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Introduction

Haemophagocytic lymphohistiocytosis (HLH) is a hyper-
inflammatory condition, characterised by inappropriate
survival of histiocytes and cytotoxic T-lymphocytes (CTL),
which, if undiagnosed and untreated, leads to cytokine
storm and haemophagocytosis [1]. HLH affects children,
adolescents and adults, leading to multi-organ failure and
high mortality. HLH can be may be familial (fHLH) or
secondary/acquired (sHLH).

FHLH usually presents in infancy due to inherited
defects in cytolytic proteins, is classified using the HLH-
2004 criteria, and treated with immunosuppression (HLH-
2004 protocol) to “bridge” patients to definitive treatment
with haematopoietic stem cell transplantation (HSCT) [2].

SHLH is triggered by malignancy, infection or auto-
immunity. There are no definitive diagnostic criteria for
sHLH in adults. Diagnosis is often extrapolated from fHLH
criteria (HLH-2004) or the relatively novel “H score” [2, 3].
Treatment is similarly extrapolated from the HLH-2004
immunosuppressive regimen [2, 4]. Recent advances in the
understanding of rheumatological sHLH led to specific
classification criteria for systemic juvenile idiopathic

arthritis (sJIA)-associated sHLH, with treatment protocols
advocating interleukin-1 (IL-1) blockade [5]. Serum ferritin
is recognised as a cheap and accessible biomarker with
levels of ≥10,000 μg/ml considered highly suggestive of
HLH in febrile, unwell patients [6]. This has prompted
further rheumatological consideration and proposal of
diagnostic and therapeutic approaches to sHLH, beyond the
confines of sJIA [7]. There are no published guidelines for
modern diagnostic and therapeutic approaches to sHLH in
the adult post-HSCT population, where mortality
remains high.

Here we appraise the literature and summarise six cases
of sHLH following adult HSCT over a 5-year period
(2014–18), suggesting sHLH is an under-recognised post-
HSCT complication.

Pathogenesis of HLH

HLH is characterised by inappropriate survival of histio-
cytes and failure of normal cytolytic functions of natural
killer (NK) cells and CTL. Inability to clear antigens from
infection, malignant cells or autoimmune/autoinflammatory
processes leads to inappropriate immune stimulation. This
predisposes the hyperinflammatory state, or cytokine storm,
in which innate immune system dysfunction is a key, and
IL-1 is central to pathogenesis [8–13].

In fHLH and related immunodeficiency syndromes,
inherited cytolytic defects, particularly concerning perforin,
impair NK cell and CTL activity [10]. Susceptibility to
HLH arises from uncontrolled cellular proliferation and
survival, when the immune response is triggered, for
example by infection [14]. The genetic basis of fHLH is
increasingly well recognised and treatment outlined in the
HLH-2004 protocol [2]. Emapalumab, a novel interferon-γ
antagonist, has recently been approved for fHLH and
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efficacy in sHLH is being investigated [15–17]. FHLH is
diagnosed in mostly infancy and early childhood but there
are reports of diagnosis in adulthood [18].

SHLH comprises a heterogeneous group of hyperin-
flammatory syndromes occurring when the “hyperin-
flammatory threshold” is breached by interplay of genetic
predisposition and triggers such as infection, malignancy
and inflammation [7, 10]. Although patients with sHLH can
be genetically predisposed, in contrast to fHLH, non-genetic
triggers play a greater role in reaching the threshold [19].
Therefore, long-term remission, or even “cure”, may be
achieved with targeted treatment strategies without using
the HLH-2004 protocol or rescue HSCT.

sHLH and haematological malignancy

sHLH is most commonly associated with haematological
malignancies, such as T cell and NK-cell leukaemia, diffuse
large B-cell lymphoma and Hodgkin lymphoma [7]. Here,
sHLH is likely driven by the malignant pro-inflammatory
state, but contemporaneous Epstein–Barr virus (EBV), can
be a contributory factor [20, 21]. SHLH has been identified
in up to 10% of patients undergoing chemotherapy for acute
myeloid leukaemia (AML) [22].

sHLH and infection

In adults, the leading cause of sHLH worldwide is viral
infection, with EBV the predominant trigger in the USA
and Asia [23]. Other herpes viruses, including cytomega-
lovirus (CMV), herpes simplex (HSV) and varicella zoster
(VZV) are common triggers with human immunodeficiency
virus, influenza, dengue and ebola also recognised [24–27].

sHLH and autoimmune disease (MAS)

sHLH is termed macrophage activation syndrome (MAS)
when associated with rheumatological disease. MAS is well
recognised in sJIA, where infections, particularly EBV or
VZV, are acknowledged triggers [28, 29]. Defects in genes
coding for perforin, similar to those seen in fHLH, are
reported in sJIA and associated with development of MAS
[19]. In adults, it is most prevalent (up to 15%) in adult
onset Still’s disease, which is considered within the same
spectrum as sJIA [30]. A retrospective study identified
MAS in one third of systemic lupus erythematosus (SLE)
patients admitted to hospital with fever, with associated
tenfold rise in mortality [31]. Whilst MAS has been iden-
tified in other rheumatological conditions, it is thought that
preceding infection or immunosuppression, rather than the

pathophysiology of the autoimmune condition, are likely
triggering factors [32–34].

sHLH post-HSCT

A 10-year retrospective Japanese survey identified 42 cases
of sHLH post-HSCT in children, associated with 59%
mortality in the event of non-resolution versus 15% in cases
with resolution [35]. Patients with acute lymphoblastic
leukaemia (n= 12), AML (n= 6), aplastic anaemia (n= 4),
immunodeficiency (n= 4), juvenile monomyelocytic leu-
kaemia (n= 3), chronic leukaemia (n= 2) or alternative
malignancies (n= 11) underwent autologous, allogeneic or
umbilical cord HSCT, though distribution within these
groups was not reported. A 5-year study in Japanese adults
undergoing HSCT identified an sHLH incidence of 4.3%,
with 85.5% mortality [36]. Twenty-five percent underwent
autologous and 75% allogeneic HSCT. Reports of death due
to MAS in patients with refractory JIA undergoing auto-
logous HSCT, led to changes in immunosuppressive and
infectious prophylactic regimens, leading to decreased
mortality [37].

A prospective, single-centre Tunisian study of paedia-
tric and adult cases of sHLH post-HSCT identified an
overall incidence of 4%, increasing to 8.8% when
reviewing allogeneic alone [38]. Of seven cases of sHLH,
three were attributed to CMV, one to EBV and three had
no known aetiology. The investigators propose that the
higher incidence following allogenic HSCT may indicate
that sHLH is a form of GvHD, in that activation of host
macrophages, in response to donor stem cells, give fea-
tures of GvHD, similar those of sHLH [35, 38]. Case
reports support the assertion that sHLH may be an allo-
geneic response to donor cells, in the early stages post-
HSCT with no identified viral trigger [39, 40]. Colita et al.
report a patient with lymphoma, with haemophagocytosis
seen on bone marrow biopsy on day +22 post-HSCT.
Unable to identify a donor for a rescue allogeneic HSCT,
they commenced intravenous immunoglobulin (IVIG),
resulting in cure. Despite developing multiple myeloma,
as a second malignancy, there was no evidence of active
sHLH at 8 months [41].

Diagnosis of HLH

Diagnosing HLH requires a high index of clinical suspicion
in at-risk patients, as features overlap those of severe sepsis
or malignancy, with fever and multi-organ failure. Persis-
tent fever in patients without an identified cause, or wor-
sening fever in patients who have been treated for infection,
should prompt consideration of sHLH [42].
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Laboratory values may be within normal limits and can
be less helpful in isolation than a review of trends. Equally
important are poor prognostic indicators of HLH, including
neurological dysfunction, acute kidney injury and acute
respiratory distress [7]. Serum ferritin is a useful, readily
available biomarker of sHLH presence and response to
treatment [38, 43–45]. In a single-centre retrospective pae-
diatric review, serum ferritin ≥10 000 μg/L was 96% spe-
cific and 90% sensitive for HLH [6]. Serum ferritin is
closely related to disease activity, and both maximum levels
during sHLH, and a fall of <50% after treatment are asso-
ciated with higher mortality [46–48]. Furthermore, serial
ferritin measurement is useful to monitor response, as a fall
to baseline is observed with successful treatment, and
rebounds in recurrence [49].

In the HSCT context, ferritin levels are not strongly
associated with presence of GvHD, so may prove a useful
biomarker allowing differentiation from sHLH [50, 51].
Furthermore, the widespread availability, low cost and
contribution to assessment of treatment response, mean the
usefulness in the assessment of patients with suspected
HLH cannot be overstated [52]. However ferritin remains a
non-specific biomarker and several studies in the literature
have reported high ferritin levels in association with trans-
fusion, liver disease/hepatocellular injury, infection, hae-
matological malignancy and renal failure more often than
HLH [53].

Soluble IL-2 receptor (sIL-2r) has shown promise in
diagnosing HLH and has greater area under the receiving
operator characteristic curve than serum ferritin [54]. It is an
early marker of T-cell activation and high levels are asso-
ciated with worse prognosis. Furthermore, it can be used as
a dynamic disease activity marker with levels expected to
fall in remission, and has been demonstrated to help dif-
ferentiate HLH from mimics of HLH [53–55]. That sIL-2r
reflects T-cell activation whereas ferritin reflects macro-
phage activation presents an opportunity for tailored ther-
apeutics if measured concurrently [55, 56]. sIL-2r and NK
cell activity were added to existing parameters in the
updated HLH-2004 criteria (Table 1), though have not been
included in more recent criteria, such as the H score
(Table 2) [2, 3].

Whilst not widely available, measurement of soluble
cytokines may emerge as an alternative diagnostic para-
meter in post-HSCT HLH, as with other HLH groups
[45, 54, 57].

Classification criteria exist for HLH in some contexts.
fHLH criteria (the HLH-2004 criteria) are shown in
Table 1. Separate criteria exist for sHLH/MAS in patients
with sJIA (Table 3) [5]. Amendments to the HLH-2004
criteria for fHLH, taking into account observations of
delayed engraftment in patients who develop sHLH fol-
lowing umbilical cord HSCT, have been proposed

(Table 4) [58]. A diagnostic calculator, the “H score”,
takes into account clinical and laboratory features to cal-
culate a percentage probability of sHLH in adults
(Table 2) [3]. Forty-three percent of patients used to
validate the “H Score” had underlying haematological
malignancy, mostly lymphoma, but it is unclear if any had
already undergone HSCT. There have been two recently
proposed diagnostic (and treatment) algorithms proposed
for sHLH, which are broadly similar [7, 59]. They rely on
a high index of clinical suspicion and utilise readily
available bedside and serological tests. Given the lack of
validated diagnostic criteria for sHLH in adult patients in
general, and post-HSCT patients in particular, we take a
pragmatic approach to the recognition of HLH reflecting
these proposed diagnostic algorithms, utilising the “H
score” whilst recognising its limitations. Where post-
HSCT patients are unwell, febrile, with a serum ferritin of
≥10000 μg/L and no proven infection (other than recog-
nised triggers of HLH such as EBV and other herpes viral
reactivations/infections seen in post-HSCT patients) they
likely have hyperinflammation and should be considered
for aggressive immunosuppression, as per published
recommendations [6, 7, 28].

Histological identification of haemophagocytosis is
recognised as a late feature of HLH and does not correlate
as well as fever or serum ferritin with clinical diagnosis of
sHLH [26, 60, 61]. Therefore demonstration of haemo-
phagocytosis is not considered essential for diagnosis. In

Table 1 Classification criteria for fHLH [2]

HLH-2004 classification criteria for fHLH [2]

(1) Fever

(2) Splenomegaly

(3) Cytopenia affecting >2 lineages: haemoglobin <9 g/L, platelets <
100 × 109/L, neutrophils < 1.0 × 109/L

(4) Hypertriglyceridaemia and/or hypofibrinogenemia: triglycerides
> 265 mg/dL, fibrinogen < 150 mg/dL

(5) Haemophagocytosis in bone marrow, spleen or lymph node

(6) Low or absent NK cell activity

(7) Ferritin > 500 μg/L

(8) Soluble cluster of differentiation (CD) 25 i.e. soluble IL-2
receptor > 2400 U/mL

Table 2 Classification criteria for MAS in sJIA [4]

Classification criteria for MAS in known or suspected sJIA [4]

Ferritin > 684ng/mL and two of the following

(1) Platelets < 181 × 109/L

(2) Aspartate aminotransferase (AST) > 48 U/L

(3) Triglycerides > 156 mg/dL

Haemophagocytic lymphohistiocytosis (HLH) following allogeneic haematopoietic stem cell transplantation. . . 309



our experience haemophagocytosis may only present in the
latter of serial bone marrow samples.

Treatment of sHLH

Effective treatment of sHLH requires aggressive immuno-
suppression to control the hyperinflammatory state, in com-
bination with targeted treatment against triggering factors.
Prompt recognition and treatment is important and reduces
mortality [62]. In clinical practice, this approach is extra-
polated to sHLH following allogeneic HSCT, but its effec-
tiveness is not currently evidence based. Broadly, the
principles of treatment of HLH in the pre- and post-HSCT
setting are similar, although post-HSCT HLH is considerably
more complex as diagnosis and management needs to be
considered amidst other post-transplant complications.

The first prospective treatment protocol for fHLH was
developed in 1994 (HLH-94) before being updated as HLH-
2004. HLH-94 supported a therapeutic strategy of combi-
nation chemotherapy with etoposide and immunotherapy
with ciclosporin (CSA) for children with fHLH, as a bridge
to definitive HSCT [2, 63]. This included 8 weeks of eto-
poside and dexamethasone with intrathecal methotrexate for

persistent central nervous system dysfunction at 2 weeks,
followed by CSA maintenance. Due to early deaths from
active HLH using the HLH-94 protocol, HLH-2004
recommended more aggressive immunosuppression with
first-line CSA [2].

Corticosteroids remain the cornerstone of induction
treatment in sHLH, although over half of patients may be
steroid-resistant [33]. Dramatic responses are reported with
the addition of CSA in doses of 2–7 mg/kg/day [64]. Ana-
kinra, an IL-1 antagonist, is effective in refractory sHLH
and safe in patients with sepsis, which often features in the
differential, deterring clinicians from immunosuppression
[65]. Anakinra is now at the forefront of treatment in sJIA-
triggered sHLH [66]. IVIG are also effective in steroid-
resistant and EBV-triggered sHLH [67]. Rituximab
improves overall clinical outcomes and is an important part
of EBV clearance in the context of EBV-triggered sHLH or
EBV-driven malignancies [21, 68]. Case reports of refrac-
tory sHLH note complete responses with rabbit anti-
thymocyte globulin (ATG) or DEP regimen (doxorubicin,
etoposide and methylprednisolone) and partial responses
with alemtuzumab [69].

We recently published a treatment protocol for sHLH
accepting the heterogeneity of this syndrome and

Table 3 Diagnostic criteria for
post-HSCT HLH [51]

Diagnostic criteria for sHLH post-HSCT (adapted from HLH-2004)

Major criteria Minor criteria

Engraftment delay, primary or secondary failure Fever

Histopathological evidence of haemophagocytosis Hepatosplenomegaly

Elevated ferritin

Elevated lactate dehydrogenase

Table 4 Classification criteria
for HLH (H Score) [3]

H score classification criteria for HLH [3]

Parameter No. of points (criteria for scoring)

Known underlying immunosuppression 0 (no) or 18 (yes)

Temperature (celcius) 0 (<38.4), 33 (38.4–39.4) or 49 (>39.4)

Organomegaly O (no), 23 (hepatomegaly or splenomegaly) or 38
(hepatomegaly and splenomegaly)

No. of cytopenia 0 (1 lineage), 24 (2 lineages) or 34 (3 lineages)

Ferritin (µg/L) 0 (<2 000), 35 (2000–6000) or 50 (>6 000)

Triglycerides (mmol/L) 0 (<1.5), 44 (1.5–4.0) or 64 (>4.0)

Fibrinogen (g/L) 0 (≥2.5) or 30 (<2.5)

AST (IU/L) 0 (<30) or 19 (>30)

Haemophagocytosis on bone marrow
aspirate

0 (no) or 35 (yes)

Inputting the above variables into the freely-available on-line calculator, found at http://saintantoine.aphp.fr/
score/, produces a numerical value, the “H score” and subsequent percentage probability of sHLH. An “H
score” of 169 is proposed by this group as the best cutoff to diagnose sHLH in adults, with a sensitivity of
93% and specificity of 89%
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irrespective of preceding HSCT (Fig. 1) [7]. First-line
treatment is with intravenous methylprednisolone (IVMP)
1 g/day for 3–5 days plus IVIG 1 g/kg for 2 days, which can
be repeated at day 14 [70]. If there is evidence of estab-
lished sHLH or clinical deterioration, IL-1 blockade with
anakinra is added, 1–2 mg/kg daily increasing up to 8 mg/
kg/day until sufficient clinical response. CSA is considered
for early or steroid-resistant disease. Etoposide should be
considered in refractory cases. There should be parallel
consideration of identifying and eradicating triggers, such
as EBV, bacterial infection and underlying malignancy,
particularly lymphoma. A consensus treatment approach
has also recently been proposed with an algorithm directing
treatment according to the clinical contact and trigger of
HLH. This algorithm extrapolates the HLH 2004 approach
but also recognises the importance of IL-1 blockade [4].
There are no validated guidelines for treating sHLH post-
HSCT and there are concerns about using the HLH-2004
protocol, especially with the inclusion of etoposide [71].

Case series

To add to the literature, we summarise six cases of sHLH
identified following allogeneic HSCT in adult patients
transplanted in our unit over a 5-year period, during which
we adopted early screening practice (including monitoring
of ferritin) and a “rheumatological” management approach.

This was a retrospective service evaluation using de-
identified data routinely collected during clinical manage-
ment and not requiring specific consent. All patients had
provided written informed consent for the transplant pro-
cedure and transmission of anonymised data to the EBMT
registry. Given the lack of validated diagnostic criteria in
this population, we took the pragmatic approach of using a
ferritin ≥10000 μg/L as suggestive of actual or threatened
cytokine storm/hyperinflammation, in patients with a febrile
(and often cytopaenic or coagulopathic) illness with no
identified infective pathogens (other than recognised trig-
gers of sHLH) (Table 5).

Six cases of sHLH presented up to 3 years following first
allogeneic HSCT for myeloid malignancies (AML, chronic
myeloid leukaemia and myelodysplastic syndrome)
between 1st January 2014 and 31st December 2018
(Table 5). This gives an sHLH frequency of 3% i.e. 6 of a
total of 202 first allogeneic HSCT procedures undertaken in
our unit in patients ≥16 years over the same period, of
which 145 were for myeloid disorders. None of these
patients had HLH pre-transplant.

The first patient (Case 1) survived after treatment with
anakinra. Integrated rheumatology–haematology collabora-
tion in relation to suspected sHLH was maintained there-
after for other suspected cases. This included early
screening with ferritin and prompt rheumatological review,
with combined management of cases fulfilling criteria for
sHLH by accepted classifications. Notwithstanding this

*

Parallel treatment considerations 

EBV identification and treatment – consider rituximab 

Targeted antibiotics to treat infectious triggers 

Investigation for malignant triggers and cancer targeted 
chemotherapy 

Ciclosporin can be considered as second line treatment for 
early MAS/sHLH at 2-7 mg/kg/day and has a role to prevent 

recurrent episodes 

IVIG half-life is 14-21 days therefore consider repeat 
administration at 14 days  

Absolute cytopenia 

Coagulopathy 

Neurological dysfunction 

Haemophagocytosis 

Organ dysfunction 

Immediate Treatment 

IV methylprednisolone 1g daily for 3-5 days 

Plus 

IVIG 1g/Kg daily for 2 days (repeat in 14 days) 

Second-line Treatment 

Established MAS/sHLH* - Anakinra 100 mg daily 

Third-line/refractory Treatment 

Discuss with haematologist  

Etoposide 150 mg/m2  twice weekly for two weeks, then 

Etoposide 150 mg/m2 once weekly for 6 weeks 

Fig. 1 Treatment protocol for sHLH adapted with permission from Carter et al. [7]

Haemophagocytic lymphohistiocytosis (HLH) following allogeneic haematopoietic stem cell transplantation. . . 311



Ta
bl
e
5
S
um

m
ar
y
of

id
en
tifi

ed
ca
se
s
of

sH
L
H

fo
llo

w
in
g
al
lo
ge
ne
ic

H
S
C
T
at

S
he
ffi
el
d
T
ea
ch
in
g
H
os
pi
ta
ls
N
H
S
F
ou

nd
at
io
n
T
ru
st
fr
om

20
14
–
20

18
in
cl
us
iv
e

C
as
e
ID

A
ge

G
en
de
r

(p
at
ie
nt
/

do
no
r)

D
ia
gn
os
is

D
on
or

in
fo
rm

at
io
n

(H
L
A

m
at
ch
,
ce
ll

so
ur
ce
,
S
IB
/

V
U
D
)

T
ra
ns
pl
an
t

co
nd
iti
on
in
g

D
at
e
of

al
lo
ge
ne
ic

H
S
C
T

D
L
I

de
ta
ils

(d
at
es

gi
ve
n

an
d
do
se

in
C
D
3

+
ce
lls
/

kg
)

G
vH

D
di
ag
no
si
s
da
te

G
V
H
D

si
te

an
d
gr
ad
e

G
V
H
D

tr
ea
tm

en
t

H
L
H

di
ag
no
si
s
da
te

H
S
co
re

at
di
ag
no
si
s

(p
ro
ba
bi
lit
y

of
H
L
H
)

H
L
H
-

20
04

sc
or
e
at

di
ag
no
si
s

P
ut
at
iv
e

H
L
H

tr
ig
ge
r

H
ig
he
st

se
ru
m

fe
rr
iti
n

(μ
g/
L
)

M
ax

E
B
V

P
C
R

(c
op
ie
s/

m
L
)
an
d

tr
ea
tm

en
t

C
M
V

an
d

ot
he
r
he
rp
es

vi
ru
se
s

H
L
H

tr
ea
tm

en
t

ou
tc
om

e

1
54

M
/F

C
M
L

10
/1
0
H
L
A

m
at
ch
,

P
B
S
C
,
S
IB

R
IC

(F
lu
/

B
u/
A
T
G
)

09
/1
0/
20
14

N
/A

07
/0
1/
20
15
—

sk
in

bi
op
sy
.

14
/0
1/
20
15
—

si
gm

oi
d
bi
op
sy

G
ut

2,
sk
in

1
IV

an
d
P
O

co
rt
ic
os
te
ro
id
s,

C
S
A
,

et
an
er
ce
pt
,
E
C
P

19
/1
2/
20
15

17
5
(6
1%

)
3

E
B
V

an
d

ch
es
t
se
ps
is

>
10
0,
00
0

24
,0
00
.
N
o

tr
ea
tm

en
t

L
ow

le
ve
l

C
M
V

(7
1

co
pi
es
/m

L
);

se
ttl
ed

sp
on
ta
ne
ou
sl
y

w
ith

ou
t

tr
ea
tm

en
t

(1
)
IV

D
ex
am

et
ho
so
ne

an
d
C
S
A

(2
)
IV

IG
/I
V
M
P

(3
)
A
na
ki
nr
a

10
0
m
g
O
D

m
ai
nt
ai
ne
d
on

P
O

co
rt
ic
os
te
ro
id

an
d
an
ak
in
ra

10
0
m
g

al
te
rn
at
e
da
ys

A
liv

e

2
72

M
/F

A
M
L

(p
os
t-
E
T
)

10
/1
0
H
L
A

m
at
ch
,

P
B
S
C
,
V
U
D

R
IC

(F
M
C
)

13
/0
4/
20
16

D
os
e
#1

16
/2
/1
7

(0
.5
×

10
6 )

24
/0
3/
20
17
—

sk
in

(n
o

bi
op
sy
).
04
/1
0/

20
17

—

si
gm

oi
d
bi
op
sy

G
ut

3,
sk
in

3
IV

,
P
O

an
d

to
pi
ca
l

co
rt
ic
os
te
ro
id
s,

C
S
A
,

et
an
er
ce
pt
,
E
C
P

28
/1
0/
20
17

21
3,

(9
4%

)
4

E
B
V

P
T
L
D

25
,4
68

22
4,
00
0.

1
do
se

IV
ri
tu
xi
m
ab

N
ot

de
te
ct
ed

(1
)
IV

M
P
/I
V
IG

(2
)
A
na
ki
nr
a

10
0
m
g
O
D

(3
)
C
S
A

(4
)
F
ur
th
er

IV
M
P
/I
V
IG

an
d

an
ak
in
ra

10
0
m
g
B
D

D
ie
d
at

da
y

+
58
6

po
st
-

H
S
C
T

3
43

F
/M

M
D
S

10
/1
0
H
L
A

m
at
ch
,

P
B
S
C
,
V
U
D

R
IC

(F
M
C
)

09
/0
3/
20
17

N
/A

09
/0
7/
20
17
—

si
gm

oi
d
bi
op
sy

G
ut

2,
sk
in

3
IV

,
P
O

an
d

to
pi
ca
l

co
rt
ic
os
te
ro
id
s,

C
S
A
,
M
M
F
,

et
an
er
ce
pt
,
E
C
P

01
/0
9/
20
18

11
2,

(3
%
)

1
G
V
H
D

28
,2
31

N
o

re
ac
tiv

at
io
n

N
ot

de
te
ct
ed

(1
)
IV

M
P
/I
V
IG

(2
)
A
na
ki
nr
a

10
0
m
g
O
D

(3
)
C
S
A

(4
)
F
ur
th
er

IV
M
P
/I
V
IG

an
d

an
ak
in
ra

30
0
m
g
O
D

D
ie
d
at

da
y

+
34
8

po
st
-

H
S
C
T

4
57

F
/M

A
M
L

10
/1
0
H
L
A

m
at
ch
,

P
B
S
C
,
S
IB

R
IC

(F
M
C
)

27
/0
2/
20
15

N
/A

08
/0
4/
20
15

—

si
gm

oi
d

bi
op
sy
.
08
/0
4/

20
15

—

sk
in

bi
op
sy

G
ut

3,
sk
in

3
IV

an
d
P
O

co
rt
ic
os
te
ro
id
s,

C
S
A
,

M
M
F
,
E
C
P

16
/0
8/
20
16

16
5,

(4
6%

)
3

C
he
st
se
ps
is

33
,9
52

81
9,
00
0.

1
do
se

IV
ri
tu
xi
m
ab

N
ot

de
te
ct
ed

(1
)
IV

M
P
/I
V
IG

(2
)
A
na
ki
nr
a

10
0
m
g
O
D

(3
)
E
to
po
si
de

D
ie
d
at

da
y

+
56
1

po
st
-

H
S
C
T

5
42

M
/M

A
M
L

10
/1
0
H
L
A

m
at
ch
,

P
B
S
C
,
S
IB

R
IC

(F
M
C
)

22
/0
4/
20
14

D
os
e
#1

15
/0
9/

20
14

(1
×
10

6 )
;

D
os
e
#2

19
/1
1/

20
14

(5
×
10

6 )

N
ot

di
ag
no
se
d

w
ith

G
vH

D
N
/A

N
/A

10
/1
2/
20
17

20
2,

(8
9%

)
4

E
B
V

P
T
L
D

48
,6
39

15
6
00
0.

6
do
se
s
of

IV
an
d
IT

ri
tu
xi
m
ab

N
ot

de
te
ct
ed

(1
)
IV

M
P
/I
V
IG

(2
)
A
na
ki
nr
a

10
0
m
g
O
D

(3
)
A
na
ki
nr
a

20
0
m
g
B
D

an
d

fu
rt
he
r
IV

IG

D
ie
d
at

da
y
+
1

35
2

po
st
-

H
S
C
T

6
58

M
/M

A
M
L

10
/1
0
H
L
A

m
at
ch
,

P
B
S
C
,
V
U
D

R
IC

(F
L
A
M
S
A
-

B
U
)

27
/0
7/
20
18

N
/A

06
/0
9/
20
18

—

sk
in

bi
op
sy
,

13
/0
9/
20
18

—

si
gm

oi
d
bi
op
sy

G
ut

4,
sk
in

2
IV

an
d
P
O

co
rt
ic
os
te
ro
id
s,

C
S
A
,

M
M
F
,
E
C
P

31
/0
8/
20
18

16
5,

(4
6%

)
4

G
vH

D
11
,7
50

N
o

re
ac
tiv

at
io
n

M
od
er
at
e
le
ve
l

C
M
V

re
ac
tiv

at
io
n

(7
21

co
pi
es
/

m
L
)

(1
)
C
S
A
/M

M
F

(2
)
IV

M
P
/I
V
IG

(3
)
A
na
ki
nr
a

20
0
m
g
B
D

D
ie
d

da
y

+
60

po
st
-

H
S
C
T

M
m
al
e,

F
fe
m
al
e,

C
M
L

ch
ro
ni
c
m
ye
lo
id

le
uk

ae
m
ia
,
A
M
L

ac
ut
e
m
ye
lo
id

le
uk

ae
m
ia
,
E
T

es
se
nt
ia
l
th
ro
m
bo

cy
th
ae
m
ia
,
M
D
S
m
ye
lo
dy

sp
la
st
ic

sy
nd

ro
m
e,

E
B
V

E
ps
te
in
–
B
ar
r
vi
ru
s,

C
M
V

cy
to
m
eg
al
ov

ir
us
,
P
T
L
D

po
st
-t
ra
ns
pl
an
t
ly
m
ph

op
ro
lif
er
at
iv
e
di
so
rd
er
,
G
vH

D
gr
af
t
ve
rs
us

ho
st
di
se
as
e,

H
L
A
hu

m
an

le
uc
oc
yt
e
an
tig

en
,
V
U
D

vo
lu
nt
ee
r
un

re
la
te
d
do

no
r,
SI
B
si
bl
in
g
do

no
r,
R
IC

re
du

ce
d
in
te
ns
ity

co
nd

iti
on

in
g,

F
lu
/B
u/
A
T
G

fl
ud

ar
ab
in
e,

bu
su
lp
ha
n,

an
ti-
th
ym

oc
yt
e
gl
ob

ul
in
,
F
M
C

fl
ud

ar
ab
in
e,

m
el
ph

al
an
,
al
em

tu
zu
m
ab
,
F
L
A
M
SA

-B
U

fl
ud

ar
ab
in
e,

cy
ta
ra
bi
ne
,
am

sa
cr
in
e,

bu
su
lp
ha
n,

A
T
G
,M

M
F
m
yc
op

he
ny

la
te
m
of
et
il,

H
SC

T
ha
em

at
op

ei
tic

st
em

ce
ll
tr
an
sp
la
nt

D
L
I
do

no
r
le
uc
oc
yt
e
in
fu
si
on

,N
/A

no
ta
pp

lic
ab
le
,I
V
in
tr
av
en
ou

s,
P
O
pe
r
or
al
,C

SA
cy
cl
os
po

ri
n
A
,E

C
P

ex
tr
ac
or
po

re
al

ph
ot
ot
he
ra
py

,
P
C
R
po

ly
m
er
as
e
ch
ai
n
re
ac
tio

n,
IT

in
tr
at
he
ca
l,
IV
M
P
in
tr
av
en
ou

s
m
et
hy

lp
re
dn

is
ol
on

e,
IV
IG

in
tr
av
en
ou

s
im

m
un

og
lo
bu

lin
s,
O
D

on
ce

da
ily

,
B
D

tw
ic
e
da
ily

312 R. D. Sandler et al.



proactive approach, five subsequent patients died despite
prompt recognition and targeted treatment of sHLH. Of
note, five of these six patients had severe GvHD, refractory
to standard therapy before developing cytokine storms, and
four had associated EBV reactivation/infection. All patients
had a fully 10/10 HLA-matched transplant for a myeloid
malignancy, but otherwise there were no obvious com-
monalities e.g. within HLA-types, or other factors.

We did not diagnose sHLH in any of the 385 patients
who underwent a first (n= 309) or subsequent (n= 76)
autologous HSCT in our unit over the same period, for
which predominant indications were multiple myeloma,
lymphoma, autoimmune diseases and solid tumours. We did
not diagnose sHLH following first allogeneic HSCT in
adults > 16 years for other non-myeloid indications (n=
57), which were either lymphoproliferative (n= 50) or non-
malignant (n= 7).

Discussion

Despite recent major improvements in outcomes in other
settings (fHLH and sJIA), sHLH is an under-recognised and
life-threatening complication following HSCT with major
unmet needs in diagnosis and clinical management. In
particular, there are no agreed diagnostic criteria or treat-
ment guidelines for sHLH in the post-HSCT population.
We have therefore reviewed the current literature and
reported recent experience from our own adult unit in
applying early diagnostic and targeted approaches from
current rheumatological practice.

We identified six adults with sHLH presenting up to 3
years following allogeneic HSCT using classification and
diagnostic criteria used in rheumatological practice. Given
the lack of validated diagnostic criteria in this population,
we took the pragmatic approach of using a ferritin ≥10000
μg/L as suggestive of actual or threatened cytokine storm/
hyperinflammation, in patients with a febrile, and often
cytopaenic or coagulopathic, illness with no identified
infective pathogens. An alternative, recommended approach
to diagnosing adult HLH, is to use the HLH-2004 criteria, in
conjunction with clinical judgement. According to the
recent consensus, the presence of ≥5 of the HLH-2004
criteria is suggestive of HLH [4]. Of concern, none of our
six patients fulfilled >4/8 criteria at the point of diagnosis of
HLH so relying on these criteria alone in the post-HSCT
population may result in diagnostic and treatment delay,
justifying further study into accurate diagnostics. With an
apparent incidence of 3% of our total allogeneic HSCT
activity over the same time period, along with a high
mortality there are significant implications for complexities
and costs of clinical management in allogeneic HSCT
practice.

We propose that sHLH should be considered carefully in
any acutely or chronically unwell allogeneic HSCT reci-
pient, especially those with GVHD, EBV or other viral
reactivation, who develop an unexplained, culture-negative
febrile illness, pancytopenia or coagulopathy. Despite a
proactive and prompt multidisciplinary approach and use of
modern sHLH treatment, including IL-1 blockade, which
has revolutionised the management of sHLH/MAS in
patients with sJIA and SLE and is increasingly reported to
be used in both children and adults with sHLH, post-HSCT
sHLH contributed heavily to non-relapse mortality in five of
six patients (83%). This highlights the need for further study
and critical evaluation of this area.

The close relationship of sHLH with GvHD is a common
theme and both sHLH and GVHD could be part of a
“hyperinflammatory” spectrum. Persistent GvHD is repor-
ted in children with sHLH post-HSCT, and we have pro-
vided further evaluation in adults [35]. Significantly, we
also found co-existing EBV reactivation in four of six
patients, which is consistent with reports of infections
triggering sHLH post-HSCT [72, 73]. Exposure to GvHD
may lead to a “trained immunity” phenomenon, predis-
posing to hyperinflammation in the form sHLH once a
response is triggered, such as by EBV or other infection/
reactivations, or other factors [74]. This “alloreactivity”
hypothesis is supported by the lack of association of sHLH
with autologous HSCT for lymphoproliferative and auto-
immune disorders, even though they are recognised triggers
for sHLH in settings outside of HSCT. However, whether
sHLH is a phenomenon seen more commonly in adults
undergoing allogeneic HSCT for myeloid disorders, as
suggested by our series, remains to be determined, parti-
cularly as other experience varies, especially in paediatric
HSCT [33–39].

In conclusion, sHLH is a serious but under-recognised
complication following allogeneic HSCT, with high mor-
tality. As with other contexts (such as rheumatological
disease), there appears to be a major overlap of sHLH with a
background of uncontrolled inflammation and immune
dysregulation, such as GvHD, and infective triggers e.g.
EBV. On a practical level, serum ferritin is a useful, cheap
and readily available biomarker in identifying patients at
risk, especially when ≥10000 μg/L, and may have dis-
criminatory value in distinguishing sHLH from GvHD [50].
We therefore propose that routine screening with ferritin
post-HSCT identify sHLH earlier, especially in patients
with GvHD in whom EBV and other viral reactivations are
being detected by routine polymerase chain reaction. Other
biomarkers, such as NK cell activity and sIL-2r/CD-25 sta-
tus are emerging and could be evaluated for their sensitivity
and specificity in this setting [45, 54].

Clinically, with an estimated incidence of 3% in our
allogeneic HSCT recipient population and a high mortality
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despite modern treatment approaches, there are major unmet
needs in this area. Alongside of these discussions, the
advent of chimeric antigen receptor (CAR) T-cell therapy
also brings with it the risk of sHLH and other cytokine
storm-related complications, requiring close collaboration
between haematologists, rheumatologists, critical care spe-
cialists and immunologists [75, 76]. Further studies in all
ages of patients are warranted. Larger retrospective studies,
for example, via the EBMT registry, are a means to more
comprehensively characterise the frequency, severity and
outcomes following mostly “ad hoc” treatment of sHLH in
HSCT and cellular therapy recipients. However, prospective
studies, including validation of diagnostic markers and
clinical trials of cytokine blockade, are urgently required to
establish effective identification and management of sHLH
following HSCT, CAR T-cell and other cellular therapies.
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