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Abstract
Tislelizumab, an anti-programmed death protein-1 (PD-1) monoclonal antibody, was 
engineered to minimize binding to the FcγR on macrophages to abrogate antibody-
dependent phagocytosis, a mechanism of T-cell clearance and potential resistance 
to anti-PD-1 therapy. This single-arm phase 2 trial (NCT04004221/CTR20170071) 
assessed the safety, tolerability, and efficacy of tislelizumab in patients with PD-L1-
positive urothelial carcinoma who progressed during/following platinum-containing 
therapy and had no prior PD-(L)1 inhibitor treatment. Patients were considered 
PD-L1 positive if ≥ 25% of tumor/immune cells expressed PD-L1 when using the 
VENTANA™ PD-L1 (SP263) assay. The primary endpoint was objective response rate 
by independent review committee. As of September 16, 2019, 113 patients had a 
median study follow-up time of 9.4 mo. Most patients (76%) had visceral metastases, 
including 24% with liver and 23% with bone metastases. Among 104 efficacy-evalu-
able patients, confirmed objective response rate was 24% (95% confidence interval, 
16, 33), including 10 complete and 15 partial responses. Median duration of response 
was not reached. Among 25 responders, 17/25 (68%) had ongoing responses. Median 
progression-free survival and overall survival times were 2.1 and 9.8 mo, respectively. 
The most common treatment-related adverse events were anemia (27%) and pyrexia 
(19%). Anemia (7%) and hyponatremia (5%) were the only grade 3-4 treatment-re-
lated adverse events and occurred in ≥ 5% of patients. Three investigator-assessed 
deaths were considered to be possibly related to study treatment (hepatic failure, 
n = 2; respiratory arrest, n = 1). Tislelizumab demonstrated meaningful clinical bene-
fits in patients with previously treated locally advanced or metastatic PD-L1-positive 
urothelial carcinoma and had a manageable safety profile.
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1  | INTRODUC TION

The 5-y survival rate for all patients diagnosed with bladder cancer is 
77%, but falls to 36% for those with disease that spreads to regional 
lymph nodes and to <5% for those with distant metastases.1 Until 
recently, initial treatments for patients with metastatic UC have 
been limited to platinum-based chemotherapy.2 Median OS was 
reported as between 14.1 and 15.5 mo for patients who received 
cisplatin-containing regimens3,4 and 13.8 mo for patients who re-
ceived carboplatin-containing regimens.3 For patients ineligible for 
cisplatin-containing regimens, median survival was only 8-9 mo with 
carboplatin-based combination chemotherapy.5 The clinical benefit 
of salvage chemotherapy with taxanes or vinflunine is low, resulting 
in a median survival of 6-8 mo.6

Dysregulation of the programmed cell death protein-1/pro-
grammed death ligand 1 (PD-1/PD-L1) axis can allow cancer cells to 
evade the immune system7,8 and PD-L1 overexpression by tumors is 
associated with poor outcomes for patients with melanoma, ovar-
ian cancer, and lung cancers.9 Antibodies against PD-1/PD-L1 have 
emerged as first-line treatment options for patients with UC, as well 
as for patients who have progressed during or after platinum che-
motherapy. For approved anti-PD-1/PD-L1 therapies, median OS 
was 7.9 mo to 13.7 mo with ORRs of approximately 15-30% in the 
second-line setting; lower response rates were seen in patients with 
visceral metastases.10 Because PD-1/PD-L1 expression on tumors 
and ICs is correlated with response to anti-PD-1/PD-L1 therapy in 
several tumor types,11 including UC,12 the current study selected 
patients who had high PD-L1 expression to potentially achieve 
greater clinical benefit. However, additional clinical data are needed 
to demonstrate the role of PD-L1 as a predictive biomarker in UC.12

Tislelizumab, a humanized monoclonal antibody with high affin-
ity and specificity for PD-1, was engineered to minimize binding to 
Fcγ receptors on macrophages in order to abrogate antibody-de-
pendent cellular phagocytosis, a mechanism of T-cell clearance and 
potential resistance to anti-PD-1 therapy.7,13 Tislelizumab mainly 
binds to the front β-sheet face, which comprises the primary inter-
face for PD-L1 binding, without involvement of the flexible loops 
of PD-1.14 This binding mode of tislelizumab differs from that of 

nivolumab or pembrolizumab and may contribute to its higher af-
finity and approximately 100-fold and 50-fold slower dissociation 
rates, respectively.14-16

Data from 2 phase 1 studies suggested that single-agent tisleli-
zumab was generally well tolerated and demonstrated preliminary 
antitumor activity in patients with advanced solid tumors, includ-
ing UC.17-20 In the global, phase 1A/1B first-in-human study (BGB-
A317-001; NCT02407990), tislelizumab treatment across multiple 
tumor types resulted in an ORR of 13%.19 Of the 17 evaluable pa-
tients with UC treated with tislelizumab 200 mg Q3W in the phase 
1B dose-expansion phase, an ORR of 29% was observed. Clinical 
responses were observed in both PD-L1-positive (PD-L1+) and PD-
L1-negative (PD-L1−)/unknown UC patients; with ORRs of 24% for 
patients with PD-L1+ UC and 21% for those with PD-L1−/unknown 
tumors.21 Similar results were observed in an open-label phase 1/2 
study conducted in China (BGB-A317-102; NCT04068519), which 
found that treatment with tislelizumab resulted in an ORR of 18% 
across all tumor types.20 Among patients previously treated with 
UC (n = 22) in the phase 2 portion, the confirmed ORR was 14% 
and responses were observed regardless of PD-L1 status.19,20

This ongoing phase 2 clinical trial (CTR20170071), conducted in 
China and Korea, assessed the safety, tolerability, and efficacy of tis-
lelizumab 200 mg administered intravenously Q3W in patients with 
locally advanced or metastatic PD-L1+ UC who progressed during 
or following platinum-containing therapy. Although tislelizumab has 
demonstrated clinical response in PD-L1+ and PD-L1−/unknown 
patients, this study enrolled a PD-L1-enriched population to poten-
tially achieve greater clinical benefit.

2  | MATERIAL S AND METHODS

2.1 | Study design and patient population

In this single-arm, multicenter, phase 2 study, patients aged ≥ 18 y, 
with histologically or cytologically documented locally advanced 
or metastatic UC with at least 1 measurable lesion and an Eastern 
Cooperative Oncology Group (ECOG) performance score of ≤ 1 
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were eligible for enrollment. Patients could have received platinum-
containing therapy, but were ineligible if they received prior PD-1/
PD-L1 inhibitor therapy or more than 2 prior lines of systemic ther-
apy for metastatic UC.

This study was performed in accordance with the ethical princi-
ples of the Declaration of Helsinki, Good Clinical Practice guidelines, 
and the principles of informed consent. Written informed consent 
was obtained from each patient prior to screening. The protocol was 
reviewed and approved by an independent ethics committee at each 
study site prior to initiation.

2.2 | Study assessments

Radiological assessment of tumor responses was performed every 
9 wk and assessed by IRC based on Response Evaluation Criteria 
in Solid Tumors (RECIST) v1.1,22 and by the investigators based on 
RECIST v1.1 and immune-related RECIST. Efficacy sensitivity analy-
sis was performed on patients with at least 1 post-baseline tumor 
assessment. AEs were assessed per National Cancer Institute-
Common Terminology Criteria for Adverse Events v4.03.

During screening, archival tissue/fresh biopsies were tested by 
a central laboratory using the VENTANA PD-L1 (SP263) immuno-
histochemistry assay.23 Patients were considered PD-L1+ if ICs in-
volved > 1% of the tumor area and ≥ 25% of TCs or ICs had PD-L1 
expression; or if ICs involved ≤ 1% of the tumor area and ≥ 25% of 
TCs or 100% of ICs expressed PD-L1. Blood and tissue (archival and 
fresh) samples were collected for assessments of tislelizumab phar-
macokinetics, anti-drug antibody levels, and potential prognostic 
biomarkers.

2.3 | Study endpoints and statistical analysis

The primary endpoint was ORR assessed by IRC per RECIST v1.1. 
Secondary endpoints included DoR, PFS, disease control rate by IRC 
and investigator, and OS. The safety/tolerability profile of tisleli-
zumab was also examined. The safety analysis set was used for all 
safety analyses and included all patients who received tislelizumab. 
Efficacy-evaluable analysis set was used for most efficacy analy-
ses (OS used the safety analysis set) and included all patients who 
were receiving tislelizumab and who had measurable disease per 
IRC at baseline. Time-to-event outcomes, such as DoR, PFS, and OS, 
were estimated using the Kaplan-Meier method and corresponding 
95% CIs were calculated using the Brookmeyer-Crowley method. 
Subgroup analyses assessed ORR according to the percentage of 
PD-L1 expression on TC and IC, as well as by population demograph-
ics and baseline disease characteristics.

Assuming a target ORR of 25%, the sample size of 110 PD-
L1+ patients would provide 99% power to reject the null hypothesis 
of a 10% ORR at a 1-sided alpha of 0.025.

3  | RESULTS

3.1 | Patient disposition, demographics, and 
baseline characteristics

As of September 16, 2019, 113 patients with locally advanced or 
metastatic PD-L1+ UC who progressed during/following a platinum-
containing regimen were treated with tislelizumab. Median duration of 
treatment was 15.3 wk (range, 2-101 wk) and median follow-up time 

F I G U R E  1   Patient disposition
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was 9.4 mo (range, 0.4-23.6). Twenty (18%) patients remained on treat-
ment and 93 (82%) discontinued tislelizumab (Figure 1). Reasons for 
discontinuation included disease progression (n = 53), AEs (n = 19), 
withdrawal of consent (n = 11), and symptomatic deterioration (n = 10).

Median patient age was 63 y (range, 36-81); most patients were 
male (n = 84; 74%) and from China (n = 108; 96%) (Table 1). Primary 
tumors were most commonly found in the urinary bladder (n = 50) 
and renal pelvis (n = 31). At baseline, 24% of patients had only lymph 
node metastases and 24% had liver metastases. All patients (100%) re-
ceived a prior platinum-containing treatment regimen. Most patients 
received 1 (n = 69; 61%) or 2 (n = 37; 33%) prior anticancer regimens.

3.2 | Antitumor activity

Of the 104 (92%) patients in the efficacy-evaluable population, 
confirmed objective responses were observed in 25 patients 
(ORR, 24%, 95% CI, 16, 33), including 10 CRs and 15 PRs per IRC 
assessment (Table 2). An efficacy sensitivity analysis excluded 
17 patients who discontinued study treatment before their first 
tumor assessment and found that 25 (29%) of these patients had 
confirmed objective responses, 10 (11%) of which were CRs and 
15 (17%) of which were PRs (Table 2).

Per IRC assessment, 35 (34%) of 104 efficacy-evaluable patients 
had a reduction of ≥30% in the sum of target lesion diameter from 
baseline (Figure 2). Among these 35 patients, 25 had a best overall 
response (BOR) of CR or PR; 2 patients with a BOR of progressive 
disease had new lesions and 8 had unconfirmed PRs, resulting in a 
BOR of stable disease. Even with a median follow-up time of 9.4 mo, 

TA B L E  1   Patient demographics and baseline disease 
characteristics

Characteristic Patients (N = 113)

Age, y

Median (range) 63 (36, 81)

Gender, n (%)

Male 84 (74)

Female 29 (26)

Smoking status, n (%)

Never 60 (53)

Current 13 (12)

Former 40 (35)

ECOG performance at baseline, n (%)

0 53 (47)

1 60 (53)

Hemoglobin level at baseline, n (%)

<10 g/dL 18 (16)

≥10 g/dL 95 (84)

Site of primary tumor, n (%)

Urinary bladder 50 (44)

Renal pelvis 31 (27)

Ureter 24 (21)

Urethra 3 (3)

Other 5 (4)

Known metastasis at baseline, n (%)

Visceral metastasisa  86 (76)

Liver metastasis 27 (24)

Lymph node only 27 (24)

Number of prior regimens of anticancer therapies, n (%)

1 69 (61)

2 37 (33)

≥3 7 (6)

Prior platinum-based therapy, n (%)b 

Cisplatin-based 85 (75)

Carboplatin-based 24 (21)

Other platinum-based 49 (43)

Intent of last therapy, n (%)

First line for advanced disease 73 (65)

Second line for advanced disease 19 (17)

Adjuvant 20 (18)

Neoadjuvant 1 (<1)

PD-L1 expression, n (%)

TC < 50% and IC < 50% 77 (68)

TC ≥ 50% or IC ≥ 50% 36 (32)

Abbreviations: IC, immune cell; PD-L1, programmed death ligand 1; TC, 
tumor cell.
aConsidered as lung, bone, or any non-lymph node or soft tissue 
metastasis. 
bPatients could receive multiple platinum-based therapies prior to study 
entry. 

TA B L E  2   Disease response per RECIST v1.1 by independent 
review committee in evaluable patients with PD-L1+ urothelial 
carcinoma

Response category
All patients 
(N = 104)

Sensitivity 
analysis (n = 87)

Best overall response, n (%)

Complete response 10 (10) 10 (11)

Partial response 15 (14) 15 (17)

Stable disease 15 (14) 15 (17)

Progressive disease 47 (45) 47 (54)

Not evaluable for response 17 (16) 0

Objective response rate, % 
(95% CI)

24 (16, 33) 29 (20, 39)

Disease control rate, % (95% CI) 38 (29, 49) 46 (35, 57)

Clinical benefit rate, % (95% CI) 29 (20, 39) 34.5 (25, 45)

Note: Objective response rate was the proportion of patients who 
had confirmed complete response or partial response using RECIST 
v1.1; disease control rate was the proportion of patients who achieved 
complete response or partial response or stable disease using RECIST 
v1.1; clinical benefit rate was defined as patients with complete 
response or partial response or ≥ 24 wk of stable disease.
Abbreviations: CI, confidence interval; PD-L1+, programmed death 
ligand 1 positive; RECIST v1.1, Response Evaluation Criteria in Solid 
Tumors version 1.1.
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F I G U R E  2   Best percent change in sum 
of target lesion diameters from baseline 
per independent review committee 
in efficacy-evaluable patients with 
programmed death ligand 1-positive 
urothelial carcinoma

F I G U R E  3   Time and duration of 
confirmed responses per RECIST v1.1 by 
independent review committee. Gray bars 
represent the duration of response
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median DoR was not yet reached. Of 25 responders (Figure 3), 17 
(68%) had ongoing responses at data cut-off. Consistent response 
rates were observed among most population subgroups (Figure 4). 
Notably, higher ORRs were observed in subgroups of lymph node 
only (ORR, 44%; 95% CI, 23, 66) and no liver metastasis (ORR, 30%; 
95% CI, 20, 42) (Figure 4). However, due to the small sample size, 
these data should be interpreted with caution.

3.3 | Survival estimates

Across the entire population, median OS was 9.8 mo (95% CI, 7.5, 
12.5) with 6-mo and 12-mo OS rates of 67% (95% CI, 57, 74) and 43% 
(95% CI, 33, 52), respectively (Figure 5). Median PFS among efficacy-
evaluable patients per IRC was 2.1 mo (95% CI, 2.0, 3.2); the propor-
tion of patients with PFS at 6 mo and 12 mo was 32% (95% CI, 23, 41) 
and 20% (95% CI, 12, 28), respectively (Figure 6).

3.4 | Safety and tolerability of tislelizumab

A total of 106 (94%) patients experienced at least 1 AE considered 
to be related to tislelizumab by the investigator (AEs definitely re-
lated, probably related, possibly related, or possibly unrelated to 
tislelizumab, as well as those missing causal relationships, were 
defined as related AEs). Anemia (n = 31; 27%) and pyrexia (n = 22; 

20%) were the most common treatment-related AEs (TRAEs). Most 
reported TRAEs were grade 1-2 in severity; anemia (n = 8; 7%) and 
hyponatremia (n = 6; 5%) were the only grade 3-4 TRAEs occurring 
in ≥5% patients (Table 3). TRAEs led to treatment discontinuation of 
16 (14%) patients; drug eruption (n = 3; 3%) and renal failure (n = 2; 
2%) were the only TRAEs occurring in at least 1 patient.

Immune-related AEs (irAEs) occurred in 31 (27%) patients; irAEs 
occurred in ≥5% of patients included skin adverse reactions (n = 13; 
12%), hypothyroidism (n = 12; 11%), and hyperthyroidism (n = 7; 
6%) (Table 4). Eight (7%) patients had irAEs of grade ≥ 3; no fatal 
irAEs were reported. Serious TRAEs occurred in 42 (37%) patients, 
the most common being pyrexia (n = 4; 4%) and upper respiratory 
tract infection, urinary tract infection, and drug eruption (n = 3; 3% 
each). Among the 7 patients with a TRAE leading to death, 3 were 
considered possibly related to study treatment by the investigators 
(hepatic failure, n = 2; respiratory arrest, n = 1); 3 were considered 
possibly unrelated to study treatment by the investigators (renal fail-
ure, n = 1; renal impairment, n = 1; general physical health deterio-
ration, n = 1); and 1 patient did not have causality of death assigned 
by the investigator (unexplained death, n = 1).

4  | DISCUSSION

Tislelizumab showed a predictable and manageable safety/toler-
ability profile and demonstrated clinically meaningful antitumor 

F I G U R E  4   Objective response rates (ORRs) per RECIST v1.1 by independent review committee by population subgroup. Abbreviations: 
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; IC, immune cell; PD-L1, programmed death ligand 1; TC, tumor cell
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activity in patients with PD-L1+ UC. At data cut-off, median dura-
tion of study follow-up was 9.4 mo (range, 0.4-23.6) and 20 (18%) 
patients remained on treatment. Of 113 Asian patients treated, 106 
(94%) experienced any grade of TRAE. Fifty (44%) patients reported 
a grade ≥ 3 TRAE. Seven patients experienced a fatal investigator-
assessed TRAE, of which 3 deaths were considered to be possibly 
related to study treatment by the investigators. The confirmed ORR 
was 24%; 40% (10/25) of patients with confirmed responses had 
CRs. Subgroup analyses showed higher ORRs in subgroups of lymph 
node only (ORR, 44%, 95% CI, 23, 66) and no liver metastasis (ORR, 
30%; 95% CI, 20%, 42%). The safety profile observed was similar to 
that of other PD-1/L1 inhibitor therapies and was consistent with 
previous published reports of tislelizumab in other advanced solid 
tumors. No new safety signals were observed.

Tislelizumab demonstrated clinically meaningful responses in 
a hard-to-treat population including patients with advanced dis-
ease, all of whom had received prior platinum-containing treatment. 
Roughly three-quarters of patients had visceral metastases, includ-
ing 24% with liver metastases and 23% with bone metastases. Of the 

PD-L1+ patients included in this study, 32% of patients had PD-L1 
expression of ≥ 50% on IC and/or TCs; responses were consistent in 
these patients compared with those with < 50% TC/IC PD-L1 expres-
sion. Although this study only recruited PD-L1+ patients, comparable 
ORR was seen in tislelizumab trials that included PD-L1− patients with 
UC,17-21 suggesting further exploration into both patient populations is 
warranted. The proportion of patients achieving CR was comparable 
with tislelizumab vs other PD-1/PD-L1 inhibitors24 and the longest CR 
was observed for > 2 y, which may indicate a longer DoR and clinical 
benefit.

Although anti-PD-1/PD-L1 antibodies have demonstrated fa-
vorable efficacy for metastatic UC, none of these therapeutics have 
been approved for locally advanced or metastatic UC in China. This 
trial is the first registrational study in China for metastatic UC, and 
the results presented demonstrate that tislelizumab is a promising 
treatment option for patients after failure of prior platinum-based 
chemotherapy. Furthermore, this is the largest study of Chinese 
patients with UC and led to the conditional approval of tislelizumab 
from China's National Medical Products Administration for patients 

F I G U R E  5   Kaplan-Meier plot of 
overall survival (OS) (safety analysis set). 
Abbreviation: CI, confidence interval

F I G U R E  6   Kaplan-Meier plot of 
PFS per RECIST version 1.1 by IRC 
(efficacy-evaluable set). Abbreviations: 
CI, confidence interval; IRC, independent 
review committee; PFS, progression-
free survival; RECIST v1.1, Response 
Evaluation Criteria in Solid Tumors version 
1.1.
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with previously treated locally advanced or metastatic UC with 
PD-L1–high expression.

Although the single-arm design of the current study did not allow 
for a direct assessment, the antitumor activity presented is consis-
tent with reports from other checkpoint inhibitors. The phase 3 
KEYNOTE-045 study reported that patients with advanced UC who 
received second-line pembrolizumab monotherapy had a similar 
ORR (21%) and rates of CR (9%) and PR (12%), as we report with tis-
lelizumab in the current study.25 Additionally, due to the small sample 
size and a relatively homogenous study population, generalization 

and conclusions may be limited. However, the preliminary safety/
tolerability profile, as well as the deep and durable antitumor activity 
demonstrated in the current study, supported continued develop-
ment of tislelizumab in patients with UC. A phase 3 study of tisleli-
zumab in combination with platinum-containing chemotherapy as a 
first-line treatment for UC (NCT03967977) is currently ongoing and 
is recruiting patients.
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TA B L E  3   Treatment-related adverse events occurring in ≥ 5% of 
patients

Events
All 
Grades

Grade 
3-4

Patients with ≥ 1 treatment-related adverse 
event, n (%)

106 (94) 43 (38)

Anemia 31 (27) 8 (7)

Pyrexia 22 (19) 0

Decreased appetite 21 (19) 4 (4)

Increased aspartate aminotransferase 19 (17) 2 (2)

Increased alanine aminotransferase 18 (16) 4 (4)

Increased blood creatinine 17 (15) 2 (2)

Constipation 17 (15) 0

Hyponatremia 17 (15) 6 (5)

Pruritus 17 (15) 0

Urinary tract infection 16 (14) 4 (4)

Rash 15 (13) 0

Hypoalbuminemia 14 (12) 0

Hypothyroidism 11 (10) 0

Upper respiratory tract infection 10 (9) 3 (3)

Nausea 9 (8) 0

Vomiting 9 (8) 0

Increased blood bilirubin 8 (7) 3 (3)

Increased blood urea 8 (7) 0

Abdominal distension 7 (6) 0

Asthenia 7 (6) 1 (1)

Diarrhea 7 (6) 2 (2)

Increased blood alkaline phosphatase 7 (6) 1 (1)

Increased gamma-glutamyl transferase 7 (6) 3 (3)

Proteinuria 7 (6) 0

Abdominal pain 6 (5) 2 (2)

Decreased neutrophil count 6 (5) 0

Decreased white blood cell count 6 (5) 0

Edema peripheral 6 (5) 1 (1)

Fatigue 6 (5) 1 (1)

Hematuria 6 (5) 2 (2)

Hyperglycemia 6 (5) 1 (1)

Hyperthyroidism 6 (5) 0

Increased blood lactate dehydrogenase 6 (5) 0

TA B L E  4   Immune-related TEAEs

Events All Grades Grade 3-4

Patients with ≥ 1 immune-related 
TEAE, n (%)

31 (27) 8 (7)

Skin adverse reaction 13 (12) 3 (3)

Hypothyroidism 12 (11) 0

Hyperthyroidism 7 (6) 0

Hepatitis 3 (3) 3 (3)

Thyroiditis 2 (2) 0

Type 1 diabetes mellitus 2 (2) 0

Nephritis and renal dysfunction 2 (2) 1 (<1)

Pancreatitis 2 (2) 2 (2)

Colitis 1 (<1) 1 (<1)

Pneumonitis 1 (<1) 0

Other reactions 1 (<1) 0

Abbreviation: TEAE, treatment-emergent adverse event.
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approved, or (2) in programs that have been terminated. BeiGene will 
also consider requests for the protocol, data dictionary, and statisti-
cal analysis plan. Data requests may be submitted to medicalinfor-
mation@beigene.com
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