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Summary

We performed a retrospective study analysing the effect of sorafenib, an oral fms-Like Tyrosine
Kinase 3 (FLT3/multikinase inhibitor, as post-transplant maintenance in adult patients with FL73-
internal tandem duplication (ITD) acute myeloid leukaemia (AML). We identified consecutive
patients with FLT73-I'TD AML diagnosed between 2008 and 2014 who received haematopoietic
cell transplantation (HCT) in first complete remission (CR1). Post-HCT initiation of sorafenib
(yes/no) was evaluated as a time-varying covariate in the overall survival/progression-free survival
(OS/PFS) analysis and performed a landmark analysis of controls alive without relapse at the
median date of sorafenib initiation. We identified 26 sorafenib patients and 55 controls. Median
follow-up was 27.2 months post-HCT for sorafenib survivors, and 38.4 months for controls
(p=0.021). The median time to initiating sorafenib was 68 days post-HCT; 43 controls were alive
without relapse at this cut-off. Sorafenib patients had improved 2-year OS in the d+68 landmark
analysis (81% vs. 62%, p=0.029). Sorafenib was associated with improved 2-year PFS (82% vs.
53%, p=0.0081) and lower 2-year cumulative incidence of relapse (8.2% vs. 37.7%, p=0.0077). In
multivariate analysis, sorafenib significantly improved OS (Hazard ratio [HR] 0.26, p=0.021) and
PFS (HR 0.25, p=0.016). There was no difference in 2-year non-relapse mortality (9.8% vs. 9.3%,
p=0.82) or 1-year chronic graft-versus-host disease (55.5% vs. 37.2%, p=0.28). These findings
suggest potential benefit of post-HCT sorafenib in FL73-ITD AML, and support further evaluation
of post-HCT FLT3 inhibition.
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Introduction

At diagnosis, approximately 25% of patients with acute myeloid leukaemia (AML) harbour
an internal tandem duplication (ITD) mutation in the fms-like tyrosine kinase 3 receptor
(FLT3) gene (FLT3ITD) (Schlenk et af, 2008). The FLT3 protein is a class Il receptor
tyrosine kinase, similar to KIT and platelet-derived growth factor receptor (PDGFR),
involved in normal haematopoietic precursor growth and differentiation (Kiyoi et a/, 1998).
The ITD mutation is an in-frame duplication within exon 14, found in the juxtamembrane
domain of the protein (Abu-Duhier et a/, 2001). Duplications may range in length from 3
base pairs, to several hundred (Schnittger et a/, 2002, 3; Stirewalt ef a/, 2006), and result in
constitutive activation of the receptor tyrosine kinase activity. With conventional induction
chemotherapy regimens, patients with FL73ITD AML achieve remission rates similar to
those with FL73wildtype status; however, patients with FL73-1TD have significantly shorter
remission durations and a higher rates of relapse (Rollig et a/, 2011).

Given the high relapse rate, long-term survival of patients with FL73ITD AML treated with
chemotherapy alone has been historically poor, with fewer than 30% of patients alive at 5
years after diagnosis. Several analyses have supported allogeneic transplant as a means to
improve the outcomes of patients with FL73ITD AML, with some suggesting
approximately 50% of patients remain alive at 5 years after HCT (Oran et a/, 2014; Schlenk
et al, 2008, 2014). Therefore, otherwise suitable patients with FL73-1ITD AML generally
proceed to allogeneic haematopoietic cell transplantation (allo-HCT) in first remission
(Brunet et al, 2012). The impact of transplantation may depend upon both the length of the
ITD as well as the allelic burden of the FL73-ITD subclone for a given patient (Schlenk et
al, 2014; Schnittger et al, 2002). Nonetheless, while encouraging, even for patients
undergoing allo-HCT, the rate of AML relapse remains unacceptably high.

Inhibition of activated FLT3 is an important developing therapeutic strategy to treat active
disease, and also to prevent AML relapse during remission (Schiller et a/, 2016). A number
of tyrosine kinase inhibitors (TKIs) with FLT3 inhibitory activity have been studied in the
up-front and relapsed/refractory setting, including midostaurin, sorafenib, quizartinib,
lestaurtinib, crenolanib and gilteritinib. Sorafenib is a multikinase inhibitor, approved for the
treatment of advanced hepatocellular, renal cell and thyroid cancers, possessing FLT3-1TD
inhibitory activity. It can produce remissions when used as monotherapy or in combination
with induction chemotherapy or hypomethylating agents to treat FL73ITD AML (Réllig et
al, 2015; Ravandi et a/, 2013).

We have recently shown sorafenib to be safely tolerated as post-HCT maintenance therapy
in patients with FL73ITD AML (Chen et a/, 2014). Although the rates of progression-free
(PFS) and overall survival (OS) were superior to those seen historically, there was no
comparison group in the study, and limited follow-up. Therefore, we performed a
retrospective analysis to compare contemporaneously treated patients with FL73ITD AML
in first complete remission (CR1) after standard chemotherapy and allo-HCT according to
whether they received sorafenib maintenance or not. Our objectives were to determine
whether sorafenib maintenance was associated with improved OS, as well as other clinical
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outcomes including PFS, disease relapse, incidence of graft-versus-host disease (GVHD)
and non-relapse mortality.

This study was approved by the institutional review board at the Dana-Farber Harvard
Cancer Center. We retrospectively identified consecutive patients treated at Massachusetts
General Hospital and the Dana-Farber Cancer Institute with a new diagnosis of AML
between 1 January 2008 and 31 December 2014. We included only those patients who
underwent testing for the presence of a FL731TD mutation at diagnosis, prior to receipt of
induction chemotherapy. Patients had to receive induction chemotherapy as their initial
treatment, and achieve a complete remission, according to standard criteria (Cheson et a/,
2003), after one induction regimen. Patients receiving a “7+3” backbone induction regimen
could be given a second course of similar chemotherapy for residual disease at a mid-
treatment marrow; however, patients with chemo-refractory disease were excluded. Patients
were included only if they underwent allo-HCT while in CR1; they could have received
consolidation chemotherapy, including FLT3-directed TKI therapy, while in first remission
prior to allo-HCT. Cytogenetic risk was assessed using the criteria proposed by the National
Comprehensive Cancer Network (O’Donnell et al, 2012).

We then identified those patients who were treated with maintenance sorafenib following
allo-HCT while in ongoing remission from AML. Sixteen of the 26 patients received
sorafenib in the setting of a phase I clinical trial (Chen et a/, 2014), while the other 10
received the drug off-label as prescribed by their treating physician. Patients given sorafenib
in remission after HCT were in the “sorafenib” group, and other patients meeting the
inclusion criteria above but not treated with sorafenib comprised the “control” group.
Sorafenib therapy was dosed between 200 and 400 mg twice daily, and patients were
assessed to initiate therapy starting approximately day +45 after transplant and onward,
according to the treating physician and in a fashion similar to that previously described
(NCTO01398501) (Chen et al, 2014). Patients identified from the phase | study were treated
according to their dose level, while patients treated outside of the trial were started at the
maximum tolerated dose (MTD), 400 mg BID. The decision to start sorafenib was per the
treating physician, but in general was done following haematopoietic recovery (absolute
neutrophil count [ANC] > 1 x 1091, platelet count > 50x 10%/1), and in the absence of
uncontrolled hypertension, bleeding, non-healing wounds or active GVHD requiring greater
than 0.5 mg/kg/day of prednisone or additional therapy. Sorafenib treatment was planned for
12-24 months, but continuation or early cessation was per the discretion of the treating
physician.

The maintenance effect of sorafenib was evaluated as a time-varying covariate. In order to
account for the differential time post-HCT where patients would not yet start sorafenib and
were at risk of early relapse, we also performed exploratory landmark analyses that included
only those controls who were alive and without disease relapse at the median date of
sorafenib initiation post-HCT, which was day +68, as well as a control group using a day
+100 cut-off. The distribution of categorical or continuous patient characteristics was
assessed between groups using Fisher’s exact test or Wilcoxon rank-sum test. OS and PFS
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were estimated using the Kaplan-Meier method. Patients alive without relapse were
censored at the date of last contact. Log-rank tests were used to compare PFS and OS
between groups, and Cox proportional hazards regression models were used to study the
maintenance effect of sorafenib on PFS and OS while adjusting for other risk factors. Time
to relapse and time to non-relapse mortality (NRM) were analysed using each other as
competing risks. Time to chronic GVHD (cGVHD) onset was analysed using early relapse
and death without GVHD as competing risks. In competing risk settings, Gray’s methods
were used to compare between groups and competing risk regressions were used to test the
significance of the sorafenib effect adjusting for other covariates. Other factors adjusted in
regression models include age, conditioning intensity, NPM1 mutational status, donor
match, cytogenetic risk classification and consolidation therapy.

A total of 81 patients were identified with a new diagnosis of FL73-1TD mutant AML
undergoing allo-HCT while in CR1. Of these, 26 patients received sorafenib post-HCT
(median start date +68 days, range 36 to 193) and comprised the sorafenib group. The other
55 control patients included 43 alive without relapse at day +68, the median date of
sorafenib initiation, who were the control group for the day +68 landmark analysis; and 40
alive without relapse at day +100.

There were no significant differences in patient age, sex, race, performance status at
diagnosis, antecedent disease, cytogenetic risk, or NPM1 mutational status between
sorafenib and control patients (Table I). Two patients in the control group had concomitant
FLT3-tyrosine kinase domain (TKD) mutations. At the time of transplant, there was no
significant difference in performance status, conditioning intensity, donor match, or GVHD
prophylaxis regimen. There was no difference in day +68 ANC (p=0.89) platelet count
(p=0.80) or chimerism (all cell, p=0.50). There was longer follow-up for control patients
compared to sorafenib patients; median follow-up was 27.2 months (range, 9.4-54.0) for
survivors in the sorafenib group and 38.4 months (range, 15.6-93.6) in the control group
(p=0.021).

The majority of patients in either group received “7+3” based induction chemotherapy
regimens; 6 control patients and 3 sorafenib patients required a second course of “5+2” or
similar chemotherapy for residual disease based on a mid-treatment bone marrow. There was
some difference in consolidation therapy between controls and sorafenib patients (p=0.0045;
Table 1). Most patients in both arms either went directly to transplant or received one cycle
of high or intermediate dose cytarabine consolidation prior to transplant. However, more
patients in the control group received 2 or more cycles of cytarabine consolidation, or
cytarabine+anthracycline (typically in a “5+2” fashion) for consolidation. The median time
from CR to transplant was 64 days among sorafenib patients and 77 days among controls
(P=0.005). A similar number of patients in each arm received pre-HCT TKI therapy (27% in
each arm), although 8 of these patients, all controls, were blinded to midostaurin or placebo
as part of a clinical trial (NCT00651261) (Stone et af, 2015).
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Among patients treated with sorafenib, 6 started at 200 mg twice daily, 3 were treated with
400 mg in the morning and 200mg in the evening, and 17 started at 400 mg twice daily. The
median number of days on sorafenib was 336.5, with a range of 19 to 1556 days. Four
patients were treated for fewer than 100 days, 3 of who remained alive and in remission at
the time of analysis; all 3 had decided to stop sorafenib in the setting of skin rash, and one
also related to diarrhoea. One patient, who stopped sorafenib after 22 days in the setting of
cytopenias and poor red blood cell engraftment, developed iron overload and died of liver
cirrhosis while in continuous remission from AML, 472 days after transplant. All but 2
patients (24/26) had sorafenib therapy interrupted at some point during treatment. In total,
11 patients (42%) stopped sorafenib prior to 12 months; 2 due to the development of
cGVHD, 3 due to rash, 3 due to diarrhoea and/or weight loss, 2 due to cytopenias and 1
patient in the setting of relapsed AML. The other 15 patients were able to continue at the
same dose (n=8; 4/17 in the 400 mg BID group, 1/3 in the 400 mg/200 mg group, and 3/6 in
the 200 mg BID group) or at a reduced dose (n=7) to complete the planned year of therapy.
The last prescribed doses of sorafenib were 400 mg twice daily (n=6), 400 mg in the
morning and 200mg in the evening (n=1), 200 mg twice daily (n=12), 200 mg daily (n=6)
and 200 mg every other day (n=1). Sixteen of the 26 patients included in this analysis were
treated as a part of the previous phase | study (Chen et a/, 2014).

Patients who received sorafenib maintenance had an improved OS compared to controls
when treating post-HCT sorafenib exposure as a time-varying covariate (HR for death 0.264,
p=0.021), as well as an improved PFS (HR 0.25, p=0.016) (Table II), and after adjusting for
patient age, conditioning intensity, AMPMI mutational status, donor match and pre-HCT
consolidation in multivariate analysis. Two sorafenib patients relapsed during follow-up; at
diagnosis, both had FL73-1TD mutations and were wild-type for FL73-TKD and NPM1
mutations. One patient had FL73-1TD again at relapse, while the other was wild-type;
neither acquired FL73-TKD mutations.

We performed an exploratory landmark analysis to compare sorafenib patients to those
controls patients alive and without relapse at day +68, the median date of sorafenib
initiation. Sorafenib maintenance was associated with improved 2-year OS (81% vs. 62%,
p=0.029, Figure 1) as well as 2-year PFS (82% vs. 53%, p=0.0081, Figure 2). This
corresponded with a lower 2-year cumulative incidence of relapse (8.2% vs. 37.7%,
p=0.0077). Two patients on sorafenib relapsed, one at day +189, and one at day +426;
neither had cGVHD requiring immunosuppression. Of the 43 control patients in the day +68
landmark analysis, 16 relapsed. The median day of relapse for these controls was day +143
(range day +83 to day +564). Of the 26 sorafenib patients, 7 developed acute GVHD
(aGVHD) prior to the initiation of sorafenib, while 6 of the 43 control patients developed
aGVHD prior to day +68. Of the 7 sorafenib patients with aGVHD prior to treatment, 4 had
overall grade 2 and 3 patients had overall grade 1 aGVHD; all patients received treatment
and started sorafenib once tapering (n=5) or off systemic steroids (n=2). New grade I1-1VV
aGVHD was seen in 1 sorafenib patient after starting sorafenib and 6 controls after day +68.
There was no difference in 2-year NRM (9.8% vs. 9.3%, p=0.82) or the cumulative
incidence of cGVHD requiring systemic therapy at 1 year (55.5% vs. 37.2%, p=0.28) after
HCT (Figure 3). Extending our landmark analysis to include only those controls alive
without relapse at day 100 (n=40) did not significantly impact the improvement in PFS (82%
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vs. 57%, p=0.020), cumulative incidence of relapse (8.2% vs. 33%, p=0.022), NRM (9.8%
vs 10%, p=0.75) or cGVHD requiring systemic immunosuppression (55% vs. 40%, p=0.42);
at this cut-off, sorafenib patients had a trend toward improved 2-year OS (81% vs. 63%,
p=0.069).

Discussion

Targeted inhibition of FL73ITD in AML may improve the outcomes of this high-risk
patient population. Previous advances have included early allogeneic transplantation in
eligible patients (Oran et a/, 2014; Brunet et al, 2012), and, in younger patients with FL73
mutations, the addition of midostaurin with initial chemotherapy improved OS (Stone et a/,
2015). Nonetheless, relapse rates and subsequent death remain unacceptably high. In the
current analysis, we explored the efficacy of sorafenib, a multikinase inhibitor active against
FLT3-1TD, as post-transplant maintenance. We identified 26 patients treated with sorafenib
after allo-HCT in CR1, and compared their treatment outcomes to a contemporary cohort of
control patients undergoing allo-HCT in CR1 without maintenance FLT3 inhibition.
Sorafenib maintenance was associated with a significantly improved OS and PFS, driven by
a decreased relapse rate, with no difference in GVHD or NRM.

Treatment with cytotoxic chemotherapy alone achieves durable remissions in approximately
30% of patients with FL73-1TD AML,; allogeneic transplantation may further improve LFS
and OS (DeZern et al, 2011; Lin et al, 2013, 3; Oran et al, 2014; Brunet et al, 2012).
Sorafenib and other multikinase inhibitors have been explored in various treatment settings
for AML, including initial treatment for FL73 mutant AML. In the SORAML study,
sorafenib was incorporated into induction chemotherapy for younger patients regardless of
FLT3 mutational status. There was improvement in LFS among all patients and a trend
toward improved OS in the FLT3ITD group (Rollig et a/, 2015). The CALGB10603/
RATIFY trial incorporated midostaurin into induction, consolidation, and maintenance
therapy for patients with FL73 mutations, and showed an increase in 5 year OS from 43% to
51% (Stone et a/ 2015). Twenty-seven per cent of these patients were treated with allo-HCT
in CR1; midostaurin therapy was not given in the post-transplant setting. A separate phase Il
study evaluated midostaurin during induction and continued as post-HCT or post-
consolidation maintenance, and reported encouragingly low relapse at 12 months (9.2%), but
with limited post-HCT follow-up to date (Schlenk et a/, 2015), and a current phase Il
randomized study in this setting is actively enrolling (NCT01883362).

Sorafenib has been studied in other settings, including post-HCT relapse and for relapsed/
refractory patients prior to transplant (Metzelder et a/, 2009, 2012), but there is limited
experience as post-HCT maintenance. Sammons et a/ (2014) reported durable responses
among 13 patients treated with sorafenib around HCT, 6 of whom received it in the post-
HCT maintenance setting, with a wide spectrum of pre-HCT therapies and disease states at
transplant. Antar et a/ (2015) reported encouraging results among 6 patients receiving
sorafenib post-HCT, 5 as maintenance; at 16 months median follow-up, all patients were in
remission. Pratz et a/ (2015) reported on a larger phase | study of 28 patients treated with
sorafenib around the time of transplant and as maintenance; after a median follow-up of 450
days, only 5 patients had relapsed (Pratz et a/, 2015). Dosing in that study was similar to our
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phase | sorafenib maintenance study, in which 22 patients received sorafenib after allo-HCT,
16 while in CR1 and who are included in the present analysis. Among all 22 patients in that
study, 1-year PFS was 85% and OS was 95% (Chen ef a/, 2014). In another study, Tarlock et
al (2015) reported the outcomes of 15 paediatric patients with FL73-ITD AML who received
sorafenib as maintenance (n=6) or in relapse (n=9) and showed some sustained responses.
Toxicity was common, but importantly most patients received greater than the paediatric
MTD of sorafenib (Tarlock et a/, 2015). This contrasts with our experience; although
sorafenib dose alterations were frequent, most patients were able to tolerate sustained
treatment at the dosages employed (median 336.5 days). One challenge in treatment is the
overlap in symptomatology between sorafenib toxicity and GVHD of the skin and gut,
manifesting as rash or diarrhoea, respectively. Typically, sorafenib was held at the onset of
these symptoms, and if they resolved they were attributed to drug, which could then
typically be resumed but at a lower dose.

Other agents targeting FL73-1TD have also been evaluated in the maintenance setting,
including an ongoing phase | study of quizartinib (AC220) maintenance after HCT, where
13 patients were treated for up to 2 years post-HCT (Sandmaier et a/, 2014). Of the 13
patients, only 1 was reported to have relapsed. Ongoing studies are currently evaluating
midostaurin (NCT01883362) and crenolanib (NCT02400255) as post-HCT maintenance.
Combined, these data are encouraging, but derived from retrospective or single arm designs,
and do not prove definitive benefit. Moreover, access to such agents can be tenuous, and will
continue to be so if appropriate prospective trials are not conducted. In our current practice,
we consider starting sorafenib as maintenance after transplant, understanding the limitations
of available data, and only after frankly discussing the pros and cons with individual
patients. Our findings should be interpreted as strong support for a randomized trial to
determine whether such a strategy should become standard of care.

How TKI therapy influences outcomes in FL73-ITD mutant AML may relate to direct
inhibition of mutated FLT3 (Zhang et a/, 2008), off-target kinase inhibition, e.g. RAF or KIT
(Rollig et al, 2015; Wilhelm et a/, 2008), or modulation of graft-versus-leukaemia
(Metzelder et af, 2012; Tschan-Plessl et af, 2015). 1t is also possible that sorafenib altered
the kinetics of relapse, and that with longer follow-up more patients would relapse; however,
with a median follow-up of over 2 years in the sorafenib group, we feel it is likely that we
captured relapses after sorafenib cessation at approximately 1 year post-HCT. Maintenance
strategies may be further refined to select patients most likely to benefit. Higher FL73allelic
burden and longer ITD length have been associated with worsened outcomes (Schlenk et a/,
2014; Schnittger et al, 2002); nonetheless, both high and low allelic fraction subgroups may
respond to TKIs (Stone et a/, 2015). During our study, standard clinical testing either did not
consistently report FL73-ITD allelic burden, or was performed elsewhere prior to HCT
referral, and therefore not included in this analysis. Moreover, these patients were in CR1 at
allo-HCT, and routine pre-HCT testing for FLT3ITD minimal residual disease (MRD) was
unavailable; newer techniques to sequence FL73ITD, such as tandem duplication
polymerase chain reaction (Grunwald et a/, 2014), may eventually allow for such testing.
MRD assays in FL73ITD AML and stratification by allelic burden may improve risk
assessment for maintenance therapy candidates.
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In this study we identified a uniform, clinically relevant patient population receiving
sorafenib maintenance post-HCT. We compared these patients to a contemporary set of
controls who would have probably been eligible for consideration of sorafenib maintenance.
The use of sorafenib was associated with significant improvements in PFS and OS, with
lower relapse even after extending the landmark analysis to patients alive and relapse-free at
100 days post-HCT. Nonetheless, this is a small retrospective analysis, and it is unknown
whether other unidentified patient characteristics would correlate with more aggressive
disease or poor candidacy for sorafenib. There were unique barriers for patients treated
outside of the phase I clinical trial, including sorafenib coverage for off-label use; also, some
control patients were offered, but declined to take, the medication. We identified some
variation in consolidation therapy between groups and prior data has suggested that patients
who proceed to allo-HCT sooner after remission have improved outcomes in FL73-1TD
AML (Kayser et a/, 2010). In addition, because adoption of post-HCT sorafenib increased
after the phase | trial, the median year of treatment for patients in the sorafenib arm was
more recent than controls. This resulted in longer follow-up among controls; it is possible
that sorafenib patients may relapse with longer follow-up; however, most FL73-1TD AML
relapses occur early, which would typically be captured during the 2-year median follow-up
period reported here. Other potential reasons for our findings may relate to differences in T-
cell subsets in the control and sorafenib groups; while there was no overall difference,
sorafenib patients had a trend toward higher T-cell chimerism prior to day +68 (p=0.0547,
data not shown). We did not routinely assess bone marrow for complete remission early after
transplant in control patients or in the sorafenib patients treated outside of the clinical trial.
Therefore, unfortunately, relatively few patients (only 22/43 controls and 17/26 sorafenib
patients) had T-cell chimerism for the analysis, making these results difficult to interpret.

In summary, these findings suggest a benefit of sorafenib in the maintenance setting
following allo-HCT for FL73-ITD AML in first remission. Compared to contemporary
controls, patients receiving sorafenib maintenance had an improvement in OS and PFS
mainly driven by a significant decrease in rates of relapse. These retrospective data support
further evaluation of tyrosine kinase inhibition after transplant in a prospective randomized
fashion. Such a trial is currently being planned through the Blood and Marrow
Transplantation Clinical Trials Network.
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Figure 1. Kaplan Meier estimate of overall survival among sor afenib patients (dashed line) and
controls (solid line)

In this landmark analysis, only controls alive and without disease relapse at the median date
of sorafenib initiation (+68) were included. Patients given sorafenib maintenance had a
significantly higher overall survival (OS) compared to controls at 2 years (p=0.029).
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Figure 2. Kaplan Meier estimate of progression-free survival among sorafenib patients (dashed

line) and controls (solid line)

In this landmark analysis, only controls alive and without disease relapse at the median date
of sorafenib initiation (+68) were included. Patients given sorafenib maintenance had a
significantly higher progression-free survival (PFS) compared to controls at 2 years

(p=0.0081).
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Figure 3. Rates of (A) acute myeloid leukaemia (AML) relapse, (B) non-relapse mortality (NRM)
and (C) chronic graft-versus-host disease (GVHD) among sor afenib patients (dashed line) and
controls (solid line)

Control patients had a significantly higher cumulative incidence of relapse (A; p=0.0077).
There was no significant difference in NRM (B) or chronic GVHD rates (C) between
sorafenib and control patients.
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