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Perioperative Beta-Blocker Therapy
and Mortality after Major Noncardiac Surgery

Peter K. Lindenauer, M.D., Penelope Pekow, Ph.D., Kaijun Wang, M.S.,
Dheeresh K. Mamidi, M.B., B.S., M.P.H., Benjamin Gutierrez, Ph.D.,
and Evan M. Benjamin, M.D.

ABSTRACT

BACKGROUND
Despite limited evidence from randomized trials, perioperative treatment with beta-
blockers is now widely advocated. We assessed the use of perioperative beta-blockers
and their association with in-hospital mortality in routine clinical practice.

METHODS

We conducted a retrospective cohort study of patients 18 years of age or older who under-
went major noncardiac surgery in 2000 and 2001 at 329 hospitals throughout the Unit-
ed States. We used propensity-score matching to adjust for differences between patients
who received perioperative beta-blockers and those who did not receive such therapy
and compared in-hospital mortality using multivariable logistic modeling.

RESULTS
Of 782,969 patients, 663,635 (85 percent) had no recorded contraindications to
beta-blockers, 122,338 of whom (18 percent) received such treatment during the first
two hospital days, including 14 percent of patients with a Revised Cardiac Risk Index
(RCRI) score of 0 and 44 percent with a score of 4 or higher. The relationship between
perioperative beta-blocker treatment and the risk of death varied directly with cardiac
risk; among the 580,665 patients with an RCRI score of 0 or 1, treatment was associat-
ed with no benefit and possible harm, whereas among the patients with an RCRI score
of 2, 3, or 4 or more, the adjusted odds ratios for death in the hospital were 0.88 (95
percent confidence interval, 0.80to 0.98), 0.71 (95 percent confidence interval, 0.63 to
0.80), and 0.58 (95 percent confidence interval, 0.50 to 0.67), respectively.

CONCLUSIONS
Perioperative beta-blocker therapy is associated with a reduced risk of in-hospital death
among high-risk, but not low-risk, patients undergoing major noncardiac surgery.
Patient safety may be enhanced by increasing the use of beta-blockers in high-risk pa-
tients.

From the Division of Healthcare Quality,
Baystate Medical Center, Springfield, Mass,
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Chestnut St. P-5928, Springfield, Ma 01199,
or at PeterLindenauer@bhs.org.
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Propensity-Matched Cohort
RCRI score 0 e 1.43 (129-1.58)
RCRI score 1 - 1.13 (0.99-1.30)
RCRI score 2 I—O%l 0.90 (0.75-1.08)
RCRI score 3 —— i 0.71 {0.56-0.91)
RCRI score =4 —e— i 0.57 (0.42-0.76)
Entire Study Cohort i
RCRI score 0 | re 1.36 (127-1.45)
Hypertension I—EIJ:—| 0.96 (0.82-1.13)
RCRI score 1 EI—I—| 1.09 (1.01-1.19)
Diabetes i —e— 128 (1.10-1.50)
Ischernic heart disease l—i—El—| 1.12 (0.95-1.31)
Renal insufficiency l—irEl—| 1.03 (0.82-1.23)
Cerebrovascular disease |—t:E|—| 1.01 (0.76-1.35)
High-risk surgery l—El—E—! 0.94 (0.84-1.05)
RCRI score 2 — 0.88 (0.80-0.98)
RCRI score 3 —a— i 0.71 (0.63-0.80)
RCRI score =4 —a— i 0.58 (0.50-0.67)
0.|4 O.IG O.IS 1.|0 2.|0
Odds Ratio for Death in the Hospital
(95% confidence interval}
Figure 1. Adjusted Odds Ratio for In-Hospital Death Associated with Periop-
erative Beta-Blocker Therapy among Patients Undergoing Major Noncardiac
Surgery, According to the RCRI Score and the Presence of Other Risk Factors
in the Propensity-Matched Cohort and the Entire Study Cohort.
Open boxes represent patient subgroups within the listed RCRI category.

X D—D

Revised Cardiac Risk Index (RCRI)
INEEEIE T DOFHIIEZEE U CARLSGN
TL\DIEHE

(1) &'J XD FHilq

(2) BENRE B DR E

(@MT%W%

(4) iXMEIEE DREE

(5) 1 /Z'J JMKFIEREERA

(6) BT
Z2ANTERIELTLD.

) XROAFDMDIZNERBEICXT T DB
J0v A—DRSIERAFETZIEND
SEDIBNDHD.

—C, 8JRIVBEEBECXT LT,
BT Oy N—DESHRARFET ZHE
DEIEDICEICEDND.



HRWMWRDES : Neyman-RubinDRBERNETEST /L

( )

0 | - RROBEADR
¢ @ (o IRLEERSUEESONR Yo s E[y;.]1-Elyio]

2TDEBICENEN
%:f‘mﬁgéimbtﬁé

DI NERDE
\@W%E%%waﬂm5)

‘_‘:[L IRBEERS Uz CZ0ONEY )

LD UBH'S, REICH..

Lo = B
L 4 B 4 S yi| ﬁ ¢ b . — yi|0
il oy
HERS Yo | lpmam e Y X
— WIFOR) o RAE |

ERD, NWIFND—TIEIREATHDIESZ5ND.



RUERCLLBELERDREH CTEAD

EFfatzI)—  ERR27
2019.2.

RIERICLEBGEERDOREH TEZD

XU8REFz=0, WIBEFz=1C UIZ CSDEHEBVSIR(ZIFENTEZN)

WIREHE XYARIOHR

------------------------------------------------------------------------

- Ely,lz=0] | |

------------------------------------------------------------------------

' FROIENR
E[yi|1]_E[yi|o]



RAEBCLEBGNER [C K DB DI —1E

EXfst s — @R a7

N

WIEE 8%
BRI
P 7N S T\ S22 488 ; \
v 2 %EG—)TE- IBEF=1 E[yi|1 |z=1]
=\ Al
\ xlBBEE,=0 E[Yi,]
_ EHERS ‘

ERBDCTENS, RACERZSNTVWEEDZRIERLICLOTHICET, FRD
RRNRETDIT D ENTED.



EFfmstzI—

{ElEPSmpg
2019.2.5

RREERICEIT DRI (Leite, 2017)
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(Treatment Predictor) (True Confounder) (Outcome Predictor)
l omarujz IPDH o U* SREMRM
Py
(Treatment) (Outcome)
(Mediator)

FNZNORFDRLK(Brookhart et al., 2006)
LZHBRF : ARMEDRD E/NSYFDEIBICEND.
PO RALATETF  ARMED/INS Y FDEIRICEDND (R IFERZ).

Leite, W: Practical Propensity Score Methods using R, SAGE, 2017.
Brookhat, M.A. et al.: Variable selection for propensity score models, American Journal of Epidemiology, 163(12), 1149-1156.
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B EHEHNENER(ATE: Average Treatment Effect) « IR RBRIE(ACE: Average
Causal Effect)
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Annals of Surgery, 257(4), 640-646.
Outcomes After Laparoscopic or Open Distal Gastrectomy for
Early-Stage Gastric Cancer
A Propensity-Matched Analysis

Hideo Yasunaga, MD, PhD,*7 Hiromasa Horiguchi, PhD,* Kazuaki Kuwabara, MD, DPH,
Shinya Matsuda, MD, PhD,§ Kivohide Fushimi, MD, PhD,|| Hideki Hashimoto, MD, PhD,§
and John Z. Ayanian, MD, MPPy

SHIBD ARBEICXT T DEELIEFMT vs. IEIEIRUIFRM DIRFTZ2 L CL\D

To estimate the propensity score, we fitted a logistic regression model for the receipt of laparoscopic
gastrectomy as a function of patient demographic and hospital factors including age, sex, Charlson
comorbidity index, body mass index, smoking index, cancer stage (I or Il), hospital volume
category, and type of hospital (teaching or nonteaching). The C-statistic for evaluating the
goodness of fit was calculated. Each patient who received laparoscopic gastrectomy wasmatched with
a patient who received open gastrectomy with the closest estimated propensity on the logit scale within
a specified range (<0.6 of the pooled standard deviation of estimated logits) to reduce differences
between treatment groups by at least 90%. (#£18)

OYXRT 1y 2BRZANTIER AT PZ5t8 L TCL\D

TJRE
HEs

FHp, 45U, hospital volume(LEHIZ D DEEFIDFMIEE) DT T,
BMI, BYEIEE, X5 (), RERDiE%E(Teaching hospital or Nonteaching hospital)
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We performed a one-to-one matching analysis between laparoscopic and open

distal gastrectomy groups on the basis of estimated propensity scores of each
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Ny F VIR vy FYI®k
All Patients Propensity-Matched Patients
Laparoscopic Open Laparoscopic Open
Gastrectomy Gastrectomy Gastrectomy Gastrectomy
(n=3937) (n = 5451) (n=2473) (n=2473)
Characteristics n Yo n %o P n % n %o P
Sex (male) 2507 63.7 3689 67.7 <0.001 | 1691 68.4 1666 67.4 0.447
Age, yr
=59 837 213 771 14.1 <0.001 364 14.7 386 15.6 0.981
6069 1242 315 1485 27.2 794 32.1 729 29.5
70-79 1320 33.5 1978 36.3 004 36.6 944 38.2
=80 538 13.7 1217 223 411 16.6 414 16.7
Cancer stage
I 3650 092.7 3691 67.7 <0.001 | 2188 88.5 2186 88.4 0.929
I 287 7.3 1760 323 285 11.5 287 11.6
Charlson comorbidity index
=2 2273 57.7 2790 51.2 <0.001 | 1381 55.8 1437 58.1 0.237
3 1187 30.1 1573 28.9 754 30.5 704 28.5
=4 477 12.1 1088 20.0 338 13.7 332 13.4
Smoking index, pack years
0 2109 53.6 2850 523 <0.001 | 1303 52.7 1326 53.6 0.807
1-49 1095 27.8 1392 23.5 702 284 688 27.8
=50 733 18.6 1204 22.1 468 18.9 459 18.6
Body mass index, kg/m?
< 185 364 9.2 670 12.3 <0.001 243 9.8 246 9.9
18.5-25 2706 68.7 3557 65.3 1675 67.7 1676 67.8 0.901
25-30 738 18.7 963 17.7 507 20.5 810 32.8
=30 70 1.8 121 2.2 48 1.9 41 1.7
Type of hospital
Teaching 1313 334 851 15.6 <0.001 159 6.4 163 6.6 0.818
Nonteaching 2624 66.6 4600 84.4 2314 93.6 2310 93.4
Hospital volume, per yr
Low (=25) 098 253 2166 39.7 <0.001 913 36.9 923 37.3 0.687
Medium (26-46) 1348 342 1700 31.2 827 334 830 33.6
High (=47) 1591 40.4 1585 29.1 733 29.6 720 29.1
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Lung Cancer, 120, 88-90, 2018
Radiosurgery alone is associated with favorable outcomes for brain )| \unpsgi8 4, 5822 D RVEERS [C X1 T B LY
metastases from small-cell lung cancer PR & 4 (WBRT) & RTS8 F i

Tyler P. Robin® Bernard L. Jones®, Arya Amini®, Matthew Koshyc'd, Laurie E. Gaspar®, (SRS)@ttiﬁ&
Arthur K. Liu®, Sameer K. Nath?, Brian D. Kavanagh®, D. Ross Camidge®, Chad G. Rusthoven®"*

p
X DECE
(8U8%) Propensity score matching (PSM) was also performed. Ten-to-one matching without
replacement was completed using the nearest neighbor match on the logit of the propensity
score for treatment approach with caliper width set to 0.05 times the standard deviation of the
logit of the propensity score. (&88)

- J
Variable WBRT SRS p-value Variable WBRT SRS p-value
Total patients N=5752 N=200 Total patients N=1,930 N=193
Age Age

<63 3,013 (52.4%)  102(51.0%) | 0.701 <65 960 (49.7%) 99 (51.3%) 0.680
>65 2,739 (47.6%) 98 (49.0%) =65 970 (50.3%) 94 (48.7%)
Sex Sex
Male 2,926 (50.9%) 96 (48.0%) 0.425 Male 934 (48.4%) 92 (47.7%) 0.848
Female 2,826 (49.1%) 104 (52.0%) Female 996 (51.6%) 101 (52.3%)
Race/Ethnicity Race/Ethnicity
White (non-Hispanic) 5.030 (87.4%) 172 (86.0%) Caucasian (non-Hispanic) 1.718 (89.0%) 172 (89.1%)
Black 476 (8.3%) 14 (7.0%) 0.008 Black 141 (7.3%) 14 (7.3%) 0.999
Hispanic 116 (2.0%) 11 (5.5%) Hispanic 50 (2.6%) 5 (2.6%)
Other/unknown 130 (2.3%) 3 (1.5%) Other/unknown 21 (1.1%) 2 (1.0%)
chccC CcDhcc
0 3423 (59.5%) 125 (62.5%) 0437 0 1,232 (63.8%) 121 (62.7%) 0.052
1 1.617 (28.1%) 48 (24.0%) . 1 437(22.7%) 45 (23.3%) 7
2+ 712 (12.4%) 27 (13.5%) 2 261 (13.5%) 27 (14.0%)
Extracranial metastases Extracranial metastases
No 3,069 (53.4%) 138 (69.0%) <.001 No 1,344 (69.6%) 135 (69.9%) 0.929
Yes 2,683 (46.6%) 62 (31.0%) Yes 586 (30.4%) 58 (30.1%)
Supplemental table 2. Propensity score matched patientgroups:

Supplemental table 1. Patient characteristics.
CDCC=Charlson/Deyo combined comorbidity score; CDCC=Charlson/Deyo combined comorbidity score; WBRT=whole
WBRT=whole brain radiation therapy; SRS=stereotactic radiosurgery. brain radiation therapy; SRS=stereotactic radiosurgery.
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NIVFETHEWNE CEFTIFREE LU TLVEL V(Hill & Stuart, 2008; Ho et al., 2007, Schafer
and Kang(2998), &l%(2015)).
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NERHENARSEICXY SEEIELIERI vs. BIRIRUIERMT DR

Wilcoxon I S{YIRIIERTE

Median 95% Confidence
(Interquartile Range) P Coefficient Interval P
Duration of anesthesia, min
Laparoscopic 345 (289-415) <0.001 90 85-96 <0.001
Open 262 (213-313) Reference
Postoperative length of stay, d
Laparoscopic 13 (10-17) <0.001 -2.0 —27t0—-13 <0.001
Open 15 (12-20) Reference
Total costs, US §
Laparoscopic 21,510 (19,530-24,379) 0.002 560 210909 0.002
Open 21,024 (18,917-25,139) Reference

W HBEREMDN A BB DN (CXY T DEMNIREAENA(WBRT) E RIS R F Al (SRS)DLLER

100+
SRS (MS 10.8 mo)
- -
s 80 —— WBRT (MS 7.1 ma)
;-
2 60 -
|59
2
= 40-
]
-
@
5> 20-
HR 0.65, 95% CI 0.55-0.75, p<.001
U 1 1 L] 1 1
0 6 12 18 24 30
months
# atrisk
SRS 200 155 88 49 24 10
WBRT 5752 3172 1518 717 385 236

All Patients (n=5,952)

100+

80+

60

40+

overall survival (%)

20+

0

0T3SV ORE

SRS (MS 10.9 mo)
—— WBRT (MS 7.6 mo)

HR 0.69, 95% Ci0.59-0.81, p<.001

0

# atrisk
SRS 193
WBRT 1930

1 L] I ] L}

6 12 18 24 30
months

150 85 46 23 9

1106 561 272 148 91

Propensity Score Matched (n=2,123)
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BEBID/IND Y R ZpETiHI 9 ©2D(E@EI TR\ (Yang & Dalton, 2012)

121 Z 2 D)7 (Standardized difference score)DFIF

N SR L
d_ = X — X X MIBELIC 510 SHEBOTHE X, : BT 51 SHEBOTHE
con
\/(312 +5¢ ) /2 7 MMBFHICRITDHEEODE 57 RBICHITIHEBODEH
W 2B A
d - PL— Po {pl WEECHITBES }
bin — ~ ~ ~ ~
! SBRRLIC BT BEIS
\/( B.L— B, + By - B,))/2 B, : SURBLICH 1T B8

EENLER D P DIBUEBXEIFIMUTROLDICFTHESND

2
d11.96\/”1+”°+ d
nxn, 2(n,+n,)
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J Vasc Surg Venous Lymphat Disord. 5(2),171-176. 2017

Systemic thrombolysis increases hemorrhagic stroke risk SMEMIMAEEDBEICHRUNT, i
without survival benefit compared with catheter-directed BEEEINT—FTIVEAICEENT,
intervention for the treatment of acute pulmonary RN R ZWE I SICESSL —

SR CEERULET —IN-X4]

Nathan L. Liang, MD, MS, Efthymios D. Avgerinos, MD, Michael J. Singh, MD, Michel S. Makaroun, MD, and W.@@é
Rabih A. Chaer, MD, MSc, Pittsburgh, Pa A .

N/
2w FIEG NYFUI%E

Female 2849 (49.8) 2195 (51.4) 654 (44.9) <.001

Congestive heart failure 776 (13.5) 621 (14.5) 155 (10.7)  <.001 Female 647 (45.2) 641 (44.8) .82
Diabetes mellitus  TI85(207)

Chronic renal failure 516 (9.0) 421 (9.9) 95 (6.5) <.001
Emevema @m0l g7ied  mms) s Congestive heartfailure  121(85)  153(107) 042
Cancer 618 (10.8) 446 (10.4) 172 (11.8) 4
Respiatoryfalure  1500(262)  Te2(279)  308(212) <00 : :

Hypotension 953 (16.6) 779 (182) 1740120) <001 Chronic renal failure 88 (6.2) 94 (6.6) .65
‘Deepvenousthrombosis  Z198(s84)  1530(358) 668 (459) <001

Vena cava filter placement 2158 (37.7) 1328 (31.1) 830 (57.0) <.001 Any e 170 {11.9} 170 (11.9] 1.00

E S\ p— — .
PEIIEARAY 1 X(CIRFT D2, KERS Hypotension 161 (113) 170 (119) .60

BRMREEY Y FYIREERICRDDT
LY, CNICXI LT, ZBEEEXIDPTEIER
o ZITHRTF LISV, IR0 207 fEx e
DO CONIENDZRENTNDE
T g .

A standardized difference (Std diff) of < 0.1 suggests adequate variable balance after propensity
matching

IVC filter placement 804 (562) 819 (57.3) 57
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sTRISNCL \é.

N, FEZRSUCNBICHRFREZRS L/7’ 7151Z/BE UICER SRS HRD

FT—AThHD. HEZESEUTIE, MR, TFwn, BIEOBE, BMI, |EEXIPH
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=
, HEZSD

X3 7iERI{t(propensity score stratification) &0\ D,

Active

Control

SEBDIEBIE

=1

H

[E2

ﬁ

DoBod0B0efosioe 0008 <008 codlef0ot0000g

=K

| ¢

=L

g/
D

ESHE ST —

(= smp
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22 FAE I DIIEEER

/E5

> | <

oo -0-0ofe-o-0-8 ofse - ocfese poo o

o -o--0000 0 -0--0op

0000 -¢0 ofo 000 - ¢ - 00

max

Propensity Score

min 20% 40% 60% 80%
| | | |
0.2 0.4 0.6 0.8
E1 =P [EZ3 [E4 [Z5 55t
Active (F7E) 5 9 6 23 28 71
Control (BIF%) 32 27 30 13 8 110
55 37 36 36 36 36 181

EHDEISTNEF R E ESNEMARRAIPERNETH .
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(BRI ERHE : Bk

I BE=R
P ey, 2o R Elye 221
E —o0] i
Eﬁﬁﬁﬁzzo [y||1 | z 1 E[y||o | z = 0]
Ely,] (NS  Elyy]
SEDEFIER = E2 E3 B4 5 =i
Active (FE) 5 9 6 23 28 71
Control (BF7F7%5) 32 27 30 13 8 110
=1 37 36 36 36 36 181
SEDBEMER  |Active (H7E) 0.40 0.56 0.17 0.39 0.46
Control (BFFE) 0.16 0.07 0.27 0.25 0.25
WIEZNER (A - C) 0.24 0.48 -0.10 0.14 0.21
(EBkDEEH £ EkDActivedETDIEHIE
EBKOATETDEH = , BKOATTTHDEH = , .
S IEHIEL ActiveZ M 2 EHI%K
ATEDEH 0.20 0.20 0.20 0.20 0.20

ATTOEH 0.07 0.13 0.08 0.32 0.39




(BRI EBRHEICHIT DEEDRDHERE : @85

HEE: A= Y (BRKOEH) < (BkOAENER)

EOYEE:

SEBDBIDER |Active (FTE) 0.40 0.56 0.17 0.39 0.46
Control (B F%) 0.16 0.07 0.27 0.25 0.25
WIBZNE (A - C) 0.24 0.48 -0.10 0.14 0.21

SEDEH |ATEDEH 0.20 0.20 0.20 0.20 0.20
ATTDEH 0.07 0.13 0.08 0.32 0.39

WMIBNE X ATEDEH 0.048 0.096 -0.020 0.028 0.042
IIEZNE X ATTOEH 0.017 0.062 -0.008 0.045 0.082

B EHNIETHR(ATE: Average Treatment Effect)| 0.194
B FEEOWEISNBRIE(ATT: Average Treatment effect for Treated)| 0.198

BEIT LDIRE= 0.241 (FEEY : 0.423, BEAFEEY : 0.182)
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MMWS (Marginal Mean Weighting through Stratification; Hong, 2012)

BEETIE, BICXUTHICERBE<BUUEHZRTED D.
CEBDIEHEHRTEIT DIENMMWSTHD.

CNnICxyUT, e

ATE : BSORII CHEH W, =

P ATT : BsOEEICOSH W,

E1l [E2 ER 2NE
IR (z=1) N1 N2y e Nsy IR (z=1) P1
XiREF (z=0) N10 N20 <o Nso XJBREE (z=0) Po
& &t Ny N2 © o Ns

=z+(- z)—nls * Py

sz Nos X Py

=i [=2 [E3 B4 [E5 &&t S

o E (IR 5 9 6 23 28 71 | 0.392

BIFEE (XUBRET) 32 27 30 13 8 110 | 0.608

& &t 37 36 36 36 36 181

ATE | FFECTOEH 290 | 157 | 235 | 061 | 0.50
BEECDEH 0.70 0.81 0.73 1.68 2.74
ATT | FFEETDEH 1.00 1.00 1.00 1.00 1.00
BEFETDEH 0.24 0.52 0.31 2.74 5.43
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MMWS (Marginal Mean Weighting through Stratification; Hong, 2012)

=) [E2 [E3 [E4 &5

O (LIEEY) 5 9 6 23 28
BEFE (XUPREY) 32 27 30 13 8

8 &t 37 36 36 36 36

ATE | IR TDOEH 2.90 1.57 2.35 0.61 0.50
BIFETDEH 0.70 0.81 0.73 1.68 2.74

ActiveEfIC
X{ g DEH

Active pe Gop

Control

ControlE£(C
X9 DEH

20%

40%

60%

80%

EXfst s — @R a7

max

T T
0.2

0.4

T
0.6

T
0.8

2019.2.5

Propensity Score

MMWSIZ, IPWDREBE LU TRUNBCENTESD(Linden, 2017),



MMWSICE DS HFEBEDSTE

-
Horovitz-ThompsonBiHE S
B ROEX (BsTDz=1DEH)x(BITDz=1DT7 " b hH L)

A SZ:;‘ 2 =1DEFEH DN
BREX (BsTDz=0DNEH)x (BITDz=0DT 7 bHL)
~ z=0DEHDHH
-
= =y E3 E4 fE5 55
ATE |#FETODEH 2.90 1.57 2.35 0.61 0.50 7.94
BFETDEH 0.70 0.81 0.73 1.68 2.74 6.66
ATT |HEETODEH 1.00 1.00 1.00 1.00 1.00 5.00
BFETDEH 0.24 0.52 0.31 2.74 5.43 9.24
Y- Y- Y- b 2 b 2
Active (F7E%) 0.40 0.56 0.17 0.39 0.46
Control (BXF5) 0.16 0.07 0.27 0.25 0.25
o o o . .
ATE |¥$1BETOBRIZER 0.15 0.11 0.05 0.03 0.03 0.37
BEETOER 0.02 0.01 0.03 0.06 0.10 0.22
ATT | TOBRR 0.08 0.11 0.03 0.08 0.09 0.40
BEETOENER| 0.00 0.00 0.01 0.07 0.15 0.24

B EHNEBNR(ATE: Average Treatment Effect) : A, =0.15
B HEBOWIHNIPER(ATT: Average Treatment effect for Treated) : Appr =0.16
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Journal of Surgical Research, 210,204-212, 2017.
Ileostomy creation in colorectal cancer surgery: risk KIZHD AEBBICHITDATLAIPTEETM
of acute kidney injury and chronic kidney disease DRMUEERBNOIEMENHRD') XD
[CRI T DEREHIR

Linda Li, MD,” Kelsey S. Lau, MD," Venkat Ramanathan, MD,"
Sonia T. Orcutt, MD,° Shubhada Sansgiry, PhD,”" Daniel Albo, MD, PhD,*"
David H. Berger, MD, MHCM,*" and Daniel A. Anaya, MD*%%"

#Michael E. DeBakey Department of Surgery, Baylor College of Medicine, Houston, Texas

® Department of Medicine, Baylor College of Medicine, Houston, Texas

“Department of GI Oncology, H. Lee Moffitt Cancer Center & Research Institute, Tampa, Florida

dCenter for Innovations in Quality, Effectiveness and Safety (IQUESt), Michael E. DeBakey VA Medical Center,
Houston, Texas

To account for selection bias inherent to a retrospective study, a propensity score was calculated for each
patient, which assessed the probability of ileostomy creation conditional on the observed covariates. The
covariates used in building the propensity score were age, gender, race, marital status, BMI, Charlson
comorbidity index, history of diabetes, baseline creatinine, cancer stage, and surgical approach. All patients
were stratified into quintiles based on their corresponding propensity score and included in the analyses. We
assessed the adequacy of the propensity score specification by comparing the standardized difference (with
their corresponding P values) in baseline covariates after stratification, between those in the ileostomy and no
ileostomy groups. A standardized mean difference of <0.1 or P > 0.05 was used to indicate no significant
difference between baseline covariates.

HZTE  Fun, MR, AR, BIRIRE, BMI, CharlsonSHEISE, ¥ERBRE, N—
A4 TODOUPTFZY, BOATAY, KRB TJO—F
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BARZHEET D

RIEBIES (OR)

LY}

812D BTHEE
ZEE (OR)

BESEBOFIGHE
fE! ) X2 (HR)

ATRIPIGERMICKDBIES ' XD

MODELS >
Model 1A: lleostomy vs. No lleostomy 9.5(4.1-21.7)
Unadjusted ¢ : P S 7;: L/
Model 1B: lleostomy vs. No lleostomy 10.3(3.9-27.2) -
Adjusted for: socio-demographic characteristics, & | PS g Fg %%
pre-operative characteristics, tumor characteristics
and surgical approach.
Model 2A: lleost No lleost . 2801270 75
odel 2A: lleostomy vs. No lleostomy
Unadjusted PS & L/
Model 2B: lleostomy vs. No lleostomy 41(1.4-119) _
Adjusted using propensity score stratification ¢ . SE% %g
Model 3A: lleostomy vs. No lleostomy”® 2.3 (1.3-4.1)
Unadjusted PS73 U
Model 3B: lleostomy vs. No lleostomy™® 4.2(2.3-7.6) =may
Adjusted using propensity score stratification —— P S 6’5‘5 =
5 10 15 20 25 30
Ratio Measure (95% CI)

NIBEFMICHITDALIPIGSRMIL, E2EFM CHDIBDD, ZDEOERSNDEEIE
RChHdICCZERmUTND.
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(1) @EFDFRAEDIERT 1 AminZ L EICBED/N—E2YT—IZEDD.
— FIHIBRNR(ATE Average Treatment Effect) DIEEZEE T DIHE

2) WIBBFDOEART 1 AmZELICEBO/N -2V T —IZRDD.

— NIRRT DI IINIEFNER (ATT: Average Treatment effect for Treated) DHERE Z
EET DIFS

EFmstEs—

AR 37
2019.2.5

(3) XUBREIDIEAT 1 AnEEEICEBD/IN— YT —IZRDD.
— XTERBEFDIEHINIERNE(ATC: Average Treatment effect for Controlled) DHERE
N8I DHEE

SECWRHOBERRIPDDHOERDEGHAELR B LE
MROEENTETRNEND DD (S5, 2015).
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BB HTIF(IPW: Inverse Probability Weighting)ix

EHANIBTNER(ATE: Average Treatment Effect)dD1 X —3

T — YN

- B@ 2P DT%
TEHDT

(El=pZem P(;propensity score)
pufiisEs: - 1—1BRX37P0

P CTEHDIT

MI2EF ]

P RHADEH H

PHEMMITEDHZBE (S, BRIRIPICHVNTUIER, xTREFMERSNIZ
IAAEDNNS U MERDEEZERLS, MRAMEDIASVVBEROZEZIFIDLD
ICEH2NITDITIETHD.

THERE AT (IPW: Inverse Probability Weighting)$Z ZIPTW(Inverse Probability Treatment
Weighting) E508 U CUL\ DX E D D.
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IPWICHRITBDEH

B EHNEER(ATE: Average Treatment Effect)

Z; 1_ Z; P - I Ml
WESEIDATECODEHMH = — + i z,  IDESNIREY, 0D EEXTEREF

N 1-e e I B2

| |

¥ L
VIR CIIUMBERIR DI P)DEH  XIEREF CIEL/(1-EERRXIP)DEH

B E2EEOYHONIBME(ATT: Average Treatment effect for Treated)

_e i - ! M
WERSIDATECDNEH =2, + (1—2,)— z; D IO E SBEE, 0D EXTHRES
1- €. e - B3

y ' l—
WMIBEFDEH(J1 XYBREFDEMH I v XL




IPWICRITDIEH : EUEH!

ATE ATT
WBRZI7e e | some | s | R
0.125 3.000 1.143 1.000 0.143
0.250 4.000 1.333 1.000 0.333
0.375 2.667 1.600 1.000 0.600
0.500 2.000 2.000 1.000 1.000
0.626 1.597 2.674 1.000 1.674
0.750 1.333 4.000 1.000 3.000
0.875 1.143 8.000 1.000 7.000
5 ATEDE H . ATTDEH
. . s
6.0 XUPRES 6.0
T
S 50 3 5.0
W 40 W 40
3.0 3.0
2.0 2.0 m£$g$
1.0 1.0 © o o o
0.0 0.0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Emxa7 Em=xa7

— SRBERA — —— PR A — — SREERA — —— NEREEA —
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LI AIRSNROHERE

Horovitz-ThompsonB¢H#ES
_ %ﬁ*ﬁ*“’z*ﬂﬁ%*ﬂ (HEREIDEH) x (HEREFIDT Y FHL)

A

= REMFDEHDE
PREORS (BREDEH) < (BREIDT S b1 L)
= EREBEHODEADLEI
ATE 7 MAL BAMIET T MDA
8 72

BRZI7e —cmw | tnpn | 28n | gk | 20 | I2gn
0.125 8.000 1.143 35 10 13.50 0.55
0.250 4.000 1.333 40 15 7.71 0.96
0.375 2.667 1.600 45 20 5.79 1.54
0.500 2.000 2.000 50 25 4.82 2.41
0.626 1.597 2.674 55 30 4.24 3.87
0.750 1.333 4.000 60 35 3.86 6.75
0.875 1.143 8.000 65 40 3.58 15.42
(=5 43.5 31.5
BRI 12.0

BRI R 2P ERBUVRVIFENS0.0-25.0=25.0CHDCEND, IPWTDEMMIIT
HESEDHBSDIE DD, B LTINS,
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IPWICRIT A E=A

IPWTCIXEQRXIPOEHTEMITZITD. ZDLYH, BRARXIPHBIFIC/NS
W@BNWRKREVNBEICE, EANIERICKERD. LEZE,

(XIEREFICB I DWERBMPS) = 0.999 — (ATEICHIFBDEH)=1000

Leite (2017)I3, CORBICXTINT DRHRE LT, REZETTND

[(1) (ERRIPEFEIDIETIVOREEICEA LU TVENDRIRT D. h

2 BRRIPDIEEEEIDBIZIE, BRNEERLE)

(3) EAHDITHLDD (weight truncation)Z1T D

Lee et al.(2011)(d, ERD/N\—tY brZ2ZNMUEDEHZEDIERICEINDEBTDCE
ZIRELU TR, Gurel & Leite(2012)[FZDEEE UTI99% R MDBEBRAZHLE L TL\D.

(4) BE{EE M (stabilized weights)ZBUL\D
Harder et al.(2010)(d, BBICEZEILZTDORODEHZEHTESNHEDCET, L5
DA LT LB,

J
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Brief Correspondence European Urology, 71, 714-718, 2017

Efficacy of Systemic Chemotherapy Plus Radical
Nephroureterectomy for Metastatic Upper Tract Urothelial
Carcinoma

griot CERARES ERZIEICXT T DE 5
LA+ IRIGBVE R B UDFRT vs.

Thomas Seisen °, Tarun Jindal°, Patrick Karabon®, Akshay Sood“, Joaquim Bellmunt”, @%’15?—%3&@?§5 |E'j %Eﬁ%ﬁﬁ%@
Morgan Rouprét©, Jeffrey J. Leow ?, Malte W. Vetterlein“, Maxine Sun“, Shaheen Alanee®, %:Dt%—cia-?-)é

Toni K. Choueiri”, Quoc-Dien Trinh?, Mani Menon*, Firas Abdollah**

To account for potential selection bias, observed differences in baseline characteristics
between patients who received chemotherapy plus RNU and those who received
chemotherapy alone were controlled for with an inverse probability of treatment weighting
(IPTW)—adjusted analysis. Balance in covariates between treatment groups before and
after IPTW adjustment was assessed using the standardized difference approach. IPTW-
adjusted Kaplan-Meier curves and log-rank test were used to compare OS between
patients who received chemotherapy plus RNU and those who received chemotherapy
alone.

IPTWICE DU TREZTL), EHdEKaplan-Meierfiig SO0 00 S Y IEFEICKD
i L CUB.
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IP(T)WZ 3L\ /2 SEABI DR -

IP(TWICRIT D5EEKaplan-Meierf €[S, 'J A DVEGZEBRT DMmbrE, KON
Y DB OIEHEREICRET DEMMIEICK > CEHESND.
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CSV2D 7 1 )LD5RH AN

PSexample.csv

A B C D E F G
FRIDIIIEZEZ rﬂSex Age Smoke  BMI Score  group  Outcome |
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TS OHE

R HVINOEET-FOHVI-ROEH X
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(el -fpr)-= X Age
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F5n=EET L —EOY Y INETERE N SICTIBENEHR. Fl: age>50 & Sex==0 ¥ age<50 | Sex==1
o FSIDEORENES [<2TomMET-2> |
0] A% ROv o B—0—a> 0.40) ed Fe  FSTMEBNEHST
I—-}lb‘v:ﬂbm’é%?'—?mb‘?u—iﬂuﬂﬂ | & 7 [ @ ok || of oK ]x#wtﬂ, ‘ & um
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> FinalTable <- FinalTable[which(rownames(FinalTable)!="n"),]
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— 21w TIIR— REDOFT—S D 5Excel THERK

> FinalTable <- rbind(n=rowl, FinalTable) grOUp
> FinalTable <- rbind(rowd, FinalTable)
> rowd <= rep{™™, length{colnames(FinalTable)})) A C pvalue
> rowd[3] <- “group” 71 110
> FinalTable <~ rbind{row0, FinalTable)
5 finaltahle datafrane oriot (FinalTahle) Sex (%) F 19 (268) 41 (373) 0.150
Faotor | rou i 0 pvalue M 52 (73.2) 69 (62.7)
i) SO RSSO T WO SO Smoke (%) 0 37 (52.1) 80 (72.7) 0.007
T T
Snoke (%) 0| @D | & 0.007 1 34 (47.9) 30 (27.3)
Age ] 54%(‘3;:32] ﬁa?ﬂst%gﬁgz}- 0.604
ot HEiG | H0ER | % Age 5411(8.62) | 5345(832)] 0.604
> write.table(FinalTable, "clipboard”, sep=" ", row.names=FALSE, col.names=FALSE) BMI 2503 (377) 2410 (292) 0063
Score 8.85 (1.68) 7.30 (1.94) <0.001
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[STEP.1]
I\ ’7T—Imatching
E1VAR-ILTS

CNIZA @ONILKL
(BORELUETELY)

[STEP.2)
I\ 7 —Imatching
ZFAD
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J37kxm: U=l AT EEAZ1-
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install .packages(“'"Matching'™)
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BMI Score group Qutcome PropensityS
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OO MOOWOo MO -J00 WO OrRO0 0o
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OO0 00I

o0 ——— Qoo —0—000—00

.6386658
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6350515
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.5B966E]
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. 4388037

[ Qe e e e e s e e e s e e e s e e e :l

re. HLM 1 groupDummy .Groupd groupDummy .GroupC

o0 ———— Q00— —000—00

et O OO — ot ()t ()t b ()t s ()

F’#ﬂb\f‘ I CED,

RR T —HeRETSS

R/ F-91F45: Dataset ' — m| *
Pl WE ALT
| #oam | nosm |
3 4 5 ] q 101

A B—  —— Y — — — 0. sagssss I T

F 50 0 20.2 (] ¢ 0 0.7814524 0 1

F 49 0 20.1 H] [} i 0.3231718 [ (]

] 47 (] 25.6 9 (& ] 0.6388694 0 1

1] 52 0 74.5 ] 0 0 0.7478477 0 1

1] 53 1 22.9 ] A 1 0.3924616 [ 0

F 58 0 24.1 7 ¢ 0 0.6350515 0 i

[] 42 1] 5.4 8 [ i 0.7512658 i 1]

F 53 0 18.7 7 ic 0 0.8580588 [} 1

Ll 52 0 75.1 L] C 0 0.6228261 0 1

[] 48 0 23.8 B 7 1] 0.90668417 0 1

F 53 0 23,7 ] [} (] 0.6158715 1 0

1] 42 [ 31.7 9 ] 1 0.1972731 1 0

(1l 65 1 22.0 [ i i 0.2708037 1 0
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Match(Y=IlE, Tr=8f, X=E@2377, caliper==F+v'J/\—, ties=F, replace=F)

\ 4

groupDummyGroupA 0.20~0.25ME CBMHICEE
—

SREREZE(A)D', IV RO—/L = I
BE(C)D0DS = — 2 B2 DfE

[STEP3)| P wF UV IZ&{TD
RAZUTE Ry—u454y

PropensityScore.GLM.1

attach(Dataset)
Matching <- Match(Y=Outcome, Tr=groupDummy.GroupA, X=PropensityScore.GLM.1,
caliper=0.25,ties=F, replace=F)

detach(Dataset)
summary(Matching)
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) | WA

> attach(Dataset)
> Matching <- Match(Y=Outcome, Tr=groupDummy.Grouph, X=PropensityScore.GLM.1, caliper=0.25,ties=F, replace=F)
> Detach(Dataset)

> attach(Dataset)

> Matching <- Match(Y=Outcome, Tr=groupDummy.Group#, X=PropensityScore.GLM.1, caliper=0.25,ties=F, replace=F)
> detach{Dataset)

> summary (Matching)
Igstimate--- 0.2381

Eewaicanii 0.1107
realo il D:031 488 HERE
.griginal number of observations........ee.... 181_~ SHERBTDHIEK
riginal number of treated obs............... 71
latched number of obesrvat lone  (unmeishicd). 43 ] ¥ FVIHOTIRSIE D OB
Cal lper TRUEY vorsanems vey e e R e s 0.25

Number of obs dropped by ’'exact’ or 'caliper’ 23
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RAZUTE Ry-n4ny

treat <- Dataset[Matching$index.treated, ]
control <- Dataset[Matching$index.control,]
Match.data <- rbind(treat,control)
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S /| =
4 \EE-‘E ‘;Eﬁﬁlﬁj%o
group group
A C p.value A C p.value
71 110 71 110
Sex (%) F 19 (26.8) 41 (37.3) 0.150 Sex (%) F 14 (33.3) 16 (38.1) 0.820
M 52 (73.2) 69 (62.7) M 28 (66.7) 26 (61.9)
Smoke (%) O 37 (52.1) 80 (72.7) 0.007 Smoke (%) O 27 (64.3) 26 (61.9) 1.000
1 34 (47.9) 30 (27.3) 1 15 (35.7) 16 (38.1)
Age 54.11 (8.62) | 53.45(8.32) 0.604 Age 54.83(9.38) | 53.52(7.84) 0.490
BMI 25.03 (3.77) | 24.10(2.92) 0.063 BMI 24.61 (2.96) | 24.14 (3.16) 0.482
Score 8.85 (1.68) 7.30 (1.94) <0.001 Score 8.26 (1.65) 8.31 (1.94) 0.904
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R DEIROER BB DL ED L B (FisherD ERRT)

\ 4

. BHOERBCF-ERLENSTUYT.
TTOER (1L EER) Moz (128R)
Age

group group
roupDummy.GroupA groupDummy.Grougd,

roupDummy.GroupC groupDummy.Grou
utcome

Outcome

PropensityScore.GLM. 1 PropensityScore.GLM.1
Score Score

Sex Sex

Smoke Smoke

- t’ K -+§m

O mn 1y|~
O g0~k
O -tV rEREL

< TON—E2Y IR

EREE
O nfesee —
({2 @esE0Es g\z{fa;mgwmm
1 mﬁgmif ONd
4wy o —OEREE
. 26¢9 DD (post-hoc iR E) [EH
[] 28320 & (BonferroniD S EHE)
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PORTwv =

> rowPercents(.Table) # {7D/\—EY ~&Rm®
Outcome
group 0 1 Total Count
A 50.0 50.0 100 42
C 73.8 26.2 100 42
BNEIG
> fTisher.test(.Table)

Fisher®"s Exact Test for Count Data

data: .Table

p-value = 0.04238

alternative hypothesis: true odds ratio is not equal to 1
95 percent confidence interval:

0.1272557 0.9693956 CIADF v XLt

sample estimates:

odds ratio (A/C@Z‘ythla’(ﬁ’;ﬁﬁl’éﬁﬂﬂ{éﬁ&b\)

0.3594044

res <- NULL

res <- fisher.test(.Table)

Fisher._.summary.table <- rbind(Fisher._.summary.table, summary.table.twoway(table=_Table, res=res))

colnames(Fisher.summary.table)[length(Fisher_.summary.table)] <- gettextRcmdr(
colnames(Fisher.summary.table)[length(Fisher.summary.table)])

+ VV\VYV

> Fisher.summary.table

Outcome=0 Outcome=1 FisheriZEDPIE
group=A 21 21 0.0424
group=C 31 11
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