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INTRODUCTION

Summary

This analysis is the largest population-based study to date to provide contemporary
and comprehensive epidemiological estimates of all third edition of the International
Classification of Diseases for Oncology (ICD-O-3) coded Langerhans cell histio-
cytosis (LCH) from England. People of all ages were identified from the National
Cancer Registration Dataset using ICD-0O-3 morphologies 9751-9754 for neoplasms
diagnosed in 2013-2019. A total of 658 patients were identified, of whom 324 (49%)
were children aged <15years. The age-standardised incidence rate was 4.46 (95%
confidence interval [CI] 3.99-4.98) per million children and 1.06 (95% CI 0.94-1.18)
per million adults aged >15years. Prevalence of LCH was 9.95 (95% CI 9.14-10.81)
per million persons at the end of 2019. The 1-year overall survival (OS) was 99%
(95% CI 97%-100%) for children and 90% (95% CI 87%-93%) for adults. Those aged
>60years had poorer OS than those aged <15years (hazard ratio [HR] 22.12, 95% CI
7.10-68.94; p <0.001). People in deprived areas had lower OS than those in the least
deprived areas (HR 5.36, 95% CI 1.16-24.87; p = 0.03). There will inevitably be other
environmental factors and associations yet to be identified, and the continued stand-
ardised data collection will allow further evaluation of data over time. This will be
increasingly important with developments in LCH management following the large

collaborative international trials such as LCH IV.

KEYWORDS
cancer, childhood haematological malignancies, epidemiology, Langerhans cell histiocytosis (LCH),
survival

diverse manifestations of the same disease, initially termed
histiocytosis X' but since 1987 referred to as Langerhans cell

Eosinophilic granuloma, Hand-Schiiller-Christian disease  histiocytosis (LCH).? X-linked inactivation first suggested
and Letterer—Siwe disease were first recognised in 1953 as  LCH to be a neoplastic disorder,’ but it was the subsequent
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presence of the B-Raf proto-oncogene, serine/threonine ki-
nase (BRAF) V600E mutation in ~50% of cases, followed
by the finding of other somatic mutations activating the
mitogen-activated protein kinase (MAPK) signalling path-
way that confirmed LCH was a clonal myeloid neoplasia.*”

This delay in the full recognition of LCH as a common
neoplastic process is reflected in the history of its cancer reg-
istry coding worldwide and leads to our poor understanding
of LCH epidemiology. For example, the most severe form,
Letterer-Siwe disease, was first included in the ‘Neoplasms’
chapter of International Statistical Classification of Diseases
and Related Health Problems ninth Revision (ICD-9) in
1978 and the first edition of International Classification
of Diseases for Oncology (ICD-O) in 1976, but the other
forms did not appear in ICD-O until the third edition (ICD-
0O-3) and were only assigned malignant behaviour codes in
the first revision of ICD-O-3 (ICD-0-3.1).° This historical
piecemeal coding explains the paucity of population-based
information on the incidence and outcome of LCH with a
historical bias in cases to the more severe end of the disease
spectrum. However, following the introduction of ICD-
0O-3.1 coding in 2013, the entire spectrum of LCH finally fell
under the remit of population-based cancer registries.

The only published population-based reports on the
epidemiology of LCH that have included all forms of the
disease have been studies of children in European coun-
tries, ™ which suggested that incidence among children
was between two and nine per million per year. These num-
bers are most probably an underestimate,'* and the high
proportion of multisystem LCH in studies with the lowest
incidence rates”'’ is consistent with under-ascertainment
of single-system disease. Two reports from the United
States Surveillance, Epidemiology, and End Results (SEER)
Program cancer registries covered only disseminated LCH
in children" and adults.'® The incidence rate in the child-
hood study was below one per million."”> Another study of
childhood histiocytosis from the SEER Program combined
LCH with other class I histiocytosis'” but the incidence
rates were similarly low, presumably as the great majority of
cases were of disseminated LCH. Other studies originated
from referral centres with an inevitable bias towards severe
cases.'™'® The total annual incidence of LCH across all age
groups has been suggested closer to 11-12 per million," but
this is especially uncertain in the almost complete absence
of population-based data on LCH among adults. Except for
the French study of outcomes in children diagnosed during
1983-2012,® the period for all of the population-based stud-
ies ended >10years ago. The SEER studies also included eth-
nicity as a factor in their analyses."” ™" Lower socioeconomic
status has not yet been considered as a risk factor in LCH,
but for other cancers it is associated with increased incidence
and inferior survival >

We report a nationwide population-based study and pro-
vide contemporary and comprehensive epidemiological esti-
mates of all ICD-0-3 coded LCH from England, for the first
time looking at incidence, prevalence and survival associ-
ated with deprivation.

METHODS
Data sources

The most recently released data from the National Cancer
Registration Dataset (NCRD) was used. The NCRD holds
the population-based national cancer registry for England
and is linked to other datasets for analysis purposes. Cancer
data collection from all health institutions is a statutory re-
quirement. Henson et al.*” provides a detailed description of
the NCRD.

Study population

People of all ages were identified using ICD-O-3 morphol-
ogies 9751-9754 (detailed description is in the Table S1)
for neoplasms diagnosed between 1 January 2013 and 31
December 2019. There are cases of single-site, single-system
and multisystem LCH. Multisystem disease at LCH diag-
nosis present many coding difficulties,’ and consequently
the coding within the routine data of the NCRD lacked de-
tailed topographical recording of all sites affected by LCH
in each patient, so we were unable to clearly delineate be-
tween cases of single-site, single-system and multisystem
LCH. Restricting to start date since 2013 and via ICD-O-3
contemporary coding was to ensure that all cases of LCH
were registered prospectively, minimising any bias towards
the more severe forms of the disease.

Study end-points and statistical analysis

Numbers and frequencies by patient characteristics were de-
scribed. Two-tailed hypothesis test was used to assess dif-
ference between groups. All LCH end-points were reported
for the overall population, children (aged <15years at di-
agnosis), and adults (aged >15years at diagnosis) based on
previous studies showing higher incidence and different out-
comes among children compared to adults,”*">™® as well as
sex, deprivation (quintiles 1-5, 1 the least deprived and 5 the
most deprived) and region. Children were further divided
into ages of <1 and 1-14years, so our results could be com-
pared to extant literature.”>'® For adults, the International
Cancer Survival Standards® divides them into ages of 15-
44, 45-54, 55-64, and =65years. However, the frequency of
LCH by age is different from that of common cancer: the
International Registry of the Histiocyte Society has reported
that LCH is more common in young adults (aged <30 years).**
It would be more informative to subdivide those aged 15—
44years into 15-19, 20-29 and 30-44years. Our study was
large in the context of LCH, but LCH remains a rare dis-
ease and small numbers limit further splits of age-bands
such as 5- or 10-year in the analyses. Therefore, for those
aged >15years we categorised them into three 15-year bands
15-29, 30-44 and 45-59years, and the >60years group.
Deprivation was the Index of Multiple Deprivation (IMD),
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which is the official measure of relative deprivation for small
areas in England.”® Each individual in the NCRD has their
IMD assigned from their postcode of residence at diagno-
sis as do the entire population denominator for England.
The quintiles are calculated by ranking the 32844 neigh-
bourhoods of Lower-layer Super Output Areas (LSOAs) in
England from most deprived to least deprived and dividing
them into five quintiles. The population sizes are not identi-
cal for each LSOA nationally, but each quintile percentage
varies between 19.4% and 20.6%. Region-level geographies
were based on the postcode of the residence of the patient
at the time of the diagnosis. The latest IMD 2019° reveals
concentrations of deprivation in areas that have historically
had large heavy industry manufacturing and/or mining sec-
tors (such as the West Midlands, the East Midlands, and the
North East), coastal towns (such as the North West or the
South East), and parts of east London. There are also pockets
of deprivation surrounded by less deprived places in every
region of England. Survival was also reported by ethnicity.
Incidence and prevalence by ethnicity were not calculated
because the Office for National Statistics (ONS)*” no longer
publishes approved populations by ethnicity.

Incidence

Crude and directly age-standardised incidence rate (ASR)
per million persons per year were calculated. The ASR was
age-adjusted to the 2013 European Standard Population.®
The total at-risk population (the denominator) was the ONS
mid-year population estimates for 2013-2019. Incidence-rate
ratios (IRRs) were calculated to compare incidence between
groups. To estimate if there was a trend in incidence associ-
ated with deprivation a Poisson regression model was fitted
using deprivation quintile as a linear term adjusted for age,
sex and region. This model was compared to the model with
deprivation quintile as a categorical variable, using a likeli-
hood ratio test to assess evidence of departure from a linear
trend.

Prevalence

Using a method described in Maddams et al,” a 7-year
limited-duration LCH prevalence per million persons was
calculated. The survivors (the numerator) were the num-
ber of people that were diagnosed with LCH between 1
January 2013 and 31 December 2019 and were still alive on
31 December 2019. The total at-risk population (the denomi-
nator) was the ONS mid-year population estimates for 2019.

Survival
A check on the vital status of each patient with cancer is

made annually through the Personal Demographics Service
(PDS)*® and the last trace for death in the most recently

BRITISH JOURNAL OF HAEMATOLOGY

released data from the NCRD was made on 5 January 2021.
Survival time measured the time, in years, from the date of
being diagnosed with LCH to the earliest of the patient's date
of death, fifth anniversary of diagnosis with LCH, date of
embarkation or loss to follow-up at the PDS, or the censor
date on 5 January 2021. Overall survival (OS) and hazard
ratio (HR) were calculated. The Kaplan-Meier method was
used to estimate OS.>! A Cox proportional hazards regres-
sion model* (limited to the first year after diagnosis when
all patients had complete follow-up) and the Efron method
of tie handling were used to assess relative risk (hazard) of
death, adjusting for age, sex, deprivation, region, and ethnic-
ity. Cox proportional hazards regression model assumption
tests were based on Schoenfeld residuals.

Statistical software

All statistical analyses were performed using Stata, version
15.1 (StataCorp LLC).

RESULTS
Patient characteristics

We identified 658 patients with LCH diagnosed in 2013-
2019. Almost half (324 [49%]) were children, of whom 53
(8%) were infants aged <1year. Over half (370 [56%]) were
male and 523 (79%) from White ethnic groups. Significantly
more (315 [48%]) resided in the 40% deprived areas (depriva-
tion quintiles 4 and 5), compared to 229 (35%) in the 40%
non-deprived areas (quintiles 1 and 2) (p<0.001). Overall,
165 (25%) arose from bone, 152 (23%) bone marrow, 73 (11%)
skin, and 62 (9%) bronchus/lung. In children, 128 (40%)
arose from bone, 73 (23%) bone marrow and two (1%) bron-
chus/lung; whereas in adults 37 (11%) arose from bone, 79
(24%) bone marrow and 60 (18%) bronchus/lung (Table 1;
patient characteristics by age <1, 1-14, 15-29, 30-44, 45-59,
or 260 years are in Table S2; detailed site codes and descrip-
tion are in Table S3). Of the 62 cases that arose in the bron-
chus/lung, a significantly higher proportion resided in the
most deprived areas (20 [32%]) than in the least deprived
areas (seven [11%]) (p = 0.02).

Incidence

The ASR was 1.60 per million persons per year overall, 4.46
for children and 1.06 for adults. Children had significantly
higher incidence than adults (IRR 4.35, 95% confidence
interval [CI] 3.73-5.07; p <0.001). Incidence for males was
significantly higher than that for females, with a male ASR
of 1.79, compared to a female ASR of 1.41 (IRR 1.28, 95%
CI 1.10-1.49; p<0.01). There was substantial variation in
the incidence with age: the highest crude incidence was
seen in infants with 11.56 (95% CI 8.66-15.13) per million,
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TABLE 1 Patients’ characteristics for Langerhans cell histiocytosis in
England, 2013-2019

Characteristic N (%)*
Age at diagnosis, years
Infants (<1) 53 (8)
1-14 271 (41)
15-29 72 (11)
30-44 80 (12)
45-59 100 (15)
260 82 (12)
Children (<15) 324 (49)
Adults (>15) 334 (51)
Overall 658 (100)
Sex
Female 288 (44)
Male 370 (56)
Ethnicity
White 523 (79)
Asian 44 (7)
Other” 34 (5)
Unknown 57 (9)
Deprivation quintile
1 - least deprived 116 (18)
2 113 (17)
3 114 (17)
4 156 (24)
5 - most deprived 159 (24)
Region
North East 34 (5)
North West 75 (11)
Yorkshire/Humber 60 (9)
East Midlands 46 (7)
West Midlands 85 (13)
East of England 61 (9)
London 97 (15)
South East 119 (18)
South West 81 (12)
Site of disease”
Bone 165 (25)
Bone marrow 152 (23)
Skin 73 (11)
Bronchus/lung 62 (9)
Other and unknown 206 (31)

*Percentages might not total 100% due to approximation.
®Combined all other known ethnic groups due to low numbers.

“Detailed site codes and description are in Table S3.

compared to the lowest 0.91 (95% CI 0.73-1.13) for those
aged >60years. The ASR was 1.50 per million for those
who resided in the least deprived areas, compared to 1.86

for those who resided in the most deprived areas (IRR
1.27, 95% CI 0.99-1.62; p = 0.06). The estimated increase
in relative incidence per deprivation quintile (deprivation
quintile fitted as a continuous variable), assuming a lin-
ear trend, was 6% (IRR 1.06, 95% CI 1.01-1.13; p = 0.03,
adjusted for age, sex and region). When compared to the
model with deprivation quintile fitted as a categorical
variable, there was no evidence of departure from a lin-
ear trend (p = 0.31). There was variation in incidence with
region, but small numbers meant there was greater uncer-
tainty in the estimates thus preventing further assessment
(Table 2).

Prevalence

There were 560 people diagnosed with LCH in 2013-2019
and still alive at the end of 2019. This equated to 9.95 (95% CI
9.14-10.81) per million persons overall, 27.67 (95% CI 24.53-
31.09) for children and 6.03 (95% CI 5.34-6.78) for adults.
The highest prevalence was seen in those aged 1-14years,
males, and in the most deprived areas (Table 3).

Survival

Two adults had uncertain date of death and were excluded
from survival analyses; therefore, 656 patients were in-
cluded in the survival analyses. Survival was >50% at the
last time point (the fifth year) for age groups <60years
hence the median OS was undefined overall. The 1-year
OS was 95% (95% CI 92%-96%) overall, 99% (95% CI 97%—
100%) for children and 90% (95% CI 87%-93%) for adults.
The 5-year OS was 86% (95% CI 82%-88%) overall, the
same as the 1-year OS for children as there was no death be-
yond the first-year time point, and 72% (95% CI 65%-77%)
for adults. OS varied substantially by age: 1- and 5-year OS
was 99% (95% CI 97%-100%) for the youngest group (aged
<15years), compared to 1-year OS of 77% (95% CI 66%-
85%) and 5-year OS of 33% (95% CI 20%-46%) for the old-
est group (aged =60years). For females the 1-year OS was
95% (95% CI 92%-97%) and the 5-year OS was 86% (95%
CI 81%-90%), compared to males with a 1-year OS of 94%
(95% CI 91%-96%) and 5-year OS of 85% (95% CI 80%-
89%); males had poorer survival compared to females, al-
though admittedly the significant level was at borderline
0.05 (HR 2.0, 95% CI 0.99-4.09; p = 0.054). The best OS was
seen for those in the least deprived areas, with a 1-year OS
of 98% (95% CI 93%-100%) and 5-year OS of 93% (95% CI
84%-97%). There was no clear variation in OS by region
or ethnicity, with uncertainty in the estimates from small
numbers (Figure 1; Table S4). The Cox proportional haz-
ards regression assumption was met (p = 0.97). Those aged
>60years had poorer OS compared to those aged <15years
(HR 22.12,95% CI 7.10-68.94; p < 0.001). People in deprived
areas had lower OS than those in the least deprived areas
(HR 5.36, 95% CI 1.16-24.87; p = 0.03) (Table 4).
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TABLE 2 Incidence per million persons for Langerhans cell histiocytosis in England, 2013-2019
Crude rate (95% CI)* ASR® (95% CI) IRR® (95% CI) P
Age at diagnosis, years
Infants (<1) 11.56 (8.66-15.13)
1-14 4.18 (3.70-4.71)
15-29 0.98 (0.77-1.23)
30-44 1.05 (0.83-1.31)
45-59 1.29 (1.05-1.57)
>60 0.91 (0.73-1.13)
Children (<15) 4.67 (4.18-5.21) 4.46 (3.99-4.98) 4.35(3.73-5.07) <0.001
Adults (=15) 1.05 (0.94-1.17) 1.06 (0.94-1.18) 1 [Reference]
Overall 1.70 (1.58-1.84) 1.60 (1.48-1.73)
Sex
Female 1.47 (1.31-1.65) 1.41 (1.25-1.59) 1 [Reference]
Male 1.94 (1.75-2.15) 1.79 (1.61-1.98) 1.28 (1.10-1.49) <0.01
Deprivation quintile
1 - least deprived 1.54 (1.28-1.85) 1.50 (1.31-1.70) 1 [Reference]
2 1.48 (1.22-1.78) 1.45 (1.27-1.65) 0.98 (0.76-1.28) 0.90
3 1.46 (1.20-1.75) 1.41 (1.23-1.60) 0.96 (0.74-1.25) 0.78
4 1.97 (1.67-2.30) 1.84 (1.63-2.06) 1.29 (1.01-1.64) 0.04
5 — most deprived 2.06 (1.75-2.41) 1.86 (1.65-2.09) 1.27 (0.99-1.62) 0.06
Region
North East 1.84 (1.28-2.57) 1.78 (1.23-2.49) 1 [Reference]
North West 1.48 (1.17-1.86) 1.39 (1.09-1.74) 0.79 (0.53-1.18) 0.26
Yorkshire/Humber 1.58 (1.21-2.04) 1.49 (1.13-1.92) 0.85 (0.56-1.29) 0.47
East Midlands 1.39 (1.02-1.86) 1.30 (0.95-1.73) 0.78 (0.50-1.21) 0.28
West Midlands 2.09 (1.67-2.59) 1.98 (1.58-2.45) 1.10 (0.74-1.64) 0.60
East of England 1.43 (1.09-1.83) 1.37 (1.04-1.76) 0.80 (0.53-1.23) 0.34
London 1.59 (1.29-1.94) 1.49 (1.19-1.83) 0.83 (0.56-1.23) 0.35
South East 1.89 (1.56-2.26) 1.78 (1.47-2.13) 1.08 (0.74-1.59) 0.68
South West 2.10 (1.67-2.61) 2.08 (1.65-2.59) 1.21 (0.81-1.82) 0.32

295% CI, 95% confidence interval.

PASR, directly age-standardised incidence.

‘IRR, incidence-rate ratios, adjusted for children/adults, sex, deprivation, and region.

DISCUSSION

Over the 7-year study period, 658 patients diagnosed with
LCH were identified via ICD-O-3 contemporary coding in
England. Our data confirms LCH to be a disease more com-
mon in children and to have a modest male predominance,
which has been described in some case series but not all.'®***?
We found that children had significantly higher incidence
than adults. OS was excellent in children but decreased with
increasing age. Older age at diagnosis and residence in more
deprived areas were associated with poorer OS.

Our data showed that significantly more patients with
LCH resided in deprived areas and a significantly higher
proportion with LCH in the bronchus/lung resided in the
most deprived areas. For the first time we showed that
ASR was 24% higher for people in the most deprived areas
compared to those in the least deprived areas and the

estimated increase in relative incidence per deprivation
quintile was 6%. As nearly all cases of primary pulmo-
nary histiocytosis are associated with a history of current
or prior cigarette smoking and 27% of adults living in
England's most deprived areas were smokers compared to
just 8% of adults in the least deprived neighbourhoods,”*
this difference is to be expected. Our data suggested that
this had accounted for some of the observed increased in-
cidence of LCH in more deprived areas: the difference in
the ASR between the least and most deprived reduced to
11% (from 24%) when excluding lung/bronchus cases in
the calculation. Notably, of the 53 infants, 15 (28%) were
in the most deprived areas whereas only three (6%) were
from the least deprived areas. Influences, in children, such
as maternal smoking in pregnancy, or an alternate in utero
exposure yet to be discovered are possible explanations
for the deprivation gradient. It seems possible that the



LANGERHANS CELL HISTIOCYTOSIS IN ENGLAND, 2013-2019

BRITISH JOURNAL OF HAEMATOLOGY

TABLE 3

Prevalence per million persons of Langerhans cell histiocytosis in England on 31 December 2019

N (%)* of people diagnosed with LCH in

2013-2019 and still alive at the end of 2019

Ageon 31 December 2019, years

Infants (<1) 2(0)
1-14 280 (50)
15-29 81 (14)
30-44 66 (12)
45-59 79 (14)
=60 52(9)
Children (<15) 282 (50)
Adults (>15) 278 (50)
Overall 560 (100)
Sex
Female 245 (44)
Male 315 (56)
Deprivation quintile
1 - least deprived 101 (18)
2 94 (17)
3 98 (18)
4 130 (23)
5 - most deprived 137 (24)
Region
North East 26 (5)
North West 62 (11)
Yorkshire/Humber 53 (9)
East Midlands 37.(7)
West Midlands 77 (14)
East of England 50 (9)
London 80 (14)
South East 104 (19)
South West 71 (13)

Prevalence (95% CI)

3.23 (0.39-11.67)
29.25 (25.92-32.88)
7.80 (6.20-9.70)
6.02 (4.66-7.66)
6.99 (5.54-8.72)
3.86 (2.88-5.06)
27.67 (24.53-31.09)
6.03 (5.34-6.78)
9.95 (9.14-10.81)

8.61 (7.56-9.76)
11.32 (10.10-12.64)

9.27 (7.55-11.26)
8.46 (6.83-10.35)
8.58 (6.96-10.45)
11.23 (9.38-13.33)
12.16 (10.21-14.37)

9.74 (6.36-14.27)
8.45 (6.48-10.83)
9.63 (7.21-12.60)
7.65 (5.39-10.55)
12.98 (10.24-16.22)
8.02 (5.95-10.57)
8.93 (7.08-11.11)
11.33 (9.26-13.73)
12.62 (9.86-15.92)

Abbreviations: CI, confidence interval; LCH, Langerhans cell histiocytosis.
*Percentages might not total 100% due to approximation.

deprivation gradient, if confirmed in other cohorts, will
be related to an interaction between maternal exposures,
early childhood exposures and the BRAF mutation but all
of this deserves further investigation.

In comparison to other studies, we found a much higher
ASR of 1.06 (95% CI 0.94-1.18) per million for those aged
>15years, compared to the previously reported ASR of 0.07
(95% CI 0.05-0.10) for those aged >18years, although the
prior study only considered cases of disseminated LCH.'® In
contrast, for children aged <15years we found an ASR of 4.46
(95% CI 3.99-4.98) per million, compared to the previously re-
ported ASR 0f4.12 (95% CI 4.11-4.13) in the UK and Republic
of Ireland in 2003-2005,'° whilst there was a reported ASR of
5.0 in France in 2000-2004.” Some of these differences are due
to ASRs age-adjusted to different standard populations (to
compare incidence for children from the extant literature, we

re-calculated ASRs age adjusted to different standard popula-
tions in Table S5). When childhood was further stratified, we
still showed a slightly higher crude incidence of 11.56 (95% CI
8.66-15.13) per million for those aged <1year and 3.39 (95%
CI 2.66-4.26) for those aged 10-14years, compared to previ-
ously reported 9.0 for <1year and 0.7 for 10-14years.’
Previous studies that used the SEER dataset from the
USA reported a lower incidence of disseminated LCH in
patients of Black ethnicity for those aged 0-19years' and
adults,'® and a higher incidence among patients of Asian
and/or Pacific Islander or Native American ethnicity com-
pared to patients of White ethnicity.”” A further paediat-
ric paper based on data from the Texas Cancer Registry in
1995-2011 suggested an increased risk of LCH for children
whose parents were Hispanic.”> Comparisons by ethnicity
with the United States studies are very difficult to do and
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TABLE 4 Multivariate analysis of baseline factors associated with
overall survival for Langerhans cell histiocytosis in England, 2013-2019

Hazard ratio (95% CI)* p

Age at diagnosis, years

Children (<15) 1 [Reference]

15-29 [no death]

30-44 2.32(0.42-12.93) 0.34

45-59 11.04 (3.40-35.88) <0.001

>60 22.12 (7.10-68.94) <0.001
Sex

Female 1 [Reference]

Male 2.01 (0.99-4.09) 0.054
Deprivation quintile

1 - least deprived 1 [Reference]

2 2.45(0.45-13.24) 0.30

3 3.13 (0.64-15.35) 0.16

4 5.36 (1.16-24.87) 0.03

5 - most deprived 3.24 (0.66-15.87) 0.15
Region

North East 1 [Reference]

North West 0.61 (0.14-2.62) 0.50

Yorkshire/Humber 0.63 (0.10-3.94) 0.62

East Midlands 0.62 (0.12-3.18) 0.56

West Midlands 0.63 (0.14-2.90) 0.55

East of England 1.14 (0.25-5.21) 0.87

London 0.17 (0.02-1.19) 0.07

South East 0.69 (0.16-3.03) 0.63

South West 0.61 (0.13-2.78) 0.52
Ethnicity

White 1 [Reference]

Asian [no death]

Other 2.38 (0.26-22.07) 0.44

Unknown 0.30 (0.04-2.28) 0.25

Abbreviation: CI, confidence interval.

*Adjusted for patient age, sex, deprivation, region, and ethnicity.

interpret as the United States ‘Asian and/or Pacific Islander
or Native American’ group is heterogeneous in a quite dif-
ferent way from the UK ‘Asian’ category, and the United
States definition of ‘Black’ includes mixed-race. In addition,
the necessary underlying populations to calculate incidence
by ethnicity in our study were not available. However, we
were able to demonstrate there was no reduced survival in
patients reporting ethnicities other than White compared to
those reporting White.

For survival in children, the comparable population-
based studies from France reported 1-year OS of 99% (95%
CI97%-100%) for those aged <18 years and diagnosed during
2000-2004" and 5-year OS of 98.7% for those aged <18 years
and diagnosed during 1998-2012.% These were consistent
with our 1- and 5-year OS of 99% (95% CI 97%-100%) for
those aged <15years. For adults, a French multicentre study

BRITISH JOURNAL OF HAEMATOLOGY

of vinblastine treatment reported 10-year OS of 86.2% (95%
CI 71.8%-100%) in 35 adult patients (median [interquartile
range] age 33 [28-42] years).’® Although all the patients in
that study required active therapy, the results appear con-
sistent with our 5-year OS of 89% (95% CI 78%-95%) for pa-
tients aged 30-44 years.

LIMITATIONS

This study was large in the context of LCH, but LCH re-
mains a rare disease and small numbers still meant there
was greater uncertainty in the estimates (e.g., by region and
ethnicity) thus preventing further assessment. In addition, it
is possible that a few LCH cases that arose in the bronchus/
lung may not have been picked up by the NCRD as those
patients with characteristic clinical presentation, a history of
smoking and CT imaging may not undergo diagnostic bi-
opsy. While a UK registry of pulmonary LCH?’ reports that
only 60% of cases had a biopsy, our data showed that among
bronchus/lung cases 87% were identified via histology or cy-
tology. Another limitation was that we were unable to clearly
delineate between cases of single-site, single-system and
multisystem LCH, and consequently our results could not be
directly compared with those of the Histiocyte Society LCH-
111 trial'® in which substantial numbers of UK children were
entered during 2001-2008. However, this will improve over
time as work is currently underway to collect all involved
sites as a separate data item for LCH within the Cancer
Outcomes and Services Dataset — the national standard
for reporting cancer in England.”* Because ICD-O-3 coded
LCH data were only available since 2013, the length of fol-
low-up is necessarily short. This limited our ability to assess
the association of LCH with other malignancies, but, as all
patients within the cancer registry are on indefinite passive
follow-up, the methods from our study will provide a valu-
able framework to examine these associations in the future.
This is important as LCH diagnosis can be both preceded
and followed by associations with other malignancies.*®*°

CONCLUSIONS

This analysis is the largest population-based study to date
to provide contemporary and comprehensive epidemio-
logical estimates of all ICD-O-3 coded LCH. It shows that
a higher incidence is associated with younger age and male
sex. Survival is excellent in children, but older age is associ-
ated with poorer OS. For the first time this study shows that
a higher incidence and lower survival are associated with
deprivation. There will inevitably be other environmental
factors and associations yet to be identified, and the con-
tinued standardised data collection described in this study
will allow further evaluation of data over time. This will be
increasingly important with developments in LCH manage-
ment following the large collaborative international trials
such as LCH IV.*!
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