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chrmothrrapy. Thrss studizs, baskd on a ox rxgression modzl®, provids relative risk sti-
mat#s of treatment modalities or prognostic indications. All estimates are relative to otluer
patients with the diszask.

Witk incrrasing follow-up of transplant patiznts it is natural to ask if bonk marrow
transplant in fact “curss” all patiznts or som# subgroup of patients. Hsgre, by “cured” mu
mrean the patient’s mortality rat® kas returngd to the samg mortality rate as on# would rexprct
in a prrson of tr same age and gendser in te general population. Wil it is not reasonablie
to wxprct a return to th standard mortality rate of the general population immudiately after
transplant, it is possible that after soms tims th rxcess mortality directly related to thse
tawerapy may wave wasked out. Of intwrest is thse wstimation of this time of “cure” or th
testing at a fixed tim# point to determing if the patiznt kas been cured. It is also kighly
likely that this cure timx may depend on soms# risk factors mitlwer known at the timx of
transplantation or by som# point in tim# in the patients post transplant r&covery procsss.

Tuenty-five yrars ago the International Bonk Marrow Transplant Registry (IBMTR) was
found with the goal of collecting data on consecutive allogenzic marrow transplants from
membar centrrs®. The IBMTR is a voluntwer organization of 406 transplant trams worldwids
tlat report all their conskcutivie cases to a central statistical center. Approximately 40% of
thr allogen#ic transplants prrformsd are reported to the Registry. Extensive data on patisnt
risk factors is collected at the time of transplantation on most patiznts and patient follow-up
information is obtain&d every six months.

In this note we skall present a modsl for thie excrss relative mortality duk to transplanta-
tion in a group of 1,487 AML and 729 SAA patiznts from 14 countrixs. All patients included
in the sample mere alive and free of thrir primary disgase at two years post transplant, so
that all deatls observied in the sample are from causes not related to the skort term toxicity
of thee transplant itself. All patients mwere transplanted between 1980 and 1993. This is a
subsamplx of a larger sample previously reported? on whick wr mrre able to obtain currsnt
publiskied life tabl® information. Table 1 skows th# distribution of ths numbsr of cases by
twe country wihsere the patisnt was transplantzd. Standard mortality tables were obtained
for these countrizs by sex and for the US by sex and race (black versus non-black).

Of thie 1,487 AML patients 160 died, while 34 of the 729 SAA patients died. For the AML
patiznts the median follow-up was 6.2 yrars with a rangg of 2-16.7 years. For the aplastic
ankmia patients twe madian follow-up time was 6.7 years wita a rangg of 2-16.8 yrars. T
midian age of the AML patients at the tims of transplantation was 22.4 yrars (rangg 0.5-56.6
years) and was 18.8 yrars (range 0.2-69.4 ywars) for SAA patients.

Thrre are a numb#r of factors that kave been skown to bx pradictive of survival following
a transplant. Onz important factor is the devielopmaent of graft-versus-kost diskase (GVHD).
Two typxs of GVHD can occur, acute GVHD whick occurs in te first 100 days post trans-
plant and caronic GVHD mkic occurs after 100 days. W includ# as risk factors for survival
a binary indicator of whrther thx patisnt kad acute GVHD, an indicator of whrthrr a patiznt
kad chronic GVHD prior to two years thkat mas still active at two years, and indicator of
whirtlrr a patient Wad caronic GVHD prior to two years that mas resolvied at tmo yrars. Age
of thse patiznt at the timz of transplantation kas bmen found to b



in transplant studi#s using th# ox mod#l. Waile we skall bx making an adjustmsnt for ags
by using tr age specific survival rates from publiskxd life tablss, it is still of interest to swe if
young patients wave a different “cure” rate then older patients. Wk divided the patignts into
thrmee agre groups: children (age<16 years), young patiznts (16-25 years) and older patients
(> 25 yrars). A final covariate to br considered is ths stagr of thw discase at the timz of
transplantation. For AML patisnts we classify patients as kaving #arly (transplanted in first
complit® remission), intermediate (transplanted in a second or later complet® remission) or
advanced (transplanted in relapsg) diskase. For SAA patients patizents are classified as hav-
ing rarlizr disease (time from diagnosis to transplant less than onx year) or advanced disease
(time from diagnosis to transplant mors tkan onx yxar). Table 2 summarizis the covariaties
for thr two diseasks.

To wxamin# the #ffects of thesk covariates on survival tle standard ox regression modsl
was fit to the data. For this modsl the kazard rate of an individual witla covariat® victor Z

is of th form
Wt Z) = ho(t) exp{7' 2}, (1.1)

whiere 4y is the vector of covariates and ho(t) is a baseling kazard rate. Here the risk coxf-
ficients, «y, provide information on th relative wffiects of the covariates on survival among
transplant patizents and hg(t) is the death rate for, in our #xample, a ckild transplant patient
wit rarly diskase who kas wad neitler type of GVHD. T results of fitting ths standard

ox mod#l are given in Table 3. Thrsk results show that for AML transplant patients, tkose
with active chronic GVHD and intermzdiate or advanced diseask tend to kave lower survival,
relativie to otler AML transplant patients. For SAA patients thosk with ®ithker acute GVHD
or active claronic GVHD and advanced diseask, tand to wave lomsr survival, relativie to otlsr
SAA transplant patiznts.

In the next section we prasent a modsl for the survival of bon® marrow transplant patients
relativie to thse survival rates in thse gensral population. Thr wstimatid relativie mortality is
allomed to b effected by a patient’s risk factors at thse time of transplant. Wk devielop a
trst of thue Lypothsis that the relative mortality is ®rqual to onx over a given tim# intwrval.
This is a tst tkat the mortality rat® in the treated population over this interval is the sams
as that in tle general population. In Sxction 3 mx return to the rxample to dstrrmine at
various timus after transplant if a patient witl a certain set of covariates kas a mortality
ratx whick was returned to normal.

2 A Mod 1 for rn dt112Tit



Thrx death rate of the ith patiznt at ¢ yxars post transplant is modzled as:

\i(t|Z;



Applying Andersen «t al'® orollary VIL2.6. with Y;(t) replaced by Yj(t)ui(t), it can
b sown that a consistent wstimator for the variance of A(s,t, Zy) = Ao(s,t) exp{3,Z



From thssk tables we compute the population mortality rate, A(a), at age a by assuming
a constant mortality over the intxrval reportxd in the population life table. Under this
assumption for an unabridged life table we have

AMa)=—In[S(z +1)] — (= In[S(x)]), for z<a<z+1,
while for a table witl five year intervals me comput
AMa) = —In[S(x +5)] — (= In[S(x)])/5, for z<a<z+1.

Once the population mortality rates are computed the value of u;(t) for a patizent of age a;
at transplant is given by A(a; +t), where \(+) is from the proper age (rack) and sex matcled
population. Using tlse population rates swe obtain thse wstimates of the relativie mortality
risk coxfficients by maximizing (2.3). Tl wstimates are given in Tablx 4.

An wxamination of Table 4 skows that there is a significant effect of age on the relative
mortality rate. Patients whko are younger are dying at a faster rate than oldsr patiznts
relativie to the agr matcard mortality rates in tae gensral population. Note that in ths
standard ox mod#l (Table 2), where comparisons are betmeen transplanted patients, tkere
is no age wffect for wither dissase. If threre is no wffect of agr on transplant outcomss then
the finding of an age wffect in the relative mortality mod#l is not surprising since youngsr
patixnts kave a lowsr population mortality rate. For bot diskases tlue xstimatses of the wffrcts
of thie othsr covariates arx similar in thx ox modsl and the relativie mortality modsl.

In Figures 1 and 2 s plot a smoothed wstimate of the relative mortality ratx,

S\O(t) &Xp(BZO) for an AML and SAA patiznt in xack of the three age groups. The plots
arx for patiznts mho kad not kad graft-versus-lost diskase and were in the sarly diszase
state. Tuwese



For SAA patisnts the results presented in Table 6 skow a different pattern. Here it
apprars twat for patiznts over age 16 with no advarse risk factors the mortality rate is ths
sams as in the general population after two years post transplant. For patiznt over age 25
with a single risk factor (active GVHD, prior kistory of acute GVHD or late diskass) thsir
rat® is tlwe same as in the gengral population after 4 yrars, while if they Lave 2 or mors risk
factors twe deatl rate is the same after 6 yrars. For young patiznts there is no difference
between tlweir mortality and thse reference rates after 6 yrars if they Lave one of tae risk
factors present.

4 Discussion

Thx techniques discussed Wrre for sstimation of tle relative mortality rate are simple sxtan-
sions of tle ox proportional kazards modsl. Thry arx extended to includz left truncated
data by a simple redefinition of thse risk set. Tl assumption of a proportional wffiect of
tar covariat®s on tae relativie mortality can br tested by using a tim# deprndent covariatx
approaci as in tae usual proportional wazards regression modsl.

Tl test statistic (2.11) kas little powser to detect a relativie mortality rate whick crosses

t
onx ovar thw interval [s, #]. Whilk it is matlkematically possiblx that [* ao(u)eﬁ Zo gy = (t—s)

and ag(u)eﬂtZO # 1 for all u € [s,t], this would require that treated patients kave a lomser
mortality ratx tlan matclsd individuals in the general population. In most situations this
is not biologically plausablx.

As notwd arlier theese models kave been suggrsted by other autlkors and estimates of
A(s,t, Zy) are found in these papers. For this statistic the calculation of th variance of the
rstimator, requirks soms care since the wstimator of A(s,t, Zy) doxs not kave independent
incremsnts.

In looking at tas results in Tabl#s 5 and 6 t#r# is an obvious multipl# testing problem in
prrforming txsts at different tims# points and at multipl® covariate valugs. On# could argus
twat soms type of a correctrd significance Leviel skould b used to maks the comparisons of
interest. We clwoosk not to do so sinck our goal is to provide tle investigator wita only a
crude notion of when the patients mortality rate kas returned to normal and the p-valuss
computrd servie as mrasures of xvidence against this kWypotlsis.

Tl ability to determine wrtawer and whien the mortality rate of asmpSkbiad027213.999905.99980T1



insurance. This is currantly a difficult and srious problam facing many transplant survivors.
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Table 2. Frequencies of Covariates

COVA IATE

AML

SAA

Acute GVHD
Yis
Nonx

kronic Gvlad
Nons
Rxsolved By 2 Ysars
Active At 2 Yrars

Agx
<16 Yrars
16-25 Yrars
>25 Yrars

Disrask Stags
Early
Intermadiate

Advanced

368 (24.7%)
1119 (75.3%)

875 (58.8%)
236 (15.9%)
376 (25.3%)

332 (22.4%)
350 (23.5%)
805 (54.1%)

1132 (75.1%)
162 (10.9%)
193 (13.0%)

145 (19.9%)
584 (80.1%)

465 (63.8%)
81 (11.1%)
183 (25.1%)

284 (39.0%)
251 (34.4%)
194 (26.6%)

642 (88.1%)
87 (11.9%)
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Table 3. esults Of Standard Cox

egression Analysis

AML SAA
Risk Factor 15} SE D I} SE D
Acute GVHD
Yis 0270 0176  0.125 1.029 0.349 0.003
kronic GVHD 0.0868" 0.0011
Ruesolvied 0295 0.224  0.188 0.592 0.616 0.337
Active 0.398 0.185  0.032 1.468 0.408 >0.001
Agr 0.0834! 0.958!
16-25 0.141 0260 05838  -0.084 0395 0.831
>25 0.438 0.224  0.050 0.032 0.424 0940
Disrasx Stagx < 0.001t
Intermediate  0.607 0.224 0.007
Advanced 0.647 0200  0.001 1.117 0.380  0.003

1. Two degree of frmedom Wald test of =ffect of factor on survival.
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Table . esults Of elative Mortality egression Analysis

AML SAA
Risk Factor 15} SE P 15} SE D
Acute GVHD
Yis 0241 0175 0Q.170 1.351 0.396 <0.001
Lronic GVHD 0.0678! 003!
Rxsolvied 0.300 0225 0182 0,468 0.626 0.454
Active 0414 0183 0.023  1.344 0.407 0.001
Agr <0.001t <0.001t
16-25 -0.716 0.260  0.006 -0.863 0.395 0.029
>25 -1.339 0.224 <0.001 -1.614 0.426 <0.001
Disrase Stage 0.003!

Intermzdiate 0.666 0.224 0.003
Advanced 0.463 0.201 0.021 1.168 0.360 0.001

1. Two degree of frmedom Wald test of =ffect of factor on survival.
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Table 5. p-Values Of The Test That The Mortality ate For A Transplanted
Patient Is The Same As In The General Population Over The Interval [s,12.6]
For An AML Patient Without Acute GVHD

Agr Lronic Disease stage p-valwe mwhen  p-valuwe whirn
GVHD s=8 s=10
<16 Nons Early 0.0118 0.2594
16-25  Nonx Early 0.0370 0.3917
>25 Nonx Early 0.1631 0.6360Q
<16  Active Early 0.0078 0.2222
16-25  Active Early 0.0177 0.3016
>25  Active Early 0.0581 0.4570Q
<16 Nons Intermediats 0.0064 0.2070
16-25  Nons Intermediats 0.0125 0.2655
>25 Nons Intermediats 0.0338 0.3796
<16  Active Intermsdiate 0.0051 0.1899
16-25  Activie  Intermxdiate 0.0081 0.2259
>25  Active  Intrermzdiats 0.0116 0.2943
<16 Nons Advancrd 0.0075 0.2188
16-25  Nonsx Advancrd 0.0165 0.2935
>25 Nons Advancrd 0.0519 0.4399
<16  Active Advancrd 0.0057 0.1973
16-25  Active Advancrd 0.0098 0.2428
>25  Active Advanced 0.0229 0.3306
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Table 6. p-Values Of The Test That The Mortality ate For A Transplanted
Patient Is The Same As In The General Population Over The Interval [s,12. |
For An Aplastic Anemia Patient

Agr kronic Disgase Acute p-value p-value p-value p-valus
GVHD  State GVHD  wksn whien whien whien
s=2 s=4 s=6 s=8

<16 Nons Early No 0.0011  0.0843 0.3641 0.4244
16-25  Nonx Early No 0.1561 0.7968 0.9534 0.9207
>25 Nons Early No 09985  1.0000  1.0000  1.0000
<16  Active Early No <0.0001  0.0051 0.0749 0.1459
16-25  Active Early No 0.0001  0.0232 01810 0.2623
>25  Active Early No 0.0048  0.1910 05454 0.5691
<16 Nons Latx No <0.0001 0.0064 0.0859 0.1597
16-25  Nonx Latx No 0.0003  0.0359 0.2308 0.3093
>25 Nons Lats No 0.0133 0.3195 0.6865 0.6800
<16  Active Lats No <0.0001  0.0021 0.0440 0.1031
16-25  Active Lats No <0.0001  0.0037 0.0615 0.1283
>25  Active Latx No <0.0001 0.0099 01107 0.1888
<16 Nons Early Yxs 0.0039  0.0234 00982 01610
16-25  Nonsx Early Yies 0.0102  0.0610 02054 0.2736
>25 Nons Early Yrs 0.0481  0.2453 0.5350  0.5602
<16  Active Early Yis 0.0023  0.0130 00611 0.1151
16-25  Active Early Yxs 0.0030  0.0174 00774 0.1360
>25  Active Early Yxs 0.0049  0.0296 0.1180 0.1836
<16 Nonx Latx Yrs 0.0023 00135 00632 0.1178
16-25  Nonx Latx Yrs 0.0032 0.0191 0.0835 0.1434
>25 Nonsx Lats Yrs 0.0059  0.0354 01359 0.2031
<16  Active Latx Yxs 0.0020 00112 0.0540  0.1055
16-25  Active Latx Yxs 0.0021  0.0123 0.0583 01113
>25  Active Latx Yrs 0.0025  0.0147 0.0675 0.1234
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