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76.1 Primary and Post ET/PV

Myelofibrosis

Nicolaus Kroger

76.1.1 Definition and Risk Scores

Polycythemia vera (PV) and essential thrombo-
cythemia (ET) have a favorable outcome without
need for allo-HSCT unless the disease progressed
to post-ET/PV myelofibrosis or secondary AML
(Lussana et al. 2014).

Primary myelofibrosis (PMF) or post-ET/PV
myelofibrosis is one of the Philadelphia-negative
myeloproliferative neoplasms (MPN) with worst
survival which is approximately 6 years. Allo-
HSCT can cure a substantial number of patients
but is still not universally applicable due to toxic-
ity which leads to therapy-related morbidity and
mortality.
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76.1.2 Transplant Results
in Myelofibrosis

In the late 1980s and the early 1990s, the feasibility
of allo-HSCT for myelofibrosis could be shown in
small reports. One multicenter report described in a
retrospective study with MAC in relatively young
patients (median age 42 years) with a NRM of 27%
and a 9% incidence of graft failure. The OS and PFS
was 47% and 39% at 5 years (Guardiola et al. 1999).
A single-center study from Seattle included 104
patients most of whom received allo-HSCT after
MAC, and NRM at 5 years of 34% and OS at
7 years of 61% were reported (Deeg et al. 2003).
The evidence of graft-versus-myelofibrosis
effect was documented by responses to DLI after
failure of allo-HSCT (Byrne et al. 2000). RIC for
myelofibrosis was investigated in two prospec-
tive studies. The EBMT published results of 103
patients who received a BU/FLU-based RIC fol-
lowed by related or unrelated HSCT. The median
age was 55 years, and the NRM at 1 year was
16%. Cumulative incidence of relapse was 22%
at 3 years. PFS and OS at 5 years were 51% and
67%, respectively. Advanced age and HLA-
mismatched donor were independent predictive
factors for reduced survival (Kroger et al. 2009).
A recent update of the study after a median fol-
low-up of 60 months showed an 8-year OS of
65% with stable plateau. Five-year DFS was
40%, and 5-year cumulative incidence of relapse/
progression was 28% with 3-year NRM of 21%.
The Myeloproliferative Disorders Research
Consortium performed also a prospective phase
II trial including 66 patients with primary or post-
ET/PV myelofibrosis investigating a reduced
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conditioning regimen with MEL/FLU. With a
median follow-up of 25 months, OS was 75% in
the sibling group and only 32% in the unrelated
group due to a higher NRM in the URD group
(59% vs. 22%) (Rondelli et al. 2014). Other studies
using RIC or MAC confirmed the curative effect of
allo-HSCT irrespectively of the intensity of the
conditioning (summarized in Kroger et al. 2015a).

76.1.3 Disease-Specific Risk Factors

Patients with PMF or post-ET/PV myelofibrosis
have a median survival of approximately 6 years,
but survival varies from less than 2 to more than
15 years. Risk scores (see Table 76.1) such as IPSS
(Cervantes et al. 2009), dynamic IPSS (DIPSS)
(Passamonti et al. 2010), or DIPSS plus (Gangat
et al. 2011) are currently used in clinical practice
to determine the prognosis of patients with
PMEF. More recently molecular markers have been
introduced into the PMF risk score, (Guglielmelli
et al. 2018) and a specific score for post-ET/PV
myelofibrosis has been proposed (Passamontiet al.
2017; Kroger et al. 2015a). The EBMT/ELN con-
sensus paper recommended allo-HSCT for patients
less than 70 years with an estimated median sur-
vival of less than 5 years. This would include
patients with IPSS or DIPSS intermediate-2 and
high risk and is based on a comparison between

Table 76.1 Prognosis risk scores for myelofibrosis

Score
IPSS

Adbverse factors (puntos)
Age > 65 years (1 p)

Constitutional symptoms (1 p)

Hb <100 g/L (1 p)
Leucocytes >25 x 10°/L (1 p)
Blasts in PB >1% (1 p)

DIPSS Age > 65 years (1 p)

Constitutional symptoms (1 p)

Hb <100 g/L (2 p)
Leucocytes >25 x 10°/L (1 p)
Blasts in PB >1% (1 p)
DIPSS Int-1 (1 p)

DIPSS Int-2 (2 p)

DIPSS High (3 p)

Platelets <100 x 10°/L (1 p)

DIPSS plus

Transfusion requirement (1 p)

Unfavorable karyotype® (1 p)

transplanted and non-transplanted patients in the
pre-ruxolitinib era (Kroger et al. 2015a, b). Patients
with intermediate-1 risk can be considered for
allo-HSCT if other high-risk features such as
ASXLI mutation, more than 2% peripheral blasts,
refractory transfusion-dependent anemia, or
adverse cytogenetics according to DIPSS plus are
present (Kroger et al. 2015a).

76.1.4 Transplant-Specific Risk
Factors

In most of the transplant studies, alternative
donors were associated with a worse outcome
independent of disease-specific risk factors. CBT
resulted in a high risk of graft failure (Robin et al.
2014). Haplo-identical donor with PT-CY as
GVHD prophylaxis is currently under investiga-
tion, but more recent EBMT data reported a
5-year survival of only 38% (Raj et al. 2016).
The intensity of the conditioning regimen has
not been investigated within prospective studies,
but retrospective comparisons of MAC and RIC
preparative regimens resulted in similar outcome.
Because of the reduced toxicity and a generally
older age of patients with myelofibrosis, RIC
regimens are currently used more frequently and
account for about two-thirds of allotransplants
for myelofibrosis reported to the EBMT registry.

Risk group and median SRV
Low (0 p), 11.3 years
Intermediate-1 (1 p), 7.9 years
Intermediate-2 (2 p), 4 years
High (3-5 p), 2.3 years

Low (0 p), not reached
Intermediate-1 (1-2 p):,14.2 years
Intermediate-2 (3—4 p), 4 years
High (5-6 p), 1.5 years

Low (0 p), 15.4 years
Intermediate-1 (1 p), 6.5 years
Intermediate-2 (2-3 p), 2.9 years
High (4-6 p), 1.3 years

DIPSS: https://qxmd.com/calculate/dipss-prognosis-in-myelofibrosis
DIPSS-plus: https://qxmd.com/calculate/dipss-plus-score-for-prognosis-in-myelofibrosis

2+8; =7/7q-; =5/5q-; i17q; 12p-; rearrangement 11q23
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76.1.5 Patient-Specific Risk Factors

Age is a significant patient-specific risk factor for
outcome after allo-HSCT (Scott et al. 2012; Kroger
et al. 2015a). Besides age, comorbidities and geriat-
ric assessments (see Chap. 11) also impact on out-
come after allo-HSCT but have not been studied
especially in myelofibrosis patients to date.

76.1.6 Role of Splenectomy and JAK
Inhibition

Splenomegaly is a hallmark of myelofibrosis and
may have an impact on engraftment and graft
function after HSCT. Splenectomy is an option to
reduce spleen size prior to transplantation, but
high morbidity and even mortality have been
reported (Tefferi et al. 2000). Spleen irradiation
to reduce spleen size has been reported success-
fully in single cases prior to conditioning. Since
ruxolitinib is approved for myelofibrosis, the
drug can be used prior to transplantation to
improve constitutional symptoms and to reduce
spleen size. The European LeukemiaNet and the

European Society for Blood and Marrow
Transplantation recommend the use of ruxoli-
tinib at least 2 months prior to HSCT and a care-
ful weaning prior to conditioning to avoid the
rebound phenomenon. More recent data suggest
better outcome after HSCT if patients received
transplant after responding to ruxolitinib rather
than postponing the transplant until ruxolitinib
failure (Shanavas et al. 2016).

76.1.7 Impact of Molecular Remission

About 90% of myelofibrosis patients harbor one
of the driver mutations JAK2V617F, calreticulin
(CALR), or MPL which are used to monitor
MRD in PB by highly sensitive qPCR or digital
PCR to determine molecular remission (Wolschke
et al. 2017). In a retrospective single center expe-
rience, no achievement of molecular remission
on day 180 post-allograft was associated with a
significant higher incidence of a subsequent clin-
ical relapse. Due to a graft-versus-myelofibrosis
effect, donor lymphocyte infusion has been suc-
cessfully applied in patients with residual to
induce a molecular remission (Fig. 76.1).

Managing stem cell tranplatation in myelofibrosis

Select optimal donor
MSD>MUD
> MMUD/Haplo/
Cord

Improve constitutional
symptoms

and spleen size

by JAK inhibition
Consider splenectomy
or spleen irradiation

Reduce Stem Cell
iron Infusion
overload by

chelation

Pretransplant

Conditioning

Monitor MRD MRD positivity
by molecular after
marker discontinuation

of CNI consider DLI

GvHD prophylaxis

Relapse
prevention

!

Select proper conditioning regimen
according age, disease status and
comorbidities

>

}

Adapt GvHD prophylaxis
according risk of relapse

Fig. 76.1 MSD matched sibling donor, MUD matched unrelated donor, MMUD mismatched unrelated donor, MRD
minimal residual disease, CNI calcineurin inhibitor, GVHD graft-versus-host disease
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Furthermore, BM fibrosis is another hall-
mark of the disease, with rapid regression after
allo-HSCT suggesting that fibrogenesis is a
highly dynamic process (Thiele et al. 2005).
Systematic investigations have shown that
about 60% of the patients have a complete or
nearly CR of BM fibrosis on day+100, and the
percentage of patients increased to 90% at
day+180. Notably, those patients with a rapid
resolution of BM fibrosis had the best long-
term outcome.

Key Points

e Primary or post-ET/PV myelofibrosis
can only be cured by allo-HSCT which
can induce molecular remission and
resolution of bone marrow fibrosis.

e Indication for allo-HSCT is recom-
mended for patients younger than
70 years and a median survival expecta-
tion of less than 5 years such as risk
score intermediate or high risk accord-
ing to DIPPS or intermediate-1 risk with
additional risk factors.

e Splenectomy prior to transplant is not
recommended, but patients with large
spleen may benefit from JAK inhibitor
treatment prior to transplantation.

* Major risk factors for worse outcome
are advanced age and not fully HLA-
matched donor.

76.2 Chronic Myeloid Leukemia

Yves Chalandon

76.2.1 Definition, Epidemiology,
Diagnosis, and Classification

Chronic myeloid leukemia (CML) is a clonal
myeloproliferative disorder of the HSC. CML
was the first leukemia described and the first to be
characterized by a consistent chromosomal aber-
ration, the 22q- or “Philadelphia” (Ph) chromo-
some, later identified as areciprocal translocation,
t(9;22), encoding the BCR-ABL oncoprotein.

CML is the most common of the myeloprolifera-
tive disorders. The incidence is 0.4-1.75 per
100,000 population per year, and it increases with
age (Hoglund et al. 2015). The disease can occur at
any age, but the median age at presentation ranges
between 45 and 55 years. There is a slight male pre-
dominance, with a male to female ratio of 1.3:1.

CML present initially as an indolent or chronic
phase (CP), easily controlled with treatment. The
natural history continues with a bi- or triphasic
stage, becoming more aggressive through accel-
erated phase (AP) and then blast crisis (BC) or
directly from CP to BC.

76.2.2 Risk Factors and Prognostic
Index

Several multivariate-derived prognostic models and
staging have been proposed to help define individ-
ual prognosis and allow assigning patients to differ-
ent strategies of therapy based on risks. The most
commonly used are the Sokal and Hasford one
(Sokal et al. 1984; Hasford et al. 1998).

The benefit of allo-HSCT is that it can provide
cure, but the clear disadvantage is its association
with considerable morbidity and mortality, which
typically occur early post procedure. Outcome
can be improved by better selection of those most
likely to benefit. In this context the EBMT devel-
oped a risk score for patients with CML, based on
five variables: donor type, disease phase, recipi-
ent age, donor/recipient gender combination, and
interval from diagnosis to transplant, which
together results in a score of 0-7 (see risk factors
in Chap. 11) (Gratwohl et al. 1998).

Results of transplant are now highly predict-
able based on these five factors. It is worth remem-
bering that the EBMT or “Gratwohl” score was
developed in the mid-1990s and was based on
3142 patients transplanted between 1989 and
1996 (Fig. 76.2a). With overall improvements in
supportive care, it would be reasonable to expect
that a similar analysis performed on patients
transplanted more recently would demonstrate
improved results across all-risk scores. However,
the analysis is complicated by the change in
approach to management of CML. During the
period of the original analysis, allo-HSCT was the
treatment of choice for all patients. Since 2000
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Fig. 76.2 (a) OS of CML patients after allo-HSCT
according to EBMT risk score. Original curves published
in 3142 patients transplanted between 1989 and 1996.

allo-HSCT has been replaced by tyrosine kinase
inhibitors (TKI) as frontline therapy, and hence
the reasons for patients coming to transplant are
not always clear from registry data. Although this
should be compensated by the use of factors such
as age at transplant, disease phase, and time from
diagnosis to transplant, some caution should be
exercised in the interpretation of more recent
results. Having said this, the analysis has been
repeated recently for 3497 patients transplanted
from 2007 to 2017 and confirmed improved out-
come of 5-year OS across all-risk scores by
11-26% (Fig. 76.2b). Although these pretrans-
plant factors are known to affect outcome in all
diseases, it is worth focusing specifically on the
impact of disease phase in CML, in particular
because one of the few problems of TKI therapy is
that within the cohort of patients receiving trans-
plants, the proportion transplanted in or after blast
crisis has increased over time (Table 76.2).
Allografts for CML were initially restricted to
patients in AP, and improvements in survival
came only when transplant was performed in the
CP. Data of 138 patients with CML transplanted
between 1978 and 1982 and reported to the
IBMTR showed 3-year survivals of 63%, 36%,
and 12% for patients transplanted in the CP, AP,
and BC, respectively. The probability of relapse
for those transplanted in CP was 7% (Speck et al.
1984). The effect of disease phase on the out-
come of transplantation has not changed over the
years. To optimize the effect of allo-HSCT for a

Months post-transplant

Modified from (Gratwohl et al. 1998). (b) OS curves sup-
plied by Mrs. Linda Koster for the EBMT CMWP and
based on 3497 patients transplanted from 2007 to 2017

Table 76.2 Change in proportion of patients trans-
planted in each disease phase from 2007 to 2017

1st CP AP >2CP BC

Year of Number Number Number Number
transplant (% total) (% total) (% total) (% total)
2007 164 (50) 49 (15) 82(25) 34(10)
2008 134 (45) 34 (12) 84(28) 44(15)
2009 133 (41) 46(14) 92(28) 53(16)
2010 128 (36) 57 (16) 106 (30) 65 (18)
2011 148 (49) 50 (15) 86(26) 46 (14)
2012 127 (46) 34(12) 74(27) 42(15)
2013 136 (44) 41(13) 78 (25) 54(18)
2014 138 (43) 48 (15) 75(24) 57(18)
2015 137 (44) 43(14) 73(23) 62(20)
2016 111 (42) 30(11) 70(26) 55(21)
2017 74 (36) 20(10) 68(33) 45(22)
Data provided by Mrs. Linda Koster on behalf of the
EBMT CMWP

patient who has progressed to blast crisis, a sec-
ond CP should be achieved using TKI and/or con-
ventional combination chemotherapy.

76.2.3 Pretransplantation Treatment

Early descriptions of therapy included radiother-
apy, introduced at the beginning of the twentieth
century and later oral chemotherapy, in particular
BU and hydroxycarbamide. These approaches
could control the signs and symptoms of CML in
chronic phase but could not prevent its inevitable
transformation into a rapidly fatal chemoresistant
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blastic disease. The first treatment that eradicated
the Ph-positive clone and induced cure was BMT,
initially described in syngeneic twins and soon
followed by procedures involving HLA-matched
siblings and later URD. Transplantation, once the
treatment of choice for this disease, has been rel-
egated to second-, third-, and even fourth-line
treatment in parallel with the development of the
TKI. As more potent TKI move to first-line ther-
apy, patients destined to respond poorly to these
drugs are identified earlier, and transplant will
return to use as an earlier line strategy.

76.2.4 Autologous HSCT

Autologous HSCT for CML started about at the
same time as allo-HSCT in the late 1970s early
1980s in Europe with the goal to set up the clock
to early phase with high-dose therapy followed by
reinfusion of autologous HSC. However, follow-
ing the introduction of targeted therapy with TKI,
the number of auto-HSCT in Europe has decreased
rapidly, with only 0—4 per year between 2012 and
2016 as per the EBMT registry data. Auto-HSCT
is currently not a recommended strategy in CML;
however, it should be mentioned that due to the
lack of randomized studies, the potential role of
autologous HSCT for CML remains unknown.

76.2.5 Allogeneic HSCT

76.2.5.1 Indication

Although the introduction of TKI in the early
2000s dramatically changed the therapeutic strat-
egy for CML, allo-HSCT has still a place, offering
a very long-term PFS. This is particularly true as
the leukemic quiescent stem cells are not depen-
dent on BCR-ABL signaling for survival, and
therefore those cells are not targeted by TKIs lead-
ing to a proportion of patients who will relapse or
will have resistant disease despite TKI treatment.
With extended follow-up, it appears that some
60% of patients can achieve excellent long-term
disease control on imatinib, and a small proportion
may even be able to stop treatment without experi-
encing disease recurrence. Approximately half of

this group will achieve or regain remission on one
of the second-generation TKI (2ndGTKI), bosuti-
nib, dasatinib, and nilotinib, or third-generation
TKI (3rdGTKI) ponatinib which is the only one
that is effective against T315I mutation.

The efficacy of 2ndGTKI has led to their use as
first-line therapy, and recently completed phase III
studies suggest that approximately 80% of patients
will achieve complete cytogenetic remissions
within the first year, compared to 65% on imatinib.
Based on these results, dasatinib and nilotinib have
both been licensed for use in newly diagnosed
patients. However, allo-HSCT remains the therapy
of choice for advanced phase CML as well as for
those with CP who failed to respond, develop TKI-
resistant mutations, and lose an established
response and/or are intolerant of the drug.

The time to proceed to transplant remains con-
troversial. This is particularly true for the substan-
tial number of patients being started on 2ndGTKI
as first-line therapy, who, in case of resistance,
progression, or relapse, may be rescued with
either another 2ndGTKI or 3rdGTKI, and then the
question to proceed to transplant immediately or
wait for another progression and third-line ther-
apy rescue before to have allo-HSCT is a matter
of debate. This is less true for those who are fail-
ing third-line therapy or have T315I mutation for
whom allo-HSCT is recommended.

A number of national and international study
groups are now reporting that long-term response
to imatinib and 2ndGTKI can be predicted by the
rate of fall of BCR-ABL transcript levels (as
measured by RQ-PCR at 3 and 6 months). It is
therefore possible to identify the patient destined
for transplant within the first year of diagnosis
while still in CP and return to a more measured
approach to transplant. Recently the CMWP of
the EBMT analyzed the data of patients trans-
planted for CML in the 3rdGTKI era that showed
that the number of TKI given prior to allo-HSCT
seems not to impact on the outcome; however,
the stage of the disease as well as the perfor-
mance status of patients did have an important
impact (Chalandon et al. 2018). It is therefore
very important to try to keep patients in first CP
and avoid progression, even for those rescued to
second or more CP after having progressed to
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advanced phase, as the results after transplanta-
tion are worse in this category. Allo-HSCT is also
recommended for patients with BC after debulk-
ing with second or 3rdGTKI plus induction che-
motherapy. For AP CML patients, this should be
individualized, but the search for a donor and
referral to a transplant center should be done rap-
idly, and transplant should be initiated after
obtaining a new response to TKI for those pro-
gressing from CP to AP under therapy as their
outcome is not good without allo-HSCT.

76.2.5.2 Source of SC

About two-thirds of the transplantation done now-
adays for CML use PBSC as source of HSC
(Chalandon et al. 2018); this is close to what is
seen in other hematological malignancies (Holtick
et al. 2014). It appears that there is no difference in
general outcome depending on the stem cell
source, although BM seems to have a decrease
incidence on chronic GvHD and its severity. The
source of stem is therefore left open, but PBSC
may potentially be preferred to decrease the risk of
graft failure and the relapse risk in more advanced
disease, particularly with the use of RIC.

76.2.5.3 Conditioning and GvHD
Prophylaxis

For CML patients, the best conditioning regimen as
well as the best GVHD prophylaxis remains to be
determined. Regarding the MAC, CY combined
either with BU or TBI is still the one that has shown
the best overall long-term survival (Copelan 2006).
RIC that has been introduced later to offer trans-
plantation to older patients or with more comorbidi-
ties did not show improved outcome over MAC,
particularly in relation with a higher incidence of
relapse with RIC (Kebriaei et al. 2007; Chalandon
et al. 2018). Therefore, for elderly patients or those
with comorbidities, RIC (FLU with BU or MEL)
will be the choice, and for the others, particularly
with advanced phases in order to control better the
disease, MAC should be proposed.

For GvHD prophylaxis, CSA combined with
short course MTX seems also to remain the stan-
dard for allo-HSCT for CML (Copelan 2006). In
order to reduce the incidence and severity of
GvHD, TCD was introduced in the 1980s; how-

ever, there was an increase of relapse rate
(Apperley et al. 1986). This led to many groups
abandoning the use of TCD in sibling allografts
for CML and often also in URD procedures.
Others continued with its use and have reported
good outcomes in sibling transplants, particularly
following the introduction of DLI. In a small
series of 23 CML patients with a median age of
36 years (range 18-58 years) transplanted with
sibling donors and MAC between 1998 and 2016
at the University Hospital of Geneva using partial
TCD with Campath-1H (alemtuzumab), the
15-year OS and LFS was 95% using the strategy
of escalating doses DLI for early molecular
relapses with a low incidence of acute and chronic
GvHD (Chalandon, unpublished data).

76.2.5.4 Post transplant Strategies

After allo-HSCT, rising or persistently high lev-
els of BCR-ABL1 mRNA can be detected prior
to cytogenetic or hematological relapse. Low or
falling BCR-ABLI transcript levels are associ-
ated with continuous remission, while high or ris-
ing transcript levels predict relapse. Therefore
monitoring BCR-ABL1 post-allo-HSCT for
CML is of utmost importance, even in the long
term, due to relapses that have occurred up to
more than 15 years post-HSCT.

Many CML patients will remain RQ-PCR
positive during the first 3 months after allo-
HSCT, especially in the era of RIC or using
TCD. In patients who are at least 4 months post-
allo-HSCT, one working definition of molecular
relapse is one of the following:

(a) BCR-ABL/ABLI ratio higher than 0.02% in
three samples a minimum of 4 weeks apart.

(b) Clearly rising BCR-ABL/ABLI1 ratio in
three samples a minimum of 4 weeks apart
with the last two higher than 0.02%.

(c) BCR-ABL/ABLI ratio higher than 0.05% in
two samples a minimum of 4 weeks apart
(Kaeda et al. 20006).

Administration of DLI can re-induce remission
in 60-90% of patients with CML transplanted in,
and relapsing in CP. The use of escalating doses in
case of persistent disease reduces the risk of GYHD
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(Mackinnon et al. 1995). An EBMT study showed
69% 5-year survival in 328 patients who received
DLI for relapsed CML. DLI-related mortality was
11%, and disease-related mortality was 20%.
Some form of GvHD was observed in 38% of
patients. Risk factors for developing GVHD after
DLI were T-cell dose at first DLI, time interval
from transplant to DLI and donor type. In a time-
dependent multivariate analysis, GvHD after DLI
was associated with a 2.3-fold increase in risk of
death as compared with patients without GvHD
(Chalandon et al. 2010).

With the advent of TKI, the CML post trans-
plant interventions are more complexes but give
more opportunities to rescue patients. It is possi-
ble to combine DLI and TKI for relapsing
patients; however, the best order (TKI first, DLI
first, or both combined) has not yet been defined.
The CMWP of the EBMT reported 431 patients
with CML relapses post-allo-HSCT who received
TKI either alone (55%) or in combination with
DLI (14.5% before, 4.4% at the same time, and
26% after TKI). Only 42% of the patient obtained
either a complete molecular (17.7%), cytogenetic
(4.4%), or hematological (20.2%) remission with
a S-year OS of 60% and of 47% for RFS
(Chalandon et al. 2017). This rather low response
rate may be in relation with the fact that 235
patients were transplanted for advanced phases
(AP, BC or > CP1).

Key Points

* With the advent of targeted therapy,
allo-HSCT use has decreased; however,
it is of importance to monitor closely
patients who are under TKI and avoid
that they progress to advanced phase
(AP or BC) as the outcome after trans-
plant is better for CP1 as compared to
all other conditions.

e Allo-HSCT should be considered for
patient with BC after their return to CP,
for those progressing from CP to AP and
for the one in CP after failure of third-
line therapy or with T315I mutation.
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