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Introduction

Historical context

Previously published studies have suggested that combina- ian
tion therapy could be an improvement on gemcitabine

Abstract

FOLFIRINOX (FFX) was introduced to clinical practice in 2010 following pub-
lication of the PRODIGE 4/ACCORD 11 study, which compared this novel reg-
imen to gemcitabine in metastatic pancreatic cancer. Median overall survival,
progression-free survival, and objective responses were all superior with FFX
and there was improved time to definitive deterioration in quality of life.
Despite initial concerns over toxicity, there has been rapid uptake of this regi-
men, both revolutionizing management and opening the door to innovative
research. As experience with FFX has accrued, many questions have arisen
including the management of toxicities, the impact of frequent modifications,
the optimal number of cycles, integration with other regimens and modalities,
interpretation of radiologic and serologic response, utility of molecular signa-
tures, and potential benefit in unique clinical settings such as pre- and postsur-
gery. This review will closely examine these issues, not only to summarize
current knowledge but also to fuel scientific debate.

sion-free survival (HR = 0.78; 95% CI = 0.66-0.93; P =
0.004) favored the combination and there was a trend
toward improved OS (7.1 vs. 6.2 months, HR = 0.86,
95% CI = 0.72-1.02; P = 0.08). In the GTX study, med-
i progression-free  survival of responders was
6.3 months (95% CI = 4.4-10.4 months) and median
survival was 11.2 months (95% CI = 8.1-15.1 months).

alone. These include the phase III study of gemcitabine
versus gemcitabine plus erlotinib [1], the phase III study
of gemcitabine versus gemcitabine plus capecitabine [2],
and the phase II study of GTX (gemcitabine, taxotere,
and capecitabine) [3, 4]. In the first study, overall survival
(OS) (median 6.24 vs. 5.91 months, HR = 0.82, 95%
CI = 0.69-0.99; P = 0.038), 1-year survival (23% vs. 17%;
P = 0.023), and progression-free survival (HR = 0.77,
95% CI = 0.64-0.92; P = 0.004) were better with gemcita-
bine plus erlotinib. In the second study, objective
response rate (19.1% vs. 12.4%; P = 0.034) and progres-

While certainly of interest, the clinical benefit of these
regimens was either marginal, of uncertain impact on
quality of life, or achieved in very small numbers, result-
ing in sporadic and unenthusiastic uptake.

FOLFIRINOX

Promising phase II results with FOLFIRINOX (FFX) [5]
(oxaliplatin 85 mg/m’, leucovorin 400 mg/m?, irinotecan
180 mg/m?, bolus 5-fluorouracil 5FU) ( 400 mg/m?, infu-
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sional 5FU 2400 mg/m* over 46 h, every 14 days) were
confirmed in a sentinel phase III study (PRODIGE 4/
ACCORD 11) [6], which randomized patients <75 years
of age with metastatic pancreatic cancer and an ECOG PS
of 0 or 1, to receive either gemcitabine or FFX. With a
median follow-up of 26.6 months and with 171 patients
in each arm (38% of patients had lesions in the head of
the pancreas with 14.3% requiring biliary stents), the
median survival with FFX was 11.1 months versus
6.8 months for gemcitabine (P < 0.001, HR = 0.57, 95%
CI = 0.45-0.73). More impressively, 1-year survival was
48.4% versus 20.6%, respectively, and this difference was
sustained at 18 months, 18.6% versus 6%. Quality of life
measures, equally, strongly favored the FFX group [7].

While toxicity was not inconsequential (45.7% grade 3
or 4 neutropenia, 5.4% febrile neutropenia, 12.7% diar-
rhea, 9.1% thrombocytopenia, 9.0% sensory neuropathy),
oncologists rapidly adopted the FFX regimen following
the 2010 ASCO meeting [8]. Many questions have now
arisen such as: best management of common and uncom-
mon toxicities; potential impact of adjustments to the ori-
ginal regimen; number of cycles administered for optimal
results; innovative strategies in early disease; radiologic
and serologic assessment of response; evolving data on
integration into overall treatment planning; and utility of
molecular profiling.

In order to derive the data used in this review, all rele-
vant papers in Medline, CANCERLIT, and Index Medicus
together with meeting abstracts from ASCO, ASTRO, and
AACR since 1990, were examined. No ethnic or racial
group or gender was excluded. Approximately 65% of
discovered references have been included based on rele-
vance, timeliness, and quality of data.

How is Toxicity of FFX Best Managed?

As with usual practice, reduction in individual drug dos-
ing is a standard approach for many of the common

Table 1. Management of FOLFIRINOX toxicity.
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complications such as low blood counts, fever, infection,
diarrhea, weight loss, and fatigue. However, some prob-
lems engendered by FEX are either idiosyncratic, not dose
related, or not manageable with simple dose reduction
and may require more innovative strategies (Table 1).

If platelet counts are problematic despite dose modifi-
cations, then splenectomy, either surgical [9] or by endo-
vascular means using an embolic approach [10], can help
in selected patients. The typical phenotype would be
someone who is responding to chemotherapy, with a
good functional status, but who has isolated thrombocy-
topenia (<90 x 10°/uL). In the surgical series, counts
increased significantly (P < 0.01) with a mean value of
87 x 10°/uL prior to treatment and 425 x 10°/uL on
discharge (average 3 days later). All patients were able to
resume chemotherapy within a median of 11.5 days
(range 6-27). The IR procedure could be particularly use-
ful in those either too frail for surgery or for whom sur-
gery is relatively contraindicated (e.g., disease in the
splenic hilum or carcinomatosis). Complications of post-
operative pain and splenic abscess are limiting factors
[11] and relative efficacy is unknown.

Infusion reactions are common and desensitizing pro-
tocols may be needed [12]. A significant hypercholinergic
response with excess salivation, cramping, and sweating,
related to the piperidine structure of irinotecan, which
mimics a cholinergic drug when metabolized by esterases
to form SN-38, is not unusual [13]. The potentiating role
of oxaliplatin is real but not well understood [14]. Slow-
ing of the infusion, aggressive medication with atropine,
and a proton pump inhibitor may be required.

The common problems of oral dysesthesia and thick
tongue, and the rare complication of total body weakness,
near paralysis and even coma from oxaliplatin may be
difficult to manage. Slowing the infusion and a warm
drink works best for the former, while aggressive correc-
tion of serum potassium and calcium prior to, and fol-
lowing, the infusion may resolve the latter [15, 16].

Toxicity Strategy

Concern

Low blood counts, fatigue,
diarrhea, mucositis
Low platelet counts despite
appropriate dose reduction
Acute allergic reaction
to oxaliplatin infusion
Hypercholinergic reaction with
cramping and sweating
Oral dysesthesia with sense
of swollen tongue
Weakness, paralysis, and even coma

radiology

discontinuation

to and during infusion

Decrease doses of one or more

of the drugs; lomotil/pegfilgrastim
Splenectomy—surgical or via interventional
Desensitization protocol and possible
Slow infusion rate and premedicate with atropine

Slow infusion rate and warm drink

Maintenance of normal potassium and calcium prior

Decreased efficacy of therapy; bone pain
Pain; abscess formation; treatment delay
Ineffective to resolve problem; resources
Prolonged treatment time; resources
Prolonged treatment time; anxiety; resources

Patient anxiety; staff anxiety; imperfect results
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Do Modifications to the FFX Regimen
Matter?

Oncologists in the United States and elsewhere were anx-
ious to use FFX, but initially concerned about toxicity,
particularly in patients with lesions in the head of the
pancreas and with biliary stents. A Canadian report sug-
gested that there could be considerable toxicity when the
regimen is used outside of a clinical study and in com-
munity centers [17]. In their series of 46 patients, there
were 3 (7%) treatment-related deaths, 54% of patients
were hospitalized with sepsis, 33% had neutropenia grade
>3, 15% had diarrhea grade >3, and 4 (9%) patients had
febrile neutropenia.

With this scenario in mind, many modifications have
been made (Table 2). Initially, physicians removed the
bolus of 5FU, which is notably myelosuppressive, with
some adding pegfilgrastim 6 mg on day 3 or 4. Com-
monly referred to as “mFOLFIRINOX,” this seems to be
the way it is often used today [18]. Historically, a bolus
of 5FU has been used in the majority of fluoropyrimidine
regimens, together with a more prolonged infusion to
maximize total exposure [19]. A Japanese study shows
that the bolus contributes significantly to the overall
exposure to 5FU via AUC [20]. In addition, 5FU func-
tions differently depending on how it is administered
[21] and thus, theoretically, the omission of the bolus
could lead to loss of efficacy. Data reported at the 2014
GI ASCO meeting suggest, however, that this may not be

Table 2. FOLFIRINOX dose modifications and results.
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the case, and longer follow-up will be needed for clarifica-
tion [22].

A further dilemma concerns the omission of leucovo-
rin, should the bolus of 5FU be removed. Previous dose-
finding studies of infusional 5FU with leucovorin clearly
demonstrated that there is considerable synergy, and that
omission of leucovorin results in less toxicity [23], sug-
gesting that efficacy could equally be impacted. Absent
real data, and given the low cost of leucovorin, it seems
reasonable to leave it untouched.

Ohio State physicians reported their experience with
limiting irinotecan to 165 mg/m” in addition to these
changes, in either locally advanced or borderline resect-
able disease. They concluded that the modified regimen
was effective and well tolerated with no episodes of grade
3 or 4 neutropenia/thrombocytopenia, but with 46% of
patients requiring a dose reduction for other toxicities
[24]. Similarly, physicians at Yale reported that in their
hands dose reductions were common (relative dose inten-
sities: oxaliplatin 88%, irinotecan 64%, bolus 5FU 579%,
infusional 5FU 100%, compared to oxaliplatin 78%, iri-
notecan 81%, and 5FU 82%—PRODIGE 4/ACCORD 11)
[25]. Despite these modifications, efficacy was comparable
to that of the original regimen—response (CR + PR 33%
—similar to historical data 31.6%; P = 0.21), and toxicity
was notably less (grade 3 or 4 neutropenia 6.4%,
P < 0.0001; fatigue 9.6%, P < 0.02).

For frail and elderly patients, additional adjustments
have been made. In a series of 19 patients over age 65,

Author Modification

Results/comments

Mahaseth et al. [18] Drop 5FU bolus

Add pedfilgrastim 6 mg
Blazer et al. [24] Drop 5FU bolus
Decrease irinotecan to 165 mg/m?
Add pedfilgrastim 6 mg

Grade 4 neutropenia 3%

Grade 3/4 diarrhea 13%, fatigue 13%

0OS 9.0 months, PFS 8.5 months

Grade 3/4 neutropenia or thrombocytopenia 0%
46% further dose reductions for other toxicities

Gunturu et al. [25]

Metges et al. [27]

Alessandretti et al. [26]

James et al. [22]

Median dose intensity 5FU bolus 57%
Median dose intensity oxaliplatin 88%
Median dose intensity irinotecan 64%
Median dose intensity 5FU bolus 82%
Median dose intensity oxaliplatin 78%
Median dose intensity irinotecan 81%

Drop 5FU bolus

Decrease 5FU infusion to 2000 mg/m?
Decrease oxaliplatin to 50 mg/m?
Decrease irinotecan to 135 mg/m?
Add pedfilgrastim 6 mg

Decrease 5FU bolus 25%

Decrease irinotecan 25%

Add pedfilgrastim 6 mg

Grade 3/4 neutropenia 6.4%

Grade 3/4 fatigue 9.6%

CR plus PR 31.6%

Grade 3/4 hematologic and neurotoxicity 32%
Response rate 39%

PFS 6.5 months

0S 10.9 months

Grade 3/4 neutropenia 21% or thrombocytopenia 5%

Grade 3/4 fatigue 15.7%
CR plus PR 31.7%
OS and PFS not reached at 4 months

Grade 3/4 neutropenia 17% or thrombocytopenia 11.3%

Grade 3/4 fatigue 11.3%
CR plus PR 29%

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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the bolus of 5FU was dropped and doses of both oxalipla-
tin and irinotecan were lowered (5FU 2000 mg/m® over
46 h, oxaliplatin 50 mg/m’, irinotecan 135 mg/m?®) [26].
Grade 3/4 toxicities were reported in 10 patients: nausea/
vomiting in one, diarrhea in one, fatigue in three, neutro-
penia in four, thrombocytopenia in one, and febrile neu-
tropenia in three—all manageable. A follow-up study by
the original investigators in the PRODIGE 4/ACCORD 11
study, based on their established criteria, showed that
81% of 242 patients required a dose reduction, but that
this did not affect results (response rate 39% vs. 32%,
PFS 6.5 vs. 6.4 months and OS 10.9 vs. 11.1 months)
[27].

A biologically based refinement, using genotype-derived
dosing of irinotecan via UGT1Al, the enzyme that inacti-
vates SN-38 (the active metabolite of irinotecan) showed
that those with a *28*28 genotype are at highest risk of
severe neutropenia, *1*28 at intermediate risk, and *1*1
at lowest risk [28]. Initial doses of irinotecan could be
adjusted accordingly.

A close examination of clinicaltrials.gov confirms that
the majority of regimens presently under investigation
incorporate some modification of FFX.

How is the Number of Treatment
Cycles with FFX Determined?

The optimal number of treatment cycles is not well
understood, but the goal of therapy (i.e., curative vs. pal-
liative) is critical in this regard. The disease should be
unambiguously defined as either resectable, borderline
resectable, locally advanced unresectable, or metastatic.
This has implications for ensuring that treatment is not
unnecessarily modified, or conversely, that excessive treat-
ment (and toxicity) is not given. This is simplest in a pal-
liative setting, where duration and intensity of treatment
is determined by response and quality of life. The median
number of cycles in the original PRODIGE 4/ACCORD
11 study was 10, with a range of 1-47 [6]. In locally
advanced and borderline resectable disease, it is common
to use four cycles of FEX (4 chemo/RT) in a neoadjuvant
strategy (e.g., ALLIANCE/Intergroup study A021101).
This is based on very limited data, and an alternative
approach might be to treat to maximal response and/or
maximum-tolerated dose. A retrospective study of this
strategy in borderline (60%) and locally advanced, unre-
sectable (40%) disease examined outcomes in 18 patients
[29]. An RO resection was ultimately possible in 44% of
patients, with a median number of six cycles (range 5-17)
prior to surgery. A report on FFX plus chemo/RT in 22
patients with locally advanced, unresectable disease, exam-
ined use of an initial four cycles with an additional four
cycles prior to chemo/RT, if disease was either stable or
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improved [30]. A median of eight cycles was adminis-
tered, with 12 patients taken to the OR and 5 (42%) were
able to have an RO resection. However, three patients
developed distant recurrence within 81 days, confirming
their dismal prognosis.

Steatohepatitis (irinotecan) and sinusoidal obstructive
syndrome (oxaliplatin) are dose-related complications
which effect outcome in liver resection for colorectal can-
cer [31]. A Whipple operation, in and of itself, leads to
an increase in hepatic steatosis [32]. Further, a BMI
exceeding 25 kg/m? diabetes mellitus, and preexisting
steatosis all significantly increase the risk of steatohepatitis
and postoperative morbidity [33]. These data suggest that
the number of cycles be limited to the minimum neces-
sary, as the effects on patients undergoing a Whipple
operation are as yet unknown.

Complicating matters further, pancreatic cancer is
clearly a heterogeneous disease [34]. Aggressive subsets (if
they do respond) may require three or four cycles of ther-
apy before showing a decline in CA 19-9, implying
response, and may conceivably require further cycles of
chemotherapy prior to surgery.

In locally advanced (arterial encasement) or metastatic
disease, initial intensive therapy could be followed by
omission of either oxaliplatin or irinotecan (depending on
which is more problematic) for continuation of a “main-
tenance program,” as this is strictly palliative therapy.
While there are few publications on the efficacy of FOL-
FOX or FOLFIR], those that do exist are positive [35-37].

Is Preoperative or Postoperative FFX
the Optimal Strategy for Potentially
Resectable Disease?

One of the most intriguing questions currently under
study is whether FFX will improve on results in the adju-
vant therapy of resectable pancreatic cancer. A recent
update of the CONKO-001 study shows that median OS is
22.8 months in the gemcitabine group versus 20.2 months
in the observation group (HR = 0.76, P = 0.01) [38]. OS
at 5 and 10 years is 20.7% versus 12.2% and 10.4% versus
7.7%, respectively—all dismal numbers.

Studies comparing gemcitabine with combination ther-
apy, and even vaccine therapy, have failed to improve on
these results [39—41]. There are no data as yet on FFX in
the adjuvant setting (PRODIGE 24/ACCORD 24—gem-
citabine vs. mFFX; and Marsh et al.—four cycles of mFFX
pre- and postsurgery, are in progress) (clinicaltrials.gov).
The latter approach is intriguing as early systemic treat-
ment, prior to surgical intervention, is attractive for many
reasons: better selection of patients for surgery based on
the exclusion of those with rapidly progressive disease;
better tumor exposure to chemotherapy prior to disrup-

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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tion of the vasculature; ability to gauge response; better
tolerance of chemotherapy prior to debilitating surgery;
and increased RO resections. Furthermore, pancreatic can-
cer has been shown to be systemic from the earliest stages
[42—44] and thus an early systemic approach is not only
logical but may also be essential.

Previous studies of neoadjuvant therapy in resectable
patients include gemcitabine plus radiation (73/86 were
taken to surgery, with 64/86 undergoing successful sur-
gery) [45]; and gemcitabine plus nab-paclitaxel (14/25
completing the planned three cycles, with surgery in 20/
25, 19/20 RO) [46]; (9/16 undergoing surgery at the time
of reporting, with 8/9 RO resections) [47].

The University of Michigan reported improved 1- and
3-year OS, lower margin and node positivity, and mini-
mal additional perioperative toxicity in a retrospective
review of various neoadjuvant regimens in borderline
resectable disease [48]. University of Washington similarly
reported almost doubling of OS in a small series of
patients with both resectable and borderline resectable
disease (neoadjuvant GTX vs. historical controls) [49],
and Columbia was able to convert 57% of inoperable
patients to operable with 49% RO resections [50]. Finally,
the Medical College of Wisconsin reported on mFFX fol-
lowed by radiation therapy in borderline resectable dis-
ease and found this approach both safe and favorable
compared to historical controls [51]. The ALLIANCE/In-
tergroup A021101 study is examining the feasibility of
mFFX for four cycles followed by RT with oral capecita-
bine in a multi-institutional setting. Gemcitabine is given
in the adjuvant space. The primary endpoint is 1-year OS
and there are multiple levels of quality control to ensure
validity (clinicaltrials.gov).

How Best Can Response to FFX
Therapy be Assessed?

Both serologic and radiographic response to therapy has
come under increasing scrutiny. CA 19-9 has been used for
decades as a serum marker in pancreatic cancer in Lewis
antigen-positive individuals [52, 53]. However, this is com-
plicated by the fact that biliary obstruction, pancreatitis,
intestinal inflammation, and even elevated blood glucose
[54] all lead to an increase in CA 19-9. While there is evi-
dence that there is a difference in outcome between no
responders and stable or good responders [55, 56], there
are opposing findings suggesting that there may be no cor-
relation [57], and additional data are awaited.

Change in tumor dimensions, as assessed on CT scan
and/or MRI, is both challenging to measure and often
insignificant [58]. In a study of 129 patients with border-
line resectable tumors, post therapy, presurgical imaging
suggested that only 1% had been down staged, 78% had

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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no change, and 21% had progressive disease [59]. In fact,
66% were able to undergo resection with 95% RO resec-
tions. Provided the patient has acceptable performance
status and no evidence of metastatic disease, even where
there is no obvious radiographic response, surgery should
proceed as pathology may indicate clear-cut treatment
effect [60]. Whether pathologic response has any meaning
in the clinical context awaits further clarification, but ini-
tial reports suggest that more than 5% viable cells in the
final specimen portends a bad outcome [61, 62].

While endoscopic ultrasound can be valuable [63],
novel ways of imaging the tumor, such as perfusion imag-
ing [64], dynamic PET scans [65] and routine CT scan
derived mass transport parameters, are increasingly being
incorporated into investigational algorithms [66].

How is FFX Optimally Combined with
Radiation Therapy?

Many protocols in borderline and locally advanced, unre-
sectable disease switch to radiation therapy following ini-
tial FFX [51]. However, the precise role of radiation in
these settings is the subject of ongoing debate. The LAP
07 study found that in locally advanced disease, chemo/
radiation had no effect on OS compared to continued
chemotherapy alone (over 40% of patients developed
metastatic disease prior to being randomized to radiation
or not) in those patients stable after an initial phase of
gemcitabine =+ erlotinib [67]. Updated results in 2014
suggested less local recurrence in the CRT arm (34% vs.
65%, P < 0.0001). The true impact of radiation may not
be fully evaluable until systemic disease control improves
further. An upcoming study will re-explore this question:
the three-arm randomized phase II RTOG 1201 study,
which is evaluating systemic chemotherapy alone (gemcit-
abine plus nab-paclitaxel) versus capecitabine plus stan-
dard versus intensified local RT (50.4 Gy vs. 63 Gy)
preceded and followed by systemic therapy. Given that
FFX is notably more active than gemcitabine in metastatic
disease [6], the combination of radiation with FFX
deserves to be examined and novel approaches such as
SBRT [68, 69], may make it possible to do so.

How Best to Combine FFX with Other
Regimens?

Recently, the MPACT study reported on gemcitabine plus
nab-paclitaxel (GN) versus gemcitabine in 861 patients
with metastatic pancreatic cancer [56]. Median OS was
8.5 wversus 6.7 months (HR for death, 0.72; 95%
CI = 0.62-0.83; P < 0.001), and progression-free survival
was 5.5 versus 3.7 months (HR = 0.69, 95% CI = 0.58—
0.82; P < 0.0001). While less than that of FFX in the

857



R. D. W. Marsh et al.

Pancreatic Cancer FOLFIRINOX Challenges

“aAneladoisod ‘doysod XONIYIH104 ‘X4 ‘9S0p paiels|ol-wnwixew ‘LA ‘eseusbolpAysp suipiwnAdoipAyip ‘adq ‘Audixol buniuwi-asop ‘1 1@ ‘esuodsal 0} swiy ‘Y1 | ‘suigeydasded ‘aded ‘aunjie}

1USW1LaI}-03-2WIY

‘411 ‘Adesayy uoneipel Apog d1orI03I3)S ‘1YdS ‘Duigeinwab ‘yowab ‘uoissiwal 919|dwod ‘YD [eAIMNS [[BISAO ‘SO ‘[eAIANS d3l4-Uoissaiboid ‘S4d ‘S1es dsuodsal [[elano “‘YyO

II-1 dseyd
X44 plepuels Aq anbieweq 95e3s|p
€10z 1snbny uY ‘Buisop || aseyd ‘gL pamoj|o} [axellped-geu snjd suigqeidwsn piepuels [Ned—>3|[2INY,p [BA 213U3D BIESNSETN
Il @seyd
uolssaidxa add Aq asop N4S ‘SNieis LYL1oN 1sanQ,| ap aseasip
7107 Aein (S4d ‘sO) Aoeoiyye pue Audixol ‘Aajes AQ pauIWIB1aP 9SOP UPIAI0ULI—YX {4 PRIHIPOIA a1bojoladue) INHISU| BNCETI
Ued3j0ULIl JO AJISUSIUI 3SOP snjog N4S Ou 'Sniels |1 19N | 9seyd aseasip
z10z Ainr SAIIBINWIND “Yy ‘| 9SIN0d Ul 11Q Aq pauIWIBIBP S0P UBISI0ULI—X44 P3IHIPOIA obediyd jo Ausianiun J11e1sesN
Il °seyd
suoieinw ausb ‘buibeisumop 1Y weaq uojoid usyl UeLeso| |DN/|eYdSOH |eiauan paduenpe
€10C YIeiy ‘RdIx0} ‘SO ‘S4d “Aujiqiseaq snjd s3|2A> 1y612—x44 3s0p ||} pJepuels SHIsNYOeSSeN Ajjed07
|| 9SBYd J31UD) [BJIPIIN
siaylew aadipald dibojolg SNWIsel3/ydieasay pasuenpe
vioz Anr 'S4d ‘@1el uodsaY Yy dibojoipel ‘SO 149S Uay} s32A> INoy—x44 S0P ||N} pJepuelS J9AIT 1O} UOIBpPUNOS Aj|ex07
| 95eyd pasueape
7107 12quinidas (440 'S4d 'SO) Aoediyys pue Aiajes ssassy Xd4 9s0p ||} pIepuels Y3DYIFINIT DNN Ajjed07
A1a4es pue y> yied Apnis 10]id Elle[ARELCY]
€102 Jaquiardas Y11 ‘SO ‘s4a ‘Aujiqerdssay 149 Uay $9P2A> UN0F—sn|og N4G OU—x 44w puelhiepy Jo Ausianiun auljispiog
Il 8seyd
A1ajes pue (4D yied “YyO euljoJed yinos jo 9|ge1d9sal
7107 ¥snbny 411 'SO) uondasal LY/0Y aded/1y usy} s3|PAd XIs—snjog N4G Ou—x44W Aussanun [e21pay aulispiog
14/0Y ‘Adelsyy ||e jo doysod 1pwsb Apnis 10]1d Elle[ARELCY]
€10C YIBeN uona|dwod "Yd/yD ‘AudIx0} ‘dles [eniddy aded/1y Uayl 'sapAd Unoj—snjog N45 OU—xd44W 10l 120V IDNVITIV auljispiog
Apnis 10j1d
Ja1uU9) Jadue)
XVAD YUM S3]PAD XIS—¥44 9SOp ||N} pPJepuels usyl dAISUSYaIdWo) 1ueAn(pe
Z10¢ |udy 411 'S4 'so ‘Aisyes ‘Adixo apiweydsoydopAd/(XyAD) auddeA snid 144 [puiwiy Asupis 3|qe1dasay
(4D yred ‘0Y ‘S4d ‘SO) dojsod 1pwab ‘s doysod pue 111/l @seyd 1ueAn(pe
Buipuad Buiusdo Aoediy4e pue Ayajes ssassy 91d S32Ad XIS—X44 ISOP ||} piepurlS 1SOMPION Sneyusyuesy 9|gr1DasaY
Il 8seyd jueanipe
7107 Areniga4 [eAaruns dy1ads ‘SO 's4a SY9IM ¢ 10} Y28 UDWIB SNSISA—SN|Oq NG OU—X44W ¢ A402DV/¥Z 391d0Yd 9|qe1asay
(SO pue 'S4d 4D yied ‘oY) Apnis || aseyd 1ueanlpeosu
10z fenuer foediyge pue A1ajes ssassy do 1so0d pue aid s3> XIS—snjoq N4G OU—x44W IDN/2IBA 3|gr1D3saY
(Y40 SO 'S4a YD Yied) Apnis || aseyd 1ueAnfpeosu
10z aunr Aoediyge pue A1ajes ssassy Ajannesadoaid sappAd INoj—x44 9SOp [N} pJepuels Ausianiun euelpuj 9|qe1d9s9y
Apnis 10]1d
(SO pue ‘S4d "YHO ‘0¥) obeoiyd jo 1ueAn(peoau
Z10Z 1snbny foediyge pue A1ajes ssassy dojsod pue -a.ud s32A> Inoy—snjog N4G ou—x4{w AYISIaAIUN/240YSYHION 9|gr1DasaY
pauado |eoD uswibay Apnis Bumss

“190ued dneasdued Jo sabels |je ul XONIYI4104 Buisn Saipnis 1uaLnd paldses “€ ajqeL

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

858



R. D. W. Marsh et al.

PRODIGE 4/ACCORD 11 study—11.1 months [6], med-
ian OS is significant enough to be of major interest, rais-
ing the issue of how best to integrate these two regimens
in a comprehensive treatment plan. One of the more
interesting questions is whether there is synergism, and
whether pretreatment with GN would alter the cancer-
associated stroma such that FFX would be more effective.
A recent phase II study used up to six cycles of GN fol-
lowed by consolidation with FEX for up to 12 cycles and
was deemed feasible [70]. A case report from Germany,
reported success with this approach in locally advanced
disease [71].

The efficacy of GN following failure of FFX is
unknown. In a retrospective study from Yale, 23 patients
were so treated with an estimated time-to-treatment fail-
ure of 11 weeks, about half of that in first-line GN [72].
Interestingly, dose densities of only 56.9% and 63.5% for
nab-paclitaxel and gemcitabine, respectively,
achieved which suggest that alternative dosing schedules
should be examined.

Innovative approaches currently under investigation
include addition of a Hedgehog inhibitor to FFX [73];
combination of FFX, SBRT, and GVAX as adjuvant ther-
apy; and a combination of FFX and hyperacute vaccine in
borderline and locally advanced disease. As we learn
more, it is hoped that future study design will be based
on biology and molecular profiling of tumors, rather than

were

empiricism or intuition.

How Do We Use Molecular Signatures
in Planning FFX Treatment?

There is an increasing interest in the molecular profiling
of cancers. Certainly, patients testing positive for a BRCA
1 or BRCA 2 mutation might have increased sensitivity to
a platin [74], but this has uncertain practical value. PARP
inhibitors might be more effective [75]. From the Pancre-
atic Cancer Genome Project, we know that pancreatic
cancers contain an average of 63 genetic alterations, the
majority of which are point mutations [76]. A core set of
12 cellular signaling pathways and processes are defined
by these alterations in 67-100% of tumors. KRAS, Hedge-
hog, Wnt/Notch, SMAD4, and TGF-f signaling pathways
are key, with abnormalities of one or more of these path-
ways in 100% of cancers. The effects on therapy with FFX
are as yet unknown.

Candidates for future study include predictors of drug
metabolism and toxicity—ERCCI expression (oxaliplatin)
[77], UGT 1Al genotype (irinotecan) [28], thymidylate
synthase expression (5FU) [78], HENT-1 expression
(gemcitabine—both positive and negative studies) [79,
80] and SPARC expression—both nab-paclitaxel [81] and
gemcitabine [82].

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Pancreatic Cancer FOLFIRINOX Challenges

What Important Clinical Studies are
Currently Underway in Pancreatic
Cancer Using FFX Alone or in
Combination?

As a final note, it is relevant to include a table of selected
current and ongoing studies using FFX in all stages of
pancreatic cancer (Table 3). These studies have been
selected from many for their potentially significant impact
on the use of this regimen in the future. It may once
again be noted that FFX is very frequently modified.

Summary

FFX has had a major impact on the treatment of pancre-
atic cancer. As experience with this regimen has accrued,
and as we have learned how to manage the toxicities, we
have been presented with a new set of questions: the
effect of frequent modifications; optimal use in all stages
of pancreatic cancer; integration with both established
and emerging therapies; how to evaluate response; and
the incorporation of evolving molecular data. Further-
more, while metastasectomy in pancreatic cancer has his-
torically been fraught with futility and failure, the
markedly improved activity of FFX [5, 6] could mean that
the time to study surgery plus FFX (in highly selected
patients) is near [83, 84]. The next few years should
prove to be exciting for all working to improve the out-
look for this challenging group of patients.
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