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Abstract

Objectives—The primary objective was to determine the response rate in patients with
metastatic pancreatic cancer treated in first line with irinotecan/docetaxel combination (Arm A) or
with irinotecan/docetaxel/cetuximab combination (Arm B). Secondary endpoints were
progression-free survival, overall survival, toxicity, and the rate of thromboembolic events with
prophylactic enoxaparin sodium.

Patients and Methods—Patients were eligible who had measurable, metastatic
adenocarcinoma of the pancreas, and normal bilirubin. All patients received anticoagulation.
Docetaxel 35 mg/m2 and irinotecan 50 mg/m?2 were administered once a week for 4 weeks
followed by 2 weeks rest (Arm A) alone or with the addition of cetuximab (Arm B). The primary
endpoint was response rate.

Results—A87 eligible patients were enrolled and treated. Grade 3/4 toxicity was observed in
74% of patients on Arm A and 76% on Arm B. The principal grade 3/4 toxicity was diarrhea.
Response rates were 4.5% in Arm A and 7% in Arm B. Median progression-free survival and
overall survival were 3.9 months and 6.5 months in Arm A and 4.5 months and 5.4 months in Arm
B.

Conclusions—Docetaxel/irinotecan combination is associated with considerable toxicity.
Obijective responses were infrequent and addition of cetuximab in an unselected population was
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not beneficial, but PFS and OS were comparable to those achieved with other regimens.
Docetaxel/irinotecan therapy is active in metastatic pancreatic cancer.
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Introduction

Pancreatic cancer is a common cancer in the United States, with a projected 45,220 cases in
2013. It has an extraordinarily high case fatality rate, with 38,460 deaths projected in the
same period.! Standard therapy for advanced disease had been gemcitabine monotherapy.2
The 1-year survival after gemcitabine therapy was reported at 18% for bolus administration
and 29% when given by fixed dose rate infusion.3 De novo gemcitabine resistance is likely
partially explained by genomic variation in the uptake and metabolism of this agent.# Thus,
alternate treatments have been urgently needed for this disease, and two combination
regimens — the combination of 5-fluorouracil, leucovorin, oxaliplatin and irinotecan, known
as FOLFIRINOX, and the combination of gemcitabine with nab-paclitaxel have now been
demonstrated to improve survival when compared with gemcitabine alone, albeit median
survivals remain under one year.>6 Combinations of gemcitabine with 5-fluorouracil,
cisplatin, and oxaliplatin had previously not proven superior to gemcitabine alone.”:8:9

Among the cytotoxic agents with single agent activity in pancreatic cancer are docetaxel and
irinotecan. Single agent docetaxel achieves objective antitumor response rates of <15%. 1011
Irinotecan has an objective response rate of 9% in pancreatic cancer.12 Preclinical studies
give evidence of synergy between taxanes and irinotecan.13-15 The interaction may be
schedule-dependent, with administration of taxane followed by irinotecan predicted to be
optimal. Phase | studies of docetaxel-irinotecan combination demonstrate neutropenia and
diarrhea to be the predominant dose-limiting toxicities.16-18 The recommended phase |1
doses are docetaxel 35 mg/m? followed by irinotecan 50 mg/m2, when administered weekly
for four sequential weeks of a 6-week schedule.18 A phase I study of docetaxel/irinotecan
combination administered weekly for 4 of 6 weeks in treatment-naive advanced pancreatic
cancer reported an objective response rate by WHO criteria of 27%, median survival of 9.4
months and 1 year survival of 43%.1° The median survival for patients with metastatic
disease in that study was 9.0 months. Reni et al incorporated mitomycin C with escalating
doses of irinotecan and docetaxel on a less continuous schedule and observed no partial
responses in 15 patients with up to 2 prior lines of therapy.20

The epidermal growth factor receptor (EGFR) is expressed in pancreatic cancer and higher
levels of expression are associated with worse survival.2 A phase 11 trial with the EGFR
inhibitor erlotinib demonstrated an improved hazard ratio for survival with adjusted log rank
p-value of .038 for addition of erlotinib.22 Cetuximab has also been studied. Although a
phase 11 trial reported median and 1-year survival of 7.1 months and 32%, a subsequent
cooperative group phase I11 trial demonstrated no significant improvement in progression-
free or overall survival.2324
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The current study was conducted to confirm the activity of docetaxel/irinotecan
combination, as well determine the feasibility of adding cetuximab to this non-gemcitabine
containing first-line regimen. Enrollment was confined to patients with metastatic disease, as
prior ECOG trials in pancreatic cancer had consistently found different survival in patients
with locally advanced and metastatic pancreatic cancer. We added prophylactic low
molecular weight heparin for all patients who were not receiving therapeutic
anticoagulation. Pancreatic cancer is strongly associated with venous thromboembolic
disease, which predicts for shorter survival.25 28 At the time this study was designed,
prophylactic low molecular weight heparin had not yet been formally evaluated in patients
receiving systemic therapy for pancreatic cancer.

Materials and Methods

Patient Selection

Patients were eligible who had histologic evidence of pancreatic cancer that was metastatic,
and sufficient tumor from needle aspirate or open biopsy to permit immunohistochemical
staining for EGFR. Measurable disease, defined as at least one primary or metastatic lesion
measurable in at least one dimension within 4 weeks prior to randomization, was required.
Patients were required to have ECOG performance status of 0-1, ability to provide informed
consent, no concomitant medical problems that could interfere with the ability to receive
therapy, absolute neutrophil count = 1500 cells/microliter and platelet count > 100,000/
microliter. Estimated creatinine clearance > 60ml/min was required. Patients were eligible
who had normal bilirubin, and AST and ALT < 2.5 x the institutional upper limit of
normal(ULN); alkaline phosphatase could be 4 x ULN if transaminases were normal. For
patients with AST or ALT = normal and < 1.5 x ULN, alkaline phosphatase must have been
< 2.5 x ULN. Prior systemic chemotherapy was not permitted. Patients could not have
neuropathy grade 2 or higher, a history of congestive heart failure, or uncontrolled
arrhythmia. Women who were pregnant or breast-feeding were not eligible. The protocol
and consent form were approved by the institutional review boards.

Treatment Plan

CT scan of the chest and abdomen were obtained within the 3 weeks prior to initiating
treatment. Laboratory studies, CA19-9, ECG, chest X-ray, and HIV screening were
completed within 2 weeks of initiating treatment.

Patients received enoxaparin sodium (sanofi-aventis), 40 mg subcutaneously, from start of
treatment through completion of protocol therapy as prophylaxis against visceral and deep
venous thrombosis, unless they were already receiving therapeutic anticoagulation. Patients
received dexamethasone 8 mg orally 12 hours prior to and 12 hours post docetaxel to reduce
the risk of docetaxel-induced fluid retention. Dexamethasone 10 mg was also given orally as
premedication along with antiemetics. Oral antiemetic therapy was prescribed and patients
were instructed in the intensive use of loperamide in the event of diarrhea.2”

Treatment Arm A: Combination Chemotherapy—Docetaxel 35 mg/m? (sanofi-
aventis) was administered intravenously over 60 minutes. After the completion of the
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docetaxel infusion, irinotecan (Pfizer) was administered intravenously over 30 minutes at a
dose of 50 mg/m2. Chemotherapy was administered once a week (days 1, 8, 15, 22) for 4
consecutive weeks followed by 2 weeks rest. This constituted a cycle of treatment.

Treatment Arm B: Combination Chemotherapy and Cetuximab—~Patients
received cetuximab intravenous infusion once a week for 6 weeks. On day 1 of cycle 1, 400
mg/m?2 was administered over 120 minutes. Thereafter, 250 mg/m?2 was given weekly over 60
minutes. The infusion rate was not to exceed 5 ml/minute. Diphenhydramine 50 mg IV was
administered before the initial dose and subsequently at the physician's discretion. Docetaxel
and irinotecan were administered as detailed for arm A.

Treatment was held for ANC < 1200/microliter, platelet count < 100,000/microliter or
diarrhea = grade 2. Dose modifications were to be made to docetaxel dosing for
hypersensitivity, neutropenia or hepatic toxicity. For patients who retained no fluid but
suffered excess dexamethasone toxicity, dexamethasone could be tapered to eliminate the
12-hour pre- and post-chemotherapy doses. Modifications to irinotecan dosing were
mandated for neutropenia and diarrhea. If treatment was held in week 4 due to toxicity,
therapy was also held week 5 and the subsequent cycle started 1 week early. Toxicities were
graded using the Common Toxicity Criteria v. 2.0.

Response Assessment

Response assessment was performed after 2 cycles with CT scanning, multidetector row CT
angiography or MR. RECIST criteria were used to determine response status, and all
responses were confirmed after one to two subsequent cycles.28

Statistical design

The primary goal of this study was to determine the response rate in patients with metastatic
pancreatic cancer treated with irinotecan/docetaxel combination (Arm A) or with irinotecan/
docetaxel/cetuximab combination (Arm B). Secondary endpoints were progression-free
survival, overall survival, toxicity, the rate of thromboembolic events when prophylactic
enoxaparin sodium is administered, and the proportion of patients with metastatic pancreatic
cancer whose tumors overexpress EGFR. A comparison between arms was not formally
planned due to limited power.

The overall accrual goal for E8200 was 92 patients (84 eligible patients); 46 patients each
(42 eligible patients per arm) were to be randomized equally to the irinotecan/docetaxel and
the irinotecan/docetaxel plus cetuximab arms. We expected a 5% hypersensitivity rate on the
cetuximab arm, thus an additional 3 patients were added to the accrual goal of both arms in
an attempt to ensure at least 40 eligible treated patients on Arm B.

A true response rate of 20% or more in either arm would provide evidence of activity. For
both arms, the null hypothesis was that the true response rate is 5% or lower. The trial had a
two-stage design in each arm.29 At the initial stage, 22 patients were to be entered on each
arm. If at least two responses were seen among the first 20 eligible patients of an arm, 24
additional patients were to be entered on that arm. If at least 4 responses were observed
among the 42 eligible patients on either arm, then the specified treatment would be
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considered promising. A toxicity monitoring plan was in place throughout the period of
accrual.

This analysis reports on the data as of May 21, 2008. Point estimates and exact 90%
confidence intervals are shown for the primary endpoint of objective response (complete
plus partial responses) as well as toxicity severity groupings. Kaplan-Meier estimates were
used for OS and PFS.30 Overall survival was defined as time from registration to death from
any cause. Progression-free survival was defined as the shorter of: a) the time from
registration to progression or b) the time from registration to death without documentation of
progression given that the death occurs within 4 months of the last disease assessment, or
registration, whichever is more recent. These cases are censored at the date of last disease
assessment without progression, or registration. Data for the 87 eligible and treated patients
were used to conduct all analyses in this report with the exception of the analyses related to
toxicity, which used data from all 91 treated patients irrespective of eligibility (46 Arm A, 45
Arm B).

Patient Characteristics

The trial accrued 94 patients between July, 2003 and April, 2006. Four patients were
ineligible yet treated and three eligible patients never started assigned therapy. Patient
characteristics are displayed in Table 1. The median age was 60 years (range 58 to 77 years).
The majority were male (70%). ECOG performance status was 0 for 39% of patients.
Weight loss of >10% in the preceding 6 months was reported for 46%.

Treatment Information

Toxicity

The median number of cycles was 2 for each arm of the study. The mean number of cycles
administered was 2.9 for Arm A and 3.3 for Arm B. The principal reason for treatment
discontinuation was disease progression, noted in 54.5% in Arm A and 53.5% in Arm B. An
additional 5 patients in Arm A and 6 patients in Arm B discontinued treatment because of
clinical progression or symptomatic deterioration.

On Arm A, 57% of patients had a worst toxicity grade of 3 and 17% of 4. Toxicity data are
presented in Table 2. The most common grade 3 or higher toxicities on Arm A were nausea
and diarrhea, each 30%. One event of grade 5 toxicity, neutropenic fever after a single day of
treatment, was reported on Arm A. On Arm B, 56% had a worst toxicity grade of 3 and 20%
a worst grade of 4. On Arm B, the most common grade 3 or 4 toxicity was diarrhea. There
were two grade 5 toxicities on Arm B, one diarrhea with sepsis and one neutropenic fever;
these events also occurred in the first cycle. The rate of high grade toxicities was not
statistically different between the arms. The proportion of treated patients who experienced
> grade 3 diarrhea is 30.4% for Arm A (exact 90% CI [19.4%, 43.4%]), and 46.7% for Arm
B (exact 90% CI [33.8%, 59.9%]).
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Thrombosis / Embolism

Response

CA19-9

The rate of thromboembolic events among the 91 treated patients was 1.10%. There were 77
patients eligible for prophylactic enoxaparin, and of these, 1 reported grade 3 thrombosis/
embolism and 1 grade 3 melena, for rates of venous thromboembolism and bleeding of 1.3%
each. An exploratory analysis of baseline thrombosis status and outcome was undertaken.
Baseline thrombosis was defined by the presence of any of the following at baseline: a)
visceral thrombosis present on CT, b) splenic vein occlusion present on CT, c) history of
deep-vein thrombosis or pulmonary embolism, or d) indication of thrombosis or embolism
on the baseline toxicity form. Complete data were available for 79 of the 87 eligible and
treated patients. For the 22 patients with baseline thrombosis, 21 (95%) were known to have
died with a median overall survival of 7.1 months [90% CI (4.5, 9.9)], compared with the 57
patients without baseline thrombosis, of whom 53 were known to have died (93.0%), and for
whom the median overall survival was 6.5 months [90% CI (5.1, 10.7)]. Assuming that the
two treatment arms could be pooled, an exploratory log-rank test of overall survival between
the two baseline thrombosis groups had a two-sided p-value of 0.62.

The RECIST partial response rates were 4.5% [90% CI (1.5%, 18.4%)] in Arm A, and 7%
[90% CI (2.4%, 19.8%)] in Arm B. One patient among the 44 eligible and treated in Arm A
(2.3%) had a confirmed complete response. This patient was alive at last follow-up. A
substantial number of patients were not evaluated for response, largely due to clinical
deterioration. One patient on each arm began non-protocol therapy prior to restaging.

The median CA19-9 level at registration was 1075 U/ml. Patients who had elevated baseline
CA19-9 vs. normal baseline CA19-9, and those with CA19-9 above the median vs. all
others, exhibited shorter PFS and OS. Seventy-nine of 87 (91%) of patients had at least one
follow-up CA19-9 evaluation reported. Overall, 55 of those 79 (70%) had a decline of 50%
or more at some follow-up CA19-9.

Progression-free survival

The median PFS for the 40 patients with sufficient information in Arm A was 3.9 months
[90% CI (2.4, 5.0)]. Sufficient information was available for 37 of the 43 eligible and treated
patients on Arm B and their median PFS was 4.5 months [90% CI (2.7, 5.6)]. The study was
not designed to test for differences between the arms.

Overall Survival

Overall survival was defined as time from registration to death from any cause. Figure 1
shows the Kaplan-Meier plot for overall survival for both treatment arms. As of May 21,
2008, 40 of the 44 eligible and treated patients on Arm A were known to have died (90.9%).
Median survival for Arm A was 6.5 months [(90% CI (5.6, 9.9)]. Forty-two of the 43
eligible and treated patients on Arm B are known to have died (97.7%), with a median
survival of 5.3 months [90% CI (4.5, 9.4)].
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Discussion

The demonstration that FOLFIRINOX combination chemotherapy improves response and
survival over gemcitabine represents an important advance in the treatment of metastatic
pancreatic cancer.> More recently, the combination of gemcitabine and nab-paclitaxel has
also proven to lead to better overall survival than gemcitabine monotherapy for this
devastating malignancy.® The two regimens have not been compared head-to-head, nor have
biomarkers been identified which might guide patient selection for one or the other of these
regimens; nonetheless, it seems likely that differences in DNA repair, drug metabolism, or
expression of drug targets might contribute to the activity of the elements of these
combination regimens in individual patients. Significant differences in the expression of
human equilibrative nucleoside transporter-1, ribonucleoside reductase subunit M1, and
excision repair cross-complementing gene-1 expression have been documented in pancreatic
cancer, and are related to prognosis.3! In this context, our demonstration that docetaxel/
irinotecan combination therapy has modest activity in treatment-naive metastatic pancreatic
cancer may provide another option in future trials of pharmacogenomically determined
therapy in this disease.

The primary endpoint of this study was response rate, and the response rates observed were
low. Nonetheless, the rate of CA19-9 decline, time to progression and survival results of the
present study suggest activity. The median PFS of 3.9 and 4.5 months in Arms A and B
respectively, compare favorably to the historical experience with gemcitabine or
gemcitabine/erlotinib.2-22 Diarrhea, neutropenic infection and treatment-related death were
observed in each arm of the study and median survivals were not equivalent to those
achieved with FOLFIRINOX; thus, the regimen cannot be recommended in unselected
patients outside of a clinical trial.

The median OS in the cetuximab arm appeared less favorable than the OS in Arm A. Given
the small size of the current study, which was not powered for comparisons between the
arms, conclusions regarding the significance of this observation cannot be drawn; possible
explanations include differences in use of second-line therapy with gemcitabine or
gemcitabine/erlotinib driven by investigator bias or the patients' toxicity profiles, and
chance. The possibility of accelerated disease progression following cetuximab withdrawal
cannot be discounted. Such disease acceleration following discontinuation of an EGFR
inhibitor has been described in non-small cell lung cancer.32

Conclusion

Docetaxel and irinotecan combination therapy produces a low objective response rate, and is
associated with considerable toxicity. The regimen may add to treatment options for
comparison in pharmacogenomically-driven trial designs. The addition of cetuximab did not
appear to add survival benefit to this regimen in this unselected patient population; addition
of cetuximab may also have increased toxicity.
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Figure 1.
Overall survival in months.
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