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Abstract
The diagnosis of hemophagocytic lymphohistiocytosis (HLH) is delayed by most physicians.

This study aimed to identify early parameters and suitable scoring systems for the risk of

HLH. Clinical and laboratory data collected ≤3 days after admission were defined as early

parameters and used to calculate the number of HLH‐2004 criteria met and bone marrow

(BM) score. Between January 2006 and February 2016, 233 immunocompetent adults with

naïve fever of unknown origin who underwent a BM study were enrolled to mimic patients

at risk of HLH and randomly assigned into the developmental or validation cohort.

Hemophagocytic lymphohistiocytosis was finally diagnosed in 47 patients, with non‐Hodgkin

lymphoma as the major etiology (51.1%). Upon admission, four‐fifths of patients who

developed subsequent HLH fulfilled ≤3 of 8 HLH‐2004 criteria, and 6 early parameters were

independent predictors of HLH: anemia (hemoglobin < 10 g/dL), thrombocytopenia (platelet

count < 100 × 103/μL), leukoerythroblastosis, hyperbilirubinemia (total bilirubin > 2 × upper

normal limit), hyperferritinemia (ferritin > 1000 ng/mL), and splenomegaly. Compared with

the HLH criteria met upon admission, the BM score was an independent predictor (odds

ratio = 1.621; 95% confidence interval, 1.355‐1.940) with excellent discrimination (area under

the receiver operating characteristic curve = 0.920; 95% confidence interval, 0.883‐0.958).

The sensitivity and specificity for a BM score cutoff of 10 points were 95% and 75%,

respectively. When approaching immunocompetent adults with a continuously high fever,

the BM score at initial admission assists with early identification of patients at risk of HLH.
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1 | INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is a clinical syndrome of

dysregulatory activation of the immune system and often leads to

progressive multiple organ failure.1–4 The major barrier to initiating

treatment for HLH is misdiagnosis or delayed diagnosis, which is

partly attributed to the rarity of HLH, its variable presentation, and

the time required to perform diagnostic testing.5 Hemophagocytic

lymphohistiocytosis in adults accounts for 40% of cases,6 and it is
wileyonlinelibrary.com/journal/ho
more difficult to diagnose because the etiologies, often secondary to

neoplasm, autoimmune diseases, or infection, are more complex than

those for pediatric patients.1

Given that nearly 96% of patients with HLH suffer from continu-

ously high fever, early diagnosis of HLH in adults usually relies on clini-

cian suspicion in patients with fever and cytopenia.1,7 Unfortunately,

clinical and laboratory abnormalities meeting the diagnostic criteria

for HLH might not appear at initial presentation, and some parameters

might not be easy to assess in all hospitals, such as soluble CD25
Copyright © 2016 John Wiley & Sons, Ltd.n 1
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concentration, natural killer (NK)‐cell activity, and pathological

evidence of hemophagocytosis (HPS).8 Therefore, it would be clinically

helpful if routine clinical and laboratory parameters upon admission

and even a scoring system were available to help general practitioners

identify the risk of HLH.

To investigate the usefulness of early parameters as warning

indicators of HLH in adults, the patients should have the cardinal

symptom of HLH—continuously high fever (defined as fever with body

temperature >38.5°C for 7 days)9; therefore, adults with fever of

unknown origin (FUO; defined as fever with body temperature

>38.3°C for 3 weeks)10 would be suitable simulators based on 3

aspects. First, it is not uncommon for adults initially admitted for

FUO to develop HLH. Several reported cases have illustrated the diffi-

culty in early diagnosis and the devastating outcome.11–15 Second, the

underling etiologies of FUO and HLH in adults are similar and primarily

include the triad of neoplasm, autoimmune disease, and infection.

Finally, the bone marrow (BM) is usually the preferred anatomical site

to investigate suspected HLH,1 and BM study (BMS) is a useful tech-

nique for establishing the diagnosis of FUO.16–18 Theoretically, an ideal

predictor or warning system would improve the diagnostic yield and

even the prognosis of patients with FUO and/or HLH.

In this study, to identify early parameters that can predict HLH, we

enrolled immunocompetent adults with FUO who underwent a BMS

to mimic adults at risk of HLH. We compared the early parameters

between patients with and without a subsequent HLH diagnosis.

In addition, the early parameters were weighted to calculate the

BM score, which was originally designed to predict hematological

diseases in the BM of adults with FUO before performing BMSs
FIGURE 1 Enrollment algorithm for immunocompetent adults with FUO w
syndrome; BM, bone marrow; FUO, fever of unknown origin; HIV, human
(outlined in Section 2),18 and we subsequently examined the role of

the BM score in predicting HLH (Figure 1).
2 | METHODS

2.1 | Patients

The Taipei Veterans General Hospital (TPE VGH), located in northern

Taiwan, is a 2941‐bed tertiary medical center that receives referrals

for veterans and nonveterans from across the country. The majority

of adults with FUO in the TPE VGH are admitted to the Department

of Medicine and Family Medicine. During the diagnostic workup, con-

sultations with other specialists (eg, hematologists and immunologists)

occur at the discretion of the physician in charge. To mimic adult

patients at risk of HLH, consecutive immunocompetent adults with

naïve FUO who had undergone a BMS as part of the FUO evaluation

between January 1, 2006, and February 29, 2016, were enrolled

(Figure 1). Patients meeting the criteria of FUO were excluded if they

were <18 years old, had a known human immunodeficiency virus

infection, were recipients of a solid organ transplant, had received

active immunosuppressive therapy, had an active autoimmune disease,

had preexisting malignant hematological disease, had preexisting

malignant solid tumor, were neutropenic (white blood cell [WBC]

count < 1000/μL or absolute neutrophil count [ANC] < 500/μL), or

were hypogammaglobulinemic (immunoglobulin G < 50% of lower

normal limit).16,17 To investigate and validate parameters or scoring

systems able to predict HLH, all eligible patients were further randomly
ho underwent a bone marrow study. AIDS, acquired immunodeficiency
immunodeficiency virus; HLH, hemophagocytic lymphohistiocytosis



TABLE 1 Characteristics of 47 cases of HLH from 233 adults with
FUO

Variable
Patient No. (%)
or Medians [IQR]

Demographics

Age (y) 57 [49‐72]

Sex, male 27 (57.4)

Triggers or predisposing factors

Neoplasms 26 (55.3)

Diffuse large B‐cell lymphoma 12

Mature T‐cell or NK cell neoplasm 9

Intravascular large B‐cell lymphoma 3

Hodgkin lymphoma 1

Prostate adenocarcinoma 1

Autoimmune diseases 8 (17.0)

Systemic lupus erythematosus 6

Adult‐onset Still disease 2

Infection 8 (17.0)

Viral infection 4

Extrapulmonary tuberculosis 3

Extrapulmonary NTM 1

Idiopathic 5 (10.7)

Total number of HLH‐2004 criteria met 6 [5‐6]

Clinical and laboratory data at the diagnosis of HLH

Fever 47 (100)

Splenomegaly 38 (80.9)

Hemoglobin (g/dL) 8.3 [7.2‐8.7]

Platelet count (×103/μL) 43 [20‐66]

Neutrophil count (/μL) 2130 [844‐6083]

Fibrinogen (mg/dL) 136 [85‐214]

Triglyceride (mg/dL) 314 [231‐396]

Ferritin (ng/mL) 6074 [2625‐12 301]

Histological evidence of hemophagocytosis 41 (87.2)a

Time from hospital admission to HLH
diagnosed (days)

9.0 [5‐14]

Number of patients needed critical care 36 (76.6)

Time from hospital admission to ICU
admission (days)

5.5 [1‐13]

Number of patients admitted to ICUb 28 (59.6)

Organ support

Vasoactive drugsc 28 (59.6)

Mechanical ventilationd 25 (53.2)

Renal replacement therapye 14 (29.8)

Extracorporeal membrane oxygenationf 3 ( 6.4)

Peak MODS during the ICU stayh 18 [16‐21]

Frontline treatment

Corticosteroid 43 (91.5)

Chemotherapy except etoposide 18 (38.3)

Intravenous immunoglobulin 14 (29.8)

Etoposide 11 (23.4)

Cyclosporine A 9 (19.1)

Plasmapheresis 4 (8.5)

(Continues)

TABLE 1 (Continued)

Variable
Patient No. (%)
or Medians [IQR]

Intrathecal methotrexate 2 (4.3)

Death in ICU 18 (64.3)h

Abbreviations: FUO, fever of unknown origin; HLH, hemophagocytic
lymphohistiocytosis; ICU, intensive care unit; IQR, interquartile range;
MODS, Multiple Organ Dysfunction Score; NK, natural killer; NTM,
nontuberculosis Mycobacterium.
aSix patients did not reveal hemophagocytosis in the BM, including 3
patients with non‐Hodgkin lymphoma, 2 with autoimmune disease, and 1
with infection.
bWithin the same hospital course for FUO.
cDefined as continuous infusion of a vasoactive drug for hemodynamic
support.
dEndotracheal intubation is mandatory for mechanical ventilation.
eIncludes continuous renal replacement therapy or hemodialysis.
fIncludes venovenous or venoarterial mode.
gHighest MODS during the ICU course.
hOf the 28 patients admitted to the ICU, 18 patients died in the ICU.
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assigned (in a 7:1 ratio) into the developmental or validation cohort.

The study was approved by the TPE VGH Institutional Review Board,

and the need for informed consent was waived.

2.2 | Definitions

An FUO diagnosis was based on an illness lasting >3 weeks before

diagnosis; repeated, documented body temperature >38.3°C; and a

hospital stay of 3 days without elucidation.10 Hemophagocytic

lymphohistiocytosis was diagnosed on the basis of the HLH‐2004

criteria,9 that is, when patients fulfilled ≥5 of the following 8 criteria

during hospitalization: fever with a body temperature >38.5°C;

splenomegaly; cytopenia affecting ≥2 of 3 lineages of cells in periph-

eral blood (hemoglobin [Hb] level < 9 mg/dL; platelet [PLT]

count < 100 000/μL; ANC < 1000/μL); hypertriglyceridemia (fasting

serum triglyceride level > 265 mg/dL) and/or hypofibrinogenemia

(fibrinogen level ≤ 150 mg/dL); pathological evidence of HPS in BM,

spleen, or lymph node samples; hyperferritinemia (ferritin

level ≥ 500 ng/mL); low or absent NK cell activity; and high levels of

soluble CD25 (≥2400 U/mL). Given the retrospective nature of this

study, patients might not have undergone all tests. Only a BMS and

sufficient number of tests to meet the HLH criteria were required

for analysis.

The BM score was calculated using 7 parameters, with 1.0

point for ANC <2000/μL, 1.5 points each for Hb level <10 g/dL

and lactate dehydrogenase (LDH) level above the upper limit of

normal (UNL), 2.0 points for PLT count <100 × 103/μL, 4.0 points

for splenomegaly, 5.5 points for ferritin level >1000 ng/mL, and

6 points for leukoerythroblastosis observed in the peripheral blood

smear.18

2.3 | Diagnostic workup for FUO and HLH

The minimal workup for FUO includes medical history reviews,

physical examinations, routine blood and urine tests, chest radio-

graphs, abdominal ultrasonography, and chest and/or abdominal
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computed tomography.18 Peripheral blood smears were performed

to detect any leukoerythroblastosis (ie, the presence of nucleated

erythrocytes and immature myeloid cells).19–21 Bone marrow

studies were conducted after consultations with hematologists and

included aspiration cytology, biopsies, bacterial cultures, acid‐fast

staining, and mycobacterial cultures. A patient was diagnosed with

HPS on the basis of ≥1 macrophage per 1000 nucleated cells in

the BM aspirate.22,23 Bone marrow biopsy sections were routinely

stained with hematoxylin and eosin. Special immunoperoxidase

stains were used on the appropriate specimens. The monoclonal

antibody to CD68 and/or CD163 was used to demonstrate the

infiltration of histiocytes and associated HPS in the BM biopsy

sections.22–24
TABLE 2 Early parameters and warning systems of HLH in adults with FU

Immun

With HLH (n = 41

Early parameters within 3 days after admission

Age (y) 57 [46‐72]

Sex, male 24 (59)

WBC (/μL) (4000‐11 000a) 4800 [3050‐7800]

ANC (/μL) (2000‐5500a) 3710 [2097‐5775]

Hb (g/dL) 9.7 [9.1‐12.2]

PLT (×103/μL) (150‐400a) 75 [49‐116]

LDH (IU/L) (131‐250a) 646 [478‐1303]

CRP (mg/dL) (<0.5a) 8.14 [3.08‐14.12]

Ferritin (ng/mL) (4‐274a) 2630 [1351‐6066]

T‐Bil (mg/dL) (0.2‐1.6a) 1.09 [0.56‐3.53]

ALT (U/L) (0‐40a) 60 [28‐168]

AST (U/L) (5‐45a) 96 [50‐264]

ALP (U/L) (10‐100a) 200 [106‐345]

γGT (U/L) (M: 8‐60; F: 4‐51a) 114 [63‐230]

Na (mmol/L) (135‐147a) 135 [132‐139]

PT (s) (8.0‐12.0a) 12.1 [11.0‐13.8]

aPTT (s) (23.9‐35.5a) 32.0 [29.1‐37.1]

D dimer (μg/mL) (<0.55a) 4.75 [2.59‐11.85]

Fibrinogen (mg/dL) (200‐400a) 239 [169‐383]

Triglycerides (mg/dL) (20‐200a) 221 [153‐263]

Lymphadenopathy, no. (%) 13 (32)

Splenomegaly, no. (%) 32 (78)

Hepatomegaly, no. (%) 8 (20)

PB smear with leukoerythroblastosis 13 (32)d

Warning systems within 3 days after admission

Number of HLH‐2004 criteria met 3 [3‐3]

Bone marrow score 14.0 [13.0‐16.0]

Abbreviations: aPTT, activated partial thromboplastin time; ALP, alkaline phosph
aspartate aminotransferase; CRP, C‐reactive protein; FUO, fever of unknow
hemophagocytic lymphohistiocytosis; LDH, lactate dehydrogenase; PB, periphe
white blood cell.
aNormal range.
bValues are reported as median [interquartile range] or n (%).
cDetermined using t tests or Mann‐Whitney U tests for quantitative data and χ
dIncluded 7 patients with non‐Hodgkin lymphoma, 3 with autoimmune disease
infection.
eIncluded 8 patients with non‐Hodgkin lymphoma, 6 with acute leukemia, 1
myelodysplastic syndrome.
2.4 | Data collection

For all enrolled patients, early parameters included clinical and labora-

tory parameters routinely assessed upon admission and/or within

3 days after admission; the measurement closest to the day of admis-

sion was selected. Then, the number of HLH‐2004 criteria met and BM

score were calculated on the basis of the early parameter data. For

patients who underwent >1 BMS, only 1 BMS was analyzed. If all of

the studies were nondiagnostic, the analysis was based on the first

BMS. If at least 1 study showed diagnostic findings, the analysis was

based on the earliest BMS with diagnostic findings.

For patients who were eventually diagnosed with HLH, their HLH

treatment, critical care management, and clinical outcome were
O (developmental cohort)

ocompetent Adults With FUOb

) Without HLH (n = 162) P Valuec

62 [46‐76] .413

97 (60) 1.000

7555 [3775‐12 625] .014

4671 [2305‐9024] .100

10.4 [9.1‐12.0] .442

191 [106‐303] <.001

323 [227‐601] <.001

6.31 [2.14‐12.97] .268

947 [410‐2250] <.001

0.61 [0.40‐1.02] <.001

28 [17‐57] <.001

38 [21‐65] <.001

99 [68‐153] <.001

53 [25‐112] <.001

136 [133‐138] .841

11.4 [10.7‐12.4] .058

31.2 [29.1‐34.6] .289

3.06 [1.75‐7.08] .038

362 [259‐485] .001

127 [88‐188] <.001

52 (32) 1.000

51 (32) <.001

9 (6) .008

17 (11)e .002

2 [1‐3] <.001

7.0 [1.5‐10.0] <.001

atase; ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST,
n origin; γGT, gamma‐glutamyl transpeptidase; Hb, hemoglobin; HLH,
ral blood; PLT, platelet; PT, prothrombin time; T‐Bil, total bilirubin; WBC,

2 tests or Fisher exact tests for categorical data.

s, 1 with Hodgkin lymphoma, 1 with prostate adenocarcinoma, and 1 with

with malignancy of unknown origin, 1 with myelofibrosis, and 1 with
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collected. The Multiple Organ Dysfunction Score was used to assess

the severity of HLH in patients admitted to the intensive care unit

(ICU), and the highest score during the ICU stay was chosen.25
2.5 | Statistical analysis

To compare adults with FUO with and without HLH, we used t tests or

Mann‐Whitney U tests for quantitative data, χ2 or Fisher exact tests

for categorical data, and the Kaplan‐Meier estimate and log‐rank test

for overall survival (OS). Overall survival duration was defined as

the interval between the date of admission and the date of death

(from any cause) or the last follow‐up onMarch 15, 2016. All candidate

predictors with P < .1 in the univariate analyses were subsequently

entered into a multivariate logistic regression model. The odds ratio

of each predictor is reported with the corresponding P values and

95% confidence intervals. The discriminatory power of statistically

significant parameters was assessed using the area under the receiver

operating characteristic (ROC) curve. To compare different candidate

models that predicted HLH, we used the Akaike information criterion

(AIC); a difference ≥3 indicates a substantial difference favoring the

model with the lowest AIC value.26

All statistical analysis was performed using SPSS, version 17.0

(SPSS Inc., Chicago, Illinois); a 2‐tailed P value <.05 was considered

statistically significant.
FIGURE 2 A, Distribution of the number of
HLH‐2004 criteria met upon admission. B,
Distribution of the BM score upon admission
in the developmental cohort. The HLH‐2004
criteria contain 8 items, and the median num-
ber of HLH‐2004 criteria met upon admission
in FUO adults with and without HLH were 3
and 2, respectively. The BM score contains 7
factors, and the total score ranges from 0 to
21.5 points. The median BM scores in FUO
adults with and without HLH were 14.0 and
7.0 points, respectively. ANC, absolute
neutrophil count; FUO, fever of unknown
origin; Hb, hemoglobin; HLH, hemophagocytic
lymphohistiocytosis; LDH, lactate dehydroge-
nase; PB, peripheral blood; PLT, platelet
3 | RESULTS

3.1 | Characteristics of HLH in adults with FUO

As shown in Figure 1 and Table S1, 233 adults with FUOwho underwent

a BMSwere enrolled. Of the 47 (20.2% of 233) patients eventually diag-

nosedwith HLH (Table 1), 24 (51.1%) were associatedwith non‐Hodgkin

lymphoma, 8 (17.0%) were autoimmune associated, 8 (17.0%) were

associated with infections, and 5 (10.7%) were idiopathic. At diagnosis,

the median number of HLH‐2004 criteria met was 6. Twenty‐eight

(59.6%) patients were admitted to an ICU, and 24 (51.1%) patients were

not diagnosed until after ICU admission. At the last follow‐up, themedian

OS of adults with HLH was 268 days (vs not reached in patients without

HLH, P < .001; Figure S1).

3.2 | Early parameters in FUO adults with or without
HLH (developmental cohort)

At admission, adults with FUO developing subsequent HLH

had significantly lower WBC count, PLT count, and fibrinogen

levels, but higher serum concentrations of LDH, ferritin, total bilirubin

(T‐Bil), alanine aminotransferase, aspartate aminotransferase, alkaline

phosphatase (ALP), gamma‐glutamyl transpeptidase, D dimer, and

triglycerides and higher incidences of splenomegaly, hepatomegaly,

and leukoerythroblastosis (Table 2).
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The median number of HLH‐2004 criteria met upon initial

admission was higher in adults who subsequently developed HLH than

in those without HLH (3 vs 2, P < .001). The calculated BM scores for

adults with HLH were significantly higher than for those without HLH

(14.0 vs 7.0, P < .001).
3.3 | Fitness of the HLH‐2004 criteria and BM score
(developmental cohort)

Concerning the distribution of the number of HLH criteria met and BM

score upon initial admission, only 2.4% (n = 1) of the 41 adults with

HLH met 5 of the 8 HLH‐2004 criteria and 80.5% (n = 33) fulfilled

≤3 criteria (Figure 2). In contrast, 95.1% (n = 39) of adults with HLH

had a BM score ≥10 points (Figure 2).

For the HLH‐2004 criteria, hyperferritinemia (>500 ng/mL) was

present in 98% (n = 40) of patients, followed by splenomegaly in 78%

(n = 32) of patients. Although thrombocytopenia (<100 × 103/μL) was

documented in 73% (n = 30) of patients, anemia (Hb < 9 g/dL) occurred

in only 17% (n = 7) of patients, and only 5% (n = 2) of patients met the

diagnostic threshold for bicytopenia (Table 3). In comparison, a higher

proportion of patients achieved the cutoff value of each parameter of

the BM score (Table 3).
TABLE 3 Fitness of early parameters for the HLH‐2004 criteria and BM s

HLH‐2004 (≥5/8)

Early Parameters Cutoff Value Point
Tested

(% of Total)
Positi

(% of Te

Fever >38.5°C for 7 d 1 41 (100) 41 (10

Cytopenia

ANC <1000/μL 41 (100) 0 (0)

Hemoglobin <9 g/dL 41 (100) 7 (17

Platelet count <100 000/μL 1c 41 (100) 30 (73

Peripheral blood
smear

… … … …

Biochemistry

Ferritin >500 ng/mL 1 41 (100) 40 (9

LDH … … … …

Triglyceride >265 mg/dL 1d 38 (93) 9 (24

Fibrinogen <150 mg/dL 39 (95) 4 (10

Splenomegaly Yes 1 41 (100) 32 (7

Evidence of
hemophagocytosis

Yes 1 2 (5) 2 (10

Natural killer cell
activity

Low or absent 1 0 (0) 0 (0

Soluble CD25 ≥2400 U/mL 1 0 (0) 0 (0

Median of the sum
(range)

3 (3‐3)e

Abbreviations: …, not applicable; ANC, absolute neutrophil count; BM, b
lymphohistiocytosis; LDH, lactate dehydrogenase.
aData were collected upon patient's initial arrival to the hospital or within the f
bThe BM score is a diagnostic aid for FUO before performing BM studies. Whe
predict hematological diseases in the BM of FUO patients were 93% and 58%,
cTwo (5% of 41) patients had cytopenia affecting at least 2 of the 3 lineages.
dNine (22% of 41) patients had hypertriglyceridemia and/or hypofibrinogenemi
eCriterion of fever included.
fPatients must fit the criteria of FUO.
3.4 | Early parameters predicting HLH in adults with
FUO (developmental cohort)

As shown in model 1 of Table 4, all early parameters with P < .1 in the

univariate analyses were entered into the multivariate regression

model, including WBC (<4000/μL), Hb (<10 g/dL), PLT (<100 × 103/

μL), LDH (>2 × UNL), ferritin (>1000 ng/mL), T‐Bil (>2 × UNL), alanine

aminotransferase (>1 × UNL), aspartate aminotransferase

(>1.5 × UNL), ALP (>2 × UNL), gamma‐glutamyl transpeptidase

(>1 × UNL), D dimer (>2 μg/mL), fibrinogen (<150 mg/dL), triglyceride

(>265mg/dL), splenomegaly, hepatomegaly, and leukoerythroblastosis.

Finally, hyperferritinemia (ferritin > 1000 ng/mL), splenomegaly,

leukoerythroblastosis, thrombocytopenia (PLT < 100 × 103/μL), anemia

(Hb < 10 g/dL), and hyperbilirubinemia (T‐Bil > 2 × UNL) upon

admission were independent predictors of HLH. Elevated serum

concentration of LDH and ALP also showed borderline significance.
3.5 | Prediction of HLH in adults with FUO using the
BM score (developmental cohort)

We further examined the value of both the BM score and number of

HLH criteria met upon admission for predicting HLH. As shown in
core in 41 FUO adults with HLHa (developmental cohort)

BM scoreb

ve
sted) Cutoff Value Score

Tested
(% of Total)

Positive
(% of Tested)

0) >38.3°C for 3 wk …f …f …f

c <2000/μL 1 41 (100) 9 (22)

)c <10 g/dL 1.5 41 (100) 25 (61)

)c <100 000/μL 2 41 (100) 30 (73)

Leukoerythroblastosis 6 41 (100) 13 (32)

8) >1000 ng/mL 5.5 41 (100) 40 (98)

>Upper normal limit 1.5 41 (100) 40 (98)

)d … … … …

)d … … … …

8) Yes 4 41 (100) 32 (78)

0) … … … …

) … … … …

) … … … …

14.0 (13.0‐16.0)

one marrow; FUO, fever of unknown origin; HLH, hemophagocytic

irst 3 days after admission.

n the BM score cutoff was set to 6 points, its sensitivity and specificity to
respectively.18

a.



TABLE 4 Univariate and multivariate analyses of factors predicting HLH in immunocompetent adults with FUO (developmental cohort)

Univariate Multivariatea,b

OR (95% CI) P OR (95% CI) P

Model 1: early parameters within 3 days after admission

Age (by decade) 0.929 (0.779‐1.109) .417 0.647 (0.453‐0.923) .016

Male sex 0.946 (0.472‐1.898) .876

WBC < 4000/μL 2.166 (1.066‐4.399) .033

ANC < 1000/μLc Not convergede .999 … …

ANC < 2000/μLd 1.346 (0.579‐3.131) .490 … …

Hb < 9 g/dLc 0.721 (0.295‐1.761) .472 … …

Hb < 10 g/dLd 1.643 (1.030‐2.621) .037 3.031 (1.134‐8.102) .027

PLT < 100 × 103/μLc,d 2.983 (2.019‐4.407) <.001 2.278 (1.180‐4.400) .014

LDH > 500 IU/L (2 × UNL)e 8.978 (3.874‐20.808) <.001 3.191 (0.779‐13.070) .107

Ferritin > 500 ng/mLc 18.857 (2.508‐141.767) .004 … …

Ferritin > 1000 ng/mLd 58.710 (7.863‐438.340) <.001 37.016 (2.808‐487.918) .006

T‐Bil ≥ 3.2 mg/dL (2 × UNL)e 10.759 (3.738‐30.963) <.001 12.449 (1.796‐86.305) .011

ALT ≥ 40 U/L (1 × UNL)e 3.367 (1.638‐6.920) .001

AST ≥ 65 U/L (1.5 × UNL)e 7.374 (3.436‐15.827) <.001

ALP ≥ 200 U/L (2 × UNL)e 5.843 (2.743‐12.449) <.001 3.810 (0.992‐14.633) .051

γGT > 60 U/L (1 × UNL)e 4.769 (2.052‐11.084) <.001

D dimer > 2 μg/mLe 2.910 (1.123‐7.539) .028

Fibrinogen < 150 mg/dLc 2.739 (0.843‐8.894) .094

Triglyceride > 265 mg/dLc 2.613 (1.058‐6.454) .037

Splenomegalyc,d 7.739 (3.441‐17.403) <.001 5.078 (1.211‐21.283) .026

Hepatomegaly 4.121 (1.480‐11.474) .007

Leukoerythroblastosis 1.258 (1.096‐1.444) .001 1.421 (1.095‐1.844) .008

Model 2: warning system within 3 days after admission

Number of HLH‐2004 criteria 4.042 (2.421‐6.748) <.001 1.453 (0.705‐2.994) .311

BM score 1.609 (1.374‐1.885) <.001 1.621 (1.355‐1.940) <.001

Abbreviations:…, not entered into the multivariate regression model; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANC, absolute neutrophil count;
AST, aspartate aminotransferase; BM, bone marrow; CI, confidence interval; γGT, gamma‐glutamyl transpeptidase; Hb, hemoglobin; HLH, hemophagocytic
lymphohistiocytosis; LDH, lactate dehydrogenase; OR, odds ratio; PLT, platelet; T‐Bil, total bilirubin; UNL, upper normal limit; WBC, white blood cell.
aMultivariate logistic regression model included all available variables with P < .100 (except ferritin >500 ng/mL).
bAge and sex were forced into the multivariate analysis because they may confound between‐subject comparisons.
cCutoff value used in the HLH‐2004 criteria.
dCutoff value used in the calculation formula of BM score.
eReceiver operating characteristic curve used to determine the best cutoff that maximized sensitivity and specificity.
fAll 9 patients with ANC <1000/μL at initial admission were in the subgroup of patients without HLH.
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model 2 of Table 4, a higher value for either factor was significantly

correlated with the development of HLH in the univariate analyses.

When analyzed in the multivariate regression model adjusted for age

and sex, the BM score was the only independent variable (odds

ratio = 1.621; 95% confidence interval, 1.355‐1.940, P < .001). The

AICs for the BM score and number of HLH criteria met upon admission

were 120 and 168, respectively, indicating that the BM score is more

likely to predict HLH in adults with FUO at initial arrival to the hospital.
3.6 | Performance of the BM score in early alarming
HLH among adults with FUO

In the validation cohort, the median of BM score was 13.25 for FUO

adults with HLH and 4.5 for those without HLH (P = .001). The BM

score also showed lower AIC than the number of HLH criteria met

upon admission (22 vs 26). The discriminatory power of the BM score
was assessed using an ROC curve, and the areas under the ROC curve

for the BM score were both 0.920 in the developmental and validation

cohort (Figure 3). When the BM score cutoff was set at 10 points, the

sensitivity and specificity to predict HLH in adults with FUO were 95%

and 75%, respectively.
4 | DISCUSSION

In this study, we showed the difficulty in early recognition of HLH:

only 1 (2.4%) adult met 5 of the 8 HLH‐2004 criteria upon admission,

and four‐fifths (80.5%) of the patients fulfilled ≤3 criteria. Six factors,

hyperferritinemia, elevated LDH, splenomegaly, leukoerythroblastosis,

thrombocytopenia, and anemia, were good predictors of HLH;

however, upon admission, the HLH‐2004 criterion of anemia

(Hb < 9 g/dL) occurred in only 7 patients (17%), and merely 2 patients



FIGURE 3 Receiver operating characteristic curve and area under the curve (AUC) to assess the discriminatory power of the BM score (A, devel-
opmental cohort; B, validation cohort). C, The application of BM score to identify early the risk of HLH in adults with FUO. AUC, area under the
ROC curve; CI, confidence interval; HLH, hemophagocytic lymphohistiocytosis; ROC, receiver operating characteristics
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(5%) met the diagnostic threshold for bicytopenia. Furthermore, the

anemia with an Hb level <10 g/dL rather than 9 g/dL was correlated

with the development of HLH (Table 4). Besides, hyperbilirubinemia

and elevated ALP, as predictors of HLH in our study, reflected the

tropism of histiocytes to liver and had been proposed as supportive

criteria of HLH.8 Collectively, these findings highlight the possibility

of underrecognizing the subsequent development of HLH using

HLH‐2004 criteria upon initial admission and the importance of

chronological monitoring of laboratory parameters for HLH diagnosis.

In addition, we demonstrated the potential advantage of the BM

score over the HLH‐2004 criteria in recognizing adults with FUO

who are at risk of subsequent HLH. The BM score parameters were

mostly available upon admission and easily calculated. Compared with

the HLH‐2004 criteria, a higher serum ferritin level adopted by the BM

score (>1000 vs 500 ng/mL) was correlated better with the develop-

ment of HLH (Table 4). Importantly, the BM score is not intended to

replace the HLH diagnostic criteria but rather to act as a clinical

warning system for the risk of HLH. With the aid of the BM score,

physicians could recognize patients at risk of HLH earlier and even

transfer them to a hospital with specialists; promptly order specific

tests, including soluble CD25 concentration, NK cell activity, and tissue

samples; and provide timely treatment to suppress the inflammatory

response and eliminate triggers.

To the best of our knowledge, the current study is the largest

cohort to consecutively include immunocompetent adults with FUO

who underwent BMS16,17 and is the first cohort to analyze HLH in

immunocompetent adults with FUO. The diagnosis of HLH in the

enrolled patients might be more challenging than that in general

practice, because HLH‐related organ failure or even mortality often

occurs before the triggers or underlying etiologies of HLH are evident.
In fact, our finding that half of the patients (55.3%) had neoplasm‐

associated HLH was similar to those of several recent reports of adult

patients.1,27–29 Neoplasm‐associated HLH has a significantly older age

at onset (52.4 vs 28.0 y), a strikingly longer symptom duration (55.4 vs

20.2 d), and an apparently shorter median OS (1.13 vs 47.03 mo) than

non–neoplasm‐associated HLH.24,30 As shown in the findings of our

study and several previous reports,1,27–29 NHL constitutes the major

etiology of neoplasm‐associated HLH in adults, regardless of FUO at

initial presentation. It is worth noting that two‐thirds of our patients

with NHL‐associated HLH had no prominent lymphadenopathy (data

not shown), and the BMS in these patients disclosed both pathological

evidence and underlying etiology of HLH.

Our findings illustrate the overlapping scenario between FUO and

HLH in immunocompetent adults, and the BM score could be an ideal

tool to improve the diagnostic yield for both HLH and FUO, especially

for those patients with NHL primarily involving the BMwithout lymph-

adenopathy. In our recent study, we determined that adults with FUO

with a BM score ≥6 points should undergo BMS earlier,18 and here, we

further highlight the risk of HLH with a BM score ≥10 points (Figure 3).

Therefore, we propose an algorithm for immunocompetent adults with

FUO and emphasize the convenience of utilizing the BM score in the

decision‐making process in Figure 4.

Our study has several inherent limitations. First, the relatively

small number of adults with HLH may decrease the discriminatory

power of some variables. Second, not every patient routinely

underwent the tests for soluble CD25 concentrations and NK cell

activity. In fact, these two assays are currently available in only a few

medical centers, because of the infrequent utilization and the technical

challenges in employing a radionuclide.7 Clinically, these tests are not

conducted unless HLH is suspected by the attending physician.1,5,31,32



FIGURE 4 Algorithm for immunocompetent
adults with a continuously high fever or FUO.
After the initial workup for FUO in immuno-
competent adults, calculate the BM score. We
recommend that clinicians should be highly
aware of potential HLH in patients with BM
scores ≥10, and the following should occur
early: communication of the poor prognosis,
examinations (eg, NK cell activity, soluble
CD25 concentration, and pathological evi-
dence of hemophagocytosis), consultation
with a hematologist, and intervention. If the
etiology remains unknown, an early BM study
should be conducted in patients with BM
scores ≥6. BM, bone marrow; FUO, fever of
unknown origin; HLH, hemophagocytic
lymphohistiocytosis; Lab, laboratory parame-
ters; LDH, lactic dehydrogenase; PB, periph-
eral blood; PE, physical examinations; UNL,
upper limit of normal
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Finally, because the TPE VGH is a tertiary medical center, the

number of adult patients with FUO secondary to infectious disease

was possibly low owing to sequential referrals.

Adult patients with FUO who develop HLH have a poor prognosis,

and non‐Hodgkin lymphoma comprises the major etiology of HLH. As

timely diagnosis remains a clinical challenge, calculating the BM score

upon admission is valuable for general practitioners to promptly

identify patients at risk of HLH and provide timely management.
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