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Abstract

The advent of tyrosine kinase inhibitors (TKI) for the treatment of
Philadelphia-chromosome positive (Ph+) chronic myeloid leukemia (CML)
and acute lymphoblastic leukemia (ALL) dramatically changed the treatment
algorithms for these disease entities. Nevertheless, still some patients with
TKI-non-responsive CML as well as high risk-ALL patients with an appropriate
donor need to undergo allogeneic stem cell transplantation (allo-SCT). In case
of minimal residual disease (MRD) or relapse, treatment with TKI constitutes
a therapeutic option to existing forms of relapse treatment such as donor
lymphocyte infusion (DLI) or a 2nd allo-SCT. In the current survey we analyzed
17 patients with Ph+ leukemia who relapsed after allo-SCT at our institution from
1998 till 2013. Nine patients suffered from Ph+ CML, eight patients suffered
from Ph+ ALL. We demonstrated that the achievement of a complete molecular
response (CMR) on day +28 after transplantation is the pivotal prognostic factor
for long-time survival after relapse when using TKI. Patients who achieved a
CMR had an overall survival of 100% after 5 years. The prognosis for patients,
who did not achieve a CMR was dismal: the overall-survival was 0% after
5 years. At the latest follow-up (4-171 months) 11 patients were alive and 7
patients had died. This clear distinction of two prognostic subgroups might be

helpful in making decisions towards use of TKIs.
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Abbreviations

a/c GvHD: acute/chronic Graft versus Host Disease; ALL:
Acute Lymphoblastic Leukemia; Allo-SCT: Allogeneic Stem Cell
Transplantation; AP: Accelerated Phase; BC: Blast Crisis; CCR:
Complete Cytogenetic Remission; CHR: Complete Hematologic
Response; CML: Chronic Myeloid Leukemia; CMR: Complete
Molecular Remission; CP: Chronic Phase; DLI: Donor Lymphocyte
Infusion; ELN: European Leukemia Network; IRB International
Review Board; MC: Multicenter; MMR: Major Molecular Remission;
MR: Molecular Relapse; MRD: Minimal Residual Disease; OS: Overall
Survival; PCR: Polymerase Chain Reaction; PD Progressive Disease;
PFS Progression-Free Survival; Ph+ Philadelphia-Chromosome
Positive; RES: Resistance; SC: Single—Center; TKI: Tyrosine Kinase
Inhibitors

Introduction

Chronic myeloid leukemia (CML) and acute lymphoblastic
leukemia (ALL) are rare malignant diseases with a yearly incidence
rate of 1-2 patients per 1, 00, 000 inhabitants in Western countries
[1,2].

The advent of the first tyrosine-kinase inhibitor imatinib
revolutionized the therapy for Ph+leukemias such as the CML and
about 20% of ALL [3].

The use of these drugs in first-, second- or third line therapy

resulted in a dramatically decrease in the number of allogeneic stem
cell transplantation (allo-SCT) for CML. In 1998 still about 30% of all
allogeneic transplanted patients in Germany had CML as diagnosis.
In contrast the percentage of allo-SCT's because of CML decreased by
factor 10 down to about 3% in 2013[4,5].

However, allo-SCT remains the only curative treatment for CML
and Ph+-ALL [6-9]. The main reason for failure of allo-SCT is relapse,
occurring in about 35-45%, causing death in about 30-40% of those
patients [10]. There are different options for the treatment of CML
and ALL relapses after allo-SCT. Reduction of immunosuppression,
administration of donor lymphocytes (DLI), eventually the
administration of a TKI, or even a second transplantation [10].

Disease stage at relapse is one of the main factors influencing
the overall survival of patients [11]. Using real-time-PCR to detect
BCR/ABL-transcripts in Ph+ leukemias enables to diagnose an early
molecular relapse [12].

In our report, we describe 17 patients who relapsed after allogeneic
stem cell transplantation in different disease stages at relapse.

Patients and Methods

In this retrospective, single-center study we analyzed data of 17
patients with Ph+ leukemia who relapsed after allogeneic stem cell-
transplantation in the period from April 1998 to March 2013 and
were treated with TKI consecutive. All patients were treated at the
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Figure 1: Overall survival according the patient’s status on day +28 after
allo-SCT.

For patients who had a complete molecular remission (CMR) on day+28 after
allo-SCT and relapsed subsequently OS was 100% at 14 years. Patients,
who did not reach CMR on day+ 28, had an OS of 0% at 4 years.

University Clinic Heidelberg. The study followed the Declaration of
Helsinki of 1975 and was approved by the International Review Board
(IRB) University Clinic Heidelberg. All participants gave informed
consent.

Criteria

Inclusion criteria for our study were Ph+ CML or ALL, relapse
after allogeneic blood stem cell transplantation, age over 18 years and
relapse treatment with tyrosine kinase-inhibitors.

Endpoints of our analysis were remission-status day +28 after
transplantation, achievement of complete molecular response with
negative PCR for the BCR/ABL transcript and remission status at the
latest follow-up.

The overall survival (OS) was measured from the date of relapse
to the latest time of follow-up or death.

Collection of data

For our analysis we collected the following data: underlying
disease CML or ALL, gender and age at the time of transplantation
and relapse, period of time from transplantation to relapse, duration
of TKI treatment before allo-SCT, after allo-SCT and after relapse,
remission status on day+28, at relapse and at the last follow-up the
time span: from allo-SCT to relapse, occurrence of acute or chronic

graft-versus-host-disease (GVHD).

We used the “European Leukemia Network (ELN)”criteria for
monitoring the response to TKI treatment for CML [13]. Complete
hematologic response (CHR) was diagnosed when a normal blood
cell count was found and the spleen was not palpable. Complete
cytogenetic remission (CCR) was defined by no Ph+ cells in bone
marrow. A major molecular remission (MMR) was diagnosed when
less than 0.1% transcripts of BCR/ABL were found in peripherical
blood. Patients with a complete molecular remission (CMR) had no
BCR/ABL transcripts in real time-and nested-PCR and no minimal
residual disease (MRD).

We analyzed potential predictors for disease-free survival of
patients who relapsed after allo-SCT. Demographics and patients’
characteristics were summarized by descriptive statistics. Survival
functions were estimated by using the Kaplan-Meier method.

Results

From 1998 to 2013, 148 patients suffering from CML or ALL
underwent an allogeneic stem cell transplantation at the University
Clinic Heidelberg. Forty-four of these 148 patients relapsed.
Seventeen of these 44 relapsed patients suffered from Ph+ leukemia
and were treated with TKI after relapse. Nine patients with CML and
eight patients with ALL. The median age at time of transplantation
was 39 years and 41 years at the time of relapse. At the last follow-
up 10 patients were alive. Seven patients died within 17 months after
relapse. Most (n=10) of the patients relapsed in a chronic phase (CML)
or had a molecular response (ALL). Four patients were additionally
treated with DLI. Table 1 shows the patient characteristics (Table 1).

The estimated median overall survival was 58.8% at 10 years for
all 17 patients relapse with a median follow-up of 60 months after
relapse.

For patients who had a complete molecular remission (CMR) on
day+28 after allo-SCT and relapsed subsequently OS was 100% at 14
years. Patients, who did not reach CMR on day+ 28, had an OS of 0%
at 4 years (Figurel).

Figure 2 and Figure 3 shows the treatment process from the date
of allo-SCT to the last follow up or death for both entities CML and
ALL. Figure 4 shows the abbreviations used in both figures. Patients
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Figure 2: Clinical course of the patients suffering from CML.

The treatment process from the date of allo-SCT to the last follow up or death is shown. Patients were divided into two groups a “responder”-group and a “non-
responder”-group, depending on their remission status on day+28 after allo-SCT. For explanations of abbreviations see the insert of this figure and the abbreviation
list in the beginning of the manuscript. Crosses indicate the death of the respective patient.
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Figure 3: Clinical course of the patients suffering from ALL.
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The treatment process from the date of allo-SCT to the last follow up or death is shown. Patients were divided into two groups a “responder’-group and a “non-
responder”-group, depending on their remission status on day+28 after allo-SCT. For explanations of abbreviations see the insert of this figure and the abbreviation
list in the beginning of the manuscript. Crosses indicate the death of the respective patient.

Table 1: Patients™ characteristics.

Median Range
Age at Allo-SCT 39 years 19-66 years
Age at relapse 41 years 31-68 years
Follow-up 60 months 4-135 months
IntervalAllo-SCT-relapse 14 months 1-119 months
Intervalrelapse-TKI 1 month 0-9 months
Intervalrelapse-death 9.5 months 2-17 months
Number Percentage (%)
Gender: male/female 5-Dec 71/29
Last follow-up 11 alive 65
Entity: CML/ALL 8-Sep 53/47
Disease status at relapse
Blast crisis 2 12
PD 5 29
CP/MR 10 59
Previous treatment for relapse
DLI 4 24
Chemotherapy 6 35
Alpha-interferon 2 12
None 4 24
Response to TKI-Treatment
aGvHD 8 47
cGvHD 11 65
CMR 9 53

were divided into two groups a “responder”-group and a “non-
responder”-group, depending on their remission status on day+28
after allo-SCT, as highlighted on the left part of Figure 2 and Figure
3. Treatment relapse is marked with a black star. Additional therapy
with DLI is marked with an arrow (Figure 2, 3).

The timeline of each patient ends up with the last follow-up or
death. At the end of each timeline the GvHD-status is illustrated by
three signs.

Patients of the responder group had a longer OS than patients

from the non-responder group. The duration of molecular remission
is much longer than remission of the patients, who did not reach a
CMR. The treatment varies from patient to patient. A large difference
was observed in the duration of the treatment time with TKIL

The results depicted Figure 1 suggests that the remission status
after transplantation is related to the success of relapse treatment.
Other factors like the age (<40 years, 40 years), acute GVHD (y/n),
chronic GVHD (y/n), DLI treatment (y/n) were not related to a longer
survival after relapse and treatment with TKIL.

Discussion

Our study supports findings of earlier published reports of relapse
treatment after allo-SCT. Ollavaria, et al. showed that treatment
with TKI for patients who suffered from CML and relapsed after
allo-SCT leads to long-time cytogenetic and molecular remission.
They retrospectively analyzed 128 patients. The depth of remission
reached before the relapse and the achievement of a hematological
response to therapy had a significant effect on the overall survival
of the patients. Additional therapy with DLI did result in a better
outcome of the patients. The median follow-up was 9 months (2-
34 months) [14]. In 2010 Wright, et al. evaluated the long-term
survival of 22 patients with CML who relapsed after allo-SCT. The
achievement of a complete molecular remission (CMR) is crucial for
a long-term survival and disease control [15]. For patients with Ph+
ALL, Wassmann, et al. showed that patients with detectable BCR/
ABL transcript after allo-SCT reached complete molecular remission
(CMR) in about half of the cases after treatment with TKI [16]. Table
2 shows the summarized results of previous discussed studies for
relapse treatment with TKI (Table 2).

Some of our patients have been treated with TKI for a long
time after relapse. Treatment safety is an important aspect for a
good compliance. Possible side effects of TKIs are: edema, nausea,
vomiting, diarrhea and skin rash. Hematological side effects are
anemia, thrombocytopenia und neutropenia [17].

Carpenter, et al. showed that prophylactic administration of
imatinib at standard dose (400 mg) to high-risk patients with Ph+
CML and ALL at relapse after allo-SCT is rather-well tolerated in
terms of side effects of the drug. The most commonly observed side
effects were grade 1-3 nausea, vomiting and elevated liver-enzymes
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Table 2: Previous studies for relapse-treatment with TKI.

Author (year) Type Patients Diagnosis/ Phase Median :;l;%\’s:u') after Treatment Outcome of all patients
- 19 patient’s alive, 1-year estimated
Kantarjian et al. SC 28 CML 5 CP, 15 AP, 16 months (9-24) Imatinib survival rate: 74%. Overall response
(2002) 8 BC ;
rate: 79%
cML 86 patients alive, 2-year estimated
. 3 - ) P,
Olavarria et al. (2003) MC 128 51 CP, 31 AP, 46 BC 9 months (2-34) Imatinib survival rate : 65%,Overall response
rate: 84%
Wassmann et al 27 patients alive, Estimated PFS
(2005) ' MC 27 ALL 27 MRD 8.3 months (0.9-31) Imatinib rate: 48% at 6.6 months (Time to
progression)
Imatinib (n=20) . .
Wright et al. 2010) ~ MC 22 CML 8 CP, 14 AP 31.5months (2-146) | andlor Dasatinip | -+ Patients alive, 10-year OS from the
(n=6) date of relapse: 54%

[18]. In some cases treatment with TKI might lead to skin-rashes,
edema and liver dysfunction [19].

In summary, therapy of patient’s with Ph+ CML or ALL at relapse

after allo-SCT seems to be a safe option, when side-effects must are
monitored and counterbalanced.

The results of this analysis demonstrate that treatment with TKI

after relapse post allo-SCT can lead to a longer survival and that the
disease status at the time of relapse is a prognostic factor.
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