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LESSONS LEARNED

• There is no presenting parameter that predicts the success of neoadjuvant therapy for pancreatic cancer.
• Despite the images on scans following neoadjuvant therapy, all patients should be evaluated, because inflammation fol-
lowing radiation therapy (RT) may overstate the extent of tumor and vascular involvement.

ABSTRCT

Background. In patients presenting with locally advanced pan-
creatic adenocarcinoma deemed unresectable by two pancre-
atic cancer surgeons, we analyzed presenting tumor size, extent
of vascular involvement, tumor markers, response to neoadju-
vant gemcitabine (G), docetaxel (T), and capecitabine (X) with
or without additional chemoradiotherapy with GX on R0 resec-
tion rates (�2 mmmargins), and survival.
Methods. All patients had baseline magnetic resonance imag-
ing (MRI) and/or computed tomography (CT) scans and endo-
scopic ultrasound. A baseline positron emission tomography-
computed tomography (PET-CT) was performed in 39 patients.
The scans were reviewed by two radiologists.

GTX (gemcitabine 750 mg/m2 and docetaxel 30 mg/m2 on
days 4 and 11 with capecitabine 1,500 mg/m2 days 1–14) was
administered on a 3-week schedule for 6 cycles to patients with
both arterial and venous-only involvement. Patients in the arte-
rial arm received GX/RT before surgery, and those in the venous
arm received GX/RT after R1 resection. Standard-dose RT was
delivered by intensity-modulated radiation therapy (IMRT) or
conformal fields to 5040 cGy along with capecitabine for 5 days
and gemcitabine on day 5 of weeks 1, 2, 4, and 5 of RT, starting
with the first full week of RT.

A cancer antigen test 19-9 (CA 19-9) was obtained at
baseline and days 4 and 11 of each cycle. The rate of change
in CA 19-9 was calculated using the formula: (Log10 CA 19-9
time 0)2 (Log10 CA 19-9 at 9 weeks)/9 weeks. This was
derived based on the observation that the fall in CA 19-9

following effective chemotherapy is a second-order
function.
Results. Of the 34 patients with arterial involvement and 11
with extensive venous involvement who met the eligibility cri-
teria and began GTX, only 5 patients in the arterial arm did not
undergo subsequent resection. The remaining 40 patients were
included in this analysis of presenting parameters with respect
to R0 resection, disease-free survival (DFS), and overall survival
(OS). R0 resection was achieved in 28 of 40 patients (70%), and
R1 resection in the remaining 12 (30%). The OS after R0 resec-
tion was a median 37 months (95% confidence interval [CI]:
29.3–44.7) compared with 29 months (95% CI: 28.5–41.5) for
those with R1 resection.

Excluding four postoperative deaths, median DFS for the 25
(71%) with R0 resection was 31 months (95% CI: 11.3–51.1),
and the median DFS for R1 resection was only 14 months (95%
CI: 11.1–17). Eleven of the twenty-eight (39%) patients achiev-
ing R0 resection have not relapsed (median5 45 months,
range5 25–71 months).
Conclusion. R0 resection, the goal of neoadjuvant treatment,
can be achieved in 70% of patients presenting with locally
advanced pancreatic cancer. The median DFS was 31 months
(95% CI: 11. 3–51.1). No relationship was found with tumor
size, degree of vascular involvement, carcinoembryonic antigen
test (CEA), CA 19-9, degree of tumor regression on scan, fall in
CA 19-9, or SUV on PET scan and subsequent survival. The
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Table 1. Presenting parameters

Parameter R0 R1 p value

DFS (median, CI 95%) n 5 24 n 5 10

31 m, 11.3–50.7 14 m, 10.9–17.1 .041a

CT/MRI (mean, SD) n 5 28 n 5 12

Longest dimension at baseline 3.4 (1.3) 3.6 (1.1) .512b

After 3 cycles 2.7 (1.2) 2.9 (0.9) .512b

After 6 cycles 2.0 (1.2) 2.5 (1.8) .286b

Tumor area at baseline 8.7 (5.5) 9.9 (6.2) .694b

After 3 cycles 5.6 (4.3) 6.4 (3.8) .328b

After 6 cycles 3.6 (4.5) 4.2 (4.0) .590b

Change in longest dimension after 6 cycles, mean (SD) 0.58 (0.3) 0.6 (0.2) .0724b

PET (mean, SD) n 5 21 n 5 8

SUV (mean) 4.1 (1.9) 4.5 (2.0) .720b

SUV (max) 6.3 (2.8) 6.8 (2.8) .566b

Vol 18.7 (8.7) 17.8 (14.7) .199b

Arterial involvement at baseline .268c

Any artery <180 degrees 11 2

1 artery >180 degrees 5 4

2 arteries >180 degrees 1 2

Arterial involvement at 6 cycles

Any artery <180 degrees 15 6 .659c

1 artery >180 degrees 1 1

2 arteries >180 degrees 1 0

Celiac at baseline

<180 degrees 16 6 .498c

>180 degrees 1 1

SMA at baseline

<180 degrees 13 6 .612c

>180 degrees 4 1

Hepatic at baseline

<180 degrees 15 3 .020c

>180 degrees 2 4

Celiac after 6 cycles

<180 degrees 16 1 .498c

>180 degrees 6 1

SMA after 6 cycles .512c

<180 degrees 16 1

>180 degrees 7 0

Hepatic after 6 cycles .512c

<180 degrees 16 1

>180 degrees 7 0

CA 19-9 level (median5 501, range5 69–6,363) n 5 28 n 5 12

Entry (mean, SD) 1,189 (1,693) 567 (539) .547c

85% fall (yes/no) 16/2 9/0 .453c

Arterial/venous (n) 17/8 7/3 .867c

Recurred/nonrecurred (n) 13/11 9/1 .138c

Thirty-four patients were in the arterial arm. Five did not undergo surgery because of lack of significant response (2), refusal of operation (1), death
during chemotherapy (1), and error in scan interpretation (1). Four patients died in the postoperative period, so the analysis is limited to the 25
patients with arterial involvement who underwent surgery and survived the postoperative period.
The only item that may be significant is the degree of hepatic artery involvement because only two of the six patients with greater than 180-
degree involvement achieved R0 resections. Although those with more extensive arterial involvement may fare worse, some with >180-degree
arterial involvement, including hepatic artery involvement, still achieved R0 resections.
aKaplan-Meier.
bStatistical test: Mann-Whitney U test.
cChi-square test.
Bolded values indicate statistical significance.
Abbreviations: CI, confidence interval; CT, computed tomography; DFS, disease-free survival; m, months; MRI, magnetic resonance imaging; PET,
positron emission tomography; R0, complete resection with� 2 mm margin; R1, complete resection with closer or positive margin; SD, standard
deviation; SMA, superior mesenteric artery; SUV, standardized uptake values; Vol, volume.
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DISCUSSION

R0 resection is not possible in arterial presentations without
arterial resection or neoadjuvant therapy. For those with arte-
rial involvement, we found no difference in the resection rate
for those with greater than or less than 180-degree involve-
ment of the artery with tumor (p 5 .5). Twenty-five percent of
patients are alive and disease-free beyond 32 months, and
relapses after 24 months of complete remission are rare.

There was no presenting parameter—tumor size, degree of
vascular involvement, CA 19-9, or PET SUV—that predicted the
success of this approach.

The only patient with R1 resection alive beyond 38 months
was in the venous-only arm and received GX/RT following
resection.

Analysis of parameters predicting outcome of neoadjuvant
therapy is shown in Table 1.

There was a difference in tumor area at initial presentation
by MRI or CT scan (p 5 .02) that correlated with R0 resection
(p 5 .02), but there was significant overlap between the R0
and R1 groups. Neither tumor volume nor SUV by PET analysis
distinguished between subsequent R0 and R1 resections or
recurrence (p 5 .52 and p 5 .68). Standardized uptake value
did not predict DFS (p 5 .85).

There was no statistically significant difference in R0/R1
resection (p 5 .43), survival (p 5 .51), or recurrence (p 5 .79)

related to the degree of response on imaging following
chemotherapy.

There was no statistically significant difference in R0
resection or DFS between those with less than 180 degrees of
encasement and those with greater than 180 degrees of
encasement (p 5 0.5).

The CA 19-9 was elevated in 35 patients (median5 501,
range5 69–6,363). There was no difference in the CA 19-9
level between those achieving R0 and R1 resections
(p 5 .74). Although a higher CA 19-9 at presentation was
associated with a shorter DFS (rs 5 2.42, p 5 .04), the CA 19-
9 level after 3 cycles (p 5 .29) or 6 cycles of treatment did not
correlate with DFS (p 5 .29 and p 5 .10, respectively). By the
end of cycle 6, the CA 19-9 had normalized in 14 of the 35
(40%) patients.

This study supports treating all patients who are surgical
candidates and have laparoscopy-confirmed locally advanced
pancreatic adenocarcinoma with neoadjuvant GTX 1/2
GXRT. With this therapy, the 40% of patients presenting with
locally advanced pancreatic cancer can achieve a survival
rate similar to that of the 15% of patients presenting with
“resectable” cancers. Relapses after 2 years of continuous
remission are unusual. Future studies should evaluate longer
neoadjuvant chemotherapy or compare this regimen with
FOLFIRINOX.

TRIAL INFORMATION

Disease Pancreatic cancer

Stage of Disease/Treatment Neo-adjuvant

Prior Therapy None

Type of Study - 1 Phase II

Type of Study - 2 Single arm

Primary Endpoint Overall survival

Primary Endpoint Correlative endpoint

Secondary Endpoint Overall response rate

Secondary Endpoint Tolerability

Secondary Endpoint Correlative endpoint

Additional Details of Endpoints or Study Design
The primary objective of this study was to determine the effect of neoadjuvant chemotherapy on the 2-year DFS rate. The
secondary objectives were to assess toxicity and efficacy for resection. The standard 2-year DFS rate for patients with stage II
and III pancreatic adenocarcinoma is 5%. We tested the hypothesis that this survival rate is increased to 20% for patients with
venous involvement who receive neoadjuvant therapy. To achieve 80% power to detect the difference between 5% using the
standard treatment and the 20% using the proposed treatment at the .05 significance level, we planned to accrue 32 patients
to receive the proposed treatment. We planned to treat at least 30 patients with arterial involvement (group II) with about
the same accrual time (2 years). They were assessed for resectability and followed for survival and sites of relapse.
Data reporting the primary outcome of this study have been previously reported [1]. The present analysis was undertaken to
determine whether prognostic factors could be identified that would predict the utility or futility of this approach. Parameters
analyzed for prediction of outcome were tumor size, degree of vascular involvement, CEA, CA 19-9, degree of tumor
regression on scan, and fall in CA 19-9 or SUV on PET scan. Note that if the bilirubin was elevated at presentation,
treatment was instituted following bile duct stenting, when the bilirubin fell to 1.5 mg/dL. CA 19-9 was re-evaluated before
treatment started. Statistical Analysis: Comparison and correlation of parameters with OS and DFS were performed using the
Mann-Whitney U test and univariate regression analysis. Kaplan-Meier analysis with log-rank test was performed. A p value
of <.05 was considered statistically significant. All statistical analysis was performed using a software package
(SPSS version 24.0; IBM, Chicago, IL).
Investigator’s Analysis Active and should be pursued further
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DRUG INFORMATION FOR PHASE II NEOADJUVANT GTX
Drug 1

Generic/Working name Gemcitabine

Trade name Gemzar

Company name Lilly

Drug type Small molecule

Drug class Anti-metabolite

Dose 750 milligrams (mg) per square meter (m2)

Route IV

Schedule of administration Capecitabine is given for 14 days. Gemcitabine is given over
90 minutes on days 4 and 11, and docetaxel is given over
1 hour on days 4 and 11 for a total of 6 cycles of treatment

Drug 2

Generic/Working name Docetaxel

Trade name Taxotere

Company name Aventis

Drug type Small molecule

Drug class Tubulin/Microtubules targeting agent

Dose 30 mg/m2

Route IV

Schedule of administration Days 4 and 11 of a 21-day cycle

Drug 3

Generic/Working name Capecitabine

Trade name Xeloda

Company name Roche

Drug type Small molecule

Drug class Anti-metabolite

Dose 750 mg/m2

Route p.o.

Schedule of administration Days 1–14

DRUG INFORMATION FOR PHASE II GX WITH RADIATION

Drug 1

Generic/Working name Gemcitabine

Trade name Gemzar

Company name Lilly

Drug type Small molecule

Drug class Anti-metabolite

Dose 750 mg/m2

Route IV

Schedule of administration Capecitabine is given days 1–5, with gemcitabine on
day 5 for weeks 1, 2, 4, and 5 of radiation therapy at
the same doses as for the GTX combination

Drug 2

Generic/Working name Capecitabine

Trade name Xeloda

Company name Roche

Drug type Small molecule

Drug class Anti-metabolite

Dose 750 mg/m2

Route p.o.

Schedule of administration Capecitabine is given days 1–5, with gemcitabine on
day 5 for weeks 1, 2, 4, and 5 of radiation therapy at
the same doses as for the GTX combination
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PATIENT CHARACTERISTICS FOR PHASE II NEOADJUVANT GTX
Number of Patients, Male 18

Number of Patients, Female 27

Stage II/III

Age Median (range): median 64 years, range 44–83 years

Number of Prior Systemic Therapies Median (range): 0

Performance Status: ECOG 0 —
1 — 45
2 —
3 —
Unknown —

PRIMARYASSESSMENT METHOD FOR PHASE II NEOADJUVANT GTX: TOTAL PATIENT POPULATION
Number of Patients Screened 54

Number of Patients Enrolled 45

Number of Patients Evaluable for Toxicity 45

Number of Patients Evaluated for Efficacy 45

Evaluation Method Other: Pathology

Response Assessment CR n 5 3 (6%)

Response Assessment PR n 5 37 (82%)

Response Assessment SD n 5 3 (6%)

Response Assessment PD n 5 2 (6%)

(Median) Duration Assessments OS 24.8 months, CI: 22–34

(Median) Duration Assessments Duration of Treatment 5 months

PHASE II NEOADJUVANT GTX ADVERSE EVENTS
Adverse events for this study appeared in the original report [1]. Regarding serious adverse events, one of the patients with a
biliary stent presented to the emergency department with hypotension 3 days after treatment. At the time of treatment, the
white blood cell count was 3,400. He died of presumed sepsis.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Investigator’s Assessment Active and should be pursued further

Pancreatic cancer is one of the most difficult to treat cancers.
It is often discovered too late for surgical resection and historically
has been among the most refractory of cancers. A complete sur-
gical resection offers the only prospect of cure, and at the time of
diagnosis, only 10% of patients have disease that is considered
amenable to resection. This has led to efforts to downstage dis-
ease by the administration of combination chemotherapy in the
neoadjuvant setting. To date, regimens used in this setting are
derived from data obtained in the metastatic setting, and the
choice of regimen often depends on the clinician’s impression of
the patient’s ability to tolerate that regimen. The choice is typi-
cally made between the two leading regimens for metastatic dis-
ease: FOLFIRINOX and gemcitabine/nab-paclitaxel. The authors,
together with investigators at Columbia University Medical Cen-
ter, developed a regimen, GTX, which combines agents from both
regimens. Data for this study were first reported in 2015 [1]; the
current report represents an update on the clinical results with
longer followup and an analysis of factors that we hypothesized
would be predictive of outcome.

Neoadjuvant therapy has become widely accepted in the
management of pancreatic cancer. A recent meta-analysis

published in Lancet Oncology reviewed 11 studies with 315

patients with “bordeline resectable” locally advanced pancreatic

cancer [2]. The study reported that a quarter of patients treated

with FOLFIRINOX for locally advanced pancreatic cancer under-

went a surgical resection; three-quarters had an R0 resection.

The study noted that many of the trials reviewed were retro-

spective studies, and that there was no consensus of opinion

about which patients are fit for FOLFIRINOX or which patients

could have been resected without neoadjuvant treatment with

venous resconstruction [3]. Among the studies reviewed, median

overall survival ranged from 10 months to 32.7 months, with a

median overall survival of 24.2 months. Progression-free survival

(PFS) ranged from 3 months to 20.4 months, with a median PFS

of 15 months. Others have reported lower R0 resection rates [4,

5], which likely reflects differences in what is initially considered

“borderline” or “locally advanced” disease and what surgeons

are willing to attempt following neoadjuvant therapy.
Our study with GTX demonstrated that R0 resection, the goal

of neoadjuvant treatment, can be achieved in 70% of patients

presenting with locally advanced pancreatic cancer [1]. The
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median DFS after R0 resection was 31 m (95% confidence
interval [CI]:11.3–51.1). All 10 venous-only patients were
resected, but only 29 of 34 with arterial involvement were
resected; however, there was no difference in the median DFS
between venous-only and arterial involvement (p 5 .82) follow-
ing R0 resection. Further, 25% of all patients have not relapsed
(median5 45 months, range5 25–71 months). We have seen
no relapses after 24 months of complete remission.With respect
to DFS, four postoperative deaths (liver failure, sepsis, arterial
clotting, and pulmonary embolus) and one patient who died fol-
lowing an unrelated fall 15 months after surgery (3 R0, 2 R1)
were excluded from analysis. The median DFS for the 25 (71%)
with R0 resection was 31 months (95% CI: 11.3–51.1), whereas
the median DFS for R1 resection was only 14 months (95% CI:
11.1–17). The difference in DFS between R0 and R1 was signifi-
cant irrespective of type or degree of vascular involvement
(p 5 .04). For those achieving R0 resection, there was no differ-
ence in the median DFS between the 7 patients with venous-only
and the 18 patients with arterial involvement (p 5 .82).

In this study, we stratified patients between arterial and
venous involvement, and excluded patients with venous-only dis-
ease that could be resected with venous reconstruction. Those
with arterial involvement of any degree were included because
these patients are not believed to be surgically resectable without
prior treatment.This analysis shows that there is no presenting fea-
ture that identifies patients with laparoscopically confirmed locally
advanced pancreatic cancer (LAPC) who will or will not respond
adequately and subsequently undergo an R0 resection with the
same chance of long-term DFS as those presenting with primarily
resectable tumors. For LAPC, all patients should have laparoscopic
evaluation prior to treatment and 15%–20% will be found to have
metastatic disease not seen on imaging. This observation was
reconfirmed in our study, making 16% of the patients registered
ineligible for the study. Laparoscopy should be considered routine
in staging for neoadjuvant treatments given the high incidence of
metastatic disease, even with modern imaging techniques [6, 7].
Related to this, no patient developedmetastasis while on study.

We did not complete enrollment in the venous-only arm
because almost all patients presenting with venous only-
disease were deemed resectable with venous reconstruction,
even though they would fall into the definition of borderline
resectable disease. As expected, all our patients with venous-
only disease were resected. Other reported neoadjuvant stud-
ies included in Suker’s meta-analysis include primarily patients
with venous-only disease, so the benefit of those therapies is
difficult to assess. Because there is no proven effective neoad-
juvant regimen, this was not designed as a randomized study.
We did not find the degree of arterial involvement to predict
subsequent resection or survival; however, all patients
screened with 360-degree encasement had metastatic disease.

There was no statistically significant difference in R0 resec-
tion or DFS between those with less than 180 degrees of
encasement and those with greater than 180 degrees of
encasement (p 5 .5).

There was no statistically significant difference in R0/R1
resection (p 5 .43), survival (p 5 .51), or recurrence (p 5 .79)
related to the degree of response on imaging following chemo-
therapy, although the two patients who did not have disease
response did not undergo resection.

CA 19-9 is a validated tumor marker in pancreatic cancer,
reflecting response to therapy and progression [8]. The CA 19-9
was elevated in 35 patients (median5 501, range5 69–6,363).
There was no difference in the CA 19-9 level between those
achieving R0 and R1 resections (p 5 .74). Although a higher CA
19-9 at presentation was associated with a shorter DFS (rs5

20.42, p 5 .04), the CA 19-9 level after 3 cycles (p 5 .29) or 6
cycles of treatment did not correlate with DFS (p 5 .29 and
p 5 .10, respectively). By the end of cycle 6, the CA 19-9 had
normalized in 14 of the 35 (40%) patients.

Those with elevated CA 19-9 were just as likely to have an R0
resection as those with normal CA 19-9 (p 5 .33) at presentation.
Residual elevation of CA 19-9 did not correlate with DFS. No rela-
tionship was found between the rate of decrease in CA 19-9 and
the incidence of R0 resection (p 5 .44) or DFS (p 5 .93). Even the
patient with CA 19-9 of 6,363 achieved R0 resection. Of the 13
patients whose CA 19-9 remained elevated after neoadjuvant
treatment, 8 (62%) achieved R0 resection. Of the 14 patients
who had normalization of CA 19-9, 10 (71%) had R0 resections.

Given the data supporting use of FOLFIRINOX in pancreatic
cancer, a randomized study between FOLFIRINOX and GTX
should be considered in the neoadjuvant setting. Future studies
should clearly define respectability [4]. Imaging must be centrally
reviewed for venous-only involvement and arterial involvement,
and these patients must be considered separately. Further, strin-
gent criteria for R0 resection (�2mmmargins) need to be stated
[9, 10]. Smaller margins have the same survival as R1 resected
patients or unresected patients in large retrospective series of
patients with resectable disease. And, finally, an argument can
be made for assessing the underlying genetic aberrations in
patients enrolled on such studies going forward. In a preliminary
analysis of patients treated with GTX, we found that outcome of
patients with tumors bearing KRAS G12D and G12V mutations
had poorer outcome than patients with G12R or G12Cmutations
[11]. Similarly, patients with pancreatic cancers bearing BRCA

mutations may have different outcomes, depending upon the
chemotherapeutic regimen administered [12].
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FIGURES AND TABLES

Figure 1. Disease-free survival by R0 or R1 resection (p 5 .04).
Abbreviation: DFS, disease-free survival.

Figure 2. Disease-free survival between R0 and R1 in arterial arm only (p 5 .006).
Abbreviation: DFS, disease-free survival.

e9 Pancreatic Cancer Survival with Neoadjuvant GTX

Oc AlphaMed Press 2017



Figure 3. Difference in R0 resection rates based on tumor area. (A): Baseline magnetic resonance imaging largest dimension. (B): Baseline
area and resection. (C): PETmean SUV.

Abbreviations: PET, positron emission tomography; SUV, standardized uptake value.
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