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BACKGROUND: Thromboprophylaxis is routinely used with lenalidomide-based regimens in 

multiple myeloma because of a substantial risk of venous thromboembolism (VTE). However, 

little is known about the incidence of VTE with contemporary lenalidomide-based regimens. The 

objective of the current study was to estimate the incidence of VTE despite thromboprophylaxis 

with currently used lenalidomide-based regimens in patients with myeloma.

METHODS: The Ovid MEDLINE, Embase, and Cochrane databases were queried from study 

inception to January 2019 for keywords to cover the following concepts: “lenalidomide,” “venous 

thromboembolism,” and “multiple myeloma.” Phase 1, 2, and 3 clinical trials evaluating 

lenalidomide-based regimens with thromboprophylaxis were included. The pooled incidence rate 

of VTE was estimated using a random-effects model.

RESULTS: The search generated 1372 citations, with 51 clinical trials and 9069 patients included 

for analysis. The most common thromboprophylaxis agents were aspirin, low-molecular-weight 

heparin or warfarin, administered either per risk-stratification or at investigators’ discretion. The 

pooled incidence of VTE in trials of patients who had newly diagnosed and relapsed/refractory 

myeloma was 6.2% (95% CI, 5.4%–7.1%) over median treatment durations ranging from 2 to 34 

cycles, which translated into 1.2 VTE events per 100 patient-cycles (95% CI, 0.9–1.7 VTE events 

per 100 patient-cycles). Among contemporary regimens, the risk of VTE was low with combined 

lenalidomide and low-dose dexamethasone (0.2 [95% CI, 0.1–0.6] events/100 patient-cycles) and 

lenalidomide maintenance (0.0 [95% CI, 0.0–0.7] events per 100 patient-cycles). VTE risk was 

higher with combined lenalidomide and low-dose dexamethasone plus proteasome inhibitors (1.3 

[95% CI, 0.7–2.3] events per 100 patient-cycles).

CONCLUSIONS: Despite adequate thromboprophylaxis, lenalidomide-based regimens have a 

substantial risk of VTE in controlled clinical trial settings. Further studies are needed on new 

thromboprophylaxis strategies with regimens that have a high VTE risk.

Keywords

lenalidomide; multiple myeloma; survivorship; thromboprophylaxis; venous thromboembolism

INTRODUCTION

Multiple myeloma (MM) constitutes 10% of all hematologic malignancies, with 

approximately 138,000 new cases globally per year.1 Compared with matched controls, 

patients with MM have a higher risk of venous thromboembolism (VTE).2–4 

Immunomodulatory drugs (IMiDs) are highly active in MM and form the backbone of most 

combination regimens in patients with newly diagnosed (ND) and relapsed/refractory (R/R) 

MM. During the initial clinical experience with thalidomide, a first-generation IMiD, a 

signal for higher risk of VTE was identified in several studies.5–7 Lenalidomide (Len) is a 

second-generation IMiD that largely has replaced thalidomide in the United States because 

of its better toxicity profile and higher efficacy.8–10 However, Len is also associated with a 

high incidence of VTE. A pooled analysis of 3 seminal clinical trials testing Len-based 

combination regimens showed a VTE incidence of 13% without thromboprophylaxis.11 

Hence, the International Myeloma Working Group (IMWG) recommends risk-stratified 

thromboprophylaxis with IMiD-based combination regimens.12
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The treatment-related factors in the IMWG risk-stratification model are concomitant use of 

high-dose corticosteroids, doxorubicin, and multiagent chemotherapy.12,13 However, based 

on data from the E4A03 trial, which compared high-dose versus low-dose dexamethasone,14 

and the emergence of novel agents, high-dose corticosteroids or multiagent cytotoxic 

chemotherapies are seldom used in combination with Len in the current era. Several 

combination regimens with Len and low-dose corticosteroids have emerged, including those 

with proteasome inhibitors, monoclonal antibodies, and alkylating agents. There is a lack of 

data on the cumulative risk of VTE with contemporary Len-based regimens in the context of 

IMWG-recommended thromboprophylaxis across the disease spectrum of MM.

We performed a systematic review and meta-analysis to estimate the cumulative incidence of 

VTE despite thromboprophylaxis with Len-based regimens. We also quantified the 

incidence of VTE in subgroups of commonly used Len-based regimens and single-agent Len 

maintenance.

MATERIALS AND METHODS

The systematic review and meta-analysis was conducted according to Cochrane 

Collaboration guidelines15 and is reported in accordance with Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA).16

Data Sources and Search Strategy

A medical reference librarian searched the literature from the Ovid MEDLINE (1946-

present), Embase (1947-present), and Cochrane Central Register of Controlled Trials 

(CENTRAL) databases. Two investigators (R.C. and N.M.) consulted with the medical 

librarian to identify Medical Subject Heading (MeSH) terms and other controlled 

vocabulary. Standardized terms and keywords were combined to search the following 

concepts: “lenalidomide,” “venous thromboembolism,” and “multiple myeloma.” The search 

terms used to identify the study drug were “Revlimid,” “lenalidomide,” “(CC adj2 “5013”)”, 

or “CC5013” (see Supporting Table 1 for detailed search strategy). All results were exported 

to EndNote X9 (Clarivate Analytics). The searches were executed twice. The first iteration 

was performed in April 2018, and the second was performed in January 2019 to ensure the 

inclusion of more recent publications.

Study Selection

Two investigators (R.C. and N.M.) independently screened the records at the title and 

abstract levels based on a priori inclusion criteria: 1) prospective clinical trials testing Len-

based combination regimens with mandatory thromboprophylaxis per trial protocol or 

according to IMWG guidelines, and 2) studies with data on the duration of therapy and the 

number of VTE events with different Len-based regimens in study arm(s). Conference 

abstracts were excluded because discrepancies have been reported between abstract results 

and subsequent journal publications.17 Publications in languages other than English were 

excluded. Studies including trials of all phases, sample sizes, and follow-up durations were 

included.
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Data Extraction and Outcome Measures

Data from each study were independently extracted by 2 investigators (R.C. and N.M.). 

Disagreements were resolved by consensus. We extracted the following key study-level 

information from trials: median age, performance status, prior lines of therapy, Len-based 

combination regimen in treatment arm(s), total number of VTE events, median duration of 

therapy, type of VTE prophylaxis used, and exclusion of patients with a prior history of 

VTE. Data were abstracted on an intention-to-treat principle.

The outcome of interest was the incidence of VTE (all grade), which was reported as the 

cumulative incidence of VTE (percentage) and the incidence of VTE (number of events) per 

100 patient-cycles to allow comparison with prior literature.18 VTE was defined according 

to the National Cancer Institute Common Terminology Criteria for Adverse Events (versions 

2, 3, or 4) or World Health Organization (WHO) grading. For clinical trials with incomplete 

or lack of reporting on the VTE event rate (eg, with only grade ≥3 events reported) or the 

duration of therapy, we searched adverse event data from the US National Library of 

Medicine’s clinicaltrials.gov registry of clinical trials (National Institutes of Health) through 

February 2019 or contacted the corresponding author by email. Of note, we excluded 

superficial thrombophlebitis and thrombosis events because of vascular access complications 

when that information was specifically available. A risk-of-bias assessment of phase 3 

randomized clinical trials (RCTs) was performed independently by 2 investigators (R.C. and 

N.M.) using the Cochrane risk-of-bias tool.19

Data Synthesis and Meta-Analysis

VTE event rates were calculated by dividing the number of events by total sample size. The 

VTE incidence per 100 patient-cycles was calculated by dividing the total number of events 

by the product of the total sample size and the median number of treatment cycles. For 

studies in which the median duration of treatment was provided in months, that value was 

converted to the number of cycles based on the length of each cycle in the respective study. 

A fixed continuity correction was applied to studies with zero events.20 For each outcome 

measure, the 95% CI was calculated. Random-effects meta-analysis was performed by 

applying the DerSimonian and Laird method19 using Comprehensive Meta-Analysis 

software (version 3; Biostat). A random-effects model was selected a priori because of 

expected heterogeneity that may be caused using different Len-based regimens among 

included studies. To test the null hypothesis that there are no between-group differences, 

prespecified subgroup analyses were performed on different stages of MM therapy (ND, 

R/R, and maintenance), trial phases (phase 3 vs others), and different classes of Len-based 

combination regimens. Heterogeneity was assessed using the Cochrane Q statistic: I2 < 25% 

was consistent with negligible heterogeneity, I2 from 25% to 50% was consistent with 

moderate heterogeneity, and I2 ≥ 70% was considered substantial heterogeneity. Publication 

bias was assessed by using funnel plots and the Egger test. Statistical significance was set at 

5% for all tests except the Egger regression test, for which the significance threshold was 

10% because of the low power of the test. The systematic review is registered with 

PROSPERO, an international online prospective register of health-related systematic reviews 

(Centre for Reviews and Dissemination [CRD] 42018102971).
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RESULTS

The search generated 1372 citations. In total, 245 duplicate records were removed, and 1127 

records were screened. Ultimately, 51 clinical trials8–10,20–70 with 61 Len-containing 

treatment arms and 9069 patients were included for the analysis based on a priori selection 

criteria (Fig. 1).16

Study Characteristics

Of 51 clinical trials, 23 (n = 3633) were in the ND stage, 26 (n = 4068) were in the R/R 

stage, and 3 (n = 1557) were in the maintenance stage of therapy, including 1 trial 

incorporating both induction therapy for ND MM and subsequent maintenance with single-

agent Len. Although phase 3 trials accounted for one-quarter of the total number of studies, 

it included approximately three-quarters of patients in the meta-analysis. Apart from phase 3 

trials in the maintenance setting, none had a non-IMiD– containing control arm. In clinical 

trials of patients with R/R MM, approximately 60% had received a median of 1 or 2 prior 

lines of therapy. Patients with prior VTE were excluded in a minority of trials (12%). None 

of the trials used high-dose dexamethasone (>480 mg/cycle),12 which is consistent with 

current clinical practice. An anthracycline-based combination regimen, which is a known 

risk factor for VTE with Len, was received by 6% of patients. All trials in ND and R/R 

phase except 1 had used either low-dose dexamethasone or prednisone as the corticosteroid 

backbone. Most trials (75%) provided the options of aspirin (ASA), low-molecular-weight 

heparin (LMWH), or warfarin for thromboprophylaxis, either based on IMWG risk-

stratification guidelines or at the investigators’ discretion. The most common Len-based 

combination regimen was Len plus low-dose dexamethasone (Rd), which was tested in 

approximately one-quarter of trials, representing 35% of the total patient population. Single-

agent Len maintenance was received by 1557 patients (17%). Two maintenance trials did not 

mandate thromboprophylaxis in their protocol,9,70 which is in accordance with current 

IMWG guidelines. The combination of Rd with a proteasome inhibitor, which is the current 

standard of care in ND MM and is widely used in the R/R setting, was tested in one-quarter 

of trials, including 15% of patients. Among the phase 3 RCTs, investigators were masked to 

treatment allocation and outcome assessment in 3 of 12 trials. Allocation to treatment arm 

was concealed from investigators in 75% of RCTs. A summary of study-level and patient 

characteristics is provided in Table 1. Clinical and demographic characteristics of the 

individual studies included in the meta-analysis are provided in the Supporting Information 

(see Supporting Tables 2, 3, and 4 for ND, R/R, and maintenance trials, respectively). The 

risk of bias in phase 3 RCTs is also shown in the Supporting Information (see Supporting 

Table 5).

Rates of VTE

The pooled incidence of VTE in the 9069 patients included in our meta-analysis was 6.0% 

(95% CI, 5.1%–7.1%; P < .001; I2 = 66.4) over median treatment durations ranging from 2 

to 34 cycles. The incidence rate was 1.2 per 100 patient-cycles (95% CI, 0.8–1.6 per 100 

patient-cycles; P = .041; I2 = 21.8). When we excluded maintenance trials, which did not 

mandate thromboprophylaxis for the entire treatment duration, the pooled incidence of VTE 
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was 6.2% (95% CI, 5.4%–7.1%; P < .001; I2 = 60.5), and the VTE incidence was 1.2 per 

100 patient-cycles (95% CI, 0.9–1.7 per 100 patient-cycles; P < .001; I2 = 19.2).

The incidence rate of VTE in different Len-based combination regimens is shown 

descriptively in Table 2. Notably, the incidence was low with Rd (0.2 [95% CI, 0.1–0.6] 

events per 100 patient-cycles) and single-agent Len maintenance (0.0 [95% CI, 0.0–0.7] 

events per 100 patient-cycles). Conversely, the incidence rate in patients who received Rd in 

combination with a proteasome inhibitor was higher at 1.3 events per 100 patient-cycles 

(95% CI, 0.7–2.3 events per 100 patient-cycles), with a cumulative rate of 8.4% (95% CI, 

6.0%–11.6%). The incidence rate in trials on Rd with monoclonal antibodies was 7.1% 

(95% CI, 2.4%–19.3%), which translated into 0.9 events per 100 patient-cycles (95% CI, 

0.1–9.9 events per 100 patient-cycles), with substantial heterogeneity noted within this 

subgroup. The risk of VTE in trials on Len and prednisone in combination with alkylating 

agents like melphalan and cyclophosphamide was 4.5% (95% CI, 3.5%–5.8%), with 0.5 

events per 100 patient-cycles (95% CI, 0.2–1.3 events per 100 patient-cycles). The forest 

plot for event rate per 100 patient-cycles (the percentage of events per 100 patient-cycles for 

respective therapies) is shown in Figure 2.8–10,22–52,54–67

Subgroup Analysis

Analyses in subgroups stratified by trial phase, median age, and stage of therapy (ND vs R/R 

vs maintenance) are shown in Supporting Table 6. The incidence of VTE was significantly 

lower in phase 3 trials compared with that in phase 1 and 2 trials. The VTE incidence per 

100 patient-cycles was comparable in ND and R/R stages of treatment at 1.2 and 1.2, 

respectively (P for interaction was nonsignificant between ND and R/R), and both were 

significantly higher compared with single-agent Len maintenance. Trials in which the 

median patient age was ≤65 years had a significantly higher risk of VTE compared with 

those in which the median age was >65 years (2.1 vs 0.2 events per 100 patient-cycles, 

respectively; P for interaction <.001).

Publication Bias Assessment

Visual examination of funnel plots revealed publication bias both for the cumulative 

incidence of events (%) and for the number of events per 100 patient-cycles (see Supporting 

Figs. 1 and 2). The event rate of VTE was asymmetrically distributed among published 

studies, which was statistically significant on the Egger regression test (P = .011 and P 
< .001 for cumulative incidence and the number or events per 100 patient-cycles, 

respectively).

DISCUSSION

The results of this meta-analysis have several implications for clinical practice and future 

research on VTEs with IMiDs in MM. First, the incidence of VTE events with Len-based 

regimens remains substantial at 6% and 1.2 events per 100 patient-cycles. Second, the risk is 

lowest with Rd and single-agent Len maintenance at 0.2 and 0.0 events per 100 patient-

cycle, respectively. Conversely, the risk is substantially higher with Rd in combination with 

proteasome inhibitors at 1.3 events per 100 patient-cycles. Third, the rate of VTE was 
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comparable in trials of ND and R/R MM, in contrast to results from prior studies, mostly 

before routine thromboprophylaxis, which had shown a higher incidence in ND patients.12,71

Proposed mechanisms for thrombosis with IMiDs include increased platelet aggregation,72 

single-nucleotide sequence variants,73,74 and altered balance between procoagulant and 

anticoagulant proteins on the surface of endothelial cells.75 Literature on the effect of 

combining novel antimyeloma agents like proteasome inhibitors and monoclonal antibodies 

with IMiDs on the risk of VTE is limited. Bortezomib, a first-generation proteasome 

inhibitor, does not have a significant prothrombotic effect, as demonstrated in the 

randomized VISTA (Velcade as Initial Standard Therapy in Multiple Myeloma)76 and APEX 

(Assessment of Proteasome Inhibition for Extending Remission)77 trials as well as 

preclinical studies.78 A qualitative review had demonstrated a lower risk of VTE with IMiDs 

in conjunction with bortezomib-containing regimens versus bortezomib-free regimens.79 

However, 2 RCTs comparing IMiDs and dexamethasone with versus without bortezomib did 

not show any significant difference in the risk of VTE between treatment arms.80,81 Notably, 

in the Southwest Oncology Group S0777 trial (Lenalidomide and Dexamethasone With or 

Without Bortezomib in Treating Patients With Previous Untreated Multiple Myeloma) 

comparing Rd with versus without bortezomib in a randomized fashion, the incidence of all-

grade thrombosis/embolism was comparable in both arms.80 In our meta-analysis, the 

exposure-adjusted incidence of VTE was higher when Rd was combined with proteasome 

inhibitors versus Rd alone, with nonoverlap-ping confidence intervals. Notably, among 

proteasome inhibitors, >80% of patients had received carfilzomib or ixazomib, which may 

have influenced the incidence of VTE. The risk of VTE with Rd in combination with 

monoclonal antibodies also was higher at 7.1%, with a wide confidence interval. Notably, 

there was substantial heterogeneity (see Supporting Table 6), which was likely because of a 

higher risk of VTE with elotuzumab versus daratumumab. However, these data should be 

interpreted cautiously because of the low number of trials in this subgroup. The expression 

of SLAMF7, which is the target of elotuzumab, is decreased in patients who have pulmonary 

embolism compared with healthy controls.82 Further studies are required to investigate the 

increased risk, nature, and mechanism of vascular events when elotuzumab is combined with 

IMiDs.

How do the results of our meta-analysis compare with prior evidence on the risk of VTE 

using Len-based regimens? A qualitative summary of prior systematic reviews on the risk of 

VTE with Len-based regimens is provided in Table 3.11,18,83,84 Notably, an important caveat 

regarding the meta-analysis by Carrier et al is that they included studies with high-dose and 

low-dose dexamethasone, which could be responsible for the increased risk of VTE with Rd 

regimens compared with our meta-analysis. A study of patients with MM in the Veterans 

Administration database between 1999 and 2013 demonstrated a VTE risk of 13.4%.85 

Another single-institution study demonstrated a VTE rate of 12.7%, despite all patients on 

IMiDs or corticosteroids receiving thromboprophylaxis.86 The rates of VTE in the 

aforementioned studies compare adversely with VTE risk estimates from large observational 

data sets in the United States4 and Sweden3 predominantly before the era of IMiDs.

Are current thromboprophylaxis strategies adequate in mitigating the risk of VTEs with 

IMiDs in MM? A large multicenter observational study MELISSE (Maladie 
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thromboEmbolique dans le myéLome multIple SouS chimiothérapiE) in France of 524 

patients with ND MM who initiated an IMiD-based regimen has demonstrated a VTE risk of 

7% at 12 months of follow-up.87 Another study of 4892 patients with MM demonstrated a 

12% rate of VTE.88 Notably, ASA use was not associated with a decreased risk of VTE on 

multivariable analysis in that study.88 In the Myeloma XI trial, the incidence of thrombosis 

was 11% in the first 6 months of induction therapy despite thromboprophylaxis.89 Two 

RCTs have addressed the question of the best thromboprophylaxis strategy with IMiDs in 

MM and compared ASA, LMWH, and vita-min K antagonist head-to-head.90,91 Both 

studies have yielded negative results; however, an important caveat is that those studies 

systematically excluded all high-risk patients, as exemplified by the low risk of VTE in the 

control arms. With multiple risk-stratification tools being developed currently for predicting 

VTE risk with IMiDs in MM,12 studies focusing on high-risk patients in the first 6 to 12 

months of therapy are urgently needed.

Finally, phase 3 trials in our meta-analysis had a low VTE event rate likely because the 

regimens mostly comprised single-agent Len maintenance, Rd, and combined melphalan, 

prednisone, and Len (82% of patients in phase 3 trials), all of which are associated with a 

low risk of VTE. Furthermore, 30% of phase 3 trials reported grade 3 and 4 events only, 

compared with 10% of phase 1 and 2 trials, which could have affected the cumulative 

incidence of VTE. The VTE incidence was significantly higher in the subgroup aged ≤65 

years despite no significant heterogeneity in exposure-adjusted incidence. Age is not 

incorporated as a risk factor in the IMWG risk-stratification model.12,92 It is possible that 

the subgroup analysis on age was influenced by the confounding effect of studies on Rd, 

single-agent Len maintenance, and combined melphalan, prednisone, and Len regimens, 

which comprised 85% of patients. Notably, patients with ND and R/R MM had comparable 

rates of exposure-adjusted VTE events, with moderate heterogeneity noted in the R/R 

subgroup. The incidence of VTE in different subgroups of Len-based regimens could be 

influenced by the use of certain regimens at distinct stages of disease (eg, single-agent Len 

in the maintenance setting and monoclonal antibodies in the R/R setting).

This study has limitations. First, while computing the event rate per 100 patient-cycles, there 

is an implicit assumption that the risk of VTE remains stable over time. However, studies 

have shown that, in ND MM, majority of VTE events happen in the first 6 months of 

therapy.11,71 To address this, we have reported both the cumulative incidence and the event 

rate per 100 patient-cycles. Second, because MM is associated with a high risk of VTE, 

especially in the first year after diagnosis,3,4 the magnitude of the additional contribution of 

Len-based regimens cannot be identified in this study. However, the cumulative incidence of 

VTE in ND and RR MM with Len-based regimens in controlled clinical trial settings, as 

noted in our meta-analysis (6.2%), is higher than estimates from large observational data 

sets in the United States (2.4%) and Sweden (4.2%), which were performed predominantly 

before the IMiD era. Third, we detected evidence of publication bias. Notably, statistical 

methods to assess publication bias have been developed for comparative analyses, whereas 

the current meta-analysis of incidence rates is a non-comparative one. Fourth, appropriate 

ascertainment of thromboembolic events (arterial vs venous) was not available in some 

studies. For studies with posted results in clinicaltrials.gov in which detailed report of 

adverse events (AEs) are available, we have verified the AEs from primary publication to 
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limit our outcomes to VTEs (deep vein thrombosis or pulmonary embolism) whenever 

possible. Finally, in the current study, we could not address the effect of different 

thromboprophylaxis strategies on VTE risk. As noted in Table 1, approximately 75% of 

trials provided options of ASA, LMWH, and warfarin, based either on investigators’ 

discretion or IMWG guidelines. Hence, in the absence of patient-level data on 

thromboprophylaxis, we are unable to comment on the risk of VTE with different 

thromboprophylaxis agents.

In conclusion, our study demonstrates a cumulative VTE risk of 6.2% with Len-based 

regimens in patients with ND and R/R MM despite thromboprophylaxis. Apart from 

combination regimens known to have a high VTE risk, such as anthracycline or multiagent 

chemotherapy, regimens of Rd in combination with proteasome inhibitors also had a 

substantial VTE risk. These estimates can be used as a benchmark for the evaluation of VTE 

risk with future IMiD-based combination regimens and to test new thromboprophylaxis 

strategies in regimens with a high risk of VTE.
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Figure 1. 
This is a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

flow diagram for study selection. ASCT indicates autologous stem-cell transplantation; 

HSCT hematopoietic stem cell transplantation; IMiD, immunomodulatory drug; MM, 

multiple myeloma.16
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Figure 2. 
This forest plot illustrates the percentage of events per 100 patient-cycles for respective 

therapies. BPR indicates bendamustine, prednisone, and lenalidomide; CPR, 

cyclophosphamide, prednisone, and lenalidomide; HDACi, histone deacetylase inhibitor; 

MoAB, monoclonal antibody; MPR, melphalan, prednisone, and lenalidomide; mTORi, 

mammalian target of rapamycin inhibitor; PI, proteasome inhibitor; R, lenalidomide; Rd, 

lenalidomide and low-dose dexamethasone.8–10,22–52,54–67
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