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Abstract
Hemophagocytic lymphohistiocytosis (HLH) is a rare hyperinflammatory syndrome, which can manifest either secondary 
to a variety of underlying causes, or due to a primary genetic defect. Malignancy is the most common underlying disease in 
adults with HLH, with lymphomas being the most common malignancy. Lymphoma-associated hemophagocytic syndrome 
(LAHS) typically follows a rapidly progressive clinical course and is associated with poor prognosis. We herein present four 
patients with HLH associated with aggressive lymphoma. At initial presentation, the underlying etiology of the HLH was 
unclear. Two patients were eventually diagnosed with anaplastic large cell lymphoma, while the other two had diffuse large 
B cell lymphoma. Two of the patients experienced rapid clinical deterioration, one at diagnosis and the other at relapse, and 
both died prior to diagnosis of lymphoma despite HLH-directed therapy. These cases highlight the need for intensive man-
agement in adults with HLH without a clear etiology, especially in cases when lymphoma-associated HLH is suspected. We 
describe the current pitfalls in diagnosis and treatment of LAHS and discuss possible ways to improve patient management.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare 
hyper-inflammatory syndrome, with a wide range of clini-
cal presentations. The estimated yearly incidence of HLH 
is one per 800,000 people, and 1–10 per million children 
[1]. There is no pathognomonic feature for the diagnosis of 
HLH, but rather an accepted set of 8 clinical and laboratory 
diagnostic criteria supported by the pathological evidence of 

hemophagocytosis [2], as detailed in Table 1. The underly-
ing etiologies for HLH include infectious and inflammatory 
disorders, as well as malignancies. Genetic or “primary” 
HLH refers to patients with defects in genes involved in 
cytotoxic granule exocytosis or function [3]. The frequency 
of each etiology varies according to the patient population, 
with age being a major determinant. Malignancy-associated 
HLH is more prevalent among adults, whereas congenital 
and infection-associated HLH are more common in the pedi-
atric population [1]. When no etiology is detected HLH is 
considered idiopathic, accounting for 5–10% of the adult 
HLH population [4]. Table 2 lists some of the auxiliary tests 
suggested for a workup of an underlying disease.

Patients with HLH can present with signs and symptoms 
such as fever and splenomegaly, which can be related to 
an underlying pathological process, to the HLH itself or to 
both. Due to this myriad of non-specific clinical presenta-
tions, diagnosing HLH as well as its underlying pathological 
process can be puzzling. This is particularly true in the case 
of malignancy-associated HLH, which is generally associ-
ated with dismal prognosis [5, 6]. Hematological malignan-
cies, including T cell lymphomas, B cell lymphomas and 
leukemias are the most common underlying malignancies 
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representing up to 97% of cases in a recent literature review 
[6].

There are two key aspects of HLH management which 
require simultaneous consideration: first, identifying and treat-
ing the underlying disease; and second, treating the inflam-
matory process with HLH treatment protocols. The HLH-94 
protocol includes a core of 8 weeks of induction treatment with 
dexamethasone and etoposide with subsequent steroid taper-
ing off according to disease response [7]. Clinical response 
to both etoposide and steroids can be achieved when HLH is 

secondary to a hematologic malignancy, yet this can merely 
reflect the effectiveness of these agents in treating the HLH 
per se.

There is limited data to guide treatment of adults with 
HLH. One of the largest cohorts of adults with secondary 
HLH (n = 162) included 92 patients (56.8%) with hemato-
logic malignancies, mainly non-Hodgkin lymphoma (NHL) 
(n = 57, 35.2%) [8]. Sixty-one of the 162 patients received 
treatment for the underlying cause of HLH without receiv-
ing HLH-specific treatment. Of the remaining 101 patients 

Table 1  Patient characteristics 
and fulfillment of the HLH 
criteria

HLH criteria according to HLH-2004 protocol [2]
HLH hemophagocytic lymphohistiocytosis, NA not assessed, NK natural killer
a Hypertriglyceridemia defined as fasting triglycerides > 265  mg/dL and hypofibrinogenemia defined as 
fibrinogen < 150 mg/dL

Patient variable Patient number

1 2 3 4

Age (years) 65 68 64 86
Sex Female Male Male Male
HLH criteria
 Fever Yes Yes Yes Yes
 Splenomegaly No No Yes Yes
 Peripheral blood cytopenia > 1 line Yes Yes Yes Yes
 Hypertriglyceridemia and/or hypofibrinogenemiaa Yes Yes No No
 Hemophagocytosis in bone marrow, spleen, lymph node, or liver Yes Yes Yes No
 Low or absent NK cell activity Yes NA NA Yes
 Elevated ferritin (> 500 ng/mL) Yes Yes Yes Yes
 Elevated soluble CD25 (soluble IL-2 receptor alpha) Yes Yes NA Yes
 Number of HLH criteria met 7 6 5 6

Table 2  The diagnostic workup 
that patients underwent to 
identify the cause of HLH

Diagnostic workup Patient number

1 2 3 4

Laboratory evaluation
 CBC, chemistry, coagulation studies Yes Yes Yes Yes
 Peripheral blood smear Yes Yes Yes Yes
 Rheumatologic  workupa Yes Yes Yes Yes
 Infectious disease  workupb Yes Yes Yes Yes
 Genetic testing for known HLH mutations No No No No

Imaging studies and pathologic evaluation
 Gastrointestinal endoscopic studies with biopsies No No No Yes
 Bone marrow biopsy Yes Yes Yes Yes
 Skin biopsy No Yes No No
 Lymph node biopsy Yes No Yes No
 Head CT or MRI No Yes No No
 Lumber puncture No Yes No No
 Echocardiogram No No Yes No
 Total body CT Yes Yes Yes Yes
 PET CT No Yes Yes No
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receiving HLH-specific treatment, 57.4% received only 
glucocorticoids (n = 19) or etoposide (n = 39), while 41.6% 
received both. 20% of the patients died within 1 month, with 
inferior survival for malignancy-associated HLH. Therefore, 
patients with malignancy-associated HLH have adverse 
short-term outcomes, suggesting that current management 
approaches are inadequate.

We herein present four patients with HLH as the present-
ing symptom of aggressive lymphoma. At initial presenta-
tion, the underlying etiology of the HLH was unclear. These 
cases highlight the need for intensive management in adults 
with HLH without a clear etiology, especially in cases when 
lymphoma-associated HLH is suspected.

Case presentation

Case 1

A 65-year-old female with no significant previous medical 
history and no relevant family history was admitted to an 
internal medicine ward due to fever during the previous two 
weeks. Following a thorough workup, seven of the eight 
diagnostic criteria for HLH were met as detailed in Table 1, 
including reduced natural killer cell (NK) activity of 16% 
and elevated soluble IL2 receptor (sIL2-r) level of 10,700 U/
ml (normal range 300–2000 U/ml). At HLH diagnosis, the 

patient was hemodynamically stable without organ failure. 
Multiple diagnostic tests failed to reveal an underlying cause 
of HLH. Table 2 lists the steps which should be considered 
when investigating the underlying cause of idiopathic HLH, 
and shows which of them were performed in this and the 
other cases.

Serological tests were negative for various infectious as 
well as connective tissue diseases, including Epstein–Barr 
virus (EBV), cytomegalovirus (CMV) and human immuno-
deficiency virus (HIV). Total body computerized tomogra-
phy (CT) was unremarkable apart from mild splenomegaly. 
Bone marrow biopsy revealed a lymphoid infiltrate which 
was deemed reactive by morphology and immunohistochem-
istry. The working diagnosis at this stage was idiopathic 
HLH, and the patient received dexamethasone at a dose of 
10 mg/m2/day, followed by gradual steroid tapering off over 
a cumulative period of 10 weeks, with clinical and labo-
ratory improvement. Due to good clinical status and rapid 
response to steroid treatment alone, etoposide or cyclo-
sporine A (CSA) were not utilized at this stage. Figure 1 
shows the major clinical events, diagnostic advances, treat-
ment, and laboratory markers of disease activity along the 
timeline from when HLH was first suspected in this patient.

Six weeks after complete cessation of steroid therapy 
HLH relapsed, with palpable splenomegaly, high lactate 
dehydrogenase (LDH) levels, worsening anemia and ris-
ing levels of sIL2-r. Upon relapse, she received retreatment 
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with daily dexamethasone 10 mg/m2, weekly etoposide 
100 mg/m2 and CSA according to the HLH-2004 protocol. 
The patient responded very well clinically to this treatment, 
and her blood count, biochemistry and sIL2-r normalized, 
although ferritin remained elevated. Repeat bone marrow 
biopsy was negative for an underlying lymphoproliferative 
disease, showing only reactive changes. In light of the pres-
ence of splenomegaly, a reactive lymphoid bone marrow 
infiltrate and relapsed adult HLH and in view of lack of an 
alternative cause, an underlying hematologic malignancy, 
especially lymphoma, was suspected. A fluorodeoxyglucose 
(FDG) positron emission tomography (PET)/CT scan was 
performed, which demonstrated only a spleen size of 12 cm, 
with diffuse high uptake of FDG, without other signs of 
malignancy.

Three weeks later, while she was receiving dexametha-
sone at a dose of 2 mg twice a week, and CSA at therapeu-
tic levels, the patient presented with an aggressive relapse 

of her symptoms, manifested by night sweats and fever. A 
laboratory workup showed elevated LDH [4800 U/L; upper 
limit of the norm (ULN) = 450], increased sIL2-r (4 × ULN), 
abnormal liver enzymes as well as anemia and thrombo-
cytopenia. Renal failure also ensued, which continued to 
progress despite discontinuation of the CSA. Another thor-
ough workup was performed, including PET/CT, infectious 
and autoimmune investigation, skin biopsy and bone marrow 
biopsy and aspiration; however, preliminary results failed to 
provide an underlying cause for the HLH. The patient was 
retreated with dexamethasone at a dose of 20 mg per day, 
and 4 biweekly doses of etoposide at a dose of 100 mg/m2 
were given. Although lymphoma was suspected, due to the 
lack of histological proof of malignancy, chemotherapy was 
not administered and the patient continued to receive HLH-
targeted treatment only. Her clinical condition deteriorated 
and she died within 19 days of admission and 225 days after 
initial presentation. An autopsy revealed diffuse large B cell 

Fig. 2  Bone marrow and spleen biopsy findings in Case 1. a BMB 
while alive with PAX5 immunostaining (× 20 magnification) show-
ing large lymphoid cells with an interstitial pattern of infiltration. 
The B cells are positive for both CD20 and nuclear PAX5; b BMB 
PM with CD20 immunostaining (× 40) showing a BM infiltrated by 
large lymphoid cells (interstitial pattern of infiltration), highlighted by 

CD20; c Spleen biopsy PM with an HE stain (× 40) showing splenic 
tissue entirely infiltrated by large atypical lymphocytes. BMB bone 
marrow biopsy, HE hematoxylin and eosin, CD cluster of differentia-
tion, DLBCL diffuse large B cell lymphoma, PAX5 paired box protein 
5, PM postmortem, RBC red blood cells
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lymphoma (DLBCL) of the spleen and bone marrow with 
ki67 of 70%. In addition, the bone marrow biopsy performed 
shortly before her death showed similar findings, but the 
report was finalized only after her death (Fig. 2a–c).

Case 2

A 68-year-old male with a previous medical history of 
ischemic heart disease, celiac disease, gout and osteoporosis 
was admitted due to significant weight loss during the prior 
2 months, fever and pancytopenia. His blood tests showed 
elevated LDH (6500 U/L, ULN = 450I/L) and high ferritin 
(19,642 ng/ml; ULN 306.8 ng/ml) as well as increases in 
total bilirubin (11 mg/dL; ULN 1.2 mg/dL), alkaline phos-
phatase (904 U/L; ULN 120 U/L) and alanine aminotrans-
ferase (2741 U/L; ULN 34 U/L). Coagulopathy was evident 
with prolonged PT and PTT (28.1 s ULN 13.5 s, and 52.7 s 
ULN 40 s, respectively) and low fibrinogen levels of 70 mg/
dL (normal range 200–530 mg/dL). sIL2-r levels were nor-
mal. Total body CT including CT enterography revealed 
diffuse lymphadenopathy and isodense findings in the liver.

The presumptive diagnosis was HLH meeting 6/8 diag-
nostic criteria (Table 1) with a suspected underlying malig-
nancy. High-dose dexamethasone and etoposide were started 
according to the HLH-94 protocol. Preliminary results of a 
biopsy obtained from an inguinal lymph node were sugges-
tive of histiocytic sarcoma, rarely reported in association 
with HLH [9]. Despite 4 days of dexamethasone therapy, 
the patient’s clinical status rapidly deteriorated over several 
days, with multi-organ failure, culminating in cardiovascular 
collapse. The patient died within 11 days of hospital admis-
sion. The clinical course is shown in Fig. 3. A final patho-
logical diagnosis from the inguinal lymph node obtained 
3 days following the patient’s death was compatible with 

ALK1-negative anaplastic large cell lymphoma. Bone mar-
row and lymph node biopsy findings are shown in Fig. 4a–c.

Case 3

A 64-year-old male with metastatic non-small cell lung 
carcinoma and no other significant comorbidities presented 
with 3 months of fever, lymphadenopathy and pancytope-
nia. The patient was diagnosed with lung cancer 2.5 years 
earlier and had been receiving treatment with carboplatin 
and pemetrexed up to 5 months prior to presentation with 
HLH. Chemotherapy was suspended prior to admission due 
to declining blood counts. Workup included total body CT, 
which revealed lymphadenopathy on both sides of the dia-
phragm and splenomegaly. Bone marrow biopsy revealed 
hemophagocytosis. CT-guided biopsy from a retroperitoneal 
lymph node showed a lymphoid aggregate. Due to wors-
ening thrombocytopenia (nadir = 8000 K/µL) suspected as 
immune thrombocytopenic purpura, the patient was treated 
with intravenous immunoglobulins and high-dose dexa-
methasone with a short-lived increase in platelet counts. 
Repeat bone marrow examination revealed anaplastic large 
cell lymphoma. The patient received cyclophosphamide, 
doxorubicin, vincristine and prednisone (CHOP) treatment, 
and achieved complete remission per PET-CT after 3 courses 
of chemotherapy.

Case 4

An 86-year-old male with marginal zone lymphoma (MZL) 
and no other significant medical history presented with weight 
loss, vomiting and melena. He was diagnosed with nodal 
MZL in an enlarged cervical lymph node earlier that year, 
which did not require therapy. At presentation, laboratory tests 
revealed pancytopenia with a neutrophil count of 440 cells/
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µL, hemoglobin of 9 g/dL and a platelet count of 90,000 cells/
µL. The blood count 1 month earlier was normal. Alkaline 
phosphatase was elevated (137 U/L) and ferritin was 1079 ng/
ml. Gastroduodenoscopy revealed an ulcerated lesion between 
the gastric antrum and pylorus, which was biopsied.

Two days later the patient developed high fever and a 
chest radiogram revealed a small pleural effusion with small 
infiltrates. Empirical antibiotic treatment with piperacil-
lin–tazobactam was administered. An extensive workup 
including EBV and CMV serologies, blood cultures and 
bronchoscopy was unrevealing, and bone marrow biopsy was 
performed. The patient had reduced NK activity of 2.28% 
and sIL2-r level of 12,719 U/ml (normal range 300–2000 U/
ml); ferritin rose to 2735 ng/dl. A presumptive diagnosis of 
malignancy-associated HLH was made, meeting 6/8 HLH 
criteria  (Table 1).

Dexamethasone at a dose of 10 mg/m2/day was initiated, 
with the biopsy results still pending. A few days later the 
gastric biopsy pathology report revealed gastric mucosa 

involved by DLBCL, positive for Helicobacter pylori infec-
tion. The bone marrow biopsy also showed involvement 
by DLBCL. Treatment for Helicobacter pylori infection 
with pantoprazole, amoxycillin, clarithromycin and met-
ronidazole was initiated. A marked clinical and labora-
tory improvement was noted. Subsequently, treatment with 
rituximab, cyclophosphamide, doxorubicin, vincristine 
and prednisone (R-CHOP) was initiated, and steroids were 
gradually tapered down. Despite clinical improvement after 
two courses of R-CHOP, severe pancyctopenia prevented 
completion of the chemoimmunotherpay regimen. During 
the tapering down of steroids, the HLH relapsed, accompa-
nied by respiratory syncytial virus (RSV) respiratory infec-
tion. His clinical status rapidly deteriorated, and both ferritin 
and C-reactive protein (CRP) levels rose again (4634 ng/dl 
and 27 ng/dl, respectively). Despite high-dose steroids and 
broad spectrum antibiotic therapy, the patient’s neurologic 
and general clinical condition further deteriorated and he 
eventually died 71 days after his initial hospital admission.

Fig. 4  Bone marrow and lymph node biopsy findings in Case 2. a 
BMB with HE stain (× 40 magnification) showing hypercellular 
marrow with extensive hemophagocytosis. Numerous histiocytes 
are seen, most of them showing intra-cytoplasmatic and “cigarette-
packed” RBCs compatible with severe hemophagocytosis (denoted 
by arrows); b Inguinal lymph node with HE stain (× 20) showing 

fibro-fatty tissue involved in nodules of large atypical lymphocyte 
cells, some of them spindle shaped with a clear and wide cytoplasm 
and nuclear atypia; c Inguinal lymph node with CD30 immune stain-
ing, showing strong membranous staining of the large anaplastic 
cells. BMB bone marrow biopsy, CD cluster of differentiation, HE 
hematoxylin and eosin, RBC red blood cells
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Discussion

In the current report, we describe 4 patients with HLH 
as the presenting feature of aggressive lymphoma. Two 
of the patients were diagnosed with anaplastic large cell 
lymphoma and two with DLBCL. All four fulfilled the 
required diagnostic criteria for HLH. Patients 1, 2 and 
4 received at least partial HLH-directed treatment with 
steroids, within 3 and 7 and 9 days after presentation with 
compatible signs and symptoms, respectively. In Case 3, 
treatment was delayed because an alternative cause of 
cytopenia was suspected. No alternative underlying cause 
of HLH was apparent when the initial HLH diagnosis was 
made. Temporary clinical improvement after the initiation 
of an HLH protocol was seen in Cases 1 and 4; however 
in Case 2 there was rapid clinical deterioration despite 
therapy. Importantly, in 2 of the 4 patients a definitive 
diagnosis of the underlying aggressive lymphoma was 
reached only postmortem.

The cases presented herein underscore some of the dif-
ficulties in managing adult patients with suspected lym-
phoma-associated hemophagocytic syndrome (LAHS). As 
exemplified by these cases, the main stumbling blocks in 
LAHS are delays in diagnosis and treatment of lymphoma, 
as well as delays in treatment of the HLH.

Diagnosing LAHS

High suspicion of underlying cancer in idiopathic HLH

Adult patients with suspected idiopathic HLH should have a 
thorough investigation to exclude malignancy [10] (Table 2), 
with lymphoma being the most prevalent malignancy [6]. 
This may prove especially prudent in the elderly popula-
tion, as demonstrated in a large Japanese study which found 
that among HLH patients over the age of 60 years, 68% 
had lymphoma as an underlying cause [11]. This is in con-
trast to pediatric patients, who have a very low incidence of 
malignancy-associated HLH. Furthermore, the presence of 
one existing malignancy does not exclude the development 
of a new one, as illustrated in Cases 3 and 4. Similarly, the 
occurrence of infection does not rule out LAHS because 
infection might be a co-trigger for LAHS [12].

There have been several attempts to improve identifica-
tion of certain subsets of adult HLH. Initially, Shimazaki 
et al and Takahashi et al proposed novel criteria for defining 
LAHS, largely relying on the HLH-2004 criteria, with the 
addition of LDH and D-dimers [13, 14]. Recently, additional 
attempts have been made to identify various categories of 
secondary HLH. The HScore aims to identify secondary 
HLH, especially malignancy-associated HLH, and includes 
9 clinical (underlying immunosuppression, fever, organo-
megaly), laboratory (triglyceride, ferritin, serum glutamic 

oxaloacetic transaminase and fibrinogen levels, cytopenia) 
and histological (hemophagocytosis in bone marrow) vari-
ables [15]. Tamamyan et al reported diagnostic criteria spe-
cifically for malignancy-associated HLH, comprised of an 
extended set of 18 factors [16]. Other studies have focused 
on LAHS, showing that high serum sIL2-r /ferritin ratio 
[17] and higher levels of serum adenosine deaminase were 
associated with LAHS [18]. Collaboration between centers 
is imperative to improve and validate these scores for use in 
idiopathic adult HLH.

Delays in diagnosis of underlying lymphoma

Delayed diagnosis of the underlying aggressive lymphoma 
in patients with HLH might delay lifesaving treatment. If 
an underlying malignancy is left undetected, treatment of 
the HLH alone will not suffice, and remission may be short 
lived with aggressive relapses, as seen in Case 1 [5]. Diag-
nosis of LAHS is especially challenging since constitutional 
symptoms due to lymphoma might be falsely attributed to 
the HLH. Clinical deterioration can be rapid in these cases, 
and patients often die shortly after HLH presents or relapses, 
before effective treatment is provided for the underlying can-
cer. This was the case in two of our patients as previously 
described in the literature [19]. Importantly, as highlighted 
by the clinical course of Case 1, initial response to HLH 
treatment does not rule out the possibility of an underlying 
lymphoma, since this malignancy may respond transiently 
to steroids (with or without etoposide).

Expedite biopsies and perform repeated diagnostic tests

In a recent report, diagnosis of LAHS more than 20 days 
after presentation was associated with reduced overall sur-
vival, presumably due to delay in anti-lymphoma therapy 
[20]. Steroid treatment, alone or as part of one of the HLH-
94 or HLH-2004 protocols, may be needed to provide effec-
tive, albeit temporary, relief of HLH signs and symptoms. 
However, steroid therapy (and etoposide) might mask an 
underlying lymphoma by reducing the diagnostic sensitiv-
ity of both laboratory studies and tissue biopsies. Therefore, 
when LAHS is suspected, definitive biopsies (i.e., adequate 
quantity and quality) should be performed as soon as pos-
sible. Case 1 exemplifies the importance of recurrent diag-
nostic tests because of sampling error and possible mask-
ing due to steroid therapy, since only the 3rd bone marrow 
biopsy eventually provided the diagnosis of lymphoma. 
More invasive procedures, such as diagnostic splenectomy, 
may be needed to confirm the suspicion for lymphoma in 
these patients, as might have been relevant in Case 1. Sple-
nectomy also has therapeutic potential in relapsed idiopathic 
HLH [21].
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Treating LAHS

Treat LAHS as early as possible

Another key concept in the management of LAHS is the 
admission of timely treatment for both the HLH and the 
underlying disease. A recent consensus review suggested 
a two-step approach to treatment of malignancy-associated 
HLH in adults [22]. First, the cytokine storm and T cell 
proliferation is targeted, initially with steroids, etoposide 
and IVIG. Salvage therapies include chemotherapy, such as 
liposomal doxorubicin, etoposide and methylprednisolone, 
or plasmapheresis, among others [23]. The second step is 
tumor-specific therapy targeting the underlying malignancy, 
once vital organ function has been restored.

Treatment of HLH in adults relies mostly upon studies 
and experience with the pediatric population. The HLH-94 
protocol was used in a prospective study and includes a core 
of 8 weeks of induction treatment with dexamethasone and 
etoposide [7] with subsequent steroid tapering off according 
to disease response. This treatment resulted in 3 year over-
all survival (OS) of 55%, amongst 113 patients included in 
the original trial. Importantly, the study population included 
children aged 15 years or less, and bone marrow transplanta-
tion (BMT) was part of the treatment protocol.

Prospective studies involving adult HLH patients are 
rare. Shin et al investigated the CHOP chemotherapy regi-
men in 17 adult patients with HLH. Only seven of these 
patients had LAHS, all had lymphoma. Five patients had 
EBV-associated HLH and the remainder (n = 5) had HLH 
of unknown cause. Despite the heterogeneous etiologies of 
HLH, the overall response rate was 58.8%, with a similar 
response rate achieved in the EBV-related HLH subgroup 
(60%) [24]. Of note, 5 of the patients without an underly-
ing lymphoma also responded to the CHOP combination. 
The small sample size and lack of a control group preclude 
definite conclusions.

New therapeutic options that are more precisely targeted 
to the underlying immuno-pathophysiology of HLH and 
are less cytotoxic are currently being tested in pilot stud-
ies. These include agents such as anti-interferon gamma 
monoclonal antibody [25], alemtuzumab, tocilizumab and 
the januse kinase (JAK)1/2 inhibitor ruxolutinib. The initial 
results from these studies are promising [26] and might be 
especially relevant to the elderly patient with LAHS.

Consider more aggressive management when underlying 
lymphoma is suspected

Due to the often rapidly progressive nature of LAHS as 
exemplified in Case 2, a more aggressive treatment strategy 
should be evaluated. One theoretical option and aim could be 

the earlier administration of chemotherapy to patients with a 
high index of suspicion of LAHS and an adverse prognosis, 
even before the establishment of a diagnosis of lymphoma. 
In cases of HLH without an overt underlying cause, a high 
index of suspicion for LAHS could be extrapolated from one 
of the new diagnostic scores discussed above [13, 15–17]. 
Amongst these patients, if no underlying etiology is dis-
covered in first tier testing (Table 2), we believe a certain 
subgroup may benefit from a more aggressive management 
scheme. These are the patients with rapid clinical deteriora-
tion, which could be evaluated by severity indices analogous 
to the APACHE score in the intensive care unit [27].

In this subgroup (high suspicion; adverse prognosis), it 
seems a reasonable option to administer empirical chemo-
therapy, such as CHOP, directed at a possible underlying 
lymphoma, in addition to the etoposide which is incorpo-
rated in the HLH-2004 protocol. This controversial and 
non-evidence-based proposal could be considered on a 
case-by-case basis, especially when rapid relapses occur 
and when the patient deteriorates despite appropriate HLH 
treatment, as in Case 1. Of note, LAHS may present or 
recur with an accompanying infection, as in Case 4, and 
this may further complicate administration of chemother-
apy. Given the gravity of the situation and lack of evi-
dence, a shared and informed decision-making together 
with patients and their families, after outlining the pros 
and cons of this approach, is imperative.

If empirical chemotherapy is initiated, how many 
courses should be administered? Since there is currently 
no hard evidence to guide any specific regimen, treatment 
duration should be considered on a case-by-case basis. 
We propose several principles which could inform this 
decision. First, treatment strategy should be reevaluated 
after 1–2 courses of empirical chemotherapy, along with 
repeated diagnostic testing such as PET/CT, and biopsy of 
relevant sites. Second, if the HLH progresses despite two 
courses of lymphoma-directed empirical chemotherapy 
or if there is excessive treatment-related toxicity, chemo-
therapy discontinuation should be seriously considered. 
Third, if no new information to guide therapy is available, 
and the patient is improving clinically without significant 
treatment-related toxicity, completion of the standard 6 
courses of CHOP chemotherapy recommended for lym-
phoma should be considered [28, 29]. Nonetheless, admin-
istering a full course of chemotherapy without a tissue 
diagnosis has important medico-legal implications and can 
lead to patient and physician anxiety. Therefore, we reiter-
ate that empirical treatment should only be considered in 
patients with a high probability of lymphoma (as discussed 
above) and a dismal short-term (e.g. 30 day) prognosis, 
who consent to this approach after full disclosure of the 
lack of evidence guiding this strategy.
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Conclusion

In an adult patient with HLH, a vigorous search for an under-
lying malignancy should be conducted, especially for occult 
aggressive lymphomas. Risk assessment models may help 
define the probability of LAHS and risk of clinical deterio-
ration. In cases with a high index of suspicion for LAHS 
and adverse prognosis, we propose an approach of empirical 
treatment with at least 1–2 courses of chemotherapy on a 
case-by-case basis, even prior to histological confirmation 
of the malignancy. This strategy should be assessed prospec-
tively as part of a multinational collaboration.
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