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In the October 31, 2013, issue of the New England Journal of
Medicine, Von Hoff et al1 published an important article describing
the results of a randomized clinical trial conducted in patients with
metastatic pancreatic cancer that compared gemcitabine with a com-
bination of gemcitabine and nab-paclitaxel. In this trial, 861 patients
were randomly assigned: 431 to gemcitabine plus nab-paclitaxel and
430 to gemcitabine alone. The high-level results demonstrated a me-
dian overall survival of 8.5 months in the nab-paclitaxel group com-
pared with 6.7 months in the gemcitabine group. The hazard ratio for
death was 0.72 (95% CI, 0.62 to 0.83; P � .001). Other end points,
including progression-free survival and response rate, were superior
with the combination. Grade � 3 neutropenia occurred in 38% of the
patients treated with gemcitabine plus nab-paclitaxel, with 3% of these
instances resulting in febrile neutropenia. Twenty-six percent of the
patients received growth factors. Cumulative peripheral neuropathy
occurred in 17% of the patients treated with nab-paclitaxel, and it was
managed with temporary discontinuation of nab-paclitaxel followed
by a reduction in dose. Overall, however, 71% of the nab-paclitaxel
doses were delivered at the intended starting dose.1

On the basis of these results, there are now two combination
cytotoxic chemotherapy regimens with activity in patients with un-
treated metastatic pancreatic cancer: gemcitabine plus nab-paclitaxel
and the combination of fluorouracil, irinotecan, and oxaliplatin
known as FOLFIRINOX. The pivotal FOLFIRINOX trial (Partenariat
de Recherche en Oncologie Digestive 4/Action Clinique Coordonnées
en Cancérologie Digestive 11 [PRODIGE4/ACCORD 11]) also tar-
geted patients with metastatic pancreatic cancer, randomly assigning
342 patients to receive FOLFIRINOX or gemcitabine. In that trial, the
median overall survival was 11.2 months for patients treated with
FOLFIRINOX and 6.8 months for patients treated with gemcitabine.2

However, despite the encouraging efficacy of FOLFIRINOX, the chal-
lenge with this regimen is its toxicity, with 46% of the FOLFIRINOX-
treated patients developing grade 3 or 4 neutropenia, 5% febrile
neutropenia, and 42% requiring growth factor support with filgras-
tim. The incidence of grade 3 or 4 diarrhea and sensory neuropathy
were also significantly higher in the FOLFIRINOX group.2 However,
despite the higher rates of adverse events with FOLFIRINOX relative
to gemcitabine, FOLFIRINOX conferred a benefit by slowing deteri-
oration in quality of life, presumably because of the anticancer activity
of the regimen.

Recognizing the limitations of cross-trial comparisons, practic-
ing oncologists are now faced with the question of which of these two

regimens should be considered for the first-line management of pa-
tients with metastatic pancreatic cancer. Both regimens are clearly
active. As described in the reports, there are differences in the patient
populations being treated. For example, patients treated with gemcit-
abine plus nab-paclitaxel compared with patients treated with the
FOLFIRINOX regimen tended to be somewhat older (10% of patients
were age � 75 years), had a slightly worse performance status (7% to
8% of patients had Karnofsky performance status � 70%), fewer
patients had peritoneal metastases, and greater numbers of patients
had increases in CA19-9 � 59 times the upper limit of normal. Similar
numbers of patients had biliary stents placed for management of
obstructive jaundice. Patients with a borderline Karnofsky perfor-
mance status and higher baseline CA19-9 would generally be consid-
ered to have a higher tumor burden and poorer prognosis, but fewer
patients with peritoneal involvement would be considered favorable.
Nevertheless, how these differences in patient populations treated in
the two trials impacted outcome is difficult to judge. This perspective
is strongly supported by the fact that the median survival of the
gemcitabine control arm of both studies was essentially identical.
Recognizing the difficulty inherent in comparing a regimen that uses a
novel agent (nab-paclitaxel) with a combination of well-established
cytotoxic agents (fluorouracil, oxaliplatin, and irinotecan), a prospec-
tive trial conducted through the newly constituted National Cancer
Institute National Clinical Trials Network may provide the perfect
vehicle for addressing such a question.

The statistical design of the Von Hoff trial1 is perhaps superior in
that the trial was larger and prospectively designed with overall sur-
vival as its primary end point (although the power of the trial was
increased from 80% to 90% after accrual was initiated) whereas the
FOLFIRINOX phase III trial was initially sized to detect a 15% im-
provement in 6-month survival and was subsequently amended to
detect a 3-month (from 7 to 10 months) improvement in median
overall survival with FOLFIRINOX compared with single-agent gem-
citabine. The FOLFIRINOX trial also began with a randomized phase
II component that demonstrated substantial anticancer activity with
the multiagent regimen, but the larger size of the Von Hoff trial1

improved our confidence in the median event statistics, including the
median survival and median progression-free survival results. Ulti-
mately, judging between trial results by assessing overlap in CIs on
individual statistics such as median OS is perilous, and the only objec-
tive way to resolve this uncertainty will be to mount a well-designed
phase III trial.
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A more pragmatic perspective on the relevance of the superi-
ority question might be that in the absence of a firmly established
second-line regimen, for patients opting out of participation in a
clinical trial it is quite likely that patients with good performance
status progressing on FOLFIRINOX could be treated with gemcit-
abine plus nab-paclitaxel and vice versa. Prospective data demon-
strating that additional chemotherapy can be administered to
patients experiencing worsening disease on FOLFIRINOX is lim-
ited, but in the FOLFIRINOX trial, close to 50% of the patients
were treated with gemcitabine or a gemcitabine-containing regi-
men after experiencing disease progression on FOLFIRINOX.2

Nonetheless, a prospective phase III trial clearly could be designed
to address the optimal first-line regimen as assessed by survival and
quality of life as well as to determine the feasibility and impact of
second-line therapy, questions raised by the results generated by
these two trials. The large numbers of patients diagnosed with
pancreatic cancer also make it possible to conduct a large phase III
trial and, in parallel, study novel interventions in smaller pilot and
phase II trials designed to test concepts that may identify strategies
with a more dramatic impact on survival. The question of whether
to prioritize the resources to conduct a large phase III trial designed
to establish the superiority of first-line management of patients with
metastatic pancreatic cancer with FOLFIRINOX or gemcitabine plus
nab-paclitaxel is a difficult one. Different investigators may judge the
best allocation of resources differently, but in our view, it is not as
important to commit substantial patient resources to formally answer
the superiority question through a prospective randomized trial in a
situation in which many patients will be treated with both regimens
over the course of their disease management.

On the basis of these considerations, the comparable activity and
manageable reported toxicity profile of the gemcitabine plus nab-
paclitaxel combination suggests that this is a reasonable initial treat-
ment alternative to FOLFIRINOX. The toxicity and possible survival
advantage for FOLFIRINOX relative to gemcitabine plus nab-
paclitaxel suggest that this may be the best initial approach for younger
patients with well-preserved performance status. Gemcitabine plus
nab-paclitaxel may be a better starting option for older, more symp-
tomatic patients.

With these results in hand, what should be the approach to the
next generation of trials for pancreatic cancer? Although several strat-
egies could be considered, what should be de-emphasized are trials in
which all patients with metastatic pancreatic cancer are considered to
be equally likely to respond to a single intervention. The best available
models of pancreatic cancer coupled with pilot clinical trials in pa-
tients with refractory pancreatic cancer should be used to provide a
more detailed understanding of the intervention and to identify sub-
sets of pancreatic cancer likely to benefit from a given investigational
approach.3,4 Without this, most interventions are in essence empirical
trials of a novel approach in an extremely heterogeneous cancer.
Historically, the empirical clinical testing of novel agents has been at
the expense of many negative phase III trials, with most patients
treated in the context of these studies not deriving any sustained
benefit from therapy.

From our perspective, the more rational approach would be to
continue to dissect the molecular genetics and molecular biology of
patients with pancreatic cancer. The goal of this approach would be to
identify subsets of pancreatic cancers that, through their constellation
of genetic and molecular alterations, would be expected to respond to

single agents or combinations of targeted agents, perhaps even in
combination with a cytotoxic backbone. The biggest challenges to this
approach include the almost ubiquitous mutation in the difficult-to-
target KRAS oncogene and the fact that other high-frequency genetic
events occurring during pancreatic carcinogenesis involve the loss of
tumor suppressors such as TP53 or CDKN2A.5 Continuing efforts to
genetically stratify patients with pancreatic cancer should be coordi-
nated with the renewed emphasis on developing strategies to directly
inhibit KRAS that may be showing early promise and the efforts
targeting KRAS that are currently beginning at the National Cancer
Institute under the leadership of Dr Frank McCormick.6 Addi-
tional strategies include ongoing efforts using synthetic lethal
screens to identify molecular targets that render cells vulnerable to
cell death in the presence of mutations in KRAS or identification of
targets that result from enhanced cellular signaling through KRAS-
mediated pathways.7,8

A second strategy would be to formally explore the potential of
immunologic approaches such as CD40 agonists and T-cell engineer-
ing strategies.9,10 Such strategies fit nicely with the current emphasis
on understanding the unique role of the local host response to pan-
creatic cancer, and preclinical studies suggesting that the prolific
stroma associated with pancreatic cancer serve as a barrier to the
distribution of cytotoxic chemotherapy into the pancreatic primary
tumor.3,11,12 The extent to which a stromal barrier function can be
targeted in metastatic pancreatic cancer is currently being addressed in
trialsusingstromaldisruptingagents incombinationwithchemother-
apy. Finally, studies of the cellular metabolic consequences of mutated
KRAS and adaptation of pancreatic cancer cells to a nutrient-depleted
local environment suggest that specific metabolic pathways that are
altered during pancreatic carcinogenesis can be targeted by agents
designed to inhibit aerobic glycolysis, glutamine metabolism, or other
metabolic pathways that are altered during cellular transformation
and cancer progression.13-16

To summarize, the trial reported by Von Hoff et al1 clearly adds
to the treatment options available to patients with metastatic pancre-
atic cancer, and its toxicity profile should allow this regimen to be
effectively integrated into the multimodality management of patients
with potentially resectable, borderline resectable, and locally advanced
pancreatic cancer. However, it is also clear that the limited advances
achieved with this cytotoxic chemotherapy regimen should not im-
pede our long-term efforts to develop more specific and effective
systemic therapies for patients affected by this difficult disease.
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