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group) orally twice daily. The primary endpoint was overall 
survival (OS).
Results  The median OS was 1.3  months longer in the 
GZ 60  mg group compared with the Gem group (8.5 vs. 
7.2  months) and the risk of death was reduced by 19% 
compared with the Gem group, although there were no sta-
tistically significant differences. The study treatments were 
well tolerated.
Conclusions  In this Phase II study, no statistically signifi-
cant differences between the GZ groups and Gem group 
were detected in any analysis. However, Z-360 in dose of 
60 mg tends to improve OS in patients with metastatic pan-
creatic cancer with low toxic effect. Further exploratory 

Abstract 
Background  We investigated the efficacy and safety of 60, 
120, or 240  mg of Z-360, which is a highly potent chol-
ecystokinin2-receptor-selective antagonist, combined with 
gemcitabine in patients with metastatic pancreatic cancer.
Methods  Patients were randomly assigned in a 1:1:1:1 ratio 
to one of four treatment groups. Patients received 1000 mg/
m2 gemcitabine for each cycle and Z-360 tablets of 60 mg 
(GZ 60 mg group), 120, 240 mg or placebo tablets (Gem 
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trials with other agents such as gemcitabine plus nab-pacli-
taxel might be beneficial.

Keywords  Clinical trial · Phase II · Pancreatic cancer · 
Metastatic · Gemcitabine · Cholecystokinin

Introduction

Pancreatic cancer (PC) is the eighth leading cause of can-
cer-related mortality worldwide [1], and the majority of 
patients do not have curable disease. Since 1997, gemcit-
abine therapy has been the standard first-line chemotherapy 
for patients with unresectable locally advanced or meta-
static PC; however, 1-year survival rates of patients with 
metastatic disease are only approximately 20% [2, 3]. FOL-
FIRINOX has become one of the standard regimens for 
metastatic PC. However, the use of FOLFIRINOX is lim-
ited to patients in good medical condition because of high 
toxicity [2]. Gemcitabine plus nab-paclitaxel is another 
treatment option for patients in fair medical condition [3]. 
However, outcomes remain poor, and some patients can-
not receive such intensive chemotherapy. There is thus an 
urgent need to develop other less toxic treatment options 
that have other mechanisms of action.

The gastrointestinal peptides gastrin and cholecystokinin 
(CCK) have been found to stimulate the growth of several 
human pancreatic cancer cell lines in culture and pancreatic 
xenograft rodent models [4]. Because the proliferation of 
PC cells has been reported to be mediated by CCK2 recep-
tor, this receptor has been suggested to be a potential thera-
peutic target for PC [5]. CCK-2 receptor downregulation 
can also enhance the apoptosis of pancreatic cancer cells 
[6].

Z-360 is a novel, orally active, and highly potent CCK2-
receptor-selective antagonist. Preclinical studies have 

shown that Z-360 either alone or in combination with gem-
citabine can inhibit the growth of PC in animal xenograft 
models [7].

In a randomized phase Ib/IIa study, oral Z-360 at dose 
of 120 or 240  mg twice daily combined with standard, 
weekly gemcitabine 1000  mg/m2 was well tolerated in 
patients with advanced PC. More patients receiving Z-360 
reported improvement in pain than those receiving gem-
citabine alone. In addition, patients who received Z-360 
120  mg twice daily had better survival than those who 
received Z-360 240  mg twice daily or gemcitabine alone 
[8]. To confirm and extend the results of that study, we 
investigated the efficacy and safety of 60, 120, or 240 mg 
of Z-360 twice daily combined with gemcitabine in this 
phase II study.

Patients and methods

Study design

This phase II multicenter, randomized, double-blind, paral-
lel group, placebo-controlled study, sponsored by ZERIA 
Pharmaceutical Co., Ltd., Tokyo, Japan, was conducted 
at 27 sites in Japan, South Korea, and Taiwan in accord-
ance with the Declaration of Helsinki and the International 
Conference on Harmonization Consolidated Guideline E6 
for Good Clinical Practice. Written informed consent for 
participation in the study was obtained from all patients. 
Patients were randomly assigned in a 1:1:1:1 ratio to 
receive gemcitabine plus placebo (Gem group), Z-360 
60  mg (GZ 60  mg group), Z-360 120  mg (GZ 120  mg 
group), or Z-360 240  mg (GZ 240  mg group). Randomi-
zation was performed according to a computer-generated 
schedule and carried out by independent interactive web 
response system. Patients were dynamically assigned to the 
treatment groups in a stochastic manner. The allocations 
factors were the Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) (0 + 1 vs. 2), history of 
systemic chemotherapy for metastatic PC (yes vs. no), and 
site per country.

Patients

Eligible adults (20 years of age or older) had histological or 
cytological evidence of metastatic PC (either measurable or 
non-measurable disease according to the Response Evalu-
ation Criteria in Solid Tumors [RECIST], version 1.1.), 
an ECOG PS 0–2, a life expectancy of ≥12  weeks, and 
adequate hematologic, hepatic, and renal functions. Both 
chemo-naïve patients and patients who received any previ-
ous systemic chemotherapy (except gemcitabine) prior to 
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4  weeks before randomization were eligible (Supplemen-
tary Text 1). Patient’s eligibility was determined by each 
investigator.

Treatment

Patients received gemcitabine in a dose of 1000 mg/m2 as 
a 30-min intravenous infusion once weekly for 3 weeks of 
each 28-day cycle Dose interruption or reduction of gem-
citabine was performed according to predefined criteria 
(Supplementary Text 2). Patients received Z-360 tablets in 
a fixed dose of 60, 120, or 240 mg or matching placebo tab-
lets orally twice daily until disease progression, unaccepta-
ble toxic effects, or the withdrawal of consent.

Assessments

Patient’s conditions were assessed on each visit to receive 
gemcitabine. All adverse events (AEs) were evaluated 
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 4.0. Tumor 
lesions were assessed by computed tomography or mag-
netic resonance imaging every 6 weeks until the treatment 
discontinuation criteria were met. The attending physicians 
radiologically assessed disease progression according to 
study-specific modified RECIST (Supplementary Text 
3). Clinical disease progression was also assessed on the 
basis of the patient’s global status. An independent review 
committee (IRC) assessed radiological disease progres-
sion according to RECIST, version 1.1. Progression-free 
survival (PFS) was calculated on the basis of the date of 
radiological disease progression as evaluated by the IRC. 
Clinical disease progression as evaluated by each investiga-
tor was also used as an event when calculating PFS.

Endpoints

The primary endpoint was overall survival (OS), defined 
as the time from the date of randomization to the date of 
death. If a patient was alive at the end of the study or was 
lost to follow-up, data on OS were censored. Secondary 
endpoints were PFS, response rate (RR), disease control 
rate (DCR), quality of life (QOL) score (Supplementary 
Text 4), and AEs.

Statistical analysis

The required sample size was estimated on the basis 
of the following assumptions: a hazard ratio (HR) of 
‘1:0.70:0.70:0.70’ (Gem group:GZ 60  mg group:GZ 
120 mg group:GZ 240 mg group), a 12-month recruitment 
period and a 12-month follow-up period, and a 30% 1-year 
survival rate in the Gem group. At a significance level 

(one-sided) of 20%, a Cox proportional-hazards model 
was used to compare the difference in survivor function 
between the Gem group and pooled GZ group (pooled data 
from the GZ 60 mg, GZ 120 mg, and GZ 240 mg groups) 
by using a contrast ratio of −1:1/3:1/3:1/3. A power of 
81.6% was achieved according to the results of simulation 
analysis with 40 patients in each treatment group. It was 
estimated that 118 events would be needed to achieve the 
power.

The full analysis set (FAS) included randomized patients 
who received at least one dose of the study drug and for 
whom any information on post-baseline survival status was 
available. The safety set (SS) included all patients who 
received at least one dose of the study drug. The FAS was 
used for all efficacy evaluations and the SS was used for all 
safety evaluations.

Time-to-event variables such as OS, PFS, and survival 
rate and corresponding 2-sided 95% CI for each treat-
ment group were analyzed with the Kaplan–Meier method. 
The HR of time-to-event variables and the corresponding 
2-sided 95% CI were determined with a Cox proportional 
hazards model including treatment group, ECOG PS (0 + 1 
vs. 2), and previous treatment for metastatic PC (yes vs. 
no) as covariates, with a baseline hazard unique to each 
country. Subgroup analyses were performed without any 
adjustment.

The responses to the European Organization for 
Research and Treatment of Cancer (EORTC) Quality of 
Life Questionnaire Core 30 (QLQ-C30) questionnaires 
were analyzed in accordance with the EORTC guidelines 
[9]. Repeated-measures linear regression analysis was per-
formed with the use of a mixed model to assess the QOL 
endpoint. The model used for the analysis of QOL included 
the explanatory variables of treatment group, baseline 
score, ECOG PS (0 +  1 vs. 2), previous history of sys-
temic chemotherapy for metastatic PC (yes vs. no), visit 
and country, and visit by treatment interaction. The analy-
sis plan was finalized before breaking the key code, and the 
statistical analyses were performed at Zeria Pharmaceutical 
Co., Ltd. All statistical calculations were performed with 
the use of SAS, Release 9.3 (SAS Institute Inc., Cary, NC, 
USA).

Results

Patients

A total of 167 patients (95 in Japan, 44 in South Korea, 28 
in Taiwan) were randomly assigned to treatment between 
April 2014 and November 2014. The data cut-off date was 
November 30, 2015. All randomized patients (41, 43, 42, 
and 41 patients in the GZ 60 mg, GZ 120 mg, GZ 240 mg, 
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and Gem groups, respectively) were included in the FAS 
and SS populations (Fig.  1). No patient violated the eli-
gibility criteria. Few patients in each group had a PS of 2 
or a history of systemic chemotherapy for metastatic PC. 
The proportion of patients with a neutrophil-to-lymphocyte 
ratio (NLR) of >4.0, which was reported to be a prognostic 
factor in advanced PC [10], was higher in the GZ 240 mg 
group than in the other groups (Table 1).

Efficacy

The number of events was 140 (84% of patients). The 
median survival (95% CI) was 8.5  months (5.8–9.8), 
7.9  months (6.0–10.4), 6.8  months (4.1–8.4), and 
7.2  months (5.4–8.8) in the GZ 60  mg, GZ 120  mg, GZ 
240 mg, and Gem groups, respectively (Fig. 2a). The HR 
for OS (95% CI) was 0.89 (0.60–1.32) in the pooled Z-360 
group and 0.81 (0.50–1.32), 0.85 (0.53–1.37), and 1.01 
(0.62–1.64) in the GZ 60 mg, GZ 120 mg, and GZ 240 mg 
groups, respectively. The efficacy of Z-360 in the subgroup 
of chemo-naïve metastatic PC was better than that of the 
overall patient population (HR in OS: 0.73, 0.79, and 0.85 
in the GZ 60  mg, GZ 120  mg, and GZ 240  mg groups, 
respectively) (Fig. 2c; Supplementary Table 1). The 1-year 
survival rate (95% CI) was 23.4% (11.8–37.3), 23.1% 
(11.6–36.8), 18.6% (8.3–32.1), and 20.5% (9.7–34.3), in 
the GZ 60 mg, GZ 120 mg, GZ 240 mg, and Gem groups, 
respectively.

In the analysis of PFS, 161 patients (96.4%) had dis-
ease progression or died. The median PFS (95% CI) was 

3.9  months (1.7–5.6), 2.8  months (1.4–3.9), 2.9  months 
(1.6–4.1), and 2.6  months (1.4–4.0) in the GZ 60  mg, 
GZ 120  mg, GZ 240  mg, and Gem groups, respectively 
(Fig. 2b). The HR for PFS (95% CI) was 0.82 (0.56–1.20) 
in the pooled Z-360 group, and 0.74 (0.47–1.16), 0.87 
(0.55–1.39), and 0.85 (0.54–1.36) in the GZ 60  mg, GZ 
120 mg, and GZ 240 mg groups, respectively.

Post-protocol anticancer therapy was given to 26 (63%), 
27 (63%), 23 (55%), and 25 (61%) patients in the GZ 
60 mg, GZ 120 mg, GZ 240 mg, and Gem groups, respec-
tively. The most common therapy was S-1 (27% in total). 
Only a few patients received FOLFIRINOX (3% in total) or 
gemcitabine plus nab-paclitaxel (8% in total) as post-proto-
col anticancer therapy.

The response rates (95% CI) according to independent 
review were 9.8% (2.7–23.1%), 11.6% (3.9–25.1%), 9.5% 
(2.7–22.6%), and 2.4% (0.1–12.9%), in the GZ 60 mg, GZ 
120 mg, GZ 240 mg, and Gem groups, respectively. There 
were no major differences in DCR among the groups. In 
pre-specified subgroup analysis, the efficacy of Z-360 in 
the patients with chemo-naïve metastatic PC was better 
than that in the group as a whole (Fig. 2c; Supplementary 
Table 1).

Baseline carbohydrate antigen 19-9 (CA19-9) levels 
were measured in 166 patients. A total of 59, 58, 38, and 
34% of the patients had a reduction of ≥20% from the 
baseline level in the GZ 60 mg, GZ 120 mg, GZ 240 mg, 
and Gem groups, respectively.

The responses to the QLQ-C30 questionnaire at 
baseline were evaluated for all patients in the FAS 

Fig. 1   CONSORT diagram
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population. The scores for “Global Health Status and 
Quality of Life scale” and “scale for pain” deteriorated 
at week 4 in all groups, but at week 12 both scales recov-
ered to the same level as that at baseline in GZ 60  mg 
and GZ 120 mg groups. In contrast, both scales deterio-
rated in a similar manner in the GZ 240  mg and Gem 
groups (Supplementary Table  2). No major differences 
were noted among the groups in the other variables.

Safety

Only 4 treatment-related serious adverse events (SAEs) 
were reported: cellulitis in the GZ 60 mg group, upper gas-
trointestinal hemorrhage and Pneumocystis jirovecii pneu-
monia in the GZ 240 mg group, and vomiting in the Gem 
group. Fatal events, excluding progression of PC, were pul-
monary embolism in the GZ 60 mg group, acute respiratory 
failure in the GZ 120 mg group, and pneumonia aspiration, 
cardiac failure, and small intestinal obstruction in the GZ 
240  mg group. The proportion of patients with SAEs or 
with AEs leading to discontinuation of the study treatment 
did not differ among the groups. AEs that occurred in more 
than 10% of patients in any treatment group are shown 
in Table  2. Hematological events known as adverse reac-
tions of gemcitabine, such as decreased neutrophil count 
were reported more often in the GZ 60 mg and GZ 120 mg 
groups than in the other groups. However, no febrile neu-
tropenia was reported in any group. In contrast, fatigue, 
asthenia, and decreased appetite were reported more often 
in the GZ 240 mg group than in the other groups.

High exposure to the study drug and high relative dose 
intensity (RDI) (>90%) of gemcitabine were maintained in 
all treatment groups.

Discussion

In this multicenter, placebo-controlled, randomized, phase 
II study, no statistically significant differences between the 
GZ groups and Gem group were detected in any analysis. 
However, Z-360 tends to improve OS and PFS in patients 
with metastatic PC.

The median OS and PFS were prolonged by 1.3 months 
in the GZ 60  mg group as compared with the respective 
values in the Gem group. In the GZ 60 mg group, a 19% 
reduction in the risk of death, and a 26% reduction in the 
risk of disease progression or death as compared with the 
Gem group were observed. Higher proportions of patients 
in the GZ 60  mg and GZ 120  mg groups had reductions 
of ≥20% in serum CA19-9 levels, which has been reported 
to be associated with superior survival [11], as compared 
with the gemcitabine group, and reduced CA19-9 secretion 
might indicate cytotoxicity associated with cell apoptosis. 
This result was similar to that in a pivotal study of gemcit-
abine plus nab-paclitaxel (proportions of patients who had 
reductions of ≥20% in serum CA19-9 levels: 61% [gemcit-
abine plus nab-paclitaxel group] versus 44% [gemcitabine 
group]) [3].

The study treatments were well tolerated, and high expo-
sure to the study drug and high RDI (>90%) of gemcitabine 

Table 1   Patient characteristics (full analysis set)

a  Eastern Cooperative Oncology Group Performance Status range 
from 0 to 4, with lower scores indicating better performance status
b  A total of 166 patients had a baseline CA19-9 measurement. 1 
patient in Gem + placebo group was excluded from the analysis due 
to missing data

Character-
istic

GZ 60 mg
(N = 41)
n (%)

GZ 120 mg
(N = 43)
n (%)

GZ 240 mg
(N = 42)
n (%)

Gem + pla-
cebo
(N = 41)
n (%)

Age (years)

 Mean 63.7 66.7 65.2 64.6

 Median 66.0 68.0 67.0 65.0

 <65 
(years)

19 (46.3) 16 (37.2) 18 (42.9) 19 (46.3)

 ≥65 
(years)

22 (53.7) 27 (62.8) 24 (57.1) 22 (53.7)

Gender

 Male 26 (63.4) 24 (55.8) 24 (57.1) 22 (53.7)

 Female 15 (36.6) 19 (44.2) 18 (42.9) 19 (46.3)

Body surface area (m2)

 Mean 1.589 1.553 1.531 1.569

 Median 1.548 1.553 1.575 1.579

Eastern Cooperative Oncology Group Performance Statusa

 0 19 (46.3) 18 (41.9) 21 (50.0) 22 (53.7)

 1 22 (53.7) 22 (51.2) 19 (45.2) 18 (43.9)

 2 0 (0.0) 3 (7.0) 2 (4.8) 1 (2.4)

CA19-9 levelb

 Mean 5682.7 6693.6 6704.5 5013.2

 Median 669.0 682.6 614.4 349.6

Neutrophil lymphocyte ratio

 ≤4 32 (78.0) 35 (81.4) 24 (57.1) 29 (72.5)

 >4 9 (22.0) 8 (18.6) 18 (42.9) 11 (27.5)

Previous treatment for metastatic PA

 Yes 5 (12.2) 7 (16.3) 5 (11.9) 5 (12.2)

 No 36 (87.8) 36 (83.7) 37 (88.1) 36 (87.8)

Diagnostic information

 Initial 
occur-
rence

36 (87.8) 35 (81.4) 32 (76.2) 33 (80.5)

 Reoccur-
rence

5 (12.2) 8 (18.6) 10 (23.8) 8 (19.5)
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Fig. 2   Kaplan–Meier estimates of a overall survival, b progression-free survival (assessed by an independent review committee) and c overall 
survival in a subgroup analysis of previous treatment for metastatic PC (yes vs. no) (full analysis set)
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were maintained in all treatment groups. Therefore, this 
treatment is considered quite manageable.

Gemcitabine plus Z-360 was associated with few 
safety concerns as compared with FOLFIRINOX or gem-
citabine plus nab-paclitaxel. For example, the proportions 
of patients with a decrease in neutrophil count/neutrope-
nia ≥Grade 3 in each GZ group in this study (Table  2) 
were low as compared with the results of a pivotal study 
in Japan of gemcitabine plus nab-paclitaxel (neutrope-
nia: 70.6%) [12]. In addition, no febrile neutropenia was 
reported in any GZ group (gemcitabine plus nab-pacli-
taxel: 5.9%).

Moreover, the scores on the “Global Health Status and 
Quality of Life scale” and “scales for pain” at 12  weeks, 
reported to be important scales for the evaluation of PC 
[13], were maintained at the baseline levels in the GZ 
60 mg and GZ 120 mg groups.

Z-360 thus can be easily given to patients who cannot 
tolerate highly cytotoxic treatment or who prefer to main-
tain their QOL.

The efficacy of Z-360 in subgroup of chemo-naïve meta-
static PC was better than that of the overall patient popu-
lation, which should be considered when conducting other 
trials in the future.

The OS in the GZ 60 mg and GZ 120 mg groups was 
better than that in the GZ 240  mg group, although the 
results for PFS were similar among the Z-360 groups. 
Higher proportion of patients has shown an NLR of >4.0 in 
GZ 240 mg group. AEs related to the patient’s global sta-
tus, such as fatigue, asthenia, and decreased appetite, were 
reported more often in the GZ 240  mg group than in the 
other groups, which might have led to difficulty in admin-
istering subsequent therapies. Such factors might have 
resulted in the difference between OS and PFS.

Table 2   Treatment-emergent 
adverse events reported by 
≥10% of patients in any 
treatment group and receipt of 
immunostimulants (safety set)

GZ 60 mg
(N = 41)
n (%)

GZ 120 mg
(N = 43)
n (%)

GZ 240 mg
(N = 42)
n (%)

Gem + placebo
(N = 41)
n (%)

Hematological analysis

 Platelet count decreased 17 (41.5) 20 (46.5) 10 (23.8) 11 (26.8)

 Neutrophil count decreased 21 (51.2) 13 (30.2) 14 (33.3) 9 (22.0)

 ≥Grade 3 16 (39.0) 12 (27.9) 13 (31.0) 9 (22.0)

 Neutropenia 2 (4.9) 5 (11.6) 2 (4.8) 3 (7.3)

 ≥Grade 3 2 (4.9) 4 (9.3) 2 (4.8) 2 (4.9)

 White blood cell count decreased 13 (31.7) 14 (32.6) 10 (23.8) 7 (17.1)

 Anemia 16 (39.0) 15 (34.9) 7 (16.7) 12 (29.3)

 Receipt of immunostimulants 3 (7.3) 2 (4.7) 3 (7.1) 4 (9.8)

Non-hematological analysis

 Weight decreased 6 (14.6) 4 (9.3) 1 (2.4) 0 (0.0)

 Nausea 16 (39.0) 19 (44.2) 15 (35.7) 15 (36.6)

 Constipation 17 (41.5) 11 (25.6) 8 (19.0) 10 (24.4)

 Vomiting 10 (24.4) 10 (23.3) 8 (19.0) 11 (26.8)

 Diarrhea 4 (9.8) 16 (37.2) 6 (14.3) 6 (14.6)

 Ascites 4 (9.8) 8 (18.6) 5 (11.9) 3 (7.3)

 Stomatitis 5 (12.2) 3 (7.0) 1 (2.4) 4 (9.8)

 Pyrexia 12 (29.3) 10 (23.3) 9 (21.4) 12 (29.3)

 Fatigue 8 (19.5) 5 (11.6) 11 (26.2) 8 (19.5)

 Edema peripheral 6 (14.6) 8 (18.6) 5 (11.9) 2 (4.9)

 Malaise 3 (7.3) 6 (14.0) 2 (4.8) 8 (19.5)

 Asthenia 3 (7.3) 2 (4.7) 6 (14.3) 3 (7.3)

 Decreased appetite 16 (39.0) 19 (44.2) 22 (52.4) 9 (22.0)

 Hypoalbuminemia 3 (7.3) 5 (11.6) 4 (9.5) 1 (2.4)

 Rash 2 (4.9) 5 (11.6) 7 (16.7) 6 (14.6)

 Rash maculo-papular 3 (7.3) 2 (4.7) 2 (4.8) 5 (12.2)

 Nasopharyngitis 2 (4.9) 1 (2.3) 5 (11.9) 0 (0.0)

 Cancer pain 3 (7.3) 3 (7.0) 5 (11.9) 3 (7.3)

 Insomnia 5 (12.2) 4 (9.3) 4 (9.5) 3 (7.3)
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Although our study had limitations because of its small 
sample size and exploratory nature, our results suggest 
that the efficacy of Z-360 might have reached a plateau at 
60 mg twice daily. Because Z-360 is attributed to a different 
mechanism of action from that of currently available cyto-
toxic agents, it might also be beneficial to combine Z-360 
with other agents, such as gemcitabine plus nab-paclitaxel. 
Recently, a CCK2 receptor-selective antagonist combined 
with an immune checkpoint inhibitor was reported to be 
effective in mice [14].

In conclusion, Z-360 tends to improve OS and PFS with 
low toxic effect in patients with metastatic PC. Further 
exploratory trials of 60  mg Z-360 twice daily with other 
agents might be beneficial.
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