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APPENDIX
APPENDIX A. DESIGN-BASED TRUE SAMPLING WEIGHT FROM TWO-PHASE STUDIES

We consider here two-phase studies where all longitudinal samples from individuals selected into
the subcohort are measured, therefore 7;; = 7;. The form of 7; can be obtained explicitly for both
stratified case cohort (SCCH) (Gray, [2009; Liu and others}, 2012)) and nested case-contro (NCC)
studies (Samuelsen| [1997; |Cai and Zheng} 2011 designs with a discrete stratification/matching

variable Z taking S unique values, z1, ..., zg. Specifically, for sCCH design,
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dos1ZJ1 A_dZ_z)
where ng; is the number of subjects sampled from the set {i : A; = d, Z; = z,}, typically specified

by design. For a matched NCC (mNCC) design with m controls matched to each case on the

matching variable Z, 7; can be calculated as 7; = A; + (1 — Ay){1 — G(W,)}, with

~ mAI(Z; = Z;)
G(W,) = {1 S Rkl } (A.1)
j:ngi ST I(Xe > X, 2 = Z;) — 1
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APPENDIX B. ASYMPTOTIC LINEAR EXPANSION OF R;(7o|si;)

We first show that Bm in Equation (3) is consistent for 3,,. For simplicity, we drop the subscript

of BTO and denote the true value of 3., by B¢. Denote
Ri(B, sij,70) = Hi(sij) {1(Xi < sij +70) — g{B Hi(sij)}}

where H;(s;;) is a vector of partial longitudinal information collected up to time s;; and may
include some flexible functionals of components in H;(s;;), the observed covariate information
up to time s;; for subject i. Assume that %sz = P(&; = 1|w;;) is modeled correctly by (2) with
parameters denoted by «y, where w;; = (X;, A;, Aj;)" (See section 3.1 of the main paper). The
estimator using Nadaraya-Watson weights can be derived under similar conditions and procedures
in Appendix A of Qi, Wang and Prentice (2005), and is thus omitted here. The estimators of 3

and -« can be obtained simultaneously be solving estimation equation

U?(8,)
U(ﬁ?’}/) - = Oa

U(v)

where
1 nom; L
UP(B,v) = E;; ﬂlsf(J,y)wi‘Cj(To)Ri(ﬂysijﬁo%
and
() = S s — (0} Waj,iw-
i=1 j=1

Note that U?(3,~) can be written as
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722 g J (ﬁ732377'0)+ o ZZﬂSg(J,y) (w(C (TO) wg:j(TO))Ri(BaSij7TO)'
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The second term is bounded by

n m;

Hllan‘fU\%(To) ” (70) xfzz 5” |7€ (B, 5i5,70)]-
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The empirical sum converges by the law of large numbers and the term max; ; |@;CJ (10) —w;»cj (10)] —

0 in probability since the Kaplan-Meier estimator is uniformly consistent. Thus, it turns out that

n m;

ZZ SZJ Ri(B, 55, 70) + op(1).

21]1

Take partial derivative of U?(3,v) with respect to 3, we have

B n m;
8(]('9(577)‘ :_722 S” AC 7o) Hi(sij )M (Sl]) 9{BoHi(sij)}
B=Bo i=1 j=1

i>ZE [U}g(’]’o)wisj%i(sig) (Szj) 9{BoH (Sij)}] =1
j=1

uniformly in a neighborhood of 3y. Clearly, %ﬁ(ﬂ/) = 0. It can be shown that %ﬁh) converges

to its limit I and %5’7) converges to its limit I°7 and denote
B 18
(5 7))
Because det(I%) # 0, det(I7) # 0, det(I?7) # 0, and det(I"?) = 0, I is invertible. Following
the same argument as in the proof of Theorem 2 of [ Xu and others| (2009), we have the existence

and consistency of 4 and ﬁ(ﬁ/)

Now we show the asymptotic expansion of n'/2U# (B,7). It can be written as

\FZIZI (6,31377—0 lel El] AC ) wg(’l’o))Ri(,@,Sij,ﬁ)).
% J T J

Following from the asymptotic expansion of Kaplan-Meier estimator,

n%{G(t)/G( 71}*71 zZuGZ +o,(1

we have

71/222 &] AC o) — w%(TO))Ri(BasijaTO):n71/2Z/UGi(U)d(I)(u) (B.1)

lel

where Ugi(t) = [o P(Xi > u) " [I(X; < u)(1— A;) + I(X; > u)dlog{G(u)}], and

= EE{I(Xi A sij + 7o < u)wg; (To)Ri(B, 85, 7o) }- (B.2)
J



iv
Hence,

V(B —B) =n""? " Gi(mols)

=1

where

S w0 (1) Ri(B, sij m0) + [ Usi(u)d(u)
S {6y — 5 (7)} 2

and T = {T;r} be a p1 X (p1 + p2) matrix with elements Z;, = 1 for j = 1,...,p1, k = j,

Ci(’ro|8) = 7-]'71

and T = 0 otherwise, where p; is the length of 3 and ps is the length of 4. Then Z:{\R(TO | s) =
vn []:’,Z (7o|s) — Ri(7o|s)| is asymptotically equivalent to a sum of i terms, n= /2 3""" {¢;(7ols )6R1(T°| DY =

n~Y23" | CrilTols).

APPENDIX C. ASYMPTOTIC LINEAR EXPANSION OF LONGITUDINAL SUMMARY MEASURES AS,TO

Let Ua, ., = f( s.ro — As,r)- As an example, we consider Ay -, in the case of TPF; -, ().
Below we use TPF; - () to denote a simple setting where R;(7g | s;5) is known with parameters

estimated with another cohort, i.e.,

>0 Wsij — sl < OI(Ri(7o | s35) > ¥) I(s < X; < 5+ 10) Wy (10) Wy
Dlina 2y Us < Xi < s+ 1) iy (10) W '

Let Uppr,  (¥) = n'/2{TPF, ., () — TPF, ., (¥)}, we have

n m;

Urpr, () =n""23 3" s] B (10)CTPF 5 (%), (C.1)

=1 j=1
where (ppp ;; (V) = T5FSat {I(Ri(7o | 5i5) > ¢)1(Isi; — 5| < €) = TPF, 1, ()} Further,

is equivalent to

T/P\Fs,m (1/1) =

‘WZZ = J A” 70)CTPF i (1)
=1 j= 1
—&-n_l/QZZ{ 6” - }{U\g:j(TO)CTPF,ij(w) (C.2)
i=1 j=1 WZJ(W)

Following the same argument in Appendix B, the first term of (C.2]) can be written as

_1/22 Z S i ” 7'0 CTPF i )—i—/Z/{Gz(u)d(I)A(u) En_l/QZnLAi(T(ﬂS),

i=1




where ®4(u) = E{>7" I(Xi Asij + 70 < w)we; (70)¢TpF.ij (1)}, and the second term of (C.2)

can be written as

a2y 3 Sf” {75 3) — 7 ()} (m)erpre (0

=1 j=1

n m;

a2y Y Sf” i () = iy () } {55 (70) — wi(70)} TP 5 ()
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By the Taylor expansion and by expanding the form of 7°., the first term above is asymptotically

YR

equivalent to

”71/21722{&1' — (7))} = 5(10)CTPF.i; (V) E”71/22772,,42'(7(%8)
i=1 j=1 i=1

and the second term is negligible. Therefore, we have

Urpr,,, =n" /QZ moai +m2,4) =02 ZnAz Tols).

1=1
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APPENDIX D. NESTED CASE-CONTROL SAMPLE OF THE HALT-C CLINICAL TRIAL
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Fig. 1. An overview of the nested case-control sample of the HALT-C clinical trial. The visits where
DCP marker was measured are shown as empty circles, the event times are shown as filled circles, and
non-events (censoring times) as filled triangles. The subjects are grouped according to their matching
in the nested case-control study, with subjects with the same color belonging to the same risk set. The
estimated nested case-control inverse probability sampling weights are shown to the right of each event
time for the cases, and censoring time for the non-events.
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Fig. 2. The des-y-carboxyprothrombin (DCP) marker observations in nested case-control subset of the
HALT-C clinical trial, stratified by cirrhosis and treatment assignment. The DCP values were truncated
at 2000 units and loge transformed. The thick red lines indicate the conditional linear fit with time
modeled as a spline with 3 degrees of freedom.



viii
APPENDIX E. RESULTS OF ANALYSIS OF EXAMPLE SIMULATED DATASETS

A tutorial where we show examples on how to obtain risk predictions based on longitudinal marker
in a case-cohort or a nested case-control sample, using methods described the manuscript available
athttp://rpubs.com/marlenamaziarz/risk-prediction-in-longitudinal-two-phase-studies.
The code for estimating the weights in CCH and NCC samples, obtaining risk predictions and
evaluating those predictions, as well as example datasets for CCH and NCC are available in
https://github.com/marlenamaziarz/longitudinal-two-phase. Specifically, the examples in
the tutorial illustrate the use of our methods to predict risk using PCgras based on a longitu-
dinal biomarker with a survival outcome, as well as all evaluation measures of prediction and
their standard error discussed in the paper. Namely, the evaluation measures we considered are
the prediction error (PE), true and false positive fractions (TPF and FPF), the area under the
Receiver Operating Characteristics curve (AUC), the proportion of cases followed (PCF) and the
proportion of cases needed to be followed (PNF). Below are results of the analysis using example

(simulated) datasets.

Nested case-control


http://rpubs.com/marlenamaziarz/risk-prediction-in-longitudinal-two-phase-studies
https://github.com/marlenamaziarz/longitudinal-two-phase

ix

Table 1. Results of the nested case-control (NCC) analysis for different combinations of conditioning time
(s) and prediction time (t = s + 7) (s from 6 to 36 in increments of 6, and 7 = 6). Prediction timeframe
= 7, Est = estimate, SE = standard error, n.case = number of cases in the sample at time s, n.ctrl =
number of controls at s, and n.cens = number of subjects censored up to time s. SE was estimated based
on 500 perturbations. PE = prediction error, TPF/FPF = true/false positive fraction, AUC = the area
under the Receiver Operating Characteristics curve, PCF = the proportion of cases followed, and PNF
= the proportion of cases needed to be followed. A tutorial on how to run this analysis can be found on
Rpubs, the code and example datasets are on GitHub.
Measure S t T Est SE Ncase nctﬂ Ncens

PE 6 12 0.03 0.00 53 512 8
TPF(0.4) | 6 12 013 0.05 53 512 8
FPF(0.3) | 6 12 001 0.00 53 512 8
AUC 6 12 079 0.03 53 512 8
PCF(0.2) | 6 12 055 0.07 53 512 8
PNF(0.8) | 6 12 044 007 53 512 8
PE 12 18 006 001 74 423 15

TPF(0.4) | 12 18
FPF(0.3) | 12 18
AUC 12 18
PCF(0.2) | 12 18
PNF(0.8) | 12 18
PE 18 24
TPF(0.4) | 18 24
FPF(0.3) | 18 24
AUC 18 24
PCF(0.2) | 18 24
PNF(0.8) | 18 24
PE 24 30
TPF(0.4) | 24 30
FPF(0.3) | 24 30
AUC 24 30
PCF(0.2) | 24 30
PNF(0.8) | 24 30
PE 30 36
TPF(0.4) | 30 36
FPF(0.3) | 30 36
AUC 30 36
PCF(0.2) | 30 36
PNF(0.8) | 30 36
PE 36 42
TPF(0.4) | 36 42
FPF(0.3) | 36 42
AUC 36 42
PCF(0.2) | 36 42
PNF(0.8) | 36 42

0.24 0.06 74 423 15
0.04 0.01 74 423 15
0.83 0.02 74 423 15
0.61 0.06 74 423 15
0.35 0.06 74 423 15
0.10 0.01 89 310 24
0.24 0.05 89 310 24
0.09 0.02 89 310 24
0.80 0.03 89 310 24
0.56  0.05 89 310 24
0.40 0.06 89 310 24
0.11 0.01 57 226 27
0.22 0.06 57 226 27
0.12 0.02 57 226 27
0.78 0.03 o7 226 27
0.47 0.07 57 226 27
0.46 0.05 57 226 27
0.12 0.01 50 145 31
0.31 0.07 50 145 31
0.12 0.03 50 145 31
0.81 0.03 50 145 31
0.47 0.06 50 145 31
0.41 0.05 50 145 31
0.11 0.02 19 104 22
0.37 0.11 19 104 22
0.20 0.04 19 104 22
0.72 0.06 19 104 22
0.42 0.11 19 104 22
0.53 0.07 19 104 22
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Case-cohort

Table 2. Results of the case-cohort (CCH) analysis for different combinations of conditioning time (s)
and prediction time (t = s 4+ 7) (s from 6 to 36 in increments of 6, and 7 = 6). Prediction timeframe
= 7, Est = estimate, SE = standard error, n.case = number of cases in the sample at time s, n.ctrl =
number of controls at s, and n.cens = number of subjects censored up to time s. SE was estimated based
on 500 perturbations. PE = prediction error, TPF/FPF = true/false positive fraction, AUC = the area
under the Receiver Operating Characteristics curve, PCF = the proportion of cases followed, and PNF
= the proportion of cases needed to be followed. A tutorial on how to run this analysis can be found on
Rpubs, the code and example datasets are on |GitHub
Measure s t 7 Est SE  ncase L.ty Dcens

PE 6 12 0.04 0.00 74 639 124
TPF(0.4) | 6 12 0.05 0.04 74 639 124
FPF(0.3) | 6 12 0.01 000 74 639 124
AUC 6 12 0.81 0.02 74 639 124
PCF(0.2) | 6 12 0.61 006 74 639 124
PNF(0.8) | 6 12 041 0.05 74 639 124
PE 12 18 0.06 0.01 89 475 75

0.14 0.06 89 475 75
0.02 0.01 89 475 75
0.83 0.02 89 475 75
0.65 0.06 89 475 75
0.36 0.07 89 475 75
0.10 0.01 104 326 45
0.20 0.06 104 326 45
0.06 0.01 104 326 45
0.77 0.03 104 326 45
0.45 0.05 104 326 45
0.42 0.06 104 326 45
0.10 0.01 85 208 33
0.28 0.07 85 208 33
0.09 0.02 85 208 33
0.83 0.03 85 208 33
0.58 0.06 85 208 33
0.33 0.07 85 208 33
0.11 0.01 54 128 26
0.21 0.07 54 128 26
0.09 0.03 54 128 26
0.76  0.04 54 128 26
0.53 0.07 54 128 26
0.56 0.07 54 128 26
0.10 0.02 26 84 18
0.22 0.10 26 84 18
0.09 0.04 26 84 18
0.70  0.07 26 84 18
0.53 0.11 26 84 18
0.69 0.16 26 84 18

TPF(0.4) | 12 18
FPF(0.3) | 12 18
AUC 12 18
PCF(0.2) | 12 18
PNF(0.8) | 12 18
PE 18 24
TPF(0.4) | 18 24
FPF(0.3) | 18 24
AUC 18 24
PCF(0.2) | 18 24
PNF(0.8) | 18 24
PE 24 30
TPF(0.4) | 24 30
FPF(0.3) | 24 30
AUC 24 30
PCF(0.2) | 24 30
PNF(0.8) | 24 30
PE 30 36
TPF(0.4) | 30 36
FPF(0.3) | 30 36
AUC 30 36
PCF(0.2) | 30 36
PNF(0.8) | 30 36
PE 36 42
TPF(0.4) | 36 42
FPF(0.3) | 36 42
AUC 36 42
PCF(0.2) | 36 42
PNF(0.8) | 36 42
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