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EDITORIAL

Three-Drug Combination Regimen in Pancreatic Cancer Treatment:
Are We There Yet?
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Introduction
A regimen combining 5-FU, leucovorin, oxaliplatin,
and irinotecan (FOLFIRINOX) is the first therapy to
show clinically significant survival advantage over
single agent gemcitabine in a randomized study in
treatment of metastatic pancreatic adenocarcinoma [1].
The appropriate settings for this regimen are being
sorted out by academic and community oncologists.
The purpose of this paper is to review multi-drug
regimens (3 or more drug combination regimens) under
development for treatment of pancreas carcinoma to
discuss implications for practice and research of
pancreatic cancer treatment.
Multi-Drug Regimens with Randomized Phase III
Study Data
A single arm phase II study tested a feasibility of
combining 5-FU, leucovorin, oxaliplatin, and
irinotecan (FOLFIRINOX) in treatment of metastatic
pancreatic adenocarcinoma. An encouraging signal of
activity (26% overall response rate, median overall
survival 10.2 months, improved quality of life)
generated a hypothesis that FOLFIRINOX may render
benefits to metastatic pancreatic adenocarcinoma
patients [2]. Then, a randomized phase II study was
initiated comparing FOLFIRINOX and gemcitabine as
first line treatment of metastatic pancreatic
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adenocarcinoma patients [3]. The study enrolled
chemotherapy naïve patients with good performance
status (ECOG 0 or 1) in testing this relatively toxic
regimen (grade 3-4 neutropenia, 52%). At the interim
analysis of 88 patients treated and 65 evaluable patients,
data strongly signaled superiority of FOLFIRINOX
over gemcitabine, partial response rates of 38.7% and
11.7%, respectively. Not surprisingly, patients treated
with FOLFIRINOX experienced significantly higher
rate of grade 3-4 neutropenia and thrombocytopenia [3].
The significant improvement in overall response rate
which was the primary endpoint of this study led to the
expansion of the trial to a phase III investigation
comparing overall survival between FOLFIRINOX and
gemcitabine in the first line setting. At the planned
interim analysis, the independent data monitoring
committee recommended to stop the study when data
from 150 evaluable patients showed superiority of
FOLFIRINOX to gemcitabine in overall response rate
(27.6% vs.10.9%, P=0.0008), median progression free
survival (6.4 months vs. 3.4 months; P<0.0001), and
median overall survival (11.1 months vs. 6.8 months;
HR: 0.61; 95% CI: 0.46-0.81; P<0.001). FOLFIRINOX
was considerably more toxic than gemcitabine with
most notable difference seen in grade 3-4 neutropenia
(47.9% vs.19.2%) and febrile neutropenia (5.7% vs.
0%) [1]. FOLFIRINOX now represents a treatment
option for patients with advanced pancreas cancer who
has a good performance status.
Gemcitabine and erlotinib combination regimen is an
accepted standard of care in treatment of metastatic
pancreatic adenocarcinoma following a randomized
phase III study showing survival advantage of
gemcitabine and erlotinib combination regimen over
single agent gemcitabine. Bevacizumab showed
promising activity in various cancer types in
combination with reference chemotherapy agents hence
was added to gemcitabine and erlotinib combination
regimen in a randomized placebo (gemcitabine and
erlotinib plus placebo) controlled phase III trial in first
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Table 1. Randomized phase III trials of multi-drug regimens.
Randomized phase III trials

No. of
patients

Overall
response rate

Median overall survival
(months)

Reference

FOLFIRINOX vs. gemcitabine

342

27.6% vs. 10.9%

10.5 vs. 6.9; HR: 0.61 (P<0.001)

Conroy [1]

Gemcitabine, erlotinib, bevacizumab vs. gemcitabine, erlotinib

607

8.6% vs. 13.5%

6.0 vs. 7.1: HR: 0.89 (P NS)

Vernenne [4]

Mallinson regimena vs. best supportive care

21

21%

10 vs. 2 (P=0.00006)

Mallinson [12]

5-fluorouracil, doxorubicin, mitomycin vs. best supportive care
43
N/A
8 vs. 4 (P<0.002)
a
Mallinson regimen: combined and sequential 5-fluorouracil, cyclophosphamide, methotrexate, vincristine, mitomycin C
HR hazard ratio; N/A: not available

line setting. Primary endpoint was overall survival, and
unlike FOLFIRINOX, patients with Karnofsky
performance status of 60% or greater were included in
the study. Of 607 evaluable patients for response, there
was no statistically significant overall survival
improvement by adding bevacizumab to gemcitabine
and erlotinib combination regimen although there was
a statistically significant improvement in progression
free survival with addition of bevacizumab (HR: 0.73;
95% CI: 0.61-0.86; P=0.0002) [4].
In an unplanned subgroup analyses, significant overall
survival improvement was noted in patients with
tumors located in the tail of the pancreas, elevated
baseline C-reactive protein (CRP) and lactate
dehydrogenase (LDH). The significance of this post
hoc sub-group analysis is largely unknown [4].
There are other multi-drug regimens tested in treatment
of pancreatic cancer in small prospective randomized
trials. The combination of 5-FU, doxorubicin, and
mitomycin and the Mallinson regimen (5-FU,
cyclophosphamide, methotrexate, vincristine, mitomycin)
were compared with the best supportive care. These
small studies suggested that chemotherapy can
significantly prolong overall survival compared to “no
chemotherapy”. However, these studies do not address
value of multi-drug regimens compare to that of single
agent gemcitabine (Table 1).
Other Multi-Drug Regimens
Gemcitabine Based
Combination of gemcitabine, docetaxel and
capecitabine is based on a novel hypothesis, generated
by preclinical studies, which suggested synergistic

Palmer [13]

effects of these three agents by optimizing their
administration. This regimen was designed to inhibit
MEK-ERK phosphorylation and increase BAX and
BAK and also decrease BCL-2 in pancreatic cancer
cell lines. A multi-institution retrospective analysis,
included 35 metastatic pancreatic adenocarcinoma
patients, hinted some activity (overall response rate:
29%), and a prospective phase II study was launched
[5].
This single arm phase II study reported data based on
41 patients eligible for assessment. One-year survival
rate was 56.0% and 2-year survival rate was 14.6%
along with 9 patients (21.9%) who achieved partial
responses. The median overall survival was 14.5
months. The regimen showed significant bone marrow
toxicity with most common grade 3-4 toxicities being
leukopenia (31.6%), neutropenia (29.2%), and
thrombocytopenia (12.2%). A randomized phase III
trial is needed to further test this regimen [6].
Other Gemcitabine Based Triplet Regimens
There are several gemcitabine based triplet regimens
being investigated which are listed in Tables 1 and 2.
They are all single arm non-controlled studies (except
one study) with small number of patients. Agents used
in addition to gemcitabine include oxaliplatin, cisplatin,
5-FU/leucovorin, capecitabine, erlotinib, cetuximab,
and bevacizumab in a variety of combinations.
Approaches of combining the biologics with nonoverlapping toxicities with traditional cytotoxic agents
appear to be a trend; however, all of these regimens
and their activity signals ought to be examined further
(Table 2).

Table 2. Phase II trials of multi-drug regimens.
Phase II trials
Two arm trials:
Irinotecan/docetaxel plus/minus cetuximab
Gemcitabine, bevacizumab, cetuximab vs. gemcitabine, bevacizumab, erlotinib
Single arm trials:
Gemcitabine, docetaxel and capecitabine
Gemcitabine, oxaliplatin, cetuximab
Gemcitabine, oxaliplatin, 5-fluorouracil
Leucovorin plus 5-fluorouracil bolus and infusion plus gemcitabine plus oxaliplatin
Gemcitabine, erlotinib, capecitabine
Gemcitabine, 5-fluorouracil, cisplatin
Gemcitabine, irinotecan, 5-fluorouracil, cisplatin
Capecitabine, oxaliplatin, sorafenib
Mitomycin, docetaxel, and irinotecan
Cisplatin, epirubicin, 5-fluorouracil, gemcitabine
a
95% CI: 37-78%
N/A: not available; PFS: progression free survival

No. of
Overall
patients response rate

Median overall
survival (months)

Reference

87
51

4.5% vs. 7.0%
19% vs. 19%

6.5 vs. 5.3
N/A

Burtness [7]
Kindler [14]

41
64
27
30
43
49
34
24
13
49

21.9%
38%
33.3%
29%
33%
16.3%
24%
8%
0
58%

14.5
6-month survival: 54% a
8
8
12
10.6
10.3
PFS: 6 months
6.1
11

Fine [6]
Kullmann [15]
Correale [16]
Garnier [17]
Oh [18]
Kuzuch [19]
Kuzuch [9]
Lubner [20]
Reni [21]
Reni [8]

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 12 No. 2 - March 2011. [ISSN 1590-8577]

79

JOP. J Pancreas (Online) 2011 Mar 9; 12(2):78-82.

Non Gemcitabine Based
Unsatisfactory outcomes with various gemcitabine
based combination regimens naturally opened up a
room for development of non-gemcitabine based
combination regimens. FOLFIRINOX, which was
discussed earlier, represents the first such regimen that
offers survival benefits superior to that of gemcitabine
single agent. Irinotecan and docetaxel combination
regimen had shown some activity with 9 months
median overall survival in a single arm phase II study.
Building on this regimen, a prospective randomized
study (irinotecan, docetaxel, plus/minus cetuximab)
was conducted to confirm the single arm study activity
and to examine the feasibility of adding cetuximab.
The study failed to meet the pre-specified target of 4
responders in either arm, and addition of cetuximab
failed to improve overall survival [7]. Other nongemcitabine based multi-drug regimen included
combinations of capecitabine, oxaliplatin, sorafenib,
docetaxel, mitomycin, and irinotecan as shown in
Table 2, and none of these regimens have adequate
data to be used routinely in clinic.
Four Drug Regimen
Gemcitabine also was combined with epirubicin,
cisplatin, and 5-FU in a phase II study. In a single arm
study, 43 patients with metastatic pancreatic
adenocarcinoma were treated, and the study reports
overall response rate of 58% and median survival of 11
months. Clinical benefit (pain reduction and
improvement of performance status) was achieved in
78% (n=22) of 28 evaluable patients [8]. The
combination of gemcitabine, 5-FU/leucovorin, cisplatin,
and irinotecan was designed building upon
encouraging data of gemcitabine, 5-FU, and cisplatin.
A retrospective analysis of 34 patients consecutively
treated for metastatic pancreas cancer was conducted.
The majority of patients had prior treatment failure
with gemcitabine and/or gemcitabine, 5-FU, and
cisplatin combination regimen. In this retrospective
analysis, 24% of patients had partial response (n=8),
and median overall survival for 34 patients was 10.3
months [9].
Discussion
There are many multi-drug regimens investigated in
treatment of patients with metastatic pancreatic
adenocarcinoma; however, with an exception of
FOLFIRINOX, there is no adequate data supporting
routine use of multi-drug regimens in treatment of
patients with metastatic pancreatic adenocarcinoma.
Most multi-drug regimens generally add more toxicity
without meaningful survival or clinical benefit. Since
FOLFIRINOX will have a role in metastatic pancreatic
adenocarcinoma treatment strategy, albeit limited one,
discussions are warranted around appropriate use of
FOLFIRINOX and other multi-drug regimens currently
being developed to safeguard patients and re-think our
developmental strategy in this space where progress
has been exceptionally slow.

Implications to Practicing Physicians
FOLFIRINOX represents the only combination
regimen with statistically and clinically significant
survival benefit over gemcitabine. This regimen
however should be used with caution due to its
relatively high toxicity profile and lack of safety data in
patients with ECOG performance status greater than 1.
Despite its limitations, FOLFIRINOX offers clinicians
and patients an option that does not include
gemcitabine or gemcitabine doublets; therefore, its use
will grow as clinicians gain more experience. In the
absence of phase III data, no other multi-drug regimen
should be routinely used outside of clinical trial setting
as they expose patients with considerable toxicity
without meaningful benefit.
Implications to Investigators
FOLFIRINOX opens a door for seamless transition
from gemcitabine based combination strategy which
resulted in series of failures. Fluorouracil based
regimens such as infusional 5-fluorouracil, oxaliplatin,
and folinic acid (FOLFOX) and infusional 5fluorouracil, irinotecan, and folinic acid (FOLFIRI)
have been explored in treatment of metastatic
pancreatic adenocarcinoma in second line setting after
gemcitabine failure [10]. Natural progression would be
testing FOLFOX and FOLFIRI in first line settings.
These two regimens, if proven to be effective in first
line, would be intriguing backbone therapy for future
development of triplets or other multi-drug regimens in
pancreas cancer treatment. A successful story of
FOLFIRINOX will encourage investigators to explore
innovative combination regimens beyond “traditional”
backbone agents such as gemcitabine.
FOLFIRINOX is developed specifically for very fit
patients with metastatic pancreatic adenocarcinoma due
to its toxicity seen throughout it development span.
More research is to be conducted to explore other
appropriate settings for this regimen. In general, high
toxicity profile is considered acceptable in adjuvant
setting due to the goal of therapy and better tolerated
due to generally better overall status of patients' health.
As such, situations where tumor shrinkage or down
staging can have a meaningful impact on surgical
options would be a reasonable setting for
FOLFIRINOX and other future multi-drug regimens.
Future Considerations
One will continue to hit a relatively low ceiling by
trying to combine ineffective agents with questionable
benefits and substantial toxicities. Efforts to develop
novel agents should continue given underwhelming
activity of currently available agents. Various iterations
of combinations of drugs without a sound rationale will
lead to predictable and insignificant advances in the
best case scenarios.
Combination regimen being tested should be based on
a solid pharmacological rationale. A rigorous
preclinical
studies
and
clear
evidence
of
pharmacological synergy should be a prerequisite to a
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conduct of clinical trials to avoid exposing patients to a
potentially detrimental treatment. Similarly, drug-drug
interactions must be carefully evaluated in early
developmental stage of multi-drug regimens not only to
prevent untoward interactions but also to take
advantage of potential favorable pharmacokinetic/
pharmacodynamic interactions.
Inefficient and suboptimal conduct of earlier phase II
trials were identified as one reason for a high attrition
rate of oncology drugs in phase III trials. Taking
signals from uncontrolled single arm studies as a “go to
phase III” decision is well recognized culprit of such
high failure rate of oncology phase III studies [11].
Pancreas cancer studies have not been the exception to
this practice and contributed to wasted resources, lost
opportunity cost, and exposure of patients to
ineffective and potentially harmful regimens. Data
from randomized phase II study does not guarantee a
success of any phase III trial; however, it will certainly
improve probability of success as it was seen in the
development of FOLFIRINOX where relatively small
randomized phase II data was used to make a
successful “go to phase III” decisions.
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