Additional file 1: Calculation of the CUSUM score

Preliminaries and notation

- Z, and Z; are gamma distributed frailties for revision and mortality
in the competing risks model with proportional hazards;

- It is assumed that EZ, = EZ; = 1, VarZ, = af, VarZ,; = ag, and
Corr(Z,, Z3) = p. The dependence between Z, and Zj; is constructed
through

™m
Z, =Yy + Yy,
my

™m,
Zq :70}/0 + Yy,
mq

where Y; are independent gamma distributed random variables, Y; ~
G(lj,mj), 7 = 0,r,d, with ly = p/o,oq, |; = 1/0;2 —ly, mj = 1/0]2-,
j=r,d, my=my, 0<p<min(o,/0q4,04/0);

- Conditional bivariate survival function is given by

S(t'm td|u7"7 Uqg, Zf‘a Zd)
=exp(—Z;x () Hy(t;) — Zagx(ug) Ha(ta));

- Cause-specific cumulative function and the marginal survival function
for latent time-to-failure £y and the vector of covariates uy, f = r,d,
are given by

t
Hy(t) = fo o5 (7)dr,

Sptlus) =(1 + a]%eﬁ*“fﬂf(t))*l/ai.
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- Throughout, symbol “h” denotes a hypothesis, symbol
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j” a particular unit, and J is a number of units.

a patient,

- Baseline hazard function for hypothesis Hp, h = 0,1, is given by rela-
tion u&f(t) = HR?uo’f(t), f=rd

- We define a cause-specific hazard ratio under hypothesis h, H f(h,~t foug) =

HRyexp(Bpug)Hy(ty), Hipp = 140% Yier, iy Hy(ho tjig. wjig), Hjop =

Hirp + Higp — 1.



- For a time interval T, let I;(T") be a set of individuals from unit j whose
implants are in use during the period 7', and I = I(T") = | J I;(T)

- (}) =n!/(n—k)!k! is a binomial coefficient and (a), = I'(a + n)/T'(a)
is a Pohhammer’s symbol.

- The numbers of revisions and deaths in a unit j during interval T
are denoted by Oyj., Oyjq, respectively, and the totals are given by
Op = Zj O]j'r and Opq = Zj Oljd'

Calculation of the score X;(7) in the general case of competing
risks

The contribution C?(T) of the period T to the likelihood is equal to
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The score X;(T) for period T is given by
J LH(T)
T)= Y1 1
7=1 J

The case of independent competing risks

If revision and death are independent events (p = 0) then lp = 0, (lo)x =0
for k > 0, and
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where
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for f =r,d. Formula (1) can be rewritten as

J Ll J L (T
Xi(T) = Z log <EéT§§;> + 2 log <£é’ZET§> = X1,(T) + X1,4(T),
J,T j s
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and (tj1;¢,tj2if) is an intersection of the interval T" with the life time of the
prosthesis ¢ implanted at ¢jo¢ (or with the life time of the respective patient

if f=d).
Remark. If the shape parameter k; depends on covariates in the form of
ki(uy) = exp(B; ur)ky, substitute k¢(uy) for ks in the above derivation to

obtain
J
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The full score X7(T') is an additive function of the partial scores and expres-
sion for X ¢(T") depends only on HR¢ and does not depend on the hazard



ratio for the competing cause of failure. That is, if we are interested only in
the changes of HR,, we can carry out the CUSUM analysis based only on
the values of X ,(T').



