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A B S T R A C T

Purpose
The trial objectives were to identify the maximum-tolerated dose (MTD) of first-line gemcitabine plus
nab-paclitaxel in metastatic pancreatic adenocarcinoma and to provide efficacy and safety data.
Additional objectives were to evaluate positron emission tomography (PET) scan response, secreted
protein acidic and rich in cysteine (SPARC), and CA19-9 levels in relation to efficacy. Subsequent
preclinical studies investigated the changes involving the pancreatic stroma and drug uptake.

Patients and Methods
Patients with previously untreated advanced pancreatic cancer were treated with 100, 125, or 150
mg/m2 nab-paclitaxel followed by gemcitabine 1,000 mg/m2 on days 1, 8, and 15 every 28 days. In the
preclinical study, mice were implanted with human pancreatic cancers and treated with study agents.

Results
A total of 20, 44, and three patients received nab-paclitaxel at 100, 125, and 150 mg/m2, respectively.
The MTD was 1,000 mg/m2 of gemcitabine plus 125 mg/m2 of nab-paclitaxel once a week for 3
weeks, every 28 days. Dose-limiting toxicities were sepsis and neutropenia. At the MTD, the response
rate was 48%, with 12.2 median months of overall survival (OS) and 48% 1-year survival. Improved OS
was observed in patients who had a complete metabolic response on [18F]fluorodeoxyglucose PET.
Decreases in CA19-9 levels were correlated with increased response rate, progression-free survival,
and OS. SPARC in the stroma, but not in the tumor, was correlated with improved survival. In mice
with human pancreatic cancer xenografts, nab-paclitaxel alone and in combination with gemcitabine
depleted the desmoplastic stroma. The intratumoral concentration of gemcitabine was increased by
2.8-fold in mice receiving nab-paclitaxel plus gemcitabine versus those receiving gemcitabine alone.

Conclusion
The regimen of nab-paclitaxel plus gemcitabine has tolerable adverse effects with substantial
antitumor activity, warranting phase III evaluation.

J Clin Oncol 29:4548-4554. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Metastatic pancreatic ductal adenocarcinoma (PDA)
is a lethal disease with approximately 6 months
of median survival.1,2 Gemcitabine is the only
approved single agent, with a median survival of
5.7 months and 20% 1-year survival.3 Except for
erlotinib, all phase III trials exploring gemcitabine-
based combinations have failed to improve overall
survival (OS).4 Nevertheless, a recent meta-
analysis of randomized trials revealed a general
survival benefit for gemcitabine-based chemo-
therapies for patients with good performance sta-
tus.5 Because of the moderate activity of the
current standard gemcitabine and gemcitabine-

based regimens,3-7 improved therapeutic options
are greatly needed.

The selection of nab-paclitaxel, a 130-nm
albumin-bound formulation of paclitaxel parti-
cles (Celgene, Summit, NJ), in combination
with the standard gemcitabine was based on a
molecular profiling of PDA tumor samples,8 in
which secreted protein acidic and rich in cysteine
(SPARC), an albumin-binding protein, was noted
to be overexpressed. nab-Paclitaxel has shown an-
titumor activity in various advanced cancer types
that overexpress SPARC,9-11 including breast,12-14

lung,15,16 and melanoma.17

The objectives of this trial were to identify the
maximum-tolerated dose (MTD) of gemcitabine
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plus nab-paclitaxel as first-line therapy in patients with metastatic PDA
andtoprovideefficacyandsafetydata topermit theplanningofapossible
pivotal phase III trial. Additional exploratory objectives were to eval-
uate SPARC and CA19-9 levels and positron emission tomography
(PET) scan response in relation to efficacy. Subsequent preclinical
studies in human pancreatic cancer xenografts investigated the under-
lying biology of the substantial clinical activity seen in this phase
I/II study.

PATIENTS AND METHODS

Phase I/II Clinical Study

The study was conducted at four centers in the United States in accordance
with the Declaration of Helsinki and Good Clinical Practice, Guidelines of the
International Conference on Harmonization. Written informed consent was ob-
tainedfromallpatientsbeforeenteringthestudy.Eligibilitycriteria includedage�
18 years and histologically or cytologically confirmed metastatic PDA with mea-
surable disease by computed tomography scan as defined by the Response Evalu-
ation Criteria in Solid Tumor (RECIST) version 1.0 guidelines.18 Patients had no
previous treatment for metastatic disease. Prior adjuvant treatment with fluorou-
racilorgemcitabineadministeredasaradiationsensitizerduringandupto4weeks
after radiation therapy was allowed. If a patient received adjuvant therapy,
tumor recurrence must have occurred � 6 months after the last treatment.
Patients had an Eastern Cooperative Oncology Group performance status of 0
or 1 and had adequate hematologic, hepatic, and renal function.

Study Design

This was an open-label phase I/II study. In the phase I portion, the primary
end point was to identify the MTD and dose-limiting toxicities (DLTs) of gemcit-
abine(1,000mg/m2)followedbynab-paclitaxel (100,125,or150mg/m2),admin-
istered intravenously (IV) on days 1, 8, and 15, every 28 days, using the standard
3�3 phase I dose-escalation design.19 Per protocol, DLTs were treatment-related
toxicities during cycle 1 per National Cancer Institute Common Terminology
Criteria of Adverse Events version 3.0, including any grade 4 hematologic toxicity;
grade 3 thrombocytopenia with hemorrhage; grade � 3 nausea, vomiting, or
diarrhea despite prophylaxis; or any grade � 3 treatment-related nonhematologic
toxicity, excluding alopecia and fatigue. Dose escalation was stopped when � one
of three patients had DLTs, and the dose below was declared the MTD. Patients
continued treatment until disease progression or unacceptable toxicity. In the
phase II portion, accrual continued at the MTD to � 42 patients to evaluate the
efficacy and safety of the combination. This clinical study also evaluated PET scan
response, CA19-9, and SPARC levels in relation to antitumor activity.

Assessments

All patients who received at least one dose of study drugs were evaluated for
efficacy and safety. Response was assessed by computed tomography scans at
baseline and every 4 weeks on day 1 of each cycle (per RECIST v1.0); an initial
response (complete [CR] or partial response [PR]) had to be confirmed at least 4
weeks later. Metabolic activity was assessed by [18F]fluorodeoxyglucose (FDG)
PET scans at baseline and at 6 and 12 weeks on the basis of the European Organi-
sation for Research and Treatment of Cancer criteria by an independent investiga-
tor.20 Safety was assessed by the incidence of treatment-related adverse events
(AEs), according to the National Cancer Institute Common Terminology Criteria
of Adverse Events version 3.0, and incidence of patients experiencing dose modi-
fications, dose interruptions, and/or premature discontinuation of study drug.
CA19-9 levels were monitored by investigators at every cycle. Archived tumor
blocks, if available, were collected for SPARC analysis.

Statistical Methods for Efficacy End Points and Biomarkers

With a total of 44 patients treated at the MTD, there was � 95% power of
observing a serious AE that had an incidence of � 7%. The percentage of patients
(with 95% CI) who achieved an objective CR or PR using RECIST criteria were
summarized using descriptive statistics. Disease control rate was defined as the
percentage of patients with CR, PR, and stable disease (SD) � 16 weeks.
Progression-free survival (PFS) was defined as the time from first dose of study

drug to the start of disease progression or patient death, whichever occurred first.
OS was defined as the time from first dose of study drug to patient death. PFS and
OS were analyzed using Kaplan-Meier methods.

To assess possible relationships between CA19-9 and efficacy outcomes,
the correlation of maximum decrease from baseline in CA19-9 with survival
was analyzed. SPARC immunohistochemistry was performed using a mono-
clonal and a polyclonal antibody and proprietary methodology. Seven tissue
components including tumor cells and stromal components such as fibroblast
and inflammatory cells were evaluated. For each tissue component and each
antibody, three measures were recorded by two board-certified pathologists at
a Clinical Laboratory Improvement Amendments laboratory: maximum in-
tensity, percentage of cells at the maximum intensity, and overall score, pro-
viding 42 variables. All variables were standardized across patients via z-score
transformation and averaged between the two pathologists. For each patient,
an average z-score was calculated across variables. On the basis of the average
z-scores � or less than 0, patients were classified into a high- or low-SPARC
group, respectively. The difference in OS between the low- and high-SPARC
groups was assessed by the log-rank test, and a multivariate Cox regression
model was used to assess the independent predictive power of SPARC levels.
All statistical analyses for SPARC were carried out in R version 2.12.0.21

Preclinical Study Methods

The objectives of these preclinical studies were to evaluate tumor pro-
gression, potential changes in the pancreatic stroma, and intratumoral
drug penetration.

Xenograft Establishment and Treatment

Fresh pancreatic cancer tissues obtained from 11 chemotherapy-naive
patients who underwent surgery at the Johns Hopkins (JH) Hospital were
propagated as subcutaneous tumors in 6-week-old female athymic nude mice
as a live PancXenoBank.22 Mice with tumor size of �200 mm3 were randomly
assigned to four treatment groups (seven to 10 tumors/group): (1) control, (2)
gemcitabine 100 mg/kg intraperitoneally (IP) on days 1 and 5 weekly for 4
weeks, (3) nab-paclitaxel 30 mg/kg/d IV for 5 consecutive days, and (4) gem-
citabine plus nab-paclitaxel in the preceding regimens for 4 weeks. A response
was defined as a more than 50% regression in tumor size. Animals were killed
on day 28. The experimental protocol was approved by the Animal Care and
Use Committee at JH University.

Immunohistochemistry

Tumorsobtainedateuthanasiawereimmediatelyflashfrozen,andaportion
of each tumor was kept in 10% formalin for paraffin embedding. The extent of
stromal desmoplasia was determined by an immunohistochemistry assay for col-
lagen 1 (1:500; Abcam, Cambridge, MA).23 Stromal vascularity was assessed using
an anti-CD31 antibody (1:200; Santa Cruz Biotechnologies, Santa Cruz, CA).

Quantitative Real-Time PCR

Endothelial cell content was quantified by real-time polymerase chain
reaction (qRT-PCR) for murine-specific nestin (mNestin) transcripts.24 For
qRT-PCR, total RNA was isolated (RNeasy Mini Kit, Qiagen, Santa Clarita,
CA), followed by cDNA production (SuperScript III First Strand synthesis kit,
Invitrogen, Carlsbad, CA). Relative fold expression of mNestin was calculated
using the 2-��Ct method.25

Gemcitabine Uptake in Tumors

Mice harboring PANC265 xenograft were treated with gemcitabine at 100
mg/kg IP on day 5 or gemcitabine 100 mg/kg on day 5 plus nab-paclitaxel 30
mg/kg/dIVfor5consecutivedays.Animalswerekilledandtumorswereharvested
1hourafterthelastgemcitabinedose.Gemcitabineconcentrationsintumorswere
measured in the JH Analytic Pharmacology Core. Briefly, tumor tissue homoge-
nates were prepared. After liquid extraction and evaporation of homogenates, the
sample was dissolved in 100 �L of methanol/water (10:90, volume/volume). The
analytes were separated on a YMC Jsphr M80TM C18 column (Waters, Millford,
MA), and gemcitabine and dFdU (a gemcitabine metabolite) were monitored by
tandem mass spectrometry.
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RESULTS

Patients

A total of 67 patients were enrolled and evaluated (Table 1). All
patients have discontinued therapy either because of progressive dis-
ease (48%), unacceptable toxicity without progressive disease (18%),
patient discretion (17%), investigator discretion (8%), AE (8%), or
other (2%). The most common treatment-related AEs that led to
treatment discontinuation were neuropathy and fatigue.

MTD and DLTs

Of the first six patients treated at dose level 1 (100 mg/m2 nab-
paclitaxel cohort), two patients had their day 8 treatment held: one

patient with a possible history of ethanol abuse had asymptomatic
neutropenia (absolute neutrophil count 0.85 � 109 cells/L), and a
79-year-old patient had asymptomatic thrombocytopenia (platelet
count 60 � 109 cells/L). In three of those first six patients, radiologic
responses were observed. Because of the confounding factors in two
patients with dose delays, the potentially promising level of antitumor
activity with this regimen, and the excellent tolerability in the remain-
ing patients, the protocol was modified to allow for a total of 20
patients at dose level 1 rather than considering this dose level as having
exceeded the MTD. Subsequently, dose escalation proceeded to dose
level 2 and then 3. Of the three patients at dose level 3 (150 mg/m2 of
nab-paclitaxel), one patient died as a result of treatment-related sys-
temic infection (neutropenia in the presence of a biliary stent) during
cycle 1, and the MTD was established at dose level 2 (125 mg/m2 of
nab-paclitaxel). The other two patients at dose level 3 had grade 3 AEs
that were resolved (leukopenia, fatigue, and neutropenia). A total of 44
patients were enrolled at dose level 2.

Efficacy Results

Survival. In patients treated at the MTD of 125 mg/m2 of nab-
paclitaxel (n � 44), the median PFS was 7.9 months (95% CI, 5.8 to
11.0 months), median OS was 12.2 months (95% CI, 8.9 to 17.9
months; Fig 1A), and the 1-year survival was 48%. For all 67 patients,
median PFS was 7.1 months (95% CI, 5.7 to 8.0 months), with median
OS of 10.3 months (95% CI, 8.4 to 13.6).

Response rate. The overall response rate (ORR) was 46% for all
patients (N � 67). In the 100 (n � 20) and 125 (n � 44) mg/m2 nab-
paclitaxel cohorts, the response rates were 45% and 48%, respec-
tively (Table 2). The overall disease control rate was 60% and
68%, respectively.

PET scan analysis. FDG PET scans were available for 55 patients.
The median decrease in metabolic activity was 79% for all three cohorts
togetherat12weeks.Inthe125mg/m2 nab-paclitaxelcohort(n�38),the
reduction in FDG uptake was greater compared with the 100 mg/m2

cohort (n � 14; 68% v 53%; P � .044) at 6 weeks, but not at 12 weeks
(74% v 76%; P � .13, respectively). When PET analyses from all three
cohorts were combined, patients with a complete metabolic response,
defined according to the European Organisation for Research and Treat-
ment of Cancer criteria by the absence of FDG uptake, had a significantly
improved OS compared with patients without a complete metabolic re-
sponse (median 20.1 v 10.3 months, respectively; P � .01; Fig 1B).

Treatment Exposure

Across all nab-paclitaxel doses, patients received 81% of the
planned dose and 85% of the planned gemcitabine dose. The median
number of cycles administered was 6.0 (range, 1 to 24) for all patients.
Twenty-five percent of patients had a nab-paclitaxel dose reduction,
with 20% in the 125 mg/m2 cohort. Thirty-one percent of patients had
a gemcitabine dose reduction, with 43% in the 125 mg/m2 cohort. For
all patients and in the 125 mg/m2 cohort, 72% and 70% of patients had
a nab-paclitaxel dose delayed, respectively, mainly due to AEs. For all
patients, 73% patients had a dose delay of gemcitabine sometime in
their treatment, mainly because of AEs.

Safety Results

The DLTs were sepsis and neutropenia. The most common
treatment-related AEs of any grade were anemia (98%), leukopenia
(91%), neutropenia (89%), thrombocytopenia (83%), fatigue (76%),

Table 1. Baseline Patient Demographics and Clinical Characteristics

Characteristic

nab-Paclitaxel mg/m2

100
(n � 20)

125
(n � 44)

150
(n � 3)

No. % No. % No. %

Age, years
Median 62 61 69
Range 30-86 28-78 53-72

Female sex 9 45 25 57 1 33
ECOG

0 9 45 22 50 2 67
1 11 55 22 50 1 33

Site of metastatic disease
Abdomen/peritoneal� 16 80 38 86 2 67
Liver 11 55 34 77 2 67
Liver only 1 5 2 5 1 33
Lung 5 25 18 41 1 33
Lung only 1 5 5 11 1 33
Other 10 50 12 27 1 33

No. of metastatic sites
1 6 30 8 18 1 33
2 8 40 18 41 2 67
� 3 6 30 18 41 0

CA19-9 baseline levels, n 15 37 2
Normal† 2 13 6 16 1 50
Elevated 13 87 31 84 1 50

CA19-9 baseline, �/mL
Median 1,148 881 181
Range 14-180,062 1-96,990 23-339

Previous treatment
Prior chemotherapy‡ 3 15 10 23 1 33
Prior adjuvant therapy 3 15 10 23 1 33

With gemcitabine 1 5 5 11 0
With capecitabine 1 5 4 9 0
With FU 2 10 1 2 0
With docetaxel 0 2 5 0
With erlotinib 0 0 1 33

Time since adjuvant
therapy,§ months 5

Median 64 12
Range 9-81 1-23

Abbreviations: ECOG, Eastern Cooperative Oncology Group; FU, fluorouracil;
nab, albumin bound.

�Peritoneal was not collected separately.
†Cutoff for normal range was � 37 u/mL. Approximately 10% to 15% of patients

with pancreatic cancer lack Lewis antigens and thus lack the ability to secrete CA19-9.
‡There were no prior neoadjuvant therapy regimens.
§Time from last dose of prior adjuvant therapy to metastatic disease.
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alopecia (76%), sensory neuropathy (63%), and nausea (48%). Most
of these treatment-related AEs were grade 1 and 2 (Table 3). Specifically,
themostcommongrade�3nab-paclitaxel–relatednonhematologicAEs
were fatigue (21%) and sensory neuropathy (15%). Of the grade � 3
treatment-related hematologic AEs, neutropenia (67%), leukopenia
(44%), and thrombocytopenia (23%) were the most common.

Biomarkers

SPARC. SPARC status was evaluated in 36 patients. Applying
the average z-score algorithm to all 42 variables, patients were classi-
fied into high-SPARC (average z-scores � 0, n � 19) and low-SPARC
groups (average z-scores � 0, n � 17). A significant increase in OS was
observedforpatientsinthehigh-SPARCgroupcomparedwithpatientsin

BA

DC

P = .01

P = .0431
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Fig 1. (A) Median overall survival in patients receiving 125 mg/m2 of albumin-bound (nab) paclitaxel followed by 1,000 mg/m2 of gemcitabine. (B) Median overall survival
correlated with a complete metabolic response compared with baseline, defined according to the European Organisation for Research and Treatment of Cancer criteria by the
absence of [18F]fluorodeoxyglucose uptake (cohorts 1 and 2). (C) Median survival correlated with secreted protein acidic and rich in cysteine (SPARC; all cohorts). (D) Maximum
percentage change in CA19-9 levels in patients receiving 125 mg/m2 of nab-paclitaxel followed by 1,000 mg/m2 of gemcitabine. PR, partial response; SD, stable disease.
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the low-SPARC group (median OS, 17.8 v 8.1 months, respectively;
P � .0431; Fig 1C). Furthermore, SPARC level remained a signifi-
cant predictor for the OS in a multivariate Cox regression model
after adjusting for clinical covariates, including sex, race, age, treat-
ment, and baseline CA19-9 level (P � .041). Additionally, stromal
SPARC was significantly correlated with OS (P � .013), but not
SPARC in tumor cells (P � .15).

CA19-9 levels. Rapid decreases in CA19-9 levels were observed,
with the median time to maximum decrease of 89 days. In the 125
mg/m2 cohort, 92% evaluable patients (34 of 37) had a � 20% de-
crease in CA19-9, 78% (29 of 37) had a � 50% decrease, and 70% (26
of 37) had a � 70% decrease in CA19-9. The median maximum
percentage change in CA19-9 level was 91% for all patients and also for
patients in the 125 mg/m2 cohort (Fig 1D). CA19-9 levels were corre-
lated with increased survival. Patients with � 50% decrease in CA19-9
levels had a 62% ORR and 8.0 and 13.6 median months of PFS and OS,
respectively, whereas those with less than 50% decrease in CA19-9
level had a 33% ORR and 3.6 and 6.5 months of PFS and OS, respec-
tively (P � .105, � .001, and .004 for ORR, PFS, and OS, respectively).

Preclinical Study Results

Gemcitabine and nab-paclitaxel alone resulted in tumor regres-
sions in two (18%) and four (36%) of 11 patient-derived xenografts,
respectively. However, gemcitabine plus nab-paclitaxel chemotherapy
resulted in tumor regressions in seven (64%) of 11 cases. The aggregate
tumor regression response in individual xenografts derived from the
11 parental cases were 22 (24%) of 90, 34 (36%) of 95, and 53 (55%) of
96 for gemcitabine, nab-paclitaxel, and gemcitabine plus nab-
paclitaxel, respectively (Fig 2A).

We analyzed the stromal content of two gemcitabine-resistant
tumors in each of the treatment groups. Mice treated with vehicle or
gemcitabine exhibited a profuse desmoplastic stroma, as demon-
strated by the collagen type1 fibers (Fig 2B). In contrast, nab-paclitaxel
treatment depleted the desmoplastic stroma as evidenced by com-
pact “back-to-back” arrangement of neoplastic glands separated by
“wisps” of collagen. The reduction in stromal content was accom-
panied by dilated blood vessels in the tumor milieu, which were
particularly prominent in the combination therapy cohort. An
approximately three-fold increase in mNestin, marker of endothe-
lial cells, was observed in xenografts receiving combination therapy
as compared with control tumors, consistent with increased stro-
mal endothelial cell content. The reduction in tumor stroma and

the accompanied increase in vascularization facilitated the delivery
of gemcitabine to these tumors.

The intratumor concentration of gemcitabine increased by 2.8-
fold in the gemcitabine plus nab-paclitaxel treated tumors compared
with gemcitabine-alone treated mice (Fig 2C).

Table 2. Response Rates, Disease Progression, and Disease Control Rates
for All Patients and in the 125 mg/m2 nab-Paclitaxel Cohort

Response Result

Dose Level 2
(n � 44)

All Dose Levels
(n � 67)

No. % No. %

Complete response 0 3 4
Partial response 21 48 28 42
Stable disease� 9 20 12 18
Progressive disease 7 16 15 22
Disease control rate† 30 68 43 64

�Stable disease was defined as � 16 weeks.
†Disease control rate was defined as the percentage of patients with

complete and partial response and stable disease � 16 weeks.

Table 3. Selected Treatment-Related Adverse Events

Adverse Events

Dose Level 1
(n � 20)

Dose Level 2
(n � 44)

Dose Level 3
(n � 3)

No. % No. % No. %

Nonhematologic events
Diarrhea

Grade 1 1 5 7 16 1 33
Grade 2 1 5 6 14 0
Grade 3 3 15 1 2 0
Grade 4 0 0 0

Fatigue
Grade 1 4 20 10 23 0
Grade 2 9 45 13 30 1 33
Grade 3 1 5 12 27 1 33
Grade 4 0 0 0

Nausea
Grade 1 7 35 11 25 1 33
Grade 2 2 10 9 20 1 33
Grade 3 0 1 2 0
Grade 4 0 0 0

Sensory neuropathy
Grade 1 5 25 15 34 0
Grade 2 1 5 9 20 2 67
Grade 3 1 5 9 20 0
Grade 4 0 0 0

Vomiting
Grade 1 1 5 10 23 1 33
Grade 2 2 10 3 7 1 33
Grade 3 0 3 7 0
Grade 4 0 0 0

Hematologic events
Anemia

Grade 1 7 35 10 23 2 67
Grade 2 11 55 27 63 1 33
Grade 3 1 5 6 14 0
Grade 4 0 0 0

Leukopenia
Grade 1 2 10 6 14 1 33
Grade 2 12 60 9 21 1 33
Grade 3 4 20 16 37 1 33
Grade 4 0 8 19 0

Neutropenia
Grade 1 4 20 6 14 0
Grade 2 3 15 1 2 1 33
Grade 3 8 40 11 26 2 67
Grade 4 2 10 21 49 0

Febrile neutropenia
Grade 1 0 0 0
Grade 2 0 0 0
Grade 3 1 5 1 2 0
Grade 4 1 5 0 0

Thrombocytopenia
Grade 1 5 25 18 42 2 67
Grade 2 5 25 9 21 1 33
Grade 3 2 10 8 19 0
Grade 4 1 5 4 9 0

NOTE. One patient at dose level 3 had grade 5 sepsis.
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DISCUSSION

The MTD (the recommended dose for phase III) was 1,000 mg/m2 of
gemcitabine plus 125 mg/m2 of nab-paclitaxel administered weekly for 3
weeks, repeated every 4 weeks. The 48% ORR, 12.2 months of OS, and
1-year survival of 48% at the MTD is among the highest reported for a

phase II study in patients with PDA, including the fluorouracil, leuco-
vorin, irinotecan, and oxaliplatin regimen,26 which in a recent random-
ized phase III trial produced significantly improved survival compared
with gemcitabine alone.27 Additionally, this current study is among the
first to formally assess PET scan responses in pancreatic cancer. Results
showedthatacomplete lossofFDGmetabolicactivitywasassociatedwith
favorable survival. In accordance with published results showing that
CA19-9 is a prognostic marker for both PFS and OS,28 decrease from
baseline CA19-9 in the present study was an independent prognostic
factor forOS.Overall,SPARCexpressionwasnotcorrelatedwithbaseline
CA19-9 levels, indicating that SPARC is a predictive marker independent
ofCA19-9levels.AlthoughanincreaseinSPARClevelwascorrelatedwith
improved OS, the significant increase was specific to elevated stromal
SPARC and not SPARC in tumor cells. This is particularly important
because historically, SPARC expression in the stroma, but not in the
tumor, has been associated with poor survival,29,30 suggesting that a
uniquemechanismofactionofthepresentregimenmayplayarole inthis
reverse outcome. Together these observations indicate that stromal
SPARC expression may be an important marker of early activity of gem-
citabine plus nab-paclitaxel combination regimens in advanced pancre-
atic cancer.

Thepreclinicalstudiesweresubsequently initiatedonthebasisof the
encouraging responses seen in the clinical trial. In the present preclinical
study, nab-paclitaxel alone and in combination with gemcitabine de-
pletedtheperitumoraldesmoplasticstroma,andintratumoralconcentra-
tion of gemcitabine increased in mice treated with nab-paclitaxel versus
those receiving gemcitabine alone. We speculate that reducing the dense
tumor stroma, a histologic hallmark of PDA, may allow the chemothera-
peutics to reach the tumor tissue more efficiently. Although these preclin-
ical results were compelling in the athymic mouse, it has been noted that
the mouse stromal cells may be transformed in the presence of human
xenograft.31,32 Other existing models of PDA (eg, Kras mutations that
harbor similar precancerous lesions as humans) may be needed to con-
firm the stromal depletion seen in this model. The stromal depletion and
the increased survival with SPARC expression observed in this study
indicate that, in addition to intrinsic antitumor effects against the cancer
cell, nab-paclitaxel may target stromal SPARC and facilitate delivery of
chemotherapy. These data are consistent with a recent preclinical study
targeting the hedgehog pathway in pancreatic cancer23 and suggest that
stroma-directed treatments may be a new treatment strategy. In particu-
lar, theantitumoractivityofgemcitabineplusnab-paclitaxelcombination
therapy may, in part, be explained by the use of the albumin recep-
tor(gp60)–caveolin-1–caveolae–SPARC pathway to increase intratu-
moral drug concentrations.33

Although the results of this clinical phase I/II study are promis-
ing, as with any nonrandomized study, patient selection may have
influenced the outcome, and validation by a larger randomized trial is
necessary. Given the favorable safety profile and the encouraging
antitumor activity of the nab-paclitaxel plus gemcitabine regimen, a
phase III study comparing gemcitabine plus nab-paclitaxel and gem-
citabine alone has been initiated.
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Fig 2. (A) Percentage incidence of aggregate tumor regression in response to
gemcitabine, albumin-bound (nab) paclitaxel, and gemcitabine plus nab-paclitaxel
in individual xenografts derived from the 11 parental cases. (B) Immunohisto-
chemical assay for collagen type 1 fibers in a gemcitabine-resistant human
pancreatic cancer xenograft treated with nab-paclitaxel, gemcitabine, or gemcit-
abine plus nab-paclitaxel. (C) Intratumor concentration of gemcitabine in human
pancreatic cancer xenografts.
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