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Abstract

Purpose: We hypothesized that autophagy inhibition would increase response to chemotherapy
in the preoperative setting for patients with pancreatic adenocarcinoma. We performed a
randomized controlled trial to assess the autophagy inhibitor hydroxychloroquine in combination

with gemcitabine and nab-paclitaxel.

Experimental Design: Participants with potentially resectable tumors were randomized to two
cycles of nab-paclitaxel and gemcitabine (PG) alone or with hydroxychloroquine (PGH),
followed by resection. The primary endpoint was histopathologic response in the resected
specimen. Secondary clinical endpoints included CA 19-9 serum biomarker response and
margin negative RO resection. Exploratory endpoints included markers of autophagy, immune

infiltrate, and serum cytokines.

Results: Thirty-four patients in the PGH arm and 30 in the PG arm were evaluable for the
primary endpoint. The PGH arm demonstrated statistically improved Evans grade
histopathologic responses (P = 0.00016), compared to control. In patients with elevated CA 19-
9, a return to normal was associated with improved overall and recurrence-free survival (P <
0.0001). There were no differences in serious adverse events between arms and chemotherapy
dose number was equivalent. The PGH arm had greater evidence of autophagy inhibition in
their resected specimens (increased SQSTM1, P = 0.027, as well as increased immune cell
tumor infiltration, P = 0.033). OS (P = 0.59) and RFS (P = 0.55) did not differ between the two

arms.

Conclusions: The addition of hydroxychloroquine to preoperative gemcitabine and nab-
paclitaxel chemotherapy in patients with resectable pancreatic adenocarcinoma resulted in
greater pathological tumor response, improved serum biomarker response, and evidence of

autophagy inhibition and immune activity.

Downloaded from clincancerres.aacrjournals.org on August 13, 2020. © 2020 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/

Author Manuscript Published OnlineFirst on March 10, 2020; DOI: 10.1158/1078-0432.CCR-19-4042
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

Translational Relevance

Autophagy is a critical mediator of damage-associated molecular patterns (DAMP)-induced
tumor cell survival. We previously conducted a Phase I/ll trial examining preoperative
gemcitabine in combination with oral hydroxychloroquine (HCQ) for treatment of high-risk PDA.
Gemcitabine and HCQ resulted in improved overall survival compared with the prior cohort
(34.83 vs. 12.27 months, P = 0.03). Based on these promising results, we launched this NCI-
supported randomized phase Il trial of neoadjuvant gemcitabine/nab-paclitaxel, with and without
HCQ. This study demonstrates that addition of the autophagy inhibitor HCQ to preoperative
gemcitabine and nab-paclitaxel improves pathological response in the tumor specimen, serum
CA 19-9 response, and lymph node involvement. It also prospectively established the utility of
CA19-9 decline in the neoadjuvant treatment setting, for prediction of overall survival. In
addition, the enhanced immune infiltrate we observed suggests a possible immunomodulatory

effect of the regimen that can be addressed in future studies.
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Introduction

Autophagy is an intracellular process by which damaged organelles and protein aggregates are
sequestered in autophagic vesicles and the contents degraded and recycled following fusion
with lysosomes.! Autophagy promotes cell survival when the cell is stressed or damaged, such
as in cancer cells. Autophagy is elevated in pancreatic ductal adenocarcinomas (PDAs) and
pancreatic tumors, with higher levels of autophagic flux associated with worse overall survival
(0S).%* Preclinical and early clinical studies support the notion that targeting autophagy may be
a useful strategy in treating PDA.?>%® %1% There is emerging evidence that autophagy inhibition
can also enhance antitumor immunity, but to date, no clinical data support an associated

increase in inflammatory cells within the tumor microenvironment.

Chloroquine and its derivatives, including hydroxychloroquine (HCQ), are synthetic 4-
aminoquinolines initially developed for malaria prophylaxis. They are inexpensive, orally
available drugs with a wide therapeutic index. Chloroquine blocks the acidification of lysosomes,
thus inhibiting the last step in autophagy. Chloroquine or combinations of chloroquine and
chemotherapy demonstrate antitumor properties in orthotopic transplantable and genetically
engineered models of pancreatic cancer.* Human tumor xenografts respond to combinations of
HCQ and chemotherapy.'**? We previously conducted a phase I/l trial examining preoperative
gemcitabine in combination with oral HCQ for the treatment of patients with high-risk PDA
(UPCI 09-122/ NCT01128296).2 Clinical outcomes were improved compared to those from a

previously established cohort of high-risk patients at our institution.*

Based on these promising results, we launched a randomized phase Il trial of neoadjuvant
gemcitabine/nab-paclitaxel with HCQ (and designated the treatment as PGH) or without HCQ
(designated as PG,; trial identifier: UPCI 13-074/NCT01978184) to better assess the contribution
of the inhibition of autophagy by HCQ to gemcitabine/nab-paclitaxel chemotherapy.

Patients and Methods

Study design and participants

This was an open-label, randomized controlled trial performed at a single large academic
medical center in the midwestern United States. The trial was approved by the protocol review
committee and IRB (IRB 13-074) at the Hillman Cancer Center at the University of Pittsburgh

Medical Center and was registered with clinicaltrials.gov (NCT01978184). The full trial protocol

is available on request. The trial was performed in full accordance with guidelines for good

Downloaded from clincancerres.aacrjournals.org on August 13, 2020. © 2020 American Association for Cancer
Research.


http://clinicaltrials.gov/show/NCT01128296
https://clinicaltrials.gov/ct2/show/NCT01978184
https://clinicaltrials.gov/ct2/show/NCT01978184
http://clincancerres.aacrjournals.org/

Author Manuscript Published OnlineFirst on March 10, 2020; DOI: 10.1158/1078-0432.CCR-19-4042
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

clinical practice and the Declaration of Helsinki. Written informed consent was obtained from all

patients prior to any protocol treatment.

Patients were considered eligible for the trial if they met the National Comprehensive Cancer
Network (NCCN) criteria for resectable or borderline resectable operation based on a contrast-
enhanced helical chest, abdomen, and pelvis CT scan done using a pancreas mass protocol.
An endoscopic ultrasound (EUS)-guided biopsy and histologic confirmation of malignancy were

required. The full list of eligibility criteria can be found in the protocol.

Randomization

The trial was designed to adaptively randomize participants to either PG or PGH using the
method published by Thall and Wathen.** After 20 participants were randomized 1:1, the
probability of randomization was to adapted to the probability of Evans Grade 4 histologic
responses in each arm. The trial was powered to recruit 60 participants evaluable for response
for a power of at least 80% for an odds ratio of 3.5 or greater on the primary endpoint. No
participant in either arm experienced a grade 4 histologic response, so the randomization

adaptation was not significant.

Trial procedures

Sixty-four patients were randomized to receive two cycles of gemcitabine and nab-paclitaxel
(1000 mg/m? and 125 mg/m?, respectively, on days 1, 8, and 15 of each monthly cycle) with or
without the highest FDA allowable dose of HCQ (1200 mg, 600 mg twice daily) from day 1
through the evening before planned surgical extirpation. In an expansion cohort, 7 patients were
separately treated with PGH alone and are reported separately in the appendix. Patients were
restaged with a helical CT scan 14 days after the last dose of chemotherapy and prior to
surgery. Surgical exploration and pancreatectomy were then performed if technically feasible,
there was no evidence of metastatic disease, and all toxicities had resolved. Pathologic
specimens were preserved, and the entire tumor was submitted for evaluation. Six to 10 weeks
following the completion of successful surgical removal of their tumor, patients were free to

pursue standard-of-care adjuvant therapy options at the discretion of their treating physician.

Participants were deemed evaluable for response if they had received at least one cycle of
chemotherapy, took at least 80% of the expected HCQ doses, and underwent successful

surgical extirpation of their disease.
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Endpoints

The primary endpoint for this trial was the Evans grade histologic response,* which was scored
by a single expert pancreatic pathologist blinded to patients' treatment arm (the grading system
is reproduced in Supplemental Table 1). Secondary endpoints were the change in serum CA
19-9, lymph node involvement, and RO resection. Exploratory endpoints included evidence of
autophagy inhibition, immune infiltrate, serum cytokines and chemokines, pre/posttreatment

SII,*® and OS and recurrence-free survival (RFS).

Statistical analysis

The effect of treatment on Evans grade (the primary endpoint) was assessed by Fisher’s exact
test and a cumulative logit model, an extension of logistic regression appropriate for ordinal
multinomial endpoints. In secondary analyses, the effect of baseline clinical, demographic, and
biomarker variables on the relationship between treatment and Evans grade was assessed by
adding those variables to the primary endpoint model. OS and RFS were characterized by the
product-limit (Kaplan-Meier) estimator and compared between arms by log-rank tests. Wilcoxon
tests were employed when the assumptions for the validity of the t test were violated. All point
estimates are accompanied by appropriate confidence intervals. The median follow-up time for

the study patients is 39.7 months.

Serum biomarkers

A Thermo Fisher (Grand Island, NY) multiplexed ProcartaPlex Immunoassay measured 64
cytokines and chemokines as well as 14 soluble checkpoint inhibitors on pre- and posttreatment
sera from patrticipants. Results were tabulated based on changes from pre-therapy (prior to
chemotherapy) to post-therapy, broken down by whether patients had been randomized to

receive or not receive HCQ.

Immunohistochemistry markers of autophagy in resected specimens

FFPE tissue section slides were deparaffinized in two changes of xylene for 15 minutes each,
followed by rehydration in an ethanol gradient (100% ethanol, 95% ethanol, 70% ethanol,
water). Antigen retrieval was used as appropriate for the individual antigen. Additional details
regarding the immunohistochemical methods employed are in the supplemental materials

Methods for calculating the immune infiltration score can be found in the supplemental methods.
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Results

Between March 2014 and November 2018, a total of 98 participants were randomly assigned to
treatment (Figure 1). Of study participants, the 92 who received at least one dose of study drug
were evaluable for safety. In all, 18 patients (35%) in the PGH arm and 16 (35%) in the PG arm
did not complete the protocol requirements to be considered for the primary endpoint. Reasons
for attrition were 1) disease progression (4 PGH patients [8%)] vs. 4 PG [9%)]), 2) patient
preference (7 PGH [13%] vs. 5 PG [11%]), and 3) regimen-limiting toxicity or decline in
performance status (5 PGH [10%] vs. 2 PG [6%]). Four patients in the PG arm had surgery out
of the preplanned window. Two patients in the PGH arm were found to have a non-PDA
periampullary cancer at surgery, and 1 patient who received PG elected to pursue a different

therapy.

A total of 64 randomized participants completed the study treatment, went to surgery, had
pathologically confirmed PDA, and were evaluable for the primary and secondary efficacy
endpoints. Thirty-four patients completed the PGH arm and 30 completed the PG arm. The
randomization process did not result in any significant imbalances in prognostic factors such as
endoscopic ultrasound results for size of tumor, tumor location, vascular involvement (borderline
vs. resectable), or robotic procedure. (Table 1) There was no difference in the number of cycles

of chemotherapy completed by patients in either arm (data not shown).

Supplemental Table 2 demonstrates that adverse events were not different between arms (P =
0.44 from a cumulative logit model). Supplemental Table 3 lists all grade 3-5 adverse events for
all treated patients, with no significant differences demonstrated. HCQ did not add to the toxicity
of chemotherapy. Patients in the PGH arm were more likely, but not statistically signficantly, to

receive nab-paclitaxel as postoperative adjuvant therapy (Supplemental Table 4).

The primary endpoint for this trial was histopathologic response as described by Evans et
al.*>!"18 There were 19 (55.9%) patients in the PGH arm who had an Evans II1B grade (>50%
destruction of tumor cells) or greater response, versus 3 (10%) participants in the PG arm. No
patients in the PG arm had an Evans grade Il response (>90% destruction) versus 7 (20.6%)
patients in the PGH arm. Overall, Evans grade histopathological response was statistically

different between the arms, favoring PGH (Figure 2; Fisher’s exact test, P = 0.004). A
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cumulative logit model, which considers the ordering of the grades, confirmed the superiority of
the PGH arm (P = 0.00016).

An additional 13 patients were enrolled in a nonrandomized expansion cohort of the PGH arm
following completion of the randomized trial. Of these, 7 receved their chemotherapy and
underwent surgical resection. Their baseline demographics and outcomes were consistent with
those of the patients randomized to the PGH arm (Supplemental Tables 3 and 5 and
Supplementary Figures 1-3). Due to the small number of nonrandomized patients, further

analyses were not undertaken.

Secondary endpoints included the change in pre- and posttreatment CA19-9 as well as the rate
of RO resection. Prior to treatment, a higher CA19-9 was seen overall (a negative prognostic
factor) in the PGH arm (1320 U/mL; 95% CI 260-2380) than in the PG arm (352 U/mL; 95% ClI
38-665; Figure 3A; P = 0.019) but no differences were seen in CA19-9 between treatment arms
following treatment (Figure 3B). After treatment, a statistically significant decrease in CA19-9, a
positive prognostic factor (Figure 3C) favored the PGH arm. CA 19-9 generally decreased for
participants in both treatment arms, with the exception of 5 participants in each arm. One
participant in each arm experienced a greater than 100-fold increase in CA 19-9 (data not
shown). The decrease in CA 19-9 was greater in the PGH arm (Wilcoxon test, P = 0.001; Figure
30C). In those patients with elevated CA 19-9 levels at baseline (>37 U/mL), a similar decrease
was observed (Wilcoxon test, P = 0.017). In a cumulative logit model, the drop in CA 19-9
trended with a better Evans grade histopathologic response (Figure 3D). There was no
statistically significant difference between the PGH and PG treatment arms in the proportion of

participants who underwent an RO resection (82% vs. 70%, P = 0.38; Supplemental Table 6)

The trial was not powered to detect differences in survival nor did the protocol prescribe
adjuvant therapy post resection. The proportion of patients receiving any adjuvant
chemotherapy and type of adjuvant chemotherapy was not statistically different between the
arms (Supplemental Table 4). At the time of submission for publication, 19 patients (46%) in the
PGH arm and 17 (57%) in the PG arm had succumbed to disease. Median OS was 32 months
(95% CI 20.8—NA) in the PG arm and 36 months (95% CI 28.2—NA) in the PGH arm (P = 0.59).
Similarly, the difference in RFS between the arms was not statistically significant (P = 0.55); the
median RFS was 13.5 months (95% CI 9.5—-34.5) in the PG arm and 16.6 months (95% CI
14.6-25) in the PGH arm (Supplemental Figure 4). On an intention to treat (ITT) basis, median
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OS in the PG arm is 24 months (95% CI=(17, NA)) and median OS in the HCQ arm is 31
months (95% CI=(23, NA), which were not statistically different (P<0.34). A decrease in CA19-9
greater or equal to the median CA19-9 was associated with an OS benefit (P = 0.0539) but not
PFS (P = 0.43) (Figure 4A and B). However, in patients whose CA19-9 was elevated above
normal at baseline, a return to normal was even further significantly associated with both
improved RFS (P < 0.0001) and OS (P = 0.0008; Figure 4C and D). An Evans grade of I1IB or
better was associated with better OS and RFS, but the effects were not statistically significant
(P =0.29 and 0.15, respectively; Supplemental Figure 5). The proportion of patients who had
any lymph node involvement was smaller in the PGH arm than in the PG arm (58.8% vs. 80%;

P = 0.10) but did not reach statistical significance (Supplemental Table 7).

We examined a subset of the resected tumor specimens for markers of autophagy, apoptosis,
and immune response (Supplemental Figure 6 and Supplemental Table 8). An increased
percentage of cells positive for cytoplasmic SQSTM1 was observed in the PGH-treated patients,
(43.6; 95% CI 31.7-55.6; vs. 27.5; 95% CIl 16.6—-38.8; P = 0.027). When examining the tumor
infiltration index, HCQ increased the probability of having non-zero tumor infiltration from 0.5
(15/30) to 0.78 (25/32), with a Fisher’s exact test of P = 0.033. Moreover, a higher tumor
immune infiltration score was associated with statistically improved RFS and OS (Figure 5). We
also found a strong correlation between CC3, HMGB1, and SQSTM1/p62 cytoplasmic staining,
CD4 infiltration, and stromal immune score, and OS for all patients (Supplemental Table 9).
SQSTM1/p62 in the cytoplasm correlated with worse OS (HR 1.03; 95% CI for HR 1-011-1-055;
P = 0.007). The stromal infiltration score inversely correlated with survival with a HR of 4.3 (95%
CI 1-59-9.10; P = 0.002). Both cytoplasmic and nuclear P62 are statistically significant, after
accounting for

treatment arm, in the model for Evans' Grade, p=0.03. We also examined cytoplasmic HMGB1
because of its known role in promoting autophagy. Supplemental Figure 7 demonstrates that

there was more retained nuclear HMGB1 in PGH patients.

As shown in Supplemental Figures 8 and 9, an increase in serum-soluble PD-L1 of greater than
25% (pretreatment to posttreatment) was associated with worse OS (HR 3:06; 95% CI for HR
1.18-7-98; P = 0.04) and RFS (HR 6-60; 95% CI for HR 2-38-18-20; P = 0.002), while an
increase in hepatocyte growth factor (HGF) of greater than 50% was associated with improved
OS (HR 0:31; 95% CI for HR 0-11-0-88; P = 0.01) and RFS (HR 0-41; 95% CI for HR 0-17—
0-97; P =0.02).
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Discussion

The addition of the autophagy inhibitor HCQ to preoperative gemcitabine and nab-paclitaxel
improves pathological response in the tumor specimen, serum CA 19-9 response, and lymph
node involvement. This confirms our previous clinical observations.? This randomized trial
provides strong evidence that autophagy is an important therapeutic target in patients with
pancreatic cancer. In addition, the enhanced immune infiltrate we observed suggests a possible

immunomodulatory effect of the regimen.

We utilized the pathologic response system described by Evans et al.,** whereby complete
pathologic response rates have been correlated with improved OS in retrospective series.'® We
observed a remarkable improvement (P = 0.00016) in the proportion of patients demonstrating a
IIB or greater response in the cohort receiving the combination of HCQ and chemotherapy.
Evans grade response in this trial was statistically correlated with serum CA 19-9 response,
which was associated with better OS. These findings support the use of this pathologic endpoint
as an important surrogate marker of oncologic outcome in pancreatic cancer trials. Our findings
suggest that the entire Evans grade scale of pathologic response has prognostic implications.
No patients in this trial who received the prescribed two cycles of chemotherapy demonstrated a
complete pathologic response. However, a complete pathologic response to neoadjuvant

therapy in PDA is rare.

In numerous retrospective series, both the absolute level as well as the change in levels of
serum glycoprotein CA 19-9 correlate with survival in pancreatic ductal adenocarcinoma. Our
trial adds to the growing number of prospective trials demonstrating a correlation between
changes in CA 19-9 and survival.”*** We observed a significant correlation between decreases
in CA 19-9 during treatment and OS. In addition, CA 19-9 decline had a significant correlation
with Evans grade pathologic response. These observations suggest that, in the absence of
radiation therapy, the response in the tumor to systemic chemotherapy mirrors the systemic

response and supports the use of CA 19-9 to accelerate the completion of future trials.

There are many advantages to the evaluation of novel agents in the preoperative setting that we
sought to exploit in this study. Preoperative chemotherapy has also been suggested to be the
single most important factor for predicting survival in PDA patients.?” Presurgical window-of-

opportunity trials, such as this one, allow earlier treatment of patients, while they have a better
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performance status and allow a complete evaluation of the resected tumor. In contrast, most
new treatments for PDA are evaluated in the metastatic setting, by which time patients’

performance status and immunity are significantly diminished.

Overall and progression-free survival were not improved by the neoadjuvant addition of HCQ to
the backbone of nab-paclitaxel and gemcitabine. In this study, we did not control for adjuvant
therapy; adjuvant chemotherapy was at the discretion of the treating oncologist. Only two
patients in the PGH arm, and none in the PG arm, received FOLFIRINOX which is the current
standard of care as of June 2018 as accrual was nearly complete by this time. The majority of
patients received nab-paclitaxel and gemcitabine as adjuvant therapy (supplementary figure 4).
Recently, nab-paclitaxel added to gemcitabine demonstrated no benefit over gemcitabine
alone.? Given the limitations of the adjuvant treatment; it is not surprising that 2 months of
neoadjuvant therapy did not statistically effect PFS and OS, although a non-statistical trend
towards improved survival in the PGH was observed. Planned studies to examine the benefit of
the addition of HCQ to FOLFIRINOX compared to PGH will include adjuvant FOLFIRINOX with
HCQ continued post operatively in those patients who received it neoadjuvantly. Together these
changes may facilitate the identification of an RFS and OS advantage of HCQ added to these
regimens. A recent study compared PG with PGH as first line therapy in metastatic pancreatic
cancer.?® The results identified a PFS but not OS survival benefit to treatment with PGH
compared with PG alone. One reason for the lack of an OS benefit may have been due to not
continuing HCQ during subsequent lines of therapy. Alternatively, the differences in patient
performance and the inability to render a metastatic patient macroscopically disease free may
have affected an OS benefit to the addition of HCQ.

There are currently over 60 trials on https://clinicaltrials.gov/ that list autophagy as a target. All

the trials examine HCQ or chloroquine administration. It is well-accepted that these drugs may
have multiple off-target effects that make it difficult to fully conclude that autophagy is the critical
target. We therefore examined markers of autophagic flux in the resected specimens as a
means to correlate autophagic changes with the trial endpoints. During autophagy, the
sequestosome protein SQSTM1/p62 targets ubiquitinated proteins to the autophagosome, and
its accumulation is consistent with inhibition of this step.?® We did observe a statistically
significant increase in the staining of cytoplasmic SQSTM1/p62 accumulation, associated with
the administration of HCQ. Since both cytoplasmic and nuclear P62 are statistically significant,

after accounting for treatment arm, in the model for Evans' grade response, these studies
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support a critical role for autophagy inhibition as related to Evans grade response. Furthermore,
these data suggest that maximizing autophagic inhibition in future studies may positively affect
response and subsequently survival. We did not observe any differences between the two
cohorts in staining for the common recycled autophagy marker LC3B [I/ATGS8. Similarly, no
differences were found in markers of apoptosis. Both of these markers are themselves rapidly
cleared by either autophagy itself or ingestion and clearance of phagocytosed apoptotic cells.

In this trial, the administration of HCQ correlated with increased immune cell infiltration within
the tumor. Moreover, immune cell infiltration in the resected tumor correlated with improved OS
and RFS, independent of treatment arm. These findings corroborate a recent report that
demonstrate that the level of immune cell infiltration within resected pancreatic tumors
correlates with 0S.?® The lack of response to modern immune therapies in pancreatic cancer
remains incompletely understood, but may be related to a combination of T-cell exclusion and
the low number of synonymous mutations found in pancreatic cancer, with which a diminished
response to checkpoint therapies has been associated.?” Animal models have suggested that
activated stromal cells may form a barrier to T-cell infiltration.?® Interestingly, in murine PDAC
models engineered to have genetic autophagy loss, a similar change in tumor immune
infiltration was identified supporting these changes are due to autophagic inhibition.?** Future
human trials based on the design of this trial may therefore incorporate more potent autophagy
inhibitors, or a combination of HCQ with other agents. These may offer a platform for
incorporating and analyzing rational immune therapies in pancreatic adenocarcinoma. We are
now actively investigating if HCQ affected stromal activation markers and myeloid infiltrate in
this trial. Given the positive correlation of OS and RFS with immune infiltration emerging in the
literature, future window-of-opportunity trials of preoperative therapy may focus on this

surrogate endpoint.

Multiple cytokines/chemokines and soluble checkpoint molecules were examined prior to and
after therapy. We observed that increased HGF and PDL-L1 were associated with improved
OS. The concept of HGF increase as a good prognostic factor is quite interesting since HGF
increases proportionally with increased apoptotic death,* something that is a predicted outcome
of successful autophagy inhibition and effective chemotherapy. HGF and its receptor MET could

32-34 and serum levels could be

possibly be important targets in patients with pancreatic cancer,
important for following disease progression and response to treatment, as in other diseases.

PD-L1 upregulation was also associated with lower OS.
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This prospective randomized trial demonstrates that the addition of the autophagy inhibitor HCQ
to preoperative gemcitabine and nab-paclitaxel improves pathologic and biomarker response in
potentially resectable pancreatic cancer. It further supports the use of pathologic response and
CA 19-9 as surrogate markers of survival in future trials of preoperative therapy. The
development of novel autophagy inhibitors and their integration into therapeutic regimens
should remain a priority for the field.
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Table 1. Demographics and baseline assessment of efficacy-evaluable participants. Means are
accompanied by 95% confidence intervals. CCl=Charlson Comorbidity Index, EBL=estimated
blood loss, EUS=endoscopic ultrasound, PG=gemcitabine+nab-paclitaxel,
PGH=hydroxychloroquine+gemcitabine+nab-paclitaxel

PG PGH p
(n=30) (n-34)
Age at Diagnosis 64 (37-83) 67 (45-80) 0.41
F 14 (48%) 15 (44%)
Gender M 16 (46%) 19 (56%) 1.00
Asian 1(3.3%) 0 (0%)
Race Black 0 (0%) 1(2.9%) 0.70
White 27 (90%) 33(97.1%)
2 1(3.3%) 1(2.9%)
3 8 (27%) 7
4 5 (17%) 3 (8.8%)
CClI (adjusted) 5 8 (27%) 15 (44%) 0.75
6 5 (17%) 5 (15%)
7 3 (10%) 2 (5.8%)
9 0 (0%) 1(2.9%)
EUS Size (cm) 2.6 (1.2-5.1) 2.7(1.2-5.5) | 0.79
Head 25 (83%) 31 (91%)
Tumor Location Body 3(10%) 2 (5.8%) 0.62
Tail 2 (6.7%) 1(2.9%)
CT vasc. involvement 17 (57%) 15 (44%) 0.45
Robotic procedure 22 (73%) 24 (71%) 1.00
Vein resection 16 (53%) 13 (38%) 0.32
EBL 162 (20-2000) | 150 (20-1000) | 0.49
T1NO 0 (0%) 1(2.9%)
TIN1 3 (10%) 0 (0%)
T2NO 4 (13%) 2 (5.8%)
TNM T2N1 3 (10%) 7 (21%) 0.22
T3NO 6 (20%) 10 (29%)
T3N1 14 (47%) 13 (38%)
TxNO 0 (0%) 1(2.9%)
IA 0 (0%) 2 (5.8%)
1B 5 (17%) 1(2.9%)
Stage A 6 (20%) 11 (32%) 0.12
1B 19 (63%) 20 (59%)

Data reported as n(%) or median (range).

Research.
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Figure Legends

Figure 1. Consort diagram. Patients were randomized to receive nab-paclitaxel and
gemcitabine with hydroxychloroquine (PGH; 52 patients) or without hydroxychloroquine (PG; 46
patients). A total of 34 PGH and 30 PG patients successfully completed the regimen and were
taken to operation for resection of pancreatic cancer. Abbreviations: AE, adverse event; HCQ,
hydroxychloroquine; OOW, out of window; PD, progressed disease; PDA, pancreatic ductal

adenocarcinoma

Figure 2. Evans grade response in resected patients. The primary endpoint for this trial was
the evaluation of the Evans grade pathologic response by a blinded expert pancreatic
pathologist. Patients receiving chemotherapy and hydroxychloroquine (PGH) demonstrated a
statistically significant better pathologic response than those receiving chemotherapy alone

(PG). The P value is from Fisher’'s exact test.

Figure 3. Pre- and posttreatment CA 19-9 levels by treatment arm and Evans grade
response. A) Pre-treatment CA 19-9 levels; B) Post-treatment CA 19-9 levels; C) Ratio
between post-treatment and pre-treatment CA 19-9 levels. D) Correlation of CA19-9 response

to Evan’s grade. The P values are from Wilcoxon tests.

Figure 4. Decrease in CA 19-9 and link to overall and recurrence-free survival. Those
patients with greater than the median decrease in CA 19-9 demonstrated improved overall
survival but not recurrence-free survival. Those patients who normalized their CA19-9 with
treatment had both better OS and RFS.

Figure 5. Tumor immune infiltration score correlates with overall survival. All resected

tumors were evaluated for tumor immune infiltration index. A tumor infiltration index of greater

than 0 was positively correlated with recurrence-free survival and overall survival.
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Figure 4

— Decrease in CA 19-9
— < Median
— = Median
«©
o p=0.0539
-
<
3
n
E
2 <
O oA
(o]
P
o -4 A
T T T T T T
0 12 24 36 48 60
Months
At Risk: 30 25 18 7 1 1
33 31 25 15 12 12
_— Return to Normal Range
— N
Y
o p=0.0008
o
® ©J
= ©
<
3
n
E
2 <
o o
N X N 1
[=] T T 1
o4 C
T T T T T T
0 12 24 36 48 60
Months
At Risk: 22 16 7 3 3 3
26 25 23 15 7

- Decrease in CA 19-9
— < Median
—— = Median
o
o p=0.4252
©
2
S ©
n o
[0}
[0
i
@
[$]
[=
o
5 o
[$]
(0]
o
[aV)
[=}
o B I
T T T T T
0 12 24 36 48
Months
At Risk: 35 14 4 2 0
35 22 5 2 0
- Return to Normal Range
— N
_—_Y
© p<0.0001
o
©
2
S ©
w o
[0}
2
(TR
@
[$]
[= 4
L = ’
5 o
(5]
(]
o
N
o
o D
T T T T T
0 12 24 36 48
Months
At Risk: 22 8 1 1 1
26 19 6 3 0

Downloaded from clincancerres.aacrjournals.org on August 13, 2020. © 2020 American Association for Cancer

Research.



http://clincancerres.aacrjournals.org/

Figure 5

Author Manuscript Published OnlineFirst on March 10, 2020; DOI: 10.1158/1078-0432.CCR-19-4042
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

S N —— Tumor Infiltration Score =0 S 7
=—— Tumor Infiltration Score >0
0 _ 0
S p—0035 S
©
=
— c
g o | @ <
S o o
= 8
@ -
i 8
() < c <
> S e <o 7
© 3
[
o
o N
o o
o o
o S
T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60
Months
AtRisk: 22 21 17 13 9 9 9 9 9 9 9 At Risk:
40 39 37 35 32 24 19 14 8 8 8

—— Tumor Infiltration Score =0
=—— Tumor Infiltration Score >0

p=0.0016

22
40

24 30 36 42 48
Months

0 0 0 0 0

9 8 3 1 0

Downloaded from clincancerres.aacrjournals.org on August 13, 2020. © 2020 American Association for Cancer

Research.



http://clincancerres.aacrjournals.org/

Author Manuscript Published OnlineFirst on March 10, 2020; DOI: 10.1158/1078-0432.CCR-19-4042
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

AAGCR rolnasodain
Clinical Cancer Research

A Randomized Phase Il Preoperative Study of Autophagy
Inhibition With High-Dose Hydroxychloroquine and
Gemcitabine/Nab-Paclitaxel in Pancreatic Cancer Patients

Herbert Zeh, Nathan Bahary, Brian A Boone, et al.

Clin Cancer Res Published OnlineFirst March 10, 2020.

Updated version  Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-19-4042

Supplementary  Access the most recent supplemental material at:
Material http://clincancerres.aacrjournals.org/content/suppl/2020/03/10/1078-0432.CCR-19-4042.DC1

Author  Author manuscripts have been peer reviewed and accepted for publication but have not yet been
Manuscript  edited.

E-mail alerts  Sign up to receive free email-alerts related to this article or journal.

Reprints and To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/early/2020/03/10/1078-0432.CCR-19-4042.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on August 13, 2020. © 2020 American Association for Cancer
Research.


http://clincancerres.aacrjournals.org/lookup/doi/10.1158/1078-0432.CCR-19-4042
http://clincancerres.aacrjournals.org/content/suppl/2020/03/10/1078-0432.CCR-19-4042.DC1
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://clincancerres.aacrjournals.org/content/early/2020/03/10/1078-0432.CCR-19-4042
http://clincancerres.aacrjournals.org/

	Article File
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

