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Abstract

Hemophagocytic lymphohistiocytosis (HLH) is a systemic inflamma-
tion disorder secondary to immune dysregulation. Patients may present 
with fevers, splenomegaly, bone marrow failure and hemophagocyto-
sis, among other clinical and laboratory findings. Lymphoma-associ-
ated HLH (LA-HLH) is a puzzling diagnosis given both conditions 
overlapping presentation. There are currently no established treat-
ment guidelines for LA-HLH. We conducted a retrospective search of 
the tumor registry and pathology database at the University of Miami/
Jackson Memorial Hospital using Pathology Laboratory Information 
System (LIS) and natural language search. We identified adult patients 
with a combined diagnosis of lymphoma and HLH between January 
2008 and July 2018. Data from nine LA-HLH patients were identified 
and reviewed. The median age was 53 years (range 19 - 73), with 
78% of cases of Hispanic origin. Lymphoma subtypes consisted of six 
T-cell/NK-cell neoplasms: two peripheral T-cell lymphoma (PTCL), 
not otherwise specified (NOS); two Epstein-Barr virus (EBV)+ ex-
tranodal NK-/T-cell lymphomas; one EBV+, CD8+, PTCL, NOS; one 
EBV+, post-transplant lymphoproliferative disorder-anaplastic large 
cell lymphoma, anaplastic lymphoma kinase negative (PTLD ALCL 
ALK-); and three B-cell neoplasms: one EBV+ diffuse large B-cell 
lymphoma (DLBCL); two DLBCL, NOS. HLH and lymphoma were 
diagnosed simultaneously in six out of nine cases. Hemophagocyto-
sis phenomena were demonstrated in seven out of nine cases. Treat-
ment consisted of combined HLH and lymphoma therapies in four 
cases, while lymphoma-directed therapy was applied to four patients; 

another case was treated with a modified version of the HLH-1994 
protocol. Overall, a total of five cases were exposed to HLH-directed 
regimens (HLH-1994/2004). Three patients had refractory LA-HLH 
and entered hospice care, whereas another three cases succumbed to 
treatment-related complications. Of the seven cases that were evalu-
able for lymphoma response, four cases (57%) achieved complete 
response (CR), and three of them (43%) were alive with no evidence 
of recurrence at 10, 16 and 52 months as of the last contact. Herein, 
we describe our unique experience of an LA-HLH case series in a 
predominantly Hispanic population in South Florida. The diagnosis is 
challenging, often delayed, and the prognosis is dismal in refractory 
cases despite currently available rescue therapies. Furthermore, we 
describe for the first time the association between HLH and PTLD 
ALCL.

Keywords: Lymphoma; Hemophagocytic lymphohistiocytosis; 
Phagocytosis; NK cell; Hyperferritinemia; HLH-200

Introduction

Hemophagocytic lymphohistiocytosis (HLH) [1, 2] is a histio-
cytic disorder characterized by extreme immune deregulation 
and severe systemic inflammation. Patients commonly present 
with a systemic inflammatory response syndrome (SIRS) char-
acterized by protracted fevers, bone marrow failure, spleno-
megaly and hemophagocytosis. Liver dysfunctions manifested 
as elevated transaminases and bilirubin are often present and 
can be life-threatening. Elevated ferritin, sometimes above 
10,000 ng/mL, and depressed natural killer (NK) cell func-
tion are consistent features of HLH; however, the most spe-
cific parameter used to establish the diagnosis and follow dis-
ease activity is the serum soluble interleukin-2 receptor/CD25 
(sCD25). Hemophagocytosis, although present and frequently 
pronounced in HLH, is not pathognomonic; infections, auto-
immune disorders, lymphomas (especially of T-cell subtypes) 
and leukemias can be associated with hemophagocytosis phe-
nomena without showing other HLH features [1, 2].

Although HLH is traditionally classified as hereditary or 
acquired, a genetic defect is currently believed to increase the 
risk of acquiring HLH after certain triggers. PRF1 gene, first 
described in the pathogenesis and accounting for 20-40% of 
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hereditary HLH, encodes for perforin, a pore-forming protein 
with a critical role in the cytotoxic function of NK cells and 
CD8+ T cells. Other gene mutations linked to familial HLH 
include UNC13D, STX11, STXBP2, Rab27a, SH2D1A, or 
BIRC4. Homozygosity or compound heterozygosity for these 
mutations commonly leads to HLH during the first 2 years of 
life. However, simple heterozygosity may predispose adults to 
HLH after specific triggers such as viral infections (Epstein-
Barr (EBV), cytomegalovirus (CMV), human herpesvirus-6 
(HHV-6) and others), malignancies (lymphoproliferative 
disorders including B- and T-cell lymphoma, acute lympho-
blastic leukemia, acute myeloid leukemia (AML) with t(8;16) 
and rarely germ cell tumors or Ewing sarcoma), immunodefi-
ciencies (HIV/AIDS, X-linked lymphoproliferative disorders, 
Griscelli and Chediak-Higashi syndromes), autoimmune dis-
eases (juvenile rheumatoid arthritis and adult Still’s disease) 
and solid organ or allogeneic stem cell transplantation (allo-
SCT) [1-3].

The underlying pathophysiology in HLH is the failure of 
homeostatic mechanisms to suppress activated macrophages, 
which abnormally propagate systemic inflammation and tis-
sue damage through mechanisms of cytokine release (inter-
leukin-6, tumor necrosis factor-α and interferon-γ) and uncon-
trolled phagocytosis. The unrestrained macrophage activity 
also leads to a state of moderate immunodeficiency with con-
sequences of increased rates of infections and malignancies 
[1-3].

According to the 2004 HLH guidelines, the diagnosis of 
HLH requires either the identification of one of the HLH muta-
tions or fulfillment of five out of the following eight diagnostic 
criteria (clinical, laboratory and histopathologic): fevers, sple-
nomegaly, cytopenias of at least two lineages, hypertriglyceri-
demia and/or hypofibrinogenemia, hemophagocytic activity, 
low-absent NK-cell activity, hyperferritinemia (> 500 µg/L) 
and elevated sCD25 (> 2,400 U/mL) [4, 5].

HLH usually evolves into a rapidly fatal disease if left 
untreated. Based on two landmark studies performed mainly 
in the pediatric HLH population (HLH-1994/HLH-2004 pro-
tocols), the current treatment of HLH is a multidrug regimen 
comprising dexamethasone, etoposide and cyclosporine. In 
cases with central nervous system (CNS) disease or progres-
sive neurological symptoms, intrathecal methotrexate is indi-
cated [4]. Allo-SCT may be considered for patients with famil-
ial, persistent, or recurrent disease [1].

Lymphoma-associated HLH (LA-HLH) is a rare disorder 
carrying grave prognosis. Both T- and B-cell lymphomas can 
cause uncontrolled systemic responses and be the trigger for 
secondary HLH. Factors including the complexity and overlap 
in their clinical manifestations can lead to a delay in the identi-
fication and recognition of both entities. Currently, there are no 
established treatment guidelines for LA-HLH [2, 5].

Case Reports

We conducted a retrospective search of the tumor registry and 
pathology database at the University of Miami/Jackson Me-
morial Hospital to identify adult patients with the combined 

diagnosis of lymphoma and HLH between January 2008 and 
July 2018, using Pathology Laboratory Information System 
(LIS) and natural language search. Data from nine identified 
LA-HLH patients were reviewed to gain further understanding 
of the clinical features and treatment outcomes of our adult 
population of patients with LA-HLH. This study was reviewed 
and approved by the Institutional Review Board of both insti-
tutions.

The main clinical characteristics of our retrospective co-
hort are summarized in Table 1 and molecular analysis results 
are summarized in Table 2. While most series demonstrated a 
male prevalence [6, 7], our series has a female predominance 
(56%) similar to Yu et al [8]. The median age of our cohort 
is 53 years (range 19 - 73), with 78% of cases of Hispanic 
origin corresponding to our geographic location. Lymphoma 
subtypes consisted of six T-cell/NK-cell neoplasms (67%): 
two peripheral T-cell lymphoma (PTCL), not otherwise speci-
fied (NOS); two EBV+ extranodal NK-/T-cell lymphomas; 
one EBV+, CD8+, PTCL, NOS; one EBV+, post-transplant 
lymphoproliferative disorder-anaplastic large cell lymphoma, 
anaplastic lymphoma kinase negative (PTLD ALCL ALK-); 
and three B-cell neoplasms (33%): one EBV+ diffuse large 
B-cell lymphoma (DLBCL); two DLBCL, NOS. The clinical 
manifestations observed across all our nine cases included fe-
vers, constitutional symptoms, splenomegaly and cytopenias. 
In seven out of the nine cases, hemophagocytosis phenomena 
were established in tissue specimens collected either from the 
bone marrow or the affected organs. In most of the cases (ex-
cept cases 1, 3 and 4), HLH and lymphoma were diagnosed 
simultaneously. In case 1, HLH was diagnosed concurrently 
with second lymphoma relapse, 36 months after initial lym-
phoma diagnosis. In case 3, HLH preceded the lymphoma di-
agnosis by a period of 12 weeks, while in case 4, HLH arose 
13 weeks following the diagnosis of PTLD ALCL ALK-, 
these occurring 5 years following a kidney transplant. In our 
cohort, five out of the nine cases (56%) tested positive on Ep-
stein-Barr encoding region in situ hybridization (EBER-ISH) 
analysis, comparable to the series of Cattaneo et al and Han 
et al, reporting rates of 41% and 68% EBER-ISH positivity, 
respectively [9, 10]. In addition, the association between adult 
HLH and PTLD ALCL ALK- is not previously described in 
the literature [6-13].

In our series, four cases received the combination of HLH 
plus lymphoma therapies, four cases had lymphoma-directed 
therapy and one case was treated with a modified version of the 
HLH-1994 protocol. Overall, a total of five cases received the 
HLH regimens (HLH-1994/2004). The selected specific lym-
phoma therapies for each patient in this case series are illus-
trated in Table 1. Three patients had refractory LA-HLH and 
entered hospice care. Two of them developed sepsis-related 
complications during the course of treatment leading to mul-
tiorgan failure and subsequent death, and a third patient suc-
cumbed 13 days after allo-SCT. Of the seven cases that were 
evaluable for lymphoma response (cases 1, 3, 4, 5, 6, 8 and 9), 
four (57%) of them achieved complete remission (CR), and 
three cases (43%) were refractory to therapy. Three out of the 
four cases that responded to treatment (CR) were alive with no 
evidence of recurrence at 10, 16 and 52 months as of last time 
contact.
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Discussion

LA-HLH is a rare entity described in the medical literature to 
have an incidence rate of 0.9%, as illustrated by Machaczka and 
colleagues [14]. Supplementary Material 1 (www.journalmc.
org) summarizes the published series analyzing the characteris-
tics and outcomes of LA-HLH. Even though our series is built 
on a demographic of mostly Hispanics, we did not find signifi-
cant clinical differences in their disease manifestations and treat-
ment outcomes as compared to the reviewed published series. 
Our experience in LA-HLH indicates that NK-/T-cell lympho-
mas constitute the most common associated lymphoid malig-
nancy, which correlates with the up-to-date literature. The mean 
survival of our LA-HLH patient group is 356 days, whereas the 
survival of the T-cell lymphomas is found to be higher compared 
to the B-cell lymphoma subgroup; however, this is just an obser-
vation given the limitation of a small descriptive study.

In 2015, the Study Group on HLH Subtypes of the His-
tiocyte Society published consensus recommendations for the 
management of malignancy-associated HLH (MA-HLH) [5]. 
Due to the lack of prospective trials, there is no explicit agree-
ment on whether patients should receive HLH-directed therapy 
(dexamethasone, etoposide and cyclosporine), malignancy-fo-
cused interventions, or a combination of both. The convention-
al HLH protocols aimed at suppressing the overactive immune 
system have shown to improve survival in HLH cases. While 
treating the underlying malignancy seems natural, a 2017 con-
sensus review from Daver et al [2] noted higher mortality rates 
when lymphoma-directed therapies were used alone, leading 
to a recommendation of a two-step approach: treating first the 
cytokine storm and T-cell proliferation with etoposide, corti-
costeroids, anti-thymocyte globulin and immunoglobulins fol-
lowed by a lymphoma-directed therapy. Hence, merging HLH- 
and cancer-directed therapies, for instance, adding etoposide 
to the frequently used lymphoma regimens such as cyclophos-
phamide, doxorubicin, vincristine and prednisone (CHOP), or 
initiating HLH-directed therapy as a first step to gain control 
of the life-threatening HLH cytokine storm syndrome followed 
by malignancy-focused treatment are both acceptable strategies 
[2, 5]. Another suggestion from the Study Group is to add anti-
B-cell therapy such as rituximab in EBV-positive lymphomas 
and consider allo-SCT consolidation for LA-HLH, which is 
linked to improved survival outcomes [2, 5]. Additionally, ow-
ing to the severe immunosuppressive state and high incidences 
of infectious complications, supportive measures such as anti-
bacterial, anti-fungal, anti-viral and pneumocystis prophylaxis 
along with surveillance for secondary viral infections and reac-
tivations (CMV, EBV and fungi) should be strongly advocated 
in the treatment plan. Finally, treatment should be decided on 
a case-by-case basis, contemplating each patient’s clinical con-
dition, co-morbidities, underlying malignancy and potential 
drug toxicities [1, 2, 5]. Relapsed or refractory patients may be 
rescued with DEP regimen (doxorubicin, etoposide and meth-
ylprednisolone) as per a Chinese report [2]. Similarly, several 
case-reports/case-series have shown alemtuzumab (anti-CD52 
monoclonal antibody) and anakinra (interleukin-1 receptor an-
tagonist) to be effective salvage therapies [1, 2, 5]. Recently, the 
FDA approved emapalumab (anti-interferon-γ monoclonal an-C
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tibody) based on results from a pivotal multicenter, open-label, 
single-arm trial for patients with refractory, recurrent or pro-
gressive disease, or intolerance with conventional HLH therapy 
[15]. Furthermore, ongoing trials are evaluating the use of the 
Janus kinase/signal transducer and activator of transcription 
(JAK-STAT) inhibitor ruxolitinib in HLH [2].

Conclusion

Herein, we describe our unique experience of an LA-HLH 
case series in a predominantly Hispanic population in South 
Florida. Furthermore, we describe for the first time the asso-
ciation between HLH and PTLD ALCL. LA-HLH is an ag-
gressive disease with a complex clinical presentation. The di-
agnosis is challenging, often delayed, and prognosis is dismal 
in refractory scenarios despite the currently available rescue 
therapies. Future prospective studies focusing on early diagno-
sis, management and novel targeted molecules will hopefully 
further improve the outcomes of patients with LA-HLH.

Supplementary Material

Suppl 1. Literature Review.
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