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Introduction  The prognosis of adult patients with
relapsed acute lymphoblastic leukemia (ALL) is ex-
tremely poor, and postrelapse treatment rarely re-
sults in long-term survival. A retrospective anal-
ysis of the PETHEMA (Programa Espatiol de Trat-
amiento en Hematologia) study group, comprising
263 phenotypically and cytogenetically different
adult patients with ALL at first relapse, showed
that age below 30 years and duration of the first
complete remission longer than 2 years may have
a favorable impact on postrelapse survival.! For
adult, standard-risk patients with ALL, a remis-
sion consolidation therapy with autologous hema-
topoietic stem cell transplantation (auto-HSCT)
followed by post-transplant maintenance ther-
apy remains a valuable therapeutic option with
overall survival and progression-free survival of
59% at 5 years.? On the other hand, it was dem-
onstrated that auto-HSCT as consolidation ther-
apy does not provide a substantial benefit for this
patient population when compared with chemo-
therapy alone.** According to the treatment pro-
tocol of the Polish Adult Leukemia Group (PALG;
www.palgwitaj.pl), auto-HSCT may be considered
as consolidation for adult, standard-risk ALL pa-
tients with minimal residual disease (MRD) neg-
ativity after induction and consolidation treat-
ment, and with no other risk factors. Similar cri-
teria for auto-HSCT are used by Czech and Ital-
ian ALL National Groups. Auto-HSCT is not tak-
en into consideration in treatment protocols of
other European Study Groups.*

Relapse of ALL after auto-HSCT always re-
mains a challenge, and allogeneic hematopoietic
stem cell transplantation (allo-HSCT) seems to
be the only curative treatment in this scenario.®
Data on the efficacy and safety of allo-HSCT af-
ter initial auto-HSCT for ALL are scarce and based
on small case series.®

Herein, we evaluated the feasibility and effi-
cacy of allo-HSCT in patients who relapsed after
prior auto-HSCT for Philadelphia chromosome
(Ph)-negative B-cell ALL.

Patients and methods A total of 371 allo-HSCTs
for ALL were performed in our center between
1992 and 2019. We identified 18 Ph-negative
B-cell ALL patients who underwent allo-HSCT
after failure of auto-HSCT. The patients were
referred for auto-HSCT in accordance with
the PALG protocol in force at that time or when
a suitable donor was not identified. Relapse from
hematological remission was defined as a bone
marrow blast count of 5% or greater, reappear-
ance of blasts in the blood, or development of
extramedullary disease. The MRD status was
assessed by flow cytometry. Late relapse was
defined as a relapse occurring over 2 years af-
ter treatment completion. Engraftment was de-
fined as a sustained blood neutrophil count of
0.5x10%1 or greater for 3 consecutive days. Acute
and chronic graft-versus-host disease (GVHD)
were graded according to the standard criteria.®’
Post-transplant complications were assessed
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TABLE 1

Characteristics of patients (n = 18) at the time of diagnosis and autologous

hematopoietic stem cell transplantation

Parameter Value

At diagnosis
Sex Female "

Male 7
Age, y 23 (16-57)
Hemoglobin, g/dI 6.8 (4.7-14.5)
Leukocyte count, x 10%I 8.8 (0.1-379.0)
Platelet count, x 10%I 58 (11-343)
Blasts in blood, % 46 (0-98)
Blasts in bone marrow, % 90 (20-100)
Splenomegaly 6 (33)
Hepatomegaly 7(39)
Peripheral lymphadenopathy 5(28)
Mediastinum enlargement 2(11)
CNS involvement 1(5)
Time from diagnosis to auto-HSCT, mo 9.8 (6.8-19)
At auto-HSCT
Conditioning Cy-TBI 14 (78)

CAV 4(22)
Source of stem cells Bone marrow 14 (78)

Peripheral blood 4(22)
Number of transplanted CD34+, x 108/kg 2.52 (0.59-13.2)
Time to ANC >0.5 x 109/, d 16 (9-24)
Time to platelet count >20 x 10%1, d 15 (10-20)

Data presented as median (range) or number (percentage).

Abbreviations: ANC, absolute neutrophil count; auto-HSCT, autologous hematopoietic
stem cell transplantation; CAV, cyclophosphamide, etoposide, cytarabine; CNS, central
nervous system; Cy-TBI, cyclophosphamide and total body irradiation

using the World Health Organization classifica-
tion (mucositis) or the National Cancer Institute-
-Common Toxicity Criteria (other) (nice.org.uk;
ctep.cancer.gov).

Not all data were available due to the retro-
spective design of the study. All patients provided
an informed consent in accordance with the Dec-
laration of Helsinki.

Details on statistics can be found in Supple-
mentary material, Statistical analysis section.

Results Patient characteristics at diagnosis and
at auto-HSCT A total of 18 patients diagnosed
with B-cell ALL underwent allotransplantation
after failure of auto-HSCT. At ALL presenta-
tion, median age was 23 years (range, 16-57).
Median time from diagnosis to auto-HSCT was
9.8 months (range, 6.8-19.0). All patients were
in complete remission before auto-HSCT. Condi-
tioning consisted of cyclophosphamide and total
body irradiation (Cy-TBI) in 4 patients, whereas
14 individuals received the CAV (cyclophospha-
mide, etoposide, cytarabine) regimen. In 14 cas-
es, the source of stem cells was bone marrow. Dis-
ease relapse after auto-HSCT occurred after a me-
dian of 13.4 months (range, 2.6-41.5). Blinatu-
momab (n = 2) and salvage chemotherapy ([mini]
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FLAM, ie, fludarabine, cytarabine, mitoxantrone
or (mini) hyper-CVAD, ie, cyclophosphamide, vin-
cristine, doxorubicin, dexamethasone; n = 16)
were used at relapse as a bridge to allo-HSCT. As
a result, before allo-HSCT, 14 patients were in
complete remission, 1 achieved partial response,
2 had active disease, and no data on the response
status were available for 1 individual. The MRD
status was negative, positive, and not assessed
in 6 patients, respectively. Patient characteris-
tics are shown in TABLE 1.

Transplant data  Baseline characteristics of allotrans-
planted patients Median recipient age was 25 years
(range, 18-59). Median time from auto-HSCT to
allo-HSCT was 5.1 months (range, 2.9-19.3). Al-
lotransplantation was performed in 4 patients
after 2010. Seven patients received grafts from
a matched related donor, whereas 11 were either
transplanted from a 10/10 human leukocyte anti-
gen (HLA)-matched unrelated donor (n = 7) or re-
ceived 9/10 HLA-mismatched grafts (n = 4). Blood
ABO mismatch was present in 10 patients and sex
was matched in 6 individuals. Peripheral blood
was the source of stem cells for 6 patients and 12
patients received stem cells from bone marrow.
Myeloablative conditioning was administered in
all but one study patients and included BuCy +/-
Ara-C (busulfan, cyclophosphamide +/- cytara-
bine; n = 6), Cy-TBI (n = 11), and TBF (tepadine,
busulfan, fludarabine; n = 1). GVHD prophylax-
is included cyclosporine (n = 13), mycophenolate
mofetil (n = 3), cyclosporine with mycophenolate
mofetil (n = 1), or tacrolimus with mycophenolate
mofetil (n = 1).

Outcome of allotransplanted patients Median time
to engraftment was 20 days (range, 12-56). Com-
plete remission with full donor chimerism was
demonstrated for all tested patients at day 30 or
later after allotransplantation. Acute and chron-
ic GVHD developed in 12 (66%) and 8 (44%) pa-
tients, respectively. Acute GVHD grade II-IV oc-
curred in 6 patients (33%).

There was no primary graft failure. In early
posttransplant period (up to day 30 after the pro-
cedure), 4 patients developed life-threatening En-
terococci bacteremia (E. cloacae, E. faecium, E. coli),
and 4 patients presented Staphylococcus bactere-
mia (S. epidermis). Klebsiella pneumoniae bactere-
mia was detected in a single patient. Four patients
were found to have cytomegalovirus reactivation.
None of the patients developed veno-occlusive
disease. Other complications were mild and in-
cluded mucositis (n = 14), diarrhea (n = 1), and
fever of unknown origin (n = 5). None of the pa-
tients died within the first 100 days after trans-
plantation. Post-transplant complete remission
was achieved in all transplanted patients.

Eight patients developed leukemia re-
lapse / progression after a median of 1.82 years
(range, 0.3-4.2) and received salvage regi-
mens with no effect. Three patients underwent
an unsuccessful second allo-HSCT during active



leukemia and 4 patients received donor lympho-
cyte infusions.

In total, 13 (72%) patients died. The causes of
deaths included leukemia resistance (n = 8), in-
fectious complications (n = 2), steroid-resistant
GVHD with cytomegalovirus reactivation (n = 1),
and cerebral bleeding (n = 1). A single patient died
20 years after the procedure of unknown cause
(probably not related to leukemia).

Five patients (27%) were alive at last contact
and all remain in complete remission with full
donor chimerism. Median follow-ups from diag-
nosis of ALL and allo-HSCT are 7.7 years (range,
1.8-25.2) and 4.4 years (range, 0.26-20.5), re-
spectively. Four patients transplanted after 2010
died. Transplant data are summarized in Supple-
mentary material, Table S1. Cumulative incidence
of relapse and nonrelapse mortality at 2 years
were 22% (95% CI, 10-48) and 17% (95% CI,
4-36), respectively. The 2-year overall survival
and event-free survival were 61% (95% CI, 42-88)
and 55% (95% CI, 37-84), respectively (Supple-
mentary material, Figure S1and S2). Median over-
all survival for survivors was 16.4 years. Details
on the survivors are in presented Supplementa-
ry material, Table S2.

Discussion Nowadays, standard-risk ALL is a rare
indication for auto-HSCT and the number of cas-
es decreases over time, with only 66 transplants
reported to the European Registry in 2019.
This number constituted 0.3% of all autologous
transplantations in Europe in 2019.% According
to the current European Society for Blood and
Marrow Transplantation recommendations, auto-
-HSCT remains a clinical option for standard-risk,
MRD-negative ALL. A large meta-analysis based
on data from 13 countries with 2962 patients with
ALL in first remission demonstrated no benefi-
cial effect of auto-HSCT over chemotherapy.'’

Currently, assessment of pretransplant MRD
status may help identify ALL patients who may
be candidates for auto-HSCT due to the lack of
a suitable donor or contraindications for allogene-
ic transplantation. Nevertheless, the role of auto-
-HSCT remains controversial. Even less data are
published on the efficacy and safety of allo-HSCT
for relapsed ALL after prior auto-HSCT.?® In one
of the largest studies,® data on 13 patients were
analyzed. Nonrelapse mortality, relapse incidence,
and disease-free survival at 2 years were 54%, 23%
and 23%, respectively. Nonrelapse mortality was
very high and the conclusion was not to proceed
with allo-HSCT after failure of auto-HSCT due to
safety aspects. Other data on second allotrans-
plantation were also unsatisfactory.!!

Our results are much more promising, with
2-year overall survival and event-free survival
of 61% and 55%, respectively. The incorporation
of novel therapies before allotransplantation is
of great hope. It was demonstrated that blinatu-
momab- or inotuzumab ozogamicin-based sal-
vage therapy for relapsed and refractory ALL led
to complete remission rates of 78% and 94%,

respectively. MRD negativity was achieved in
about 70% of patients and approximately 80% of
patients were referred for allo-HSCT.'? Even more
hope comes with CD19 chimeric antigen receptor
T cell (CAR-T) therapy for relapsed ALL. The use of
subsequent consolidative allo-HSCT was found to
be beneficial in terms of post-transplant outcomes
when compared with non-HSCT treatment.'®

In conclusion, the role of allo-HSCT after fail-
ure of previous auto-HSCT is difficult to define.
Our report describes the largest registry pub-
lished so far, but we realize that auto-HSCT for
ALL is performed in only few transplant centers
in the world. Our data may suggest that allo-HSCT
is a worthwhile procedure, especially in patients
with late relapses after auto-HSCT. Based on our
small report, we conclude that allo-HSCT after in-
effective auto-HSCT for ALL is a feasible proce-
dure associated with a relatively high proportion
of patients to be cured.
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