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Meta-Analysis

m Meta-analysis Is a statistical analysis of a
collection of studies

m Meta-analysis methods focus on contrasting and
comparing results from different studies in
anticipation of identifying consistent patterns and
sources of disagreements among these results

m Primary objective:
Synthetic goal (estimation of summary effect)
VS.
Analytic goal (estimation of differences)



" J
Systematic Review
& Meta-analyses

m A systematic review need not contain any
meta-analyses.

m |f there IS considerable variation In results,
It may be misleading to quote an average
value



"
What Is heterogeneity?

Variability in effect size estimates which
exceeds that expected from sampling error
alone.

Smoking and COVID-19 Progression

Patanavanich R, Glantz SA, 2020

Non users ACE inhibitors users Odds Ratio Odds Ratio
Study or Subgroup _log[Odds Raio]  SE Tt Total Weight IV, Random, 35% CI IV, Random, 3%'% CI
Bean 220 4279 09432 [ 1% a0y T
Bravi 200 01086 060 W 01 111% 0820049137 =
Mancia 2020 Q0043 0412 262 1024 242% 091069, 120) -
Mehta 200 0329 00619 510 12 %% 139117169 +
Reynolds 2020 Q140 01346 583 4 %% 084065109 =
Total (36% C) 408 2002 1000% 090085, 1.%] ’

Heterogenedt. Tau? = 0.10; ChP = 20,14, af =4 (P= 0.0008); = 0%
Testfor overal effct 2=0.60 (P = 0.59)

Risk of severe/lethal COVID-19 among ACE inhibitors
USers versus non-users Flacco ME et al. 2020

'TERRIRE
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Heterogeneity

Sources of variety of varieties are:

m Study diversity (difference In participant,
Intervention and outcome)

m Methodological diversity (study design and
risk of bias)

m Statistical heterogeneity (result from two
above mentioned sources)



Sources of Variation over Studies

m [nter-study variation may exist

m Sampling error may vary among studies
(sample size)

m Characteristics may differ among studies
(population, intervention)
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Heterogeneity

How to Identify It:
m Common sense

are the populations, interventions and
outcomes In each of the included studies

sufficiently similar

m Statistical tests



" J
Statistical Tests of
Homogeneity (heterogeneity)

m Homogeneity calculations
H, = studies are homogeneous

Based on testing the sum of weighted differences
between the summary effect and individual effects

Calculate Mantel Haenszel Q, where:

Q = X[weight; x (INOR,,;, - INOR,)?]

If p< 0.05, then there is significant heterogeneity.
8 Degrees of freedom: total number of studies-1
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Statistical Tests of
Homogeneity (heterogeneity)

m Power of such statistical tests Is low

(a non-significant test does not rule out
clinically important heterogeneity)

m WWe might increase the level of significance
to 10%



"

Trial Drug Placebo Odds ratio Q
(n/N) (n/N) (95% CI)

Oker-Blom (1970)  16/141  41/152 ——

Muldoon (1976) 1/53 8/52 .

Monto (1979) 8/136 28/139 ——

Kantor (1980) 9/59 9/51 ——

Pettersson (1980) 32/95 59/97 =

Quarles (1981) 15/107 20/99 .

Dolin (1982) 2/113 2711132 —o—

Reuman (1989) 3/317 5/159 ——

Odds ratio=0.34 (95% CI=0.22 to 0.53) £

Heterogeneity: Q=12.4, P=0.09 0.01 0.1 ' 10 100
Decreased risk Increased risk

Odds ratio

Eight trials of amantadine for prevention of influenza.!' Outcome is cases of

influenza. Summary odds ratios calculated with random effects method
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Tau? (t*)

m [ otal variance= between studies variance
+ within studies variance

m Tau? is a sign of between studies
m Higher Tau? shows higher heterogeniety

T2=Q-df C=3W; (SW2/SW))
C

T is the standard deviation of true effect size
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m [“ reports the quantitative value for
heterogeneity (by Higgins)

m [he values are between 0.00% to 100%

m 0.00% means there is no heterogeneity

m 0.00%-25% low heterogeneity

m 26%-50% moderate heterogeneity

m >50% high heterogeneity

12 — (Q _ df) «100 The percentage of observed variability in estimated
Q effects which is due to heterogeneity
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Statistical Models

For Calculating overall effects, there are two
Statistical Models:

m Fixed effects model (FEM)
m Random effects model (REM)
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How to deal with Heterogeneity

m If homogenous, use fixed effects model
= random will give same results
m fixed i1s computationally simpler

m If heterogeneous...then first ask why?!

» In the face of heterogeneity, focus of analysis should
be to describe possible sources of variability

m attempt to identify sources of important subgroup
differences

14
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How to Deal with Heterogeneity

1. No Heterogeneity:

Use Fixed Effects Model

2. If Heterogeneity is there:

Do not ‘pool at all’

3. Explore heterogeneity through:
Subgroup analysis
Meta-regression

4. If Heterogeneity still persist:

Use Random Effects Model

15



Plan approach in
your protocol

Studies too
dissimilar?

Proceed with
MA

Heterogeneity
?

Present overall
analysis

Don’t proceed with MA

Check data.
Explore reasons
as pre-planned

Present overall
analysis. Note
unexplained
heterogeneity

Report overall
analysis.
Cautiously
present effect
modifiers
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Exploring Heterogeneity

Comparison: Subgroup: Quality of Blinding

Outcome: Lumbar BMD
Expt Expt Cirl Cirl WD Weighit WD
Study m meanzd) m meani=d) (95%Cl Fixed) Y (95%Cl Fixed)
Blinding =0
Evanz 19393 15 2400910 11 -4.70 (4.4 _ 1.7 FA00[1.811,12.589)
Gurlek 1937 10 4.54 (17 .96) 10 014 (3.42) 0.4 4400 [-6.932,15.732]
Montes=sori 1997 40 G258 (5.02) 34 -0.0309.2M 39 G310 [2.5489.772]
Wimalavwanza 35 14 4220383 14 2250355 6.0 E.470[3.6969.244]
Wimalavwansa 95 16 430 (2800 16 -0902.4m —_— 141 5.200 [3.393,7.007]
Subtotal (35%CH a5 a5 e ol 26.0 5767 [4.435,7.100]
Chi-square 1.02 (df=41 =545
Blinding =1
Herd 1937 G4 214 (378) 71 1720345 —_-= 309 3.860 [2.638 5.082]
Mevunier 1997 25 055 (4.15) 24 234 (4020 —_— a8.5 2820 [0632,5.208]
Pouilles 1937 43 0.06 [5.90) 43 -246 (4.44) —_— 95 25200313 4.727]
Starm 1990 22 480 (779 21 -4.50 (79N —_—= 21 9300 [4.557,14.013]
Wigtt= 19490 92 420767 a0 1.38 (¥.93) —_— 8.9 2820 [0.545 5.095]
Wigtt= B 19390 a3 52006759 aa 1.47 (5.83] —_— 13.7 3.730[1.895 5.569]
Subtotal (35%CH 339 337 . ¥4.0 3579 [2.7394.370]
Chi-square 752 [df=51 =888
Tatal (35%CH 434 422 oy 100.0 4145 [3.463 4 .828]
Chi-zguare 16.20 (df=101 Z=11 .96

17



Exploring Heterogenel

Effect of antiviral treatment on pain

Year n

Public
1999 33
2002 27

2005 190
2007 80
2007 145
2008 394
Subtotal (l-squared = 28.0%, p = 0.225)

Mﬁ’

Subtotal (I-squared = 19.2%, p = 0.288) <__—>

]
}
Private :
1997 42 —_—
1998 31 - :
1998 44 - L
2001 30 !
2001 29 . -
2002 31 -
]
}
]
}
]
]

Heterogeneity between groups: p = 0.001
Overall (I-squared = 52.8%, p=0.016)

>

WMD (95% Cl)

1.50 (-0.24, 3.24)
0.40 (~1.85, 2.45)
-0.20 (-0.886, 0.46)
0.40 (~0.66, 1.46)
0.30 (~0.40, 1.00)
~0.30 (-0.65, 0.05)
~0.10 (-0.37, 0.17)

-1.90 (-3.06, —0.74)
~2.00 (-3.80, —0.20)
-1.40 (-3.00, 0.20)
0.90 (-1.30, 3.10)
-1.10 (-3.32,1.12)
~0.50 (-2.40, 1.40)
-1.29 (-1.98, -0.61)

-0.26 (-0.50, -0.01)

Weight
(%)

2.03
1.46
14.21
5.48
12.38
51.33
86.90

4.60
1.89
2.41
1.27
1.24
1.70
13.10

100.00




The 12 statistic

Rewviewn: Caffeine far daytime drowesiness (version with data)

COomparizon: 01 Caffeinated Coffee versus Decaffeinated Coffee

Outoome: 07 Aszleep

Studdy Caffeinated Decaf RR (fixed) Wigight RE (fixed)

of sub-category rt rt 5% Cl g 95% Cl
Amore-Coffes 2000 4512 E#10 —a— 13,13 o.&7 [0.24, 1.83]
Mama-Kaffa 1993 155 175 —_— .42 l.00 [O0.08, 11.23]
Morrocons 1993 BiE3 147524 — 33.14 0.45 [D.21, 0.98]
Marscafe 1993 351z 34513 —— .37 l1.08 [0.27, 4.37]
Dohlahlazza 1938 07232 BFEE —a— z1l._00 O.0& [O.00, O.39&]
Piazza Allerts 2003 Q533 107542 —— Z3_EZ9 o.97 [0.44, 2.13]
Tatal (95% CN) 114 l1e P 100. a0 .57 [0.37, 0.8%8]
Total events: 23 (Caffeinated), 41 (Decaf)

Test for heterogeneity, Chi* =583, di =5 (P=034), F=14.3%

Test for overall effect £=253(P=001)

oo oo 04 1 10 100 1000

Favourz caffeine  Favours decaf



Effect on Vit K on bleeding

Treatment Comtrol Odds Ratio Oidds Ratio
Study or Subgroup BEvents Total Bvents Total Weight WM-H, Fixed, 95% CI M-H. Fixed, 95% CI
1.3.1 Placebo control
MHeilsaon 20 a0 22 a0 4.7% 0.88[0.43,1.78] —
Cromther 12 5] 14 a3 3.5% 0.69 [0.29, 1.66]
Cruley 48 412 a6 421 14.0% 0.86 [0.87, 1.30] — =
Hodnett 28 a7 3 95 B.3% 0.85[0.46,1.87] — T
Hofrmeyr 34 143 22 144 4.8% 1.74 [0.96, 3.16] T
Hendersaon 3 63 1] G2 01% 7V.23[0.37,142.97] *
Hampsaon 1] a 1 4 0.4% 0.33[0.01,9.40] +
Gyte BY  E1Z A3 B1Y  13.5% 1.31 [0.90, 1.91] T
Winterhottom 18 102 26 103 .1 % 0.63[0.32, 1.29] e
hcknight 248 TE 14 T3 2.9% 1.90[0.90, 3.98] .
hugfiord 43  TB4 B5 B4 18.9% 0.54 [0.36, 0.81] —
Gates a 32 12 5T 1.7% 1.44 [0.82, 3.99]
Horey g2 34z 102 341 22.3% 0.74[0.83, 1.04] —
Sakala 12 44 4 44 0.8% 3.7a[1.10,12.74] *
Subtotal (95% CI) 2831 2762 100.0% 0.93 [0.80, 1.08] &
Total events 400 424
Heterogeneity] Chif= 29.85, df =13 (P =0.008)[F = 56%
Test for overal = = '
1.3.2 No treatment control
Ashby 7 42 14 41 12.5% 035012 0.97] =
Enkin 23 a0 24 82 16.6% 0.98[0.49, 1.92] S E—
Keirse a 14 a 14 20% 267 [0.599 12.04] *
Renfrew T4 243 100 241 68.8%  0.62[0.42, 0.90] ——
Subtotal (95% CI) 379 379 100.0% 0.68 [0.51, 0.93] <4
Total events 112 144
Heterogeneity: Chif=6.14, df= 3 {(P=0113F=51%
Test for overall effect: A= 2.45{(F =001

0102 05 2 5 10

Source: Julian Higgins

Favnurs treatrment  Fawnurs contenl



" A
Fixed effects model

m All trials are measuring a single, true effect

m The reason for any difference between the
effect in an individual trial and this true
effect Is chance

21



" A
Fixed-Effects Model




" A
Fixed Effects Model

m Require from each study
effect estimate; and
standard error of effect estimate

m Combine these using a weighted average:

sum of (estimate x weight)

pooled estimate = SUMm of Weights
where weight 1 / variance of estimate

m Assumes a common underlying effect
behind every trial




" A
Random Effects models

m consider both between-study and within-study
variability.
m Each trial iIs measuring a different, true effect

m The true effects for each trial are normally
distributed

m There Is a true average effect

m The reason for any difference between the effect
In an individual trial and this average effect is
both the difference between the true effect for
the trial and this average, and chance.

24



Random-Effects Model




" A
Random-Effects Model

m Assume true effect estimates really vary across
studies

m Two sources of variation:
within studies (between patients)
between studies (heterogeneity)

m \What the software does is Revise weights to
take into account both components of variation:

m Weight = 1

Variance + heterogeneity




Between-studies variance is low
because total variance is low

B ;

Between-studies variance is high
because total variance is high
And within-studies variance is low

o1|i||

Between-studies variance is low
because within-studies variance is high

www.Meta-Analysis.com © 2007 Borenstein, Hedges, Rothstein | 13



Random-Effects Model

m \When heterogeneity exists we get:

a different pooled estimate (but not
necessarily) with a different interpretation

a wider confidence interval
a larger p-value



Generic Inferential Framework

HETERCGENECIS
TREATMENT EFFECTS
IGHORE TEST FOR NCORPORATE EXPLAIN
[inzensitive)
DO MOT POCL MET A-
ErPerTa WHEN RANDOM- | |suBGRoup REGRESSION
ANALYSES| | (cortrol rate,
MODEL HETEREERETY MODEL covariates)




Fixed vs. Random Effects:

Fixed Effects

Comparison: Fluoride vs Placebo - Overall

Discrete Data

Outcome: Ho. People with new vertebral fractures - 2 years
Expt irl Relstive Rizk Wizight FR
Stucdy nT it [95%C] Fixed) % [95%C] Fixed)
Meunier 69 J 205 37 1146 HE- 42 6 1.31[093,1.84]
Pak B faod 16 /36 —— 154 0.39[0.16,092]
Riggs 1930 33 41 42 110 B 41.1 0.73[0551.13]
Sebert 2135 1 141 nAa 2.34 (022 24 TE]
Total (9590 110 /393 96 ;344 - 100.0 096 [0.76,1.21]
Chi-zguare 917 (df=3) Z=0.33
Random Effects
Comparison: Fluoride vs Placebo - Overall
Quicome: Ho. People with new vertebral fractures - 2 years
Expt el Relative Risk Wizight RR
Stucky nt nt [95%C] Fandom) % [95%Cl Fandaom)
Mevnier 63 #2038 ar 1146 - 38.1 1.31[0.93,1.84]
Pak B r54 16 F 56 —— 203 0.39[0.16,092]
Riggs 19390 33 1M 42 11 —B ar.2 0.73[0551.13]
Sebett 2135 114 44 234 [0.22 .24 78]
Tatal (95%C0 110 ¥ 393 a6 ¥ 344 ——— 100.0 087 [0.51,1.46]
Chi-square 317 (df=31 Z=053




Does visual inspection show
heterogeneity?

Review: Physical activity and enhanced fitness to im prove cagnitive function in older people without known cognitive impairment
Comparison: 1 Aerobic exercise ws. any intervention
Outcome: 10 Auditory attention

Study or subgroup Treatment Control Mean Qifference Weight Mean Difference
M Meanis0) il Meani50) IV Randfm, 5% Cl IW.Random, 95% CI
1 Digit span forward
Blumenthal 1989 a 15 8i2.3) 17 7.9 01.6) 126 % 010[-1.29,1.45]
Blumenthal 1989 b 16 9.8 (2.8) 17 9.3 (2.4) TEX 0.50[-1.28, 2.281
Emery 1950 a 14 11.5 4.3} 24 11.4 4.23 ER - ogilof[-2.71.2.911
Fabre 2002 g 6.1 (0.7) g 5.501.1) 298 % 0.60[-0.30,1.50]
Eramer 2001 58 B (1.98) 13 B.4i2.11) 469 % -040[-112,032]
Total (95% CI) 111 132 100.0 % 0.05 [ -0.45, 0.54 ]
- No. 3 2 0 2 3
Favours cantrol Favours aerobic

The 95% Cls of each
individual study overlap

Source: Angevaren M, Aufdemkampe G, Verhaar HJJ, Aleman A, Vanhees L. Physical activity and
enhanced fitness to improve cognitive function in older people without known cognitive impairment.
Cochrane Database of Systematic Reviews 2008, Issue 3.



Do the statistics show
heterogeneity?

Review: Physical activity and enhanced fithess to improve cognitive function in older people without known cognitive impairment
Comparison: 1 Aerobic exercise vs. any intervention
Outcome: 10 Auditory attention

Study or subgroup Treatment Control Mean Difference Weight Mean Difference
N Meani5D) N Meani5SD IV.Random,25% Cl IV, Random, 35% C|

1 Digit span forward
Elumenthal 1989 a 15 B (2.3 17 7.9101.8) B E— 126 % 0.10[-1.29,1459]
Blumenthal 1989 b 16 9.8 2.8 17 9324 —_— 7.E% 0.50[-1.28, 2.28]
Emery 1530 a 14 11.5 (4.3 24 11.44.2) * 3ilx n1o[-2.71, 2911
Fabre 2002 g8 6.1 (0.7} g8 5.561.1) —l— 298 % 0.60[-0.30,1.50]
Kramer 2001 58 B (1.98) §6 B.4 (2.11) 8- 469% S040[-1.12, 0.32]

——
Total

111 132 S 100.0 % 0.05 [ -0.45, 0.54 ]
geneity: Tau®* = 0.0; Chi* =317, df =4 (P = 0.53); I* =0.0% \ ’
- overall effect: Z = 0.18 (P = 0.86)

NoO.

Favours contr

In this example, 1?2 is zero, which suggests that
the variation between the studies is no more the
that expected to occur by chance.

Source: Angevaren M, Aufdemkampe G, Verhaar HJJ, Aleman A, Vanhees L. Physical activity and

enhanced fitness to improve cognitive function in older people without known cognitive impairment.
Cochrane Database of Systematic Reviews 2008, Issue 3.



Does visual inspection show

Yes

h ete ro g e n e ity? In tHis forest plot, although the

effect estimates are all on the
right side of the plot, not all of the

Review: Buprenorphine maintenance versus placebo or methadone maintenance for opioid dependence 95% Cls of individual studies
Comparison: & Low dose buprenorphine versus placebo

Outcome: 1 retention in treatment overlap.
Study or subgroup Low dose BMT Placebo Risk Ratio Weight Risk Ratio
niN ni/i M-H.Randam, 95% Cl M-H.Randam, 95% CI
Ahmadi 2002a 7E/110 a2/110 228 % 150[1.19,1.89]
Ahmadi 2003a 13/41 12/41 10.2% 158 [0.89, 2.82]
Ahmadi 2004 1027171 46/171 —— 207 % 2.22[1.88, 2.92]
Johnson 1995a 48/60 40/60 23.3 % 1.20[0.96,1.49]
Ling 1998 937182 747185 23.0% 1.28[1.02,1.60]
_Tl:l_t@l {95_96 _LEI:_LI ) . o _H_SE-’-.I . 567 100.0 % L50 [ 1.19, 1.88 ]
01 0.2 0.5 1 2 5 id
Favour placebo Fewer EMT

Source: Mattick RP, Kimber J, Breen C,Davoli M. Buprenorphine maintenance versus placebo or
methadone maintenance for opioid dependence. Cochrane Database of Systematic Reviews 2008,



Do the statistics show

heterogenelty? Yes.

The |2 statistic is high (72%)

Feview: Buprenorphine maintenance wersus placebo or methadaone maintenance for opioid dependence

Comparisan: & Low dose buprenarphine versus placebo
COutcome: 1 retention in treatment

Study or subgroup Low dose EMT Placehbno Risk Ratio Weight Risk Ratio
ni'M ni'M M-H.Eandom, 95% CI M-H,Random, 95% Cl
Ahmadi 2002a FE/L10 527110 - 22.8 % 1.50[1.19,1.89]
Ahmadi 2003a 1941 12/41 —8— 10.2 % 158 [0.89, 2.82]
Ahmadi 2004 102/171 46/171 —— 20.7 % 2.22[1.68,2.92]
Johnson 1995a 4B/60 40/60 - 23.3% 1.20[0.96,1.49]
Ling 1998 93/182 747185 - 23.0% 1.268[1.02,1.60]
Total (95% CI) . 100.0 % 150 119 1.88 ]
Total events: 340 ose BMT), 224 (Placebo)
Heterogeneity: Jau® = 0.05; Chi* = 14.05, df =4 (P = 0.01); P =72%
Test for overalNgfect: £ = 3.46 (P = 0.00054)
0.1 0.2 0.5 1 2 5 10

Favour placebo

Source: Mattick RP, Kimber J, Breen C,Davoli M. Buprenorphine maintenance versus placebo or

Fewer EMT

methadone maintenance for opioid dependence. Cochrane Database of Systematic Reviews 2008,



" A
Do these subgroups

explain

the observed heterogeneity?

Std. Mean Difference

No.

The 95% Cls overlap

and the test for subgroup
differences

was not statistically significant
(p = 0.29). Heterogeneity is
not explained by type of dose,
so is likely caused by some

std.me Other factor.

Study or Subgroup Std. Mean Difference SE Weight IV, Random, 95% CI I/, Random, 95% Cl
1.5.1 Single-dose studies

André-Obadia 2008 (1) -0.41092 0190803 12.45% -0.41 078, -0.04] =]
Hirayvama 2006 {2 -0.38726 0317831 9 8% -0.39 [-1.01, 0.24] T
Lefaucheur 2001a {3 -0.89332 02195821 11.9% -0.893 [-1.36, -0.40) —
Lefaucheur 2008 {43 -0.334132 0143793 13.4% -0.33 062, -0.08) =

Fleger 2004 {5 -0.138771 0217836 11.9% -0.14 047, 0.24) —
Saitah 2007 {6) -1.198204  0.42585 T.7% 116 [-1.88,-0.32) I

Saitah 2007 {7 -1.110603 0418912 T.8% 1.1 [1.83,-0.29) —

Subtotal (95% CI) 75.0% -0.54 [-0.81, -0.28]

Heterogeneity: TauF=0.06; Chif=12.76, df=6(F =0.05); F=53%
Test far overall effect: £=4.02 (P = 0.0001)

1.5.2 Multiple-dose studies

Deftin 2007 (2 112 0642857 4.8%
Kang 2009 (9) 043402 02116221 12.0%
Fassard 2007 (10) -1.08 0.349285F7  8.3%
Subtotal (95% CI) 25.0%

Heterogeneity TauF=0.87; ChiF=13.80, df= 2 (F=0.001) F=86%
Test for overall effect: Z=0.17 (F = 0.86)

Total (95% CI) 100.0%
Heterogeneity: Tau®=0.20; Chi*= 36.83 df= 8 (P =0.0001) F= 76%

112014, 2.38]
0.43 [0.01, 0.86]

-1.08 [-1.85, -0.31]
0.10 [-1.06, 1.26]

-0.42 [-0.76, -0.09]

Testf aEmect 2= 247 (P=0.01)
Test%p differences: Chif=1.13,df=1{P=0.2%, F= 11.2%>

*

2

0 1 2

Favours active Favours sham

Based on: O’Connell NE, Wand BM, Marston L, Spencer S, DeSouza LH. Non-invasive brain stimulation techniques for
chronic pain. Cochrane Database of Systematic Reviews 2010, Issue 9.
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