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Abstract

Background The relative cost of biologics in the treatment

of autoimmune disorders, including rheumatoid arthritis,

psoriatic arthritis, psoriasis, and ankylosing spondylitis, is a

key consideration for managed care payers.

Objectives Our objective was to estimate biologic costs

and treatment patterns in US managed care patients with

rheumatoid arthritis, psoriatic arthritis, psoriasis, and/or

ankylosing spondylitis.

Methods This retrospective study used administrative

claims data from the HealthCore Integrated Research

Database (HIRDSM) for adults with rheumatoid arthritis,

psoriatic arthritis, psoriasis, and/or ankylosing spondylitis

who received abatacept, adalimumab, certolizumab, etan-

ercept, golimumab, infliximab, rituximab, tocilizumab, or

ustekinumab between 1 July 2009 and 31 January 2013.

Biologic costs (based on drug utilization) and treatment

patterns (discontinued, restarted after a [45-day gap,

switched to another biologic, or persisted without switch-

ing or stopping) were analyzed for the first year post-index.

Results Most of the 24,460 patients received etanercept

(48 %), adalimumab (29 %), or infliximab (12 %) as the

index biologic. On the index date, 44 % were new to

biologic therapy and 56 % were continuing biologic ther-

apy. Biologic cost per treated patient for 1 year was as

follows: etanercept $US24,859, adalimumab $US26,537,

and infliximab $US26,468. Treatment patterns across

indications for etanercept, adalimumab, and infliximab

were as follows: persistent (52, 49, 67 %), restarted (23,

21, 12 %), switched (12, 13, 11 %), and discontinued (14,

18, 10 %).

Conclusions These findings from a large health benefits

organization in the USA are similar to those of several

previous cost analyses assessing different populations,

which demonstrates the external validity of the results from

the previous studies, both over time and across large

populations.

Key Points

Biologic claims data were analyzed for nearly

25,000 patients in managed care with rheumatoid

arthritis, psoriatic arthritis, psoriasis, or ankylosing

spondylitis.

Nearly 90 % of index biologic claims from July

2009 to January 2013 were for adalimumab,

etanercept, or infliximab; most patients

were persistent on biologic therapy in the first year

or restarted the index biologic after a treatment gap.

Etanercept had lower biologic costs in the first year

post-index than adalimumab or infliximab across all

four conditions.
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1 Introduction

Autoimmune disorders such as rheumatoid arthritis, pso-

riatic arthritis, and ankylosing spondylitis are characterized

by pain and joint swelling, and—in severe cases—pro-

gressive destruction of joint tissue [1–3]. Psoriasis is

characterized by patches of raised red skin covered by

silvery white scale [4]. These are severe, chronic, and

disabling diseases that can shorten life expectancy and

impair quality of life. Biologic disease-modifying anti-

rheumatic drugs (DMARDs) that are approved for the

treatment of one or more of these chronic conditions in the

USA include abatacept [5], adalimumab [6], certolizumab

pegol [7], etanercept [8], golimumab [9], infliximab [10],

rituximab [11], tocilizumab [12], and ustekinumab [13].

These biologics differ in their approved indications

(Table 1), mechanism of action, method of administration

(intravenous, subcutaneous, or both), frequency of admin-

istration, availability within health plans, immunogenicity

[14–16], and approval for first-line or subsequent biologic

therapy.

Relative to trials comparing active treatment against

placebo, head-to-head prospective clinical trials of bio-

logics in the treatment of autoimmune disorders are rare

because a large number of patients need to be recruited to

detect any differences in efficacy between biologics. In the

absence of head-to-head studies to compare biologics,

current evidence and reviews suggest biologics have sim-

ilar efficacy [17–19]. The relative cost of biologics is thus a

key consideration for managed care payers. Previous

analyses that used administrative claims data through 2009,

2010, or 2011 reported that etanercept had lower costs per

treated patient than adalimumab or infliximab in patients

with rheumatoid arthritis, psoriatic arthritis, psoriasis, and/

or ankylosing spondylitis [20–27]. Several other studies

examined biologic costs only among patients with

rheumatoid arthritis. A claims-based analysis reported that

etanercept and adalimumab had similar costs and inflix-

imab had approximately 30 % greater costs per treated

patient with rheumatoid arthritis [28]. When an algorithm

was used to estimate effectiveness retrospectively from

claims data, etanercept had lower costs per effectively

treated patient with rheumatoid arthritis than adalimumab

or infliximab [29–31]. In some of these cost-effectiveness

analyses, the cost per effectively treated patient with

rheumatoid arthritis was similar between etanercept and

newer biologics such as golimumab or abatacept, whereas

other studies reported lower costs per effectively treated

patient with etanercept than with the newer biologics; small

sample sizes for newer biologics may have contributed to

the inconsistent results. Rituximab had lower costs per

quality-adjusted life-year than other tumor necrosis factor

(TNF) inhibitors in patients with rheumatoid arthritis in an

analysis that combined cost data in the UK with aggregated

efficacy results across clinical studies that were published

through July 2009 [32].

A majority of patients continue their assigned biologic

therapy for at least 1 year, but many of these patients have

gaps in biologic treatment [25–27, 33]. In clinical practice,

the time between refills of self-administered biologics is

Table 1 Biologics approval dates and wholesale acquisition costs

Biologic Indication/FDA approval date WACa

Rheumatoid arthritis Psoriatic arthritis Psoriasis Ankylosing spondylitis

Abatacept Dec 2005 (IV)

Jul 2011 (SC)

– – – $702/250 mg

Adalimumab Dec 2002 Oct 2005 Jan 2008 Jul 2006 $2700/80 mg

Certolizumab May 2009 Sep 2013b – Oct 2013b $2770/400 mg

Etanercept Nov 1998 Jan 2002 April 2004 July 2003 $2701/200 mg

Golimumab Apr 2009 (SC)

Jul 2013 (IV)b
Apr 2009 – Apr 2009 $2979/50 mg

Infliximab Nov 1999 May 2005 Sep 2006 Dec 2004 $928/100 mg

Rituximab Mar 2006 – – – $705/100 mg

Tocilizumab Jan 2010 (IV)

Oct 2013 (SC)b
– – – $1501/400 mg

Ustekinumab – Sep 2013b Sept 2009 – $7661/45 mg

FDA US Food and Drug Administration, IV intravenous, SC subcutaneous, WAC wholesale acquisition cost
a WAC package prices at the time of the analysis ($US)
b Approved after the end of the study period
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longer than recommended for approximately 30 % of

refills [34]. In a study of Medicaid enrollees with

rheumatoid arthritis who received a TNF inhibitor between

2000 and 2002, approximately 66 % had at least one

continuous treatment gap of C30 days and approximately

33 % had at least one continuous treatment gap of

C120 days [35], which suggests that approximately half of

the patients with a treatment gap subsequently restarted the

same biologic therapy. Subsequent analyses of commer-

cially insured patients with autoimmune disorders who

initiated a TNF inhibitor reported that approximately half

of the patients restarted the index TNF inhibitor after a

treatment gap [36–38]. It is possible that the approval of

additional biologics in recent years has influenced treat-

ment patterns by giving patients more treatment options

after a gap in therapy.

The objective of this study was to estimate biologic drug

costs and drug administration costs per treated patient

across biologics used for rheumatoid arthritis, psoriatic

arthritis, psoriasis, ankylosing spondylitis, or any combi-

nation of the four indications in US managed care patients.

To examine cost trends across populations and over time,

this study used data from a different health plan that is

representative of the US population [39], and this study

included newer claims data through 2013. Exploratory

study objectives were to estimate costs per treated patient

between newly initiating and continuing patients and to

estimate treatment patterns across biologics.

2 Methods

2.1 Data Source

This retrospective study used methods similar to those of

previous claims-based analyses of cost per treated patient

[20–27] and applied those methods to administrative data

from the HealthCore Integrated Research Database

(HIRDSM). The HIRD contains longitudinal medical and

pharmacy claims data from a large commercially insured

population in the USA. It includes a broad and geographi-

cally diverse spectrumof patients from14 commercial health

plans distributed across the southeastern, mid-Atlantic,

central, and western regions of the USA. Data contained

within theHIRD at the end of the study period in this analysis

covered approximately 50 million patient lives.

2.2 Patient Selection Criteria

Patients were included in the analysis if they met all of the

following inclusion criteria: at least one claim for abata-

cept, adalimumab, certolizumab, etanercept, golimumab,

infliximab, rituximab, tocilizumab, or ustekinumab

between 1 July 2009 and 31 January 2013; age 18–63 years

on the index date (i.e., the date of the first biologic claim

that satisfied all other criteria); continuous enrollment from

180 days pre-index to 360 days post-index; and at least one

diagnosis pre-index for rheumatoid arthritis (International

Classification of Diseases, 9th revision, clinical modifica-

tion [ICD-9-CM] code 714.xx), psoriatic arthritis (696.0x),

psoriasis (696.1), or ankylosing spondylitis (720.0x).

Patients were excluded from the analysis if they met any

of the following exclusion criteria: claims for more than

one biologic of interest on the index date (another biologic

could be used during the pre-index period but only one

biologic was permitted on the index date); an index claim

for a biologic before it had US FDA approval for the

indication (Table 1); at least one diagnosis pre-index for

Crohn’s disease (555.xx), ulcerative colitis (556.xx),

juvenile idiopathic arthritis (714.3x), non-Hodgkin’s lym-

phoma (200.xx, 202.xx), or chronic lymphocytic leukemia

(ICD-9: 204.1x); a biologic dose greater than twice the

approved maximum dose for any indication; a Healthcare

Common Procedure Coding System (HCPCS) J-code for a

self-administered (subcutaneous) biologic; a National Drug

Code (NDC) prescription claim for an intravenous bio-

logic; or $US0 cost and billed units on claim lines.

2.3 Outcome Measures

2.3.1 Cost per Treated Patient in the First Year Post-Index

Cost per treated patient in the first year post-index for each

biologic was determined from the payer perspective and

calculated as total costs in the first year post-index for an

index biologic divided by the number of patients treated

with the index biologic. Total biologic costs included the

total biologic drug and associated administration costs in

the first year post-index, based on the actual drug utiliza-

tion and drug administrations, multiplied by standardized

costs from established sources, as follows:

Total biologic costs ¼ (total biologic drug utilization

� wholesale acquisition cost) þ (number of biologic

administrations � unit administration cost)

� patient coinsurance=copay þ dispensing fee:

Drug prices were based on wholesale acquisition cost

(WAC) as of 5 November 2014, which were the most recent

data available at the time of the analysis (Table 1). Unit

administration cost of injection/infusion administration was

based on the Medicare Fee Schedule as of 1 October 2014,

where the cost of intravenous administrationwas $US133 for

the first hour and $US28 for each additional hour and the cost

of the first subcutaneous injection was $US25 (subsequent

injections were assumed to be self-administered at no cost).
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Patient coinsurance/copay was 19 % for intravenous

biologics and $US51 for subcutaneous biologics, and

dispensing fees were $US0 and $US3, respectively, for

intravenous and subcutaneous biologics, based on national

averages.

Costs for restarting index therapy or switching to

another biologic (and the associated biologic drug admin-

istration costs for these subsequent therapies) were attrib-

uted to the index biologic. This approach was used to avoid

underestimation of total costs to the payer among patients

for whom the index biologic failed and required a switch to

a different therapy. Claims that occurred after the 360-day

post-index period were not included in the analysis.

2.3.2 Treatment Patterns

Treatment patterns for the index biologic in the 1-year (360-

day) post-index period were categorized as discontinued,

switched, restarted, or persisted. A patient discontinued the

index biologic if, after a[45-day refill gap for the index

biologic, the patient had no claim for any biologic of interest

for the remainder of the post-index period. A patient switched

the index biologic if a non-index biologic of interest was

initiated during the post-index period and the index biologic

was discontinued. A patient restarted the index biologic if,

after a[45-day refill gap for the index biologic, the patient

had another claim for the index biologic during the post-index

period. A patient persisted on the index biologic if none of the

above criteriaweremet (i.e., the patient remained on the index

biologic throughout the post-index period with neither a[45-

day refill gap nor a switch in biologic).

2.4 Statistical Methods

Patients were stratified by their index biologic, indication, or

combination of indications (rheumatoid arthritis plus psoriatic

arthritis, psoriasis plus psoriatic arthritis, or any other com-

bination) and whether they were new to biologic therapy (no

claim for the index biologic in the pre-index period) or con-

tinuing biologic therapy (one or more claim for the index

biologic in the pre-index period). The average cost per treated

patient in the first year post-index (see Sect. 2.3.1) and the

frequency and proportion of each category of treatment pat-

ternswere computed for each cohort. As this was a descriptive

study, no formal statistical comparisons were conducted.

3 Results

3.1 Study Sample

The analysis included 24,640 patients after inclusion and

exclusion criteria were applied (Fig. 1). The most

commonly prescribed biologics across indications were

etanercept (11,771; 48 %), adalimumab (7223; 29 %), and

infliximab (3036; 12 %), followed by abatacept (851; 3 %),

rituximab (551; 2 %), ustekinumab (466; 2 %), golimumab

(454; 2 %), certolizumab (186; 1 %), and tocilizumab (102;

\1 %).

Baseline characteristics are provided in Table 2. Mean

age for patients in each of the indications ranged from 45 to

51 years; more than half of the patients were women for all

biologics except ustekinumab (46 % women); approxi-

mately two-thirds of patients were enrolled in a preferred

provider organization (PPO) health plan and one-quarter

were enrolled in a health maintenance organization (HMO)

health plan. A total of 10,823 (44 %) patients were new to

biologic therapy and 13,817 (56 %) were continuing bio-

logic therapy; the proportion of patients who were con-

tinuing ongoing treatment with the individual biologics on

the index date ranged from 23 % (rituximab) to 72 %

(infliximab).

Fig. 1 Study sample attrition. AS, ankylosing spondylitis, CD

Crohn’s disease, CLL chronic lymphocytic leukemia, FDA Food

and Drug Administration, HCPCS Healthcare Common Procedure

Coding System, JIA juvenile idiopathic arthritis, NDC National Drug

Code, NHL non-Hodgkin’s lymphoma, PsA psoriatic arthritis, PsO

psoriasis, RA rheumatoid arthritis, UC ulcerative colitis
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3.2 Biologic Costs per Treated Patient in the First

Year Post-Index

The 1-year biologic cost per treated patient across all four

indications for biologics with these indications approved in

the USA was as follows: etanercept $US24,859; adali-

mumab $US26,537; and infliximab $US26,468. Table 3

shows the 1-year biologic cost for each of the approved

indications for each biologic.

Total biologic cost per treated patient for adalimumab

and infliximab relative to etanercept is shown in Fig. 2.

Cost per treated patient across all four approved indications

was 7 % greater for adalimumab than for etanercept and

6 % greater for infliximab than for etanercept. Cost per

treated patient for each indication or combination of con-

ditions ranged from 7 % lower to 16 % greater for adali-

mumab versus etanercept and from 5 % greater to 23 %

greater for infliximab versus etanercept.

The analyses of biologic cost per treated patient were

repeated separately for new patients (Table 4) and contin-

uing patients (Table 5). Costs for etanercept across indi-

cations were similar between new biologic users and

continuing biologic users (0.2 % difference). By contrast,

the cost per treated patient in the first year post-index for

adalimumab and infliximab was 10.6 and 25.1 % greater,

respectively, for continuing patients than for new patients.

With regards to specific indications, the TNF inhibitors

etanercept, adalimumab, infliximab, and golimumab gen-

erally had higher costs per treated patient than non-TNF

inhibitors in rheumatoid arthritis, and the TNF inhibitors

had lower costs per treated patient than non-TNF inhibitors

in psoriasis. The TNF inhibitors were the only available

biologics for psoriatic arthritis and ankylosing spondylitis

during the time period of the study, and etanercept had

lower costs per treated patient than the other TNF inhibi-

tors for either indication.

3.3 Treatment Patterns

Treatment patterns across all four approved indications and

combinations of indications for etanercept, adalimumab,

and infliximab were as follows (Fig. 3a): persistent with no

treatment gaps, 52, 49, and 67 %, respectively; restarted

after a [45-day gap, 23, 21, and 12 %, respectively;

switched to another biologic, 12, 13, and 11 %, respec-

tively; and discontinued biologic therapy, 14, 18, and

10 %, respectively. Thus, treatment was either persistent or

restarted after a[45-day treatment gap for more than two-

thirds of patients whose index biologic was etanercept

(75 %), adalimumab (70 %), or infliximab (79 %). Similar

treatment patterns for etanercept, adalimumab, and inflix-

imab were observed for patients with rheumatoid arthritis

(Fig. 3b) or psoriasis (Fig. 3c). For the other biologics,

59–76 % of patients with rheumatoid arthritis (Fig. 3b) and

64–82 % of patients with psoriasis (Fig. 3c) were either

persistent or restarted after a[45-day treatment gap in the

first year.

4 Discussion

4.1 Interpretation

In this analysis of claims data for nearly 25,000 patients in

a large health benefits organization in the USA, nearly

90 % of index biologic claims for patients with rheumatoid

arthritis, psoriatic arthritis, psoriasis, or ankylosing

spondylitis were for etanercept, adalimumab, or infliximab.

Etanercept had lower biologic costs in the first year post-

index than adalimumab or infliximab across all four con-

ditions combined; in patients with the individual conditions

of rheumatoid arthritis, psoriatic arthritis, or ankylosing

spondylitis; and in patients with combinations of the

aforementioned conditions. Adalimumab had lower bio-

logic costs in the first year post-index than etanercept or

infliximab in patients with psoriasis. Mean costs for other

biologics in the first year post-index were numerically

lower than for etanercept, adalimumab, or infliximab in

patients with rheumatoid arthritis, but these results are

difficult to interpret because the sample sizes for the other

biologics were much smaller. We did not calculate the

1-year biologic costs across all four indications and com-

binations for the other biologics because they were not

approved for all of the indications in the analysis.

Costs per treated patient in the first year post-index were

similar between new patients and continuing patients who

received etanercept. For patients who received any other

index biologic, the costs per treated patient in the first year

post-index were numerically much higher (approximately

$US1000–6500) for continuing patients than for new

patients. Immunogenicity to adalimumab and infliximab

has been reported to result in decreased efficacy over time

[14, 16], and the dose of these biologics is often escalated

over time in rheumatoid arthritis to maintain efficacy

[6, 10, 24, 40–45]. In addition, rates of persistence are

higher in continuing patients than in new patients for any

indication across all biologics. Thus, the numerically

higher costs per treated patient among patients continuing

any biologic except etanercept compared with patients who

were new to these biologics may have been related to the

use of higher and more doses in the patients who were

continuing therapy.

To allow for an examination of diagnosis claims pre-

index, patients were required to have at least 180 days of

continuous enrollment in the plan before their index bio-

logic claim. A majority of patients (56 %) were continuing

374 T. Gu et al.
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therapy with a biologic they had received in the pre-index

period. Post-index, more than two-thirds of patients either

were persistent on their index biologic or restarted their

index biologic after a[45-day treatment gap if the index

biologic was etanercept (75 %), adalimumab (70 %), or

infliximab (79 %).

These findings are similar to those of several previous

analyses that used similar methods with other claims

databases [20–27] and showed that etanercept had lower

costs than adalimumab or infliximab across the four

conditions. Unlike the previous studies, which reviewed

claims data through 2009, 2010, or 2011, this study

included data through 2013 to provide information that is

more reflective of current clinical practice. This study

also evaluated data for eight biologics, including those

that were not approved until 2009 or 2010, although the

small sample sizes for the newer biologics made it dif-

ficult to compare them with the commonly used bio-

logics. This study also used a large geographically

diverse database of claims information from the largest

health benefits organization in the USA, including

HMOs, point-of-service plans, PPOs, consumer-directed

health plans, and indemnity plans. Thus, the results of

this analysis may be generalized to privately insured

patients, which included the majority of the US popu-

lation during the time of this analysis [46].

4.2 Study Limitations

Each cohort may have differed in important ways that

could not be identified or measured in this study, such as

duration of prior biologic treatment for ongoing therapy,

reasons for choosing an index biologic, reasons for treat-

ment modifications, and clinical response to the biologic.

For example, some biologics (rituximab and tocilizumab)

were only indicated for use in patients for whom another

biologic had failed previously during the time periods of

this study, which may have comprised a different patient

population. Diagnosis codes on claims are proxies for

actual diagnoses and can be miscoded, over-coded, or

under-coded; these errors were unlikely to differ across

groups. Selection bias could occur with the study design

requirement that patients had 180 days of continuous

enrollment prior to and 360 days of continuous enrollment

following initiation of biologic therapy; therefore, the study

population could be healthier than the total population of

patients in the claims database. The current study aimed to

estimate real-world cost comparisons across subgroups

given the varying characteristics across each subgroup and

did not purport to test causal relationships between indi-

vidual drug use and costs. As such, study findings may

have differed if the treatments had been given to patients

with similar characteristics as in randomized trials. Finally,

Fig. 2 1-year biologic cost per treated patient relative to etanercept

(all patients). The figure includes the three biologics that are approved

for use in rheumatoid arthritis, psoriatic arthritis, psoriasis, or

ankylosing spondylitis. Data are presented for the 360-day post-index

period among adult patients in the HealthCore Integrated Research

Database based on index biologic claims that occurred between 1 July

2009 and 31 January 2013. Costs across all four approved indications

and combinations of indications were 7 % greater for adalimumab

than for etanercept and 6 % greater for infliximab than for etanercept.

Costs for each indication or combination of conditions ranged from

7 % lower to 16 % greater for adalimumab vs. etanercept, and from

5 % greater to 23 % greater for infliximab vs. etanercept. AS

ankylosing spondylitis, Comb combinations, PsA psoriatic arthritis,

PsO psoriasis, RA rheumatoid arthritis

376 T. Gu et al.
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Fig. 3 Treatment patterns in

the 1-year post-index period:

a all four indications;

b rheumatoid arthritis;

c psoriasis. Data are presented

for the 360-day post-index

period among adult patients in

the HealthCore Integrated

Research Database based on

index biologic claims that

occurred between 1 July 2009

and 31 January 2013. aBiologics

that were not approved for the

indication (or for all of the

conditions in the first panel) are

excluded from the figure.

Treatment was persistent or

restarted after a[45-day

treatment gap for more than

two-thirds of patients whose

index biologic was etanercept,

adalimumab, or infliximab. For

the other biologics, 24–41 % of

patients with rheumatoid

arthritis and 18–36 % of

patients with psoriasis either

switched to another biologic or

discontinued biologic therapy

completely in the first year
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this study used publicly available, commonly used sources

for costs, including WAC for drug costs and the Medicare

Fee Schedule for administration costs. Actual costs to

payers may vary depending on the negotiated drug price

between manufacturers and health plans, accounting for

various discounts and rebates. Additionally, costs may

change for individual biologics at different times. Thus, the

use of a different data cutoff date for WAC could have

influenced the total estimated cost per treated patient for a

given biologic. Administration costs in the Medicare Fee

Schedule may differ from those paid for commercially

insured patients.

5 Conclusions

In this analysis of claims data from a large health benefits

organization in the USA, 90 % of patients with rheumatoid

arthritis, psoriasis, psoriatic arthritis, and/or ankylosing

spondylitis received etanercept, adalimumab, or infliximab

as the index biologic. Biologic costs per treated patient in

the first year post-index for these three biologics were as

follows: across all four conditions, $US24,859 (etaner-

cept), $US26,537 (adalimumab), and $US26,468 (inflix-

imab); rheumatoid arthritis, $US23,533, $US26,620, and

$US24,916, respectively; psoriasis, $US28,122,

$US26,271, and $US30,835, respectively; psoriatic arthri-

tis, $US23,507, $US26,994, and $US28,827, respectively;

and ankylosing spondylitis, $US22,878, $US25,284, and

$US27,758, respectively. For each of these biologics, the

cost per patient with a combination of these conditions was

consistent with the cost per patient for the individual

conditions. These findings are similar to those of several

previous cost analyses assessing different populations,

demonstrating the external validity of the results from the

previous studies, both over time and across large

populations.
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