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Colorectal Carcinoma

• 130,000 new patients a year

• 15% have liver metastases at diagnosis

• 60% will have liver metastases



Hepatic Arterial Infusion (HAI)
for Hepatic Metastases from Colorectal 

Cancer

• First-line Therapy 
• Adjuvant Therapy after liver resection
• Second line therapy 
• Neoadjuvant therapy



Drug Levels After Injection of 
Hepatic Artery or Portal Vein

Labeled H3FUDR Uptake

0.818.0Portal Vein

12.024.0Hepatic Artery

Tumor 
(nmol/g)

Liver 
(nmol/g)

Sigurdson E. J Clin Oncol 5:1836, 1987



Drugs for HAI

2-fold60Doxorubicin

4- to 7-fold20-30Cisplatin

6- to 8-fold<10Mitomycin-C

6- to 7-fold<5Carmustine

100- to 400-fold<10FUDR

5- to 10-fold<10FU

Estimated 
Increased Exposure 
by HAIHalf-Life (min)Drug



Rationale for Hepatic Arterial Infusion

• Liver mets perfused by hepatic artery; normal 
liver by portal vein

• Some drugs extracted by liver during first 
pass; less systemic toxicity

• Drugs with steep dose-response curve more 
useful

• Liver may be only site of metastatic disease; 
stepwise pattern of metastatic progression



Pump Placement



HAI- FUDR vs Systemic FUDR or FU 
Randomized Studies - Response

--050100English

0.001943163French

0.02214869Mayo

--05641City of Hope

--385843Consortium

0.003176264NCI

0.00011042143NCOG

0.0012052163MSKCC

ValueSystHAI# PtsGroup

p-% Resp% Resp



Randomized Trials
HAI vs Systemic - Survival

Median Survival (mos)

Eval HAI Syst Significance Crossover
MSKCC 99 17 12 No Yes

NCCOG 115 17 16 No Yes
NCI 64 20 11 Yes --

NCCTG 69 13 10.5 No No
France 166 15 11 Yes No

England 100 13 6.3 Yes No



Hepatic Arterial FUDR with Internal Pump
Toxicity

29780261Hohn

19--47631Kemeny, M

51350840Johnson

--25104050Cohen

--24492053Shepard

522712941Kemeny, N

--2323650Balch

--2432870Niederhuber

Bil.SGOT% Ulcer# Pts

% Bil 
Sclerosis

% Elevation



Normal Pump Study Tc99m 
MAA



MAA Scan





Randomized Study 
HAI FUDR + Decadron vs FUDR alone

1323Med Survival (mos)

40%71%Response 

30%9%� Bilirubin >3

FUDR 
Alone

FUDR + 
Decadron 

HAI
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Hepatic 
Arterial 
Infusion 
(HAI)

Systemic 
(SYS)

FUDR 

LV       

Dexamethasone

FU

LV

SCHEMA

* Dose =mg x kg x pump volume ÷ pump flow rate

CALGB 9481 Randomized HAI vs SYS FU/LV

NO CROSSOVER

Kemeny, et al. JCO. 24(9): 1395-403, 2006. 



0.003420.024.0Survival
(months)

0.012

p-value

24%47%Response
(CR/PR)

SYS
n=67 

HAI  
n=68

CALGB 9481 Randomized Study
HAI-FUDR vs SYS-FU/LV

Survival and Response 

Hepatic Disease     9.8% 7.3% 0.034     
Free Survival                              



QUALITY OF LIFE (QOL) Results

CALGB 9481 Randomized HAI vs SYS FU/LV

HAI Patients Compared to SYS Patients

• At 3 months p value
HAI--Better physical functioning (Rand -36) .038
HAI--Fewer symptoms (MSAS) .017

• At 6 months
HAI--Better physical functioning (Rand -36) .024

Kemeny N. JCO 24:1395-1403, 2006



TOXICITY

0 (0%)19 (32%)Alk phos

0 (0%)11 (19%)*Bilirubin (3 x  ULN)

26 (45%)1 (2%)Neutropenia

9 (16%)3 (5%)Diarrhea

14 (24%)0 (0%)Stomatitis

SYS
n=58

HAI
n=59

Grade 3 or 4 Toxicity

* 4 pts required stents (3 placed >1 year after starting therapy).

CALGB 9481 Randomized HAI vs SYS FU/LV



Metastatic Colorectal Cancer
First –Line Therapy

Survival%

SYSTEMIC                    Resp.     1 year        2 y ear

FU- Mayo Clinic             15% 54% 20%

CPT-11, FU + LV 35% 72% 32%

Oxal, FU + LV 45% 72% 35%

IFL + Bev 45% 72% 39%

HAI

FUDR LV+Dex 45% 82% 51%



Hepatic Arterial Infusion (HAI)
for Hepatic Metastases from Colorectal 

Cancer

• First-line Therapy
• Adjuvant Therapy after liver resection
• Second line therapy 
• Neoadjuvant therapy



Why Should We Do Adjuvant 
Therapy After Liver Resection?

• After resection of liver metastases from 
colorectal cancer:

• 30% of patients are alive at 5 years

• 70% of patients will recur
–50% in liver

–50% extrahepatic



Adjuvant Therapy After Liver 
Resection: HAI+SYS vs SYS

Study Design

Liver Resection

Hepatic Arterial Infusion
(HAI)

+
Systemic (SYS)

Systemic (SYS)



Adjuvant Therapy After Liver Resection: HAI+SYS versus SYS 

Aim and Statistical Methods

HISTORICAL DATA: 2-year survival rate  =  50–72%
2-year recurrence rate  =  65–80%

AIM: To increase 2-year survival 

METHODS: 156 patients required to detect a 20% 

increase in 2-year survival with 80% 

power at a 5% significance level

Kemeny et al. NEJM 341 :2039-48, 1999. 



Adjuvant Therapy After Liver Resection: 
HAI+SYS vs SYS - MSKCC

Characteristic                        HAI+SYS (n=74 )     SYS (n=82)
Prior Treatment*

None 47% 45%

Previous FU + LV 22% 23%

Previous FU + levamisole       31% 32%

Number of liver metastases

1 36% 40%

2–4 45% 41%

>4 19% 18%

*Includes prior treatment for metastatic disease: HAI+SYS=14%, SYS=15%

Stratification Variables

Kemeny et al. NEJM 341: 2039-48, 1999. 



Characteristic HAI+SYS (n=74) SYS (n=82)

Positive margin 13% 13%

Synchronous disease 31% 33%
Trisegmentectomy 26% 30%
Lobectomy 49% 38%
Rectum (primary) 26% 20%
Dukes C 59% 68%
p53+ 41% 49%
High TS 14% 15%

Adjuvant Therapy After Liver Resection: 
HAI+SYS versus SYS

Baseline Characteristics



Adjuvant Therapy After Liver Resection: Adjuvant Therapy After Liver Resection: 
HAI+SYS versus SYS HAI+SYS versus SYS 

Survival Rate Comparisons

2-year survival 85% 69% .02

2-year hepatic DFS 89% 57% .00001

2-year DFS 57% 41% .07

HAI+SYS (n=74)     SYS (n=82)             P-value

Kemeny et al. NEJM:341:2039-48, 1999. 
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Adjuvant Therapy after Liver 
Resection Toxicity

2%6%Biliary 
stents

2%18%­­­­ Bilirubin

21%18%Neutropenia

14%29%Diarrhea

SYSHAI + SYS

% Grade 3 or 4



Clinical Risk Score

SURVIVAL

60%79%0

18%45%4-5

20%67%3

42%74%1-2

5-year2-yearScore

One point 1 for each risk factor: 

node-positive primary, disease-free interval <12 months, > 1 

tumor, Size >5 cm, CEA >200 ng/m

Fong Y. Ann Surg.  1999. 230:309. 
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Hepatic Resection 
Adjuvant HAI + SYS vs Control

ECOG
Randomize

HAI – FUDR + 

SYS–FU Infusion
Control

Endpoint  DFS

Kemeny, M. J. Clin Oncol. 20(6):1499-1505, 2002

Laparotomy for resection



ECOG Randomized Study

• 109 Randomized
• 80 actually in study

- Reasons off study: 
8: > 3 mets

14: extrahepatic disease
4: unresectable
3: no mets

Kemeny, M. J. Clin Oncol. 20(6):1499-1505, 2002



Hepatic Resection 
Adjuvant HAI + SYS vs Control

ECOG

45%60%5-year survival

0.0343%67%hepatic disease 
free survival

0.03525%46%4-year disease-
free survival

pControlHAI + SYS

Kemeny, M. J. Clin Oncol. 20(6):1499-1505, 2002



Time to Liver Recurrence

Kemeny M: J. Clin Oncol 20(6):1499-1505, 2002
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Methods to Deliver Regional Therapy

115Implantable pump

31Surgical catheter 
placement

25Percutaneous catheter 
placement

# of Days Able to 
Deliver Therapy

Yasuda S, Jpn J of Can 8:1815, 1990



Hepatic Resection 
Adjuvant HAI + SYS vs Control

German Cooperative Group

Randomize

HAI via port 
FU + LV

Control

Laparotomy for Resection

Lorenz M. Ann Surg 228, 756, 1998



German Randomized Study
HAI FU+LV vs. Control  
After Liver Resection

Chemotherapy Group (n=113)

# Pts (%)

No hepatic therapy 12 11
No resection 6 5
Received chemo 87 76
Chemo records available 73 64
Chemo completed 34 30

Lorenz M. Ann Surg 228, 756, 1998



German Randomized Study HAI FU+LV vs 
Control after Liver Resection

Med Med Recurr- Med Time
Surv Free Surv in Liver to Prog

All Patients
Chemo 35 22 mo 14 mo
Control 41 24 mo 14 mo

Treated Patients
Chemo 45 45 mo 20 mo
Control 40 23 mo 13 mo

Lorenz M. Ann Surg 228, 756, 1998



Randomized Studies After Liver 
Resection

HAI vs SYS or Control

Hepatic Disease-Free Survival
% 5-year% 2-year

.000150856090122Lygidakis

*No treatment in control arm

NS43/27*median186Lorenz

.000140*70507575ECOG

.000140756090156MSKCC

p valueSYSHAISYSHAI#Studies



Randomized Studies After Liver Resection
HAI vs SYS or Control 

Disease-Free Survival

.000235604866122Lygidakis

% 5-year% 2-year

.0452060207519Tono 

*No treatment in control arm

NS20/12.6*median186Lorenz

.0320*40406075ECOG

.0230404555156MSKCC
P valueSYSHAISYSHAI#pts.Studies



Survival HAI Protocols After Liver Resection



Four Adjuvant Studies  after Liver Resection
HEPATIC TOXICITY

3%

6%

26%

48%

FOLFOX + 
HAI (n=31)

5%

9%

0

27%

CPT-11 + 
HAI

(n=96)

8%

19%

59%

27%

-5FU/LV + 
HAI

(n=74)

6%Biliary Stents

6%T Bili

> 3.0 mg/dl

21%SGOT > 
3-fold increase

30%AlkPhos

> 2-fold increase

FOLFOX or 
FOLFIRI + HAI, 

+/- BEV

(n = 33)
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HAI Therapy as Second Line Therapy



HAI (FUDR + Dex) + SYS (CPT-11)             
Unresectable Previously Treated 

n = 38

15 pts had prior CPT-11, responses in 13

75%

20 months

74%

50% ¯̄̄̄ CEA

Median Survival

Response CR/PR

Kemeny N, et al. JCO 19(10): 2687-95, 2001.



Systemic Oxal/CPT-11 plus
HAI FUDR and Dex 

in  Previously Treated Patients
(n=44)

89%
36 months
47 months

35%

Response CR/PR
Median Survival
Survival from Liver 
Mets Diagnosis
Pts able to undergo 
resection after therapy

Kemeny N, et al. JCO 23(22): 4888-96, 2005. and update



-51 year old female 
-Prior progression on CPT-11,FU,LV
-Started HAI FUDR plus Systemic Oxaliplatin on 9/30/02 survived 4
more years never resected.

Follow-up 1/13/03

CEA 66.6 ng/ml CEA 5.3 ng/ml

Baseline 9/24/02



Pre-treatment (2/28/05) Pre-resection (6/18/06)

67 y man with an unresectable large central mass adjacent to the
IVC.  Not reducing on FOLFOX.Pump placement on 2/11/05.   CEA 352 
reduced 5.1.  He underwent  RFA of 3 lesions in segments II and III, and
extended R resection



-Started HAI FUDR plus systemic oxaliplatin and CPT-11. Liver 
resection 12/19/02.  No tumor in specimen.
- Alive without disease 2/07/07.

Baseline I /14/021/14/12 Follow-up 12/18/02

CEA 48.5 ng/ml CEA 4.1 ng/ml



Pre-treatment (3/14/05) Pre-resection (10/9/06)

53 y woman with synchronous disease, unresectable bilobar hepatic 
masses, with involvement of all 3 hepatic veins. Pump placement 3/18/05, 
and received HAI FUDR + Systemic Oxali + CPT-11.  CEA 187 reduced to 
2.9.  She underwent  resection and RFA of R posterior sector on 11/15/06.  



Baseline 8/28/03 Follow up 4/14/04

A 39 yo � with synchronous liver metastasis.  CEA of 3661 dropped to 5 
ng/mL. Rejected for resection, still alive 4 years from initiation of treatment.



00-011: HAI FUDR/Dex + CPT-11 + Oxali in unresectable mets



Second Line Therapy
Metastatic Colorectal Cancer

87%90%34FUDR + Oxali 
+CPT-11

84%74%56FUDR + CPT-11

HAI + Sys

---35%45CPT-11 + 225 + 
Bev

55 %22%290Folfox + Bev

40 %20 %289Folfox

---23 %218CPT + 225

46 %11 %205CPT-11

1 Year Survival% Response# PTSys



Colorectal Cancer
Neo-adjuvant therapy for liver metastases

ProsPros
• Decrease size
• Control micrometastatic disease
• Assessment of activity of chemotherapy

ConsCons
• Liver toxicity
• Secondary splenomegaly
• Risk of progression or growth of new sites
• CR may make surgery more difficult





9/2/067/7/06

A 62 year old male with colorectal cancer metastatic to the liver, received 3 
treatments of FOLFOX as neoadjuvant treatment prior to resection. Post treatment, 
the liver appeared fatty, and there was new ascites. The patient’s bilirubin increased 
from 0.8 to 2.0 mg/dl, and AlkPhos increased from 101 to 261 u/L. 



1/2/04 1/13/05

Splenomegaly After Systemic 
Oxaliplatin/FU/LV Chemotherapy



Complete Response (CR) after 
Chemotherapy: Does it mean cure?

• 586 pts treated
• 66 sites disappeared 

in 38 pts
• Surgery 4 weeks after imaging

Nordlinger, B.  ASCO abs. #3501, 2006.



66 lesions - Complete Response

Complete Response after chemotherapy: Does it mean cure? Complete Response after chemotherapy: Does it mean cure? 

At surgery: 20 macroscopic disease 
46 no lesions

At surgery: 20 macroscopic disease 
46 no lesions

15 sites resected15 sites resected 31 sites left in31 sites left in

12 (80%) viable tumor12 (80%) viable tumor 23 (74%) in situ recurrence23 (74%) in situ recurrence

55 (83%) not cured55 (83%) not cured

Nordlinger, B.  ASCO abs. #3501, 2006.



Peri-operative chemotherapy versus liver 
resection alone

R
a
n
d
o
m
i
z
e

SurgeryFOLFOX4 FOLFOX4

6 cycles 

(3 months)

N=364 patients

6 cycles

(3 months)

Surgery – Liver Resection



Peri-operative chemotherapy versus liver resection alone

28Intra-abdominal Infections

811Hepatic Failure

512Bilary Fistula

27 (16%)40 (25%)Postop Complications

28% *35%PFS at 3 years

152 (84%)151 (83%)Resected

170 (93%)159 (87%)Operated

(N=182)(N=182)

Surgery AlonePeri-op CT

*(p=0.058) Hazard Ratio 0.62-1.02
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Should all Patients Receive Neoadjuvant 
Therapy if they are resectable?

– Liver toxicity may interfere with adequate 
resection

– Splenomegaly and portal hypertension may not 
allow resection

– Surgeons may miss lesions at surgery 
because of shrinkage of lesions or changes in 
liver parenchyma 

– Possible development of extrahepatic disease 
or increase in number of metastases may not 
allow resection



Conclusions:
HAI for unresectable colorectal cancer 

1. HAI –FUDR therapy alone produces responses 
and survival in the range of the new agents for 
1st line therapy

2. Combination of HAI –FUDR and systemic 
therapy  produces response rates and survival 
that presently seem higher than the new agents 
in  small second-line trials.



Conclusions: Adjuvant HAI -FUDR+ SYS 
Therapy After Liver Resection

4 large trials

• 2 Trials used HAI - FUDR
– � Hepatic Disease Free Survival (HDFS)
– � Disease Free Survival (DFS)
– � 2-year survival [not powered for 5-year survival]

• 1 Trial used HAI - FU  
– � HDFS + � DFS  only in treated patients 

• 1 Trial used HAI -FU + Mit C  
– � HDFS + � Survival



Current Adjuvant Trials Involving 
HAI

NCCTG and NSABP

– North Central Cancer Treatment Group 
– National Surgical Adjuvant Breast and Bowel 

Project 

Resection  

HAI (FUDR )  alternating with IV oxaliplatin 
+ oral capecitabine     

vs
IV oxaliplatin + oral capecitabine





A Comparison of Prognostic Variables 
in Meta-Analysis vs MSKCC Study

56%48%53%41%5 Year Survival

70%74%49%54%Dukes C

73%64%33%31% >1 met

79%60%44%43% DFS <1yr

HAI +SYSSYSSYSSurgery Alone

MSKCCMeta-Analysis


