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Abstract

Philadelphia chromosome-positive chronic myeloid leukemia (CML) during pregnancy is rare, with an annual incidence
of 1 per 100,000 pregnancies. Managing CML in pregnancy is challenging due to concerns about the teratogenicity
of the BCR::ABL1 tyrosine kinase inhibitors (TKIls). While some pregnant patients with chronic-phase CML may be
managed with close monitoring and no therapy, others, particularly those diagnosed in the first trimester, may require
treatment to prevent disease progression and maternal complications. Imatinib has been associated with an increased
risk of congenital malformations when used in the first trimester; however, growing evidence support its safety later
in the second and third trimesters. Similar to imatinib, nilotinib has limited placental transfer with no congenital malfor-
mations reported to date in women who received it later in pregnancy. Dasatinib, however, is contraindicated due to
its high association with congenital abnormalities and hydrops fetalis. Ponatinib exposure has been linked to a higher
incidence of Hirschsprung’s disease and should be avoided in pregnancy. Although no congenital malformations have
been reported with bosutinib or asciminib, data remains limited, and their use is not recommended. Interferon-« is a
safer alternative during pregnancy but is slower in achieving cytoreduction, and less effective compared to TKls. Hydrox-
yurea, while not teratogenic, may increase the risk of miscarriage and low birth weight. If a male patient is receiving TKI
therapy, the female partner can safely become pregnant without an increased risk for the fetus. Shared decision-making
and thorough counseling on the risks and benefits of different treatment options are essential. This review examines
the potential fetotoxicity of CML therapies, focusing on TKIs and alternative treatments for pregnant women.
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Introduction

Philadelphia chromosome-positive chronic myeloid leukemia
(CML) accounts for approximately 15% of all newly diagnosed
leukemia cases, with an estimated 9560 new cases expected in the
United States in 2025." The median age at diagnosis ranges from
55 to 65 years in Western countries and 30 to 40 years in emerging
nations, with about 37% of the patients being of reproductive age
at the time of diagnosis.”® CML has an annual incidence of 1 per
100,000 pregnancies and represents 10% of pregnancy-associated
leukemia cases; 20% of pregnancy-related CML is in patients
diagnosed during pregnancy.”® While the advent of the BCR::ABL1
tyrosine kinase inhibitors (TKIs) has significantly improved the
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survival of CML patients, concerns regarding their teratogenicity
might limit their use during pregnancy.’

Most patients diagnosed with CML during pregnancy present
in the chronic phase (CP). The median duration of CP without
therapy is approximately 2.5 years, suggesting that pregnancy could
potentially be maintained without therapy under close monitor-
ing. However, uncontrolled leukocytosis and thrombocytosis in
untreated pregnant women may compromise placental blood flow,
increasing the risk of maternal and obstetric complications.'” There-
fore, many women diagnosed with CML during pregnancy require
treatment, particularly those diagnosed in the first trimester.

At the time of CML diagnosis, patients of childbearing poten-
tial should be informed of the potential risks associated with CML-
directed therapies, particularly TKIs. Discussions with the patient
and partner should focus on family planning goals, the objectives
of CML treatment, and the risks and benefits of delaying therapy.
Younger patients may opt for an initial period of treatment to
achieve hematologic and molecular remission before discontinuing
TKIs to attempt conception. In contrast, older patients may choose
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Figure 1

Management of chronic myeloid leukemia in chronic phase throughout the trimesters of pregnancy.
Abbreviations: CBC = complete blood count; CML-CP = chronic myeloid leukemia in chronic phase; TKI = tyrosine

kinase inhibitor. *Treatment indications include rapidly rising white blood cell count, symptoms of leukostasis, B
symptoms, high-risk additional cytogenetic abnormalities.
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to defer treatment until after delivery. In this review, we examine the
potential fetotoxicity of CML-directed therapies during pregnancy
and propose a treatment algorithm for managing CML in pregnant
women (Figure 1).

Approach to the Treatment of
Pregnant Women With CML

The management of pregnant women with CML largely depends
on the timing of CML diagnosis. Interrupting TKI treatment
during pregnancy has been associated with a loss of complete
hematologic response in 50% of cases and an increase in Philadel-
phia chromosome positivity in 60%.'" Ideally, in patients with
an known CML diagnosis who are planning a pregnancy, achiev-
ing a deep molecular response (DMR; BCR::ABLI transcripts <
0.01% on the International Scale) before conception could allow
a safe discontinuation of TKI therapy. Previous studies have shown
that achieving a sustained DMR for 1-3 years before discontinu-
ation was associated with up to 50% rate of successful treatment-
free remission (TFR) while a DMR duration of 5 years of more
was associated with 80%-+ rate of successful TFR.'*'? Therefore,
women planning a pregnancy should ideally achieve a sustained
DMR for as long as possible before treatment discontinuation,
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at least for 1 year or more. Following treatment discontinuation,
patients should undergo close monitoring with monthly molecular
evaluations throughout pregnancy. Treatment can then be resumed
postpartum, often leading to the reattainment of DMR.'*""> Resum-
ing treatment postpartum depends on the level of disease control
and the breastfeeding status. A woman may continue breastfeed-
ing as long as her disease remains under control, for instance with
BCR::ABLI transcript levels of 1% or less. In such cases, extended
breastfeeding might be possible, especially if there is no urgency to
resume TKI therapy. Interferon-alpha (IFN-o) is the best suitable
drug for breastfeeding, as low amounts of IFN-« are present in the
breast milk.'® For women requiring TKI treatment, studies suggest
that imatinib and nilotinib do not reach clinically significant levels
in an infant’s bloodstream during breastfeeding.'’-'® However, given
the absence of clinical data on TKI use in infants under 1 year old,
bottle feeding is a safe, effective, and readily available alternative for
women being treated with any TKI.

The availability of alternative therapies such as interferon,
hydroxyurea, and TKIs (particularly imatinib and nilotinib),
combined with growing confidence in TFR, enables physicians
and patients to collaboratively design an optimal approach to

pregnancy.



Discussion points
Timing of CML diagnosis

- Before pregnancy: treatment history and response (particularly deep molec-
ular response) help guide safe pregnancy planning
- During pregnancy: management depends on gestational age and disease
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Table 1 Discussion guide for CML Patients Who are Pregnant or Planning a Pregnancy

What to ask your doctor

Can | safely delay treatment?
How to monitor my CML during pregnancy?
How will this affect my baby and me?

severity

Treatment options If you are already pregnant:

birth defects

Safer alternatives during pregnancy:

low birth weight but not birth defects

Pregnancy planning

- Monthly BCR::ABL1 testing during pregnancy

- Interferon-alpha: Can be used throughout pregnancy; not teratogenic
- Hydroxyurea: Use with caution; may increase risk of miscarriage or

- First trimester (weeks 1-12): TKls are avoided due to risk of - Do I need treatment during pregnancy?

- Ifyes, what options are safest for my baby?

- Second and third trimesters: Some TKIs, like imatinib or - What are the risks associated with treatment?
nilotinib, may be cautiously introduced if needed, after Week 16

Before trying to conceive, aim for a deep molecular response for at least 12 | - |s my disease under good enough control before
months, ideally longer, before stopping TKIAfter TKI discontinuation:

attempting a pregnancy?
- How long should [ stay in remission before stopping

. my treatment?
Restart treatment postpartum - What happens if my disease worsens during
pregnancy?
Breastfeeding - Interferon-alpha is safe while breastfeeding - Can | breastfeed while on my current medication?
- Imatinib and nilotinib have limited transfer into breastmilk, but | - If not, when is it safe to resume breastfeeding?

studies in breastfeeding women are limited

therapy

Men with CML planning to
father a child

Bottle feeding is a safe and effective alternative to breastfeeding while on TKI

TKIs do not cause birth defects when taken by men during conception | - |s it safe to continue treatment while trying to

conceive?
Are there fertility risks for me?

Abbreviations: CML, chronic myeloid leukemia; TKI, tyrosine kinase inhibitor

In contrast, for patients diagnosed with CML during pregnancy,
the risk associated with treatment (fetal teratogenicity) must be
carefully weighed against the risks of delaying therapy and watch-
ful waiting (disease progression without effective therapy). If treat-
ment is necessary, the choice of therapy should be guided by multi-
ple factors, including the phase of CML (chronic versus advanced),
disease status (newly diagnosed versus in remission), gestational
age, treatment options (TKIs versus non TKIs), and the patient’s
psychosocial considerations, including sociocultural and religious
beliefs. Table 1 represents a discussion guide for CML patients who
are pregnant or planning a pregnancy.

Treatment Options for Patients
Diagnosed With CML During
Pregnancy
Tyrosine Kinase Inhibitors

First-Generation TKI: Imatinib. Fetal exposure to imatinib
during organogenesis is widely recognized as being associated
with an increased risk of congenital malformations. Preclinical
studies in pregnant rats demonstrated that imatinib exposure
during organogenesis led to serious malformations, including
exencephaly, anencephaly, encephalocele, and skull bone defor-

mities.'”” In humans, the impact of imatinib on pregnancy has
been reported in 217 pregnancies involving 215 women who were
exposed to the drug.”” Most fetuses were exposed during the first
trimester—51% during the first trimester only, 20% through-
out the entire pregnancy, and 12% during either the first or
second trimester. Fetal outcomes were reported in 155 pregnan-
cies: 75 (48%) resulted in live births without congenital abnor-
malities, 24 (16%) ended in spontaneous miscarriages, nine (6%)
led to live births with congenital abnormalities, and one (1%)
resulted in stillbirth with meningocele. Among the 9 live births
with congenital abnormalities, 4 exhibited similar central nervous
system (CNS) and abdominal malformations, including scolio-
sis, hemivertebra, exomphalos, kidney agenesis, and hydrocephalus.
Additionally, 46 women opted for pregnancy termination, 5 of
whom had documented fetal defects such as hydrocephalus, congen-
ital heart defect, cleft palate with polydactyly, abnormal ultrasound
findings with elevated alpha-fetoprotein level, and multiple abnor-
malities in a case involving warfarin exposure during pregnancy.”’
Notably, all cases of congenital abnormalities occurred in women
exposed to imatinib during the first trimester or throughout
pregnancy.”’
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Overall, 15 cases of fetal abnormalities were identified among 155
pregnancies with known outcomes, translating to a 10% incidence
of congenital malformations in women exposed to imatinib during
pregnancy—more than 3 times the 3% rate of major structural
or genetic birth defects reported in the United States.”? Addition-
ally, spontaneous miscarriage occurred in 16% of cases, slightly
exceeding the general miscarriage rate of 12%-15% by 20 weeks of
gestation.”” These findings indicate an increased risk of congenital
malformations and possibly miscarriage in pregnant women exposed
to imatinib, particularly during the first trimester.

An increasing number of reports suggest that exposure to imatinib
during the second and third trimesters may not carry the same risk
of fetal abnormalities as first trimester exposure. This is thought to
be due to the completion of major organogenesis within the first
8 weeks of gestation, along with imatinib’s limited placental trans-
fer.?#%> A recent analysis from the European LeukemiaNer (ELN)
international registry reported the outcome of 87 women diagnosed
with CML-CP during pregnancy. Among them, 43 women initi-
ated therapy during pregnancy, with 21 (49%) starting imatinib
after a median of 18 weeks of gestation (range, 16-34 weeks). Two
neonatal adverse events were reported, both unrelated to imatinib:
one case of intrauterine infection during imatinib therapy and one
case of prematurity with respiratory insufficiency in a patient receiv-
ing IFN-a. At the time of delivery, imatinib provided better disease
control than IFN-a. A complete hematologic response (CHR) was
achieved before delivery in 95% (19/20) of patients treated with
imatinib after the first trimester, compared to 47% (9/19) of those
receiving IFN-or.

With growing evidence supporting its safety in late pregnancy,
imatinib may be cautiously administered in the second and third
trimesters following a thorough risk-benefit discussion with the
patient.

Second-Generation TKIs.

Nilotinib. Limited data are available on the use of second-
generation TKIs during pregnancy. Preclinical studies of nilotinib
have not shown teratogenic effects; however, embryotoxicity and
fetotoxicity have been observed in animal models.?® Like imatinib,
nilotinib appears to have limited placental transfer.”> The nilotinib
investigator’s brochure reported the outcomes from 45 women
exposed to nilotinib during pregnancy, with three cases of fetal

abnormalities documented.”®

The first involved a woman exposed to
nilotinib during the first trimester whose 3-month fetal ultrasound
revealed a large omphalocele, leading to pregnancy termination.”
The second case involved twins: 1 died of congenital transposition
of the great vessels, while the other experienced a nonserious heart
murmur.”® Additionally, 1 patient who was exposed to nilotinib for
9.4 weeks before discontinuation experienced a miscarriage at 10.2
weeks of gestation.”®

Several case reports have described pregnant women exposed to
nilotinib at various points during the first trimester (5-11 weeks of

2. .
2931 1 a small case series

gestation) without adverse fetal outcomes.
of 10 women with CML, 3 patients discontinued nilotinib at Week
4 of gestation upon discovering their pregnancy and resumed treat-

ment during the second and third trimesters (at Weeks 18, 20, and
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40). No birth defects were observed, though 1 newborn had a low
birth weight.”> Separately, the ELN reported 10 pregnant women
who received nilotinib starting in the second trimester, with no fetal
abnormalities observed.*?

These findings suggest that fetal abnormalities have occasionally
been reported following first-trimester exposure to nilotinib, while
no congenital malformations have been documented in women who
received nilotinib during the second and third trimesters. As more
data become available, nilotinib may be cautiously considered for
use starting in the second trimester in pregnant women with CML,
following a thorough discussion of potential risks and benefits with
the patient.

Dasatinib. Dasatinib is not considered safe at any stage of
pregnancy due to its high placental transfer, as demonstrated in
both preclinical and clinical studies.’** The largest series examin-
ing dasatinib-exposed pregnancies reported outcomes from 147
pregnancies involving 78 women and 69 men (1 pregnancy resulted
in twins).”’ Among the 78 exposed women, pregnancy outcomes
were documented for 46 cases: 20 (44%) resulted in live births, 18
(39%) ended in elective termination, and eight (17%) in sponta-
neous abortion. Congenital abnormalities were identified in 7 cases:
5 in pregnancies that ended in abortion (3 elective terminations
and 2 spontaneous losses) and 2 at birth. Among the electively
terminated pregnancies, 2 fetuses had significant abnormalities—
one with CNS defects and another with hydrops fetalis. Both were
exposed to dasatinib during the first trimester, with one discon-
tinuing at Week 4 and the other continuing treatment between
Weeks 6 and 16. Details regarding the remaining abnormalities
were not reported.”> Of the 2 cases with congenital abnormali-
ties at birth, one involved renal tract malformations following first-
trimester exposure (dasatinib discontinued at Weeks 4-6), while the
other case involved hydrops fetalis with lung hypoplasia, leading
to premature delivery and neonatal death after dasatinib exposure
during the second trimester (Weeks 17-24). Maternal complications
were also reported in 20% (4/20) of pregnancies that continued,
including intrauterine growth restriccion (IUGR) at term, IUGR
with premature delivery, placental abruption, and premature birth,
each occurring in 1 patient.”

Overall, this findings indicate an alarming rate of congenital
abnormalities of 15% (7/46) and hydrops fetalis of 4% (2/46)
in pregnancies exposed to dasatinib, substantially higher than the
general population rates of 3% and 0.03%-0.06%, respectively.”**
Given these risks, dasatinib is strictly contraindicated at all stages of

pregnancy.

Bosutinib. Animal studies suggest that treatment with bosutinib
may negatively impact fertility and fetal development.”” Similar to
dasatinib, bosutinib exhibits a high placental transfer.”” A total of
16 pregnancies were identified in women exposed to bosutinib.*®
Among the 10 cases with known outcomes, six (60%) resulted
in live births—>5 without congenital abnormalities and one with
an unknown outcome. All 6 patients discontinued bosutinib upon
pregnancy confirmation, with 2 stopping treatment around Week
5 of gestation. Three (30%) patients opted for elective termina-
tion, with no reported congenital abnormalities, while one (10%)



experienced in a spontaneous miscarriage due to a suspected ectopic
pregnancy, which was deemed unrelated to bosutinib.*

Although no congenital abnormalities have been reported in
bosutinib-exposed pregnancies, the available data remain extremely
limited. Given the evidence of high placental transfer in preclinical
studies, bosutinib is not recommended at any stage of pregnancy.

Third-Generation TKI: Ponatinib. In preclinical studies, embryo-
fetal toxicity was observed in rats treated with ponatinib.”” One case
report described the outcome of 2 separate pregnancies conceived by
the same patient while on ponatinib. The first pregnancy resulted
in a miscarriage at 9 weeks, while the second led to a live birth
without congenital abnormalities.”” More recently, a review of the
Incyte Global Safety Database identified 67 pregnancies involving
ponatinib exposure over 16 years, 32 (48%) in women and 35
(52%) in men.*! Among the 19 pregnancies with maternal exposure
and known outcomes, eight (42%) resulted in 9 live births: 4 healthy
infants, 2 infants with Hirschsprung’s disease (one also had renal
insufficiency), one infant with low birth weight, and one set of twins
with no available information. The 2 infants with Hirschsprung’s
disease were exposed to ponatinib until gestational Weeks 7 and 9,
respectively, while the infant with low birth weight was exposed until
Week. The remaining 11 pregnancies (58%) ended in abortion—
6 elective, 4 spontaneous, and one unspecified. Two spontaneous
abortions occurred in patients who had received ponatinib until
Weeks 4 and Week 20, respectively. Among 22 pregnancies fathered
by ponatinib-exposed men, four (18%) resulted in spontaneous
abortions, while 18 (82%) led to live births, including 14 healthy
infants, one with trisomy 13, and 3 with no available information.*!

Although a causal link between ponatinib exposure and
Hirschsprung’s disease has not been established, its occurrence in
2 of the 35 pregnancies (3%) with maternal exposure is significantly
higher than the general population incidence of 1 in 5000.%” Based
on these findings, treatment with ponatinib is not recommended

during pregnancy.

STAMP (Specifically Targeting the ABL Myristoyl Pocket) Inhibitor:
Asciminib. Animal studies have shown that asciminib administra-
tion during the organogenesis period leads to fetal abnormalities,
including increased fetal weight, cleft palate, anasarca, and cardiac
defects.” To date, no cases of birth abnormalities have been reported
in humans following asciminib exposure. However, initial reports
described pregnancy outcomes in 13 patients exposed to asciminib.
At the time of reporting, 2 pregnancies had reached term, 3 were
ongoing, 3 were electively terminated, 3 resulted in spontaneous
abortion, and 3 were therapeutically terminated due to Turner
syndrome (7 = 1) and other reasons (z = 2).'%% Until further data
become available, the use of asciminib is not recommended at any
stage of pregnancy.

Nontyrosine Kinase Inhibitor Therapy

Interferon-o.. IFN-a has no known teratogenic effects in humans
and does not cross the placental barrier.”> Also, significant amounts
of IFN-¢ are present in amniotic fluid, where it is believed to play a
physiologic role in the development of the placenta and the regula-
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tion of the maternofetal graft interaction. This suggests that exoge-
nous IFN-o may not be harmful to the fetus.

Several case reports and case series have documented the
outcomes of CML patients treated with IFN-o during the first
and second trimesters, as well as throughout pregnancy, with no
congenital abnormalities observed.?’ " A literature review reported
the outcomes for 26 pregnant women treated with IFN-«, 24 with
hematologic malignancies and 2 with hepatitis C infection, includ-
ing 16 (62%) who received IFN-o during the first trimester.”!
Among them, four (15%) had premature deliveries, and six (22%)
experienced IUGR. One patient, who was treated with I[FN-« from
Week 16 of gestation until delivery and had been on hydroxyurea at
conception for essential thrombocythemia (discontinued at Week
6), gave birth to an infant with ambiguous genitalia, scoliosis,

1,52 However, these abnormalities were

and vertebral abnormalities.
likely unrelated to IFN-o exposure, as treatment began during the
second trimester after organogenesis was complete.

The ELN international registry report included 66 pregnant
women with CML, 43 of whom were treated with [FN-¢, imatinib,
and/or hydroxyurea. Twenty-eight received IFN-« between Weeks
5 and 35 of gestation, with a median start at Week 12. One infant
exposed to pegylated-IFN-« in the second and third trimesters,
as well as hydroxyurea in the third trimester, was born with a 5-
cm abdominal cutaneous angioma.” However, as the incidence of
cutaneous angioma in newborns is 0.17%, this finding may not be
associated with IFN-a exposure.” No other fetal abnormalities were
reported. In this analysis, IFN-a was slower in achieving cytore-
duction and less effective in inducing cytogenetic and molecular
remissions compared to TKIs. A CHR was achieved before deliv-
ery in 47% (9/19) of patients treated with IFN-o compared to 95%
(19/20) of those treated with imatinib.” Historically, approximately
27% of patients with CML-CP achieved a complete cytogenetic
response with IFN-« therapy.”

These findings highlight the safety of IFN-w to the fetus, support-
ing its use at any time during pregnancy. However, due to its slow
onset of action and limited efficacy, it may not be the optimal choice
for patients with proliferative disease or significant leukocytosis.

Hydroxyurea. Animal studies have shown that hydroxyurea
caused congenital malformations affecting the CNS, cardiovascular

°6:57 However, the doses used in these preclin-

system, and skeleton.
ical studies are 10-100 times higher than the therapeutic doses used
in humans, limiting the extrapolation of these findings to clinical
practice.’® In a case series of 19 pregnancies, no malformations were
observed following hydroxyurea exposure during the first, second,
or third trimesters.”® Another case series reported outcomes from
31 pregnancies (including 6 in CML patients) exposed to hydrox-
yurea, 27 of which involved first-trimester exposure. Among these,
5 pregnancies were electively terminated, one resulted in sponta-
neous abortion, and 2 ended in intrauterine fetal demise with no
congenital abnormalities detected upon fetal examination. Of the 24
live births, nine (38%) were premature, two (8%) had IUGR, and
three (13%) had minor abnormalities (hip dysplasia, renal dilata-
tion, pilonidal sinus) deemed unlikely to be related to hydroxyurea.
No major congenital malformations were identified.’®
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A large analysis examined 1788 pregnancies among 737 patients
with sickle cell disease exposed to hydroxyurea. Among them, 125
received hydroxyurea at conception and throughout pregnancy, 97
at conception only, and 16 during pregnancy only.” Multivari-
ate analysis showed that hydroxyurea exposure at conception and
during pregnancy (but not at conception alone) was associated with
an increased risk of miscarriage or stillbirth (odds ratio = 2.21)
and low birth weight (odds ratio = 2.98). However, hydroxyurea
exposure was not linked to prematurity or serious medical compli-
cations at birth, and no birth defects were observed.”’

In the randomized Multicenter Study of Hydroxyurea in Sickle
Cell Anemia, six of 299 participants conceived while receiving
hydroxyurea. Of these, 2 had live births, 3 elected to terminate the
pregnancy, and one experienced a spontaneous abortion. No terato-
genic effects were observed.®’

In our clinical practice, hydroxyurea has been used safely through-
out all 3 trimesters of pregnancy without evidence of congenital
abnormalities.®’ Taken together, data from patients with hemato-
logic malignancies and sickle cell disease suggest that hydroxyurea
is not teratogenic when used during pregnancy. However, it may
be associated with an increased risk of miscarriage and low birth
weight, though these risks may also be influenced by the underlying
hematologic disorder. Hydroxyurea may be particularly beneficial
for pregnant patients with CML who present with severe leukocyto-
sis or require rapid cytoreduction to prevent obstetric complications.

Leukapheresis. Leukapheresis can be safely performed at any stage
of pregnancy. However, its use is restricted by factors such as limited
availability, a short-lasting effect, and the absence of established

62:65 Despite these limitations,

guidelines for target blood counts.
leukapheresis remains a viable option when rapid cytoreduction
is necessary, particularly during organogenesis or when alternative

treatments are contraindicated.

Approach to the Management of
Men With CML Fathering Children
While on TKI Therapy

Men receiving first- or second-generation TKIs are not at
increased risk of infertility or fetal malformations. Therefore, no
specific precautions are required for fathering children while on TKI

38,64

therapy. Limited data also suggest a minimal risk to the fetus

. . . /‘ I
with paternal exposure to ponatinib.

Conclusion

Managing pregnancy in patients with CML is a rare but
complex clinical challenge. The primary treatment goal should be
to minimize risks to both the mother and the fetus. While some
women can be closely monitored throughout pregnancy, others
may require CML therapy. Increasing evidence supports the relative
safety of imatinib and nilotinib during the later stages of pregnancy,
with these therapies demonstrating superior efficacy compared to
IFN-«. For treatment during the first trimester, IFN-o and hydrox-
yurea are the preferred options. If a male patient is receiving TKI
therapy, the female partner can safely become pregnant without
an increased risk for the fetus. Finally, shared decision-making and
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thorough counseling on the potential risks and benefits are essential
for optimal management.
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