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Summary

Outcomes in chronic myelomonocytic leukaemia (CMML) are highly vari-

able and may be affected by comorbidity. Therefore, prognostic models

and comorbidity indices are important tools to estimate survival and to

guide clinicians in individualising treatment. In this nationwide popula-

tion-based study, we assess comorbidities and for the first time validate

comorbidity indices in CMML. We also compare the prognostic power of:

the revised International Prognostic Scoring System (IPSS-R), CMML-

specific prognostic scoring system (CPSS), MD Anderson Prognostic Scor-

ing System (MDAPS) and Mayo score. In this cohort of 337 patients with

CMML, diagnosed between 2009 and 2015, the median overall survival was

21�3 months. Autoimmune conditions were present in 25% of the patients,

with polymyalgia rheumatica and Hashimoto’s thyroiditis being most com-

mon. Of the tested comorbidity indices: the Charlson Comorbidity Index

(CCI), Haematopoietic cell transplantation-specific Comorbidity Index

(HCT-CI) and Myelodysplastic Syndrome-Specific Comorbidity Index

(MDS-CI), CCI had the highest C-index (0�62) and was the only comor-

bidity index independently associated with survival in multivariable analy-

ses. When comparing the prognostic power of the scoring systems, the

CPSS had the highest C-index (0�69). In conclusion, using ‘real-world’ data

we found that the CCI and CPSS have the best prognostic power and that

autoimmune conditions are overrepresented in CMML.

Keywords: chronic myelomonocytic leukaemia (CMML), prognostic scores,

comorbidity index, population-based study, CMML-specific prognostic

scoring system (CPSS).

Chronic myelomonocytic leukaemia (CMML) is a rare clonal

haematopoietic stem cell disorder with a yearly incidence of

0�3–0�7 per 100 000 inhabitants.1–3 In 1976 CMML was

recognised as a subset of myelodysplastic syndrome (MDS)4

and later a dysplastic subtype (MD-CMML) and a prolifera-

tive subtype (MP-CMML) were described based on a white

blood cell count (WBC) of ≤13 9 109/l and >13 9 109/l,

respectively.5 In the World Health Organization (WHO) clas-

sification of 2008, CMML was included in the group of

myelodysplastic/myeloproliferative neoplasms (MDS/MPN).6

The update of 2016 includes three groups of blast percent-

ages instead of the former two.7

Survival ranges from months to decades, with a median of

around 13 months.1,2 The 5-year cumulative progression to
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acute myeloid leukaemia (AML) is reported to be 21–29%.8,9

Therapy-related CMML (t-CMML) is in accordance with

therapy-related MDS reported to have more high-risk cytoge-

netics and a shorter overall survival (OS).10–12

As outcome in CMML is highly variable, prognostic mod-

els are important tools to estimate survival and to guide clin-

icians in individualising treatment. The most accepted

scoring system for MDS, the Revised International Prognostic

Scoring System (IPSS-R) has been used for MD-CMML, but

is not considered valid for MP-CMML.13 Several CMML-

specific scoring systems have been developed including the

MD Anderson Prognostic Scoring System (MDAPS),8 the

CMML-Specific Prognostic Scoring System (CPSS)9,14 and

the Mayo score.15

Somatic mutations are found in approximately 90% of

patients with CMML, mutations TET2, ASXL1 and SRSF2

are the most common.16,17 Specific combinations of mutated

genes have been identified as typical for CMML, and selected

genes provide useful prognostic information.18,19 More recent

scores, that is, CPSS-Molecular and Mayo Molecular model

include mutational data.17,20,21

Most patients with CMML are elderly, with a median age

of around 77 years at diagnosis; thus comorbidities might

have an important impact on survival and treatment.1,2

Comorbidities measured by the Charlson Comorbidity Index

(CCI),22 Haematopoietic Cell Transplantation-Specific

Comorbidity Index (HCT-CI)23 and MDS-Specific Comor-

bidity Index (MDS-CI)24 have an independent impact on

survival in MDS, including cohorts with a small percentage

of patients with CMML.25,26 The HCT-CI has been validated

in patients with CMML undergoing allogeneic stem-cell

transplantation (HSCT).27 However, to our knowledge, there

has been no previous study examining the impact of comor-

bidity indices in a larger cohort of unselected patients with

CMML.28

In a nationwide population-based cohort of 337

patients, we performed a ‘real-world’ comparison of scor-

ing systems and comorbidity indices in CMML. As no

mutational data were available, the selected prognostic

scoring systems were: the IPSS-R, CPSS, MDAPS and

Mayo score. For assessing the impact of comorbidity we

used the CCI, HCT-CI and MDS-CI. We also present

detailed data on incidence of CMML, clinical characteris-

tics including cytogenetics, treatments, comorbidities, AML-

transformations and survival.

Patients and methods

CMML cases diagnosed between 2009 and 2015 and reported

to the Swedish MDS register were included. The Swedish

nationwide MDS register includes patients with MDS but

also MDS/MPN, where CMML is the largest group. The reg-

ister is described in detail elsewhere.10 For the time period of

this study the coverage of the MDS register against the Swed-

ish Cancer Register was 97%.

A detailed retrospective chart review was carried out col-

lecting information on laboratory parameters at diagnosis,

prior history of chemotherapy and irradiation, comorbidities,

transfusions, diagnostic procedures including cytogenetics

and bone marrow morphology, and treatments. Cytogenetic

analyses were performed at the regional clinical genetic labo-

ratories according to local standards and reviewed centrally

by one of the investigators.

The study encompassed patients with CMML and t-

CMML receiving all types of treatment, patients were cen-

sored at HSCT. Information was obtained from the Swedish

Population Register at 6 December 2018 in order to calculate

OS. In addition to the chart review, information on AML

transformation was collected from the Swedish AML Regis-

ter. Comorbidities were defined as in the original publica-

tions of the CCI, HCT-CI and MDS-CI.22–24 End of follow-

up was defined as the earliest of the date of death, date of

HSCT, emigration or 6 December 2018. This study was

approved by the Ethics Committee of Uppsala University.

Statistical analysis

To assess the distribution of baseline patient characteristics,

standard descriptive techniques were used, including chi-

squared test and Wilcoxon rank-sum test. OS was defined as

the time from diagnosis to end of follow-up and analysed

using the Kaplan–Meier approach. The risk of AML was cal-

culated using the cumulative incidence function to account

for competing risks (deaths). A Cox regression model was

constructed to explore the independent effect of the comor-

bidity indices on survival. Comorbidity index scores were

analysed as a continuous variable. Significant variables from

the univariate analyses were considered in the multivariate

analyses. The final Cox regression model was constructed

using backward elimination. To assess the Cox model, Akaike

information criterion (AIC) was calculated. A P < 0�05 was

considered statistically significant.

The prognostic power of the prognostic scoring systems

and comorbidity indices was evaluated with the Harrell’s

concordance (C) index.29 The C-index ranges between 0�5
and 1, where 1 stands for perfect discrimination and 0�5 for

no discrimination at all. When comparing C-indices the

approach described by Le Kang was used.30 All analyses were

performed using R version 3.5.1 (R Foundation for Statistical

Computing, Vienna, Austria) and the Statistical Package for

the Social Sciences (SPSS�) for Windows, version 24 (SPSS

Inc., IBM Corp., Armonk, NY, USA).

Results

Study population and incidence

A total of 359 patients with CMML, diagnosed between 2009

and 2015, were reported to the register. Of these, 22 patients

were excluded; 15 patients were considered having primary
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AML, five did not fulfill criteria for CMML and two were

diagnosed before 2009. The final cohort of 337 patients cor-

responds to a crude annual incidence of 0�51 per 100 000

inhabitants. The patients were diagnosed at 53 different hos-

pitals, 150 of them (45%) at university hospitals.

Patient characteristics at diagnosis

Baseline characteristics and their impact on survival are pre-

sented in Table I. MP-CMML was diagnosed in 67% of the

patients. A history of treatment with chemotherapy and/or

irradiation was reported in 20 patients, these patients with t-

CMML had a similar median age as those with de novo

CMML but slightly higher rates of high-risk cytogenetics

(data not shown). Karyotyping was performed at diagnosis

in 242 patients (72%), 75 of whom (31%) were abnormal.

Among those with an available karyotype, 14% were in the

high-risk group according to the Spanish cytogenetic score

and trisomy 8 was the most common abnormality (Table I).

The median age was older among patients lacking karyotyp-

ing (83 years).

Treatments

The most common treatment was hydroxyurea, which was

given to 153 patients (45%); of these, 37 (24%) had spleno-

megaly at diagnosis and 131 (86%) had WBC of >13 9 109/

l. Erythropoesis-stimulating agents were initiated in 68

patients (20%). Azacytidine (AZA) was given to 64 patients

(19%), with a median treatment duration of 6 months.

HSCT was performed in 22 patients (7%), the median time

between diagnosis and transplantation was 8�4 months. Prior

to transplantation, 12 patients (54%) received treatment with

AZA. The median OS was 87�6 months for transplanted

patients in comparison with 20�6 months for patients that

did not receive HSCT. However, patients receiving HSCT

were significantly younger, with a median (range) age of

57 (31–68) years, and had less comorbidity. At the end of

the study 13 transplanted patients (59%) were still alive after

a median (range) follow-up of 67 (42–119) months.

Overall survival and comparison of prognostic scoring
systems

The median follow-up for surviving patients was 59 months.

The 2-year OS was 46% and at end of study 272 (81%)

patients had died. There was no difference in OS between

patients diagnosed at university hospitals (median

23�0 months) and local hospitals (median 19�5 months). In

Table II we present the distribution and survival according

to risk group for the IPSS-R, CPSS, MDAPS and Mayo score.

The 96 patients for which we could not calculate the CPSS

had a median survival of 14�9 months, shorter than for the

whole cohort; the main reason for missing data was lack of

cytogenetics. These patients were significantly older and had

a median age of 83 years. Kaplan–Meier curves for OS are

presented in Fig 1.

The C-index of the CPSS, MDAPS and Mayo score was

0�69, 0�65 and 0�66, respectively (Table II), these differences

were non-significant. The IPSS-R had a C-index of 0�60, sig-
nificantly lower than the CPSS (P = 0�004). The IPSS-R was

also tested in the subgroup of patients with MD-CMML, but

the prognostic power did not increase. In subgroup analysis

of patients aged <70 years the C-indices were 0�78, 0�67, 0�66
and 0�65 for the CPSS, IPSS-R, MDAPS and Mayo score,

respectively. The differences between the CPSS and the other

scoring systems were statistically significant. For patients aged

≥70 years all scoring systems were borderline significantly

better than the IPSS-R.

Progression to AML and comparison of prognostic
scoring systems

During the follow-up, 62 patients (18 %) progressed to AML

after a median of 16 months. The median OS after transfor-

mation to AML was 83 days and at study end only three

patients were alive. The median age at transformation was

72 years, and 69% were male. Two patients with transforma-

tion underwent HSCT; these had a median OS of

8�5 months.

When comparing the ability to predict evolution to AML,

the C-index of the CPSS, IPSS-R MDAPS and Mayo score

was 0�68, 0�64, 0�66 and 0�62, respectively; these differences

were non-significant. Kaplan–Meier curves for cumulative

incidence of AML for different risk groups of the IPSS-R,

CPSS, MDAPS and Mayo score are depicted in Fig 2.

Comorbidity

Cardiac disorders were most frequent, found in 115 patients

(34%) (Table III). Polymyalgia rheumatica (PMR) and

Hashimoto’s thyreoiditis were the most common autoim-

mune conditions. A prior solid tumour was found in 60

patients (18%), the most frequent cancer types were: prostate

(n = 19), breast (n = 8) and colorectal (n = 8). In univariate

analysis arrhythmia, heart failure, moderate-to-severe renal

disease and Hashimoto’s thyroiditis were significantly associ-

ated with shorter survival.

We applied the CCI, HCT-CI and MDS-CI to all patients.

The distribution, median OS and hazard ratio for the whole

cohort and for a subgroup of lower-risk CMML (CPSS low

or intermediate-1) are shown in Table IV. The C-index for

the CCI, HCTCI and MDS-CI was 0�62, 0�61 and 0�59,
respectively; these differences were statistically non-signifi-

cant. In subgroup analysis of lower-risk CMML the C-index

of the CCI and HCT-CI improved. The difference in C-index

between the CCI and MDS-CI for lower-risk CMML was sig-

nificant (P = 0�03). Kaplan–Meier curves depicting OS for

the comorbidity indices for the whole cohort and for lower-

risk CMML are presented in Fig 3A,B.

Scoring Systems and Comorbidities in CMML
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Table I. Characteristics and median overall survival (OS) in months.

Characteristic N (%)

Median OS

(95% CI)*

All patients 337 (100) 21�3 (17�8–24�8)
Sex

Male 207 (61) 22�5 (18�4–26�6)
Female 130 (39) 20�4 (15�3–25�4)

Age at diagnosis, years

Median (range) 76 (28–97)

<70 94 (28) 35�4 (24�7–46�1)
70–80 110 (33) 20�4 (14�7–26�2)
≥80 133 (39) 15�3 (12�0–18�6)

Haemoglobin, g/l

Median (range) 108 (30–168)

<100 108 (32) 11�9 (9�4–14�4)
≥100 229(68) 27�2 (22�4–32�0)

WBC, 9109/l

Median (range) 19�2 (1�2–213�2)
≤13 123 (37) 35�7 (26�5–44�9)
>13 214 (63) 18�2 (14�5–21�8)

Platelet count, 9109/l

Median (range) 113 (8–928)

<100 143 (42) 20�3 (14�9–25�7)
≥100 194 (58) 22�5 (18�6–26�5)

Lymphocyte count, 9109/l

Median (range) 2�5 (0�1–24)
≤2�5 162 (48) 24�5 (18�5–30�5)
>2�5 162 (48) 20�3 (17�3–23�2)
Missing data 13 (4) –

Monocyte count, 9109/l

Median (range) 3�9(0�1–91�0)
<10 276 (82) 26�6 (21�0–32�2)
≥10 61 (18) 15�0 (9�2–20�7)

RBC transfusion dependency at diagnosis

No 231 (69) 28�7 (23�6–33�8)
Yes 106 (32) 11�4 (9�7–13�1)

Platelet transfusion dependency at diagnosis

No 305 (91) 23�4 (19�8–27�1)
Yes 32 (9) 11�1 (9�0–13�2)

Circulating blasts

No 249 (74) 26�1 (20�6–31�6)
Yes 81(24) 11�9 (9�9–13�8)
Missing data 7 (2) –

WHO subtype

CMML 0 185 (54�9) 23�0 (18�8–27�2)
CMML 1 83 (24�6) 21�0 (13�8–28�2)
CMML 2 68 (20�2) 18�7 (9�0–28�4)
Missing data 1(0�3) –

LDH, µkat/l

Median (range) 4�0(1�6–47�6)
<4 134 (40) 29�1 (21�1–37�1)
≥4 139 (41) 17�4 (11�2–23�5)
Missing data 64 (19) 18�8 (12�2–25�4)

Karyotyping performed

Yes 242 (72) 25�3 (19�9–30�6)
No 95 (28) 15�0 (8�9–21�0)

Karyotype

Table I. (Continued)

Characteristic N (%)

Median OS

(95% CI)*

Normal 167 (69) 29�7 (23�0–36�5)
Abnormal 75 (31) 15�0 (9�8–20�2)
-Y 11 (4) 68�5 (17�3–119�8)
Trisomy 8† 19 (8) 20�7 (10�0–31�4)
Chromosome 7

abnormalities†
9 (4) 11�4 (0�7–22�1)

All other single/

double abnormalities

29 (12) 15�3 (9�0–21�6)

Complex karyotype 7 (3) 9�0 (2�9–15�2)
Spanish cytogenetic score‡

Low 178 (74) 29�9 (22�8–37�0)
Intermediate 29 (12) 15�2 (9�0–21�6)
High 35 (14) 12�2 (8�9–15�6)

Type of CMML

Primary CMML 313 (93) 21�0 (17�4–24�6)
Therapy-related CMML 24 (7) 23�4 (14�9–32�0)

CI, confidence interval; WBC, white blood cell count; RBC, red

blood cell; LDH, lactate dehydrogenase.

*Not shown if fewer than 20 patients were included.
†Including cases with one more abnormality.
‡Low: Normal or isolated –Y. Intermediate: All other abnormalities.

High: Trisomy 8 or abnormalities of chromosome 7 or complex

karyotype.

Table II. Risk score classification, survival in months, hazard ratios

(HRs) and discriminative power of the scoring systems.

Overall survival

All patients N Median HR 95% CI C-index

IPPS-R

Very low risk 46 25�3 1�00 Ref. 0�60
Low risk 95 30�8 1�03 0�68–1�56
Intermediate risk 56 23�9 1�35 0�86–2�12
High risk 38 12�4 1�80 1�10–2�93
Very high risk 6 11�1 3�73 1�43–9�73

CPSS

Low 46 52�2 1�00 Ref. 0�69
Intermediate 1 94 26�3 1�76 1�12–2�75
Intermediate 2 86 18�7 3�11 1�99–4�87
High 15 10�4 4�62 2�32–9�22

MDAPS

Low 164 29�7 1�00 Ref. 0�65
Intermediate 1 91 21�3 1�42 1�06–1�91
Intermediate 2 55 12�4 2�51 1�79–3�53
High 18 10�4 3�43 2�01–5�85

Mayo

Low 98 31�5 1�00 Ref. 0�66
Intermediate 122 25�4 1�42 1�04–1�94
High 115 12�4 2�60 1�89–3�56

IPSS-R, International Prognostic Scoring System Revised; CPSS,

CMML-specific prognostic scoring system; MDAPS, MD Anderson

Prognostic Scoring System; HR, hazard ratio; CI, confidence interval.
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Uni- and multivariate analysis and risk of death

In univariate analysis, age, risk group according to the CPSS/

MDAPS/Mayo score, score on the CCI/HCTCI/MDS-CI, pla-

telet count of <50 9 109/l, lactate dehydrogenase of >4 µkat/
l and a monocyte count of >10 9 109/l were associated with

worse outcome. However, in multivariate analyses only age,

monocyte count, CPSS-group and CCI-score were signifi-

cantly associated with OS and thus included in the final Cox

model (Table V). We chose to include the CPSS in the

model as it had the highest C-index of the tested scoring sys-

tems. All three comorbidity indices were tested separately,

but only the CCI was significantly associated with survival in

the Cox model. When including the CCI in the Cox model

the AIC improved, indicating a better fitted model.

Discussion

As several prognostic scoring systems exist for CMML, we

compared the IPSS-R, CPSS, MDAPS and Mayo score. The

CPSS had a slightly better prognostic power than the

MDAPS and Mayo score. In our present setting, the IPSS-R

had the lowest C-index, significantly lower than the CPSS.

We conclude that the IPSS-R should not be used in CMML.

When we stratified for age <70 years, the C-index of the

CPSS increased and had a significantly better prognostic

power than all other scoring systems. We find this worth

highlighting; it is particularly important with accurate risk

scoring in this age group where HSCT may be considered.

The superiority of the CPSS is consistent with a smaller

study by Calvo et al.,31 where the CPSS had a slightly better

C-index than the MDAPS and Mayo score. An international

consortium based on eight tertiary centres validated prognos-

tic scoring systems.32 In their C-index analysis the CPSS and

IPSS-R had the highest values, the latter result conflicting

with ours. Compared to our present cohort, theirs had a

lower median age, longer OS and, fewer patients with MP-

CMML, which might be in favour of the IPSS-R. Several

newer prognostic scores including mutations have been

developed17,20,21 and also recommended by European CMML

guidelines.28,33 As our present study included cases diagnosed

between 2009 and 2015, we lack mutational data and could

thus not include these newer scores, a limitation of our

study.

During the study period, 18% of the patients trans-

formed to AML, a slightly lower proportion than previ-

ously reported.8,9 Patients developing AML within

2 months after diagnosis should not be reported to the

MDS Register, as there might be diagnostic difficulties to

distinguish evolving primary AML with myelodysplastic

changes from MDS. However, this might lead to an

underestimation of the transformation rate. There were no

significant differences between systems in predicting trans-

formation to AML. The survival of patients transforming

to AML was dismal, with virtually no long-term survivals,

highlighting the need for therapies reducing the risk of

transformation to AML.
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Fig 1. Overall survival categorised according to risk group in the prognostic scoring systems; IPSS-R, CPSS, MDAPS and Mayo score.
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As in previous studies, one-third of our patients had an

abnormal karyotype.8,14,34 Isolated loss of chromosome Y

was associated with a better survival, in line with the cytoge-

netic classification for MDS35 but not for CMML.14 In the

Spanish Cytogenetic Score, trisomy 8 belongs to the high-risk

group. However, our present study patients with trisomy 8

had a median survival more similar to the intermediate

group, supporting previous reports suggesting that trisomy 8

should be considered an intermediate-risk aberration.34,36

Patients with a complex karyotype have a dismal survival,

and it appears that they constitute a true high-risk cytoge-

netic group. Patients with lack of data on cytogenetics where

older and had a survival similar to the intermediate group in

the Spanish Cytogenetic Score. Death within 3 months

occurred in 15% of patients lacking cytogenetics, this could

in part be the reason for the lack of cytogenetics, but we

believe that the main reason is a limited diagnostic evalua-

tion mainly due to age. Collaborative efforts to create larger

databases should be able to further clarify the prognostic role

of different cytogenetic aberrations together with mutations

in CMML.

We did not find that patients with t-CMML had a worse

outcome than those with de novo CMML, which others have

reported.11,12 However, only 24 patients (7%) had t-CMML

in our present cohort.

The prevalence of autoimmune conditions was 25%, a

clear overrepresentation as the lifetime prevalence in the gen-

eral population is reported to be 3%.37 This association is

previously reported from smaller or more restricted cohorts

of CMML,38–40 as well as for AML and MDS.41 PMR was

found in 8% of the patients as compared to a lifetime risk of

2% in the general population.42 This high prevalence of

PMR is consistent with results from Elbæk et al.,38 but con-

trary to a low prevalence reported by Peker et al.39 As PMR

is a clinical diagnosis, an alternative explanation for the high

prevalence might be a more general para-malign phe-

nomenon or pain associated with CMML itself. Hashimoto’s

thyroiditis was found in 7% of the patients as compared to

around 1% in the general public, this overrepresentation is

consistent with Peker et al.,43 who found hypothyroidism in

8% of patients, although not classifying them as autoim-

mune. It is proposed that chronic inflammation may act as a

trigger and driver of clonal evolution, suggesting a patho-

genic role in MPNs and CMML. Moreover, chronic inflam-

mation from autoimmune disease might act as a link

between cardiovascular disease and CMML, several
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autoimmune conditions have increased arteriosclerosis and

cardiovascular morbidity.44 In fact, cardiac disease was a

common comorbidity in our present study and ischaemic

heart disease the most frequent condition. We find this inter-

esting in light of that TET2 mutations are common in

CMML, as well as in clonal haematopoiesis of indeterminate

potential, and highly associated with coronary heart dis-

ease.45,46 Whether there is a connection between the cardio-

vascular comorbidity and TET2 mutations in CMML

remains to be determined.

We found that the CCI had a slightly higher C-index than

the HCT-CI and MDS-CI. The C-index of the CCI and

HCT-CI was higher in patients with lower-risk CPSS. Thus,

comorbidity has an impact on survival in lower-risk disease,

whereas the poor prognosis of high-risk CMML makes the

additional effect of comorbidity less important. Similar

results have been shown for MDS.24,47 There have been com-

parisons of the CCI, HCT-CI and MDS-CI in cohorts of

patients with MDS, where the CCI and MDS-CI were supe-

rior to the HCT-CI.48 Another study reported that the CCI

had a slightly better prognostic power than MDS-CI.25

Although the differences are small, the fact that the CCI was

significant in multivariate analysis and had the highest C-in-

dex in the lower-risk disease group makes us conclude that

in our present cohort the CCI was the most powerful comor-

bidity index. One reason that the CCI was superior to the

MDS-CI could be that it includes more comorbidities, an

index that captures the high burden of comorbidity might

have a better prognostic power. However, the simplicity of

the MDS-CI can be an advantage in clinical practice, and the

sometimes outdated definitions of the comorbidities in the

CCI can be a potential problem.

The collection of data regarding comorbidities was done

by chart review and not through registries, and could result

in an underestimation of the comorbidity burden, although a

full medical history was available from most hospitals.

Table III. Distribution of the most common comorbidities and uni-

variate analysis of overall survival.

Comorbidity

Prevalence,

n (%) HR (95% CI)

Cardiac 115 (34) 1�34 (1�04–1�72)
Ischaemic heart disease 57 (17) 0�95 (0�69–1�31)
Arrhythmia 56 (17) 1�57 (1�15–2�15)
Heart failure 24 (7) 2�38 (1�50–3�64)
Valvular heart disease 15 (4) 1�10 (0�61–1�86)

Any autoimmune condition* 83 (25) 1�13 (0�86–1�49)
Polymyalgia rheumatica 28 (8) 1�19 (0�79–1�78
Hashimoto’s thyroiditis 23 (7) 1�60 (1�02–2�50)
Psoriasis/psoriatic arthritis 17 (5) 0�72 (0�39–1�32)
Rheumatoid arthritis 10 (3) 1�60 (0�85–3�01)
Inflammatory bowel disease† 5 (1�5) 0�94 (0�30–2�95)

Prior solid tumour 60 (18) 1�02 (0�74–1�41)
Diabetes 46 (14) 0�97 (0�68–1�38)
Pulmonary disease 35 (11) 1�28 (0�86–1�91)
Stroke/transient ischaemic attack 29 (9) 1�18 (0�79–1�77)
Moderate-to-severe renal disease 23 (7) 2�53 (1�61–3�96)
Peripheral vascular disease 17 (5) 1�48 (0�87–2�49)
Psychiatric illness/dementia 17 (5) 1�11 (0�64–1�95)
Hepatic disease 10 (3) 1�03 (0�49–2�19)

*Including: polymyalgia rheumatica, Hashimoto’s thyroiditis, psoria-

sis/psoriatic arthritis, rheumatoid arthritis, Crohn’s disease, Grave’s

disease, Mb Still, autoimmune haemolytic anaemia, autoimmune

hepatitis, iritis, immune thrombocytopenia, Bechterew’s disease,

ulcerative colitis, Bechet’s disease, dermatomyositis, Ig A nephritis,

aortitis, giant-cell arteritis, unspecified vasculitis and sarcoidosis.
†Four cases of Crohn’s disease and one of ulcerative colitis.

Table IV. Comorbidity index classification, overall survival in months, hazard ratios and discriminative power of comorbidity indices for all

patients and for CPSS low + Int-1.

Overall survival

All patients CPSS low + Int-1

N Median HR 95% CI C-index N Median HR 95% CI C-index

CCI

0 149 25�3 1�00 Ref. 0�62 68 50�6 1�00 Ref. 0�68
1–2 140 22�6 1�26 0�97–1�64 59 30�8 1�75 1�13–2�71
>2 48 9�4 2�16 1�50–3�10 13 18�8 2�98 1�51–5�87

HCTCI

0 118 26�3 1�00 Ref. 0�61 58 50�6 1�00 Ref. 0�64
1–2 103 23�9 1�23 0�90–1�67 43 34�3 1�53 0�93–2�53
>2 116 15�1 1�54 1�15–2�06 39 27�3 1�94 1�19–3�18

MDS-CI

0 198 22�1 1�00 Ref. 0�59 89 37�5 1�00 Ref. 0�59
1–2 112 23�0 1�19 0�92–1�54 43 36�9 1�27 0�82–1�97
>2 27 9�4 1�73 1�11–2�69 8 19�5 1�63 0�70–3�81

CCI, Charlson Comorbidity Index; HCTCI, Haematopoietic Cell Transplantation-Specific Comorbidity Index; MDS-CI, Myelodysplastic Syn-

drome-Specific Comorbidity Index; HR, hazard ratio; CI, confidence interval.
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As our cohort includes all Swedish patients with CMML

during a 7-year period, it offers a ‘real-world’ picture of

CMML. Previous reports have frequently been based on

cohorts from referral centres, which may lead to a selection

bias and a problem of generalisability. The Swedish MDS

Register has a high degree of completeness, compared to the

Swedish Cancer Register, to which reporting is mandated by

law. However, there might be underreporting; in cases where

a diagnosis of CMML is made despite an inconclusive mar-

row sample, it is up to the clinician to report to the Cancer

and MDS Registers. We found a higher proportion of MP-

CMML than others have reported and cannot rule out that

some patients with lower WBC counts have been misdiag-

nosed as MDS instead of CMML.49

The present study offers data from a large nationwide

cohort of patients with CMML. We found that comorbidity

is common and that there is an overrepresentation of

autoimmune conditions, which needs to be further studied

regarding causality, common risk factors and effect on prog-

nosis. Furthermore, we show that comorbidity adds prognos-

tic information in patients with lower-risk CMML, and that

the CCI may give more prognostic information than the

HCT-CI and MDS-CI. We conclude that, of the tested prog-

nostic scoring systems, the CPSS appears to have a slightly

better prognostic capacity than the MDAPS and Mayo score.

In our present cohort, the IPSS-R was not a valuable prog-

nostic tool. Data from population-based registries will be of

great value in the continuous efforts to improve prognostica-

tion and, ultimately, outcomes for patients with CMML.
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survival for patients with CPSS low and Intermediate-1 categorised according to risk group in the comorbidity indices; CCI, HCT-CI and MDS-
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Table V. Multivariate analysis of prognostic variables for risk of death.

Variable N (%) Median OS HR 95% CI

Sex

Male 207 (61) 22�5 1�00 Ref

Female 130 (39) 20�4 1�05 0�76–1�45
Age at diagnosis, years

<70 94 (28) 35�4 1�00 Ref

70–80 110 (33) 20�4 2�87 1�04–7�95
≥80 133 (39) 15�3 4�62 1�66–12�89

Monocyte count, 9109/l

<10 276 (82) 26�6 1�00 Ref

≥10 61 (18) 15�0 1�41 1�01–1�97
CPSS risk group

Low 46 (19) 52�2 1�00 Ref

Intermediate 1 94 (39) 26�3 1�50 0�94–2�40
Intermediate 2 86 (36) 18�7 2�14 1�32–3�48
High 15 (6) 10�4 4�56 2�17–9�56

CCI score 1�21 1�08–1�36

OS, overall survival; CPSS, CMML-specific prognostic scoring sys-

tem; CCI, Charlson Comorbidity Index; Ref, reference.
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