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Changes from Pre-planned Statistical Methods

This section describes in detail the statistical methods used to compute the patient-specific meta-
analysis estimates of the risk of recurrence. The originally planned statistical methods are
described in the Appendix. The only change from these methods was that estimates of the

hazard ratio for 5FU effect were made separately by stage Il versus Il instead of overall.

Studies
The studies were designated as follows:

Study 1: CALGB 9581
Study 2: SUNRISE
Study 3: NSABP C-07

Model Fitting
The Cox proportional hazards regression models for each study had the following terms:

The RS result as a continuous measure, fit as a linear term.
Number of nodes examined (<12 vs. >12).

T-stage T4 vs. T3 or less.

MMR status (deficient vs. proficient/unknown).

(NSABP C-07 and SUNRISE only) Stage (11, I11A/B or IIC).
6. (NSABP C-07 only) Oxaliplatin + 5FU vs. placebo + 5FU

Studies 1 and 2 used stratified cohort sampling (8), so in the analysis of these studies each patient

o M w D P

was weighted by the inverse sampling fraction in the patient’s sampling stratum, and the
covariance matrix of the regression parameter estimators was estimated using the method of Lin
and Wei (9).

Recurrence Risk Estimation
The analysis requires an estimate of the hazard ratio for 5FU treatment added to surgery versus

surgery alone. This hazard ratio was estimated using a meta-analysis of the original QUASAR
study (2) and a pooled analysis of NSABP trials (12).

The log-rank observed-minus-expected (O — E) statistic, and its variance V, were reported for

recurrence by stage in the QUASAR trial (11). From these quantities, the log-rank statistic

Z=(0- E)/\/\7 can be computed. Since patients were allocated to treatment with 5FU or
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observation with equal probability, the log hazard ratio can be estimated using the method of
Schoenfeld (19) by Z./4/D,where D is the total number of recurrence events. The variance of

this estimate is consistently estimated by 4/D. The results of this calculation are in the table

below.
Log-Rank Statistics and Estimate of Log Hazard Ratio from the QUASAR trial
_ o Log Hazard Ratio
Events/Patients Log-rank Statistics ]
(5FU:observation)
Stage 5FU Observation O-E \Y Estimate Variance
1 164 /1073  194/1073 -17.6 89.5 —0.197 0.0112
i 58/131 68 /129 —-10.0 31.3 —0.318 0.0317

Wilkinson et al. (12) provide estimates of the hazard ratio for recurrence for 5FU plus surgery
versus surgery alone by stage based on a pooled analysis of NSABP trials. For stage I, the
hazard ratio estimate is 0.70 with 95% confidence interval (0.54, 0.91); the log hazard ratio

estimate is thus In0.70 = -0.35667 with an estimated standard error of

(IN0.91-1In0.54)/{2®(0.975)} = 0.133134. For stage I11, the hazard ratio estimate is 0.61 with

95% confidence interval (0.52, 0.73), so the log hazard ratio estimate is In0.61=-0.49430 with
standard error (In0.73-1n0.52) /{2 (0.975)} = 0.086536.

Combining the QUASAR and Wilkinson log hazard ratio estimates in a meta-analysis using
inverse-variance weighting gives a 5FU log hazard ratio estimate for stage Il of

8826 — _0 25852 with standard error &

Stage I
Az

=0.0828 and for stage I11, 22" = _0.461

with standard error & ey = 0.0778. These estimates correspond to a hazard ratio for surgery

and 5FU versus surgery alone for stage 11 of 0.772 with 95% confidence interval (0.657, 0.908)
and for stage 111 hazard ratio 0.631 with 95% confidence interval (0.542, 0.735).

The risks of recurrence at 1, 3 and 5 years after surgery were estimated using patient-specific

meta-analysis with special populations (10), integrated with the meta-analysis 5FU treatment
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effect log hazard ratio. Here the special populations (hot common to all studies) are Stage
I11A/B and I11C patients and patients treated with oxaliplatin. The risk estimates were

constructed as follows.

Define the vector of covariates as

T
= (RS’ I{<12 nodes ex.}? I{T4}’ I{MMRD}’ I{IIIA/B}’ I{IIIC}’ I{oxali})

and define

T
Z - (RS’ I{<12 nodes ex.}? I{T4}1 I{MMRD}101010) ,
Ziae = (0 0,0,0,1,0, O)
Z,c =(0,0,0,0,0,1,0)"

and

=(0,0,0,0,0,0,1)".

oxall

Since the overall recurrence risk has decreased since the late 1990°s, we used the events from the
latest-enrolling two studies (studies 2 and 3) to estimate the baseline cumulative hazard, with risk
modification for individual presenting patients based on the regression parameters from each
study. Since study 1 enrolled only stage Il patients, the baseline for this study were estimated
using only the stage Il patients in studies 2 and 3. Similarly, since no patient in studies 1 or 2

was treated with oxaliplatin, the baselines for those studies estimated using study 3 were based

on patients not treated with oxaliplatin. For each study k =1,2,3, define 1% as the indicator for
whether study 2 patient iis included in the baseline cumulative hazard estimator using study 2.

Define the indicators 1 similarly for baseline cumulative hazard estimators using study 3.
L k) Ak A0\ - , . .
et Bk ( Lo By ) and V, be the estimated proportional hazards regression

parameter vector and its estimated covariance matrix for study k =1,2,3. Set A® =0, 3% =

and Y =0and set 2? =0, and set all corresponding elements of V, to 0. Let z be the
observed covariate vector for patient i =1,2,...,n, in study k. The Breslow-method estimator of

the baseline cumulative hazard function at time T using the regression coefficients for study k
and the events for study 2 is
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I (kVZ)S(Z) dN® (t)
-[0 an I(k 2) (Z)Y(z)(t)exp( T (2))

Ago(T) =

where N (t) is the event-counting process for study 2, s® is the stratified cohort sampling

weight, and Y,®(t) is the indicator for whether patient i in study 2 is in the risk set at time t.
The variance of A%?(T)due to the event count is consistently estimated by
162 (Si(z) )2 AN (1)

{Z": | (2)g ‘Z)Y(z’(t)exp( T (2))} '

Since all patients in study 3 received 5FU in addition to surgery, the baseline cumulative hazard

670 <

estimator for study k using the events from study 3 is

AEI(T) = J‘T 12 dNP (1)
0 - ~ .
’ 1Y O (t) exp( z? +( lstagen, |)/15(Stage“) + lsagen (fiﬁge“))

The variance of f\gk"”) (T) due to the event count is consistently estimated by
Vary {]\g“) (T)}
JJ |_(k,3) dN® ('[)
= 0 .
{ (k 3)Y ® (t) eXp(ﬁT (3) +( Stagelll, |)Z‘E§Stage“) + IStagelll |/15(Stage“))}
A fixed effects meta-analysis baseline cumulative hazard estimator combining studies 2 and 3 is

AF# M) =@ ASD () + AT (T),

where

o Y Vary {AS2(T)]

i (R0 4V )
and

o W]

J/Var {A<k 2>(T)}+]/VarN {A"‘ 3>(T)}
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Let 1., and I, be the indicators for whether the patient is to receive 5FU and oxaliplatin

oxali

(with 5FU). For an individual patient with covariate vector z,the estimated natural logarithm of

the cumulative hazard at time T for study k =1,2,3is
P (T52) = B2+ Ly (1 Lo )ASE 1y S50 L0 A9 (T),
Defining the gradient operator v, (6/8[31‘“ 8/opM,....0/op (k)) setting the elements for
regression parameters that do not exist in each study to 0, we have
v, ASFO(T)

Vi p(Ti2)=z+ =

with V; A‘k 29(T) = —y® 29(T), where

o TZ_1|.(k 2)g (Z)Y(Z)(t)exp( T (2))Zi(2)
2@y @ T2®
DN b YO(t) exp( )

(k 3)v (3) T (3) 7 (Stagell) 7 (Stagell) \ 5 (3)
T Z Y (t) exp( + IStageII |ﬂ“5 + IStagelll i”5FU )Zi

(k 2+3) (T) /“\gk,Z) (t)

+60&,)0) 0 (k v (3) T (3) (Stagell) (Stagell) Agk’3)(t).
Z Y (t) eXp( + IStageII |A’5 + IStagelll J“S )
Also, we have
~ . A (k,2+3
8,Ok(T’Z)_ +6A<() +)(r) (k2+3)(-|-)
P IStagell ~ SFU "Stagell ) 7 Stage 1 0 !
FU
with
aA(()k,2+3) (I-) _
7 stagell
Osry
Y@ T (3) 2 (Stagell) 3 (Stagell)
(Ap) Z, -1 i (t) eXp( + IStagell |ﬂ'5 + IStagelll J’S ) Stagell i dA(k 3) (t)
— W3 n 0
0 3 v (3) T.(3) (Stagell) (Stagell)
ZizlYi (t)eXp( Kzt IStageII i IStageIII,i FU )
and, similarly,
~ . A (k,2+3
op.(T;2) _ | 81\(() i )(l-) Ak2+3) (T)
aAStagelll ~ "5FU "stagelll P 7 Stage 1l !
FU

with
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[A\(k,2+3) (T)

7 stage Il
0 FU

(3) T (3) 7 (Stagell) 7 (Stage 1)
T Z, 1 i (t) exp( + IStagell |ﬂ'5 + IStagelll,i FU )IStageIII,i

0 (3) T (3) 7 (Stagell) 7 (Stagelll)
Zi: (t)eXp( +|Stagell,i FU +|Stagelll,i FU )

(Ao)
k.3

dAKI (),

Therefore, for k =1,2,3, the variance of p, (T;z) is consistently estimated by
0p,(T:2)| 0p,(T:2) |
A2 (T Pl 2 A2 Pl 52 ~2
(o (T’Z) (v pk(T Z)) (V pk(T Z)) {Gis(éﬁge”)} O-ﬂg(,s:ﬁge”) +{W} O-ﬂé's:tsgelll)
{0} Vary [AS2 ()} + {2} Vary [AS M)}
{;\gk,a?,) (T)}

+

Using the special population PSMA method (10) to adjust for the effects of Stage and oxaliplatin
treatment, a fixed effects PSMA log cumulative hazard estimate for recurrence during the first T

=1,3or5yearsis

ﬁ(T;z):kZi:a)k(zo)/Bk (T;z*),

where
AT I{IIIA/B}ZIIIA/B + I{IIIC}ZIIIC n | i Z oxaii
0 w,(2,) + 5 (2,) w,(2,)
and
w, (5:z
a)k (Zo) 3 k( O)
Zj:le (5’20)
with
1
w, (5;z,)=
(52) 2(5;2,)

The time is set at 5 years for the calculation of the weights so that the 1-, 3- and 5-year risk

estimates are mutually consistent.

The gradient of 5(T;z) with respect to Bl k=123, is
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Vv, A(T:2) =0 (2,)V; A (T;ZT).
Letting t denote the time to event or censoring and N (t) denote the event-counting process

for patient i=1,2,...,n, in study 2, the partial derivative of A{?(T)with respect to d N® (ti(z’)

is
A (k2)g@ 4 N (1@
OALD(T) _ 1795 d N, ('[i ) 0 dAK (t(z))
- A< > (2 < 0 i !
od Ni(z) (ti(Z)) {ti( >_T} Zf; ' Il(k 2) (2)Y () (t(z))exp( T (2)) {t}) T} i
where I{t_(z)<T}is the indicator function for t® <T, and d A% (t®) is the increment in the

baseline cumulative hazard estimate at time t®. Therefore,

ap(T z) Za)("”a) dAf? (ti(Z))
aan® (@)~ g™ A o Fem )

Similarly, letting t denote the time to event or censoring and N (t) denote the event-

counting process for patient i =1,2,...,n, in study 3,

~ 2 (k,3) (+(3)
_0p(T;z) Za)"‘“a) dAg (ti )
k.3 k (s>< = .
2dNP (t9) T AL (T)

Since the number and timing of events are asymptotically independent of the regression
parameter estimates (20), assuming the three studies represent independent samples of patients

and using methods similar to those in Therneau and Grambsch (21), the variance of p(T;z) is

consistently estimated by

3

\737{/302)} = Z(mk (Zo)vﬁklsk (T;ZT))T \7k (a)k (ZO)Vﬁkﬁk (T;Zf))
Opx 2 a2 0Py 2 a2
{Zwk( 0) i ( )} O age) +{Za)k( 0) 2 ( )} T gz

—~ aﬂs(Stagell) —~ aﬂéStagelll)

2
& | 0p(T;2)
5 {ad/N)(—)(t”)} AN (17)

2
& 0p(T;2)
T4 {adll\)l(—)(t())} AN ().
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The third term in the sum above can be written

TZZI{L’Z))} d Ni(2) (ti(Z)) _ {Cz (Zo)}T X, (T){CZ (ZO)},

odN® (t_(Z)

.
where ¢,(z,) = (wf’2‘°)a)1(z ), &Y w,(2,), 0¥y w, (2, )) and X, (T) is the matrix with element
x2(T) in row k and column I, with

rdAED () dALO() |
(k 2) (T) /”\gl,z) (T) (t)

XM= =

Similarly, the fourth term in (2) can be written

Z{M} NG (£9) = {c,(2)) " X (T sz

od Ni(3) (ti(3) )

where ¢,(z,) = (a)l(g")a)l(z ), oY w,(2,), 05w, (2, ))T and X, (T)is matrix with element

x®(T) in row k and column I, with

o= (? OLL0
0 AKI(T) ALI(T)

N (t).
Transforming to the risk scale, the estimated risk of a recurrence by time T is

F(T;z) =1-exp[ —exp{p(T;2)} |. A level-a confidence interval for the recurrence risk in the
first T years after surgery has endpoints 1—exp(—exp [,B(T;z) +@7 (1-a/2) \7aTr{ﬁ(T;z)}D,
where @ denotes the cumulative distribution function of the standard normal distribution.

Testing Analysis Assumptions
The assumption that there is no interaction among the 5 prognostic factors (RS result, Stage, T-

stage, number of nodes examined and MMR proficiency) was tested using meta-analysis Wald
tests. For each of the 4 categorical factors, a model was fit to each study allowing different
regression parameters across the levels of the categorical factor. A fixed-effect meta-analysis

estimate for the difference(s) across levels in these parameters was constructed using inverse
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variance weighting and the statistical significance of the resulting meta-analysis difference

estimates was assessed using a Wald test at a significance level of 0.10.

Additional References

19. Schoenfeld D. The asymptotic properties of nonparametric tests for comparing survival
distributions. Biometrika 1981;68:316-9.

20. Tsiatis A. A large sample study of the estimates for the integrated hazard function in Cox’s
regression model for survival data. Annal Stat 1981;9:93-108.

21. Therneau TM, Grambsch PM. Modeling Survival Data: Extending the Cox Model. New
York, NY, USA: Springer, 2020.
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5-year Recurrence Risk Estimates
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3-year Recurrence Risk Estimates
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1-year Recurrence Risk Estimates
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APPENDIX. PRE-PLANNED STATISTICAL METHODS.



Planned Statistical Methods for Patient-Specific Meta-Analysis of CALGB 9581, the
Sunrise Study and NSABP C-07 for Prognosis for Recurrence in N-Stage Il and 111 Colon
Cancer Patients Receiving Surgery Alone, Surgery with 5FU and Surgery with 5FU and
Oxaliplatin

30 December 2020

Studies
The meta-analysis will use three validation studies for the Oncotype DX Colon Cancer
Recurrence Score® (RS):

1. The parent CALGB 9581 study randomly assigned 1,713 patients with N-stage Il colon
cancer to treatment with edrecolomab or observation and found no survival difference.
Venook et al. (2013) reported a prospective-retrospective study of the association of the
Recurrence Score result with recurrence using a stratified cohort sample consisting of all
patients with available tissue and recurrence (n=162) and a random (approximately 1:3)
selection of patients without recurrence for a total sample size of 690 patients. The
primary endpoint was recurrence in the first 5 years, with patients who died due to other
causes without recurrence censored at last follow-up. CALGB 9581 enrolled patient
from 1997 through 2002.

2. The Sunrise Study (Yamanaka et al. 2016) used a stratified cohort sample from 1,487
consecutive patients from 2000 through 2005 with N-stage Il or 111 disease who had
surgery alone, with 630 patients sampled for inclusion with a 1:2 ratio of recurrence and
nonrecurrence. Sampling was stratified by N-stage (Il vs. I11). A total of 597 of the 630
patients were evaluable for analysis, 202 of whom experienced recurrences. The primary
endpoint was time from surgery to first recurrence of colon cancer or death with a
documented recurrence at the time of death. Patients who died before recurrence was
observed were considered censored at last follow-up.

3. The National Surgical Adjuvant Breast and Bowel Project (NSABP) C-07 study
randomly assigned patients with N-stage Il and 111 colon cancer to fluorouracil (5FU) or
5FU plus oxaliplatin. Yothers et al. (2013) reported a prospective-retrospective study of
the association of the Recurrence Score result with recurrence in 892 randomly selected
patients from this study (50% of patients with available tissue), 245 of whom experienced

recurrence. Among these patients, 449 had been randomly assigned to 5FU and 432 to
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5FU with oxaliplatin. The primary endpoint was time to recurrence. Patients who died
without recurrence were considered censored at the time of death. NSABP C-07 enrolled
patients from 2000 through 2002.

The studies will be designated as follows:
Study 1: CALGB 9581
Study 2: Sunrise
Study 3: NSABP C-07

Model Fitting
The Cox proportional hazards regression models for each study will include the following terms:
The RS result as a continuous measure, fit as a linear term.
Number of nodes examined (<12 vs. >12).
T-stage T4 vs. T3 or less.
MMR status (deficient vs. proficient/unknown).
(NSABP C-07 and Sunrise only) N-stage (I, I11A/B or I1IC).
6. (NSABP C-07 only) Oxaliplatin + 5FU vs. placebo + 5FU
Studies 1 (CALGB 9581) and 2 (Sunrise) used stratified cohort sampling (Gray 2009), so in the

analysis of these studies each patient will be weighted in the analysis by the inverse sampling

o M D

fraction in the patient’s sampling stratum, and the covariance matrix of the regression parameter

estimators variance will be estimated using the method of Lin and Wei (1989).

The analysis data set for each study will include all patients with non-missing values for the
covariates RS, number of nodes examined, T-stage and N-stage. Patients with unknown MMR

status will be combined with MMR proficient patients for analysis.

Recurrence Risk Estimation

The analysis requires an estimate of the hazard ratio for 5FU treatment added to surgery versus
surgery alone. We will estimate this hazard ratio using a meta-analysis of the original QUASAR
study (QUASAR study group, 2007) and a pooled analysis of NSABP trials (Wilkinson et al.
2010).
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The log-rank observed-minus-expected (O — E) statistic, and its variance V, were reported for

recurrence in the original trial (Quasar study group 2007). From these quantities, the log-rank
statistic Z =(0O—E) / WV can be computed. Since patients were allocated to treatment with 5FU
or observation with equal probability, the log hazard ratio can be estimated using the method of
Schoenfeld (1981) by Z\/4/_D ,where D is the total number of recurrence events. The variance of

this estimate is consistently estimated by 4/D. The results of this calculation are in Table 1.

Table 1. Log-Rank Statistics and Estimate of Log Hazard Ratio from the QUASAR trial

Log Hazard Ratio

Events/Patients Log-rank Statistics )
(5FU:observation)
5FU Observation O-E \Y Estimate Variance
293/ 1622 359/1617 —40.9 162.9 —0.251 0.00613

Wilkinson et al. (2010) provide an estimate of the hazard ratio for recurrence for 5FU plus
surgery versus surgery alone based on a pooled analysis of NSABP trials. The hazard ratio
estimate from this analysis is 0.64 with 95% confidence interval (0.55, 0.74). The log hazard

ratio estimate is thus In0.64 =—-0.30111 with an estimated standard error of

(In0.74—1n0.55) /{2 (0.975)} = 0.075698.

Combining the QUASAR and Wilkinson log hazard ratio estimates in a meta-analysis using
inverse-variance weighting gives a 5FU log hazard ratio estimate of ;ALFU =-0.35194 with
standard error &%FU =0.05444. and variance &jw =0.002962. This corresponds to a hazard

ratio for surgery and 5FU versus surgery alone of 0.703 with 95% confidence interval (0.632,
0.782).

The risks of recurrence at 1, 3 and 5 years after surgery will be estimated using patient-specific
meta-analysis with special populations (Crager and Tang 2014), integrated with the meta-

analysis 5FU treatment effect log hazard ratio. Here the special populations (not common to all
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studies) are N-stage 111A/B and HIC patients and patients treated with oxaliplatin. The risk

estimates will be constructed as follows.

Define the vector of covariates as

T
Z= (RS’ I{<12 nodes ex.}? I{T4}’ I{MMRD}’ I{IIIA/B}’ {Ic}: {oxali})

and define
T
Zo = (RS, |{<12 nodes ex.}! I{~|—4}, I{MMRD}'O'O’()) s
Zyae = (0,0,0, 0,1,0,0)T ,
Zyic =(O,0,0,0,0,1’0)T
and

Zoar =(0,0,0,0,0,0,1)" .

Since the overall recurrence risk has decreased over time, we will use the events from the latest-
enrolling two studies (studies 2 and 3) to estimate the baseline cumulative hazard, with risk
modification for individual presenting patients based on the regression parameters from each
study. Since study 1 enrolled only N-stage Il patients, the baseline for this study will be
estimated using only the N-stage Il patients in studies 2 and 3. Similarly, since no patient in

studies 1 or 2 was treated with oxaliplatin, the baselines for those studies estimated using study 3

will be based on patients not treated with oxaliplatin. For each study k =1,2,3, define Ii(k'z) as

the indicator for whether study 2 patient i is included in the baseline cumulative hazard estimator

using study 2. Define the indicators 1® similarly for baseline cumulative hazard estimators

~ ~ ~ T ~
using study 3. Let P, =( B 7“‘)) and V, be the estimated proportional hazards
regression parameter vector and its estimated covariance matrix for study k =1,2,3. Set
B0 =0, Y =0and A% =0and set A2 =0, and set all corresponding elements of V, to 0. Let
2™ be the observed covariate vector for patient i =1,2,...,n, in study k. The Breslow-method

estimator of the baseline cumulative hazard function at time T using the regression coefficients

for study k and the events for study 2 is
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| (k,Z)S(Z) dN®@ (t)
" |.(k 25y @ (t)exp(ﬁT (2))

~ T
AL M) =],

where N@(t) is the event-counting process for study 2, s is the stratified cohort sampling
weight, and Y,®(t) is the indicator for whether patient i in study 2 is in the risk set at time t.
The variance of A%?(T)due to the event count is consistently estimated by
2
|i(k,2) (Si(Z)) dN® (t)
M ) (2) oy (2) T, '
{lelI sy, (t)exp( )}

Since all patients in study 3 received 5FU in addition to surgery, the baseline cumulative hazard

370

estimator for study k using the events from study 3 is
J_T | kA JN® (t)
0 ZZ | kIY.@ (t)exp( T2® +ﬂspu )

The variance of A% (T) due to the event count is consistently estimated by

A2 (T) =

19 d N® (t)
(N Qe (fa + A )|
A fixed effects meta-analysis baseline cumulative hazard estimator combining studies 2 and 3 is

[“\ék,2+3)(-|-) :wéAo);\ék,z) (T)+w§AO)Aék,3)(T)1

G 0] |

where
(Ao) ]7/\761\rN {/A\E’kz}(r)}
) =———= ———
Y Van [ASA M)} + 1 Vary (AL (T))
and
7o 2 (k3
. Y Vary {AS(T)]
O =—F—= ——— .
Y Van [AFA M)} + 1 Vary (AL (T)
Let I, and I, be the indicators for whether the patient is to receive 5FU and oxaliplatin

(with 5FU). For an individual patient with covariate vector z,the estimated natural logarithm of

the cumulative hazard at time T for study k =1,2,3is
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:ak (T;2)= BIZ+ - /{SFU +In Agk!2+3)(|-).
Defining the gradient operator V;, (a/aﬁ(k) 0/0pY,,.. G/Gﬂ(k)) setting the elements for

regression parameters that do not exist in each study to 0, we have
v A(k ,2+3) (T)
(k 2+3) (T)

with V; A‘k 29(T) = —y®*29(T), where
Znilll(k Z)S(Z)Y ) (t) exp(BT (2)) I(2)
0 zl 1'.(k g (Z)Y(3)(t)exp( T (2))

TZ & 3)Y(3’(t)exp([$[ (3)+ﬂspu) 3)
© YO @) exp (BT + Aoey )

V pk(T 2)=z+

Y M) = oy AL ()

dAL2(t).

Also, we have

p(Tiz) |, 0ALH(T)

= - I5FU > /’igk,2+3) (T)’
0y Osey
with
A(k 2+3) (T) (A " Z. ° I(3) (t) exp(lﬂzi(s) +2'5FU ) d/A\(k'S) ('[)
Z0 A7/ = = 0
a,QBFU Z. ) Y (1) eXp(BIzi(g) +2'5FU)
= a)IE’;‘))A(k’s)(r)
so that
DDy A2

5FU "3 T aonm) v
O INEEIG

Therefore, for k =1,2,3, the variance of p, (T;z) is consistently estimated by

522 =(v; A T52) Vi (V; ATi2))+ {a’gﬁuz)} G
) (o} Vary [AF2 M)} +{a ) Vary [RE9 (M)

{/"\ék,ys) (T)}2
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Using the special population PSMA method (Crager and Tang 2014) to adjust for the effects of
N-stage and oxaliplatin treatment, a fixed effects PSMA log cumulative hazard estimate for
recurrence during the first T =1, 3 or 5 years is

ﬁ(T;Z):ga)k(zo)/Sk (T;z*),

where
| Z +1 Z . .
ZT =7,+ {IIA/B}~ IIIA/B {ncy“inc i onallzoxall
@,(2,)+ w,(z,) @;(Z,)
and
,(2) \3Nk(5:20)
Zj:lWJ(S’ZO)
with
1
w, (5;z,)=
(52,) 2(5;2,)

The time is set at 5 years for the calculation of the weights so that the 1-, 3- and 5-year risk

estimates will be mutually consistent.

The gradient of 5(T;z) with respect to Bl k=123, is
Vv, A(T:2) =0 (2,)V; A (T;z*).
Letting t® denote the time to event or censoring and N (t) denote the event-counting process

for patient i=1,2,...,n, in study 2, the partial derivative of A2 (T)with respect to d N® (ti(z’)

is
A (k2o o N @ (1@
OALD (T) _ 195 d N, (ti ) 0 N (t(z))
- 2« > (2) < 0 i !
ad Ni(z) (ti(Z)) {t§ >_T} ZT ' Il(k Z)S(Z)Y 2) (t(z))exp( T (2)) {tf ) T} i
where I{t_(z)<T}is the indicator function for t® <T, and d A% (t®) is the increment in the

baseline cumulative hazard estimate at time t®. Therefore,

A A (k2) (+(2)
0D S 00, dAS? (1)
6d Ni(z) (ti(z)) k,2 k (Z)ST} /’i(()k,Z) (T) .
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Similarly, letting t denote the time to event or censoring and N (t) denote the event-

counting process for patient i =1,2,...,n, in study 3,
3
_0p(T;2) =Y o

dAL (1)
6d N (3) (t(3)) e k,3 a)k t“’sT} /,iék’s) (T)

Since the number and timing of events are asymptotically independent of the regression
parameter estimates (Tsiatis 1981), assuming the three studies represent independent samples of
patients and using methods similar to those in Therneau and Grambsch (2000, Section 2.1), the

variance of p(T;z)is consistently estimated by

\7&{,5(1-12)} = i(a)k (Zo)Vﬁklak (T;ZT))T \7k (a)k (ZO)Vﬁkﬁk (T;ZT))
9Pk 2
{Za)k (ZO) ﬂfu )} O ey

F

2
& | 0p(T;z)

i=1

2
& 0p(T;2)
+ .2:1: {—8 q ﬁi(s) (ti(3) ‘)} dN® (ti(3) )

The third term in the sum above can be written

2{&2))} AN (t2) = {c,(zo)}" X, (T){c,(2,)},

O0dN® (t_(Z)

.
where ¢, (z,) = (a)l(g‘))a)l(z ), 0w, (2,), 0w, (2, )) and X, (T) is the matrix with element
x2(T) in row k and column I, with

rd AL (1) dALD (1)
AED(T) AU (T)

(2)(|-) J' NI (t)

Similarly, the fourth term in (2) can be written

OdN® (t-(S)

2{&2))} AN (1) ={c4(zo)}" X4(T){C4(z,)}
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where c,(z,) =(a)1(§°)a)l(zo),a)§g°)a)2 (zo),coég“a)g(zo))T and X, (T)is matrix with element

xP(T) in row k and column I, with

X (T) = J‘T dAJ (1) dAJ? (t) ® (1)
Kl 0 [\ék,s) (T) 1*\81.3) (T) )

Transforming to the risk scale, the estimated risk of a recurrence by time T is

r(T;z) :1—exp[—exp{/3(T;z)}]. A level-a confidence interval for the recurrence risk in the

first T years after surgery has endpoints 1—exp(—exp [ﬁ(T;z) +™ (1—a/2)«/\75r{ﬁ(T;z)} D

where @ denotes the cumulative distribution function of the standard normal distribution.

Testing Analysis Assumptions

The assumption that there is no interaction among the 5 prognostic factors (RS result, N-stage,
T-stage, number of nodes examined and MMR proficiency) will be tested using meta-analysis
Wald tests. For each of the 4 categorical factors, a model will be fit to each study allowing
different regression parameters across the levels of the categorical factor. A fixed-effect meta-
analysis estimate for the difference(s) across levels in these parameters will be constructed using
inverse variance weighting and the statistical significance of the resulting meta-analysis
difference estimates will be assessed using a Wald test at a significance level of 0.10. The
potential for interaction of the number of nodes examined with stage and MMR proficiency with
stage will be of particular interest. If the presence of an interaction is indicated, a model

including that interaction will be considered for generating the recurrence risk estimates.
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