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Abstract

Prediction of subsequent leukemia-free survival (LFS) and chronic graft-versus-host disease
(GVHD) in adults with acute leukemia who survived at least one year after allogeneic HCT is
difficult. We analyzed 3339 patients with acute myeloid leukemia (AML) and 1434 with acute
lymphoblastic leukemia (ALL) who received myeloablative conditioning and related or unrelated
stem cells from 1990-2005. Most clinical factors predictive of LFS in one year survivors were no
longer significant after two or more years. For AML, only disease status (beyond first complete
remission) remained a significant adverse risk factor for LFS two or more years after
transplantation. For ALL, only extensive chronic GVHD remained a significant adverse predictor
of LFS in the second and subsequent years. For patients surviving for one year without disease
relapse or extensive chronic GVHD, the risk of developing extensive chronic GVHD in the next
year was 4% if no risk factors were present, and higher if non-cyclosporine-based GVHD
prophylaxis, an HLA-mismatched donor, or peripheral blood stem cells were used. Estimates for
subsequent LFS and extensive chronic GVHD can be derived for individual patients or
populations using an online calculator (http://www.cibmtr.org/LeukemiaCalculators). This
prognostic information is more relevant for survivors than estimates provided before
transplantation.

Keywords

leukemia-free survival; chronic graft-versus-host disease; landmark analysis; survivorship;
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INTRODUCTION

Results of hematopoietic cell transplantation (HCT) are traditionally presented as overall
survival, leukemia-free survival and transplant-related mortality starting from the time of
HCT. The risk of relapse and mortality is highest early after HCT then declines with time,
and thus many prognostic factors that are strongly correlated with early leukemia-free
survival (LFS) may lose their relevance the longer a patient survives in remission.

Survivorship studies demonstrated that two to five year survivors have an estimated 80-95%
chance of surviving five to fifteen years,1~> with patients age 45 years or older and those
diagnosed with chronic GVHD having a lower chance of survival.2 4 5 It is difficult,
however, to utilize this information to counsel individual patients about future risks of
relapse and treatment-related mortality, especially when a patient asks, “Now that I’m one
[or three or four etc.] years after my HCT, what is my prognosis now?” In order to answer
this question, one needs access to updated prognostic estimates, specific to the patient’s
disease, type of transplant, duration of survival since HCT, and current condition. This
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information is important for patients, family members and others to have realistic
expectations. A patient who is told they have an extremely poor prognosis prior to transplant
but who survives at least one year should be given an updated prognostic estimate.
Conversely, all patients should be aware of a continued risk of higher mortality than the
general population, especially if this encourages compliance with medical follow up and
recommended preventive care.

PATIENTS AND METHODS

The cohort consisted of all patients aged 18 or older who had a first myeloablative
allogeneic transplant for acute myeloid leukemia (AML) or acute lymphoid leukemia (ALL)
between 1990 and 2005, reported to the Center for International Blood and Marrow
Transplant Research (CIBMTR) and who survived at least one year without relapse of their
disease. Only centers with 80% completeness index at four years (three years of follow up
for more than 80% of one year survivors) were included to minimize reporting bias. Patients
with syngeneic twin, cord blood, or haploidentical donors or who received reduced intensity/
nonmyeloablative conditioning (RIC/NMA) transplants were excluded. Patients receiving
RIC/NMA conditioning were excluded so we could focus on a more homogeneous patient
population where we could assume a certain level of organ functioning. Co-morbidity data
were not collected by CIBMTR before 2008, and would be especially important in a study
of RIC/NMA.

Leukemia free survival (LFS), defined as survival without relapse, was chosen as the
primary endpoint because there is only a 3% absolute survival difference between survival
and LFS for patients with acute leukemia. In addition, the inclusion criteria at each landmark
are based on LFS. Patients were censored at time of last follow-up. We conducted a similar
analysis for extensive chronic graft-versus-host disease (GVHD), defined according to
CIBMTR criteria® which defines chronic GVHD as GVHD occurring after day 100, and
severity as limited or extensive because the NIH criteria are not yet used in the CIBMTR
database.’

Potential clinical variables included current patient age, patient gender, Karnofsky
performance status at transplant,8 patient race, donor-recipient gender match,® donor and
recipient cytomegalovirus (CMV) serostatus,1? donor type, HLA-matching,1! graft type,
conditioning regimen, GVHD prophylaxis, use of ATG or Campath, and prior grade 11-1V
acute GVHD. Prior extensive chronic GVHD was evaluated as a predictor of subsequent
LFS.

Disease-specific factors included disease, disease stage, extramedullary involvement at any
time before transplant, cytogenetics, white blood count at diagnosis,12-13 time from first
complete response to transplant, and duration of remission. Cytogenetic classification was
primarily based on the Southwest Oncology Group/Eastern Cooperative Oncology Group
and Medical Research Council classifications, with additional classification of specific
abnormalities by other schema if available.14-1° Additional variables included secondary
leukemia (AML only) and time from diagnosis to first complete remission (CR),18 lineage
(T vs. B vs. other) and Philadelphia-chromosome or BCR-ABL positivity (ALL only). Due
to missing data or low numbers, we could not consider: percent bone marrow or peripheral
blood blasts at transplant.2? For AML, we could not consider FAB subtype?!: 22 or the
newer molecular markers such as NPM1, FLT3, CEBPA, and MLL,23 pre-transplant ferritin
level,18 and post-transplant minimal residual disease assessments.24
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Statistical Considerations

Univariate screening of candidate patient and transplant variables was performed separately
for ALL and AML among one-year leukemia-free survivors, using two-year LFS as the
endpoint. Risk factors significant at the 0.05 level were then included in a multivariate
analysis with stepwise backwards selection at the 0.01 level of significance. The risk factors
that were identified were then used at each subsequent landmark year to predict survival in
the subsequent year. Analyses were based on Poisson regression with additive risk structure.
For multi-category variables, categories with similar risk contributions were pooled for
simplicity. A competing risk analysis was not used because the overwhelming causes of
death in the first five years after transplant are related to the transplant or underlying
malignancy. For the chronic GVHD analysis, we excluded patients who had received T-cell
depletion for GVHD prophylaxis because they had an extremely low rate of chronic GVHD
after one year which would have caused instability and boundary problems in the additive
model. We also excluded patients from the chronic GVHD model if they developed
extensive chronic GVHD prior to one year since we wanted our prognostic estimates to be
valid for patients without prior chronic GVHD.

RESULTS

Table 1 shows the characteristics of the 3339 AML and 1434 ALL patients included in the
study. Other patients (n=4511) transplanted during the study period were not eligible for
inclusion in the study because of death or relapse during the first year after HCT (n=3828),
lack of follow up (n=301) or transplantation at centers with low completeness index
(n=382).

Leukemia-free survival for AML patients in this study was 90% at two years and 78% at
five years. For ALL, LFS was 87% at two years and 71% at five years. Univariate analyses
identified the following factors significantly associated with worse LFS: AML: second or
greater remission at transplant, relapse/refractory disease at transplant, poor risk
cytogenetics, tacrolimus-based GVHD prophylaxis, duration of remission > 1 year, more
recent year of transplant, donor not a matched sibling, Karnofsky performance status less
than 90, prior extensive chronic GVHD, secondary AML, and peripheral blood stem cell
graft. ALL: second or greater remission at transplant, relapse/refractory disease at transplant,
Philadelphia chromosome-positive, prior acute GVHD, prior extensive chronic GVHD,
donor exposed to cytomegalovirus, female donor for male patient, Karnofsky performance
status less than 90, and B cell lineage. (Supplementary Table 1)

Table 2 summarizes the results of the multivariate analysis, considering p<0.05 as
significant. An online calculator is available at http://www.cibmtr.org/LeukemiaCalculators
to allow calculation of the personalized probability of disease free survival in the subsequent
years by entering a patient’s individual risk factor information. For example, a patient with
AML who has intermediate risk cytogenetics and is in second complete remission with a
Karnofsky performance status of 90-100% at transplant, and who survives for one year, has
a 12.9% chance of relapse or mortality in the next year. Table 3 shows how risk factors are
additive in calculating subsequent risk, and illustrates the estimated and actual LFS and
confidence intervals for patients with particular combinations of risk factors. Table 3 also
shows the actual LFS of groups of patients (n>25) with the particular combinations of risk
factors transplanted in 2004—2005, to test the predictive ability of the model in more recently
transplanted patients. Table 4 shows the results for patients transplanted for ALL. Because
the formulas to calculate risks are quite complicated, use of the online calculator is
recommended.
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Previous CIBMTR reports have shown that 90-95% of chronic GVHD cases are diagnosed
within the first year after HCT.25: 26 |n our cohort, 89% of all cases of extensive chronic
GVHD were diagnosed within the first year, and 8% of cases were diagnosed between one-
two years. Only 3% of chronic GVHD developed after two years, so the analysis only
attempted to predict onset of chronic GVHD between one and two years. We found that
patients who survive to one year, free of their original malignancy and without any prior
extensive chronic GVHD, still have a 4% chance of being diagnosed with extensive chronic
GVHD within the subsequent year. This estimate ranges from 2% to 18% based on risk
factors, and was higher if a patient received non-cyclosporine-based GVHD prophylaxis
without ATG or Campath, peripheral blood, or had a donor other than an HLA-identical
sibling. (Table 5)

DISCUSSION

Our results allow updated prognostic estimates to be calculated for individual patients based
on their clinical characteristics, using a formula derived from an analysis of thousands of
patients. We conclude that most factors predictive of LFS at the time of and following HCT
lose their impact once patients survive without relapse for two or more years. People with a
history of extensive chronic GVHD have a lower LFS compared to those without chronic
GVHD up to six years post HCT for ALL but not for AML. Acute myeloid leukemia that is
in relapse or refractory at the time of transplant also remains an adverse prognostic factor
even for five year disease-free survivors, but this is not operative in ALL. Conversely, it is
notable that factors such as age and donor type were not significantly predictive of outcome
for patients after they had survived the first year.

Overall, the likelihood of subsequent survival is high but varies depending on certain
clinical variables. Many reports suggest that extensive chronic GVHD is associated with
higher transplant-related mortality and lower survival. Severity of chronic GVHD according
to NIH criteria and continued need for immunosuppression are also associated with these
outcomes, but the CIBMTR database lacked adequate data to test these hypotheses.2” Using
the data that are available, chronic GVHD was an adverse prognostic factor for ALL but not
AML. This could be because the graft-versus-leukemia effect was less potent for ALL so the
increased transplant-related mortality was consequently more influential on overall survival
than in AML.

This analysis has a number of limitations. We used CIBMTR data which includes hundreds
of centers so our results are generalizable, but may not reflect the practices and success rates
of any particular center. We lacked some clinical details such as molecular markers,
evidence of minimal residual disease, and chronic GVHD incidence and severity according
to the NIH consensus conference that might have contributed to refinement of the prognostic
estimates. The study population includes only myeloablative recipients who survived at least
one year without recurrent disease, and our results are only applicable to similar patients.
The median patient age is likely lower than in current practice, although age was not a
significant prognostic factor in the multivariate analysis. Similar analyses could be
performed for the reduced intensity and non-myeloablative approaches once sufficient
numbers of survivors with enough follow-up and co-morbidity data are available. The low
number of relapses and deaths in survivors during the one year time periods of analysis may
have also limited the power to identify significant prognostic factors. Transplantation
practices are constantly evolving, and some innovations such as use of tyrosine kinase
inhibitors in BCR-ABL-positive ALL may overcome the currently identified negative
prognostic factors.2 However, many more patients will need to be accrued to confirm this
hypothesis and provide an estimate of any beneficial effect. Studies such as ours that require
large number of patients to personalize prognostic estimates will always necessarily lag
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behind the newest innovations. The fact that patients transplanted in the last two years of the
study (2004-2005) had remarkably similar survival to the entire cohort suggests that
therapeutic advances may be more impactful within the first year after transplantation than
in later post-transplant years. Since our study started with one-year survivors, our results
may not be as susceptible to being outdated as quickly as other studies that focus on the
early post-transplant period.

Nevertheless, patients and their physicians, as well as people designing clinical research
studies involving the survivor population, may benefit from results that update LFS based on
the most current patient characteristics, including the fact that patients have already survived
for some period of time. Patients who enter HCT with multiple adverse disease factors may
benefit from knowing that most of these poor risk factors lose their potency once a patient
survives two or more years after HCT. The public availability of the online calculators
allows patient and physicians to calculate individualized and current prognostic estimates,
based on the best available data derived from thousands of patients. They may then apply
their own “sensitivity” analyses to incorporate new information, and the calculators can be
formally updated regularly based on more recent cohorts to reflect evolving medical
practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Characteristics of patients =18 years of age who underwent a myeloablative transplant 1990-2005 for acute

myelogenous leukemia or acute lymphoblastic leukemia, and were one year survivors.

AML ALL
Characteristics N (%) N (%)
Number of Patients 3339 1434
Number of Centers 244 228
Age at transplantation, median (range) 37 (18-69) 29 (18-64)
Recipient age in decades
18-29yrs 977 (29) 746 (52)
30-39yrs 937 (28) 370 (26)
40-49yrs 958 (29) 236 (16)
50+yrs 467 (14) 82 (6)
Sex
Male 1752 (52) 883 (62)
Female 1587 (48) 551 (38)
Donor-Recipient sex match
Male donor-Male recipient 1021 (31) 560 (39)
Male donor-Female recipient 832 (25) 303 (21)
Female donor-Male recipient 721 (22) 314 (22)
Female donor-Female recipient 745 (22) 247 (17)
Missing 20 (1) 10 (1)
Donor-recipient CMV match
Negative donor-Negative recipient 904 (27) 462 (32)
Negative donor-Positive recipient 768 (23) 305 (21)
Positive donor-Positive recipient 1130 (34) 420 (29)
Positive donor-Negative recipient 395 (12) 180 (13)
Missing 142 (4) 67 (5)
Karnofsky score at transplant
<90 Karnofsky 754 (23) 317 (22)
>=90 Karnofsky 2474 (74) 1076 (75)
Missing 111 (3) 41 (3)
Race/ethnicity of recipient
Caucasian 2816 (84) 1191 (83)
African-American 70 (2) 31(2)
Asian 287 (9) 125 (9)
Hispanic 89 (3) 59 (4)
Other 59 (2) 20 (1)
Missing 18 (1) 8 (1)
Disease status at transplant
CR1 1981 (59) 830 (58)
CR2 648 (19) 351 (24)
>CR2 41 (1) 58 (4)
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AML ALL

Characteristics N (%) N (%)

Relapse 383 (11) 118 (8)

Primary Induction Failure 251 (8) 50 (3)

Missing 35(1) 27 (2)
Cytogenetic groups

Good 384 (12) 56 (4)

Intermediate/Normal 1832 (55) 596 (42)

Poor risk 334 (10) 353 (25)

Missing 789 (24) 429 (30)
Ph+/BCR-ABL+

No 722 (50)

Yes 283 (20)

Missing 429 (30)
T lineage vs. B lineage

B lineage 933 (65)

T lineage 241 (17)

Other 148 (10)

Missing 112 (8)
Type of AML

Denovo 2832 (85)

Secondary 415 (12)

Missing 92 (3)
HLA-match

HLA-identical sibling 2221 (67) 835 (58)

Other related donor 58 (2) 26 (2)

Well-matched URD 479 (14) 250 (17)

Partially matched URD 328 (10) 190 (13)

Mismatched URD 166 (5) 83 (6)

Missing 87 (3) 50 (3)
Source of stem cell

Bone Marrow 2269 (68) 1039 (72)

Peripheral Blood 1070 (32) 395 (28)
Conditioning regimen based on distribution

Bu+Cyzother 1410 (42) 184 (13)

TBI+Cy+Buzother 1897 (57) 1243 (87)

Bu+Fludara+other (No TBI) 32(1) 7(<1)
GVHD prophylaxis

Ex vivo T-cell depletion 322 (10) 148 (10)

CsAother 2428 (73) 1018 (71)

Tacrolimuszother 519 (16) 244 (17)

Other 70 (2) 24 (2)

Chronic GvHD
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AML ALL
Characteristics N (%) N (%)
No chronic GVHD 1560 (47) 648 (45)
Limited GVHD 652 (20) 295 (21)
Extensive GVHD 1105 (33) 487 (34)
Missing 22 (1) 4(<1)
Acute GVHD grade II-1V
No 2355 (71) 934 (65)
Yes 955 (29) 496 (35)
Missing 29 (1) 4(<1)
Year of transplant
1990-1993 876 (26) 352 (24)
1994-1997 924 (28) 368 (26)
1998-2001 679 (20) 298 (21)
2002-2005 860 (26) 416 (29)
Median follow-up of survivors, months 96 (12 -249) 87 (12 - 240)

Abbreviations: AML = Acute myelogenous leukemia, ALL = Acute lymphoblastic leukemia, GVHD = graft versus host disease, CMV =
cytomegalovirus, CR = Complete remission, URD=unrelated donor, Bu = Busulfan, MTX = Methotrexate, CsA = Cyclosporine, CY =

Cyclophosphamide, TBI = Total body irradiation,
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Table 5

Additive effects on subsequent one year probability of developing chronic graft-versus-host disease among
AML/ALL disease-free survivors at one year. The formula to convert the event rate per person-year (X) into
the probability of an event over the year (p) for a single person is p = 1 — exponent (—x), with x being the sum
of the baseline rate and any additional risk factors. If the event-rate is less than 0.2 then the probability of an
event is approximately equal to the event-rate, but at greater values of the event-rate, the event rate is greater
than the probability of an event expressed as a percentage.

Chronic Graft-ver sus-host diseasel 1year

N at risk 2836

N of events 127

Patient years of follow-up 2481
N

Baseline rate for transplanted patients if no risk factors present 2 0.019

+ non cyclosporine-based graft-versus-host disease prophylaxis without ATG or Campath | 356 | g og7***

+ peripheral blood stem cell graft 755 | 0,048

+ donor other than HLA-identical sibling 734 | 0.044™*

excluding 384 patients receiving T-cell depleted grafts, who experienced 3 events in 347 person years, or 0.009 events per person year at risk.

event rate per person-year at risk (= approximate probability of chronic GVHD) in a population of patients transplanted for acute leukemia if no
risk factors are present

Hok:

*
p<0.01.

Values are in bold if p<0.05
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