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Epidemiology, characteristics, and outcomes of adult
haemophagocytic lymphohistiocytosis in the USA, 2006-19: a
national, retrospective cohort study
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Summary
Background Haemophagocytic lymphohistiocytosis (HLH) is a rare and life-threatening syndrome characterized by an
excessive inflammatory response. Limited data exist on adult HLH.

Methods In this national, retrospective cohort study, we analysed data from the US National Inpatient Sample
database collected between October 1, 2006 and December 31, 2019. Using the International Classification of Dis-
eases (ICD) codes, we identified all adult patients who were admitted non-electively with the diagnosis of HLH. We
described demographic characteristics, triggers, and associated conditions. Trends of diagnosis, treatment, and in-
hospital mortality were analysed using joinpoint models. In-hospital mortality rates were compared using
multivariable logistic regression models that adjusted for demographic characteristics and associated conditions.
Finally, we described resource utilization outcomes including cost of hospitalization and length of stay.

Findings We identified 16,136 non-elective adult HLH admissions. The population pyramid showed a bimodal
distribution, with peaks in young adults (16-30 years) and older adults (56-70 years). Joinpoint regression analysis
revealed a significant increase in HLH incidence per 100,000 admissions over the study period (Average Annual
Percent Change [APC] = 25.3%, p < 0.0001), and no significant change in rates of in-hospital mortality
(slope = —0.01; p = 0.95) or administration of in-hospital HLH treatment (slope = 0.46, p = 0.20). The most
common associated conditions were malignancy (4953 admissions [30.7%)), infections (3913 admissions [24.3%]),
autoimmune conditions (3362 admissions [20.8%)]), organ transplant status (639 admissions [4%]), and congenital
immunodeficiency syndromes (399 admissions [2.5%]). In-hospital mortality was higher in older adults and
males. Furthermore, Congenital immunodeficiency syndromes had the worst in-hospital mortality rate (mortality
rate 31.1%, adjusted OR 2.36 [1.56-3.59]), followed by malignancies (mortality rate 28.4%, adjusted OR 1.80
[1.46-2.22]), infections (mortality rate 21.4%, adjusted OR 1.33 [1.10-1.62]), other/no trigger (mortality rate 13.6%,
adjusted OR 0.73 [0.58-0.92]), autoimmune (mortality rate 13%, adjusted OR 0.72 [0.57-0.92]), and post-organ
transplant status (mortality rate 14.1%, adjusted OR 0.64 [0.43-0.97]). The overall mean length of stay was
14.3 + 13.9 days, and the mean cost of hospitalization was $54,900 + 59,800.

Interpretation We provide insight into the burden of adult HLH in the USA. The incidence has been increasing and
the outcomes remain dismal. This signifies the growing need for the development of updated diagnosis and treat-
ment protocols that are specific to adult HLH.

Funding None.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction and macrophages.’ The syndrome is usually character-
Haemophagocytic lymphohistiocytosis (HLH) is a rare  ized }3)’ fever, hep.atosplenomegaly, c?ftopenias, aflld a
but potentially life-threatening hyperinflammatory syn-  Cytokine storm, which can lead to multiple organ failure

drome characterized by uncontrolled activation of T cells ~ and death if not promptly recognized and treated. HLH
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Research in context

Evidence before this study

Limited data exist on adult Haemophagocytic
lymphohistiocytosis (HLH); a search of PubMed from 2000 to
2023 using the terms "hemophagocytic lymphohistiocytosis",
"HLH", "adult HLH", and "HLH epidemiology" revealed that
most of the available data on HLH pertained to pediatric
patients. Most of the evidence on adult HLH was in the form
of case reports, series, and small observational studies. Larger
reports were limited and often focused on specific aspects of
the disease or relied on pooled data from multiple small
heterogenous series, which affects the internal validity of the
study.

Added value of this study
Using the National Inpatient Sample (NIS) data from 2006 to
2019, our study identified 16,136 non-elective adult HLH

can occur as a primary genetic disorder or secondary to
infections, malignancies, autoimmune diseases, or
immunosuppression, among other triggers. Primary
HLH is more common in children and young adults,
with an estimated incidence of 1.2 per million children
per year and mortality rates of 20%-30% within the
initial two months of diagnosis.”” Secondary HLH, on
the other hand, is the predominant type in older adults,
although its exact prevalence is not well established.®
Mortality rates for secondary HLH range from 30% to
40% within the initial two months of diagnosis.”"* Due
to the wide range of clinical presentations, triggers, and
outcomes, HLH remains a diagnostic and therapeutic
challenge.'>"

The National Inpatient Sample (NIS) is the largest
all-payer inpatient healthcare database in the United
States (US), with information on approximately 7
million hospitalizations each year. It has a stratified and
weighted sampling process that provides a representa-
tive sample of inpatient hospitalizations from commu-
nity hospitals across 46 states.* The NIS has been
widely used to investigate epidemiological trends, out-
comes, and resource utilization of various medical
conditions." ¢

There have been only a small number of studies that
have tried to characterize adult HLH in a large sample of
patients. A cohort study from England focused on the
temporal trends of adult HLH incidence in England
between 2003 and 2018."” Another study pooled various
small series from the literature to delineate the triggers,
demographic characteristics, and outcomes of adult
HLH." To date, no large reports used a uniform sample
to thoroughly characterize adult HLH, encompassing
both clinical and public health-related outcomes.

Therefore, we conducted a retrospective study using
the NIS to examine the baseline characteristics, trends,
triggers, associated conditions, outcomes, and resource

admissions. This is the first study that offers a comprehensive
analysis of demographic characteristics, diagnosis and
treatment trends, outcomes, and resource utilization patterns
in a large sample of patients over an extended period.

Implications of all the available evidence

HLH, increasingly acknowledged in adults, exhibits a poor
prognosis and notable variations across age, sex, race groups,
and underlying causes. This emphasizes the necessity for
additional research to comprehend the root mechanisms of
HLH and provide explanations for these variations.
Furthermore, our results are anticipated to help with the
assessment of the effectiveness of emerging therapies that
are presently being investigated for the management of HLH.

utilization of adult HLH hospitalizations between 2006
and 2019. Our study aimed to describe the epidemiology
and clinical burden of adult HLH in the US and identify
potential areas for improvement in diagnosis, manage-
ment, and surveillance.

Methods

Data source

The Healthcare Cost and Utilization Project (HCUP)
develops and maintains the NIS, an all-payer inpatient
database available to the public for general research
purposes. Every year, HCUP conducts a weighted
sampling of 20% of all hospital discharges from US
community hospitals, producing more than 7 million
entries annually. The NIS includes clinical and resource
utilization data obtained from discharge abstracts from
participating hospitals. Clinical data, including di-
agnoses and procedures, is presented using the Inter-
national Classification of Diseases, 9th and 10th
revisions, Clinical Modifications (ICD-CM) coding sys-
tem. ICD-9-CM was in use until October 2015, and ICD-
10-CM is the current version utilized.

As the NIS data is deidentified, the ethics committee
at Rochester General Hospital has determined that no
specific ethical approval or written consent was required
for this research.

Study design and data sampling

HLH-specific code was coined in October 2006. We
retrospectively identified patients with HLH between
October 1, 2006 and December 31, 2019 using ICD-9-
CM code 2884 and ICD-10-CM codes D76x. Addi-
tionally, ICD codes were utilized to identify all asso-
ciated conditions/triggers, confounding factors,
procedures, and clinical outcomes. All codes used in
the study are included in the Supplementary Material
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in Supplementary Tables S1 and S2. All codes were
chosen by 2 independent authors, and disputes were
resolved Dby joint decision. We excluded paediatric
patients (age <18 years) and all elective admissions.
Fig. 1 provides a flowchart of the selection process,
with the number of discharges at each step.

Endpoints

The study aimed to describe the demographic and
geographic characteristics of HLH hospitalizations in
the US; describe the trends of HLH incidence and
outcomes during the study period; describe the associ-
ated comorbid conditions and possible secondary cau-
ses; compare rates of in-hospital mortality between
different demographic groups and associated condi-
tions; and compare inpatient resource utilization be-
tween different comorbid groups.

Statistical analysis

Baseline demographics were summarized by presenting
counts and percentages for categorical variables and by
reporting the mean and standard deviation for contin-
uous variables. The distribution of patients across age
groups was further described using a population pyra-
mid. Bimodality was tested by Hartigans’ dip test and
LaPlace’s Demon test for multimodality. Hospitals were
divided into nine regions based on the U.S. Census
Bureau Census Divisions." Frequencies and rates of
adult HLH admissions per 100,000 admissions were
calculated for each region.

A review of the literature identified important trig-
gers and associated conditions.”*"” These conditions
were identified using ICD codes (see Supplementary
Material for codes, definitions, and assumptions;
Supplementary Tables S1 and S2) and described these
conditions across the entire sample. To further

understand the distribution of these conditions, we
examined the frequencies of these conditions in specific
subgroups based on age, sex, race, and hospital region.
Age displayed a bimodal distribution on initial analysis,
reflecting two overlapping populations. To separate the
two populations, we fitted a weighted Gaussian mixture
model and selected the optimal cutoff as the midpoint
between the estimated means of the two subgroups.
Specifically, age was divided into two subgroups (<52
and >52 years), and the resulting subgroups were used
to further analyse the distribution of the associated
conditions /triggers.

Trends were analysed using Joinpoint Regression
Programme, Version 4.9.1.0.” The programme uses
validated segmented regression models that allow for
the identification of significant changes in the slope of a
trend line over time.”” We analysed the trends and
average Annual Percent Change (APC) for HLH inci-
dence rates per 100,000 admissions, rates of in-hospital
mortality, rates of administration of in-hospital HLH
treatment, and mean time to start of in-hospital treat-
ment. HLH treatment was defined by the identification
of codes for antineoplastic chemo or immunotherapy.

In-hospital mortality rates were compared using
multivariable logistic regression models. Variables
included in the models were age, sex, race, and different
associated conditions/triggers. Dummy variables were
created for associated conditions with more than two
components. Our data met the assumptions of logistic
regression including sufficient sample size, absence of
significant multicollinearity between the independent
variables, linear relationship between “Age” variable and
log odds of the outcome, and absence of outliers. Age
and sex had less than 1% missing values, which were
excluded using listwise deletion. In contrast, race had a
higher proportion of missing values (6.6%). To address

The NIS for the years 2006-2019
(521,543,046 weighted hospitalizations) was
queried for ICD-9 code 7884 and ICD-10 codes
D76x

4

A total of 26,000 weighted
hospitalizations were identified

Eligibility

A 4

Excluded (n=9,864)
* Elective admissions (n=4,094)
e Age < 18 years or missing age data
(n=5,770)

Included cases (n=16,136)

Fig. 1: Sampling process, exclusion criteria, and number of hospitalizations in each step. NIS, National Inpatient Sample.
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this, we performed multiple imputation with regression
models to create ten datasets, where missing race values
were imputed. These imputation models incorporated
the same independent variables as the final regression
model. The pooled imputed dataset was subsequently
utilized for the final analyses. To address the issue of
multiplicity, the Bonferroni correction was employed.
We divided the o level by the total number of compar-
isons, resulting in an adjusted a level (0.05/51 = 0.001).
Subsequently, we used the adjusted o level to calculate
the multiplicity-corrected confidence intervals (CI).
Finally, resource utilization outcomes, including
length of stay (LOS) and cost per hospitalization, were
described using means and standard deviations.
Sampling, analysis, and reporting were carried out in
compliance with The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
statement.”’ Analysis was conducted using IBM SPSS
version 26, R software package version 4.2 (packages:
diptest, version 0.76-0; LaplacesDemon, version 16.1.6;
GauPro, version 0.2.11; Forester, version 0.2.0), and
Joinpoint Regression Programme, version 4.9.1.0.

Role of the funding source

There was no funding source for this study. Authors AA
and AM had access to the dataset and had final re-
sponsibility for the decision to submit for publication.

Results

Baseline characteristics

We identified 16,136 weighted non-elective adult HLH
admissions between the years 2006-2019. Age, sex, race,
and hospital location/teaching status were described in
Table 1. Most patients were males and Caucasians.
Interestingly, more than 97% of the cases were admitted
to urban hospitals, and more than 86% were admitted to
teaching hospitals. Age distribution was found to follow
a bimodal pattern (p < 0.01), with the highest number of
cases falling in age groups 16-30 and 56-70 years old
(Fig. 2). Geographically, we found significant differ-
ences in rates of adult HLH admissions relative to the
total number of admissions in each hospital region
(Fig. 3). The New England and South Atlantic regions
had the highest and lowest rates, respectively.
Supplementary Table S3 further describes the distribu-
tion of age, race, sex, and comorbidities in each hospital
region.

Triggers and associated conditions

In our sample, malignancy was the most frequently
associated condition (30.7%), followed by infections
(24.3%), autoimmune conditions (20.8%), organ trans-
plant status (4%), and congenital immunodeficiency
syndromes (2.5%), respectively. Conditions included in
congenital immunodeficiency syndromes are listed in
Supplementary Tables S1 and S2. We did not identify a

trigger or an associated condition in 5782 hospitaliza-
tions (35.8%). Non-Hodgkin lymphomas (NHL) were
the most common malignancies, with T-cell lymphomas
slightly more frequent than B-cell lymphomas (7.1 vs.
5.8, p < 0.01). Amongst infections, viral infections were
the most common (21.6%) and Ebstein-Barr virus (EBV)
was the most common viral infection (5.5%). None of
the patients in our sample had COVID-19 infection. The
rates of other triggers and associated conditions are
illustrated in detail in Fig. 4.

The distribution of these conditions also varied be-
tween different subgroups (Supplementary Table S4). In
older adults (>52 year), the most frequently associated
conditions were malignancies (38.3%), infections
(19.8%), and autoimmune conditions (14.4%), respec-
tively. While in younger adults (age <52 year), infections
were the most common (28.2%), followed by autoim-
mune (26.6%) and malignancies (24%). Furthermore,
males had more malignancies (37.4% vs. 22.7%) and
infections (26.8% vs. 21.3%) and lower autoimmune
conditions (29.8% vs. 13.3%) than females. Significant
variability was also observed in different racial groups.

Trends of diagnosis, outcomes, and treatment
practices

Fig. 5a demonstrates the change in HLH rates per
100,000 admissions per year. Supplementary Table S5 and
Supplementary Figure S1 show the absolute number of
adult HLH admissions per year. We found a significant
increase in the rate of HLH over the study period (APC
25.3%, CI 20.2-30.7%, p < 0.0001). Most of this increase
occurred between 2007 and 2016 (APC 30.5%, CI
26.4-34.7%, p < 0.0001). While the change between 2016

Age-Mean (+SD) 48.4 (£19)
Sex—count (%)
Male 8754 (54.3)
Female 7382 (45.7)
Missing 01
Race—count (%)
Caucasian 8243 (51.1)
African American 2865 (17.8)
Hispanic 2228 (13.8)
Asian or Pacific Islander 942 (5.8)
Native American 120 (0.7)
Other 676 (4.2)
Missing 1062 (6.6)
Location/teaching status of the hospital—count (%)
Urban teaching 13,943 (86.4)
Urban non-teaching 1712 (10.6)
Rural 434 (2.7)
Missing 47 (0.3)
Table 1: Demographic characteristics of adult hemophagocytic
lymphohistiocytosis hospitalizations in the United States from 2006
to 2019.
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Male

16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-90

>90

Age in years at admission

Female

16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-90
>90
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Fig. 2: Population pyramid showing patient distribution across different age and sex groups.

HLH discharges/Total Rate (per 100,000

discharges)*

Hospital region

045 /9,242,
1,045/9,242,647 et

9:013709112

New England

1,030/ 11,427,052
West North Central

8:36890287

7-818886714

14,140/ 182,982,655

7-72750906

Missing} 1996

*The difference i significant for ll comparisons

Fig. 3: Geographic distribution of adult HLH cases by hospital region.

and 2019 was not statistically significant (APC 11.0%,
CI -6.6 to 32%, p = 0.20). Fig. 5b—d demonstrate the
annual change in the rates of in-hospital mortality,
administration of HLH-specific treatment, and mean time
from admission to the administration of HLH-specific
treatment, respectively. There was no significant change
in these measures between 2007 and 2019. Subgroup
analysis of mortality rates revealed different trends across
various triggers; however, none of these subgroups
reached  statistical  significance  (Supplementary
Figures S2-S5).

In-hospital mortality

A total of 2966 (18.4%) patients died during the hospi-
talization. Multivariate logistic regression analysis
showed that females had lower in-hospital mortality
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than males (15% vs. 21.3% adjusted OR 0.74
[0.64-0.86]). Meanwhile, non-Caucasians had higher
odds of mortality than Caucasians but they were not
statistically significant. In-hospital mortality rates were
also different per different associated conditions.
Congenital immunodeficiency syndromes had the worst
outcomes (mortality rate 31.1%, adjusted OR 2.36
[1.56-3.59)), followed by malignancies (mortality rate
28.4%, adjusted OR 1.80 [1.46-2.22]), infections (mor-
tality rate 21.4%, adjusted OR 1.33 [1.10-1.62]), other/no
trigger (mortality rate 13.6%, adjusted OR 0.73
[0.58-0.92]), autoimmune (mortality rate 13%, adjusted
OR 0.72 [0.57-0.92]), and post-organ transplant status
(mortality rate 14.1%, adjusted OR 0.64 [0.43-0.97]).
Fig. 6 compares in-hospital mortality rates for different
demographic and comorbidity groups.
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List of triggers and associated diseases

Malignancy: 4,953 (30-7%)

—— Hematologic: 4,619 (28:6%)

|- Lymphoma: 3,171 (19:7%)

—Non-Hodgkin Lymphomas (NHL): 2,727 (16-9%)
B-cell NHL: 935 (5:8%)

T-cell NHL: 1,153 (7:1%)

Unspecified NHL: 708 (4-4%)
—Hodgkin lymphoma (HL): 464 (2:9%)

[
-

eukemia: 1,463 (9-1%)

| Lymphoid leukemias: 445 (2-8%)

- Myeloid leukemias: 752 (4-7%)

[~ Myeloproliferative diseases™: 231 (1-4%)
Unspecified leukemia: 85 (0-5%)

—Plasma cell dyscrasias: 275 (1-7%)

L—Solid: 434 (2:7%)

Autoimmune conditions: 3,362 (20-8%)
Connective tissue diseases (CTD): 2,998 (18:6%)
SLE: 1,088 (6-7%)
Rheumatoid arthritis: 1,235 (7-7%)
Vasculitis: 374 (2:3%)
Other CTD: 404 (2-5%)

L—Inflammatory bowel disease: 404 (2:5%)

Congenital immunodefeciency syndromes: 399 (2:5%)

Commonly associated infections: 3,913 {24-3%)?

— Viruses: 3,491 (21-6%)
L_EBV: 893 (5-5%)
—CMV 794 (4-9%)
|—Other herpes viruses: 702 (4-4%)
I HIV: 710 (4-4%)
—Viral hepatitis: 818 (5-1%)
—Influenza: 184 (1-1%)
L—Parvo virus: 109 (0-7%)
— Bacteria: 279 (1-7%)
L Mycobacterium tuberculosis: 120 (0-7%)
L—Rickettsia and other reicketsial diseases: 159 {1%)
— Fungi: 349 (2:2%)
Histoplasma spp: 294 (1-8%)
Other endemic fungal infections: 54 (0-3%)?
L— Protozoan parasites: 70 (0-4%)

Toxoplasma spp: 25 {0-2%)
Babesia spp: 30 (0-2%)
Other protozoa spp: 15 (0-1%)

Organ transplant status: 639 (4%)

Bone marrow transplant: 204 (1-3%)
Kidney transplant: 191 (1-2%)
|—Other organ transplant: 254 (1-6%)

Other/no trigger identified: 5,782 (35-8%)

Fig. 4: List of triggers and associated diseases. 1. Chronic myeloid leukemia (CML) is counted in myeloid leukemias. 2. The list of bacterial
pathogens is not inclusive; many pathogens (e.g, gram positive bacteria, E. coli, pseudomonas, opportunistic fungi) were not included either due
to lack of specific coding, clinical irrelevance, or concern that they could be nosocomially acquired. 3. Include Coccidioides, Paracoccidioides, and

Blastomyces. Created with BioRender.com.

Resource utilization

The mean LOS was 14.3 = 13.9 days. HLH associated
with infections had the longest hospital stays (mean
LOS 18.1 + 16.5 days), while HLH with no identified
trigger/associated conditions had the shortest stays
(mean LOS 11.4 + 11.5).

On the other hand, the mean cost of individual
HLH hospitalizations was $54,900 + 59,800. Congen-
ital immunodeficiency syndromes were associated
with the highest costs (mean $80,100 + 101,400), and
those with no identified trigger/associated condition
were associated with the lowest costs (mean
$41,100 + 46,100). Table 2 illustrates LOS and cost in
dollars of HLH hospitalizations divided by associated
conditions.

Discussion

HLH is a rare and life-threatening disease, often
requiring prompt diagnosis and treatment. In recent
years, there has been a growing interest in under-
standing the epidemiology and outcomes of this condi-
tion. Our study aimed to provide a comprehensive
analysis of HLH admissions in the US between 2006
and 2019. We identified a total of 16,136 non-elective
adult HLH admissions, we found that most patients
were males and Caucasians, and the age displayed a
bimodal distribution, with the highest number of cases
falling in age groups 16-30 and 56-70 years old. These
findings are similar to those reported in other
studies.’*'” The bimodality suggests distinct underlying
triggers and associated conditions, which we confirmed
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Fig. 5: Trends and annual percentage changes. (a) Adult HLH rate per 100,000 admissions; (b) Rate of in-hospital mortality; (c) Rate of in-
hospital HLH treatment; (d) Mean time to in-hospital treatment. APC, Annual Percent Change.

in our subgroup analysis. The initial peak was linked to
the higher incidence of infections and autoimmune
conditions, whereas the second peak was associated
with higher incidence of malignancies. Furthermore, we
found that more than 97% of the cases were admitted to
urban hospitals, and more than 86% were admitted to
teaching hospitals. This may reflect the fact that teach-
ing hospitals often have more resources and expertise to
manage complex cases such as HLH. Interestingly, we
also found significant geographic differences in rates of
adult HLH admissions. Hospitals in the New England
region, for example, had approximately double the rate
of the South Atlantic region. This might reflect a higher
academic interest in these states, which leads to
increased testing for rare conditions like HLH.
Furthermore, while these differences might also be due
to actual differences in underlying demographics and
associated conditions, our data did not show any
meaningful differences in these variables that could
explain the variability in incidence rate.

Our trends analysis showed a significant increase in
the rate of HLH over the study period (APC of 25.3%).
This is consistent with previous studies, which have
reported an increasing incidence of HLH in various
populations.”” Whether this trend is related to increased
awareness of the disease or an actual increase in its
occurrence is unknown. The recent development and
validation of the H-Score for diagnosing secondary HLH
may have also contributed to enhanced detection of this
condition in adults.””* On the other hand, We found
that this was not accompanied by a significant

www.thelancet.com Vol 62 August, 2023

improvement in the overall in-hospital mortality rates.
This highlights the need for new therapeutic approaches
and novel treatments. Presently, clinical practice in adult
HLH is mostly based on paediatric HLH-94 and HLH-
2004 protocols, which use etoposide, glucocorticoids,
and calcineurin inhibitors as the mainstay of treat-
ment."'>** Promising new agents have shown benefit in
observational studies and small clinical trials. These
include anakinra (an IL-1 blocker), ruxolitinib (JAK1/2
inhibitor), alemtuzumab (CD52 monoclonal antibody),
and emapalumab (anti-IFN-y monoclonal antibody).**!
However, larger randomized clinical trials on these
agents are lacking which limits their widespread use.
We also found no significant change in the rate or time
of administration of in-hospital antineoplastic chemo-
therapy or immunotherapy. This could be partially
attributed to the fact that many physicians may initially
prioritize treatments aimed at addressing the underly-
ing condition, particularly when patients are clinically
stable. For example, HLH secondary to autoimmune
conditions can sometimes be treated with steroids
alone, obviating the need for antineoplastic therapy.
However, clinicians must exercise a cautious approach
and maintain a low threshold to initiate treatment
without waiting for confirmatory testing, as delaying
HLH-specific therapy can adversely affect patient
outcomes.”

The most frequently associated condition with HLH
in our sample was malignancy (30.7%), followed by in-
fections (24.3%), autoimmune conditions (20.8%), organ
transplant status (4%), and congenital immunodeficiency
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Variable In-hospital mortality ! OR (Cl)
Age, in years Mean = 53.9 years 4 1.02 (1.02 to 1.02)
Sex :
Male (ref) 1861/8744 -21.3% :
Female 1105/7377 - 15% [y 0.74 (0.64 to 0.86)
Race !
Caucasian (ref) 1655/8801 -18.8% E
African American 539/3066 -17.6% o= 1.15 (0.91 to 1.43)
Hispanic 403/2388 -16.9% et 1.16 (0.85 to 1.57)
Asian or Pacific Islander 181/1013 -17.9% et 1.12 (0.79 to 1.57)
Native American 41/150 -27.3% . 1.94 (0.76 to 4.99)
Other 147/717 -20.5% T 1.24 (0.87 to 1.77)
Associated conditions :
Infection 838/3908 - 21.4% le—i 1.33 (1.10 to 1.62)
Viral 764/3486 - 21.9% | —t 1.38 (1.13 to 1.67)
EBV 180/888 - 20.3% e 1.19 (0.87 to 1.63)
CMV 225/794 - 28.3% | —— 1.72 (1.28 to 2.30)
Other herpes viruses 114/697 - 16.4% il 0.83 (0.57 to 1.19)
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Lymphoma 899/3171 - 28.4% i ——i 1.58 (1.29 to 1.93)
NHL 77512727 - 28.4% E —— 1.60 (1.30 to 1.97)
T-NHL 239/1153 - 20.7% e 1.08 (0.81 to 1.43)
B-NHL 325/935 - 34.8% VL ——— 2.05 (1.56 to 2.70)
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Myeloid leukemia 245/752 - 32.6% D ——— 1.79 (1.32 to 2.43)
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IBD 60/404 - 14.9% ,_.% 0.75 (0.46 to 1.23)
Connective tissue disease 380/2993 - 12.7% [ 0.73 (0.57 to 0.94)
SLE 114/1083 - 10.5% - 0.70 (0.49 to 1.01)
Vasculitis 105/374 - 28.1% T — 1.92 (1.26 to 2.92)
RA 120/1235 - 9.7% ol 0.56 (0.39 to 0.80)
Congenital immunodefeciency 124/399 - 31.1% , - 2.36 (1.56 to 3.59)
Post organ transplant 90/639 - 14.1% ,_._.:' 0.64 (0.43 to 0.97)
Bone marrow transplant 15/204 - 7.4% i i 0.29 (0.12t0 0.73)
Kdney transplant 54/191 - 28.3% e 0.41 (0.19 to 0.92)
Other transplant 54/253 - 21.3% Y 1.28 (0.75t0 2.21)
Other/no trigger identified 784/5777 - 13.6% o 0.73 (0.58 to 0.92)
1
0.0 10 20 30 4.0
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Fig. 6: In-hospital mortality rates and adjusted odds for different demographic groups and associated conditions. *Includes coccidioides,
Paracoccidioides, and blastomycosis. TIncludes polycythemia vera, essential thrombocythemia, and myelofibrosis. Chronic myeloid leukemia was
counted in leukemias. OR, odds ratio; Cl, confidence interval; EBV, Epstein-Barr virus; CMV, Cytomegalovirus; HIV, human immunodeficiency
virus; TB, tuberculosis; NHL, non-Hodgkin lymphoma; HL, Hodgkin lymphoma; MPD, Myeloproliferative diseases; SLE, systemic lupus erythe-
matosus; RA, rheumatoid arthritis.
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Associated condition

LOS, in days-mean + SD

Cost, in dollars-mean + SD*

All patients 143 £ 13.9
Infections 18.1 £ 16.5
Malignancy 172 £+ 155
Autoimmune condition 14 + 14.8
Congenital immunodeficiency 15.6 + 12.7
No trigger 11.4 + 11.5

“Rounded to the nearest 100.

$54,900 + 59,800
$70,900 + 70,300
$69,900 + 61,700
$54,700 = 73,100
$80,100 + 101,400
$41,100 + 46,100

Table 2: Resource utilization.

syndromes (2.5%). Interestingly, our results were very
similar to those reported by West et al. who analysed data
from hospital admissions and death certificates of adult
patients with HLH in England from 2003 to 2018 and
found associated malignancies in 32.9% of the cases and
rheumatological diseases in 19.3%."” In contrast, a review
of the literature by Ramos-Casals et al. showed higher
rates of associated infections (50%) and neoplasms
(48%); and lower rates of autoimmune diseases (13%)."
Many of the studies reported in this review were cause-
specific, which could have influenced the overall rates
of these conditions in the pooled cohort. Thus, we believe
that our results represent a closer look at reality, while
also acknowledging the inherent limitations stemming
from the coding system.

In terms of outcomes, our study found in-hospital
mortality rates varied depending on associated condi-
tions, with congenital immunodeficiency syndromes
having the worst in-hospital mortality rates, followed by
malignancies, infections, other/no trigger, autoim-
mune, and post-organ transplant status, respectively.
These results are consistent with previous studies cited
in the literature.”” However, with regard to the impact
of sex, two different systematic reviews reported con-
flicting results.”” The large sample size in our study
provides strong evidence that the male sex is associated
with worse outcomes. The variability in outcomes
highlights the importance of identifying the underlying
trigger and associated conditions of HLH to optimize
management and improve outcomes.

The resource utilization analysis confirmed that
adult HLH admissions were associated with high costs
and lengthy stays. The mean cost was $54,800, which is
approximately 5 times greater than the mean cost of all
medical stays in the U.S. in 2019 ($11,100). The mean
LOS was 14.3 days, which is about 3 times longer than
the mean LOS of all medical stays in the U.S. in 2019.%*

Our study has several strengths; we used a nationally
representative database to sample the largest descriptive
cohort on adult HLH in the literature, spanning 13 years
of practice. This allowed us to produce accurate national
estimates and trends which would be difficult to pro-
duce otherwise given the rarity of the condition. On the
other hand, there are also several limitations to
consider. First, the database relied on administrative

www.thelancet.com Vol 62 August, 2023

data, which may be subject to coding errors leading to
potential loss or misclassification of clinically relevant
information. Second, we used ICD-10 codes to identify
cases of adult HLH which introduces a certain degree of
diagnostic uncertainty due to the absence of universally
recognized diagnostic criteria. Third, we were unable to
confirm the causal relationship between HLH and the
associated conditions. Fourth, we were limited by the
data available to us by the NIS, which doesn’t report
laboratory values, or specific treatments administered.
Fifth, the NIS captures data on individual admissions
rather than the entire disease process; therefore, it is
impossible to estimate the overall mortality. Instead, we
focused on in-hospital mortality which could potentially
underestimate the severity of this disease. Finally, the
results of the study might not accurately reflect outpa-
tient HLH cases as the database is limited to inpatient
settings.

In conclusion, our study provides valuable insights
into the epidemiology, triggers, and outcomes of adult
HLH in the US. Our findings highlight the need for
continued efforts to improve the diagnosis and man-
agement of this rare and complex condition.
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