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ABSTRACT

Background: Langerhans cell histiocytosis
(LCH) is an uncommon myeloid neoplasm,
presenting with a wide spectrum of clinical
manifestations. Prognosis varies widely based
on disease extent and risk-organ (RO)
involvement. This study aimed to assess
treatment outcomes and prognostic indicators

in pediatric LCH.

Methods: A retrospective study was
conducted at the Pediatric
Hematology/Oncology Department,
Combined  Military  Hospital (CMH)

Rawalpindi. Twenty-nine children aged 0-18
years, diagnosed and treated from June 2013 to
June 2023, were enrolled through non-
probability consecutive sampling. Data were
extracted retrospectively from medical records
of patients and analyzed using SPSS version
25.0. Kaplan-Meier survival curves were
generated for event-free survival (EFS) and
overall survival (OS), and compared using the
log-rank test. Prognostic factors were
evaluated through the Cox regression analysis.

A p-value of <0.05 was considered statistically
significant.

Results: Among the 29 patients, 22 (75.86%)
had multi-system disease, with 12 (54.54%)
showing RO-positivity. The median age at
diagnosis was 18 months. Relapse occurred in
6 (20.68%) patients; all were successfully re-
treated. Eleven (37.93%) patients expired, all
with multi-system disease, and 9 (81.81%) had
RO involvement. With a median follow-up of
80 months, the rates of 5-year EFS and OS
stood at 32% and 60%, respectively. Patients
with RO involvement had significantly lower
EFS and OS rates (p=0.001 and p=0.00,
respectively).

Conclusion: Multi-system and RO-positive
cases have poor short-term outcomes, but
long-term prognosis improves with survival
beyond the initial 2-3 years. RO involvement
remains the most powerful predictor of
mortality and morbidity in LCH.
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INTRODUCTION

Langerhans cell histiocytosis (LCH) is a rare neoplasm of myeloid origin, marked by the abnormal
build-up of Langerhans-type dendritic cells, eosinophils, and histiocytes that destroy affected
tissues'?. The estimated incidence is around 5 to 10 cases per million children annually, and 1 to 2
per million adults, with a slight male predominance®. LCH can affect a single organ (single-system
LCH, SS-LCH) or multiple organs (multi-system LCH, MS-LCH)*. Bone involvement is most
frequent, seen in approximately 80% of cases®. Some organs, when affected—namely the liver,
spleen, and hematopoietic system—are considered “risk-organs” due to their association with
increased disease-related mortality®. Similarly, certain craniofacial bone lesions, excluding the skull
vault, are classified as central nervous system (CNS)-risk lesions due to their potential for

neurodegenerative complications®.

LCH exhibits a range of manifestations ranging from solitary, self-limiting lesions to disseminated,
life-threatening disease®. Some patients experience spontaneous regression of lesions, while others
have a chronic disease that requires prolonged therapy’. Although localized forms may resolve
without therapy, risk-organ involvement correlates with poor prognosis®. Radiologically, LCH is
typically characterized by punched-out lytic bone lesions. Diagnosis is confirmed by biopsy. The
disease is characterized by MAPK pathway genetic alteration leading to pathway activation’.
BRAFV600E mutation is the most commonly seen alteration, occurring in approximately 50% of

cases, followed by MAP2KA alteration’.

Despite growing understanding of its biology, LCH remains a clinical challenge due to its diverse
presentation and unpredictable course. Treatment strategies have evolved empirically, and current
recommendations are still largely based on older clinical experience!®. Given the rarity of the disease,
this study was conducted to evaluate the outcomes of current treatment protocols and to identify

prognostic factors associated with LCH.
METHODS

This retrospective observational study was conducted at the Pediatric Hematology/Oncology
Department, Combined Military Hospital (CMH) Rawalpindi, after obtaining ethical approval from
the Institutional Review Board (letter#729/dated 20-11-2024). Children aged O to 18 years with
histologically confirmed LCH, diagnosed and treated between June 2013 and June 2023, were
enrolled. Exclusion criteria included patients over 18 years of age, those with uncertain diagnoses,
those who presented with reactivation/relapse after initial treatment prior to the study period, and

those who abandoned treatment within the first month.
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A total of 29 patients fulfilled the inclusion criteria, and were enrolled using non-probability
consecutive sampling. Based on diagnosis era, patients were treated according to either the LCH-III

or LCH-IV protocol. Supportive care was provided as per institutional guidelines.

Data on demographics, clinical presentation, duration of illness, nutritional status, disease extent, RO
and CNS risk lesion status, laboratory and imaging findings, pathology, therapeutic details, disease
progression and reactivation/relapse details, and final outcomes were collected retrospectively from
medical records of patients. No standardized data abstraction tools were used; clinical documentation

served as the data source.

Data analysis was performed using Statistical Package for Social Sciences (SPSS) version 25.0.
Descriptive statistics were used to present demographic and clinical data. Frequencies and
percentages were reported for categorical variables, while medians with interquartile ranges (IQR)
were used for continuous ones. The primary endpoints were the incidence of permanent consequences
(PC), relapse rate, mortality rate, event-free survival (EFS), and overall survival (OS). Survival
curves were compared using the log-rank test across pre-defined subgroups, including age (<1, 1-5,
>5 years), sex (male vs female), illness duration (<3, 3-6, >6 months), nutritional status (not
malnourished vs. malnourished), skeletal involvement (negative vs. positive), disease extent (SS vs.
MS), risk-organ involvement (negative vs. positive), and number of chemotherapy strata

administered (single stratum vs. multiple strata).

Multivariate analysis using Cox proportional hazards regression analysis was conducted to identify
significant predictors for EFS and OS. Hazard ratios (HRs) with 95% confidence intervals (CI) were

reported, and a p-value of <0.05 was considered statistically significant.

EFS was defined as the time from initiation of therapy to the first adverse event—progression,
reactivation/relapse, secondary malignancy, or death. OS referred to the time from diagnosis to death
from any cause. Follow-up was completed on November 30, 2024. Patients without events were

censored on that date.
RESULTS

Table 1. Mortality Analysis

Parameter n (%)

Sex

Female 6 (54.54)
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Male 5 (45.46)
Age Group

<12 months 5(45.46)
13-36 months | 4 (36.36)
>36 months 2 (18.18)
Risk-Organ Involvement
Positive 9 (81.82)
Negative 2 (18.18)
Chemotherapy Strata Received
Stratum 1 7 (63.64)
Stratum II 2 (18.18)
Stratum III 2 (18.18)
Timing of Death

Initial course 4 (36.37)
Continuation 2 (18.18)
therapy

Stratum IT | 2 (18.18)
chemotherapy

Stratum I | 1(9.09)
chemotherapy

After EOT 1 (9.09)
Palliative phase | 1 (9.09)
Category of Death
Treatment- 7 (63.63)
related

Disease-related | 4 (36.37)

Grouped Cause of Death
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Pneumonia 3(27.28)

Neutropenic 2 (18.18)
sepsis

Refractory 2 (18.18)
disease

Failure to thrive | 2 (18.18)

Invasive 1 (9.09)
aspergillosis
Procedure- 1(9.09)

related collapse

Abbreviation: EOT, End of Treatment.

Of the 29 patients, 18 (62.10%) were male and 11 (37.90%) female. Multi-system (MS) disease was
diagnosed in 22 (75.86%) patients, while 7 (24.14%) had single-system (SS) disease. Of the patients
with MS disease, 12 (54.54%) were risk-organ (RO)-positive. Patients were diagnosed at a median
age of 18 months (IQR: 2-120 months). Age distribution showed that 10 (34.48%) patients were
younger than 1 year, 16 (55.17%) fell within the 1 to 5-year age range, and 3 (10.35%) were older
than 5 years. None were over 10 years old. The median time from symptom onset to diagnosis was
6 months (IQR: 1-60 months). The most frequent complaints at presentation were fever (n=12,
41.37%), skin lesions (n=10, 34.48%), and ear discharge (n=8, 27.58%). The most frequent findings
on examination were skin lesions and lymphadenopathy, each seen in 9 (31.03%) patients, followed
by swellings in craniofacial region in 5 (17.24%), and unilateral proptosis in 4 (13.79%) patients.
Lytic bone lesions were present in 18 (62.07%) patients, while CNS-risk lesions were identified in 5
(17.24%). Fourteen (48.27%) patients were malnourished, with weight-for-age and sex below the 3

centile.

Regarding treatment, 4 (13.79%) patients were managed according to the LCH-III protocol, while 25
(86.21%) received the LCH-IV protocol. Nineteen (65.51%) were managed with stratum I
chemotherapy only; 5 (17.24%) escalated to stratum II; 3 (10.34%) escalated to stratum III; and 2
(6.91%) were managed with stratum VI (observation). Of the latter, one eventually required stratum
I chemotherapy. No patients underwent surgery (curettage), radiotherapy, targeted therapy, or
hematopoietic stem cell transplantation. Febrile neutropenia (FN) was the most frequent

complication of treatment, occurring in 13 (44.82%) patients.
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Six (20.68%) patients experienced disease progression during treatment, 5 (83.33%) of whom had
multi-system risk-organ-positive (MS-RO+) disease; all five eventually expired. The one SS-LCH

patient with progression was successfully treated.

Reactivation/relapse occurred in 6 (20.68%) patients; in 5 (83.33%) it occurred after end of treatment
(EOT), and in one (16.67%) during continuation therapy. Four (66.66%) patients with relapse had

SS disease. All six were successfully re-treated with chemotherapy alone.

No cases of neurodegeneration (ND-CNS-LCH) or transformation to secondary malignancy or
hemophagocytic lymphohistiocytosis (HLH) were observed. Six (20.69%) patients experienced
permanent consequences (PC) which included diabetes insipidus (DI) in 3 (10.34%) patients,
vertebra plana in 2 (6.90%), and unilateral vision loss in 1 (3.44%).

In total, 11 (37.93%) patients expired, all of whom had MS disease; 9 (81.81%) were RO-positive
(Table I). Approximately one-third (36.37%) of all deaths occurred during the initial treatment
course. Nearly two-thirds (63.63%) of all deaths were treatment-related. Three (27.28%) patients

died due to pneumonia, making it the predominant cause of death.

With a median follow-up of 80 months, event-free survival (EFS) rates at 1, 3, 5, and 10 years were

57%, 41%, 32%, and 32%, respectively (Figure 1).
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Figure 1. Event-free survival (EFS). MS, Multi-system; SS, Single-system.
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Corresponding overall survival (OS) rates were 64%, 60%, 60%, and 60% (Figure 2).
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Figure 2. Overall survival (OS). MS, Multi-system; SS, Single-system.

Patients with RO involvement had significantly lower 5-year EFS and OS survival rates (p = 0.001
and p = 0.00, respectively) (Table II). Likewise, female gender was associated with a significantly

lower 5-year EFS rate (p = 0.005), but OS did not differ significantly between genders (p = 0.15).

Table 2. Log-rank test

Subgroups 5-Year | p-value | 5-Year OS p-value
EFS (%)

(%)

Age group (Years)

<1 18 42

1-5 40 0.37 69 0.42
>5 33 67

Gender

Male 48 0.005 69.5 0.15
Female 09 46

Illness duration (Months)
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<3 38 86

3-6 20 0.32 21.5 0.10
>6 42 66.5
Malnutrition

No 39 0.96 66 0.58
Yes 21 52

Skeletal involvement

No 25 0.60 59 0.98
Yes 36 61

Disease extent

SS-LCH 29 0.92 100 0.02
MS-LCH 35 46

Risk-organ involvement

No 67 0.001 80 0.00
Yes 19 14

No. of chemotherapy strata received

1 44 0.13 61.5 0.83
>1 12 56

Abbreviations: EFS, Event-free survival; OS, Overall survival.

Table 3. Multivariate Cox regression analysis

Event-free survival (EFS) Overall survival (OS)
Predictor 95% CI HR 95% CI

Age 0.552 1.009 | 0.980-1.038 0.187 10.974 0.938-
1.013

Female gender 0.155 2.590 | 0.697-9.619 0.396 1.892 0.435-
8.235

Malnutrition 0.321 0.579 | 0.196-1.707 0.398 1.751 0.478-
6.416




Ahmedet al., 2026 ISSN (Print): 2313-7371 ISSN (Online): 2308-2593
[ | | OPEN ACCESS |

Illness duration 0.556 | 0.980 | 0.916-1.048 0.987 1.001 0.902-
1.110

Skeletal involvement 0.155 | 7.266 |0.473-111.57 | 0.485 1.710 0.379-
7.708

Multi-system disease 0.123 | 0.055 | 0.001-2.19 0.184 |38.118@ | 0.178-8173

Risk-organ involvement | 0.019 | 51.112 | 1.927- 0.002 11.9309 | 2.518-

1355.40 56.52
>1 chemotherapy | 0.217 | 0.169 | 0.010-2.841 0.519 1.684 0.346-8.20
stratum

Abbreviations: CI, Confidence interval, HR, Hazard ratio.

@Hazard ratios for “Multi-system disease” and “Risk-organ involvement” were reported from univariate Cox regression, as near-complete separation

in the multivariate model of overall survival precluded reliable estimation.

RO positivity was the sole significant predictor of EFS and OS in Cox regression analysis (p =0.019
and p = 0.002, respectively) (Table 3).

DISCUSSION

The study sheds light on outcomes and prognostic factors of pediatric LCH in a resource-limited
setting. Our findings of male predominance and a low median age at diagnosis are consistent with
previous literature!"'2. However, our observation that MS-LCH was the more prevalent subtype—
and that SS-LCH had a relatively higher reactivation/relapse rate—differs from most published
reports. This discrepancy may be attributable to our small sample size. Nonetheless, a few other
studies also reported MS-LCH as the more prevalent subtype'>!'%. The 54.54% risk-organ positivity

rate in MS-LCH in our cohort is comparable to international data'®.

Our survival outcomes are significantly worse than those reported from upper-middle!®!® and high

income countries'>!>20-22 These differences likely stem from disparities in healthcare infrastructure,
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availability of diagnostic tools, access to timely and effective therapy, and socioeconomic constraints

in lower-middle income countries like Pakistan.

When compared with national data, our reactivation and mortality rates align with those from the
Indus Hospital, Karachi®*. However, compared with findings from the Children’s Hospital, Lahore,
our reactivation rate is lower, but mortality is higher!®. Similarly, while our reactivation rate matches
that observed in a study from the Shaukat Khanum Memorial Cancer Hospital, Lahore, our mortality

rate again exceeds theirs'*,

Our survival outcomes are also worse than those reported in a similar study from India**. Following
a steep decline in the first 2 to 3 years after diagnosis, our survival curves plateaued for the remainder
of the follow-up period. This emphasizes the need for improved supportive care during this early

high-risk phase.

Consistent with international literature, risk-organ positivity was found to be the most significant
predictor of poor prognosis. The incidence of permanent consequences in our cohort was 20.69%.
While this is lower than the 33% incidence reported in a study from Japan, the difference may be
explained by their longer follow-up period of 12 years®. The incidence of diabetes insipidus in our

cohort is comparable to existing literature?s.

With currently available therapies, the outcome of MS-LCH is poor, especially when there is risk-
organ involvement. Although newly-emerged targeted therapy with BRAF/MEK inhibitors is very
promising, ongoing research is needed to address safety concerns, therapy duration, and resistance
mechanisms, with potential future therapies including newer generation of inhibitors and

combination approaches’.

Unfortunately, access to molecular diagnostics and targeted therapy remains limited in Pakistan due
to cost and availability issues. These systemic barriers must be addressed at the national health policy

level if we aim to bring our survival rates at par with those seen in high income countries.
CONCLUSION

LCH presents significant treatment challenges, particularly in multi-system and risk-organ positive
disease. Our study underscores that the most critical period for patient survival appears to be the first
2 to 3 years following diagnosis, during which intensive monitoring and optimal supportive care are
essential. If patients survive this high-risk phase, long-term outcomes are generally favorable. Risk-

organ involvement remains the most powerful predictor of mortality and morbidity in LCH.
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LIST OF ABBREVIATION

CMH Combined Military Hospital

LCH Langerhans Cell Histiocytosis

SS Single-system

MS Multi-system

RO Risk-Organ

MAPK Mitogen-activated Protein Kinase
CNS Central Nervous System

ND  Neurodegeneration

DI Diabetes Insipidus

PC Permanent Consequences

SPSS Statistical Package for Social Sciences
EFS Event-free Survival

0OS Overall Survival
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