
Research paper

Avapritinib versus midostaurin or cladribine in advanced systemic 
mastocytosis: A retrospective real-world external control study
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A B S T R A C T

As there are no prospective randomized studies in patients with advanced systemic mastocytosis (AdvSM), we 
compared clinical outcomes between patients treated with avapritinib in the Phase I EXPLORER (NCT02561988) 
and Phase II PATHFINDER (NCT03580655) trials (N = 176) and patients treated with midostaurin (N = 99) or 
cladribine (N = 49) from a global, multi-center, retrospective, chart review study. Overall survival (OS) and 
duration of treatment (DOT) were compared between the cohorts using inverse probability of treatment 
weighting (IPTW)-adjusted Cox proportional hazards models, and maximum reduction in serum tryptase levels 
was compared using adjusted generalized linear models. Median OS was not reached (95% confidence interval 
[CI]: 46.9 months, not estimable) for avapritinib, 28.6 (18.2, 44.6) months for midostaurin, and 23.4 (14.8, 40.6) 
months for cladribine. The avapritinib cohort had significantly longer OS compared to midostaurin (hazard ratio 
[HR] [95% CI]: 0.59 [0.36, 0.97]) and cladribine (0.32 [0.15, 0.67]), longer DOT (vs. midostaurin: 0.63 [0.41, 
0.96]; vs. cladribine: 0.14 [0.09, 0.23]), and greater reduction in serum tryptase levels with mean difference 
[95% CI] vs. midostaurin of − 72.8 % [− 101.1 %, − 44.6 %] and vs. cladribine of − 25.0 % [− 32.4 %, − 17.7 %] 
(all p < 0.05). Results were similar in treatment-naïve (1 L) and previously treated (2 L+) patients; there was 
improved OS in 1 L avapritinib vs. 1 L midostaurin patients (HR: 0.14 [0.05, 0.42]; p < 0.001) and in 
2 L+ avapritinib vs. 2 L+ cladribine patients (0.34 [0.16, 0.71]; p = 0.004). Together, we show that avapritinib 
treatment resulted in significantly improved OS, longer DOT, and greater reduction in serum tryptase levels 
compared to midostaurin or cladribine in real-world clinical practice.

1. Introduction

Advanced systemic mastocytosis (AdvSM) is characterized by un
controlled expansion and infiltration of neoplastic mast cells and other 

clonal, usually myeloid cells in various organs, leading to organ damage 
[1–5]. The three subtypes of AdvSM defined by the World Health Or
ganization (WHO) include SM with an associated hematologic neoplasm 
(SM-AHN), mast cell leukemia (MCL), and aggressive systemic 

* Correspondence to: Department of Hematology and Oncology, University Hospital Mannheim, Theodor-Kutzer-Ufer 1-3, 68167 Mannheim, Germany.
E-mail address: andreas.reiter@medma.uni-heidelberg.de (A. Reiter). 

Contents lists available at ScienceDirect

Leukemia Research

journal homepage: www.elsevier.com/locate/leukres

https://doi.org/10.1016/j.leukres.2025.107919
Received 18 April 2025; Received in revised form 18 June 2025; Accepted 14 July 2025  

Leukemia Research 157 (2025) 107919 

Available online 15 July 2025 
0145-2126/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://orcid.org/0000-0002-1190-4473
https://orcid.org/0000-0002-1190-4473
https://orcid.org/0000-0003-0767-1504
https://orcid.org/0000-0003-0767-1504
https://orcid.org/0000-0002-1343-8314
https://orcid.org/0000-0002-1343-8314
https://orcid.org/0000-0002-3490-648X
https://orcid.org/0000-0002-3490-648X
https://orcid.org/0000-0002-1277-7699
https://orcid.org/0000-0002-1277-7699
https://orcid.org/0000-0003-4178-8909
https://orcid.org/0000-0003-4178-8909
https://orcid.org/0000-0002-1295-5870
https://orcid.org/0000-0002-1295-5870
https://orcid.org/0000-0001-8010-4296
https://orcid.org/0000-0001-8010-4296
mailto:andreas.reiter@medma.uni-heidelberg.de
www.sciencedirect.com/science/journal/01452126
https://www.elsevier.com/locate/leukres
https://doi.org/10.1016/j.leukres.2025.107919
https://doi.org/10.1016/j.leukres.2025.107919
http://crossmark.crossref.org/dialog/?doi=10.1016/j.leukres.2025.107919&domain=pdf
http://creativecommons.org/licenses/by/4.0/


mastocytosis (ASM). All AdvSM subtypes are associated with a poor 
prognosis with a short overall survival (OS): 24 months for SM-AHN, 
2–24 months for MCL, and 42 months for ASM when patients are 
treated with conventional antineoplastic therapies [6–10]. Major goals 
of treatment in AdvSM are to reduce or eliminate the mast cell burden, 
mitigate organ damage, improve the patients’ quality of life, and extend 
survival. As the KIT D816V mutation was expressed in neoplastic mast 
cells in a majority (>90 %) of patients with SM in previous clinical 
studies (PATHFINDER and EXPLORER) and new KIT-targeting drugs are 
available, inhibition of KIT is considered an important therapeutic goal 
[11–15]..

Avapritinib, a potent inhibitor of D816V-mutated KIT, was evaluated 
in adults with centrally confirmed AdvSM in two prospective multi- 
center, single-arm, open-label clinical trials, the Phase I EXPLORER 
trial (ClinicalTrials.gov Identifier: NCT02561988) [16] and Phase II 
PATHFINDER trial (NCT03580655) [17]. Analysis of data from 69 pa
tients with AdvSM in EXPLORER reported an estimated 24-month OS 
rate of 76 % (95 % confidence interval [CI], 64–87 %). Furthermore, 
74 % of patients achieved normalization of serum tryptase levels 
(<20 ng/mL) [16]. Similarly, in a pre-specified interim analysis of 62 
patients from PATHFINDER [17] who received avapritinib primarily at a 
starting dose of 200 mg daily, the estimated 12-month OS rate was 86 % 
and 43 % achieved normalization of serum tryptase levels. Based on 
these findings, avapritinib was approved for the treatment of adults with 
AdvSM by the US Food and Drug Administration (FDA) in 2021 and by 
the European Medicines Agency (EMA), after prior systemic therapy, in 
2022 [18–20].

Prior to the availability of avapritinib, two of the most common 
therapies used to treat AdvSM were midostaurin and cladribine. Mid
ostaurin was approved for treatment of AdvSM by the FDA and EMA in 
2017 [21,22]. The efficacy and safety of midostaurin have been reported 
in several clinical trials and observational studies; an open-label study 
demonstrated that midostaurin treatment produced a response in 28.3 % 
of patients across all subtypes of AdvSM per International Working 
Group - Myeloproliferative Neoplasms Research and Treatment - Euro
pean Competence Network on Mastocytosis (IWG-MRT-ECNM) 
consensus criteria, and median OS was 29.9 months [23]. Cladribine is 
often used in patients who have progressed on other therapies and has 
been shown to reduce the total mast cell burden [24–26], although few 
patients achieve a complete remission and nearly all responding patients 
will eventually relapse. A registry-based analysis comparing the efficacy 
of midostaurin (n = 63) and cladribine (n = 23) found that midostaurin 
was superior to cladribine in terms of significantly improved OS (median 
4.2 vs. 1.9 years) and leukemia-free survival (2.7 vs. 1.3 years) [26]. In 
drug-resistant AdvSM, polychemotherapy and allogeneic hematopoietic 
stem cell transplantation are often recommended in transplant-eligible 
patients [3,4].

Although there are no randomized clinical trials comparing avapri
tinib to either midostaurin or cladribine in AdvSM, understanding the 
comparative effectiveness of avapritinib and the alternative best avail
able therapies (BAT) for AdvSM is essential to inform clinical decision 
making. Previously, we compared outcomes of patients with AdvSM 
who received avapritinib in the EXPLORER and PATHFINDER trials to 
those of patients treated with BAT in a real-world setting. The results 
indicated that the avapritinib cohort had significantly better survival 
(hazard ratio [HR] [95% CI]: 0.48 [0.29, 0.79]; p = 0.004) compared to 
the BAT cohort [27], however that analysis did not separately evaluate 
and compare avapritinib outcomes to specific treatments in regular 
clinical practice. This study (NCT04695431) compared clinical out
comes of patients with AdvSM who were treated with avapritinib in 
EXPLORER and PATHFINDER with those of patients treated with mid
ostaurin or cladribine in real-world clinical practice using data from 
retrospective chart review [28].

2. Materials and methods

2.1. Study population

2.1.1. Clinical trial data
This study used pooled individual patient data from the Phase I 

EXPLORER [16] and Phase II PATHFINDER [17] trials with a data 
cut-off date of April 20, 2021 (data on file, Blueprint Medicines Cor
poration). In EXPLORER, patients were treated at different avapritinib 
starting doses ranging from 30 to 400 mg daily while in PATHFINDER, 
all patients received an avapritinib starting dose of 200 mg daily. The 
primary analysis included patients who initiated avapritinib at any dose. 
In the pooled sample, median follow-up time for OS was 17.1 months.

Subgroup analyses were conducted using pooled patient-level data 
from the Phase I EXPLORER trial with data cutoff date of January 19, 
2023, and the Phase II PATHFINDER trial with data cut-off date of 
September 15, 2023. The subgroup analyses were limited to EXPLORER 
and PATHFINDER trial patients who received an avapritinib starting 
dose of 200 mg daily, which is the recommended starting dosage for 
patients with AdvSM. In the pooled sample for the subgroup analyses, 
median follow-up time for OS was 36.2 months.

2.1.2. Real-world data
To generate real-world data on midostaurin and cladribine for 

AdvSM, a global, observational, retrospective chart review study was 
conducted at the following six Centers of Excellence for the treatment of 
AdvSM: Dana-Farber Cancer Institute (US), Guy’s and St Thomas’ NHS 
Foundation Trust (United Kingdom), Virgen del Valle Hospital of Toledo 
(Spain), Medical University of Vienna (Austria), University Hospital 
Mannheim (Germany), and the Stanford Cancer Institute (US). De- 
identified, longitudinal, individual-level data of eligible patients with 
AdvSM who received any systemic treatment were collected via medical 
chart abstraction into a standardized, structured, electronic case report 
form from March 26 to October 4, 2021 [27]. Institutional Review Board 
or Ethics committee approvals were issued at each site.

2.2. Sample selection

Patients receiving treatment with any systemic therapy for AdvSM 
were identified based on inclusion and exclusion criteria similar to those 
of EXPLORER and PATHFINDER [16,17,27]. The real-world study 
population included adults (aged ≥18 years) with an AdvSM diagnosis 
and documented subtype in their chart (ASM, SM-AHN, or MCL), and 
who had received ≥1 line(s) of systemic therapy (not necessarily as first 
line [1 L]) for AdvSM at a participating site on or after January 1, 2009. 
If a patient received multiple lines of therapy at a participating site, data 
on all available lines of therapy were collected and analyzed. Patients 
who received treatment with midostaurin or cladribine at any dose were 
included in this analysis. The index date was defined as the initiation of 
each line of midostaurin or cladribine therapy at a participating site.

Patients were excluded if they had a history of another primary 
malignancy that was diagnosed or required therapy within 3 years 
before the index date, except for completely resected basal cell and 
squamous cell skin cancer, curatively treated localized prostate cancer, 
and completely resected carcinoma in situ at any site.

2.3. Study endpoints

The primary endpoint was OS, defined for all cohorts as the time 
between the index date and death due to any cause. Patients who were 
alive at the end of data collection were censored at the date of last 
contact (midostaurin and cladribine cohorts) or at the last known date 
alive (avapritinib cohort). Additionally, patients in the midostaurin and 
cladribine cohorts were censored at avapritinib initiation, if applicable.

Secondary endpoints included duration of treatment (DOT), defined 
as the time between the index date and treatment discontinuation for 
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any reason, and maximum reduction in serum tryptase levels within a 
line of therapy (hereafter referred to as ‘reduction in serum tryptase’). 
For the DOT analyses, lines of therapy with unknown discontinuation 
date and unknown last known prescription date were excluded. Other 
response endpoints, such as complete and partial response and safety 
endpoints were not included due to the lack of uniform assessment 
criteria or uniform definitions in non-protocol clinical practice.

Time to next treatment line (TtNTL) was defined as time from index 
date to initiation of next line of therapy and was described for the cla
dribine cohort. While DOT can be considered a proxy measure for time 
to disease progression, TtNTL may be a more informative proxy measure 
in the context of treatment with cladribine. This is because cladribine is 
typically administered with a fixed number of treatment cycles (though 
patients may discontinue treatment if their disease is in remission or 
progresses). TtNTL was not captured in the EXPLORER and PATH
FINDER trials.

2.4. Baseline covariates

Key adjustment covariates used in this analysis were selected a priori 
and informed by clinical input and prognostic scores (Mutation- 
Adjusted Risk Score and the International Prognostic Scoring System in 
Mastocytosis) [26,29–32]. These covariates included: age; sex; region 
(North America or Europe); European Cooperative Oncology Group 
(ECOG) score; AdvSM subtype; presence of skin involvement; number 
and types of prior lines received (tyrosine kinase inhibitor [TKI], cyto
reductive therapy, or biologic/other systemic therapy); presence of 
anemia (hemoglobin <10 g/dL), thrombocytopenia (platelet count 
<100 ×109/L), or leukocyte count ≥16 × 109/L; serum tryptase level 
≥125 ng/mL; and presence and number of mutations within the 
SRSF2/ASXL1/RUNX1 gene panel [29,33].

2.5. Statistical analyses

2.5.1. Cohort characteristics and covariates
Descriptive statistics were used to summarize key covariates in all 

cohorts. Comparisons between cohorts were conducted using the Wil
coxon rank-sum test for continuous variables and chi-squared test for 
categorical variables (for categorical variables with expected counts <5, 
the Fisher’s exact test was used).

2.5.2. Outcome analyses
For OS and DOT, the median time-to-event was estimated for each 

cohort individually using the Kaplan-Meier method. Corresponding 95% 
CIs and log-rank test p values were reported across all lines of therapy, 
along with survival and on-treatment rates at specific time points.

Comparative analyses of endpoints employed a two-step process to 
obtain an adjusted effect estimate that was doubly robust against con
founding [27,34]. First, stabilized, and truncated (at the 1st and 99th 
percentiles), inverse-probability-of-treatment-weights (IPTW) were 
created using logistic regression models conditional on the pre-specified 
key covariates [35].

Next, IPTW-weighted multivariable Cox proportional hazards 
models were used to compare survival/DOT and IPTW-weighted 
multivariable generalized estimating equation linear models were 
used to compare reduction in serum tryptase between the avapritinib 
and midostaurin or cladribine cohorts, with robust variance estimation 
and further adjustment for key covariates that remained unbalanced (i. 
e., standardized difference >10 %) after weighting. A two-sided p < 0.05 
was considered statistically significant without multiplicity adjustment.

2.5.3. Subgroup analyses
The subgroup analyses were conducted using pooled data from the 

EXPLORER and PATHFINDER 2023 data cuts, limited to patients who 
received an avapritinib starting dose of 200 mg daily. The primary 
endpoint of OS and the secondary endpoint of DOT were compared in 

the following subgroups: patients who received 1 L avapritinib in EX
PLORER and PATHFINDER vs. 1 L midostaurin patients and patients 
who received at least one prior line of systemic therapy (2 L+ patients) 
prior to initiating avapritinib in EXPLORER and PATHFINDER vs. 2 L+
cladribine patients. Subgroup analyses among 1 L avapritinib patients 
vs. 1 L cladribine patients were not performed due to inadequate sample 
size of patients receiving 1 L cladribine. In addition, subgroup analyses 
among 2 L+ avapritinib patients vs. 2 L+ midostaurin patients were not 
conducted due to the lack of direct comparability between the two co
horts (over half of the 2 L+ avapritinib patients had previously been 
treated with midostaurin).

2.6. Software

All data cleaning and analyses were conducted using SAS® Enter
prise Guide® (version 7.1) and R (version 3.6.3).

3. Results

3.1. Study sample

The avapritinib cohort was composed of 176 patients (contributing 
data on 176 therapeutic lines) included in the EXPLORER (n = 69) and 
PATHFINDER (n = 107) trials (Table 1). The midostaurin and cladribine 
cohorts were composed of 94 patients (99 therapeutic lines) and 44 
patients (49 therapeutic lines), respectively. A patient could contribute 
data on more than one therapeutic line. For example, a patient could 
contribute data on two lines of therapy with midostaurin if they had 
received treatment with another agent between them, with no overlap in 
dates of initiation and discontinuation.

3.1.1. Baseline characteristics and IPTW weighting
The mean (standard deviation [SD]) ages of the avapritinib (66.3 

[10.7] years), midostaurin (67.1 [11.6] years), and cladribine (64.6 
[10.1] years) cohorts were similar, as were the proportions of female 
patients (41.5 %, 32.3 %, and 40.8 %, respectively) (Table 1). The KIT 
D816V mutation was present in 91.8 %, 89.3 %, and 90.7 % of the 
avapritinib, midostaurin, and cladribine cohorts, respectively. The mean 
(SD) ECOG scores were 1.2 (0.8), 1.1 (0.8) and 0.9 (0.5) for the avap
ritinib, midostaurin, and cladribine cohorts, respectively. Prior to IPTW- 
weighting, and compared with patients in the midostaurin cohort, pa
tients in the avapritinib cohort were more likely to be from North 
America, less likely to have thrombocytopenia, and more likely to have 
zero mutated genes in the SRSF2/ASXL1/RUNX1 panel. Prior to IPTW- 
weighting, and compared with patients in the cladribine cohort, pa
tients in the avapritinib cohort were more likely to be from North 
America, more likely to have SM-AHN, and less likely to have throm
bocytopenia. After weighting by truncated, stabilized IPTW weights, the 
standardized differences between avapritinib and the comparators 
decreased to ≤10 % for most covariates, indicating the cohorts were 
comparable with regard to key covariates (Tables A.1 and A.2).

3.1.2. Prior lines of therapy
A total of 41.4 % of the midostaurin cohort and 59.2 % of the cla

dribine cohort had prior lines of systemic therapy, compared with 
62.5 % of the avapritinib cohort (Table A.3). The most common prior 
treatments in the midostaurin cohort were cladribine (23.2 %), 
interferon-alfa (7.1 %), and hydroxyurea (7.1 %); for the cladribine 
cohort, they were midostaurin (40.8 %), interferon-alfa (16.3 %), and 
hydroxyurea (12.2 %). For the avapritinib cohort, the most common 
prior treatments were midostaurin (46.0 %), cladribine (12.5 %), and 
interferon-alfa (8.0 %).
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3.2. Primary analysis

3.2.1. Overall survival
In the unweighted sample, there were 34 (19.3 %) deaths among 176 

avapritinib patients, 56 (59.6 %) among 94 midostaurin patients, and 29 
(65.9 %) among 44 cladribine patients, with a mean follow-up of 17.9, 
27.9, and 24.2 months, respectively (Table 2). Across all lines of ther
apy, median OS was not reached (NR, 95% CI: 46.9, not estimable [NE]) 
for the avapritinib cohort, 28.6 (18.2, 44.6) months for the midostaurin 
cohort, and 23.4 (14.8, 40.6) months for the cladribine cohort (both log- 
rank p < 0.001; Fig. 1). After IPTW-weighting, the median OS in the 
avapritinib cohort was 49.0 months (95% CI: 46.9, NE), while it was 
42.0 months (95% CI: 26.8, NE) in the midostaurin cohort and 23.4 

months (95% CI: 14.0, 42.8) in the cladribine cohort (Tables A.4 and 
A.5). In the adjusted analysis after IPTW-weighting, with further 
adjustment for variables with standardized difference >10 % after 
weighting, avapritinib was associated with significantly improved OS 
compared with midostaurin (HR [95% CI]: 0.59 [0.36, 0.97]; p = 0.037) 
and cladribine (HR [95% CI]: 0.32 [0.15, 0.67]; p = 0.003) (Table 2).

3.2.2. Duration of treatment
The DOT analyses included 176 patients in the avapritinib cohort, 94 

in the midostaurin cohort, and 42 in the cladribine cohort (Table 3). 
Across all lines of therapy, discontinuation occurred in 38.1 % and 
84.8 % of therapeutic lines in the avapritinib and midostaurin cohorts, 
respectively. In the unweighted sample, the median DOT was 30.6 (95% 

Table 1 
Summary of baseline characteristics.

Baseline characteristics, unweighted 
samplea

Avapritinib 
cohort

Midostaurin 
cohort

p value (avapritinib vs. 
midostaurin)

Cladribine 
cohort

p value (avapritinib vs. 
cladribine)

Number of unique patients N = 176 N = 94 ​ N = 44 ​
Number of lines of therapy N = 176 N = 99 ​ N = 49 ​
Demographic characteristics ​ ​ ​ ​ ​
Age (years) ​ ​ 0.359 ​ 0.250
Mean (SD) 66.3 (10.7) 67.1 (11.6) – 64.6 (10.1) –
Median (min, max) 68.0 (31.0, 88.0) 69.1 (25.8, 87.3) – 66.1 (45.1, 87.5) –

Sex, n (%) ​ ​ ​ ​ ​
Female 73 (41.5 %) 32 (32.3 %) 0.171 20 (40.8 %) 1.000
Male 103 (58.5 %) 67 (67.7 %) 0.171 29 (59.2 %) 1.000

Region, n (%) ​ ​ ​ ​ ​
North America 102 (58.0 %) 19 (19.2 %) < 0.001* 3 (6.1 %) < 0.001*
Europe 74 (42.0 %) 80 (80.8 %) < 0.001* 46 (93.9 %) < 0.001*

Medical history ​ ​ ​ ​ ​
Performance status ​ ​ ​ ​ ​
ECOG ​ ​ 0.878 ​ 0.124
n (%) 176 (100.0 %) 99 (100.0 %) – 49 (100.0 %) –
Mean (SD) 1.2 (0.8) 1.1 (0.8) – 0.9 (0.5) –
Median (min, max) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) – 1.0 (0.0, 2.0) –
ECOG category, n (%) ​ ​ ​ ​ ​
0 36 (20.5 %) 19 (19.2 %) 0.925 9 (18.4 %) 0.904
1 92 (52.3 %) 54 (54.5 %) 0.813 35 (71.4 %) 0.026*
≥2 48 (27.3 %) 26 (26.3 %) 0.968 5 (10.2 %) 0.022*

Anemia,b n (%) 104 (59.1 %) 57 (57.6 %) 0.907 32 (65.3 %) 0.534
Thrombocytopenia,c n (%) 67 (38.1 %) 56 (56.5 %) 0.005* 28 (57.1 %) 0.026*
Disease characteristics ​ ​ ​ ​ ​
AdvSM subtype diagnosis, n (%) ​ ​ ​ ​ ​
SM-AHN 119 (67.6 %) 65 (65.7 %) 0.843 25 (51.0 %) 0.049*
ASM 29 (16.5 %) 21 (21.2 %) 0.416 17 (34.7 %) 0.009*
MCL 28 (15.9 %) 13 (13.1 %) 0.657 7 (14.3 %) 0.957

Any skin involvement, n (%) 58 (33.0 %) 30 (30.3 %) 0.751 16 (32.7 %) 1.000
Leukocyte count ≥16 × 109/L, n (%) 33 (18.8 %) 23 (23.2 %) 0.465 13 (26.5 %) 0.320
Serum tryptase (ng/mL) ​ ​ 0.463 ​ 0.151
n (%) 176 (100.0 %) 93 (93.9 %) ​ 42 (85.7 %) ​
Mean (SD) 308.9 (277.2) 299.6 (296.6) – 410.4 (351.0) –
Median (min, max) 216.4 (12.4, 

1600.0)
211.0 (15.7, 
1690.0)

– 302.0 (63.9, 
1298.0)

–

≥125 ng/mL, n (%) 132 (75.0 %) 68 (68.7 %) 0.323 32 (65.3 %) 0.243
KIT mutation ​ ​ ​ ​ ​
Patients tested, n (%) 170 (96.6 %) 93 (98.9 %) 0.428 43 (97.7 %) 1.000
KIT D816V positive, n (%) 156 (91.8 %) 83 (89.3 %) 0.650 39 (90.7 %) 0.765

SRSF2/ASXL1/RUNX1 gene panel, n (%) ​ ​ ​ ​ ​
Patients tested for ≥ 1 mutation 176 (100.0 %) 78 (83.0 %) < 0.001* 40 (90.9 %) 0.001*
Number of mutated genes in panel ​ ​ ​ ​ ​
0 92 (52.3 %) 27 (34.6 %) 0.014* 15 (37.5 %) 0.131
1 54 (30.7 %) 34 (43.6 %) 0.064 15 (37.5 %) 0.518
≥2 30 (17.1 %) 17 (21.8 %) 0.469 10 (25.0 %) 0.345

Abbreviations: ASM, aggressive systemic mastocytosis; ECOG, Eastern Cooperative Oncology Group; max, maximum; MCL, mast cell leukemia; min, minimum; SD, 
standard deviation; SM-AHN, systemic mastocytosis with an associated hematologic neoplasm.
Notes:

* denotes p < 0.05.
a The baseline period was defined as 8 weeks leading up to the index date for the avapritinib cohort and the 12 weeks leading up to the index date for the midostaurin 

and cladribine cohorts. Descriptive statistics are reported at the line of therapy level for all variables except KIT and SRSF2/ASXL1/RUNX1 mutations, which are 
reported at the patient level, because each patient in the midostaurin or cladribine cohorts could contribute more than one line of therapy to the analysis.

b For both the avapritinib cohort and the midostaurin and cladribine cohorts, anemia included reported anemia and hemoglobin less than 10 g/dL.
c For both the avapritinib cohort and the midostaurin and cladribine cohorts, thrombocytopenia included reported thrombocytopenia and platelet count less than 

100 × 109/L.
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CI: 21.4, NE) months in the avapritinib cohort, and 9.0 (6.8, 14.0) 
months in the midostaurin cohort. In the adjusted analysis, DOT was 
significantly longer in the avapritinib cohort than the midostaurin 
cohort (IPTW-weighted median [95% CI]: 23.8 [21.4, 40.9] vs. 13.3 

[8.1, 22.4] months; HR [95% CI]: 0.63 [0.41, 0.96]; p = 0.032).
In the unweighted cladribine cohort, the median TtNTL was 8.5 

(95% CI: 7.2, 17.7) months, and median DOT was 4.7 (95% CI: 3.8, 5.8) 
months. TtNTL was not available for the avapritinib cohort, as patient 

Table 2 
Summary of overall survival.

Overall survival Avapritinib 
cohort

Midostaurin 
cohort

Cladribine 
cohort

Number of unique patients N ¼ 176 N ¼ 94 N ¼ 44
Number of lines of therapy N ¼ 176 N ¼ 99 N ¼ 49
Deaths from unique patients, 

n (%)
34 (19.3 %) 56 (59.6 %) 29 (65.9 %)

Unique patients censored due 
to avapritinib initiation, n 
(%)

– 12 (12.8 %) 6 (13.6 %)

Unique patients censored due 
to new primary 
malignancy after index 
date, n (%)

– 5 (5.3 %) 2 (4.5 %)

Mean follow-up (months) 17.9 27.9 24.2
Median OS, unweighted 

sample (months) (95% CI)
NR 
(46.9, NE)

28.6 
(18.2, 44.6)

23.4 
(14.8, 40.6)

Avapritinib vs. midostaurin: 
HR, IPTW-weighted 
sample (95% CI); p valuea

0.59 (0.36, 0.97); 0.037*

Avapritinib vs. cladribine: 
HR, IPTW-weighted 
sample (95% CI); p valueb

0.32 (0.15, 0.67); 0.003*

Abbreviations: AdvSM, advanced systemic mastocytosis; CI, confidence interval; 
HR, hazard ratio; IPTW, inverse probability treatment weighting; NE, not esti
mable; NR, not reached; OS, overall survival.
Notes:

* denotes p < 0.05.
a The IPTW-weighted Cox proportional hazards model further adjusted for 

covariates with a standardized difference >10 % after weighting, including sex, 
region, AdvSM subtype, number of prior lines of therapy, and prior use of 
tyrosine kinase inhibitors.

b The IPTW-weighted Cox proportional hazards model further adjusted for 
covariates with a standardized difference >10 % after weighting, including age, 
region, anemia (hemoglobin less than 10 g/dL), and number of mutated genes 
within the SRSF2/ASXL1/RUNX1 gene panel.

Fig. 1. Unweighted overall survival for avapritinib versus midostaurin or cladribinea,b,c. Abbreviations: AdvSM, advanced systemic mastocytosis; OS, overall 
survival. Notes: a Patients from the midostaurin and cladribine cohorts could contribute multiple lines of therapy. A total of 99 lines of therapy were contributed by 
94 patients in the midostaurin cohort, and 49 lines of therapy were contributed by 44 patients in the cladribine cohort. b The Kaplan-Meier curve was truncated at the 
maximum follow-up of the avapritinib cohort. c Lines of therapy with unknown discontinuation date and unknown last known prescription date were excluded from 
the analysis.

Table 3 
Summary of duration of treatment.

Duration of treatment Avapritinib 
cohort

Midostaurin 
cohort

Cladribine 
cohort

Number of unique 
patients

N ¼ 176 N ¼ 94 N ¼ 42

Number of lines of 
therapy

N ¼ 176 N ¼ 99 N ¼ 45

Number of discontinued 
lines of therapy, n (%)

67 (38.1 %) 84 (84.8 %) 42 (93.3 %)

Number of censored lines 
of therapy, n (%)

109 (61.9 %) 15 (15.2 %) 3 (6.7 %)

Median DOT (months) 
(95% CI)

30.6 (21.4, NE) 9.0 (6.8, 14.0) 4.7 (3.8, 5.8)

Avapritinib vs. 
midostaurin: 
HR, IPTW-weighted 
sample (95% CI); p 
valuea

0.63 (0.41, 0.96); 0.032* ​

Avapritinib vs. cladribine: 
HR, IPTW-weighted 
sample (95% CI); p 
valueb

0.14 (0.09, 0.23); < 0.001* ​

Abbreviations: AdvSM, advanced systemic mastocytosis; CI, confidence interval; 
DOT, duration of treatment; HR, hazard ratio; IPTW, inverse probability of 
treatment weighting; NE, not estimable.
Notes:

* denotes p < 0.05.
a The IPTW-weighted Cox proportional hazards model further adjusted for 

covariates with a standardized difference >10 % after weighting, including sex, 
region, AdvSM subtype, number of prior lines of therapy, and prior use of 
tyrosine kinase inhibitors.

b The IPTW-weighted Cox proportional hazards model further adjusted for 
covariates with a standardized difference >10 % after weighting, including age, 
region, anemia (hemoglobin <10 g/dL), and number of mutated genes within 
the SRSF2/ASXL1/RUNX1 panel.
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follow-up in the EXPLORER and PATHFINDER trials ended prior to 
initiation of the next treatment line. However, an adjusted comparison 
of DOT between the avapritinib and cladribine cohorts indicates that 
DOT was significantly longer in the avapritinib cohort (IPTW-weighted 
median DOT [95% CI]: 26.4 [22.9, NE] vs. 5.0 [4.0, 5.4] months; HR 
[95% CI]: 0.14 [0.09, 0.23]; p < 0.001).

3.2.3. Reduction in serum tryptase levels
The analysis of reduction in serum tryptase level included 175 pa

tients in the avapritinib cohort, 79 in the midostaurin cohort, and 28 in 
the cladribine cohort (Fig. 2A, Tables A.6 and A.7). After weighting, 
across all lines of therapy, the maximum percentage reduction in serum 
tryptase levels was greater in the avapritinib cohort relative to both 
comparators, with a mean difference of − 72.8 % (95 % CI: − 101.1 %, 
− 44.6 %) vs. midostaurin and − 25.0 % (− 32.4 %, − 17.7 %) vs. cla
dribine (both p < 0.001).

3.3. Subgroup analyses

The subgroup analyses were conducted using pooled data from the 
EXPLORER and PATHFINDER 2023 data cuts, with median follow-up of 
36.2 months, limited to patients who received an avapritinib starting 
dose of 200 mg daily.

3.3.1. Overall survival in subgroups
In previously untreated patients, before weighting, the median OS 

was significantly improved among patients who received 1 L avapritinib 
(n = 46 patients/therapeutic lines) vs. 1 L midostaurin (n = 58 pa
tients/therapeutic lines) (NR [95% CI: NE, NE] vs. 28.6 [18.2, 49.8] 
months, respectively; HR [95% CI]: 0.24 [0.11, 0.53]; p < 0.001) 
(Table 4, Figure A.1). After weighting, the median OS associated with 
1 L avapritinib remained significantly improved relative to 1 L mid
ostaurin (NR [95% CI: NE, NE] vs. 32.2 [22.1, 44.3] months; HR [95% 
CI]: 0.14 [0.05, 0.42]; p < 0.001).

Among patients with prior treatment, before weighting, the median 
OS was significantly improved among patients who received 
2 L+ avapritinib (n = 79 patients/therapeutic lines) vs. 2 L+ cladribine 
(n = 27 patients, 29 therapeutic lines) (52.4 [95% CI: 50.2, NE] vs. 21.7 
[14.0, 42.4] months, respectively; HR [95% CI]: 0.35 [0.20, 0.63]; 

p < 0.001) (Table 4, Figure A.2). After weighting, the median OS asso
ciated with 2 L+ avapritinib remained significantly improved compared 
with 2 L+ cladribine (52.4 [95% CI: 50.2, NE] vs. 21.7 [14.0, 42.8] 
months; HR [95% CI]: 0.34 [0.16, 0.71]; p = 0.004).

3.3.2. Duration of treatment in subgroups
In previously untreated patients, before weighting, the median DOT 

was significantly longer among patients who received 1 L avapritinib 
(n = 46 patients/therapeutic lines) vs. 1 L midostaurin (n = 58 pa
tients/therapeutic lines) (37.6 [95% CI: 24.9, NE] vs. 11.6 [7.5, 22.1] 
months, respectively; HR [95% CI]: 0.45 [0.28, 0.72]; p < 0.001). After 
weighting, the DOT associated with 1 L avapritinib remained signifi
cantly longer than 1 L midostaurin (37.6 [23.8, 51.4] vs. 13.3 [7.5, 
42.2] months; HR [95% CI]: 0.42 [0.24, 0.74]; p = 0.003) 
(Supplemental Table A.8).

Among previously treated patients, before weighting, the median 
DOT was significantly longer among patients who received 
2 L+ avapritinib (n = 79 patients/therapeutic lines) vs. 2 L+ cladribine 
(n = 24 patients, 25 therapeutic lines) (25.1 [95% CI: 18.3, 34.8] vs. 4.7 
[2.7, 8.1] months, respectively; HR [95% CI]: 0.21 [0.12, 0.33]; 
p < 0.001). After weighting, 2 L+ avapritinib was associated with 
significantly longer DOT compared with 2 L+ cladribine (24.0 [18.0, 
34.4] vs. 4.7 [2.1, 5.4] months; HR [95% CI]: 0.20 [0.11, 0.37]; 
p < 0.001) (Supplemental Table A.8).

4. Discussion

We previously compared efficacy outcomes of patients with AdvSM 
who received avapritinib in the EXPLORER and PATHFINDER trials to 
those of patients treated with best available therapies in a real-world 
setting (N = 141, contributing data on 222 lines of therapy) [27]. The 
present study compared OS, DOT, and maximum reduction in serum 
tryptase levels between patients with AdvSM treated with avapritinib in 
the EXPLORER and PATHFINDER trials and a subset of patients from the 
real-world cohort who were treated with midostaurin (N = 99 lines of 
therapy) or cladribine (N = 49 lines of therapy). Additionally, this study 
included comparisons of OS and DOT between patients treated with 1 L 
and 2 L+ avapritinib 200 mg daily starting dose, using updated data 
from the Phase II EXPLORER and PATHFINDER trials (median follow-up 

Fig. 2. Comparison of maximum percentage reduction in serum tryptase levels for avapritinib versus midostaurin or cladribinea. * denotes p < 0.05. 
Abbreviations: CI, confidence interval; diff, difference; LOT, line of therapy. Note: a Lines of therapy without a tryptase measurement at baseline and lines of therapy 
with unknown discontinuation and last prescription date were excluded from the analyses.
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time of 36.2 months), to patients receiving 1 L midostaurin and 2 L+
cladribine in real-world clinical practice, respectively. Patients who 
received midostaurin in second line or later had often previously 
received cladribine or hydroxyurea, whereas a substantial portion of 
patients who received avapritinib in second line or later were previously 
treated with midostaurin, a superior front-line therapy for AdvSM 
compared with cladribine or hydroxyurea. Because such systematic 
differences affecting OS are difficult to fully address via statistical 
methods alone, comparisons of outcomes among patients treated with 
avapritinib vs. midostaurin in the 2 L+ setting were not conducted.

After adjusting for differences in key prognostic factors and con
founders between the two treatment cohorts, avapritinib was associated 
with significantly improved OS compared to midostaurin across all 
therapeutic lines. Midostaurin was administered as 1 L treatment in over 
half (58.6 %) of the therapeutic lines included in this analysis, and 
subgroup analyses comparing survival among patients treated with 1 L 
avapritinib in pooled EXPLORER and PATHFINDER data vs. 1 L mid
ostaurin suggested that patients receiving 1 L avapritinib (in the rec
ommended label dose of 200 mg) experienced significantly improved 
survival. These results provide valuable insights on the comparative 
effectiveness of these treatments in the absence of randomized 
controlled clinical trials.

The median OS observed in the midostaurin cohort for all thera
peutic lines and for the 1 L subgroup was 28.6 months, which is some
what shorter than the OS reported for midostaurin in existing literature. 
For example, a large open-label study of 116 AdvSM patients by Gotlib 
et al. [8] reported a median OS of 34 months for midostaurin-treated 
patients in the intention-to-treat population, while a median OS of 
28.7 months was reported in the primary efficacy population. The 
German retrospective registry analysis by Lübke et al. [26] reported that 
the OS for midostaurin-treated patients was 37.2 months among both 
1 L and 2 L patients and 42.0 months among 1 L patients. The different 

findings on observed OS may be attributed to differences in the sample 
sizes, patients’ disease characteristics, and baseline prognostic factors. 
The median DOT observed for the midostaurin cohort was 9.0 months, 
which is generally consistent with prior studies of midostaurin admin
istered in all lines (i.e., 7.9 months in Singh et al. [36] and 8.4 months in 
Rossignol et al. [37]). The median maximum percentage change in 
tryptase in the IPTW-weighted midostaurin cohort was − 36.9 %, which 
is also generally consistent with prior studies of midostaurin (i.e., − 58 % 
in Gotlib et al. [8] and − 47 % in DeAngelo et al. [38]).

Avapritinib was associated with significantly improved OS and DOT 
compared to cladribine across all therapeutic lines, as well as in the 2 L+
setting. The median OS observed in the cladribine cohort was 23.4 
months for all therapeutic lines, and 21.7 months in the 2 L+ setting. 
These findings are slightly longer than the median OS reported for pa
tients treated with cladribine in existing literature; for example, a recent 
registry study by Lübke et al. reported a median OS of 18.0 months 
among both 1 L and 2 L patients and 14.4 months among 2 L patients 
[39]. The difference in OS findings may likely be attributed to differ
ences in disease severity; 65.3 % of patients in the cladribine cohort (all 
lines) had SM-AHN or MCL subtypes of AdvSM, as compared to 88.6 % 
of cladribine patients in the registry study. The median DOT observed 
for the cladribine cohort (all lines) was 4.7 months, which is comparable 
to that reported in the same registry study (3.6 months among both 1 L 
and 2 L patients).

This study employed several strategies to maximize the compara
bility of the avapritinib and comparator cohorts. These included 
selecting patients in the midostaurin and cladribine cohorts based on 
similar eligibility criteria to those used in the EXPLORER and PATH
FINDER trials, using a standardized procedure for data collection across 
study sites, and harmonization of definitions for the outcomes and key 
baseline characteristics between treatment cohorts. As a result, the 
baseline risk profiles of the trial and real-world cohorts were quite 

Table 4 
Summary of overall survival in patient subgroups.

1 L avapritinib 200 mg (EXPLORER and PATHFINDER pooled population, 2023) vs. 1 L midostaurina,b

​ Unweighted sample IPTW-weighted sample
Avapritinib 
cohort

Midostaurin 
cohort

Estimate p value Avapritinib 
cohort

Midostaurin 
cohort

Estimate p value
(95% CI) (95% CI)

Number of lines of therapy (number of 
unique patients)

46 (46) 58 (58) ​ ​ 43 (43) 58 (58) ​ ​

Mean follow-up (months) 32.2 26.1 ​ ​ 32.2 26.1 ​ ​
Median OS (months) NR 28.6 – – NR 32.2 – –
(95% CI)c (NE, NE) (18.2, 49.8) (NE, NE) (22.1, 44.3)
HR (95% CI) – – 0.24 (0.11, 

0.53)
<0.001
*

– – 0.14 (0.05, 
0.42)

<0.001
*

2Lþ Lavapritinib 200 mg (EXPLORER and PATHFINDER pooled population, 2023) vs. 2Lþ cladribinea,d

​ Unweighted sample IPTW-weighted sample
Avapritinib 
cohort

Cladribine 
cohort

Estimate p value Avapritinib 
cohort

Cladribine 
cohort

Estimate p value
(95% CI) (95% CI)

Number of lines of therapy (number of 
unique patients)

79 (79) 29 (27) ​ ​ 79 (79) 24 (22) ​ ​

Mean follow-up (months) 28.5 25.1 ​ ​ 28.5 25.1 ​ ​
Median OS (months) 52.4 21.7 – – 52.4 21.7 – –
(95% CI)c (50.2, NE) (14.0, 42.4) (50.2, NE) (14.0, 42.8)
HR (95% CI) – – 0.35 (0.20, 

0.63)
<0.001
*

– – 0.34 (0.16, 
0.71)

0.004*

Abbreviations: 1 L, first line of therapy; 2 L+ , second or later line of therapy; AdvSM, advanced systemic mastocytosis; CI, confidence interval; ECOG, Eastern 
Cooperative Oncology Group; HR, hazard ratio; IPTW, inverse probability of treatment weighting; NE, not estimable; NR, not reached; OS, overall survival.
Notes:

* denotes p < 0.05.
a Data from EXPLORER (data cut-off date of January 19, 2023) and PATHFINDER (data cut-off date of September 15, 2023) were used.
b The IPTW-weighted Cox proportional hazards model further adjusted for covariates with a standardized difference >10 % after weighting, including sex, region, 

ECOG score, AdvSM subtype, leukocyte count of 16 × 109 per L or higher, and number of mutated genes within the SRSF2/ASXL1/RUNX1 gene panel.
c Median overall survival was estimated using the Kaplan-Meier method.
d The IPTW-weighted Cox proportional hazards model further adjusted for covariates with a standardized difference >10 % after weighting, including age, ECOG 

score, anemia (hemoglobin less than 10 g/dL), thrombocytopenia (platelet count less than 100 ×109/L), serum tryptase level of 125 ng/mL or higher, and number of 
mutated genes within the SRSF2/ASXL1/RUNX1 gene panel.
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comparable, as evidenced by the minimal differences between unad
justed and adjusted results for OS and DOT. Additionally, the reasonably 
large sample size permitted the use of rigorous statistical methods such 
as IPTW-weighting and doubly robust estimation, which were used to 
account for the potential differences in the comprehensive list of a priori 
specified key adjustment covariates between the avapritinib and mid
ostaurin or cladribine cohorts. IPTW is preferable to methods such as 
propensity score matching because it allows for the efficient use of data 
from all trial and external control patients, thereby enhancing power 
and the generalizability of findings.

There are also several limitations that should be considered when 
interpreting the results of this study. First, due to the retrospective na
ture of data collection for the midostaurin and cladribine cohorts, there 
may be incomplete reporting for characteristics such as performance 
status and KIT D816V variant allele fraction. Similarly, in the non- 
protocol clinical setting, serum tryptase levels may be measured less 
frequently or consistently than in a trial, which could lead to underes
timation of the maximum reduction of serum tryptase level for the 
midostaurin or cladribine cohorts. However, these limitations are 
partially mitigated as all participating sites are centers with expertise in 
the treatment of AdvSM that offered high-quality real-world data. This 
study did not include outcomes such as response rate or progression-free 
survival, as assessments of disease response per IWG-MRT-ECNM 
criteria were not available in the real-world cohort of patients 
receiving treatment with midostaurin or cladribine.

Second, to ensure adequate sample size, real-world patients were 
eligible for the midostaurin/cladribine cohorts if treatment began in 
2009 or later, whereas patients from the EXPLORER and PATHFINDER 
trials began recruitment in 2016. Thus, results may have been impacted 
by unmeasured confounders related to changes in clinical practice for 
treating and monitoring these patients. Sensitivity analysis of further 
adjustment of index year in the IPTW-weighted Cox models did not 
change the conclusion.

Third, AdvSM diagnosis information collected for the midostaurin 
and cladribine cohorts was based on local clinician-assessed evaluation 
using the 2016 revision to the WHO diagnostic criteria, and the correct 
diagnosis might not have been made prior to the substantial increases in 
disease awareness and knowledge occurring over the past decade. 
AdvSM diagnoses for the avapritinib cohort were based on the same 
criteria but were confirmed by the trials’ Response Assessment Com
mittees. Thus, misclassification of the clinician-assessed AdvSM diag
nosis of patients with indolent systemic mastocytosis (SM) and 
smoldering SM in the midostaurin and cladribine cohorts was possible. 
This may have resulted in an underestimation of the difference in OS 
since OS for patients with indolent SM and smoldering SM is typically 
better than for patients with AdvSM.

4.1. Conclusions

The results from this study suggest that patients with AdvSM treated 
with avapritinib experienced significantly improved survival and longer 
DOT, as well as greater reductions in serum tryptase levels compared to 
real-world patients treated with midostaurin or cladribine across all 
lines of therapy. Furthermore, the findings from subgroup analyses 
indicate significant treatment benefit in terms of improved OS and DOT 
for patients treated with first-line avapritinib compared to those treated 
with first-line midostaurin. Similarly, when comparing patients in the 
2 L+ setting, treatment with avapritinib resulted in a superior OS and 
DOT. These data offer important insights for healthcare providers that 
may help inform treatment decisions for patients with AdvSM.
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