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Introduction

Langerhans cell histiocytosis (LCH) is a rare 
histiocytic disorder characterized by clonal expansion 
of myeloid precursor cells containing a cluster of 
differentiation antigens (CD) 1a or CD207 (Langerin) 
histiocytes [1]. The nature of disease can occur at all ages 
with heterogeneous degrees and systems involvement, 
ranging from self-resolution single lesion to disseminated 
disease with life-threatening sequelae [2]. However, 
the 5-year overall survival of pediatric LCH among the 
Thai population was desirable at 91.3%, [3] which was 
comparable to those in developed countries [4].

The incidence of disease reactivation (23.6%) of 
patients with LCH was tolerably observed in Thailand [3]. 

Abstract

Background: Disease reactivation/refractory remains a major challenge in managing Langerhans cell histiocytosis 
(LCH). Outcomes and late sequelae should be explored. Methods: A multi-institutional retrospective study was conducted 
to describe clinical characteristics, predictive factors, outcomes and late sequelae of pediatric reactivation/refractory 
LCH in Thailand. Results: In all, 47 patients were studied, 25 (53.2%) patients had disease reactivation and 22 (46.8%) 
patients had refractory LCH. The median reactivation and refractory time were 1.59 and 0.33 years from diagnosis, 
respectively (p <0.001). The most common site of reactivation/refractory was the bone (n = 26, 55%), and 20 (42.6%) 
patients developed late sequelae. The 5-year overall survival (OS) was 76.1%. Patients with reactivation and refractory 
LCH performed similarly in 5-year OS (88% vs. 63%, p = 0.055). Prognostic factors associated with mortality were 
liver, spleen, hematopoietic system and lung reactivation (p <0.05). Lung reactivation was the only independent risk 
factor associated with the survival outcome (p = 0.002). Conclusions: The outcomes of pediatric patients between 
reactivation and refractory LCH in Thailand were similarly desirable and mortality was minimal although late sequelae 
may evolve. Pulmonary reactivation/refractory was an independent risk factor associated with survival.

Keywords: Langerhans cell histiocytosis- reactivation/refractory- mortality- pulmonary- sequelae

RESEARCH ARTICLE

Nationwide Study of Factors Impacting Survival Outcome 
and Consequences in Children with Reactivation/Refractory 
Langerhans Cell Histiocytosis

However, reactivation remains a major challenge in LCH 
management, especially among patients aged <2 years 
at diagnosis and multisystem (MS) LCH patients with 
risk-organ involvement (RO+). These were addressed as 
unfavorable risk factors associated with reactivation or 
progressive disease among the Thai population reported 
by Monsereenusorn et al. [3]. 

Although disease refractories have been exhibited 
in limited illustrations, the miserable outcomes and 
subsequently adverse sequelae development remain 
substantial, reflecting major morbidities affecting various 
organ functions and leading to difficult management [5, 
6]. Therefore, the disease characteristics, risk factors, 
treatment and outcomes of reactivation and refractory 
LCH should be clarified and well described. 
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The present study aimed to evaluate the clinical 
characteristics, risk factors and treatment outcomes of 
pediatric patients with LCH experiencing reactivations/
refractories and to explore the sequelae after disease 
reactivations/refractories at seven main oncology centers 
in Thailand. 

Materials and Methods

Patient selection
The medical records of 199 newly diagnosed LCH 

patients were retrospectively reviewed. One hundred and 
twenty-seven (63.8%) LCH patients have been previously 
reported by Monsereenusorn et al. [3]. The patients were 
treated primarily at 7 tertiary pediatric oncology centers 
in Thailand between January 1, 1999 and December 31, 
2019. These centers were Srinagarind and Khon Kaen 
Hospitals, Khon Kaen; Chiang Mai University Hospital, 
Chiang Mai; Phramongkutklao; Chulalongkorn; Siriraj 
and Ramathibodi Hospitals, Bangkok, Thailand.

The inclusion criteria comprised patients with 
reactivation/refractory LCH aged <18 years old whose 
diagnosis of reactivation/refractory LCH was confirmed 
by histopathology with a positive result for CD1a/
Langerin or radiological progression or deterioration 
of diabetes insipidus (DI). Patients without evidence 
of disease reactivation/refractory, incomplete medical 
records, uncertain diagnoses, and those who were lost to 
follow-up were excluded from the study.

Written informed consent and assent were waived. 
This study was approved by the Ethics Committee and 
Institutional Review Board of Phramongkutklao Hospital 
and Phramongkutklao College of Medicine, Bangkok, 
Thailand (reference number: IRBRTA 232/2565) and 
other institutional research ethics committees from other 
six institutions following the ethics principles of the 
Declaration of Helsinki (1975) and its revision.

Clinical definitions
Patients were classified according to the Histiocyte 

Society LCH-IV guidelines, [7] which consider the 
number of lesions, number and system involvements and 
whether the disease involves “risk organ(s)” (the liver, 
spleen or hematopoietic system) as a single system (SS) or 
MS. SS is characterized by the involvement of one system 
and no risk organ involvement (RO-). MS is characterized 
by the involvement of ≥ 2 systems, consisting of MS with 
RO- or low risk, and MS with RO+ or high risk [1].

Multifocal bones (MFB) is defined as bone involvement 
including at least two lesions [2]. 

Clinical response is categorized according to 
the Thai Pediatric Oncology Group (ThaiPOG): 
ThaiPOG-LCH-1401 protocol, [3, 8] which was adapted 
from the Histiocyte Society LCH-III study protocol [2]. 
The good response (GR) was defined as the resolution of 
all signs and symptoms. Partial response (PR) was defined 
as regression of signs or symptoms, without new lesions 
developing. No response (NR) was defined as persistent 
signs or symptoms, without developing new lesions. 
Progressive disease (PD) was defined as the progression of 
signs or symptoms and/or the appearance of new lesions. 

Reactivation was defined as the reappearance of signs 
and symptoms of active disease after either a period of 
disease control that persisted for >3 months or complete 
disease resolution, with pathological or radiological 
confirmation. 

Refractory disease was defined as the progression or 
the reappearance of signs and symptoms of active disease 
after a period of disease control ≤ 3 months during the 
treatment, with pathological or radiological confirmation.

Sequelae were defined as any irreversible clinical 
condition developing during the active disease or after 
completing treatment, with direct association with the 
natural history of LCH, or treatment-related.

Chemotherapy regimens
Between 1999 and 2013, patients were treated as per 

the experience of individual institutional oncologists. 
Chemotherapy regimens were based on the three 
consortiums as follows;

The DAL-HX83 protocol (12 months of vinblastine 
[VBL], etoposide, 6-mercaptopurine [MP], methotrexate 
[MTX] and prednisolone [Pred]), [9, 10] The Japan LCH 
Study Group-96 (JLSG-96) [11] and JLSG-02 protocols 
[12, 13] (7.5 or 12 months of cytarabine, vincristine, 
Pred, MTX, doxorubicin and cyclophosphamide) and 
the International Collaborative Treatment Protocol for 
Children and Adolescents with LCH including LCH-I 
[14] and LCH-II studies [15] (6 months of VBL and Pred 
based regimens).

Between 2014 and 2017, ThaiPOG-LCH-1401 (12 
months of VBL, Pred and 6-MP-based regimen) was 
launched and used as a national protocol for Thai children 
with LCH. Then ThaiPOG-LCH-1801 (12 or 24 months of 
VBL, Pred and 6-MP-based regimen)[3] was substituted 
and has been used since 2018 until the present time.

Outcome definition
Overall survival (OS) was defined as the period from 

the date of diagnosis either to the time of death resulting 
from any causes or to the last follow-up for surviving 
patients.

Statistical analysis
Patient demographic data were analyzed using 

descriptive statistics, presented as mean with standard 
deviation (normal distribution) or median with range 
(nonnormal distribution) for continuous variables, and 
calculated using frequency and percentage for categorical 
variables. Categorical and continuous variables were 
compared using Fisher’s exact and Mann–Whitney U tests, 
respectively. The survival function was calculated using 
the Kaplan–Meier method. Univariate and multivariate 
analyses were performed to analyze the impact of possible 
factors on defined outcomes using Cox’s Proportional 
Hazard Model to evaluate the effect of covariates on 
hazard ratio (HR). Statistical and survival analyses were 
performed using STATA/BE, 17.0 Software, and p <0.05 
was considered statistically significant.
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rather than patients with LCH reactivation (p = 0.028 
and 0.002, respectively). After reactivation, 39 (83%) 
patients received single secondary treatment, and 8 (17%) 
patients received combined therapy. Salvage therapies 
after refractory disease or reactivation included high-dose 
cytarabine, JLSG-96/02, Pred and VBL, 6-MP and MTX, 
relying on individualized institutional experts’ experience 
and ThaiPOG-LCH-1801 protocols for patients who had 
disease recurrence after 2018. The clinical response after 
1st reactivation/refractory of GR: non-GR (PR, NR, 
PD) was 1:1. Most patients had one episode of disease 
reactivation/refractory (n = 34, 72%). Patients with LCH 
reactivation had disease status at the last follow-up as 
GR rather than patients with refractory LCH (p = 0.008) 
(Table 1). 

Overall survival outcomes
Eleven (23.4%) patients expired, 10 (91%) patients 

died from disease reactivation/refractory (6 patients 
from multiorgan failure, 3 patients from septic shock 
led to cardiopulmonary compromise, and 1 patient from 
septicemia with acute respiratory distress syndrome) 
and 1 (9%) patient died from necrotizing fasciitis at 
both hands and subsequently developed Streptococcus 
pyogenes septicemia during re-induction therapy with 
VBL and Pred. 

The median time to death was 8 months from diagnosis 
(range, 10 days to 3.24 years). Five-year OS among 
patients with reactivation/refractory LCH was 76.1% 
(95% confidence interval [CI], 61 to 86%) (Figure 1). 
The median follow-up time was 6.15 years (range, 10 
days to 19.5 years).

Outcomes of patients with reactivation vs. refractory LCH 
The 5-year OS of the patients with reactivation 

LCH was higher (88% [95% CI, 67.3%–96%]) than 
refractory LCH (63% [95% CI, 39.4%–79.6%]) despite 

Results

Patient characteristics
Among the 199 patients with LCH eligible for this 

study, 152 patients were excluded due to no evidence of 
disease reactivation/refractory. Therefore, a total of 47 
patients (23.6%) with reactivation/refractory LCH were 
subsequently enrolled in this study. Among these 47 
patients, there were 25 (53.2%) patients with reactivation 
and 22 (46.8%) patients with refractory LCH. Patient 
characteristics including age, sex, DI, organ and system 
involvement, primary and secondary treatment, the 
reactivation/refractory characteristics and subsequence 
sequelae are described in Table 1. 

The patients’ ages ranged from 1 month to 16 years 
with a median age of 1.37 years. Sex was equally 
distributed. Eight (17%) patients had DI at diagnosis, 
and the SS-to-MS ratio was 1:5. Single bone was the 
most common primary site (n = 4, 50%) among SS 
reactivation/refractory LCH. MS involvement had a RO+ 
of 82% (n = 32) and RO− at diagnosis of 18% (n = 7).

In total, 46 (98%) patients received chemotherapy 
as a primary treatment. The most commonly used 
chemotherapy regimen was ThaiPOG-LCH-1401. Surgery 
was primarily performed among 10 (21%) patients. 
Regarding the reactivation/refractory characteristics, 
fifty-one percent (n = 24) and 83% (n = 39) of patients 
with reactivation/refractory LCH experienced disease 
reactivation/refractory within one and two years after 
diagnosis, respectively. The median time from diagnosis 
to primary refractory (4 months) was shorter than the 
first reactivation (1.59 years) (p <0.001).  The latest 
reactivation and refractoriness occurred 6.33 and 1.79 
years after the first diagnosis, respectively. 

The most common site of disease reactivation/
refractory was the bone (n = 26, 55%). Patients with 
refractory LCH experienced liver and spleen reactivation 

Figure 1. Overall Survival among Reactivation/Refractory LCH Patients (n=47). Note: Survival outcome was calcu-
lated using the Kaplan-Meier method. Abbreviation: LCH, Langerhans cell histiocytosis 
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Reactivation (n=25) Refractory (n=22) Total (n=47) p-value
N(%) N(%) N(%)

Age at diagnosis (years) 0.354
     Mean±SD 2.51±2.98 2.44±3.6 2.48±3.25
     Median (range) 1.48(0.42-13.95) 1.21(0.07-15.59) 1.37(0.07-15.59)
Gender 0.302
     Female 11 (45.8) 13 (54.2) 24 (51.1)
     Male 14 (60.9) 9 (39.1) 23 (48.9)
DI at diagnosis 5 (62.5) 3 (37.5) 8 (17) 0.562
Primary system involvement
Single system 6 (75) 2 (25) 8 (17) 0.175
     Single bone 4 (100) 0 (0) 4 (50) 0.108
     Multifocal bones 2 (66.7) 1 (33.3) 3 (37.5)
     Lung 0 (0) 1 (100) 1 (12.5)
Multisystem 19 (48.7) 20 (51.3) 39 (83) 0.175
High risk (organ involvement) 14 (43.8) 18 (56.3) 32 (82.1) 0.184
     Liver 13 (46.4) 15 (53.6) 28 (71.8) 0.648
     Hematopoietic 11 (40.7) 16 (59.3) 27 (69.2) 0.135
     Spleen 11 (45.8) 13 (54.2) 24 (61.5) 0.648
Low risk 5 (71.4) 2 (28.6) 7 (17.9)
Primary treatment
     Chemotherapy 24 (52.2) 22 (47.8) 46 (97.9) 0.133
     ThaiPOG-LCH-1401 8 (53.3) 7 (46.7) 15 (32.6)
     ThaiPOG-LCH-1801 4 (36.4) 7 (63.6) 11 (23.9)
     LCH-II 6 (66.7) 3 (33.3) 9 (19.6)
     DAL-HX-83 3 (75) 1 (25) 4 (8.7)
     ITP* 3 (100) 0 (0) 3 (6.5)
     JLSG-96/02 0 (0) 2 (100) 2 (4.3)
     LCH-I 0 (0) 2 (100) 2 (4.3)
     Surgery 8 (80) 2 (20) 10 (21.3) 0.056
     Curettage 7 (87.5) 1 (12.5) 8 (80)
     Partial resection 0 (0) 1 (100) 1 (10)
     Total resection 1 (100) 0 (0) 1 (10)
     Radiation 1(50) 1 (50) 2 (4.3) 0.926
     Topical steroid 4 (80) 1 (20) 5 (83.3) 0.121
     Bisphosphonate 0 (0) 1 (100) 1 (16.7)
Time from diagnosis to first reactivation/primary refractory (years) <0.001
     Mean±SD 2±1.31 0.51±0.45 1.3±1.25
     Median (range) 1.59 (0.69-6.33) 0.33(0.02-1.79) 0.99(0.02-6.33)
Organ reactivation/refractory
     Bone 14(53.8) 12 (46.2) 26 (55.3) 0.92
     Hematopoietic 6 (40) 9 (60) 15 (31.9) 0.215
     Liver 4 (28.6) 10 (71.4) 14 (29.8) 0.028
     Spleen 2 (18.2) 9 (81.8) 11 (23.4) 0.002
     Skin 6 (54.5) 5 (45.5) 11 (23.4) 0.918
     Lung 3 (33.3) 6 (66.7) 9 (19.1) 0.184
     CNS risk lesion/special sites^ 6 (66.7) 3 (33.3) 9 (19.1) 0.368
     Endocrine 4 (66.7) 2 (33.3) 6 (12.8) 0.479
     Lymph nodes 3 (75) 1 (25) 4 (8.5) 0.361

Table 1. Patient Demographic Data (n=47)
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Reactivation (n=25) Refractory (n=22) Total (n=47) p-value
N(%) N(%) N(%)

Secondary treatment NA
     Single treatment 22 (56.4) 17 (43.6) 39 (83)
     Chemotherapy 21 (55.3) 17 (44.7) 38 (80.9)
     Pamidronate 1 (100) 0 (0) 1 (2.1)
     Combined treatment 3 (37.5) 5 (62.5) 8 (17)
     Chemotherapy and pamidronate 0 (0) 4 (100) 4 (8.5)
     Chemotherapy and radiation 3 (100) 0 (0) 3 (6.4)
     Radiation and pamidronate 0 (0) 1 (100) 1 (2.1)
Clinical response after the first reactivation/primary refractory
     Good response 16 (64) 9 (36) 25 (53.2)
     Non-good response 9 (40.9) 13 (59.1) 22 (46.8)
Number of total reactivations/refractories 0.453
     1 19 (55.9) 15 (44.1) 34 (72.3)
     2 3 (33.3) 6 (66.7) 9 (19.1)
     3 2 (66.7) 1 (33.3) 3 (6.4)
     4 1 (100) 0 (0) 1 (2.1)
Clinical response at last follow-up 0.008
     Good response 21 (70) 9 (30) 30 (63.8)
     Partial response 1 (16.7) 5 (83.3) 6 (12.8)
     No response 1 (100) 0 (0) 1 (2.1)
     Progressive disease 2 (20) 8 (80) 10 (21.3)
Sequelae
     DI 6 (66.7) 3 (33.3) 9 (19.1) 0.368
     Liver** 1 (20) 4 (80) 5 (10.6) 0.116
     Bone 2 (50) 2 (50) 4 (8.5) 0.894
     Other endocrinopathies 1 (25) 3 (75) 4 (8.5) 0.237
     Hearing 1 (50) 1 (50) 2 (4.3) 0.926
     Skin 0 (0) 2 (100) 2 (4.3) 0.123
     Lung# 0 (0) 1 (100) 1 (2.1) 0.281
     CNS degeneration 1 (100) 0 (0) 1 (2.1) 0.343

Table 1. Continued

*, Individualized treatment protocol (ITP) was the protocol used for individualized patients including cyclophosphamide, vincristine, cytarabine and 
prednisolone; ^, Central nervous system (CNS) risk lesions are those involving sphenoid, orbital, ethmoid, zygomatic or temporal bones. Special 
sites include intracranial soft tissue extension or vertebral lesions with intraspinal soft tissue extension.; **, Liver sequelae was defined as liver 
dysfunction (hyperbilirubinemia, hypoproteinemia, hypoalbuminemia, elevated alkaline phosphatase, elevated transaminases, gamma-glutamyl 
transferase (GGT), ascites, edema; #, Lung sequelae was defined as pulmonary dysfunction (abnormal pulmonary function test, pulmonary fibrosis, 
cystic lung disease); Notes: Data are presented as mean±SD or median (range) for continuous variables and number (%) for categorical variables. 
Comparison between two independent data sets was analyzed using Fisher’s exact or Mann–Whitney U test (age at diagnosis and time from 
diagnosis to first reactivation/primary refractory). Statistical significance was considered at p < 0.05; Abbreviations: CNS, central nervous system; 
DI, diabetes insipidus; ITP, individualized treatment protocol; JLSG, The Japan Langerhans cell histiocytosis Study Group; LCH, Langerhans cell 
histiocytosis; NA, not available; SD, standard deviation; ThaiPOG, Thai Pediatric Oncology Group 

the statistically insignificant (p = 0.055, HR, 3.676; 95% 
CI, 0.974–13.877) (Figure 2).

Factors associated with survival outcomes in reactivation/
refractory LCH

The liver, spleen, hematopoietic system and lung 
reactivation/refractory were significantly associated 
with survival outcomes from univariate analysis (p 
<0.05). However, lung reactivation/refractory was the 
only independent risk factor associated with the survival 
outcome in subsequent multivariate analysis (p = 0.002) 
(Table 2). 

Late sequelae
As a consequence, 20 (42.6%) patients developed late 

sequelae. The most common sequela was DI (n = 9, 19%). 
The development of sequelae was indifferent between 
patients with reactivation and refractory LCH (p ≥0.05) 
(Table 1).

Discussion

The treatment outcomes of newly diagnosed LCH 
using the national ThaiPOG-LCH protocols were desirable 
[16, 3] compared to other developed countries [4, 17]. 
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Figure 2. Overall Survival between Reactivation vs. Refractory LCH Patients (n=47). Notes: The survival function 
was calculated using the Kaplan-Meier method and compared using Cox's Proportion Hazard Model. P-value <0.05 
is considered as statistical significance. Abbreviation: LCH,Langerhans cell histiocytosis 

Total Survive Expired Crude Adjusted

(n=47) (n=36) (n=11) HR 95%CI p 
value

HR 95%CI p 
valueN (%) N (%) N (%)

Disease status at the first recurrence

     Reactivation 25 (53.2) 22 (88) 3 (12) 1 1

     Primary refractory 22 (46.8) 14 (63.6) 8 (36.4) 3.676 0.974-13.877 0.055 1.169 0.215-6.357 0.856

Primary system involvement

     Single-system and multisystem low-risk 15 (31.9) 13 (86.7) 2 (13.3) 1 1

     Multisystem high risk 32 (68.1) 23 (71.9) 9 (28.1) 1.814 0.392-8.401 0.446 0.26 0.023-2.994 0.28

Liver reactivation/refractory

     None 33 (70.2) 30 (90.9) 3 (9.1) 1 1

     Involvement 14 (29.8) 6 (42.9) 8 (57.1) 7.982 2.101-30.328 0.002 5.045 0.42-60.549 0.202

Spleen reactivation/refractory

     None 36 (76.6) 31 (86.1) 5 (13.9) 1 1

     Involvement 11 (23.4) 5 (45.5) 6 (54.5) 4.799 1.457-15.806 0.01 1.51 0.322-7.09 0.601

Hematopoietic system reactivation/refractory

     None 32 (68.1) 28 (87.5) 4 (12.5) 1 1

     Involvement 15 (31.9) 8 (53.3) 7 (46.7) 4.495 1.309-15.433 0.017 4.134 0.791-21.594 0.092

Lung reactivation/refractory

     None 38 (80.9) 33 (86.8) 5 (13.2) 1 1

     Involvement 9 (19.1) 3 (33.3) 6 (66.7) 8.333 2.516-27.602 0.001 10.036 2.378-42.351 0.002

Table 2. Predictive Factors Associated with Survival Outcomes in Pediatric Patients with Reactivation/Refractory 
LCH (n=47)

Notes: Data is presented as number (%) for categorical variables. Univariate analysis and multivariate analysis were calculated using Cox's 
Proportional Hazard Model. P <0.05 is considered statistical significance; Abbreviations: CI, confidence interval; HR, Hazard ratio; LCH, 
Langerhans cell histiocytosis 

However, the incidence of disease reactivation in patients 
with LCH remained high at 23.6% in Thailand, [3] which 
may have been due to limited resources to detect disease 
reactivation [18, 19]. The other factors associated with 
reactivation rate were SS-to-MS ratio, BRAFV600E 
status, [20, 21] and chemotherapy regimens applied, which 
may vary in distinct study populations. 

Reactivation/refractory LCH is a challenging clinical 

course with a dismal prognosis, affecting unsatisfactory 
consequences. Most studies reported the characteristics 
and outcomes among patients with reactivation LCH, but 
rarely with refractory LCH. However, the characteristics 
and outcomes between these two entities should be 
elucidated to predict the outcomes and providing 
appropriate management. Reactivation of MFB and MS-
LCH has previously been described by the Histiocyte 
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Society [22] and Japan LCH Study Group [23]. Moreover, 
the disease reactivation was observed particularly in 
patients with RO+ MS-LCH compared with those of 
RO- MS-LCH and SS-LCH in Thailand [3]. However, 
our study found that the primary system involvement was 
not clinically significant observed between patients with 
reactivation and refractory LCH. 

The reactivations were detected more than once for 
34.8% of patients with reactivation LCH from the report 
in Argentina, [5] and 20% of Egyptian children, [24] 
compared with 24% in the Thai population in our study. 
Nevertheless, the first reactivations were particularly 
(88%) observed within two years, [5, 25, 23] which agrees 
with our study (83%). On the other hand, we reported the 
latest reactivation developed six years after diagnosis.

Although reactivation generally occurred, the 
reactivation was associated with minimal mortality with 
a ratio of death of MS-to-SS of 2:1 [22]. Moreover, the 
five-year OS for newly diagnosed LCH was 91.3%, [3] 
compared to 76.1% among patients with reactivation/
refractory LCH. These may relate to most patients 
achieving no active disease (NAD) status after effective 
salvage therapy [23] as well as no statistical distinction 
identified for the survival outcomes among patients with 
reactivation and refractory LCH, likewise addressed in 
our study. These results underlined the non-lethal nature 
of LCH reactivations/refractories, contrary to disease 
relapse in general malignant disorders.  

Even though the mortality rate was slightly observed 
among patients with reactivation/refractory LCH, the 
associated factors impacting survival are mandatory to 
explore but have not been determined in any study report 
yet. Interestingly, our study determined the indistinctive 
outcomes after salvage therapy between SS/RO- and 
RO+ MS-LCH with reactivation/refractory although the 
outcomes of newly diagnosed RO+ MS-LCH are poor [3]. 

The factor associated with survival outcomes in 
reactivation/refractory LCH was a specific organ 
recurrence. The hematopoietic system, liver, spleen and 
pulmonary recurrence were subordinate risk factors 
associated with survival outcomes among patients 
with reactivation/refractory LCH. These findings may 
have resulted because most patients with reactivation/
refractory LCH experience multiple organ recurrence. 
Also, LCH treatment outcomes were inferior by the 
number of RO+ [3]. Interestingly, pulmonary recurrence 
was the only independent risk factor related to survival 
outcomes in this study. Pulmonary LCH is rare in children 
but commonly occurs among smoking adults, [26] and 
isolated pulmonary LCH is also barely seen [2, 27] 
Children with pulmonary LCH are routinely observed 
in MS-LCH, [28, 29] and combined with other organ 
involvement for 48% [30]. Only 9% [28] to 50% [29] 
of patients with pulmonary LCH presented respiratory 
symptoms. Le Louet, S et al. [30] reported 14 of 17 
(82%) patients with LCH who presented with respiratory 
failure in intensive care, had lung involvement. Also, 35% 
of those patients died from severe respiratory failure. 
Moreover, lung involvement RO+ MS-LCH exhibited 
an inferior outcome than RO- MS-LCH, [28]. Lung 
involvement caused severe pulmonary hypertension and 

finally required lung transplantation [31]. Therefore, death 
from pulmonary reactivation is possible due to severe 
lung involvement [30] leading to respiratory failure, 
combined with multiple organ failure from multi-organ 
involvement, [16] or concomitantly with infection such 
as invasive fungal disease [32].

Permanent sequelae have been addressed in 42 
to 71% [33, 34, 5] of patients with LCH. A higher 
incidence of sequelae was observed in MS-LCH [35, 34] 
or patients with BRAFV600E mutation [36]. A strong 
prevalence (42.6%) was noticed in our study among 
patients with reactivation/refractory LCH [22, 5, 23]. 
However, sequelae were indifferently addressed between 
patients with reactivation and refractory LCH. The most 
common sequela was DI [34], followed by skeletal or 
ear abnormalities, [35, 5, 37, 17] similarly found in our 
study. These sequelae possibly developed anytime, either 
related to treatment [35] or after completed treatment. 
The various treatment protocols may affect the distinction 
of late sequelae. Nonetheless, reactivation remarkably 
affected the long-term sequelae [25, 23]. Herein, the 
lower incidence of reactivation perhaps from prolonged 
intensified upfront treatment may reduce the sequelae [25, 
8]. Decreasing morbidity and disease consequences after 
disease reactivation is significantly warranted.

The present study is the first multicenter study to 
explore the clinical characteristics, factors associated with 
outcomes and late sequelae in patients with reactivation/
refractory LCH using the ThaiPOG-LCH protocols. A 
standardized national protocol using prolonged intensive 
chemotherapy was well established to improve the 
outcomes of the long-term consequences.

Limitations
This study illustrated a retrospective study in which 

some data were unavailable. The study included only 
patients with reactivation/refractory LCH from seven 
main institutions that treated LCH might not elaborate 
on the whole picture of reactivation/refractory LCH in 
Thailand. Different timelines and duration of treatment 
according to different treatment protocols and distinctive 
follow-up times could also have affected the outcomes. 
Shortened follow-up time may be inadequate to access 
the late sequelae. Treatment-related mortality and 
treatment-associated long-term consequences should be 
further explored. Patients presenting SS-LCH not treated 
by pediatric oncologists, such as those with CNS-risk 
lesions or isolated cutaneous LCH, were not enrolled in 
this study. The unavailability of essential investigations 
such as BRAFV600E activating mutation testing, due 
to resource-limited settings, could relate to distinct 
outcomes. Prospective multicenter studies with molecular 
testing and longitudinal follow-up are mandatory to detect 
and monitor the consequence of disease, especially after 
disease reactivation/refractory. 

In conclusions, the outcomes of pediatric patients 
between reactivation and refractory LCH in Thailand 
were similarly desirable and mortality was minimal, 
although late sequelae later evolved. Most patients 
presented disease reactivation within two years after 
initial diagnosis. Prognostic factors included liver, 
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spleen, hematopoietic system and pulmonary reactivation/
refractory. Only pulmonary reactivation/refractory 
remained an independent risk factor significantly 
associated with survival outcomes. 
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