quality of life at 12-month follow-up 

(P< 0.05).26 Additionally, in a cohort of 94 elderly patients 
with cytologically benign compressive thyroid nodules, relief 
of compressive symptoms were found in 88% of patients.27 
Pooled measures of mean symptomatic score and cosmetic 
score from 14 and 12 available studies, respectively, demon-
strated a decreased postoperative symptomatic score (3.83 
vs 1.09) and cosmetic score (3.43 vs 1.51), providing further 
support for the efficacy of RFA in treating benign thyroid 
nodules for symptomatic and cosmetic indications.11 

RFA is predominantly indicated for solid or predomi-
nantly solid benign thyroid nodules. Moderate efficacy has 
been demonstrated by RFA in treating toxic thyroid nodules 
with a 57% TSH normalization rate and 79% VRR at one 
year.28 Other nodule subtypes including benign AFTNs, cys-
tic nodules and malignant nodules may not be as effectively 
resolved with RFA compared to current standard treat-
ments (e.g., RAI, ethanol ablation, surgery, respectively) and 
should only be treated in the case that the patient denies or 
is unsuited for surgery or RAI, or where the risks of hypo-
thyroidism may be too detrimental.4,11,12,19 While RFA and 
ethanol ablation have been demonstrated to have similar 
outcomes, the lower cost and superior safety profile of etha-
nol ablation indicates it as the preferred treatment for cystic 
nodules.4 

SAFETY AND OTHER CONSIDERATIONS

RFA is generally well tolerated with low complications 
rates of around 3.3%.29 Minor complications can include 
mild hematoma, postoperative transient hoarseness, mild 
pain, and skin burn; major complications, although rare, 
can include permanent voice change, brachial plexus injury, 
recurrent laryngeal nerve injury, nodule rupture, and per-
manent hypothyroidism.29,30 However, generally when 
compared to surgery, RFA produces significantly lower 
incidence of complications than surgery (6.0% vs 1.0%, P= 
0.002), lower rates of residual nodules (11.9% versus 2.9%, 
P = .004), reduced hospitalization days, and preservation 
of thyroid function.24 Following RFA treatment for benign 
NFTNs, it has also been shown that while there is transient 
relative hypothyroidism and increase in thyroid antibodies, 
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the levels normalize within 12 months with most rises in 
TSH remaining in normal range.31 Long-term follow-up will 
be necessary to monitor potential regrowth. 

Multiple factors including ill-defined margins, large nod-
ule size, functional autonomy, and low applied energy can 
affect the successfulness of RFA treatment as well as poten-
tiation for nodule regrowth after treatment.12,22 Regrowth 
rates can range from 0–34%, as demonstrated by a recent 
systematic review of data published between 2008 and 
2021.18 There is also reduced efficacy of RFA in larger nod-
ules (>20 mL) and variable rate of thyroid function normal-
ization for AFTN.11 In past studies following patients treated 
for non-functioning thyroid nodules with RFA for over three 
years, 24–60% of cases required more than two sessions of 
RFA to maintain long-term volume reduction.11 Therefore, 
while RFA causes expected decrease in nodule size, patients 
should be informed that there is not complete disappearance 
of the nodule and additional treatment or surgery may be 
necessary if there is subsequent regrowth.13 

CONCLUSION AND LOOKING FORWARD 

Radiofrequency ablation is an attractive alternative to 
conventional surgery for the treatment of benign thyroid 
nodules. With low complication rates, short procedure 
and recovery time, reduced cost, and efficacy in treating 
symptomatic benign thyroid nodules, it can serve as a great 
option for patients who are not great surgical candidates or 
who refuse surgery. RFA also greatly diminishes the risk of 
hypothyroidism and need for life-long hormone supplemen-
tation. Patient workup includes diagnostic thyroid ultra-
sound, clinical work up, and fine needle aspiration to rule 
out potential malignancy. Treatment of thyroid nodules 
posing no symptomatic or aesthetic concerns is not advised. 
With the proven safety and efficacy of RFA for treatment 
of benign thyroid nodules, we believe that this technique 
would be a great treatment option for patients in the state 
of Rhode Island.
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Cholangiocarcinoma in Rhode Island: Incidence Trends and Risk Profile 

Over the Last Decade

SASHA LIGHTFOOT, DO; SURAJ RAM, MD; ABDUL SAIED CALVINO, MD

ABSTRACT 

The incidence of cholangiocarcinoma, a fatal disease of bile 
ducts, is increasing at unsettling rates in the Northeast 
United States, including Rhode Island. The cause of this 
region-specific increase in incidence of cholangiocarcinoma 
is unknown. This is a review of the literature on cholan-
giocarcinoma in conjunction with cancer data from the 
1995–2018 Rhode Island Cancer Registry. The goal of this 
paper is to discuss the potential etiologies of the increased 
incidence in cholangiocarcinoma and identify populations 
in Rhode Island most at risk. Rhode Island residents have 
specific environmental and occupational exposures, which 
may contribute to the increased rate of cholangiocarcinoma. 
The Rhode Island Hispanic population has the highest inci-
dence of cholangiocarcinoma and is diagnosed at younger 
ages. In order to evaluate and address this fatal disease, fur-
ther research is needed and would be best evaluated by cre-
ation of a statewide database to track potential risk factors. 

KEYWORDS:  Cholangiocarcinoma; Rhode Island; 
disparities   

INTRODUCTION

Cholangiocarcinoma, a silent and aggressive cancer of the 
bile ducts, casts an unsettling shadow over the United 
States. While it is classified as a rare malignancy, with 
approximately 5,000 cases diagnosed annually,1 its incidence 
is not only rising but accelerating – particularly for intra-
hepatic cholangiocarcinoma (ICC).2 This alarming trend is 
especially pronounced in Rhode Island, where the rates of 
this disease surpass national averages, prompting urgent 
questions about the underlying causes and potential risk 
factors that may be unique to this region.3

In Rhode Island, the incidence of cholangiocarcinoma is 
not merely a statistic; it represents a growing public health 
concern that affects families, communities, and healthcare 
systems. As we delve deeper into this issue, we find a trou-
bling narrative: the state’s historical industrial activities, 
particularly around the Blackstone River, have left a legacy 
of pollution that may be silently contributing to the rising 
rates of this deadly disease. The river, once celebrated as a 
vital artery of commerce and industry, has transformed into 

a symbol of environmental neglect, with its waters histori-
cally tainted by the effluents of textile mills, metalworking 
facilities, and other industrial operations.

Research indicates that the increase in cholangiocarci-
noma cases is primarily driven by ICC, which has seen a stag-
gering rise of 350% in incidence over the past few decades. 
This is striking, especially when juxtaposed with a modest 
increase in extrahepatic cholangiocarcinoma (ECC).4 As we 
examine these trends, exploring the potential environmen-
tal and occupational exposures that may be at play becomes 
essential. Could the pollutants that have contaminated the 
Blackstone River, including industrial solvents and heavy 
metals, be linked to the health of Rhode Islanders? 

Moreover, the prognosis for cholangiocarcinoma remains 
grim, with median survival rates of four to eight months.4 
Many patients remain asymptomatic until the disease 
has progressed significantly, complicating early detection 
efforts. This highlights the critical need for awareness and 
targeted research to identify at-risk populations in Rhode 
Island and understand the specific factors contributing to 
such high incidence rates.

This review aims to unravel the complex interplay 
between historical environmental exposure and the rising 
incidence of cholangiocarcinoma in Rhode Island. By delv-
ing into the epidemiological data, examining known risk 
factors, and considering the implications of industrial pollu-
tion, we seek to illuminate the path forward for research and 
public health interventions. As we stand at this crossroads, 
it is imperative to ask: what can we learn from the past, and 
how can we leverage this knowledge to protect future gener-
ations from the devastating impacts of cholangiocarcinoma?

UNDERSTANDING CHOLANGIOCARCINOMA 

Cholangiocarcinoma is a malignancy of the bile ducts, 
defined based on location. ICC arises within the liver, com-
prising less than 10% of cholangiocarcinoma diagnoses. 
ECC includes cancers of the hilum, which make up 50% of 
cholangiocarcinoma cases, and the distal common bile duct, 
which makes up 40% of all cholangiocarcinoma cases. ICC 
and ECC are most often adenocarcinomas. Surgical resec-
tion and adjuvant chemotherapy are the preferred treatment 
combination for resectable tumors.5 Cholangiocarcinoma is 
a fatal disease with unresectable tumors having a median 
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survival of less than one year. The mortality rate for cholan-
giocarcinoma has increased by 39%.5 This increased mortal-
ity is related to the increased incidence of ICC.5 ICC in the 
United States has increased over threefold while ECC rates 
have increased to a lesser extent.3

The incidence of cholangiocarcinoma varies based on eth-
nicity, gender, and region. ICC has the highest incidence 
in the Northeast, while ECC has the highest rates in the 
Northeast and Pacific regions.6 When looking specifically at 
Rhode Island, the incidence of cholangiocarcinoma has more 
than doubled in a decade. In 1995–1999, the age-adjusted 
rate per 100,000 individuals was 1.10, while from 2015–2019 
it was 2.18.3 Since 1992, Rhode Island’s overall cancer age- 
adjusted incidence has increased while the nation’s cancer 
age-adjusted incidence has declined.7 The questions we aim 
to discuss are what drives this unsettling increase in chol-
angiocarcinoma, and is there anything unique to the Rhode 
Island population contributing to this increase? 

RHODE ISLAND ENVIRONMENT 

The Blackstone River Valley, running from the Massachu-
setts border through Woonsocket, Central Falls, and Paw-
tucket, Rhode Island, has a long history of water pollution.7 
The river was once known as the “world’s busiest river” 
during the 19th and 20th centuries. During this time, there 
was a rapid expansion of textile mills and wire, rubber, and 
metal factories.8,9 Slater’s Mill in Pawtucket, RI, was the 
nation’s first textile mill, which processed cotton and dyed 
it.10 Multiple dams provided hydropower for the operation of 
textile mills and factories.11  

The 19th and 20th centuries were a time of rapid expan-
sion of mills and factories employing many Rhode Islanders 
at the expense of the surrounding environment. Many haz-
ardous materials in textile manufacturing involve industrial 
solvents that are required for printing on the textiles, weav-
ing them, and cleaning the machinery. These chemicals, 
including trichloroethylene, benzene, and ethylene dichlo-
ride, were discharged directly into the Blackstone River.12 
Workers were also at risk of exposure to these chemicals as 
part of their occupation. Metalworking facilities produced 
heavy metal waste, polluting the soil and water. As indus-
trial activity grew, human settlements proliferated along 
the river in the 19th century, and untreated wastewater was  
discharged into the river.11  

The rapid pace of industrialization and rapid population 
growth through the 20th century allowed the contamina-
tion in the river from the disposal of sewage, wastewater, 
heavy metals, and chemical waste to reach unprecedented 
levels.13 The Clean Water Act of 1972 provided water con-
tamination standards that had to be met by 1987; however, 
achieving these goals in the Blackstone River has been diffi-
cult given the size and scope of the contamination. The mul-
tiple dams in the river cause contaminants to accumulate 

in sediment for many years.14 By 1990, the Blackstone River 
had the dubious distinction of being named “America’s most  
polluted river” by the EPA.13 

RHODE ISLAND AND CHOLANGIOCARCINOMA

A history of occupational exposure to industrial chemicals 
and environmental exposure to contaminated water renders 
residents of Rhode Island at risk. Environmental exposure 
directly from polluted waters can occur with immersion or 
ingestion. Although there is no current evidence that drink-
ing water quality standards are significantly breached in any 
significant capacity in the state, the history of pollution and 
occupational exposures is a risk specific to Rhode Islanders. 
Other studies have similarly evaluated water pollution and 
occupational exposure to the increasing incidence of can-
cers in Rhode Island. This has been thought to contribute to 
Rhode Island having the highest incidence of bladder cancer 
in the nation.15 

Although environmental and occupational risks unique 
to Rhode Island may contribute to increasing the incidence 
of cholangiocarcinoma, there are other potential contribu-
tors to the high incidence. Males have a higher incidence 
of cholangiocarcinoma than females in Rhode Island, with 
an increase of 5.1% each year on average versus a 3.6% 
increase each year on average for females [Figure 1]. Males 
are more likely to be diagnosed at a younger age [Figure 2]. 
Other studies have shown that men have a higher incidence 

Figure 1. Trend of Cholangiocarcinoma incidence rate from 1995 to 2018

Figure 2. Age at diagnosis of Cholangiocarcinoma by sex from  

1995 to 2018

UPDATES IN SURGICAL ONCOLOGY

35J U L Y  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  J U L Y  I S S U E  W E B P A G E  |  R I M S 5

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-07.asp
https://www.rimedicalsociety.org


than women, with ratios of 1:1.2–1.5, which is in line with 
our data.16,17

 In Rhode Island, age-adjusted cancer incidence rates in 
Hispanic people are more than double the cancer incidence 
rates in the non-Hispanic White population for both males 
and females from 1995 to 2018 [Figure 3]. Not only are over-
all cancer incidence rates higher in the Hispanic popula-
tion, but incidence rates of hepatobiliary cancers, including 
cholangiocarcinoma, are also increasing more dramatically 
in the Hispanic and other minority populations in more 
recent years. Minority populations are also more likely to 
be diagnosed at younger ages [Figure 4]. The young age at 
diagnosis and the increasing incidence in the Hispanic pop-
ulation suggest a genetic predisposition to the diagnosis of 
cholangiocarcinoma. 

Though genetic predisposition may contribute, the cause 
of increased incidence in hepatobiliary cancers in minority 
populations in Rhode Island is likely a multifactorial issue. 
Hepatitis C, HIV infection, smoking, alcohol use, and dia-
betes increase the risk of ICC within the United States.1 
ECC and ICC may have differing risk factors, but additional 
studies are needed to elucidate this further. Primary scleros-
ing cholangitis, choledochal cysts, and parasitic infections 
with the hepatobiliary flukes Opisthorchis viverrini and 
Chlonorchis sinensis are also associated with the diagnosis 
of cholangiocarcinoma. Thorotrast, a contrast agent used in 
the mid-1950s, is a known toxin associated with a 300-fold 

increase in cholangiocarcinoma.17 To our knowledge, there 
is no data to determine whether these risk factors are more 
prevalent in the Rhode Island population than in the nation.

Social determinants of health provide another layer of 
complexity to the increased incidence of cholangiocarci-
noma in minority populations in Rhode Island. Previous 
studies have demonstrated that minorities have lower edu-
cation and income levels, and a lack of private insurance, 
which may delay their diagnosis. With delayed diagnosis, 
minority populations have been shown to have greater nodal 
involvement and higher tumor stage and are more likely to 
be diagnosed with metastatic disease.18 This may be a trend 
seen with cholangiocarcinoma in Rhode Island minority 
populations as well. A study on hilar cholangiocarcinoma 
and treatment delay showed no impact on resectability, 
tumor stage, or survival, which lacks relevance to our pop-
ulation as this was a Danish study that did not evaluate  
socioeconomic determinants of health.19-21

More research is needed to assess the relationship between 
environmental pollution, occupational exposure, and 
genetic predisposition leading to increased cholangiocarci-
nomas in Rhode Island. Future studies focusing on Rhode 
Island residents and their proximity to the Blackstone River 
and occupational history are needed. This would allow us 
to determine if cholangiocarcinoma is higher in those with 
the most exposure to potential pollutants in the Blackstone 
River or specific occupations. Biomonitoring studies may 
also provide some information on past exposure to tox-
ins and the risk of developing cholangiocarcinoma when 
exposed. A Rhode Island statewide database to track the 
incidence of cholangiocarcinoma, potential risk factors, and 
disparities is the next step to improve the state’s outcomes 
in cholangiocarcinoma. The dataset would allow us to iden-
tify risk factors for the Rhode Island population and allow 
for directed mitigation efforts.

CONCLUSION

Cholangiocarcinoma is a highly fatal disease that uniquely 
impacts the Rhode Island population. This disease remains 
uncontrolled and unimproved in Rhode Island and nation-
wide due to poor comprehension of the relationship between 
environmental and occupational exposures, lifestyle factors, 
and genetic predisposition. Minorities in Rhode Island are 
being diagnosed at increasing rates, and national mortality 
rates are skyrocketing. It is time to methodically examine 
this disease process with continued research and efforts to 
improve public awareness. Policy changes are integral to 
mitigate environmental and occupational risks and improve 
access to healthcare for populations most at risk. 

Figure 3. Incidence (rate) by sex and race/ethnicity from 1995 to 2018

Figure 4. Age at cholangiocarcinoma diagnosis by race/ethnicity from 

2007 to 2018
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