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An Evidence-Based Analysis of the Effect of Busulfan, Hydroxyurea, Interferon,
and Allogeneic Bone Marrow Transplantation in Treating the Chronic Phase of
Chronic Myeloid Leukemia: Developed for the American Society of Hematology

By Richard T. Silver, Steven H. Woolf, Rüdiger Hehlmann, Frederick R. Appelbaum, James Anderson,
Charles Bennett, John M. Goldman, Francois Guilhot, Hagop M. Kantarjian, Alan E. Lichtin, Moshe Talpaz,

and Sante Tura

Because there are differing opinions regarding treatment of

patients in the chronic phase of chronic myeloid leukemia

(CML), the American Society of Hematology convened an

expert panel to review and document evidence-based ben-

efits and harms of treatment of CML with busulfan (BUS),

hydroxyurea (HU), recombinant interferon-a (rIFN-a), and

bone marrow transplantation (BMT). The primary measure

for defining efficacy was survival. Analysis indicated a sur-

vival advantage for HU over BUS. Observational studies of

rIFN-a suffer from numerous biases including sample size,

variations in study populations, definitions of hematologic

and cytogenetic remissions, and dose. That rIFN-a is more

efficacious than chemotherapy is demonstrated by 6 prospec-

tive randomized trials. For patients with favorable clinical

features in chronic phase, compared to HU and BUS, rIFN-a
improves survival by a median of about 20 months. Most

evidence suggests that rIFN-a is most effective when com-

bined with other drugs and when given during the earliest

stage of the chronic phase. Adding cytarabine to rIFN-a adds

further survival benefit but increases toxicity. Limitations for

evaluating the long-term benefits of allogeneic BMT include

the retrospective nature of most studies, incomplete docu-

mentation of the clinical characteristics of the patients,

paucity of the details on patient selection, lack of control

groups, and limitations of survival calculations. Survival

curves for BMT show that at least half of the patients

transplanted remain alive 5 to 10 years after treatment,

whereas similar curves for rIFN-a show a continuous relapse

rate over time with the curves crossing at about 7 to 8 years.

Estimates of long-term survival may be confounded by the

selection biases mentioned and the analytic methods used.

The magnitude of the incremental increase in benefit with

BMT must be weighed against the potential serious harm

and death that may accompany the procedure in the short

term. The best results with BMT have been obtained when it

is performed within 1 to 2 years from diagnosis. Since each

treatment option involves tradeoffs between benefit and

harm, patient choice must be based on the examination of

facts presented in an unbiased fashion. Newly diagnosed

younger patients and older patients who are candidates for

BMT should also be offered information about IFN-based

regimens, the tradeoffs involved, and, if possible, share in

the treatment decision. Hopefully this analysis will provide the

stimulus for evaluation of other important aspects of CML.

r 1999 by The American Society of Hematology.

CHRONIC MYELOID (myelogenous, myelocytic, granulo-
cytic) leukemia (CML) is a clonal myeloproliferative

disorder of a pluripotent hematopoietic stem cell with a specific
cytogenetic abnormality, the Philadelphia (Ph1) chromosome.
This chromosome results from a balanced translocation be-
tween the long arms of chromosomes 9 and 22, resulting in the
bcr/ablchimeric gene that expresses an abnormal fusion protein
with altered tyrosine kinase activity. CML accounts for 7% to
20% of all leukemias and affects an estimated 1 to 2/100,000
persons in the general population.1,2Although the median age of
presentation is the fifth decade, all age groups are at risk. CML
is characterized by a chronic phase with a median duration of 3
to 5 years when treated with conventional agents and an
accelerated or acute phase of approximately 3 to 6 months’
duration, inevitably terminating fatally. Initially, the chronic
phase is characterized by no or few symptoms and signs.
However, in the majority of cases, constitutional symptoms and
abnormal physical findings including extramedullary abnormali-
ties, such as myeloblastomas, eventually develop.3

Experts differ on the best treatment for patients in the chronic
phase of CML. Options include busulfan (BUS), hydroxyurea
(HU), interferon (IFN)-based regimens, or bone marrow trans-
plantation (BMT). Until a few years ago, allogeneic BMT was
the treatment of choice for all eligible patients, because it was
the only treatment that appeared to change the natural course of
the disease. Therefore, randomized studies comparing transplan-
tation to chemotherapy (BUS, HU) were not feasible, and
follow-up reports of observational studies were not deemed

necessary. Currently, this situation has changed because IFN-
based regimens have also influenced the natural course of CML
by also prolonging survival.

In 1996, the American Society of Hematology convened an
Expert Panel on Chronic Myeloid Leukemia to review and
document the strength of the evidence regarding the benefits
and harms of each option and to determine whether evidence-
based treatment recommendations could be developed. This
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report summarizes the Panel’s evidence review and recommen-
dations.

PANEL METHODS

Panel Composition

The 12-member panel included hematologists and oncolo-
gists from the United States, England, France, Germany, and
Italy with research expertise in the treatment of CML, practic-
ing hematologists from the United States, a biostatistician, and a
practice guidelines methodologist. One of the panelists was also
a designated representative of the American Society of Clinical
Oncology.

Scope of Review

The review evaluated the long-term efficacy of chemotherapy
(BUS, HU) rIFN-a–based regimens, and allogeneic BMT as
initial treatments for chronic-phase CML. Busulfan was exam-
ined only in comparison to HU. Other chemotherapeutic agents,
high-dose combination chemotherapy, radiation, splenectomy,
and experimental therapies were not reviewed. The review of
BMT focused on allogeneic transplants using matched sibling
and unrelated donors. Comparisons of pretransplant preparative
regimens and protocols for preventing graft-versus-host disease
(GVHD) were not within the Panel’s purview. Other important
aspects of CML, eg, etiology, natural history, molecular and
cytogenetic testing, autologous BMT, and treatment of acceler-
ated phase and blast crisis, were beyond the scope of this
review. The target condition, treatments, and outcomes of
interest were defined explicitly as follows.

Target condition. CML was considered present only with
evidence of the Ph1chromosome and/or chimericbcr/ablgene.
Excluded werebcr-abl–negative and Ph-negative disease, juve-
nile CML, chronic myelomonocytic leukemia, chronic neutro-
philic leukemia, chronic eosinophilic leukemia or hypereosino-
philic syndrome, and Ph1 acute leukemia.

Outcomes of interest.Life expectancy (survival rate) was
the primary measure for defining treatment efficacy. Relevant
intermediateoutcomes included evidence of hematologic or
cytogenetic remission (as defined below), but these parameters
were considered less persuasive than survival. Potential adverse
effects of treatment were considered for each option. Treatment
costs, although a measure of great importance,4 were not
analyzed because of lack of adequate data.

Relevant evidence.Relevant evidence addressed the target
condition and the efficacy of the treatments listed above in terms
of survival and/or hematologic/cytogenetic remission. Admis-
sible evidence included controlled and uncontrolled observa-
tional studies, randomized controlled trials, and letters to the
editor containing primary data. Excluded studies were those
with less than 5 patients in chronic-phase CML, those without
English-language text, and those published before 1980.

Literature search. A computerized literature search of the
MEDLINE database, conducted in 1996, sought all publications
in which the text words ‘‘chronic myelogenous leukemia’’
appeared in the title or abstract. This search term was not
expanded because an initial list of 2,423 citations was retrieved,
of which 960 addressed treatments of interest. Two hundred
seven articles met criteria for closer inspection. The core

literature assembled from the computerized search was supple-
mented in 1997 and 1998 with additional relevant articles
identified by scanning bibliographic reference lists and by
suggestions from panel members and reviewers. This included
articles on chronic myeloid, myelogenous, myelocytic, and
granulocytic leukemia.

Criteria for evaluating quality. Both observational studies
and randomized controlled trials were reviewed, but the latter
were generally considered a stronger class of evidence. For both
categories, the internal validity of studies was judged on the
basis of explicit criteria: sample size and statistical power,
selection bias, methods for allocation to treatment groups,
attrition rate, definition of intervention and outcomes, confound-
ing variables, data collection biases, and statistical methods.
External validity was judged in terms of the patients, treatment
protocol, and clinical setting examined in the study. The
designs, results, and limitations of the studies were assembled
systematically in evidence tables (see Tables 2 through 6).

Development of recommendations.Recommendations were
evidence-based: this means that treatments could not be recom-
mended unless the evidence met explicit predetermined criteria
shown in Table 1. When such data were lacking, the panel
generally chose not to make recommendations on the basis of
indirect evidence (eg, uncontrolled observational studies) or
expert opinion.

Table 1. Decision Rules for Issuing Recommendations

for the CML Analysis

1. Recomendations can be made only if there is direct scientific
evidence of improved health outcomes (see no. 2), not because
a panel member believes there is benefit nor because it is
accepted practice in CML care. When such evidence is lacking,
the results of the analysis should state: ‘‘There is insufficient evi-
dence to make a recommendation.’’

2. The Analysis will not result in recommendation for one interven-
tion over another unless there is evidence from a controlled
study (internal controls) or from dramatic findings in an uncon-
trolled study that patients treated with that intervention experi-
ence better outcomes (eg, higher survival) than those treated by
the alternative. The outcomes that matter most are those that
patients experience (eg, lengthened survival), not intermediate
outcomes for which the linkage to health outcomes is less cer-
tain (eg, cytogenetic remission).

3. When extrapolations of evidence are made from one patient
population to another to infer effectiveness, the Analysis should
make this explicit and discuss the implications.

4. Claims of proof should be accompanied by full disclosure of the
limitations of the evidence.

5. Claims about benefit should clarify the magnitude of benefit,
preferably in absolute terms rather than as relative benefit.
These claims should be accompanied by a description of poten-
tial harms, preferably by estimating the probability of these
harms. Confidence intervals should be used to clarify the range
of uncertainty about the estimates.

6. When there are complex tradeoffs between benefits and harms
such that patients might have different views about the best
choice depending on personal preferences, the Analysis should
not make categorical recommendations but should instead
advise shared decision-making based on the values patients
assign to potential outcomes.
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CHEMOTHERAPY WITH BUS AND HU

For many years the principal options for chemotherapy for
treating Ph1CML have included BUS and HU.5,6The superior-
ity of HU was finally established after a randomized controlled
trial compared the agents7 and showed that median survival was
significantly shorter for BUS-treated patients than for those
treated with HU (45v 58 months) (P5 .008). The 5-year
survival rates were 32% and 44%, respectively. A recent
meta-analysis of 5 other trials also supports a survival advan-
tage for HU over BUS.8

Both BUS and HU are associated with adverse effects.
Busulfan causes more frequent and serious complications of
irreversible cytopenia and pulmonary, hepatic, and cardiac
fibrosis.7,10

IFN

Initial research involved the use of human leukocyte IFN,11

but subsequent clinical studies have centered on the use of
recombinant human (r) IFN-a 2a, 2b, and 2c. rIFN-g has been
shown to be relatively ineffective for CML12 and is not
reviewed.

Observational Studies of rIFN-a

The bulk of the evidence for the effectiveness of rIFN-a
therapy consists of at least 30 uncontrolled observational
studies initiated in the 1980s (Table 2). The largest number of
patients have been followed at the M.D. Anderson Cancer
Center (Houston, TX) in observational studies where the
probability of complete and partial hematologic remission in
CML after interferon therapy is 70% to 80% and 6% to 10%,
respectively.13-15 Remission rates reported by other investiga-
tors are generally lower and vary more widely. In studies where
only rIFN-a is used, the rates of complete and partial hemato-
logic remissions range from 7% to 81% and 6% to 50%,
respectively (Table 2) (the variations in study design preclude
accurate calculation of means or medians). Reported rates for
complete and partialcytogeneticremissions range from 0% to
38% and 0% to 16%, respectively (Table 2).

Variations in study populations and response to rIFN-a.
The wide variations in reported outcomes with rIFN-a therapy
stem largely from differences among studies in patient case mix
(health status and risk factors) age, stage of disease, the number
of months elapsed from diagnosis, the presence or absence of
symptoms or physical findings, treatment regimens, and criteria
for measuring outcomes, all of which influence prognosis. IFN
regimens vary considerably in preparation, dose, duration, and
criteria for changing the dose based on clinical response and
toxicity.

The definitions of hematologic and cytogenetic remission,
although patterned after the well-established criteria of the
Houston group, are not identical. (The Houston group defines a
complete hematologic remission as the achievement of a normal
white blood cell (WBC) and platelet count [,10,000/µL and
450,000/µL, respectively], normal differential [no immature
forms], and the disappearance of all symptoms and signs of
CML. A partial hematologic response is defined as a decrease in
the WBC count to,50% of the pretreatment level and
,20,000/µL, or the normalization of the WBC count accompa-

nied by persistent splenomegaly or immature cells in the
peripheral blood. A complete cytogenetic response is defined as
the absence of Ph1metaphases; partial cytogenetic response as
1% to 34% Ph1. Major cytogenetic remission combines the
percentages of complete and partial response.) In many reports,
hematologic remissions after rINF-a occur within a median of 1
to 3 months,16-18but generalizing from these studies is uncertain
in part because many of these patients received additional
therapy before or concurrent with rINF-a. Evidence exists for a
dose-response relationship for rIFN-a.19,20 Although average
doses for rIFN-ahave been established, the effective dose for
an individual may vary considerably from the mean. Most (but
not all) studies suggest that doses of 4 to 5 million units
(MU)/M2/d are more likely to achieve remission (and toxicity)
than are lower doses.19,20 In observational studies the median
duration of hematologic remission is 52 months, with 80% of
responders remaining in remission more than 12 months.16

Durable hematologic remissions are more common in young
patients who are treated soon after diagnosis, who have less
advanced stage disease, and who have favorable prognostic
features17,20,21(Table 3).

Cytogenetic response is also more likely in patients who at
diagnosis have favorable prognostic features including low or
normal baseline platelet counts, a low percentage of blasts in the
blood and marrow, or a nonpalpable spleen and who achieve a
favorable hematologic response.21-23In patients with a complete
hematologic remission, the median time to complete cytoge-
netic remissions is 9 to 18 months, but it may occur after 4 years
of therapy.16,18,24Durable cytogenetic responses, some lasting as
long as 10 years, are more common in patients in whom the
Ph1 chromosome cannot be demonstrated from evaluable
metaphases compared with those who experience only a partial
cytogenetic remission.25

Problems With Uncontrolled Observational Studies
With rIFN-a

Although single-arm uncontrolled observational studies are
important because of highlighting potential improvement in
long-term outcomes, they are of limited value inproving that
rIFN-a is more effective than chemotherapy because of meth-
odologic problems limiting their interpretation. Sample sizes
are generally small (often,50 patients), which does not permit
meaningful statistical conclusions. Poorly described patient
characteristics makes it difficult to assess risk status. Retrospec-
tive studies may allow selection bias in choosing records to be
analyzed. Prospective studies specifying inclusion criteria have
rarely provided sufficient documentation to assure that the
records of all, rather than only some, eligible patients were
examined. These uncertainties introduce the possibility that
observational studies might include a disproportionately large
number of patients predisposed to experience particularly
favorable or unfavorable outcomes.

Other methodologic problems exist. Lengths of follow-up in
many studies are short, often less than the median survival time
of the disease. Some centers have published multiple reports on
the same cohort, but the data are inconsistent. In many studies,
cytogenetic responses were measured only in patients who had
a hematologic response (because patients without the latter are
considered incapable of exhibiting cytogenetic improvement).
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Table 2. Observational Studies of IFN-a Only in the Treatment of CML

Authors, Year
No.

Patients Population Description

Initial
Dose
rIFN-a

(MU/M2/d)*

Med
f-u

(mo)

Outcomes

Hematologic
Response†

Cytogenetic
Response‡ Survival

CHR
%

PHR
%

CCyR
%

PCyR
%

5-yr
%

Med
(mo)

Ozer et al,16 1993 107 CP-Ph1, med age 5 44, mo from
dx NR, CALGB Score 0-3, life
expectancy .12 mo, 56% with
splenomegaly, none with prior
treatment

5 64 22 20 13 16 52 66

Thaler et al,55 1993 80 CP-Ph1, med age 5 49, mo from
dx and clinical characteristics
NR, 24% with prior treatment

3.5 12 36 33 5 5 NR NR

Alimena et al,19 1988 73 CP-Ph1, med age 5 40-43; 57%
with prior treatment

2 or 5 14 49 19 med, Ph1

cells 5 65%
NR NR

Montastruc et al,21 1995 52 CP-Ph1, med age 5 52, #6 mo
(med) from dx, 46% with sple-
nomegaly, 27% with prior treat-
ment

5 30 81 17 38 6 NR NR

Fernandez-Ranada et al,17

1993
51 CP-Ph1, med age 5 43, 2 mo

(med) from dx, Karnofsky
$80%, 100% with prior treat-
ment

5 7 53 22 6 2 NA —

Talpaz et al,14 1987 51 CP-Ph1, med age 5 42, 90% ,6
mo from dx, ,30% ‘‘blasts,’’
71% with splenomegaly, no
extramedullary disease, some
with prior treatment

3-9 37 71 10 NR 16 med survival
not reached;
78% alive at
37 mo, 3-yr
survival 5 76%

Niederle et al,47 1993 48 CP-Ph1, med age 5 36, 13 mo
(med) from dx, 76% with prior
treatment

4 NR 46 27 0 2 NR NR

Schofield et al,48 1994 41 CP-Ph1, med age 5 38, 7 mo
(med) from dx, 70% with sple-
nomegaly, some with prior
treatment

2 52 61 20 7 12 54 84

Freund et al,49 1989 27 CP-Ph1, med age 5 47, 0-81 mo
from dx, severe renal, hepatic,
cardiac, cerebral ds or preg-
nancy excluded, 63% with prior
treatment

5 (TIW) 30 22 37 0 0 NR NR

Talpaz et al,13 1986 17 CP-Ph1, med age 5 44, 4 mo
(med) from dx, not treated for 2
wk before study, 76% with prior
treatment

5 NR 76 6 35 NR NR NR

Werter et al,50 1988 14 CP-Ph1, med age 5 43, mo from
dx NR, 50% with prior treatment

5 — 7 50 NR NR NR NR

Hermann et al,51 1990 11 CP-Ph1, med age 5 45, mo from
dx NR, Karnofsky Score .50%,
life expectancy .3 mo, normal
hepatic, renal, coag fxn, .4 wk
from previous rx, 100% with
prior treatment

5 6-30 36 9 9 9 NR NR

Abbreviations: CCyR, complete cytogenetic response; PCyR, partial cytogenetic response; CHR, complete hematologic response; CP, chronic
phase; NA, not applicable; NR, not reported; PHR, partial hematologic response; TIW, 3 times per week; ds, disease; dx, diagnosis; f-u, follow-up
period (mo); fxn, functions; med, median; med age, in years; rx, treatment; BMT, bone marrow transplantation.

*Protocols highly variable across studies. Dosage generally increased to highest tolerable dose or specified maximum (eg, 5, 7, or 10 MU/d),
continued for variable periods (1-40 months, depending on study), and reduced or discontinued for remission, no response, disease progression,
toxicity, or crossover to BMT. Induction protocols specified only in selected studies.

†Generally based on M.D. Anderson criteria, but details of definition vary across studies. M.D. Anderson criteria: CHR 5 WBC count, platelet
count, and differential all normal and disappearance of symptoms/signs; PHR 5 decrease in WBC count to ,50% of pretreatment level and
,20,000/µL or normalization of WBC count with persistent splenomegaly or immature cells in the peripheral blood.

‡With exception of Alimena et al and Ozer et al, defined on the basis of M.D. Anderson criteria and the percentage of Ph1 metaphases on most
favorable karyotype. M.D. Anderson Criteria: CCyR 5 0% Ph1 metaphases; PCyR 5 5% to 34% Ph1. Denominator used for calculating response
rates is original sample size. Most investigators report higher rates by excluding 8% to 51% of the sample from the denominator as
‘‘nonevaluable’’ patients who had poor hematologic response, short follow-up, or unavailability for testing.
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Table 3. Observational Studies of IFN-a Combined With Other Drugs in the Treatment of CML

Authors, Year
No.

Patients Population Description

rIFN-a Dose
(MU/M2/d)

Other Agent*

Med
f-u

(mo)

Outcomes

Hematologic
Response†

Cytogenetic
Response‡ Survival

CHR
%

PHR
%

CCyR
%

PCyR
%

5-yr
%

Med
(mo)

rIFN-a 1 HU and/or BUS

Kantarjian et al,15 1995 274 CP-Ph1, med age 5 41, ,12 mo
(med) from dx, 64% symptom-
atic, 54% with prior treatment,
36% with splenomegaly

5
HU
rIFN-g

52 80 7 26 12 63 89

Alimena et al,20 1990 114 CP 92%, Ph1, mo from dx NR,
67% with prior treatment

2-5
HU

32 54 45 Median of Ph1

cells 5 65%
NR NR

Freund et al,40 1993 46 CP-Ph1, med age 5 45, mo from
dx and other clinical character-
istics NR, none with prior
treatment

3
BUS induct

20 59 30 13 4 NR NR

rIFN-a 1 Cytarabine (Ara-C)

Henic et al,31 1996 64 Newly diagnosed Ph1; other-
wise clinical presentation,
med age, prior treatment NR

5 with or without
Ara-C

NR NR NR 13 NR NR NR

Freund et al,40 1993 48 76% Ph1, CP, med age 5 45, mo
from dx and other clinical
characteristics NR, 31% with
prior treatment

3
Ara-C

8 50 31 0 8 NR NR

Kantarjian et al,39 1992 40 CP (.1 yr), Ph1, 40% over age
50, 28% with splenomegaly,
some with prior treatment

5
Ara-C

Up
to 60

55 3 0 5 75% at 3 yr

Guilhot et al,52 1990 24 CP 96%, Ph1, med age 5 45, mo
from dx NR 50% with prior
treatment

5
HU,
Ara-C

40 NR NR 42 NR 70% at 40 mo

Hochhaus et al,30 1996 106 CP, Ph1/bcr/abl1, med age 5 45,
mo from dx NS, at least 9%
with prior treatment

IFN§
HU
BUS,
Ara-C, other

26 NR NR 23% 20% NR NR

Kantarjian et al,28 1991 32 CP-Ph1, med age 5 36, mo from
dx NR, 28% with prior treat-
ment

3-5
Ind:dauno, Ara-C,

vincr, pred

67 100 NR 41 19 58% at 6 yr

Nagler et al,53 1994 10 CP 70%, Ph1, med age 5 37, 36
mo (med) from dx, no
matched donor for BMT, no
other chemotherapy within 6
wk of study, 100% with prior
treatment

3
HU,
interleukin

16 60 30 10 NR NR NR

Arlin et al,54 1990 15 CP, CML definition NS, med
age 5 34, 4 mo (med) from dx,
prior treatment NR

3
HU,
Ara-C,
dauno

NR NR NR 20% with up to
‘‘one third
reduction of
pretreatment
value’’

NR NR

Abbreviations: Ara-C, cytarabine; CHR, complete hematologic response; PHR, partial hematologic response; CCyR, complete cytogenetic
response; PCyR, partial cyogenetic response; CP, chronic phase; MU, mega units; NR, not reported; dauno, daunomycin; ds, disease; dx,
diagnosis; f-u, follow-up period (mo); induct, induction; med, median; med age, in years; pred, prednisone; vincr, vincristine.

*Protocols for rIFN-a and combination agent highly variable across studies. Dosage generally increased to highest tolerable dose or specified
ceiling (eg, 5, 7, or 10 MU/d), continued for varying periods (1-24 mo, depending on study), and reduced or discontinued for remission, no
response, disease progression, toxicity, or crossover to BMT.

†Generally based on M.D. Anderson criteria, but details vary across studies. M.D. Anderson criteria: CHR 5 normal WBC count, platelet count,
and differential all normal and disappearance of symptoms/signs; PHR 5 decrease in WBC count to ,50% of pretreatment level and ,20,000/µL or
normalization of WBC count with persistent splenomegaly or immature cells in the peripheral blood.

‡With exception of Henic et al, defined on the basis of M.D. Anderson criteria and percentage of Ph1 metaphases on most favorable karyotype.
M.D. Anderson criteria: CCyR 5 0% Ph1 metaphases; PCyR 5 5% to 34% Ph1; denominator used for calculating response rate is original sample
size.

§IFN: rIFN-a2a, b, or c, or lymphoblastoid IFN-an1. Dose is NR.
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Excluding patients from the denominator who did not respond
hematologically tends to overestimate cytogenetic response
rates.

Few studies report the primary outcome measure, survival
rates, instead measuring effectiveness on the basis of intermedi-
ate outcomes, ie, achieving hematologic or cytogenetic remis-
sions. Reliance on these surrogate markers to infer that patients
experience an improvement in overall survival is problematic.
Although the occurrence of completehematologicremission
increases the likelihood that patients will experience longer
survival,9,22,26,27 it does not guarantee it. Hematologic remis-
sions may be short-lived; cytogenetic remissions may not
necessarily confer long-term benefits. Although most studies
document an association betweencytogeneticremission and
improved survival,15,22,26-28some do not.9,16 Moreover, cytoge-
netic remission is not always durable.29,30In addition, complete
cytogenetic remission does not always indicate elimination of
all cells containing the chimericbcr/ablgene. Using the reverse
transcriptase-polymerase chain reaction (RT-PCR) assay to
assess minimal residual disease, chimericbcr-abl gene tran-
scripts have been documented in patients who have achieved
complete cytogenetic remission,23,30,31; however, in one recent
study of very long-term rIFN-a–treated patients in continuous
cytogenetic remission, nobcr-abl transcripts were detected in
10 of 18 patients.32 Whether PCR positivity or negativity predicts
decreased or increased survival respectively is as yet unresolved.
The outcomes that matter most to patients, lifeexpectancy, disease-
specific mortality, and quality of life, remain the best measures
of success (or failure) but are often not measured.

Randomized Controlled Trials (RCTs) of IFN

The most compelling evidence that rIFN-a is more effica-
cious than chemotherapy comes from 4 prospective, random-
ized studies (the first 4 studies in Table 4) showing a statistically
significant improvement in survival rates in patients receiving
rIFN-a. Five-year survival rates in these RCTs were 50% to
59% for patients receiving IFN and 29% to 44% for patients
receiving BUS or HU.9,10,22,26

These prospective RCTs provide more compelling evidence
than observational studies for several reasons. The prospective
design, which defines inclusion criteria and outcome measures
at the outset before treatment, reduces, but does not eliminate,
the likelihood of selection bias. The inclusion of a comparison
group allows observed effects to be attributed with greater
certainty to the intervention. Random allocation of patients
helps distribute confounding variables equally among groups.
Finally, the RCTs of CML look beyond intermediate outcomes
(hematologic or cytogenetic remission) to measure survival, the
meaningful indicator of effectiveness.

Evidence from even these RCTs is far from conclusive
because of imperfections in their design and conduct. Most
trials of IFN suffer from a common set of methodologic
difficulties: (1) selective exclusion of patients from treatment
postrandomization (due to poor response, eligibility for BMT,
or other factors). Not making such exclusions is also an
imperfect alternative. Systematically excluding patients before
randomization (eg, those without confirmed cytogentic abnor-
malities) would limit the generalizability of the findings. (2)
failure to completely adhere to a standardized protocol; (3)

variability in treatment regimens, which are not documented
and in which clinicians are given latitude to alter the dosage or
add other agents based on concerns about hematologic response
or toxicity; and (4) crossover: patients allocated to receive
rIFN-a are sometimes given chemotherapy when clinicians
consider rIFN-aineffective or too toxic. (Postrandomization
crossover from rIFN-a to chemotherapy would presumably
reduce, rather than exaggerate, the efficacy ascribed to rIFN-a
based on an intention to treat analysis.)

Survival estimates are also subject to imprecision. Projec-
tions are typically based on Kaplan-Meier survival analysis in
which the individual probabilities of survival for at-risk patients
alive at successive points in time after treatment are multiplied
together (‘‘product limit’’ method), to calculate an overall estimate
for the original cohort. Due to multiplier effects,significant errors
in any one of these individual rates can have a dramatic
influence on the final product. (These considerations apply also
to survival estimates for bone marrow transplantation.)

A good example of these analytical problems is illustrated by
Italian and German randomized trials. The Italian multicenter
study22 randomly assigned 218 patients to receive rIFN-a and
104 patients to receive HU or BUS (the control group). After a
median follow-up of 68 months, the observed 6-year survival
rate was 50% for the rIFN-a–treated patients and 29% for the
controls (P5 .002). The median survivals were 72 and 52
months, respectively. The time for progression from chronic
phase to accelerated or blast phase was lengthened from 45
months to more than 72 months (P , .001). Although there was
no significant difference in the frequency of hematologic
remissions, cytogenetic remissions were significantly more
common in the rIFN-a group.

In a multicenter RCT in Germany,9 622 patients were
randomized to receive either rIFN-a, BUS, or HU. They were
followed for a median of 35 to 41 months. Although the 5-year
survival rate in the rIFN-a group (59%) exceeded that of the
BUS group (32%) (P5 .008), it was not significantly higher
than that of the HU group (44%) (P 5 .44).

Much of the discrepancy between the Italian and German
findings can be explained by differences in case mix and
treatment regimens, a point emphasized in a comparative
analysis conducted by the investigators in both trials.33 The
inclusion criteria for studies differed: The German trial ex-
cluded patients with asymptomatic disease and included those
in whom blasts and promyelocytes accounted for as many as
30% of peripheral WBCs. The Italian study excluded extramed-
ullary involvement and required less than 10% blasts. Of the
patients included in the German trial, 16% would have been
excluded from the Italian trial. These differences may have
produced a healthier case-mix in the Italian trial. The worst
prognostic group (with a so-called Sokal score34 more than 1.2)
accounted for 38% of patients in the German study but only
24% of those in the Italian trial. (A new prognostic scoring
index more appropriate for patients treated with rIFN-a has
been proposed.35)

Differences intreatment intensityin the rIFN-a and control
groups may have also contributed to the results in the German
study. In the Italian trial, 66 patients allocated to rIFN-a therapy
also received HU, whereas rIFN-a patients in the German trial
received only monotherapy (no adjunctive HU or BUS). In the
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German study, patients in the HU group were administered a
standard dose (40 mg/kg/d) with the goal of achieving a normal
leukocyte count, whereas in the Italian study the dosage
remained at the discretion of the treating physician.

Explicit inferences about themagnitude of benefitattributable
to specific treatments in these trials are difficult because of
changes in treatment assignments. Both trials excluded or
reassigned patients after randomization. In the German trial,

109 of the 622 randomized patients were analyzed separately
(because they lacked the Ph1 chromosome orbcr/abl fusion
gene rearrangement or because they could not be analyzed by
cytogenetic or molecular studies). Randomization methods in
both studies introduced opportunities for nonrandom alloca-
tions. In the German trial, random assignment to rIFN-a began
3 years after assignment to the control groups. Using a
‘‘checkpoint’’ protocol established at the study’s onset, 65

Table 4. Randomized Trials Comparing IFN-a With Chemotherapy in the Treatment of CML

Authors,
Year

Population
Description

No.
Randomized Rx*

Med
f/u

(mo)

Outcomes

Hematologic
Response†

Cytogenetic
Response‡

Survival
% (CI)

CHR
%

PHR
%

CCyR
%

PCyR
%

5-yr
(CI)

Med
(mo)

Hehlmann
et al,9 1994

CP-Ph or bcr/abl1, med age 5

47-49, newly diagnosed (mo
from dx NR), symptomatic,
,30% blasts 1 promyelo-
cytes in peripheral blood,
none with prior treatment

133
186
194

rIFN-a
BUS
HU

35
34
41

31NS

23NS

39NS

52NS

69NS

51NS

5
0
1

2
1
1

59 (48-70)§
32 (24-40)
44 (36-53)

66
45
56

Italian Cooperative
Group,22 1994

CP-Ph1, med age 5 47-49, ,6
mo (med) from dx, no dis-
order that could influence
evaluation of rx or tox or non-
hematologic involvement.
,10% blasts in peripheral
blood, 10% to 16% with prior
treatment

218

104

rIFN-a

HU, BUS

68 CHR 1 PHR 5 45%
(3 mo), 62% (8 mo)NS

CHR 1 PHR 5 46%
(3 mo), 53% (8 mo)NS

8

0

11

1

50%

29 (17-41)

72

52

Allan et al,26 1995 CP, $92% Ph1, med age NR,
mo from dx, no pts with
platelets, NR ,50,000 µL or
other severe disease, 6% with
prior treatment

293

294

rIFN-a

HU, BUS

NR WBC ,5,000/µL in 18%
,10,000/µL in 31%;

10,000-30,000/µL in 13%
NR

6

0

4

3

52 (45-59)

34 (27-42)

61

41

Ohnishi et al,10 1995 CP-Ph1, age 20-70 eligible,
med age and mo from dx NR,
newly diagnosed, no serious
hem disease, no other neo-
plasms, 0-2

80 rIFN-a 50 39NS 39NS 9NS 8NS 54 NR

ECOG status, BMT pts cen-
sored, prior rx NR

79 BUS 54 43 3 3 32 NR

Benelux CML Study
Group,27 1998

CP-Ph/bcr-abl, med age 5 56,
2-3 mo from dx, newly diag-
nosed, none with prior treat-
ment

100
95

rIFN-a 1 HU
HU

51 62
38

NR
NR

9
0

7
2

NR
NR

64 NS
68

Broustet
et al,56 1991

CP-Ph1, mean age 5 57, ,3 mo
(med) from dx, pts eligible for
BMT excluded, some with
prior treatment

30
28

rIFN-a
HU

NR 53
82

NR
NR

7
0

30
7

NR
NR

NR
NR

Abbreviations: CCyR, complete cytogenetic response; PCyR, partial cytogenetic response; CHR, complete hematologic response; PHR, partial hematologic response; CI,
confidence interval; CP, chronic phase; dx, diagnosis; f-u, follow-up period (mo); hem, hematologic; med, median; NR, not reported; NS, not statistically significant; pts,
patients; rx, treatment; tox, toxicity.

*Treatment regimens: Hehlmann et al: rIFN-a 5 5 MU/m2/d maximized to achieve WBC count 2,000-4,000/µL and hem remission; average dose of 3.5 MU/m2/d by 12 mo,
3 MU/m2/d by 30 mo; discontinued within 3 mo if no response; reduced for tox. HU 5 40 mg/kg/d continuously to achieve normal WBC count; BUS 5 0.1 mg/kg/d
intermittently. 90 patients censored for BMT. Italian Group: 2:1 randomization, rIFN-a 5 3 MU/d 3 2 wk, then 6 MU/d 3 2 wk, then 6 MU/d 3 2 week, then 9 MU/d; increased
by 25% to 50% after 8 mo if no complete response. At 14 mo dose reduced to 3 MU TIW if no response. Chemo added if no hem response, patient refusal, BMT. Median
dose 5 4.3 MU/d; HU or BUS dose deferred to clinician (treatment mandatory if WBC .30,000/µL, platelets .750,000/µL, or splenomegaly). Allan et al: Induction with HU
(1.5 g/d), BUS (continuous 4 mg/d or intermittent 50-100 mg/d), or BUS (2 mg/d) 1 thioguanine (80 mg/d) ‘‘by randomization or physician’s choice,’’ then randomized ‘‘at
diagnosis or at this point’’ to maintenance rIFN-a (3 MU/d 3 3 wk, increased to 6, 9, or 12 MU as tolerated to achieve WBC count of 2,000-5,000/µL) or conventional chemo
(continued induction agent ‘‘until therapy became ineffective,’’ physician free to adjust dose to achieve WBC count 5,000-20,000/µL). Induction agent added for rIFN-a
patients with poor results. Ohnishi et al: rIFN-a 5 3 MU/d 3 3 d, then 9 MU/d 3 4 wk, increased to 12 MU/d (later, 18 MU/d) 3 4 wk if WBC count not reduced by 25%,
maintenance to achieve normal WBC count and platelets; BU 5 6 mg/d, reduced to 4 mg/d when WBC count ,50,000/µL, continued for 4-12 wk until WBC count reduced by
25%, then reduced to 1-2 mg/d with adjustment to achieve normal WBC count. Benelux: rIFN-a 5 3 MU/d (average of 2.14) 1 HU as needed; HU dose NR. Broustet et al:
IFN 5 4 MU/d maintained until disease progression; HU 5 dose to achieve WBC count 4,000-10,000/µL.

†Generally based on M.D. Anderson criteria, but details of definition vary across studies. M.D. Anderson criteria: CHR 5 WBC count, platelet count and differential
normal (no immature forms) and disappearance of symptoms/signs (including palpable splenomegaly); PHR 5 decrease in WBC count to ,50% of pretreatment level and
,20,000/µL or normalization of WBC count with persistent splenomegaly or immature peripheral blood cells. Italian Cooperative Group: CHR 5 hemoglobin .110 g/L,
platelets ,500,000 µL, WBC ,10,000 µL, normal diff, nonpalpable spleen; PHR 5 hemoglobin 90-110 g/L, platelets .500,000/µL, WBC count 10,000-50,000 µL, differential
with 1% to 5% immature cells, palpable spleen.

‡Generally based on M.D. Anderson criteria and percentage of Ph1 metaphases on most favorable karyotype: CCyR 5 0% Ph1 metaphases, PCyR 5 5-34% Ph1.
Hehlmann et al: PCyR (described as ‘‘major and minor’’ 5 1% to 65%; results for ‘‘major’’ not reported separately); cytogenetic results reported only for 63% of patients
who underwent 2 tests (conducted twice/yr). Italian Cooperative Group: CCyR 5 0%, PCyR (described as ‘‘major’’) 5 1% to 33%; only 78% of rIFN-a and 80% of control
assessed for cytogenetic response. Allan et al: PCyR (‘‘major’’) 5 1% to 34%, cytogenetics reported for 92% of rIFN-a pts, 89% of controls. Broustet et al: PCyR 5 1% to 75%.

§rIFN-a v BUS statistically significant (P 5 .008): rIFN-a v HU not significant (P 5 .44).
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patients assigned to rIFN-a were later ‘‘rerandomized’’ to BUS
or HU if their disease progressed, or were given ‘‘free treat-
ment’’ if rerandomization was considered ‘‘medically inappro-
priate.’’ (BUS was considered inappropriate after its inferior
effectiveness, compared with HU, was shown.) Seventy-three
patients assigned to HU or BUS were crossed over to the other
agent for similar reasons. The rIFN-a patients who were
rerandomized to HU or BUS had lower survival (median, 52v
72 months) than those treated with rIFN-a alone.

In the Italian trial, HU was substituted for rIFN-a in 23
patients and was added to rIFN-a in 66 patients (however, these
patients had lower survival rates than those treated with rIFN-a
alone and would tend to dampen the observed benefit of
rIFN-a). Measurements of outcomewere not entirely systematic
in either trial. Cytogenetic tests, for example, were performed
on only a subset of treated patients (eg, those in chronic phase
after 8 months of treatment), and only the best results over time
were reported.

In summary, in reconciling their differences, the German and
Italian investigators concluded that after adjustment for differ-
ences in admission criteria, the survival rates with rIFN-a were
similar in both studies, that the combination of rIFN-a and HU
may be more effective than either agent alone, and that the best
results occurred in patients with early phase CML without
features of accelerated disease or of blast crisis.36

The conclusions from two other RCTs of IFN are also limited
by methodologic considerations. An RCT of the United King-
dom Medical Research Council randomly assigned 293 patients
to receive rIFN-aand 294 patients to receive HU or BUS.26 The
reported 5-year survival rate was 52% for the rIFN-a group and
34% for the control group. The difference in the proportion of
patients who died in each group (128/293v 158/294) was
statistically significant (P 5 .001). The incomplete documenta-
tion of this study, however, raises questions about whether the
results can be generalized. Key characteristics of the patient
population (eg, median age, months from diagnosis) were not
described. The methods for selecting the pretreatment regimen
and for randomizing patients to rIFN-a versus chemotherapy
were also inexplicit. The pretreatment regimen was selected by
randomization or by the ‘‘physician’s choice’’; randomization
for treatment was ‘‘at diagnosis or at this point.’’The proportion
of patients who crossed over from rIFN-a to chemotherapy, and
vice versa, was not reported. An unspecified number of patients
allocated to rIFN-areceived a cytotoxic drug during induction
if the WBC count increased above 30,000/µL. The treatment
regimen for the control group was variable. Hematologic
outcome data are reported on only 72% of the patients in the
rIFN-a group and are not reported at all for patients in the
control group. The length of follow-up is not specified.

A Japanese RCT,10 comparing rIFN-a (80 patients) with BUS
(79 patients), reinforced the conclusions of the German trial that
BUS is inferior to rIFN-a. After a median follow-up of 50
months, the predicted 5-year survival rate was 54% for patients
receiving rIFN-aand 32% for those receiving BUS (P 5 .029).
Hematologic and cytogenetic remission rates did not differ
significantly. The probability of remaining in chronic phase for
5 years appeared higher in the rIFN-a than in the BUS group
(41%v 29%), but the difference was not statistically significant.
Published documentation of this study was also incomplete. The

age, stage of chronic phase, and extent of prior treatment of the
patient population were not reported. As many as 6% of the
patients were excluded from the study after randomization.

On the other hand, a trial conducted by the Benelux Group27

did not observe a survival benefit for rIFN-a compared with
HU. Investigators randomized 195 patients to receive either
rIFN-a (combined with HU as needed) or HU only. Although
the rIFN-a group had higher rates for complete hematologic
and cytogenetic responses (62%v 38%, 9%v 0, respectively),
the median survival was 64 months for the rIFN-a group and 68
months for the control group, a difference not statistically
significant. Study design features may have accounted for these
results. The study population was older than in other trials
(median age, 56 years) and the rIFN-a group received a
relatively low dose, averaging 2.14 MU/M2/d. Details of the
rIFN-a regimen (eg, protocol for dose increase, duration of
treatment) and the dose of HU were not reported. Other
questions concerning this study have been raised.36

The added value of combining rIFN-a with cytarabine was
first reported in observational studies.31,37-41 A recent French
multicenter RCT adds further to this evidence.42 The investiga-
tors randomly assigned 360 patients to receive rIFN-a and HU
(as part of induction) combined with cytarabine (20 mg/M2/d 3
10d) and 361 patients to receive only rIFN-a and HU. During a
median follow-up period of 35 months, there were 47 deaths in
the combined-therapy group and 68 deaths in the rIFN-a-HU
group (P5 .02). The reported 3-year survival rate was 86% and
79%, respectively, although the median survival for CML had not
been reached when the study was first published. The combined-
therapy group had a significantly higher incidence of complete
hematologic and cytogenetic remissions (66%v 55%, 15%v 9%,
respectively). Cytogenetic data were not included for 96study
participants who had been randomized less than 12 months
before the reference date and were excluded for 128 patients
who did not receive complete treatment or cytogenetic testing.

Summary of Benefits With IFN

Despite the above-mentioned limitations in the design and
conduct of the clinical trials, on balance, the accumulated
evidence from RCTs suggests that, compared with BUS or HU,
rIFN-a improves survival in chronic-phase patients with favor-
able features: no or minimal prior treatment, relatively normal
hemoglobin levels and platelet counts, less than 10% blasts in
the blood, and beginning treatment especially within 6 months
of diagnosis when rIFN-a is coupled with other agents (HU or
cytarabine). During early chronic phase, the treatment advan-
tage of rIFN-a over chemotherapy is observed with varying
magnitude in patients in each Sokal score (risk) category.43

Patients who continue rIFN-a during chronic phase do better
than those who discontinue therapy. This survival advantage
appears to be statistically significant. Meta-analysis suggests
the pooled 5-year survival rate is 57% for rIFN-a and 42% for
chemotherapy (P, .0001),8 which results from a delay in the
onset of blast crisis.9,22

Compared with BUS or HU, the controlled trials suggest that,
on average, rIFN-a increases life expectancy by a median of
about 20 months. Patients overall have a 50% to 59% probabil-
ity of being alive 5 years after treatment, which represents an
improvement over the 29% to 44% 5-year survival rate seen
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with chemotherapy. However, achievement of a major cytoge-
netic response is associated with prolonged survival,42,44 as
indicated by landmark analysis.45 (In a landmark analysis,45 a
fixed time is selected after the initiation of therapy as a
landmark for conducting the analysis. Those patients still on
study at the landmark time are separated into 2 response
categories according to whether they have responded before
that time. Patients removed from protocol before the time of
landmark evaluation are excluded from the analysis. Patients
are then followed forward in time to ascertain whether survival
from the landmark depends on the patient’s response status at
the landmark, regardless of any subsequent shifts in tumor
response status. Patients are analyzed according to their re-
sponse status at the landmark time. Thus, probability estimates
and statistical tests are conditional on the response status of
patients at the landmark time.)

The bulk of the evidence that rIFN-a improves survival
comes from trials in which it is combined with other drugs.
There is no direct evidence (from RCTs) that rIFN-a has a
greater impact on survival than HU for patients who are in the
later stages of chronic phase or who are sicker (eg, more than 1
year from diagnosis, or more than 10% to 30% blasts in
peripheral blood). The single trial in which rIFN-a was used as
monotherapy did not show a survival benefit. Adding cytarabine
to rIFN-a appears to add further survival benefit but also
increases toxicity. These benefits must be weighed against the
adverse effects of the drug before judgments can be made about
whether the tradeoff is worthwhile.

Summary of Adverse Effects With rIFN-a

Evidence regarding the adverse effects of rIFN-a in CML
(Table 5) comes mainly from retrospective observational stud-
ies. These are compared to those observed in general clinical
experience in Table 5. Reported complication rates vary widely
owing to differences in patient selection and case mix, thorough-
ness of investigators in measuring side effects, definition of
complications (eg, whether acute, subacute or chronic, mild or
severe), sample size, dose and duration of rIFN-a, and length of
treatment and follow-up.

In general, however, the evidence supports the clinical
observation that toxicity is more common with rIFN-a than
with BUS or HU. Virtually all patients receiving rIFN-a
experience some constitutional side effects (Table 5), and
discontinuation of treatment due to toxicity is necessary for 4%
to 18% of patients compared with 1% of those receiving HU.
One observational study reported that patients received only
60% of the target dose owing to side effects.16Acute side effects
are generally mild to moderate and include flulike symptoms
such as fever, chills, and malaise. A wide constellation of other
more severe acute reactions and chronic complications can
occur (Table 5). Overall, the mechanisms underlying the toxic
effects are not well understood, but the incidence of adverse
effects is usually dose and duration dependent.46

ALLOGENEIC BMT

The efficacy of allogeneic BMT in the treatment of chronic-
phase CML has been evaluated in a number of uncontrolled
observational studies and several prospective studies (Table 6).
Projected actuarial 3-year to 5-year survival rates in these

studies range from 38% to 80%, with the higher values reported
by experienced centers. Most studies report values around 50%
to 60% and slightly lower probabilities for disease-free survival
(Table 6). Reported relapse rates within 3 to 5 years are often
less than 20% (Table 6). Projected survival curves appear to
plateau (or taper more slowly) after 3 to 7 years, suggesting that
allogeneic BMT offers eligible patients (especially young adults
with a genetically HLA-identical sibling donor) a prospect for
cure.

Concerns Regarding Interpretation of BMT Trials

Retrospective studies.Most studies are retrospective, lack
complete documentation of the clinical characteristics of the
patient population, provide few details on methods for patient
selection, use varied definitions of relapse, and are not random-
ized with controls. The largest studies tend to rely on registry
data, collected from as many as 80 centers. Although some
transplant studies do document inclusion criteria, they provide
little additional information to ensure that results for all, rather
than only some, patients meeting the criteria were analyzed.

Heterogeneous study designs.Comparing outcomes across
reports is difficult because of their heterogeneity. Many include
patients treated by multiple protocols. Observed outcomes
derive from a mixture of highly varied regimens with which
clinicians and investigators have experimented over the years,
making it unclear to which intervention(s) the outcome can be
attributed. Allogeneic BMT is not a specific treatment but rather
a general approach encompassing many different preparative
regimens, stem cell sources, prophylactic regimens against
GVHD, and methods of supportive care, all of which have
changed dramatically in recent years.

Statistical problems. Estimates of long-term survival are
imprecise for statistical reasons. The median duration of
follow-up in most BMT studies is either undocumented or less
than 3 to 5 years. The multipliers for Kaplan-Meier calculations
for patients surviving after BMT (eg, 7 to 10 years) are often
drawn from a relatively small sample of patients who have lived
that long. As an example, in the study with the longest
follow-up (median, 84 months), van Rhee et al57 reported a 54%
probability of surviving 8 years. In this study, the multipliers for
survival 6 years beyond BMT were taken from only 10% of the
original study population (patients who had lived that long and
were considered still to be at risk). Estimates based on small
numbers introduce imprecision for sample size reasons alone.
The 95% confidence intervals for survival rates reveal the
imprecision of such intervals which in various studies range
from 26% to 86% (Table 6).

Lead-time issues.Survival estimates are also confounded
by lead-time issues. Many patients enter transplant studies well
after their diagnosis, often having tried and failed treatment
with rIFN-a. This would presumably reduce, rather than
improve, the apparent benefit of transplant. No study has
examined the efficacy of BMT as an alternative to rIFN-a for
initial treatment.

Concerns Regarding the Comparison of BMT With rIFN-a
Therapy

Current evidence does not prove unequivocally that BMT is
necessarily more effective than rIFN-a as first-line treatment for
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chronic-phase CML. For reasons outlined above, the observed
plateau in survival curves for BMT, to which rIFN-a is
compared, is somewhat conjectural without longer periods of
follow-up. Moreover, even if the accuracy of such curves is

accepted, there is little direct evidence of how they differ from
those of comparable patients treated with rIFN-a. Survival
curves for BMT show that at least half of patients remain alive 5
to 10 years after treatment, whereas similar curves for rIFN-a

Table 5. Incidence of IFN-a–Induced Acute, Subacute, or Chronic Clinical Toxicity

Symptom
Incidence (%) Reported in

General Clinical Experience46

Incidence (%) Range
Reported in CML References, CML

Acute toxicity
‘Flulike’ symptoms .90 2-63 17, 47

Fever/chills 80-100 2-100 10, 14, 16, 47, 48, 51
Muscle, eye, bone pain, arthralgia 50 9-58 13, 14, 39, 47, 48, 51, 55, 100, 101
Headache 40 2-48 11, 47, 48, 51
Night sweats 10 5 47
Fatigue-malaise 30-90 1-93 10, 14, 39, 47, 48, 51

Subacute toxicity
Gastrointestinal disorders 14, 48

Anorexia 30-60 5-40 10, 14, 47, 48, 55
Diarrhea 30 5-8 16, 47
Nausea and vomiting 20-50 2-33 10, 14, 42, 51
Weight loss 18 2-41 13, 14, 16, 42, 47, 51

Psychiatrix 30-65 1-18
Vertigo 20
Decreased mental status 12
Somnolence 11
Confusion 8 10 47
Depression/anxiety 1-18 10, 21, 47, 48
Psychosis 1 100
Nightmares 5 47

Dermatologic effects
Desquamation 4 3-5 19, 20
Hair loss 5-30 2-29 13, 19, 20, 47, 51
Psoriasis 1-2 1-2 17, 100
Discoid exanthem 1 1 42

ENT
Dry mouth 1-38 49, 51
Mucositis 1-17 39, 42
Taste disturbance 13 20 49

Endocrine
Hypothyroidism 1-38 21, 47, 101
Glucosuria 1 10

Hepatotoxicity 1-13 16, 19, 20, 21, 42
Renal

Abnormal proteinuria 15-25 20 99
Creatinine .1.5g% 10 5-10 99

Cardiopulmonary
Pericarditis 2 21
Cough 5-18 13, 47

Neurologic
Neuropathy/paresthesias 2-13 100

Parkinsonism 2-13 13, 14, 17
Chronic toxicity

Autoimmune related
Hemolysis
1ANA 72 100
Raynaud’s phenomenon 5 100
Connective tissue disorder 1 100
Arthritis 2 100

Miscellaneous
Sarcoid 1 100
Infectious 12 16
Hypertriglyceridemia 39 17

Acute toxicity, symptoms developing 1-24 hours after start of therapy; Subacute toxicity, symptoms developing days to 4 weeks after start of
therapy; Chronic toxicity, .4 weeks after start of therapy.
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show a continuous relapse rate over time, with the curves
crossing (yielding a survival advantage to BMT) at about 7 to 8
years. This pattern is frequently cited as evidence that BMT
cures CML.

Such inferences implying the superiority of BMT are argu-
able, however, given that the data on which the curves are based
are derived from patients with different clinical presentations,
lengths of follow-up, and analytic methods. Patients in BMT
studies are, on average, at least 6 years younger than subjects in
rIFN-a studies, are less likely to have splenomegaly, and have a
smaller percentage of blasts.58 It is unclear whether age and
other clinical characteristics that may be associated with
selection for BMT (eg, better health status to survive the
procedure) introduce confounding variables that influence sur-
vival rates observed in BMT studies. Conversely, the tendency
of BMT patients to have had their disease for a longer period
than patients starting on rIFN-a initially and, in some cases, to
have already failed rIFN-a or other therapies would be expected
to have an opposite effect. Length of follow-up tends to be
shorter in BMT studies, so that the right-hand portion of
survival curves, based on a relatively small sample size, is more
likely to appear stable (plateau) than survival curves for rIFN-a
that are based on a larger cohort of long-term survivors for
which event rates are available.

Gale et al58 attempted to control for the differences just cited
by comparing the survival of 548 patients from the International
Bone Marrow Transplant Registry with 196 patients who had
received rIFN-aor HU in the German RCT.8 Survival curves
were adjusted for different patient characteristics and duration
of illness, showing that the percentage of patients surviving was
less for BMT patients during the first 18 months of treatment
(reflecting early transplant-related mortality), similar between
groups from 18 to 56 months, but significantly better for BMT
after 56 months (P , .0001). The 7-year probability of survival
(and 95% confidence interval) was 58% (50% to 65%) for BMT
and 32% (22% to 41%) for rIFN-a/HU, with the survival
advantage first becoming statistically significant after 5.5 years.
The corresponding rates for patients transplanted within 1 year
of diagnosis compared to those treated with rIFN-a/HU were
67% (56% to 75%) and 30% (21% to 40%), respectively, with
the survival advantage appearing earlier at 4.8 years. These data
support the view that BMT produces better long-term outcomes,
but concerns remain regarding the definitive evidence. The
primary data on which the survival curves are based suffer from
fundamental design problems already noted, such as selection
biases and the reliance on uncontrolled observational data
supplied by BMT registries. Previously mentioned concerns
about the influence of small numbers and uncertain censorship
criteria on the imprecision of Kaplan-Meier survival estimates
pertain to this analysis. Reflecting the longer median follow-up
period in the German RCT (6.5 years) than in the BMT registry
(4.3 years), the data used by Gale et al to calculate survival
probabilities 6 years after treatment are taken from 24% of the
German cohort but only 12% of BMT patients. Probability
estimates at the critical 8-year endpoint of the analysis are based
on only 15 patients.

The appropriateness of the study’s method for adjusting the
two data sets for differences in case mix and duration of illness,
based on a specially framed Cox proportional hazards regres-

sion model, is open to debate. Modifications in the assumptions
used in the model, which could potentially alter the resulting
survival curves, do not appear to have been tested in sensitivity
analyses. The statistically significant differences observed in
long-term survival may have been influenced by these assump-
tions. Indeed, when the investigators used a different approach
to adjust for case mix (stratifying survival by Sokal score), the
difference in survival rates between transplant patients and
low-risk patients who received IFN did not achieve statistical
significance. Statistically significant differences were noted in
other subgroup analyses.

Cytogenetic and Molecular Evaluation

Although as noted, RT-PCR negativity has been reported in
patients in long-term cytogenetic remission after rIFN-a
therapy,32 cytogenetic and molecular remissions are substan-
tially more common after BMT. Molecular studies, however,
show that an appreciable subset of patients who appear to be in
complete cytogenetic remission after BMT harbor RT-PCR
evidence of thebcr-abl chimeric gene,57,59-64 which may
portend an increased risk of relapse.65 Although these data are
consistent with the view that BMT offers the best chance of
cure, it is difficult to rely on these findings toprovea survival
advantage given current uncertainties about the link between
such responses and long-term survival. In this regard, the
documentation of RT-PCR positivity forbcr-abl chimerism in
presumably normal adult marrow is of significance.66,67 More-
over, it has been suggested that although there is a small
probability that conventional RT-PCR assays will detect ‘‘inno-
cent’’bcr-ablgenes it is conceivable that they may be the source
of sporadically positive tests in leukemia patients in long-term
remission.67

Unlikely Resolution of BMT Versus IFN-Based Therapy

Ideally, the best strategy for overcoming these methodologic
concerns and for providing definitive evidence of benefit is to
compare survival rates in a cohort of chronic-phase patients in
an RCT that randomly allocates patients to receive either BMT
or nontransplant therapy, a study not performed to date. The
performance of such a trial, however, would be difficult in these
times. Current worldwide practice indicates that clinicians
would be reluctant not to offer BMT to eligible patients, and a
large number of participants might be necessary to achieve the
necessary statistical power to show an effect. In the absence of
such evidence, there is no firm scientific basis from this
evidence-based analysis for asserting that treating CML with
one modality is of proven superiority over the other, and debates
about the quality of the existing evidence for comparing BMT
with IFN therapy will persist.

Potential Harms of BMT

Assuming that BMT is proven to increase the chances of
survival in comparison to rIFN-a, the magnitude of the
incremental increase in benefit must be weighed against the
potential of serious harms and even death that may accompany
the procedure, especially in the short term.

Death rate. The reported probability that the patient will
die as a result of BMT (transplant-related mortality) ranges
from 20% to 41% (Table 7). Studies that included patients
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Table 6. Studies of Survival in Chronic-Phase CML Patients Undergoing Allogeneic BMT With Matched Related Donors

Authors,
Year No.*

Population
Description

Protocol

Med
f-u

(mo)

Outcomes (95% CI)
for CP Patients

Years
of f-u

Conditioning
Regimen

GVHD
Prophy-

laxis
Relapse†
Rate (%)

Overall
Survival

mo

Disease-Free
Survival

mo

Goldman et
al,86 1993¶¶

450 CP-Ph1, med age NR
(EST 5 30 s), 10 mo
(med) from dx, prior
rx 5 HU/BUS

Cy 1 TBI
Cy 1 BUS

CsA
MTX

NR 9-14 (2-51)‡ 45-67 (26-82)§ 41-65 (21-80)\ 3

Goldman et
al,72 1988¶¶

405 Ph status NR, med age
NR, mo from dx NR,
prior rx NR

‘‘chemo’’
1 TBI

CsA
TCD
MTX
‘‘steroids’’

25 19 (12-28) 55 (50-60) 46 (40-52) 4

van Rhee et
al,57 1997

373 Ph status NR, med
age 5 31, 42%, 1 yr
from dx, prior rx NR

Cy 1 TBI CsA
Pred
MTX

84 19 (14-25)
10 (7-15)

54 (49-59) 47 (41-52) 8
2

Thomas et al
1986,71

1989108

67/190 Ph1, med age NR
(EST 5 30), mo from
dx NR, 19% prior BUS

Cy 1 TBI CsA
MTX
TCD

NR 24 (NR) 49 (NR)
65 (NR)

— NR

Devergie et
al,87 1990

170 Ph status NR, med age
NR (EST 5 low 30s), 21
mo (med) from dx,
67% prior splenectomy

Cy 1 TBI CsA
TCD
MTX

44 19% (NR) 56 (NR) 46 (NR) NR

Clift et al,68

1994
142 Ph1, mean age 37-39,

71% ,1 yr from dx,
93% prior rx

Cy 1 TBI
Cy 1 BUS

CsA
MTX

NR NA 80 (NR) 68-71 (NR) 3

Beelen et al,93

1995
135 Ph1, med age 5 33,

16-25 mo from dx, 61%
prior HU/BUS, 37%
rIFN-a

Cy 1 TBI CsA
MTX
Antibiot

59 17 (7-27) 55 (51-59) 49 (44-54) 5

Clift et al,102

1991
116 Ph1, med age NR

(EST 5 30s), 66% ,1 yr
from dx, 4-78% prior
HU/BUS/rIFN

Cy 1 TBI CsA
MTX
Pred

NR (.12) 0-19 (0-32)
0-25

69-82 (57-92)
66-73 (54-86)
60-66¶ 58-66 (NR)

1
3
4

Snyder et
al,104 1988

94 Ph1 (99%), med
age 5 34, 7 mo (med)
from dx, .64% prior
HU, BUS, rIFN-a, other

VP-16 1 TBI CsA
Pred
MTX

31 14 (7-26) 73 (61-81) 64 (52-74) 5

Wagner et
al,82 1992

79 Ph status NR, med age
NR, 7-16 mo from dx,
94% prior HU, BUS,
rIFN-a

Cy 1 TBI CsA
Mpred
Cy
TCD

NR 16 (6-37)# 52 (NR) 54 (37-68)** 5

Brodsky et
al,83 1993

62 Ph1, med age 5 35, 10
mo (med) from dx,
prior rx NR

Cy 1 BUS CsA
Mpred
MTX

NR 3 (2-3) 58 (46-70) 58 (46-70) NR

Storb et al,70

1989
53 Ph status NR, med age

NR (EST 5 30s), (EST
1-3 yr), prior rx NR, mo
from dx NR

Cy 1 TBI CsA
MTX

NR 8 (NR) 54-81 (NR) 54-73 (NR) 3

Goldman et
al,80 1986

52 Ph1 (99%), med
age 5 27, 22 mo (med)
from dx, prior rx NS

Cy 1 TBI
BUS
Dauno
Splnx

CsA
TCD

25 7 (NR) 72 (NR) — NR

Giralt et al,94

1993
41 Ph status NR, med

age 5 32-38, mo from
dx NR, 95% prior
HU/BUS, 56% prior
rIFN-a

TBI
1 other

CsA
MTX
‘‘steroids’’

24 — 56-66 (46-
79)††

46-59 (35-72)‡‡ 3

Aschan et al,92

1993
42 Ph1 (94%), med

age 5 30-39, mo from
dx NR, prior rx NR

Cy 1 TBI
1 MTX

CsA
TCD
MTX

60-65 0-62 (NR)§§ 38-54 (NR)\\ — 6

Speck et al,103

1984
39 Ph1 (95%), med

age 5 29, 21 mo (med)
from dx, 68% splnx

Cy 1 TBI CsA
MTX

NR (.13) 7 (0-16) 63 (47-79) — 3

(Continued on following page)
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treated in the 1980s or those who received marrow from
mismatched or unrelated donors report rates as high as 53% to
68% in certain subgroups. On the other hand, one center has
reported rates as low as 15% among patients treated in recent
years with marrow from matched siblings and receiving modern
regimens for the prevention of opportunistic infections and
GVHD.68

Preparatory regimen. The preparatory regimen produces
toxic effects in virtually all patients.69 Severe oral mucositis is
reported in about half of patients.70

GVHD. BMT is often followed by GVHD, opportunistic
infections, or other complications. Between 8% and 63% of
patients experience grade II-IVacute GVHD, a possible
determinant of survival72,73 and the cause of death for 2% to
13% of patients undergoing BMT (Table 7). (Some studies

suggest that GVHD has an antileukemic effect and improves
survival.57,73,74) The rates for chronic GVHD are 4% to 75%,
with 8% to 10% mortality (Table 7). Similar findings have been
reported in studies that included patients with both CML and
other leukemias.75,76

Higher rates of GVHD tend to be reported by studies which
included patients treated in the 1980s or those who received
marrow from mismatched or unrelated donors. Among patients
receiving marrow from matched siblings and modern methods
for GVHD prevention, reported incidence rates for acute and
chronic GVHD are 35% or lower (Table 7).

Interstitial pneumonitis, veno-occlusive disease, and second-
ary malignancies. Between 4% and 32% of chronic-phase
patients undergoing BMT die of interstitial pneumonitis, 3% to
24% die of other infections, and 1% to 4% die of hepatic

Table 6. Studies of Survival in Chronic-Phase CML Patients Undergoing Allogeneic BMT With Matched Related Donors (Cont’d)

Authors,
Year No.*

Population
Description

Protocol

Med
f-u

(mo)

Outcomes (95% CI)
for CP Patients

Years
of f-u

Conditioning
Regimen

GVHD
Prophy-

laxis
Relapse†
Rate (%)

Overall
Survival

mo

Disease-Free
Survival

mo

McGlave et
al,81 1987

29 Ph1, med age 5 30, 14
mo (med) from dx,
prior rx NR

Cy 1 TBI MTX
Pred
Antib
OKT3

25 — 64 (42-85) — 3

Galimberti et
al,84 1994

34 Ph1, med age 5 34, 17
mo (med) from dx,
.65% prior BUS/HU/
rIFN-a

BUS 1 Cy CsA
MTX
Pred

43 0 71 (NR) 71 (NR) 7

Snyder et
al,104 1988

20 Ph1, med age 5 28, 9
mo (med) from dx,
variety of induction
regimens

Cy 1 TBI CsA
Pred
MTX

NR (18-
54)

— — 55 (44-66) NR

Selby et al,106

1993
19 Ph status NR, med age

NR, mo from dx NR,
prior rx NR

Cy, TBI
Vp16,
Antib
BCNU

CsA
MTX
‘‘steroids’’

18 — — 65 (NR) 4

DeWitte et
al,107 1993

19 Ph status NR, med
age 5 31, mo from dx
NR, prior rx NR

Cy
TBI
Anthrac

CsA
TCD
MTX

NR 38 (2-74) 79 (61-97) 49 (18-80) 3

Abbreviations: Anthrac, anthracycline; antibiot, antibiotics; BCNU, bis-chloronitrosourea; CI, confidence intervals; CP, chronic phase; CsA,
cyclosporin; Cy, cyclophosphamide; dauno, daunomycin; EST, estimated median based on data provided; GVHD, graft-versus-host disease;
Mpred, methylprednisolone; MTX, methotrexate; Pred, prednisone; Splnx, splenectomy; TBI, total body irradiation; TCD, T-cell depletion; Vp16, etoposide.

*Number of subjects in chronic phase (preferably first chronic phase).
†Explicit definitions for ‘‘relapse’’ generally NR.
‡Results for whole sample NR but stratified by prior chemotherapeutic agent and duration of disease: HU and ,12, mo 5 9 (2-35)%, HU and $12

mo 5 13 (3-45)%, BUS and ,12 mo 5 9 (1-50)%, BUS and $12 mo 5 14 (3-51)%.
§Results for whole sample NR but stratified by prior chemotherapeutic agent and duration of disease: HU and ,12, mo 5 67 (48-82)%, HU and

$12 mo 5 59 (33-81)%, BUS and ,12 mo 5 54 (29-77)%, BUS and $12 mo 5 45 (26-66)%.
\Results for whole sample NR but stratified by prior chemotherapeutic agent and duration of disease: HU and ,12 mo 5 65 (47-80)%, HU and

$12 mo 5 54 (30-76)%, BUS and ,12 mo 5 51 (27-75)%, BUS and $12 mo 5 41 (21-64)%.
¶Survival for whole sample NR; 1 yr survival 5 82 (72-92)% for patients receiving 12.0 Gy v 69 (57-81) for those receiving 15.75 Gy; 3-yr survival 5

73 (59-86)% for patients receiving 12.0 Gy v 66 (54-78)% for those receiving 15.75 Gy; 4-yr survival (reported only in abstract) 5 60% for patients
receiving 12.0 Gy v 66% for those receiving 15.75 Gy. All differences NS.

#For patients ,age 30 yr. CI 5 17%-80% for patients .age 30 yr.
**For patients ,age 30 yr. DFS 5 2%-50% for patients .age 30 yr.
††Results for whole sample NR. Survival for patients treated previously with rIFN-a 5 56 (46-66)%, without rIFN-a 5 66 (53-79)% (NS).
‡‡Results for whole sample NR. Survival for patients treated previously with rIFN-a 5 46 (36-56)%, without rIFN-a 5 59 (46-72)% (NS).
§§Results NR for whole sample but by GVHD prophylaxis: TCD (62%), MTX 1 CsA (20%), MTX or CsA (0%).
\\Results NR for whole sample but by GVHD prophylaxis: TCD (54%), MTX 1 CsA (59%), MTX or CsA (38%).
¶¶IBMTR: International Bone Marrow Tumor Registry.
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veno-occlusive disease (Table 7). Long-term complications can
include second malignancies,77,78cataracts,79 and infertility.

Variables Likely to Improve BMT Outcomes

The accumulated evidence, confirmed by multivariate analy-
sis, highlights key prognostic variables that are more likely to
improve the outcome of BMT and improve the tradeoff between
benefits and harms. Above age 20 years, the inverse relationship
between age and survival appears to be continuous. Most
studies suggest that patients under age 30 years have higher
overall and disease-free survival and lower transplant-related
mortality than patients over age 30.80-84At certain centers using
modern methods of GVHD prophylaxis, the influence of age on
outcome appears to be relatively small.85 Most data suggest that
instituting BMT within 1 to 2 years of diagnosis results in
higher survival rates than BMT after 2 years,57,71,86 although
early studies did not support this relationship.72,87 (The ob-
served association between duration of disease and survival
noted by van Rhee et al57 lost statistical significance after
multivariate analysis.) Recipients of bone marrow from an
HLA-matched unrelated donor generally have lower survival
and are more likely to develop GVHD than those who receive a
marrow transplant from an HLA-matched sibling or other
relative.88,89At one experienced center, however, survival rates
after transplantation of matched unrelated donors are approach-
ing those of matched siblings.90 Moreover, modern methods of
genomic typing of class I HLA alleles adds substantially to the
success of transplantation from unrelated donors.91

Conditioning and pretransplant treatment regimens.Stud-
ies have produced conflicting results regarding the optimal
conditioning regimen and protocol for reducing the risk of
GVHD. Patients who receive BUS before BMT tend to have
lower survival rates than those who receive HU.83,86 T-cell
depletion reduces the risk of GVHD, but it increases the risk of
relapse and lowers survival.72,82,87,92Observational studies have
produced conflicting results regarding the potential adverse
effects of prior treatment with rIFN-a on survival after BMT
beyond that associated with the negative effects of delay
itself.93-96Prior treatment with rIFN-a does not appear to effect
matchedrelated transplants.95,96 Results from one center sug-
gests that for patients treated with matchedunrelateddonors,
pretransplant rIFN-a administered for more than 6 months is
associated with an increased risk of acute GVHD and mortal-
ity.97

PATIENT PREFERENCES

Every available option for the treatment of chronic-phase
CML involves tradeoffs between benefits and harms. Which
choice is best depends onobjective clinical variables that
influence probabilities (eg, patient age, stage of disease, co-
morbid conditions, intensity of treatment) and onsubjective
variables related to personal preferences. Two patients faced
with the same options of chemotherapy, rIFN-a or BMT, and
their likelihood of benefit from each may make different choices
depending on the relative importance of prolonging survival by
a period of months or years, of achieving long-term remission,

Table 7. Complications and Reported Incidence Rates (%) in CML Patients Undergoing BMT

Complication
Incidence
Rates % References

Transplant-related mortality (all causes) 18-68 57, 68, 84, 86, 93, 94, 102
Grade II-IV acute GVHD 8-63 68, 70, 80, 81, 82, 83, 84, 87, 92, 93, 94, 104, 106, 107
Chronic GVHD 4-75 70, 80, 81, 82, 83, 84, 87, 92, 93, 94, 104, 106, 107
GVHD (fatal) 1-12 71, 72, 80, 93

Acute GVHD (fatal) 2-13 82, 83, 105
Chronic GVHD (fatal) 8-10 82, 83, 105

Mucositis, oral 48 70
Pulmonary

Interstitial pneumonitis 8-28 70, 82, 83, 87, 105
Interstitial pneumonitis (fatal) 4-32 70, 71, 72, 80, 81, 82, 83, 84, 87, 92, 93, 104
ARDS (fatal) 2 81
Obstructive bronchiolitis (fatal) 2 92
Pulmonary edema 2 92
Pulmonary embolism 2 92

Infection/sepsis (fatal) 3-24 70, 71, 72, 81, 82, 83, 84, 87, 92, 93, 102, 103, 105, 106
Veno-occlusive disease 7-43 83, 102, 105

Veno-occlusive disease (fatal) 1-4 70, 71, 93, 102, 103, 105, 106
Hemorrhagic cystitis 12 83
Hemorrhage (fatal) 1-2 102
Second malignancy (fatal) 2 70
Cardiac failure (fatal) 2 70
Cerebral bleeding (fatal) 2 93
Hemolytic uremic syndrome (fatal) 1 93
Hepatotoxicity (fatal) 6 84

The data presented include wide ranges in incidence rates because of significant differences in study designs and definitions of outcome
measures. Moreover, many of the higher incidence rates are taken from studies conducted over the past 15 years and do not necessarily reflect
likely outcomes in current practice, which are often much lower.

Abbreviations: ARDS, acute respiratory distress syndrome; GVHD, graft-versus-host disease.
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of avoiding potentially severe side effects and complications, of
trading short-term risks for long-term benefits, and of basing
decisions on strong scientific evidence from controlled studies
versus expert opinion. Improved survival may not be the only
valid objective in making choices.

It follows that no treatment option should be pressed on
patients without providing information about the potential
benefits and harms, and the quality of the evidence on which
such projections are based as in other medical situations.
Patients who wish to take an active role in decision-making
should be given the opportunity to weigh the options in terms of
their personal preferences. Information about the importance of
shared decision-making when clinical decisions involve com-
plex tradeoffs appears elsewhere.98

RECOMMENDATIONS

IFN

(1) Based on evidence from randomized controlled trials,
patients with good prognostic factors in the early stage of
chronic-phase CML should be offered rIFN-a, perhaps with
added chemotherapy (eg, HU or Ara-C) to achieve the highest
probability of survival. This recommendation applies to newly
diagnosed patients in chronic phase who do not suffer from
other serious conditions that limit life expectancy or contraindi-
cate the use of rIFN-a.

(2) Patients considering the aforementioned option should
understand the degree to which life expectancy is increased by
rIFN-a in comparison to chemotherapy—a median of about 20
months on average—to determine whether the added benefit is
worth the increased risk of adverse effects associated with
rIFN-a and the resulting effect on quality of life (patients who
achieve a major cytogenetic response, however, may have a
more prolonged survival). Patients should receive complete
information about the most serious potential adverse effects of
rIFN-a and their frequency to make an informed choice about
its preferability to chemotherapy.

(3) In terms of proven survival benefits over HU, the
evidence from one randomized trial is that monotherapy with
rIFN-a is ineffective. The clinical trials in which rIFN-a has
been shown to be more effective than chemotherapy combined
rIFN-a with other agents (HU, BUS, or cytarabine) and
included fewer patients with advanced disease.

(4) In clinical trials that did produce improved survival, the
starting dose for rIFN-a was 3 to 5 MU/M2/d. The doses were
gradually increased after 2 to 3 weeks to as high as 9 to 12 MU/d
or to the maximally tolerated dose to achieve a satisfactory
hematologic response (ie, WBC count of 2,000 to 4,000/µL,
platelet count approximately 50,000/µL) or until the patient
developed signs of toxicity and required dose reduction.

(5) There is inadequate evidence from controlled trials to
recommend an optimal duration of rIFN-a therapy. In most
trials, complete cytogenetic remissions were noted from 6 to 60
months after IFN therapy was started. In each study, rIFN-a was
continued until disease progression or toxicity was noted.

(6) Based on evidence from a recent randomized controlled
trial, adding cytarabine (20 mg/M2/d 3 10 d) to rIFN-a is an
option to increase the probability of survival, but the incremen-
tal benefit of doing so should be weighed against the increased
risk of toxicity associated with this combination.

(7) Prolonged survival is most likely when a major or
complete cytogenetic response is obtained after rIFN-a therapy.
There is conflicting evidence from controlled trials to determine
how long to continue rIFN-a treatment in patients who have
achieved a complete response or, alternatively, who have
demonstrated unsatisfactory hematologic or cytogenetic re-
sponses. Observational studies suggest that complete cytoge-
netic remissions tend to require from 6 months to 4 years of
therapy. Evidence regarding treatment options for patients who
have failed to respond to rIFN-a was not reviewed by the panel.

(8) There is inadequate evidence to set an upper age limit for
considering rIFN-a therapy for CML. In the clinical trials that
instituted an age-cutoff, patients were excluded if they were
over the age of 70 to 75 years.

(9) Based on proven effects on survival, there is inadequate
evidence from controlled trials to recommend rIFN-a over
chemotherapy for patients in advanced chronic phase, including
those with symptomatic disease or physical findings (eg,
unexplained fatigue, weight loss, fever, progressive organomeg-
aly, treatment-resistant leukocytosis, thrombocytosis,.10%
blasts and promyelocytes in the differential count, extramedul-
lary manifestations).

(10) For those patients who prefer conventional chemother-
apy rather than rIFN-a, evidence from one randomized con-
trolled trial (and several observational studies) supports the use
of HU rather than BUS as the agent more likely to improve
survival and less likely to produce serious toxicity. HU is a
reasonable treatment option for patients who understand its
reduced survival benefits in comparison to rIFN-a but prefer its
less severe toxicity profile.

Allogeneic BMT

(1) If physicians and patients require evidence of benefit from
BMT from randomized controlled studies to determine treat-
ment preferences, then evidence to make such a recommenda-
tion is lacking. Randomized prospective studies with internal
controls have not been conducted to show whether allogeneic
BMT, either as first-line treatment or after initial treatment with
chemotherapy or rIFN-a, achieves longer survival than nontrans-
plant therapy. Uncontrolled observational studies do report
higher long-term survival rates with allogeneic BMT after
chemotherapy compared with those typically seen in patients
treated only with nontransplant approaches, and BMT appears
to offer a greater chance of long-term remission. It is uncertain
to what extent these results are due to selection biases and the
analytic methods used. Moreover, whether they can be general-
ized to normal practice conditions is uncertain. Further, BMT is
associated with a high risk of immediate complications and
transplant-related mortality that can offset the benefits of
treatment, especially in the short term. For physicians and
patients who are comfortable accepting evidence from uncon-
trolled observational studies which suggest that allogeneic
BMT is more effective than nontransplant approaches and who
are interested in considering transplantation, the following
recommendations are offered:

(2) Allogeneic BMT is an option if the patient has a suitable
HLA-matched donor (but see below) and an acceptable health
status to tolerate the procedure.

EVIDENCE-BASED GUIDELINES FOR TREATING CML 1531

For personal use only.on September 16, 2016. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


(3) Based on information provided, a patient must fully
understand the tradeoff between potential long-term benefits
and the more immediate risks of transplant-related complica-
tions and mortality. Depending on personal priorities and life
plans, the patient should decide whether the potential increase
in life expectancy is worth this risk. The patient should
understand how his or her age, duration of illness, HLA match
with the donor, and the experience of the transplant center may
modify standard outcome estimates. Decisions to delay the
procedure or, if a related donor is unavailable, to use a matched
unrelated donor, should be made with a clear understanding of
how these choices may reduce the chances of success.

(4) BMT should preferably be offered to patients within 1 to 2
years of diagnosis to achieve the greatest likelihood of success
(according to evidence from uncontrolled observational stud-
ies). Patients with adverse prognostic factors (reflected by a
high Sokal score) should understand that their chances of
success with rIFN-a are reduced and that early BMT may be a
more compelling option. For patients who have had CML for
more than 1 year and for those who are considering delaying
BMT until more than 1 year from diagnosis, a decision is
required of whether the decreased likelihood of benefit justifies
the risk of transplant.

(5) Younger patients are most likely to benefit from alloge-
neic BMT. BMT is also more successful if the donor is an
HLA-matched sibling or other relative according to evidence
from uncontrolled observational studies. Results at most centers
are inferior when the transplant is performed with marrow from
‘‘matched’’ unrelated donors, but outcomes vary depending on
patient selection, transplant methodology, typing techniques,
the expertise of the participating center, and the definition of
accelerated- and blast-phase disease. Although the tradeoff between
benefits and harms from BMT narrows with advancingpatient age
and although there is virtually no experience with BMT beyond
age 65 years, there is inadequate evidence to determine an upper
age limit beyond which BMT should not be offered.

(6) Patients receiving chemotherapy before allogeneic BMT
appear less likely to benefit from transplant if they have been
treated with BUS according to evidence from uncontrolled
observational studies. If the patient chooses early BMT, there is
little evidence to determine the possible benefit of prior
cytoreduction with HU or rIFN-a. There is observational
evidence that prior treatment with rIFN-a does not compromise
the results of matched-related transplants, but its effect on BMT
with matched unrelated donors, based on a published study,
appears deleterious. It is also unclear whether the patient’s
hematologic or cytogenetic response to rIFN-a can reliably
predict the success of allogeneic BMT.

EPILOGUE

Choosing the best treatment option for an individual patient
requires an orderly consideration of several issues. The limita-
tions of current evidence and issues of patient variability make
it inappropriate to propose an algorithm specifying the choices
that should be made at each step in the process. However, the
logical sequence of decisions that must be made by the
physician and patient is clear:

(1) The first consideration is to determine whether BMT is a
viable option and begins with an orderly assessment of the

patient’s age, health status, and availability of a marrow donor,
either match-related or unrelated.

(2) If a nontransplant regimen is selected, decisions are
required regarding details of drug administration. For example,
if rIFN-a is administered, its dose, duration, and its combina-
tion with HU or cytarabine must be decided.

(3) A systematic plan must be established for evaluating the
degree and duration of cytogenetic and molecular response.

(4) Once the available treatment and diagnostic options are
clarified, the trade-offs, which involve not only the potential
outcomes of treatment but also the patient’s preferences and
personal priorities, must be examined.
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DISCLAIMER

The recommendations contained in this analysis describe a
range of approaches to the management of CML. These
recommendations are not intended to serve as inflexible rules,
and they are not inclusive of all proper methods of care or other
methods of care that may achieve similar results. Adherence to
the recommendations will not ensure a successful outcome in
every case. The ultimate judgement regarding the care of a
particular patient should be made by the physician in light of the
clinical data and circumstances presented by the patient and the
treatment options available.
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