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Abstract The multikinase inhibitor sorafenib has shown a
strong anti-leukemic effect in FMS-like tyrosine kinase 3
(FLT3)-mutated acute myeloid leukemia (AML); however, re-
mission is often transient. To better understand the role of so-
rafenib, we performed a retrospective analysis of all patients
who received sorafenib in combination with allogeneic hema-
topoietic stem cell transplantation (HSCT) at our center. Seven-
teen patients with FLT3-ITD positive AML were treated with
sorafenib in combination with allogeneic HSCT. Seven patients
received sorafenib therapy pre- and posttransplant, and 10 pa-
tients were given sorafenib only posttransplant. Median dura-
tion of sorafenib treatment was 13 months (range 1-42); medi-
an dose was 600 mg (range 100—1200). Fourteen patients
(82 %) achieved a complete remission (CR), while 5 patients
(29 %) eventually developed progressive disease. Developing
chronic graft-versus-host disease (GvHD) had a strong protec-
tive influence on the risk of sorafenib resistance (p=0.028, HR
0.08, 95 % CI1 0.01-0.76). In a total of 8 patients, sorafenib had
to be stopped, paused or dose-reduced due to toxicity. In 5
patients with pronounced toxicity, we switched to an alternating
dosing schedule with 1 month on/1 month off sorafenib. These
patients subsequently remained in sustained complete molecu-
lar remission, with a median follow-up of 20 months. Our data
indicate that sorafenib can achieve high rates of sustained re-
mission in high-risk patients treated in combination with HSCT.
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Introduction

Acute myeloid leukemia (AML) is a heterogeneous disease
with large variations in prognosis depending on cytogenetic
and molecular characteristics [1, 2]. Mutations in the FMS-
like tyrosine kinase 3 (FLT3) are one of the most common
molecular alterations observed in AML and have been asso-
ciated with a poor prognosis [3, 4].

Tyrosine-kinase inhibitors (TKI) have shown activity in FLT3
mutated AML [5-7]; however, remissions are generally short,
and resistance develops in the majority of patients. Randomized
studies of TKIs in combination with chemotherapy have failed to
show an improved outcome [8, 9]. Recent data suggest that long-
term remissions can be achieved with sorafenib monotherapy
when given after allogeneic transplant [10, 11]; however, other
studies failed to observe such a synergistic effect [12].

To better understand the role of sorafenib in the treatment
of FLT3-mutated AML, we retrospectively analyzed all pa-
tients treated with sorafenib in conjunction with allogeneic
transplant at our institution.

Patients and methods
Study design

We performed a retrospective analysis of all patients with
FLT3-ITD positive AML that were treated with sorafenib after
allogeneic transplant at the University Hospital Basel until
March 2014. All patients gave written informed consent to
the analysis of outcome data and the study was performed
according to the regulations of the local ethics committee:
“Ethikkommission Nordwest- und Zentralschweiz”.
Variables were collected from chart review including pa-
tient characteristics (age at diagnosis and transplant, sex,
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CMV status), disease characteristics (FAB and WHO classifi-
cation, cytogenetics, FLT3 mutation status, presence of other
molecular markers), treatment and response to them including
sorafenib treatment duration and dosing, side effects and dose
reduction or interruptions, transplant characteristics including
type of conditioning, and graft-versus-host disease (GvHD)
prophylaxis, donor type, HLA-match, stem cell source, and
grading of GvHD.

Definitions

Karyotype risk group was categorized according to SWOG
criteria [ 13]. Non-myeloablative and myeloablative condition-
ing were defined according to published criteria [14]. Acute
GVHD (aGVHD) and chronic GVHD (¢cGVHD) were graded
according to standard criteria [15, 16]. Treatment response
was defined according to Cheson criteria [17]. Time to treat-
ment failure was defined as the interval between start of so-
rafenib treatment and sorafenib resistance. Sorafenib resis-
tance was defined as morphologic or molecular relapse or
progression (detection or increase of blasts in peripheral blood
or bone marrow or extramedullary disease manifestations, de-
tection or increase of FLT3-ITD or—in the case of FLT3-ITD/
NPM1-positive leukemia—NPM]1 copies in blood or bone
marrow, assessed by quantitative PCR).

Statistical analysis

Patient and transplant characteristics were compared using
Pearson’s chi-square test for categorical variables. The
Kaplan-Meier method was used to estimate overall survival
(OS) and progression-free survival (PFS). A time-dependent
Cox-regression model was used to analyze the effect of GYHD
on the risk of sorafenib treatment failure.

Results
Patient characteristics

A total of 17 patients with FLT3-ITD positive AML were
treated with sorafenib after allogeneic HSCT between August
2009 and March 2014 at the University Hospital Basel. Seven
of these had also received sorafenib pretransplant. Follow-up
was calculated as of November 1, 2014. Patient pretreatment
and transplant characteristics are described in Table 1. Char-
acteristics did not differ between patients with and without
sorafenib resistance (data not shown). Median age was
53 years. More males than females were treated (11 versus 6
individuals).
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Induction therapy

Standard induction therapy consisted of a first cycle of
idarubicin and cytarabine and a second cycle of amsacrine
and high-dose cytarabine. For reinduction, mostly high-dose
cytarabine-based schemes were used (as monotherapy or in
combination with mitoxantrone, clofarabine, fludarabine/
idarubicin, or cladribine/idarubicin). One patient received a
combination of etoposide and mitoxantrone.

Sorafenib treatment

Characteristics of sorafenib treatment are shown in Table 2
and in Fig. 1. Ten patients received sorafenib posttransplant,
five because of hematological relapse—one of them with
chemotherapy-refractory relapse—three because of molecular
relapse or molecular disease persistence after transplantation,
and two as maintenance therapy in complete molecular remis-
sion because of disease persistence pretransplant. Eight of
these 10 patients received sorafenib monotherapy, one who
was refractory to chemotherapy received concurrent donor
lymphocyte infusion (DLI) and 1 patient was given concom-
itant low dose cytarabine subcutaneously after emergence of
sorafenib treatment failure. Seven patients received sorafenib
pre- and posttransplant. Pretransplant indication was chemo-
refractory relapse in 5 patients (two after autologous trans-
plant) and molecular persistence in 2 patients. Reasons for
continued treatment posttransplant were maintenance in three,
molecular relapse in two that received sorafenib in combina-
tion with DLI, and hematological relapse in 2 patients, one of
which received concurrent chemotherapy.

Median duration of sorafenib treatment was 13 months
(range 1-42). Treatment was started at a median of 64 days
posttransplant (range 3—709 days).

Median follow-up time after initiation of sorafenib therapy
was 29 months (range 14-46).

Dose and toxicity

Target dose of sorafenib was 800 mg daily but was reduced to
100-600 mg or transiently stopped due to toxicity in a total of
seven patients. Hence, the median dose was 600 mg (range
100-1200 mg). Sorafenib was discontinued in one patient due
to severe diarrhea and exanthema. Toxicity leading to dose
reduction or transient stop of therapy was diarrhea (n=4),
nausea/vomitus (n=2), cytopenias (n=1), hepatotoxicity (n=
2), hand-foot syndrome (n=1), and exanthema (n=1). In sev-
eral patients, a combination of multiple toxicities led to dose
reduction; therefore, listed toxicities add up to more than
100 %. Other toxicities observed included glossalgia, head-
ache, rhagades, and muscle spasms. In five patients who had
been on sorafenib after allogeneic transplant for a median of
15 (range 4-20) months and were in complete molecular
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Table 1 Patient pretreatment and

transplant characteristics All patients Patients with Patients without
sorafenib resistance sorafenib resistance
n=17 n=6 n=11
Median age at diagnosis (range) 53 (23-68) 58 (40-64) 49 (23-68)
Number of females (%) 6 (35) 2 (33) 4 (36)
Disease characteristics (%)
FLT3-ITD mutated 6 (35) 2 (33) 4 (36)
NPMI1/FLT3-ITD mutated 10 (59) 4(67) 6 (55)
CEBPA/FLT3-ITD mutated 1 (6) 0 19
Karyotype risk group” (%)
Favorable 0 0 0
Intermediate 14 (82) 5(83) 9 (82)
Unfavorable 2 (12) 1(17) 1(9)
Unknown 1(6) 0 19
Donor type (%)
HLA-identical sibling 8 (47) 2 (33) 6 (55)
Matched unrelated donor 6 (35) 2 (33) 4 (36)
Mismatched unrelated donor 2(12) 2 (33) 0
Mismatched cord blood 1 (6) 0 1(9)
Stem cell source (%)
PBSC 15 (88) 6 (100) 9(82)
BM 1(6) 0 19
CB 1(6) 0 19
Conditioning regimen (%)
Myeloablative 15 (88) 5(83) 10 91)
Non-Myeloablative 2(12) 1(17) 19
GvHD prophylaxis (%)
Cyclosporin A/Methotrexat 10 (59) 2 (33) 8 (73)
Cyclosporin A/Methotrexat/ATG 4(24) 3 (50) 1(9)
Cyclosporin A/Mycofenolat 2 (12) 1(17) 1(9)
Cyclosporin A/ATG 1 (6) 0 1(9)

# According to SWOG criteria

remission, continuous therapy was switched to a 1 month on/
1 month off sorafenib schedule due to toxicity (headache (n=
1), diarrhea (n=4), and hand-foot syndrome (n=2). Median
duration of intermittent therapy was 16 months (range 5-21).

In 2 patients, sorafenib dose was increased to 1000—
1200 mg per day due to insufficient serum levels. Target doses
were obtained from published data [18, 19].

Treatment response

Best response to sorafenib was complete molecular remission
(CMR) (n=11, 3 already being in CMR before sorafenib ini-
tiation), complete morphologic remission (CR) (n=3), hema-
tological response (HR) (n=1), stable disease (n=1), and pro-
gressive disease (n=1). Secondary resistance developed in 5
(29 %) patients after a median of 6 (range 1.7-27) months.
Survival status is shown in Table 3. At the time of analysis, 9

patients remained alive in CMR or CR, while 5 patients had
died of relapse.

In a total of 4 patients who had previously been on inter-
mittent therapy, sorafenib was discontinued after achieving a
durable molecular remission of a minimum of 2 years. Pro-
gression free and overall survival from start of sorafenib ther-
apy and from transplant are shown in Fig. 2. Two-year OS and
PFES after start of sorafenib were 61 and 53 %, respectively,
with 2-year posttransplant OS and PFS being 61 and 55 %,
respectively.

GvHD

As shown in Table 3, 53 % of patients developed aGvHD
grade I-1I (n=7) or grade II-IV (n=2). Chronic GvHD oc-
curred in 11 patients (65 %), being mild (n=3), moderate (n=
6), or severe (n=2). In patients that received sorafenib
posttransplant and developed acute and/or chronic GvHD
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Table 2 Treatment

characteristics All patients  Patients with  Patients without
sorafenib sorafenib resistance
resistance
n=17 n=6 n=11
Sorafenib start pre/post allo HSCT
Post (%) 10 (59) 2 (33) 8(73)
Pre+post (%) 7 (41) 4(67) 327
Median number of CTx cycles® pre sorafenib (range) 2 (1-5) 2.5 (2-5) 2 (2-3)
Indication for sorafenib® (%)
Refractory leukemia to chemotherapy 4 (24) 3(50) 19
Hematological relapse 7 (41) 3 (50) 4 (36)
Molecular relapse/persistence 4(24) 0 4 (36)
Maintenance therapy in CMR 2 (12) 0 2 (18)
Therapy details (%)
Sorafenib monotherapy 14 (82) 4(67) 10 91
Combination with DLI 1 (6) 0 1(9)
Combination with CTx 1 (6) 1(17) 0
Combination with DLI and CTx 1 (6) 1(17) 0

DLI donor lymphocyte infusion, C7x chemotherapy

#Each chemotherapy cycle is counted. E.g., 2 cycles of induction therapy and 1 cycle of consolidation therapy

counts as 3 cycles

® For patients who received sorafenib pre- and posttransplant, only pretransplant indication was counted

(n=14), GvHD developed before the start of sorafenib in §
patients. All patients that had a sustained remission without
secondary resistance had concurrent cGvHD, while only one
of the 6 patients with sorafenib treatment failure had chronic
GvHD (p=0.021). To exclude selection bias (patients with
early death may not have had sufficient follow-up to develop
GvHD), results were confirmed by performing a Cox-
regression analysis of the effect of chronic GVHD as a time-
dependent variable on the risk of sorafenib resistance.
Including only patients that received sorafenib posttransplant;
developing chronic GvHD had a strong protective influence
on the risk of sorafenib resistance (p=0.028, HR 0.08, 95 %
CI10.01-0.76).

Standard GvHD treatment consisted of systemic and topi-
cal steroids as well as calcineurin inhibitor therapy. In cases of
refractory GvHD, individual treatment approaches such as
photopheresis, methotrexate, or imatinib were applied.

Discussion

We describe here a series of 17 patients with FLT3-ITD mu-
tated AML who were treated with sorafenib as well as alloge-
neic stem cell transplantation. We observed a high rate of
sustained responses, and it is remarkable that all patients
who remained in sustained remission had concurrent cGvHD,
suggesting a synergistic effect.

Previous reports of sorafenib in conjunction with allogene-
ic transplant have shown mixed results. The largest patient
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group was described by Metzelder et al. who reported on 65
patients, 29 of which had received an allogeneic transplant
[10]. Transplant patients had a lower rate of sorafenib resis-
tance (38 versus 47 %) and a longer time to development of
resistance (197 versus 136 days). In a recent phase I study by
Chen et al., 22 patients were treated with sorafenib as mainte-
nance after allogeneic transplant, with relapse observed in
only 2 patients after a median follow-up of 16 months [20].
Conversely, Sharma et al. reported on 16 patients who re-
ceived sorafenib for posttransplant relapse, with (n=8) or
without (n=8) additional chemotherapy, and observed only
partial remission in 3 patients, with no cases of complete re-
mission [12]. Reasons for these comparatively poor results
might have been the non-continuous dosing used, as well as
particularly advanced disease in most patients.

Reports on rates of GVHD in patients treated with sorafenib
are also mixed. While Metzelder et al. observed GvHD in only
7 of 65 patients, others have suspected that sorafenib actually
provokes GVHD [21]. Besides observing chronic GVHD in 4
of 7 patients treated with sorafenib, Yokoyama et al. also pro-
vide murine data suggesting that sorafenib might exacerbate
GvHD. Other small case series have described worsening of
GvHD with sorafenib [11, 22], while the two larger patient
cohorts described by Sharma et al. and Chen et al. had chronic
GvHD rates of 0 and 38 %, respectively [12, 20]. Reasons for
these variations could be differences in timing and dosing of
sorafenib treatment, concurrent immunosuppression and use
of donor lymphocyte infusion, as well as stochastic variance
due to small patient numbers.
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Fig. 1 Illustration of therapy and outcome in individual patients

While we have observed comparatively high rates of
c¢GvHD, the role of sorafenib in provoking or worsening GvHD
remains unclear for a number of confounding factors. These
include the fact that patients who were still on

Low-dose Chemotherapy: Cytarabin or Azacitidin subcutanously

Radiation therapy of extramedullary disease manifestations

immunosuppression at the time of relapse or progression had
rapid tapering of immunosuppressive agents; several patients
received DLI and median treatment duration in our cohort was
comparatively long. Unfortunately, other authors have not
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Table 3 GVHD details and
survival status

All patients ~ Patients with ~ Patients without
sorafenib sorafenib
resistance resistance

n=17 n=6 n=11

Number of patients developping GVHD (%)
aGvHD grade I-11 7 (41) 3 (50) 4 (36)
aGvHD grade I1I-IV 2 (12) 1(17) 19
c¢GvHD, overall 11 (65) 1(17) 10 91)
¢GvHD, mild 3 (18) 0 327
c¢GvHD, moderate 6 (35) 1(17) 5 (45)
c¢GvHD, severe 2 (12) 0 2 (18)
Patients alive 11 (65) 2(33) 9 (82)
Patients in CMR, sorafenib ongoing (continous therapy) 2(12) 0 2 (18)
Patients in CMR, sorafenib ongoing (intermittent therapy)® 1 (6) 0 109
Patients in CMR, sorafenib stopped 4(24) 0 4 (36)
Patients in CR, sorafenib ongoing (continous therapy) 1(6) 0 1(9)
Patients in CR, sorafenib stopped 1 (6) 0 1(9)
Patients with relapse or progression, sorafenib ongoing 1(6) 1(17) 0
Patients with relapse, sorafenib stopped 1(6) 1(17) 0
Patients dead 6 (35) 4(67) 2 (18)
Death of disease progression 5(29) 4(67) 1(9)
Death of infection in complete remission 1(6) 0 1(9)
Median follow-up of survivors in months (range) 29 (1446) 37 (28-46) 29 (14-44)

# Intermittent therapy: one month on, one month off

commented on the relationship between long-term remission
and concurrent GVHD. Due to the fact that long-term remissions
with sorafenib treatment seem to occur predominantly following
allogeneic transplantation, a certain synergism can be assumed.
It can only be speculated on mechanisms of this synergy, which
could include activation of alloreactivity by sorafenib, a reduc-
tion of tumor mass and rate of disease evolution to facilitate the
graft-versus-leukemia effect or a combination of these effects.
A further novel aspect of our data is the alternating dosing
(1 month on/1 month off) that was applied in selected patients

that had been in prolonged remission and suffered from tox-
icity of sorafenib. Due to the relatively limited experience with
the use of sorafenib in AML patients, no standards exist for
suggested length of treatment in patients who have attained a
remission. In poor-risk patients with posttransplant relapse,
the long-term remission we observed in selected patients led
to the question of whether sorafenib could be stopped after a
certain duration of CMR without risk of relapse. Due to sig-
nificant concern on our part but also on part of the patients, we
chose to deescalate treatment by first switching to alternate

Fig. 2 Overall and progression
free survival
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dosing. We hypothesized that the anti-leukemic effect is main-
ly the result of the graft-versus-leukemia effect; hence, an
intermittent use of sorafenib would reduce toxicity by provid-
ing treatment free periods for patients, but continue to sup-
press intermittently any remaining residual disease. While no
conclusions can be drawn from our small patient numbers, the
fact that all patients on alternate dosing have remained in
CMR between 5 and 21 months is notable. We have now
stopped sorafenib completely in selected patients that have
been in CMR for a minimum of 2 years.

Major drawbacks of our study include the retrospective
nature and the small patient numbers, as well as the fact that
the role of sorafenib versus the effect of cGvHD in maintain-
ing long-term remission cannot be elucidated. However, the
comparatively long follow-up as well as the novel aspect of
alternating dosing makes the data noteworthy nonetheless. In
conclusion, our results are very promising and show that so-
rafenib along with a probable synergistic effect of cGvHD can
achieve long-term remission in high-risk patients with accept-
able short-term toxicity. However, in some patients, long-term
toxicity remains substantial. Prospective studies are urgently
needed to determine the exact role of sorafenib in the setting of
allogeneic transplant as well as to clarify optimal treatment
modalities including dosage and duration.

Conflict of interest The authors declare that they have no competing
interests.
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