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Abstract
Both 5-FU and oxaliplatin have been used as single agents in patients 
with colorectal cancer and severe liver dysfunction, but the combina-
tion of these drugs has not yet been investigated. A 67-year-old man 
diagnosed with colorectal cancer in 2008 presented in April 2011 to 
Appalachian Regional Healthcare Cancer Center with obstructive 
jaundice and weight loss. Imaging studies were compatible with a 
liver mass and dilatation of the intrahepatic bile ducts. A liver biopsy 
confirmed metastatic colorectal cancer. Because his total bilirubin lev-
el was 23.1 mg/dL, a percutaneous catheter was placed in May 2011. 
His total bilirubin level decreased to 5.9 mg/dL, but then increased to 
9.4 mg/dL in June 2011. He was started on a FOLFOX regimen, with a 
50% dose reduction of 5-FU bolus (200 mg/m2) and continuous infu-
sion (1200 mg/m2) over 46 hours, and a 15% dose reduction of oxali-
platin (75 mg/m2) every 2 weeks. He tolerated this regimen very well, 
with normalization of his bilirubin level, a significant decrease in his 
tumor markers, and a partial response seen on PET/CT scan. His only 
significant toxicity was a grade 2 stomatitis. He received 21 cycles of 
FOLFOX, and was later switched to cetuximab treatment after disease 
progression. These findings suggest that FOLFOX might be effective 
in metastatic colon cancer with severe liver dysfunction, with minimal 
toxicity, and deserves further investigation. (J Natl Compr Canc Netw 
2014;12:155–160)

NCCN: Continuing Education
Accreditation Statement
This activity has been designated to meet the educational needs of 
physicians and nurses involved in the management of patients with 
cancer. There is no fee for this article. No commercial support was 
received for this article. The National Comprehensive Cancer Network 
(NCCN) is accredited by the ACCME to provide continuing medical 
education for physicians. 

NCCN designates this journal-based CME activity for a maximum of 
1.0 AMA PRA Category 1 Credit(s)™.  Physicians should claim only 
the credit commensurate with the extent of their participation in 
the activity.

NCCN is accredited as a provider of continuing nursing education 
by the American Nurses Credentialing Center`s Commission on Ac-
creditation. 

This activity is  accredited for 1.0 contact hours. Accreditation as 
a provider refers to recognition of educational activities only; ac-
credited status does not imply endorsement by NCCN or ANCC of 
any commercial products discussed/displayed in conjunction with 
the educational activity. Kristina M. Gregory, RN, MSN, OCN, is our 
nurse planner for this educational activity.

All clinicians completing this activity will be issued a certificate of 
participation. To participate in this journal CE activity: 1) review 
the learning objectives and author disclosures; 2) study the educa-
tion content; 3) take the posttest with a 66% minimum passing 
score and complete the evaluation at http://education.nccn.org/
node/40439; and 4) view/print certificate.

Release date: February 24, 2014; Expiration date: February 24, 2015

Learning Objectives
Upon completion of this activity, participants will be able to:

• Summarize the diagnosis and treatment of patients with 
mCRC with severe liver dysfunction

• Discuss what is known regarding the safety and efficacy of 
FOLFOX in the treatment of patients with mCRC and severe 
liver dysfunction

• Evaluate available data regarding the safety of cetuximab 
monotherapy for the treatment of mCRC in patients with 
severe liver dysfunction

From the aDepartment of Hematology Oncology, Appalachian Regional 
Healthcare, Hazard, Kentucky; bDepartment of Pharmacy, LewisGale 
Medical Center, Salem, Virginia; and cDepartment of Medicine, Division 
of Oncology, Stanford Cancer Center, Stanford University, Stanford, 
California.
Submitted May 20, 2013; accepted for publication September 26, 2013.
The authors have disclosed that they have no financial interests, 
arrangements, affiliations, or commercial interests with the 
manufacturers of any products discussed in this article or their 
competitors.
Correspondence: Elie M. Richa, MD, MBA, Stanford Cancer Center, 875 
Blake Wilbur Drive, Stanford, CA 94305. E-mail: ericha@stanford.edu

EDITOR
Kerrin M. Green, MA, Assistant Managing Editor, JNCCN—Journal of the 
National Comprehensive Cancer Network
Ms. Green has disclosed that she has no relevant financial relationships.

CE AUTHORS
Deborah J. Moonan, RN, BSN, Director, Continuing Education & Grants
Ms. Moonan has disclosed that she has no relevant financial 
relationships. 
Ann Gianola, MA, Manager, Continuing Education & Grants
Ms. Gianola has disclosed that she has no relevant financial relationships. 
Kristina M. Gregory, RN, MSN, OCN, Vice President, Clinical Information 
Operations

Ms. Gregory has disclosed that she has no relevant financial relationships.



Case Report

Elsoueidi et al

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 12 Number 2 | February 2014

156 C
E

regimen, with a 50% dose reduction of 5-FU bolus 
(200 mg/m2) and continuous infusion (1200 mg/
m2) over 46 hours, and a 15% dose reduction of 
oxaliplatin (75 mg/m2) every 2 weeks because of mild 
renal insufficiency. Figure 2 summarizes the level of 
total bilirubin over the course of initial treatment. 

The patient tolerated his treatment very well, 
with only grade 2 stomatitis as a significant toxicity, 
and his total bilirubin level normalized. His carcino-
embryonic antigen (CEA) level, which is used as a 
tumor marker for colorectal cancer, decreased from 
12.2 to 4.1 ng/mL (range, 0 to <3.0 ng/mL), and CA 
19-9 levels decreased from 792 to 109 U/mL (range, 
0 to <32 U/mL).

Repeat CT of the abdomen and pelvis after 6 
months did not show any discrete mass (Figure 3). 
The patient received a total of 21 cycles of FOLF-
OX, but then his total bilirubin started to increase 
and he developed ascites. At that time, a CT scan 
of the abdomen showed splenomegaly, ascites, and 
cirrhotic liver, and FOLFOX was discontinued. He 
subsequently received 2 cycles of 5-FU, but his total 
bilirubin continued to increase. In July 2012 his PTC 
drain was changed, but his total bilirubin continued 
to increase, and reached 29.8 mg/dL in August 2012. 
His creatinine increased to 2.7 mg/dL, with a GFR 
of 30 mL/min. He was then started on weekly cetux-
imab as single agent with a loading dose of 400 mg/
m2, and then 250 mg/m2 thereafter. He tolerated this 
treatment very well, with only grade 2 mucositis, and 

Background
Colorectal cancer (CRC) is the third most common 
cancer worldwide.1 The liver is the most frequent 
site of metastatic CRC (mCRC). Patients with 
liver metastases and liver injury usually show poor 
prognosis.2

Standard treatment for mCRC includes infusion 
of 5-FU plus leucovorin and oxaliplatin (FOLFOX) 
or infusion of 5-FU plus leucovorin and irinotecan 
(FOLFIRI),3,4 alone or in combination with 
bevacizumab,5 cetuximab,6 or panitumumab.7

Infusional 5-FU monotherapy has been used in 
patients with severe liver dysfunction, but the clinical 
outcomes have been disappointing.8 FOLFOX and 
FOLFIRI have resulted in superior responses and 
survival rates compared with 5-FU alone.9 However, 
the safety of these combinations in patients with 
severe liver dysfunction has not been established, 
and only a few case reports have been reported.10,11 
This report presents a case of mCRC with severe 
liver dysfunction that was successfully treated with 
FOLFOX, and subsequently with cetuximab.

Methods
A 67-year-old man diagnosed with CRC in 2008 
underwent a surgical resection followed by adjuvant 
chemotherapy. In April 2011 he was admitted 
to the hospital for obstructive jaundice and 
weight loss. The patient’s workup showed a total 
bilirubin of 23.1 mg/dL (range, 0–1.0 mg/dL) with 
abnormal liver function tests, including an aspartate 
aminotransferase level of 84 U/L (range, 15–37 
U/L), alanine aminotransferase level of 114 U/L 
(range, 30–65 U/L), a creatinine level of 1.9 mg/dL 
(range, 0.6–1.3 mg/dL), and a glomerular filtration 
rate (GFR) of 38 mL/min. Imaging studies, including 
magnetic resonance cholangiopancreatography and 
MRI of the liver, revealed a perihilar liver mass 
measuring 48.6 x 39.8 mm, with dilatation of the 
intrahepatic bile ducts (Figure 1). A liver biopsy 
confirmed the diagnosis of mCRC. An endoscopic 
retrograde cholangiopancreatography was then 
performed and a biliary stent was placed. However, 
the total bilirubin level continued to increase and 
a percutaneous biliary drainage catheter (PTC) was 
placed. His total bilirubin decreased to 5.9 mg/dL 
(range, <1.3 mg/dL), but then started to increase to 
9.4 mg/dL. At that time, he was started on a FOLFOX 

Figure 1 MRI of the abdomen at initial presentation showing a liver 
mass of 48.6 x 39.8 mm with intrahepatic bile duct dilatation.
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his total bilirubin decreased to 1.9 mg/dL and creati-
nine level decreased to 1.5 mg/dL, as shown in Fig-
ure 4. Repeat PET/CT scan 3 months later showed 
stable disease, and his tumor markers were stable. 
He has been undergoing palliative paracentesis on 
a weekly basis, and the ascitic fluid was negative for 
malignancy on 2 different occasions. At the time of 
writing, he continues to receive cetuximab, with up 
to 19 cycles given to date.

Discussion
FOLFOX chemotherapy remains a controversial issue 
in patients with mCRC with severe liver dysfunction. 
Data suggesting clinical benefit from chemotherapy 
in these cases are lacking, and best supportive care 
without chemotherapy is often selected based on the 
risk of chemotherapy-induced toxicity. 

The use of 5-FU, leucovorin, and oxaliplatin 
as single agents has been proven safe in patients 
with progressive liver dysfunction; however, the 

safety data on the combination (FOLFOX) in these 
patients are lacking. 5-FU pharmacokinetics and 
bilirubin levels have been shown to be independent 
of one another in patients with varying stages of 
hepatic impairment when 5-FU is used as a single 
agent.9 Oxaliplatin is predominantly cleared by the 
kidneys, and a previous study showed that reducing 
the dose of oxaliplatin is unnecessary in patients 
with impaired hepatic function, because the 
pharmacokinetics of oxaliplatin were independent 
of the degree of hepatic dysfunction.12,13 However, 
several studies have identified a possible connection 
between the use of oxaliplatin and the development 
of hepatotoxicity. In one retrospective analysis, 
54% of the patients receiving preoperative 
oxaliplatin-based chemotherapy had some 
hepatic sinusoidal dilatation, and 48% ultimately 
developed perisinusoidal and veno-occlusive 
fibrosis.14 In another retrospective analysis of 97 
patients, adjuvant FOLFOX was associated with 
splenic enlargement in 86% of patients.15 Another 
case series described the development of signs of 
portal hypertension, including esophageal and 
hemorrhoidal varices with bleeding, splenomegaly 
with associated thrombocytopenia, and ascites 
in 6 patients treated with oxaliplatin-based 
chemotherapy.16
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Figure 2 Timeline figure indicating the procedures and the 
chemotherapy (FOLFOX) in relation to total bilirubin.

Figure 3 CT scan of the abdomen 6 months after starting FOLFOX 
showing no discrete mass in the liver.
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The successful treatment of patients with mCRC 
and severe liver dysfunction using combination 
chemotherapy with FOLFOX has only been reported 
in case reports.10,11 Based on these data, the authors 
treated the patient with FOLFOX with dose 
modification. The dose of oxaliplatin was reduced 
because of his mild renal impairment. Attempts 
were made to increase the 5-FU dose, but the patient 
experienced increased toxicity with grade 3 mucositis, 
and therefore the continuous 5-FU infusion was kept 
at 1200 mg/m2 throughout the entire treatment.

Irinotecan is mainly eliminated by 2 metabolic 
pathways of the liver: 1) inactivation by CYP3A4 
and conversion into an active metabolite, SN38, 
by carboxylesterase, and 2) subsequent inactivation 
from SN38 to SN38-G by glucuronidation.17 In 
a dose-escalation study of irinotecan in patients 
with various degrees of hepatic dysfunction, dose 
delivery was limited because of toxicity in patients 
with bilirubin levels exceeding 1.5 times the upper 
normal range.18 In patients with elevated bilirubin 

levels, dose reduction or suspension is recommended 
because of increased toxicity.19

Bevacizumab, a humanized antibody against 
vascular endothelial growth factor A, and cetuximab, 
a chimeric immunoglobulin (Ig) G1 monoclonal 
antibody against epidermal growth factor receptor, are 
antibody drugs for which the metabolic pathways are 
not well-known.20 Antibodies such as cetuximab are 
thought to be metabolized by the reticuloendothelial 
system, without undergoing hepatic or renal 
metabolism. Salvage monotherapy with cetuximab is 
reported to be effective in CRC, with a response rate 
of 12.8% to 28.0%, especially in cases of wild-type 
KRAS.21,22 In a case series of 7 patients with mCRC 
and hyperbilirubinemia treated with single-agent 
cetuximab,23 all patients received cetuximab at 400 
mg/m2, followed by 250 mg/m2 weekly. The median 
number of cetuximab cycles was 4 (range, 2–14). 
Two patients (28.5%) experienced improvement of 
total bilirubin (from 2.6 to 0.8 mg/dL, and 7.9 to 3.0 
mg/dL, respectively). One patient showed apparent 

Table 1 Comparison of Treated Patients and Their Characteristics and Outcomes

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Present 
Case

Age (y), gender 63, F 66, M 65, M 45, F 56, F 69, M 78, M 68, M

ECOG 
performance 
status

2 2 2 3 1 3 2 2

Metastatic sites Liver, lung, 
peritoneum, 
ascites

Liver, 
peritoneum, 
ascites

Liver, 
lymph 
node

Liver, lymph 
node, 
peritoneum, 
ascites

Liver, lung, 
peritoneum, 
ascites

Liver Liver, 
peritoneum, 
ascites

Liver

Prior 
chemotherapy

FOLFIRI, 
FOLFOX, HAI

IRIS, FOLFOX 
+ BV, HAI

FOLFIRI, 
FOLFOX

HAI, FOLFOX, 
FOLFIRI + BV

FOLFOX, 
FOLFIRI, HAI

HAI + 
irinotecan

FOLFOX + 
BV, FOLFIRI

FOLFOX

Total bilirubin 
(mg/dL)

2.5 2.3 2.6 7.9 13.0 7.4 9.7 29.8

Alkaline 
phosphatase 
(IU/L)

426 1399 2130 1913 3114 593 836 477

KRAS status Wild Wild Wild Wild Wild Wild Mutant Wild

Cetuximab 
administration 
(times)

4 7 14 6 4 3 2 19

Drop in 
bilirubina

No No Yes Yes No No No Yes

Skin toxicity 
(grade)

1 2 2 2 1 1 0 2

Survival (mo) 1.3 3.1 5.9 2.8 2.6 1.2 0.5 7.0

Abbreviations: BV, bevacizumab; F, female; FOLFIRI, 5-FU + leucovorin + irinotecan; FOLFOX, 5-FU + leucovorin + oxaliplatin; HAI, hepatic arterial 
infusion; IRIS; irinotecan + S-1; M, male. 
aDrop in bilirubin represented a decrease in serum total bilirubin by 50%. 
Modified from Shitara K, Takahari D, Yokota T, et al. Case series of cetuximab monotherapy for patients with pre-treated colorectal cancer 
complicated with hyperbilirubinemia due to severe liver metastasis. Jpn J Clin Oncol 2010;40:275; with permission.
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radiologic response. The median survival time was 
2.5 months (range, 0.5–5.8 months). Although 
grade 2 skin toxicity was observed in 3 patients, no 
other unexpected toxicities were observed.

The previously reported cases and the present 
case showed significant clinical benefit, with im-
provement in the performance status and resolution 
of the jaundice, and no toxicities higher than grade 
3. All previous cases had extensive liver disease, and 
the total bilirubin level ranged between 3.5 and 5.9 
mg/dL. To the authors’ knowledge, this is the first 
reported case in the literature of a patient with a to-
tal bilirubin level of 9.4 mg/dL who was treated with 
FOLFOX and had the best outcome with 21 cycles 
administered. A summary of these cases, including 
patient characteristics and outcome, is presented in 
Table 1.

The present case is consistent with the previous 
findings that FOLFOX is efficacious in mCRC with 
liver dysfunction and that cetuximab, as a single 

agent, is effective and safe in patients with severe 
liver and kidney dysfunction. FOLFOX combination 
can be safely used in mCRC with severe liver 
dysfunction that is felt to be due to cancer only, 
without adjusting the dose of oxaliplatin, and with 
a 50% dose reduction of bolus and infusional 5-FU. 
This case, along with previously reported cases 
(Table 2), indicates that cetuximab may be used as 
a single agent without dose adjustment in patient 
with severe liver dysfunction, regardless of their 
total bilirubin level. Further studies are warranted to 
evaluate the maximum tolerated dose and study the 
pharmacokinetics of this combination.
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warrants further investigation.

3.   How is cetuximab thought to be me-

tabolized?

a. By the liver

b. By the kidneys

c. By the reticuloendothelial system

choice questions. Credit cannot be obtained for tests complet-
ed on paper. You must be a registered user on NCCN.org. If you 
are not registered on NCCN.org, click on “New Member? Sign 
up here” link on the left hand side of the Web site to register. 
Only one answer is correct for each question. Once you suc-
cessfully answer all posttest questions you will be able to view 
and/or print your certificate. Software requirements: Internet.

Instructions for Completion
To participate in this journal CE activity: 1) review the learning 
objectives and author disclosures; 2) study the education con-
tent; 3) take the posttest with a 66% minimum passing score 
and complete the evaluation at http://education.nccn.org/
node/40439; and 4) view/print certificate. After reading the 
article, you should be able to answer the following multiple-

Posttest Questions
1.  True or False: Infusional 5-FU monotherapy, used in patients 

with mCRC and severe liver dysfunction, has shown impres-
sive clinical outcomes.

2.  True or False: FOLFOX might be effective, with minimal tox-
icity, in patients with mCRC and severe liver dysfunction and 

metastatic colorectal cancer: results of a multivariate analysis of 
3825 patients. Ann Oncol 2002;13:308–317.

3. Goldberg RM, Rothenberg ML, Van Cutsem E, et al. The 
continuum of care: a paradigm for the management of metastatic 
colorectal cancer. Oncologist 2007;12:38.

4. Fuchs CS, Marshall J, Mitchell E, et al. Randomized, controlled 
trial of irinotecan plus infusional, bolus, or oral fluoropyrimidines 
in first-line treatment of metastatic colorectal cancer: results from 
the BICC-C Study. J Clin Oncol 2007;25:4779–4786.

5. Saltz LB, Clarke S, Díaz-Rubio E, et al. Bevacizumab in 
combination with oxaliplatin-based chemotherapy as first-line 
therapy in metastatic colorectal cancer: a randomized phase III 
study. J Clin Oncol 2008;26:2013–2019.

6. Van Cutsem E, Köhne CH, Hitre E, et al. Cetuximab and 
chemotherapy as initial treatment for metastatic colorectal 
cancer. N Engl J Med 2009;360:1408–1417.

7. Peeters M, Price TJ, Cervantes A, et al. Randomized phase 
III study of panitumumab with fluorouracil, leucovorin, and 
irinotecan (FOLFIRI) compared with FOLFIRI alone as second-
line treatment in patients with metastatic colorectal cancer. J 
Clin Oncol 2010;28:4706–4713.

8. Fleming GF, Schilsky RL, Schumm LP, et al. Phase I and 
pharmacokinetic study of 24-hour infusion 5-fluorouracil and 
leucovorin in patients with organ dysfunction. Ann Oncol 
2003;14;1142–1147.

9. de Gramont A, Figer A, Seymour M, et al. Leucovorin and 
fluorouracil with or without oxaliplatin as first-line treatment in 
advanced colorectal cancer. J Clin Oncol 2000;18:2938–2947.

10. Fakih MG. 5-Fluorouracil leucovorin and oxaliplatin (FOLFOX) 
in the treatment of metastatic colon cancer with severe liver 
dysfunction. Oncology 2004;67:222–224.

11. Shimura T, Kataoka H, Hirata Y, et al. Metastatic colorectal 
cancer with severe liver dysfunction successfully treated using 
FOLFOX therapy. J Gastrointest Canc 2011;42:68–72.

12. Synold TW, Takimoto CH, Doroshow JH, et al. Dose-escalating 
and pharmacologic study of oxaliplatin in adult cancer patients 
with impaired hepatic function: a National Cancer Institute 
Organ Dysfunction Working Group study. Clin Cancer Res 
2007;13:3660–3666.

13. Doroshow JH, Synold TW, Gandara D, et al. Pharmacology of 
oxaliplatin in solid tumor patients with hepatic dysfunction: 
a preliminary report of the National Cancer Institute Organ 
Dysfunction Working Group. Semin Oncol 2003;30(4 Suppl 
15):14–19.

14. Rubbia-Brandt L, Lauwers GY, Wang H, et al. Sinusoidal 
obstruction syndrome and nodular regenerative hyperplasia 
are frequent oxaliplatin-associated liver lesions and partially 
prevented by bevacizumab in patients with hepatic colorectal 
metastasis. Histopathology 2010;56:430–439.

15. Overman MJ, Maru DM, Charnsangavej C, et al. Oxaliplatin-
mediated increase in spleen size as a biomarker for the development 
of hepatic sinusoidal injury. J Clin Oncol 2010;28:2549–2555.

16. Slade JH, Alattar ML, Fogelman DR, et al. Portal hypertension 
associated with oxaliplatin administration: clinical manifestations 
of hepatic sinusoidal injury. Clin Colorectal Cancer 2009;8:225–
230.

17. Mathijssen RH, van Alphen RJ, Verweij J, et al. Clinical 
pharmacokinetics and metabolism of irinotecan (CPT-11). Clin 
Cancer Res 2001;7:2182–2194. 

18. Venook AP, Enders Klein C, Fleming G, et al. A phase I and 
pharmacokinetic study of irinotecan in patients with hepatic or 
renal dysfunction or with prior pelvic radiation: CALGB 9863. 
Ann Oncol 2003;14:1783–1790.

19. Raymond E, Boige V, Faivre S, et al. Dosage adjustment and 
pharmacokinetic profile of irinotecan in cancer patients with 
hepatic dysfunction. J Clin Oncol 2002;20:4303–4312.

20. Erbitux [package insert]. Princeton, NJ: Bristol-Myers Squibb; 
2013.

21. Jonker DJ, O’Callaghan CJ. Karapetis CS, et al. Cetuximab for 
the treatment of colorectal cancer. N Engl J Med 2007;357:2040–
2048.

22. Karapetis CS, Khambata-Ford S. Jonker DJ, et al. K-ras mutations 
and benefit from cetuximab in advanced colorectal cancer. N 
Engl J Med 2008;359:1757–1765.

23. Shitara K, Takahari D, Yokota T, et al. Case series of cetuximab 
monotherapy for patients with pre-treated colorectal cancer 
complicated with hyperbilirubinemia due to severe liver 
metastasis. Jpn J Clin Oncol 2010;40:275–277.


