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for colorectal liver metastases 
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• Twenty-two patients with hepatic colorectal metastases had Infusaid pumps implanted for hepatic 
artery infusion chemotherapy, or HAIC. Prior to pump placement, 19 of the 22 patients received 
percutaneous HAIC with 5-fluorouracil and citrovorum factor. Floxuridine, 0.2 mg/kg/d, was ad-
ministered via the Infusaid pump and was alternated with saline solution every 2 weeks. HAIC respon-
siveness was defined as a 50% or greater reduction in the sum of all diameters of measured lesions on 
computerized tomography scans and no evidence of extra-hepatic tumor. Nine patients (41%) had a 
favorable response to HAIC; four (18%) had a partial response to percutaneous HAIC and five (23%) 
were considered pump responders. All responders had pretreatment liver replacement of less than 50%. 
The mean survival after pump placement was 13.6 months for responders and 11.1 months for non-
responders. Although there were no operative deaths, the morbidity rate was 36%, and 31% of patients 
manifested significant chemotherapy toxicity. While toxicity is not insignificant and there is no survival 
benefit, the Infusaid pump is a reliable drug delivery system for HAIC, and may result in regression of 
colorectal liver metastases in patients with less than 50% hepatic replacement. 
• INDEXTERM: COLORECTAL LIVER METASTASES D CLEVE CLIN ] MED 1990; 57:692-696 

OF THE 147,000 patients who will be found 
to have colorectal carcinoma in the United 
States this year, hepatic metastases will 
develop in 20% to 40%.' A maximum of 

10% of these patients may undergo a potentially "cura-
tive" liver resection, with a 5-year survival rate of 25% 
to 30%,2 but most patients with colorectal liver metas-
tases must rely on other modes of therapy. 

Only 20% of patients respond to conventional in-
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travenous chemotherapy,3 while other modalities in-
cluding immunotherapy, radiation therapy, and hepatic 
artery ligation have been shown to offer no further sur-
vival benefit. 

Hepatic artery infusion chemotherapy (HAIC) be-
came available in the 1950s, but technical problems out-
weighed the relatively slight benefit.4,5 The implantable 
Infusaid pump has rekindled interest in HAIC as 
evidenced by several encouraging reports on the use of 
the device.6"8 

We report our experience with percutaneous HAIC 
using 5-fluorouracil (5-FU) and leucovorin and HAIC 
using floxuridine (FUDR) delivered via the Infusaid 
pump. W e reviewed H A I C delivered both per-
cutaneously and via the pump. 
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METHODS 

Patient characteristics 
Between January 1984 and November 1986, Infusaid 

pumps were implanted in 11 female and 11 male patients. 
Liver metastases were synchronous in 11 of the patients 
while the other 11 exhibited metachronous lesions. Five 
of the patients were Duke's Stage B and six were Duke's 
Stage C. Based upon rising carcinoembryonic antigen 
(CEA) levels ranging from values of less than 2.5 to 
3,503, computerized tomography (CT) scans confirmed 
the presence of hepatic metastases in all patients, and 13 
demonstrated less than 50% of the liver replaced by 
tumor. Three patients had received a course of in-
travenous 5-fluorouracil (5-FU) prior to the study. 

In addition to informed consent, eligibility require-
ments for participation in the HAIC study included the 
following: (1) unresectable liver metastases as the 
primary factor determining survival and quality of life, 
(2) no pretreatment evidence of extrahepatic disease, 
(3) a life expectancy of at least 60 days, (4) patient 
fitness for surgical placement of the Infusaid pump, (5) 
the presence of measurable disease, (6) normal bilirubin, 
and (7) no evidence of ascites, cirrhosis, or uncontrolled 
infection. 

Treatment protocol 
The treatment protocol consisted of percutaneous 

HAIC followed by the placement of the Infusaid pump. 
An angiographic catheter was placed percutaneously via 
the femoral artery in the common hepatic artery by the 
Seldinger technique. Two courses of 4 days of 5-FU 
combined with citrovorum factor were given at 4 week 
intervals. The dose of citrovorum was 200 mg/m2 given 
15 to 30 minutes prior to the constant infusion of 5-FU. 
The infusion was administered over 24 hours at a dose of 
1,200 mg/m2. The total dose of citrovorum factor and 
5-FU per course was 800 mg/m2 and 4,800 mg/m2 respec-
tively. 

A C T scan and CEA level were obtained 2 to 4 weeks 
after completion of the second course of percutaneous 
HAIC, and patients whose liver involvement had 
regressed or remained stable were referred for placement 
of an Infusaid pump. 

Nineteen of the 22 patients in the study received 
percutaneous HAIC. Of the remaining 3 patients, 2 had 
replaced right hepatic arteries from the superior 
mesenteric artery (SMA) which precluded percutaneous 
perfusion of the entire liver, and 1 underwent pump 
placement at the time of exploration for a possible 
hepatic resection. 

NOVEMBER • DECEMBER 1990 

Pump placement 
An exploratory laparotomy was performed through a 

midline incision. If the exploration failed to reveal ex-
trahepatic disease, the gastroduodenal artery and the 
common and proper hepatic arteries were dissected free; 
the right gastric artery was ligated. The Infusaid catheter 
was placed into the gastroduodenal artery which was 
ligated distally. 

The two patients with replaced right hepatic arteries 
from the S M A had dual catheters implanted. The 
second catheter was placed directly into the right 
hepatic artery and held in place by a purse-string suture. 
Pumps were located in subcutaneous pockets in the right 
lower quadrant; however, the gallbladder was not 
routinely removed. To verify perfusion of the entire 
liver, flow scans with technetium 99-labeled microag-
gregated albumin were performed through the side port 
of the pump between the fifth and seventh postoperative 
day. 

Prior to hospital discharge, the pump chamber was 
filled with normal saline and heparin. Therapy with 
floxuridine (FUDR) was instituted 2 weeks later at an 
initial dose of 0.2 mg/kg/d for 14 days. Monthly incre-
ments or decrements in dosage of 0.1 mg/kg/d were made 
on the basis of toxicity. Floxuridine and saline were 
alternated every 2 weeks unless toxicity required cessa-
tion of the. chemotherapy. 

The absence of all tumor on C T scans and lack of 
clinical evidence of tumor for a minimum of 4 weeks was 
considered a complete response. A partial response was 
defined as 50% or greater decrease in the sum of all 
diameters of measured lesions on C T scans, and no 
evidence of extrahepatic tumor. Serial C T scans, CEA 
levels, and follow-up examination were obtained at 3-
month intervals. 

RESULTS 

Twenty-two patients met the eligibility criteria. The 
overall response to HAIC was 41%. Of the 19 patients 
administered percutaneous therapy, 4 (21%) were 
responsive, and 5 (23%) responded to the Infusaid 
pump. One of the 4 patients who responded to per-
cutaneous HAIC demonstrated a sustained response to 
the Infusaid pump. The remaining 3 died within a year 
of pump placement from progressive disease. Of the 5 
responders to the pump, 4 appeared to have almost com-
plete resolution of their hepatic disease for a mean of 6 
months. Two of the four died from the recurrent hepatic 
disease at 11 and 15 months after pump placement. One 
patient is alive 21 months after pump insertion with a 
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sacral recurrence and stable liver disease, and C T scans 
of the other responder indicate the patient is disease-
free 18 months after pump placement. This patient had 
undergone a segmental liver resection at the time of her 
initial colon resection for a synchronous metastasis. 

Patient responses 
The 9 patients who responded to either percutaneous 

or Infusaid HAIC were from the subset of 13 patients 
who demonstrated less than 50% of the liver to be 
replaced by tumor. None of the patients whose pretreat-
ment scan showed more than 50% liver replacement 
exhibited any response to HAIC. The intravenous 5-FU 
treatment of the three patients prior to the study did not 
affect the response rate to HAIC. The mean survival for 
the nonresponsive patients was 11.1 months, and 13.6 
months for the responders. The mean time from primary 
operation to pump placement was 9.3 months for 
patients with synchronous lesions and 32.4 months for 
those with metachronous metastases. 

Complications 
Although there were no operative deaths in this 

series, the morbidity rate was 36%. In three patients, 
seromas developed in the pump pockets; these resolved 
with aspiration. Pump pocket infections that were non-
responsive to drainage and systemic antibiotics even-
tually required the removal of two pumps, and catheter 
thrombosis in one patient required reinsertion of a new 
pump. Extravasation of chemotherapy into the sub-
cutaneous tissue of another patient resulted in skin 
necrosis, necessitating relocation of the pump to the left 
lower quadrant. Another patient required a second 
operation at his local hospital approximately 2 weeks 
postoperatively because of catheter dislodgment and 
intra-abdominal hemorrhage. Although one third of the 
patients required additional surgery for complications, 
only two needed a second laparotomy. 

Adverse reactions 
Chemotherapy-related toxicity developed in seven 

patients (32%), and on three occasions floxuridine 
therapy was discontinued or the dose was markedly 
reduced because of chemical hepatitis. Gastritis or 
duodenitis was documented in two patients who under-
went upper gastrointestinal endoscopy. Both of these 
patients responded to medical therapy without cessation 
of chemotherapy. Liver biopsy and cholangiography sup-
ported the diagnosis of biliary sclerosis in another two 
patients; however, one of these patients may have had 
asymptomatic sclerosing cholangitis prior to HAIC 

since her colon carcinoma was associated with a long 
history of mucosal ulcerative colitis. None of the 
patients in this study developed acute cholecystitis or 
myelosuppression. 

DISCUSSION 

Interest in HAIC chemotherapy has resulted from 
poor response rates associated with conventional sys-
temic chemotherapy in the treatment of colorectal liver 
metastases. Sullivan reported good results in 1964 with 
HAIC chemotherapy.5 The theoretical advantages in-
clude higher drug delivery to the tumor, prolonged 
tumor exposure to the drug, and less systemic toxicity.9 

Many subsequent studies report measurable response 
rates to percutaneous HAIC with median survivals of 7 
to 16 months.10-13 However, therapy was discontinued in 
up to 35% of the patients because of complications, 
including arterial thrombosis, catheter dislodgment, 
sepsis, and a cumbersome external pump.14 

The introduction of the totally implantable Infusaid 
pump has been responsible for a resurgence of interest in 
HAIC.6,15 Although a major laparotomy is required for 
pump and catheter insertion, the reliability, ease of drug 
administration, and patient acceptance of the device 
have been quickly realized. Several reports contain en-
couraging results including response rates by CEA or C T 
criteria (50% or greater decrease in the sum of all 
diameters of measured lesions) ranging from 30% to 
88%.7AUMS A decrease in the CEA, however, did not 
always correlate with a significant reduction of 
measurable disease on C T scans. Except for Balch's 
report which used historical controls,7 none of the trials 
demonstrated a survival advantage of HAIC. Further-
more, none of these series was prospective or ran-
domized. 

Previous studies 
Four prospective, randomized trials have failed to 

demonstrate that patients who receive HAIC live 
longer than those treated with intravenous systemic 
chemotherapy.19-22 Hohn and colleagues reported 
response rates of 37% with HAIC and 10% with sys-
temic therapy, but did not address survival benefits.20 

Reports by Kemeny and associates showed a 50% 
response with HAIC and a 20% response with systemic 
therapy.21 Although the median survival was 18 months 
in both groups, the fact that this was a crossover trial 
made interpretation of the survival data difficult. In 
1987 Chang and co-workers reported response rates 
with HAIC and systemic therapy at 62% and 17% 

694 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 57 NUMBER 8 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


COLORECTAL LIVER METASTASES • RUSTIN AND ASSOCIATES 

respectively; but the 2-year survival in these groups was 
not significantly different (22% v 15%.22 

Implications of current study 
Our study was selective rather than randomized as 

several criteria had to be met before the patient was 
accepted. Pumps were implanted in those patients 
whose liver involvement had not progressed after two 
courses of percutaneous HAIC. In fact, since none of the 
patients demonstrated progression of disease after per-
cutaneous HAIC, pumps were implanted in all par-
ticipants. 

Overall, only nine of the 22 patients (41%) 
responded to HAIC, either delivered percutaneously 
(18%) or via the Infusaid pump (23%). The response 
rates were virtually equal in both the percutaneous 
group treated with 5-FU and leucovorin and the Infusaid 
group treated with floxuridine, suggesting that these two 
drugs have similar efficacy and that the mechanism of 
drug delivery into the hepatic arterial circulation also 
yields similar results. Continuing the percutaneous 
HAIC and not using the Infusaid pump may have 
resulted in the same overall response rate of 41%. Fur-
ther analysis reveals that all nine responders, regardless 
of the delivery system, were patients who had less than 
50% of the hepatic parenchyma replaced by tumor. In 
fact, most had only three or four small metastases. In 
spite of the selective bias of the study, no survival benefit 

was demonstrated in responders compared to non-
responders. 

The technical problems in our study reflect the learn-
ing curve associated with a new procedure. Although 
only two patients had serious complications or required 
pump replacement, the morbidity of 3 6 % is high. Rela-
tively few problems were associated with the pump, yet 
toxicity was not insignificant (31%). The incidence of 
chemical hepatitis has been reported as high as 79%, 
although it resolves with dose reduction or cessation of 
floxuridine.21,23 Shepard and colleagues suggest a trend 
toward a higher incidence of hepatitis in patients with a 
better response to chemotherapy.2'' 

Gastritis develops in 20% to 48% of patients despite 
ulcer prophylaxis.21,25 The most dreaded toxicity, 
reported in up to 20% of some series,20,26 is biliary 
sclerosis, as it does not always reverse with cessation of 
therapy and can result in death from liver failure. 

The Infusaid pump is a reliable drug delivery system. 
Varying response rates probably reflect different doses of 
drug, various response criteria, and the presence of un-
detected extrahepatic disease. Our series is relatively 
small and the patients were selected, not randomized. 
Nonetheless, our data suggests that HAIC has some 
efficacy in controlling liver metastases from colorectal 
carcinoma. The lack of a survival benefit from HAIC 
emphasizes the lack of effective systemic therapy for 
metastatic colorectal carcinoma. 

REFERENCES 

1. SilverbergE, LuberaJ. Cancer Statistics 1988;38:14-15. 
2. Hughes KS, Simon R, Songhorabodi S, et al. Resection of the liver for 

colorectal carcinoma metastases: A multi-institutional study of indica-
tions for resection. Surgery 1988;103:278-288. 

3. Foster JH, Lungy J. Liver Metastases. Curr Probl Surg 1983; 18:160-195. 
4. Fortner JG, Mulcare RJ, Solis A, et al. Treatment of primary and 

secondary liver cancer by hepatic artery ligation and infusion 
chemotherapy. Ann Surg 1973; 178:162-172. 

5. Sullivan RD, Norcross JW, Watkins E. Chemotherapy of metastatic 
liver cancer by prolonged hepatic-artery infusion. N Engl J Med 1964; 
270:321-327. 

6. Ensminger W, Niederhuber J, Dakkil S, etal. A totally implanted drug 
delivery system for hepatic arterial chemotherapy. Cancer Treat Rep 
1981; 65:393-400. 

7. Balch CM, Urist MM, SoongSJ, McGregor M. A prospective Phase II 
clinical trial of continuous FUDR regional chemotherapy for colorectal 
metastases to the liver using a totally implantable drug infusion pump. 
Ann Surg 1983; 198:567-573. 

8. Barone RM, Byfield JE, Goldfarb PB, et al. Intra-arterial 
chemotherapy using an implantable infusion pump and liver irradiation 
for the treatment of hepatic metastases. Cancer 1982; 50:850-862. 

9. Schwartz S, Jones L, McCune C. Assessment of treatment of in-
trahepatic malignancies using chemotherapy via an implantable pump. 
Ann Surg 1985; 201:500-567. 

10. Ansfield FJ, Ramirez G, Davis HL, et al. Further clinical studies with 
intrahepatic arterial infusion with 5-fluorouracil. Cancer 1975; 
36:2413-2417. 

11. Cady B, Overfield RA. Regional infusion chemotherapy of hepatic 
metastases from carcinoma of the colon. Am J Surg 1974; 127:220-227. 

12. OberfieldRA, McCaffrey J A, Polio J, et al. Prolonged and continuous 
intra-arterial hepatic infusion chemotherapy in advanced metastatic 
liver adenocarcinoma from colon primary. Cancer 1979; 44:414-423. 

13. Cohen AM, Greenfield A, Wood WC, Waltman A, et al. Treatment 
of hepatic metastases by transaxillary hepatic artery chemotherapy 
using an implanted drug pump. Cancer 1983; 51:2013-2019. 

14. Reed ML, Vaitkevicius VK, Al-Sarraf M, et al. The practicality of 
chronic hepatic artery infusion therapy of primary and metastatic 
hepatic malignancies: Ten-year results of 124 patients on a prospective 
protocol. Cancer 1981; 47:402^109. 

15. Buchwald H, Grage TB, Vassilopoulos PP, et al. Intra-arterial infusion 
chemotherapy for hepatic carcinoma using a totally implantable in-
fusion pump. Cancer 1980; 45:866-869. 

16. Weiss GR, Garnick MB, Osteen RT, et al. Long-term hepatic arterial 
infusion of 5-fluorodeoxyuridine for liver metastases using an implant-
able infusion pump. J Clin Oncl 1983; 1:337-344. 

17. Cohen AM, Greenfield A, Wood WC. Treatment of hepatic artery 
chemotherapy using an implantable drug pump. Cancer 1983; 
51:2013-2019. 

18. Balch CM, Urist MM, McGregor ML. Continuous regional 
chemotherapy for metastatic colorectal cancer using a totally implant-
able infusion pump. Am J Surg 1983; 145:285-290. 

NOVEMBER • DECEMBER 1990 CLEVELAND CLINIC JOURNAL OF MEDICINE 695 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


COLORECTAL LIVER METASTASES • RUSTIN AND ASSOCIATES 

19. Grage TB, Vassilopoulos PP, Shingleton WW, et al. Results of a 
prospective randomized study of hepatic artery infusion with 5-
fluorouracil versus intravenous 5-fluorouracil in patients with hepatic 
metastases from colorectal cancer: A central oncology group study; 
Surgery 1979; 86:550-555. 

20. Hohn D, Melnick J, Stagg R, et al. Biliary sclerosis in patients receiv-
ing hepatic arterial infusions of Floxuridine. J Clin Oncl 1985; 3:98-
102. 

21. Kemeny N, Daly ], Reichman B, et al. Intrahepatic or systemic in-
fusion of fluorodeoxyuridine in patients with liver metastases from 
colon carcinoma: A randomized trial. Ann Intern Med 1987; 107:459-
465. 

22. Chang AE, Schneider PD, Sugarbaker PH, et al. A prospective ran-
domized trial of regional versus systemic continuous 5-
fluorodeoxyuridine chemotherapy in the treatment of colorectal liver 

metastases. Ann Surg 1987; 206:685-693. 
23. Kemeny N, Goldberg D, Beatty JD, Blayney D, et al. Results of a 

prospective randomized trial of continuous regional chemotherapy and 
hepatic resection as treatment of hepatic resection as treatment of 
hepatic metastases from colorectal primaries. Cancer 1986; 57:492-
498. 

24. Shepard KV, Levin B, Karl RC, Faintuch J, et al. Therapy for metas-
tatic colorectal cancer with hepatic artery infusion chemotherapy using 
a subcutaneous implanted pump. J Clin Oncol; 1985; 3:161-169. 

25. Daly JM, Kemeny N, Odermn P, Botet J. Long-term hepatic arterial 
infusion chemotherapy. Arch Surg 1984; 119:936-941. 

26. Kemeny N, Battifora H, Blayney DW, et al. Sclerosing cholangitis 
after continuous hepatic artery infusion of FUDR. Ann Surg 1985; 
202:176-181. 

696 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 57 NUMBER 8 

 on May 24, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

