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SUMMARY OF CHANGES 
 

# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

5.  4.2 36 Addition of study exclusion 
criteria for participant with 
ICC containing known FGFR 
translocations.  

This exclusion is added to 
avoid conflict in recruitment 
strategy for other ongoing 
trial(s) that target populations 
with FGFR gene mutations. 

6.  5.1 43 Change in HAI pump make 
and model to SynchroMed II 
(Model 8637-20), 
manufactured by Medtronic 
Inc. 

Johnson and Johnson, parent 

company to CODMAN, 
announced that it is to 
discontinue manufacture of 

CODMAN constant flow 
pump. The SynchroMed II 
pump requires similar surgical 
implantation and will provide 
equal or better delivery of 
floxuridine for HAI therapy. 
The SynchroMed II pump is 
programmable and is able to 
provide better control of pump 
flow rates (i.e., drug delivery).  

7.  5.8 51 Removal of Glycerin The use of programmable 
SynchroMed II pump does not 
require use of glycerin for 
pump maintenance 

8.  6 55-62 Changed pump fill volume 
(20ml), and dosing of heparin 
and dexamethasone 

The drug reservoir of the 
SynchroMed II Model 8637-20 
is 20 ml. Dosages of heparin 
and dexamethasone have 
been revised accordingly 
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

9.  6.1.3 57 Reduced starting dose of 
mFOLFIRI 

Starting dose is reduced to 
decrease the potential for 
biliary sclerosis 

10.  6.2.2 59 Floxuridine dose modification Table 12 has been revised to 
provide more conservative 
management of floxuridine 
dosing for participants with 
elevated liver enzymes 

11.  6.2.2.1 60 Restarting floxuridine after 
hold 

Section revised to provide 
more conservative 
management of elevated liver 
enzymes and allows for 
continuous DEX throughout 
HAI pump treatment 

12.  6.6 65 Added description of pump 
placement 

The SynchroMed II HAI pump 
will be connect with a tapered 
silicone rubber catheter from a 
different manufacturer 

(Codman) 

13.  7.1.10 68 Addition of staging 
laparoscopy for disease 
assessment and collection of 
tumor biopsy 

Laparoscopic staging is added 
at time of screening to assess 
the local stage of the disease 
and to evaluate the liver for 
metastases. This is procedure 
is being added because 
current imaging modalities 
(e.g.,CT, MRI, PET) are 
relatively poor at determining 
the presence of peritoneal 
disease and limited in their 
ability to provide local staging. 
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

Baseline tumor biopsy will be 
collected at time of staging 
laparoscopy.  

14.  Schema 8, 9 Added additional EOT biopsy  Revised to reflect protocol 
changes 

15.  3.2.2 35 Added end time of PFS up to 
1 year after completing study 
therapy 

Revised for clarity 

16.  4.2 38 Exlusion criteria #16, revised 
to state that allergies to 
contrast medium are 
permitted if they can be 
premedicated with steroids 
per institutional standards 

Revised for clarity 

17.  5 43-52 Timing of administering study 
agents revised to state per 
institutional standards 

Revised for clarity 

18.  6.1.2, 6.1.3 53 Added statement that choice 
of reservoir size for the 
SynchroMed II pump includes 
either 20 ml or 40 ml 

Revised to reflect the two HAI 
pump models available and 
discretion of physician to 
decide which is better suited. 

19.  6.2 56 Guidance on dosing delays 
added for start of HAI pump 
therapy 

Guidelines added for clarity 

20.  6.3.4 61-62 Conditions for pump removal 
revised 

Revised for clarity 

21.  7.1.10, 7.8 67, 75 Added optional EOT biopsy 
after completion of Treatment 
Period 2 

An optional EOT biopsy has 
been added to gain better 
insight into the molecular 
underpinnings of the disease.   
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

22.  8 77 Revised guidelines on when 
using RECIST 

RECIST criteria will not be 
used after EOT, rather 
assessments will be reviewed 
by PI and a radiologist.  

23.  9.5 88 SAE reporting requirements 
updated to 24 hrs from time 
of event 

Updated according to 
institutional requirements.  

24.  9.5 87 SAE reporting requirements 
updated to 24 hrs from 
sending finalized SAE to 
MedWatch 

Corrected according to 
institutional requirements. 

25.  6.1.1 53 Irinotecan starting dose 
reduced to 144 mg/m2, and 
modified dose reduced to 108  
mg/m2 

Revised to align with 
institutional standards 

26.  7.2.2, 7.2.3, 
7.8 

67, 74 Timing and frequency of 
blood chemistry, and 
coagulation assessments 
revised 

Revised to align with 
institutional standards 

27.  7.3.2 68 b-values for DWI removed DWI parameters under 
investigation as part of 
exploratory objective 

28.  7.4.2.2, 7.8 70 Frequency of QOL 
assessment corrected  

Corrected to align with study 
schema 

29.  12.3.1 95 Duration of biospecimen 
storage revised from up to 15 
years to indefinetly 

Revised to align with 
BioLibrary repository 

30.  12.5 96 Publication and data sharing 
revised  

Revised to align with 
institutional policy 
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

31.  4.3 39 Description of advertisment of 
trial added 

Language added to align with 
institutional policy 

32.  4.2 38 Revised exclusion criteria 
pertaining to history of prior 
malignancies 

Criteria revised to reduce 
stringency for cancer unlikely 
to  interfere with assessment 
of study intervention.” 

33.  3.1 33 Post-operative day 3 updated 
to 4 

Discrepancy – schedule of 
events footer H indicates no 
sooner than post-op day 4 

34.  3.2.3 36 Updated 28 days prior to 
Treatment Period 1 to 30 
days 

Updated to match screening 
window 

35.  6.1.1 53 Removal of row 4 containing 
5FU Bolus in tables 6 and 7. 
Fluorouracil moved up. 

No 5FU bolus in mFFX 

36.  6.6 63 Removed “ Within 28 days 
prior to surgery, participants 
must undergo Hepatic CT 
angiogram to evaluate 
hepatic arterial anatomy in 
order to determine if HAI 
pump placement is 
technically feasible. “ 

Removed since this is done at 
prescreen 1 

37.  7.1.10 66 Added language “ In the 
event that this evaluation is 
not able to be done in person, 
it is at the PI’s discretion if 

To provide flexbility 
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

being done remotely is 
acceptable” 

38.  7.2.2 67 Added language: “At the 
discretion of the PI, screening 
procedures that fall outside 
the 30 day window are 
acceptable” 

To provide flexibility 

39.  7.2.2 67 Removal of magnesium from 
Bloody Chemistry 

Magnesium not needed per 
SOC 

40.  7.3.1 68 Updated from 28 days to 30 
and added language  “At the 
discretion of the PI, screening 
procedures that fall outside 
the 30 day window are 
acceptable” 

To provide flexibility 

41.  7.4.2 70 Added  “at the end of 
treatment period 1 (Cycle 4 
Day 1 of mFOLFIRINOX)” to 
provide clarity 

To provide clarity 

42.  7.4.2 70 Removal of Preop-HAI from 
Table 16 and added Cycle 4 
mFOLFIRINOX 

Reflect current practices 

43.  7.5.2 73 Added last dose to clarify 
timing 

To provide clarity 
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

44.  7.8 76 Updated Schedule of Events 
Table to match current 
practices 

Reflect current practices 

45.  8.2 79 Added language “At the 
discretion of the PI, screening 
procedures that fall outside 
the 30 day window are 
acceptable” and matched 
screening timeline of 30 days 

To provide flexibility 

46.  7.11.1 69 Added Liver Tumor Board To provide flexibility 

47.  Synopsis, 
6.1.3 

10, 57 Revised 5-FU dosing to 1200 
mg/m2 

Revised to align with 
institutional standards. 

48.  7.4.5.2, 7.8 74, 78 Removed portal and hepatic 
vein blood collection during 
surgery 

Peripheral blood collection 
alone is sufficient. Revised to 
reduce unnecessary risk to 
participant 

49.  7.8 78 Cycle 2 Day 14 blood 
collection removed from 
schedule of events 

This sample collection 
removed to align with standard 
of care procedures.  

50.  Synopsis, 4.1 9, 39 Revised creatinine clearance 
eligibility criteria to: 
Serum creatinine ≤ 1.5x ULN 
or calculated creatinine 
clearance ≥ 40mL/min (≥ 

Revised creatinine clearance 
to align with standard of care 
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

0.675mL/sec) using the 
Cockcroft-Gault equation:  
Males: (140 - age) x weight 
(kg)/(serum creatinine 
[mg/dL] × 72)  
Females: [(140 - age) x 
weight (kg)/(serum creatinine 
[mg/dL] × 72)] × 0.85 
 

51.  7.6, 7.8 76, 78 EOT timing revised Revised for clarification 

52.  7.4.2.2, 7.8  
and Table 16 

72, 77-
78 

Updated protocol reflecting 
the addition of 2 QoL 
interviews and 1 QoL survey 
per study participant to be 
administered within 24 
months of end of trial.  

Updated to match additions 

53.  9.5 89 Updated to remove 
interviews from AE review 
process 

The purpose of the structured 
interviews and surveys is not 
to assess for any adverse 
events. 

54.  List of 
Abbreviations 

24 Change abbreviation for SAE 
to “Serious adverse event” 
instead of “Severe” 

Revised for clarification 

55.  7.4.2 72 Addition of language “The 
purpose of the structured 
interviews and surveys is not 
to assess for adverse 

Revised for clarification 
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# Section Page(s) Change Justification 

1.  Cover page, 
4, 7 

1, 38, 
67 

Names of clinical 
investigators have been 
removed 

Several changes in co-
investigators has prompted 
removal of this list from cover 
page. All researchers 
associated with this study are 
listed in institutional eIRB.  
Clinical investigator names 
have been replaced with 
appropriate medical role (i.e., 
surgical oncology or oncology)  

2.  Cover page 1 Removed FDA IDE exempt 
status 

This has been removed in lieu 
of study device changes 

3.  1.5.1 31 Added risk language Risk language pertaining to 
the splicing of the pump 
connector to catheter has 
been added 

4.  3.1 33 Added Screening 1 language 
for clarity 

Added Screening 1 language 
for clarity 

events.” 

56.  5.1 45 Revised language regarding 
warranty/ID card for HAI 
pump 

Revised for flexibility 
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SYNOPSIS 
 

Study Title 

A Phase II study of induction systemic mFOLFIRINOX 
followed by hepatic arterial infusion of Floxuridine and 
Dexamethasone given concurrently with systemic mFOLFIRI  
as a first-line therapy in patients with unresectable liver-
dominant intrahepatic cholangiocarcinoma 

Protocol # 16033 

Study Center OHSU, single-site   

Clinical Phase Phase II - Combination   

Investigation Components FDA Approved Drug  

Interventional Study Type Single-arm  

Précis 

 

Delayed diagnosis of intrahepatic cholangiocarcinoma (ICC) 
renders the majority of patients (~70%) not suitable for hepatic 
resection. Moreover, failure to respond to current first-line 
therapies, gemcitabine and cisplatin, provides little treatment 
recourse. Regional therapy using a surgically implanted 
hepatic arterial infusion (HAI) pump allows for maximal liver-
directed treatment of patients with unresectable ICC with 
agents that are processed in the liver, thereby limiting the 
toxic side effects seen with traditional chemotherapy. In this 
study, mFOLFIRINOX will be administered to participants with 
liver-dominant unresectable ICC as a means to select 
individuals that are most likely to benefit from a period of 
intensive liver-directed therapy using HAI to deliver floxuridine 
and dexamethasone (DEX). These participants will also 
concurrently receive a dose-modified systemic regimen of 
mFOLFIRI. The goal of using this treatment approach is to 
achieve better disease control and offer better quality of life 
than currently available therapies. 

 

Primary Objectives 

• To evaluate the efficacy of systemic induction of 
mFOLFIRINOX, followed by HAI floxuridine-DEX 
administered concurrently with systemic mFOLFIRI. 

• To assess safety of treatment with HAI floxuridine-DEX 
delivered concurrently with systemic mFOLFIRI. 

Secondary Objectives • To evaluate response and survival following treatment.   

Exploratory Objectives 

• To assess the radiographic response using diffusion-
weighted MRI (DWI).  

• Evaluate quality of life (QoL) pre-, during, and post-
treatment.  

• To explore potential biomarkers. 

• Examine the differential expression pattern of RNA 
(microRNA and mRNA) in ICC.  

• Characterize circulating hybrid cells (CHCs) pre-, during, 
and post-treatment. 
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Primary Endpoint 

1. Incidence of abnormal liver function, as defined by 
unacceptable elevation in liver enzymes (refer to Section 
6.2, Table 12), or radiographic evidence of biliary sclerosis 
on CT/MRI (as measured following the completion of 2 
cycles of HAI in Treatment Period 2).  

 
2. To determine the disease control rate (DCR) from 

beginning of Treatment Period 2 to end of Treatment 
Period 2 (i.e., during the treatment with HAI Floxuridine + 
mFOLFIRI). 
[The DCR is defined as the percentage of patients who 
have achieved complete response (CR), partial response 
(PR), or stable disease (SD)]. 

Secondary Endpoints 

1. DCR from beginning of Treatment Period 1 to end of 
Treatment Period 2 (i.e., from the beginning of the entire 
treatment protocol until the end). 

2. DCR from beginning of Treatment Period 1 to end of 
Treatment Period 1 (i.e., during the treatment with 
FOLFIRINOX alone). 

3. Progression-free survival (PFS) from beginning of 
Treatment Period 1 to end of Treatment Period 1 (i.e., 
during the treatment with FOLFIRINOX alone). 

4. PFS from beginning of Treatment Period 1 to end of 
Treatment Period 2 (i.e., from the beginning of the entire 
treatment protocol until the end). 

5. PFS from beginning of Treatment Period 2 to end of 
Treatment Period 2 (i.e., during the treatment with HAI 
Floxuridine + mFOLFIRI). 

6. Overall Response Rate (ORR) from beginning of Treatment 
Period 1 to end of Treatment Period 2 (i.e., from the 
beginning of the entire treatment protocol until the end). 

7. Overall survival (OS) at the end of Treatment Period 1, at 
the end of Treatment Period 2, and at 1 year, and the whole 
study period. Overall Survival (OS) at 1 year. 

8. Proportion of liver toxicity in participants receiving HAI 
Floxuridine + dexamethasone therapy. 

9. Incidence of serious post-operative complications, which are 
defined as complications occurring within 9 weeks following 
surgery and ≥ Grade III per the Clavien-Dindo classification 
system (Appendix B) 

Exploratory Endpoint 

1. DWI measure of tumor diffusion coefficients. 

2. Quality-of-life evaluation (European Organization for 
Research and Treatment of Cancer Quality-of-Life 
Questionnaire [EORTC QLQ]-MLC21; QoL-at the end of 
lifeQLQ-BIL21); SF36; Patient health questionnaire; Piper 
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Fatigue Scale; MOS Social Support Survey. 

3. Genomic alteration profiling. 

4. Gene and microRNA expression profiling. 

5. Determine changes in CHC frequency.  

 

Number of Participants 
A maximum of 30 participants will be enrolled in this study. Six 
participants will be enrolled as part of the initial safety-run-in, 
after which an additional 24 participants will be enrolled. 

Estimated Time to 
Complete Enrollment 

24 months 

Study Duration 
Estimated time is 48 months from when the study opens to 
enrollment until completion of data collection for all 
participants. 

Duration of Therapy 

HAI treatment for patients with unresectable ICC is not 
intended to be curative, although we anticipate a few 
extraordinary responders who may be rendered resectable 
with this treatment regimen, but rather directed at control of 
disease progression. Patients who respond can continue 
treatment HAI/Sys treatment indefinitely as long as they are 
able to tolerate treatment. 

Key Inclusion Criteria 

• Liver-dominant ICC, must comprise <70% of the liver 
parenchyma, as defined by CT liver segmental 
volumetrics. 

• Disease must be considered technically unresectable or 
be multifocal in the liver at the time of preoperative 
evaluation 

• ECOG 0 or 1 status (Karnofsky ≥ 60) 

• WBC ≥ 3000 cells/mm3 

• ANC ≥ 1500 cells/mm3   

• Platelet count ≥ 100,000 / mm3 

• INR ≤ 1.5 

• Serum creatinine ≤1.5 x ULN OR creatinine clearance ≥ 40 
ml/min (>0.675 ml/sec) using Cockcroft-Gault equation  

•  

• Total bilirubin < 1.5 mg/dL 

• AST (SGOT)/ALT(SGPT) ≤ 2.5 x institutional ULN. 

Key Exclusion Criteria 

• Presence of extensive or multifocal metastatic extrahepatic 
or peritoneal disease. 

• Prior treatment with floxuridine, oxaliplatin, or irinotecan. 

• Prior external beam radiation therapy to the liver or hepatic 
arterial or venous delivery of internal radiation therapy 
such as Y-90. 

• Current biliary obstruction requiring placement of 
endoscopic or transhepatic stents for biliary 
decompression.  

• Pregnant or lactating women. 
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Investigational 
Components 

Treatment Period 1 is a systemic regimen of modified 
FOLFIRINOX (oxaliplatin 85 mg/m2; irinotecan 144 mg/m2; 
fluorouracil 2,400 mg/m2) for a total of 4 cycles (i.e., 8-weeks, 
with each cycle being 14 days). Dosages on Cycle 2, 3, and 4 
will be reduced by 25%. 

 

Participants eligible for Treatment Period 2 will undergo HAI 
pump placement, cholecystectomy and portal 
lymphadenectomy (via laparotomy). Treatment Period 2 
consists of 2 cycles, in which each cycle is 28 days. Each 
treatment cycle involves HAI delivery of floxuridine (0.12 
mg/kg/day; adjusted for weight and flow rate) for 14 days 
followed by systemic mFOLFIRI (irinotecan 180 mg/m2, folinic 
acid 400mg/m2; 5-FU 1200mg/m2 + bolus 5-FU 400mg/m2) 
given on Day 15.  

 

Statistical Considerations 

An initial safety run-in will consist of the first 6 participants that 
completed mFOLFIRINOX (Treatment Period 1), undergo HAI 
placement, and receive HAI floxuridine-DEX (Treatment 
Period 2). This safety run-in period for the first 6 participants 
that enter Treatment Period 2 will monitor the incidence of 
abnormal liver function associated with HAI therapy.  
Specifically, the study will be stopped if, by the end of 
Treatment period 2, 2 of 6 (33.3%) participants experience an 
elevation in liver enzymes necessitating a complete dose-hold 
without the ability to restart HAI floxuridine-DEX, or show 
radiographic evidence suggestive of biliary sclerosis. If 1 or no 
toxicities are observed, then the study will proceed with the 
accrual of an additional 24 participants.  
 
This study is designed to accrue 21 patients for post-induction 
enrollment, including the 6 patients in the safety-run portion 
(i.e., 21 patients to complete Treatment period 1 and 2). Using 
a one-sided exact test with a targeted 0.05, accrual of 21 
patients will result in a study with 80.2% power to detect a 
difference between a 60% and an 85% disease control rate at 
6 months. An additional 9 individuals (for a total of 30 
participants) will be enrolled to account for possible participant 
drop-out. 
 
Safety monitoring will be continuous throughout the trial, and 
the study will be stopped early should the incidence of this 
predefined toxicity exceed 33.3% at any time after the 6 
patient safety-run-in. 
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SCHEMATIC OF STUDY DESIGN`  

 
 
 

Figure 1. Overview of study design. 
 

Screening 1 will evaluate participant eligibility, including CT imaging and staging laparoscopy 
to determine the presence of peritoneal disease and occult dissemination of ICC within the 
liver. Suspicious lesions will be biopsied for pathological assessment, and remaining excess 
tissue collected as part of the baseline biopsy. Following Screening 1, eligible participants 
enrolled in the study will receive a systemic regimen of modified FOLFIRINOX 
(mFOLFIRINOXSYS) administered every 2-weeks for a total of 4 cycles (8 weeks; Treatment 
Period 1). Participants will undergo a second screening (Screening 2) and repeat imaging to 
assess disease response to treatment. Approximately 3-6 weeks after the last 
mFOLFIRINOX dose, (earlier or later time points at discretion and approval of PI), eligible 
participants will be taken to the operating room for a laparotomy with planned placement of a 
hepatic arterial infusion (HAI) pump, cholecystectomy and portal lymphadenectomy. 
Approximately 2-weeks after placement of HAI pump, participants will begin Treatment 
Period 2, in which HAI pump will deliver floxuridine and dexamethasone, and participants will 
receive separate systemic administration of mFOLFIRI (mFOLFIRISYS). Floxuridine and 
dexamethasone will be administered on day 1 of each cycle, in which the Floxuridine will be 
delivered via the HAI pump over 14 days. A fixed dose of mFOLFIRI will then be given on 
day 15 of the 4 week cycle. After completing 2 cycles, participants will undergo repeat 
MRI/CT imaging to assess disease response. Participants with controlled disease (as 
defined by RECIST criteria) may receive additional cycles of HAI-delivered floxuridine and 
dexamethasone, along with systemic administration of mFOLFIRI. Arrows indicated time 
points for blood and tissue collection, as well as intended quality of life (QoL) surveys. 
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Figure 2. Study Flow 
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1. BACKGROUND INFORMATION AND SCIENTIFIC RATIONALE 
 

 OVERVIEW OF INTRAHEPATIC CHOLANGIOCARCINOMA 
 
Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver cancer in the 
United States, accounting for 10-20% of all primary liver cancers, with approximately 5,000 new 
cases diagnosed each year. 1,2 ICC is pathologically distinct from hepatocellular carcinoma 
(HCC) and thus requires a unique clinical management strategy. There has been an increase in 
the reported annual incidence of ICC over the past 10 years. This is likely attributable to 
improved pathologic classification, coupled with the rising incidence of other risk factors 
including viral hepatitis and non-alcoholic fatty liver disease (e.g., steatohepatitis associated 
with a growing obese population).1,3 The overall survival (OS) for those diagnosed with ICC 
remains poor, with most patients succumbing to their disease in less than 12 months, even 
following the use of modern systemic regimens such as gemcitabine and cisplatin.4 While 
complete surgical resection remains the only potentially curative treatment for patients with 
resectable ICC, upwards of 70% of patients with newly diagnosed ICC are not candidates for 
hepatic resection due to the presence of advanced disease at diagnosis.5 Moreover, even after 
resection of ICC, 50–60% of patients develop recurrent disease in the liver, the peritoneum 
(20%), and portal lymph nodes (20–30%); and is reflective of the micro-metastatic hepatic 
disease burden present at diagnosis.6  
 

 SYSTEMIC THERAPY FOR INTRAHEPATIC CHOLANGIOCARCINOMA 
 
The current standard-of-care in the treatment of patients with advanced, unresectable biliary 
tract cancer is systemic treatment with a first-line therapeutic combination of gemcitabine and 
cisplatin, which has shown superiority to gemcitabine alone.7 This practice is based upon the 
ABC-02 trial that included patients with a variety of advanced and metastatic biliary tract 
cancers (ICC, extrahepatic cholangiocarcinoma, gallbladder adenocarcinoma, etc.). In this trial, 
however, specific evaluation of tumor response by disease site revealed no significant 
difference in the 6-month disease control rate (DCR) for cholangiocarcinoma patients receiving 
either gemcitabine monotherapy or a combination of cisplatin and gemcitabine (69% vs. 79%, p 
= 0.1).7  A recent review of several other randomized and prospective, non-randomized trials of 
biliary tract cancer suggests that treatment with the combination of gemcitabine and cisplatin 
achieves an average DCR of 62% at 6 months.8 
 
Treatment options following a failure to respond to a gemcitabine and cisplatin combination are 
even less certain, as no prospective trials have established an optimal second-line 
chemotherapeutic regimen. Among several second-line treatment options, oxaliplatin- and 
fluorouracil-based combinations have garnered increasing interest as potential strategies (Table 
1). 
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In a phase II study of patients with advanced biliary tract cancer refractory to a gemcitabine and 
cisplatin regimen, the combination of Folinic Acid (leucovorin), Fluorouracil, and Oxaliplatin 
(FOLFOX) was evaluated for efficacy and safety. The FOLFOX regimen consisted of oxaliplatin 
(85 mg/m2) as a 2-hour i.v. infusion on day 1 and 2-hour i.v. infusion of leucovorin (200 
mg/m2/day) followed by a 5-fluorouracil i.v. bolus (400 mg/m2/day) and 22-hour i.v. infusion of 5-
fluorouracil (600 mg/m2/day) for two consecutive days every 2 weeks. The authors reported that 
the objective response rate was 22% among the 37 patients treated with FOLFOX. Disease 
control was achieved in 62.2% of the treated patients. Approximately 38% of patients 
experienced grade 3-4 toxicities, the most frequent of which were neutropenia and fatigue.9 
 
Moretto et al10 evaluated a regimen of Folinic Acid (Leucovorin), fluorouracil, and irinotecan 
(FOLFIRI) as either a first of second-line treatment among 54 patients with pancreatic or biliary 
tract tumors. FOLFIRI treatment as a first-line approach was associated with a 25% response 
rate, and as a second-line therapy 43% of patients obtained a stable disease as best response. 
As a first-line and second-line therapy, the median progression-free survival rates were 3.1 
months (95%CI, 1.9-4.4) and 3.5 months (95% CI, 2.6-4.4), respectively. Likewise, the median 
overall survival rates were 14.5 months (95% CI, 7.0-22.1) and 6.2 months (95% CI, 5.4-7.0), 
respectively, in the first-line and the second-line cohort of patients. The most frequent grade 3–4 
adverse event were neutropenia, and grade 3 gastrointestinal toxicity was observed in only two 
cases.  
 
Authors of a recent pilot study evaluated the combination of FOLFIRI and bevacizumab as a 
second-line therapy in 13 patient with metastatic ICC with gemcitabine and oxaliplatin refractory 
disease. Seven deaths occurred at the time of analysis. Progression free survival was 8 months 
(95%CI, 7 to 16), and median overall survival was 20 months (95%CI, 8 to 48). The response 
rate was 38.4% (95%CI, 12.5 to 89) and the disease control rate was 84.5% (95%CI, 42 to 
100). No grade 4 toxic events were observed, but the authors noted four grade 3 hematological 
toxicities and one grade 3 digestive toxicity.11  
 
In the phase III PRODIGE trial, 342 patients with metastatic pancreatic cancer were randomly 
assigned to receive FOLFIRINOX or gemcitabine. The authors reported that the median overall 

Table 1. Oxaliplatin- and fluorouracil-based combinations for treating ICC. 

Trial (year) Drugs Dose N 
Median Overall 
Survival (mos) 

He9 (2014) FOLFOX 

oxaliplatin (85 mg/m2) as a 2-hour i.v. infusion 
on day 1 and 2-hour i.v. infusion of leucovorin 
(200 mg/m2/day) followed by a 5-fluorouracil 
i.v. bolus (400 mg/m2/day) and 22-hour i.v. 
infusion of 5-fluorouracil (600 mg/m2/day) for 
two consecutive days every 2 weeks. 

37 14.1 

Moretto10 
(2013) 

FOLFIRI 

irinotecan 180 mg/m², day 1; leucovorin 100 
mg/m² i.v., days 1 and 2; 5-fluorouracil 400 
mg/m² i.v. bolus, days 1 and 2; and 600 
mg/m² in 22 h i.v., continuous infusion days 1 
and 2; every 14 days. 

54 14.5 

Guion-
Dussere11 
(2015) 

FOLFIRI 

Irinotecan (180 mg/m² i.v. over 90 min) 
concurrently with folinic acid (400 mg/m² i.v. 
over 120 min) followed by fluorouracil (400 
mg/m² i.v. bolus), then i.v. fluorouracil (2400 
mg/m² over 46 h), and bevacizumab (5 mg/kg) 
every 2 weeks. 

13 20 
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survival was 11 months for those receiving FOLFIRINOX as compared to 7 months in the 
gemcitabine group (HR for death, 0.57; 95% CI, 0.45 to 0.73; P<0.001). Patients given 
FOLFIRINOX had a median progression-free survival of 6.4 months, whereas this was only 3.3 
months for those receiving gemcitabine (HR for disease progression, 0.47; 95% CI, 0.37 to 
0.59; P<0.001). The objective response rate 3.3 times higher among those receiving 
FOLFIRINOX (32%) versus patients treated with gemcitabine (9.4%; P<0.001). Compared to 
those treated with gemcitabine, patients in the FOLFIRINOX group reported a significantly lower 
degradation in the quality of life by 6 months, (31% vs. 66%, respectively; HR, 0.47; 95% CI, 
0.30 to 0.70; P<0.001).12 
 

 HEPATIC ARTERIAL INFUSION 
 
Hepatic arterial infusion (HAI) originated in the early 1960s as a treatment approach for patients 
with gastrointestinal tumors metastatic to the liver.13 By taking advantage of first-pass liver 
metabolism, the underlying rationale for HAI is to expose the hepatic metastases to high 
chemotherapy concentrations and minimize systemic toxicity. This is achieved by infusion of 
drug into the hepatic artery, which provides a majority of tumor blood supply. This is in contrast 
to the hepatic portal vein, which mostly supplies blood to normal liver cells. Since its inception, 
HAI has been used to deliver a variety of agents such as: 5-fluorouracil (5-FU), mitomycin, 
cisplatin, doxorubicin, and 5-fluoro-2′-deoxyuridine (floxuridine). Of these chemotherapeutic 
agents, floxuridine (a.k.a., FUDR) is the most frequently studied; largely because it is associated 
with high hepatic extraction (94-99%) followed by rapid clearance. Notably, tumor levels of 
floxuridine are 15-times greater when infused via the hepatic artery as opposed to the portal 
vein.13  
 
Initial phase II trials first reported survival benefit in patients with unresectable colorectal liver 
metastases (CRLM) that used an implantable pump for HAI of floxuridine (HAI floxuridine). 
Radiographic response rates were reported as high as 88%, and the 1-year survival rate and 
median survival were superior compared to historic controls (82% vs 36% and 26 months vs 8 
months, respectively (P < .0001)14.  
 
Other randomized trials have shown significant improvements in response, time to hepatic 
progression, or overall survival following HAI floxuridine, as compared to systemic 
chemotherapy (Table 2).15,16 
 

Table 2. Selected Randomized Trials in Unresectable Metastases 

Trial  Drug N HAI Dose IV Dose 
Median OS 
(months) 

Colorectal cancer liver metastases (CRLM) 

Kemeny16  
HAI floxuridine 
vs IV floxuridine 99 

0.3 mg/kg/d for 14 
days/28 days 

0.125 mg/kg/d (14 
days every mo) 17 vs 12 

Chang15 
HAI floxuridine 
vs IV floxuridine 64 

0.3 mg/kg/d for 14 
days/28 days 

0.125 mg/kg/d (14 
days q 28 days) 17 vs 12 

Hohn17  
HAI floxuridine 
vs IV floxuridine 143 

0.2-0.3 mg/kg/d 
for 14 days/28 
days 

0.075 mg/kg/d (14 
days q 28 days) 
0.025 increase/cycle 16.5 vs 5.8 

Safi18  

HAI floxuridine 
vs HAI & IV 
floxuridine 44 

0.2 mg/kg/d for 14 
days/28 days 

0.3 mg/kg/d for 14 
days/28 days NS 

Wagman19  
HAI floxuridine 
vs IV 5FU 41 

0.1-0.5 mg/kg/d 
for 14 days/28 10-50 mg/kg weekly 13.8 vs 1.6 
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Table 2. Selected Randomized Trials in Unresectable Metastases 

Trial  Drug N HAI Dose IV Dose 
Median OS 
(months) 

days 

Martin20  
HAI floxuridine 
vs IV 5FU/LV 74 

0.3 mg/kg/d for 14 
days/28 days 

500 mg/m2/d (5 
days q 35 days) 12.6 vs 0.5 

Rougier21  

HAI floxuridine 
vs IV 5FU vs 
Observation 163 

0.3 mg/kg/d for 14 
days/28 days 

500 mg/m2/d (5 
days q 4 weeks) 15 vs 11* 

Allen-Mersh22  
HAI floxuridine 
vs Observation 100 0.2 mg/kg/d for 14 days/28 days  

Lorenz23  

HAI floxuridine 
vs HAI 5FU/LV 
vs IV 5FU/LV 168 

0.2 mg/kg/d for 14 
days/28 days 

800-1000 mg/m2/d + 
200 mg/m2/d (5 
days q 28 days)** 

12.7 vs 18.7 
vs 17.6 

Kerr24  
HAI 5FU/LV vs 
IV 5FU/LV 290 

bolus 200 + 400 
mg/m2 and 22-h 
infusion 1600 
mg/m2, days 1 
and 2 (every 14 
days) 

bolus 200 + 400 
mg/m2 and 22-hr 
infusion 600 mg/m2 
days 1 and 2 (q 14 
days) 14.7 vs 14.8 

ICC and HCC 

Jarnagin25  HAI floxuridine 34 

0.16 mg/kg 
floxuridine + 25 
mg DEX for 14 
days / 4-week 
cycle   

 ICC 26   

PR = 14 
(53.8%) 
SD = 11 
(42.3%) 
PD = 1 
(3.8%) 

 HCC 8   

PR = 2 (25%) 
SD = 3 
(37.5%) 
PD = 3 
(37.5%) 

Konstantinidis26  

HAI floxuridine 
+ SYSa vs. 
SYSa 236 

0.16 mg/kg 
floxuridine + 25 
mg DEX for 14 
days / 4-week 
cycle  

30.8 vs 18.4 
months† 

* Statically significant 
** Same dose was given as HAI 
MOS = Median Overall Survival, HAI = hepatic artery infusion, IV = intravenous, 5-FU = 5-fluorouracil, LV = leucovorin, DEX = 
dexamethasone, NS = not significant, SYS = systemic chemotherapy. 
aA variety of SYS regimens were used: gemcitabine monotherapy; gemcitabine and cisplatin; gemcitabine, cisplatin, and 
sorafenib; gemcitabine, cisplatin, and irinotecan; gemcitabine and oxaliplatin; gemcitabine and capecitabine; gemcitabine and 
erlotinib; gemcitabine and irinotecan; gemcitabine, carboplatin, and taxol; 5-fluoruracil; 5-fluoruracil and irinotecan; 5-fluoruracil 
and oxaliplatin; and other SYS agents (GX-8951S, platinum-based regimens, and taxol-based regimens). 
†Overall survival (OS) for the combined group was longer than overall survival for the patients who received SYS alone (P < 
0.001). 
Adapted from Homsi and Garret27 

 
Authors of a 5-year retrospective review examined 125 patients that underwent hepatic 
resection followed by adjuvant HAI-delivered floxuridine-dexamethasone (DEX) in combination 
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with systemic FOLFOX or FOLFIRI. Using multivariate analysis, the authors observed that HAI-
floxuridine was independently associated with improved liver recurrence-free survival (HR, 0.34; 
P ≤ 0.01), overall recurrence-free survival (HR, 0.65; P = 0.01), as well as disease-specific 
survival (HR, 0.39; P = 0.01).28 
 
Kemeny et al29 investigated the treatment outcomes in CRLM patients that had undergone 
hepatic resection. A total of 156 patients were randomly assigned to receive either HAI 
floxuridine-DEX along with i.v. 5-FU/leucovorin, or i.v. 5-FU/ leucovorin alone. Of those 
receiving HAI and systemic therapy, the median overall survival was 72 months, but was only 
59 months for patients receiving 5-FU/leucovorin alone. Hepatic recurrence free survival was 
notably higher among those receiving HAI chemotherapy and systemic therapy versus those 
treated with systemic therapy alone (90% vs. 60%, respectively; P < 0.001); however, disease 
free survival at 2 years was not significant between treatment groups (57% vs 42%; P = 0.07). 
In both treatment groups, a total of 6 patients required biliary stents (4 were alive at time of 
reporting, 2 died of progressive liver disease). In the remaining participants, serum total bilirubin 
levels returned to normal when the hepatic arterial infusion was discontinued. Although toxicity 
was greater in the combined group and resulted in therapy dose reductions, the overall number 
of deaths during treatment was not different between treatment groups. It is important to note 
that this trial completed accrual prior to the advent of either oxaliplatin- or irinotecan-based 
systemic regimens, which is not the standard of care for patients with advanced colorectal 
cancer.  
 
In an updated study, Kemeny et al30 sought to determine the rate at which CRLM patients could 
convert to a resectable disease following HAI floxuridine-DEX with systemic oxaliplatin and 
irinotecan. Among the 49 patients evaluated, those that received HAI floxuridine-DEX with 
systemic irinotecan and oxaliplatin, achieved a response rate of 92%, with 47% of patients 
demonstrating a conversion to resection. Whereas the median survival from the start of HAI 
therapy was 50.8 for chemotherapy-naïve patients, those that had been previously treated had 
a median survival of 35 months. 
 
Cercek et al31 evaluated the role of HAI therapy in CRLM patients with metastatic colorectal 
cancer that were refractory to oxaliplatin, irinotecan, and fluorouracil-based treatments. Among 
110 patients, 57 were characterized as CRLM only, and 53 were found to have low volume 
extrahepatic disease (LME). The authors observed that patients with only CRLM had a 
response rate of 33% and a median survival of 20 months. Although LME patients had a 
response rate of 36% following HAI therapy, the median survival among this patient cohort was 
only 11.4 months. These findings suggest that a regional directed approach is useful in treating 
liver dominant disease that is otherwise refractory to standard lines of cytotoxic chemotherapy. 
 
1.3.1 OTHER LIVER DOMINANT MALIGNANCIES 
 
The interest in HAI therapy has now expanded to treating other liver-dominant cancer types 
including ICC and HCC, where liver-dominant disease is characterized by the majority of 
disease confined to the hepatic parenchyma, with very limited extrahepatic disease. While there 
are only a small number of published studies, their initial results demonstrate that use of HAI 
therapy for treating other liver-dominant cancer is both safe and feasible. 
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Jarnagin et al25 reported on the efficacy of HAI delivery of floxuridine and DEX to treat patients 
with unresectable ICC (n = 26) or HCC (n = 8) (Figure 2A). The authors observed an overall 
response rate of 47% among all patients, with a time to progression and response duration were 
7.4 and 11.9 months, respectively. Median survival was 29.5 months (Figure 2B). A partial 
response was seen in 14 patients with ICC (54%), of which, one patient responded sufficiently 
enough to undergo resection and was found to have a complete pathologic response. Patients 
with HCC had a partial response rate of only 25% (Figure 2A). Thirty-three of 34 patients 
developed disease progression at a median follow-up of 25 months, of which 73% (24 of 33 
patients) received additional HAI treatment after removal from the study. Among these, 14 
received HAI floxuridine in conjunction with systemic therapy (gemcitabine/ oxaliplatin, or 
irinotecan). The OS at 2 years was 67%. The authors noted 5 chemotherapy-related 
complications, including: three patients with elevated serum bilirubin (grade 4 in two and grade 
3 in one), one patient with grade 3 abdominal pain, and one patient with grade 3 diarrhea. Eight 
(24%) of 34 patients incurred post-operative complications that were related to pump 
placement. One patient was removed from the study after two cycles with disease progression 
and liver failure due to exacerbation of chronic hepatitis B infection.  
 
Konstantindis et al26 at Memorial Sloan Kettering Cancer Center in New York (MSKCC) reported 
on their experience in n=104 patients with liver-only disease treated with HAI of floxuridine-DEX 
combined with various systemic regimens, including fluorouracil and irinotecan. The authors 
report an improved OS for the combined HAI + SYS group compared to patients who receive 
SYS alone (30.8 vs. 18.4 months, P<0.001) (Figure 4). Additionally, this survival difference was 
maintained when the analysis included patients with disease metastatic to portal lymph nodes. 
 
1.3.2 QUALITY OF LIFE 
 
Aside from the OS impact, controlling a patient’s hepatic disease burden has important potential 
quality-of-life (QoL) benefits. In 2006, Kemeny et al 32 reported on the multi-institutional CALGB 

Figure 3. Outcomes of ICC and HCC patients receiving HAI floxuridine-DEX.  
(A) Outcome of all patients, stratified by diagnosis. * includes one patient who responded sufficiently to undergo 
resection and was found to have a complete pathologic response.  (B) Disease-specific survival for the entire 
cohort. Adapted from Jarnagin et al.  
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9481 prospective trial involving n=135 
patients with CRLM randomized to 
either HAI floxuridine-DEX or systemic 
treatment with 5-FU/LV. The 
investigators demonstrated that, OS 
was significantly longer for HAI therapy 
versus systemic treatment (median OS, 
24.4 v 20 months; P=0.0034), as were 
response rates (47% and 24%; 
P=0.012). Moreover, QoL 
measurements showed that physical 
functioning at the 3- and 6-month 
follow-up was significantly better among 
those in the HAI group compared to 
those receiving systemic therapy 32. 
This study provided evidence that in 
patients with unresectable CRLM, HAI 
therapy provided superior survival with 
improved physical functioning when 
compared to systemic treatment alone. 
Importantly, this trial accrued prior to 
the development of oxaliplatin- and 
irinotecan-based systemic regimens for 
metastatic colorectal cancer, which is 

the current first- and second-line treatments used in the United States in the current era. In 
addition, numerous subsequent studies have demonstrated the improved efficacy of co-
administration of HAI treatment with systemic therapy. However, the concurrent administration 
of HAI therapy + modern systemic treatment has not been evaluated in a prospective, 
randomized QoL study for patients with any metastatic or primary liver cancer. 
 
Allen-Mersh et al22 compared QoL and survival in CRLM patients that either received HAI 
floxuridine or conventional symptom palliation. In addition to a significant increase in overall 
survival for those receiving HAI floxuridine compared to conventional therapy (median survival 
of 405 vs 226 days, respectively), the authors observed significant QoL improvements 
associated with HAI therapy. This included significant prolongations in normal-quality survival 
for physical symptoms, as well as anxiety and depression. 
 
1.3.3 SAFETY OF HAI PUMP THERAPY 
 
HAI of floxuridine is safe, but not without potential complications. Particularly, biliary sclerosis is 
one of the most feared treatment-related complications associated with HAI floxuridine therapy. 
However, this complication occurs relatively infrequently and with minimal patient or treatment 
impact with modern dosing and reductions.33 
 
For patients that underwent HAI with floxuridine and dexamethasone (with or without 
bevacizumab) in advanced ICC, Konstandindis et al34 reported that postoperative complications 
related to pump placement occurred in six (14 %) patients (3 in each treatment arm). The 
authors noted that Grade 3/4 toxicity occurred in ten (23%) of patients that were mostly biliary 
toxicity-related. Notably, the excessive toxicity associated with the addition of bevacizumab to 
floxuridine led to early termination of this trial. As a result, bevacizumab is no longer given along 
with HAI floxuridine centers offering this treatment. 

Figure 4. Assessment of survival following HAI and SYS 
versus SYS alone.  
Patients with liver-only disease who underwent treatment 
with HAI and SYS (n = 78) had improved survival (30.8 
months). In contrast, to those treated only with SYS 
survival was 18.4 months (n = 26; P<.001). Abbreviations: 
HAI, hepatic arterial infusion; SYS, systemic 
chemotherapy. Adopted from Konstantinidis et al.  
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In a trial related to the bevacizumab study, D’Angelica et al35 reported on 49 patients with 
unresectable CRLM that received HAI therapy. The overall grade 3/4 toxicity rate was 41% 
(20/49), with the first 24 patients receiving floxuridine and bevacizumab experiencing an 
unexpectedly high rate of biliary toxicity, in which 3 patients required biliary stents. Once 
bevacizumab was removed from the trial, the remaining 25 patients enrolled in the study had a 
28% rate of grade 3/4 toxicity, and a significantly better biliary toxicity profile, with only 1 (4%) 
patient requiring a biliary stent. Seven patients (14%) experienced a grade 1 or 2 complication 
associated with pump placement. 
 
Jarnagin et al25 evaluated the safety and efficacy of 34 participants with unresectable ICC or 
HCC that were treated with HAI floxuridine. Patients in this study received a median of 7 
treatment cycles, during which time floxuridine dose reductions, typically for serum liver enzyme 
elevations, was 62.5% lower (0%–98%) than the starting dose. Five patients (14.7%) in this 
study experienced grade 3 or 4 toxicity, 3 of which had elevations of serum bilirubin (grade 4 in 
two and grade 3 in one), all of which resolved with dose modification; there were no biliary 
strictures. The other 2 grade 3 complications (migraine headache and diarrhea) were 
attributable to diuretic therapy and a preexisting condition, respectively. 
 
At OHSU, our experience with HAI floxuridine therapy currently extends to 14 HAI pumps that 
have been surgically placed (10 for unresectable CRLM and 4 as adjuvant therapy for high-risk 
CRLM). Of these, there has been only 1 case (7.1%) of biliary sclerosis that resulted in a 3 
week delay to patient treatment. Once symptoms resolved HAI floxuridine treatment was 
resumed. In another patient, there was a single case of extrahepatic perfusion that was 
immediately recognized and corrected with IR angioembolization allowing the patient to quickly 
resume both HAI and systemic treatment.  
 

 RATIONALE 
 
This is a Phase II, single-arm, open label study to assess the safety, toxicity, and tolerability of 
using systemic induction of mFOLFIRINOX, followed by systemic administration of mFOLFIRI in 
combination with HAI floxuridine-DEX, as a first-line treatment for liver-dominant, technically 
unresectable ICC.  
 
Regional therapy using a surgically implanted HAI pump allows for maximal liver-directed 
treatment of patients with unresectable ICC with agents that are processed in the liver, thereby 
limiting the toxic side effects seen with traditional chemotherapy. Since the chemotherapy 
delivered via HAI is processed in the liver, much higher doses can be delivered than could ever 
be tolerated if given systemically by traditional means. With a greater than 95% first-pass 
metabolism, floxuridine epitomizes the ideal agent for delivery via HAI. Notably, treatment of 
ICC patients, and those with other liver-dominant cancers, appears to work best in combination 
with systemic therapy.26  
 
Results from the PRODIGE trial demonstrated that progression-free survival is nearly twice the 
amount with FOLFIRINOX compared to first-line gemcitabine and cisplatin (6.4 months vs. 3.3 
months, respectively) for patients with pancreatic cancer, and is a preferred treatment for this 
disease.12 Encouraged by these findings, the National Comprehensive Cancer Network (NCCN) 
guidelines provide a category 2a recommendations for the use of platinum-based and 
fluoropyrimidine-based chemotherapeutic regimens to treat patients with unresectable ICC.36 
Similar NCCN category 2b recommendations support the used of HAI therapy for treating 
unresectable ICC.   
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There is a dearth of prospective information to suggest what treatment approach is most 
effective to treating unresectable ICC.  Given the rarity of this disease and limited prospective 
data, then it is reasonable to consider that the combination of FOLFOX, FOLFIRI, or 
FOLFIRINOX provide a viable chemotherapeutic option for the systemic treatment of patients 
with ICC.  Notably, this treatment approach has been adopted by numerous NCCN-designated 
Comprehensive Cancer Centers, including the Knight Cancer Institute at OHSU.  
  
In this study, mFOLFIRINOX will be administered upfront as a maximal induction treatment to 
participants with liver-dominant, unresectable, ICC. Exposure to this regimen will enable 
selection of individuals that are most likely to benefit from a period of intensive liver-directed 
therapy using HAI to deliver floxuridine and DEX, as well as provide justification for a concurrent 
dose-modified systemic regimen of mFOLFIRI. A fundamental goal of this study is to provide 
prospective data regarding DCR and PFS among disease patient that are treated with 
FOLFIRINOX and HAI therapies.  
 

 POTENTIAL RISKS AND BENEFITS 
 
1.5.1 KNOWN POTENTIAL RISKS  
 
The potential risk associated with treatment are detailed in Section 9. Additional details 
regarding specific risks for those participating in this clinical trial including treatment and surgical 
risks may be found in the informed consent documents.  
 
This study will utilize the SynchroMed II HAI pump to administered floxuridine.  This FDA-
approved HAI pump will be spliced to a tapered catheter that is in turn inserted into the hepatic 
artery. This splicing of the pump connector to catheter has the potential for catheter malfunction 
including obstruction and disconnection.  If the catheter were to become obstructed at the splice 
site, the HAI pump would alarm indicating an obstruction.  In such events, the connection can 
be respliced with a minor procedure.  A disconnection at the splicing point could result in the 
floxuridine/dexamethasone being infused at a slow rate intra-peritoneally.  To prevent 
disconnection, the splicing connection is tested numerous times in the operating room.  In 
addition, the participant will undergo a nuclear medicine HAI pump study in which there is 
testing of the device under direct imaging to specifically evaluate for extra-hepatic perfusion 
(which includes evaluation of the spliced area [refer to Section 7.3]).   
 
1.5.2 KNOWN POTENTIAL BENEFITS 
 
Given the lack of treatment options for treating metastatic liver ICC, the current study may 
provide access to a new treatment approach not previously available. It cannot, however, be 
guaranteed that participants in this study will directly benefit from treatment during participation, 
as the clinical trial is designed to provide information about the safety and effectiveness of the 
investigational approach. 
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2. OBJECTIVES 
 

 PRIMARY OBJECTIVES 
 
1. Assess the toxicity, safety and tolerability of HAI floxuridine therapy. 

 
2. Evaluate the efficacy of systemic induction of mFOLFIRINOX, followed by HAI of floxuridine-

DEX administered concurrently with systemic mFOLFIRI 
 

 SECONDARY OBJECTIVES 
1. To evaluate tumor response to treatment and participant survival.  

 
2. Assess rate of post-operative complications 
 
3. Evaluate serious post-operative complications following surgical placement of the HAI 

pump. 
 

 EXPLORATORY OBJECTIVES 
 
2.3.1 DIFFUSION WEIGHTED MAGNETIC RESONANCE IMAGING (DWI) 
 
To assess the radiographic response using DWI as part of an MRI examination. In this 
objective, DWI will be investigated as a potential imaging biomarker and will measure restricted 
diffusion as a means to predict treatment response. 
 
2.3.2 QUALITY OF LIFE ASSESSMENT (QoL) 
 
Determine whether, compared to historical controls, induction mFOLFIRINOX combined with 
integrated HAI of floxuridine-DEX and systemic mFOLFIRI treatment will improve patient QoL 
including fatigue and depression. 
 
2.3.3 TUMOR TISSUE BIOMARKER ASSESSMENT 
 
Investigate molecular signature associated with ICC.  
 
2.3.4 MICRORNA (miR) 
 
Generate a differential expression pattern of RNAs (miR and mRNA) in patients with ICC 
derived from tumor samples compared to adjacent normal liver samples as well as lymphatic 
tissue, blood and bile). 
 
2.3.5 CIRCULATING HYBRID CELLS (CHC) 
 
Characterize the changes in the population of CHCs pre-, during, and post-treatment. 
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3. STUDY DESIGN AND ENDPOINTS 
 

 DESCRIPTION OF THE STUDY DESIGN 

 

Please refer to Section 10, STATISTICAL CONSIDERATIONS for additional information 
regarding statistical methods used in this study. 

 
This is a Phase II, single-arm, open label study to assess the safety, toxicity, tolerability, and 
efficacy of using systemic induction of mFOLFIRINOX, followed by systemic administration of 
mFOLFIRI in conjunction with HAI of floxuridine and DEX, as a first-line treatment of liver-
dominant, unresectable ICC. Participants must meet the inclusion criteria, have none of the 
exclusion criteria, and have provided written informed consent before the conduct of any 
screening tests not performed routinely in their treatment.  

 
In Screening 1, participants will be evaluated for study eligibility by CT imaging and staging 
laparoscopy to determine the presence of peritoneal disease and occult dissemination of ICC 
within the liver.  Suspicious lesions will be biopsied for pathological assessment, and remaining 
excess tissue collected as part of the baseline biopsy.  Eligible trial participants will then 
proceed on with the treatment portions of the study. 
 
This study consists of a two-part treatment plan in which eligible participants will first receive a 
systemic regimen of mFOLFIRINOX with 25% dose reduction of oxaliplatin, irinotecan, and 
fluorouracil administered every 2-weeks for 4 cycles (8 weeks) (Treatment Period 1). After 
completing mFOLFIRINOX induction, participants’ disease will be reevaluated by MRI/CT 
imaging. In this second screening process (i.e., Screening 2), only those that achieve disease 
control based on RECIST criteria (v1.1) will be eligible HAI therapy (Treatment Period 2). 
Participants with development of new or progressive extrahepatic disease will be taken off study 
directed treatment. Likewise, participants with a complete radiographic response will also be 
taken off-study directed treatment for consideration of further systemic mFOLFIRINOX per 
standard of care. Participants eligible for Treatment Period 2 will be taken to the operating room 
for a diagnostic laparoscopy to further evaluate for peritoneal disease and if negative will 
immediately undergo an exploratory laparotomy with planned placement of an HAI pump, 
cholecystectomy and portal lymphadenectomy. After the operation has concluded, SPECT/CT 
imaging of the HAI pump (no sooner than post-operative day 4) will be used to confirm 
acceptable hepatic perfusion without evidence of extrahepatic perfusion. Treatment Period 2 will 
begin approximately 14 days after their operation. During this time, participants will begin the 
first 4-week cycle of HAI floxuridine-DEX. Provided that no dose holds due to predefined toxicity 
are required, the floxuridine dosages will be adjusted for changes in weight and pump flow rate 
specific for the participant and implanted device as per our established practice at OHSU. This 
will be followed up with systemic administration of fixed-dose mFOLFIRI. 
 
Starting on Day 1 of each cycle, HAI floxuridine-DEX will be infused over a 14 (+7) day period. 
Participants will then receive mFOLFIRI on Day 15 of each cycle (Table 3). After completing two 
cycles of HAI floxuridine-DEX and systemic mFOLFIRI, participants will undergo repeat imaging 
to restage disease. 
 

Table 3. HAI floxuridine-DEX and systemic mFOLFIRI treatment regimen 

Cycle 1 Cycle 2 

Day 1 Day 15 Day 1 Day15 

HAI floxuridine-DEX HAI heparin-saline HAI floxuridine-DEX HAI heparin-saline 
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No systemic FOLFIRI systemic FOLFIRI Systemic 5-FU systemic FOLFIRI 

 
MRI examinations of the abdomen and pelvis are obtained at baseline following operation, prior 
to treatment initiation, and 4 weeks after initiation of HAI floxuridine-DEX. Subsequently, the 
participant may undergo MR imaging at months 3, 6, and 9 months thereafter to assess tumor 
response according to RECIST criteria (v1.1). A CT of chest, abdomen, and pelvis with oral and 
IV contrast will also be obtained as part of routine clinical care. Patients will remain on study 
treatment as long as they show continued response as defined in Section 8, and do not 
experience significant toxicity as defined in Section 9, SAFETY. 
 
This Phase II study consists of an initial 6 person safety run-in phase, in which the incidence of 
abnormal liver function associated with HAI therapy in Treatment Period 2 will be monitored. 
Specifically, the study will be stopped if, at by the end of treatment period 2, 2 of 6 (33.3%) 
participants experience an elevation in liver enzymes that necessitates a dose-hold of HAI 
floxuridine-DEX that cannot be restarted per the established OHSU HAI protocol (refer to 
Section 6.2.2, Table 12 Table 13), or show radiographic evidence of biliary sclerosis on CT/MRI. 
If fewer than 2 toxicities are observed, then enrollment of an additional 24 participants will 
proceed as described.  Safety monitoring will be continuous throughout the trial, and the study 
will be stopped early should the incidence of this predefined toxicity exceeds 33.3% at any time 
after the initial 6 participants.   
 
The phase II objective is to evaluate the efficacy of the treatment regimen as measured by the 
DCR from the start to end of the combination HAI floxuridine-DEX and mFOLFIRI treatment 
(approximately 2 months). Additional analysis will evaluate the DCR for the entire therapeutic 
course including from the start of mFOLFIRINOX to end of combination HAI-Dex and mFOLFIRI 
(approximately 6 months).  The DCR determined in this study will be compared to the historical 
DCR of 60% at 6 months for ICC patients treated with the current first-line combination of 
gemcitabine and cisplatin. Separating the DCR in this fashion allows for an evaluation of the 
DCR attained with mFOLFIRINOX independent from the DCR achieved with the HAI floxuridine-
DEX and mFOLFIRI regimen. 
 

 STUDY ENDPOINTS 
 
3.2.1 PRIMARY ENDPOINTS 
 

Objective Endpoint 

1. Assess the toxicity, safety and 
tolerability of HAI floxuridine therapy. 
 
 
 

1. Incidence of abnormal liver function, as 
defined by unacceptable elevation in liver 
enzymes (refer to Section 6.2, Table 12), or 
radiographic evidence of biliary sclerosis on 
CT/MRI (as measured following the 
completion of 2 cycles of HAI in Treatment 
Period 2).[post-induction population will be 
used] 

2. To evaluate the efficacy of systemic 
induction of mFOLFIRINOX, followed 
by HAI floxuridine-DEX administered 
concurrently with systemic mFOLFIRI. 
 

2. To determine the disease control rate (DCR) 
from beginning of Treatment Period 2 to end 
of Treatment Period 2 during treatment with 
HAI + SYS. 
 
The DCR is defined as the percentage of 
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3.2.2 SECONDARY ENDPOINTS 
 

 
3.2.3 EXPLORATORY ENDPOINTS 
 

patients who have achieved complete 
response (CR), partial response (PR), or 
stable disease (SD). 

Objective Endpoint 

To evaluate tumor response to treatment 
and participant survival.  
 

1. DCR from beginning of Treatment Period 1 
to end of Treatment Period 2 (i.e., from the 
beginning of the entire treatment protocol 
until the end of study treatment). 

2. DCR from beginning of Treatment Period 1 
to end of Treatment Period 1 (i.e., during the 
treatment with FOLFIRINOX alone). 

3. PFS from beginning of Treatment Period 1 to 
end of Treatment Period 1 (i.e., during the 
treatment with FOLFIRINOX alone). 

4. PFS from beginning of Treatment Period 1 to 
end of Treatment Period 2 (i.e., from the 
beginning of the entire treatment protocol 
until the end of study treatment). 

5. PFS from beginning of Treatment Period 2 to 
up to 1-year after the end of Treatment 
Period 2 (i.e., during the treatment with HAI 
Floxuridine + mFOLFIRI). 

6. ORR from beginning of Treatment Period 1 
to end of Treatment Period 2 (i.e., from the 
beginning of the entire treatment protocol 
until the end of study treatment). 

7. OS at the end of Treatment Period 1, at the 
end of Treatment Period 2, and at 1 year, 
and the whole study period. 

8. Proportion of liver toxicity in participants 
receiving HAI Floxuridine + dexamethasone 
therapy. 

Determine rate of serious post-operative 
complications. 

9. Incidence of serious post-operative 
complications, which are defined as 
complications occurring within 9 weeks 
following surgery and ≥ Grade III per the 
Clavien-Dindo classification system 
(Appendix B).37 
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Objective Endpoint Start  End  

1. To assess the radiographic 
response using diffusion-
weighted MRI (DWI).  

1. DWI measure of tumor 
diffusion coefficients. 

 

≤ 30 days prior 
to Treatment 

Period 1 

14 ± 5 days 
following 

end 
Treatment 
Period 2 

 

2. Evaluate QoL pre-, during, 
and post-treatment.  

2. QoL measures 

3. Explore potential 
biomarkers. 

3. Genomic alteration 
profiling. 

Gene expression 
profiling. 

4. Examine differential miR 
expression pattern.  

4. miR expression 
profiling 

5. Characterize CHCs pre- 
and post-treatment 

5. Determine changes in 
CHC frequency. 
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4. STUDY ENROLLMENT AND WITHDRAWAL 
 

 PARTICIPANT INCLUSION CRITERIA 

 

To be eligible to participate in this study, an individual must meet all of the following criteria: 

 
1. Age ≥ 18 years 

2. Histologically confirmed intrahepatic cholangiocarcinoma (ICC; also variously reported as 
peripheral cholangiocarcinoma, cholangiolar carcinoma or cholangiocellular carcinoma) with 
confirmation of the pathologic diagnosis at OHSU. 

3. Surgically unresectable liver-dominant ICC, or multifocal ICC considered surgically 
unresectable or resection is contraindicated 38.  

a. For liver-dominant ICC, disease must comprise <70% of the liver parenchyma, as 
defined by CT liver segmental volumetrics (see Section 9.4.1). 

4. Limited extrahepatic disease.  

a. Clinical or radiographic evidence of metastatic disease to regional lymph nodes and 
limited extrahepatic disease to the lungs is permitted at the discretion of the PI.  

5. Radiographically measurable hepatic disease per RECIST v1.1 criteria.  

6. Disease must be considered technically unresectable at the time of preoperative evaluation 
or radiographically multifocal as determined by hepatobiliary surgical oncologists  

7. Participants should be treatment naïve. Those previously treated with systemic 
chemotherapy (e.g., gemcitabine, cisplatin, or other investigational agents) may be eligible 
at the discretion of the PI.  

8. Participants with an ECOG 0 or 1 status (Karnofsky ≥ 60), and can be considered 
candidates for general anesthesia, abdominal exploration and hepatic artery pump 
placement.  

9. Participants with treated chronic hepatitis (e.g., treated HBV, treated HCV) are eligible, but 
must be Child-Pugh class A.  

10. WBC ≥ 3000 cells/mm3 

11. ANC ≥ 1500 cells/mm3   

12. Platelet count ≥ 100,000 / mm3 

13. INR ≤ 1.5 

14. Serum creatinine ≤1.5 x ULN OR creatinine clearance ≥ 40 ml/min (>0.675 ml/sec)using 
Cockcroft-Gault equation:  

Males: (140 - age) x weight (kg)/(serum creatinine [mg/dL] × 72)  
Females: [(140 - age) x weight (kg)/(serum creatinine [mg/dL] × 72)] × 0.85  

15. Total bilirubin < 1.5 mg/dL 

16. AST (SGOT)/ALT(SGPT) ≤ 2.5 x institutional upper limit of normal. 

17. Women of child-bearing potential and men must agree to use adequate contraception 
(hormonal or barrier method of birth control; abstinence) prior to study entry and for the 
duration of study participation.  
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18. Participants must be able to read, understand, and sign informed consent.  

19. Participants must be willing and able to fully comply with required post-operative visits 
associated with HAI chemotherapy. 

 
 PARTICIPANT EXCLUSION CRITERIA 

 
An individual who meets any of the following criteria will be excluded from participation in this 
study: 
 
1. Presence of extensive or multifocal metastatic extrahepatic or peritoneal disease. Clinical or 

radiographic evidence of metastatic disease to regional lymph nodes will be allowed, as will 
limited pulmonary disease at the discretion of the OHSU PI.  

2. Prior treatment with floxuridine, oxaliplatin, or irinotecan.  

3. Prior treatment with hepatic arterial infusion therapy.  

4. Known to have experienced an allergic reaction or other signs of intolerance to implanted 
devices. 

5. Body size that is insufficient to accommodate the physical size of the pump. 

6. Diagnosis of sclerosing cholangitis. 

7. Diagnosis of hepatic encephalopathy. 

8. Clinical evidence of portal hypertension (ascites, gastroesophageal varices, or portal vein 
thrombosis) or hepatic venous wedge pressures > 8mmHg if available. 

9. History of multiple abdominal operations that would preclude HAI pump placement. 

10. Active infection.  

11. Current biliary obstruction requiring placement of endoscopic or transhepatic stents for 
biliary decompression.  

12. Presence of aberrant or replaced hepatic arterial anatomy not amenable to placement of a 
hepatic arterial infusion pump catheter as judged by the operating surgeon. 

13. History of peripheral neuropathy > Grade 1.  

14. Allergies to iodine contrast medium, that cannot be premedicated with steroids per 
institutional radiology guidelines (e.g., dexamethasone). 

15. Uncontrolled severe coagulation disorders (INR > 1.5 in patients not on warfarin therapy). 

16. Pregnant or lactating women.  

17. History of malignancy other than cholangiocarcinoma within 5 years prior to screening, with 
the exception of: 

a. Malignancies with a negligible risk of metastasis or death (e.g., 5-year OS rate > 90%), 
such as adequately treated carcinoma in situ of the cervix, non-melanoma skin 
carcinoma, melanoma in situ, localized prostate cancer, ductal carcinoma in situ, or  

b. Stage I uterine cancer or a malignancy whose natural history or treatment has, in the 
opinion of the principal investigator, the potential to interfere with the safety or efficacy 
assessment of the intervention under investigation. 

18. Life expectancy ≤ 12 weeks.  
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19. Inability to comply with study and/or follow-up procedures. 

20. Emotional or psychiatric problems that would preclude successful participation in the hepatic 
arterial infusion program as judged by the one of the study investigators, and further 
corroborated by the mandatory interview and assessment with medical oncology social 
worker. 

 
4.2.1 EXCLUSION CRITERIA FOR TREATMENT PERIOD 2 
 
1. Participants with radiographic evidence of extrahepatic disease.  
2. Evidence of extrahepatic disease found at laparoscopy during open surgical exploration for 

HAI pump implantation. Participants with extrahepatic disease found at time of laparoscopy 
or laparotomy will not undergo surgical placement of HAI pump.  

 
 STRATEGIES FOR RECRUITMENT AND RETENTION 

 
Potential research participants will be recruited from OHSU. Participants will be identified by a 
member of the patient’s treatment team, the PI, research team, or medical and surgical 
oncology clinics part of OHSU. As a member of the treatment team, the Investigator will screen 
their patient’s medical records for suitable research study participants and discuss the study and 
their potential for enrolling in the research study. Potential participants contacted by their 
treating physician will be referred to the Investigator or research staff of the study. Every effort 
will be made to include women and minorities. This study may also use IRB-approved 
recruitment materials (e.g., flyers, websites, social media) and word of mouth to create further 
awareness; thus, potential participants may also contact the study team regarding possible 
inclusion in this study. 
 
The Investigator may also screen the medical records of potential participants with whom the 
Investigator does not have a treatment relationship. This will be done for the limited purpose of 
identifying patients who would be eligible to enroll in the study and to record appropriate contact 
information in order to approach these potential participants regarding the possibility of enrolling 
in the study.  
 
During the initial conversations, the Investigator and/or research staff may ask the potential 
participant to provide certain health information necessary to the recruitment and enrollment 
process. The Investigator/research staff may also review portions of the potential participants’ 
medical records in order to further assess eligibility. If the participant is ineligible for the 
research study, research staff will destroy all information collected on that individual, except for 
any information that must be maintained for screening log purposes.  
 
The consenting professional will explain in detail the study and review the informed consent with 
the participant. Participants will be made aware of the protocol, its specific aims and objectives, 
and the potential risks and benefits they may incur. Participants will be required to read, agree 
to, and sign an IRB-approved Informed Consent form prior to registration on this trial. 
 
4.3.1 ACCRUAL ESTIMATES 
 
This OHSU Knight Cancer Institute study will not focus on any particular gender, racial or ethnic 
subset. No individual will be excluded from the study on the basis of gender, racial or ethnic 
origin. Male, female and minority volunteers will be recruited for this study from the general 
population and approximately 50% men and 50% women will be studied.  
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The projected gender, racial, and ethnic composition of the study will represent that of the state 
of Oregon (Table 4 and Table 5). 
 

 

Table 5. Projected Accrual for the Present Study 

Ethnic Category 
Sex/Gender 

Females Males Unknown Total 

Hispanic or Latino 2 2 - 4 

Not Hispanic or Latino 13 13 - 26 

Unknown - - - - 

Ethnic Category: Total of all 

participants* 15 15 - 30* 

Racial Category 
 

American Indian or Alaskan Native 0-1 0-1 - 1 

Asian 1 1 - 1 

Black or African American 0-1 0-1 - 1 

Native Hawaiian or other Pacific 

Islander 0 0 - 0 

White 13 13 - 26 

More than one race 1 1 - 1 

 

Racial Category: Total of all 

participants* 15 15 - 30* 

Source: Adapted from U.S. Census Bureau, 2016.  

*Totals may not equal 100 due to rounding. 

Table 4. Population Demographics – Oregon (%)  
 

Ethnic Category 
Sex/Gender 

Females Males Total 

Hispanic or Latino 6.4 6.3 12.7 

Not Hispanic or Latino 38.7 37.9 87.3 

Ethnic Category: Total of all subjects*   100* 

Racial Category 
 

American Indian or Alaskan Native 0.9 0.9 1.8 

Asian 2.2 2.2 4.4 

Black or African American 1.1 1.0 2.1 

Native Hawaiian or other Pacific Islander 0.2 0.2 0.4 

White 44.2 43.4 87.6 

More than one race 1.9 1.8 3.7 

 

Racial Category: Total of all subjects*   100* 

TOTALS 50.5 49.5 100* 
Source: Adapted from U.S. Census Bureau, 2016  
*Totals may not equal 100 due to rounding 
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This study will recruit 30 participants in order to obtain 21 evaluable participants. Based on the 
current volume of patients with ICC (>20 patients/year) plus additional referrals of patients 
specifically for this trial, we anticipate to complete trial accrual in ≤ 2 years. 
 
4.3.2 INCLUSION OF CHILDREN 
 
This protocol does not include children (<18-years-old) as the number of children with ICC is 
limited. 
 

 REGISTRATION PROCEDURES 
 
4.4.1 PARTICIPANT REGISTRATION 
 
4.4.1.1 Local Registration 
 
This is a Phase II trial, and there is no randomization for treatment. Participants will be identified 
for eligibility through oncology or surgical referrals to outpatient or inpatient services. Eligibility 
criteria (Section 4.1 and 4.2) will be confirmed by the enrolling physician and study staff.  
 
Registration from all consented participants must be entered into the OHSU electronic Clinical 
Research Management System (eCRIS). At a minimum, registration of OHSU participants will 
include: 

• A completed Eligibility Checklist signed by the investigator. 

• Signed copies of the most recently IRB-approved, informed consent form and HIPAA 
authorization.  

 
 PARTICIPANT SCREENING AND ENROLLMENT 

 
In order to participate in this study signed informed consent will be obtained from the participant 
or the participant's legally acceptable representative. The Institutional Review Board (IRB) 
approved informed consent must be signed and dated by each participant prior to undergoing 
any study procedures or before any prohibited medications are withheld from the participant in 
order to participate in this study.  
 
This study consists of a two-part screening process. The first screening will begin once the 
participant has provided written informed consent to participate in the study and ends on Day 1 
of the study; where Day 1 of the clinical trial will be when participants receive mFOLFIRINOX 
(Treatment Period 1). Initial screening and baseline evaluations will be performed during the 
screening phase (i.e., up to 1 day before receiving mFOLFIRINOX treatment). All eligible 
participants enrolled in this study will undergo this initial screen to stage disease prior to 
beginning systemic treatment with mFOLFIRINOX. Participants will undergo a second screening 
to restage disease and determine eligibility to proceed with surgical placement of the HAI pump. 
The second screening will begin upon completion of systemic mFOLFIRINOX induction, and 
end after 4 (+2) weeks. Participants with development of new or progressive extrahepatic 
disease will be taken off study treatment and offered an alternative 2nd line therapy. Likewise, 
participants with a complete radiographic response will also be taken off study treatment for 
consideration of further systemic mFOLFIRINOX. Participants eligible to proceed with study will 
undergo a laparotomy for HAI pump placement, cholecystectomy, and portal lymphadenectomy. 
Eligible participants will subsequently receive floxuridine-DEX in conjunction with systemic 
mFOLFIRI.   
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Total accrual of all participants is anticipated to take a total of 24 months (or 2 years).  
 

 PARTICIPANT WITHDRAWAL OR DISCONTINUATION 
 
Participants are free to withdraw consent and discontinue participation in the study at any time 
and without prejudice to further treatment. If a participant no longer wants to receive treatment, 
but is willing to come for follow-up appointments, the participant’s request should be honored, if 
possible. No further participant contact should be made if the participant withdraws consent for 
participation in the study; however, participants who choose to keep their HAI pump may be 
contacted for appropriate maintenance of the device in accordance with institutional standards.  
 
Information about the reason(s) for discontinuation and collection of any new or ongoing 
adverse events (AEs) should be collected at the time the participant withdraws consent.  
 
The following are examples demonstrating why a participant’s treatment might be discontinued: 

• Participant withdraws informed consent. 

• Disease progression. 

• Participant has unacceptable AEs or failure to tolerate the study treatment. 

• Any other medically appropriate reason or significant protocol violation, in the opinion of the 
investigator. 

 
 CRITERIA FOR REPLACING PARTICIPANTS 

 
Criteria for replacing participants who have discontinued include the following: 
 
• Participants who discontinue treatment ≤ 2 weeks from start of mFOLFIRINOX treatment 

(i.e., Treatment Period 1), for reasons other than disease progression or study drug related 
toxicity, will be replaced. 

 
 STUDY DISCONTINUATION 

 
This study may be temporarily suspended or prematurely terminated if there is sufficient 
reasonable cause. Where necessary, written notification, documenting the reason for study 
suspension or termination, will be provided by the investigator-sponsor to regulatory authorities. 
If the study is prematurely terminated or suspended, the PI will promptly inform the IRB and will 
provide the reason(s) for the termination or suspension. 
 
Circumstances that may warrant termination or suspension include, but are not limited to: 

• Determination of unexpected, significant, or unacceptable risk to participants. 

• Demonstration of efficacy that would warrant stopping. 

• Insufficient compliance to protocol requirements. 

• Data that are not sufficiently complete and/or evaluable. 

• Determination of futility. 
 
The study may resume once concerns about safety, protocol compliance, data quality are 
addressed and satisfy the sponsor, IRB and/or FDA. 
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5. INVESTIGATIONAL PRODUCT 
 
A list of the adverse events and potential risks associated with the investigational or other 
agents administered in this study can be found in Section 9.4, Adverse Event List(s). 
 

 SYNCHROMED II INFUSION SYSTEM  
 

The SynchroMed II Infusion System (Models 8637-20 and -40) is an implantable, and 
programmable infusion pump manufactured by Medtronic Inc. The pump is indicated to provide 
continuous infusion of drugs or fluids, among which, floxuridine (FUDR) or methotrexate, are 
indicated for the treatment of primary or metastatic cancer. Bacteriostatic water or preservative-
free sterile saline, USP, can be used to flush the pump reservoir. Saline or heparinized saline 
may be used during an interruption in chemotherapy to maintain pump and catheter patency. 
  
Made from titanium, the device is completely implantable beneath the skin. The circular pump 
has a small rubber center (termed, “septum”) that is used to fill the drug chamber with 
medication, and the medication is subsequently delivered from the drug chamber through a 
catheter access port into the implanted catheter. The SynchroMed II is powered by a lithium 
battery, and contains a microprocessors that controls the rate of drug delivery. The flow rate 
accuracy of the pump is within ±14.5% of the programmed flow rate at 0.048 to 24 mL/day, 
37°C, 50% reservoir volume, and 300 meters above sea level. 
 
The pump has a built in elective replacement indicator (ERI) that displays messages on the 
programmer signifying the the pump nears the end of its service life (EOS).  Device longevity is 
between 5 to 7 years, depending on programming. The pump can operate for 90 days from time 
of ERI activation to EOS at rates up to 1.5 mL/day.  
 
The pump comes with a patient identification card and a manufacturer warranty card. At the 
time of implantation, the warranty card may be photographed and scanned into the electronic 
medical record by the OR staff and operating surgeon for future reference. Additionally, the 
patient and family may be given a HAI pump patient instruction and information booklet, and 
may also be given a patient identification card with the HAI pump serial number. 
 
The pump can be replaced (as needed) with a new pump without the need for laparotomy by 
dividing the catheter and placement of a new pump using a splicing kit from the manufacturer in 
the case of a primary pump malfunction (rare occurrence).  
 
The pump should be (re)filled only by qualified medical personnel, knowledgeable in the 
servicing of implantable devices and catheters, and trained specifically to refill the pump. 
Likewise, pump should only be programmed by qualified medical personnel with knowledge of 
using the clinician programmer. The OHSU inpatient, radiology, and outpatient nursing staff 
have been educated and completed an in-service evaluation on using this new device. Of note, 
this same pump and model are implanted frequently by the OHSU Department of Neurosurgery 
for management in patients with chronic pain so there is existing institutional expertise. 
 
All agents that are administered into the pump must be preservative free.  
 

 OXALIPLATIN 
 
Oxaliplatin, also known as 1-OHP; L-OHP; oxalatoplatin; oxaliplatinum, or Eloxatin® (Sanofi 
Aventis). 
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Oxaliplatin is a platinum alkylating agent, containing platinum complexed to oxalate and 
diaminocyclohexane complex. Platinum complexes are formed intracellularly and inhibit 
DNA synthesis through covalent binding of DNA molecules to form intra- and inter-strand DNA 
cross-links. Oxaliplatin-induced cytotoxicity is cell-cycle nonspecific, and considered a radiation-
sensitizing agent. Please refer to package insert for additional details.  
 
5.2.1 ACQUISITION 
 
Oxaliplatin will be both supplied and prepared by OHSU pharmacy per manufacturer 
instructions. 
 
5.2.2 FORMULATION, APPEARANCE, PACKAGING AND LABELING 
 
Oxaliplatin is provided as a sterile, preservative-free lyophilized powder.  
 
5.2.3 PRODUCT STORAGE AND STABILITY 
 
After final dilution, the Oxaliplatin shelf life is 6 hours at room temperature [20° to 25°C] or up to 
24 hours under refrigeration [2° to 8°C]. Unopened vials should be stored at 15-30°C, and 
protected from light. 
 
5.2.4 COMPATIBILITY 
 
Compatible with D5W (D5W-Dextrose 5%).  
 
Oxaliplatin is incompatible in solution with alkaline medications or media (such as basic 
solutions of 5-fluorouracil) and must not be mixed with these or administered simultaneously 
through the same infusion line. The infusion line should be flushed with 5% Dextrose Injection, 
USP prior to administration of any concomitant medication. Oxaliplatin should always be 
administered before fluorouracil.  
 
5.2.5 HANDLING 
 
Care should be exercised in the handling and preparation of infusion solutions prepared from 
Oxaliplatin Injection. The use of gloves is recommended. If a solution of oxaliplatin contacts the 
skin, wash the skin immediately and thoroughly with soap and water. If oxaliplatin contacts the 
mucous membranes, flush thoroughly with water. 
 
5.2.6 PREPARATION 
 
Oxaliplatin reconstituted in water or 5% Dextrose. 
 
5.2.7 ADMINISTRATION 
 
Oxaliplatin is delivered by IV infusion per institutional standards. 
 
5.2.8 SPECIAL CONSIDERATION FOR ADMINISTRATION 
 
Increasing infusion time to 6 hours may decrease acute toxicity such as pharyngolaryngeal 
dysesthesia. Oxaliplatin may be administered at the same time as leucovorin. 
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5.2.9 ACCOUNTABILITY 
 
Responsibility for drug accountability at the study site rests with the Investigator; however, the 
Investigator may assign some of the drug accountability duties to an appropriate pharmacist or 
designee. Inventory and accountability records must be maintained and readily available for 
inspection by the study monitor and are open to inspection at any time by any applicable 
regulatory authorities or other oversight bodies 
 
5.2.10 DESTRUCTION AND RETURN 
 
At the end of each treatment, unused supplies of oxaliplatin should be destroyed according to 
institutional policies. 
 

 IRINOTECAN 
 
Also known as camptothecin-11; CPT-11; U-101440E, or Camptosar® (Pfizer).  
 
Irinotecan is a semi-synthetic derivative of camptothecin, an alkaloid extract from Camptotheca 
acuminata. Camptothecin and its analogue belong to the class of topoisomerase I inhibitors. 
Irinotecan is metabolized to its active form, SN38, in the presence of hepatic or gastrointestinal 
carboxylesterase. Irinotecan and its active metabolite, SN-38, bind to the topoisomerase DNA 
complex, preventing re-ligation of the single-strand breaks in the DNA molecule. The drug and 
its active metabolite exert their cytotoxic effects during the S-phase of cell cycle. Please see 
package insert for additional details.  
 
5.3.1 ACQUISITION 
 
Irinotecan will be both supplied and prepared by OHSU pharmacy per manufacturer 
instructions. 
 
5.3.2 FORMULATION, APPEARANCE, PACKAGING AND LABELING 
 
Irinotecan is provided as a sterile, IV solution (20 mg/ml).  
 
5.3.3 PRODUCT STORAGE AND STABILITY 
 
Solution is stable at room temperature and ambient fluorescent light for up to 24 hours. Solution 
diluted in D5W is stable for 48 hours when refrigerated and protected from light; use within 24 
hours. Do not refrigerate solutions diluted with NS. Use within 4 hours if solution is kept at room 
temperature. Do not freeze reconstituted of diluted solutions. Use solution immediately after 
reconstitution if possible. Complete infusion within 12 hours (if kept at room temperature) or 24 
hours (if kept refrigerated) if reconstitution and dilution are performed under strict aseptic 
conditions. 
 
5.3.4 COMPATIBILITY 
 
Compatible with D5W (D5W-Dextrose 5%).  
 
5.3.5 HANDLING 
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Care should be exercised in the handling and preparation of infusion solutions prepared from 
irinotecan. The use of double gloves and gown is recommended. If a solution of irinotecan 
contacts the skin, wash the skin immediately and thoroughly with soap and water. If irinotecan 
contacts the mucous membranes, flush thoroughly with water. 
 
5.3.6 PREPARATION 
 
Irinotecan is supplied as a sterile, pale yellow, clear, aqueous solution, and can be reconstituted 
in 5% Dextrose Injection, USP, (preferred) or 0.9% Sodium Chloride Injection, USP, to a final 
concentration range of 0.12 mg/mL to 2.8 mg/mL. 
 
5.3.7 ADMINISTRATION 
 
Irinotecan is delivered by IV infusion per institutional standards. 
 
5.3.8 SPECIAL CONSIDERATION FOR ADMINISTRATION 
 
Contraindicated in patients with a known hypersensitivity to the drug or its excipients. 
 
5.3.9 ACCOUNTABILITY 
 
Responsibility for drug accountability at the study site rests with the Investigator; however, the 
Investigator may assign some of the drug accountability duties to an appropriate pharmacist or 
designee. Inventory and accountability records must be maintained and readily available for 
inspection by the study monitor and are open to inspection at any time by any applicable 
regulatory authorities or other oversight bodies 
 
5.3.10 DESTRUCTION AND RETURN 
 
At the end of each treatment, unused supplies of irinotecan should be destroyed according to 
institutional policies. 
 

 FLUOROURACIL 
 
Fluorouracil (5-fluorouracil; 5-FU; Adrucil™; Carac™; Efudex™, Efudix™) is a fluorinated 
pyrimidine antimetabolite that is metabolized intracellularly to its active form, fluorouridine 
monophosphate (FdUMP). The active form inhibits DNA synthesis by inhibiting thymidylate 
synthetase and the normal production of thymidine. Effects on RNA (incorporation into RNA and 
RNA inhibition) occur especially with bolus administration. Fluorouracil is cell cycle phase-
specific (S-phase). Please refer to package insert for additional detail. 
 
5.4.1 ACQUISITION 
 
5-FU will be both supplied and prepared by OHSU pharmacy per manufacturer instructions. 
 
5.4.2 FORMULATION 
 
5-FU is provided as a sterile, non-pyrogenic injectable solution for intravenous administration 
(50 mg/ml vial).  
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5.4.3 STORAGE AND STABILITY 
 
5-FU is stored at room temperature 15° to 30°C and protected from light. 5-FU IV admixtures 
(50 to 1000 mL NS or D5W) or (undiluted solutions in syringes) are stable for 72 hours at room 
temperature. 
 
5.4.4 COMPATIBILITY 
 
Broad compatibility. Please refer to package insert.  
 
5.4.5 HANDLING 
 
Appropriate care should be exercised in the handling and preparation of 5-FU infusion solutions. 
 
5.4.6 PREPARATION 
 
5-FU is supplied ready for injection.  
 
5.4.7 ADMINISTRATION 
 
5-FU is delivered by IV infusion per institutional standards.  
 
5.4.8 SPECIAL CONSIDERATION FOR ADMINISTRATION 
 
Injection should be administered only intravenously, using care to avoid extravasation.  
 
5.4.9 ACCOUNTABILITY 
 
Responsibility for drug accountability at the study site rests with the Investigator; however, the 
Investigator may assign some of the drug accountability duties to an appropriate pharmacist or 
designee. Inventory and accountability records must be maintained and readily available for 
inspection by the study monitor and are open to inspection at any time by any applicable 
regulatory authorities or other oversight bodies 
 
5.4.10 DESTRUCTION AND RETURN 
 
At the end of each treatment, unused supplies of 5-FU should be destroyed according to 
institutional policies. 
 

 FOLINIC ACID 
 
Also known as calcium folinate, citrovorum factor, Leucovorin® (Pfizer).  
 
Folinic acid is a reduced form of folic acid. As part of the FOLFIRI regimen, folinic acid is used 
to enhance the activity of 5-FU by binding to the enzyme thymidylate synthetase and decreasing 
intracellular levels of thymidylate. Please refer to package insert for additional details. 
 
5.5.1 ACQUISITION 
 
Folinic acid will be both supplied and prepared by OHSU pharmacy per manufacturer 
instructions. 
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5.5.2 FORMULATION 
 
Folinic acid is supplied as lyophilized powder for injection in 50 mg, 100 mg, and 200 mg vials. 
 
5.5.3 STORAGE AND STABILITY 
 
Folinic acid injection, powder, lyophilized, for solution:  Store vials at 20° to 25°C (68° to 77° F). 
Protect from light. 
Folinic acid solution for injection: Store in refrigerator 2° to 8°C (36° to 46°F). Protect from light.  
 
5.5.4 COMPATIBILITY 
 
Can be diluted in D5W, lactated ringers, water (sterile or bacteriostatic). 
 
5.5.5 HANDLING 
 
No special handling required under conditions of normal product use. Follow institutional and 
manufacturer guidelines.  
 
5.5.6 PREPARATION 
 
Each 50, 100, and 200 mg vial of folinic acid for injection when reconstituted with 5, 10, and 20 
mL, respectively, of sterile diluent yields a leucovorin concentration of 10 mg/ml. Folinic acid for 
Injection contains no preservative, inactive ingredient is Sodium Chloride, USP, added to adjust 
tonicity. Reconstitute the lyophilized vial products with Bacteriostatic Water for Injection, USP 
(benzyl alcohol preserved), or Sterile Water for Injection, USP. When reconstituted with 
Bacteriostatic Water for Injection, USP, the resulting solution must be used within 7 days. If the 
product is reconstituted with Sterile Water for Injection, USP, use immediately and discard any 
unused portion. 
 
5.5.7 ADMINISTRATION 
 
Administer immediately if reconstituted with sterile water for injection. Administer IV at maximum 
rate of 160 mg/min. 
 
5.5.8 SPECIAL CONSIDERATION FOR ADMINISTRATION 
 
Do not administer the injectable product intrathecally. Do not mix with 5-FU in the same infusion 
as a precipitate may form. 

  
5.5.9 ACCOUNTABILITY 
 
Responsibility for drug accountability at the study site rests with the Investigator; however, the 
Investigator may assign some of the drug accountability duties to an appropriate pharmacist or 
designee. Inventory and accountability records must be maintained and readily available for 
inspection by the study monitor and are open to inspection at any time by any applicable 
regulatory authorities or other oversight bodies 
 
5.5.10 DESTRUCTION AND RETURN 
 
At the end of each treatment, unused supplies of folinic acid should be destroyed according to 
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institutional policies. 
 

 FLOXURIDINE 
 
Floxuridine (5 Fluoro 2-deoxyuridine; FUDR®) is the deoxyribonucleoside derivative of 5-
fluorouracil, a pyrimidine antimetabolite. Rapid intra-arterial injection of floxuridine is quickly 
catabolized to 5-fluorouracil, and produces the same toxic and antimetabolic effects as 5-FU. 
The primary effect is to interfere with the synthesis of deoxyribonucleic acid (DNA) and to a 
lesser extent inhibit the formation of ribonucleic acid (RNA). In contrast, when floxuridine is 
given by continuous intra-arterial infusion its direct anabolism to floxuridine monophosphate is 
enhanced, and results in increased inhibition of DNA synthesis. 
 
5.6.1 ACQUISITION 
 
FUDR is a commercially available product from Fresenius Kabi USA, LLC. Floxuridine will be 
both supplied and prepared by OHSU pharmacy per manufacturer instructions. 
 
5.6.2 FORMULATION 
 
Floxuridine is distributed as a vial of 500mg sterile, nonpyrogenic, lyophilized powder for 
reconstitution. Floxuridine is a white to off-white odorless solid which is freely soluble in water. 
 
5.6.3 STORAGE AND STABILITY 
 
The sterile powder should be stored at room temperature (20° to 25°C).  
 
5.6.4 COMPATIBILITY 
 
Can be diluted in D5W or 0.9% sodium chloride. 
 
5.6.5 HANDLING 
 
No special handling required under conditions of normal product use. Follow institutional and 
manufacturer guidelines.  
 
5.6.6 PREPARATION 
 
Each vial is reconstituted with 5 mL of preservative free sterile water for injection to make a 
clear odorless aqueous solution. An appropriate amount of reconstituted solution is then diluted 
with 0.9% preservative free sodium chloride to a quantity sufficient 30 mL of solution for intra-
arterial infusion. 
 
Floxuridine dose will be prepared according to weight-adjusted calculation described in Section 
6.2.2.   
 
Floxuridine will be prepared with dexamethasone (25mg), heparin (50,000 units), and q.s. 0.9% 
sodium chloride for a total volume of 30 ml.  
 
5.6.7 ADMINISTRATION 
 
Floxuridine is for intraarterial use only. Floxuridine will be delivered by hepatic arterial infusion 
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using the SychroMed II pump.  
 
5.6.8 SPECIAL CONSIDERATION FOR ADMINISTRATION 
 
Floxuridine is contraindicated for patients in a poor nutritional state, those with depressed bone 
marrow function or those with potentially serious infections.  
 
The pump should be refilled only by qualified medical personnel, knowledgeable in the servicing 
of implantable devices and catheters, and trained specifically to refill the pump. 
 
5.6.9 ACCOUNTABILITY 
 
Responsibility for drug accountability at the study site rests with the Investigator; however, the 
Investigator may assign some of the drug accountability duties to an appropriate pharmacist or 
designee. Inventory and accountability records must be maintained and readily available for 
inspection by the study monitor and are open to inspection at any time by any applicable 
regulatory authorities or other oversight bodies 
 
5.6.10 DESTRUCTION AND RETURN 
 
At the end of each treatment, unused supplies of folinic acid should be destroyed according to 
institutional policies. 
 

 DEXAMETHASONE 
 
Dexamethasone sodium phosphate (dexamethasone acetate; DEX; Decadron®, Dexasone®, 
Diodex®, Hexadrol®, Maxidex®) is an adrenocortical steroid anti-inflammatory. In HAI treatment it 
can be added to either doses of heparinized saline or FUDR as an agent to prevent liver 
damage. 
 
5.7.1 ACQUISITION 
 
Dexamethasone sodium phosphate, injection is a commercially available product from West-
Ward Pharmaceuticals. Dexamethasone will be both supplied and prepared by OHSU 
pharmacy per manufacturer instructions. 
 
5.7.2 FORMULATION 
 
Dexamethasone sodium phosphate, injection is distributed as a 10 mg per 1 mL solution. Each 
vial contains a colorless odorless aqueous solution. 
 
5.7.3 STORAGE AND STABILITY 
 
Store at controlled room temperature, between 20 and 25°C (68 and 77°F), with excursions 
permitted between 15 and 30°C (59 and 86°F). Do not freeze or heat sterilize; protect from light 
 
5.7.4 COMPATIBILITY 
 
Dexamethasone is practically insoluble in water and sparingly soluble in alcohol.  
Dexamethasone can be administered directly from vial, or it can be added to Sodium Chloride 
Injection or Dextrose Injection. Refer to package insert for additional details regarding 
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compatibility. 
 
5.7.5 HANDLING 
 
Appropriate care should be exercised in the handling and preparation of dexamethasone 
solutions. Sterile precautions should be observed when mixed with an infusion solution. 
 
5.7.6 PREPARATION 
 
Dexamethasone will be prepared with heparin (50,000 units) and 0.9% sodium chloride (q.s.) for 
a total volume of 30 ml. 
 
5.7.7 ADMINISTRATION 
 
Dexamethasone will be administered be delivered by hepatic arterial infusion using the 
SychroMed II pump.  
 
5.7.8 SPECIAL CONSIDERATION FOR ADMINISTRATION 
 
The SychroMed II pump should be refilled only by qualified medical personnel, knowledgeable 
in the servicing of implantable devices and catheters, and trained specifically to refill the pump. 
 
5.7.9 ACCOUNTABILITY 
 
Responsibility for drug accountability at the study site rests with the Investigator; however, the 
Investigator may assign some of the drug accountability duties to an appropriate pharmacist or 
designee. Inventory and accountability records must be maintained and readily available for 
inspection by the study monitor and are open to inspection at any time by any applicable 
regulatory authorities or other oversight bodies 
 
5.7.10 DESTRUCTION AND RETURN 
 
At the end of each treatment, unused supplies of dexamethasone should be destroyed 
according to institutional policies. 
 

 HEPARIN 
 
Heparinized saline is used to keep the HAI pump line patent during non-treatment weeks.   
 
5.8.1 ACQUISITION 
 
Heparin is a commercially available solution from Fresenius Kabi USA, LLC. Heparin will be 
both supplied and prepared by OHSU pharmacy per manufacturer instructions. 
 
5.8.2 FORMULATION 
 
Preservative free heparin is distributed as a 5,000 units per 0.5 mL vial of odorless, colorless to 
slightly yellow aqueous solution. 
 
5.8.3 STORAGE AND STABILITY 
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Heparin is to be stored at room temperature. 
 
5.8.4 COMPATIBILITY 
 
0.9% normal saline, or D5W. 
 
5.8.5 PREPARATION 
 
Heparinshould be diluted in 0.9% preservative free sodium chloride to the required 
concentration. 
 
5.8.6 ADMINISTRATION 
 
Heparin is administered via direct injection into HAI pump reservoir using the SychroMed II Refill 
Kit per manufacturer instructions.   
 
5.8.7 SPECIAL CONSIDERATION FOR ADMINISTRATION 
 
The SychroMed II pump should be refilled only by qualified medical personnel, knowledgeable 
in the servicing of implantable devices and catheters, and trained specifically to refill the pump 
 
5.8.8 ACCOUNTABILITY  
 
Responsibility for drug accountability at the study site rests with the Investigator; however, the 
Investigator may assign some of the drug accountability duties to an appropriate pharmacist or 
designee. Inventory and accountability records must be maintained and readily available for 
inspection by the study monitor and are open to inspection at any time by any applicable 
regulatory authorities or other oversight bodies 
 
5.8.9 DESTRUCTION AND RETURN 
 
At the end of each treatment, unused supplies of heparin should be destroyed according to 
institutional policies. 
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6. TREATMENT PLAN 
 

 DOSAGE AND ADMINISTRATION 
 
Treatment will be administered on an outpatient basis. Reported adverse events and potential 
risks associated with modified (m) FOLFIRINOX, mFOLFIRI and HAI floxuridine-DEX are 
described in Section 9. Appropriate dose modifications for mFOLFIRINOX/mFOLFIRI and HAI 
floxuridine-DEX are described in Section 6.2. No therapy other than those described herein may 
be administered with the intent to treat the participant's malignancy. 
 
6.1.1 mFOLFIRINOX 
 
After completing staging and evaluation to determine trial eligibility, mFOLFIRINOX regimen 

(Treatment Period 1) will be administered to participants on Day 1 of Cycle 1 (Table 6). This 
dose regimen follows current OHSU institutional guidelines. As the pre-operative chemotherapy, 
participants will continue to receive this regimen for a total of 4 cycles (i.e., 8-weeks). 
Administration of mFOLFIRINOX will occur as a 14-day treatment cycle. The dose of oxaliplatin, 
folinic acid, irinotecan, and 5-fluorouracil administered on subsequent Cycles 2, 3, and 4 will be 
reduced by 25% (Table 7).  
 

Table 6. Cycle 1 - mFOLFIRINOX Dosage 

 Drug Regimen Starting Dose Route  

1 Oxaliplatin 85 mg/m2 i.v. over 2 hours 

2 Folinic acid 400 mg/m2 i.v. over 2 hours 

3 Irinotecan* 144 mg/m2 i.v. over 90 minutes 

4 Fluorouracil** 2,400 mg/m2 i.v. continuous infusion over 46 hours 
* To be administered after oxaliplatin. Irinotecan is given concurrently with folinic acid. 
** To be administered after irinotecan. 
† May be omitted if there is concern over toxicity.  

 
Table 7. mFOLFIRINOX Cycle 2, 3, and 4  

 Drug Regimen 25% Dose Reduction  

1 Oxaliplatin* 63.8 mg/m2 i.v. over 2 hours 

2 Folinic acid 300 mg/m2 i.v. over 2 hours 

3 Irinotecan** 108 mg/m2 i.v. over 90 minutes 

4 Fluorouracil*** 1800 mg/m2 i.v. continuous infusion over 46 hours 
* To be administered per institutional standards  
** To be administered per institutional standards after oxaliplatin. Irinotecan is given concurrently with folinic acid. 
*** To be administered i.v. as a continuous infusion per institutional standards after irinotecan. 
† May be omitted if there is concern over toxicity. 

 
6.1.2 FLOXURIDINE 
 
Toxicity-related dose modification for floxuridine are described in Section 6.2.2.  
 
The SynchroMed II pump is available in two size of reservoir; 20 ml or 40 ml.  The choice of the 
pump reservoir will be at the discretion of the treating surgeon in consultation with the PI.  
Dosing of floxuridine and DEX should remain at 20 ml regardless of reservoir size (i.e., 20 or 40 
ml).  Heparin and saline dosing may be adjusted according to reservoir size as clinically 
appropriate.  Participants will receive floxuridine-DEX (with heparin and saline) on Day 1 of each 
4-week treatment cycle. The pump will be emptied and filled with heparin and normal saline on 
Day 15 of each cycle. The minimum fill volume of normal saline is 20 mL. Provided no dose 
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modification due to toxicity is required, the floxuridine dosages given below (adjusted for 
changes in weight and pump flow rate) will be repeated on Day 1 of Cycle 2 and all subsequent 
cycles. The administration of floxuridine is consistent with current institutional guidelines for HAI 
floxuridine therapy of patients with CRLM. 
 
The floxuridine dosing formula is: 

(
0.12

𝑚𝑔

𝑘𝑔

𝑑𝑎𝑦
) ×  𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)  × 20 𝑚𝑙  × (0.9)

pump flow rate
mL

day

 = 2.16 𝑚𝑔/𝑘𝑔 

 
The floxuridine will initially be administered at 50% of the established dose, and thereafter 
subsequent dose increases at the discretion of investigator are permitted as follows:  
 

HAI-Floxuridine Dose levels Floxuridine Dose  

Dose level 1 [Starting dose]  50% of 0.9(0.12 mg/kg/day) * 20 mL = 1.08 mg/kg  

Dose level 2* 75% of 0.9(0.12 mg/kg/day) * 20 mL = 1.62 mg/kg 

Dose level 3  0.9(0.12 mg/kg/day) * 20 mL = 2.16 mg/kg 

 
DEX will be administered at a dose of 1mg/day (20 ml)/pump flow rate.   
 
6.1.2.1 Weight dosing  
 
The following parameters should be used to floxuridine dosing: 
 

• Greater than (>) 25% above ideal body weight (IBW) - use adjusted body weight with 50% 
cofactor  

• Less than or equal to (≤) 25% above IBW - use actual body weight  
 
The adjusted body weight described in this treatment plan is set for 50%; if the participant meets 
criteria for adjusted body weight, then this adjusted weight should apply to the whole treatment 
plan. 
 
For weight changes: 

1. If greater than 5% weight gain, then no dose adjustments are warranted  
2. If greater than 5% weight loss, then treatment plan should be updated accordingly.  

 
6.1.2.2 Pump Flow Rate  
 
The first total dose of floxuridine will be determined using a programmed flow of 1.0 mL/day. 
The pump will be filled with either floxuridine, DEX, or heparinized preservative free saline 
(25,000 units heparin in 20 mL). The PI is to be notified if a significant (> 20%) discrepancy is 
observed between the programmed flow rate and the calculated flow rate observed with each 
HAI pump fill. 
 
To recalculate flow rate, the amount of any residual infusate removed from the pump at the end 
of the 14-day infusion is subtracted from the total pump volume. This result is divided by the 
number of days in the infusion period (typically 14 days).  
 
Example: If the HAI pump is filled with 20.0 mL infusate on Day 1, and upon emptying the pump 
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reservoir on Day 15, the volume obtained yielded 12 ml residual, then 
  

Recalculated flow rate (over the 14-day period): 
𝟐𝟎 𝒎𝒍−𝟏𝟐 𝒎𝒍

𝟏𝟒 𝒅𝒂𝒚𝒔
=

𝟖𝒎𝒍

𝟏𝟒 𝒅𝒂𝒚𝒔
=

𝟎.𝟔𝒎𝒍

𝒅𝒂𝒚
 

 
If no dose modification due to toxicity is required, the dosages given above (adjusted for 
changes in weight and pump flow rate) will be repeated on Day 1 of Cycle 2 and all subsequent 
cycles. 
 
6.1.3 mFOLFIRI 
 
At the end of a 6-week recovery period after treatment with mFOLFIRINOX, and as part of 
Treatment Period 2, eligible participants will receive mFOLFIRI on Day 15 of each 4-week 
treatment cycle (i.e., every 2-weeks, or q2wk). Participants will receive the maximally allowed 
systemic dose (see Table 8 for initial starting dose) and continue to receive this dose provided 
no toxicities are observed. This dose regimen follows OHSU institutional guidelines. Participants 
that experience grade 3 or 4 toxicity may continue mFOLFIRI treatment at a lower dosage level 

once toxicities have fully resolved (see Table 14 and Table 15).  
 

Table 8. mFOLFIRI Dosage 

 Drug Regimen Starting Dose Route  

1 Irinotecan 150 mg/m2 IV over ~30 minutes to 1 hour 

2 Folinic acid 400 mg/m2 IV. over ~30 minutes to 1 hour 

4 5-FU 1200 mg/m2 IV. continuous infusion over ~46 hours 

 
Starting on Day 1 of Cycle 2, participants will receive systemic 5-FU (1200mg/m2 IV; ~46 hour 
continuous infusion) independent of the mFOLFIRI regimen given on Day 15 of each cycle 
(Table 8).  
 

 DOSING DELAYS AND MODIFICATIONS 
 
In general, participants should start HAI pump therapy within 6 weeks after surgical placement 
of the HAI pump.  If the delay to start HAI pump therapy is ≥6 weeks, then participants should 
undergo disease restaging with CT imaging (per institutional standards).  Provided that results 
of imaging do not show presence of extrahepatic disease, participants may remain eligible to 
remain on study and should be planned to initiate their HAI pump therapy within 1 week (± 5 
days).  If after 6 weeks, participants are unable to start (for any reason) they will discontinue 
protocol-directed therapy and proceed to follow-up.   
 
Participants must meet all hematologic and blood chemistry criteria outlined in Section 4.0 
before beginning the first cycle of therapy. For subsequent cycles, patients must meet the 
following criteria: 

WBC > 2.5 K/uL 

ANC ≥ 1.0 K/uL 
Platelet count > 75 K/uL 
Creatinine < 1.8 mg/dL 
Bilirubin < 1.5 mg/dL 

 
If counts are outside these levels on the date of schedule treatment, then therapy will be 
delayed one week. 
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6.2.1 DOSE MODIFICATION – mFOLFIRINOX 
 
Eligible participants entering Treatment Period 1 will receive systemic mFOLFIRINOX as 
described in Section 6.1.1. Dose modifications, per treating oncologist, will follow institutional 
standard of care. General guidelines are referenced in Table 9.  
 

Table 9. mFOLFIRINOX - Recommended Dose Modifications by Toxicity Grade 

Toxicity Occurrence Irinotecana,b Oxaliplatina,b 5-FUa,b 

• Febrile neutropenia, OR,  

• Grade 4 ANC > 7 d, OR,  

• Delay 1-2 weeks for ≥ Grade 1 
ANC 

1st 
decrease 1 
dose level 

No change 

Discontinue 

2nd As above 
decrease 1 dose 
level 

• Thrombocytopenic bleeding, OR,  

• ≥ grade 3 platelets, OR,  

• Delay 1-2 weeks for grade 2 
platelets 

1st No change 
decrease 1 dose 
level  

decrease 1 
dose level 

2nd 
decrease 1 
dose level 

As above 

decrease 1 
dose level if  
≥ grade 3 
platelets 

• Diarrhea ≥ grade 3, OR 

• Diarrhea with fever or ≥ Grade 3 
ANC 

1st 
decrease 1 
dose level 

No change 
Discontinue 
 

2nd As above 
decrease 1 dose 
level 

As above & 
decrease 1 
dose level 

Grade 3 or 4 mucositis or hand-foot 
syndrome 

-  No change  No change 
decrease 1 
dose level 

Grade 2 persistent neurotoxicity 
- No change 

decrease 1 dose 
level 

No change 

Grade 2 other non-hematological 
- 

Consider 
decrease 

Consider 
decrease 

Consider 
decrease 

Grade 3 neurotoxicity (recovers prior 
to next cycle) 

- No change 
decrease 1 dose 
level 

No change 

Grade 3 other non-hematological 
- 

decrease 1 
dose level 

decrease 1 dose 
level 

decrease 1 
dose level 

Pneumonitis Any Discontinue Discontinue Discontinue 

• Grade 3 persistent neurotoxicity,  
OR  

• Grade 4 neurotoxicity 

Any Discontinue Discontinue Discontinue 

• Grade 4 other non-hematological, 
OR,   

• RPLS, OR 

• Hemolytic uremic syndrome or any 
signs of microangiopathic 
hemolytic anemia 

Any Discontinue Discontinue Discontinue 

Pharyngolaryngeal dysesthesia - - ↑ infusion to 6 hr - 
a Do not treat until ANC ≥ 1.5 x 109/L, platelets ≥ 75 x 109/L, diarrhea resolved to baseline and other toxicity ≤ 

grade 2. Do not re-escalate dose if reduced for toxicity. 
b Discontinue the regimen if toxicity recurs after 2 dose reductions or if cycle delayed for > 2 weeks. 

RPLS, reversible posterior leukoencephalopathy syndrome 

 
Table 10. mFOLFIRINOX - Recommended Dose Modifications for Hepatic Impairment 

Transaminases Bilirubin Irinotecan Oxaliplatin 5FU 

 1-1.5x ULN or 
Gilbert's 

Consider 
decrease 

No change No change 
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Table 10. mFOLFIRINOX - Recommended Dose Modifications for Hepatic Impairment 

Transaminases Bilirubin Irinotecan Oxaliplatin 5FU 

> 5 X ULN >1.5-4x ULN Omit No change No change 

 > 4x ULN Omit  Omit 
ULN, upper limit of normal range 

 
Table 11. mFOLFIRINOX - Recommended Dose Modifications for Renal Impairment 

Creatinine Clearance  Oxaliplatin Irinotecan 5FU 

>60 mL/min No change No change No change 

>30-60 mL/min Caution No change No change 

10-30 mL/min Discontinue Caution Consider dose reduction 

< 10 mL/min Discontinue Caution Consider dose reduction 

 
6.2.2 DOSE MODIFICATION – FLOXURIDINE  
 
Floxuridine dose reductions will be performed according to the standard and established OHSU 
HAI protocol (Table 12). To determine if a floxuridine dose modification is necessary, 
participant’s reference laboratory values (defined as the laboratory values obtained on the first 
day of participant’s first post-operative floxuridine dose) will be compared to the either the value 
obtained on the day pump was emptied (e.g. day 14) or the value obtained on the day of 
planned pump filling (e.g. day 28), whichever is higher. 
 

Table 12. Floxuridine - Recommended Dose Modification   

 Reference Value† % Floxuridine dose** 

SGOT*  2 to < 3 x reference value 80% 

3 to < 4 x reference value 50% 

≥4 x reference value Hold 

ALK PHOS* 1.2 to < 1.5 x reference value 50% 

≥1.5 reference value Hold  

TOT BILI* 1.2 to < 1.5 x reference value 50% 

≥ 1.5 x reference value Hold  
If SGOT ≥ 4x reference value, alkaline phosphatase ≥ 1.5x reference value, total bilirubin ≥ 1.5x reference value, 
then treatment will be held and will not be reinstituted until values resolve to more normal levels, as indicated in 
section 6.2.2.2, “Floxuridine – Restarting Treatment After Hold”. 
* Determined at pump emptying and day of planned retreatment. 
** Percentages listed under “floxuridine dose” refer to percentage of last dose of floxuridine administered. 
† Reference value (RV) is defined as the laboratory values obtained on the first day of the participant’s first post-

operative dose. 

 
6.2.2.1  Safety Run-in 
 
An initial 6 participants enrolled in this study will be evaluated for abnormal liver function 
associated with HAI floxuridine-DEX. Participants that proceed to Treatment Period 2 and 
initiate HAI floxuridine-DEX treatment will be placed on a treatment hold if they have 
unacceptable elevations in the liver enzymes: SGOT, ALK PHOS, or TOT BILI (as defined in 
Table 12). The study will be stopped early if, after reaching the end of two cycles (i.e., 8 weeks 
from initiating HAI floxuridine-DEX), 2 of 6 participants are still on treatment hold because of an 

abnormal liver function and cannot be restarted per Table 13, or show radiographic evidence 
suggestive of biliary sclerosis. Monitoring of participants for elevation of liver enzymes will occur 
continuously throughout Treatment Period 2. If the incidence of abnormal liver function exceeds 
33% among all participants receiving HAI floxuridine-DEX, the study will be stopped.  
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6.2.2.2 Floxuridine – Restarting Treatment After Hold 
 
If participant develops a TOT BILI > 3.0 mg/dl, the pump should be emptied and replaced every 
14 days with 20 mL saline containing: DEX (1 mg/ml) and heparin (25,000 units in 20 ml). Once 
there is no longer evidence of toxicity and/or liver enzymes (SGOT, ALK PHOS, or TOT BILI) 
resolve to the upper limit of their reference values, then DEX dose may be tapered in increments 
of 5 mg every 14 days (i.e., reduced in 0.25 mg/ml increments). Tapering should continue unless 
liver enzymes increase.  At the discretion of the investigators, participants may continue to receive 
DEX (≤1mg/ml) as part of all subsequent HAI floxuridine treatments.  For participants restarting 
HAI pump treatment, floxuridine should be restarted using 25% of the last floxuridine dose given 
(with DEX, heparin and saline) in the pump for 7 days. The HAI pump should then be emptied 
after 7 days, and patients given a 3-week rest period. This treatment and treatment schedule 
should continue as long as TOT BILI remains < 1.5 mg/dl and liver enzyme values do not increase. 
 
Epigastric pain unresponsive to oral proton pump inhibitor use is suggestive of gastroduodenal 
irritation or ulcer. Severe pain should prompt workup with an upper gastrointestinal endoscopy. 
Serum amylase and lipase will be checked along with the routine blood screen in patients with 
abdominal pain. If an ulcer or gastroduodenitis is documented, therapy should be held for one 
month to allow healing. If abdominal pain is severe, the pump should be emptied of floxuridine 
until results of workup are available. 

 
If participants have delays in floxuridine treatment, the cycle numbering will proceed as:  
2 systemic treatments = 1 cycle 
 

Table 13. Floxuridine - Restarting Treatment After Hold 

Reason for treatment delay Chemotherapy resumed when value returns to: % floxuridine dose 

SGOT elevation 4 x RV 25% of last dose 

AlkPhos elevation 1.7 x RV 25% of last dose 

TOT BILI 1.7 x RV 25% of last dose 

  
If participants return for floxuridine and the liver function tests (SGOT, Alk Phos, TOT BILI) are 
too elevated (as described in Table 12), then participants will wait one week. If markers of liver 
function are still elevated, participants will start the next cycle with systemic and not with 
floxuridine. During that cycle, if the liver function tests have sufficiently decreased, then 
participants will be able to receive floxuridine again at a lower dose (Table 13). In that case, the 
participant can receive floxuridine, then 2-weeks later receive systemic mFOLFIRI once 
afterwards, and then move onto the next cycle. 
 
6.2.3 DOSE MODIFICATION – mFOLFIRI 
 
If participants have delays in treatments due to hospitalization or other reasons, they should 
proceed with treatment at the discretion of the treating physician. 
 
Participants that experience grade 3 or 4 toxicity may continue treatment at a lower dosage 

level once toxicities have fully resolved (see Table 14 and Table 15). Toxicity should resolve 
within 2-weeks. If the Investigator feels the participants cannot tolerate systemic therapy, 
treatment can be held for 1-week. If the participant has elevated liver function tests, systemic 
therapy can be held and dexamethasone can be placed in the pump with heparin saline. 
 
Guidelines for re-starting medication are listed in Table 14 and Table 15. 
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For total bilirubin >1 but ≤1.5, then Irinotecan should be dosed at 150mg/m2.  
 
Table 14. mFOLFIRI – Recommended Dose Reduction for Hematologic Toxicities 
Grade Toxicity Irinotecan 5FU Infusion Folinic Acid 

3 Neutropenia 20% decrease 20% decrease 20% decrease 

4 Neutropenia 30% decrease 30% decrease 30% decrease 

3 Febrile neutropeniaa 20% decrease 20% decrease 20% decrease 

4 Febrile neutropeniaa 30% decrease 30% decrease 30% decrease 

3 Thrombocytopenia 20% decrease 20% decrease 20% decrease 

4 Thrombocytopenia 30% decrease 30% decrease 30% decrease 

aFebrile Neutropenia = ANC < 1.0 x 109/L with fever > 38.5°C 

 
Table 15. mFOLFIRI – Recommended Dose Reduction for Non-Hematologic Toxicities 

Grade Toxicity Irinotecan 5FU Infusion Folinic Acid 

3 
Nausea and/or vomiting despite 
premedication with an effective 
antiemetic therapy 

20% decrease 20% decrease 20% decrease 

3 
Diarrhea despite premedication 
with an effective antidiarrheal 
therapy 

20% decrease 20% decrease 20% decrease 

4 
Nausea and/or vomiting despite 
premedication with an effective 
antiemetic therapy 

30% decrease 30% decrease 30% decrease 

4 
Diarrhea despite premedication 
with an effective antidiarrheal 
therapy 

30% decrease 30% decrease 30% decrease 

3 Stomatitis No dose reduction 20% decrease 20% decrease 

4 Stomatitis No dose reduction 30% decrease 30% decrease 

> 2 Cardiac toxicity No dose reduction Stop treatment Stop treatment 

3 or 4 Hand/Foot Skin reaction No dose reduction 20% decrease 20% decrease 

 
 TREATMENT PERIOD AND MAINTENANCE 

 
6.3.1 TREATMENT PERIOD 1 
 
Participants will receive mFOLFIRINOX for 4 cycles (8 weeks), after which they will undergo 
restaging using MRI/CT imaging to assess disease response. Participants with development of 
new or progressive extrahepatic disease will be taken off study treatment. Likewise, participants 
with a complete radiographic response will also be taken off-study treatment for consideration of 
further systemic mFOLFIRINOX.  
 
6.3.2 TREATMENT PERIOD 2 
 
Participants that proceed to the next stage of treatment, will receive 2 cycles (8 weeks) of HAI 
floxuridine-DEX and concurrent systemic administration of mFOLFIRI. After two treatment 
cycles, participants are considered off-protocol directed therapy and will undergo MRI/CT 
imaging to assess disease response.  In an effort to control disease, participants may receive 
additional cycles of HAI floxuridine-DEX and systemic mFOLFIRI. Additional cycles of HAI 
floxuridine-DEX and systemic mFOLFIRI may be administered at the discretion of the PI in 
consultation with the participants.   
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While the primary goal of this treatment approach is to achieve disease control, upwards of 10% 
of patients may be converted to resection following treatment with HAI floxuridine-DEX and 
systemic mFOLFIRI. If participants are converted they may be offered hepatic resection with 
curative intent, and continue to receive HAI floxuridine-DEX and systemic mFOLFIRI treatment.  
 
6.3.3 PUMP MAINTENANCE 
 
Participants are at increased risk of catheter thrombosis if the pump reservoir is allowed to 
completely empty, and must therefore be compliant with all their postoperative scheduled visit 
as described in Section 7.8, Schedule of Events. To avoid the HAI pump running empty, the 
reservoir should be filled with Heparinized saline (25,000 units total dose), to make a total 
reservoir volume of 20 mL.  Heparin saline may be adjusted to fill 40 ml reservoir size, but not to 
exceed a maximum of 50,000 units.  During treatment, participants are to return every 2-weeks 
to refill the pump with heparinized saline and/or floxuridine-DEX.  
 
Following completion of this study, the participant will be required to return every 2-4 weeks at 
which point the pump will be filled with heparinized saline (25,000 units total dose), to make a 
total reservoir volume of 20 mL.  Heparin saline may be adjusted to fill 40 ml reservoir size, but 
not to exceed a maximum of 50,000 units.  The pump should be programmed to 1.0 mL/day to 
extend the minimum rate mode Pump maintenance should only be discontinued if the pump is 
removed, or participant death, whichever comes first. Any travel away from resources 
necessary to manage the pump is undesirable, but should a participant elect to travel, the pump 
should not contain chemotherapy and be as full as possible (i.e. 20 ml or 40 ml) with 
heparinized saline before departure. 
 
The HAI pump requires routine maintenance, and participants will receive care from adult 
oncology nursing staff who have been specifically trained in the care of patients with HAI 
pumps, and how to fill the HAI pumps prior to discharge. Following surgical placement of HAI 
pump, when the participant is ready to be discharged, oncology nursing staff will access the HAI 
pump with the refill needle and removes all of the heparinized saline from the chamber. The 
volume extracted will be recorded and used to calculate the flow rate. The HAI pump is then 
immediately refilled with 20 mL of 25,000 units  of preservative-free heparinized saline per 
protocol. Heparin saline may be adjusted to fill 40 ml reservoir size, but not to exceed a 
maximum of 50,000 units. Depending on the schedule of events, participants will have the HAI 
pump filled either with floxuridine-DEX or heparinized saline every 14 days from the day of 
discharge, using a pre-programmed flow rate of 1.0 (±0.5) ml/day. Participants will also have will 
also have their first post-operative follow-up in the outpatient infusion unit, where they will be 
assessed by both surgical oncology and medical oncology physicians. 
 
6.3.4 PUMP REMOVAL 
 
Removal of the HAI pump will be performed as an outpatient procedure. Reasons for pump 
removal include:  

• Primary pump malfunction 

• Pump pocket hematoma or infection 

• Removed at the request of the participant or provider. 

• Unless alternative arrangements can be made, participants that no longer want to undergo 
scheduled pump maintenance may be asked to have the pump removed.  
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In the case that pump is removed, the catheter will be tied off, cut and left in the abdomen, while 
the pump is removed. Prior to the consenting pump removal, the participant will be informed that 
once the pump is removed, it is highly unlikely that it can technically be replaced. Participants 
that have the pump removed may be offered to continue with the systemic mFOLFIRI treatment, 
if within Treatment Period 2.  All participants that discontinue HAI pump treatment for any 
reason other than completion of planned protocol therapy will be considered off-protocol 
directed therapy, but may remain on-study for follow-up.  In such cases, participants will have 
their disease managed in accordance with institutional standards. 
 

 CONCOMITANT MEDICATION AND SUPPORTIVE CARE GUIDELINES 
 
Supportive measures for optimal medical care are to be given throughout the study as indicated 
by the treating physician’s assessment of the participant’s medical need and institutional and 
general medical guidelines for the care of participants undergoing treatment for ICC. 
 
Medications required to treat AEs, manage post-surgical care and cancer symptoms, as well as 
concurrent diseases and supportive care agents are allowed in general. These may include, but 
not limited to: pain medications, anti-emetics (e.g., ondansetron), and anti-diarrheals (e.g., 
loperamide). These medication may be administered prior to chemotherapy and/or to be taken 
as part of a take-home regimen. The participant must be told to notify the investigational site 
about any new medications begun after the start of the study treatment. All medications (other 
than investigational products) and significant non-drug therapies (including vitamins, herbal 
medications, physical therapy and blood transfusions) administered during the study must be 
listed on the case report form (CRF). 
 
6.4.1 ACUTE CHOLINERGIC SYNDROME 
 
Irinotecan is associated with acute cholinergic syndrome (e.g., early diarrhea), and may be 
treated with atropine sulfate (250 µg s.c.), unless clinically contraindicated. Atropine may be 
administered prior to irinotecan, if indicated. 
 
6.4.2 DYSARTHRIA 
 
Dysarthria (marble mouth) associated with irinotecan may be treated with diphenhydramine (50 
mg IV) as needed, until symptoms resolve. Diphenhydramine premedication may be given 
before initiating subsequent cycles of irinotecan.  
 
6.4.3 TREATMENT OF FEVER AND NEUTROPENIA 
 
Neutropenic fever (defined as ANC < 0.5/mm3 or 1.0/mm3 and known to be falling, and 
temperature ≥ 38.0ºC) will be treated per institution guidelines.  
 
6.4.4 BILIARY SCLEROSIS 
 
Participants will receive ursodiol (300 mg, PO, bid) if they experience abnormal elevations in 
liver function enzymes that requires a subsequent 25% dose reduction of floxuridine or hold of 
their HAI treatment (refer to Section 6.2.2). Participants requiring ursodiol will continue to 
receive ursodiol for entire duration of HAI treatment once started.  
 
6.4.5 SOCIAL SERVICES 
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OHSU oncology social workers will be available to provide counseling about the psychological 
and social issues related to HAI treatment. These social workers will aid the participant and 
family adjust to the planned treatment regimen (e.g., arranging transportation). Refer to Section 
7.1.9, Counseling Evaluation for additional details. 
 

 PRECAUTIONARY / PROHIBITED MEDICATIONS, TREATMENTS, AND 
PROCEDURES 

 
No other concomitant therapies or investigational therapies are allowed during the study. Use of 
alternative medications (herbal or botanical for anticancer purposes) is not permitted during the 
study.  
 
To prevent unwanted hepatic or gastro-intestinal toxicities while on study, participants are not 
permitted, unless at the discretion of the investigator, new over-the-counter drugs, as well as 
herbal and dietary supplements. 
 

Drug Precautionary / Prohibited Medications 

Irinotecan 

• Irinotecan is a major substrate of cytochrome P450 CYP2B6 and CYP3A4. 
Risk of drug interactions causing decreased concentrations of irinotecan 
with CYP3A inducers. Risk of drug interactions causing increased 
concentrations of irinotecan with CYP3A inhibitors.  
o Avoid concomitant use of CYP3A4-inducing (e.g., rifampicin, 

carbamazepine, Phenobarbital, phenytoin) or inhibiting (e.g., 
ketoconazole, clarithromycin, indinavir, nefazodone, atazanavir, 
gemfibrozil) drugs. 

o Participants should also be counselled on the consumption of 
grapefruit, starfruit, Seville oranges juices or products. 

o Concomitant use of St John’s Wort is contraindicated. 

• Prochlorperazine anti-emetic should be avoided on the same day as 
irinotecan treatment due to an increased risk of akathisia. Prochloro-
perazine may be taken as part of take-home regimen. 

Oxaliplatin 

• May increase the effects of warfarin and other anticoagulants. 

• Nephrotoxic agents may increase toxicity. 

• Cold temperatures or cold objects can precipitate or exacerbate symptoms 
of acute peripheral neuropathy. 
o Concomitant use of ice for mucositis prophylaxis during infusion should 

be avoided as cold temperature can exacerbate acute neurological 
symptoms. 

• QT prolongation and ventricular arrhythmias (including fatal Torsade de 
Pointes) – avoid drugs known to prolong the QT interval (e.g., Class Ia and 
III anti-arrhythmics). 

5-FU 

• Initiation of 5-FU treatment regime in patients stabilized on warfarin 
therapy is associated with marked elevations of prothrombin time and INR.  

• Concurrent administration of 5-FU and phenytoin may result in increased 
serum levels of phenytoin.  

• May increase the effects of warfarin and other anticoagulants.  

• 5-FU should be administered in conjunction with medications that may 
affect dihydroprimidine dehydrogenase activity. 
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6.5.1 PRECAUTIONS REGARDING USE OF HAI PUMP 
 
The HAI pump is to be used, operated, and refilled according to manufacturer instructions. 
Additional precautions include:  

• Use 22-gauge non-coring needle (for filling the pump), and 24-gauge non-coring needle (for 
flushing the catheter access port). 

• Never aspirating fluid from the pump port or catheter, as aspiration will result blood 
collecting and occluding within the pump or catheter. 

• Participants should receive precaution over the following activities: 
o Activities involving exposure to high altitudes – Participants should avoid any prolonged 

engaging in activities (e.g., airline flights, hiking, or skiing in the mountains) at altitudes 
greater than 2,438 meters (8,000 feet) as these expose them to lower air pressure 
conditions that may cause an increase in the flow rate of the pump. Participants should 
inform study team of any high-altitude activity so that the infusion rate can be adjusted to 
offset potentially higher flow rates. 

o Activities involving exposure to high temperatures - Participants should avoid using hot 
tubs, hot showers, steam rooms, saunas, or tanning beds where the temperature is 
greater than 39°C (102°F) as this increased temperature can increase the flow rate of 
the pump  

 
 HAI PUMP PLACEMENT AND OPERATION 

 
The technical details of HAI pump placement have been previously described.39 Participants 
must first be evaluated by a hepatobiliary surgical oncologist who has been trained with 
documented experience of placing hepatic arterial infusion pumps (Drs. Mayo,  
Eil, Rocha or other surgical oncologist approved by the PI at OHSU/Knight). Eligible participants 
will first complete a pre-surgical evaluation by a physician in OHSU’s preoperative medical 
clearance clinic.  
 
Following completion of the pre-surgical evaluation, with a target operative date of 3-6 weeks 
(earlier or later time points at discretion and approval of PI)  all eligible participants will undergo 
exploratory (staging) laparoscopy to examine for radiographically occult extrahepatic disease, 
which would otherwise preclude them from HAI pump placement and subsequent treatment. 
Open surgical exploration with HAI pump implantation will continue if there is no evidence of 
extrahepatic disease found at laparoscopy.  
 
In brief, an open operation through a midline incision will be performed. The hepatic artery tree 
will be fully skeletonized and the gastroduodenal artery will be identified. As part of the surgical 
procedure, a small portion of liver and tumor will be biopsied for further evaluation. A portal 
lymphadenectomy will be performed to collect suspicious appearing lymph nodes in the region 
of the porta hepatis for further evaluation. A cholecystectomy will also be performed to limit the 
risk of acute cholecystitis related to the infusion of chemotherapy.   
 
The SynchroMed II is attached with a silicone rubber catheter intended for long term delivery of 
medications to various body sites.  All study participants that undergo surgical placement of the 
SynchroMed II pump will have the connector device spliced with a tapered rubber catheter 

(Codman) placed before the HAI therapy can begin.  During the surgical procedure, the 
Medtronic pump is connected to the Medtronic connector (Figure 5A).  The Medtronic connector 
will be cut (Figure 5B) before the metal flange at the end of the connector so that the catheter 
can then be connected to the cut end of the tapered silicone catheter connector (Figure 5C).  
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Silk ties are used on both ends of the Cather to ensure that the fit to the connection is secure 
(Figure 5D). 
 

 
Once the HAI pump is fully primed and warm, it will then be secured to the abdominal wall. 
Briefly, the pump will be placed into a subcutaneous pocket created in either the left or right 
lower quadrant of the abdominal wall. The pump catheter is then passed through the abdominal 
wall, trimmed, and then inserted countercurrent into the gastroduodenal artery via an 
arteriotomy until the distal tip is placed exactly at the origin of the gastroduodenal artery. On 
rare occasions at the discretion of the operating surgeon, the HAI catheter may be placed into a 
different artery than the GDA. A small volume (~5 ml) of methylene blue will be injected into the 
side bolus pump channel to assess the catheter function and identify any areas of extrahepatic 
perfusion, as well as evaluate uniformity of intrahepatic perfusion. If further investigation of 
extrahepatic perfusion is needed, the HAI pump will be injected with fluorescein and assessed 
with a ultraviolet light Wood’s lamp. Once satisfactory hepatic perfusion and no extrahepatic 
perfusion is determined, the midline incision and the pump pocket will then be closed.  
 
Post-operative care will follow institutional guidelines. Approximately 3-4 days after pump 
placement, the participant will undergo single-photon emission computed tomography/computed 
tomography (SPECT/CT) to further evaluate hepatic perfusion of the HAI pump (see Section 
7.3.4 for additional details). 

Figure 5. Splicing of SynchroMed II pump with tapered silicone catheter 

A B C D 
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7. STUDY PROCEDURES/EVALUATIONS AND SCHEDULE  
 

 STUDY SPECIFIC PROCEDURES 
 
7.1.1 DEMOGRAPHICS AND MEDICAL HISTORY  
 
Demographic data and a complete medical history will be collected at visits prior to starting 
study treatment. Changes in medical history in between visits should be documented at each 
study visit. The date of birth, race, ethnicity, and sex of the subject are to be recorded during 
screening. 
 
7.1.2 MEDICATION HISTORY  
 
A complete medication history will be acquired concurrent with medical history.  
 
7.1.3 PHYSICAL EXAMINATION  
 
Physical exams must be performed by a medically qualified individual such as a licensed 
physician, Physician’s Assistant or advanced Registered Nurse Practitioner as local law permits. 
The physical exam at baseline should include a complete physical exam per institutional 
standards. All other physical exams after baseline will include an evaluation of any AEs, or any 
previously reported symptoms, or prior physical examination findings. 
 
As part of screening/baseline visit, physical examination is to be conducted within 14 days prior 
to first dose of mFOLFIRINOX. 
 
7.1.4 VITAL SIGNS 
 
Vitals to be collected include BP, HR, temperature, and oxygen saturation by pulse oximetry. As 
part of screening/baseline visit, vitals should be obtained within 14 days prior to first dose of 
mFOLFIRINOX. Vitals will also be obtained during treatment.  
 
Significant findings that were present prior to the signature of the informed consent must be 
included in the Medical History eCRF page. Significant new findings that begin or worsen after 
informed consent must be recorded on the Adverse Event eCRF page. 
 
7.1.5 HEIGHT AND WEIGHT 
 
Height is only required as part of screening.  
 
The dosing calculations should be based on the body weight. If the subject’s weight on the day 
of dosing differs by > 10% from the weight used to calculate the dose, the dose must be 
recalculated. All doses should be rounded to the nearest milligram. 
 
7.1.6 PERFORMANCE STATUS 
 
Performance status (ECOG preferred) will be determined for all participants at screening and at 
select times during treatment as per assessment schedule in Section 7.8. See Appendix A for 
additional details regarding performance status scale. 
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7.1.7 ELECTROCARDIOGRAM (ECG) 
 
A standard 12-lead ECG will be performed as per the assessment schedule in Section 7.8. 
 
7.1.8 ADVERSE EVENTS 
 
Toxicities and adverse experiences will be assessed at each visit using the CTCAE v5.0. Safety 
will be monitored by assessing physical examination, vital signs, body weight, performance 
status, as well as hematology, and chemistry as indicated in the schedule of events.  
 
7.1.9 COUNSELING EVALUATION 
 
A licensed medical oncology social worker, formally trained in the assessment of candidacy in 
HAI program established by Dr. Mayo, will perform an in-person evaluation during Screen 1. 
The evaluation consists of an interview to assess multiple psychosocial areas including social 
support infrastructure, economic stability, as well as drug and alcohol use. During this time, the 
medical oncology social worker will explain the limitations once the HAI pump is placed, and 
discuss the participant’s ability to travel to OHSU at least every 2 weeks for the duration of the 
study. Additional counseling services will be available, as needed, to participants throughout the 
duration of the study. In the event that this evaluation is not able to be done in person, it is at the 
PI’s discretion if being done remotely is acceptable. 
 
7.1.10 STAGING LAPAROSCOPY AND PRE – AND POST-TREATMENT BIOPSIES 
 
Pretreatment tumor biopsies are required for individual participation in the study. The baseline 
biopsy may be a fresh or archival specimen. Fresh biopsies are preferred; however formalin-
fixed paraffin-embedded (FFPE) tissue is acceptable at baseline (i.e., before the start of 
Treatment Period 1), as long as there is adequate sample available. As part of Screen 1, 
participants will undergo a staging laparoscopy to determine the presence of peritoneal disease 
and occult dissemination of ICC within the liver.  The procedure will be performed by a qualified 
surgeon in accordance with institutional standards.  The procedure consists of laparoscopic 
inspection of the peritoneum (including the falciform ligament, liver and diaphragm, porta, and 
lesser omentum). Suspicious lesions will be biopsied for pathological assessment, and 
remaining excess tissue collected as part of the baseline biopsy. The initial staging laparoscopy 
should be performed within 30 days prior to start of planned treatment (Screen 1).  A second 
staging laparoscopy will occur in Screen 2 prior to HAI pump placement (refer to Section 6.6 
and 7.5.3).  At the completion of Treatment Period 2, participants will be asked to undergo an 
optional end of treatment biopsy.  This end of treatment biopsy will be performed according to 
institutional guidelines and may be excisional, incisional or core needle (e.g., FNA or brush 
biopsy, or laparoscopy).  The investigator, in consultation with the radiology staff, must 
determine the degree of risk associated with the procedure and find it acceptable.  Biopsies may 
be done with local anesthesia or conscious sedation.  Institutional guidelines for the safe 
performance of biopsies should be followed.  This end of treatment biopsy is optional and 
participant’s refusal will not impact their eligibility to remain on study.  
 
If a participant is scheduled to have a tumor biopsy (i.e., via staging laparoscopy) for the 
purposes of this study and it is subsequently determined that tissue cannot safely be obtained, 
then the participant may still enroll in the study, after consultation with the Investigator. 
 

https://safetyprofiler-ctep.nci.nih.gov/CTC/CTC.aspx
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7.1.11 MULTI-DISCIPLINARY GASTROINTESTINAL ONCOLOGY TUMOR BOARD OR 
LIVER TUMOR BOARD 

 
The participant’s medical history will be presented at the Multi-Disciplinary GI Tumor Board or 
Liver Tumor Board; an evaluation conference comprised of hepatobiliary surgical oncologists, 
medical oncologists, hepatobiliary radiologists, radiation oncology, and  surgical pathology. In 
this conference, the prospective participant’s imaging and pathology will be reviewed to see if 
the group is in agreement that they satisfy all inclusion and exclusion criteria. In addition, all 
interval imaging will be reviewed during the study to assess for disease-control rate and 
treatment continuation.  Tumor boards may be conducting virtually using an institutionally-
approved method of virtual communication (e.g., phone, web-based meeting). Attendance of the 
PI at these tumor board meetings is not compulsory.  
 

 LABORATORY PROCEDURES AND EVALUATIONS 
 
7.2.1 HEMATOLOGY 
 
Hematologic profiling will be collected per institutional standards, and should include evaluation 
of hematocrit, hemoglobin, platelets, white blood cells with differential (basophils, eosinophils, 
lymphocytes, monocytes, neutrophils), and absolute lymphocyte count. 
 
7.2.2 CHEMISTRY  
 
Blood chemistry will be collected per institutional standards and should include the following: 
albumin (screening only), BUN, creatinine, Bili, SGOT, SGPT, Alk Phos, serum electrolytes, and 
calcium.  
 
CEA, AFP, and CA19-9 are to be performed at screening. Thereafter, only those markers 
considered to have clinically abnormal levels should be followed, and only as clinically indicated.   
 
LDH and serum bile acids should only be assessed on Cycle 1, Day 1, of each treatment period 
(i.e. treatment period 1 and 2). Additional assessments only as clinically indicated.  
 
Hepatitis B (e.g., HBsAg reactive) or Hepatitis C (e.g., HCV RNA) to be evaluated only as part 
of the initial screen. At the discretion of the PI, screening procedures that fall outside the 30 day 
window are acceptable 
 
7.2.3 COAGULATION PANEL 
 
Repeat INR, prothrombin time, and PTT during screening is not required if obtained prior to port 
placement. Thereafter only as clinically indicated. 
 
7.2.4 PREGNANCY TEST  
 
A serum or urine pregnancy test is required for all female subjects during screening for women 
of childbearing potential. If the urine pregnancy test is positive, serum pregnancy tests must be 
performed per institutional standards. For all women of childbearing potential, a urine sample 
will be obtained within 72 hours of initiating mFOLFIRINOX treatment, as well as prior to 
beginning the integrated HAI floxuridine-DEX and mFOLFIRI regimen. 
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 RADIOGRAPHIC OR OTHER IMAGING ASSESSMENTS  
 
7.3.1 MAGNETIC RESONANCE IMAGING (MRI) / COMPUTED TOMOGRAPHY (CT) / 

POSITRON EMISSION TOMOGRAPHY (PET) 
 
Preoperative imaging is required to assess disease status, as well as evaluate the extent of 
intra-hepatic disease, and confirm the absence of extra-hepatic metastatic disease.  
 
CT imaging of the chest, abdomen, pelvis and all known sites of disease within 30 days prior to 
first dose. At the discretion of the PI, screening procedures that fall outside the 30 day window 
are acceptable CT volumetry correlated with body surface area (BSA) will be used to determine 
segmental liver volumetrics according to established methods.40,41  
 
MRI may be obtained instead of CT if patient’s disease is not visible on CT. Refer to SychroMed 
II technical report regarding safety information for MRI procedures (i.e., imaging, angiography, 
functional imaging). The SynchroMed II pump is compatible with MRI, provided the following 
conditions are use:  

• 1.5-Tesla (T) and 3T horizontal closed bore 

• Maximum spatial gradient of 19T/m (1900 gauss/cm) 

• Maximum gradient slew rate: 200 T/m/s 

• Maximum RF field intensity: First level controlled operating mode defined in IEC 
60601-2-33.  

 
Refer to SynchroMed manual for additional information regarding patient positioning and 
procedures during MRI examinations.  
 
Fluorodeoxyglucose (18F)-PET may be used selectively, at the discretion of the treating 
physician, for the detection of extrahepatic metastases. 
 
7.3.2 DIFFUSION-WEIGHTED MRI (DWI) 
 
An MRI of the liver to include DWI will be performed as per the assessment schedule in Section 
7.8.  The MRI sequences will include a coronal T2-weighted sequence, axial fat-saturated T2-
weighted sequence, axial in- and out-of-phase T1-weighted sequence, pre- and dynamic post-
contrast fat-saturated T1-weighted sequences, and DWI..  An apparent diffusion coefficient 
(ADC) map based on these values will be created to assess for true diffusion restriction.   
 
7.3.3 CT ANGIOGRAPHY 
 
An established HAI protocol using CT angiogram will assess hepatic arterial anatomy for any 
anomalies, which may preclude participants from the HAI portion of the study. CTA should be 
conducted during initial screening.  
 
7.3.4 SINGLE-PHOTON EMISSION CT / CT (SPECT/CT) 
 
Combined SPECT/CT imaging, using 99mTechnetium-labeled macroaggregated albumin 
(99mTcMAA), will be conducted to evaluate hepatic perfusion and assess for any evidence of 
extrahepatic perfusion. SPECT/CT imaging will take place 3-4 days after surgical placement of 
the pump in the Nuclear Medicine suite at OHSU.  Administration of 99mTcMAA will be performed 
by interventional radiology according to institutional standards. In general, with the participant in 
the supine position, the port of the HAI pump will be slowly injected with 4 mCi of 99mTcMAA in 
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10 ml of saline at a rate of 5 m/Lmin. Technical details of SPECT/CT are provided in Appendix 
C. 
 

 BIOMARKER, CORRELATIVE, AND SPECIAL STUDIES 
 
7.4.1 RADIOGRAPHIC RESPONSE USING DWI  
 
There has been increased interest in quantifying the radiographic response of primary liver and 
other cancers using DWI during MRI evaluations and correlating these findings with observed 
clinical responses seen in patients.42-44  DWI depicts the random Brownian motion of water 
molecules, specifically protons within water molecules. The degree of motion is determined by 
the surrounding environment. Protons that diffuse freely, such as fluid in simple cysts, result in 
little to no signal intensity in DWI.  Protons that cannot move freely, such as fluid within intact 
cells, contribute an increased signal intensity in DWI.45 In the case of ICC, the higher cell 
density within the lesion results in a higher concentration of cell membranes which restricts the 
free diffusion of water.  This restricted diffusion translates to a higher signal intensity in ICC 
relative to liver parenchyma. As an indirect measure of tumor hypercellularity, DWI provides 
higher sensitivity and positive predictive value for the detection of ICC.  
 
In this study, DWI is used as an investigative approach to measure tumor diffusion coefficients 
before initiating treatment and again on follow-up MRI scans during treatment. Participants will 
undergo DWI prior to mFOLFIRINOX, after mFOLFIRINOX as part of restaging, and then again 
following combined treatment with HAI floxuridine-DEX and mFOLFIRI. The results from these 
imaging studies will help quantify an objective response for mFOLFIRINOX alone versus HAI 
floxuridine-DEX plus mFOLFIRI, and will provide support for including DWI as an integral 
staging component for a potential future trials for patients with liver-dominant unresectable ICC 
treated with a systemic and HAI regimen. 
 
7.4.2 QUALITY OF LIFE  
 
For patients with unresectable, liver-dominant ICC, their only treatment option is chemotherapy 
for the duration of their life with very few patients ever having enough response to go on to a 
potentially curative operation. The treatment to control their disease will have a substantial 
impact on their remaining quality of life (QoL). Regional therapy using HAI allows for liver-
directed treatment of liver-dominant ICC with agents that are processed in the liver. This limits 
the toxic side effects often seen with traditional chemotherapy. In-depth data on patient QoL are 
essential to understanding the impact of HAI treatment as patients’ progress through the 
treatment of their disease. In this trial, QoL care metrics, including questionnaire and interview 
data on participants’ unique perspectives, will be assessed. We hypothesize that integrated HAI 
floxuridine-DEX and systemic mFOLFIRI treatment will improve patient QoL by giving patients 
time off of systemic therapy and the associated side effects while their liver disease is still being 
maximally treated with HAI therapy. 
 
7.4.2.1 Outcome Measure 
 
Examine QoL including fatigue, depression, and social support as perceived by participants with 
unresectable ICC liver metastases undergoing integrated HAI floxuridine-DEX and systemic 
mFOLFIRI treatment.  
 
7.4.2.2 Method and Timing of Assessment 
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Study participants will be asked to complete a series of 6 questionnaires and interviews, both of 
which will be conducted at 5 different time points during the trial (Table 16). From the End of 
Study up to 24 months post study, study participants will be asked to complete 2 additional 
interviews and 1 questionnaire based on changes in their treatments and/or disease process. 
The purpose of completing the questionnaires and interviews is to obtain a rich and in-depth 
description of patients’ experiences of QoL including fatigue, depression, and social support. It 
will take 10-20 minutes to complete the questionnaires and 30-40 minutes to complete the 
interviews. The reliable and valid questionnaires were selected based on our clinical knowledge 
and experience with this patient population. Completion of QoL questionnaires and interviews 
will take place at baseline,  at the end of treatment period 1 (on or around Cycle 4 Day 1 of 
mFOLFIRINOX), and prior to each HAI treatment cycle (on or around the Day 15 visits for 
systemic therapy), at the end of study, and again from the End of Study up to 24 months post 
study.  Interviews will be audio-recorded to obtain an accurate account of their view and 
conducted in-person in a clinic room. If a patient is unable to meet in-person, a telephone 
interview or WebEx session will be scheduled at the patient’s convenience. Telephone 
interviews will be audio-recorded; WebEx sessions will be audio- and video recorded. Interviews 
may also be conducted in-person at patient’s home or other private place convenient for them. 
These in-person interviews will also be audio-recorded. The purpose of the structured interviews 
and surveys is not to assess for adverse events. 
 

Table 16. Method and Timing of QoL Assessments   

 Measurement Reliability 
Baselin
e 

 
Cycle 

4 
mFO
LFIRI
NOX 

Cycle 
1 Day 

15 

Cycle 
2 Day 

15 

End of 
Study 

Post 
Study  

QoL 
SF-3646,47 α = 0.73 - 

0.96 
X X X X X X 

QoL 
EORTC QLQ-
LMC2148 

α = 0.69 - 
0.93 

X X X X X X 

QoL 
Quality of Life at 
the End of Life49,50  

α = 0.68 - 
0.87 

X X   X X 

Depressio
n 

Patient Health 
Questionnaire51 

α = 0.89 X X   X X 

Fatigue 
Piper Fatigue 
Scale Revised52 

α = 0.97 X X X X X X 

Social 
Support 

MOS Social 
Support Survey53 

α = 0.91 X    X X 

 
7.4.3 TUMOR TISSUE BIOMARKER ASSESSMENT (KNIGHT DIAGNOSTIC 

LABORATORY) 
 
Tumor biopsy samples will be used to identify mutations associated with ICC. Tumor biopsy 
sample will also be used to investigate molecular signatures associated with response or 
resistance to treatment. Samples will be processed and analyzed within the OHSU’s Knight 
Diagnostic Laboratory. Deoxyribonucleic acid prepared from tissue samples may also be 
included in the analysis. Deoxyribonucleic acid analysis may include somatic mutation analysis, 
T-cell and B-cell receptor diversity, and epigenetic analysis. Ribonucleic analysis may include 
expression analysis by RNAseq and changes in the expression profile will be assessed. Other 
assays relevant to the study objectives may be performed based on emerging data. 
 
7.4.4 microRNA PROFILING OF ICC  
 

https://www.ohsu.edu/custom/knight-diagnostic-labs/home/oncology/overview
https://www.ohsu.edu/custom/knight-diagnostic-labs/home/oncology/overview
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There is no sensitive method to detect ICC in people that are at highest risk. This exploratory 
study aims to develop a novel fluid biopsy based on microRNA (miR) and mRNA signatures in 
patients who are newly diagnosed with ICC by collecting blood, bile, and tissue samples taken 
throughout the participants’ course of treatment. In addition to advancing our knowledge of the 
basic tumor biology of ICC, we anticipate that results from these studies will inform our ability to 
develop both a screening modality that can be used for early detection, provide an assessment 
of treatment response, and ultimately detect the earliest evidence of recurrence in order to 
improve patient outcome and quality of life. 
 
7.4.4.1 Outcome Measure 

 
Generate a differential expression pattern of RNAs (miR and mRNA) in patients with ICC 
derived from tumor samples compared to adjacent normal liver samples as well as lymphatic 
tissue, blood and bile. 

 
7.4.4.2 Method of Assessment 

 
Blood and tissue collection times are detailed in the Schedule of events. RNA will be extracted, 
using the miRneasy kit (Qiagen), according to manufacturer’s protocol, which is established in 
the Anand Lab.54 We will use a Universal spike-in controls (from Exiqon) for normalization of the 
samples. RNA quality (RIN scores) will be evaluated using standard protocols on an Agilent 
Bioanalyzer (OHSU Genomics core). We will use a NanoString miR panel for miR analysis and 
NanoString cancer pathways panel for mRNA analysis. We chose this approach since this 
platform is compatible with low yields and moderate quality (RIN) scores of RNA. In addition, the 
signature we utilize is directly translatable without cross platform validation since a number of 
clinical labs utilize the NanoString platform. Following signal quantification, data will be 
preprocessed and normalized using the n-Count analysis system (NanoString Technologies, 
Seattle). A random forest classifier will be used on these data to generate signatures that will 
distinguish tumor from normal tissue, as well as identify which subsets of tumor RNAs are 
detectable in blood. We will report on the model’s performance criteria important for tumor 
discrimination. 

 
7.4.4.3 Timing of Assessment 
 
The collection of blood, bile, and tissue is detailed in schedule of events.  
 
7.4.5 CIRCULATING HYBRID CELLS  
 
The Wong research group has recently discovered that macrophages (MФs) fuse with cancer 
cells to form a hybrid cancer cell that retains genotypes and phenotypes of both the parental 
cancer cell and MФs. The resulting tumor cell hybrid displays hallmarks of metastatic cancer 
cells but appears to have greater "stem cell"-like behavior. Interestingly, these cells represent a 
unique population of circulating tumor cells (CTCs) that we call circulating hybrid cells (CHCs) 
that exist in blood as a log-fold higher than conventionally isolated CTCs in late stage disease. 
Based upon this novel biologic finding in combination with HAI treatment of patients with ICC, 
we hypothesize that CHC frequency will reflect the tumor response to therapeutic delivery and 
risk for both intrahepatic recurrence and development/progression of extrahepatic disease with 
greater sensitivity than monitoring of conventional CTCs or other serum tumor biomarkers (e.g., 
CA19-9). Successful completion of this work will establish the foundation to develop a novel 
liquid biopsy to inform patient treatment in the metastatic setting. 
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7.4.5.1 Outcome Measure 
 
1. To investigate the utility of newly discovered CHCs as a biomarker for early detection of 

extrahepatic disease and disease progression in patients with uICC.  
2. To develop a sensitivity and specificity model using this cellular biomarker in combination 

with high level analyses of tumor stage specific transcriptome expression at single cell 
resolution.  

3. Establish sensitivity and specificity of CHC biomarkers in patient samples.  
4. Determine how CHC are temporally altered with treatment. 
 
7.4.5.2 Method of Assessment 
 
Outcome Measure #1: The first goal of this study is to investigate the utility of the newly 
discovered CHC as biomarkers for detection of extrahepatic disease progression in patients 
with uICC. 
 
We will be analyzing CHCs from patient blood samples to correlate frequency with stage and 
progression. Genomic analyses will be conducted using RNA-seq on batched and single cells to 
determine the depth of heterogeneity among CHC and identify novel stage-specific or MФ-
specific expression to increase CHC biomarker specificity. 
 
Outcome Measure #2: The second goal of this study is to establish sensitivity and specificity of 
CHC biomarkers in patient samples. 
   
As noted above we will be obtaining several unique blood samples from the start of patient 
enrollment in this trial. In addition to the initial treatment naïve samples and samples during 
mFOLFIRINOX induction, we will also obtain samples proximate to the HAI pump operation 
prior from the peripheral blood,. These samples will represent a spectrum of disease. RNA 
sequencing will be performed to enhance stage-specific classifications to refine biomarker 
sensitivity. In the cases where RNA sequencing is not feasible, isolated CHCs will be subjected 
to gene expression of a panel of genes identified from mouse studies along with previously 
reported stage specific candidate genes. 
 
Outcome Measure #3 and #4: The third goal of the study is to establish sensitivity and 
specificity of CHC biomarkers in patient samples and the fourth goal is to determine how CHC 
are temporally altered with treatment; in particular we will assess the impact on the CHC 
population with mFOLFIRINOX induction as compared to treatment with HAI floxuridine-DEX + 
systemic mFOLFIRI. 
 
To address these questions, CHCs will be isolated from human patients will be longitudinally 
evaluated throughout the duration of their treatment plan. Treatment naïve specimens will be 
evaluated by single cell RNA-seq and compared to downstream specimens to provide insight to 
patient response (either recurrence or resistance to treatment). These studies will establish 
efficacy of CHC biomarkers in monitoring response to therapeutic treatment. 
 
7.4.5.3 Timing of Assessment   
 
As detailed in the schedule of events.  
 

 SCREENING ASSESSMENTS 
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Toxicities which occur prior to administration of mFOLFIRINOX will not be subject to analysis. 
The screening periods includes baseline tumor assessment before mFOLFIRINOX 
administration (Screen 1), and again after systemic induction of mFOLFIRINOX (Screen 2).  
 
Consent must be obtained before initiation of any clinical screening procedure that is performed 
solely for the purpose of determining eligibility for this research study. Evaluations performed as 
part of routine care before informed consent can be utilized as screening evaluations if done 
within the defined time period. Informed consent should be obtained within 30 days before the 
first dose of mFOLFIRINOX.  
 
7.5.1 PRE-mFOLFIRINOX TREATMENT 
 
Participants will undergo screening evaluations to determine study eligibility. All qualifying 
screening and eligibility assessments must be performed within 30 days before the first dose of 
mFOLFIRINOX. At the discretion of the PI, screening procedures that fall outside the 30 day 
window are acceptable Tests used for baseline disease assessments must be performed within 
specified time frame of the initial dose of study treatment. This includes CT angiogram to assess 
for hepatic arterial anatomy, and staging laparoscopy. Participants found to have metastatic 
extrahepatic or peritoneal disease (e.g., determined by imaging or staging laparoscopy will be 
considered screen failures and removed from study. Those not eligible for continued study 
participations will be offered alternative cancer-directed therapy per institutional guidelines. 
Formal screening by an oncology social worker will assess capacity to participate in study (see 
Section 7.1.9, Counseling Evaluation). Refer to schedule of events for additional details. 
 
7.5.2 POST-mFOLFIRINOX TREATMENT 
 
Within 4 weeks after last dose systemic induction of mFOLFIRINOX, participants will undergo 
repeat imaging to restage disease and assess eligibility for HAI pump placement and 
subsequent treatment.  
 
7.5.3 PRE-OPERATIVE EVALUATION 
 
Pre-operative evaluation of participant prior to surgery is required as part of standard of care. 
The participant will be evaluated by a clinician in OHSU’s preoperative medical clearance clinic. 
All participants will have a baseline evaluation of hematology and biochemistry (including testing 
for hepatitis B and C.  
 
Participants eligible for Treatment Period 2 that are will be taken to the operating room for a 
diagnostic (staging) laparoscopy to further evaluate for peritoneal disease. If a laparoscopic 
staging is not feasible due to anticipated scarring from prior abdominal operations, the study PI 
will document this as not safely feasible and will proceed with exploratory laparotomy. If the 
laparoscopy is negative, the participant will immediately undergo an exploratory laparotomy with 
planned placement of an HAI pump, cholecystectomy and portal lymphadenectomy. If there is 
evidence of extrahepatic disease found at laparoscopy or laparotomy, surgical placement of HAI 
pump will not occur.  
 
7.5.4 INFORMATION TO BE COLLECTED ON SCREENING FAILURES 
 
A participant who signed an informed consent form but failed to be started on treatment for any 
reason will be considered a screen failure. Those found not to be eligible after signing the main 
study consent will be considered screening failures, and data will be handled in the same 
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manner. The demographic information and informed consent should be recorded. No other data 
will be entered into the clinical database for individuals who are screen failures. 
 

 END OF TREATMENT (EOT) VISIT 
 
The End of Treatment Visit will occur approximately 1 to 2  weeks after completing Treatment 
Period 2 (Cycle 2 Day 15 visit). EOT visit assessments completed outside this timeframe are 
permitted (per PI discretion). Participants that undergo mFOLFIRINOX treatment (Treatment 
Period 1), but are not eligible for Treatment Period 2 (i.e., not eligible to undergo HAI pump 
placement and receive subsequent HAI floxuridine-DEX and mFOLFIRI treatment) may be 
evaluated at the EOT visit. Aspects of this evaluation, as described in the schedule of events, 
will take place ~4 months following the end of Treatment Period 1. 
 

 FOLLOW-UP 
 
Following completion of study treatment, participants will be required to return every 2-8 weeks 
to fill pump with heparinized saline, depending on reservoir size of HAI pump (i.e., 20 ml or 40 
ml).  Participants will be followed for up to 1-year after discontinuing protocol-directed therapy, 
or until death, whichever occurs first.  At a minimum, participants will be followed-up for disease 
status, and survival.  This information may be updated periodically via electronic health records, 
or follow-up contact may be made with the participant (e.g., by phone) or their treating physician 
to that end.
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 SCHEDULE OF EVENTS  
 

Procedure 

Screening 
Period 

TREATMENT PERIOD 1† 
mFOLFIRINOX Induction 

TREATMENT PERIOD 2‡ 
HAI floxuridine-DEX + SYS mFOLFIRI EOT** 

Post 
Treatment*** 

Screen 1A Cycle 1 Cycle 2 Cycle 3 Cycle 4 Screen 2M HAIG Cycle 1 Cycle 2 1 2 

Day of Cycle (± 10 
days)  1 14 1 14 1 14 1 14 

  
1 15 1 15  

  

mFOLFIRINOX  X  XB  XB  XB           

HAI floxuridine-DEX            X  X     

HAI heparinized saline             X  X XL   

mFOLFIRI             X  X    

5-FU              X     

 Maintenance*                X   

 

Demographics/Medical 
History X         X       

  

Medication History X         X         

Physical Exam X         X      X   

Vitals X         X         

Performance Status X         X  X  X  X   

HeightC & Weight X X  X  X  X  X  X X X X    

ECG X         X         

Hematology X X  X  X  X  X X X  X     

Chemistry X X  X  X  X  X  X  X     

CEA, AFP, CA19-9 X **Monitor only marker considered abnormal at baseline. Monitor as clinically indicated**    

Coagulation X **only as clinically indicated**     

LDH/serum bile acids  X        X  X       

PregnancyD X X  X  X  X  X  X       

Mediport placementE X                  

CounselingF X                  

 

RECIST          X      X   

Adverse Event  Continuous assessment   
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Procedure 

Screening 
Period 

TREATMENT PERIOD 1† 
mFOLFIRINOX Induction 

TREATMENT PERIOD 2‡ 
HAI floxuridine-DEX + SYS mFOLFIRI EOT** 

Post 
Treatment*** 

Screen 1A Cycle 1 Cycle 2 Cycle 3 Cycle 4 Screen 2M HAIG Cycle 1 Cycle 2 1 2 

Day of Cycle (± 10 
days)  1 14 1 14 1 14 1 14 

  
1 15 1 15  

  

CT/MRI/PETN X         X      X   

DWI X         X      X   

CT angiography XA                  

SPECT/CT            XH        

 

Staging Laparoscopy X          X        

Tissue Biopsy   XO               Xoptional   

Surgical tissue collection           XK        

CHC   X    X   X  XI XJ   XJ XJ   

KDLP  X                  

microRNA         X  XI    XJ XJ   

QoL X       X     X  X X X X 

Where possible, it is preferable that the timing of all scheduled visits is consistent with planned standard of care visits. Planned assessments may be adjusted to occur as 
much as 10 days before or 10 days after the scheduled date.  Study assessments conducted as part of a participant’s standard of care are acceptable.   
† Treatment cycle is 2 weeks. 
‡ Treatment cycle is 4 weeks. 

* The pump requires a heparin saline refill every 2-8 weeks , depending on reservoir size. 
** The End of Treatment Visit will occur approximately 1-2  weeks after completing Treatment Period 2 (Cycle 2, Day 15). EOT visit assessments completed outside this 

timeframe are permitted (per PI discretion). 
*** The Post Treatment Visits will occur after End of Treatment up to 24 months post study. 
A Screening procedures to occur within 30 days prior to treatment start. 
B mFOLFIRINOX administered at a 25% dose reduction from starting dose.  
C Height only required at screening assessment. 
D Within 72 hours prior to treatment start. 
E Mediport placement is at the discretion of investigator, and is to be installed any time prior to enrollment. 
F Additional counseling services will be available, as needed, to participants throughout the duration of the study. 
G HAI pump placement and associated surgical procedures are to occur 3-6 weeks after last mFOLFIRINOX dose. Participants are required to undergo evaluation for 

preoperative medical clearance by a medical physician in OHSU’s preoperative medical clearance clinic. At this time, all patients will have baseline screening of the 
following: comprehensive metabolic panel, hematology, chemistry (including ldh, ca19-9, and serum bile acids), coagulation panel, as well as evaluation of hepatitis B 
and C..(earlier or later time points at discretion and approval of PI) 
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Procedure 

Screening 
Period 

TREATMENT PERIOD 1† 
mFOLFIRINOX Induction 

TREATMENT PERIOD 2‡ 
HAI floxuridine-DEX + SYS mFOLFIRI EOT** 

Post 
Treatment*** 

Screen 1A Cycle 1 Cycle 2 Cycle 3 Cycle 4 Screen 2M HAIG Cycle 1 Cycle 2 1 2 

Day of Cycle (± 10 
days)  1 14 1 14 1 14 1 14 

  
1 15 1 15  

  

H To occur no sooner than post-operative day 4. 
IPeripheral blood at time of surgery will be collected. 
J  Repeat blood collections will occur just prior to, and after, administration of floxuridine-Dex or mFOLFIRI.   
K Tissue will be collected at the time of pump placement. 
L Following completion of this study, participant will be required to return every 6 weeks to fill pump with heparinized glycerol. 
M Secondary screening to determine eligibility for HAI pump placement. CT/MRI imaging will be reviewed by medical oncology board. Secondary screening will occur 

within 4 weeks after the last treatment with mFOLFIRINOX.    
N  CT scan is the default imaging approach. MRI and/or PET may, at the discretion of the investigator, be used to image disease. 
O Tissue biopsy will be collected as part of a staging laparoscopy (per institutional standards). Pretreatment biopsy may be fresh or archival FFPE. An optional end of 
treatment biopsy will be requested for each participant.  
P Knight Diagnostic Laboratory (KDL) genetic screening. 
Q QoL assessments to be conducted prior to surgery (e.g., during pre-surgical consultation).    
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8. EFFICACY MEASURES 
 
Response and progression will be evaluated in this study using the new international criteria 
proposed by the revised Response Evaluation Criteria in Solid Tumors (RECIST) guideline 
(version 1.1).55 Changes in the largest diameter (unidimensional measurement) of the tumor 
lesions and the shortest diameter in the case of malignant lymph nodes are used in the RECIST 
criteria. 
 
For the purposes of this study, participants will undergo a CT chest/abdomen/pelvis (or MRI), 
approximately every 8 weeks (±2 weeks) while on study. Determination of progression will be 
made according to the RECIST v1.1.  Assessments conducted after the EOT (i.e., end of 
Treatment Period 2) will be conducted without RECIST, but rather jointly assessed by the PI 
and the treating radiologist.   
 

 DEFINITION OF EFFICACY MEASURES 
 
 
8.1.1 DISEASE PARAMETERS 

 
Measurable disease: Measurable lesions are defined as those that can be accurately measured 
in at least one dimension (longest diameter to be recorded for non-nodal lesions and short axis 
for nodal lesions) as >20 mm by chest x-ray, as >10 mm with CT scan, or >10 mm with calipers 
by clinical exam. All tumor measurements must be recorded in millimeters (or decimal fractions 
of centimeters). 
 
Malignant lymph nodes: To be considered pathologically enlarged and measurable, a lymph 
node must be >15 mm in short axis when assessed by CT scan (CT scan slice thickness 
recommended to be no greater than 5 mm). At baseline and in follow-up, only the short axis will 
be measured and followed. 
 
Non-measurable disease: All other lesions (or sites of disease), including small lesions (longest 
diameter <10 mm or pathological lymph nodes with ≥ 10 to <15 mm short axis), are considered 
non-measurable disease.  
 
Target lesions: All measurable lesions up to a maximum of 2 lesions per organ and 5 lesions in 
total, representative of all involved organs, should be identified as target lesions and recorded 
and measured at baseline. Target lesions should be selected on the basis of their size (lesions 
with the longest diameter), be representative of all involved organs but, in addition, should be 
those that lend themselves to reproducible repeated measurements. It may be the case that, on 
occasion, the largest lesion does not lend itself to reproducible measurement in which 
circumstance the next largest lesion which can be measured reproducibly should be selected. A 
sum of the diameters (longest for non-nodal lesions, short axis for nodal lesions) for all target 
lesions will be calculated and reported as the baseline sum diameters. If lymph nodes are to be 
included in the sum, then only the short axis is added into the sum. The baseline sum diameters 
will be used as reference to further characterize any objective tumor regression in the 
measurable dimension of the disease. 
 
Non-target lesions: All other lesions (or sites of disease) including any measurable lesions over 
and above the five target lesions should be identified as non-target lesions and should also be 
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recorded at baseline. Measurements of these lesions are not required, but the presence, 
absence, or in rare cases unequivocal progression of each should be noted throughout follow-
up. 

 
 DISEASE EVALUATION 

 
All measurements should be taken and recorded in metric notation using a ruler or calipers. All 
baseline evaluations should be performed as closely as possible to the beginning of treatment 
and never more than 30 days before the beginning of the treatment. At the discretion of the PI, 
screening procedures that fall outside the 30 day window are acceptable 
 
The same method of assessment and the same technique should be used to characterize each 
identified and reported lesion at baseline and during follow-up. Imaging-based evaluation is 
preferred to evaluation by clinical examination unless the lesion(s) being followed cannot be 
imaged but are assessable by clinical exam. 
 
Chest x-ray: Lesions on chest x-ray are acceptable as measurable lesions when they are clearly 
defined and surrounded by aerated lung. However, CT is preferable.  
 
Conventional CT and MRI: This guideline has defined measurability of lesions on CT scan 
based on the assumption that CT slice thickness is 5 mm or less. If CT scans have slice 
thickness greater than 5 mm, the minimum size for a measurable lesion should be twice the 
slice thickness. Use of MRI is also acceptable.   
 
FDG-PET: Use of FDG-PET scanning to complement CT scanning may be utilized in the 
assessment of progression (particularly possible 'new' disease).  New lesions on the basis of 
FDG-PET imaging can be identified according to the following algorithm:  

a. Negative FDG-PET at baseline, with a positive FDG-PET at follow-up is a sign of PD 
based on a new lesion. 

b. No FDG-PET at baseline and a positive FDG-PET at follow-up:  If the positive FDG-PET at 
follow-up corresponds to a new site of disease confirmed by CT, this is PD.  If the positive 
FDG-PET at follow-up is not confirmed as a new site of disease on CT, additional follow-
up CT  scans are needed to determine if there is truly progression occurring at that site (if 
so, the date of PD will be the date of the initial abnormal FDG-PET scan).  If the positive 
FDG-PET at follow-up corresponds to a pre-existing site of disease on CT that is not 
progressing on the basis of the anatomic images, this is not PD. 

 
Note:  A ‘positive’ FDG-PET scan lesion means one which is FDG avid with an uptake greater 
than twice that of the surrounding tissue on the attenuation corrected image. 
 
Cytology, Histology: Cytologic and histologic techniques can be used to differentiate between 
PR and CR in rare cases.   
 
Tumor markers: Tumor markers alone cannot be used to assess response. This data will be 
collected, but will not be used the purpose of response evaluation. 
 

 EFFICACY CRITERIA FOR TUMOR RESPONSE 
 
8.3.1 EVALUATION OF TARGET LESIONS 
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Complete Response (CR): Disappearance of all target lesions. Any pathological lymph 
nodes (whether target or non-target) must have reduction in 
short axis to <10 mm. 

Partial Response (PR): At least a 30% decrease in the sum of the diameters of target 
lesions, taking as reference the baseline sum diameters. 

Progressive Disease (PD): At least a 20% increase in the sum of the diameters of target 
lesions, taking as reference the smallest sum on study (this 
includes the baseline sum if that is the smallest on study). In 
addition to the relative increase of 20%, the sum must also 
demonstrate an absolute increase of at least 5 mm.  (Note:  the 
appearance of one or more new lesions is also considered 
progressions). 

Stable Disease (SD): Neither sufficient shrinkage to qualify for PR nor sufficient 
increase to qualify for PD, taking as reference the smallest sum 
diameters while on study. 

 
8.3.2 EVALUATION OF NON-TARGET LESIONS 
 

Complete Response (CR): Disappearance of all non-target lesions and normalization of 
tumor marker level.  All lymph nodes must be non-pathological 
in size (<10 mm short axis). 
Note:  If tumor markers are initially above the upper normal limit, 
they must normalize for a subject to be considered in complete 
clinical response. 

Non-CR/Non-PD: Persistence of one or more non-target lesion(s) and/or 
maintenance of tumor marker level above the normal limits. 

Progressive Disease (PD): Appearance of one or more new lesions and/or unequivocal 
progression of existing non-target lesions.  Unequivocal 
progression should not normally trump target lesion status.  It 
must be representative of overall disease status change, not a 
single lesion increase.     

 
Although a clear progression of non-target lesions only is exceptional, the opinion of the treating 
physician should prevail in such circumstances, and the progression status should be confirmed 
at a later time by the principal investigator. 
 
8.3.3 EVALUATION OF BEST OVERALL RESPONSE 
 
The best overall response is the best response recorded from the start of the treatment until 
disease progression/recurrence (taking as reference for progressive disease the smallest 
measurements recorded since the treatment started).  The subject's best response assignment 
will depend on the achievement of both measurement and confirmation criteria. 
 
Table 17. For Subjects with Measurable Disease (i.e., Target Disease) 

Target 
Lesions 

Non-Target 
Lesions 

New 
Lesions 

Overall 
Response 

Best Overall Response when Confirmation 
is Required* 

CR CR No CR >4 wks. Confirmation** 
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CR Non-
CR/Non-PD 

No PR 

>4 wks. Confirmation** 

CR Not 
evaluated 

No PR 

PR Non-
CR/Non-
PD/not 

evaluated 

No PR 

SD Non-
CR/Non-
PD/not 

evaluated 

No SD Documented at least once >4 wks. from 
baseline** 

PD Any Yes or 
No 

PD 

no prior SD, PR or CR Any PD*** Yes or 
No 

PD 

Any Any Yes PD 
* See RECIST 1.1 manuscript for further details on what is evidence of a new lesion. 
** Only for non-randomized trials with response as primary endpoint. 
*** In exceptional circumstances, unequivocal progression in non-target lesions may be accepted as disease 

progression. 
Note: Subjects with a global deterioration of health status requiring discontinuation of treatment without objective 

evidence of disease progression at that time should be reported as “symptomatic deterioration.”  Every 
effort should be made to document the objective progression even after discontinuation of treatment. 

 
Table 18. For Subjects with Non-Measurable Disease (i.e., Non-Target Disease) 
Non-Target Lesions New Lesions Overall Response 

CR No CR 

Non-CR/non-PD No Non-CR/non-PD* 

Not all evaluated No not evaluated 

Unequivocal PD Yes or No PD 

Any Yes PD 

* ‘Non-CR/non-PD’ is preferred over ‘stable disease’ for non-target disease since SD is increasingly used as an 
endpoint for assessment of efficacy in some trials so to assign this category when no lesions can be measured is 
not advised 

  
8.3.4 DURATION OF RESPONSE 
 
Duration of overall response:  The duration of overall response is measured from the time 
measurement criteria are met for CR or PR (whichever is first recorded) until the first date that 
recurrent or progressive disease is objectively documented taking as reference for progressive 
disease the smallest measurements recorded since the treatment started. 
The duration of overall CR is measured from the time measurement criteria are first met for CR 
until the first date that progressive disease is objectively documented.  
 
Duration of stable disease:  Stable disease is measured from the start of the treatment until the 
criteria for progression are met, taking as reference the smallest measurements recorded since 
the treatment started, including the baseline measurements.  
 
8.3.5 PROGRESSION-FREE SURVIVAL 
 
PFS is defined as the duration of time from start of treatment to time of progression or death, 
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whichever occurs first. In this study, evaluation of PFS will include from start of treatment with 
mFOLFIRINOX, and repeat evaluation from start of HAI floxuridine-DEX and mFOLFIRI 
combination.   
 

 RESPONSE REVIEW 
 
Response assessment will be determined by the investigator. 
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9. SAFETY 
 

 SPECIFICATION OF SAFETY PARAMETERS 
 
The principal investigator is responsible for monitoring the safety of participants who have enrolled 
in the study. Safety assessments will be based on medical review of adverse event (AE) reports 
and the results of safety evaluations at specified time points as described in Section 10.5, 
Schedule of Events. Any clinically significant abnormalities persisting at the end of treatment visit 
will be followed by the investigator until resolution or death, whichever comes first. 
 
All AEs, complaints, or symptoms that occur from the time informed consent is signed are to be 
recorded on the appropriate case report form (events ongoing prior to consent are considered 
medical history unless they worsen during study). Documentation must be supported by an entry 
in the participant’s source medical records. Laboratory abnormalities requiring treatment or 
considered by the Investigator to be clinically relevant should be reported in the case report form 
as an AE. Each AE is to be evaluated for duration, severity, and causal relationship with the 
investigational product. After discontinuing study treatment, the reporting of all AEs is to continue 
for 100 days from the last dose of HAI floxuridine-DEX, or until the participant receives alternative 
therapy for their cancer. Any SAE that occurs after treatment with alternative therapy will be 
reported only if the investigator or current treating physician has assessed the SAE as related to 
the study treatment. Adverse events will be evaluated using the current version of the NCI 
Common Terminology Criteria for Adverse Events (CTCAE v5.0). 
 
All toxicities, with the exception of hepatic enzyme toxicities and skin or nail related toxicities, will 
be rated per CTCAE v5.0. The following list of AEs (Section 7.1) and the characteristics of an 
observed AE (Section 7.2) will determine whether the event requires expedited reporting.  
 

 DEFINITIONS 
 
9.2.1 ADVERSE EVENT (AE) 
 
An adverse event is defined as any undesirable physical, psychological or behavioral effect 
experienced by a participant during their participation in an investigational study, in conjunction 
with the use of the investigational product, whether or not considered intervention-related (21 
CFR 312.32 (a)). This includes signs or symptoms experienced by the participant from the time 
of signing the informed consent to completion of the study.   
 
AEs may include, but are not limited to: 

• Subjective or objective symptoms spontaneously offered by the participant and/or 
observed by the investigator or medical staff.  

• Clinically significant laboratory abnormalities.  
• A significant worsening of the participant’s condition from study entry.  
• Disease signs and symptoms and/or laboratory abnormalities existing prior to the use of 

the study treatment that resolve but then recur after treatment.  
• Disease signs and symptoms and/or laboratory abnormalities existing prior to the use of 

the study treatment which increase in frequency, intensity, or a change in quality after 
treatment.  

 
9.2.2 SERIOUS ADVERSE EVENT (SAE) 
 

https://safetyprofiler-ctep.nci.nih.gov/CTC/CTC.aspx
https://safetyprofiler-ctep.nci.nih.gov/CTC/CTC.aspx
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An AE or suspected adverse reaction is considered "serious" if, in the view of either the 
investigator or sponsor, it results in any of the following outcomes:  
• Death,  
• A life-threatening adverse event,  
• In-patient hospitalization or prolongation of existing hospitalization,  
• A persistent or significant incapacity or substantial disruption of the ability to conduct normal 

life functions, or 
• A congenital anomaly/birth defect.  
 
Important medical events that may not result in death, be life-threatening, or require 
hospitalization may be considered serious when, based upon appropriate medical judgment, 
they may jeopardize the participant and/or participant may require medical or surgical 
intervention to prevent one of the outcomes listed in this definition. Examples of such medical 
events include: 
• Allergic bronchospasm requiring intensive treatment in an emergency room or at home, 
• Blood dyscrasias or convulsions that do not result in in-patient hospitalization, or 
• The development of drug dependency or drug abuse.  
 
9.2.3 UNANTICIPATED PROBLEMS (UP) 
 
The Office for Human Research Protections (OHRP) considers UPs involving risks to 
participants or others to include, in general, any incident, experience, or outcome that meets all 
of the following criteria: 
1. Unexpected in terms of nature, severity, or frequency given (a) the research procedures that 

are described in the protocol-related documents, such as the IRB-approved research 
protocol and informed consent document; and (b) the characteristics of the participant 
population being studied; 

2. Related or possibly related to participation in the research (“possibly related” means there is 
a reasonable possibility that the incident, experience, or outcome may have been caused by 
the procedures involved in the research); and 

3. Suggests that the research places participants or others at a greater risk of harm (including 
physical, psychological, economic, or social harm) than previously known or recognized. 

 
This study will use the OHRP definition of UP. 
 
9.2.4 SEVERITY OF EVENT 
 
The investigator will grade the severity of each AE using, when applicable, the current version of 
the CTCAE v5.0. In the event of an AE for which no grading scale exists, the investigator will 
classify the AE as defined below:  
 
• Mild (grade 1) – An event that is usually transient in nature and generally not interfering with 

normal activities 
• Moderate (grade 2) – An event that is sufficiently discomforting to interfere with normal 

activities 
• Severe (grade 3) – An event that is incapacitating with inability to work or do usual activity, 

or inability to work or perform normal daily activity 
• Life-threatening/debilitating (grade 4) – An event that puts the participant at immediate or 

potential risk of death, requires hospitalization, or which drastically impacts a participant’s 
well-being 

• Fatal (grade 5) 
 

https://safetyprofiler-ctep.nci.nih.gov/CTC/CTC.aspx
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9.2.5 ASSESSMENT OF CAUSALITY RELATIONSHIP TO STUDY AGENT  
 
For all collected AEs, the clinician who examines and evaluates the participant will determine 
the AE’s causality based on temporal relationship and his/her clinical judgment. The degree of 
certainty about causality will be graded using the categories below. 
• Definite – The AE is clearly related to the study treatment. 
• Probable – The AE is likely related to the study treatment. 
• Possible – The AE may be related to the study treatment.  
• Unlikely – The AE is doubtfully related to the study treatment. 
• Unrelated –The AE is clearly NOT related to the study treatment. 

 
 EXPECTEDNESS 

 
The investigators will be responsible for determining whether an AE is expected or unexpected. 
An AE will be considered unexpected if the nature, severity, or frequency of the event is not 
consistent with the risk information previously described for the study agent. 
 

 ADVERSE EVENT LIST(S)  
 
9.4.1 ADVERSE EVENT LIST FOR mFOLFIRINOX/mFOLFIRI 
 
Detailed information about the risks and expected AEs of floxuridine, and the drug agents 
comprising mFOLFIRINOX/mFOLFIRI regimens, may be found in the manufacturer’s package 
insert for each respective component. 
 
9.4.1.1 Irinotecan 
 
Acute cholinergic syndrome, diarrhea (early and late onset), respiratory disorders (i.e., severe 
pulmonary toxicity). Refer to Appendix D for additional AEs.  
 
9.4.1.2 Oxaliplatin 
 
Anaphylaxis (associated with platinum hypersensitivity), laryngopharyngeal dysesthesia, 
gastrointestinal complications, venous occlusive disease, hemolytic uremic syndrome (HUS). 
Refer to Appendix D for additional AEs. 
 
9.4.1.3 5-FU 
 
Cardiotoxicity (myocardial ischemia and angina), dihydropyrimidine dehydrogenase (DPD) 
deficiency, Palmar Plantar Erythrodysesthesia (PPE). Refer to Appendix D for additional AEs. 
 
9.4.2 ADVERSE EVENT LIST FOR FLOXURIDINE - DEXAMETHASONE 
 
9.4.2.1 Floxuridine 
 
The most common AEs are nausea, vomiting, diarrhea, enteritis, stomatitis and localized 
erythema. Risk of myocardial infarction is associated with floxuridine.   
 
Several other AEs associated with floxuridine include:  

gastrointestinal complications: duodenal ulcer, duodenitis, gastritis, bleeding, 
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gastroenteritis, glossitis, pharyngitis, anorexia, cramps, 
abdominal pain; possible intra- and extrahepatic biliary 
sclerosis, as well as acalculous cholecystitis 

dermatologic complications: alopecia, dermatitis, nonspecific skin toxicity, rash 

 
9.4.2.2 Dexamethasone 
 
AEs associated with DEX are sodium retention, fluid retention, hypertension, development of 
cushingoid state, secondary adrenocortical and pituitary hypo-responsiveness, decreased 
carbohydrate tolerance, manifestations of latent diabetes. 
 
9.4.2.3 Heparin 
 

Common 

Hematologic: Thrombocytopenia (up to 30% ) 

Hepatic: Increased liver aminotransferase level 

Serious 

Hematologic: Hemorrhage (5% to 10%), Heparin-induced thrombocytopenia (1% to 10% ), 
Heparin-induced thrombocytopenia with thrombosis (less than 1% ) 

Immunologic: Hypersensitivity reaction 

Neurologic: Non-traumatic spinal subdural hematoma 

 
9.4.3 ADVERSE EVENT LIST FOR HAI PUMP 
 
Complications associated with the use of the implantable pump have been reported in the range 
of 12% to 41% of patients 56. AEs associated with implantation of HAI pump include: catheter 
thrombosis, bolus path occlusion, vessel thrombosis, pump dislodgement, seroma, or recurrent 
hematoma, infection, extravasation, catheter shear, dislodgement or leakage, and migration. In 
the event that the pump is unusable, participants will receive standard systemic therapy (e.g., 
mFOLFIRINOX).  Refer to SynchroMed manual for additional risks associated with HAI pump 
placement. 
 
Here at OHSU, technical complications associated with using HAI for treating CRLM patient is 
8% at 1 year (n=13 patients). One of 13 patients had extrahepatic perfusion that was 
immediately identified, and successfully salvaged with angioembolization of an aberrant hepatic 
artery (OHSU interventional radiology). The patient was immediately restarted on HAI + 
systemic. 
 
9.4.3.1 Key safety concerns associated with HAI pump therapy 
 
Abnormal liver function associated with HAI floxuridine (Section 6.2.2.1 and 10.2.4) will be 
continuously assessed throughout the study, and used as the guidelines for assessing 
unwanted toxicities that will trigger the stopping rules. Additional safety concerns associated 
with HAI pump therapy are described in Table 19.  
 

Table 19. Key safety concerns associated with HAI pump therapy. 
Key safety concern: Threshold for action: Management: 

Seroma formation 
Typically be managed 
expectantly 

Needle aspiration in the outpatient setting under local 
anesthesia. 
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Table 19. Key safety concerns associated with HAI pump therapy. 
Key safety concern: Threshold for action: Management: 

Hematoma formation 

Size of the collection 
should be quantified 
using radiographic 
imaging 

Pump pocket hematomas that occur early in the 
perioperative setting should be taken back to the 
operating room for evacuation of the clot and 
identification of the bleeding source. 

Cellulitis  

• Treated with antibiotics, oral or intravenous, 
depending on the severity of the cellulitis and the 
patient’s clinical condition.  
 

• If infected fluid collection within the pump pocket is 
suspected, attempts at pump salvage should be 
reserved for those without evidence of systemic 
infection. 
o Pump may be removed from the pocket in the 

operating room. Pump pocket is debrided before 
pump is secured back in place. 

Wound dehiscence   
If integrity of pump is compromised, then device 
needs to be removed. 

Primary pump 
malfunction with high 
pump flows 

Increased rate of pump 
perfusion 

This exceedingly rare occurrence is often detected 
during the heparinized saline fills before the HAI 
chemotherapy is instilled. It manifests as a higher 
than typical calculated HAI flow rate. It requires 
replacement of the HAI pump with splicing of a new 
HAI pump to the existing catheter. 

Clot or fibrin formation 
at the tip of the 
catheter 

Decrease in the infusion 
rate 

Installation of enough volume of fibrinolytic agent to fill 
the catheter via the access port or using the bolus 
needles 

 
 ADVERSE EVENT ASSESSMENT AND FOLLOW-UP 

 
The occurrence of an UP, AE or SAE may come to the attention of study personnel during study 
visits of a study participant presenting for medical care, or upon review by a study monitor. All 
AEs including local and systemic reactions not meeting the criteria for SAEs will be captured on 
the appropriate CRF. Information to be collected includes event description, time of onset, 
clinician’s assessment of severity, seriousness, expectedness, relationship to study product 
(assessed only by those with the training and authority to make a diagnosis), and date of 
resolution/stabilization of the event. All AEs occurring while on study must be documented 
appropriately regardless of relationship. All AEs will be followed to adequate resolution. 
 
Any medical condition that is present at the time that the participant is screened will be 
considered as baseline and not reported as an AE. However, if the study participant’s condition 
deteriorates at any time during the study, it will be recorded as an AE.  
 
Changes in the severity of an AE will be documented to allow an assessment of the duration of 
the event at each level of severity to be performed. AEs characterized as intermittent require 
documentation of onset and duration of each episode. 
 
At each study visit, the investigator will inquire about the occurrence of AE/SAEs since the last 
visit. Events will be followed for outcome information until resolution or stabilization.  
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The investigator will record all reportable events with start dates occurring any time after 
informed consent is obtained until 7 (for AEs) or 30 days (for SAEs) after the last day of 
treatment period 2. During this time, all SAEs must be reported to local IRB within 24 hours of 
sending finalized SAE to MedWatch.  Any SAE occurring after treatment with alternative therapy 
will be reported only if the investigator or current treating physician has assessed the SAE as 
related to the study treatment.  Adverse events will be evaluated using the CTCAE v5.0.  
 

 REPORTING PROCEDURES 
 
9.6.1 OHSU IRB REPORTING OF UNANTICIPATED PROBLEMS AND ADVERSE EVENTS 

 

Unanticipated Problems and AEs will be reported to OHSU IRB according to the policies, 
procedures and guidelines posted on the OHSU IRB web site. 

 

Events that must be reported by the Investigator to the IRB are detailed in the OHSU IRB 
Investigator Guidance: Prompt Reporting Requirements (HRP-801).  Events that meet the 
criteria for OHSU Reportable New Information (RNI) must be reported to the IRB within 5 days 
of learning of the event.  At a minimum, events requiring reporting to the IRB include: 

• Any new or increased risk related to the research, including AEs or IND safety reports 
that require a change to the protocol or consent,  

• New FDA black box warning,  

• Publications identifying new risks,  

• Data Safety Monitoring Board/Committee letters recommending changes or discussing 
new risks 

• Unanticipated adverse device effect 

• Unauthorized disclosure of confidential participant information 

 
9.6.2 MEDWATCH REPORTING  

 

The Investigator is required to report AEs to the FDA through the MedWatch reporting program, 
even if the trial involves a commercially available agent. Adverse events to be reported include 
any UPs (i.e., not listed in the package insert) and any SAEs with a suspected association to the 
investigational product. 
 

Adverse events that occur during clinical studies are to be reported to FDA as specified in the 
investigational new drug/biologic regulations using Form FDA 3500, the MedWatch Voluntary 
Reporting form (available here), or completed online. A copy of Form FDA 3500 and supporting 
materials will be kept on file in the study regulatory binder.  
 
9.6.3 REPORTING OF PREGNANCY 
 
To ensure participant safety, each pregnancy in a participant on study treatment must be 
reported within 24 hours of learning of its occurrence. The pregnancy should be followed to 
determine outcome, including spontaneous or voluntary termination, details of the birth, and the 
presence or absence of any birth defects, congenital abnormalities, or any pregnancy- or 
childbirth-related and/or newborn complications. 
 
The pregnancy and follow-up should be recorded by the Investigator. Any SAE experienced 
during pregnancy must be reported. 

https://safetyprofiler-ctep.nci.nih.gov/CTC/CTC.aspx
http://www.ohsu.edu/xd/about/services/integrity/policies/all-irb-documents.cfm
http://www.fda.gov/downloads/AboutFDA/ReportsManualsForms/Forms/UCM163919.pdf.
https://www.accessdata.fda.gov/scripts/medwatch/
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If while on study treatment a participant’s sexual partner becomes pregnant, the pregnancy and 
pregnancy outcomes must also be reported as described above. Consent to report information 
regarding the pregnancy should be obtained from the pregnant individual. 
 

 STUDY STOPPING RULES 
 
The overall study will be paused, and appropriate authorities (e.g., IRB, Knight Data and Safety 
Monitoring Committee) notified if the following events occur: 

• Life-threatening grade 4 toxicity attributable to protocol therapy that is unmanageable, or 
unexpected. 

• Death suspected to be related to HAI pump and systemic mFOLFIRI. 

• As described in Section 3.1 

• As indicated by statistical stopping rules in Section 10.2.4. 
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10. STATISTICAL CONSIDERATIONS 
 
Please refer to Section 3.1, for a detailed description of study design and endpoints.   
 

 ANALYSIS POPULATIONS  
 
The intent to treat (ITT) analysis population will include all participants who consent and receive 
at least one treatment. Per protocol population includes participants who receive at least one 
cycle of study therapy. Post-induction population (PIP) will include only participants entering 
Treatment Period 2.  Post-induction population will be used for primary safety and efficacy 
endpoint, while ITT population will be used for secondary safety analysis and per protocol 
population will be used for analyzing secondary efficacy endpoints.    
 

 DESCRIPTION OF STATISTICAL METHODS 
 
10.2.1 ANALYSIS OF PRIMARY ENDPOINT 

 
1. Incidence of abnormal liver function, as defined by unacceptable elevation in liver enzymes 

(refer to Section 6.2, Table 12), or radiographic evidence of biliary sclerosis on CT/MRI (as 
measured following the completion of 2 cycles of HAI in Treatment Period 2). 
 

2. To determine the disease control rate (DCR) from beginning of Treatment Period 2 to end of 
Treatment Period 2. [The DCR is defined as the percentage of patients who have achieved 
complete response (CR), partial response (PR), or stable disease (SD).] 

 
10.2.2 ANALYSIS OF THE SECONDARY ENDPOINTS 
 
1. DCR from beginning of Treatment Period 1 to end of Treatment Period 2.  All participants 

that enter Treatment Period 1, and receive at least 1 cycle of treatment will be considered 
evaluable.  

2. DCR from beginning of Treatment Period 1 to end of Treatment Period 1.  All participants 
that enter Treatment Period 1, and receive at least 1 cycle of treatment will be considered 
evaluable.  

3. PFS from beginning of Treatment Period 1 to end of Treatment Period 1. All participants that 
enter Treatment Period 1, and receive at least 1 cycle of treatment will be considered 
evaluable. 

4. PFS from beginning of Treatment Period 1 to end of Treatment Period 2.  All participants 
that enter Treatment Period 1, and receive at least 1 cycle of treatment will be considered 
evaluable.   

5. PFS from beginning of Treatment Period 2 to up 1 year after the end of Treatment Period 2.  
All participants that enter Treatment Period 2, and receive at least 1 cycle of treatment will 
be considered evaluable.  

6. ORR from beginning of Treatment Period 1 to end of Treatment Period 2. 

7. OS at the end of Treatment Period 1, at the end of Treatment Period 2, at the end of 1 year, 
and whole study period. 

8. Proportion of liver toxicity in participants receiving HAI Floxuridine-DEX therapy 
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9. Incidence of serious post-operative complications, which are defined as complications 
occurring within 9 weeks following surgery and ≥ Grade III per the Clavien-Dindo 
classification system (Appendix B).  

 
The Kaplan-Meier method will be used to obtain estimates for overall survival and progression-
free survival.   
 
Serious post-operative complications are defined as complications occurring within 9 weeks 
following surgery and ≥ Grade III per the Clavien-Dindo classification system (Appendix B).37 
This rate, along with exact two-sided 95% confidence intervals, will be reported for the study. 
 
Safety data will be analyzed and reported for all patients with post-induction enrollment.  
Laboratory values will be summarized both by actual result and by toxicity grade.  The 
maximum grade for each type of toxicity will be recorded and reported for each patient, and 
frequency tables will be reviewed to determine toxicity patterns. 
 
10.2.3 ANALYSIS OF THE EXPLORATORY ENDPOINTS  
 
10.2.3.1 DWI 
 
The b-values of 0, 50, and 600 s/mm2 will be obtained, and an ADC map based on these values 
will be created to assess for true diffusion restriction. 
 
10.2.3.2 microRNA 
 
A random forest classifier will be used on these data to generate signatures that will distinguish 
tumor from normal tissue, as well as identify which subsets of tumor RNAs are detectable in 
blood. 
 
10.2.3.3 CHC 
 
A linear regression model will be used to establish sensitivity and specificity of CHC biomarkers 
in patient samples.  
 
10.2.3.4 QoL 
 
Statistical analyses will be conducted according to the design of each QoL assessment.  
Qualitative conventional content analysis will be used to investigate participants’ perceptions 
and experiences of QoL as captured during interviews. The software program QSR NVivo 11 
will be used to organize the data.     
 
10.2.4 STOPPING RULE 
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The safety monitoring associated with HAI 
floxuridine therapy in Treatment Period 2 will 
be continuous throughout the trial, and the 
study will be stopped early should the 
incidence of  post-induction dose (i.e., 
Treatment Period 2) limiting toxicities (DLT) 
exceeds targeted unacceptable toxicity at any 
point during the trial.  The DLT is defined as 
unacceptable elevations in the liver enzymes: 
SGOT, ALK PHOS, or TOT BILI (as described 
in Table 12).  The Pocock stopping boundary 
was used for continuous safety monitoring and 
stopping rule (Figure 6).57  The Pocock 
boundary was constructed with underlining 
assumption of a true toxicity of 0.2 and 
unacceptable toxicity of 0.3 with significance 

level of 0.05. The trial will be terminated if the number of toxicities exceeds the boundary (> k) 
shown in Table 20. For example, the trial will be terminated if more than 3 out of 7 patients 
experienced DLT. 
 
Table 20. Pocock stopping boundary 

Number of Patients (N) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Number of Patients experienced DLT (K) 
- - 2 2 2 3 3 4 4 4 4 5 5 5 6 6 6 7 7 7 8 

 
 SAMPLE SIZE, POWER, ACCRUAL RATE AND STUDY DURATION 

 
10.3.1 SAMPLE SIZE AND POWER 
 
A total of 30 participants will be recruited in order to accrue at least 21 participants for post-
induction enrollment under the assumption that 70% of participants will be eligible for the post-
induction (Treatment Period 2). Using a one-sided exact test with a targeted significance level of 
0.05, accrual of 21 patients will result in a study with 80.2% power to detect a difference 
between a 60% and 85% DCR at 6 months. The actual significance level of the study will be 
0.037.  
 

 HANDLING OF MISSING DATA 
 
Every attempt will be made to obtain data at the defined time points as described in the primary 
and secondary endpoints. For time points that have no data, we will evaluate whether or not the 
other time points can be used to fulfill the primary and secondary data.  If the data are not 
sufficient to analyze specific endpoints, the participant’s data may be excluded entirely or 
partially, depending on the specific endpoints in question and in consultation with the 
biostatistician. No missing data will be imputed. Whenever possible, all available data will be 
included in the analysis. A sample size for each analysis will be clearly stated along with the 
reason for exclusion, if any participant is excluded from the analysis due to missing data. 

Figure 6. Pocock Stopping Boundary 
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11. CLINICAL MONITORING 
 

 OHSU KNIGHT CANCER INSTITUTE DATA AND SAFETY MONITORING PLAN 
 
This study is under the oversight of the Knight Cancer Institute’s DSMC as described in the 
Knight institutional DSMP. The Knight DSMP outlines the elements required to ensure the 
safety of clinical trial subjects, the accuracy and integrity of the data and the appropriate 
modification of cancer-related clinical trials for which significant benefits or risks have been 
discovered or when the clinical trial cannot be successfully concluded. The Knight DSMP also 
describes the methods and procedures for ensuring adequate oversight of cancer-related 
research at OHSU. 
 
As described in the Knight DSMP, regardless of a trial’s risk level and any specific Knight 
oversight in place, the investigator is singularly responsible for overseeing every aspect of the 
design, conduct, and final analysis of his/her investigation. 
 
The Knight DSMC will review and monitor study progress, toxicity, safety and other data from 
this study. Information that raises any questions about participant safety or protocol 
performance will be addressed by the investigator, statistician and study team. Should any 
major concerns arise, the Knight DSMC may recommend corrective action and determine 
whether or not to suspend the study. 
 
The Knight DSMC will review each protocol every 6 months, but may occur more often, if 
required, to review toxicity and accrual data (please refer to Knight DSMP for additional details 
on audit frequency). The Knight DSMC will review accrual, toxicity, response and reporting 
information. Information to be provided to the DSMC may include: participant accrual; treatment 
regimen information; AEs and SAEs reported by category; summary of any deaths on study; 
audit results; and a summary provided by the study team. Other information (e.g. scans, 
laboratory values) will be provided upon request.  
 

 CLINICAL DATA AND SAFETY MONITORING 
 
The OHSU investigator is ultimately, singularly responsible for overseeing every aspect of the 
investigation, including design, governing conduct at all participating sites, and final analysis of 
study data.  
 
If monitoring is required, per the Knight DSMP, then monitoring visits will be performed during 
the study to ensure that the rights and well-being of human participants are protected, that the 
reported trial data are accurate, and that the conduct of the trial is in compliance with the 
protocol, GCP, and applicable regulatory requirements.  In this cases, details of monitoring 
activities, including designation of assigned monitoring entities, scope of monitoring visits, 
timing, frequency, duration of visits, and visit reporting, will be included in a separate TSMP. 
 
If monitoring is required, per the Knight DSMP, then the Investigator agrees that the monitor will 
be permitted to conduct monitoring visits at appropriate intervals.  The Investigator agrees to 
provide all relevant information and documentation as requested by the monitor, including 
access to all original study documents and source data, including access to electronic medical 
records and/or source documents if necessary.  The monitor will conduct source data review 
and verification as outlined in the TSMP, and following each visit will generate a report 
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summarizing the visit findings. 
 
In the absence of a formal monitoring plan, the investigator may work with his/her study team to 
conduct and document internal monitoring of the study to verify protection of human 
participants, quality of data, and/or ongoing compliance with the protocol and applicable 
regulatory requirements. 
 
If at any time investigator noncompliance is discovered at OHSU, the investigator shall promptly 
either secure compliance or halt the study until compliance is secured, or terminate the study. 
 
Independent audits will be conducted by the Knight DSMC to verify that the rights and well-
being of human participants are protected, that the reported trial data are accurate, that the 
conduct of the trial is in compliance with the protocol and applicable regulatory requirements, 
and that evidence of ongoing investigator oversight is present. 
 

 QUALITY ASSURANCE AND QUALITY CONTROL 
 
The investigational site will provide direct access to all trial related source data/documents, and 
reports for the purpose of monitoring by the monitor and/or sponsor, and auditing by the Knight 
DSMC and/or regulatory authorities.  
 
Quality assurance (QA) auditing activities will occur as detailed in the Knight DSMP. All 
discrepancies, queries, deviations, observations, and findings will be compiled into a final audit 
report along with a Corrective and Preventative Action Plan. 
 
The Sponsor-investigator, or designee, will verify that the clinical trial is conducted and data are 
generated, documented (recorded), and reported in compliance with the protocol, GCP, and the 
applicable regulatory requirements (e.g., Good Laboratory Practices (GLP), Good 
Manufacturing Practices (GMP)). 
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12. DATA HANDLING AND MANAGEMENT RESPONSIBILITIES 
 

 SOURCE DATA/DOCUMENTS 
 
The investigators are responsible for ensuring the accuracy, completeness, legibility, and 
timeliness of the data reported. All source documents should be completed in a neat, legible 
manner to ensure accurate interpretation of data. The investigators will maintain adequate case 
histories of study participants, including accurate case report forms (CRFs), and source 
documentation. 
 

 PARTICIPANT AND DATA CONFIDENTIALITY 
 
The information obtained during the conduct of this clinical study is confidential, and unless 
otherwise noted, disclosure to third parties is prohibited. Information contained within this study 
will be maintained in accordance with applicable laws protecting participant privacy, including 
the provisions of the Health Insurance Portability and Accountability Act (HIPAA). 
 
Participant confidentiality is strictly held in trust by the participating Investigator and study team. 
This confidentiality is extended to cover testing of biological samples and genetic tests in 
addition to the clinical information relating to participants. Therefore, the study protocol, 
documentation, data, and all other information generated will be held in strict confidence. No 
information concerning the study or the data will be released to any unauthorized third party 
without prior written approval of the sponsor.  
 
Authorized representatives of the sponsor, representatives of the IRB, may inspect all 
documents and records required to be maintained by the Investigator, including but not limited 
to, medical records (office, clinic, or hospital) and pharmacy records for the participants in this 
study. The clinical study site will permit access to such records.  
 
Upon enrollment, participants will be assigned a code that will be used instead of their name, 
medical record number or other personally identifying information. Electronic files and printed 
copies of de-identified interview transcripts for data analysis will contain only the participant 
code. Codes will not contain any part of the 18 HIPAA identifiers (e.g., initials, DOB, MRN). The 
key associating the codes and the participants’ personally identifying information will be 
restricted to the Investigator and study staff. The key will be kept secure on a restricted OHSU 
network drive a in a limited access folder. 
 
The study participant’s contact information will be securely stored at each clinical site for internal 
use during the study. At the end of the study, all records will continue to be kept in a secure 
location for as long a period as dictated by local IRB and institutional regulations. Study 
participant research data, which is for purposes of statistical analysis and scientific reporting, 
will be transmitted to and stored within the Knight Cancer Institute per OHSU’s Information 
Security Directives. Individual participants and their research data will be identified by a unique 
study identification number. The study data entry and study management systems used by 
clinical sites and by Knight Cancer Institute research staff will be secured and password 
protected per OHSU’s Information Security Directives. At the end of the study, all study 
databases will be de-identified and archived within the Knight Cancer Institute. 
 
 

http://www.ohsu.edu/xd/about/services/integrity/policies/ips-policies-by-category.cfm
http://www.ohsu.edu/xd/about/services/integrity/policies/ips-policies-by-category.cfm
http://www.ohsu.edu/xd/about/services/integrity/policies/ips-policies-by-category.cfm
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 DATA COLLECTION AND STORAGE 

 
Data collection is the responsibility of the clinical trial staff at the site under the supervision of 
the site Investigator. The Investigator is responsible for ensuring the accuracy, completeness, 
legibility, and timeliness of the data reported. Standard institutional practices will be followed as 
described in the OHSU’s Information Security Directives to maintain the confidentiality and 
security of data collected in this study. Study staff will be trained with regard to these 
procedures. 
 
Loss of participant confidentiality is a risk of participation. Efforts will be made to keep study 
participant identities confidential except as required by law. Participants’ samples will be 
identified by code only. Specifically, each consenting participant will be assigned a unique 
coded identifier consisting of numbers. This identifier will be associated with the participant 
throughout the duration of their participation in the trial. The coded identifier will also be used to 
identify any participant specific samples, questionnaires, interview audio- and video-recordings, 
and printed copies of interview transcripts.. 
 
Basic accrual tracking information (demographic, consent, visit information) will be captured in 
OHSU’s electronic clinical information research system (eCRIS), hosted on OHSU secure 
servers and managed by OHSU’s information technology group at their data center in downtown 
Portland, Oregon. Any additional printed documents containing participant identifiers, such as 
those from the medical record to confirm eligibility, will be filed in binders and kept in a locked, 
secure location. 
 

Study outcome data will be captured in electronic case report forms (eCRFs) using an electronic 
data capture (EDC) system on OHSU secure servers, which facilitates information being stored 
in a unified format and location. To further preserve confidentiality, PHI in the EDC system will 
be limited to just birth date and visit dates. The web-accessible EDC system is password 
protected and encrypted with role-based security, and administered by designated informatics 
staff within OHSU or Knight Cancer Institute. All users of the database are assigned a unique 
ID, username, and password and must complete training appropriate to their role before they 
are authorized to enter, access, and store data in the database.  

 
Patient experiences and perceptions of QoL will be captured in interviews conducted in-person, 
over the telephone, or over a WebEx session. Interviews conducted in-person or over the phone 
will be audio-recorded. Interviews conducted over a WebEx session will be video-recorded. 
WebEx video-recordings will be transferred from WebEx into Echo360 to generate an audio file 
for download. Each video-recording will be deleted once the audio-recording has been 
downloaded. All audio-recordings will be reduced to writings (i.e. transcripts), and used to 
conduct qualitative analysis. Electronic data obtained from completed interviews, audio- and 
video-recordings, and interview transcripts will be stored on secure OHSU computers and 
restricted drives. Printed copies of interview transcripts will be stored in locking file cabinets in a 
secure location (office 234 in the School of Nursing). Data will be transported in locking bags 
from meeting with participants to the locking file cabinets where they will be stored.  
 

Audio recordings of interviews conducted in-person, over the telephone, or during a WebEx 
meeting will be transcribed by Westside Secretarial Services (WSS), a HIPAA certified 
transcription service. Transcription is necessary to reduce the interview to a writing (i.e. 
transcripts) in order to memorialize what was said during the interview for qualitative data 

http://www.ohsu.edu/xd/about/services/integrity/policies/ips-policies-by-category.cfm
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analysis. Digital audio recordings of interviews and electronic transcription files will be 
transferred between research team and WSS electronically via a secure username and 
password protected ShareSync folder that is limited only to study investigators, staff, and WSS 
employees with authorization to access the data. The ShareSync folder is located on a secure 
WSS secure server. Any PHI and names of persons and places mentioned during interviews will 
be deleted and changed to pseudonyms in the transcripts. To further preserve confidentiality, 
patients will be prohibited from independently recording WebEx session interviews.   

 

As specified in the EDC, data from certain correlative studies will be entered into the EDC 
system by study personnel at OHSU. All other electronic data extracts will be stored only on 
OHSU computers and restricted drives, limited only to study investigators and staff with 
authorization to access the data. Quality assurance will be conducted as outlined in Section 
11.3, Quality Assurance and Quality Control. 

 
12.3.1 FUTURE USE OF STORED SPECIMENS 
 
Each participant who signs consent will be assigned a unique coded identifier consisting of 
numbers. This identifier will be associated with the participant throughout the duration of their 
participation in the trial. The coded identifier will be used to identify any participant specific 
samples. Blood and tissue samples collected for the purposes of this protocol will be stored until 
they can be analyzed and will then be destroyed unless the participant consents to participation 
in the KCI BioLibrary or Laboratories of Dr. Sudarshan Anand or Dr. Melissa Wong (co-PIs).  If 
the participant agrees, any remaining samples (tumor) may be stored indefinitely in the KCI 
BioLibrary or laboratories of Drs. Anand or Wong and further analyzed to address scientific 
questions and/or development of biological tests related to cancer. 

 
 MAINTENANCE OF RECORDS 

 

Records and documents pertaining to the conduct of this study, source documents, consent 
forms, laboratory test results and medication inventory records, must be retained by the 
Investigator for a period of 2 years following the date a marketing application is approved for the 
drug for the indication for which it is being investigated; or, if no application is to be filed or if the 
application is not approved for such indicate, until 2 years after the investigation is discontinued 
and FDA is notified.  

 

If the Investigator relocates or for any reason withdraws from the study, the study records must 
be transferred to an agreed upon designee, such as another institution or another investigator at 
OHSU. Records must be maintained according to institutional or FDA requirements.  
 

 PUBLICATION AND DATA SHARING POLICY 
 
 
This study will adhere to the requirements set forth by the ICMJE and FDAAA that requires all 
clinical trials to be registered in a public trials registry (e.g., ClinicalTrials.gov) prior to participant 
enrollment. Results information will be submitted no later than 1 year after the study's Primary 
Completion Date, as described in 42 CFR 11.44(a) of the final rule. 
 

https://o2.ohsu.edu/knight-cancer-institute/knight-units/knight-biolibrary/biolibrary-faq.cfm#GenBioLibOps
https://o2.ohsu.edu/knight-cancer-institute/knight-units/knight-biolibrary/biolibrary-faq.cfm#GenBioLibOps
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13. ETHICS/PROTECTION OF HUMAN PARTICIPANTS 
 

 ETHICAL STANDARD 
 
The Investigator will ensure that this study is conducted in full conformity with Regulations for 
the Protection of Human Participants of Research codified in 45 CFR Part 46, 21 CFR Part 50, 
21 CFR Part 56, 21 CFR 312 (for IND studies), 21 CFR 812 (for IDE studies), and/or the ICH 
E6. 
 

 INSTITUTIONAL REVIEW BOARD 
 
The protocol, informed consent form(s), recruitment materials, and all participant materials will 
be submitted to the IRB for review and approval. Approval of both the protocol and the consent 
form must be obtained before any participant is enrolled. Any amendment to the protocol will 
require review and approval by the IRB before the changes are implemented to the study. All 
changes to the consent form will be IRB approved; a determination will be made regarding 
whether previously consented participants need to be re-consented. 
 

 INFORMED CONSENT 

 

Written informed consent will be obtained from all participants, or the legally authorized 
representative of the participant, participating in this trial, as stated in the Informed Consent 
section of 21 CFR Part 50. If a participant’s signature cannot be obtained, and for all 
participants under the age of 18, the Investigator must ensure that the informed consent is 
signed by the participant’s legally authorized representative. Documentation of the consent 
process and a copy of the signed consent shall be maintained in the participant’s medical 
record.  

 
13.3.1 CONSENT PROCEDURES AND DOCUMENTATION 
 
Informed consent is a process that is initiated prior to the individual’s agreement to participate in 
the study and continues throughout the individual’s study participation. Extensive discussion of 
risks and possible benefits of participation will be provided to the participants and their families 
as appropriate. Consent forms will be IRB-approved and the participant will be asked to read 
and review the document. The Investigator will explain the research study to the participant and 
answer any questions that may arise. All participants will receive a verbal explanation in terms 
suited to their comprehension of the purposes, procedures, and potential risks/benefits of the 
study, alternatives to participation, and of their rights as research participants. Participants will 
have the opportunity to carefully review the written consent form and ask questions prior to 
signing. The participants should have the opportunity to discuss the study with their surrogates 
or think about it prior to agreeing to participate. The participant will sign the informed consent 
document prior to any procedures being done specifically for the study. The participants may 
withdraw consent at any time throughout the course of the trial. A copy of the informed consent 
document will be given to the participants for their records. The rights and welfare of the 
participants will be protected by emphasizing to them that the quality of their medical care will 
not be adversely affected if they decline to participate in this study. 
 

 PROTOCOL REVIEW 

 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=50
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The protocol and informed consent form for this study must be reviewed and approved in writing 
by the OHSU Knight Cancer Institute’s Clinical Research Review Committee (CRRC) and the 
appropriate IRB prior to any participant being consented on this study.   
 

 CHANGES TO PROTOCOL  

 

Any modification of this protocol must be documented in the form of a protocol revision or 
amendment submitted by the Investigator and approved by the CRRC and IRB, before the 
revision or amendment may be implemented.  The only circumstance in which the amendment 
may be initiated without regulatory approval is for a change necessary to eliminate an apparent 
and immediate hazard to the participant.  In that event, the Investigator must notify the IRB (and 
FDA if under an IND/IDE) within 5 business days after the implementation.  
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APPENDIX A: PERFORMANCE STATUS 
 

Table 21. ECOG/ Karnofsky Performance Status 
Grade ECOG Status % Karnofsky 

0 
Fully active, able to carry on all pre-
disease performance without restriction. 

100 
Normal, no complaints, no evidence of 
disease. 

90 
Able to carry on normal activity; minor signs 
or symptoms of disease. 

1 

Restricted in physically strenuous 
activity but ambulatory and able to carry 
out work of a light or sedentary nature 
(e.g., light house work, office work). 

80 
Normal activity with effort; some signs or 
symptoms of disease. 

70 
Cares for self, unable to carry on normal 
activity or to do active work. 

2 

Ambulatory and capable of all self-care 
but unable to carry out any work 
activities. Up and about more than 50% 
of waking hours. 

60 
Requires occasional assistance, but is able 
to care for most of his/her needs. 

50 
Requires considerable assistance and 
frequent medical care. 

3 
Capable of only limited self-care, 
confined to bed or chair more than 50% 
of waking hours. 

40 
Disabled, requires special care and 
assistance. 

30 
Severely disabled, hospitalization indicated.  
Death not imminent. 

4 
Completely disabled. Cannot carry on 
any self-care. Totally confined to bed or 
chair. 

20 
Very sick, hospitalization indicated. Death 
not imminent. 

10 
Moribund, fatal processes progressing 
rapidly. 

5 Dead 0 Dead 

ECOG = Eastern Cooperative Oncology Group. 
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APPENDIX B: CLAVIEN DINDO CLASSIFICATION OF SURGICAL COMPLICATIONS 
 

Table 22. Classification of Surgical Complications 

Grade Definition 

Grade I Any deviation from the normal post-operative course without the need for 
pharmacological treatment or surgical, endoscopic, and radiological interventions.  
 
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgesics, 
diuretics, electrolytes, and physiotherapy. This grade also includes wound infections 
opened at the bedside. 

Grade II Requiring pharmacological treatment with drugs other that such allowed for grade I 
complications.  
Blood transfusions and total parenteral nutrition are also needed. 

Grade III Requiring surgical, endoscopic, or radiological intervention.  

Grade IIIa Intervention not under general anesthesia 

Grade IIIb Intervention under general anesthesia 

Grade IV Life-threatening complications (including CNS complications)* requiring IC/ICU 
management. 

Grade IVa Single organ dysfunction (including dialysis) 

Grade IVa Multi-organ dysfunction. 

Grade V Death of a patient 

Suffix “d” If the patient suffers from a complication at the time of discharge, the suffix “d” (for 
“disability”) is added to the respective grade of complication. This label indicates the 
need for a follow-up to fully evaluate the complication. 

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic attacks.  
CNS, central nervous system; IC, immediate care; ICU, intensive care unit. 
Adapted from 37  
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APPENDIX C: SPECT/CT IMAGING FOR HAI PUMP 
 
Technique: 
1. Dynamic portion: 

a. Position patient with the dome of liver at the top of the FOV. 
b. Start the camera immediately before injecting the dose. 
c. See technical information below: 

Dynamic Acquisition: 
Time/Frame: 5 sec/frame 
Duration:  2 minutes 
Collimator:  LEHR or VXGP 
Matrix:  128 x 128 
Zoom:   1.0 

 
2. Static images: 

a. Anterior/Posterior Lungs 
i. See technical information below. 

b. Anterior/Posterior Liver  
i. Dome of liver at the top of the FOV 
ii. See technical information below. 

c. Liver SPECT/CT 
i. Dome of liver at the top of the FOV, entire liver must be included in FOV. 
ii. See technical information below. 

Static Acquisition 
Time: 180 sec 
Collimator: LEHR or VXGP 
Matrix: 512 x 512 
Zoom: Zoom as necessary 

 
SPECT/CT Acquisition Technical Information:   

Philips XCT SPECT Philips XCT CT 
Time/Angle: 30 sec kV: 120 
Collimator: LEHR mA: 20  
Zoom: 1.46 x (40.9) cm X-Ray Segments: 3 
Matrix: 128 x 128 Slice Thickness: 1mm 
# of Angles: 64 Matrix: 512 x 512 
Rotations: 1 Low Pass Filter: Soft Tissue 
Sat Behavior: Continue FOV: Liver centered 
SPECT mode: Step Recon Type: Std. + Iterative 
Orbit type: Non-Circular auto   

Philips Precedence SPECT Philips Precedence CT 
Time/Angle: 15 sec kV: 120 
Collimator: VXGP mA/slice: 80 
Zoom: 1.46 x (40.9) cm CT Rotation: Continuous 
Matrix: 128 x 128 Resolution: Standard 
# of Angles: 128 Slice Thickness: 5mm x 5mm 
Rotations: 1 Low Pass Filter: Standard (B) 
Sat Behavior: Continue FOV: Liver centered 
SPECT mode: Step Recon Type: Std. + Iterative 
Orbit type: Non-Circular Matrix: 512  
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APPENDIX D: LIST OF COMMON AND SEVERE ADVERSE EVENTS 
 

Irinotecan – Common AEs 
System AE (grade, frequency (%)) 

Dermatologic • Alopecia (43.1% to 60% ) 
Endocrine 
metabolic 

• Weight decreased (30% ) 

Gastrointestinal 

• Abdominal pain (all grade, 17.2% to 67.7%; grade 3 and 4, 2.1% to 14%),  

• Constipation (all grade, 30% to 43.9%; grade 3 and 4, 0.4% to 10%),  

• Diarrhea, All grade (early-onset, 43% to 51%; late-onset, 72.4% to 88%),  

• Loss of appetite (all grade, 34.2% to 55%; grade 3 and 4, 2.1% to 7.2%),  

• Nausea (all grade, 66.9% to 86%; grade 3 and 4, 2.1% to 17%),  

• Vomiting (all grade, 44.8% to 67%; grade 3 and 4, 3.5% to 14%) 

Hematologic 

• Anemia (all grade, 60% to 97.2%),  

• Drug-induced eosinophilia, leukopenia (all grade 63% to 96.9%),  

• Neutropenia (all grade 54% to 96.9%),  

• Thrombocytopenia (all grade, 32.6% to 96%) 
Hepatic • Increased bilirubin level (19.1% to 87.6%) 

Neurologic 
• Asthenia (all grade, 57.9% to 76%; grade 3 and 4, 9% to 19.5%), 

• Dizziness (15% to 23.1%),  

• Parasympathomimetic adverse reaction (28.3%) 

Respiratory 
• Cough (17% to 26.7%),  

• Dyspnea (9.7% to 27.6%) 
Irinotecan – Serious AEs 

Cardiovascular • Disorder of cardiovascular system 

Gastrointestinal 
• Diarrhea, Grade 3 and 4 (4.9% to 31% ),  

• Gastrointestinal perforation 

Hematologic 

• Anemia (grade 3 and 4, 2.1% to 8.4%),  

• Febrile neutropenia (adults, 2% to 7.1%),  

• Hemorrhage (1% to 5%),  

• Infectious disease, Neutropenic (1% to 2.2%),  

• Leukopenia (grade 3 and 4, 17.4% to 37.8%),  

• Neutropenia (grade 3 or 4, adults, 26% to 53.8%),  

• Thrombocytopenia (grade 3 and 4, up to 4%),  

• Thromboembolic disorder (5.4% to 11.7%) 

Immunologic Hypersensitivity reaction 

Respiratory Interstitial lung disease 

 

Oxaliplatin – Common AEs 

System AE (grade, frequency (%)) 

Gastrointestinal • Abdominal pain (Monotherapy, 31%; combination therapy, up to 39%), 

Constipation (Combination therapy, up to 32% ),  

• Diarrhea (Monotherapy, 46%; combination therapy, up to 76%),  

• Loss of appetite (Monotherapy, 20%; combination therapy, up to 35%), 

• Nausea (Monotherapy, 64%; combination therapy, 64% to 83%),  

• Stomatitis (Monotherapy, 14%; combination therapy, up to 42%),  

• Vomiting (Monotherapy, 37%; combination therapy, 40% to 64%) 
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Hematologic • Anemia (all grades, monotherapy, 64%; combination therapy, 25% to 81%), 

Granulocytopenic disorder (grade 3 and 4 (39% to 45%),  

• Leukopenia, (all grades, monotherapy, 13%; combination therapy, up to 

85%), Neutropenia, (all grades, Monotherapy, 7%; combination therapy, 71% 

to 81%),  

• Thrombocytopenia (all grades onotherapy, 30%; combination therapy, 44% 

to 77%) 

Hepatic • Abnormal alkaline phosphatase (Combination therapy, 14% to 16%), 

ALT/SGPT level abnormal (Monotherapy, 36%; combination therapy, 5% to 

31%),  

• AST/SGOT level abnormal (Monotherapy, 54%; combination therapy, 11% to 

47%) 

Musculoskeletal • Backache (Monotherapy, 11%; combination therapy, 19%) 

Neurologic • Paresthesia (62% to 77% ) 

Respiratory • Cough (Monotherapy, 11%; combination therapy, up to 35% ) 

Other • Fatigue (Monotherapy, 61%; combination therapy, up to 70% ),  

• Fever (Monotherapy, 25%; combination therapy, 29% ) 

Oxaliplatin – Serious AEs 

Cardiovascular • Edema (Monotherapy, 5%; combination therapy, up to 15%),  

• Prolonged QT interval, Torsades de pointes 

Endocrine • Metabolic acidosis 

Gastrointestinal • Bowel obstruction,  

• Colitis (including clostridium difficile)  

• diarrhea,  

• acute pancreatitis 

Hematologic 

 

• Anemia (grade 3 or 4, Monotherapy, 1%; combination therapy, 1% to 3%), 

• Febrile neutropenia (Combination therapy, up to 12% ),  

• Hemolytic anemia, Immuno-allergic, Leukopenia, (grade 3 or 4, 

Combination therapy, 13% to 24%),  

• Neutropenia (grade 3 or 4, Combination therapy, 36% to 53%),  

• Thrombocytopenia (grade 3 or 4, Monotherapy, 3%; combination therapy, 

2% to 5% ),  

• Thrombocytopenia, Immuno-allergic 

Hepatic • Increased liver function test (Combination therapy, 57%),  

• Veno-occlusive disease of the liver 

Immunologic • Anaphylaxis, hypersensitivity reaction (Monotherapy, grade 3 or 4, 1% to 

3%; combination therapy, all grades, 6% to 12%),  

• Infusion reaction 

Musculoskeletal • Rhabdomyolysis 

Neurologic • Dysesthesia, Pharyngolaryngeal (1% to 38%),  
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• Neuropathy, Acute or persistent (Overall neuropathy, 69% to 92%; acute 

neuropathy, 56%; persistent neuropathy, 21% to 60%),  

• Posterior reversible encephalopathy syndrome (less than 0.1%) 

Ophthalmic • Transient visual loss 

Otic • Hearing loss 

Renal • Hemolytic uremic syndrome,  

• Interstitial nephritis, acute 

Respiratory • Dyspnea (Monotherapy, 13%; combination therapy, up to 20% ), 

• Pneumonitis (Severe),  

• Pulmonary fibrosis (Less than 1% 

)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

Other • Angioedema,  

• Sepsis 

 

5-FU – Common AEs 

Dermatologic Allergic contact dermatitis, Crust on skin, Hand-foot syndrome due to cytotoxic 

therapy, Pruritus, Scar, Sensation of burning of skin, Sore skin, Ulcer of skin or 

mucosa 

Gastrointestinal Diarrhea, Inflammatory disease of mucous membrane 

Hematologic Leukocytosis 

5-FU – Serious AEs 

Cardiovascular Angina pectoris, Cardiotoxicity, Nonspecific ST-T abnormality on 

electrocardiogram 

Gastrointestinal  Gastrointestinal ulcer 

Hematologic Myelosuppression, Anemia, leukopenia, thrombocytopenia 

Neurologic  Hyperammonemic encephalopathy, Neurotoxicity 

 


