How Allogeneic Hematopoietic Stem Cell Transplantation
has Evolved Over Time: 30-Years’ Experience at a Single
Institution
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ABSTRACT
Introduction: Allogeneic stem cell transplantation is an established procedure for a variety of diseases of the hematopoietic system.
Our transplant program started in 1987 and since then advances have been made in the care of patients undergoing transplantation.
We conducted a study to evaluate whether the changes implemented over time have improved the outcomes of transplantation.
Material and Methods: We analyzed changes in patients, cell source, transplantation and outcome among 682 consecutive patients
receiving their first transplant between 1987 and 2016. We compared overall survival, progression-free survival, the incidence of non-
relapse mortality and relapse in 10-year cohorts over the three decades of the study.
Results: The median age of transplanted patients, the use of peripheral blood and unrelated donors all increased very significantly.
There was an increase in the number of high-risk patients when comparing the first decade with the two subsequent ones. The 3-year
non-relapse mortality decreased significantly from 29% to 20% (p = 0.045), while the overall survival, progression free survival and
cumulative incidence of relapse remained stable.
Discussion: Allogeneic hematopoietic stem cell transplantation has evolved considerably since its introduction in clinical practice. In
the present study, we evaluated how these changes affected our practice along 30 years of activity and compared the results with those
published in the literature.
Conclusion: Despite increasing age, higher risk patients and the increasing use of unrelated donors our results show a continuous
significantly reduced non-relapse mortality, with stable overall survival, progression free survival and relapse rate.
Keywords: Hematopoietic Stem Cell Transplantation; Portugal

RESUMO
Introdugao: A transplantagdo alogénica de células hematopoiéticas € utilizada regularmente no tratamento de uma grande variedade
de doengas hematoldgicas. O nosso programa de transplantacéo teve inicio em 1987 e desde entado tém sido numerosos os avangos
nesta area. Este estudo foi conduzido para avaliar se as alteragdes introduzidas ao longo de 30 anos melhoraram os resultados obtidos.
Material e Métodos: Analisamos os resultados numa populagéo de 682 doentes submetidos consecutivamente a um primeiro trans-
plante alogénico entre 1987 e 2016. Para tal, os doentes foram divididos em intervalos de 10 anos e comparamos a sobrevida global,
a sobrevida livre de progressao, a mortalidade ndo associada a recaida e as recaidas em cada década do estudo.
Resultados: A mediana de idades dos doentes transplantados, a utilizagao de células progenitoras provenientes do sangue periférico
e a transplantagdo com dadores ndo familiares aumentaram muito significativamente ao longo do estudo. Verificou-se, comparativa-
mente com a primeira década, um aumento do nimero de doentes de alto risco nas duas décadas subsequentes. A mortalidade nao
relacionada com recidiva, avaliada aos trés anos pos-transplante, diminuiu significativamente de 29% para 20% (p = 0,045), manten-
do-se estaveis a sobrevida global e a sobrevida livre de progresséo, assim como a incidéncia cumulativa de recaidas.
Discussao: A transplantagao alogénica hematopoiética tem evoluido consideravelmente desde a sua introdugéo na pratica clinica. No
presente trabalho sédo avaliados os reflexos dessa evolugéo ao longo de 30 anos sendo analisados os resultados obtidos e compara-
dos com os referidos na literatura.
Conclusao: Apesar das caracteristicas mais desfavoraveis verificadas ao longo das trés décadas (doentes mais idosos, doengas de
risco mais elevado, aumento do nimero de dadores nao familiares) foi possivel reduzir significativamente a mortalidade associada ao
procedimento, mantendo-se estaveis a sobrevida global e livre de progresséo, assim como a incidéncia de recaidas.
Palavras-chave: Portugal; Transplante de Células-Tronco Hematopoéticas

INTRODUCTION

A wide variety of hematopoietic and non-hematopoietic
diseases, ranging from hematologic malignancies to met-
abolic disorders and congenital or acquired bone marrow
failures are successfully treated by allogeneic hematopoi-
etic stem cell transplantation (HSCT)."“ In the early 1970s,
toxicity from conditioning, infections, and graft-versus-host
disease (GvHD) were associated with a significant risk of

death, such that its application was the subject of some
criticism.® Over the past 50 years, advances in HLA-typing
with better matching, better prophylaxis and treatment of
frequent complications plus the introduction of reduced
intensity conditioning regimens all have contributed to im-
prove the results of HSCT, making it a safer procedure to be
offered to a wider group of patients.®®
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The purpose of this study was to compare transplant
characteristics and results obtained over 30 years, since
the beginning of our combined adult and pediatric trans-
plant program in May 1987, the first to be conducted in Por-
tugal and the longest in permanent activity.

MATERIAL AND METHODS
Patients

This retrospective study included 682 consecutive pa-
tients who underwent their first allogeneic HSCT between
1987 and 2016. The study was divided into three time peri-
ods (28/05/87 to 27/05/97; 28/05/97 to 27/05/07; 28/05/07
to 31/05/16). Data for this analysis were obtained from our
patient database and collected from 28 May 1987 to 31 May
2016. The cut-off date for analysis was 31 May 2017. Sur-
vivors were censored at the date of last follow-up. Patients
and donors gave permission for the use of their data and
the study was approved by the institutional review board.

Transplantation techniques

All patients received a conditioning regimen followed by
infusion of donor cells, mostly as inpatients in single rooms
with HEPA filtered air. Although these regimens varied, the
myeloablative conditioning (MAC) generally contained high-
dose cyclophosphamide with busulfan or 12.0 to 13.2 Gy
of total body irradiation (TBI). Reduced intensity regimens
(RIC), introduced over the last two decades, were defined
as in Bacigalupo et aP and usually contained fludarabine
with either 2 Gy TBI, low dose busulfan or melphalan. Pa-
tients with acute leukemia (AL) in first complete remission
(CR1), chronic myeloid leukemia (CML) in first chronic
phase, aplastic anemia and non-malignant conditions were
considered standard risk.'® Patients with AL beyond CR1,
CML beyond the first chronic phase, lymphomas and all ma-
lignancies in partial remission, progression or relapse were
included in the high risk group. GvHD prophylaxis was with
calcineurin inhibitors associated with methotrexate or my-
cophenolate mofetil, in vivo T cell depletion with ATG was
added when using unrelated donors. Patients with an HLA
C mismatch were given alemtuzumab instead of ATG to
decrease the risk of graft rejection.!'? Prophylaxis against
infections was with acyclovir, co-trimoxazole, oral qui-
nolone and an azol antifungal agent. For cytomegalovirus
(CMV) reactivation (on the basis of the viral pp65 antigen
or plasma DNA testing) preemptive therapy with ganciclovir
was introduced in 1989. Since 1995, all patients received
filgrastim from day +5 or +7 until the absolute neutrophil
count reached 0.5 x 10%L. Routine veno-occlusive prophy-
laxis was not used.

Outcome measures

Outcome measures included overall survival (OS), pro-
gression free survival (PFS), non-relapse mortality (NRM),
GVHD related mortality, incidence of second malignancies
and incidence of relapse. OS was defined as the time from
the first allograft to death from any cause and PFS as the
time from the first allograft to the first disease progression/

relapse or death from any cause. NRM was defined as
death after transplantation that was not preceded by a re-
currence of the underlying disease. Data on these outcome
measures reflect events as of the date of the last follow-up
before the database was locked on 31 May, 2017.

Statistical analyses

We conducted a descriptive analysis of the clinical, de-
mographic and transplant characteristics using absolute
and relative frequencies for categorical variables and the
median and range for quantitative variables. Variable com-
parison between the three transplant periods was carried
out using the Pearson’s chi-square test for categorical vari-
ables. In cases where an asymptotic test was not appropri-
ate (cells with expected frequency below 5) we conducted a
chi-squared test with simulated p-value based on 2000 rep-
licates. For quantitative data, comparisons were performed
using the Kruskal-Wallis test.

OS and PFS were calculated using the Kaplan-Meier
method and the log-rank test for group comparison. Non-
relapse mortality, GVHD related mortality, incidence of sec-
ondary malignancies and incidence of relapse were calcu-
lated using the cumulative incidence procedure for compet-
ing risk models and the Gray test for group comparison. All
tests were two-sided and a significance level of 5% was
considered. All analyses were done using the R package.®

RESULTS
Patients and transplant characteristics

During the study period 682 consecutive patients re-
ceived a first allogeneic transplant. Patient disease and
transplantation characteristics are detailed in Table 1. When
compared across the three decades, the median age of
pediatric patients remained stable (p = 0.376) as opposed
to adult patients whose age increased significantly over the
study period (p < 0.001).

The percentage of unrelated donations increased sig-
nificantly over the three decades; as for the source of stem
cells, bone marrow was the preferred source during the first
decade, but decreased over the two subsequent periods (p
<0.001).

Umbilical cord blood was started in 1994 and a total of
38 patients (6%) were transplanted with this source during
the time period of the study, either from an unrelated donor
or from family-directed cord blood.

Conditioning regimens varied according to transplant
period (Table 1). The percentage of patients given a MAC
conditioning decreased significantly from 87% the first dec-
ade to 72% in the last decade (p < 0.001).

The use of ATG in the conditioning regimen increased
significantly over the study period (p < 0.001).

Since November 2014, 10 patients (eight Hodgkin’s
disease and two AML) were given unmanipulated haploi-
dentical transplants. Hodgkin’s disease patients were con-
ditioned with the Baltimore protocol'® and the others with the
Genoa protocol.’® The proportion of patients with non-ma-
lignant conditions (aplastic anemia, hemoglobinopathies,
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Table 1 — Patient and first allotransplant characteristics by decade

> DT 1t decade 2" decade 3 decade )
3 Characteristic, n(%) Al 19871997  1997-2007  2007-2016 P
8 No. of first allotransplants 682 164 232 286
g Pediatric patients 271 72 94 105
:E> Adult patients 411 92 138 181
i Patient age (years), Median (range)
All patients 26 (0.3 - 67) 22 (0.5 - 53) 26 (0.3 - 58) 33 (0.4 -67) < 0.001
Pediatric patients 8(0.3-18) 8(0.5-18) 7(0.3-17) 8(0.4-18) 0.376
Adult patients 38 (19-67) 31(19-53) 37 (20 - 58) 42 (19-67) < 0.001
Patient gender
Female 292 (43%) 59 (36%) 98 (42%) 135 (47%) 0.067
Male 390 (57%) 105 (64%) 134 (58%) 151 (53%) ’
Diagnosis
Myeloid malignancies 339 (50%) 92 (56%) 111 (48%) 136 (48%) 0.001
AML 187 (55%) 39 (42%) 52 (47%) 96 (71%) '
CML 96 (28%) 46 (50%) 39 (35%) 11 (8%)
MDS/CMML 36 (11%) 5 (5%) 13 (12%) 18 (13%)
MPN 2 (1%) 1(1%) 1(1%) 0
Other? 18 (5%) 1(1%) 6 (5%) 11 (8%)
Lymphoid malignancies 242 (35%) 47 (29%) 97 (42%) 98 (34%) 0.002
ALL 152 (63%) 39 (83%) 66 (68%) 47 (48%) '
Lymphoma 66 (27%) 3 (6%) 23 (24%) 40 (41%)
CLL 11 (5%) 2 (4%) 3 (3%) 6 (6%)
MM 8 (3%) 1(2%) 3 (3%) 4 (4%)
Other® 5 (2%) 2 (4%) 2 (2%) 1(1%)
Bone marrow aplasia 63 (9%) 21 (13%) 13 (6%) 29 (10%)
Immunodeficiency disorders 19 (3%) 1(1%) 3 (1%) 15 (56%)
Hemoglobinopathies 11 (2%) 1(1%) 4 (2%) 6 (2%)
Metabolic disorders 7 (1%) 2 (1%) 3 (1%) 2 (1%)
Other 1(<1%) 0 1(<4%) 0
Disease status
High risk 314 (46%) 62 (38%) 120 (52%) 132 (46%) 0.024
Standard risk 368 (54%) 102 (62%) 112 (48%) 154 (54%) '
Donor type
Related 445 (65%) 160 (98%) 166 (72%) 119 (42%) <0.001
Unrelated 237 (35%) 4 (2%) 66 (28%) 167 (58%) ’
HLA matching
Matched 105 (44%) 2 (50%) 28 (42%) 77 (46%) 0.188
Other 132 (56%)) 2 (50%) 38 (58%) 90 (54%) ’
Stem cell source
Bone marrow 325 (48%) 156 (95%) 63 (27%) 106 (37%) <0.001
PBSC 319 (47%) 2 (1%) 148 (64%) 169 (59%) ’
CB 38 (6%) 6 (4%) 21 (9%) 11 (4%)
Conditioning regimen*
Myeloablative 532 (78%) 143 (87%) 185 (80%) 204 (72%) <0001
Reduced-intensity conditioning 149 (22%) 21 (13%) 47 (20%) 81 (28%) ’
TBIl-based conditioning
No 541 (79%) 138 (84%) 189 (81%) 214 (75%) 0.039
Yes 141 (21%) 26 (16%) 43 (19%) 72 (25%) ’
ATG-based conditioning
No 484 (71%) 152 (93%) 170 (73%) 162 (57%) <0.001
Yes 198 (29%) 12 (7%) 62 (27%) 124 (43%) ’

"Overall comparison of the three transplant periods;

2 Other myeloid malignancies includes myelofibrosis (n = 10), undifferentiated AL (n=6) and dendritic cell leukemia (n = 2)

3 Other lymphoid malignancies includes Burkitt ymphoma (n = 4) and plasma cell leukemia (n = 1)

4 Missing in one patient who received first allotransplant in the period of 2007-2016.

AML: acute myeloid leukemia; CML: chronic myeloid leukemia; MDS: myelodysplastic syndrome; CMML: chronic myelo monocytic leukemia; MPN: myeloproliferative neoplasm;
ALL: acute lymphoblastic leukemia; CLL: chronic lymphocytic leukemia; MM: multiple myeloma; PBSC: peripheral blood stem cells; CB: cord blood; TBI: total body irradiation; ATG:
antithymocyte globulin
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inborn errors of metabolism, osteopetrosis, hereditary bone
marrow failure syndromes, primary immunodeficiency syn-
dromes) remained stable over the three decades, account-
ing for 15% of the total number of transplants. Furthermore,
a shift in indications for HSCT in hematologic malignancies,
away from CML and ALL and towards AML and lymphomas,
could be observed.

With regards to disease status at transplantation there
was a significant rise of high-risk patients being transplant-
ed, from the first to the subsequent decades (p = 0.024).

Clinical outcomes

The median follow-up for surviving patients in first dec-
ade was 23 years, in the second 13 years and in the last
decade 3.5 years. Of the 682 patients, 45% died and 55%
are still alive at the time of last follow-up with a 3-year OS of
59%. The OS at 3-years for the patients transplanted with a
related donor was 60% and for those who had an unrelated
transplant was 59% (p = 0.643) (Fig. 1A).

Among those receiving an unrelated transplant, 105 had
an HLA identical match (number of alleles tested 6, 8 or 10,
depending on the time frame of the transplant), 110 had a
one allele mismatched donor and 22 a donor with more than
one mismatch. The 3-year OS for the latter patients was sig-
nificantly worse than for the other two groups (36% versus
57% and 65% respectively, p = 0.036) (Fig. 1B).

The 3-year OS in the decade 1897 - 1997 was 58%,
55% in the second decade and rose to 64% in the last dec-
ade with no significant differences among the three time
periods (Fig. 1C). The PFS at three years in the first period
was 51%, 49% in the second period with a trend towards
better results in the third period (56%) (p = 0.124).

CML patients transplanted in the last decade do not
seem to have a worse survival when compared to those
treated in previous decades (Fig. 1D).

The day 100 NRM was 12% on each of the first two
decades with a non-significant decrease to 9% in the last
decade of the study.

When comparing the 3-year cumulative incidence of
NRM among the three decades there was a significant im-
provement in the results observed over the time period of
the study, being respectively 28%, 24% and 19% over each
of the 3 time periods (p = 0.045) (Fig. 1E).

The 3-year cumulative mortality associated with GVHD
as a whole (acute and chronic) was 8.5% in the first decade,
11.2% in the second decade and 7.6% in the last period (p
=0.320, Fig. 1F).

The cumulative incidence of relapse/progression at
3-years was 27%. It remained relatively stable throughout
the three decades (Fig. 2A).

We could not demonstrate any significant difference be-
tween RIC and MAC conditioning regarding the cumulative
incidence of relapse (Fig. 2B).

The cumulative incidence of secondary malignancies in
the overall population rose from 0.95% at 3 years to 4.42%
at 15 years, with a similar incidence in the first and sec-
ond decades (Fig. 3). There were 10 cases of basal cell

carcinoma, four head and neck cancers, four melanomas,
three breast cancers, two thyroid cancers and one each of
bladder carcinoma and liver adenocarcinoma. One further
patient developed a diffuse large B cell lymphoma and an-
other, originally transplanted for severe aplastic anemia,
developed acute myeloid leukemia of donor cell origin.

Causes of death

Three hundred and ten patients died during the period
of the study and the causes of death are detailed in Table
2. Relapse accounted for 138 of the deaths, and 169 were
due to HSCT related complications, including four graft re-
jections. With longer follow-up, other causes of death were
observed, such as cardiovascular disorders (one myocar-
dial infarction, three strokes) and other malignancies (four
oral cavity/pharynx, one bladder carcinoma, one hepatic
adenocarcinoma, one Ewing sarcoma and one inoperable
cavernous sinus meningioma).

There were two suicides among our patients, and one
fatal road traffic accident.

DISCUSSION

During the past decades HSCT has changed consider-
ably in terms of clinical diagnosis, choice of donor, stem cell
source, conditioning regimens, and several other measures
destined to reduce and treat transplant related complica-
tions. Although we have been running an autologous and
allogeneic transplant program, for both pediatric and adult
patients, the present study only includes consecutively
transplanted patients receiving a first allogeneic transplant,
from May 1987 to May 2016.

The entire population is composed of 682 patients and
all of them, with the exception of three cases lost to follow-
up, were followed-up until the time of death or the last yearly
visit since transplantation, allowing us to have a broader
view of the long term outcome of our patient population.

The total number of transplanted patients increased in
each decade and they tended to be transplanted with more
advanced disease. The adult patients’ age increased sig-
nificantly (p < 0.001). Peripheral blood stem cells became
the preferred stem cell source for transplant (although in
the last decade we saw an increase in the number of bone
marrow donations) and in the last decade unrelated donors
clearly outnumbered family donors (p < 0.001). This is prob-
ably related to the success of the donor registries in recruit-
ing more donors, (the Portuguese registry has increased
its number of donors from 1500 to nearly 400 000 over the
last 15 years) and to advances in HLA typing allowing for
a better selection of unrelated donors. This may contribute
to the improved survival rate reported in several studies,
with similar outcomes among transplantations from HLA
matched related or 10/10 allele-matched unrelated donors,
or even 9/10 unrelated donors, just like our experience in
this study.’'® The 3-year OS of our patients transplanted
with an unrelated donor was 59%, which is identical to the
60% observed in those transplanted with a related donor;
no difference in OS was seen between patients trans-
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Figure 1 — Outcomes after allotransplant. (A) Overall survival by donor type in overall sample. (B) Overall survival by HLA allele mismatch
in unrelated donor transplants. (C) Overall survival by transplant period in overall sample. (D) Overall survival by transplant period in CML
patients. (E) Cumulative incidence of Non-Relapse Mortality by transplant period in overall sample. (F) Cumulative incidence of GvHD
mortality by transplant period in overall sample. Numbers in red refer to “Numbers at risk®.
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Figure 2 — (A) Cumulative incidence of relapse by transplant period in patients with hematological malignancies. (B) Cumulative incidence
of relapse by conditioning regimen in patients with hematological malignancies.

planted with an HLA identical unrelated donor and those
whose donors had a single HLA mismatch. The outcome
for 9/10 unrelated transplants is still a matter of controversy
with some authors reporting inferior OS when compared to
10/10 unrelated transplants and others reporting similar re-
sults in terms of OS, GvHD, TRM and relapse.'-? Differenc-
es in conditioning regimens (use of ATG, MAC versus RIC),
GvHD prophylaxis, disease diagnosis and stage at trans-
plant are possible explanations for this discrepancy.'”?!

Major developments in hemato-oncology translated into
variations in the disease profile of the patients treated in our
program. Presently, CML patients needing a transplant are
those who fail tyrosine kinase inhibitors (TKIls) treatment
or present in accelerated or blast crisis, with a decline of
patients transplanted for CML. This may start to increase
as the prevalence of CML increases, and patients resist-
ant to TKis will likely require HSCT.?2?* One would expect a
worse survival for these patients, but our preliminary results
indicate a similar PFS for patients transplanted in the TKI
era. These results are in keeping with recent reports.??2*
We have also seen a reduction in the number of patients
transplanted for ALL, particularly children, reflecting the
improvement in the modern chemotherapy protocols and
the introduction of the minimal residual disease concept,
whose negativity has become the target of the more recent
protocols.?> Conversely, the number of transplants for AML
patients rose significantly and this is probably multifacto-
rial, namely better supportive care during induction chemo-
therapy allowing for more patients being brought to trans-
plant, better definition of patients who may benefit from a
transplant, acceptance of older patients in our program and
the availability of better well matched unrelated donors. Al-
though the numbers are small, we also saw an increase in
the numbers of patients transplanted for lymphomas, from
6% of all lymphoid malignancies in the first decade to 41%
in the third decade. This is in line with the recent trend ob-
served in the most recent EBMT survey analysis.?

Even though the number of patients given MAC condi-
tioning was significantly reduced over time (p < 0.001), with
a consequent increase in patients given RIC conditioning,
this was only reflected in a small, non-significant increase
in the relapse rate of hematologic malignancies over the
study period. These results are not in agreement with previ-
ous reports but different characteristics among the patients
treated in different studies may explain different outcomes.®

The causes of death varied in the study period. In the
first decade, disease relapse and HSCT related causes
accounted, respectively, for 31% and 69% of the deaths,
whereas in the last decade each of these causes was re-
sponsible for 51% and 49% of the deaths.

The 3-year OS remained stable over the study pe-
riod. However, the characteristics of the population treat-
ed changed, with significantly more unrelated transplants
and older patients being treated. Still, the cumulative inci-
dence of GvHD-related mortality was not significantly dif-
ferent in the three decades; however, the NRM due to other
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Figure 3 — Cumulative incidence of secondary malignancy by trans-
plant period in overall sample
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Table 2 — Causes of death

All patients 1987 — 1997 1997 - 2007 2007 - 2016

n 310 84 119 107
Relapse/Progression 138 (45%) 26 (31%) 58 (49%) 54 (51%)
HSCT related causes 169 (55%) 57 (69%) 59 (50%) 53 (49%)

Infection 30 7 11 12

GVHD 63 16 27 20

VOD 6 - 3

Other organ toxicity" 58 28 15 15

2" malignancy
Rejection

External causes of death?

1

"Includes: stroke (3), myocardial infarction (1)

2 Includes: suicide (2), accident (1)

GVHD: graft-versus-host disease; VOD: veno-occlusive disease
transplant-related complications decreased significantly
over time even though older patients, more advanced dis-
ease stages and an increased number of unrelated trans-
plants were performed.

Reduction in NRM has been a consistent finding in
recently published studies from several centers that retro-
spectively compared results obtained over chronologically
different periods of allogeneic HSCT activity. Our results are
concordant with these reports.?-3

Dealing with relapse continues to be a challenge after
HSCT as it is now the major cause of treatment failure. New
approaches are available such as TKiIs targeting Flt3-inter-
nal tandem duplication in AML, either alone or in combina-
tion with hypomethylating agents.?*** Monoclonal antibod-
ies and antibody-drug conjugates are also being investi-
gated, with blinatumomab being active in relapsed ALL and
used either alone or in conjunction with DLI.*> Checkpoint
inhibitors represent another possible approach for relapse
treatment but they may lead to significant GvHD.*'“2 Geneti-
cally engineered T cells are a powerful class of therapeutic
agents with several clinical trials showing responses in pa-
tients with relapsed, refractory, B-cell malignancies.*344

CONCLUSION

This study shows the changes and progresses that have
occurred in our daily practice of allogeneic HSCT, outside of
clinical trials. These developments have allowed us to of-
fer allogeneic transplantation to older patients, patients with
comorbidities or more advanced disease and to those with-
out related donors. We observed a statistically significant
improvement in NRM over time, despite treating patients
with a less favorable prognosis. We believe that allogeneic
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