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Abstract Our aim was to evaluate the clinical value of sple-
nectomy as a treatment for relapsed hemophagocytic
lymphohistiocytosis (HLH) of unknown cause in adults. We
retrospectively reviewed the clinical data from medical re-
cords of 19 adults with relapsed HLH of unknown cause
treated with splenectomy in our institution from June 2007
to March 2014. To rule out possible underlying diseases,
including infection, autoimmune disease, neoplasms, and pri-
mary HLH, the patients had undergone examinations includ-
ing F18 fluoro-2-deoxyglucose positron emission
tomography/computed tomography, HLH-associated gene de-
fects, and lymph node biopsies. Twelve patients (63.2 %)
achieved partial responses (PR), whereas seven patients
(36.8 %) had no response (NR) prior to splenectomy. Infection
and hemorrhage were the main complications of splenectomy.
Eighteen cases were evaluable after follow-up. Seven cases
with histopathologic diagnoses of lymphoma had received
chemotherapy, four of whom had achieved complete re-
sponses (CR), one PR, and two NR. Maintenance treatment
was ceased 2 or 3 months after splenectomy in the other 11
cases, five of whom had CR, four PR, and two NR. Eleven of
18 cases (61.1 %) survived with a median follow-up of
25 months (range 3–79 months) for survivors. Twelve- and
36-month progression-free survival rates were 48 and 24 %,
respectively; 12- and 36-month overall survival rates were 57
and 25 %, respectively. Median survival time was 22 months.
Our results indicate splenectomymay be an effective means of
diagnosis and treatment of relapsed HLH of unknown cause.
Further study is required to establish the mechanism and value
of splenectomy in this disease.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH), also known as
hemophagocytic syndrome, is a hyperinflammatory syndrome
caused by hereditary or acquired immune dysregulation [1]. In
this severe immune dysregulation disorder, lymphocytes and
histiocytes become overactive and secrete excessive amounts
of inflammatory cytokines. HLH manifests clinically as fever,
hepatosplenomegaly, and pancytopenia and is classified as
either primary HLH or secondary HLH according to the
underlying cause. Secondary HLH is a reactive disorder that
can be initiated by a large variety of diseases that activate the
immune system, such as infection, malignancy, and rheumatic
disease. For this reason, all HLH patients should be assessed
for such underlying diseases. Even so, some patients are still
diagnosed as having HLH of unknown cause. HLH-2004,
published by the Histiocyte Society, is the current therapeutic
guideline for HLH [2]. In spite of recommended treatment,
there are many cases of refractory/relapsed HLH [3]. Thus,
diagnosis and treatment remain challenges for adults with
relapsed HLH of unknown cause. There is a lack of data
concerning valid and effective second-line therapies and
criteria for evaluating their therapeutic efficacy [3].

In healthy humans, the spleen is an important part of the
lymphatic system and harbors large amounts of major
immunocytes and cytokines. It is the largest lymphatic organ
and the only lymphoid tissue that acts as a blood filter. The
spleen not only functions in specific and nonspecific immu-
nity, produces lymphocytes, and secretes large amount of
antibodies but it also removes aged cells and microbial anti-
gens from the blood thus helping to maintain homeostasis [4].
However, the spleen can be affected by hematologic diseases
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and plays an important role in disease occurrence and devel-
opment. Hence, splenectomy has an important role in the
treatment of hematologic diseases. Given that the spleen con-
tains large amounts of important immunocytes and cytokines
and HLH is believed to be caused by a cytokine storm
resulting from immune dysregulation, splenectomy would
likely control HLH through adjusting inflammation and con-
centrations of inflammatory factors. Splenectomy as a new
salvage therapy for HLH has not been widely reported [5, 6].

Herein, we report a retrospective review and evaluation of
the medical records of 19 adults with relapsed HLH of un-
known cause who were treated in the Department of Hema-
tology, Beijing Friendship Hospital, from June 2007 to March
2014.

Methods

Patients

In all, 201 adults with HLH were treated in the Depart-
ment of Hematology, Beijing Friendship Hospital, be-
tween June 2007 and March 2014. The causes had been
established in 170 of these patients and included infec-
tion, rheumatic and immunologic diseases, malignant
tumors (especially lymphoma), and primary HLH. Nine-
teen of the remaining 31 patients with HLH of unknown
origin had been treated with splenectomy and were there-
fore enrolled in this study. All 19 patients had experi-
enced relapses of HLH after initial remissions achieved
with standard HLH therapy and had failed to achieve
complete responses with salvage therapies.

All study cases had received one or more types of
salvage therapies prior to splenectomy. The therapeutic
regimens included (1) high-dose glucocorticosteroid+
e topos i de + /− cyc lo spo r ine A , (2 ) h igh -dose
glucocorticosteroid+etoposide +/− gamma globulin, (3)
FD regimens (fludarabine+glucocorticosteroid), (4)
ECHOP-like regimens (etoposide+cyclophosphamide+
epirubicin+vincristine+glucocorticosteroid), and ECOP-
like regimens (etoposide+cyclophosphamide+vincris-
tine+glucocorticosteroid). The patients were not able to
undergo hematopoietic stem cell transplantation for vari-
ous reasons.

This study was approved by the Ethics Committee of
Beijing Friendship Hospital, and because it was a retrospec-
tive review of medical records, the requirement for informed
patient consent was waived.

Diagnostic criteria

The diagnoses of HLH had been made according to the
HLH-2004 diagnostic criteria [2], namely, a molecular

diagnosis of HLH or five of the following eight criteria
met (1) fever with temperature greater than 38.5 °C for
at least 7 days; (2) splenomegaly (≥3 cm below the
costal margin); (3) cytopenia not caused by impaired
hematopoiesis in the bone marrow and involving at least
two of three lineages (hemoglobin <90 g/L, platelet
count <100×109/L, or neutrophil count <1.0×109/L);
(4) hypertriglyceridemia and/or hypofibrinogenemia
(fasting triglycerides >3 mmol/L or fibrinogen <1.5 g/
L); (5) hemophagocytosis detected in the bone marrow,
spleen, or lymph nodes; (6) low or absent natural killer
cell activity; (7) total serum ferritin concentrations
≥500 μg/L; and (8) high concentrations of soluble
interleukin-2 receptor (sCD25).

Investigations

All enrolled patients had undergone medical examina-
tions including F-18 fluoro-2-deoxyglucose positron
emission tomography/computed tomography (F18-FDG
PET/CT), HLH-associated genes, and lymph node biop-
sies to exclude infection, rheumatic and immunologic
diseases, malignant tumors (especially lymphoma), and
primary HLH. The clinical characters and laboratory
findings were retrospectively evaluated by reviewing
patient medical records.

Assessment of response

Overall survival (OS) was defined as the time from
splenectomy to death from any cause. Progression-free
survival (PFS) was defined as the time from splenecto-
my to disease progression or death. A complete re-
sponse (CR) [3] was defined as absence of clinical
symptoms and reversion to normal values of all quanti-
fiable symptoms and laboratory markers of HLH. A
partial response (PR) was defined as at least a 25 %
improvement in two or more quantifiable symptoms or
laboratory markers: sCD25, serum ferritin, or triglycer-
ide concentrations. For patients with an initial absolute
neutrophil count less than 0.5×109/L, a PR was defined
as an absolute neutrophil count fully recovered to great-
er than 0.5×109/L. For patients with ALT greater than
400 U/L, a response was defined as a reduction of ALT
by ≥50 %. Resolution of hemophagocytosis was noted
in all patients. Consciousness had recovered to normal
in patients with refractory central nervous system HLH
and altered levels of consciousness. A no response (NR)
was defined as failing to achieve PR. Responses were
evaluated every 2 weeks postsplenectomy until the
study endpoints or death.
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Statistical analysis

Statistical analysis was performed with SPSS version 16.0
(SPSS, Chicago, IL, USA). Data are presented as the mean±
standard deviation (SD) or percentage. Survival was estimated
by the Kaplan–Meier method. The log-rank test was used to
compare survival times. Values of p<0.05 were statistically
significant.

Results

Clinical features

The preoperative clinical features of the 19 patients with
HLH of unknown cause are summarized in Table 1.
They comprised 13 men and six women aged between
17 and 63 years (mean age of 35.2±16.2 years). All
patients (100 %) presented with fever, abnormal liver
function, and cytopenia in two or more lineages. Eigh-
teen patients (94.7 %) presented with splenomegaly, 14
(73.7 %) with coagulation disorder, and 10 (52.6 %)

with hemophagocytosis in the bone marrow and/or
lymph nodes.

Prior to their splenectomies, 12 of the 19 patients (63.2 %)
had experienced PRs whereas the other seven (36.8 %) had
had NRs prior to therapies.

F18-FDG PET/CT findings and histopathology of spleen

All 19 patients underwent F18-FDG PET/CT scan to assess
their spleens, and 18were found to have enlarged spleens. The
remaining patient’s spleen was of normal size but was found
to be congested on histopathologic examination. Increased
radioactivity distribution was present in eight patients. Six of
those eight patients were diagnosed histopathologically with
lymphoma. Radioactivity distribution was not uniformly in-
creased in the three patients who were found on histopatho-
logic examination of the spleen to have diffuse large B-cell
lymphoma. No abnormalities in radioactivity distribution
were detected in 11 patients, one of whom was diagnosed
with T-cell lymphoma on histopathologic examination of the
spleen.

Table 2 Results of F18-FDG PET/CT scans and histopathologic examination of patients’ spleens

Patients F18-FDG PET/CT scan of spleen Histopathology of spleen Hemophagocytosis of
spleen

1 Enlarged spleen, diffusely increased radioactivity distribution, SUVmax
4.8

Proliferation of histiocytes with
hemophagocytosis

+

2 Enlarged spleen, diffusely increased radioactivity distribution, SUVmax
8.8

Diffuse large B-cell lymphoma −

3 Enlarged spleen, no detectable abnormality in radioactivity distribution Histiocytes proliferated actively with
hemophagocytosis

+

4 Enlarged spleen, no detectable abnormality in radioactivity distribution Extramedullary hematopoiesis −
5 Enlarged spleen, no detectable abnormality in radioactivity distribution Extramedullary hematopoiesis +

6 Enlarged spleen, no detectable abnormality in radioactivity distribution Proliferation of histiocytes with
hemophagocytosis

+

7 Enlarged spleen, no detectable abnormality in radioactivity distribution Hypersplenism and individual with
hemophagocytosis

+

8 Enlarged spleen, no detectable abnormality in radioactivity distribution T-cell lymphoma −
9 Enlarged spleen, no detectable abnormality in radioactivity distribution Extramedullary hematopoiesis −
10 Enlarged spleen, diffusely increased radioactivity uptake, SUVmax 17.6 T-cell lymphoma −
11 Enlarged spleen, diffusely/nonuniformly increased radioactivity

distribution, SUV max 5.9
Diffuse large B-cell lymphoma −

12 Enlarged spleen, nonuniformly increased radioactivity distribution, SUV
max 3.9

Diffuse large B-cell lymphoma −

13 Enlarged spleen, no detectable abnormality in radioactivity distribution Extramedullary hematopoiesis +

14 Enlarged spleen, significantly increased radioactivity distribution Atypical hyperplasia of T-cell −
15 Enlarged spleen, increased radioactivity distribution Cytotoxic T-cell lymphoma −
16 Enlarged spleen, no detectable abnormality in radioactivity distribution Spleen congestion −
17 Normal spleen, no detectable abnormality in radioactivity distribution Spleen congestion −
18 Enlarged spleen, no detectable abnormality in radioactivity distribution Spleen congestion −
19 Enlarged spleen, nonuniformly increased radioactivity distribution Diffuse large B-cell lymphoma −

SUV standardized uptake value
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Radioactivity distribution in central and periphery bone
marrow was diffusely increased (standardized uptake value
[SUV] 3.9–5.9) in seven patients in whom the spleen histo-
pathology verified lymphoma. However, in these patients,
bone marrow biopsy and flow cytometry provided no evi-
dence of lymphoma. Radioactivity distribution in the liver was
increased in two patients (nos. 11 and 15, Table 2). F18-FDG
PET/CT revealed no foci of increased SUVoutside the spleen
in the remaining patients.

The histopathologic findings in the spleens of the 19 pa-
tients are summarized in Table 2: seven cases of lymphoma,
four of extramedullary hematopoiesis, three of histiocytic
proliferation with hemophagocytosis, three of splenic conges-
tion, one of hypersplenism, and one of atypical hyperplasia of
T-cells.

Postsplenectomy complications

The major postsplenectomy complications of HLH patients
were infection and bleeding. Two patients experienced severe
pulmonary infection, one of them recovered after antibiotic
treatment and the other died 3 days postoperatively of pulmo-
nary infection with respiratory failure. One patient experi-
enced extensive oozing of blood from the wound. Initially,
this patient’s condition did not improve with massive transfu-
sion of platelets, fresh frozen plasma, prothrombin complex,
and fibrinogen; however, after supplemental factor VII, this
patient eventually recovered.

Outcomes

One of the 19 patients was lost to follow-up; thus, 18 patients
were evaluable. Of the seven patients with lymphoma, four
patients achieved CR, one PR, and two NR with chemother-
apy. The 11 evaluable patients without lymphoma received
treatment for 2–3 months following splenectomy: five
achieved CR, four achieved PR, and two NR (Table 1). The
five patients with CR achieved long-term disease-free surviv-
al, the longest so far being in a 17-year-old male patient who
has survived for 57 months. Of the four patients with PR, one
patient relapsed 18 months after splenectomy and another was
found to have subcutaneous panniculitis-like T-cell lymphoma
1 year postsplenectomy.

The median duration of follow-up for survivors was
25 months (range 3–79 months). Eleven patients (61.1 %)
survived, and seven patients (38.9 %) died. Five of these
patients died of the primary disease and one from pulmonary
infection after splenectomy. The seventh experienced a re-
lapse of HLH, underwent nonidentical allogeneic hematopoi-
etic stem cell transplantation, and died of complications of
transplantation.

The rates of PFS at 12 and 36 months following splenec-
tomy were 48 and 24 %, respectively (Fig. 1a). The rates of

OS at 12 and 36 months following splenectomy were 57 and
25 %, respectively (Fig. 1b). The median survival time fol-
lowing splenectomy was 22 months. There was no significant
difference in survival times between patients with and without
underlying lymphoma (log-rank test, p=0.283) (Fig. 2).

Discussion

All patients with HLH should be assessed for underlying
diseases that may have induced this disease. However, some
patients will still be diagnosed as having HLH of unknown
cause. We previously retrospectively reviewed 72 patients
with HLH treated in our hospital [7]; we did not identify a
cause in 6.9 % of those patients. According to the criteria of

Fig. 1 PFS (a) and OS (b) of HLH after splenectomy (n=18)
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Das Gupta et al. [8], a diagnosis of primary splenic lymphoma
(PSL) can be made when the lymphoma is confined to the
spleen or splenic hilar lymph nodes. PSL occurs in less than
1 % of all cases of non-Hodgkin lymphomas [9]. It is even
rarer for HLH to occur in combination with PSL. Splenectomy
provides the diagnosis and is the main treatment for PSL. Han
et al. [10] reported a 77-year-old man who presented with
HLH, experienced spontaneous splenic rupture after chemo-
therapy, and was diagnosed as having PSL upon histopatho-
logic examination of his spleen after emergency splenectomy.
Suzuki et al. [11] reported a patient with HLH who was found
to have aggressive natural killer cell leukemia after a splenec-
tomy performed after 3 years of immunosuppressive therapy.
In the current study, seven of 19 patients with HLH (36.8 %)
were diagnosed with lymphoma by histopathologic examina-
tion of their spleens. These findings suggest that PSL may be
the cause of HLH in some patients, in which case, splenecto-
my would provide both a diagnosis and treatment. Ongoing
chemotherapy would likely prolong their survival times.

F18-FDG PET/CT provides both functional (PET scan)
and anatomic (CT imaging) information and thus facilitates
diagnosis of this disease. Kim J. et al. [12] reported that the
sensitivity and specificity of F18-FDG PET/CT for diagnosis
of HLH are 83 and 71 %, respectively. Specifically, enlarged
superficial lymph nodes are rarely detected in lymphoma-
associated HLH, which often involves extranodal sites, deep
tissues, and organs, the spleen being the most commonly
involved. All 19 patients in the current study had undergone
F18-FDG PET/CT examination, and 18 had been found to

have enlarged spleens. The remaining patient had a normal-
sized spleen in which congestion was found histopathologi-
cally. Increased radioactivity distribution was present in eight
patients, six of whom were diagnosed with lymphoma based
on histopathologic findings. Radioactivity distribution was
not uniformly increased in three patients whose spleens
contained diffuse large B-cell lymphoma. No abnormalities
in radioactivity distribution were detected in 11 patients, one
of whom had a histologic diagnosis of T-cell lymphoma.
These findings indicate that F18-FDG PET/CT identification
of an enlarged spleen and increased radioactivity distribution,
especially when it is nonuniform, strongly suggests splenic
lymphoma.

HLH-2004, published by the Histiocyte Society, is the
current therapeutic guideline for HLH [2]. Many patients
develop refractory/relapsed HLH. There is a lack of valid
and effective second-line therapies and criteria for evaluating
therapeutic efficacy [3]. Various institutions have reported
different salvage therapies, including CHOP-like regimens
[13], high-dose glucocorticosteroid combined with etoposide
[14], FD regimens [7] with or without gamma globulin, ritux-
imab [15], alemtuzumab [2], and allogeneic hematopoietic
stem cell transplantation [16]. All 19 patients in our study
had experienced relapses of HLH after initial remissions in-
duced by standard HLH therapy and had failed to achieve CRs
after two or more salvage therapies. Only a few individual
cases of therapeutic splenectomy as a salvage therapy for
HLH have been reported [5, 6]. Imashuku et al. [5] reported
five patients with childhood HLH who underwent

Fig. 2 Survival times between patients with and without underlying lymphoma (log-rank test, p=0.283)
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splenectomy. Zhang et al. [6] present a case diagnosed as
sHLH who has recovered from HLH following comprehen-
sive treatment based on splenectomy. Zhang et al. [17] found
that the anti-inflammatory effects of splenectomy protected
rats from cerebral damage after stroke. After splenectomy,
fewer T-cells, neutrophils, and macrophages were observed
in brain tissue and serum concentrations of pro-inflammatory
cytokines such as interleukin and tumor necrosis factor de-
creased. Chu et al. [18] demonstrated that splenectomy
downregulates the mitogen-activated protein kinase-nuclear
factor kappa-light-chain-enhancer of activated B cells
(NF-κB) signaling pathway in rat brains after traumatic brain
damage. Chuang et al. [19] reported that Epstein–Barr virus-
associated T- or natural killer/T-cell lymphoma shows consti-
tutive activation of NF-κB, explaining its hypercytokinemia
and poor prognosis. We therefore postulated that inhibition of
the NF-κB signal pathway after splenectomy was a potential
target for the treatment of HLH. Twelve of 19 HLH patients in
our current study did not have associated lymphoma. Follow-
ing splenectomy, five of these patients achieved CR and four
PR. The five patients with CR achieved long-term disease-free
survival, the longest so far being in a 17-year-old male patient
who has survived for 57 months. Our results suggest that
patients who undergo splenectomy experience high CR rates
and that their long-term outcomes are superior. At present,
there are few published data regarding second-line therapies
and survival after relapse of HLH of unknown cause. Notably,
most deaths occur during the first few weeks of treatment and
may reflect either preexisting morbidities or primary refracto-
ry disease [20]. In our study, 11 patients (61.1 %) survived and
seven (38.9 %) died during follow-up (one lost to follow-up).
Our results (Fig. 1) suggest that splenectomy is an effective
treatment for this disease. The main causes of death were the
primary diseases. There were no significant differences in
survival times between patients with and without underlying
lymphoma (Fig. 2); however, this result is inconclusive be-
cause of the small number of patients enrolled in this study.

All patients in this study (100 %) presented with fever,
abnormal liver function, and cytopenia in two or more line-
ages. Coagulation disorders were detected in 14 patients
(73.7 %). Compared with patients without HLH, the risk of
splenectomy is significantly greater in those with HLH. To
reduce this risk, all our patients received salvage therapies in
an attempt to achieve PR prior to splenectomy. Infection and
bleeding are the major postsplenectomy complications. One
patient who had pulmonary infection prior to surgery was
found to have diffuse large B-cell lymphoma on pathologic
examination of his spleen and died 3 days postsplenectomy of
pulmonary infection with respiratory failure. Thus, there was
no opportunity to treat this patient’s primary disease. Another
patient with preoperative coagulation disorder experienced
extensive blood oozing from the wound after splenectomy.
These cases suggest that attempts should be made to control

infection and correct coagulation disorders prior to splenecto-
my to reduce the risk of surgery.

In conclusion, splenectomy may be an effective means of
diagnosing and treating relapsed adult HLH of unknown
cause. Further studies are required to identify the mechanisms
of action and the outcomes of performing splenectomy in
patients with this disease.
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