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Treatment of acute leukemia with intensive chemotherapy leads
to an increased risk of myelosuppression. Luteinizing hormone
(LH) blockade improves hematopoietic recovery in mice after

radiation or chemotherapy, through protection of the hematopoietic
stem cells which express the LH receptor. We hypothesized that LH
blockade improves hematopoietic recovery following intensive
chemotherapy in patients with leukemia. We conducted a retrospective
analysis on pre-menopausal women with acute myeloid leukemia
(AML) or acute lymphoblastic leukemia (ALL) who received intensive
chemotherapy and leuprolide given for abnormal uterine bleeding pre-
vention or treatment. Given that leuprolide is more commonly admin-
istered in younger patients, we performed propensity score matching
between the leuprolide (AML n=64; ALL n=49) and control groups
(AML n=128; ALL n=98 patients). Patients with AML who received
leuprolide had an additional increase of 13.8x109/L/year in their platelet
count, and a 0.19x 109/L/year increase in their lymphocyte count after
chemotherapy compared to control (P=0.02; P=0.03 respectively).
Those with ALL who received leuprolide had an additional increase of
0.37x109/L/year in their absolute neutrophil count (P=0.02). In AML,
leuprolide was associated with higher long-term hemoglobin levels
(P<0.001) and less blood transfusions (mean, 23.9 vs. 34.7 units;
P=0.002) compared to control. In a multivariate analysis, leuprolide
was identified as an independent factor predicting improved hemoglo-
bin levels, lymphocyte and platelet counts in AML. In conclusion,
leuprolide use in leukemia patients receiving intensive chemotherapy
was associated with improved long-term blood count recovery and
with decreased transfusion requirements in AML. 
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ABSTRACT

Introduction

Hematopoiesis is an uninterrupted process of self-renewal, proliferation and
differentiation of hematopoietic stem cells (HSC) in order to produce mature
blood cells.1 Maintenance of HSC is essential for regeneration of all bone marrow
elements particularly following injuries such as ionizing radiation and/or
chemotherapy. Treatment of acute leukemia with intensive cytotoxic chemother-
apy results in acute hematopoietic suppression, leading to increased risks of
infection and bleeding, especially in older patients where the induction mortality
can reach up to 20-30%.2-4 In addition to decreased blood counts, chemotherapy
induces HSC senescence causing long-term bone marrow damage and, in some
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instances, secondary myeloid malignancies.5,6 There is an
unmet need to develop strategies aimed at selectively
protecting HSC from the damaging effects of chemother-
apy, and maintaining the HSC pool especially for cancer
survivors. Growing evidence suggests that the luteiniz-
ing hormone/choriogonadotropin receptor (LHCGR) is
expressed on human HSC and that LH is implicated in
HSC self-renewal.7,8 In preclinical murine models, LH
suppression using an LH-releasing hormone (LHRH)
antagonist improved hematopoietic recovery after

chemotherapy or lethal dose radiation.9-11 Leuprolide, a
gonadotropin-releasing hormone (GnRH) agonist, has
been widely used in cancer patients during intensive
chemotherapy and allogeneic stem cell transplantation in
order to reduce the incidence of abnormal uterine bleed-
ing and for fertility preservation.12-14 In this study, we
conducted a retrospective analysis aimed at evaluating
the effect of leuprolide on hematopoietic recovery fol-
lowing intensive cytotoxic chemotherapy in acute
leukemia.

Table 1. Baseline characteristics. 
Characteristics                                                           Before propensity matching                                                 After propensity matching
                                                                                        N (%), median [range]                                                         N (%), median [range]
                                                             Leuprolide                     Control                     P                   Leuprolide                     Control              P
A. AML cohort                                                                                                                                                                                                   

N                                                                               66                                      388                                                               64                                      128                       
Age, years                                                       33 [19-54]                        47 [18-56]                  <0.001                  33 [19-54]                        35 [18-56]              0.7
ECOG PS                                                                                                                                                                                                                                                      1
    0-1                                                                     58 (91)                            326 (87)                        0.4                         58 (91)                            117 (91)                  
    ≥2                                                                       6 (9)                               51 (13)                                                         6 (9)                                11 (9)                    
WBC x109/L                                                    7.1 [0.7-160]                    6.6 [0.5-390]                    0.7                    7.2 [0.7-160]                     6.6 [0.5-80]             0.6
Plt x109/L                                                        38.5 [3-271]                     42.0 [1-676]                     0.8                      37 [3-271]                      35.5 [2-575]            0.7
LDH UI/L                                                    786 [297-18,336]            920 [200-14,701]                0.1                 789 [297-18,336]            886 [322-14,701]        0.1
AMML/AMOL                                                     22 (33)                            120 (31)                        0.8                         22 (34)                             31 (24)                0.2
ELN Risk                                                                                                                                              0.1                                                                                                  0.9
    Favorable                                                        21 (32)                             78 (20)                                                       21 (33)                             39 (31)                   
    Intermediate                                                 27 (41)                            194 (50)                                                      26 (41)                             53 (41)                   
    Adverse                                                           18 (27)                            116 (30)                                                      17 (26)                             36 (28)                   
Treatment*                                                                                                                                        0.04                                                                                                 0.4
    Doublet                                                           23 (35)                            205 (53)                                                      22 (35)                             54 (42)                   
    Triplet                                                             37 (56)                            171 (44)                                                      36 (56)                              67(52)                   
    Other                                                                6 (9)                                12 (3)                                                          6 (9)                                 7 (6)                     
FLT3 Inhibitor                                                   14 (21)                             41 (11)                        0.02                        14 (22)                              10 (9)               0.009
Transplant                                                         27 (41)                            110 (28)                       0.04                        20 (31)                             37 (29)                0.7
B. ALL cohort                                                                                                                                                                                                    

N                                                                               65                                      192                                                               49                                       98                        
Age, years                                                       31 [18-49]                        41 [18-56]                  <0.001                  32 [18-49]                        32 [18-55]              0.6
ECOG PS                                                                                                                                               1                                                                                                     1
    0-1                                                                     50 (85)                            145 (84)                                                      42 (86)                             85 (87)                   
    ≥2                                                                      9 (15)                              28 (16)                                                        7 (14)                              13 (13)                   
WBC x109/L                                                    5.8 [0.6-316]                    5.4 [0.5-420]                    0.9                    7.6 [0.6-316]                     7 [0.6-420]             0.5
Plt x109/L                                                          51 [0-495]                        29 [2-393]                      0.1                      54 [0-495]                        50 [5-395]              0.8
LDH UI/L                                                  1,096 [284-28,015]         1,256 [238-37,602]               0.5               1,109 [284-28,015]         1,125 [268-37,602]      0.8
Adverse CG**                                                   32 (54)                             87 (50)                         0.6                         25 (51)                             47 (48)                0.7
B-ALL                                                                  58 (89)                            178 (93)                        0.4                         44 (90)                             89 (91)                  1
T-ALL                                                                    7 (11)                               14 (7)                                                         5 (10)                                9 (9)                     
Treatment                                                                                                                                         0.001                                                                                              0.07
    HyperCVAD                                                     43 (66)                            169 (88)                                                      34 (69)                             83 (85)                   
    AugBFM                                                           18 (28)                             23 (12)                                                       13 (27)                             15 (15)                   
Transplant                                                          24 (37)                             37 (19)                       0.006                       19 (39)                             19 (19)               0.02
Propensity score matching included all the above baseline characteristics. * Doublet chemotherapy: idarubicin and cytarabine (IA); triplet chemotherapy: IA plus a nucleoside
analog (i.e., cladribine, clofarabine, or fludarabine). **Adverse cytogenetics: complex karyotype (≥ 5 abnormalities) t(9;22), t(4;11), and low hypodiploidy/near-triploidy.  AML:
acute myeloid leukemia; ALL: acute lymphoblastic leukemia; N: number; ECOG PS: Eastern Cooperative Oncology Group performance status; WBC: white blood cell; Plt: platelet
count; LDH: lactate dehydrogenase level; AMML/AMOL: acute myelomonocytic leukemia and monocytic leukemia; HyperCVAD: hyperfractionated cyclophosphamide, vin-
cristine, adriamycin, dexamethasone; AugBFM: Augmented BFM regimen; ELN: European LeukemiaNet.
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Methods 

Patient selection
We screened adult female patients younger than 55 years at The

University of Texas MD Anderson Cancer Center (Houston, TX)
with newly diagnosed acute myeloid leukemia (AML) or acute
lymphoblastic leukemia (ALL), treated with intensive chemother-
apy between January 2000 and December 2017. We identified
those who received at least one leuprolide injection for prevention
or treatment of abnormal uterine bleeding with intensive
chemotherapy (leuprolide received between day -7 and day 90 of
induction chemotherapy start). The control group consisted of
patients who had never received leuprolide (Figure 1). Baseline
variables including age, types of treatment, laboratory parameters
as well as clinical outcomes were collected and analyzed. All
peripheral blood counts, performed between the start of treatment
with induction chemotherapy until the date of last follow-up,
were extracted from the electronic medical records and analyzed.
We compared short and long-term count recovery, transfusion
requirements and survival between the leuprolide and control
groups. 
This study was performed in accordance with the Declaration

of Helsinki and was approved by the MD Anderson Institutional
Review Board.

Statistical analysis 
Patient characteristics were summarized using median (range)

for continuous variables and frequency (percentage) for categorical
variables. Fisher’s exact test and Wilcoxon rank-sum test were
used to assess differences in categorical and continuous variables.

Given that leuprolide was more commonly given in younger
patients, propensity score matching was used to adjust for covari-
ate imbalances including the age difference between the respec-
tive case and control groups (Figure 1). Using the nearest-neighbor
algorithm, patients from the leuprolide groups were matched to
control at a 1:2 ratio.15 A logistic regression model was used to esti-
mate propensity scores. All subsequent analyses including count
recovery, transfusion requirements and survival were performed
on matched cohorts. Absolute neutrophil count (ANC) and
platelet recovery were defined as achievement of an ANC
≥1x109/L, and a platelet count ≥100x109/L after first induction
chemotherapy. Scatterplots of all peripheral blood cell counts for
each patient, collected between induction chemotherapy (day 0)
and last follow-up date, were extracted from health records, plot-
ted and compared between leuprolide and control matched
groups. Lowess smooth curves were used for indicating longitudi-
nal trajectories of counts and differences were assessed using the
generalized estimation equation model.16,17 The probabilities of
recovery were estimated using the Kaplan-Meier method. Overall
survival (OS) was calculated as the time interval from treatment
start date to the date of death, and was censored at the last follow-
up date for patients who were alive. Event free survival (EFS) was
defined as the time interval between the date of response and the
date of relapse or death, whichever was first and was censored at
last follow-up in patients alive and in remission. The Kaplan-
Meier method was used to estimate the probability of OS and
EFS, and log-rank test was used to compare survival between
matched cohorts. Univariate and multivariate analyses were per-
formed to determine the differential effect of leuprolide on count
recovery and the interaction with baseline characteristics, treat-
ment type, and relapse status. All computations were done in R
version 3.4.4.

Results

Patient population
We identified 454 pre-menopausal women with AML

and 257 with ALL, newly diagnosed and treated with
intensive chemotherapy. Among those patients, 66 with
AML and 65 with ALL had received leuprolide (Figure 1).
Those who never received leuprolide were used as control
cohorts and included 388 patients with AML and 192
patients with ALL (Figure 1; Table 1). Among patients
with AML who received leuprolide, 33 (52%) received it
between day -7 and day 15 of induction chemotherapy
start, compared to 22 patients (45%) with ALL who
received leuprolide during this time interval (Online
Supplementary Table S2). Leuprolide was given in various
dosage forms either through subcutaneous or intramuscu-
lar injections depending on the platelet count at time of
administration. The median cumulative dose of leuprolide
per patient, given throughout cycles of chemotherapy was
22.5 mg (range, 3–78.75 mg) for those with AML and 22.5
mg (range, 11.25–135 mg) for those with ALL (Online
Supplementary Table S2). Patients who received leuprolide
were significantly younger than the control cohorts (AML:
33 years vs. 47 years, P<0.001; ALL: 31 years vs. 41 years,
P<0.001). Baseline characteristics were well balanced after
propensity score matching (Table 1). For patients with
AML, the most commonly given treatment regimens con-
sisted of triplets including the backbone of idarubicin and
cytarabine in addition to a nucleoside analog (cladribine,
clofarabine or fludarabine).18-20 The rest of the patients
received a combination of idarubicin and cytarabine.

Figure 1. Patient selection. Control cohorts consisted of patients who had
never received leuprolide. Propensity matching was done to adjust for covari-
ate imbalances including the age difference between the respective case and
control groups. All subsequent analyses were done comparing matched
cohorts. AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia.



Targeted therapy was added by the treating physicians
when indicated (Online Supplementary Table S1 includes
mutations identified in the AML matched cohorts).
Patients in the ALL cohorts received either HyperCVAD

(alternating cycles of hyperfractionated cyclophos-
phamide, vincristine, doxorubicin, dexamethasone and
methotrexate and cytarabine) or Augmented Berlin–
Frankfurt–Münster (AugBFM) regimens.21
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Figure 2. Long-term peripheral blood count recovery following chemotherapy with and without leuprolide. Scatterplots of all corresponding peripheral blood labo-
ratory data extracted from health records, collected after induction chemotherapy (day 0) where each dot represents a single value (blue for leuprolide, red for con-
trol). (A-B) Change in absolute neutrophil count. (C-D) Change in absolute lymphocyte count. (E-F) Change in platelet count. Lowess smooth curves were used for indi-
cating longitudinal trajectories of counts and differences were assessed using the generalized estimation equation model. AML: acute myeloid leukemia; ALL: acute
lymphoblastic leukemia.
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Hematopoietic recovery
We evaluated whether leuprolide administration was

associated with an improved blood count recovery fol-
lowing intensive chemotherapy in propensity matched
cohorts. There was no difference in immediate count
recovery following initial cycles of treatment when com-
paring those who received leuprolide to those who did
not from the respective matched cohorts (Online
Supplementary Figure S1). The median times to ANC and
platelet count recovery were 25 days (95% Confidence
Interval [CI]: 23-27) and 22 days (95% CI: 21-24) for AML
matched patients who received leuprolide versus 25 days
(95% CI: 24-28, P=0.47) and 23 days (95% CI: 22-24,
P=0.2) for those who didn’t receive leuprolide respective-
ly. Matched patients with ALL who received leuprolide
had a median time to ANC and platelet count recovery of
19 days (95% CI: 17-21) and 20 days (95% CI: 18-22)
compared to 17 days (95% CI: 16-18, P=0.32) and 19 days
(95% CI: 18-20, P=0.25) respectively. Given that preclini-
cal data indicated an impact of LH suppression on the ear-
liest hematopoietic stem cell progenitors, we evaluated
the effect of leuprolide on long-term count recovery.
Patients with ALL from matched cohorts who received
leuprolide had an additional increase of their ANC of
0.37x109/L/year compared to those who did not receive
leuprolide (P=0.02) (Figure 2A-B). We also found that lym-
phocyte count recovery significantly differed between the
two matched groups in the AML cohort with an addition-

al increase in the ALC of 0.19x109/L/year in patients who
received leuprolide compared to control (P=0.03) (Figure
2C-D). Similarly, for platelet count recovery, patients with
AML from matched cohorts who received leuprolide had
an additional increase of 13.8x109/L/year following
chemotherapy compared with those in the control group
(P=0.02) (Figure 2E-F). We found an association between
long-term improvement of red blood cell parameters
including hemoglobin and hematocrit levels in addition to
red blood cell count and leuprolide in AML (P<0.001 and
P=0.004, respectively) (Online Supplementary Figure S2).
Patients with AML who received leuprolide had an addi-
tional increase in their hemoglobin level of 0.03 g/dL/year
(P<0.001) (Figure 3A-B). These differences were most evi-
dent 2-4 years after the initial date of chemotherapy. 

Transfusion requirements  
Patients with AML treated with leuprolide received less

packed red blood cells (pRBC) transfusions compared to
the matched control group with an average of 23.9 units
versus 34.7 units (P=0.002), given at any time following
start of chemotherapy, which was concordant with the
count recovery analysis for this group (Figure 3C). These
patients also had less platelet transfusions with an average
of 24.4 units compared to 32.8 units in the matched con-
trol group (P=0.06, respectively) (Figure 3C). This differ-
ence in transfusion requirements was less pronounced in
the ALL matched cohorts where patients in the leuprolide

Table 2. Multivariate analysis of factors predicting long-term count recovery. 
                                                       ANC                                                ALC                                               Platelets                              Hemoglobin
                                106/L/year                  P                  106/L/year                  P                  106/L/year                  P             103 g/dL/year     P
                                   (95% CI)                                           (95% CI)                                           (95% CI)                                       (95% CI)

AML                                                  
PS ≤1                                      -                               -                              -20                            0.02                           -557                           0.25                          -                   -
                                                                                                                (-37, -3)                                                 (-1,505, 390)                       
Adverse risk                          -                               -                               -                               -                            -1391                         0.006                         -                   -
                                                                                                                                                                               (-2,375, -408)                      
BM blast %                                                                                                                                                                                                                            0.1 (-0.1, 0.3)       0.4
FLT3 inhibitor                       -                               -                               -                               -                            -1641                         0.001                         -                   -
                                                                                                                                                                               (-2,633, -650)                      
Triplet therapy                     -                               -                        20 (8, 32)                     0.001                            -                               -                     5 (-9, 18)           0.5
                                                                                                                                                                                                                                                                                   
Relapse                                  -                               -                      -17 (-32, -2)                    0.02                             -                               -                  -35 (-48, -23)    <0.001
Leuprolide                            -                               -                               16                            0.003                         1412                         0.005                        14                0.02
                                                                                                                 (5, 26)                                                   (433, 2,390)                                                (2, 26)                
ALL
PS ≤1                                      -                               -                                2                               0.7                              -                               -                            -                   -
                                                                                                                 (-6, 9)                            
Adverse risk                          -                               -                               -                               -                               -                               -                     9 (-5, 23)           0.2
B vs. T ALL                            -                               -                       4 (-28, 36)                      0.8                              -                               -                            -                   -
HyperCVAD                 -68 (-97, -40)                <0.001                   7 (-6, 19)                       0.3
Transplant                      31 (8, 55)                      0.01
Relapse                          32 (4, 61)                      0.02                             -                               -                               -                               -                            -                   -
Leuprolide                   28 (0.1, 56)                   0.049                   0.2 (-11, 12)                      1                                -                               -                     2 (-8, 12)           0.7
Values shown represent effect of variable on change in count per year (95% Confidence Interval [CI]).  ANC: absolute neutrophil count; ALC: absolute lymphocyte count; PS: Eastern
Cooperative Oncology Group performance status, assessed as PS ≤1 vs. PS≥2; Adverse risk in AML according to the European LeukemiaNet risk stratification, adverse risk in ALL cor-
responds to complex karyotype (≥ 5 abnormalities) t(9;22), t(4;11), and low hypodiploidy/near-triploidy, assessed as adverse vs. non-adverse; BM blasts: bone marrow blasts, assessed
a continuous variable; Triplet chemotherapy: idarubicin and cytarabine plus a nucleoside analog (i.e., cladribine, clofarabine, or fludarabine), compared to doublet chemotherapy.
Transplant corresponds to an allogeneic hematopoietic stem cell transplant; HyperCVAD: hyperfractionated cyclophosphamide, vincristine, adriamycin, dexamethasone, compared
to all other treatments. Relapse and transplant were assessed as time-dependent variables.  AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia.



group had on average 26.7 units of pRBC compared to
29.9 units in the matched control group (P=0.24), and an
average of 21.0 units of pRBC compared to 21.9 units in
the same respective groups (P=0.44) (Figure 3D).

Multivariate analysis 
Given that numerous factors such dose of leuprolide,

age or relapse status for example could affect count recov-
ery and the possible association with leuprolide, we per-
formed a univariate analysis followed by a multivariate
analysis for significant factors impacting long-term count
recovery. We examined whether leuprolide dosing (higher
cumulative leuprolide dose) or timing of administration of
leuprolide (between day -7 and day 15 of induction
chemotherapy compared to leuprolide given later) corre-
lated with long-term count recovery and found no statisti-
cally significant associations in the univariate analysis
(Online Supplementary Table S3). Patients with AML who
received FMS-like tyrosine kinase 3 (FLT3) inhibitors in
addition to their chemotherapy had lower platelet recov-
ery (P<0.001). Relapse status, investigated as a time
dependent variable, was associated with lower long-term

lymphocyte count and hemoglobin levels in AML (P=0.04
and P=0.01 respectively) and higher neutrophil count
recovery in ALL (P=0.001). The full results of the univari-
ate analysis are included in Online Supplementary Table S3.
We next sought to assess the differential impact of leupro-
lide on count recovery when all co-factors are considered.
We found that leuprolide administration was independ-
ently associated with long-term hemoglobin levels, lym-
phocyte and platelet counts in AML (P=0.02, P=0.003, and
P=0.005, respectively) and ANC levels in ALL (P=0.049)
(Table 2). Additional independent co-factors identified in
this analysis for AML included performance status,
adverse risk according to the European LeukemiaNet clas-
sification, relapse status, and receipt of a FLT3 inhibitor or
triplet chemotherapy. For ALL, independent factors
included relapse or whether patients had an allogeneic
stem cell transplant or were treated with HyperCVAD.   

Impact on survival 
We found that patients in the leuprolide groups were

significantly younger than the respective control groups
(Table 1). This was also associated with an improved OS
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Figure 3. Long-term changes in hemoglobin levels and transfusion requirements with and without leuprolide. (A-B) Scatterplots of all corresponding peripheral blood
hemoglobin (Hgb) levels extracted from health records, collected between induction chemotherapy (day 0) and last follow-up date where each dot represents a single
value (blue for leuprolide, red for control). (A) Acute myeloid leukemia (AML) matched cohorts and (B) acute lymphoblastic leukemia (ALL) matched cohorts. Lowess
smooth curves were used for indicating longitudinal trajectories of counts and differences were assessed using the generalized estimation equation model. (C-D)
Transfusion requirements: differences in the mean number of blood and platelet units given between induction chemotherapy date (day 0) and last follow-up date
in AML (C) and ALL (D) comparing matched leuprolide and control cohorts. Each value represents the total number of transfusion units given during this time period
for each patient. 
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in the leuprolide groups compared to the control groups
prior to propensity score matching (Figure 4A-B).
However, after propensity score matching there was no
association between leuprolide administration and sur-
vival outcomes. The 5-year OS for patients with AML
who had received leuprolide was 60% (95% CI: 47-76)
compared to 57% (95% CI: 48-67) in the matched control
cohort (P=0.96) (Figure 4C). The 5-year OS for patients
with ALL who had received leuprolide was 65% (95% CI:
52-81) compared to 58% (95% CI: 49-70) in the matched
control cohort (P=0.47) (Figure 4D). Similarly, there was
no difference in EFS comparing patients with AML with
leuprolide and the matched control group (P=0.29) (Online
Supplementary Figure S3) and no difference in ALL patients
with leuprolide and their matched control group (P=0.85)
(Online Supplementary Figure S3).  

Discussion 

In this study, we show that use of leuprolide in pre-
menopausal women with acute leukemia receiving
chemotherapy was associated with less transfusions and
better long-term count recovery. Bone marrow suppression
caused by cytotoxic chemotherapy is a common dose lim-
iting adverse event in cancer treatment, especially in hema-

tologic malignancies. It leads to increased morbidity and
mortality because of the higher risk of infection and bleed-
ing. Myelosuppression is caused by apoptosis of highly
proliferative multipotent and hematopoietic progeni-
tors.22,23 Moreover, use of cytotoxic chemotherapy can lead
to long-term bone marrow damage by various mecha-
nisms including induction of apoptosis, senescence of
HSC, or damage to bone marrow stromal cells.6,24 After
chemotherapy insult, dormant HSC transiently proliferate
to replenish blood cells and sustain hematopoietic home-
ostasis.25 An unbalanced HSC proliferation and exit from
dormancy could lead to long-term bone marrow suppres-
sion, and an increased risk of DNA damage.26,27 Therefore,
there is a critical need to limit the damaging effects of cyto-
toxic chemotherapy on HSC and preserve the HSC pool.
There is growing evidence that several pituitary hor-

mone receptors including LH, follicle-stimulating hor-
mone, prolactin, and growth hormone receptors, are
expressed by human HSC and are directly implicated in
HSC self-renewal, proliferation and differentiation.7,8,28
Notably, patients with history of germ cell tumors have an
increased risk of developing myeloid neoplasms.29-31 While
this had been attributed in some cases to therapy-related
leukemogenesis, recent genomic analysis demonstrated
that these neoplasms could be clonally related, thus indi-
cating shared ancestry between the corresponding tissues

Figure 4. Overall survival in acute myeloid leukemia and acute lymphoblastic leukemia patients with and without leuprolide before and after propensity score
matching. AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia.



of origin.32 Use of leuprolide was found to enhance T-cell
recovery following allogeneic bone marrow transplanta-
tion in a mouse model through enhanced thymic reconsti-
tution.33 Velardi and colleagues demonstrated that LH
blockade protects HSC from the damaging effects of
chemotherapy or radiation in mice. LHRH antagonism led
to quiescence in early hematopoietic progenitors. The
HSC pool was maintained by preventing early progenitors
from entering the cell cycle thus protecting them from
chemotherapy or radiation damage.9 This mechanism is
very similar to the fertility preserving effect of leuprolide.34
LHRH blockade in preclinical models halted recruitment
of primordial quiescent follicles after treatment with
chemotherapy thereby preserving the functional potential
of the ovary. This has been validated in clinical studies and
is now one of the strategies to preserve fertility in women
receiving chemotherapy.35,36 It is plausible that this
observed protective effect on HSC seen with leuprolide is
mediated through a downstream effect on estrogen or
other sex hormones.7,37 In a mouse model, estrogen
increased hematopoietic stem-cell self-renewal in females
and during pregnancy.37 However, levels of these hor-
mones were not assessed in patients included in our analy-
sis. 
We report the first clinical evidence indicating a correla-

tion between use of leuprolide and improved transfusion
requirements in addition to improved long-term blood
count recovery in women with acute leukemia receiving
intensive chemotherapy. We observed an improvement in
neutrophil, lymphocyte and platelet counts mostly when
the corresponding lineage was not affected by leukemia.
Some of the improvement in transfusion requirements
could be related to a decrease in uterine bleeding through
the hormonal suppression induced by LH blockade.
However, we were unable to accurately quantify bleeding
episodes from corresponding medical records. We also
could not determine whether patients prone to bleeding
preferentially received leuprolide which could affect the
interpretation of ours results, however we tried to correct
for selection bias through propensity score matching and
the multivariate analysis. We found in our analysis that
patients who received leuprolide and a FLT3 inhibitor
added to their induction chemotherapy had a reduced
platelet count recovery. Given that the FLT3 receptor is
expressed by immature hematopoietic cells, and is
restricted in normal bone marrow to early progenitors, tar-
geting FLT3 could affect normal hematopoiesis leading to
thrombocytopenia and delayed count recovery after
chemotherapy.38 Thrombocytopenia is reported in 12-
46% of patients receiving sorafenib, the FLT3 inhibitor
most commonly used in this cohort. Sorafenib is a multi-
kinase inhibitor that could affect numerous other path-
ways important for normal hematopoiesis and platelet
generation from long-term HSC, therefore explaining this
observation.39 There was no effect of LH blockade on rates
of leukemia relapse or death in both AML and ALL
cohorts, indicating that the theoretical risk of leuprolide

protecting leukemia stem cells potentially expressing the
LH receptor was not clinically meaningful in our study.
Prospective studies are needed in order to confirm our
findings and evaluate the effect of LH blockade on safety
and count recovery following intensive chemotherapy in
all hematologic malignancies. There are several ongoing
clinical trials evaluating the effect of leuprolide on
immune function following bone marrow transplantation
(clinicaltrials gov. Identifier: 00275262, 01746849 and
01338987). 
Repurposing old approved drugs in the field of cancer is

gaining more importance given the high global burden of
cancer and its substantial costs.40 LH antagonism, which
allows for a reversible ablation of this hormonal axis, has
a strong safety profile in other cancers such as breast and
prostate cancer. Our findings potentially add another indi-
cation for use of leuprolide in women receiving high doses
of chemotherapy by (i) minimizing uterine bleeding, (ii)
decreasing the risk of ovarian failure and preserving fertil-
ity and (iii) protecting HSC from damage and improving
long-term count recovery. Another hypothesis worth test-
ing is whether LH blockade would reduce expansion of
clonal hematopoiesis of indeterminate potential (CHIP)
cells following chemotherapy or radiation, thus reducing
the risk of therapy-related myeloid malignancies (assum-
ing CHIP clones express the LHCGR).41
In summary, use of leuprolide in patients with newly

diagnosed acute leukemia receiving intensive chemother-
apy was associated with decreased transfusion require-
ments and improved long-term blood count recovery.
Further studies are needed to validate these findings. 
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