Supplementary Methods
Sample collection and cfMAP2K1 detection
Amplicon-based targeted sequencing was used to detect cfMAP2K1 mutations in hotspot regions of exons 2 and 3. Details of the primer sequences and PCR conditions are provided in Supplementary Table S1. The workflow consisted of two rounds of PCR amplification, followed by purification of PCR products with DNA purification magnetic beads for NGS library construction. Library concentrations were measured using Qubit, and libraries with concentrations >10 ng/μl were sequenced on an Illumina platform. 
Raw reads were processed with Cutadapt to remove adapters, bases with quality scores < 10, and reads shorter than 40 bp. Clean reads were aligned to the human reference genome UCSC hg19 using BWA-MEM v0.7.10. Variant calling for single-nucleotide variants and insertions/deletions was performed using Sentieon. Variants were retained only when the sequencing depth at the mutation site was ≥ 1,000,000× and the number of reliable mutant reads was ≥ 10. Mutant allele frequency was calculated as the number of mutant reads divided by the total reads at the corresponding site. 
Supplementary Table S1: Primers and PCR conditions for cell-free MAP2K1 detection.
	（A）Primer sequences

	Primers
	Sequence (5′→3′)

	Primer Pair 1
(chr15:66727423-66727492)
	Forward Primer
	CCCTACACGACGCTCTTCCGATCTCGAAAGCGCCTTGAGG

	
	Reverse Primer 
	GTTCAGACGTGTGCTCTTCCGATCTTCTCAAAGTCGTCATCCTTCAG

	Primer Pair 2
(chr15:66729066-66729124)
	Forward Primer
	CCCTACACGACGCTCTTCCGATCTTCTTCCACCTTTCTCCAGCT

	
	Reverse Primer 
	GTTCAGACGTGTGCTCTTCCGATCTATCTGGTTCCGGATTGCGG

	Barcode
	Forward Primer
	CAAGCAGAAGACGGCATACGAGATNNNNNNNNGTGACTGGAGTTCAGACGTGTGCTCTTCCGATC

	
	Reverse Primer 
	AATGATACGGCGACCACCGAGATCTACACNNNNNNNNNACACTCTTTCCCTACACGACGCTCTTCCGATCT

	（B）PCR reaction systems

	Reagents
	First-round (µl)
	Second-round (µl)

	PCR amplification enzyme mixture
	25
	25

	PCR Forward Primer（10 µM）
	0.5
	-

	PCR Reverse Primer（10 µM）
	0.5
	-

	Barcode primers
	-
	5

	cDNA template
	24
	25

	Total
	50
	55

	（C）PCR amplification conditions

	Temperature
	Time
	Cycles
(First)
	Cycles
(Second)

	98℃
	3 min
	1
	1

	98℃
	30 sec
	30
	20

	60℃
	30 sec
	
	

	72℃
	30 sec
	
	

	72℃
	10 min
	1
	1





Supplementary Table S2: Comparison of clinical characteristics between patients with MAP2K1 mutations in exons 2 and 3.
	Variables
	n (%)
	Exon 2
	Exon 3
	P-values

	All
	82
	68
	14
	-

	Sex
	
	
	
	

	Male
	55 (67.1)
	43 (63.2)
	12(85.7)
	0.090

	Female
	27 (32.9)
	25 (36.8)
	2(14.3)
	

	Age (years)
	
	
	
	

	< 2
	15 (18.3)
	14 (20.6)
	1 (7.1)
	0.218

	≥ 2
	67 (81.7)
	54 (79.4)
	13 (92.9)
	

	Disease extent

	[bookmark: OLE_LINK21]SS LCH
	59 (72.0)
	48 (70.6)
	11 (78.6)
	0.403

	MS LCH
	23 (28.0)
	20 (29.4)
	3 (21.4)
	

	Bone involvement
	
	
	
	

	Vertebrae
	
	
	
	

	Yes
	38 (46.3)
	31 (45.6)
	7 (50.0)
	0.495

	No
	44 (53.7)
	37 (54.4)
	7 (50.0)
	

	Craniofacial bones
	
	
	
	

	Yes
	34 (41.5)
	31 (45.6)
	3 (21.4)
	0.082

	No
	48 (58.5)
	37 (54.4)
	11 (78.6)
	

	Thoracic cage
	
	
	
	

	Yes
	29 (35.4)
	24 (35.3)
	5 (35.7)
	0.601

	No
	53 (64.6)
	44 (64.7)
	9 (64.3)
	

	Appendicular skeleton
	
	
	
	

	Yes
	27 (32.9)
	22 (32.4)
	5(35.7)
	0.518

	No
	55 (67.1)
	46 (67.6)
	9(64.3)
	

	Pelvis
	
	
	
	

	Yes
	11 (13.4)
	9 (13.2)
	2 (14.3)
	0.600

	No
	71 (86.6)
	59 (86.8)
	12 (85.7)
	

	Other organ involvement
	
	
	
	

	Lymph node
	
	
	
	

	Yes
	15 (18.3)
	13 (19.1)
	2 (14.3)
	0.504

	No
	67 (81.7)
	55 (80.9)
	12 (85.7)
	

	Lung
	
	
	
	

	Yes
	9 (11.0)
	6 (8.8)
	3 (21.4)
	0.178

	No
	73 (89.0)
	62 (91.2)
	11 (78.6)
	

	Pituitary
	
	
	
	

	Yes
	3 (3.7)
	3 (4.4)
	0
	0.566

	No
	79 (96.3)
	65 (95.6)
	14 (100)
	

	Skin
	
	
	
	

	Yes
	4 (4.9)
	4 (5.9)
	0
	0.466

	No
	78 (95.1)
	64 (94.1)
	14 (100)
	

	Liver 
	
	
	
	

	Yes
	2 (2.4)
	1 (1.5)
	1 (7.1)
	0.314

	No
	80 (97.6)
	67 (98.5)
	13 (92.9)
	

	Spleen
	
	
	
	

	Yes
	1 (1.2)
	0
	1 (7.1)
	0.171

	No
	81 (98.8)
	68 (100)
	13 (92.9)
	

	Hematologic
	
	
	
	

	Yes
	1 (1.2)
	0
	1 (7.1)
	0.171

	No
	81 (98.8)
	68 (100)
	13 (92.9)
	

	Ear
	
	
	
	

	Yes
	3 (3.7)
	2 (2.9)
	1 (7.1)
	0.434

	No
	79 (96.3)
	66 (97.1)
	13 (92.9)
	

	Eye
	
	
	
	

	Yes
	2 (2.4)
	2 (2.9)
	0
	0.686

	No
	80 (97.6)
	66 (97.1)
	14 (100)
	

	Events

	Progression
	
	
	
	

	Yes
	9 (11.0)
	7 (10.3)
	2 (14.3)
	0.479

	No
	73 (89.0)
	61 (89.7)
	12 (85.7)
	

	Relapse
	
	
	
	

	Yes
	12 (14.6)
	9 (13.2)
	3 (21.4)
	0.334

	No
	70 (85.4)
	59 (86.8)
	11 (78.6)
	

	Permanent consequence
	
	
	
	

	Yes
	1 (1.2)
	1 (1.5)
	0
	0.829

	No
	81 (98.8)
	67 (98.5)
	14 (100)
	






Supplementary Table S3: Univariate analysis of prognostic factors for progression-free survival of patients treated with the first-line chemotherapy.
	Variables
	Groups
	n (%)
	Hazard ratio (95% CI)
	P-values

	Gender
	Female
	17 (37.0)
	1
	0.581

	
	Male
	29 (63.0)
	1.4 (0.4-4.5)
	

	Age (years)
	≥ 2
	37 (80.4)
	1
	0.034*

	
	< 2
	9 (19.6)
	3.4 (1.1-10.3)
	

	[bookmark: OLE_LINK5]Disease extent
	SS LCH
	30 (65.2)
	1
	< 0.001*

	
	[bookmark: OLE_LINK4]MS LCH
	16 (34.8)
	[bookmark: OLE_LINK2]10.0 (2.7-36.6)
	

	Involvements of lung
	No
	39 (84.8)
	1
	0.003*

	
	Yes
	7 (15.2)
	5.5 (1.8-17.1)
	

	Involvements of Lymph nodes
	No
	34 (73.9)
	1
	0.211

	
	Yes
	12 (26.1)
	2.0 (0.7-6.2)
	

	Treatment response at week
	Responded
	[bookmark: OLE_LINK3]27 (58.7)
	1
	0.922

	
	Non-responded
	19 (41.3)
	1.1 (0.4-3.2)
	

	Cell-free MAP2K1 mutation
	< 0.1%
	31 (67.4)
	1
	< 0.001*

	
	≥ 0.1%
	15 (32.6)
	10.4 (2.8-38.4)
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[bookmark: _GoBack]Supplementary Fig S1: Flowchart of patient enrollment and analysis in the study.
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