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Background: Hemophagocytic lymphohistiocytosis (HLH), a syndrome of immune hyperactivation and abnormal regulation that
causes life-threatening inflammation, is mainly characterized by fever, hepatosplenomegaly, cytopenia, and other symptoms. Reactive
HLH (rHLH) is typically secondary to immune deregulation caused by underlying rheumatologic, infectious, or malignant conditions.
Malignancy-associated HLH (M-HLH) continues to be a critical health problem worldwide. Most malignancies associated with HLH
are hematologic tumors, and M-HLH in non-hematologic tumors very rarely occurs.

Case Report: A 34-year-old Chinese woman had a history of persistent fever, acute dizziness, and bicytopenia. She was found to have
developed bilateral ovarian cancer. Additional tests showed splenomegaly, hemophagocytes in the bone marrow, low natural killer activity, and
hyperferritinemia, which met the diagnostic criteria put forth in the Histiocyte Society HLH-2004. The patient was treated with correcting
anemia, increased platelets, and glucocorticoid therapy but showed no response. She progressively deteriorated and died 55 days later.
Conclusion: Hemophagocytic lymphohistiocytosis related to a solid tumor is extremely rare. To the best of the authors’ knowledge,
the present case was the first to report rHLH secondary to ovarian adenocarcinoma. It is very significant for a better understanding of
the disease mechanisms of HLH and should attract the attention of hematologists and other clinicians as the condition progresses and
the cost of treating it increases.

Keywords: ovarian adenocarcinoma, reactive hemophagocytic lymphohistiocytosis, hyperferritinemia, cytopenia, high reticulocyte,
natural killer activity

Introduction

Ovarian cancer is the most lethal malignant solid tumor and the leading mortality rate among gynecological malignant
tumors, ' despite the stable nature of the global incidence of ovarian cancer during the past decades.> Hemophagocytic
lymphobhistiocytosis (HLH) is a rare, life-threatening syndrome resulting from an extreme hyperinflammatory condition,
subsequent tissue infiltration, and multi-organ failure. Malignancy-associated HLH (M-HLH) is a reactive HLH (rHLH)
and also secondary HLH (sHLH), which is mainly associated with hematologic cancers, lymphomas, and multiple
myeloma.*® To the best of the authors’ knowledge, no published literature has described the association between rHLH
and ovarian adenocarcinoma. This paper presents a clinical case to demonstrate this association to raise awareness of the

syndrome among hematologists, oncologists, and other clinicians.
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Case Report

A 34-year-old Chinese woman presented with a permanent fever over 20 days, was acutely dizzy for one day and had low red
blood cell (RBC), hemoglobin (Hgb), and platelet (Plt) counts. She was admitted to the Department of Hematology at Shanxi
Province Fenyang Hospital. She claimed intermittent fever with a maximum temperature of 38.0°C, mainly at noon and at
night. Thirteen days prior, the patient had been hospitalized for three days due to an infection, and at discharge, her complete
blood cell (CBC) count was within the reference ranges. One day prior, she had suddenly felt dizzy and sweaty, which ceased
after approximately 5 minutes. The outpatient examination revealed an abnormal CBC count.

At the initial physical examination, the patient had a temperature of 36.7°C, a pulse of 140 beats per minute, a
respiration rate of 20 incursions per minute, and a blood pressure of 109/85 mmHg. She had an anemic appearance and
positive tenderness on the sternum. Her breathing and heart sounds were essentially normal. Her mind was clear, and no
other obvious abnormalities were detected during the rest of the physical examination.

Initial laboratory findings showed noticeably elevated counts related to white blood cells, neutrophils, monocytes, a
decreased RBC count, a decreased Hgb concentration, and lower Plt count. Both the count and percentage of reticulo-
cytes were markedly higher than the reference ranges. Biochemistry assay, serum alanine transaminase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase, gamma-glutamyl transpeptidase, lactate dehydrogenase (LDH), alpha-
hydroxybutyrate dehydrogenase, creatine kinase isoenzyme MB, glucose, C-reactive protein, and procalcitonin levels
were noticeably higher. A chemiluminescent immunoassay revealed mildly elevated serum carcinoembryonic antigen, an
extremely high carbohydrate antigen 125 and ferritin levels. In addition, the case initially also revealed a prolonged
prothrombin time, activated partial thromboplastin time, and elevated D-dimer levels (Table 1). Viral respiratory
pathogen panels, an autoimmune diseases workup, human immunodeficiency virus, syphilis, and viral hepatitis panels
were also sent, all of which came back negative.

An abdominal ultrasound showed an increased liver parenchyma echo, splenomegaly, a small amount of effusion in
the right iliac fossa, and a bilateral pelvic-cyst solid mass (Figure 1). Computed tomography scanning showed an effusion
of bilateral thoracic cavities (Figure 2). Furthermore, magnetic resonance imaging showed abnormal signals of the
bilateral appendages, abnormal lymph node shadows of the lesser curvature of the stomach in the abdominal cavity,
multiple small nodule shadows in the greater omentum, lesser omentum, and mesentery, abnormal signal shadows in the
pelvis, sacrum, thoracic vertebrae, and lumbar vertebrae, and effusion in the abdominal and pelvic cavities (Figure 3).

Based on the above observations, this case was diagnosed as ovarian cancer with a high suspicion of HLH. To start a
specific treatment, it was necessary to affirm the occurrence of HLH, for which external laboratory tests were required. The
patient’s serum triglyceride level was 1.46 mmol/L, which was within the reference range. Epstein—Barr virus deoxyribonu-
cleic acid (DNA) and cytomegalovirus DNA were negative. Peripheral lymphocyte subsets revealed that percentages of CD4
+T (helper T, Th), CD8+T (cytotoxicity T, Tc) and B cells were slightly higher, natural killer (NK) percentages and counts
were noticeably decreased, and the remaining lymphocyte subsets and CD4/CD8 were within the reference ranges (Table 2).
Bone marrow cytomorphology revealed clustered abnormal cells and hemophagocytes, mainly RBC and hemosiderin in the
cytoplasm (Figure 4). The histopathological findings of ultrasound-guided puncture biopsy specimens on Hematoxylin and
Eosin staining showed ovarian adenocarcinoma. Over the following five days, her ferritin level increased, and her RBC and
platelet counts and fibrinogen levels decreased. Her body temperature remained between 36.5°C and 36.9°C.

The case met 6 of the 8 HLH-2004 diagnostic criteria (fever, splenomegaly, bicytopenia, hemophagocytes in bone
marrow, low NK cell activity, and hyperferritinemia)” and the presentation was compatible with rHLH, despite an HScore'’
score of only 131. She was diagnosed with rHLH (sHLH) secondary to ovarian adenocarcinoma and treated to correct
anemia and increase platelets; glucocorticoid therapy was also included. Unfortunately, no obvious improvement occurred,
and her condition worsened. On day 15 of admission, she was discharged voluntarily. The patient died 55 days later.

All procedures that were performed for the current case were in accordance with the ethical standards of the
institutional and national research committee(s) and with the Declaration of Helsinki (as revised in 2013). Written
informed consent for data publication was obtained from the patient’s relative because she had died 55 days following
discharge from the hospital.
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Table | Laboratory Finding on Admission

Project Results

Peripheral complete blood cell count

White blood cell 15.49 x10°/L
Lymphocyte 12.92 x10°/L
Monocyte 1.14 x10°/L
RBC 1.83 x10'%L
Hemoglobin 61 g/L
Hematocrit 0.175
Platelet 56 x107/L
Reticulocyte count 197.7 x10°/L
Reticulocyte % 11.56%
Serum biochemistry assay
ALT 73 U/L
AST 71 U/L
ALP 504 U/L
v- GGT 225 U/L
Glucose 8.35 mmol/L
LDH 594 U/L
a-HBDH 437 UL
CK-MB 82 U/L
CRP 131.55 mg/L
Procalcitonin 0.578 ng/mL
Chemiluminescent immunoassay
CEA 8.14 ng/mL
CAI25 162.00 U/mL
Ferritin 699.00 ng/mL
Coagulation tests
PT 17.5 second
APTT 39.2 second
Fibrinogen 274 g/L
D-dimer 29.40 ng/mL

Abbreviations: WBC, white blood cell; RBC, red blood cell; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase;
v- GGT, y glutamyl transpeptidase; TP, total protein; TBIL, total bilirubin; DBIL,
direct bilirubin; IBIL, indirect bilirubin; LDH, lactate dehydrogenase; a-HBDH, a-
hydroxybutyrate dehydrogenase; CK-MB, creatine kinase isoenzyme MB; CRP, C
reaction protein; CEA, carcinoembryonic antigen; CA25, carbohydrate antigen
125; PT, prothrombin time; APTT, activated partial thromboplastin time.

Discussion
The incidence of HLH in adults is not precisely known. However, a Japanese observational study reported that up to 40%
of HLH cases occurred in adults.'""'> Among the precipitating factors for adult HLH, malignancy was related to 44% of
cases.'® And 0.9% of adult patients were hematologic cancers, mostly acute myeloid leukemia/myelodysplastic syndrome
and T-lymphoma, and some diffuse large B-cell lymphoma, Hodgkin’s lymphoma, chronic lymphocytic leukemia,
follicular lymphoma, and splenic marginal B-cell lymphoma.'*'> Among neoplasia cases in intensive care units
(ICUs), non-Hodgkin’s lymphoma was predominant (23%)."°

The association of rHLH with malignant hematopathy has been well established. Other malignancies that may cause
HLH are very rare. A 25-year-long follow-up study revealed that only one case in 1206 multiple myeloma patients
occurred HLH. Sakai et al found that a 51-year-old man with hepatocellular carcinoma incurred HLH.'” Similarly, only
three cases with prostate cancer have been described as having rHLH in the literature.'® 2 One HLH case involving
ovarian cancer was reported in 2016 and was associated with ovarian dysgerminoma.>' The authors report in the current
study an ovarian adenocarcinoma case that presented an early and unusual complication that was characterized by HLH.
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Figure | Left pelvic cyst-solid mass with ultrasound (size 16.3%9.7x7.6 cm). Criss-cross: left pelvic cyst-solid mass.

Figure 3 MRI showed abnormal signals of bilateral appendages, multiple small nodule shadows in greater omentum, lesser omentum and mesentery, abnormal signal
shadows in pelvis, sacrum, thoracic vertebrae and lumbar vertebrae, effusion in abdominal, pelvic cavities. (A) TIWI, (B) T2WiI, (C) STIR, (D) TI+ C. White arrow: iliac
bone metastasis.

To the best of the authors’ knowledge, this is the first time the relationship between rHLH and ovarian adenocarcinoma
has been described in the literature. However, the novelty of this case in the association of rHLH and ovarian
adenocarcinoma will raise questions for future hematology and oncology contexts.

Existing published literature diagnosed HLH according to biological findings (bicytopenia, cytolysis, elevated LDH, and
ferritin levels), as well as using cytological evidence of macrophages in the bone marrow.®'”?° Fever, splenomegaly,
cytopenia, and hyperferritinaemia®* are common features for indicating the presence of cancer or HLH. The present study
case was diagnosed with ovarian cancer, based on the available information when the patient first presented to Shanxi Province
Fenyang Hospital. Whether she had sHLH (or rHLH) required additional confirmation. The patient met 6 of the 8 HLH-2004
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Table 2 Lymphocyte Subsets Results

Project Results
T% 74.6%
CD4+ T% 43.8%
CD8+ T% 29.7%
CD4/CD8 1.47

B% 16.8%

NK% 4.1%

T count 1104 cells/pL
CD4+ count 648 cells/pL
CD8+ T count 439 cells/pL
B count 248 cells/uL
NK count 60 cells/uL

Abbreviations: T, T lymphocyte; B, B lymphocyte; NK, natural killer.

diagnostic criteria for HLH,’ despite having had a low HScore (131)."° Low HScores have also been observed in other cases
with tHLH (sHLH).>* ** Making an HLH diagnosis is very difficult, particularly for critically ill adult patients (including
those with neoplasm) because clinical findings must exclude a number of differential diagnoses, while laboratory abnorm-
alities lack specificity. In adults, HLH is characterized by severe immune activation and a sepsis-like syndrome, leading to
high numbers of undiagnosed cases and mortality rates of up to 68%.'° In the ICU, undiagnosed rates of HLH were as high as
77.8%.%¢ Early diagnosis and specific immunosuppressive therapy can help to avoid poor outcomes; however, the diagnostic
criteria (HLH-2004) are adopted from pediatric HLH. The HScore, also adopted from pediatrics, can be used to estimate an
rHLH risk; however, this may cause missing diagnosis for some rHLH cases less than HScore 146.'° Currently, there is a lack
of specific diagnostic tests and no established valid diagnostic criteria for detecting HLH in adults.

Adult HLH is very different from the disease in children. Lachmann et al established one protocol and tried to investigate
biomarkers for the diagnoses of critical HLH in adults.”” These diagnostic biomarkers for critically ill patients in the ICU
included'" laboratory panels, which may be useful for diagnosing critically ill adult patients, such as the current case, in the future.

The pathophysiology of HLH includes the activities of macrophages, NK cells, cytotoxic T cells (Tc) cells, and altered
numbers of CD4 and CD8 cells.”® Investigators have found that NK cells from adults with HLH exhibited an activated
phenotype and normal cytotoxic capacity. In contrast, NK cell numbers and interferon-y production are greatly diminished.?’
Sustained over-activated Tc cells and macrophages, and the resultant inflammatory cytokine release, are core pathogeneses
that usually cause tissue damage, vital clinical features (fever, hepatosplenomegaly, cytopenia, elevated ALT, AST and ferritin
levels, and coagulopathy), and even organ failure.>® This may have been the case for the patient in the current study. Tc or NK
cells cannot remove activated macrophages, giving rise to enhanced macrophage activity and raising various cytokines
levels.>’ The present case had normal Tc cells and abnormally low NK cell activity/count. As a subset of whole innate

Figure 4 The bone marrow showed clustered abnormal cells (A) and haemophagocytes (B) (Wright-Giemsa staining, original magnification x 1000).
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lymphoid cells, NK cells are currently defined as effector cells that are similar to Tc cells and exert natural cytotoxicity against
primary tumor cells and metastasis by inhibiting proliferation, migration, and colonization to distant tissues.** Natural killer
cells have dual roles, ie, controlling cancer development and progression and promoting the onset of immune-suppressant
tumor microenvironments.>> The number of and low activity of NK cells in the present case may have resulted from ovarian
cancer-associated exhaustion and the enhanced macrophage activation associated with HLH.

Reticulocytes are the youngest erythrocytes in the peripheral blood released from the bone marrow, which reflects the
erythropoietic activity of bone marrow. The reticulocyte count distinguishes disorders resulting from the rapid destruction
or loss of RBCs caused by bone marrow failure, high being considered as hemolysis and low as bone marrow
depression.>® Being the key HLH feature, histiocytes or macrophages (hemophagocytes) engulfing RBCs cause hemo-

35,36

lysis and severe anemia, while markedly increased reticulocyte count was also found in some studies just as in the

present case, which suggested that reticulocytosis might be a HLH characteristic.

Conclusion

In conclusion, HLH is related to solid tumor types that very rarely occur. To the authors’ knowledge, this case is the first
HLH secondary to ovarian adenocarcinoma and the second to ovarian cancer. It is very significant for a better under-
standing of the disease mechanisms of HLH. Furthermore, in the context of malignancies, including ovarian cancer, HLH
must be diagnosed promptly by hematologists, oncologists, or other clinicians so that specific therapy can be started
promptly to control the disease, interrupt its progression, and reduce the cost of treating it.

Abbreviations

HLH, haemophagocytic lymphohistiocytosis; rHLH, reactive haemophagocytic lymphohistiocytosis HLH; M-HLH,
malignancy-associated haemophagocytic lymphohistiocytosis; NK, nature killer; MOF, multi-organ failure; sHLH,
secondary haemophagocytic lymphohistiocytosis; RBC, red blood cell; Hgb, hemoglobin; Plt, platelet; CBC, complete
blood cells; WBC, white blood cell; ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; y-GGT, y- glutamyl transpeptidase; LDH, lactate dehydrogenase; oa-HBDH, a-hydroxybutyrate dehydro-
genase; CK-MB, creatine kinase isoenzyme MB; Glu, glucose; CRP, C reaction protein; CEA, carcinoembryonic antigen;
CA, carbohydrate antigen; PT, prothrombin time; APTT, activated partial thromboplastic time; US, abdominal ultra-
sound; CT, computed tomography; MRI, magnetic resonance imaging; EBV, Epstein Barr virus; Th, helper T; Tc,
cytotoxicity T; ICU, Intensive Care Units; IFN-y, interferon-y.
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