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Abstract
Background: Autophagy is a mechanism which relies on lysosomes for clearance and recycling of abnormal proteins or |
organelles. Many studies have demonstrated that the deregulation of autophagy is associated with the development of various
diseases including cancer. The use of autophagy inhibitors is an emerging trend in cancer treatment. However, the value of
autophagy inhibitors remains under debate. Thus, a meta-analysis was performed, aiming to evaluate the clinical value of autophagy-
inhibitor-based therapy.

Methods: \We searched for clinical studies that evaluated autophagy-inhibitor-based therapy in cancer. We extracted data from
these studies to evaluate the relative risk (RR) of overall response rate (ORR), 6-month progression-free survival (PFS) rate, and 1-year
overall survival (OS) rate.

Results: Seven clinical trials were identified (n=293). Treatments included 2 combinations of hydroxychloroquine and gemcitabine,
1 combination of hydroxychloroquine and doxorubicin, 1 combination of chloroquine and radiation, 2 combinations of chloroquine,
temozolomide, and radiation, and 1 hydroxychloroquine monotherapy. Autophagy-inhibitor-based therapy showed higher ORR (RR:
1.38, 95% confidence interval [Cl]: 0.95-1.86, P=.009), PFS (RR: 1.72, 95% Cl: 1.05-2.82, P=.000), OS (RR: 1.39,95% CI: 1.11-
1.75, P=.000) values than the therapy without inhibiting autophagy.

Conclusion: This meta-analysis showed that autophagy-inhibitor-based therapy has better treatment response compared to
chemotherapy or radiation therapy without inhibiting autophagy, which may provide a new strategy for the treatment of cancers.

Abbreviations: Cl| = confidence interval, CQ = chloroquine, HCQ = hydroxychloroquine, NSCLC = nonsmall-cell lung cancer,
ORR = overall response rate, OS = overall survival, PDAC = pancreatic adenocarcinoma, PFS = progression-free survival, RR =

relative risk, TMZ = temozolomide.
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1. Introduction

Since the induction of the term by Christian de Duve in 1963,
advances in the understanding of autophagy have come a long
way.l'l When Yoshinori Ohsumi was awarded the Nobel Prize
for Physiology or Medicine for his work on elucidating the
mechanisms of autophagy in 2016, the importance of autophagy
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in health and disease especially in cancer was recently
highlighted. It is thought that autophagy can prevent develop-
ment of cancer under normal circumstances. However, once
cancer is established, the process of autophagy often promotes
tumor cell survival and growth.3! The association with
autophagy and cancer is complex, thus targeting autophagy in
the treatment of cancer is still controversial.*!

Cancer has constituted enormous burden to human.!®
Although chemotherapy, radiotherapy, and surgery have been
standard treatments for patients with cancers, outcomes of these
treatments including the overall survival (OS) rates of patients are
still far from ideal.”!

It is thought that autophagy is a survival mechanism conserved
from yeast to mammals.®! Autophagy is also a known survival
mechanism across several tumor types.”~'"! Many studies have
proved that combining various types of anticancer drugs with
either pharmacologic or genetic autophagy inhibition can
improve antitumor effects.!**!?! Fitzwalter and Thorburn found
that the process of autophagy can protect cells from undergoing
programmed cell death, which may partially explain the
association between autophagy and cancer development.!'?!
However, this protective ability is not always the same, for
example, autophagy can either inhibit or promote apoptosis
under different cellular contexts in response to similar death
stimuli, such as death receptor agonists including CD95 ligand
(FASL) and tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL; also known as TNESF10)."* These opposing
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effects can be explained by the degradation of different pro-
apoptotic or anti-apoptotic regulators by autophagy.!'>1¢!

At present, chloroquine (CQ) and hydroxychloroquine (HCQ)
are the only available autophagy inhibitors in clinical. CQ and
HCQ can inhibit autophagy by blocking the fusion of
autophagosomes with lysosomes.['”! In addition, CQ also has
some autophagy-independent anticancer effects, including sensi-
tizing cancer cells to chemotherapy.'¥2% Several related clinical
trials have been conducted to evaluate the safety and value of it.

To date, no meta-analysis has looked at autophagy inhibition
therapy. This meta-analysis focused on the efficacy of autophagy
inhibitors (CQ and HCQ) in the treatment of patients with
cancer, aiming to evaluate the clinical value of autophagy-
inhibitor-based therapy in different types of cancer.

2. Materials and methods

2.1. Study design and search strategy

All relevant information of this meta-analysis was identified from
published autophagy trials in cancer. We searched for the trials
based on the following computerized bibliographic databases:
PubMed/Medline, Embase, the Cochrane Central Register of
Controlled Trials (CENTRAL), and Google Scholar without any
language restrictions. July 2018 was the cut-off date. The
following keywords were included: combination therapy,
autophagy, inhibitor, hydroxychloroquine, chloroquine. The
search algorithm for pubmed was generated as follows:
(((((CC((((((((Chlorochin) OR Chingamin) OR Khingamin) OR
Nivaquine) OR Chloroquine Sulfate) OR Sulfate, Chloroquine)
OR Chloroquine Sulphate) OR Sulphate, Chloroquine) OR
Aralen) OR Arequin) OR Arechine)) OR “Chloroquine”[Mesh]))
AND ((((((((Oxychlorochin) OR Oxychloroquine) OR Hydrox-
ychlorochin) OR Plaquenil) OR Hydroxychloroquine Sulfate)
OR Hydroxychloroquine Sulfate (1:1) Salt)) OR “Hydroxy-
chloroquine”[Mesh])) AND ((randomized controlled trial[Publi-
cation Type] OR randomized[Title/Abstract] OR placebo[Title/
Abstract])), and the search algorithm for Embase was generated
as follows: ((“chloroquine”/exp OR “chloroquine” OR “chlo-
roquine”:ab,ti OR “chingamin”:ab,ti OR “khingamin”:ab,ti OR
“nivaquine”/exp OR “nivaquine” OR “chloroquine sulfate”:ab,
ti OR “sulfate, chloroquine”:ab,ti OR “sulphate, chloroquine”:
ab,ti OR “aralen”:ab,ti OR “arequin”:ab,ti OR “arechine”:ab,ti
OR “chlorochin”:ab,ti) AND (“hydroxychloroquine”/exp OR
“hydroxychloroquine”) OR “oxychlorochin”:ab,ti OR “oxy-
chloroquine”:ab,ti OR “hydroxychlorochin”:ab,ti OR “plaque-
nil”:ab,ti OR  “hydroxychloroquine  sulfate”:ab,ti  OR
“hydroxychloroquine sulfate (1:1) salt”:ab,ti) AND (“random-
ized controlled trial”/exp OR “randomized controlled trial”). To
find potential publications, we reviewed a reference list of related
articles for further analysis.

2.2. Inclusion and exclusion criteria

Retrieved articles had to satisfy the following criteria: the study
must be a clinical study concerning the efficacy of chloroquine or
hydroxychloroquine in the treatment of tumors; the study must
report any of the following information: overall response rate
(ORR), 1-year OS rate, and 6-month progression-free survival
(PES) rate.

The exclusion criteria were: studies were not related to our
research topics or not clinical trials; retrospective studies, letters,
editorials, expert opinions; studies lacked necessary data.
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2.3. Data extraction

All reviewers independently extracted data with a piloted
extraction form, and checked all data carefully. This meta-
analysis extracted data including 1st author, published year,
number of patients, study design, intervention methods, cancer
types, autophagy inhibitor, clinical trial phase, additional
treatment, and clinical response. ORR was collected directly
or calculated according to CRR and PRR. Data extraction was
performed independently by 2 reviewers and differences were
resolved by a 3rd reviewer.

2.4. Assessment of the study quality and risk of bias

Cochrane Collaboration’s tool was used to evaluate the risk of
bias, any controversies were resolved by mutual discussion.
Assessment of the study quality was based on the latest 2009
version of the initial Stroke Therapy Academic Industry
Roundtable (STAIR) standard. It includes sample-size calcula-
tion, inclusion and exclusion criteria, allocation concealment,
blinded assessment of outcome, reporting of patients excluded
from analysis and reporting potential conflicts of interest and
study funding. All reviewers assessed the qualities in all included
studies. The “unclear” means the quality was not clear. Details on
the risk of bias in fourteen studies are illustrated in Supporting
Information Figure S4, http:/links.lww.com/MD/C602.

2.5. Statistical analysis

Statistical analysis, forest plots, and detection of publication bias
were calculated by Stata/SE 12.0 (Stata Corp, College Station,
TX), and we used Review Manager (RevMan5.3; The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen,
Denmark) to assess the risk of bias. Hazard ratios (HRs) were
used for evaluation. Publication bias was assessed by Egger test
and Begg test. All analyses (OS, ORR, PFS) were performed using
a random-effects model (M-H heterogeneity). In addition, we
calculated 95% confidence intervals (Cls) for each estimate.

2.6. Data availability

All data generated during and/or analyzed in this study are
included in this published article (and its supplementary
information files).

2.7. Ethical approval

This article does not contain any studies with human participants
or animals performed by any of the authors.

2.8. Informed consent

For this type of study, formal consent is not required.

3. Results

3.1. Search results and study characteristics

The procedures and results of study selection are illustrated in
“PRISMA Flow Diagram.” Seven studies were included in our
meta-analysis after removing retrospective articles and those
lacking necessary data.?'>”! These studies were selected to
determine the efficacy and difference of two kinds of autophagy
inhibitors (CQ and HCQ) in treating cancers. We found multiple
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Characteristics of trials included in the meta-analysis.

Study Year Tumour type Autophagy inhibitor Clinical trial phase Additional treatment
Sotelo 2006 Glioblastoma cQ I TMZ and radiation
Briceno 2003 Glioblastoma cQ i TMZ and radiation
Rojas-Puentes 2013 Brain metastases: NSCLC and breast cancer cQ Il Radiation

Boone 2015 PDAC HCQ ] Gemcitabine

Barnard 2014 Non-Hodgkin lymphoma HCQ 1] Doxorubicin

Wolpin 2014 Metastatic PDAC HCQ Il None

Miller-Ocuin 2017 Pancreatic Cancer HCQ II gemcitabine

CQ=chloroquine, HCQ = hydroxychloroquine, NSCLC =nonsmall-cell lung cancer, PDAC =pancreatic adenocarcinoma, TMZ =temozolomide.

types of autophagy inhibition treatment trials, trials included 2
combinations of hydroxychloroquine and gemcitabine, 1
combination of hydroxychloroquine and doxorubicin, 1 combi-
nation of chloroquine and radiation, 2 combinations of
chloroquine, temozolomide, and radiation, and 1 hydroxychlor-
oquine monotherapy.

3.2. Study characteristics

The included studies were published from 2003 to 2017. The
detailed characteristics of included studies are shown in Table 1.
A total of 293 patients were assessed in these studies, of which
149 patients received CQ or HCQ as autophagy inhibitors, 144
patients received chemotherapy or radiation therapy without
autophagy inhibition. A total of 102 patients received combina-
tion of autophagy inhibitors and chemotherapeutics like
gemcitabine and doxorubicin, a total of 15 patients received
combination of chloroquine, temozolomide and radiation, and a
total of 10 patients received hydroxychloroquine monotherapy.
Patients who did not receive autophagy inhibitors served as the
controls. Among these studies, there were 2 phase I/II articles, 3
phase II articles, and 2 phase III articles.

3.3. Efficacy analysis of autophagy inhibitors in cancer
treatment

The ORR, 1-year OS rate, and 6-month PFS rate were used to
measure the efficacy of autophagy inhibitors in treating cancers.
All seven studies were included in the ORR analysis.*'27! Six
articles were incorporated in the 6-month PFS and 1-year OS rate
analysis.*'=2¢! The 1-year OS rate and 6-month PES rate of
autophagy inhibition therapy were significantly higher than those
of therapy without inhibiting autophagy (relative risk [RR]: 1.39,
95% CI: 1.11-1.75, P=.000) and (RR: 1.72, 95% CI: 1.05-
2.82, P=.000), respectively. Overall, therapy with autophagy
inhibition resulted in a significantly higher ORR compared with
therapy without inhibiting autophagy (RR: 1.33, 95% CI: 0.95-
1.86, P=.009) (Fig. 1). There was high heterogeneity in the ORR
(I’=54.2%) and 6-month PFS (I*=72.3%) analyses, but
heterogeneity in 1-year OS rate was low (I?=0.0%). Detailed
heterogeneity analyses are shown in Supporting Information
Figure S1, http:/links.lww.com/MD/C602.

3.4. Subgroup analysis of autophagy inhibitors in cancer
treatment

Although CQ and HCQ both can inhibit the process of
autophagy, their mechanisms of effecting the survival and
development of cancer cells are not the same. Thus, we conducted

a subgroup analysis of 2 types of autophagy inhibitors to
evaluate whether 2 of them have significant difference in
contributing the treatment outcome. We found that CQ and
HCQ both can significantly improve ORR, 1-year OS rate, and
6-month PFS rate. HCQ-based therapy can better benefit 1-year
OS rate and 6-month PFS rate than CQ-based therapy, and
CQ-based therapy can better benefit ORR than HCQ-based
therapy (Fig. 2).

We performed further analyses to evaluate the efficacy of
different types of therapy combination. The result of this analysis
is shown in Figure 3. We found that adding autophagy inhibitors
to radiation did not improve ORR and 6-month PES rate
significantly. Subgroup analysis of autophagy-inhibitor-based
combination type and cancer type are shown in Figures 3 and 4,
respectively.

3.5. Sensitivity analysis and publication bias

All sensitivity analysis associated with the meta-analyses
performed in this study indicated a stable results. No sensitivity
analysis shows positive results. Detailed sensitivity analysis is
shown in Supporting Information Figure S2, http:/links.lww.
com/MD/C602.

Our publication bias was based on both Begg test and Egger
test. In Begg test, there was no publication bias. The P-values
were .230 for ORR, .260 for 6-month PFS, .452 for 1-year OS. In
Egger test, the P-values were .515 for ORR, .289 for 6-month
PFS, .387 for 1-year OS. The Begg graphs are shown in Figure 3,
and the Egger graphs are shown in Supporting Information
Figure S3, http:/links.lww.com/MD/C602.

4. Discussion

To the best of our knowledge, this is the 1st meta-analysis to
assess the efficacy of autophagy inhibitors and to compare the
difference between 2 types of autophagy inhibitors in the
treatment of patients with cancer, focusing on the use of
autophagy inhibitors in cancer clinical trials. The current trials
have some limitations, but we think outcomes can still provide
insights into autophagy inhibition therapy.

Our meta-analysis indicates that adding autophagy inhibitors
to the treatment of patients with cancer can contribute higher
ORR, 1-year OS rate, and 6-month PFS rate. After all autophagy-
inhibitor-based combination therapy evaluated, we found that
combination of autophagy inhibitor and gemcitabine yielded the
best ORR, and combination of autophagy inhibitor, temozolo-
mide, and radiation yielded the best 6-month PFS rate. While the
combination of autophagy inhibitor with radiation did not
contribute to significant improvement of ORR and 6-month PFS
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Study %
D RR (95% CI) Weight
Stotelo (2006) : 2.00(0.37, 10.92) 348
'
Briceno (2003) —Eﬁ— 1.40 (0.71, 2.77) 13.47
Rojas-Puentes (2013) —:— 0.99 (0.57, 1.72) 16.66
Boone (2015) = é 0.79 (0.51, 1.23) 19.91
Bamard (2014) —.-o— 1.56 (1.14, 2.12) 24.00
Wolpin (2014) —é'— 1.33 (0.74, 2.41) 1553
Miller-Ocuin (2017) : —— 5,00 (1.63, 15.31) 6.95
Overall (I-squared = 54.2%, p = 0.042) <> 1.33 (0.95, 1.86) 100.00
1
NOTE: Weights are from random effects analysis i
A .0(153 1 I ISI.3
Study %
D RR (95% CT) Weight
Stotelo (2006) : 2.50(0.49, 12.89) 6.76
Briceno (2003) —o— 3.80(1.29,11.22) 11.61
Rojas—Puentes (2013) — : 1.00 (0.68, 1.47) 2255
Boone (2015) é — 3.27(1.92,5.58) 20.02
Bamard (2014) —CE— 1.20(0.61, 2.34) 17.67
Wolpin (2014) —0—;— 1.29 (0.82, 2.03) 21.38
Overall (I-squared = 72.3%, p = 0.003) Q 1.72(1.05, 2.82) 100.00
NOTE: Weights are from random effects analysis ;
B o776 1 I 129
Study %
1D RR (95% CI) Weight
H
Stotelo (2006) ‘ 143 (0.63,3.25) 167
Briceno (2003) —+ 1.46 (0.91, 2.35) 22.85
I
I
Rojas-Puentes (2013) ' 1.26 (0.62,2.57) 10.16
Boone (2015) -—'C:'— 1.33 (0.96, 1.86) 47.44
I
Barnard (2014) :} 1.40 (0.50, 3.92) 4.89
Wolpin (2014) é ) 1.75 (0.74, 4.14) 7.00
I
Overall (I-squared = 0.0%, p = 0.994) Q 1.39 (111, 1.75) 100.00
:
NOTE: Weights are from random effects analysis E
y T

T
£ 242

Figure 1. Meta-analysis of overall response rate (ORR), 6-month progression-free survival (PFS), and 1-year overall survival (OS) rate. (A) Overall response rate

(ORRY); (B) 6-month PFS (c) 1-year OS.

rate, improvements in 1-year OS rate were documented in all
combinations.

Currently, CQ and HCQ are the only available drugs in
clinical. Several trials on autophagy inhibition have been

conducted and their outcomes have also been published.
However, the clinical value of targeting autophagy therapy is
still controversial. Hence, we performed a subgroup analysis to
evaluate the clinical value of targeting autophagy by CQ and
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Study %

D RR (95% CI) Weight

cQ !

Stotelo (2006) 0 2.00(0.37,10.92) 3.48

Briceno (2003) e e 1.40(0.71,2.77) 13.47

Rojas—Puentes (2013) ——— 0.99(0.57, 1.72) 16.66
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Subtotal (I-squared = 74.7%, p = 0.008) <<;> 1.4 (0.86, 2.43) 66.39

Overall (I-squared = 54.2%, p = 0.042) <> 133 (0.95, 1.86) 100.00

NOTE: Weights are from random effects analysis 1

T T
A 0653 1 153

Study %

D RR (95% CI) Weight

cQ

Stotelo (2006) 2.50(049,1289) 676

Briceno (2003) —t——————  380(129,1122) 1161

Rojas-Puentes (2013) —_— 1,00 (0.68, 1.47) 22.55

Subtotal (I-squared = 68.8%, p = 0.041) -=:::>- 1.87 (0.68, 5.13) 40.93

HCQ

Boone (2015) —— 3.27(1.92,5.58) 2002

Bamard (2014) —-ﬂ—é— 1.20(0.61, 2.34) 17.67

Wolpin (2014) - 1.29(0.82,2.03) 21.38

Subtotal (I-squared = 78.6%, p = 0.009) <<5> 1.73(087,342) 5907

Overall (I-squared = 72.3%, p = 0.003) o 1.72(1.05,2.82) 100.00

NOTE: Weights are from random effects analysis \

T T
B 0776 1 12.9

Study %

) RR (95% C1) Weight

cQ :

Stotelo (2006) . 1.43(0.63,3.25) 767

Briceno (2003) 4 146(0.91,2.35) 2285

Rojas—Puentes (2013) - 1.26(0.62,2.57)  10.16

Subtotal (I-squared = 0.0%, p = 0.934) oo e 140 (0.98,2.00)  40.67

HCQ

Boone (2015) — 1.33(0.96,1.86)  47.44

Barnard (2014) - 140 (0.50,3.92) 489

Wolpin (2014) - ) 1.75 (0.74, 4.14) 7.00

Subtotal (I-squared = 0.0%, p = 0.845) <> 1.38(1.03, 1.86) 5933

Overall (I-squared = 0.0%, p = 0.994) < 139 (L1, 1.75)  100.00

NOTE: Weights are from random effects analysis

T
c 242

T
1 4.14

Figure 2. (A) Subgroup analysis of overall response rate (ORR). (B) Subgroup analysis of 6-month progression-free survival (PFS). (C) Subgroup analysis of 1-year
overall survival (OS) by type of autophagy inhibitors.
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Figure 3. (A) Subgroup analysis of overall response rate (ORR). (B) Subgroup
analysis of 6-month progression-free survival (PFS). (C) Subgroup analysis of 1-

T
4.4

year overall survival (OS) by type of cancer.

HCQ. This meta-analysis showed that CQ and HCQ both can
significantly improve ORR, 1-year OS rate, and 6-month PFS
rate. HCQ-based therapy can better benefit 1-year OS rate and 6-
month PFS rate than CQ-based therapy, and CQ-based therapy

can better benefit ORR than HCQ-based therapy.
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Figure 4. (A) Subgroup analysis of overall response rate (ORR). (B) Subgroup
analysis of 6-month progression-free survival (PFS). (C) Subgroup analysis of 1-
year overall survival (OS) by type of combination.

In terms of caner type, we found that autophagy inhibitor can lead
to the best ORR in patients with non-Hodgkin lymphoma. In
patients with glioblastoma, autophagy inhibitor can lead to the best
6-month PFS and 1-year OS. However, autophagy inhibitor did not
contribute to significant improvement of ORR and 6-month PFS in
patients with nonsmall-cell lung cancer or breast cancer.

It is thought that pharmacologic inhibitors of autophagy can be
novel cancer therapeutic agents. Some previous studies proved
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Figure 5. Publication bias assessed by Begg test. (A) ORR. (B) 6-Month progression-free survival (PFS). (C) 1-Year overall survival (OS).
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that autophagy is associated with various physiologic mecha-
nisms including apoptosis, cancer metabolism, and drug
resistance.?73¢ Results of this meta-analysis further support
previous related studies.

Some certain limitations of the current meta-analysis need to be
considered. The studies we included evaluated the treatment
agents in various types of cancer with different etiologies and
disease course. Different types of cancer may have some effect on
the results of this meta-analysis. Two inhibitors (chloroquine or
hydroxychloroquine) were evaluated in all cancer types. It may be
different in different cancer types. In addition, some studies have
reported only short-term follow-up and lack of long-term
outcomes. Because of the data limitation, we did not evaluate
the safety of autophagy inhibition used in the cancer treatment.

This meta-analysis found that autophagy inhibition by using CQ
and HCQ can significantly enhance ORR, 1-year OS rate, and 6-
month PFS rate. Combination of autophagy inhibitor and
gemcitabine yielded the best ORR, and combination of autophagy
inhibitor, temozolomide, and radiation yielded the best 6-month
PFS rate. Autophagy inhibitor can lead to the best survival benefit
in patients with glioblastoma. The application of autophagy
inhibitor in glioblastoma should be paid more attention to, and the
efficiency and safety of different autophagy-inhibitor-based
combination therapy should be investigated further.
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