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Abstract
Background: Hemophagocytic lymphohistiocytosis (HLH) is a rare severe clinical syndrome. HLH manifesting
during pregnancy has been paid much attention in recent years. Despite the specificity of pregnancy-related HLH,
there has not been any consensus regarding its treatment. According to a previous study, corticosteroid/IVIG is the
mainstream therapy; however, the efficacy is controversial. Etoposide is an important agent in the HLH-94 regimen;
nevertheless, its use is limited because of possible toxicity to the fetus. Methods: In this study, we summarized 13
cases from 4 medical institutions from April 2011 to April 2018. Treatment regimens and outcomes were observed.
Results: The median age was 26 (20–36) years old. The median gestational age was 28 (10–35) weeks. In these 13
patients, 10 were treated with methylprednisolone/IVIG and was effective in only two patients. In 6 patients who
used etoposide during their treatment, all achieved remission. The median time from onset of disease to use of
etoposide was 36 (17–131) days. Five of these 6 patients were treated with corticosteroids with/without IVIG before
etoposide. One patient with pulmonary tuberculosis and one with lymphoma were treated according to etiology
and achieved long survival.
Conclusion: For treatment of pregnancy-related HLH, particularly for patients who do not respond to
corticosteroids/IVIG therapy, etoposide should be used bravely. Nevertheless, suitable dosages and toxic and sideeffects require further clinical observation.
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Background
Hemophagocytic lymphohistiocytosis (HLH) is a rare severe clinical syndrome that is characterized by dysregulated hyperinflammatory immune responses resulting in
histiocytic proliferation with significant hemophagocytic
activity in bone marrow and massive inflammatory cytokine release [1, 2]. This syndrome can be classified as either primary or secondary. Secondary HLH can be
triggered by a variety of diseases, including infections, immunodeficiency syndromes, hematological malignancies
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and autoimmune diseases. Hemophagocytic lymphohistiocytosis manifesting during pregnancy is rare; nevertheless,
in recent years, with deepening understanding, increasing
attention has been paid to it. In a summary of cases reported from 1995 to 2017 [3], there was a total of 20 cases
and half of them occurred during the latter 5 years. HLH
is a severe clinical syndrome, developing rapidly without
effective therapy with a very high mortality. The standard
therapy for HLH is the HLH-94 regimen and sometimes
the HLH-04 regimen [1]. Considering the specificity of
pregnancy-related HLH: 1) it is rare clinically with lack of
experience; and 2) there are high safety requirements for
treatment; therefore, to date there has been no consensus
regarding treatment. In previous studies, most patients
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were treated with corticosteroid/IVIG [4–9]. Patients with
specific etiologies were treated according to the respective
etiologies (e.g., B-cell lymphoma was treated with
R-CHOP regimen [5], HSV infection was treated with
acyclovir [10], HIV infection was treated with HAART
regimen [11]) and cyclosporine A was only added in a few
cases [8, 12]. It appears that corticosteroid/IVIG is the
mainstream therapy for pregnancy-related HLH; however,
the efficacy remains unclear. In a summary of 23 cases in
the literature, there were 14 cases treated with corticosteroid and 9 were effective. Etoposide is a core is a chemotherapeutic agent in HLH-94 and HLH-04 treatment
protocol [1, 2]; it is generally believed that it selectively inhibits the activation of monocyte-macrophage system by
ablating overactivation of T cells, thereby reducing the
generation of the inflammatory cytokine storm and controlling HLH [13]. Nevertheless, considering the possible
toxicity to fetus and severe bone marrow suppression, etoposide has limited use in pregnancy-related HLH. Etoposide was used only in 5 cases reported in the literature to
date, and 3 achieved remission after treatment. Comprehensive consideration is given to the relatively limited
therapeutic effect of corticosteroid in pregnancy-related
HLH and to the lack of effective therapeutic methods after
ineffective corticosteroid therapy. Furthermore, most patients with pregnancy-related HLH have no clear etiology
and therefore cannot be treated with respect to etiology.
Therefore, etoposide may be a new direction of treatment
for pregnancy-related HLH. We conducted a retrospective
analysis of the effects of treatments methods of
pregnancy-related HLH in several centers in China, and
to study the requirement for etoposide these patients.

Methods
Subject eligibility criteria

Patients enrolled in this study fulfilled the following criteria: (1) the patient met HLH-2004 diagnostic criteria
[1]; (2) the patient was pregnant at the time of onset.
Assessment of therapy

The assessment of treatment was previously described in
a research study for pediatric HLH. We modified the
treatment based on our experience with adult HLH patients [14, 15]. A complete response was defined as
normalization of all quantifiable symptoms and laboratory markers of HLH, including levels of sCD25, ferritin,
triglycerides, hemoglobin, neutrophil counts, platelet
counts and alanine aminotransferase (ALT). A partial response was defined as at least a 25% improvement in 2
or more quantifiable symptoms and laboratory markers
by 2 weeks following DEP (doxorubicin-etoposide-methylprednisolone) regimen as follows: sCD25 response was > 1.5-fold decreased; ferritin and triglyceride
decreased at least 25%; for patients with an initial
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neutrophil count of < 0.5 × 109/L, a response was defined
as an increase by at least 100% to > 0.5 × 109/L; for patients with a neutrophil count of 0.5 to 2.0 × 109/L, an
increase by at least 100% to > 2.0 × 109/L was considered
a response; and for patients with ALT > 400 U/L, response was defined as an ALT decrease of at least 50%.
Additionally, subject body temperatures had to revert to
normal ranges in either complete response or partial response. Other observational indicators in the study included liver and spleen size, bilirubin and albumin
levels.
The therapy regimens and outcomes were observed
and documented.

Results
General characteristics

The data in this study were collected from 4 medical institutions in China: Beijing Friendship Hospital, General
Hospital of the People’s Liberation Army, Beijing
Chao-yang Hospital and China-Japan Friendship Hospital. From April 2011 and April 2018, there were 13 patients in total who were enrolled in this study. The
median age was 26 (20–36) years old. The median gestational age was 28 (10–35) weeks. Seven patients were
first-time pregnant and the rest were multiparas. Among
these 13 patients, 2 had a history of abnormal pregnancy. Most HLH occurred in the mid- to late-gestation.
None of these patients had family history of HLH.
Associated factors

Some pregnancy-related HLH has a combination of etiological factors, including infections, rheumatism, lymphoma and so on. Four cases were associated with
infection (two with EB virus infection, one with
Staphylococcus epidermidis infection and one with Mycobacterium tuberculosis infection). One patient was diagnosed with angio-immunoblastic T-cell lymphoma via
pathological biopsy of cervical lymph nodes 7 months
after diagnosis of HLH. Two were associated with autoimmune disease (one had adult-onset Still’s disease and
the other had systemic lupus erythematosus. The other
6 patients had no known associated disease.
Therapy and outcomes

In these 13 patients, 10 were treated with corticosteroids
(with/without IVIG) two were treated with methylprednisolone combined with cyclosporine A, and one was
treated with HLH-94 regimen. 1) In these 10 patients
treated with corticosteroids (with/without /IVIG), 2 were
effective (partial remission). These 2 patients achieved
complete remission after consolidation therapy of FD
regimen (fludarabine and dexamethasone). Of the 8 patients who were not responding, one patient was diagnosed with tuberculosis, 4 patients had clinically
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improved but not biochemically, and 3 patients had HLH
progression. The patient diagnosed with tuberculosis
completely recovered after anti-tuberculous therapy. Five
of the remaining 7 patients achieved remission (complete
or partial remission) after receiving treatment with etoposide. One of them (case 3) re-fevered after 7 months and
was diagnosed as immunoblastic T-cell lymphoma by
pathological biopsy of cervical lymph nodes. After 3
courses of E-CHOP and allo-HSCT, she achieved
complete remission. Case 4 relapsed after 20 days and was
completely relieved after 3 courses of DEP regimen. The
last 2 patients who did not respond to corticosteroids and
did not receive other treatments subsequently died of
HLH. 2) Of the two patients receiving corticosteroids
combined with cyclosporin A, one patient achieved remission and the other patient was ineffective, but was relieved
after the termination of pregnancy. 3) One patient who
had a spontaneous abortion before treatment was treated
with the HLH-94 regimen. The HLH-94 regimen was effective but HLH relapsed 1 month later. Lymphoma could
not be excluded, but she refused further examination and
treatment due to economic problems and subsequently
lost her follow-up.
There were 6 patients who used etoposide during their
treatment. The median time from onset of disease to use
etoposide was 36 (17–131) days. Five were treated with
corticosteroids with/without IVIG before etoposide.
Cases 4 case 6 were treated with corticosteroids/IVIG
and terminated pregnancy, but in neither case was treatment effective. Cases 1 and 3 were treated with corticosteroids/IVIG after delivery as their gestational ages
were sufficient. Even though their temperature returned
to normal, the abnormal laboratory findings worsened
and they developed fever again in the short term (within
48 h or during the course of corticosteroid reduction).
Case 5’s gestational age was 19 weeks; therefore, she was
treated with corticosteroids during her pregnancy and
did not achieve remission. Etoposide was effective in all
these 6 patients. The temperature recovery time after
etoposide was 24 h–5 d. Most of the patients’ temperatures returned to normal within 48 h. After 2 weeks of
etoposide, the efficacy was evaluated, 4 patients of which
reached CR and 2 of which reached PR.
As for the outcome of the fetus, 8 were delivered
spontaneously or by c-section as the gestational age was
adequate (28-36w). One of these 8 developed respiratory
distress, and luckily survived with effective treatment.
There were 4 fetuses were not mature enough (10-19w),
then 2 suffered spontaneous miscarriage and 2 underwent induced abortion. Only 1 fetus died of respiratory
distress as the mother developed HLH in 24w and the
child had to be premature delivered. Only Case 5 had
used etoposide during her pregnancy. The baby was delivered at term and currently healthy.
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The follow-up ended on October 31, 2018 or the death
of patients. Except for one patient who lost to follow-up,
the mortality of the other 12 patients was 15.4% (2/12)
and the median follow-up duration was 29 months (0.4–
93 months). For the 6 patients who used etoposide, one
lost to follow-up and the follow-up duration of the other
5 patients ranged from 5 to 43 months (median 27
months). All of these 5 patients lived. The clinical characteristics, treatment regimens and outcomes are summarized in Table 1.

Discussion
HLH is a macrophage proliferative disease involving
multiple organs and systems that progressively aggravates with immune dysfunction. Its intrinsic etiology is
such that it causes immune dysfunction by way of one
or more factors, resulting in an inflammatory factor
storm and a series of clinical manifestations.
Pregnancy-related HLH, is very rare compared with the
other types of HLH. Due to the rare clinical situation of
pregnancy-related HLH, the lack of relevant experience
and the need to consider the effect of drugs on the fetus
during pregnancy, there is no unified clinical treatment
recommendation at present. Summarizing the case reports in the literature between 1999 to 2017, there were
23 cases of pregnancy-related HLH (Table 2). Corticosteroid therapy was mostly used (60.9%, 14/23), and
some were treated for the specific etiology, while a few
were treated with cyclosporine A. Corticosteroids and
IVIG are the main drugs for pregnancy-related HLH at
present, and there was good response in previous reports (64.3%, 9/14). Nevertheless, in this study, the effect
of corticosteroids/IVIG was not that clear (effective in
20%, 2/10), different from findings in the previous literature. The possible explanations for these findings include: 1) most of the patients in this study came from
local hospitals, as they kept continued worsening in the
local hospitals. Therefore, bias may exist in terms of
evaluating the effect of corticosteroids/IVIG, because
these patients observed in this study may suffer severer
clinical courses. 2) of the 9 patients in the literature with
effective use of corticosteroids, 4 were associated with
autoimmune disease. In the present study, the 2 patients
who were had associated autoimmune diseases
responded well to corticosteroids and cyclosporine A.
Nevertheless, the remaining 11 cases were associated with
infection or with unclear etiology. The current treatment
concept for MAS (macrophage activation syndrome, another name for the autoimmune disease associated HLH)
is usually initiated: intravenous methylprednisolone pulse
therapy; if response to steroids is not immediately stimulated, there is parenteral administration of cyclosporine A
(CsA) (2–7 mg/kg/day) [16]. Therefore, there may be a
possibility that in pregnancy-related HLH patients, those
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Table 1 Characteristics of patient’s in this study with HLH during pregnancy
Maternal
age
(years)

Gestational
age
(weeks)

Associated disease

1

26

31

infection (Staphylococcus epidermidis)

2

36

14

3

30

4

Types of treatment

Response
according to
specified
treatment

Survival Outcome of
pregnancy
Maternal

Fetal

Spontaneous delivery at 31w
Corticosteroids, IVIG
Etoposide

No
improvement
Complete
remission

survive

alive

Unclear

Spontaneous miscarriage
Corticosteroids, etoposide

Complete
remission

defaulted Dead

34

Angioimmunoblastic T-cell lymphoma
(7 months later)

Spontaneous delivery at 34w
Corticosteroids
Etoposide
Diagnosed of lymphoma: ECHOP, allo-HSCT

No
improvement
Complete
remission
Complete
remission

survive

alive

30

30

Unclear

Corticosteroids, IVIG
C-section at 35w
HLH-04 regimen
DEP regimen

No
improvement
Partial
remission
Complete
remission

survive

alive

5

27

19

Epstein-Barr virus

Corticosteroids
Etoposide

No
improvement
Complete
remission

survive

Alive

6

29

30

Unclear

Corticosteroids
C-section (transverse lie) at
30w
Etoposide

No
improvement
Complete
remission

survive

Alive

7

24

10

Still’s disease

Corticosteroids, fludarabine
Induced abortion at 16w

Complete
remission

survive

Dead

8

24

17

Unclear

Corticosteroids, cyclosporine
Induced abortion at 19w

No
improvement
Complete
remission

survive

Dead

9

26

28

Tuberculosis

Delivered at 28w,
Corticosteroids
antituberculosis therapy

No
improvement
Complete
remission

survive

Alive

10 20

10

Systemic lupus erythematosus

Corticosteroids, cyclosporine
Spontaneous miscarriage

Complete
remission

survive

Dead

11 24

36

Unclear

Delivered at 36w
Corticosteroids, fludarabine

Complete
remission

survive

Alive

12 29

28

Unclear

Corticosteroids
Delivered at 28w

No
improvement

Death

Alive

13 25

24

Epstein-Barr virus

Corticosteroids, IVIG
Delivered at 24w

No
improvement

Death

Dead (respiratory
distress)

who were associated with autoimmune disease will response better to corticosteroids. Various disease spectra
lead to varying therapeutic effects; 3) previous reports
have suggested that the most common onset time of
pregnancy-related HLH is the middle of pregnancy [3].
Therefore, corticosteroid therapy is often used to maintain
pregnancy stability and take fetal factors into account. In
this study, most of patients were in the later period of
pregnancy and some of them had terminations due to factors such as sufficient gestational age or fetal distress. In

previous studies, termination of pregnancy turned out to
sometimes be effective as a treatment method (75%, 3/4,
total 23 cases). In the present study, however, the termination of HLH was only effective in one patient. The reason
for the differences is not clear, and may be related to the
pathogenesis of HLH during pregnancy. There was a case
report recently who developed HLH during her first and
second pregnancies, and then she was found with a heterozygous UNC13D mutation. As this mutation has not
yet been reported to cause familial HLH, it is likely that
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Table 2 Characteristics of patient’s cases reported in the literature with HLH during pregnancy
Maternal
age
(years)

Gestational
age
(weeks)

Associated
disease

Clinical signs

Treatment

Outcome

Outcome

Nakabayashi
et al. (1999)
[29]

ND

21

Preeclampsia

Fever,
hepatosplenomegaly,
cytopenias,
hyperferritinemia

IVIG

Complete remission

survive

Chmait et al.
(2000) [30]

24

29

History of
necrotizing
lymphadenitis;
EBV (discovered
postmortem)

Fever, cytopenias,
hyperferritinemia

Delivery

no response

Death

Yamagushi et ND
al. (2005) [8]

2nd
trimester

HSV-2, genital
herpes infection

Fever, skin lesions,
pancytopenia,
hypertriglycemia,
hyperferritinemia

Corticosteroids;
Cyclosporin A

Complete remission
(failed corticosteroids,
remission with
Cyclosporin A)

survive

Hanaoka et
al. (2007) [5]

33

23

B-cell lymphoma

Fever,
hepatosplenomegaly,
cytopenias,
hyperferritinemia,
hypertriglyceridemia, DIC,
elevated sCD25

Emergent C-section
(fetal distress); RCHOP
chemotherapy

Complete remission

survive

Perard et al.
(2007) [6]

28

22

Systemic lupus
erythematosus

Fever, pancytopenia,
hypertriglycemia,
hyperferritinemia

Corticosteroids, IVIG
3 doses, Premature
Delivery

No improvement with
steroids; premature
delivery; complete
remission after third IVIG
dose

survive

Teng et al.
(2009) [7]

28

23

Autoimmune
hemolytic anemia

Fever,
hepatosplenomegaly,
Cytopenias,
hyperferritinemia,
hypertriglyceridemia

Corticosteroids
Cesarean

Failed corticosteroids;
complete remission after
Cesarean

survive

Yoshida et al.
(2009) [9]

ND

Postpartum

Systemic lupus
erythematosus

Fever, cytopenias,
hyperferritinemia
hypertriglyceridemia

Corticosteroids

Complete remission

survive

Chien et al.
(2009) [31]

28

23

Unclear

Fever, cytopenias,
hyperferritinemia,
hypertriglyceridemia

Cesarean delivery

Complete remission

survive

Arewa et al.
(2011) [11]

31

21

HIV

Fever, jaundice, abdominal
pain, cytopenias

HAART Delivery at
term

Complete remission

survive

Hannebicque 21
Montaigne et
al. (2012) [32]

29

Systemic lupus
erythematosus

Fever, pancytopenia,
hyperferritinemia,
hypertriglycemia

Corticosteroids IVIG

Complete remission

survive

Dunn et al.
(2012) [33]

41

19

Still’s disease

Fever, rash, cytopenias,
hyperferritinemia,
hypertriglyceridemia,
elevated sCD25

Corticosteroids

Complete remission

survive

Shukla et al.
(2013) [34]

23

10

Unclear

Fever,
hepatosplenomegaly,
cytopenia,
hypertriglycemia,
hyperferritinemia

Corticosteroids;
spontaneous
abortion

Failed steroids; complete
remission after abortion

survive

Mayama et al. 28
(2014) [35]

21

Parvovirus B19

Fever, cytopenias,
hyperferritinemia,
hypertriglyceridemia

Corticosteroids

Complete remission

survive

Goulding et
al. (2014) [10]

27

23

HSV-2

Fever, cytopenias and
hyperferritinemia

Corticosteroids,
acyclovir

Complete remission

survive

Klein et al.
(2014) [36]

39

30

EBV

Fever,
hepatosplenomegaly,
cytopenias,
hyperferritinemia

Corticosteroids,
cyclosporine and
etoposide in
combination with

no response

death
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Table 2 Characteristics of patient’s cases reported in the literature with HLH during pregnancy (Continued)
Maternal
age
(years)

Gestational
age
(weeks)

Associated
disease

Clinical signs

Treatment

Outcome

Outcome

no response

death

Complete remission

survive

Rituximab
Tumian et al.
(2015) [12]

35

38

CMV (postmortem fever, cytopenias,
diagnosis)
hyperferritinemia,
hypertriglyceridemia,
hepatitis

Samra et al.
(2015) [4]

36

16

Unclear

fever, hepatosplenomegaly, Corticosteroids
cytopenias,
hyperferritinemia,
hypertriglyceridemia,

Rousselin et
al. (2015) [37]

44

30

Autoimmune
disease

Fever, hepatomegaly
cytopenias,
hyperferritinemia,
hypertriglycemia

glucocorticoides

Complete remission

survive

Giard et al.
(2016) [38]

35

13

Kikuchi Fujimoto
lymphadenitis

fever, cytopenias,
hyperferritinemia,
hypertriglycemia

Corticosteroids
Etoposide Abortion

response

death

Ikeda et al.
(2017) [39]

32

11

EBV

fever, cytopenias,
hyperferritinemia,
hypertriglyceridemia

Single dose
dexamethasone
Etoposide
Cyclosporine

Complete remission

survive

Robert et al.
(2017) [40]

33

22

unclear

fever, hyperferritinemia

Corticosteroids,
etoposide, BMT

Partial remission after
etoposide, complete
remission after BMT

survive

Yildiz et al.
(2017) [3]

36

29

unclear

fever, cytopenias,
hyperferritinemia
hypertriglyceridemia

Corticosteroids

Complete remission

survive

He M et al.
(2017) [41]

27

30

NK/T cells
lymphoma

Fever, splenomegaly,
cytopenias,
hyperferritinemia

Corticosteroids and
etoposide in
combination with
rituximab

no response

death

the mutation predisposed her to immune dysregulation/
overactivation, and the pregnancy as a “trigger” resulted in
the occurrence of HLH [17]. Even though there was no
such phenomenon in our study, and no patients had suspicious family history of HLH, we still speculated that
some women may have susceptibility genes or suspicious
factors (such as infection, autoimmune disease) for HLH,
while pregnancy is some kind of “trigger” or “high-risk
factor” for the onset of HLH. This may be supported by
the views that pregnancy represent an immunologically
unique population whose immune system is dysregulated
because of fetus recognition [18, 19]. So, termination of
pregnancy may be effective in some cases. But, in this
study, these patients’ inflammatory storms were so severe
that removing “trigger” was not enough. That may be why
the corticosteroids/IVIG did not perform well in this
study. However, this is basically speculation and needs
more detailed research.
Etoposide is a chemotherapy medication used for the
treatments with a number of cancers. It forms a ternary
complex with DNA and the topoisomerase II enzyme
(that aids DNA unwinding), preventing re-ligation of the

Corticosteroids IgIV,
cyclosporine

DNA strands, and in so doing causes DNA strands to
break. This causes errors in DNA synthesis and promotes apoptosis of the cancer cell [20]. In recent years,
etoposide has been widely used in the treatment of histiocyte diseases. As one of the essential drugs in the
HLH-94 and HLH-04 regimens, it is believed that etoposide acts through selective ablation of hyperactivated T
cells, to inhibit the activation of monocyte-macrophage
system and reduce the generation of the inflammatory
cytokine storm, finally controlling HLH without damaging static and memory T cells [13]. This differs from
the wide immunosuppression effects of corticosteroids
and the immunoregulation of IVIG. The limitation of
etoposide in pregnancy-related HLH is the possible
harm to fetus and intense bone marrow suppression.
Etoposide is AU TGA pregnancy category D and US
FDA pregnancy category D, which means: there is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing experience
or studies in humans, but potential benefits may warrant
use of the drug in pregnant women despite potential
risks [21]. Even though etoposide exposure in 6 cases of

Song et al. Orphanet Journal of Rare Diseases

(2019) 14:50

previous literature during the second and third trimesters did not seem to cause any congenital malformations, concern still exists [22–25]. In this study, for the
one patient who used etoposide during her pregnancy,
no congenital malformations could be found in the fetus.
However, in a recent study in mice, the results indicate
the potential for adverse effects on fetal ovarian development [26].
In the previous 23 cases in the literature, etoposide
was used in 5 cases (21.7%, 5/23), among which 3 patients improved after treatment. In this study, we clearly
found that when corticosteroids/IVIG or other treatments cannot control HLH, etoposide’s effect was remarkable, quick and produced at least partial remission
early; in the cases without further treatment (including
transplantation and chemotherapy, etc.), as opposed to
other types of HLH (EBV-HLH, LAHS, etc.) [27], the recurrence rate was low and the long-term prognosis was
good. Given that etoposide may have certain side effects
on the fetus, it is recommended that in the treatment of
pregnancy-related HLH, the frequency of use of etoposide should be reduced to once a week for patients who
are still pregnant. Due to the limited number of cases,
further clinical studies are needed to clarify the
side-effects of etoposide on the fetus and its relationship
with dosage. For some reported concerns regarding myelosuppression, whether in the previous literature or in
this study, etoposide prevented the development of cytopenia and marrow hypocellularity, presumably because
its desirable effects on T cells were more potent that its
off-target effects on marrow cells [13].
The appropriate timing of etoposide intervention
needs more consideration. In the study of Imashuku et
al., the probability of long-term survival was significantly
higher when etoposide treatment was begun less than 4
weeks from diagnosis for patients receiving this agent
later or not at all [28]. In this study, the median time of
etoposide usage was 36 (17–131) days. Etoposide infusion was postponed given the possible side effects towards pregnancy and most cases start trying to use
etoposide after the termination of pregnancy. In case 12
and 13, after the ineffective corticosteroids/IVIG, they
didn’t get a chance to etoposide and finally died of HLH.
However, no matter in previous literatures or this study,
corticosteroids/IVIG is still effective in some cases. In
which cases can the use of etoposide wait and in which
cases do we need to use etoposide as early as possible?
There’s still more work needed.
Some pregnancy-related HLH has a combination of
etiological factors, including viral infections, rheumatism, lymphoma and others. Previous reports indicated
that definitive treatment based on the etiology after the
control of HLH was very important and effective, including R-CHOP for B-cell lymphoma, acyclovir for HSV
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infection and HAART for HIV infection; all these cases
achieved remission and achieved long-term survival. In
this study, of 2 patients who relapsed after remission, 1
was discovered to have a confounding factor (lymphoma) on further screening, and obtained long-term remission after lymphoma-specific treatment, and the
other started screening for the etiology after the initial
treatment was ineffective. Tuberculosis was explicit, and
she achieved long-term survival after TB management.
These conditions fully demonstrate the necessity of
screening for related factors and their importance to
treatment. Another patient with an EB virus infection
died after treatment failure, corresponding to the poor
prognosis of EBV-HLH. In a previous report, there were
3 cases of EB virus infection, of which 2 eventually died.
A patient with NK/T-cell lymphoma also died after
treatment failure, therefore, screening for relevant factors
may
also
indicate
the
prognosis
of
pregnancy-related HLH. The overall prognosis of HLH
in pregnancy is slightly better than that of other types of
secondary HLH, and long-term remission is possible
without transplantation when high-risk factors such as
EBV are absent. In the previous 23 cases, the mortality
rate was 21.7%. Two patients died in this study; 1 with
CNS involvement. One patient had a clear complication
of EBV infection and did not respond to corticosteroid
therapy. After the disease progressed rapidly, the patient
eventually died of the co-infection, related to the rapid
progress and poor prognosis of EBV-HLH itself. In fact,
most of the patients who died of the past 23 cases were
associated with infection, especially EBV infection.

Conclusion
HLH manifesting during pregnancy is rare in clinic.
Achievement of balance of effective therapy and safety is
critical. Etoposide is a classic drug for HLH treatment.
Its effect in pregnancy-related HLH remains considerable. Especially for patients who do not respond to corticosteroids/IVIG therapy, etoposide should be used
bravely. Nevertheless, more suitable dosages, toxicities
and side-effects still require further clinical observation.
Acknowledgements
We thank the patients and their families for participating in our study.
Funding
This study was supported by the Beijing Natural Science Foundation (No.
7181003), and the Beijing Municipal Administration of Hospitals’ Ascent Plan,
Code: DFL20180101.
Availability of data and materials
The datasets used during the current study are available from the
corresponding author on request.
Authors’ contributions
ZW contributed to the design of the study. LHL and HJK helped with the
study design and data analyses. YS conducted the data analysis and wrote
the manuscript. All authors approved the final manuscript.

Song et al. Orphanet Journal of Rare Diseases

(2019) 14:50

Ethics approval and consent to participate
This chart review assessed healthcare resource utilization by patients at
participating hospitals (Beijing Friendship Hospital, Beijing Chao-Yang Hospital, The General Hospital of the People’s Liberation Army and China-Japan
Friendship Hospital). Informed consent was obtained from each patient and/
or their family or guardian. Approval of the protocol was not required by an
institutional review board or ethics committee for this type of study.
Consent for publication
We have obtained consent to publish from the participants.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Hematology, Beijing Friendship Hospital, Capital Medical
University, YongAn Road 95th Xicheng District, Beijing 100050, China.
2
Department of Obstetrics and Gynecology, Beijing Friendship Hospital,
Capital Medical University, Beijing, China. 3Department of Hematology,
Beijing Chao-Yang Hospital, Capital Medical University, Beijing, China.
4
Department of Obstetrics and Gynecology, Beijing Chao-Yang Hospital,
Capital Medical University, Beijing, China. 5Department of Hematology,
Chinese People’s Liberation Army General Hospital, Beijing, China.
6
Department of Obstetrics and Gynecology, Chinese People’s Liberation
Army General Hospital, Beijing, China. 7Department of Intensive Care Unit,
China-Japan Friendship Hospital, Beijing, China. 8Department of Obstetrics
and Gynecology, China-Japan Friendship Hospital, Beijing, China.
Received: 19 September 2018 Accepted: 11 February 2019

References
1. Henter JI, Horne A, Arico M, Egeler RM, Filipovich AH, Imashuku S, Ladisch S,
McClain K, Webb D, Winiarski J, Janka G. Hlh-2004: diagnostic and
therapeutic guidelines for hemophagocytic lymphohistiocytosis. Pediatr
Blood Cancer. 2007;48:124–31.
2. Henter JI, Samuelsson-Horne A, Arico M, Egeler RM, Elinder G, Filipovich AH,
Gadner H, Imashuku S, Komp D, Ladisch S, Webb D, Janka G, Histocyte S.
Treatment of hemophagocytic lymphohistiocytosis with hlh-94
immunochemotherapy and bone marrow transplantation. Blood. 2002;100:
2367–73.
3. Yildiz H, Vandercam B, Thissen X, Komuta M, Lanthier N, Debieve F,
Dahlqvist G. Hepatitis during pregnancy: a case of hemophagocytic
lymphohistiocytosis. Clin Res Hepatol Gastroenterol. 2018;42(3):e49–e55.
4. Samra B, Yasmin M, Arnaout S, Azzi J. Idiopathic hemophagocytic
lymphohistiocytosis during pregnancy treated with steroids. Hematol Rep.
2015;7:6100.
5. Hanaoka M, Tsukimori K, Hojo S, Abe Y, Mutou T, Muta K, Iwasa A, Yao T,
Nakano H. B-cell lymphoma during pregnancy associated with
hemophagocytic syndrome and placental involvement. Clin Lymphoma
Myeloma. 2007;7:486–90.
6. Perard L, Costedoat-Chalumeau N, Limal N, Hot A, Cohen J, VauthierBrouzes D, Nieszkowska A, Belmatoug N, Piette JC. Hemophagocytic
syndrome in a pregnant patient with systemic lupus erythematosus,
complicated with preeclampsia and cerebral hemorrhage. Ann Hematol.
2007;86:541–4.
7. Teng CL, Hwang GY, Lee BJ, Wang RC, Chou MM. Pregnancy-induced
hemophagocytic lymphohistiocytosis combined with autoimmune
hemolytic anemia. J Chin Med Assoc. 2009;72:156–9.
8. Yamaguchi K, Yamamoto A, Hisano M, Natori M, Murashima A. Herpes
simplex virus 2-associated hemophagocytic lymphohistiocytosis in a
pregnant patient. Obstet Gynecol. 2005;105:1241–4.
9. Yoshida S, Takeuchi T, Itami Y, Hata K, Watanabe K, Shoda T, Kotani T,
Makino S, Hanafusa T. Hemophagocytic syndrome as primary manifestation
in a patient with systemic lupus erythematosus after parturition. Nihon
Rinsho Meneki Gakkai Kaishi. 2009;32:66–70.

Page 8 of 9

10. Goulding EA, Barnden KR. Disseminated herpes simplex virus manifesting as
pyrexia and cervicitis and leading to reactive hemophagocytic syndrome in
pregnancy. Eur J Obstet Gynecol Reprod Biol. 2014;180:198–9.
11. Arewa OP, Ajadi AA. Human immunodeficiency virus associatedwith
haemophagocytic syndrome in pregnancy: a case report. West Afr J Med.
2011;30:66–8.
12. Tumian NR, Wong CL. Pregnancy-related hemophagocytic
lymphohistiocytosis associated with cytomegalovirus infection: a diagnostic
and therapeutic challenge. Taiwan J Obstet Gynecol. 2015;54:432–7.
13. Johnson TS, Terrell CE, Millen SH, Katz JD, Hildeman DA, Jordan MB.
Etoposide selectively ablates activated t cells to control the
immunoregulatory disorder hemophagocytic lymphohistiocytosis. J
Immunol. 2013;192:84–91.
14. Marsh RA, Allen CE, McClain KL, Weinstein JL, Kanter J, Skiles J, Lee ND,
Khan SP, Lawrence J, Mo JQ, Bleesing JJ, Filipovich AH, Jordan MB. Salvage
therapy of refractory hemophagocytic lymphohistiocytosis with
alemtuzumab. Pediatr Blood Cancer. 2013;60:101–9.
15. Wang YHW, Hu L, Cen X, Li L, Wang J. Multicenter study of combination
dep regimen as a salvage therapy for adult refractory hemophagocytic
lymphohistiocytosis. Blood. 2015;126(19):2186–92.
16. Schulert GS, Grom AA. Macrophage activation syndrome and cytokinedirected therapies. Best Pract Res Clin Rheumatol. 2014;28:277–92.
17. Wang LY, Hu J, Ramsingh G, Theodory B, Yaghmour B, Vergara-Lluri M,
Yaghmour G. A case of recurrent pregnancy-induced adult onset familial
hemophagocytic lymphohistiocytosis. World J Oncol. 2018;9:123–7.
18. PrabhuDas M, Bonney E, Caron K, Dey S, Erlebacher A, Fazleabas A, Fisher S,
Golos T, Matzuk M, McCune JM, Mor G, Schulz L, Soares M, Spencer T,
Strominger J, Way SS, Yoshinaga K. Immune mechanisms at the maternalfetal interface: perspectives and challenges. Nat Immunol. 2015;16:328–34.
19. Racicot K, Kwon JY, Aldo P, Silasi M, Mor G. Understanding the complexity of the
immune system during pregnancy. Am J Reprod Immunol. 2014;72:107–16.
20. Pommier Y, Leo E, Zhang H, Marchand C. DNA topoisomerases and their
poisoning by anticancer and antibacterial drugs. Chem Biol. 2010;17:421–33.
21. Cerner Multum I. “Uk summary of product characteristics”. 2018.
22. Cardonick E, Usmani A, Ghaffar S. Perinatal outcomes of a pregnancy complicated
by cancer, including neonatal follow-up after in utero exposure to chemotherapy:
results of an international registry. Am J Clin Oncol. 2010;33:221–8.
23. Karimi Zarchi M, Behtash N, Modares Gilani M. Good pregnancy outcome
after prenatal exposure to bleomycin, etoposide and cisplatin for ovarian
immature teratoma: a case report and literature review. Arch Gynecol
Obstet. 2008;277:75–8.
24. Kluetz PG, Edelman MJ. Successful treatment of small cell lung cancer
during pregnancy. Lung Cancer. 2008;61:129–30.
25. Koren G, Carey N, Gagnon R, Maxwell C, Nulman I, Senikas V. Cancer
chemotherapy and pregnancy. J Obstet Gynaecol Can. 2013;35:263–78.
26. Stefansdottir A, Johnston ZC, Powles-Glover N, Anderson RA, Adams IR,
Spears N. Etoposide damages female germ cells in the developing ovary.
BMC Cancer. 2016;16:482.
27. Imashuku S. Treatment of epstein-barr virus-related hemophagocytic
lymphohistiocytosis (ebv-hlh); update 2010. J Pediatr Hematol Oncol. 2011;33:35–9.
28. Imashuku S, Kuriyama K, Sakai R, Nakao Y, Masuda S-i, Yasuda N, Kawano F,
Yakushijin K, Miyagawa A, Nakao T, Teramura T, Tabata Y, Morimoto A, Hibi
S. Treatment of epstein-barr virus-associated hemophagocytic
lymphohistiocytosis (ebv-hlh) in young adults: a report from the hlh studyl
center. Med Pediatr Oncol. 2003;41:103–9.
29. Nakabayashi M, Adachi T, Izuchi S, Sugisaki A. Association of
hypercytokinemia in the development of severe preeclampsia in a case of
hemophagocytic syndrome. Semin Thromb Hemost. 1999;25:467–71.
30. Chmait RH, Meimin DL, Koo CH, Huffaker J. Hemophagocytic syndrome in
pregnancy. Obstet Gynecol. 2000;95:1022–4.
31. Chien CT, Lee FJ, Luk HN, Wu CC. Anesthetic management for cesarean
delivery in a parturient with exacerbated hemophagocytic syndrome. Int J
Obstet Anesth. 2009;18:413–6.
32. Hannebicque-Montaigne K, Le Roc'h A, Launay D, Coulon C, Deruelle P,
Langlois S. Haemophagocytic syndrome in pregnancy: a case report. Ann Fr
Anesth Reanim. 2012;31:239–42.
33. Dunn T, Cho M, Medeiros B, Logan A, Ungewickell A, Liedtke M.
Hemophagocytic lymphohistiocytosis in pregnancy: a case report and
review of treatment options. Hematology. 2012;17:325–8.
34. Shukla A, Kaur A, Hira HS. Pregnancy induced haemophagocytic syndrome.
J Obstet Gynaecol India. 2013;63:203–5.

Song et al. Orphanet Journal of Rare Diseases

(2019) 14:50

35. Mayama M, Yoshihara M, Kokabu T, Oguchi H. Hemophagocytic
lymphohistiocytosis associated with a parvovirus b19 infection during
pregnancy. Obstet Gynecol. 2014;124:438–41.
36. Klein S, Schmidt C, La Rosee P, Pletz M, Harz S, Dirsch O, Fritzenwanger M,
Stallmach A. Fulminant gastrointestinal bleeding caused by ebv-triggered
hemophagocytic lymphohistiocytosis: report of a case. Z Gastroenterol.
2014;52:354–9.
37. Rousselin A, Alavi Z, Le Moigne E, Renard S, Tremouilhac C, Delluc A,
Merviel P. Hemophagocytic syndrome in pregnancy: case report, diagnosis,
treatment, and prognosis. Clin Case Rep. 2017;5:1756–64.
38. Giard JM, Decker KA, Lai JC, Gill RM, Logan AC, Fix OK. Acute liver failure
secondary to hemophagocytic lymphohistiocytosis during pregnancy. ACG
Case Rep J. 2016;3:e162.
39. Ikeda M, Oba R, Yoshiki Y, Shingaki S, Takei T, Miyazaki K, Abe Y, Tsukada N,
Ishida T, Suzuki K. Epstein-barr virus-associated hemophagocytic
lymphohistiocytosis during pregnancy. Rinsho Ketsueki. 2017;58:216–21.
40. Kerley RN, Kelly RM, Cahill MR, Kenny LC. Haemophagocytic
lymphohistiocytosis presenting as hellp syndrome: a diagnostic and
therapeutic challenge. BMJ Case Rep. 2017;2017:bcr-2017-219516.
41. He M, Jia J, Zhang J, Beejadhursing R, Mwamaka Sharifu L, Yu J, Wang S,
Feng L. Pregnancy-associated hemophagocytic lymphohistiocytosis
secondary to nk/t cells lymphoma: a case report and literature review.
Medicine. 2017;96:e8628.

Page 9 of 9

