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A B S T R A C T

Purpose
Gemcitabine plus cisplatin is active in malignant mesothelioma (MM), although single-arm phase
II trials have reported variable outcomes. Vascular endothelial growth factor (VEGF) inhibitors have
activity against MM in preclinical models. We added the anti-VEGF antibody bevacizumab to
gemcitabine/cisplatin in a multicenter, double-blind, placebo-controlled randomized phase II trial in
patients with previously untreated, unresectable MM.

Patients and Methods
Eligible patients had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 to
1 and no thrombosis, bleeding, or major blood vessel invasion. The primary end point was
progression-free survival (PFS). Patients were stratified by ECOG performance status (0 v 1) and
histologic subtype (epithelial v other). Patients received gemcitabine 1,250 mg/m2 on days 1 and
8 every 21 days, cisplatin 75 mg/m2 every 21 days, and bevacizumab 15 mg/kg or placebo every
21 days for six cycles, and then bevacizumab or placebo every 21 days until progression.

Results
One hundred fifteen patients were enrolled at 11 sites; 108 patients were evaluable. Median PFS
time was 6.9 months for the bevacizumab arm and 6.0 months for the placebo arm (P � .88).
Median overall survival (OS) times were 15.6 and 14.7 months in the bevacizumab and placebo
arms, respectively (P � .91). Partial response rates were similar (24.5% for bevacizumab v 21.8%
for placebo; P � .74). A higher pretreatment plasma VEGF concentration (n � 56) was associated
with shorter PFS (P � .02) and OS (P � .0066), independent of treatment arm. There were no
statistically significant differences in toxicity of grade 3 or greater.

Conclusion
The addition of bevacizumab to gemcitabine/cisplatin in this trial did not significantly improve PFS
or OS in patients with advanced MM.

J Clin Oncol 30:2509-2515. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Malignantmesothelioma(MM)isanuncommonma-
lignancy, affecting about 2,500 Americans annually.1

Pemetrexed plus cisplatin, the current bench-
mark chemotherapy regimen, yields a median overall
survival (OS) time of 12.1 months and a median time
to progression of 5.7 months.2 Before US Food and
Drug Administration approval of this combination in
2003, gemcitabine plus cisplatin was widely used.3 Ret-
rospective data suggest similar activity for gemcitabine
and pemetrexed platinum doublets in MM.4

In 1999, an Australian trial of gemcitabine/cis-
platin in MM reported a 48% response rate and a

median OS of 9.5 months.5 Variable activity has
been observed in subsequent phase II studies of this
combination (response rate, 12% to 33%; median
OS, 9.6 to 12 months; median progression-free sur-
vival [PFS], 4 to 8 months).6-10 These disparate re-
sults are likely a result of small sample sizes,
heterogeneity in patient prognostic factors, and vari-
ations in methods of response assessment.1

Vascular endothelial growth factor (VEGF) sig-
naling plays a key role in MM biology.11,12 In pre-
clinical models, VEGF increases MM proliferation;
antibodies against VEGF and its receptors inhibit
MM growth.13 Patients with MM have significantly
higher serum VEGF levels than patients with other
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cancers.14 Several VEGF inhibitors, including cediranib, sorafenib,
sunitinib, SU5416, thalidomide, and vatalanib, have modest single-
agent activity in patients with MM.15-20 Bevacizumab (Avastin; Ge-
nentech, South San Francisco, CA) is a recombinant humanized
monoclonal antibody against VEGF-A.21 This article reports the re-
sults of a National Cancer Institute (NCI) –sponsored, multicenter
randomized phase II trial evaluating the addition of bevacizumab to
gemcitabine/cisplatin in patients with MM.

PATIENTS AND METHODS

Patients

Eligible patients had histologically or cytologically confirmed MM not
amenable to curative intent surgery. An opinion from an MM-experienced
surgeon was required for potentially resectable patients. International Meso-
thelioma Interest Group stage II or greater was required for patients with
pleural MM. No prior systemic cytotoxic chemotherapy was permitted; prior
intrapleural cytotoxic agents were allowed. Measurable disease; an Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of 0 to 1; age
greater than 18 years; life expectancy of more than 3 months; and adequate
bone marrow (leukocytes � 3,000/�L, granulocytes � 1,500/�L, and plate-
lets � 100,000/�L), renal (creatinine � 1.5 mg/dL or creatinine clearance � 60
mL/min and urine protein � 1� or � 1,500 mg/dL per 24 hours), hepatic
(total bilirubin within normal institutional limits and AST and ALT � 2.5�
upper limit of normal), and coagulation (prothrombin time international
normalized ratio � 1.5) function were required. Prior radiation was allowed if
completed more than 4 weeks prior and there was measurable disease outside
the radiation port. Patients were excluded for a nonhealing wound; major
surgery within 6 weeks; bleeding diathesis; pulmonary embolus; deep venous
thrombosis; clinically significant cardiac, peripheral vascular, or CNS disease;
currently active second malignancy; uncontrolled intercurrent illness; or com-
puted tomography (CT) scan documentation of invasion of adjacent organs.

This protocol (ClinicalTrials.gov identifier: NCT00027703) was re-
viewed by the institutional review board of each participating center. All
patients provided written informed consent according to federal and institu-
tional guidelines.

Treatment

Gemcitabine 1,250 mg/m2 was given intravenously on days 1 and 8 of a
21-day cycle, followed by cisplatin 75 mg/m2 intravenously on day 1, for six
cycles. Bevacizumab 15 mg/kg or placebo was administered intravenously after
cisplatin on day 1 of each cycle. Bevacizumab or placebo was continued every
21 days until disease progression, unacceptable adverse events, or patient
withdrawal of consent.

Dose Adjustments

Adverse effects were graded according to NCI Common Terminology
Criteria for Adverse Events (version 3.0). A cycle was not started until the
absolute neutrophil count (ANC) was more than 1.5 � 109/L and the platelet
count was more than 100 � 109/L. Neutropenic fever requiring antibiotics or
bleeding associated with thrombocytopenia required a 25% dose reduction of
cisplatin and gemcitabine in subsequent cycles.

On day 8 of a cycle, 75% of the full dose of gemcitabine was given for an
ANC between 0.5 and 0.99 � 109/L or platelet count between 50 and 74 �
109/L; gemcitabine was held for an ANC less than 0.5 � 109/L or platelet count
less than 50 � 109/L. For grade 3 nonhematologic toxicities other than nausea/
vomiting, patients received either 75% of the gemcitabine dose or no treat-
ment at the treating physician’s discretion. Gemcitabine was held for grade 4
nonhematologic toxicities.

Cisplatin was reduced by 25% for serum creatinine of 1.6 to 2.0 mg/dL
and held for creatinine � 2.0 mg/dL. Cisplatin was reduced by 25% for grade
3 nonhematologic toxicities other than nausea/vomiting and held for grade 4
nonhematologic toxicities.

There were no dose modifications of bevacizumab or placebo. At the
beginning of a cycle, if both gemcitabine and cisplatin were held, bevaci-

zumab or placebo was held until chemotherapy could be given. If bevaci-
zumab or placebo was held for toxicity, gemcitabine and cisplatin could be
administered. Bevacizumab or placebo was held for bilirubin or hepatic
transaminase elevations � grade 3 and not resumed until � grade 1.
Bevacizumab or placebo was held for grade 2 proteinuria or grade 3
hemorrhage or thrombosis. Bevacizumab or placebo was held for persis-
tent or symptomatic hypertension and was discontinued if not controlled
within 6 weeks by oral medication or if grade 4 hypertension developed.
Bevacizumab or placebo was discontinued for arterial thrombotic events
or for any grade 4 toxicity attributable to bevacizumab.

Study Evaluations

Pretreatment evaluation included a medical history and physical exam-
ination, CBC count and differential, chemistry panel, prothrombin time/
partial thromboplastin time, urinalysis, and CT scan. Pretreatment plasma
VEGF concentrations were determined using a quantitative sandwich enzyme
immunoassay (Human VEGF Immunoassay; R&D Systems, Minneapo-
lis, MN).

A history and physical examination were performed every 21 days. CBC
and chemistry panel were performed weekly. Urinalysis was performed every
21 days. CT scans were obtained every two cycles.

Patients were evaluated for response every two cycles according to
RECIST.22 Confirmatory scans were obtained at least 4 weeks after initial
documentation of response. Scans were not centrally reviewed.

Statistics

This was a double-blind, randomized, placebo-controlled, phase II trial
to compare the safety and efficacy of treatment with gemcitabine, cisplatin,
and bevacizumab (GCB) versus gemcitabine, cisplatin, and placebo (GCP).
Random assignment was stratified by histology (epithelial v sarcomatoid,
mixed, or other subtypes) and ECOG PS (0 v 1). Treatment assignment
sequences were produced by the study statistician using the random number
generator in SAS (SAS Institute, Cary, NC). The method of permuted blocks
was used, with blocks of size 6, within each stratum. An e-mail containing the
patient identification number and stratum information was sent to the study
statistician when a patient required random assignment, and patients were
assigned to the next treatment on the list. This information was transmitted
electronically to the NCI, which shipped blinded drug to the site.

The primary end point was PFS (ie, the time from random assign-
ment to disease progression or death from any cause). A sample size of 106
patients (53 per arm) provided 90% power to detect a hazard ratio (HR) of
1.75, using a one-sided � � .10. Kaplan-Meier23 curves were generated for
PFS and OS. Median survival times were estimated for each arm, and 95%
CIs were derived.24 PFS and OS were compared between treatment groups
using both an unadjusted and a stratified (by histology and ECOG PS)
log-rank test. Cox25 proportional hazards regression models were fit to
assess the effects of treatment, histology, PS, and other potential prognostic
factors, including baseline VEGF levels, on PFS and OS. Interactions be-
tween treatment and stratification factors, as well as treatment and VEGF,
were explored using the Cox model. Response rates and toxicities were
compared between groups using �2 or Fisher’s exact tests. All P values
reported are two sided, and P � .05 is regarded as statistically significant,
except for the primary PFS end point, which was evaluated using a one-
sided test and a P � .10 threshold for significance.

Because bleeding, thrombosis, and proteinuria were potential con-
cerns with bevacizumab, a sequential stopping guideline26 was used in the
GCB arm, and interim, pairwise comparisons of toxicity rates between
treatment groups were performed to monitor these selected adverse events.
A composite adverse event was defined as the occurrence of any bleeding,
thrombosis, or proteinuria � grade 3 or grade 4 hypertension. Early
stopping would be considered if there was evidence that the true rate of
toxicity for this composite event in the bevacizumab group exceeded 10%.
The results of these interim analyses were presented to the University of
Chicago High Risk Protocol Committee.
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RESULTS

Patient Characteristics

Between November 2001 and July 2005, 115 patients at 11 centers
were randomly assigned (57 patients to GCB and 58 patients to GCP).
Seven patients (four on GCB and three on GCP) were not evaluable.
Three patients withdrew before receiving any treatment. One patient
had a GI stromal tumor, not MM, and after being deemed ineligible
was no longer observed. Three patients (two on GCB and one on
GCP) at two different centers mistakenly received a dose of open-label
bevacizumab instead of blinded study medication. Per communica-
tion with the NCI, these patients were withdrawn from the protocol
and continued on open-label treatment under a special exception
protocol. The analyses that follow are based on the 108 remaining
evaluable patients (GCB, n � 53; GCP, n � 55; Fig 1).

Patient characteristics are listed in Table 1. As expected in this
occupationally related cancer, most patients were men (74% and 84%
for GCB and GCP, respectively). Approximately half had a PS of 0.
More than 90% had disease of pleural origin, and more than two
thirds had epithelial histology. Leukocytosis and thrombocytosis,
which are well-recognized poor prognostic factors in MM,27,28 were
similar in both arms.

Although the random assignment was stratified by histology and
PS, in 39 patients, the information provided at random assignment
was incorrect. Twenty-six of the discrepancies in PS were a result of a
systematic error in which a Karnofsky performance score of 90 was
mapped into an ECOG PS of 1 rather than 0. The data in Table 1 show
the correct classifications determined on audit and rereview. The
consequence of these errors is that the guaranteed balance of the
treatment arms with respect to these factors was lost; however, the va-
lidity of the random assignment is not affected.

Response and Survival

There were no complete responses. The partial response rate was
similar in the GCB and GCP arms (24.5% v 21.8%, respectively;
P � .74). Stable disease occurred in 51% and 60% of patients on GCB
and GCP, respectively.

Kaplan-Meier curves for PFS and OS by treatment arm are
shown in Figures 2 and 3, respectively. The estimated median PFS is
6.9 months (95% CI, 5.3 to 7.3 months) for GCB and 6.0 months
(95% CI, 5.5 to 7.0 months) for GCP. The overall PFS curves are not
significantly different (HR, 0.90; 95% CI, 0.61 to 1.34; log-rank P� .62
unadjusted; log-rank P � .88 stratified by PS and histology).

The estimated median OS time is 15.6 months (95% CI, 10.6 to
18.7 months) for GCB and 14.7 months (95% CI, 10.3 to 20.0 months)

Randomly assigned 
(N = 115)

Assigned
Gem/Cis/Bev

(n = 57)

Assigned
Gem/Cis/placebo

(n = 58)

Evaluable
(n = 53)

Evaluable
(n = 55)

Protocol violations
Ineligible
Did not receive 
   treatment

(n = 2)
(n = 1)
(n = 1)

Protocol violation
Did not receive 
   treatment

(n = 1)
(n = 2)

Fig 1. CONSORT diagram. Bev, bevacizumab; Cis, cisplatin; Gem, gemcitabine.

Table 1. Patient Demographics and Clinical Characteristics

Demographic or Clinical
Characteristic

Gemcitabine,
Cisplatin,

Bevacizumab
(n � 53)

Gemcitabine,
Cisplatin, and

Placebo
(n � 55)

No. of
Patients %

No. of
Patients %

Male 39 73.6 46 83.6
Race

White 47 88.7 50 90
Hispanic 4 7.5 2 3.6
African American 1 1.9 2 3.6
Asian 1 1.9 1 1.8

Age, years
Median 62 65
Range 44-78 20-84
Mean 62.4 62.6
SD 9.0 12.1

WBC, � 109/L
� 8.3, � 109/L 28 52.8 29 47.3
Median 8.5 8.1
Range 3.5-24.5 4.4-17.5
Mean 9.0 8.7
SD 3.6 2.7

Platelets, � 109/L
� 400 � 109/L 21 39.6 22 40
Median 353 347
Range 133-677 133-1,061
Mean 385.1 385.1
SD 139.0 158.3

Pretreatment plasma VEGF, pg/mL
No. of patients 28 28
Median 131 154
Range 31-1,760 5-1,786
Mean 235 268
SD 238 349

Primary site of disease
Pleural 49 92.5 50 90.9
Peritoneal 4 7.5 5 9.1

Histology
Epithelioid 39 73.6 37 67.3
Nonepithelioid 14 26.4 18 32.7

ECOG PS
0 24 45.3 29 52.7
1 29 54.7 26 47.3

Stratum
Epithelioid, PS � 0 18 34.0 21 38.2
Epithelioid, PS � 1 21 39.6 16 29.1
Nonepithelioid, PS � 0 6 11.3 8 14.6
Nonepithelioid, PS � 1 8 15.1 10 18.2

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance
status; SD, standard deviation; VEGF, vascular endothelial growth factor.
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for GCP. The OS curves are not significantly different (HR, 1.04; 95%
CI, 0.68 to 1.59; log-rank P � .87 unadjusted; log-rank P � .91
stratified by PS and histology). One-year OS rates for GCB and GCP
are 58.5% and 57.0%, respectively; 2-year OS rates are 31.3% and
30.2%, respectively.

Cox regression analyses of PFS and OS were conducted to exam-
ine the effects of baseline variables. Treatment and stratification vari-
ables (histology and PS) were retained in all models. Candidate
covariates included age, race, sex, log WBC count, platelet count, and
site of origin (peritoneal v pleural). The only statistically significant
covariate detected for both PFS and OS was platelet count. The HR for
disease progression increased by a factor of 1.18 for every 100-unit
increase in platelet count (P � .023). The death rate increased by a
factor of 1.41 per 100-unit increase in platelet count (P � .001).

Adverse Events

Grade 3 and 4 adverse events are listed in Table 2. There were no
statistically significant differences in the rates of grade 3 or greater
toxicity between treatment groups. Venous thrombosis developed in
17% of patients on GCB and 9% on GCP (P � .26). Statistically
significant differences in the rates of any grade of alopecia, epistaxis,

hypertension, infection without neutropenia, proteinuria, and stoma-
titis were also observed. No unique toxicities were observed in this
patient population.

The monitoring boundary was not crossed during the study. All
charts were rereviewed after closure of accrual, and three additional
composite adverse events were uncovered for GCB; on the basis of this
rereview, the boundary was crossed after eight events occurred in 36
patients. If this information had been available while the trial was
accruing, according to the prespecified guidelines, we might have
considered closing the study once this boundary was crossed. The
composite event occurred in 26.4% of patients on GCB, nearly twice
the rate in the control arm (14.6%); this difference does not reach
statistical significance (P � .15). The rates of bleeding, thrombosis,
and proteinuria were also higher in the GCB arm, but the differences
were not statistically significant (Table 3).

The median number of cycles was seven (range, one to 42 cycles)
for GCB and six (range, two to 39 cycles) for GCP. Ten GCB patients
and eight GCP patients discontinued treatment because of toxicity, a
nonsignificant difference (P � .61).

Plasma VEGF Concentrations

Baseline VEGF values were obtained in 56 patients; values from
two replicate assays were averaged for each patient. The baseline char-
acteristics of patients with missing VEGF data were not significantly
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Fig 2. Progression-free survival by treatment arm.
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Fig 3. Overall survival by treatment arm.

Table 2. Grade 3 and 4 Toxicities per Patient by Common Terminology
Criteria for Adverse Events (version 3.0)

Toxicity

% of Patients

Gemcitabine, Cisplatin,
and Bevacizumab (n � 53)

Gemcitabine, Cisplatin,
and Placebo (n � 55)

Neutropenia 42 40
Anemia 4 15
Thrombocytopenia 38 25
Febrile neutropenia 4 2
Cerebrovascular

accident 2 0
Epistaxis 8 2
Hypertension 23 9
Infection without

neutropenia 6 2
Proteinuria 6 2
Venous thrombosis 17 9
Visceral perforation 0 0

Table 3. Monitored Toxicities

Toxicity

Gemcitabine, Cisplatin,
and Bevacizumab

(n � 53)

Gemcitabine, Cisplatin,
and Placebo

(n � 55)

No. of Patients % No. of Patients %

� Grade 3 bleeding 4 7.6 1 1.8
� Grade 3 thrombosis 9 17 5 9.1
� Grade 3 proteinuria 3 5.7 1 1.8
Grade 4 hypertension 0 0 1 1.8
Any of the above 14 26.4 8 14.6
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different, nor were response rates, PFS, or OS. The median VEGF
levels in the GCB and GCP arms (131 and 154 pg/mL, respectively)
were not significantly different.

The mean log VEGF level was not significantly different between
responders and nonresponders (mean � SE, 3.58 � 0.43 pg/mL v
4.80 � 0.14 pg/mL, respectively; P � .27). Higher baseline log VEGF
levels were significantly associated with worse PFS (P � .049 adjusted
for treatment and stratification factors) and OS (P � .014 adjusted).
For PFS, a two-fold increase in the baseline VEGF level was associated
with a 1.30-fold increase in the hazard rate. For OS, the death rate
increased by a factor of 1.37 for each doubling of the VEGF level. The
association of poorer OS with higher VEGF is illustrated in Figure 4,
which presents the OS curves for patients above and below the median
VEGF level of 144 pg/mL, pooled over the two treatment groups.

In an exploratory analysis, there was a significant treatment-by-
VEGF interaction for PFS (P� .030) and a marginally significant interac-
tion for OS (P � .063). In patients with baseline VEGF levels at or below
themedian,PFS(P� .043)andOS(P� .028)weresignificantlybetterfor
GCB than for GCP. In the high VEGF strata, there were no significant
differences in PFS (P � .24) or OS (P � .90) between treatment arms.

DISCUSSION

Cross-trial comparisons have been challenging in MM because of the
heterogeneity of this disease and the difficulty of reproducibly mea-
suring tumor response.1 In a malignancy with three major pathologic
subtypes (epithelial, sarcomatoid, and biphasic), four sites of disease
origin (pleura, peritoneum, pericardium, and tunica vaginalis), and
several other key prognostic factors that can substantially affect out-
comes,27,28 it should not be surprising that six small phase II trials
evaluating the gemcitabine/cisplatin combination in MM produced
widely discordant results.5-10 Therefore, to discern the impact of the
addition of a novel agent to this chemotherapy backbone, we designed
what we believe is the first randomized phase II trial ever performed in
patients with MM. It demonstrates that the addition of bevacizumab
to gemcitabine/cisplatin does not improve PFS in this disease.

We observed a median OS of 15.7 months for the GCB arm,
which is better than most other multicenter studies in MM.1,2,29 Had

we performed a single-arm trial, we might have erroneously con-
cluded that this was an active regimen. The apparent better perfor-
mance of both arms of this study may reflect patient selection,
treatment experience at specialized centers, and the impact of subse-
quent therapies. When this trial began, the safety of using bevaci-
zumab with anticoagulation had not been established30; therefore,
patients on anticoagulation were excluded. Because patients with can-
cer who develop venous thromboembolism tend to have a shorter
survival,31 this may have introduced a selection bias. Although we did
not collect data on second-line therapies, given the US Food and Drug
Administration approval of pemetrexed midway through this trial,2 it
is likely that many of the patients who experienced progression on this
study subsequently received pemetrexed. This study also confirms the
data from prior investigators regarding the significant activity of the
gemcitabine/cisplatin combination in patients with MM.3-10

The addition of bevacizumab to chemotherapy improves out-
comes in cancers of the breast, colon, lung, and kidney.32-35 Given
preclinical data that supported a key role for the VEGF pathway in
MM biology12-14 and the multiple phase II trials that suggested modest
activity for other VEGF inhibitors in patients with MM,11,15-20 it was
plausible to assume that adding bevacizumab to systemic chemother-
apy in patients with MM would replicate the results observed in these
other cancers. Because pemetrexed was not commercially available
when we initiated this trial, we selected the widely used gemcitabine/
cisplatin combination. Subsequent studies have shown that adding
bevacizumab to a gemcitabine backbone does not improve survival in
either pancreatic or lung cancer,36,37 and preclinical data suggest a
negative interaction between bevacizumab and gemcitabine.38 Some
cytotoxic agents, but not gemcitabine, stimulate angiogenesis and
tumor regrowth by mobilizing circulating endothelial progenitors
from bone marrow. VEGF inhibitors may augment chemotherapy by
blunting this effect. According to this hypothesis, for optimal activity,
bevacizumab should be combined with agents other than gemcit-
abine.38 Thus, an ongoing French randomized phase II/III study eval-
uating the addition of bevacizumab to pemetrexed/cisplatin in MM
seems reasonable,39 despite the negative results of our trial.

Our data support the observation of other investigators that
patients with MM have higher VEGF levels than patients with other
solid tumors.14 The median plasma VEGF concentrations reported in
this trial (144 pg/mL) were significantly higher than those observed in
phase III trials in non–small-cell lung cancer (38.7 pg/mL)37 or colo-
rectal cancer (44 pg/mL).40 Pretreatment VEGF levels correlated with
PFS and OS, suggesting the potential utility of VEGF as a prognostic
factor. Bevacizumab-treated patients with lower pretreatment VEGF
levels had a longer PFS and OS. These treatment-by-VEGF interac-
tions, although intriguing, should be viewed cautiously because of the
relatively small sample sizes.

In conclusion, we observed that the addition of bevacizumab to
gemcitabine/cisplatin does not improve PFS or OS in patients with
MM. Given the heterogeneity of MM, our experience supports the use
of randomized phase II screening designs41,42 to evaluate novel agents
in this disease.
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