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Background and objective: T-cell acute lymphoblastic leukemia (T-ALL) in children represents

a  high-risk disease. There is a  lack of studies assessing the outcome of T-ALL in Hispanic

populations, in which it  is a rare malignancy. We  report the characteristics and results of

treatment for childhood T-cell ALL in children over 14  years at  a  Latin American reference

center.

Material and methods: From January 2005 to December 2018, there occurred the analysis

of  twenty patients ≤ 16 years of age from a low-income open population diagnosed at

a  university hospital in Northeast Mexico. Clinical and laboratory characteristics, treat-

ment  regimens and outcomes were assessed by scrutinizing clinical records and electronic

databases. Diagnosis was confirmed by flow cytometry, including positivity for CD-2, 5, 7

and surface/cytoplasmic CD3. Survival rates were assessed by the  Kaplan-Meier method.

Results: There was a male preponderance (70 %), with a  2.3 male-to-female ratio (p  = .074), the

median age being 9.5 years. Leucocytes at  diagnosis were ≥  50  × 109/L in 13 (65 %) children,

with CNS infiltration in 6 (30 %) and organomegaly in 10 (50 %). The five-year overall survival

(OS) was 44.3 % (95 % CI  41.96–46.62), significantly lower in girls, at 20.8 % (95 % CI 17.32–24.51)

vs.  53.1 % (95 % CI 50.30–55.82), (p  = .035) in boys; there was no sex difference in the event-free

survival (EFS) (p = .215).  The survival was significantly higher after 2010 (p  = .034).

Conclusion: The T-cell ALL was more frequent in boys, had a  higher mortality in girls and the

survival has increased over the  last decade with improved chemotherapy and supportive

care.
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Introduction

T-cell acute lymphoblastic leukemia (T-ALL) is an  aggres-
sive hematologic malignancy that represents approximately
15 % and 25 % of the total childhood and adult acute lym-
phoblastic leukemia (ALL) cases, respectively.1,2 T-ALL is a
neoplasm derived from early T-cell progenitors and is an entity
distinctly different from adult T-cell leukemia/lymphoma,
which is a  mature T-cell neoplasm attributed to the  human
retrovirus known as human T-cell leukemia virus type I
(HTLV-I).3

T-ALL tends to occur in older adolescents with a
notably male predominance. It has been associated with
a poorer prognosis, compared to B-cell ALL (B-ALL), show-
ing inferior event-free survival (EFS) and overall survival
(OS).4 These inferior outcomes are partially explained by
the association of the disease with high-risk clinical fea-
tures, including older patient age, hyperleukocytosis with
extramedullary involvement and central nervous system
(CNS) infiltration.5,6

Although intensified chemotherapy protocols in high-
income countries have increased the OS to 80  % in children
with T-ALL, these rates still lag behind its B-cell counterpart.4,6

A  relapse in ALL is  an  event that leads to a  dismal prognosis
and thus, the T-cell immunophenotype is considered a predic-
tor of inferior post-relapse survival in ALL.7

We  were unable to locate reports specifically dealing with
the childhood T-ALL incidence, clinical presentation, response
to therapy, clinical course and survival rates in the Latin Amer-
ican Hispanic populations. Reports on this group are needed to
enhance our understanding of the disease and improve treat-
ment protocols. The objective of the present report was to
analyze these variables in children belonging to  an  open pop-
ulation in Northeast Mexico treated at a  referral center over
fourteen years.

Methods

This observational, longitudinal and retrospective study
included 20  newly  diagnosed T-ALL patients, aged ≤ 16 years
attending a  single referral center in  Northeast Mexico. Eligible
patients were  those who had complete information in their
clinical files and the electronic databases and who had been
diagnosed and treated between January 2005 and December
2018 at the Hematology Department of an academic referral
center that provides health care for the low-income uninsured
open population. Pertinent clinical and biological variables
were documented. The study protocol was approved by the
Research and Ethics Committee and informed consent was
waived.

Diagnosis  and  relapse  criteria

In addition to a  complete medical history and physical exami-
nation, the diagnosis of T-ALL, as the first primary malignancy,
required a combination of morphology, immunophenotyping
and cytogenetic analysis.2 Immunophenotyping was  per-
formed by flow cytometry, including positivity for CD-2, 5, 7
and surface/cytoplasmic CD3. Owing to financial restrictions,

cytogenetic studies were performed in  a  minority of patients
and thus, were not included.

Lumbar puncture was  performed at diagnosis, with CNS
infiltration defined as  > 5 leukocytes/mm3 with blast mor-
phology in the cerebrospinal fluid. Relapse was  defined as
the reemergence of the disease and classified as bone mar-
row, combined or extramedullary. Overall survival was defined
as the time from date of diagnosis to death from any cause.
Event-free survival was defined as the time from date of diag-
nosis to the  first event of relapse or death. Fluorescence in situ
hybridization and polymerase chain reaction (PCR) were used
to assess Philadelphia (Ph) chromosome status; flow cytom-
etry minimal residual disease (MRD) studies were performed
at the end of induction on day 29 and MRD was considered
present if > 0.01 %. Response to steroids was  determined
using the absolute count of blasts in  peripheral blood on
day 8 after 7 days of steroid administration. Complete mor-
phological remission was defined as  the presence of < 5 %
lymphoblasts in bone marrow (BM) on day 36. Organomegaly
and lymphadenopathy were documented by clinical examina-
tion at the time of diagnosis.

Treatment

The children were stratified into standard and high-risk
groups according to the National Cancer Institute/Rome
risk criteria to receive risk-adapted chemotherapy.8,9 Briefly,
for children ≤ 16 years during the 2005–2009 period, a
protocol based on the  LSA2L2 was administered. Induc-
tion included standard doses of cyclophosphamide (Cy)
prednisone (PDN), vincristine (VCR), adriamycin (ADR) and
intrathecal chemotherapy. Consolidation included methotrex-
ate (MTX), cytosine arabinoside (Ara-C) and purinethol
(6 M P).10 From 2010 onwards, a BFM-based-scheme was
administered. Induction consisted of l-asparaginase, PDN,
VCR and ADR. Consolidation included MTX, Ara-C and 6 M P.11

Before 2010, support therapy was limited due to financial
restrictions at our hospital, including restricted antibiotic and
antifungal choices, as well as  the unavailability of apheresis
platelets.

Statistical  analysis

Statistical analyses were performed using the IBM SPSS Statis-
tical software for Windows, Version 22.0 (IBM Corp., Armonk,
NY). Since data were nonparametric, descriptive statistics
results for continuous variables are presented as medians
and ranges. Categorical variables are  displayed as absolute
numbers and percentages. Demographic and clinical char-
acteristics were compared, using the  �

2 test for categorical
variables and the Mann–Whitney U  test for quantitative
variables. Overall survival and EFS were estimated by the
Kaplan-Meier method and groups were compared with the
log-rank test. The Cox proportional hazard regression model
with 95 % confidence intervals (CI) was used for uni- and mul-
tivariate analysis. The significance level was set  at p  < 0.05 for
all analyses.
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Table 1 – Clinical and laboratory characteristics of
twenty children with T-cell acute lymphoblastic
leukemia (T-ALL), aged ≤ 16 years, treated at a referral
center in Mexico.

Characteristics N (%)

Age, median (years), range 9.5 (2–16)
Sex

Male 14 (70)
Female 6 (30)

WBC ×  109/L
≥ 50a 13 (65)
< 50 7  (35)

Initial CNS involvement
Present 6 (30)
Absent 14 (70)

Mediastinal mass
Yes 4 (20)
No 16 (80)

Adenopathy
Yes 8 (40)
No 12 (60)

Organomegaly
Yes 10 (50)
No 10 (50)

MRD
Positive 4 (20)
Negative 16 (80)

Abbreviations: CNS, central nervous system; MRD, minimal residual
disease; WBC,white blood cells.
a WBC cutoff value was 50,000/�L.

Results

Patient  population

The study group included 20 patients, representing 5.7 % of
349 ALL cases diagnosed during the study period; there was
a male preponderance with 14 males (70 %)  vs. 6 females
(30 %) (p = .074), with a  male-to-female ratio of 2.3. For the
whole group, the  median age at diagnosis was  9.5 years (2–16);
median age for females was 6.5 years (2–14) vs. 10.5 years (2–16)
for males (p = 0.628). The patient characteristics are shown in
Table 1. The median follow-up was 27 months (2–122).

Outcomes

For the whole group, the OS at 5 years was 44.3 % (95 % CI
41.96–46.62), whereas the EFS was 41.5 % (95 % CI 39.22–43.76).
The 5-year OS significantly varied by sex; for males, it reached
53.1 % (95 % CI 50.30–55.82) vs. 20.8 % for females (95 % CI
17.32–24.51) (p = .035) (Figure 1).  For males, the 5-year EFS was
48.2 % (95 %  CI  45.47–55.88) and for  females, 25 % (95 % CI
21.10–29.08) (p =  .215). The five-year OS and EFS did  not sig-
nificantly differ between age groups; for those aged 1–9 years,
the OS was 33.3 % (95 % CI 30.24–36.39) vs. 58.3 % (95 % CI
55.07–61.38) (p = .609) in patients > 9 years, whereas the EFS
rates were 35 % (CI 31.88–38.14) and 48 % (CI 44.75–51.17) (p =
.572), respectively.

The cohort was divided into two groups based on the date
of diagnosis and treatment protocol administered, before and

Table 2 – Characteristics and statistical comparison (x2)
of 20 patients with T-cell acute lymphoblastic leukemia
(T-ALL) in Northeast Mexico between 2005 and 2018.

Characteristic < 2010, n  (%) ≥ 2010  n, (%)  pa

Total 8 (40) 12 (60) .371
Median age, years (range) 5 (2–14) 11 (2–16) .650
Sex

Male 5 (62.5) 9 (75) .550
Female 3 (37.5) 3 (25) –

WBC × 109/L
≥  50 4 (50) 9 (75) .251
< 50b 4 (50) 3 (25)

Initial CNS involvement
Yes 1 (12.5) 5 (41.7) .163
No 7 (87.5) 7 (58.3)

Mediastinal mass
Yes 1  (12.5) 3 (25) .494
No 7 (87.5) 9 (75)

Adenopathy
Yes 2 (25) 6 (50) .264
No 6 (75) 6 (50)

Organomegaly
Yes 5 (62.5) 5 (41.7) .361
No 3 (37.5) 7 (58.3)

MRD
Positive 2 (25) 2 (16.7) .648
Negative 6 (75) 10 (83.3)

Abbreviations: CNS, central nervous system; WBC, white blood
cells.
a Mann-Whitney U test  for age, �

2 for all  other variables.
b WBC cutoff value was 50,000/�L.

after 2010. Characteristics of these groups are presented in
Table 2. Over time, the  five-year OS improved significantly
(Figure 2A). For children diagnosed before 2010, it was 12.5
% (CI 10.32–14.90), compared to 72.2 % (CI 69.39–74.80) (p =
.034) for patients treated from 2010 onwards; in the  same
period, the five-year EFS was 12.5 % (CI 10.32–14.90) vs. 64.8
(CI 61.92–67.52) (p = .074) (Figure 2B). There were no significant
differences in the 5-year OS and EFS when patients with ini-
tial organomegaly, adenopathy, CNS infiltration, and positive
MRD were compared with those lacking these characteristics
(data not shown).

Complete  remission  (CR)

Eighteen (90 %) patients reached complete CR. Two (10 %) of
the 20 patients failed to achieve CR,  1 died during induction
and 1 had a  transplant without remission.

Hematopoietic  stem  cell  transplant  (HSCT)

Five (25 %) children received a  HSCT, two while in relapse, one
in partial and two in complete remission. The HLA-identical
(n  = 2) and haploidentical (n = 3) transplants were performed.
Three patients died due to septic shock (n = 1), gastrointesti-
nal bleeding (n = 1) or pulmonary edema (n = 1). The median
follow-up after the HSCT was 19  months (2–22).
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Figure 1 – A. Fourteen male children with T-cell acute lymphoblastic leukemia had a five-year overall survival, significantly

higher than that of six females, treated at a Latin American center. B.  The five-year event-free survival was not statistically

different.
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Figure 2 – A. The five-year overall survival for 12 children diagnosed with T-cell acute lymphoblastic leukemia after 2010

was significantly higher than in those treated before this year. B. The five-year EFS between the two  periods did not reach a

statistical difference, however, it was clinically superior for those treated from 2010 onwards.

Relapse

A  total of 10 (50 %)  patients relapsed, 5 out of 8 (62.5 %) before
2010 and 5 out of 12 (41.6 %)  after that year. Relapse occurred
at a median of 7.5 months (2–73), with the majority (n  = 8, 80
%) of relapses occurring within the first year after diagnosis.
Relapsed patients had a 5-year OS of 20  % (CI 95 % 17.59–22.52)
vs. 75 % (CI 95 % 72.43–77.37) in patients who did not relapse.
(p =  .007).

In the whole group, the  BM was  the main site of relapse;
isolated BM relapse (n  = 5) was  followed by combined BM and
CNS (n = 3), isolated CNS (n = 1), and BM and testicular relapse
(n = 1). Two  children who  suffered a relapse in  the CNS, one
isolated and one combined with the BM,  had a  CNS infiltration
at diagnosis.

Causes  of  death

Ten deaths (50 %) were documented, seven of which before
2010. The main cause was  sepsis in  four patients (57 %), gas-
trointestinal bleeding and pulmonary edema in one each,
while in  one case, further treatment was rejected; after 2010,
three children died, the causes being sepsis, acute respiratory
failure, and gastrointestinal bleeding. Two patients who  died
were in remission and eight in relapse.

Discussion

Although higher incidence rates of ALL have been reported
in Latin American countries, the majority arise from
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B-lymphoblasts and a small subset, from T-lymphoblasts.12–15

The proportion of T-ALL is lower than the 15.2 % reported
in the United States.16 The incidence of T-ALL in our pop-
ulation has been reported at 5 % in children and 8  % in
adults,17 in contrast with 10–15% and 25 %, respectively, found
in other groups.5,18 Our 5.7 % T-ALL proportion is  less than
the 12.4 % reported in Mexico City14 and half the 10–11 %
reported in other Latin American countries.19–21The lower
incidence of T-ALL in our study seems to confirm the geo-
graphic variation in the biologic subtype expression due to
genetic heterogeneity and diversity according to  the ethnic
composition.22,23

T-ALL is characterized by a  sex distribution favoring males.
In our cohort, the male-to-female ratio was 2.3, close to the
2.2 and 3.0 ratios reported in other studies.16,24 The sex distri-
bution ratio is  more  striking than its B-cell counterpart, which
has been reported at around 1.2 in the United States and Latin
American countries.16,17 There are studies suggesting the role
of specific mutations to explain the male predominance, such
as the UTX, which is a sex-specific tumor suppressor protein.
24

Similar to other pediatric T-ALL studies, the median age at
diagnosis was 9 years, older than that reported for B-ALL.17,25

Moreover, the females were younger.26 The variation in age
between sexes in T-ALL has not been studied in depth, as most
epidemiology reports on ALL combine B-ALL and T-ALL data.
Importantly, 30 % of our patients had CNS infiltration at diag-
nosis, compared to 7 % in recent reports.6 This increase in
CNS disease can be due to delayed diagnosis, differences in
leukemic clone activity, or  both.

Remarkably, the OS rate in girls was  significantly lower,
contrasting with other T-ALL reports, in which boys have a
grimmer prognosis.27 In contrast, there was  no significant dif-
ference in respect to the EFS; this could probably be due to the
small study sample. Relapsed T-ALL patients have a  dismal
outcome; in our cohort most relapses occurred within the first
year after diagnosis with a  low OS rate of 20 % at 5 years, sim-
ilar to what has been documented7 and half the 42 % reached
for B-cell ALL relapsed children in our own population.28

Importantly, the OS and EFS significantly improved after 2010,
reaching 72.2 % and 64.8 %, respectively, not being that far
from the 80 % and 75  %, respectively, reported in  high-income
countries.4 This was most probably a consequence of bet-
ter treatment and supportive therapy, including opportune
administration of prophylactic, as well as therapeutic, antibi-
otics and antifungals, coupled with on-demand transfusion
support with apheresis platelets; platelet support positively
influenced outcomes, but before 2010 platelet apheresis for
hematology patients was restricted at our public institution
due to financial limitations, whereas after this year, it became
permanently available. Importantly, regular platelet concen-
trates at our center are limited due to the reduced percentage
of volunteer blood donors, at 2.38 %, compared to  63.62 % in
Brazil.29

The improvements in  the study period were financed by a
federal government program, the  “Seguro Popular” (People’s
Insurance), that allocates funds for childhood leukemia treat-
ment, as we have previously reported, for the hospitalization
of children with ALL.30

The main study limitations include, but are not limited to,
the single-center setting and the relatively small sample size.

In conclusion, in our Latin American Hispanic group, the
T-cell ALL was  a  rare leukemia, more  frequent in boys, with
a worst prognosis in girls, and a  high frequency of CNS infil-
tration; after 2010, intensified chemotherapy, improved blood
products support and adequate infection prophylaxis resulted
in significantly greater survival rates, approaching those in
high-income countries.

Conflicts  of  interest

The authors declare no conflicts of interest.

Acknowledgements

We  thank Sergio Lozano-Rodriguez, M.D., for his critical review
of the manuscript.

r  e  f  e  r  e n c e  s

1. Hunger SP, Mullighan CG.  Acute lymphoblastic leukemia in
children. N Engl J  Med. 2015;373(16):1541–52.

2. Marks DI, Rowntree C. Management of adults with T-cell
lymphoblastic leukemia. Blood. 2017;129(9):1134–42.

3. Swerdlow SH, Campo E, Harris NL, Jaffe ES,  Pileri SA, Stein H,
et al.,  editors. WHO  Classification of Tumours of
Haematopoietic and Lymphoid Tissues. Lyon: IARC; 2008. p.
176–8.

4. Domenech C, Suciu S, De Moerloose B, Mazingue F, Plat  G,
Ferster  A, et al. Dexamethasone (6  mg/m2/day) and
prednisolone (60 mg/m2/day) were equally effective as
induction therapy for childhood acute lymphoblastic
leukemia in the EORTC CLG 58951 randomized trial.
Haematologica. 2014;99(7):1220–7.

5. Uckun FM, Sensel MG, Sun L, Steinherz PG, Trigg ME,
Heerema NA, et al. Biology and treatment of childhood
T-lineage acute lymphoblastic leukemia. Blood. 1998;91(3):
735–46.

6. Teachey DT, Pui C. Comparative features and outcomes
between paediatric T-cell and B-cell acute lymphoblastic
leukaemia. Lancet Oncol. 2019;20(3):e142–54.

7. Nguyen K, Devidas M, Cheng SC, La M, Raetz EA,  Carroll WL,
et al. Factors influencing survival after relapse from acute
lymphoblastic leukemia: a  Children’s Oncology Group study.
Leukemia. 2008;22(12):2142–50.

8. Vrooman LM, Silverman LB. Treatment of childhood acute
lymphoblastic leukemia: prognostic factors and clinical
advances. Curr Hematol Malig Rep. 2016;11(5):385–94.

9. Smith M, Arthur D, Camitta B, Carroll AJ, Crist W,  Gaynon P,
et al. Uniform approach to risk classification and treatment
assignment for children with acute lymphoblastic leukemia. J
Clin Oncol. 1996;14(1):18–24.

10. Shuster JJ, Falletta JM, Pullen DJ, Crist WM, Humphrey GB,
Dowell BL, et al. Prognostic factors in childhood T-cell acute
lymphoblastic leukemia: a  pediatric oncology group study.
Blood. 1990;75(1):166–73.

11. Schrauder A, Reiter A, Gadner H, Niethammer D, Klingebiel T,
Kremens B, et al. Superiority of allogeneic hematopoietic
stem-cell transplantation compared with chemotherapy
alone in high-risk childhood T-cell acute lymphoblastic
leukemia: results from ALL-BFM 90  and 95. J  Clin Oncol.
2006;24(36):5742–9.

http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0005
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0010
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0015
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0020
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0025
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0030
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0035
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0040
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0045
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0050
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055
http://refhub.elsevier.com/S2531-1379(19)30164-6/sbref0055


hematol transfus cell ther. 2  0 2  0;4  2(4):320–325 325

12. Pullarkat ST, Danley K, Bernstein L, Brynes RK, Cozen W.  High
lifetime incidence of adult acute lymphoblastic leukemia
among hispanics in California. Cancer Epidemiol Biomarkers
Prev. 2009;18(2):611–5.

13. Mejía-Aranguré JM,  Bonilla M, Lorenzana R, Juárez-Ocaña S,
de Reyes G, Pérez-Saldivar ML, et al. Incidence of leukemias in
children from El Salvador and Mexico City between 1996 and
2000: population-based data. BMC Cancer. 2005;5:10–4.

14. Perez-Saldivar ML, Fajardo-Gutierrez A,  Bernaldez-Rios R,
et  al. Childhood acute leukemias are frequent in Mexico City:
descriptive epidemiology. BMC Cancer. 2011;11:355.

15. Giddings BM, Whitehead TP, Metayer C, Miller MD. Childhood
leukemia incidence in California: high and rising in the
Hispanic population. Cancer. 2016;122(18):2867–75.

16. Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. Acute
leukemia incidence and patient survival among children and
adults in the United States, 2001–2007. Blood.
2012;119(1):34–43.

17. Jaime-Pérez JC, Fernández LT, Jiménez-Castillo RA, Gómez-De
León A, Cantú-Rodríguez OG, Gutiérrez-Aguirre CH, et al. Age
acts as an adverse independent variable for survival in acute
lymphoblastic leukemia: data from a cohort in Northeast
Mexico. Clin Lymphoma, Myeloma Leuk. 2017;17(9):590–4.

18. Ferrando AA,  Look AT. Gene expression profiling in T-cell
acute  lymphoblastic leukemia. Semin Hematol.
2003;40(4):274–80.

19. Campbell M, Salgado C, Quintana J,  Becker A, Vargas L,
Cabrera ME, et al. Improved outcome for acute lymphoblastic
leukemia  in children of a developing country: results of the
Chilean  national trial PINDA 87. Med Pediatr Oncol.
2004;33(2):88–94.
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