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Basic Ideas of Meta-analysis

* Combining multiple, similar studias
* To increase sample size
* Increasing statistical powet
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Example

Mammography clinical trial from Sweden, 1995
 Not screened: 19,943 veaths: 45

e Screened: 40,318 Deaths: 66

* Risk Ratio: 0.72 95% Cl: 0.50 - 1.06

Lancet 2000; 3bb: 129-34
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Example

Mammography clinical trial from Cariaaa, 1997
 Not screened: 44,910 veaths: 111

e Screened: 44,925 Deaths: 120

* Risk Ratio: 1.02 95% CI: 0.84 -1.40

Lancet 2000; 3bb: 129-34
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Risk ratio

Study — (95% Cl)
1 .73 (0.50,1.06)
2 1.08 (0.84,1.40)
\
Overall (95% ClI) s T 0.96 (0.77,1.18)
| | |
A9F557 1 2.01265
Risk ratio
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Systematic Review of Evideince

* Comprehensive

* Quality (higher validity)

* Objective (higher reliability)
* Observational in character

Meta-analysis_Fellows_Panuwat Lertsithichai,MD



Meta-analysis of Evidence

e Similar methodology
e Same outcomes; sufficient nurinerical information

e Fixed-effect; random-effec’s
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Summary of Evidence

* No meta-analysis
* With meta-analysis
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Risk ratio

Study — (95% Cl) % Weight
1 u 0.73 {0:5012.06) 6.3
2 1.0c.(0.84,1.40) 11.6
3 ] 0.96 (0.68,1.35) 6.9
4 - 0.55 (0.31,0.95) 3.8
5 . 0.58 (0.45,0.76) 14.7
6 0.76 (0.61,0.95) 18.3
7 0.79 (0.64,0.98) 20.3
8 N 0.87 (0.70,1.08) 18.1
Overall (95% ClI) 7 0.80 (0.73,0.88)

| | |
312031 1 3.19457
Risk ratio

Lancet 2000; 355: 129-34
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Heterogeneity

* Content/methodological/clinical
e Statistical
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Study

Example: Almost No Heterogeneity

%

ID ) RR ‘9540 ClI) Weight
(Simulated Data)

1
1

1 0.79 (0.60, 1.05) 10.06
1
1

2 :: 0.78 (0.59, 1.03) 10.36
1
1

3 &~ 0.78 (0.59, 1.04) 9.96
1
1

4 > 0.78 (0.59, 1.03) 9.76
1
1

5 ¢ 0.82 (0.63, 1.08) 10.06
1
1

6 * 0.80 (0.60, 1.06) 9.66
1
1

7 4 0.79 (0.60, 1.04) 10.16
1
|}

8 .: 0.78 (0.59, 1.03) 10.36
|

9 v am : g 0.82 (0.62, 1.09) 9.57
1
1

10 - 4 0.79 (0.60, 1.05) 10.06
1

Overall (I-squared = 0.0%, p = 1.000) @ 0.79 (0.73, 0.87) 100.00
]
1
1
1
1
1

| |
.585 1.71
Meta-analysis_Fellows_Panuwat Lertsithichai,MD Slide 11/34




Study —
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Overall (95% CI)
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312031

Risk ratio
(95% CI)

0.95 {0:3¢;%.35)
1.00.(0.84,1.40)
0.55 (0.31,0.95)
0.73 (0.50,1.06)
0.58 (0.45,0.76)
0.76 (0.61,0.95)
0.79 (0.64,0.98)
0.87 (0.70,1.08)

0.80 (0.73,0.88)

\
3.19457

Risk ratio

Heterogeneity/Homogeneity test p = 0.038
Variation explained by heterogeneity = 53%
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I? =

=10
=53

% Weight

6.9
11.6
3.8
6.3
14.7
18.3
20.3
18.1

Q—df

100 x

14.87 -7

0x
14.87
Slide 12/34




Risk ratio

Study — (95% Cl) % Weight
1 ] 0.05 {G:3¢;2.35) 6.9
3 - .55 (0.31,0.95) 3.8
4 u 0.73 (0.50,1.06) 6.3
5 . 0.58 (0.45,0.76) 14.7
6 0.76 (0.61,0.95) 18.3
7 0.79 (0.64,0.98) 20.3
8 N 0.87 (0.70,1.08) 18.1
Overall (95% CI) 7 0.80 (0.73,0.88)

| | |
312631 1 3.19457
Risk ratio

Fixed Effects (Samples from 1 Population)
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Risk ratio

Study — (95% Cl) % Weight
1 ] 0.05 {G:3¢;2.35) 10.3
2 1.0c.(0.84,1.40) 13.9
3 u .55 (0.31,0.95) 5.3
4 0.73 (0.50,1.06) 9.2
5 . 0.58 (0.45,0.76) 13.8
6 0.76 (0.61,0.95) 15.5
7 0.79 (0.64,0.98) 16.2
8 N 0.87 (0.70,1.08) 15.9
Overall (95% CI) : Jy 0.79 (0.69,0.92)

| | |
312631 1 3.19457

Risk ratio

Random Effects (Samples from “Multiple” Populations)
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Association between surgical margins and local recurrence in patients with DCIS

Threshold distance Author (year) Follow-up LR/N (%) Estimates with 95% coni. 'en. » intervals
(months)
>0 or 1 mm margin
Neuschatz (2001) 51 11/96 (11.5) »)
Cataliotti (1992) 60 3/55 (5.5) o
Hiramatsu (1995) 74 3/56 (5.4) a
Chasle (2003) 82 12/50 (24.0) o -
Chuwa (2008) 86 12/100 (12.0) —_
Cutuli (2001) 91 60/435 (13.8) —
Bijker (2006) 126 165/741 (22.3) _._
2 mm margin
Vicini (2011) 53 5/194 (2.6) —a—
Fowble (1997) 64 2/88 (2.3) —B— " —
Van Zee (2015) 75 328/2788 (11.8) .
Turaka (2009) 82 19/409 (4.6) —a — A" are
Sweldens (2014) 86 44/450 (9.8) —a— Observational
Rodrigues (2002) 98 8/133 (6.0) i .
Solin 520051 102 74/840 EP %) B Studies
3 or 5 mm margin
Hathout (2013) 53 6/77 20 (22) ——
Ben-David (2007) 74 16,48 | 8.1)
10 mm margin
MacAusland (2007) 55 L0220 (8.6)
Kim (2014) 50 407 (3.7 &
Meattini (2013) 00 26/389  (6.7) —i—
Makamura (2002 103 48/260 (18.5) =
5 10 15 20 25 30 35 40
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Study %
D Meta-analysis of Risk Ratios RR (959 Cl) Weight
Tmm — 0.451.28/9.73)  10.42
1mm * ' (.20 0.U5,0.82) 270
1mm —— 0.050.43,0.74)  13.89
1mm —_— (.33 (0.11, 1.03) 3.86
1mm — 0.24 (0.07,0.74)  3.78
1mm : . 1.83 (0.10, 33.00)  0.74
1mm ' . 0.82 (0.05, 14.09)  0.76
2mm —— 0.63(0.35,1.11)  9.00
2mm * 0.49 (0.12,1.91) 2.84
2mm i — 0.95(0.29,3.17)  3.51
2mm 0.53(0.34,0.82)  11.14
2mm e 0.29 (0.02,4.49)  0.82
2mm * ; 0.09 (0.02,0.51)  1.90
3-5mm - 0.57 (0.07, 4.76) 1.31
3-5mm C— 0.26 (0.10, 0.68)  4.95
10mm _— 1.28 (0.50,3.31)  5.01
10mm _— -~ —E— 0.09 (0.01,0.62)  1.53
10mm — -—- ; 0.10(0.01,0.88)  1.22
10mm —_— 0.69 (0.29, 1.62) 5.70
10mm | - 0.85 (0.69, 1.04)  14.94
Overall (I-squai>f<-4, 6%, p =0.010) Q 0.51 (0.40, 0.66) 100.00
NOTE: Weights are from random effects analysis E
| |
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Dealing with Heterogeneity

Content investigation (“Clinical”)

* Investigate methodology, samg'eselection in detail
Statistical investigation

 Random-effects meta-anaiysis

* Do not combine all studies ?

e Subgroup analvais

* Meta-regres:ici
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Heterogeneity Table

No Statistical Siatistical
Heterogeneity deterogeneity
No Clinical No Clinical
Heterogeneity Heterogeneity

No Statistica! Statistical
Heterogeneéiny Heterogeneity
Clinitas Clinical

Hetcrageneity

Heterogeneity
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Biases

* Inherent bias in each study
* Publication bias
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1/SampleSize

.083333 ©

.0001 —

-
5 .8 1.1
RiskRatio

“Funnel Plot”: No Asymmetry
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.083333

1/SampleSize

.0001 —

5 .8 1.1
RiskRatio

“Funnel Plot”: With Asymmetry
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1/SampleSize

.083333

Meta-analysis_Fellows_Panuwat Lertsithichai,MD

.8
RiskRatio

“Funnel Plot”: With Asymmetry
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1/SampleSize

.000039 — ©

.000011 —

@)
o o
@)
O
w N Y w
5 .8 1.1
RiskRatio
“Funnel Plot”: Actual Data _
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The prognosis of invasive micropapillary @
carcinoma compared with invasive duc:a!
carcinoma in the breast: a meta-analys's

Yun Wu'', Ning Zhang'' and Qifeng Yang'*

Abstract

Background: Invasive micropapillary carcinoma (IMPC) of the breast(s 2 rare variant of invasive ductal carcinoma
(IDQ). The prognosis of IMPC compared with that of IDC remaii = controversial; we conducted a meta-analysis to
evaluate the prognostic difference between IMPC and IDC

Methods: We searched the PubMed, Cochrane Libranz aind/cN BASE databases for relevant studies comparing overall
survival (OS), disease-specific survival (DSS), relapsefiree surviva (RFS), local-regional recurrence-free survival (LRRFS) or
distant metastasis-free survival (DMFS) rates betwee > MPC and IDC. Fixed-effect and random-effect models were
utilized based on the heterogeneity of the eligible stucies. Heterogeneity was further evaluated by subgroup and
sensitivity analyses.

Results: Fourteen studies with 1888 IMPC hatient. were included in the meta-analysis. The summarized odds ratio (OR)
and 95% confidence interval (95% Clywe . caiculated to estimate the prognostic difference between IMPC and IDC. IMPC
patients showed an unfavorable piagi asis for RFS (OR; 2.04; 95% Cl: 1.63-2.55) and LRRFS (OR: 2.82; 95% Cl: 1.90-4.17)
compared with IDC. However,n' sigi ficant difference was observed in OS (OR: 0.93; 95% Cl: 0.78-1.10), DSS (OR: 1.16;
95% CI: 0.95-1.40) and DMFES® OR: Ui55;/95% Cl: 0.67-1.35) between IMPC and IDC. No obvious statistical heterogeneity
was detected, except for DSZFunnel plots and Egger's tests did not reveal publication bias, except for RFS.

Conclusions: Thig'analvsis showed that IMPC patients have a higher rate of loco-regional recurrence than IDC patients.
However, OS, DSS&hid DIMFS were not significantly different between IMPC and IDC. These results could help clinicians
select therapeutic ariaollow-up strategies for IMPC patients.

Keywords: Invasive micropapillary carcinoma, IMPC, Breast cancer, Prognosis, Survival, Meta-analysis
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Records identified through
datebase searching
(n=642)

Pubmed :252
Embase:386
Cochrane library:4

l

Records after
duplicates removed
(n=399)

N W

—N\E

Records screened
(n=100)

l

Publication selection

We searched PubMed and EMBASE databases and the
Cochrane library in May 2017 fi: aL studies reporting
on IMPC and prognosis. Publicat:z..» wi the following
search words in the title, abstrac  or k : words were in-
cluded: breast cancer, inva<. 0 coni.oma, micropapil-
lary, invasive micropapi ary | arcinoma, prognosis,
outcome and surzival™Oalystidies written in English
were included.

(rre’evant title excluded(n=299)

4 Records excluded(n=61), h
with reasons

Full textsass seu
for £liy ity
(It '3*};

-no prognostic estimate of IMPC(n=50)
\_ -non English(n=11) )

4 Full texts excluded(n= 25), )
with reasons

studies included in
meta-analysis
(n=14)

Fig. 1 Flow diagram illustrating the selection of the included studies

N

-not compared with IDC
-no prognostic estimate of IMPC

& 1 1cati
\_ duplicate publication Y.
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-

s | Forest plot of overall survival(OS) b Forest plet o/ dis/ ase-specific survival (DSS)

Study % Study %
= CROORCH gt ID OR (95% Cl)  Weight
Tang 2017 e 0.54(0.27, 1.11) 8.32 :
Li 2016 5 051 (0.07,3.93) 1.15 Shi g | T 200 (1,54, 5.0) 1818
Yu 2015 —--—L— 0.54 (0.19, 1.47) 3.67 Cne 2014 —_— . 0.69 (0.52, 0.92) 72.07
Chen 2015 —_— 0.87 (0.46, 1.63) 7.22 Chkee 2013 e 1.48 (0.54, 4.07) 3.55
Chen'2014 = 0:85{0.69,1:05) 70.01 52 2011 > 1.89 (0.22, 16.59)0.51
Vinglani 2013 B — 116(0.32,4.15) 1.2 Chen 2008 | —— 2.48 (1.30, 4.73) 6.45
Yu 2010 S, 113(049,259) 3.5 ;
: Zekioglu 2004 — - 1.71 (0.64, 4.56) 3.23
Ghen 2008 —— 2.33(1.26, 4.29) 4.63 |
- 0, - '
Overal (-squared = 46.8%, p=0.068)  {p 0.90 (0.76, 1.06, . 100.00 ShemE. et B R O il L e R
T T T T
5 115 5 115

Fig. 2 Results of the survival analysis in IMPC/conipared with IDC. a Forest plot of the odds ratio (OR) for overall survival (OS) from eligible
studies. b Forest plot of the odds ratio (OF: fomdicec se-specific survival (DSS) from eligible studies
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a Forest plot of relapse free survival(RFS)

Study %
D OR(95% Cl)  Weinht
Tang 2017 —_— 2.08 (1.30, 3.32) 177/~
Li 2016 S S S 1.85 (0.76, 4.53) &4
Yu 2015 —— 2.06 (1.18,3'51) 1193
Shi 2014 —_— 268 (1.5Mm3. 0. 73,54
Liu 2014 — %38 ({28, 1. 5) 10.34
Vingiani 2013 e 160\0.7113.62) 7.37
Kuba 2011 ¢ ' 0.6/1/0.08, 5.55) 2.01
Yu 2010 — e 2,03 (1.06, 3.89) 10.25
Kim 2010 _— 263 (1.02, 6.76) 3.77
Overall (-squared = 20.8%, p = 0.258) <> 2.04 (1.67, 2.50) 100.00

l N

5 115

b Forest plot of local-‘egir nal iecurrence free survival(LRRFS)

Study
ID

Tang 2017

%
OR (95% Cl)  Weight

——=—— 5.00 (2.68, 9.34) 19.56

Li 2076

Y205 .

Ther 2015
Yu 2010
Overall (l-squared = 3.8%, p =0.385
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‘ 2.20 (0.79, 6.19) 10.83
—*—— 1.99 (0.94, 4.21) 28.64
——=——  3.57(1.88,6.79) 26.06
—-— 3.53 (1.50, 8.32) 14.91

<> 3.24 (2.32, 4.53) 100.00
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For any given sample size, a Fixed Effect Model assumes one population from
which a theoretical sampling distribution can be constructed: e.g.

. A

0 .8 1.6
Relative Risk

For'GAY YEA Nurb8r8f Stlidies, as subject-sample size increases, the variance approatfiéd*ero



For the same sample size & same number of studies, a Random Effects Model assumes one
“superpopulation” from which a wider theoretical sampling distribution can be constructed:

< -

0 .8 1.6
Relative Risk

For a §iV8R"ALITIDEF B ¢t581E¢48 subject-sample size increases, the variance does not apptoach zero



This is because the Random Effects Model assumes multiple random subpopulations,

each with the same variance as the Fixed Effect Model, in combination: e.g.

< -

\

W[ A
:\EL
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Fixed vs. Random Effects Maodels

* Fixed effect assumes data variatioin.to have one
component only: due to subject variation (any
apparent between-study difference is due to
sampling, which approach#<s.G as subject-sample
size increases)

 Random effects assunie data variation to have (at
east) two componreants: one due to subjects
(within-study vaiiaticn) and the other due to real
petween-study qirferences (between-study
variation; thiz.ases not approach 0 as subject-
samplesizesincreases, if the number of studies is
finite)
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Simplified Theory
* No. of subjects, or subject-sample size, in study i, n;
* Number of studies, m

* Total sample size, N = )./

* If all studies have the same subject-sample size, n
* Then total samgi« size would be, mn
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Simplified Theory

* Fixed-effect
Y, =0 +e; ;forastudyi€{l, .., m}
* Random-effects
Y, =0, +e;;where'y, =0 + u;
* And where
e;~N(0,027 u;~N(0,e2);e L u

Thus, for simn.icity, we assume all studies to have the
same weigntisubject-sample size is n for all i (iid e’s)
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Simplified Theory

» Summary statistic: S = ,;Y;/m
* Fixed-effect variance
var(S) = a?/nm
* Random-effects variance
var(S) =«o*/n+ 02)/m
Where 62 =~ 0% /n
Thus, as no. of studies 71, — oo, all variances approach 0

While as no. of sithjacts n — oo, only the fixed-effect
variance approachecs 0

And, so Ior*.;; as both n, m are finite, random effects
variance wiit always be larger than that of the fixed effect
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