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REVIEW ARTICLE 

Treatment of Chronic Myelogenous Leukemia: Current Status and 
Investigational Options 

By Hagop M. Kantarjian, Susan O'Brien, Paolo Anderlini, and Moshe Talpaz 

VER THE PAST few years, several important studies 0 related to the treatment of Philadelphia chromosome 
(Ph)-positive chronic myelogenous leukemia (CML) have 
matured. These include single and multi-institutional pro- 
grams with allogeneic bone marrow transplantation (BMT), 
interferon-a (IFN-A), autologous stem cell transplantation, 
and other investigational agents or modalities. As in other 
fields of research, these investigations have answered some 
questions, but have also raised additional ones. In this re- 
view, we will discuss the results of these studies and suggest 
therapeutic approaches in the community-based and investi- 
gational settings. 

ALLOGENEIC BMT 

Summary of Results 
The long-term results from both the International and Eu- 

ropean Bone Marrow Transplantation Registries (IBMTR 
and EBMT) have reported event-free survival (EFS) rates 
of 40% to 45%.'.* Although these rates appear modest com- 
pared with the initial reports, several points should be consid- 
ered. 

(1) These registries have included the results from smaller 
transplant programs, in which patient outcome may be worse 
than in larger institutions with extensive transplant experi- 
ence3; on the other hand, possible selective favorable data 
registration may also be occurring. 

(2) These studies have included patients undergoing T- 
cell-depleted BMT. When the IBMTR selectively analyzed 
450 patients (of 1,266) who were transplanted with non-T- 
cell-depleted marrow in chronic-phase CML, the 5-year 
EFS was about 50%: 

(3) EFS should not be equated with survival after alloge- 
neic BMT, which is the point of comparison with other 
modalities. Many patients relapse in chronic-phase post-allo- 
geneic BMT, have generally favorable survival, and can be 
reinduced into a cytogenetic remission with immunomodula- 
tory approaches including IFN-A or donor lymphocyte rein- 
fusion. In an analysis by Arcese et al,' the 6-year probability 
of survival among 130 patients who relapsed in chronic- 
phase post-allogeneic BMT was 36% after relapse. Twenty- 
nine patients underwent a second BMT with a projected 
4-year survival rate of 28%. In a review of 189 patients 
transplanted in early chronic phase (ie, within 12 months 

from diagnosis), the 4-year EFS rate was 60%, but the sur- 
vival rate was about 80%.6*7 

(4) Recent studies from single institutions show 2- to 5- 
year EFS rates of 60% or more, an improvement compared 
with previous r e s ~ l t s . ~ . ~  Improvement in allogeneic BMT 
outcome has also been reported in the EBMT. This can be 
attributed to (1) improved allogeneic BMT management, (2) 
different patient selection, or (3) short follow-up with early 
censoring. There is no doubt that outcome of patients post- 
allogeneic BMT has improved as a result of (1) better graft- 
versus-host disease (GVHD) prophylaxis and therapy 
(cyclosporin plus methotrexate, FK506),'"" (2) the use of 
ganciclovir with or without Ig therapy and prophylaxis 
against cytomegal~virus, '~~'~ and (3) improved supportive 
care (antibiotics and colony-stimulating factors). Whether 
different preparative regimens have contributed to improved 
outcome remains d~ubtful~*'~*''; in general, reductions in re- 
lapse rates with more intensive regimens have been counter- 
balanced by higher treatment-related mortality, with conse- 
quent similar EFS rates.I6 

As studies of allogeneic BMT mature, the indications and 
timing of the procedure vis-a-vis other modalities should be 
continuously reevaluated. Current results are summarized in 
Table 1. 

Salvage Therapy Post-Allogeneic BMT Relapse 
Patients who relapse post-allogeneic BMT do not have as 

poor a prognosis as previously expected and can be rein- 
duced back into cytogenetic remission with several modal- 
ities. 

The most exciting salvage approach is immunomodulation 
by donor lymphocyte reinfusion, which was initially reported 
by Kolb et a l . I 7  In an update of 84 CML patients treated post- 
BMT relapse, 54 (72%) of 75 evaluable patients achieved a 

~~ 
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Table 1. Results of Allogeneic BMT in Chronic-Phase CML 

Study Group Unfavorable Prognostic Factors for Disease- 
(reference) No. of Patients EFS % (at x year1 Free Survival (relative risk1 

IBMTR (1) 

EBMT (2) 

Goldman; IBMTR (4) 

Biggs (9) 

Clift (15) 

Snyder 18) 

1,426 

1,082 

450 

62 

69 
73 
94 

45% (5) 

39% (5) 

No busulfan; 61% (3) 
Prior busulfan; 45% (3) 
58% (3) 

CY-TBI; 66% (3) 
BU-CY; 70% (3) 
64% (5) 

T-cell depletion (5.4) 
Age >20 yr (2.6) 
Age >20 yr (1.5) 
T-cell depletion (1.4) 
Male recipient/female donor (1.2) 
Prior busulfan therapy (1.5) 
Time to BMT >1 yr (1.7) 
Time to BMT >1 yr (2.7) 
Male recipienwemale donor (2.5) 
Prior busulfan therapy (2.2) 
Not stated 

Older age (1.1) 
Longer time to BMT (1.48; 2 1  yr: 1.26) 

Abbreviations: CY-TBI, cyclophosphamide with total body irradiation; BU-CY, busulfan with cyclophosphamide. 

cytogenetic complete response (CR).18 The cytogenetic CR 
rate was 82% among 17 patients treated in cytogenetic relapse 
and 78% among 50 evaluable patients treated in hematologic 
relapse in chronic phase, but only 12% among 8 patients 
treated in CML transformed phases. Forty-two of 44 patients 
tested in cytogenetic CR were also negative for the BCR- 
ABL RNA transcripts by polymerase chain reaction (PCR) 
analysis. The 3-year survival after lymphocyte reinfusions was 
67%. The hypothesis behind this treatment is that donor T 
lymphocytes induce a graft-versus-leukemia (GVL) effect that 
suppresses the Ph-positive clones and allows the normal donor 
cells to re-expand.” As expected, marrow suppression (50% 
of patients treated for hematologic relapse) and acute GVHD 
(59% to 80%)’8,’9 have been significant problems; the 1-year 
mortality rate was 18%. These complications may be reduced 
by earlier use of donor lymphocyte reinfusions at the time 
of cytogenetic relapse (myelosuppression rate, 1 3%)18 or as 
prophylaxis among high-risk patients for relapse (accelerated 
or blastic phase). The presence of normal donor hematopoiesis 
at that time may minimize the problem of marrow hypoplasia. 
Modulation of the dose and subsets of T lymphocytes rein- 
fused may also reduce GVHD while improving GVL.20321 
Other immunomodulatory approaches may include interleu- 
kin-2, granulocyte colony-stimulating factor, linomide, or 
IFN-A.22-25 The latter is capable of inducing cytogenetic remis- 
sion in 20% to 40% of patients with cytogenetic relapse in 
chronic phase.’.% These approaches are less effective among 
patients who relapse in accelerated or blastic phase. A second 
allogeneic BMT, particularly among patients who are beyond 
12 months from their first BMT, has been successful, but is 
associated with a high incidence of transplant-related compli- 
cations and mortality.” 

CML Transformed Phases 

Treatment results in blastic-phase CML, defined by the 
presence of 30% or more blasts in the marrow or peripheral 
blood or extramedullary blastic disease, have been uniformly 
poor. The long-term EFS rates from the IBMTR and EBMT 

are 10% or less. This is primarily due to a high relapse rate 
of 60% to 80%. 

Patient outcome in accelerated phase has been variable 
with EFS rates of 15% to 40%. Some studies have attributed 
their better results to improved preparative regimens (eg, 
busulfan-cyclophosphamide).26 However, better results were 
more likely due to a less strict definition of accelerated- 
phase CML, which could have shifted a proportion of 
chronic-phase patients into the accelerated-phase category. 
This phenomenon of ‘ ‘population shift” of better-prognosis 
patients into a worse-prognosis group may falsely improve 
the EFS curves of both chronic and accelerated phase pa- 
tients; the only feature that changes with such analyses is 
the ratio of chr0nic:accelerated phase patients. Thus, when 
analyzing the results of allogeneic BMT in CML, the selec- 
tion criteria for accelerated-phase CML, and the ratio of 
chronic to accelerated phase patients should be considered. 
In the EBMTR study, the ratio was 4.3:12; in two other 
studies, they were about 2.4:19 and l:2.27 Defining strict 
objective and reproducible accelerated phase criteria may 
help in the comparative analyses of such studies.28 

Clonal evolution as the single criterion of accelerated- 
phase CML has also been associated with favorable out- 
come; the EFS rate among 58 such patients was 60%.29 
Clonal evolution does not bear a uniformly poor outcome 
with standard therapy, and prognosis may depend on the 
specific cytogenetic abnormality, its predominance in mar- 
row metaphases, and time of its development.3” 

Breaking the Age Barrier 

Investigators have advocated allogeneic BMT for older 
age groups, but few published data exist on the toxicities 
and outcome of BMT among patients more than 50 years of 
age. A recent study from Seattle7 reported on 33 patients (23 
aged 50 to 55 yem-s and 10 aged 56 to 60 years) undergoing 
matched related allogeneic BMT. The estimated 2-year sur- 
vival rate was 80%, which suggests significant selection of 
patients treated, but indicates the feasibility and success of 
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the procedure among such selected patients.' In the IBMTR 
studies, patients more than 50 years of age had a 5-year EFS 
rate of 30%.' In the EBMT studies, 71 patients more than 
45 years old transplanted had a 47% treatment-related mor- 
tality and a 25% 5-year EFS rate.' 

Timing of Allogeneic BMT in Chronic Phase 

Although every patient with a matched (or 1 antigen m i s -  
match) related donor should be offered allogeneic BMT be- 
fore disease transformation, the timing of allogeneic BMT 
in chronic phase is controversial. Most groups advocate allo- 
geneic BMT as early as possible based on the original Seattle 
and later IBMTR studies showing a significantly worse EFS 
with later transplant (within 1 year from diagnosis). This 
was because of a higher transplant-associated mortality and 
may be from other confounding variables increasing trans- 
plant mortality (prior busulfan therapy, older age, and oth- 
ers). In the EBMTR studies, patients transplanted within the 
first year, in the second year, or subsequently had similar 5- 
year EFS rates of about 35% to 40%.' An update of the 
Seattle data by Clift et aI6 indicates that patients transplanted 
within the first year or in the second year do equally well 
and that the critical prognostic cut-off time is for patients 
transplanted in the third year or later. 

The timing of allogeneic BMT in chronic phase has to be 
considered in relation to the risk of the procedure as it relates 
to patient age, institutional experience, or other factors and 
to the current survival results in CML, particularly among 
good-risk groups and cytogenetic responders. As discussed 
later, about half of the patients in recent CML series have 
good-risk disease, and their median survival with IFN-A 
regimens is about 102  month^.^' Patients achieving major 
cytogenetic responses have excellent long-term survival 
rates (>80% at 5 to 7 years, mostly with major durable 
cytogenetic respon~es).~' 

In justifying the need for early allogeneic BMT, several 
arguments are brought up: (1) the worse outcome with de- 
layed BMT (discussed above); (2) the unpredictable course 
of CML and sudden blastic transformation; and (3) the possi- 
ble worse outcome of allogeneic BMT with IFN-A exposure 
(presumably from marrow fibrosis). 

With IFN-A therapy, the incidence of blastic transforma- 
tion is less than 5% yearly in the first 2 years and is most 
often heralded by disease resistance in chronic phase. Among 
274 patients evaluated on our IFN-A studies, 11 (4%) had 
a blastic transformation in the first year; 6 of them has a 
lymphoid blastic transformation and all responded (5 CR and 
1 partial response [PR]) to anti-acute lymphocytic leukemia 
therapy. Thus, the loss rate from unpredictable transforma- 
tion is low. 

Among 30 patients evaluated on IFN-A therapy over a 
period of 2 to 3 years, marrow reticulin fibrosis remained 
the same in 22, increased in 5,  and decreased in 3 (unpub- 
lished data). The inaspirability of marrow samples among 
patients on IFW-A therapy is not due to marrow fibrosis, 
but perhaps to its antiproliferative or cytoadhesion-induced 
effect, which corrects one of the pathophysiologic defects 
of CML cells.3z 

In comparing the outcome after allogeneic BMT, Giralt 
et found no significant differences in the incidences of 
graft failure and GVHD, time to engraftment, and long- 
term prognosis by prior IFN-A exposure. This has also been 
confirmed by an Italian S t ~ d y . ~ ~ * ~ ~ ~  However, Beelen et a135 
reported different results. Exposure to IFN-A for more than 
12 months before allogeneic BMT was associated with a 
significantly worse outcome (5-year survival rate of 22% v 
55%; P < .01). This was primarily due to a high incidence 
of graft failure in this group; 7 of 17 patients receiving 
related mismatched or unrelated BMT had a graft failure 
(49% incidence), which has not been seen in other studies. 
Factors contributing to this event (preparative regimen, stem 
cell infusion, CML phase, and marrow fibrosis) may have 
been present in these 7 patients. Other studies analyzing the 
impact of prior IFN-A therapy on allogeneic BMT outcome 
would resolve this controversy. 

When Should Matched Unrelated Donor (MUD) 
Transplant Be Considered 

The long-term follow-up results in MUD BMT indicate 
the procedure to be associated with high incidences of graft 
failure (16%), severe acute (54%) and extensive chronic 
(52%) GVHD, and 2-year mortality (above 50%). Still, 
MUD BMT is curative in selected patient s ~ b s e t s . ~ ~ . ~ ~  The 
estimated 2-year EFS rates among patients younger than 30 
years were 43% with a matched donor and 31% with a 1- 
antigen mismatched donor. For older patients, the estimated 
2-year EFS rates were 27% and 14%, re~pectively.~~ Based 
on these results, optimal candidates for MUD BMT are 
younger (<30 years) patients in chronic phase who have a 
matched donor and have exhibited resistance to IFN-A ther- 
apy. Older patients and those with 2 1  antigen mismatch 
donor may be offered the procedure if features of disease 
acceleration develop, because the outcome of such patients 
transplanted in chronic or accelerated phase are not much 
d i f f e~ -en t .~~ .~~  However, this opinion is controversial, and 
many groups advocate MUD BMT in chronic phase to a 
broader selection of patients (older, 1 antigen mismatch) 
based on the potential curability of such patients and contin- 
ued improvement of results in time regardless of the morbid- 
ity and mortality costs. 

IFN-A THERAPY 

In analyzing the comparative results of IFN-A studies 
in CML, uniform criteria for hematologic and cytogenetic 
responses, as proposed originally,31338 will be used when pos- 
sible. A complete hematologic response (CHR) refers to a 
complete normalization of the peripheral counts (white blood 
cells [WBC], <lo X 103/pL), platelets <450 x 103/pL, no 
immature cells, and absence of all signs and symptoms of 
disease including palpable splenomegaly. Patients in CHR 
are further classified by the degree of Ph suppression (cyto- 
genetic response): (1) complete cytogenetic response (Ph, 
O%), partial cytogenetic response (Ph, 1% to 34%), and mi- 
nor cytogenetic response (Ph, 35% to 90%). A major cytoge- 
netic response includes complete and partial cytogenetic re- 
sponses (Ph, ~ 3 5 % ) .  
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Summary of IFN-A Studies at M.D. Anderson Cancer 
Center 

After the original discovery of the anti-CML efficacy of 
IFN-A, a series of studies were conducted in various CML 
phases and using different forms of IFN-A alone or in combi- 
na t ion~.~’ .~  The aims of these studies were to define the 
optimal dose schedules of IFN-A, identify subsets with dif- 
ferent benefits, and improve on the incidence and durability 
of cytogenetic and major cytogenetic responses and on the 
toxicity profile. 

The activity of single agent IFN-A was found to be modest 
in late chronic-phase CML (diagnosis to therapy, >12 
months) and in the transformed phases (Table 2). These 
phases were then approached therapeutically with investiga- 
tional programs. Combinations with IFN-A (eg, with cyto- 
sine arabinoside [ara-C]) yielded favorable results, as did 
novel agents (eg, homoharringtonine) or strategies (eg, 
purged autologous stem cell transplantation). 

The long-term follow-up results in early chronic-phase 
CML were enco~raging .~~ Among 274 patients treated from 
1982 through 1990 with IFN-A programs using IFN-A at 5 
million units (MU)/m* daily or the maximally tolerated lower 
dose schedule, 80% achieved CHR and 58% had a cytoge- 
netic response (26% complete and 38% major). The median 
survival was 89 months (confidence interval, 66 to 102 
months). Achieving a cytogenetic response after 12 months 
of therapy was associated with a statistically longer survival 
by landmark analysis; the 5-year survival rates dated from 
12 months into therapy were 90% for complete cytogenetic 
response, 88% for partial cytogenetic response, 76% for mi- 
nor cytogenetic response, and 38% for other response catego- 
ries. A multivariate analysis incorporating major cytogenetic 
response as a time-dependent variable showed it to be an 
independent prognostic factor for survival; patients achiev- 
ing a major cytogenetic response had a 0.21 risk of death 
per unit time compared with the total study group. Thus, the 
favorable outcome among patients achieving a cytogenetic 
response was not from identification of ‘‘an intrinsically 
more favorable group” that would live longer regardless 
of therapy, because the effect of cytogenetic response was 
observed after accounting for the prognostic effect of pre- 
treatment variables by multivariate analysis. Confirming this 
finding is the observation of the favorable impact of cytoge- 

Table 2. Response to IFN-A With or Without Ara-C in CML by 
Phase and Time From Diagnosis 

No. (%) 

Time From Major Cytogenetic 
Diagnosis (mol No. of Patients CHR Response 

Chronic 
<12 274 219 (80) 104 (38) 
12 to  24 74 55 (74) 18 (24) 
25 to  36 27 16 (59) 3 (11) 
>36 39 20 (51) 3 (8) 

Accelerated 61 32 (52) 4 (7) 
Blastic 5 1 (20) 0 (0) 

Table 3. Survival by Cytogenetic Rerponw Status at 12 Months 
Within CML Rirk Groups 

Prognostic Cytogenetic No. of 
Group* Response Patients 

~ ~ 

Good Yes 13 
No 68 

Intermediate Yes 25 
No 31 

Poor Yes 9 
No 31 

4-yr Survival (%) 
Dated From 12 Mo 
Into IFN-A Therapy PValue 

79 <.01 
62 
82 c.01 
35 
83 <.Ol 
39 

* Prognostic risk group defined by synthesis modeL3’ 

netic response within prognostic risk groups by landmark 
analysis (Table 3). 

Other Studies of Single-Agent IFN-A Therapy 

Studies from single institutions and cooperative groups 
have confirmed the efficacy of IFN-A in CML. Patients 
treated in early chronic phase CML by Alimena et a14’ had 
a CHR rate of 46% and a cytogenetic response rate of 55% 
(12% major). The analysis of patients randomized to IFN- 
A 5 MU/m2 or 2 MU/m2 three times weekly showed a statisti- 
cally better CHR rate with the higher dose schedule (57% v 
38%) and led to subsequent use of IFN-A 5 MU/m2 daily.‘“ 

In the Cancer and Leukemia Group B (CALGB) trial, 
Ozer et a14* increased the dose schedule of IFN-A from 2 
MU/m2 5 times weekly to 5 X lo6 U/m2 daily, after observing 
poor responses among the first 16 patients on study (ex- 
cluded from subsequent analysis). In their study, the hemato- 
logic response rate was 59% (22% complete and 36% par- 
tial), the cytogenetic response rate was 29% (18% complete 
among 78 evaluable patients and 13% complete among the 
total 107 study patients), and the median survival was 66 
months. The median dose schedule of EN-A delivered was 
3.2 MU/m2 daily; 38% of patients had their dose reduced 
by 50% or more. The investigators did not find a positive 
relationship between achieving a cytogenetic response and 
survival, but the number of patients with major (and com- 
plete) cytogenetic response was In a study by Mahon 
et a1,43 52 patients were treated in a single institution with 
IFN-A 5 MU/mZ daily. The CHR rate was 81% and the 
major cytogenetic response rate was 44% (38% complete). 

Randomized Trials of IFN-A Versus Conventional Therapy 

The Italian Cooperative Study Group on 
CML (ICSG-CML) randomized patients to receive IFN-A 5 
MU/m2 daily or conventional therapy with hydroxyurea or 
busulfan. The 218 patients randomized to IFN-A therapy 
had a significantly higher incidence of major cytogenetic 
response (19% v 1%; P < .O l ) ,  although the complete cyto- 
genetic response rate was only 8%.44 They also had a sig- 
nificantly longer survival (median survival, 72 v 52 months; 
P < .01) and time to disease progression (median time, >72 
v 45 months; P < .01). The median dose of IFN-A delivered 
was 4.3 MU/m2 daily. Thirty-one percent of patients had 
IFWA treatment discontinued, 16% had it discontinued for 

Italian study. 
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IFN-A serious side effects, and 18% had IFN-A dose reduced 
by more than 50%. Both factors may have adversely affected 
the outcome of the IFN-A arm.45 By landmark analysis, pa- 
tients who had achieved at least a CHR after 8 months of 
therapy had a significantly better survival (5-year survival 
rate, 78% v 48%; P < .00l), as did those who had a cytoge- 
netic response after 24 months of therapy (5-year survival 
rate, 88% v 65% months; P < .001). 

The German randomized trial restricted 
patients to IFN-A monotherapy, unlike some trials that al- 
lowed IFN-A combinations. This assessed precisely the ef- 
fect of IFN-A single agent therapy in achieving CHR and 
its durability. Patients treated with either IFN-A or hydroxy- 
urea had significantly better survivals than did those receiv- 
ing busulfan therapy. The median survivals were 66,56, and 
45 months, respectively (P < .Ol), but there was no survival 
difference between the IFN-A and hydroxyurea arms (P = 
.44). The median IFN-A dose delivered after the first 4 weeks 
was 2.0 MU/m2 daily. Twenty-five percent of patients had 
IFN-A therapy discontinued. Only 84 (63%) of the 133 pa- 
tients receiving IFW-A had any cytogenetic studies (the aver- 
age number of studies, 2.3). Overall, 15 patients (7%) had 
a complete cytogenetic response. The estimated 3-year sur- 
vival rates were 100% for cytogenetic responders versus 
72% for nonresponders (P = .20).46 The possible reasons 
behind the lack of significant survival difference between 
the IFN-A and hydroxyurea arms may be (1) a worse study 
group in this trial, (2) the low dose schedule of IFW-A ther- 
apy delivered, and (3) consequently, the low percentage of 
patients achieving a cytogenetic response (associated with 
survival benefit). 

British study. The Medical Research Council (MRC) 
trial randomized 587 patients to Wellferon 3 to 9 MU daily 
versus hydroxyurea or busulfan after remission induction. 
Patients randomized to Wellferon had significantly better 
survival when compared with either hydroxyurea or busulfan 
(median survival times, 61 and 41 months, respectively; P 
< .001). Only 59 patients (22%) had any cytogenetic re- 
sponse (5% complete and 6% partial), and they had a sig- 
nificantly better survival compared with the other patients!' 
The 5-year survival rates were 100% with a complete cytoge- 
netic response, 92% with a partial response, 59% with a 
minor response, and 47% with no cytogenetic response. The 
median daily dose of Wellferon was 3.2 MU or about 1.9 
MU/m2. Patients achieving CHR did significantly better than 
those who had lesser degrees of response (P = .01). Patients 
treated with IFN-A survived longer than those treated with 
conventional therapy even if they had not achieved a cytoge- 
netic response. Of note is the shorter median survival of 
patients on the chemotherapy arm compared with that of the 
chemotherapy arms in the Italian and German trials (median, 
41 v 45 to 56 months).".46 

Ohnishi et a14* randomized 170 patients 
to receive either IFN-A or busulfan. The major cytogenetic 
response rate was 16% with IFN-A versus 5% with busulfan 
(P = .046), and the projected 5-year survival rates were 54% 
and 32%, respectively (P = .03). Patients achieving any 
cytogenetic response with either IFN-A or busulfan therapy 

German study. 

Japanese trial. 

survived significantly longer than others. In this study, the 
median daily IFN-A dose delivered was about 7 MU (4 MU/ 
m2). 

Table 4 summarizes the results of IFN-A trials in relation 
to the study design, numbers of patients, IFN-A dose deliv- 
ered, response profiles, and survival. 

Combination Studies 

Among various treatments combined with IFN-A, ara-C 
in low doses appears promising based on in vitro studiesPg 
single-agent activity,50 and early pilot trials of IFN-A and 
ara-C  combination^.^'-^^ Our study in late chronic-phase 
CML showed better CHR (56% v 38%; P = .02) and survival 
rates (3-year rate, 76% v 35%; P < .01) with the combination 
compared with IFN-A alone. Among 30 patients treated in 
early chronic-phase CML with IFN-A and low-dose ara-C, 
Arthur and Ma5' reported a CHR rate of 93% and a cytoge- 
netic response rate of 67%, which was major in 43% and 
complete in 30%. Guilhot et a153 randomized patients in 
chronic-phase CML to IFN-A plus ara-C or IFN-A alone. 
The CHR rate was 80% versus 70%, the major cytogenetic 
response rate was 28% versus 20%, and the incidence of Ph 
suppression to less than 5% was 18% versus 7%. If the 
beneficial effect of ara-C in CML is confirmed, treatment 
with IFN-A and ara-C could be made easier with a new oral 
formulation of ara-C. YNK01.54 

Prognostic Factors, Risk Groups, and Outcome With 
IFN-A Therapy 

Prognostic factors for response to IFN-A therapy and for 
survival appear to be similar to those with conventional ther- 
apy. In multivariate analyses, the percentage of blasts and 
the degree of thrombocytosis have been correlated with re- 
sponse to IFN-A therapy; splenomegaly, marrow baso- 
~h i l i a ,~ '  anemia, and percentage of blasts have been associ- 
ated with survival." The existing prognostic models 
segregate patients into different risk categories for response 
and survival (Table 5A) and could be useful in comparing 
results within risk groups. Patients with good-risk CML have 
an expected major cytogenetic response rate of about 50% 
and an expected median survival of 102 to 104 months. In 
contrast, those with poor-risk disease have an expected major 
cytogenetic response rate of 14% to 26% and an expected 
median survival of 47 to 62 months (Table 5A). 

The in vivo response to IFN-A is a dominant treatment- 
associated prognostic factor. Achieving a CHR at 3 to 8 
months,"3+' a cytogenetic response at 12  month^,^' or a major 
cytogenetic response at 24 months43 is associated with a 
statistically better outcome. 

Combining the patient pretreatment features (risk group) 
with response to IFN-A may allow early selection of patients 
who benefit from continued IFN-A therapy, whereas others 
would be advised on alternative approaches. Currently, pa- 
tients who do not achieve a CHR after 6 to 8 months or a 
cytogenetic response after 12 months of IFN-A therapy may 
be taken off IFN-A, if the aim of therapy is the achievement 
of a durable cytogenetic response and consequently im- 
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Table 4. Results of IFN-A Therapy in Early Chronic-Phase CML 

Median Daily Dose 
IFN-A (MU/") CG Response (%I 

Study Therapy No. of Patients Planned Delivered CHR Any Major Complete Median Survival (mol 

MDACC3' 
M a h ~ n ' ~  
ICSG-CML" 

Ohnishi' 

Alimena" 

A l l ~ n ~ ~  

Hehlmann" 

0 ~ ~ 4 2  

IFN-A 
IFN-A 
IFN-A 
Chemotherapy 

Busulfan 
IFN-A 

IFN-A 
IFN-A 
Wellferon 
Busulfan or hydroxyurea 

Busulfan 
Hydroxyurea 

IFN-A 

274 
52 

218 
104 
80 
79 
65 

107 
293 
294 
133 
186 
194 

5 
5 
5 

5 

1 to 2.5 
5 
3 to 12 

- 

- 

- 
5 
- 
- 

5 
5 
4.3 

4.0 

- 

- 
- 

3.2 
2 (3.2) 

2 

- 

- 
- 

80 56 
81 - 
62 55 
53 34 
39 44 
54 29 
46 55 
59 - 

68 22 

31 18 
23 4 
39 5 

- - 

38 
44 
19 

1 
7.5 
2.5 

12 
29 
11 
- 

10 
1 
1.5 

26 
38 

8 
0 
9 
2.5 
- 

13 
6 
- 

7 
0 
1 

89 

72 
52 
651 
50 

66 
61 
41 
66 
45 
56 

- 

- 

proved survival. However, the MRC trial suggests that con- 
tinued IFN-A therapy may still be the optimal approach for 
such patients, if allogeneic BMT is not a c~nsideration.~' 

Cost and Toxicity With IFN-A Therapy 

Therapy with IFN-A is significantly more expensive than 
conventional therapy with hydroxyurea or busulfan. Using 

Table 5. Risk Group Distributions in Relation to Response and 
Survival Wkh IFN-A Therapy in Different CML Trials 

(A) Response and median survival ranges using different prognostic 
models in CML (M.D. Anderson Cancer Cente#' 

Risk Group % Major Cytogenetic Response Median Survival (mo) 

Good 46-52 102-104 
Intermediate 32-38 82-95 
Poor 14-26 47-62 

(B) Risk group distribution of patients in different CML trials 

% in Risk Group 

Studv 

~ ~ 

Good Intermediate Poor 

MDACC3' 48-52 25-36 16-23 
ICSG-CML" 43 33 24 
Hehlmann" 27 35 38 
Allan47 24 33 41 

(C) Cytogenetic response within risk groups in different CML trials 

% Cytogenetic Response in Risk Group 

Study Good Intermediate Poor 

MDACC3' 72 
Allan" 34 

59 39 
31 7 

(D) Survival within risk groups in different CML trials 

5-yr Survival (%) 
~ ~~ ~~ 

Study Good Intermediate Poor 

MDACC3' 78 62 46 
Allan4' 66 63 34 

the maximal tolerated dose of IFN-A results in an average 
yearly cost of $15,000 to $20,000, although the yearly charge 
in the United States has been capped at $8,000 to $10,000. 
This is compared with a yearly charge of $500 to $1,000 for 
hydroxyurea, considering an average dose of 1 g daily to 
maintain CHR. Cost-benefit analysis studies of IFN-A versus 
conventional therapy in CML are ongoing. 

Side effects with IFN-A therapy are also significantly 
higher than with conventional therapy. Fifteen to twenty- 
five percent of patients had IFN-A therapy discontinued be- 
cause of severe side-effects, whereas another 30% to 50% 
required dose reductions because of poor treatment toler- 
ance. Common severe chronic side effects may include fa- 
tigue, weight loss, insomnia, depression, and neurotoxicity. 
Immune-mediated complications include hemolysis, throm- 
bocytopenia, hypothyroidism, collagen vascular disorders, 
and occasional cardiac, renal, and other organ damage.55 

Reasons for  the Differences in Treatment Results With 
IFN-A Therapy in Different Trials 

As shown in Table 4, the CHR rates among similar study 
groups (ie, early chronic-phase CML) have ranged from 3 1 % 
to 80%. Some of variability in the CHR rates may be due 
to different response criteria or treatment designs. The use 
of IFN-A monotherapy in the German and CALGB studies, 
as opposed to allowing the addition of chemotherapy in oth- 
ers, may have produced a lower CHR rate. This would not 
explain the large differences in the cytogenetic (1 8% to 
58%),  major cytogenetic (10% to 38%), and complete cyto- 
genetic (6% to 26%) response rates. Differences in cytoge- 
netic response results may be due to (1) different risk group 
distributions, (2) patient and physician motivation, (3) the 
actual dose schedule delivery of IFN-A, and (4) the fre- 
quency of cytogenetic studies. 

Our studies, by virtue of the referral patterns, include a 
higher percent of good-risk patients compared with the trials 
from Italy, Germany, and Britain (Table 5B). However, 
when patients were analyzed for response to IFN-A and for 
survival within risk groups (Table 5C and D), our studies 
still showed better results in each risk group, suggesting 

 use only.
For personal at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


CHRONIC MYELOGENOUS LEUKEMIA, REVIEW, THERAPY 3075 

the value of IFN-A dose-intensity to increase the quality of 
cytogenetic response and to prolong survival. As with any 
new modality, (eg, anthracyclines, cisplatin, and all-trans 
retinoic acid in acute promyelocytic leukemia), a learning 
curve may exist that improves the results as experience is 
gained. The complete cytogenetic response rate in our first 
IFN-A study was 14%, similar to current cooperative trials, 
and may have been due to unfamiliarity with toxicities and 
with the dose-response phenomenon. 

Comparing the median dose of IFN-A delivered among 
responders versus nonresponders is misleading because 
many studies have, in the treatment design, built-in dose 
reductions after achieving a response and dose escalations 
with resistant d i s e a ~ e . ~ , ~ ~ . ~ ~  Such an approach (higher dos- 
ages for resistant disease and lower dosages for responsive 
disease) would preclude meaningful analyses of the relation- 
ship of IFN-A dose-intensity with response within a particu- 
lar study. However, comparison of the actual median dose 
of IFN-A delivered versus response rate among different 
studies may help demonstrating the dose-response phenome- 
non. Table 4 summarizes the response rates in different stud- 
ies by the median actual dose of IFN-A delivered, suggesting 
the relationship between the schedule dose intensity delivery 
and the hematologic and cytogenetic response rates. 

Finally, whether the frequency of cytogenetic studies 
would impact on the incidence of cytogenetic response re- 
mains to be elucidated. 

Questions Raised by the IFN-A Trials 

The studies (Table 4) raise several questions pertinent to 
IFN-A therapy. (1) What is the optimal dose schedule of 
IFN-A? (2) Is there an association between achievement of 
minimal residual disease (hematologic and cytogenetic) and 
survival prolongation? (3) Does IFN-A therapy prolong sur- 
vival over conventional therapy? 

Lower versus m i m a l l y  tolerated dose schedules of IFN-A. 
A recent study of Schofield et a156 argued that a lower dose 
schedule of IFN-A 2 MU/m2 3 times weekly was as effective 
as the higher dose schedules of 5 MU/m2 daily recommended 
for CML (weekly dose 6 MU/m2 v 35 MU/m2) and would 
certainly be less toxic and less expensive. This was based on 
the comparative analysis of 27 patients treated in early chronic- 
phase CML with the literature experience. Comparison of the 
274 patients in our studies to theirs indicates that, although the 
overall hematologic response may be similar, the incidences 
and quality of cytogenetic responses is significantly better with 
the higher dose schedules (Table 6). This is an important issue 
if achievement of minimal residual disease at the cytogenetic 
level (as discussed later) is associated with a survival benefit. 
This is further supported by the initial CALGB experience with 
the lower IFN-A dose schedule?' by the comparative study of 
Alimena et a14' with the 2 dose schedules of IFN-A, and by 
two additional studies of low-dose IFN-A sched~les.~~,~'  (Table 
6). Another issue is the differential response to IFN-A by risk 
groups. The 27 patients studied by Schofield et a156 may have 
belonged mostly to a good-risk subgroup, in whom the expected 
major cytogenetic response rate would be 46% to 52% (rather 
than the reported 22% rate) and the median survival 102 to 

104 months (Table 5A). Although the current results in CML 
suggest a benefit from higher or maximally tolerated dose 
schedule of IFN-A, the optimal IFN-A dose schedule is contro- 
versial, and randomized studies of low-dose versus high-dose 
IFN-A schedules are currently ongoing. 

Signijicance of minimal tumor burden and prognosis with 
IFN-A therapy. In solid tumors, achieving a minimal tumor 
burden had been the only means for prolonging survival and 
producing cures. The causal association between the Ph-related 
molecular events and development of CML encourages investi- 
gating approaches that reduce CML burden to the greatest 
extent possible. A minimal hematologic tumor burden, defined 
by achieving CHR, was associated with significant survival 
prolongation in all studies in which it was inve~tigated~"~ 
(Table 7). Achieving a minimal cytogenetic tumor burden was 
also associated with a significant survival advantage by land- 
mark and/or multivariate analysis in 4 of 7 s t ~ d i e s ~ ' " " ~ " ~ , ~ ~ ;  
two studies included a small number of cytogenetic re- 
s p o n s e ~ ~ ~ ~ ~ ~  and a positive trend was observed in In the 
study of Ohnishi et a1:' achieving any cytogenetic response 
was associated with a significantly better duration of chronic- 
phase CML (5-year rates, 79% v 22%; P = ,0017) but only a 
trend for better survival ( P  = .lo). Thus, the current data 
suggest that achieving minimal hematologic and cytogenetic 
disease burden would impact outcome favorably, and should 
be pursued as a therapeutic objective in future investigations. 

Of the 4 randomized trials, 3 have shown a significant 
survival advantage with IFN-A versus conventional ther- 
apy44.47,4'; the fourth showed the benefit compared with bu- 
sulfan but not hydr~xyurea.~' Considering that (1) a cytoge- 
netic response is independently associated with a survival 
a d ~ a n t a g e " . ~ . ~ ~  and (2) a low cytogenetic response rate was 
observed in the German trial,16 it is understandable that a 
survival advantage was noted with the modalities producing 
CHR (IFN-A or hydroxyurea versus busulfan), but that the 
additional survival advantage obtained by achieving a cyto- 
genetic response (IFN-A therapy) was not observed in the 
German because it occurred only in a minority of 
patients. However, this argument would not explain the sur- 
vival benefit with IFN-A therapy in the MRC trial among 
patients not having a cytogenetic response.47 

Direction of Investigational IFN-A- Based Programs in 
CML 

Although the comparative trials of IFN-A versus conven- 
tional therapy were needed in the earlier investigations, the 
current dilemma, in view of the questions raised by the ma- 
turing experience, is whether further randomized trials are 
needed. Some investigators would argue that combination 
approaches (as for AML) would ultimately be the mainstay 
of therapy in CML (because the active agents have different 
mechanisms of action). Thus, investing expenses and pa- 
tients into further randomized studies of single-agent IFN- 
A may not be the most fruitful investigational route. Rather, 
a series of pilot trials of IFN-A combinations should aim at 
improving the major and complete cytogenetic response rates 
to greater than 40% to 50% and ameliorating the treatment- 
related side-effects. If the survival advantage is most evident 
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Table 6. Response by the Dose Schedula of IFN-A Therapy in Early Chronic-Phase CML 

Study Schedule 

% Cytogenetic Response 

No. of Patients % CHR Anv Major (Complete1 

MDACC3' 5 MU/m2/d 274 
S ~ h o f i e l d ~ ~  2 MU/m2/TIW 27 

5 MU/m2/TIW 30 
Alimena" 2 MU/m2/TIW 33 

Freund5' 5 MU/TlW 10 
AngeF8 3 MU/TlW 9 

80 58 38 ( 

70 33 22 
24 NS NS 
63 NS NS 
33 0 0 
22 20 0 

26) 
(7) 

Data for Schofield et a156 included only early chronic phase CML. 
Abbreviations: TIW, three times a week; NS, not stated. 

with major cytogenetic response, increasing this response 
rate to significant levels (40% to 50%) would translate into 
a more evident survival benefit in the overall population, 
which would be difficult to show if the major cytogenetic 
response rate was lower (eg, < 10%). Only when such cyto- 
genetic response rates are achieved in cooperative (rather 
than single institution) trials with acceptable toxicity would 
further randomized studies be indicated. 

Practical Guidelines for IFN-A Therapy and Management 
of Side Effects 

The following guidelines may improve on patient toler- 
ance, compliance, and side effects with IFN-A therapy in 
general. 

(1) Initial tumor debulking can be achieved faster and 
less expensively with hydroxyurea at 1 to 5 g daily. Starting 
IFN-A with high WBC counts does not offer a therapeutic 
advantage, although it was required in the original trials to 
establish its anti-CML activity. It may, in fact, increase the 
early IFN-A toxicities related to leukocytosis (fever, chills, 
and bone and muscles aches) and result in early drop-outs. 
Once the WBC count is reduced to 10 to 20 X 103/pL, IFN- 
A may be started and hydroxyurea gradually tapered. 

(2) IFN-A therapy is initiated at a lower dose (eg, 3 MU 
daily for 3 to 7 days, then 5 to 6 MU daily for 3 to 7 days, 
and then 5 MU/m2 or MTD) to induce tachyphylaxis to early 

Table 7. Summary of Response and Survival Results With IFN-A 
Therapy 

Survival Advantage with 
Design 

Cytogenetic 
IFN-A Therapy CHR Response 

MDACC3' Single arm NA +* + 
0zerb2 Single arm NA ND - 
MahonU Single arm NA + + 
ICSG-CML" Randomized + + 4- 

Hehlmann4' Randomized + v busulfan + Trend 

Allan*' Randomized + + + 
Ohnishi@ Randomized + ND + 

- v hydrea 

Abbreviations: NA, not applicable; ND, not done. 
* Positive but not included in reported study. 

IFN-A-related side-effects. These are almost never dose- 
limiting and may be managed by giving IFN-A at bedtime 
and by premedication with acetaminophen. 

(3) Older patients (age 260 years) generally experience 
more serious side-effects and may not tolerate the full dose 
schedule as well as younger patients. 

(4) Common chronic side effects include any or a combi- 
nation of a triad of fatigue, depression, and insomnia. This 
has been managed empirically and successfully with a low 
dose of amitriptyline at bedtime (12.5 to 50 mg). A neuropsy- 
chiatric consultation and other antidepressants may benefit 
individual cases. 

(5) Dose reductions of IFN-A, commonly practiced when 
the WBC count is reduced to 5 to 10 X 103/pL are counter- 
productive for achievement of cytogenetic response. Dose 
reductions of 25% may be considered for chronic moderate 
side effects or if the WBC count decreases to less than 2 X 
103/pL or the platelet counts to less than 50 X 103/pL. Seri- 
ous (grade 3-4) toxicities necessitate interruption of IFN-A 
therapy and possible resumption at 50% of the previous dose 
with close monitoring. 

(6) Patients achieving a cytogenetic response should con- 
tinue IFN-A therapy. A complete cytogenetic response is not 
an indication for stopping therapy and observation. Patients 
should continue IFN-A therapy as long as a cytogenetic 
response (or CHR according to the MRC trial) persists or 
for at least 3 years beyond a documentation of a complete 
cytogenetic response. In such instances, IFN-A therapy may 
be gradually tapered with close (every 6 months) cytogenetic 
monitoring. The availability of better monitoring procedures 
of minimal cytogenetic disease burden, such as the hyper- 
metaphase fluorescent in situ hybridization technique, will 
allow more rational treatment decisions at these particular 
periods.59 

INVESTIGATIONAL MODALITIES 

Investigational approaches have primarily focused on sup- 
pression of the Ph-positive clones. Intensive chemotherapy, 
new agents such as homoharringtonine, and autologous stem 
cell transplantation appear promising. 

Intensive Chemotherapy 
Treatment of CML with intensive chemotherapy using 

AML-like regimens was initiated in the seventies. Intensive 
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Table 8. Recovery of 100% Diploid Hematopoiesis in Peripheral Stem Cell Collections 
After Early Hematopoietic Recovery From Intensive Chemotherapy 

~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ 

Study Therapy CML Phase No of Patients % With 100% Diploid Peripheral Collections 

CarellaS3 ICE Chronic 24 50 
Accelerated 22 23 

MDACCS4 Da u no-H DAC Chronic 30 27 
FAM Accelerated 17 18 

Blastic 8 0 
Chalmers” ICE Chronic 25 44 

Abbreviations: ICE, idarubicin, ara-C, etoposide; Dauno-HDAC, daunorubicin and high-dose ara-C: FAM, fludarabine, high-dose ara-C, and 
mitoxantrone. 

chemotherapy induced cytogenetic remissions in 60% to 
70% of patients, which was complete in 35% to 50%.60 
Its use in three initial intensive cycles followed by IFN-A 
maintenance did not increase the rate of long-term cytoge- 
netic response compared with IFN-A alone.6’ Simonsson et 
a162 treated 120 patients with CML with IFN-A for 6 months, 
followed by 3 different intensive chemotherapy regimens 
and autologous BMT using Ph-negative collected cells. The 
estimated 5-year survival rate of patients was 68%, and 11 
of 26 autografted patients remain Ph-negative up to 48 
months post-BMT.62 

Intensive chemotherapy has been used recently with in- 
creasing frequency as a method for in vivo purging that 
allows collection of marrow or peripheral diploid-rich stem 
cells during early hematopoietic recovery. Carella et a163 
reported 50% of patients collected in chronic-phase CML to 
be 100% diploid in the peripheral stem cell collections. In 
our study, conducted in patients with longer chronic-phase 
duration and with IFN-A resistance, the Ph-negative collec- 
tion rate was 27%, with 43% of patients having less than 
35% Ph-positive cells; peripheral stem cell collections were 
cleaner than marrow collections in 23% of patientsM Similar 
findings were reported by others6’ (Table 8). The treatment- 
related mortality in chronic phase was 7%.M,6’ 

Homoharringtonine (HHT) 

HHT, a plant alkaloid, showed modest activity in AML 
with significant cardiovascular problems. The schedule was 
modified to a lower-dose longer-exposure schedule that al- 
most eliminated the cardiovascular side effects and was asso- 
ciated with significant antiproliferation. HHT was then inves- 
tigated in late chronic-phase CML at 2.5 mg/m2 by 
continuous infusion for 14 days for remission induction and 
then for 7 days every month as maintenance. Among 71 
patients treated (82% with prior IFN-A therapy and 58% 
with IFN-A resistance), 72% achieved CHR and 30% had a 
cytogenetic response, which was major in 15%.66 These fig- 
ures compared favorably with the results of IFN-A alone or 
with ara-C in late chronic-phase CML, albeit in different 
study groups as defined by prior IFN-A exposure and resis- 
tance. 

Because of the encouraging results, the sequential combi- 
nation of HHT for 6 cycles followed by IFN-A maintenance 
was investigated in early chronic-phase CML.67 Among 90 
patients treated, the CHR rate after 6 cycles of HHT was 

92% and the cytogenetic response rate 68% (major, 27%). 
The longer-term follow-up results are also favorable with 
trends for higher hematologic and cytogenetic response rates 
at 3 years with the combination compared with IF”-A alone. 

Autologous Stem Cell Transplantation (SCT) 

Investigations of autologous SCT were initiated in CML- 
transformed phases and showed CHR or return of second 
chronic-phase rates of 30% to 70%, which were transient.68 
In chronic-phase CML, unpurged autologous SCT was asso- 
ciated with recovery with some Ph-negative cells, ie, cytoge- 
netic response, in 30% to 77% of  patient^.^^,^' Occasional 
patients continue to maintain Ph-negative cells with long- 
term f o l l o w - ~ p . ~ ~  Three single arm studies (Table 9)7’-73 sug- 
gested a possible survival advantage with purged autologous 
SCT, with 4- to 5-year survival rates of 56% to 70% after 
transplantation. Our analysis of 22 patients undergoing SCT 
and compared with matched historical controls showed me- 
dian survivals of 34 versus 49 months, respectively ( P  value 
not ~ignificant).~~ Our study groups consisted of patients in 
late chronic-phase CML (median time to transplant, 43 
months) who had proven resistance to IF”-A therapy, 
whereas patients in other studies were transplanted in earlier 
chronic phase and had little or no IFN-A exposure. Thus, 
from the available data, unpurged autologous SCT cannot 
be recommended as a method to prolong survival in CML 
in current practice. 

Purged autologous SCT is an exciting investigational ap- 
proach in CML.68 In vitro methods for purging have included 
long-term liquid (Dexter) c~ltures,~’ in vitro incubation with 

Table 9. Autologous Stem Cell Transplant in Chronic-Phase CML 

No. of % 
Study Patients Purged 

% Major 
Cytogenetic 
Response 

McGlave7’ 
Reiffers7’ 
H ~ y l e ~ ~  
K h ~ u r i ’ ~  
Simonsson” 
CarellaS3 
Ta I pazE5 
Barnett75 

142 
49 
21 
22 
26 
11 
10 
16 

NS 
35 
0 
0 

100 
100 
100 
100 

NS 
31 
52 
NS 
NS 
45 
40 
68 

% Survival 
(x year) 

60 (4) 
70 (3) 
56 (5) 
50 (3) 
68 (6 )  
NS 
90 (1) 
80 (3) 

Abbreviation: NS, not stated 
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chemotherapy (eg, 4 hydroxycyclophosphamide),76 biologic 
agents (eg, y interferon),” negative selection for Ph-positive 
(CD34+, HLA DR+) cells, positive selection for normal 
(CD34+, HLA DR-) stem cells,’8 and purging with antisense 
oligodeoxynucleotides against different oncogenic products 
(eg, BCR-ABL and ~-myb).’~-’’ In vivo purging methods 
have included stem cell collections after a interferon or in- 
tensive chemotherapy, as discussed earlier.61-65 

After their original observation of the growth advantage 
of normal over Ph-positive cells with long-term liquid cul- 
tures, the Vancouver group investigated such in vitro purging 
for autologous BMT. Of 87 patients screened, 36 (40%) 
exhibited this growth advantage pattern and 22 underwent 
purged autologous BMT. Marrows with 100% diploid cells 
were observed in 13 of 16 patients who had recovery, which 
lasted for a median of 12 months. Five patients maintained a 
Ph-negative status, 2 with IFN-A maintenance and 3 without 
maintenance. The 3-year survival rate was 75%.75 

Gewirtzs4 used in vitro purging with c-myb antisense oli- 
godeoxynucleotides. All 5 patients treated had later recov- 
ered with 100% Ph-positive cells after autologous BMT. 
Oligonucleotides against c-myb and BCR-ABL have shown 
survival prolongation in CML animal models. 

In the study by Simonsson et a1,6* 26 of the 120 patients 
with CML treated with the sequence of IFN-A, intensive 
chemotherapy, and autologous BMT have undergone the 
BMT procedure. Eleven (46%; 9% of total) maintain a Ph- 
negative status. The 6-year actuarial survival rate of the total 
population is 68%.62 

In the study of Carella et al,63 16 patients (1 1 chronic and 
5 accelerated) have undergone autologous SCT using diploid 
stem cells collected during early hematopoietic recovery; 5 
remain in cytogenetic CR on IFN-A maintenance at 5 +  to 
29+ months. 

In our studies, patients with CML (10 chronic, 9 acceler- 
ated, and 3 blastic) underwent autologous SCT using stem 
cells collected during hematopoietic recovery from intensive 
chemotherapy. Five patients received 100% diploid SCT. 
There was a direct correlation between the percentage of Ph- 
positive cells infused and recovered. The median time to 
loss of cytogenetic response was 12 months for patients 
infused with less than 35% Ph-positive cells and 5 months 
for those infused with greater than 35% Ph-positive cells.85 

The results of the above studies are summarized in Table 
9. Because relapse post-BMT is contributed to partly by 
infused tumor cells,86-88 improvement in purging methods 
remains an important investigational aim in the setting of 
autologous SCT in CML. Results of immunomodulation 
strategies after autologous SCT are encouraging. a Inter- 
feron, interleukin-2, and linomide are candidate approaches. 
Rowe et a189 treated 12 patients who underwent unpurged 
autologous BMT with linomide up to 0.2 mgkg orally twice 
weekly; 3 patients have maintained a Ph-negative status for 
12+, 13+, and 16+ months. 

TREATMENT OPTIONS 

The majority of patients with CML (75% to 80%) are 
not candidates for related (match or 1 antigen mismatch) 

allogeneic BMT. In this group, an initial trial of [FN-A 
therapy is indicated. Patients who achieve CHR by 6 to 8 
months and a cytogenetic response by 12 months may con- 
tinue IFN-A therapy as long as the cytogenetic response 
persists or for at least 3 years in cytogenetic CR. Patients 
who do not have a cytogenetic response after 12 months 
of therapy may either continue on IFN-A (based on MRC 
st~dies)~’ or may be offered investigational approaches 
aimed at suppressing Ph-positive disease (HHT, purged au- 
tologous SCT, or new agents) or MUD BMT in chronic or 
transformed phase depending on patient age and degree of 
donor-host matching. The median interval between the initia- 
tion of a preliminary search for a donor and MUD transplant 
is about 8 months” and is less likely to be successful among 
certain ethnic groups (eg, African-Americans and Orien- 
tals).” Hence, a preliminary MUD search soon after diagno- 
sis among eligible patients is advisable. 

Patients who have a related donor may be offered alloge- 
neic BMT initially or after a trial of IFN-A therapy based 
on patient age, patient and physician preferences, and experi- 
ence with allogeneic BMT and IFN-A. In general, younger 
patients may undergo allogeneic BMT as initial therapy if 
the risk of the procedure is low (<20% 2-year mortality) or 
if the experience with IFN-A in terms of achieving a cytoge- 
netic response is poor. Patients who are older or with an 
expected transplantation associated mortality of more than 
20% may undergo initial IFN-A therapy and would be of- 
fered related allogeneic BMT if no cytogenetic response is 
observed after 12 months or is lost later on. 

REFERENCES 
1. Bortin M, Horowitz M, Rowlings P, et al: Report from the 

International Bone Marrow Transplant Registry. Bone Marrow 
Transplant 12:97, 1993 

2. Gratwohl A, Hermans J,  Niedenvieser D, et a]: Bone marrow 
transplantation for chronic myeloid leukemia: Long-term results. 
Bone Marrow Transplant 12:509, 1993 

3. Horowitz MM, Przepiorka D, Champlin RE, et a]: Should 
HLA-identical sibling bone marrow transplants for leukemia be re- 
stricted to large centers? Blood 74:277 1, 1992 

4. Goldman J, Szydlo R, Horowitz M, et al: Choice of pretrans- 
plant treatment and timing of transplants for chronic myelogenous 
leukemia in chronic phase. Blood 82:2235, 1993 

5. Arcese W, Goldman JM, D’Arcangelo E, et al: Outcome for 
patients who relapse after allogeneic bone marrow transplantation 
for chronic myeloid leukemia. Blood 82:3211, 1993 

6. Clift R, Appelbaum F, Thomas E: Bone marrow transplantation 
for chronic myelogenous leukemia. Blood 83:2752, 1994 

7. Clift RA, Appelbaum FR, Thomas ED: Treatment of chronic 
myeloid leukemia by marrow transplantation. Blood 82: 1954, 1993 

8. Snyder D, Negrin R, O’Donnell M, et al: Fractionated total- 
body irradiation and high dose etoposide as a preparatory regimen 
for bone marrow transplantation for 94 patients with chronic myelog- 
enous leukemia in chronic phase. Blood 84:1672, 1994 

9. Biggs J, Szer J, Crilley P, et al: Treatment of chronic myeloid 
leukemia with allogeneic bone marrow transplantation after prepara- 
tion with BUCy2. Blood 82:1352, 1992 

IO. Storb R, Deeg HJ, Pepe M, et a]: Methotrexate and 
cyclosporine versus cyclosporine alone for prophylaxis of graft-ver- 
sus-host disease in patients given HLA-identical marrow grafts for 

 use only.
For personal at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


CHRONIC MYELOGENOUS LEUKEMIA, REVIEW, THERAPY 3079 

leukemia: Long-term follow-up of a controlled trial. Blood 73: 1729, 
1989 

11. Nash RA, McSweeney PA, Storb R, et al: FK506 in combina- 
tion with methotrexate for the prevention of graft-versus-host disease 
after marrow transplantation from phenotypically HLA-identical un- 
related donors. Blood 84:394a, 1994 (abstr, suppl 1) 

12. Goodrich JM, Bowden RA, Fisher L, et al: Ganciclovir pro- 
phylaxis to prevent cytomegalovirus disease after allogeneic marrow 
transplant. Ann Intern Med 118:173, 1993 

13. Goodrich JM, Mori M, Gleaves CA, et al: Early treatment 
with ganciclovir to prevent cytomegalovirus disease after allogeneic 
bone marrow transplantation. N Engl J Med 325:1601, 1991 

14. Clift RA, Buckner CD, Appelbaum FR, et al: Allogeneic 
marrow transplantation in patients with chronic myeloid leukemia 
in the chronic phase. A randomized trial of two irradiation regimens. 
Blood 77:1660, 1991 

15. Clift RA, Buckner CD, Thomas ED, et al: Marrow trans- 
plantation for chronic myeloid leukemia: A randomized study com- 
paring cyclophosphamide and total body irradiation with busulfan 
and cyclophosphamide. Blood 842036, 1994 

16. Anderson JE, Appelbaum FR, Storb R, Anasetti C: Busulfan 
and cyclophosphamide with or without total body irradiation as pre- 
parative regimens for patients undergoing allogeneic bone marrow 
transplantation for myelodysplastic syndrome. Blood 82:377a, 1993 
(abstr, suppl 1) 

17. Kolb HJ, Mittermuller J, Clemm Ch, et al: Donor leukocyte 
transfusions for treatment of recurent chronic myelogenous leukemia 
in marrow transplant patients. Blood 76:2462, 1990 

18. Kolb HJ, Schattenberg A, Goldman J, et al: Graft-versus- 
leukemia effect of donor lymphocyte transfusions in marrow grafted 
patients. Blood 86:2041, 1995 

19. Antin JH: Graft-versus-leukemia: No longer an epiphenom- 
enon. Blood 82:2273, 1993 

20. MacKinnon S, Papadopoulos EB, Carabasi MH, et al: Adop- 
tive immunotherapy evaluating escalating doses of donor leukocytes 
for relapsed chronic myeloid leukemia after allogeneic bone marrow 
transplantation-separation of graft-versus-host leukemia responses 
from graft-versus-host disease. Blood 86: 1261, 1995 

21. Giralt S, Hester J, Huh Y, et al: CD8+ depleted donor lym- 
phocyte infusion as treatment for relapsed chronic myelogenous leu- 
kemia after allogeneic bone marrow transplantation: Graft vs leuke- 
mia without graft vs host disease. Blood 84:538a, 1994 (abstr, suppl 
1) 

22. Giralt S, Champlin R: Leukemia relapse after allogeneic bone 
marrow transplant: A review. Blood 83:3603, 1994 

23. Mrsic M, Horowitz MM, Atkinson K, et al: Second HLA- 
identical sibling transplants for leukemia recurrence. Bone Marrow 
Transplant 9:269, 1992 

24. Higano CS, Raskind WH, Singer JW: Use of a interferon for 
the treatment of relapse of chronic myelogenous leukemia in chronic 
phase after allogeneic bone marrow transplantation. Blood 80: 1437, 
1992 

25. Giralt S, Escudier S, Kantarjian H, et al: Preliminary results 
of treatment with filgrastim for relapse of leukemia and myelodys- 
plasia after allogeneic bone marrow transplantation. N Engl J Med 
329:757, 1993 

26. Tutschka PJ, Copelan EA, Klein JP: Bone marrow trans- 
plantation for leukemia following a new busulfan and cyclophospha- 
mide regimen. Blood 70:1382, 1987 

27. McGlave P, Arthur D, Haake R, et al: Therapy of chronic 
myelogenous leukemia with allogeneic bone marrow transplantation. 
J Clin Oncol 5:1033, 1987 

28. Kantarjian HM, Dixon D, Keating MJ, et al: Characteristics 

of accelerated disease in chronic myelogenous leukemia. Cancer 
61:1441, 1988 

29. Clift R, Buckner C, Thomas E, et al: Marrow transplantation 
for patients in accelerated phase of chronic myeloid leukemia. Blood 
84:4368, 1994 

30. Majlis A, Kantarjian H, Smith T, et al: What is the signifi- 
cance of cytogenetic clonal evolution in patients with Philadelphia 
chromosome positive chronic myelogenous leukemia. Blood 
84:150a, 1994 (abstr, suppl 1) 

31. Kantarjian H, Smith T, O’Brien S, et al: Prolonged survival 
in chronic myelogenous leukemia following cytogenetic response to 
alpha interferon therapy. Ann Intern Med 122:254, 1995 

32. Dowding C, Guo Ai-Pu, Osterholz J, et al: Interferon-a over- 
rides the deficient adhesion of chronic myeloid leukemia primitive 
progenitor cells to bone marrow stromal cells. Blood 78:499, 1991 

33. Giralt S, Kantarjian H, Talpaz M, et al: Effect of prior inter- 
feron alpha therapy on the outcome of allogeneic bone marrow 
transplantation for chronic myelogenous leukemia. J Clin Oncol 
11:1055, 1993 

34. Zuffa E, Bandini G, Bonini A, et al: Outcome of allogeneic 
transplant in CML patients previously treated with alpha-interferon. 
Analysis in a single institution. Bone Marrow Transplant 15518, 
1995 (suppl 2) 

34a. Shepherd P, Richards S ,  Allan N: Survival after allogeneic 
bone marrow transplantation (BMT) in patients randomized into a 
trial of IFN-a versus chemotherapy: No significant adverse effect 
of prolonged IFN-(Y administration. Blood 86:94a, 1995 (abstr, suppl 
1) 

35. Beelen DW, Graeven U, Elmaagacli AH, et al: Prolonged 
administration of interferon-a in patients with chronic-phase Phila- 
delphia chromosome-positive chronic myelogenous leukemia before 
allogeneic bone marrow transplantation may adversely affect trans- 
plant outcome. Blood 85:2981, 1995 

36. McGlave P, Bartsch G, Anasetti C, Ash R, Beatty P, Gajewski 
J, Keman N: Unrelated donor marrow transplantation for chronic 
myelogenous leukemia: Initial experience of the National Marrow 
Donor Program. Blood 81:543, 1993 

37. Beatty P, Anasetti C, Hansen J, et al: Marrow transplantation 
from unrelated donors for treatment of hematologic malignancies: 
Effect of mismatching for one HLA locus. Blood 81:249, 1993 

38. Talpaz M, Kantarjian H, McCredie K, et al: Hematologic 
remission and cytogenetic improvement induced by recombinant 
human interferon alpha A in chronic myelogenous leukemia. N Engl 
J Med 314:1065, 1986 

39. Talpaz M, Kantarjian H, Kurzrock R, Trujillo J, Gutterman 
J: Interferon alpha produces sustained cytogenetic responses in Phil- 
adelphia positive chronic myelogenous leukemia. Ann Intern Med 
114532, 1991 

40. Kantarjian H, Deisseroth A, Kurzrock R, Estrov Z, Talpaz 
M: Chronic myelogenous leukemia: A concise updata. Blood 82:691, 
1993 

41. Alimena G, Morra E, Lazzarino, et al: Interferon alpha-2b as 
therapy for Ph’-positive chronic myelogenous leukemia: A study of 
82 patients treated with intermittent or daily administration. Blood 
72542, 1989 

42. Ozer H, George S, Schiffer C, et al: Prolonged subcutaneous 
administration of recombinant alfa-2b interferon in patients with 
previously untreated Philadelphia chromosome-positive chronic- 
phase chronic myelogenous leukemia: Effect on remission duration 
and survival: Cancer and Leukemia Group B Study 8583. Blood 
82:2975, 1993 

43. Mahon F, Montastruc M, Faberes C, Reiffers J: Predicting 
complete cytogenetic response in chronic myelogenous leukemia 

 use only.
For personal at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


3080 KANTARJIAN ET AL 

patients treated in chronic myelogenous leukemia patients treated 
with recombinant interferon-cy. Blood 84:3592, 1994 

44. Tura S, Baccarani M, Zuffa E, for the Italian Cooperative 
Study Group on Chronic Myeloid Leukemia: Interferon alfa-2a as 
compared with conventional chemotherapy for the treatment of 
chronic myeloid leukemia. N Engl J Med 330:820, 1994 

45. Tura S, Baccarani M: Interferon alpha-2a for chronic myeloid 
leukemia. N Engl J Med 331:402, 1994 

46. Hehlmann R, Heimpel H, Hasford J, et al: Randomized com- 
parison of interferon-a with busulfan and hydroxyurea in chronic 
myelogenous leukemia. Blood 84:4064, 1994 

47. Allan N, Richards S, Shepard P, et al: UK-Medical Research 
Council randomized, multicenter trial of interferon-a n 1 for chronic 
myeloid leukemia-improved survival irrespective of cytogenetic re- 
sponse. Lancet 345:1392, 1995 

48. Ohnishi K, Ohno R, Tomonaga M, et al: A randomized trial 
comparing interferon-a with busulfan for newly diagnosed chronic 
myelogenous leukemia in chronic phase. Blood 86:906, 1995 

49. Sokal J, Leong S ,  Gomez G: Preferential inhibition by cytara- 
bine of CFU-GM from patients with chronic granulocytic leukemia. 
Cancer 59:197, 1987 

50. Robertson MJ, Tantravahi R, Griffin JD, Canellos GP, Can- 
nistra SA: Hematologic remission and cytogenetic improvement 
after treatment of stable-phase chronic myelogenous leukemia with 
continuous infusion of low-dose cytarabine. Am J Hematol 43:95, 
1993 

51. Kantarjian H, Keating M, Estey E, et al: Treatment of ad- 
vanced stages of Philadelphia chromosome-positive chronic myelog- 
enous leukemia with interferon-a and low dose cytarabine. J Clin 
Oncol 10:772, 1992 

52. Arthur CK, Ma DDF: Combined interferon alfa-2a and cyto- 
sine arabinoside as first-line treatment for chronic myeloid leukemia. 
Acta Haematol 89:15, 1993 (suppl 1) 

53. Guilhot F, Lamagnere J, Harousseau J,  et al: A multicenter 
study of a randomized therapeutic protocol in previously untreated 
patients with Ph’-positive chronic myelogenous leukaemia: Inter- 
feron alfa-2b and hydroxyurea with or without cytosine arabinoside, 
preliminary results. Eur J Cancer 27:S26, 1991 (suppl 4) 

54. Heubner P, Willemze R, Ganser A, et al: YNKOl, an oral 
ara-C derivative in patients with AML, MDS, low-grade malignant 
NHL and CML. Blood 81:302a, 1994 (abstr, suppl 1) 

55. Sacchi S, Kantarjian H, O’Brien S, et al: Immune-mediated 
and unusual complications during interferon alfa therapy in chronic 
myelogenous leukemia. J Clin Oncol 13:2401, 1995 

56. Schofield J, Robinson W, Murphy J, Rovira D: Low doses 
of interferon-a are as effective as higher doses in inducing remission 
and prolonging survival in chronic myeloid leukemia. Ann Intern 
Med 121:736, 1994 

57. Freund M, von Wussow P, Diedrich H, et al: Recombinant 
human interferon (IFN) alpha-2b in chronic myelogenous leukaemia: 
Dose dependency of response and frequency of neutralizing anti- 
interferon antibodies. Br J Haematol 72:350, 1989 

58. Anger B, Porzolt F, Leichte R, Heinze B, Bartram C, Heimpel 
H: A phase VI1 study of recombinant interferon alpha 2a and hy- 
droxyurea for chronic myelocytic leukemia. Blut 58:275, 1989 

59. Seong DC, Kantarjian HM, Ro JY, et al: Hypermetaphase 
fluorescent in situ hybridization for quantitative monitoring of Phila- 
delphia chromosome positive cells in patients with chronic myeloge- 
nous leukemia during treatment. Blood 86:2343, 1995 

60. Kantarjian HM, Vellekoop L, McCredie KB, et al: Intensive 
combination chemotherapy (ROAP 10) and splenectomy in the man- 
agement of chronic myelogenous leukemia. J Clin Oncol3:192, 1985 

61. Kantarjian HM, Talpaz M, Keating MJ, et al: Intensive che- 
motherapy induction followed by interferon-alpha maintenance in 

patients with Philadelphia chromosome-positive chronic myeloge- 
nous leukemia. Cancer 68: 1201, 199 1 

62. Simonsson B, Oberg G, Kollander A, et al: Intensive treat- 
ment in order to minimize the Ph-positive clone in chronic myelo- 
genic leukemia (CML). Bone Marrow Transplant 14:S55, 1994 
(SUPPI 3 )  

63. Carella AM, Frassoni F, Negrin RS: Autografting in chronic 
myelogenous leukemia-New questions. Leukemia 9:365, 1995 

64. Kantarjian HM, Talpaz M, Hester J, et al: Collection of pe- 
ripheral blood diploid cells from chronic myelogenous leukemia 
patients early in the recovery phase from myelosuppression induced 
by intensive-dose chemotherapy. J Clin Oncol 13:553, 1995 

65. Chalmers EA, Franklin IM, Kelsey S, et al: Mobilization of 
Ph-negative peripheral blood stem cells in CML with idarubicin and 
cytaragine. Bone Marrow Transplant 14:34, 1994 (suppl 3) 

66. O’Brien S, Kantarjian H, Keating M, et al: Homoharring- 
tonine therapy induces long-term responses in patients with chronic 
myelogenous leukemia in late chronic phase. Blood 863322, 1995 

67. O’Brien S, Kantarjian H, Feldman E, et al: Sequential homo- 
hamngtonine and interferon produce high hematologic and cytoge- 
netic response rates in Philadelphia chromosome positive chronic 
myelogenous leukemia. Proc Am Soc  Clin Oncol 14336. 1995 
(abstr) 

68. O’Brien SG, Goldman J: Current approaches to hemopoietic 
stem-cell purging in chronic myeloid leukemia. J Clin Oncol 13:541, 
1995 

69. Brito-Babapulle F, Bowcock SJ, Marcus RE, et al: Autograft- 
ing for patients with chronic myeloid leukaemia in chronic phase: 
Peripheral blood stem cells may have a finite capacity for main- 
taining haemopoiesis. Br J Haematol 73:76, 1989 

70. Kantarjian H, Talpaz M, Andersson B, et al: High doses of 
cyclophosphamide, etoposide, and total body irradiation followed 
by autologous stem cell transplantation in the management of pd- 
tients with chronic myelogenous leukemia. Bone Marrow Transplant 
14:57, 1994 

71. McGlave PB, De Fabritis P, Deisseroth A, et al: Autologous 
transplants for chronic myelogenous leukaemia: Results from eight 
transplant groups. Lancet 343: 1486, 1994 

72. Reiffers J, Goldman JM, Meloni JM, et al: Autologous stem 
cell transplantation in chronic myelogenous leukemia. A retrospec- 
tive analysis of the European Group for Bone Marrow Transplanta- 
tion. Bone Marrow Transplant 14:407, 1994 

73. Hoyle C, Gray R, Goldman J: Autografting for patients with 
CML in chronic phase: An update. Br J Haematol 86:76, 1994 

74. Khouri IF, Kantarjian HM, TaIpaz M: High-dose chemother- 
apy and unpurged autologous stem cell transplantation for chronic 
myelogenous leukemia: The M.D. Anderson experience. Blood 
84:537a, 1994 (abstr, suppl 1) 

75. Barnett MJ, Eaves CJ, Phillips GL, et al: Autografting with 
cultured marrow in chronic myeloid leukemia. Results of a pilot 
study. Blood 84:724, 1994 

76. Carlo Stella C, Mangoni L, Piovani G, et al: In vitro marrow 
purging in chronic myelogenous leukemia. Effect of mafosfamide 
and recombinant granulocyte-macrophase colony-stimulating factor. 
Bone Marrow Transplant 8:265, 1991 

77. McGlave PB, Arthur D, Miller WJ, et al: Autologous trans- 
plantation for CML using marrow treated ex vivo with recombinant 
human interferon gamma. Bone Marrow Transplant 6: 1 15, 1990 

78. Verfaillie CM, Miller WJ, Boylan K, et al: Selection of benign 
primitive hematopoietic progenitors in chronic myelogenous leuke- 
mia on the basis of HLA-DR antigen expression. Blood 79:1003, 
I992 

79. van Denderen J, ten Hacken P, Berendes P, et ai: Antibody 
recognition of the tumor-specific b3-a2 junction of bcr-ab1 chimeric 

 use only.
For personal at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


CHRONIC MYELOGENOUS LEUKEMIA, REVIEW, THERAPY 3081 

proteins in Philadelphia-chromosome-positive leukemias. Leukemia 
6:1107, 1992 

80. Kirkland MA, O’Brien SG, McDonald C, et al: BCR-ABL 
antisense purging in chronic myeloid leukaemia. Lancet 342:614, 
1993 (letter) 

81. Ratajczak MZ, Hijiya N, Catani L, et al: Acute- and chronic- 
phase chronic myelogenous leukemia colony-forming units are 
highly sensitive to the growth inhibitory effects of c-myb antisense 
oligodeoxynucleotides. Blood 79: 1956, 1992 

82. Luger SM Ratajczak MZ, Stadtmauer EA, et al: Autografting 
for chronic myeloid leukemia (CML) with C-MYB antisense oligo- 
deoxynucleotide purged bone marrow. A preliminary report. Blood 
84:151a, 1994 (abstr, suppl 1) 

83. De Fabritiis P, Lisci E, Montefusco M, et al: Autograft after 
in vitro purging with BCR-ABL antisense oligonucleotides for pa- 
tients with CML in advanced phase. Bone Marrow Transplant 
14:S80, 1994 (suppl 3). 

84. Gewirtz A: Treatment of chronic myelogenous leukemia 
(CML) with c-myb antisense oligodeoxynucleotides. Bone Marrow 
Transplant 14:S57, 1994 (suppl 3) 

85. Talpaz M, Kantarjian H, Khouri I, et al: Diploid cells col- 
lected from chronic myelogenous leukemia patients during recovery 
from conventional dose induced myelosuppression generate com- 

plete cytogenetic remissions after autologous transplantation. Blood 
84:537a, 1994 (abstr, suppl 1) 

86. Brenner MK, Rill DR, Moen RC, et al: Gene-marking to 
trace origin of relapse after autologous bone-marrow transplantation. 
Lancet 341:85, 1993 

87. Etkin M, Filaccio M, Ellerson D, et al: Use of cell-free retrovi- 
ral vector preparations for transduction of cells from the marrow of 
chronic phase and blast crisis chronic myelogenous leukemia patients 
and from normal individuals. Hum Gene Ther 3:137, 1992 

88. Deisseroth AB, Zu Z, Claxton D, et al: Genetic marking 
shows that Ph+ cells present in autologous transplants of chronic 
myelogenous leukemia (CML) contribute to relapse after autologous 
bone marrow in CML. Blood 83:3068, 1994 

89. Rowe J, Ryau H, Nilsson BL, et al: Chronic myelogenous 
leukemia treated with autologous bone marrow transplantation fol- 
lowed by Roquiminex. Blood 84:204a, 1994 (abstr, suppl 1) 

90. Keman NA, Bartsch G, Ash RC: Analysis of 462 trans- 
plantations from unrelated donors facilitated by the National Marrow 
Donor Program. N Engl J Med 328593, 1993 

91. Beatty PG, Mori M, Milford E, et al: Racial differences in 
histocompatibility, implications for unrelated donor BMT. J Cell 
Biochem 8b:49, 1994 (suppl 1) 

 use only.
For personal at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

