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Abstract

Somatic mutations are recognized as an important prognostic factor in chronic myelomonocytic leukemia (CMML). How-
ever, limited data are available regarding their impact on outcomes after allogeneic hematopoietic cell transplantation
(HCT). In this registry analysis conducted in collaboration with the Center for International Blood and Marrow Transplan-
tation Registry database/sample repository, we identified 313 adult patients with CMML (median age: 64 years, range, 28-
77) who underwent allogeneic HCT during 2001-2017 and had an available biospecimen in the form of a peripheral blood
sample obtained prior to the start of conditioning. In multivariate analysis, a CMML-specific prognostic scoring system
(CPSS) score of intermediate-2 (HR=1.46, P=0.049) or high (HR=3.22, P=0.0004) correlated significantly with overall survival.
When the molecularly informed CPSS-Mol prognostic model was applied, a high CPSS-Mol score (HR=2 P=0.0079) cor-
related significantly with overall survival. The most common somatic mutations were in ASXLT (62%), TET2 (35%),
KRAS/NRAS (33% combined), and SRSF2 (31%). DNMT3A and TP53 mutations were associated with decreased overall sur-
vival (HR=1.70 [95% CI: 1.11-2.60], P=0.0147 and HR=2.72 [95% CI: 1.37-5.39], P=0.0042, respectively) while DNMT3A, JAK2,
and TP53 mutations were associated with decreased disease-free survival (HR=1.66 [95% CI: 1.11-2.49], P=0.0138, HR=1.79
[95% CI: 1.06-3.03], P=0.0293, and HR=2.94 [95% CI: 1.50-5.79], P=0.0018, respectively). The only mutation associated with
increased relapse was TP53 (HR=2.94, P=0.0201). Nonetheless, the impact of TP53 mutations specifically should be inter-
preted cautiously given their rarity in CMML. We calculated the goodness of fit measured by Harrell’s C-index for both the
CPSS and CPSS-Mol, which were very similar. In summary, via registry data we have determined the mutational landscape
in patients with CMML who underwent allogeneic HCT, and demonstrated an association between CPSS-Mol and transplant

outcomes although without major improvement in the risk prediction beyond that provided by the CPSS.

Introduction

Chronic myelomonocytic leukemia (CMML) is a clonal
myeloid neoplasm sharing clinical and pathological fea-
tures of both myeloproliferative neoplasms and myelo-
dysplastic syndromes and is classified by the World
Health Organization (WHO) in the category of myelodys-
plastic syndrome/myeloproliferative neoplasm.! While
rare with an annual incidence in the USA of 4.1 cases
per 100,000 person-years,? it is nonetheless the most
common of the adult-onset overlap myelodysplastic
sydnrome/myeloproliferative neoplasm syndromes and
occurs at a median age of 71-75 years.®? CMML has a het-
erogenous clinical course, with prognosis and risk of
transformation to acute myeloid leukemia being de-
pendent on a number of clinical and molecular fac-
tors.*® At present, the optimal treatment of CMML is not
well defined as systemic therapies such as hypomethyl-
ating agents exert a limited effect on the natural history
of the disease, and overall survival (OS) remains poor.5-
9

Allogeneic hematopoietic cell transplantation (HCT)
represents the only potentially curative treatment but
is associated with high risks of morbidity and mortality.
To date, transplant outcome data in CMML are limited
to a few retrospective series mainly due to the relative
rarity of the disease.°® The largest retrospective study
in the literature of 513 patients was conducted by the
European Group for Blood and Marrow Transplantation
(EBMT), which demonstrated a 4-year OS of 33%."° How-
ever, robust data regarding prognostic factors for al-

logeneic HCT outcomes in CMML remain lacking. A pre-
vious analysis by the Center for International Blood and
Marrow Transplant Research (CIBMTR) demonstrated
that OS correlated with the CMML-specific Prognostic
Scoring System (CPSS) score, although the CPSS was
not predictive for relapse, disease-free survival (DFS) or
non-relapse mortality, and its impact on OS was chiefly
due to its effect on post-relapse survival.® The impact
of the MD Anderson Prognostic Score (MDAPS) on out-
comes following allogeneic HCT has been evaluated in
two smaller studies, neither of which showed a signifi-
cant association with OS.” Therefore, improved risk
stratification for CMML patients considered for alloge-
neic HCT is still needed.

Among the multiple prognostic scores developed for
CMML, three incorporate information on recurrent so-
matic mutations. These are the Groupe Francophone
des Myélodysplasies (GFM) score, the Mayo Molecular
Model (MMM), and the clinical/molecular CPSS (CPSS-
Mol) score.’®2° While there are accumulating data re-
garding the impact of somatic mutations in a
non-transplant setting,?” limited data are available re-
garding the impact of somatic mutations or these mol-
ecularly informed prognostic models in CMML patients
undergoing allogeneic HCT. Therefore, in this registry
analysis conducted in collaboration with the CIBMTR
database/sample repository, we sought to determine
the landscape of somatic mutations in patients with
CMML who underwent allogeneic HCT and their post-
transplant outcomes, with an analysis of clinical and
molecular prognostic factors.
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Methods

Data source

The CIBMTR is a research collaboration between the
Medical College of Wisconsin and the National Marrow
Donor Program (NMDP)/Be the Match and consists of a
voluntary network of more than 330 transplantation
centers worldwide that contribute detailed data on al-
logeneic and autologous HCT to a centralized statistical
center. Observational studies conducted by the CIBMTR
are performed in compliance with all applicable federal
regulations pertaining to the protection of human re-
search participants. Protected health information issued
in the performance of such research is collected and
maintained in CIBMTR’s capacity as a Public Health Auth-
ority under the Health Insurance Portability and Account-
ability Act Privacy Rule. Additional details regarding the
data source are described elsewhere.?? Patients’ samples
were obtained from the NMDP biospecimen repository.

Eligibility for study participation

Adult patients (age 218 years) with CMML who underwent
allogeneic HCT during 2001-2017 and who had an available
specimen in the NMDP biospecimen repository were in-
cluded in this analysis. Patients who received umbilical
cord blood HCT, syngeneic HCT, or haploidentical HCT, or
patients who experienced disease transformation to sec-
ondary acute myeloid leukemia at any time prior to al-
logeneic HCT were excluded (n=56).

Study endpoints

The primary endpoint was OS, and secondary endpoints
were DFS, relapse/progression, and treatment-related
mortality (TRM). OS was defined as time to death from
any cause, and DFS was defined as the time to relapse or
death from any cause. TRM was defined as death from any
cause in the first 28 days after transplantation, regardless
of relapse status, or death beyond day 28 without disease
recurrence; relapse was considered a competing event.
Relapse/progression was reported by the transplantation
centers. CPSS, CPSS-Mol, GFM, and MMM scores were
calculated at the time of transplant per published refer-
ences.18,20,23,24

Statistical analysis

Descriptive statistics tables of patients including demo-
graphics, disease-related factors, and transplant-related
factors were prepared. The median and range were listed
for continuous variables. The total number of patients and
the percentage of each subgroup were calculated for cat-
egorical variables. Probabilities of DFS and OS were cal-
culated using the Kaplan-Meier estimator, with the
variance estimated by the Greenwood formula. Probabil-
ities of relapse and TRM were generated using cumulative

M. Mei et al.

incidence estimates to accommodate competing risk
events.

The primary objective of the study was to evaluate
whether the CPSS-Mol score is associated with OS in al-
logeneic HCT patients. This was determined through
multivariate Cox regression, with CPSS score adjusting for
other clinical covariates. The proportional hazard of as-
sumptions was tested in the Cox regression model. Step-
wise selection was applied to the adjusting variables. The
association of OS with other somatic mutations was
examined using the log-rank test, and the P values were
adjusted for multiple comparisons using the Holm proce-
dure.

The secondary objective was to examine whether the
CPSS-Mol is more predictive than the CPSS score for
transplant outcomes. We used the C-index to compare
the CPSS-Mol and CPSS scores in predicting survival out-
comes and competing risk outcomes (relapse and TRM)
using the SAS 9.4.2°

Mutation analysis
Details of the mutation analysis are provided in the Online
Supplementary Material.

Results

Study participants

We identified a total of 313 patients across 78 centers with
CMML who met the inclusion criteria and had an available
sample of peripheral blood collected immediately prior to
the beginning of the conditioning regimen. A summary of
their demographic information is given in Table 1 (full
demographic information is provided in Online Supple-
mentary Table ST). The median age was 64 years (range,
28-77) and 69% of the patients were male. Splenomegaly
was documented in 84 patients (27%), and 166 patients
(53%) had CMML-0 at the time of allogeneic HCT, as de-
fined by WHO criteria. The majority of patients had 5% or
fewer blasts both in the peripheral blood (82%) and bone
marrow (71%). A hypomethylating agent (either 5-azacyti-
dine or decitabine) was given to 61% of patients prior to
allogeneic HCT. Slightly more than half of the patients
(54%, n=170) received a reduced-intensity conditioning
regimen. Nearly half of the patients (45%, n=134) had a
Hematopoietic Cell Transplantation Comorbidity Index
(HCT-CI) of 3 or greater, and 41% of patients (n=128) had a
Karnofsky Performance Score under 90%. The majority of
patients received an allograft from a matched unrelated
donor (76%, n=238) with the source of stem cells being
peripheral blood (85%, n=267), and received tacrolimus-
based graft-versus-host disease prophylaxis (81%, n=253)
without in vivo T-cell depletion (60%, n=188). CPSS scores
calculated at the time of transplantation were available
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Table 1. Summary of baseline characteristics.

Patients’ characteristics
Number of patients

Number of centers

Median age in years, (range)

Age in years at HCT, N (%)
<50
50-59
60-69
=70

Sex, N (o/o)
Male
Female

HCT-ClI score, N (%)
0
1-2
=3
Not available / Before 2007

Disease-specific characteristics

CMML status: WHO criteria at transplant, N of patients (%)
CMML-0 (<2% blasts in PB and <5% blasts in BM)
CMML-1 (2—4% blasts in PB and/or 5-9% blasts in BM)
CMML-2 (5-19% blasts in PB, 10—19% blasts in BM)
Not reported

Therapy prior to HCT, N of patients (%)
Hypomethylating agent
Chemotherapy
Hypomethylating agent + chemotherapy
Not reported

CPSS prior to transplant, N of patients (%)
Low
Intermediate-1
Intermediate-2
High
Not reported
Transplant-related characteristics
Time from diagnosis to transplant, months

Donor type, N of patients (%)
Matched related
Matched unrelated
Mismatch unrelated
Not reported

Conditioning intensity, N of patients (%)
Myeloablating conditionig
Reduced intensity conditioning
Not reported

Year of transplant, N of patients (%)
2001-2011
2012-2014
2015-2017

Median follow-up of survivors, months (range)

Total
313
78
64 (28-77)

33 (11)
75 (24)
165 (53)
40 (13)

215 (69)
98 (31)

55 (18)
67 (21)
134 (43)
57 (18)

91 (29)
77 (25)
96 (31)
14 (4)
35 (11)

9 (<1-112)

20 (6)
238 (76)
52 (17)

3 (<1)

135 (43)
170 (54)
8 (3)

108 (35)
84 (27)
121 (39)

47 (3-192)

M. Mei et al.

HCT: allogeneic hematopoietic cell transplantation; Cl: comorbidity index; CMML: chronic myelomonocytic leukemia; WHO: World Health Or-
ganization PB; peripheral blood;; BM: bone marrow; CPSS: Chronic Myelomonocytic Leukemia-Specific Prognostic Scoring System.

for 89% (n=278) of the subjects, and the distribution of
scores was as follows: low in 32.7% (n=91), intermediate-
1in 27.7% (n=77), intermediate-2 in 34.5% (n=96), and high
in 5% (n=14). The median follow-up was 47 months (range,

Haematologica | 108 January 2023
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Genetic characteristics and spectrum of mutations
Of the 313 patients examined, 290 (93%) had at least one
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pathogenic mutation identified in one of the assayed
genes, and the median number of mutations was three
(range, 0-10). The most common somatic mutations were
in ASXL1 (61%), TET2 (35%), KRAS/NRAS (33% combined),
and SRSF2 (31%). A TP53 mutation was found in ten pa-
tients (3%) (Online Supplementary Figure S1, Online Sup-
plementary Table S3). As previously reported,*® a
significant association was found between TET2 and
splicing factor gene mutations: 54 patients had co-occur-
ring TET2 and SRSF2 mutations and 71 patients had co-
occurrence of mutations in TET2 and one or more of
SRSF2, ZSRF2, U2AF1, and SF3B1 (Online Supplementary
Figure S2). In the double mutant (TET2/splicing factor
gene) cases, the variant allele frequency of TET2 was
higher than that of the splicing factor gene in more cases
(n=39) than the converse (variant allele frequency of splic-
ing factor gene greater than that of TET2, n=23), which
suggests that TET2 mutations precede splicing factor mu-
tations in the majority of cases (Online Supplementary
Figure S2). CPSS-Mol, GFM, and MMM scores were derived
for 92% (n=287), 98% (n=306), and 95% (n=296) of sub-
jects, respectively. The distribution of patients according
to the CPSS-Mol, GFM, and MMM scores is shown in Table
2. Distribution across risk classes by the CPSS and GFM
is similar to what was reported in the original studies for
both scoring systems,'®2* whereas patients in our cohort
appeared to be significantly higher risk than those in the
original studies for the CPSS-Mol and MMM, both of which
were focused on non-transplant patients.’®?°

Clinical correlation between mutations and disease
phenotype
We also examined the correlation between the mutational

Table 2. Molecularly informed prognostic scores for chronic
myelomonocytic leukemia.

Characteristic N (%)
CPSS-Mol score prior to transplant
Low 39 (12)
Intermediate-1 52 (17)
Intermediate-2 118 (38)
High 78 (25)
Not reported 26 (8)
GFM score prior to transplant
Low (0-4) 133 (42)
Intermediate (5-7) 108 (35)
High (8-12) 65 (21)
Not reported 7(2)
MMM score prior to transplant
Low 1 (<1)
Intermediate-1 13 (4)
Intermediate-2 62 (20)
High 220 (70)
Not reported 17 (5)

CPSS-Mol: Clinical/Molecular Chronic Myelomonocytic Leukemia-
Specific Prognostic Scoring System; GFM, Groupe Francophone des
Myélodysplasies; MMM, Mayo Molecular Model.

M. Mei et al.

profile and disease phenotype. U2AFT mutations were cor-
related with myelodysplastic CMML (white blood cell
count 213x10°%/L) while myeloproliferative CMML (white
blood cell count <13x10°/L) was found to associated with
mutations in ASXL1, EZH2, KIT, and SRSF2. A significant
correlation was also found between mutational burden
and both age and myeloproliferative CMML. (Online Sup-
plementary Table S4A). Positive interactions with the WHO
subtype (CMML-0, -1, -2) were found with mutations in
ASXL1, BCOR, BRAF, CEBPA, CSF3R, FLT3, GATA2, IDH1/2,
NRAS, STAG2, and TET2 although relative frequencies were
low for most of these except ASXL7, NRAS, and TET2 (On-
line Supplementary Table S4B).

Univariate analysis

On univariate analysis, both the CPSS and CPSS-Mol
scores correlated significantly with 4-year OS, DFS, and
TRM. Notably, neither scoring system was predictive for
disease progression/relapse. Data for the univariate analy-
sis stratified by CPSS and CPSS-Mol scores are given in
Table 3. Kaplan-Meier curves for OS and DFS, and cumu-
lative incidence curves for relapse and TRM, are displayed
according to the CPSS score in Figure 1A-D, and according
to the CPSS-Mol score in Figure 2A-D. According to the
CPSS, the 4-year OS was 41.1% (95% CI: 29.5-53.3) for low-
risk, 36.5% (95% CIl: 25.1-48.6) for intermediate-1-risk,
26.6% (95% Cl: 17.1-37.2) for intermediate-2-risk, and 10.7%
(95% CI: 01-34.7) for high-risk patients (P=0.029) (Figure
1A, Table 3). By CPSS-Mol score, the 4-year OS was 47.5%
(95% Cl: 311-64.1) for low-riks, 39.7% (95% Cl: 25-55.4) for
intermediate-1-risk, 37.6% (95% CIl: 28.1-47.6) for inter-
mediate-2-risk, and 16% (95% CI:7.4-27) for high-risk pa-
tients (P=0.001) (Figure 1B, Table 4). Outcomes for the
entire cohort are provided in Online Supplementary Table
S5.

Multivariate analysis

On multivariate analysis, a CPSS score of intermediate-2
or high correlated significantly with OS (CPSS score inter-
mediate-2: HR=1.46 [95% CI: 1.001-2.134], P=0.0494, CPSS
score high: HR=3.22 [95% CI: 1.685-6.154], P=0.0004]) as
did a higher HCT-CI (HCT-CI 1-2: HR=1.71 [95% CI: 1.02-
2.86], P=0.0406, HCT-CI 3+, HR=2.05 [95% CI: 1.29-3.25],
P=0.0024). A matched unrelated donor versus mismatched
unrelated donor (HR=0.53 [95% CI: 0.67-0.76], P=0.0005)
also significantly correlated with OS. A CPSS score of high
correlated significantly with both DFS (HR=2.24 [95% ClI:
1.20-4.19], P=0.012) and relapse/progression (HR=2.73 [95%
Cl: 1.25-5.99], P=0.012), and a CPSS score of intermediate-
2 (HR=1.93 [95% CI: 1.11-3.37], P=0.021) and number of mu-
tations (HR=1.17 [95% CI: 1.06-1.31], P=0.0031) were both
correlated with TRM.

A high CPSS-Mol score correlated significantly with OS
(HR=2 [95% ClI: 1.12-3.34], P=0.0079) and DFS (HR=1.73
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Table 3. Univariable estimates for CPSS score at time of hematopoietic stem cell transplantation.

M. Mei et al.

Low Intermediate-1 Intermediate-2 High
(N = 91) (N=77) (N = 96) (N = 14)
Outcomes N Prob%(95%CI) N Prob% (95%ClI) N Prob% (95%CI) N Prob % (95% Cl) P value
Overall survival 91 77 96 14 0.005
100-day 87.9 (80.5-93.8) 87 (78.6-93.5) 84.4 (76.5-90.9) 71.4 (46-91.2) 0.566
4-year 41.1 (29.5-53.3) 36.5 (25.1-48.6) 26.6 (17.1-37.2) 10.7 (0.1-34.7) 0.029
Relapse 88 77 95 13 0.508
100-day 8 (3.2-14.5) 6.5 (2.1-13.1) 15.8 (9.2-23.9) 30.8 (8.8-58.9) 0.082
4-year 44.5 (33.6-55.8) 43.4 (32-55.2) 40.7 (30.7-51.2) 61.5(31.1-87.7) 0.642
Treatment-related 88 77 95 13 0146
mortality 0837
100-day 9.1 (4-16) 13 (6.4-21.4) 11.6 (5.9-18.8) 15.4 (1.4-40.3) 0'050
4-year 19.4 (11.5-28.7) 29.7 (19.6-40.8) 38.9 (28.5-49.9) 30.8 (8.6-59.3) '
Disease-free survival 88 77 95 13 0.035
100-day 83 (74.4-90) 80.5 (71-88.5) 72.6 (63.2-81.1) 53.8 (27.5-79.1) 0.099
4-year 36.1 (25.7-47.2) 26.9 (17-38.1) 20.4 (12-30.3) 7.7 (0-27.6) 0.015

CPSS: Chronic Myelomonocytic Leukemia-Specific Prognostic Scoring System, 95% Cl: 95% confidence interval.

[95% CI: 1.07-2.80], P=0.024) as did an HCT-CI score of
three or more (HR=1.99 [95%CI: 1.26-3.14], P=0.003) and
matched unrelated donor versus mismatched unrelated
donor (HR=0.535 [95% CI: 0.37-0.77], P=0.0007). Finally, in-
termediate-1-risk and intermediate-2-risk CPSS-Mol
scores were associated with lower TRM compared to a
high-risk CPSS-Mol score (HR=0.32 for both, P=0.0078).
Results for the multivariate analyses incorporating the
CPSS and CPSS-Mol scores are described in Online Sup-
plementary Table S7.

Goodness of fit

We calculated the goodness-of-fit measure by Harrell’s
C-index?®¢ for both the CPSS and CPSS-Mol for all four out-
comes of interest. The C-index scores for the CPSS for
OS, DFS, relapse, and TRM were 0.56, 0.55, 0.52, and 0.56,
respectively. The C-index scores for the CPSS-Mol for OS,
DFS, relapse, and TRM were 0.57, 0.55, 0.55, and 0.58, re-
spectively.

Causes of mortality

Given the high rates of TRM seen in the cohort, the causes
of death were investigated further. Overall, 40% (n=68) of
patients died due to the primary disease, whereas 15%
(n=26) died of infection, 13% (n=23) from graft-versus-host
disease, 13% (n=22) from organ failure, and 9% (n= 6) from
other causes.

Prognostic value of individual somatic mutations

Full results of the multivariate analysis of the impact of
somatic mutations on the primary and secondary end-
points are shown in Online Supplementary Table S6A-D.
In multivariate analysis, DNMT3A and TP53 mutations cor-
related with decreased OS (HR=1.70 [95% CI: 1.11-2.60],

P=0.0147 and HR=2.72 [95% CI: 1.37-5.39], P=0.0042, re-
spectively) while DNMT3A, JAK2, and TP53 mutations were
associated with decreased DFS (HR=1.66 [95% CI: 1.11-
2.49], P=0.0138, HR=1.79 [95% CI: 1.06-3.03], P=0.0293, and
HR=2.94 [95% CI: 1.50-5.79], P=0.0018, respectively). The
only mutation associated with increased relapse was TP53
(HR=2.94 [95% CI: 118-7.28], P=0.0201). Finally, DNMT3A
mutations were associated with increased TRM (HR=1.89
[95% CI: 1.03-3.44], P=0.039) whereas PTPNT1 mutations
were associated with decreased TRM (HR=0.21 [95% CI:
0.05-0.86], P=0.03).

Discussion

Our data represent the largest study of CMML patients
who underwent allogeneic HCT and who had a compre-
hensive somatic mutation analysis. The mutation land-
scape observed in our study was largely consistent with
that of prior reports in CMML?%?" including the most com-
mon somatic mutations (ASXL1, TET2, KRAS/NRAS, and
SRSF2), with an association between TET2 and splicing
factor gene mutations, and an association with clinical
subtypes (U2AF7 mutations with myelodysplastic CMML,
and ASXL1, EZH2, KIT, and SRSF2 mutations with myelo-
proliferative CMML.?® As expected, our transplant cohort
had a greater proportion of patients with high-risk muta-
tions than cohorts in non-transplant studies as it was en-
riched for patients with ASXL7 mutations compared to
historical data.?® Although the results were disappointing,
especially in the CPSS and CPSS-Mol high-risk groups (4-
year OS of 10.7% and 16%, respectively), they are reflective
of real-world data derived from a very high-risk popu-
lation. Also, 66% of patients were at least 60 years of age,
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Figure 1. Univariate analysis of post-transplant outcomes by CPSS score. (A) Overall survival. (B) Disease-free survival. (C) Re-
lapse/progression. (D) Transplant-related mortality. CPSS: Chronic Myelomonocytic Leukemia-Specific Prognostic Scoring Sys-
tem.
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Figure 2. Univariate analysis of post-transplant outcomes by CPSS-Mol score. A) Overall survival. (B) Disease-free survival. (C)
Relapse/progression. (D) Transplant-related mortality. CPSS-Mol: Chronic Myelomonocytic Leukemia-Specific Prognostic Scoring
System Molecular.
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41% had a Karnofsky Performance Score <90%, 43% had
an HCT-CI of 3+, and only 6% received a graft from a
matched sibling; all of these factors likely contributed to
the overall high TRM in this study.

We found both the CPSS and CPSS-Mol scores to be sig-
nificantly associated with post-allogeneic HCT OS and
DFS. In contrast, the GFM and MMM scores correlated
poorly with transplant outcomes. One interesting obser-
vation was the variable segregation of disease risk by the
different models. The CPSS, CPSS-Mol, and MMM models
each stratify patients into four risk groups, whereas the
GFM has three risk groups. However, as stratified by the
MMM, the overwhelming majority of patients had inter-
mediate-2 or high-risk disease (90% combined) with only
one patient having low-risk disease and 4% (n=13) of pa-
tients having intermediate-1-risk disease; therefore, the
MMM functionally stratified patients into two groups.
Similarly, only 4% (n=13) of patients had high-risk disease
by the CPSS whereas at least 10% of patients fell into
each of the risk categories as defined by the CPSS-Mol
and GFM scores.

In this study, we had hypothesized that the CPSS-Mol
score, which incorporates the impact of four separate so-
matic mutations (ASXL7, NRAS, RUNX1, and SETBPT), would
provide better prognostication than the CPSS score, which
uses only clinical variables along with cytogenetic data.
However, we found that there was no improvement in the
prognostic model by having additional molecular data on
the CPSS, as the C-index scores for the two models were
not appreciably different and were under 0.7 for all out-
comes, indicative of relatively poor discriminatory value.
In a prior CIBMTR analysis, the CPSS had correlated with
OS but primarily exerted its effect through prolonged
post-relapse survival.'® As such, we hypothesized that the
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incorporation of molecular data in the form of the CPSS-
Mol, which has been validated in the non-transplant set-
ting, would refine risk stratification for disease relapse,
especially as patients with low and intermediate-1 CPSS-
Mol scores have a very low risk of acute leukemic evol-
ution.?° However, this did not translate into a significantly
diminished risk of post-transplant relapse: patients with
CPSS-Mol low- and intermediate-1-risk disease had a
relatively high 4-year incidence of relapse of 35.2% and
55.9%, respectively. We found that TRM correlated with
both CPSS and CPSS-Mol scores here, which had not been
seen in the earlier CIBMTR analysis on CMML;™® this is
similar to what has been seen in myelofibrosis with an in-
creased Dynamic International Prognostic Scoring System
(DIPPS) score being associated with increased TRM and
may be reflective of other unknown biological correlates.®
While the overwhelming majority of patients with CMML
have at least one recurrent somatic driver mutation,? the
spectrum of molecular mutations seen in CMML is more
restricted than that in other myeloid disorders such as
myelodysplastic syndrome or acute myeloid leukemia. It
has been observed that the heterogeneity of clinical be-
havior is in excess of that predicted by the impact of so-
matic mutations alone, and the impact of somatic
mutations in CMML may be less than in other diseases.®
The impact of acquired somatic mutations on post-trans-
plant outcomes in other myeloid malignancies has been
previously examined. For instance, a study of 401 patients
with myelodysplastic syndrome and secondary acute
myeloid leukemia evolving out of prior myelodysplastic
syndrome found that mutations in ASXL7, RUNX1, and TP53
were independently predictive of OS after allogeneic
HCT.*2 Another study of 234 patients with acute myeloid
leukemia who were stratified by the European Leukemia-

Table 4. Univariable estimates for CPSS-Mol score at time of hematopoietic stem cell transplantation.

Low Intermediate-1 Intermediate-2 High
(N = 39) (N =52) (N = 118) (N =78)
Outcomes N Prob% (95%Cl) N Prob% (95%Cl) N Outcomes N Prob % (95% Cl) P value
Overall survival 39 52 118 78 0.001
100-day 84.6 (71.8-94.1) 90.4 (81-96.8) 84.7 (77.7-90.6) 79.5 (69.9-87.7) 0.362
4-year 47.5 (31.1-64.1) 39.7 (25-55.4) 37.6 (28.1-47.6) 16 (7.4-27) 0.001
Relapse 38 50 118 76 0.373
100-day 5.3 (0.5-14.6) 12 (4.5-22.5) 11 (6-17.3) 14.5 (7.5-23.3) 0.283
4-year 35.2 (20.5-51.5) 55.9 (40.4-70.7) 42.7 (33.5-52.1) 40.5 (29.4-52.1) 0.012
Treatment-related 38 50 118 76
mortality
100-day 10.5 (2.8-22.3) 6 (1.1-14.3) 14.4 (8.7-21.3) 14.5 (7.5-23.3) 0.263
4-year 24.8 (12-40.3) 10.9 (3.5-21.9) 31.1 (22.6-40.2) 44 (32-56.5) <0.001
Disease-free survival 38 50 118 76 0.075
100-day 84.2 (71.1-93.9) 82 (70.3-91.3) 74.5 (66.3-82) 71.1 (60.4-80.6) 0.260
4-year 40 (24.8-56.3) 33.2 (19.7-48.3) 26.3 (18.2-35.3) 15.5 (7.4-25.8) 0.034

CPSS-Mol: Chronic Myelomonocytic Leukemia-Specific Prognostic Scoring System Molecular, 95% Cl: 95% confidence interval.
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Net (ELN) risk classification, a system which includes only
cytogenetic and molecular data, found that the ELN2017
risk class was highly correlated with post-allogeneic HCT
outcomes; a TP53 mutation was found to confer an inde-
pendent negative effect even in the ELN2017 adverse-risk
group.®® In contrast, the limited impact of molecular data
in our study mirrors the results seen in myelofibrosis, in
which none of the high molecular risk mutations (ASXL7,
SRSF2, U2AF1, EZH2, or IDH1/2) was correlated with alloge-
neic HCT outcomes.?

Other groups have also examined the impact of muta-
tional status on allogeneic HCT outcomes in patients with
CMML. In a single-center retrospective analysis from the
University of Washington, 129 patients with CMML who
underwent allogeneic HCT were analyzed, including 52
with comprehensive somatic mutation data. Mutations in
NRAS, ATRX, and WT1 were associated with increased re-
lapse, and the latter two were associated with inferior
survival, and an increasing number of mutations cor-
related with relapse as well.*®* Another study of 70 CMML
patients who underwent allogeneic HCT at the Mayo
Clinic, 24 of whom had experienced prior transformation
to acute myeloid leukemia, found no impact of mutational
status on post-transplant outcomes.3¢

Finally, a recent ten-center study by Gagelman et al.,
evaluating 240 CMML patients who underwent allogeneic
HCT, found that the CPSS-Mol, GFM, and MMM scores
were all significantly associated with OS, whereas neither
the CPSS nor the MDAPS correlated with 0S.* In this
study, a CMML transplant-specific score was developed
with incorporation of ASXL7 and/or NRAS mutation status,
bone marrow blasts, and HCT-CI, which outperformed the
existing prognostic models. We observed key differences
between the cohort reported by Gagelmann et al. and
ours. For instance, the distribution by WHO classification
was dissimilar as CMML-0, -1, and -2 patients accounted
for 53%, 20%, and 9% (19% not reported) of cases, re-
spectively, in our cohort, whereas the corresponding fig-
ures for the cohort studied by Gagelmann et al. were 10%,
50%, and 40%, respectively; this marked difference
possibly resulted in the bone marrow blast percentage
not being significantly associated with post-allogeneic
HCT survival in our cohort. There were also important dif-
ferences in the genetic profiling of the two cohorts, as
62% of our patients had ASXL7 mutations (all nonsense)
compared to 34.2% in the EBMT cohort.

Our data need to be interpreted with caution given the
limitations of this retrospective study. The clinical data
are from the time immediately prior to transplantation, so
they may have been affected by pre-allogeneic HCT ther-
apy, although hypomethylating agents do not appear to
significantly alter the mutational landscape in CMML.® The
somatic mutations were analyzed from peripheral blood
rather than bone marrow; however, there is excellent con-
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cordance between the two in chronic myeloid disorders.*®
Additionally, the impact of individual somatic mutations
might reflect other confounding variables; for instance,
there is no clear biological basis for an association be-
tween DNMT3A mutations and increased TRM. Nonethe-
less, results are largely in keeping with existing data,
suggesting that somatic mutations in CMML exert only a
limited effect on post-allogeneic HCT outcomes. Future
studies with characterization of structural variations, epi-
genetic profiling and transcriptomics including the con-
tribution of non-coding RNA as well as longitudinal
analysis of molecular data at the time of relapse may pro-
vide additional insight into ways to decrease relapse.

In summary, our registry data provided the mutational
landscape in CMML patients undergoing allogeneic HCT,
and demonstrated an association between CPSS-Mol
score and transplant outcomes although this was driven
by the CPSS without a significant contribution from the
additional molecular data. While this study cannot answer
the question as to whether a specific patient with CMML
should undergo allogeneic HCT, the fact that allogeneic
HCT outcomes are not greatly influenced by specific mol-
ecular mutations in CMML is relevant especially in centers
lacking ready access to next-generation sequencing. On
the other hand, given the favorable natural history of
CPSS-Mol low- and intermediate-1 disease with low risk
of evolution to acute myeloid leukemia, the decision to
perform allogeneic HCT in these patients should be made
very carefully. As allogeneic HCT outcomes are still poor
in CMML, other molecular and hematologic data are
needed to understand resistance mechanisms in this
challenging disease, as well as to prevent post-allogeneic
HCT relapse and decrease treatment toxicity.
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