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Abstract
Introduction: Preoperative	 autophagy	 inhibition	 with	 hydroxychloroquine	
(HCQ)	in	combination	with	gemcitabine	in	pancreatic	adenocarcinoma	(PDAC)	
has	been	shown	to	be	safe	and	effective	in	inducing	a	serum	biomarker	response	
and	increase	resection	rates	in	a	previous	phase	I/II	clinical	trial.	We	aimed	to	
analyze	the	long-	term	outcomes	of	preoperative	HCQ	with	gemcitabine	for	this	
cohort.
Methods: A	review	of	patients	enrolled	between	July	2010	and	February	2013	
in	 the	 completed	 phase	 I/II	 single	 arm	 (two	 doses	 of	 fixed-	dose	 gemcitabine	
(1500 mg/m2)	in	combination	with	oral	hydroxychloroquine	administered	for	31	
consecutive	days	until	the	day	of	surgery	for	high-	risk	pancreatic	cancer)	was	un-
dertaken.	Progression-	free	survival	(PFS)	and	overall	survival	analysis	(OS)	using	
Kaplan–	Meier	estimates	were	performed.
Results: Of	35	patients	initially	enrolled,	29	patients	underwent	surgical	resec-
tion	(median	age	at	diagnosis:	62 years,	45%	females).	Median	duration	of	follow-
	up	was	7.5 years.	There	was	a	median	15%	decrease	in	the	serum	CA19-	9	levels	
following	completion	of	neoadjuvant	therapy	and	83%	of	the	cohort	underwent	a	
pancreaticoduodenectomy,	7	(24%)	patients	had	a	concomitant	venous	resection.	
On	histopathology,	14	(48%)	patients	had	at	 least	a	partial	 treatment	response.	
The	median	PFS	and	OS	were	11	months	(95%	Confidence	interval	[CI]:	7–	28)	
and	 31	 months	 (95%	 CI:	 13–	47),	 respectively,	 while	 9	 (31%)	 patients	 survived	
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1 	 | 	 INTRODUCTION

Despite	 recent	 advances	 in	 multimodality	 therapy	 for	
the	 management	 of	 pancreatic	 ductal	 adenocarcinoma	
(PDAC),	the	prognosis	for	PDAC	remains	dismal	as	only	
9%	 of	 patients	 survive	 beyond	 5	 years	 from	 diagnosis.1	
Following	curative-	intent	resection	and	adjuvant	chemo-
therapy,	 50%	 of	 patients	 will	 experience	 disease	 recur-
rence	within	2 years.1,2	Adjuvant	therapy	has	been	shown	
to	improve	the	overall	survival	(OS).3-	5	Yet,	the	role	of	neo-
adjuvant	therapy	(NAT)–	–	particularly	in	the	setting	of	re-
sectable	PDAC–	–	remains	controversial	and	its	utilization	
in	 the	 United	 States	 remains	 low.6	 A	 recent	 systematic	
review	and	meta-	analysis	of	randomized	controlled	trials	
demonstrated	that	survival	for	patients	with	resectable	or	
borderline	 resectable	 PDAC–	–	who	 received	 NAT–	–	was	
30%	higher	than	patients	who	underwent	upfront	surgical	
resection,	 irrespective	 of	 the	 NAT	 protocol.7	These	 find-
ings	support	the	utility	of	NAT	for	PDAC.

Autophagy	 is	a	 cellular	 survival	mechanism	by	which	
the	cell	recycles	damaged	organelles	and	structural	proteins	
under	normal	circumstances	and	in	response	to	adverse	en-
vironmental	conditions	such	as	hypoxia,	nutritional	depri-
vation,	and	therapeutic	stress.8,9	Autophagy	is	a	crucial	step	
in	pancreatic	carcinogenesis	as	it	allows	cancer	cells	to	evade	
apoptosis	and	develop	chemoresistance,	which	ultimately	
leads	 to	 diminished	 survival.10-	13	 Hydroxychloroquine	
(HCQ)	 belongs	 to	 a	 class	 of	 pharmacological	 drugs	 that	
block	 acidification	 of	 lysosomes,	 inhibiting	 a	 late	 step	 in	
autophagy.14-	16	Due	to	its	wide	therapeutic	index,	high	oral	
bioavailability,	 and	 low	 cost,	 its	 utility	 in	 cancer	 therapy	
is	 being	 increasingly	 explored.8,15,16	Two	 previous	 clinical	
trials	have	evaluated	the	role	of	HCQ	in	combination	with	
gemcitabine	 alone	 or	 with	 nab-	paclitaxel	 in	 the	 neoadju-
vant	 setting	 for	 potentially	 resectable	 PDAC.15,16	 These	
trials	demonstrated	HCQ	to	be	a	component	of	a	safe	and	
well-	tolerated	 treatment	 regimen	 for	 PDAC	 patients	 that	
enhances	the	efficacy	of	NAT.

In	this	study,	we	performed	a	secondary	analysis	of	a	
single	 arm,	 prospective,	 phase	 I/II	 clinical	 trial	 that	 ex-
plored	 preoperative	 autophagy	 inhibition	 with	 HCQ	 in	

combination	 with	 gemcitabine	 for	 biopsy	 proven	 “high-	
risk”	PDAC.	We	hypothesized	that	this	regimen	would	be	
associated	with	encouraging	long-	term	survival.

2 	 | 	 METHODS

2.1	 |	 Patient population and data 
collection

Patients	 enrolled	 in	 the	 previously	 completed	 clinical	
trial	who	underwent	 surgical	 resection	were	 identified.	
This	 trial	 was	 a	 phase	 I/II	 prospective	 study	 evaluat-
ing	 preoperative	 gemcitabine	 plus	 HCQ.15	 Histologic	
confirmation	 of	 malignancy	 was	 required	 through	 en-
doscopic	ultrasound	(EUS)-	guided	biopsy	before	enroll-
ment.	Patients	 included	were	predicted	 to	have	 limited	
survival	following	surgical	resection	based	on	a	validated	
model	 that	 classified	 patients	 as	 high-	risk	 for	 residual	
positive	margins	following	surgical	resection.17	The	cri-
teria	 included	 in	 this	model	were:	evidence	of	vascular	
involvement	on	computed	 tomography	(CT)	scan,	and/
or	a	primary	tumor	size	≥2.6 cm	in	greatest	dimensions	
on	 EUS,	 and/or	 any	 evidence	 of	 lymph	 node	 involve-
ment	on	preoperative	EUS	staging	 (AJCC	8th	stage	 IIB	
or	higher).18

Data	 collected	 included	 demographic,	 perioperative	
outcomes,	and	clinico-	pathological	variables.	The	overall	
performance	 status	 of	 the	 study	 cohort	 was	 determined	
by	 the	 Eastern	 Cooperative	 Oncology	 Group	 (ECOG)	
scale19	 and	 Charlson	 Age	 Comorbidity	 Index	 (CCI).20	
Carbohydrate	 antigen	 19-	9	 (CA19-	9)	 levels	 at	 the	 time	
of	 diagnosis	 and	 post-	completion	 of	 NAT	 were	 docu-
mented.	Pathologic	variables	retrieved	included	differen-
tiation  grade,	 lympho-	vascular	 and	 perineural	 invasion,	
T	stage,	N	stage,	and	AJCC	8th	edition	pathologic	stage;	
margins	≤1 mm	were	reclassified	as	positive	residual	mar-
gins.18	 Correlative	 autophagy	 makers	 were	 assessed	 to	
gauge	treatment	response	to	HCQ	as	outlined	in	the	Data	
S1.	 The	 pre-		 and	 post-	treatment	 serum	 ELISA	 levels	 of	
HMGB1	and	peripheral	blood	mononuclear	cell	(PBMC)	

beyond	5	years	from	diagnosis;	a	rate	that	compares	very	favorably	with	contem-
poraneous	series.
Conclusion: Compared	 to	 historical	 data,	 neoadjuvant	 autophagy	 inhibition	
with	HCQ	plus	gemcitabine	 is	 associated	with	encouraging	 long-	term	survival	
for	patients	with	PDAC.
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LC3-	II	 immunofluorescent	 staining	 were	 evaluated.	
Moreover,	the	resected	pancreatic	tumor	specimens	were	
immunohistochemically	 stained	 for	 several	 autophagic	
markers	 including	 Beclin	 1,	 ATG7,	 and	 CD68.	 Patients	
who	had	≥51%	increase	in	their	LC3-	II	staining	were	clas-
sified	as	having	a	positive	response	to	HCQ	congruent	to	
what	was	reported	in	the	original	clinical	trial.	A	similar	
cut-	off	was	chosen	to	stratify	response	to	HCQ	either	as	a	
percentage	serum	increase	following	completion	of	NAT	
for	HMGB1	or	percentage	of	cancer	cells	staining	for	the	
autophagic	markers	Beclin	1,	ATG7,	and	CD68	in	the	re-
sected	tumor	specimen.

Pathologic	 tumor	 response	 to	 NAT	 was	 categorized	
into	either	none/poor,	mild-	moderate,	or	complete/near-	
complete	 response.	 The	 “none”	 group	 corresponded	 to	
an	Evans	grade	of	 I	or	a	College	of	American	patholo-
gists	 (CAP)	 grade	 of	 III;	 the	 mild-	moderate	 response	
group	correspond	to	an	Evans	grade	of	IIA	or	IIB	and	a	
CAP	score	of	II	and	lastly,	 the	complete/near-	complete	
response	 group	 corresponded	 to	 an	 Evans	 grade	 of	 III	
or	 IV	 and	 a	 CAP	 score	 of	 1	 or	 0.21,22	 The	 diagnosis	 of	
recurrence	was	established	based	on	cross-	sectional	im-
aging	and	classified	as	either	local-	first,	distant-	first,	or	
local	and	distant-	first	recurrence.	The	regimen	and	du-
ration	of	adjuvant	and	salvage	chemotherapy	were	also	
recorded.	Lastly,	the	date	of	death	or	last	follow-	up	was	
documented.

The	 primary	 endpoint	 for	 this	 study	 was	 to	 evaluate	
the	 OS	 and	 progression-	free	 survival	 (PFS)	 measured	
from	the	date	of	diagnosis.	Secondary	endpoints	included	
response	 to	NAT	as	assessed	by	 the	CA19-	9	serum	level	
change	 following	 preoperative	 therapy,	 histopathologic	
response,	 and	 correlative	 studies	 of	 autophagy.	 The	
CA19-	9	 level	 change	 was	 used	 as	 a	 clinical	 surrogate	
marker	of	response.

2.2	 |	 Statistical analysis

Statistical	 analyses	 were	 performed	 using	 STATA	 16	
(StataCorp	 LP).	 We	 used	 descriptive	 statistics	 to	 sum-
marize	 baseline	 patient	 characteristics	 and	 clinico-	
pathological	variables;	continuous	variables	are	reported	
using	 median	 and	 interquartile	 range	 (IQR)	 while	 cat-
egorical	variables	are	reported	using	relative	frequencies	
with	 corresponding	 (percentages).	 Survival	 was	 char-
acterized	 using	 Kaplan–	Meier	 estimates,	 and	 log-	rank	
tests	were	performed	 to	compare	 the	 survival	 functions.	
Patients	with	at	 least	a	partial	histopathologic	treatment	
response	were	grouped	and	their	survival	functions	were	
compared	to	those	who	lacked	a	pathologic	response.	All	
tests	were	two-	sided	and	a	p	value	<0.05	was	considered	
statistically	significant.

3 	 | 	 RESULTS

3.1	 |	 Patient demographics, 
histopathology, and outcomes

Between	 July	 2010	 and	 February	 2013,	 35	 patients	 were	
enrolled	 in	 the	 clinical	 protocol.	 As	 shown	 in	 Figure	 1,	
29	of	35	patients	(83%)	ultimately	underwent	surgical	re-
section.	In	total,	six	patients	were	excluded:	two	patients	
withdrew	study	consent	prior	to	initiation	of	therapy,	one	
patient	developed	a	grade	4	 toxicity	 (cerebrovascular	ac-
cident)	deemed	to	be	unrelated	to	the	treatment	regimen,	
one	patient	developed	an	allergic	rash	after	the	first	dose	
of	HCQ,	and	two	patients	were	found	to	have	unresectable	
disease	secondary	to	liver	metastasis	at	the	time	of	surgi-
cal	exploration.	Those	six	patients	were	excluded	from	this	
analysis.

The	median	age	at	diagnosis	was	62 years,	45%	were	
females,	and	 the	majority	 (57%)	had	an	ECOG	perfor-
mance	status	of	1	(Table 1).	The	median	tumor	size	on	
preoperative	EUS	staging	was	3.1 cm.	On	pre-	treatment	
CT,	17	(59%)	patients	had	a	resectable	disease,	12	(41%)	
patients	had	a	borderline-	resectable	disease	due	to	ve-
nous	invasion	in	11	(92%),	and	celiac	axis	abutment	in	
1	(8%)	patient.	Twenty-	four	patients	(83%)	underwent	a	
Whipple	procedure	(seven	requiring	venous	resection)	
and	five	(17%)	patients	underwent	a	distal	pancreatec-
tomy	with	splenectomy,	of	which	one	patient	required	

F I G U R E  1  Patient	enrollment
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celiac	 axis	 resection	 (modified	 Appleby-	type	 opera-
tion).	On	final	histopathology,	16	(55%)	patients	had	a	
T2	lesion	and	14	(48%)	patients	had	a	N2	disease.	Since	
this	study	utilized	the	AJCC	8th	staging	system,	48%	of	
the	cohort	had	stage	 III	disease	and	14	 (48%)	patients	
had	 positive	 residual	 margins.	 Of	 the	 latter	 group,	 six	
(43%)	 patients	 had	 a	 positive	 retroperitoneal	 margin,	
five	(36%)	patients	had	a	positive	vascular	groove	mar-
gin,	and	three	(21%)	patients	had	a	positive	pancreatic	
neck	margin.

The	median	length	of	postoperative	hospital	stay	was	
8	(7–	10)	days	(Table 2).	Major	complications	(classified	as	
a	 Clavien-	Dindo	 score ≥  2)	 were	 observed	 in	 four	 (14%)	
patients.	There	was	one	perioperative	mortality	secondary	
to	superior	mesenteric	vein	thrombosis	following	venous	
resection	and	reconstruction,	resulting	in	ischemic	bowel	
and	multisystem	organ	failure.

Adjuvant	chemotherapy	was	administered	to	24	(83%)	
patients.	The	most	 frequently	used	regimen	was	gemcit-
abine	 monotherapy	 in	 20	 (83%)	 patients,	 while	 8	 (28%)	
patients	 received	adjuvant	 radiation	 (2	of	 those	received	

T A B L E  1 	 Patient	demographics,	clinico-	pathological	variables

Characteristic Value

Age	at	diagnosis, years 64 ± 10

Gender	(female) 13	(45)

BMI	(kg/m2) 28.9	(23.4–	31.9)

ECOG

0 12	(43)

1 17	(57)

Radiographic	stage	at	diagnosis

Resectable 17	(59)

Borderline-	resectable 12	(41)

CA19-	9	pre-	NAT,	U/ml 375	(60–	758)

CA19-	9	post-	NAT,	U/ml 131	(31–	440)

CA19-	9%	change −15%	(−48%	to	
18%)

Operation	performed

Pancreaticoduodenectomy 24	(83)

Distal	pancreatectomy 4	(14)

DP-	CAR 1	(3)

Tumor	size,	cm 3.5	(2.7–	4.1)

T	stage

1 5	(17)

2 16	(55)

3 8	(28)

N	stage

0 8	(28)

1 7	(24)

2 14	(48)

pAJCC	stage

I 6	(21)

II 9	(31)

III 14	(48)

Grade

Moderately	differentiated 17	(69)

Poorly	differentiated 12	(41)

Lympho-	vascular	invasion 22	(76)

Perineural	invasion 24	(83)

Pathologic	response

None 15	(52)

Mild-	moderate 13	(45)

Near-	complete 1	(4)

Positive	margins 14	(48)

Data	are	reported	as	mean±standard	deviation,	median	(interquartile	
range),	or	as	raw	number	(percentage).	BMI,	body	mass	index,	ECOG,	
Eastern	Cooperative	Oncology	Group	classification,	NAT,	neoadjuvant	
treatment,	DP-	CAR,	Distal	pancreatectomy-	celiac	axis	resection,	pAJCC,	
Pathologic	American	Joint	Committee	on	Cancer	Stage.

T A B L E  2 	 Clinical	outcomes	and	postoperative	therapy

Characteristic Value

Postoperative	outcomes

Length	of	stay,	days 8	(7–	10)

Clavien-	Dindo	score	>2 4	(14)

90-	day	mortality 1	(3%)

Adjuvant	therapy

Adjuvant	chemotherapy	receipt 24	(83%)

Adjuvant	chemotherapy	number	of	cycles 5.5	(4–	6)

Adjuvant	radiation 8	(28%)

Recurrence	data

Diagnosis	of	recurrence 22	(79%)

Local	first	recurrence 10	(46%)

Distant	first	recurrence 8	(36%)

Local	and	distance	recurrence 4	(18%)

Salvage	therapy

Salvage	therapy	receipt 17	(61%)

Salvage	therapy	regimen

Gemcitabine	based 6	(38)

5-	FU	based 6	(38)

Crossover 4	(4)

Salvage	chemotherapy	number	of	cycles 3.5	
(2.0–	11.5)

Palliative	radiation	therapy 5	(18%)

Data	are	reported	as	median	(interquartile	range)	or	as	raw	number	
(percentage).
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stereotactic	body	radiotherapy	as	the	only	adjuvant	ther-
apy).	The	median	length	of	follow-	up	for	the	overall	study	
population	was	7.5 years	during	which	22	(79%)	patients	
developed	disease	recurrence	that	was	detected	as	a	local-	
first	recurrence	in	46%,	a	distant-	first	recurrence	in	36%,	
and	concomitant	 local	and	distant-	recurrence	in	18%.	In	
total,	61%	of	patients	received	salvage	therapy,	38%	of	pa-
tients	were	gemcitabine	based,	and	38%	of	patients	where	
5-	fluorouracil	based.

3.2	 |	 Tumor marker and 
histopathologic response

The	median	CA19-	9	level	at	diagnosis	was	375	(60–	758)	
IU/ml,	while	 the	median	 level	 following	completion	of	
NAT	 was	 131	 (31–	440)	 IU/ml.	This	 translated	 to	 a	 me-
dian	 15%	 (−48%,	 18%)	 decrease	 in	 the	 CA19-	9	 level	 in	
response	 to	 treatment.	 On	 histopathologic	 assessment	
(Table 1),	14	 (48%)	patients	had	at	 least	a	partial	histo-
pathologic	 treatment	 response;	 13	 (93%)	 patients	 had	 a	
mild-	moderate	 treatment	 response,	 and	 1	 (7%)	 patient	
had	 a	 near-	complete	 response.	 Fifteen	 patients	 (52%)	
had	a	poor/no	treatment	response.	For	the	latter	group,	
the	 median	 change	 in	 CA19-	9	 level	 was	 −4%	 (−23%,	
62%),	 while	 for	 the	 former	 group,	 the	 median	 decrease	
in	 CA19-	9	 level	 was	 −62%	 (−82%,	 −12%)	 (p<0.05)	
(Figure 2).

Patients	 with	 no/poor	 treatment	 response	 had	
more	 proximal	 tumors	 (pancreatic	 head)	 (87%	 vs.	 71%,	
p  =  0.032),	 higher	 median	 number	 of	 positive	 lymph	
nodes	(8	vs.	1,	p = 0.011),	and	higher	incidence	of	lympho-	
vascular	and	perineural	invasion	compared	to	those	with	
at	least	a	partial	treatment	response	(93%	vs.	57%	p = 0.035,	
100%	vs.	71%	p = 0.042,	respectively).

3.3	 |	 Survival analysis

Median	OS	for	the	resected	cohort	was	31.1 months	(95%	
confidence	 interval	 [CI]	 13.4–	45.6),	 and	 median	 PFS	 was	
10.9 months	(95%	CI	7.2–	28.4;	Figure 3).	The	estimated	5-	
year	OS	rate	was	31%	(16–	47)	and	the	5-	year	PFS	rate	was	
20%	(8–	36).	On	univariate	analysis,	OS	was	significantly	im-
proved	in	patients	with	resectable	disease	at	diagnosis	(44.5	
vs.	19.4 months	for	borderline	disease,	p < 0.019),	≥partial	
treatment	response	(61.8	vs.	19.4 months	for	none/poor	his-
topathologic	response,	p = 0.003),	and	receipt	of ≥ 6	cycles	
of	 adjuvant	 chemotherapy	 (61.8	 vs.	 13.3  months	 for	 <  6	
cycles,	p = 0.009).	The	median	PFS	was	also	significantly	
higher	for	patients	who	had	at	least	a	partial	histologic	re-
sponse	as	compared	to	patients	who	lacked	a	treatment re-
sponse	(26.7	vs.	6.3	months,	p = 0.001).

3.4	 |	 Correlative studies

The	percent	cancer	cell	staining	for	Beclin	1,	ATG7,	and	
CD68	 as	 well	 as	 the	 percentage	 change	 in	 response	 to	
HCQ	 for	 HMGB1	 and	 LC3-	II	 are	 reported	 in	 Table  S1.	
There	 was	 no	 significant	 association	 between	 the	 per-
cent	cancer	cell	staining	for	Beclin	1,	ATG7,	and	CD68	or	
the	 percentage	 change	 for	 HMGB1	 and	 LC3-	II	 with	 the	
CA19-	9	 level	 change,	 histopathologic	 tumor	 response,	
and	other	pathologic	tumor	characteristics.	However,	pa-
tients	who	had	a	positive	response–	–	as	assessed	by	LC3-	II	
PBMCs	staining	of	≥51%–	–	had	an	improved	PFS	(13	vs.	4	
months,	p = 0.046)	and	a	trend	toward	an	improved	OS	
(23	 vs.	 10  month,	 p  =  0.055)	 compared	 to	 patients	 who	
had	 <51%	 change.	 On	 the	 other	 hand,	 and	 although	 no	
significant	association	with	either	PFS	or	OS	was	identi-
fied	for	the	remaining	autophagic	markers,	patients	who	

F I G U R E  2  CA19-	9	percentage	
change	in	response	to	neoadjuvant	
therapy	stratified	by	histopathologic	
treatment	response
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had ≥ 51%	cancer	cell	staining	for	Beclin	1	had	worsened	
PFS	and	OS	rates	as	opposed	to	patients	who	had	<51%	
staining	(6	vs.	27	months	p = 0.001	and	10	vs.	45	months	
p = 0.002,	respectively).

4 	 | 	 DISCUSSION

This	study	evaluated	the	 long-	term	outcomes	of	a	previ-
ously	 published	 clinical	 trial15	 and	 demonstrates	 that	
preoperative	 treatment	 with	 HCQ	 in	 combination	 with	

gemcitabine	 for	 high-	risk	 PDAC	 is	 associated	 with	 en-
couraging	 long-	term	 overall	 and	 disease-	free	 survival.	
The	median	OS	of	 the	entire	surgically	 resected	cohort–	
–	from	the	time	of	diagnosis–	–	was	31 months	and	nearly	
a	third	of	patients	were	alive	5 years	from	diagnosis.	This	
rate	is	significantly	higher	than	what	would	be	expected	
with	gemcitabine	monotherapy following curative-	intent	
surgical	 resection,	 especially	 for	 this	 group	 of	 high-	risk	
patients.	In	the	ESPAC-	3(v2)	(European	Study	group	for	
Pancreatic	 Cancer)	 RCT,	 the	 median	 and	 5-	year	 OS	 fol-
lowing	 surgical	 resection	 and	 gemcitabine	 monotherapy	

F I G U R E  3  Overall	survival	(A)	and	
progression-	free	survival	(B)	with	the	
corresponding	1-	,	3-	,	and	5-	year	percent	
OS	and	PFS	rates
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were	25.5 months	 (95%CI	22.7–	27.9)	and	17.5%	 (95%	CI	
14.0–	21.2),	respectively.	While	in	the	ESPAC-	4	RCT,	they	
were	 23.6	 months	 (95%CI	 21.4–	26.4)	 and	 16.3%	 (95%CI	
10.2–	23.7),	 respectively.4,23	 In	 the	 CONKO-	001	 (Charité	
Onkologie)	 RCT,	 the	 median	 and	 5-	year	 OS	 following	
R0	 surgical	 resection	 and	 adjuvant	 gemcitabine	 were	
22.8 months	(95%	CI	18.5–	27.2 months)	and	20.7%	(95%	
CI	14.7%–	26.6%)	while	in	the	CONKO-	005	RCT,	they	were	
26.5 months	(95%CI	22.4–	30.6)	and	20%,	respectively.3,24	
These	findings	further	support	the	role	of	autophagy	inhi-
bition	with	HCQ	in	combination	with	neoadjuvant	chem-
otherapy	for	potentially	resectable	PDAC.

Notably,	nearly	half	of	 this	 cohort	 (48%)	experienced	
at	least	a	partial	histopathologic	response.	This	subset	was	
found	to	have	a	median	OS	of	nearly	5	years;	an	outcome	
rarely	associated	with	pancreatic	cancer.	Our	findings	sug-
gest	 that	 histopathologic	 response	 has	 major	 prognostic	
implications,	 and	 this	 corroborates	 with	 the	 findings	 by	
White	et	al,25	where	the	authors	found	that	patients	who	
had	a	 large	residual	 tumor	 load	(Evans	I/IIa)	had	worse	
survival	 when	 compared	 to	 those	 who	 had	 a	 moderate	
(Evans	IIb)	or	complete	histopathologic	response	(Evans	
III/IV).	This	is	in	contrast	with	the	findings	presented	by	
Chatterjee	and	colleagues26;	where	although	the	authors	
concluded	 that	 the	 grade	 and	 extent	 of	 residual	 tumor	
have	crucial	prognostic	implications	in	PDAC	patients	fol-
lowing	 NAT,	 they	 found	 no	 significant	 difference	 in	 the	
median	OS	among	patients	with	poor/no	response	(CAP	
III,	 Evans	 I/IIA)	 versus	 those	 who	 had	 a	 moderate	 re-
sponse	(CAP	II,	Evans	IIb).	Therefore,	the	combination	of	
HCQ	with	gemcitabine	in	the	neoadjuvant	setting	seems	
to	induce	at	least	a	moderate	histopathologic	response	in	
a	significant	proportion	of	patients	and	 this	appeared	 to	
translate	into	a	sustained	and	improved	survival.

In	 an	 open	 label,	 phase	 II,	 randomized	 clinical	 trial,	
Karasic	et	al27	evaluated	 the	role	of	HCQ,	 in	addition	 to	
gemcitabine	 and	 nab-	paclitaxel,	 in	 the	 setting	 of	 meta-
static	 or	 advanced	 PDAC.	 Although	 there	 was	 a	 signifi-
cant	increase	in	the	overall	response	rates	among	the	HCQ	
arm	(21%	vs.	38%,	p = 0.047),	this	did	not	translate	to	an	
improvement	in	the	primary	endpoint	of	1-	year	OS.	This	
finding	can	be	partly	explained	by	 the	advanced	disease	
stage	of	this	cohort.	The	authors	did	conclude,	however,	
that	 the	 improvement	 in	 response	 rates	 seen	 with	 auto-
phagy	inhibition	may	be	most	useful	 in	the	neoadjuvant	
setting,	where	 tumor	 response	might	enable	 surgical	 re-
section.	Further trials	may	be	needed	to	evaluate	autoph-
agy	inhibition	as	a	novel	treatment	strategy	for	recurrent/
metastatic	PDAC.

In	a	recently	published	phase	II	clinical	trial,	patients	
with	 potentially	 resectable	 PDAC	 were	 randomized	 to	
gemcitabine	 and	 nab-	paclitaxel	 alone	 or	 with	 HCQ	 fol-
lowed	 by	 surgical	 resection.	 This	 trial	 confirmed	 the	

previous	 clinical	 observation	 of	 the	 original	 trial	 that	
the	 addition	 of	 HCQ	 to	 neoadjuvant	 gemcitabine/nab-	
paclitaxel	is	safe	and	leads	to	a	significant	increase	in	the	
proportion	of	patients	experiencing	an	Evans	grade	IIb	or	
higher	 histopathologic	 response	 (p  <  0.001).16	 Although	
this	did	not	translate	to	improvement	in	the	OS	and	PFS	
rates,	 the	trial	was	not	powered	to	detect	survival	differ-
ences	 and	 adjuvant	 treatment	 was	 not	 controlled	 for.	 In	
our	study	population,	83%	of	the	cohort	received	adjuvant	
chemotherapy,	 the	majority	of	which	were	gemcitabine-	
based,	as	the	study	was	completed	prior	to	FOLFIRNOX	
becoming	the	standard	of	care	in	the	adjuvant	setting.5

To	delineate	the	potential	benefit	of	HCQ	in	the	neo-
adjuvant	setting,	 this	study	correlated	with	 the	observed	
clinical	outcomes	with	several	markers	of	autophagy	that	
are	 known	 to	 increase	 in	 response	 to	 HCQ.28-	31	 A	≥51%	
increase	in	LC3-	II	level–	–	assessed	by	immunofluorescent	
staining	 of	 PBMCs	 pre-		 and	 post-	treatment–	–	correlated	
with	 an	 improved	 OS	 and	 PFS.	This	 suggests	 that	 auto-
phagy	 inhibition	 played	 a	 critical	 role	 in	 the	 observed	
clinical	outcomes	of	NAT	with	HCQ	for	pancreatic	cancer	
patients.	However,	no	significant	correlation	was	observed	
with	 HMGB1,	 ATG7,	 and	 CD68	 histologic	 measures.	
Interestingly,	 an	 increase	 in	 Beclin	 1	 expression–	–	as	 re-
flected	by	the	percent	cancer	cells	staining	in	the	resected	
pancreatic	 specimen–	–	correlated	 with	 a	 worsened	 PFS	
and	 OS.	 Elevated	 Beclin	 1	 expression	 has	 been	 reported	
to	 be	 a	 favorable	 prognostic	 biomarker	 in	 several	 other	
solid	 tumors.32-	34	 Conversely,	 limited	 evidence	 suggests	
an	opposite	correlation	between	Beclin	1	expression	and	
clinical	outcomes	similar	to	the	findings	presented	in	this	
study.35,36	 The	 underlying	 mechanism	 for	 the	 differing	
prognostic	impact	of	Beclin	1	expression	may	depend	on	
the	intrinsic	properties	of	the	tumor	subtype	and	the	treat-
ment	regimen.	Nevertheless,	further	evidence	is	needed	to	
assess	the	prognostic	impact	of	Beclin	1	expression	levels	
in	pancreatic	cancer.

This	analysis	further	contributes	to	the	growing	body	
of	evidence	surrounding	the	role	of	autophagy	inhibition	
in	 pancreatic	 cancer	 as	 an	 important	 therapeutic	 target,	
especially	 in	 the	 neoadjuvant	 setting.36,37	 A	 recent	 excit-
ing	study38	and	associated	commentaries39-	45	have	noted	
that	enhanced	autophagy	in	the	setting	of	pancreatic	can-
cer	enables	degradation	of	Class	I	major	histocompatibil-
ity	(MHC)	molecules,	critical	for	recognition	by	CD8+	T	
cells.	 Indeed,	 a	 previously	 published	 randomized	 study	
suggests	that	autophagy	inhibition	with	HCQ	promotes	a	
much	higher	T-	cell	infiltrate,	consistent	with	a	significant	
immune	effect.16	Although	autophagy	may	also	enhance	
the	 bioenergetics	 necessary	 to	 enable	 completion	 of	 the	
apoptotic	process	or	 the	 ferroptotic	cell	death,46	 the	pre-
ponderance	of	available	evidence–	–	including	the	promis-
ing	late	survival	in	our	patient	population–	–	suggests	that	
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its	continued	evaluation,	particularly	in	the	neoadjuvant	
setting	is	warranted.	Lastly,	 it	appears	clear	that	autoph-
agy	 also	 limits	 immune	 effector	 function	 by	 degrading	
proapoptotic	molecules	and/or	limiting	TNF	signaling.47,48

Our	 study	 has	 several	 limitations	 that	 are	 primarily	
driven	by	its	retrospective	study	design	and	small	sample	
size.	Nevertheless,	we	sought	 to	evaluate	 the	 long-	term	
outcomes	 of	 a	 single	 arm	 clinical	 trial	 that	 assessed	 a	
novel	treatment	strategy	in	high-	risk	PDAC	patients	and	
found	that the	addition	of	HCQ	to	gemcitabine	resulted	
in	a	median	OS	of	31	months	with	nearly	a	third	of	the	
cohort	 surviving	 beyond	 5	 years	 from	 diagnosis;	 a	 rate	
much	 higher	 than	 would	 be	 expected	 for	 this	 patient	
population.

5 	 | 	 CONCLUSION

This	 study	 demonstrates	 that	 preoperative	 autophagy	
inhibition	with	HCQ	is	a	safe	and	well-	tolerated	treat-
ment	regimen	that	enhances	the	therapeutic	efficacy	of	
NAT	and	improves	pathologic	response	rates	in	PDAC.	
This	 translated	 to	 a	 sustained	 and	 improved	 survival	
benefit	 compared	 to	 previously	 published	 trials	 in	 the	
gemcitabine	 monotherapy	 era.	 Planned	 future	 stud-
ies	include	evaluation	of	the	role	of	FOLFIRINOX	and	
HCQ	 compared	 to	 gemcitabine/nab-	paclitaxel/HCQ	
(the	 “PGH”	 regimen)	 in	 the	 neoadjuvant	 setting.	 The	
results	of	these	studies	may	further	facilitate	the	iden-
tification	of	a	clear	survival	benefit	 for	 the	addition	of	
HCQ	 to	 preoperative	 therapy	 in	 operable	 pancreatic	
cancer.
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