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Achieving a complete cytogenetic re-
sponse (CCgR) is a major target in the
treatment of chronic myeloid leukemia

(CML) with interferon- « (IFN-a), but

CCgRs are rare. The mean CCgR rate is
13%, in a range of 5% to 33%. A collabora-
tive study of 9 European Union countries
has led to the collection of data on 317
patients who were first seen between
1983 and 1997 and achieved CCgRs with
IFN-a alone or in combination with hy-
droxyurea. The median time to first CCgR
was 19 months (95% CI, 17-21; range,
3-84 months). At last contact, 212 patients

were still alive and in continuous CCgR;
105 patients had lost CCgR, but 53% of
them were still alive and in chronic phase.
IFN-« treatment was discontinued perma-
nently in 23 cases for response loss, in 36
cases for chronic toxicity (15 are still in
unmaintained continuous CCgR), and in 8
cases because it was believed that treat-
ment was no longer necessary (7 of these
8 patients are still in unmaintained con-
tinuous CCgR). The 10-year survival rate
from first CCgR is 72% (95% ClI, 62%-82%)
and is related to the risk profile. High-risk
patients lost CCgR more frequently and

more rapidly and none survived more
than 10 years. Low-risk patients survived
much longer (10-year survival probability

89% for Sokal low risk and 81% for Euro
low risk). These data point out that a
substantial long-term survival in CCgRs
is restricted mainly to low-risk and possi-

bly intermediate-risk patients and occurs

significantly less often in high-risk pa-

tients. (Blood. 2001;98:3074-3081)
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Introduction

Treatment of Philadelphia-positive (Phchronic myeloid leuke- between survival and the rate and the degree of d=Mduced

mia (CML) with interferone: (IFN-a) was introduced in the early CgR was not always easy to show and evaluate. The variability of
1980s!2 was developed and expanded at the M. D. Andersahe degree of response, the time needed to achieve a CCgR, its
Hospital, Houston, TX;> but did not become widely accepted asstability and duration, and the confounding effects of disease-
standard treatment until several randomized st@dieshowed, related risk-23 were difficult to evaluate considering the small
with one exceptio? that the survival of the patients who receivedsample size, because CCgRs are comparatively rare events. In
IFN-a was longer than the survival of the patients who receiveatidition the follow-up time is short, most having been generated in
conventional chemotherapy. Soon after, the role of tFMas the last decade. Also, though in all reports the numbers of CCgRs are
confirmed by a meta-analysis of the randomized téarom the counted, the characteristics and the fate of the patients who achieve a
initial studies it was surprising to find that, using IFl-it was CCgR are frequently reported together with those of other responders,
possible to obtain a cytogenetic response (CgR) without inducingpartial or even less than partial, rather than separately. It is widely
phase of marrow aplasia, as was necessary with nonconventiaiegbgnized that the specificity of a conventional cytogenetic evaluation
intensive chemotherapy (reviewed by Talpaz éf)aand with is relatively low and it has been reported that the leukemia-specific
allogeneic bone marrow transplantation (alloBM¥}6 That sur- BCR/ABL transcript can be found in almost all the cases of CEGR.
prise quickly transformed into a strong interest when it was realizétbwever, those having a CCgR have less residual disease than other
that CgRs associated with IFitended to increase and to improverespondef$-26and there is little doubt that CCgRs are a fascindtiite) e

with time and to become stablé’-19Achieving a complete CgR of patients who have the highest sensitivity to I&Nind are the most
(CCgR) is one of the main targets of treatment and could becomékely candidates for prolonged survival and possibly cuie23.27
surrogate marker for a clinical end point such as survival dur&er these reasons, better knowledge of more CCgRs is required and this
tion2% In CML a clear relationship between CgR and long-ternis possible only through an international cooperative effort. In this
survival has been shown with alloBMT but not with standardeport, we describe the characteristics and the long-term outcome of the
chemotherapy. With IFNe several studies have already focused olargest series of CCgRs that has ever been collected, thanks to the
the importance of CgR, but, for many reasons, the relationshipoperation of the investigators of 9 European Union countries.
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Table 2. Formulations for the definition of the risk profile at diagnosis

Patients, materials, and methods Sokal Euro

. Age (y) 0.0116 (age, 43.4) 0.6666 when age 50 or
Patients older
This study is based on 317 cases of complete cytogenetic respondgpieen (€m) 0.0345 (spleen — 7.51) 0.042 X spleen
(CCgRs) who have been identified by a group of European investigators gaeet (< 10°L) 0.188 [(F’l«’:ﬁelet)ﬂ0 563] 1.0956 when 1500 or
CML (EICML). The group was established in Bologna after an interna- ' 700 higher
tional meeting on CML, in 1992, and since then has regularly held dilyeloblasts (%) 0.0887 (myeloblasts — 2.10) 0.0584 x myeloblasts
annual meeting to exchange and discuss data and programs on the treatifstnophils (%) — 0.0413 X eosinophils
of CML with IFN-«. Group member cooperation led to several collaboratBasophils (%) — 0.2039 when basophils
tive studiest»:?228|n 1998, the investigators agreed to establish a registry of atleast 3%
the CCgRs to IFNx. The data were collected in 1999 and were checked arfglative risk (RR) Exponential of the total Total X 1000

analyzed dlflrlng 2000. Th_e method that was used to collect the Cases_was tqn the Sokal®® formulation, all four variables are continuous. In the Euro formulation,?8

look at the files of the national study groups and to sort out all the availaty§ieen and myeloblasts are continuous, whereas age and platelet count enter into the
information on CCgRs. The invitation to contribute to the registry wasgalculation only when age is at least 50 years and platelet count is at least 1500 x 10%/L.
extended to 2 institutions (Bordeaux and London/Hammersmith) that wemv-risk patients have an RR less than 0.8 with the Sokal and at most 780 with Euro
represented at the 1998 meeting and to all the centers contributing to Eﬁti!;’“'a:‘)?“él";rg‘fj;agtiv':i;ktﬁﬁe“igzz*f‘g:’ri j;is b;ﬂesgko-zsggtsl-sxzh;:eRiOK?L:;?
Itallgn group. The eligibility criteria for the registry W?re PEML and the thean i.ez with the Sokal and at least 1480 with the Eurogmethog. ’
achievement of a CCgR at least once after any regimen containing FN- - . - fictance from costal margin,

Those patients who had achieved the first CCgR only after intensive tpercent in peripheral blood.

chemotherapy or a procedure including any bone marrow or peripheral

blood stem cell transplantation were excluded. A total of 507 cases were

submitted; 19 were rejected and 488 were registered. These 488 patigétecular biology data, including occasionally quantitative evaluation of
were divided into 2 groups, one group of 159 patients who had begfe BCR/ABL transcripts, were collected in many cases, but were not
prospectively assigned to combination treatment with EFBiRd low-dose  analyzed because several different nonstandardized techniques were used.
arabinosyl cytosine (LDAC) and one group of 329 patients who had been Hematologic response was qualified complete (CHR) if the white blood
assigned to treatment with IFd-and did not receive LDAC. Because thecell (WBC) count was less than 20 10°L, the differential blood count
response to IFN: and LDAC may be different from the response to IEN- was normal, the platelet count was less than S0D(°/L, and the spleen
aloné® and because the follow-up of the IFiplus LDAC patients is still  could not be palpated. The risk profile of the patients at diagnosis was

short, the IFNe: plus LDAC group has not yet been analyzed and we repogaiculated using the Sokal formulati§nas well as the new European
here only on the patients who were treated with l&Nvithout LDAC.  prognostic formulation (Euréj (Table 2.

Twelve of these cases have been submitted to alloBMT in chronic phase Al the patients were reported to have received the first dose ofdFN-
(CP), after achieving a CCgR. They are not included in this analysis, whighile in first CP. However, the criteria distinguishing CP from more
concerns the remaining 317 cases. Atotal of 214 cases were collected frgiiyanced phases, accelerated or blastic (AB), were not predetermined.
the database of 9 national study groups in Austria, Belgium and th@erefore the identification of the progression as well as the date of the
Netherlands, France, Germany, ltaly, Spain, Sweden, and the Uniig@gression were accepted as they were originally recorded in each national
Kingdom; 103 cases were collected from single institutions in Italy, Francgs institutional database. Whilst taking into account that the criteria for the
and the United Kingdom (Table 1). The first patient started treatment éefinition of AB phase were not exactly the same in all the cases, it may be
1983 and the last patient in 1997, with the median 1992. The observati@geful to note that the strictest requirements for the definition of AB phase
time of living patients ranges between 12 and 171 months (median, 66 montf@re those of the Italian grofpFor the Italian group AB phase was
indicated by at least 2 of the following criteria: a peripheral blood sample
Definitions and methods containing more than 10% blast cells or more than 30% blast cells and
A CCgR was defined as the absence of any Pletaphase by conventional promyelocytes; a bone marrow aspirate containing more than 15% blast
Fg_lls or more than 50% blast cells and promyelocytes; a spleen that could be

cytogenetics in at least one evaluation if the number of analyzed me . ;
phases was 20 or more and in at least 2 consecutive evaluations if gﬁgamd more than 10 cm below the left costal margin, with a WBC count

number of analyzed metaphases was less than 20 (range, 8-19). CCgRI shs thzn 25 10::‘; |nv;)lvr?mentt (ij the c.;ant.ral r:jervous systt‘em, blon(:‘,
was defined by the reappearance of more than 10%nftaphases in one ymph nodes, or other extrahematologic sites; and cytogenetic evaluation

evaluation or more than 1% Phmetaphases in 2 consecutive evaluationsr.evea“n.g double Ph,_tnsomy 8, or |sochrqmosome 17.
All time calculations were made with the method of Kaplan and

Other cytogenetic responses or status were qualified partial (PCgR) or less ' - )
than partial when the percentage of'Rhetaphases was less than 33% oﬁe'er’ " froT the %a(t:e F\?fl f'rStt IFIN!t doste, tor ftlrsthCCgIR, 0; IFN"t Th
more than 33%, respectively. In 5 cases, and on some occasions, quogé%on |tnua |otn, or 'thg ﬂ? ss(,j, to afsthcoln atc orto et‘ relevan e\t{en ’ the
cence in situ hybridization substituted for conventional cytogeneticrae. evant eventwas eitner tne date ot the 1as cytogenetic examination or the
ate of death, as appropriate. The curves were always truncated at 10 years,

when the number of living patients was 40 or less. No events occurred in

Table 1. Cases collected from European countries, from the database these 40 patients during the subsequent years. Because this study is

of national study groups or from single institutions descriptive and the nature of the data, as well as the way the data were
No. cases from collected, do not allow comparisons, no statistical tests were applied apart
national study No. cases from from the log-rank tes¥ which was used to evaluate if patients with a

Country groups single institutions Total  different risk profile had a different survival and CCgR duration.

Austria 4 0 4

Belgium and the Netherlands 10 0 10

France 72 39 111

Germany 25 0 25 ReSUItS

ltaly_ %9 60 19 Patient characteristics

Spain 19 0 19

Sweden 3 0 8 The main clinical and hematologic characteristics of the 317

United Kingdom 22 4 26 patients, at diagnosis and before any treatment, are shown in Table

Total 214 103 317

3. Median age was 49 years, with 138 patients (43%) more than 50
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Table 3. Main clinical and hematologic characteristics of the 317 cases CCgR ranged between 284 and 16 027 MIU (median, 2912 MIU). We
of CCgR, at diagnosis and before any treatment looked for any possible relationships between belype, IFN«e dose,
Age () Mean = SD 474130 gandtime to first CCgR and CCgR duration or survival, but no difference
Sonder nqufiaﬂfi?gc?ses 4;8 2770/30; was detected. The doses and schedules ofdfiiter the first CCgR
Spleen Palpf;blel, o, of cases 133 (43%) could be retrl_e\_/ed or_1|y in a minority c_nf cases _and were n_ot analyzed.
Spleen (cm from costal margin)  Mean = SD 62+ 51 The administration of other antileukemic drugs prior or concur-
Median (range) 4.0 (1-24) rently to IFN-« could be retrieved in 248 of 317 cases (78%).
Hemoglobin (g/L) Mean + SD 126 + 19 Seventy-four patients (30%) never received any other antileukemic
Median (range) 127 (55-166)  drugs. Fifteen patients (6%) received busulfan (Bus) prior to
WBC count (X 109/L) Mean = SD 98 = 95 IFN-a. Ninety-four patients (38%) received hydroxyurea (HU)
Median (range) 66 (12-471) before IFNe«; they behaved the same as the patients who had never
Platelet count (x 10°/L) Median (range) 325(81-3264)  received HU. Sixty-five patients (26%) were given HU concur-
Platelet count (greater . rently with and sometimes after IFN:for these patients the time
Myt';z]bllai(:: (;)l o) '&Z;fia;;s f_élf)z_z to first CCgR was slightly longer (median, 22 months versus 18
Median (range) 0(0-25.0) months), suggesting that they could be less sensitive tool FitNan
Eosinophils (%) Mean = SD 21422 those who did not require HU. Twelve patients who were already in
Median (range) 2.0 (0-15.0) CCgR underwent autografting subsequently. They were not cen-
Basophils (%) Mean + SD 33+34 sored at the time of autografting.
Median (range) 2.2 (0-23.0) .
Basophils (at least 3%) No. of cases 148 (47%) Hematologic response
franseript Ei:i + boaz 1?; g::ﬁ; A CHR was obtained in all 317 cases, prior to achieving a CCgR.
Not known 156 (49%) The median time from the first IFN-dose to CHR was 2.7 months,
Sokal score (no. cases) Loss than 0.8 (ow risk) 179 (62%) with 56% of patients in CHR at 3 months, 83% at 6 mpnths, 93% a_t
0.8-1.2 (intermediate risk) 76 (26%) 9 months, and 100% at 12 months. Response was slightly slower in
Greater than 1.2 (high risk) 35 (129%) high-risk patients (median, 3.6 months for Sokal high risk, and 5
Euro score (no. of cases) At most 780 (low risk) 164 (58%) months for Euro high risk). It should not be overlooked that these
781-1479 (intermediate risk) 101 (36%) are likely to be maximum estimates because the calculation of the
At least 1480 (high risk) 16 (6%) time from the first IFNe. dose to CHR may be biased by some

Spleen size is given in centimeters as the maximum distance from costal margin, delay n Capturmg the response.

in the cases where the spleen was palpable (zero values are excluded from the
calculation of the mean and the median). Myeloblasts, eosinophils, and basophils are

in peripheral blood. The Sokal and Euro risk groups are identified as described in L. . . . .
“Patients, materials, and methods” and Table 2. In some cases, the data were not 1N @ Similar manner, the kinetics of CgR may be biased by a delay in

avaiable (spleen, 7 cases; myeloblasts, 13 cases; eosinophils, 22 cases; basophils,  capturing response. With that in mind, the calculated median time
17 cases; Sokal, 27 cases; Buro, 36 cases). from the first IFNe dose to the first CCgR was 19 months (95% ClI,
17-21 months), with 25% of patients in CCgR after 1 year, 61%

years old and 56 patients (18%) more than 60 years old. Sex (5P 2 years, and 82% after 3 years (Figure 1). To arrive at 100%
men), platelet count (median, 32510°/L), and the percentage of took 4 more years, because one patient achleveq the flrst. CCgR
eosinophils and basophils in peripheral blood (median, 2.0% afply after 7 years of treatment with IFN-In some patients the first
2.2%, respectively) were within the expected range of a cMEQR was already complete but in the great majority of patients the
patient population eligible for IFNe treatment-1° The spleen was first CgR was not yet complete, either less than partial or partial.
palpable only in 43% of patients, and in these cases was relativéije time to achieve these responses was shorter (Figure 1), with a
small (median, 4 cm below the costal margin). The hemoglobedian of 7 months to the first response, irrespective of the degree,
level was normal in many cases (median, 127 g/L) The WBC COUaﬁd of 11 months to the first PCgR Almost all the patients had
was low in many patients (median, 6610°L). The number of SOMe response within 1 year of treatment.

patients with a very high platelet count-(1500x 10°L) was Survival

small (1%). The percentage of myeloblasts in peripheral blood was

also low (median 0, mean 1.0% 2.2%). Case distribution accord- Survival was calculated from the first IFdose and from the first

ing to the Sokal and Euro risk score was unbalanced, with an exc€ssgR (Figure 2). Calculating survival from the first IFNelose

of low-risk cases (62% Sokal and 58% Euro) and a low frequeneyay provide a biased estimate because to become a CCgR a patient
of high-risk cases (12% Sokal and 6% Euro). has to survive until the response is achieved. Calculating survival
from first CCgR provides a true estimate of the life expectancy
after the achievement of a CCgR. The survival from first CCgR is
The type of IFNe: was human recombinan®b in 149 cases (47%), 86% (95% Cl, 80%-91%) at 5 years and 72% (95% Cl, 61%-82%)
a2ain 101 cases (32%)2c in 4 cases (1%), and lymphoblastoid in 2Gt 10 years. These survival estimates are likely to be different
cases (6%). In 43 cases the type was not reported or more than apeording to the risk profile, either Sokal (Figure 3) or Euro score
IFN-o type was used. The dose of IkNthat was actually administered (Figure 4). In fact, for low-risk patients 5-year survival from the
before the first CCgR could be estimated in 235 of 317 cases (74%). Tinet CCgR was 93% (Sokal) or 89% (Euro), whereas for high-risk
average weekly dose ranged between 3 and 74 MIU (median, 37 Mipatients it was 54% (Sokal) or 51% (Euro). After 10 years, the
The minimum weekly dose ranged between O (because the treatnsemyival probability of low-risk patients was 89% Sokal (95% Cl,
was sometimes interrupted) and 69 MIU (median, 21 MIU). Th&1%-98%) or 81% Euro (95% CI, 67%-94%), but could not be
maximum weekly dose ranged between 9 and 88 MIU (median, 4Stimated for high-risk patients, because no high-risk patient was
MIU). The total dose of IFNx that was given before detecting the firstfollowed up for as long as this. The survival of intermediate-risk

CgR

Treatment

20z aunf 80 uo 3sanb Aq 4pd'¥20€0102Z8U/EE 1891/ L0E/01/86/4Pd-BJ01IE/POOIq/ABU"SUOKEDIIGNdYSE//:dBY WOy papeojumo]



BLOOD, 15 NOVEMBER 2001 - VOLUME 98, NUMBER 10 COMPLETE CYTOGENETIC RESPONDERS TO IFN-a INCML 3077

Probability of response
Probability of survival

0 12 24 3 48 60 72 84 9 108 120 0 12 24 3% 48 60 72 84 g6 108 120

months from first IFN« dose months from first CCgR
Figure 1. Time from first IFN- « dose to first CgR. The curve a shows the time to the
first CgR, whatever the degree (from less than partial to complete, whichever came
first); the median is 7 months, and almost all the patients had achieved a CgR within 1
year. The curve b shows the time to the first partial or complete CgR, whichever came
first; the median is 11 months, and almost all the patients had achieved a CgR within 2
years. The curve ¢ shows the time to the first CCgR; the median is 19 months (95%
Cl, 17-21), but the latest complete response was recorded after 7 years.

Figure 3. Survival from the first CCgR, according to Sokal risk. 30 The overall
log-rank test is significant (P < .0001). The 10-year survival is 89% (95% ClI,
81%-98%) for low-risk patients versus 70% (95% ClI, 49%-91%) for intermediate-risk
patients (P = .04, log-rank test). The survival of high-risk patients is much shorter
(P < .0001 versus low risk, P = .003 versus intermediate risk, log-rank test).

response from complete to less than partial or none discontinued
patients was significantly shorter than the survival of low-risk"N-a permanently. Obviously, the former survived much longer
patients using the Sokal classificat@rith the Euro classifica than the latter, 90% versus 30% at 5 years after CCgR loss (data
tion 28 the difference was not significant. not shown).

CCgR duration Discontinuation of IFN-  «

At last contact, 212 patients were still in first continuous CCgR angeatment with IFNe was permanently discontinued in 75 patients
105 patients had lost CCgR. CCgR was lost at a rate of 12% F(gﬁ% of the total; Table 5). In 8 patients the cause of discontinua-
year during the first 2 years and at a slower rate thereafter (Figii@ was not known or could not be identified. In 23 patients éeN-
5). After 5 years the cumulative proportion of cases in continuogéscontinuation was motivated by response loss either by CgR loss
CCgR was 58% (95% Cl, 51%-65%). After 10 years, it was 469@nly 3 patients) or by CHR loss (20 patients), indicating very
but only 3 cases were still at risk. The duration of the respon§tearly that the majority of the patients who had lost CCgR were
showed an association with the prognostic score, either Sokal™Bgintained in IFNe: until the CHR was also lost. Almost all these
Euro, with high-risk patients losing the response more rapidly th&$ Patients progressed and died of leukemia or as the result of the
the others (Figure 6). transplant. In 36 cases discontinuation was motivated by side
The outcome of the patients who lost CCgR is described in Tabl€#fects, chronic toxicity, or loss of compliance to a chronic
and Figure 7. At last contact, many of these patients were alive andfigatment. In this group of patients the median duration of &=N-
CP, but 32 had progressed to AB phase (Table 4). The survival cu@atment was 43 months (range, 7-91 months) and the median time
after CCgR loss shows a steady rate of events during the first 3 yefspgn the first CCgR to discontinuation was 14 months (range, 1-77
(Figure 7), but the number of observations is not yet sufficient to alldiionths). Of these 36 patients, 15 are still in continuous CCgR and

estimation of the median, which might range anywhere between 4 arf@#8y 4 have progressed to AB phase. In only 8 patients was the
years, or the extent of long-term survival. decision to discontinue based on the consideration that a stable

It was impossible to evaluate if the continuation or th€CdR had been achieved and that treatment might no longer be

discontinuation of IFNx treatment after CCgR loss had any effect§ecessary. Seven of these 8 patients had been given: IféN-a
on the subsequent course of the disease, because many ofl@Rg time, 57 to 86 months, and the median time from the first
patients who lost the response from complete to partial wefd“9R to discontinuation was 62 months (range, 14-89 months).

from first IFNa dose
Low

HHO H g

from first CCgRl
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1
1
b) 281 231 172 120 86 67 49 26 12 4 00
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0 12 24 38 48 60 72 84 9 108 120 12 24 36 48 60 72 84 96 108 120
months months from first CCgR

Figure 2. Overall survival. Overall survival is shown from the first IFN-a dose Figure 4. Survival from the first CCgR according to Euro risk. 28 The overall

(10-year survival 75%; 95% CI, 66%-84%) or from the date of the first CCgR (10-year
survival 72%; 95% Cl, 62%-82%). No events have occurred after 120 months, as yet.
(a) Number of cases at risk from the first IFN-a dose. (b) Number of cases at risk from
the first CCgR.

log-rank test is significant (P < .0001). The 10-year survival is 81% (95% CI,
67%-94%) for low-risk patients versus 78% (95% Cl, 64%-92%) for intermediate-risk
patients (P = .15, log-rank test). The survival of high-risk patients is much shorter
(P < .0001 versus low risk, P = .001 versus intermediate risk, log-rank test).
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1.04 Table 4. Current status of the 105 patients who have lost CCgR
91 Case
LA Case no. proportion
Q
% 7 Still in CP, partial CgR 36 34%
ﬁ 6 Still in CP, less than partial CgR 20 19%
5 sl Stillin CP, no CgR 11 10%
>
= Dead in CP 5% 6%
é ) Progressed to AB phase
= Alive 10t 10%
24
Dead 22% 21%
R
0.0 254 181 131 88 59 44 32 16 8 3 TOtaI 104
0 12 24 36 48 60 72 84 96 108 120

The status is not known in one patient.
*One of 5 after autologous BMT.

tOne of 10 after alloBMT.

FThree of 22 after alloBMT.

months from first CCgR

Figure 5. Time from first CCgR to CCgR loss.  The probability of CCgR loss is 42%
(95% Cl, 35%-49%) at 5 years and 50% (95% CI, 40%-60%) at 8 years. The numbers
above the abscissa are the number of cases at risk.

cases of CCgR, for an overall CCgR rate of 13%. The total number
contact. Although the median survival of the 23 patients who haghd the dispersion of these 284 cases of CCgR do not allow a
discontinued IFNx for response loss was only 14 months, theneaningful specific analysis. Moreover, although all these studies
median survival of the 44 patients who went off treatment for othgfhowed and discussed a positive relationship between survival and
reasons was not yet reached, and 78% of them were projected t@}@fr, either complete or more frequently complete plus partial, no
alive 6 years after discontinuation. The survival and the kinetics gfudy provided a specific and detailed description of the character-
the cytogenetic relapse of these 44 patients are shown in Figurgs@ics and the outcome of CCgRs. In particular their long-term fate
remains vague because apart from the Houston setfies|talian
studies??23 and the small Kloke seriéd,the observation time of
Nine patients died in CP, 21 to 88 months after the first beblese. the reported patients was shorter than 5 years. Because the data on
They are listed in Table 6. Two of these patients died rather eayCgR are rare and dispersed and the available evidence is small, it
one of acute liver failure associated with paracetamol and one witlas not surprising that the issue of the CCgR was discussed only in
progressive dementia. The other 7 patients died after a longare of 4 recent major reviews of the treatment of CRAE?3940
treatment period, from 34 to 88 months, one of a bronchogenic Anumber of questions on CCgR need answering. Major clinical
carcinoma and 6 of a cardiac or other vascular accident. Five @festions are whether it is possible to predict the CCgR, how much
these 9 patients were still in CCgR at the last cytogenetiEN-a is required and for how long, which treatment to use after
examination before death. the response has been achieved, what happens if or whea IEN-
discontinued, and what are the expected duration of the response,
length of survival, and late adverse events of any type. Major
biologic questions concern the relationship between ¢ENhe
molecular characteristics of leukemia, and the immune system of
In this paper we report the characteristics and the outcome of 3t host. Only some of these questions can be discussed using the
patients with Ph CML who achieved a CCgR with IFN-alone or data of this registry because of the limitations that are intrinsic to
in combination with HU (159 cases) and with Bus (15 cases). Thete retrospective nature of the registry itself.
patients were treated in 9 European countries over a 15-year periodThe first question concerns the characteristics of the CCgRs,
from 1983 to 1997. The interest, biologic and clinical, in these ramghether a CCgR can be predicted, and how long it may take to
patients who are so sensitive to IFiNis obvious. The necessity of recognize a CCgR. Predicting a CCgR with clinically useful
establishing a multinational registry to satisfy this interest igccuracy may be difficult simply because CCgRs occur rarely
illustrated by the data reported in Table 7, where the main studies(@8% on the average; range, 5%-33%). The data of the registry
IFN-a treatment in CML are listed by the year of the first relevarjprovide a solid confirmation to prior suggestions that a CCgR is
report. These studies combine 2227 cases of CML but only 28btained more frequently in low-risk cases, the risk being assessed

either with the old Sokal formulatiéfor with the new formulation

Deaths in CP

Discussion

7 High (E) 8

6 High (S) Int (E) z 7
! Dt e

4 Y

3

Probability of loss of CCgR

Probability of survival

12 24 36 48 60 72 84 9% 108 120

months 12 24 36 48 60 72 84 96 108 120

Figure 6. Time from first CCgR to CCgR loss, according to Sokal 30 and Euro 28
risk. High-risk patients lose the response more rapidly than low-risk and intermediate-
risk patients (P = .01, log-rank test).

months from loss of CCgR

Figure 7. Survival from CCgR loss.  After 4 years the number of patients at risk is 15
and does not allow to calculate the median.
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Table 5. Current status of the 75 patients who discontinued IFN- « forever, according to the reasons for treatment discontinuation
Treatment no Chronic toxicity, loss Response
Current status longer necessary of compliance loss Not known Total

Alive in CCgR 7 15 1* 2 25
Dead in CCgR 1* 4 — 1 6
Alive in PCgR — 6 — — 6
Dead in PCgR — 1 — 1 2
Alive in less than partial CgR — 5 — 2 7
Dead in less than partial CgR — 1 — 1 2
Alive in AB phase — 3 3 — 6
Dead in AB phase — 1 191 1 21
Total 8 36 23 8 75

In 8 cases (first column) the reason was that it was believed that treatment was no longer necessary. In the other cases, treatment discontinuation was decided either
because the treatment was no longer tolerated (second column) or because the response had been lost (third column).

*alloBMT.

talloBMT in 3 cases.

that was devised specifically by the European study group ftivat they could be less sensitive to IkeNthan the patients who
patients treated with IFN=28 It is useful to remember that low risk never required HU. Also the doses of IRNthat were required to
means a small spleen, a normal platelet count, and no or fewwhieve a CCgR reflected different predetermined treatment poli-
myeloblasts, eosinophils, and basophils in peripheral blood. ies. The average weekly dose could be as low as 3 MIU and as
addition to these characteristics, the registry data suggest thgh as 74 MIU (total dose) with a median value of 37 MIU, which
CCgRs also have a low WBC count and a normal hemoglobin lexgbuld correspond to a schedule of about 5 MIU daily. These data
at diagnosis. It is possible that CCgRs have a different or specifignnot help answer the question of whether the response taIFN-
molecular profile, but the difference does not seem to concern tRegose-related, but point out that many CCgRs were obtained at

site of the breakpoint in the major BCR region of chromosome Zgyses that are consistently lower than the “standard” 5 MPU/m
and the transcript type, because the proportion of cases with b%%%y dose.

and with b3a2 was exactly the same as in an unselected patienty gacong major clinical issue is how much treatment to give

populationz41.42- _ ) ) after CCgR and for how long. The registry has no data on the
The time that is required to detect a CCgR is substantial. In thé%ount of IFNe that was prescribed after the first CCgR, but

registry the median time to first CCgR was_19 months (95% C|{5’rovides a clear picture of the policy that was applied in Europe
17-21 months) and only 61% of cases were in CCgR after 2 yea

. . . ring the last 15 years. The policy was to keep almost all patients
However, almost 80% of patients had achieved a CHR in 6 to@I 9 year Policy W P ' P
on treatment, whether in complete or incomplete CgR, until the loss

months and some degree of CgR in 12 to 18 months. These a . : )
upper estimates because the criteria for the definition of CHR Wecﬁwematologlc response (23 patients) or until not tolerated (36

very strict and because many patients were evaluated at | c’loatlents). The fate of these 36 patients is of interest because only 4

intervals, so that many CgRs were captured with a substantfal hgm haye progressed to .AB phase and_ 15of t.hem are still alive
delay. In summary, achieving a CCgR is more likely to occur iﬁnd in continuous CCgR. It is even more interesting to look at the

low-risk patients who have a CHR within 6 months and any degr&&icome of the small group of patients who were put off treatment
of CgR within 12 months, improving with time. because it was felt that treatment might be no longer necessary, a

Approximately one third of all CCgRs received only [Fe- stable CCgR having been achieved. Seven of these 8 patients are
whereas one third were pretreated with HU. One third received Hiyll in continuous CCgR; one received an allograft in CCgR and
together with IFNe,, but this was probably a mere reflection ofdied as a result of thg transplant. The history of these patients may
different treatment policies. It is impossible to understand if the@iPport the suggestion that was made at the M. D. Anderson
was any benefit from the combination of IFNwith HU and in Hospital, based on a remarkable institutional experience, that

these patients the time to first CCgR was slightly longer, suggesting - IFNa therapy should continue for 2 or 3 years after achieve-
ment of CCgR .27(p213)

A third important issue is the duration of CCgR and overall

survival of CCgRs, over a long period. This issue was not
! completely covered by any prior reports because of the small
‘ survival numbers and insufficient follow-up times. The registry shows that
! the cumulative probability of remaining in continuous CCgR after
8 years is about 50% (95% CI, 40%-60%; Figure 5). The
loss of CCgR probability of remaining in CCgR is significantly less for high-risk

patients (Figure 6). The fate of the patients who lose the CCgR is
not yet completely clear (Table 4 and Figure 7). At last contact only

Probability of survival and loss of CCgR

‘ 32 of 105 patients had progressed to AB phase, whereas 56 of 105

010 patients had still some degree of CgR, either partial or less than

0 2 24 3% 48 60 72 84 S 108 120 partial (Table 4). However, the observation time after CCgR loss is
months from IFNc: discontinuation not yet sufficient for a reliable long-term evaluation and the median

Figure 8. Discontinuation of IFN- e The curves show the fate of the 44 patientswho g rvival after chR loss may lie anywhere between 4 and 8 years.

discontinued IFNa forever while being in CCgR. The upper curve shows the survival | hievi d ; .. ble CCaR is th
and the lower curve shows the time to CCgR loss. Both curves are calculated from the n any case, achieving and maintaining a stable gR Is the

date of IFN-« discontinuation. main requirement for a long survival. The long-term survival of
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Table 6. Data on patients who died

Age at Months Months off Cause of IFN-a Last cytogenetics
Case no. Gender death (y) Cause of death in IFN-a IFN-a discontinuation before death
185 M 46 Liver failure 21 Less than 1 Liver failure PCgR
515 M 60 Dementia (~ 30) (At most 12) Dementia CCgR
411 F 63 Cardiac arrest 86 6 Liver toxicity CCgR
123 M 66 Myocardial infarction 42 — (death) CCgR
495 M 67 Not identified, sudden death at home 56 — (death) CCgR
238 M 69 Bronchogenic carcinoma 71 4 Cancer PCgR
237 M 71 Pulmonary thromboembolism 88 3 Not identified Less than PCgR
253 M 73 Myocardial infarction 70 19 Loss of compliance CCgR
519 M 76 Ictus cerebri 34 25 Loss of compliance Less than PGgR

Nine patients died in chronic phase; they are listed by age. In case no. 185 liver failure was attributed to acute paracetamol toxicity. In case no. 515 the exact duration of
IFN-a treatment could not be retrieved, but was estimated to be about 30 months. In addition to these 9 patients, 2 patients died because of BMT, one allogeneic and one
autologous. Both were submitted to BMT in CCgR.

CCgRs is remarkable, up to 72% (95% CI, 62%-82%) after modespite no progression. In this registry, only 2 deaths may be
than 8 years from first CCgR. However, even in this selected grouglated directly or indirectly with IFNx, namely, a patient with
of CCgRs, the initial risk group was found to be important. Figurescute liver failure and a patient with dementia. Apart from a patient
3 and 4 show very clearly that high-risk CCgRs have a shortesith bronchogenic carcinoma, all other deaths without progression
survival than all other cases. The difference between low-risk amere due to cardiac or vascular accidents (Table 6). Because the
intermediate-risk patients is not significant using the new Euro risige at death ranged from 60 to 76 years, this was not unexpected.
(Figure 4) but is significant using the old Sokal risk (Figure 3). Thelowever, because some late cardiovascular deaths were already
implications of these data are important because they help to clanigported in the Italian study, we believe that elderly patients
the benefit that a high-risk patient can expect from KNA should be monitored very carefully while receiving long-term
high-risk patient who achieves a CCgR has a substantial surviVBN-« treatment.
prolongation over those who do not achieve a CCgR, the 5-year The registry has collected a number of data concerning the
survival of the former being 50% to 60% versus 35% to 40% fanolecular status of CCgRs. In many cases the BCR/ABL transcript
those who do not achieve a CC§R:18 However, theabsolute was always detectable, in some cases it was occasionally undetect-
benefit, that is, the probability of becoming a very long survivor, igble, and in a few cases it was always undetectable, as has been
small, because high-risk patients die of leukemia even when thegported by several investigators over the last 10 y¥a&f&These
respond completely to IFN- In contrast, low-risk patients have registry data are not presented in more detail because they have
the maximum absolute benefit from a complete response tadFNbeen produced over a long period of time, in many different
because they tend to remain alive for a yet undefined length of timk@boratories, and with different techniques. These data cannot
The fate of intermediate-risk patients lies in between, but is not yebntribute more to the debate on the concept of the cure of
completely clear and requires an independent validation. CML.#3461t is our purpose to collect and to distribute the cells of
Prolonging the survival may allow the observation of lat¢hese CCgRs to an international system of referenced laboratories,
adverse events and an increasing proportion of patients will het only to determine if there are cases of true complete molecular
expected to die without progressing to AB phase. In these cases itd@mission but also to investigate if the molecular and biologic
very difficult to identify a specific relationship with the treatment opatterns of the residual disease can help improve the knowledge
to establish how much the disease itself contributed to deatind the treatment of CML.

Table 7. Main reports of treatment of CML with IFN- & alone or in combination with HU

Reference No. of cases No. of CCgR Study and dose
Talpaz et al* 1991 and Kantarjian et al® 1995 274 72 (26%) Single center, standard dose
Ozer et al®® 1993 107 14 (13%) Multicenter, variable dose
ICSG on CML®17 1994 and 1998 218 23 (10%) Multicenter, randomized, standard dose
Hehimann et al” 1994 133 6 (5%) Multicenter, randomized, standard dose
Schofield et al®4 1994 41 3 (7%) Single center, low dose
Allan et al® 1995 293 17 (6%) Multicenter, randomized, standard dose
Ohnishi et al® 1995 85 7 (8%) Multicenter, randomized, standard dose
Montastruc et al®® 1995 and Mahon et al3” 1998 113 37 (33%) Single center, standard dose
Thaler et al3® 1996 74 6 (8%) Multicenter, low dose
Guilhot et al?® 1997 314 28 (9%) Multicenter, randomized, standard dose
BENELUX CML Study Group'® 1998 100 9 (8%) Multicenter, randomized, low dose
ICSG on CML!8 1999 272 28 (10%) Multicenter, standard dose
Steegmann et al3® 1999 132 25 (19%) Multicenter, standard dose
Kloke et al*® 2000 71 9 (13%) Single center, standard dose
Total 2227 284 (13%)

The table lists, ordered by the year of the first relevant publication, the main reports of the treatment of CML with IFN-« (alone or in combination with HU), for a total of 2227
cases from 10 multicenter prospective studies and 4 single center studies. The total number of CCgR is 284 (13%). Standard dose means a scheduled IFN-« dose of 5 MIU
m?/d, but many patients received a dose lower than scheduled, especially in the British study.® Low dose means a scheduled IFN-« dose at most 3 MIU/d.

20z aunf 80 uo 3sanb Aq 4pd'¥20€0102Z8U/EE 1891/ L0E/01/86/4Pd-BJ01IE/POOIq/ABU"SUOKEDIIGNdYSE//:dBY WOy papeojumo]



BLOOD, 15 NOVEMBER 2001 - VOLUME 98, NUMBER 10 COMPLETE CYTOGENETIC RESPONDERS TO IFN-a INCML 3081

(Perugia); L. Cavanna (Piacenza); A. Ambrosetti (Verona); D.
Ferrero, G. Rege Cambrin, A. Capaldi, and M. Bertini (Torino); D.
Dini (Modena); and S. Pardini (Sassari) is kindly acknowledged.
The case contribution from J. Goldman (London); M. Riss@he technical assistance of Katia Vecchi and Sandra Cescultti is
(Genova); S. Tringali (Palermo); D. Russo (Udine); A. M. Liberatgreatly appreciated.

Acknowledgments

References

Talpaz M, McCredie KB, Mavligit GM, Gutterman
JU. Leukocyte interferon-induced myeloid cytore-
duction in chronic myelogenous leukemia. Blood.
1983;93:3393-3899.

17.

The Italian Cooperative Study Group on Chronic
Myeloid Leukemia. Long-term follow-up of the
Italian trial of interferon-alpha versus conven-
tional chemotherapy in chronic myeloid leukemia.

33.

prolonged observation of each patient; Il, analysis
and examples. Br J Cancer. 1977;35:1-39.

Ozer H, George SL, Schiffer CA, et al. Prolonged
subcutaneous administration of recombinant «a2b

2. Talpaz M, Kantarjian H, McCredie KB, et al. He- Blood. 1998;92:1541-1548. interferon in patients with previously untreated
matologic remission and cytogenetic improve- 18. The Italian Cooperative Study Group on Chronic Philadelphia chromosome-positive chronic-phase
ment induced by recombinant human interferon Myeloid Leukemia. A prospective study of a-inter- chronic myelogenous leukemia: effect on remis-
alphaa in chronic myelogenous leukemia. N Engl feron and autologous bone marrow transplanta- sion duration and survival: Cancer and Leukemia
J Med. 1986;314:1065-1069. tion in chronic myeloid leukemia. Haematologica. Group B Study 8583. Blood. 1993;82:2975-2984.

3. Alimena G, Morra E, Lazzarino M, et al. Interferon 1999:84:707-715. 34. Schofield JR, Robinson WA, Murphy JR, Rovira
alpha-2b as therapy for Ph-positive chronic my- 19. Kloke O, Opalka B, Niederle N. Interferon alfa as DK. Low doses of interferon-a are as effective as
elogenous leukemia: a study of 82 patients primary treatment of chronic myeloid leukemia: higher doses in inducing remissions and prolong-
treated with intermittent or daily administration. long-term follow up of 71 patients observed in a ing survival in chronic myeloid leukemia. Ann In-
Blood. 1988;72:642-647. single center. Leukemia. 1999;14:389-392. tern Med. 1994;121:736-744.

4. Talpaz M, Kantarjian HM, Kurzrock R, Truijillo JM, 20. Silver RT, Woolf SH, Hehimann R, et al. An evi- 35. Montastruc M, Mahon F, Faberes C, et al. Re-
Gutterman JU. Interferon-alpha produces sustained dence-based analysis of the effect of busulfan, sponse to recombinant interferon alpha in pa-
cytogenetic responses in chronic myelogenous leu- hydroxyurea, interferon, and allogeneic bone tients with chronic myelogenous leukemia in a
kemia. Ann Intern Med. 1991;114:532-538. marrow transplantation in treating the chronic single center: results nd analysis of predictive

5. Kantarjian HM, Smith TL, O’Brien S, Beran M, phase of chronic myeloid leukemia: developed for factors. Leukemia. 1995;9:1997-2002.

Pierce S, Talpaz M. Prolonged survival in chronic the American Society of Hematology. Blood. 36. Thaler J, Gastl G, Fluckinger T, et al. Interferon al-
myelogenous leukemia after cytogenetic re- 1999;94:1517-1536. pha-2c therapy of patients with chronic myelogenous
sponse to interferon-« therapy. Ann Intern Med. 21. Hehlmann R, Ansari H, Hasford J, et al. Comparative leukemia: long-term results of a multicenter phase-II
1995;122:254-261. analysis of the impact of risk profile and of drug study. Ann Hematol. 1996;72:349-355.

6. The Italian Cooperative Study Group on Chronic therapy on survival in CML using Sokal's indexanda 37 \ahon Fx, Fabéres C, Pueyo S, et al. Response
Myeloid Leukemia. Interferon alfa-2a as com- new score. Br J Haematol. 1997,97:76-85. at three months is a good predictive factor for
pared with conventional chemotherapy for the 22. The German and Italian Chronic Myeloid Leuke- newly diagnosed chronic myeloid leukemia pa-
treatment of chronic myeloid leukemia. N Engl mia Study Groups. Interferon-a and hydroxyurea tients treated by recombinant interferon-alpha.

J Med. 1994;330:820-825. in early chronic myeloid leukemia: a comparative Blood. 1998;92:4059-4065.
7. Hehlmann R, Heimpel H, Hasford J, et al. Ran- analysis of the ltalian and the German chronic 38. Steegmann JL, Odriozola J, Rodriguez-Salvanes
domized comparison of interferon-alpha with myeloid leukemia trials with interferon-«. Blood. F, et al. Stage, percentage of basophils at diagno-
busulfan and hydroxyurea in chronic myelog- 1996;87:5384-5391. sis, hematologic response within six months, cy-
enous leukemia. Blood. 1994;84:4064-4077. 23. The Italian Cooperative Study Group on Chronic togenetic response in the first year: the main
8. Allan NC, Richards SM, Shepherd CA, et al. UK Myeloid leukemia and the Italian Group for Bone prognostic variables affecting outcome in patients
Medical Research Council randomised, multicen- Marrow Transplantation. Monitoring treatment with chronic myeloid leukemia in chronic phase
tre trial of interferon-an for chronic myeloid leu- and survival in chronic myeloid leukemia. J Clin treated with interferon-alpha. Results of the
kaemia: improved survival irrespective of cytoge- Oncol. 1999;17:1858-1868. CML89 trial of the Spanish Collaborative Group
netic response. Lancet. 1995;345:1392-1397. 24. Hochhaus A, Reiter A, Saussele S, et al. Molecu- on interferon-alpha2a and CML. Haematologica.
9. Ohnishi K, Ohno R, Tomonaga M, et al. A random- lar heterogeneity in complete cytogenetic re- 1999,84:978-87.
ized trial comparing interferon-a with busulfan for sponders after interferon-a therapy for chronic 39. CarellaAM, Frassoni F, Melo J, et al. New in-
newly diagnosed chronic myelogenous leukemia in myelogenous leukemia: low levels of minimal re- sights in biology and current therapeutic options
chronic phase. Blood. 1995;86:906-916. sidual disease are associated with continuing re- for patients with chronic myelogenous leukemia.
10. The Benelux CML Study Group. Randomized study mission. Blood. 2000,95:62-66. Haematologica. 1997;82:478-495.

on hydroxyurea alone versus hydroxyurea combined ~ 25. Chomel J-C, Brizard F, Veinstein A, et al. Persis- 40. Sawyers CL. Chronic myeloid leukemia. N Engl

with low-dose interferon-a2b for chronic myeloid leu- tence of BCR-ABL genomic rearrangement in J Med. 1999;340:1330-1340.

kemia. Blood. 1998;91:2713-2721. chronic myeloid leukemia patients in complete 41. The Italian Cooperative Study Group on Chronic
11. Chronic Myeloid Leukemia Trialists’ Collaborative Z:z:_fiz::g’jj;nggﬁ::;ﬁiéebn;'::;r;zféat'?;ﬁrs__ Myeloid Leukemia. Chronic myeloid leukemia,

Group. Interferon alfa versus chemotherapy for plantation. Blood. 2000:95:404-409 BCR/ABL transcript, response to a-interferon and

chronic myeloid leukemia: a meta-analysis of ) ’ e ’ - survival. Leukemia. 1995;9:1648-1652.

seven randomized trials. J Natl Cancer Inst. 26. Martinelli G, Testoni N, Amabile M, etal. Quantifi- 45 1015 3y The diversity of BCR-ABL fusion pro-

1997;89:1616-1620. cation of BCR-ABL franscripts in CML patients in teins and their relationship to leukemia pheno-
12. Talpaz M, Kantarjian HM, Kurzrock R, Gutterman cytogenetic remission after |nterferon-a—-ba"sed type. Blood. 1996;88:2375-2384.

] . therapy. Bone Marrow Transplant. 2000;25:729- R

J-hThEFtT]PY of Chfodn!Ctm¥9|Oge”gU5 |_EU||_<19m'at- | 736. 43. Faderl S, Talpaz M, Kantarjian HM, Estrov Z.

chemotherapy and interferons. Semin Hematol. houl lymer: hain r ion analysi

1988;25;62-73. ar. FaderIAS, Talpaz M, Estrov Z, Kantgrjian HM. Setc:zl::tdn?i%i)r/na? rissei}diaalldisgzgéoin ;ataileynstss\:\zth
13. McGlave P. Chronic leukemias. In: Beatty PG, ed. tchgrr(;g; stlﬁ]gtg:]:&Sefufggnglfal‘sblﬂgg{/;gd chronic myelogenous leukemia be used in clini-

Clinical and managed care issues in blood and . ! B . cal decision making? Blood. 1999;93:2755-

marrow transplantation for haematological dis- 28. Hasford J, Pfirrmann M, Hehimann R, et al. Anew 2759.

eases: report of a symposium. March 14, 1996, prognostic score for survival of patients with 44. Goldman JM, Kaeda JS, Cross NC, Hochhaus A

Washington, DC. Exp Hemat. 1997;25:1195- chronic myeloid leukemia treated with interferon Hehlmann R.’Clinical de’cision making - chronicv

1208. alfa. J Natl Cancer Inst. 1998;90:850-858. myeloid leukemia based on polymerase chain
14. Gale RP, Hehimann R, Zhang M-J, etal. Survival ~ 29. Guilhot F, Chastang C, Michallet M, et al. Inter- reaction analysis of minimal residual disease [let-

with bone marrow transplantation versus hy- feron alfa-2b combined with cytarabine versus ter]. Blood. 1999;94:1484-1486.

droxyurea or interferon for chronic myelogenous interferon alone in chronic myelogenous leuke- 45. Lion T. Monitoring of residual disease in chronic

leukemia. Blood. 1998;91:1810-1819. mia. N Engl I Med. 1997;337:223-229. ' myeldgenous leukemia by quantitative polymer-
15. Hansen JA, Gooley TA, Martin PJ, et al. Bone 30. Sokal JE, Cox EB, Baccarani M, et al. Prognostic ase chain reaction and clinical decision making

marrow transplants from unrelated donors for pa- discrimination in good risk chronic granulocytic [letter]. Blood. 1999;94:1486-1487.

tients with chronic myeloid leukemia. N Engl leukemia. Blood. 1984;63:789-799. 46. Faderl S, Talpaz M, Kantarjian HM, Estrov Z.

J Med. 1998;338:962-968. 31. Kaplan EL, Meier P. Nonparametric estimation for Should polymerase chain reaction analysis to de-
16. Gratwohl A, Hermans J, Goldman JM, et al. Risk incomplete observations. J Am Stat Assoc. 1958; tect minimal residual disease in patients with

assessment for patients with chronic myeloid leu-
kaemia before allogeneic blood or marrow trans-
plantation. Lancet. 1998;352:1087-1092.

32.

53:457-481.

Peto R, Pike MC, Armitage P, et al. Design and
analysis of randomized clinical trials requiring

chronic myelogenous leukemia be used in clinical
decision making? [letter, response]. Blood. 1999;
94:1487-1488.

20z aunf 80 uo 3sanb Aq 4pd'¥20€0102Z8U/EE 1891/ L0E/01/86/4Pd-BJ01IE/POOIq/ABU"SUOKEDIIGNdYSE//:dBY WOy papeojumo]



