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Introduction: The time elapsed from diagnosis to hematopoietic stem cell transplantation
(HSCT) is influenced by numerous factors. In Brazil, patients using the public health system
are also dependent on the availability of HSCT-specific beds in the hematology ward.
Objective and Methods: We conducted a cohort study of listed patients who underwent allo-
geneic HSCT at a Brazilian public hospital to investigate the impact of the waitlist time on
post-HSCT survival.
Results: The median time from diagnosis to HSCT was 19 months (IQR, 10 - 43), of which 6
months (IQR, 3 - 9) were spent on the waitlist. The time on the waitlist for HSCT appeared
to influence mainly the survival of adult patients (> 18 years), with an increasing risk
according to this time (RR, 3.53 and 95%CI, 1.81 - 6.88 for > 3 and < 6 months; RR 5.86 and
95%ClI, 3.26 - 10.53 for > 6 and < 12 months, and; RR 4.24 and 95%CI, 2.32 - 7.75 for > 12
months).
Conclusion: Patients who remained on the waitlist for less than 3 months had the highest
survival (median survival, 856 days; IQR, 131 - 1607). The risk of reduced survival was about
6-fold higher (95%CI, 2.8 - 11.5) in patients with malignancies.
© 2023 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by
Elsevier Espania, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

A higher time interval from diagnosis to HSCT is associated
with a higher relapse rate and greater accumulated toxicity
due to the need for more treatment lines while the patient is
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waiting for the HSCT.'™ Several factors influence the time
interval from diagnosis to HSCT, such as the duration of the
treatment protocol, the time to indication for transplant and
the severity of the underlying disease and availability of a
compatible donor. In Brazil, in addition to these factors,
patients using the public health system are also dependent
on the availability of HSCT-specific beds in a hematology
ward, which is an additional concern for successful treat-
ment.” Based on this reality, we investigated the impact of
the waitlist time for allogeneic HSCT on the post-transplant
survival at a public hospital in southern Brazil.

Methods

This was a retrospective cohort study of patients listed for
HSCT at a public hospital in southern Brazil between January
2013 and June 2019. Patients who underwent HSCT through a
private health insurance system were excluded. All data were
collected from electronic medical records until November
2020. The following variables were collected to characterize
the sample: the patient socioeconomic data, diagnostic data
and data related to the period between diagnosis and HSCT
(initial and pre-HSCT disease status, time from diagnosis to
HSCT and time on the waitlist for HSCT with an identified
donor); HSCT data (transplant type, hematopoietic stem-cell
source, conditioning regimen, graft-versus-host disease
(GVHD) prophylaxis, time to neutrophil engraftment [neutro-
phil count greater than 500 cells/mm? for 3 consecutive days],
donor chimerism, final disease status and length of hospital
stay]); donor data, and; data related to post-HSCT outcomes.
We classified acute and chronic GVHD by target organ and
overall severity according to previously published clinical and
laboratory criteria.*?

Myeloablative conditioning regimens were defined as
those containing a dose of total-body irradiation above 9 Gy,
busulfan at a dose of 8 mg/kg or more and melphalan at a
dose of 140 mg/m? or more. In patients undergoing HLA-iden-
tical sibling HSCT who received myeloablative regimens,
GVHD prophylaxis included cyclosporine and methotrexate
(on days +1, +3, +6 and +11), with the exception of pediatric
cases of acute lymphocytic leukemia (ALL) and myelodysplas-
tic syndrome, in which methotrexate is not used. In patients
undergoing matched unrelated donor HSCT who received
myeloablative regimens, prophylaxis included tacrolimus or
cyclosporine and methotrexate (on days +1, +3, +6, and +11)
in addition to rabbit anti-thymocyte globulin at a total dose of
7 to 14 mg/Kg. In patients receiving reduced-intensity regi-
mens, prophylaxis included mycophenolate mofetil in combi-
nation with cyclosporine. In haploidentical donor HSCT,
prophylaxis included cyclophosphamide after stem cell infu-
sion (on days +3 and +4) in combination with tacrolimus or
cyclosporine and mycophenolate mofetil. In cord and placen-
tal blood HSCT, prophylaxis included tacrolimus or cyclospor-
ine without methotrexate. Eligible patients are listed on the
date a donor is found and begin scoring priority points based
on the time on the list and diagnosis.® To prioritize cases, the
Brazilian Ministry of Health applies objective scoring criteria
that include the urgency and curability of each diagnosis.
Diagnoses that score the highest in these criteria are severe

aplastic anemia, hypocellular myelodysplastic syndrome,
severe combined immunodeficiency, osteopetrosis and acute
leukemia with induction failure. For patients younger than
13 years of age, regardless of the underlying disease, 20 points
are added to the final score. In addition, 0.33 points are added
for every day on the waitlist.°

The primary outcome was patient survival from HSCT to
the end of the follow-up (death or last follow-up visit). We
used SPSS software, v. 27, for statistical analyses. Results
were summarized descriptively and are presented as means
with standard deviations, medians with interquartile ranges
(IQRs, 25th to 75th percentile) or numbers and percentages of
patients with the characteristic under study. The variables
were compared with the use of nonparametric tests and the
differences between proportions were analyzed by the chi-
square test. A univariate analysis was conducted to identify
the variables associated with survival. Continuous variables
were categorized into quartiles (Q1, Q2 and Q3) for the sur-
vival analysis. The survival was estimated with the use of the
Kaplan-Meier method and compared with the use of the log-
rank test and/or Tarone-Ware test. Variables with a log-rank
p-value of less than 0.20 were included in the multivariate
regression model.

We used multiple imputation for missing data in the Cox
regression model for the survival analysis.”® Only the varia-
bles with a p-value of less than 0.05 were kept in the final gen-
eral model. In addition to the general model, we performed
survival analyses for pediatric (younger than 18 years of age)
and adult patients and according to the diagnosis (malignan-
cies). The study protocol was approved by the institutional
review board of the participant hospitals, under registration
numbers 63004716.6.1001.5330 and 02898218.0.3001.5327.

Results

During the period reviewed, 227 patients underwent a trans-
plant (110 pediatric patients and 117 adult patients). The
median time from diagnosis to HSCT was 19 months (IQR, 10
to 43), of which 6 months (IQR, 3 to 9) were spent on the wait-
list. A total of 168 patients (74%) had a diagnosis of malig-
nancy (Table 1).

When assessed according to type of transplant, the
median time from diagnosis to HSCT was 12 months (inter-
quartile range, 8 to 30) in patients undergoing HLA-identical
sibling HSCT, 18 months (interquartile range, 9 to 47) in
patients undergoing HLA-haploidentical donor HSCT and 25
months (95% confidence interval [CI], 15 to 50) in those under-
going matched unrelated donor HSCT, with a significant dif-
ference only between HLA-identical sibling and matched
unrelated donor HSCTs (p < 0.001 by the Kruskal-Wallis test).
We observed a similar scenario when the analysis was limited
to time on the waitlist, with a median waiting time of 5
months (interquartile range, 3 to 7) for HLA-identical sibling
and HLA-haploidentical donor HSCTs and of 8 months (inter-
quartile range, 4 to 11) for matched unrelated donor HSCT (p <
0.001 by the Mann-Whitney test).

The patients with acute lymphoblastic leukemia (ALL)
(n = 67) remained on the waitlist for approximately 7.5
months (IQR, 5.75 to 10.25) and had a median post-HSCT
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Table 1 - Baseline characteristics of the patients.

All patients Pediatric patients Adult patients P Value
Survival (days) 374 [103—-1020] 492 [128-1097.5] 270 [84—894.5] 0.061
Time on the waiting list (days) 176.5 [101.75—262.5] 180 [112-276] 170 [96.5—-247.5] 0.352
Time from diagnosis to HSCT (months) * 19 [10- 43] 20 [12—-44.5] 18 [9.5-40] 0.516
Age (years) 18 [1-34] 9 [4-13] 34 [24—47]
Hospitalization (days) 50 [39-73] 57 [44—-79.25] 47 [36.5—64] 0.003*
Sex 0.548
Male 142 62.6 71 64.5 71 60.7
Female 85 37.4 39 35.5 76 39.3
Radiotherapy
<4 Gy 28 30.1 14 28.6 14 31.8
>9.9 Gy 65 69.9 35 714 30 68.2
Diagnosis 0.001*
Non-malignant
Aplasia 26 115 12 10.9 14 12
Genetic disease 11 4.8 11 10 = =
Hemoglobinopathy 3 13 3 2.7 - -
Primary immunodeficiency 19 8.4 19 17.3 = =
Malignant
Lymphomas 14 6.2 3 2.7 11 9.4
Acute lymphocytic leukemia 67 29.5 39 35.5 28 239
Acute myeloid leucemia 50 22.0 12 10.9 38 32.5
Chronic lymphocytic and myeloid 13 5.7 2 1.8 11 9.4
Leucemia
Primary myelofibrosis 2 0.9 - - 2 1.7
Myelodysplastic syndrome 22 9.7 9 8.2 13 11.1
Conditioning regimen 0.034*
Non-myeloablative 84 37 77 70 51 43.6
Myeloablative 143 63 33 30 66 56.4
Total-body irradiation 0.288
No 134 59 61 55.5 73 62.4
Yes 93 41 49 44.5 44 37.6
Time on waiting list 0.790
Up to 3 months 58 25.6 25 22.9 33 28.2
3 to 6 months 76 335 37 33.9 39 333
6 to 12 months 69 30.4 36 33 33 28.2
More than 12 months 23 10.1 11 10.1 12 10.3
Relapse on the waiting list? 0.368
No 136 82.4 54 85.7 81 80.2
Yes 29 17.6 9 14.3 20 19.8
Transplant donor 0.001*
HLA-identical sibling 95 41.9 28 25.5 67 57.3
Haploidentical donor 41 18.1 21 19.1 20 17.1
Matched Unrelated donor 91 40.1 61 55.5 30 25.6
Post-HSCT relapse 0.252
No 185 81.5 93 84.5 92 78.6
Yes 42 18.5 17 15.5 25 21.4
Acute graft-versus-host disease 0.012*
No 89 40.6 54 50.5 35 31.3
Yes 130 59.4 53 49.5 77 68.7
Chronic graft-versus-host disease 0.983
No 154 70.3 74 69.8 80 70.8
Yes 65 29.7 32 30.2 33 29.2

Data presented as absolute number and% or as median and P25-P75. HSCT: hematopoietic stem-cell transplantation. 'Time from the date of the
first diagnosis to the first HSCT; %only for malignancies. *Significant difference in the comparison between adult and pediatric patients.

survival of 10.5 months (IQR, 3.2 to 17.7), whereas those with
acute myeloid leukemia (AML) (n = 50) remained on the wait-
list for approximately 6 months (IQR, 4 to 7) and had a median
post-HSCT survival of 7.6 months (IQR, 3.3 to 26.7). Among all
patients with malignant diseases (n = 168), we observed a dif-
ference between their disease status upon being placed
on the waitlist and at the time of transplant (p < 0.001 by the

chi-square test). The HSCT was performed upon the worsen-
ing of the underlying disease in 12.4% of patients with malig-
nancies who were in CR1 upon being placed on the waitlist.
Considering the patients in CR1 or in CR2 or later remission
(n=168), 17.7% relapsed while on the waitlist, requiring a new
treatment line. Patients with malignancies who relapsed
while on the waitlist had a 2-fold higher risk of reduced post-
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HSCT survival than those who did not relapse (relative risk,
1.58; 95%CI, 1.3 to 2.00).

The median post-HSCT survival of the cohort was 12.5
months (IQR, 3.5 to 34). The analysis of the survival by time
on the waitlist showed a benefit for patients undergoing
HSCT within 3 months of placement on the waitlist (median
survival, 28.5 months; IQR, 4.4 to 53.6) (Figure 1B). Survival did
not differ significantly among patients undergoing HSCT from
3 to 12 months (median survival, 11 months [IQR, 4 to 26.2]
and 11.8 months [IQR, 3 to 27], respectively). Patients on the
waitlist for more than 1 year had a median survival of 8
months (IQR, 2 to 25.3). The difference between the subgroups
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divided by time on the waitlist was greater in early survival
(p = 0.035 by the log-rank test) than in long-term survival
(p = 0.78 by the Tarone-Ware test). In this cohort, the type of
transplant did not influence the post-HSCT survival (p = 0.873
by the log-rank test). Considering the reality of the Brazilian
Public Health System, we created 3 scenarios to assess the
post-HSCT survival according to time on the waitlist with an
identified donor: an ideal scenario (up to 3 months), the most
common current scenario (approximately 6 months) and an
unfavorable scenario (more than 12 months) (Figure 2). Based
on these scenarios, we observed that patients who undergo a
transplant within 3 months have an overall survival (OS) of
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Figure 1-HSCT: Hematopoietic stem cell transplantation; Mo: Months. A: All patients (n = 227); B: All patients (n = 227); C: Pedi-
atric patients (n = 110); D: Adult patients (n = 117). P values of less than 0.05 were considered significant.
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Figure 2 - Graphic representation of possible scenarios. The gray area represents the time of transplant. In the ideal scenario,
transplant was performed at most 3 months after a donor had been identified and the patient had been placed on the waiting
list. In the most common scenario, transplant was performed about 6 months after the patient had been placed on the waiting
list. The range of gray shades represent the IQR (25th to 75th percentile, 3 to 9 months). Patients on the waiting list for more
than 12 months had the lowest survival rate. HSCT: hematopoietic stem cell transplantation; mo: months.

60%. However, after 12 months on the waitlist, the OS drops to
30%, with 62.5% of patients dying in the first 100 days after the
HSCT and 37.5%, after that period. The most common causes
of death in this group were infection (81.3%) and disease pro-
gression (12.5%).

We performed an analysis including all variables that
influenced survival to confirm whether time on the waitlist
was an independent predictor of the post-HSCT survival.
Table 2 shows the association of predictor variables (log-rank
p-value > 0.005) with the post-HSCT survival. Multivariate
models showed that variables influencing the post-HSCT sur-
vival are associated with the characteristics of the patient
and that time on the waitlist appeared to influence mainly
the survival of adult patients (older than 18 years of age) with
an increasing risk according to the time spent on the waitlist
for the HSCT (relative risk, 3.53 and 95%ClI, 1.81 to 6.88 for > 3
and < 6 months; relative risk, 5.86 and 95%CI, 3.26 to 10.53 for
> 6 and < 12 months, and; relative risk, 4.24 and 95%CI, 2.32 to
7.75 for > 12 months). We observed differences in survival
between the subgroups divided by time on the waitlist
throughout the follow-up (p = 0.037 by the log-rank test and
p = 0.037 by Tarone-Ware test) (Figure 3A). None of the adult
patients who waited more than 12 months for a transplant
had a post-HSCT survival greater than 3 years (median sur-
vival, 3.3 months; IQR, 2 to 11.3).

Adult patients with malignancies had an even worse prog-
nosis, with a median survival of 7 months (IQR, 2.3 to 20.2)
and a significant increasing risk for the waiting times > 3 and
< 6 months (relative risk, 4.41; 95%CI, 2.26 to 8.61); > 6 and <
12 months (relative risk, 6.67; 95%CI, 3.72 to 11.97), and; > 12

months (relative risk, 4.86; 95%ClI, 2.66 to 8.89) compared to
patients undergoing the HSCT within 3 months. Pediatric
patients, regardless of the diagnosis, did not have a signifi-
cant risk of reduced survival with increasing time on the wait-
list (relative risk, 1.65 and 95%CI, 0.87 to 3.11 for > 3 and < 6
months; relative risk, 0.74 and 95%CI, 0.48 to 1.13 for > 6 and <
12 months, and; relative risk, 0.67 and 95%CI, 0.46 to 0.99 for >
12 months) (Table 2).

Discussion

This is the first study to assess the impact of the time elapsed
on the waitlist on the post-transplant survival in patients
undergoing allogeneic HSCT. We identified the time on the
waitlist as an independent factor that impacts survival and
overall mortality after the HSCT, which can be seen as a deci-
sive factor in maintaining the indication for transplant, given
that overall survival decreases to 30% after 12 months on the
waitlist.

The main finding from this study was that most patients
waited a median of 6 months for a transplant, whereas a wait-
ing time of less than 3 months was associated with better sur-
vival. There is no previous data for comparison with other
centers, as only data on the time from diagnosis to transplant
have been reported. In Brazil, the median time from the diag-
nosis to the allogeneic HSCT was 10 months (range, 1 to 161)
for primary myelodysplastic syndrome® and 24 months
(range, 8 to 186) for advanced indolent lymphoproliferative
disorders.” In a study conducted between 1994 and 2013 at
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Table 2 - Multivariate analysis of the association of predictor variables with post-HSCT survival.

All patients Pediatric patients Adult patients Adult patients with
malignancies
P Value Relative P Value Relative P Value Relative P Value Relative

risk risk risk risk
Sex (female) 0.00 1.78 0.00 231 0.00 1.82 0.00 1.83
Diagnosis 0.00 1.25 0.00 1.26 0.00 1.23 0.50 1.05
Relapse on the waiting list 0.00 1.58 0.01 1.71 0.01 1.68 0.01 1.66
Conditioning regimen 0.58 1.15 0.01 173 0.14 1.63 0.28 1.40
Stem-cell source 0.01 1.42 0.00 3.02 0.00 1.88 0.00 211
Radiation dose >9.9 Gy 0.00 1.35 a 0.09 1.21 @
Acute graft-versus-host 0.00 0.72 0.00 0.56 0.05 1.34 0.09 1.28
disease
Chronic graft-versus-host 0.00 0.72 0.02 0.66 0.09 0.77 0.03 0.71
disease
Age 0.06 1.08 0.00 217 0.00 0.79 0.00 0.76
Time from diagnosis to 0.04 1.12 0.00 0.76 0.00 1.50 0.00 1.52
HSCT
Time on waiting list
<3 months 0.00 0.00 0.00 0.00
>3 and <6 months 0.06 143 0.12 1.65 0.00 3.53 0.00 4.41
>6 and <12 months 0.00 1.59 0.17 0.74 0.00 5.86 0.00 6.67
>12 months 0.55 1.09 0.05 0.67 0.00 4.24 0.00 4.86

Cox regression model adjusted for sex, diagnosis, whether the patient relapsed while on the waiting list, conditioning regimen, stem-cell source
(bone marrow, peripheral-blood stem cells, and cord blood), radiation dose, presence of acute and chronic graft-versus-host disease, age (years),
and time from diagnosis to HSCT (days). ® constant covariate. P values of less than 0.005 were considered significant.

the same institution, the average time from the diagnosis to
the allogeneic HSCT was 26.8 months,'" which is quite differ-
ent from the median time of 19.0 months (IQR, 10.0 to 43.0)
we observed in our sample.

This difference may be explained by changes in the char-
acteristics of the patients, as previously 40.6% of the sample
consisted of patients with chronic myeloid leukemia, with no
haplo-HSCTs and few matched unrelated donor hematopoi-
etic stem cell transplantations (MUD-HSCTSs) since the MUD
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and haplo-HSCTs started to be performed at the institution
only in 2005 and 2014, respectively.

Studies in high-income countries have reported a shorter
median time from the diagnosis to the HSCT. A study of the
European Group for Blood and Marrow Transplantation
reported a median time from the diagnosis to the HSCT of
195 days (range, 139 to 379) with a reduction in the overall
mortality when the HSCT was performed within 142 days in a
sample of patients with AML predominantly in CR1."” The
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Figure 3-HSCT: Hematopoietic stem cell transplantation; Mo: Months. A: Adult patients (n = 117). B: Adult patients with malig-
nancies (n = 103). Cox regression model adjusted for sex, diagnosis, whether the patient relapsed while on the waiting list,
conditioning regimen, stem-cell source (bone marrow, peripheral-blood stem cells, and cord blood), radiation dose, presence
of acute and chronic GVHD, age (years), and time from diagnosis to HSCT (days). P values of less than 0.05 were considered sig-

nificant.
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median time from diagnosis to transplant was longer in
patients in CR2 or more or with underlying diseases requiring
longer protocols, such as ALL.”® This makes the interval from
the diagnosis to the transplant of doubtful use for assessing
issues, such as the access to health services and the health
system saturation.

When indicated, the HSCT should be performed as early as
possible.'* However, the waiting time in each transplant cen-
ter will depend on the type of health system used in the coun-
try and on the institution where the transplant center is
located. It is important to note that, while we have observed a
saturation of our health system, the fact that every Brazilian
citizen has the right to access health services through a sin-
gle, universal public health system is still a favorable sce-
nario, compared to other health systems in which citizens
without private health insurance do not even have access to
the initial treatment for the underlying disease. The differ-
ence in time from the diagnosis to the HSCT between donor
types we observed in this study may also be related to the
time required to search for a donor and the donor availability,
a difference that has already been described in previous stud-
ies.” " The HLA-identical sibling HSCT has the advantage
of a donor available in the family, in which case the search
process takes approximately 1 month.”” The haploidentical
donor HSCT emerged precisely to make transplant feasible in
patients who do not have an identical donor, but urgently
need a transplant due to the high risk of relapse of the under-
lying disease, the reason for which they cannot wait much
longer for a matched unrelated donor.’®"” Although the pro-
cess of identifying a matched unrelated donor has advanced
historically, the search time for this donor type takes about 3
to 4 months, in most cases'” due to the steps inherent to the
search process, which is affected by factors, such as the HLA
representation in ethnic minorities and the identification,
acceptance and availability of the voluntary donor for
hematopoietic stem cell collection.” The longer time from
the diagnosis to the matched unrelated donor HSCT we
observed in this study may be explained by the fact that our
transplant center is the only public reference center for this
type of transplant in the state, also serving patients from a
nearby state that does not have a center authorized to per-
form matched unrelated donor HSCTs. In addition, until 2017,
our center was also the only reference center in the state for
matched unrelated donor HSCTs performed through the pri-
vate health insurance system.

Therefore, time from the diagnosis to the HSCT appears to
be correlated, not only with the limited number of HSCT-spe-
cific beds, but also with the access to treatment, which will
depend on multiple factors that include the ethnic, cultural
and socioeconomic backgrounds, patient preferences and the
structure of the public and private health systems.'* ?° The
unavailability of the identified donor to donate or the recipi-
ent unsuitability for transplant are also factors that may have
influenced the waiting time we observed in this study, thus
causing the transplant to be postponed even with an available
bed. Although the criteria used in Brazil for prioritizing cases
on the waitlist for HSCT establish that additional points are
assigned to children younger than 13 years of age, the waiting
time for the HSCT did not differ between adult and pediatric
patients, i.e., the prioritization criteria used in the current

scenario is not prioritizing children, as expected. This finding
may be related to the increased number of children on the
waitlist, in relation to the number of beds available at the
institution. It should be noted that these criteria were intro-
duced in 2009 and have not been updated as yet and the cur-
rent scenario may no longer represent the scenario analyzed
at the time of the study. Although pediatric and adult patients
had similar waiting times, no reduction in the post-HSCT sur-
vival was observed in children according to time spent on the
waitlist. This may be explained by the higher OS reported for
children after the HSCT?' and by a higher proportion of
benign diseases in children than in adults in our sample. It is
worth mentioning that the HSCT was not performed in some
cases because the patient died or the indication for transplant
was withdrawn due to disease progression while on the wait-
list. In addition, between 2016 and 2019, in a research project
in partnership with the Brazilian Ministry of Health, 26
patients from the public hospital of this study and included in
this sample underwent the HSCT at a partner philanthropic
institution, which may have reduced the waiting time to per-
form the HSCT.

Conclusion

In this study, we were able to analyze the impact of the time
elapsed on the waitlist on the survival of patients undergoing
the HSCT, providing evidence that performing a transplant
within 3 months promotes a higher overall survival. These
data are of interest for HSCT centers that use transplant wait-
lists and for healthcare managers, as increasing the number
of HSCT-specific beds is one of the factors that could reduce
the transplant waiting time and possibly lead to higher post-
HSCT survival rates.
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