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How to avoid bias when.comparing bone marrow

transplantation with chemotherapy

Richard Gray, Keith Wheatley, MRC Clinical Trzal Sendze Unit,
Radchiffe Infirmary, Ouxford OX2 8HE, England

Summary

Itis imponant to know whether the survival of patients receiving
an allcgensic bone marrow Iransplant (BMT) s belter than that
of patients racelving "conventional” treatment and, it BMT is
better, to know how much better.  Unforunately, this
information is surprisingly difficult to oblain accurataly. Most
studias that have attempted fo define the value of BMT have
been subject lo varying degrees of bias because of the
problems of identifying a “conventional chemotherapy® control
group with which ihe cutcome of patienis who have received
BMTs can be compared.

A common bias arises when disease-free survival of EMT
palients is compared with that of all other remilfars. Early
fzilures are then avlomatically assigned o the chemolherapy
group even if they have donors and 5o would have gona on 1o
a BMT had they nol relapsed or digd. Since somea patients
recerve BMTs many months (or éven years) alter achigving
ramission - when their prognosis is already much imgroved - the
definition of "early failure” is problematic. Meverdheless,
althaugh it is very rarely used, an adequate statistical method
does axist 12 overcema this problem, Careful analysis cannet,
howevar, overcoma the problem of selection bias: patienis
selacted for BMT are likely 1o have bener (or worse) prognosis
than patients who are freated conventionally,

The cnly really salisfaciory way of assessing the value of BMT is
1o conduct randomized thals comgaring BEMT with no BMT - or
with extra chemotherapy. Several such studies are currently
being undertaken assessing the role of aulelogous BMT in
AML. But, allogeneic BMT is not being assessed in the same
way since only a minertly of palients have HLA-matched donors
and il is usually thought unethical 1o withhold BMT from those
who do have donors. The value of allogeneic BMT can,
howaver, be assessed unbiasedly using “Mendalian
randomisation”, i.e. comparing patients whose siblings are
HLA-compatible with 1hose whe are not.  This information is
difficult to oain reliably from trealmeant centres in multi-centre
frials bul can be oblained directly from tissue-typing
laboratories. A pilol study of this method of assessing alle-8MT
has demonstrated its feasibility and has provided perhaps the
first unbiased evidence of the benefit of allo-BMT in AKL.

Cbservational data: the problams

Most papers on BMT report analyses of observational data:
data on BMT patients are collected at individual centres, by
multicentre trial organisations or by BMT registries and the
survival of these patiens is then comparad with that of a
reference population to assess the value of BMT in this
particular group of patienls. Unfartunately, such “observational
studies® are likely to suller from importanl biases, the
magnilude and direction of which are difficult to estimate,
Taking BMT in first remission of acute myeloid leukaemia (AML)
as an gxample, this paper outlings some of these potential
biases and suggests ways of aveiding them.

The most obvious example of a biased comparison of BMTs
wilh chemotherapy would be to compara the survival of BMT
patients with thal of previcus patients with the same disease.
For instance, it would be a mistake 1o claim thal sinca survival in
AML is normally enly 10 or 20% then survival of aver 50% with

BMT must be an imgrovement, Such a comparison is bound lo
be misleading since the low survval “historical contrel® group
will include many patients who did not achieve complote
remission (CR). It may also inchude patients loo old er too frail to
be considered for BMT who, again, are likely to have poor
survival. Cluite apart fram these already serious Liases, there
will ba the well-recognised problem that historical comparsons
ara potentially unraiiable.

Even if the “conventional chemotherapy” control graup is
restricted lo a contemporaneous group of yeunger palients
who have all achieved remisslon, similar potential for bias
remains. Pafients who relapse or die in the fiest lew months of
©R are often assigned 1o the chemotherapy group aven il thay
had denors, and so would have gone onto a BMT had thay
stayed in ramigsion. Since some patients are transplanted
many menhs (or gven years) alter achiaving remission — when
their prognosis is already much improved — dealing with these
early lailures is problematic. For example, as in many other
reporied series, the early relapse rate in ihe Medical Research
Council's AML 9 trial was high and nearly ones-half (43%) of
patlgnts achigving remission relapsed within one year. The
relapse rate fell steadily in subsaquent years, with ene third of
those in rémission at ong year relapsing (n the second year,
one in six in the third year and few relapses thergafier. Figure 1
shows the probability of AML 9 chemaotherapy-tréated patignis
aged under 50 reaching 5 years without disease recurrence as
a lumcticn of the time that they had already beenin CH. For all
325 remitters, the disease-free survival al 5 years was 33%.
Hewewver, the longer patients remained in CR, the greater was
the probability of still being in tirst CR at 5 years. Palients who
avoided relapse in the lirst 3 menths of CR had a 37%
probability of being disease-free at 5 years. If they ware still in
GR at 6 months, the chance of 5-year disease-free survival
(DFS) improved further to 43%. The relapse-rale was about 5%
per manth at this stage and so by @ months the expectation of
S-years OFS had risen 1o 53%. By the end of tha first year of
CR the chances of chemotherapy-reated patients remaining
disease-free at 5 years were substanlially batter than thay had
been when CR was achieved (1% compared lo 33%).
Patlents who were s5lill disease-free two years alter achieving
remission had an gven beiter (80%) chance ol remaining
disease-free at five years, Since prognosis improves so rapidly
during the first year or so of CH, itis clearly impertant 1o aliow for
this when avaluating BMT

The indications for and timing of BMTs in AML 9 were decided
by the paricipating clinicians, and by Cclober 1889 a lolal of 58
patients had received BMTs in lirst CR (45 allegeneic and 51
autologous). The timing of BMTs varied consideratly (Table 1).

Table 1: Timing of BMTs and probabilty of remission failure in
Ihe Medical Research Councils AML 9 tral.

Curalion of Mumberof  Number of Prob. of relapse

remission allcgralts in - aulografis in  or death during
this period this pencd this period

1-3 manths 14 4 7%

4-6 manths 21 21 16%

7-8 manths & 10 15%

10-12 months 3 12 15%:

13+ months 1 4 -
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Figure 1: AML 9 chemotherapy patients: Rapidly improving expectation of
5-year disease-free survival for patients who avoid early relapse

Most BMTs were given in the first year of remission — although
one patient recoived an autologous BMT as late as 4 years aker
achieving CR. The averape duration of remission belore BMT
was about 5 monihs lor allogralts and abouwt 7 months lor
aulegralls. As can be seen from Figure 1, patlents who
reached this stage of remission already had much bener than
average prognosis even withou! BMT and so, if they are
remaoved from the chemothorapy amm, this will adversely allect
the survival of this group. Il a true comparison is to be made of
patients who received BMTs in AML 9 with those who did not,
then the chemotherapy group must be given due credil for the
time al risk belore BMT when patients who subsequently
recgive BMTs are efiectively "chemolherapy™ patiems — none
of whom relapse. Forunalely, although it is rarely used, a
clalistical method does exis! lo allow for this. Using this

Tabla 2:

mathed, all patien1s young enough to be candidates for BMT
slar olf in the chemotherapy group when they enter remission.
Patients who then go on o receive a BMT cease 1o be "a) isk”
in the chemotherapy group at that poin! and inslead become
“al risk® in the BMT group. An gxample of these calculations
applied to the AML 9 data for the first low months of remission
iz shown in Table 2. In month 1, all patients were “al risk™ in the
chemalherapy group, bul there were no relapses or deaths.
By month 2, 3 patients had received aliogeneic BMTs and were
now al nsk in this group. There were 17 fallures in the second
month, al in the chemotherapy group. Howover, since all but 3
patients were in the chemotherapy group during manth 2 this
was nol surpnsing, and indeed the expected number of failures
It chemoiherapy and BMT were equivalan was 16.8 {17 x
322r328). By month 7 ol CH thera were 29 patients at risk in

AML 9: Numbers ol remission failures and tha expected numbers il BMT and chemotherapy wers equivalant.

Treatment group Month1 Month2 Month3 Month4 MonthS Month6 Month?
Allogeneic BMT ab 00 0/3 o/e 114 1720 422 1129
Exp. 0.0 0.2 0.4 0.5 0.8 1.9 1.6
Autologous BMT ab 0o on oo o4 013 o7 1125
Exp. 0.0 0.0 0.0 0.2 0.6 1.4 1.4
Chemotherapy  ab orazs 17022 13/299 104277 11/251 19/232 12105
Exp. 0.0 168 12,6 10.3 10.8 19.7 11.0

Key: ab: b= No. ol patientsin this treatment group aive and relapse-iree at the beginning of the manth,
a= No.of these patients dying or relapsing during the month.
Exp.. Tne expeded numbers in Tadle 2 are derfved from the fact that if aiogeneic BMT, autologous BMT and

chemotherapy are equivalent then all the patients are equally ikely 1o relapse or die during that month




the afogeneic BMT group (6 of the early allograll patients had
already died and so were no longer “af risk"}, 25 patients in the
autogralt group and 195 chematherapy patients. There were
14 failures in month 7 and, 2gain, the expected number in a@ach

reup is calculated based on each group's exposure 1o the rsk
of lailure during this month. Since by this stage the BMT
groups were contributing 2 substantial pan of the exposure 1o
risk, the expecled proponion of failures among BMT patients
was now mueh higher than in the early menths, 3o, by the end
of the seventh manih, thare had been a total of 7 failures
amang the 35 patlents who had received allografts (total of 5.5
grpected), 1 of the 25 aulograft patients had failed (3.6
expected] and 82 chemotherapy patlents had relapsed or died
wilh 81.0 failures expected. The high numbar of evenls
expecled in the chemotherapy group reflected their much
greater exposure 10 risk during the earty months of CR. These
calculations are then repeated for the subsequent months and,
in this way, the expected number of evanls in 2ach group can
be calculaled — preferably using exac! days of events (nol
manths) and stralitying by age, ete. il desired — with all patiants
contribuling thelr exposure to rsk 10 1he appropriate group at
the appropriate lime atter remission has been achieved. (The
calculations are slighly ditferent it BMT registiry patiants are
compared with an external seres of chematherapy-reated
patierts, for example patients in a muti-centra tal. Innis case
the BMT patients have not comtributed any prior exposure 1o
risk as chemctharapy patlents In the chemotherany Irealea
relerence group and 5o their expasura 1o sk prior 1o BMT is
ignored.) Finally, P-values are calculated using standard log-
rank methods, and 1hus an unbiased comparison can be made
of patienls who recelved BMTs with those who did not.

Unlonunately, howevar, this analysis does nol answer the
crucial medical question of whelher a policy of olledng BMT o
suilable patients is beller than 2 policy ol nol deoing 50,
because of the problem of selzction bias. Palients who recewe
BMTs are selected for the procedure and are likely to ditter from
chemotherapy patlents in several ways: tney may have beter
{or worse) prognosis than patients who are treated
conventianally. For example, (raller patienls — thege who have
suflered cardiac, renal or hepatic toxicity dunng induction
treatment — are likely 1o have a worse prognosis and are also
less lkely 1o be ollersd BMTs. Older patienls with HLA-
compatibla sibings may receive BMTs only it they refapse and
achieve second remissions, whereas the befler prognosis
younger patients are more likely 1o receive a first CH BMT il they
have a donor. High risk patients — g.g. thaga with adverse
chromosomal abrormalities or those wilh particularly high
leukocyte counts — may be selectivaly oftered EMTs wheraas
slandard risk palients may not. And there may be adcitional
unknown reasons why the two groups dilfer. Cespite all of
these problems, in some circumstances, the benafil of BMT
can ba so clear thal selection bias is relatively unmporant.
However, in many other circumstances 1his is nol the case and
then the selective nature of BMT patients can produce biases
of unknown magnitude and diraction and thus increase the
likeihood of impertant errars,

How o avold blas

To avoid seleclion bias, the only really satisfactory way of
assessing the value of BMT is lo conduct conlrolled
randomiged {rials thal compare BMT directly with no BMT —or
wilh exira chemotherapy. Indoed, several such randomized
stucies are curranly being underiaken assessing the role of
autologous BMT in first remission AML and iheir results are
awaited with greal interest, But, allegencic BMT is not being
assessed in the same way since only a mingrity of patients hava

HLA-matched donors and it is usually thought unethical to
withhold BMT from those younger palienls whe do have
donors. Forunately, however, the value of allegensic BMT can
be assessed unbiasedly without the nead for formal trials by
laking advantage of *Mandelian randomisation” and camparing
the survival of patients whose sidlings are HLA-compalible with
that of patients wheose siblings are not HLA-compatible. Since
the "allocation” 1o one or other of these twa groups s dedided
many years aarller, no selection bias can occur. Al that is
needed for this comparison to be valid is 1o obtain really
complete data on HLA-typing, for most suilable patients with
doners lo go on to BMTs and then a lotally unbiased
assessmant of whether aliogeneic BMT s preferable lo
canventional treatment can be made. This approach has
considerable practical advanlages over akemative randomised
trial designs, such as randomising those patients with matched
denors to allogeneic BMT or to ng BMT: the size of the study is
increased substantially because all patients with siblings can be
included in the study not just these whose siblings are HLA-
compatible; there is no ethical necessity to oblain infermed
consent 1o a randomisation between BMT and no BMT, no
patients with doners are denied BMTs and 20 clinicians who are
convinced of the benefits of BMT can participate; and, where
g\mrailah‘ , retrospective data can be used as wel as prospeclive
a.

The main disadvaniage is thal information on the resulis of
tissue-lyping can be difficult 1o obtain reliably, paricularly from
the busy clinicians who parficipate in multicentre trials:
leukaemia patients' noles are copious and the information s
not usually recorded systemalically. For example, in the MAC™s
AML B trial, 40 patients received aliogeneic BMTs. Data on
tissue-lyping had not been requested roulinely and, in an
altempl lo oblain this information, all paricipans were willen o
and asked 1o supply data on patients whosa siblings had been
typed but were HLA mismatched. Cnly 9 such patienls weare
identified by this means whereas 60 or more might have been
expected. Such retrospective data cecllection is clearly
hopelessly unreliable. Evenwhen information on lissue-lyping
is sought systamatically as parl of trial documentation, it can be
diflicult to gel really complete and reliable infarmation. In the
MRC's current AML 10 tdal where these data are reguastied
routinely, some of the essential information on the outcome of
lyping is missing, paricularly for patients who relapse or die
garly in remission, There is somelimes a failure (o distinguish
betwesn patienls with no siblings and those with no HLA-
matched siblings, (This distinction is imporian: because bias is
introduced it patiens with no siblings who relapse early — or,
equivalently, palients who relapse or die before they have a
chance to be tissue-typed — are incheded in the no donor arm),
Clher important information, e.g. on the exact dateis) of typing
and on whether the intention was (o proceed with an early BMT
il an HLA-malch were found, is even more dilficull 1o cblain
reliably. If complete dala cannol be oblained, there remains a
dafinite possibilily thal moderate biases could exist. If
moderate improvemeants in treatment are (0 be evalualed
reliably then moderale biases must be aveided,

Fartunataly, therg is 2 belter way ol gelling reliable and
complate data on lissue-typing which is 1o ablain it directly Irom
the lissua-lyping laboratories whera it is generatad. Thase
laboralories wsually keep excellent records ol names of
patients and their clinicians, dates and culcoma of HLA-lyping,
relalionship of potential donors 1o propesili, and they also often
have dala on the patient's disease and on the reasons for HLA-
typing. Thase records have tha caonsidarable advaniaga that,
even il some data are missing or il some HLA-typed patients
cannol be !raced, no material bias is introcuced since the
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Figure 2:

Oxford Tissue Typing Study: Survival of AML patients in

first remission by HLA-match/no match

outcome of treatment is uswally nat known fo the laboratony
stall and so cannal influence the availability of data, Careful
analysis is still needed. In paricular, all patients must be
analysed according to their “allocalad” group even if they have
donars bul da not receive BMTs or, allernatively, have no HLA-
compalible denor bul receive mismalched or autologous
transplams. Similarly, when there is a substantial time lag
belween the first and lagt sibing being tissue-lyped, patients
who al first have no malch but finally lind an HLA-compalible
sibling should be included in the na donor arm during this
imervening parnocd (the group that they would have been in if
they had relapsed or died in the interim].

The feasibility of this malhod has been demenstrated in a pilot
study wusing the Oxford regional lissue-lyping laboratory
records. Both tissue-typing laboratories in the region have
rautinely maintained detailed records on all requesls for lissue-
malching ovar the last tan or 5o years. Many of the paticnts
who were typed with a view to BMT had been entered inio MRS
trials and so full information on subsequent events was readily
available. Forthe remaining patients, turther information could,
in nearly all cases, be oblained from the relering consuttant,
sometimes with help from the local cancer registry.  Patients
with donors — mest of whom went on to BMTs — have been

compared with palients withoutl donors for an unbiased
ascessment of the benalits of having an HLA-matched sibling.
This infermalion is currenily being prepared for publication and
provides prabably the first complelely unbiased evidence of
the bemefit of BMT in first remission of AML. The 12 first CR
AML patients with HLA-compatitle concrs (2 of whom received
BMTs in first CR) had significantly better sunival (Figure 2) than
the 20 whose siblings proved 1o be HLA mismatched. The
number of young patients with leukaemia in the Oxlord region
is quite small and 50 no meaningiul analysls of the influence of
other laclors (e.g. age, slage of disease, eic.) or of HLA-typing
in ALL and other diseases has been possible. What is neaded
now 1o clarity the rele of BMT in haematokogical malignancy is to
use lhe same approach al many other tissue-yping
laboralories.  First, exisling records — with their inavitable
limitaiens — could be used 1o evaluate BMT in previous series
of patiens. Second, whenever future requests for HLA-
maiching are made, lissue-typing laboratories should record
basic data on the patient, his disease, the stage of the disease
and whether the inlention was to proceed with a BMT if a malch
weare found. These palienis could then be followed up and,
with akmos! no exira work, valuable data on the efficacy of BMT
could be generated. The authors are currenlly undertaking
such a study and would be pleased to hear from any cenlres
who wished 1o participate.
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