
u n i ve r s i t y  o f  co pe n h ag e n  

Monocytosis in primary care and risk of haematological malignancies

Christensen, Mathilde Egelund; Siersma, Volkert; Kriegbaum, Margit; Lind, Bent Struer;
Samuelsson, Jan; Østgård, Lene Sofie Granfeldt; Grønbæk, Kirsten; Andersen, Christen
Lykkegaard

Published in:
European Journal of Haematology

DOI:
10.1111/ejh.13911

Publication date:
2023

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY

Citation for published version (APA):
Christensen, M. E., Siersma, V., Kriegbaum, M., Lind, B. S., Samuelsson, J., Østgård, L. S. G., Grønbæk, K., &
Andersen, C. L. (2023). Monocytosis in primary care and risk of haematological malignancies. European Journal
of Haematology, 110(4), 362-370. https://doi.org/10.1111/ejh.13911

Download date: 23. maj. 2023

https://doi.org/10.1111/ejh.13911
https://curis.ku.dk/portal/da/persons/volkert-dirk-siersma(70f90acb-f0b0-4ffc-b7f2-a86ca85ac96d).html
https://curis.ku.dk/portal/da/persons/margit-kriegbaum(c789838e-6fa6-4924-829d-ebc0fd79964e).html
https://curis.ku.dk/portal/da/persons/kirsten-groenbaek(82ff4ce1-979f-44c9-b095-72c4a3dca507).html
https://curis.ku.dk/portal/da/persons/christen-bertel-l-andersen(2df222fc-0731-4cf1-a68b-650248385782).html
https://curis.ku.dk/portal/da/persons/christen-bertel-l-andersen(2df222fc-0731-4cf1-a68b-650248385782).html
https://curis.ku.dk/portal/da/publications/monocytosis-in-primary-care-and-risk-of-haematological-malignancies(6ff648fa-020c-441c-a614-809c8a3907fc).html
https://doi.org/10.1111/ejh.13911


OR I G I N A L A R T I C L E

Monocytosis in primary care and risk of haematological
malignancies

Mathilde Egelund Christensen1,2 | Volkert Siersma2 | Margit Kriegbaum2 |

Bent Struer Lind2,3 | Jan Samuelsson4 | Lene Sofie Granfeldt Østgård5,6 |

Kirsten Grønbæk1,7 | Christen Lykkegaard Andersen1,2

1Department of Haematology, Copenhagen

University Hospital, Rigshospitalet,

Copenhagen, Denmark

2Centre for General Practice, Department of

Public Health, University of Copenhagen,

Copenhagen, Denmark

3Department of Clinical Biochemistry,

Copenhagen University Hospital, Hvidovre,

Denmark

4Department of Haematology, University

Hospital Linköping, Linköping, Sweden

5Department of Haematology, Odense

University Hospital, Odense, Denmark

6Department of Clinical Epidemiology, Aarhus

University, Aarhus, Denmark

7Bio Research and Innovation Centre (BRIC),

University of Copenhagen, Copenhagen,

Denmark

Correspondence

Mathilde Egelund Christensen, Department of

Haematology, Copenhagen University

Hospital, Rigshospitalet, Juliane Maries Vej

6, Building 5, 7th floor, Copenhagen 2100,

Denmark.

Email: anna.mathilde.egelund.nielsen@

regionh.dk

Funding information

Miss Amalie Jørgensen Memorial Grant;

Hasselbalch and Lykkegaard Andersen

Research Fund; Department of Hematology,

University Hospital Copenhagen,

Rigshospitalet

Abstract

Monocytosis (≥0.5 � 109/L in peripheral blood) is the hallmark of chronic myelomonocy-

tic leukaemia (CMML) but may be present in a spectrum of diseases including other hae-

matological malignancies. In the primary care sector, monocytosis is a relatively common

finding, but its predictive value for haematological malignancy is unknown. We included

663 184 adult primary care patients from the greater Copenhagen area with one or

more differential cell counts registered between 2000 and 2016 and followed them in

the extensive nationwide Danish health data registers for 3 years after blood sampling.

We used logistic regression to model the risk of haematological malignancy and death

following monocytosis. Monocytosis was associated with an increased risk of all types of

haematological malignancy with the greatest relative risk increase observed in CMML

with an OR of 105.22 (95% confidence interval: 38.27–289.30). Sustained monocytosis

(at least two requisitions in 3 months) further increased CMML risk, although the diagno-

sis was still very rare, that is, observed in only 0.1% of these individuals. Outside the

haematological setting, the absolute risk of haematological malignancy associated with

monocytosis is low and haematological malignancy should mainly be suspected when

monocytosis is sustained or the clinical presentation raises suspicion of malignancy.

K E YWORD S

haematologic neoplasms, monocytes, primary health care, risk factors

Novelty statements

What is the NEW aspect of your work?

This is the first study to present real-world data from primary care regarding the associations

between monocytosis and subsequent haematological malignancy.

What is the CENTRAL finding of your work?

We observe significantly increased relative risks of several haematological malignancies follow-

ing the identification of monocytosis (>1.0 � 109/L), however, overall incidences are still low

emphasizing a low predictive value for rational referral to secondary care.
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What is (or could be) the SPECIFIC clinical relevance of your work?

The understanding of pre-diagnostic monocyte counts and their association to haematological

malignancies advances our precision of risk stratification in primary care.

1 | INTRODUCTION

Monocytosis is a relatively common finding in the primary care sector,

but its significance not always tangible. Defined in adults as a mono-

cyte count in peripheral blood above 0.8 � 109/L, monocytosis is the

hallmark of monocytic leukaemia—chronic myelomonocytic leukaemia

(CMML) diagnostic criteria relying on the presence of clonality and

monocytosis ≥0.5 � 109/L comprising ≥10% of total white blood cell

count (WBC)1–4—but monocytosis may also be observed in other

myeloid diseases such as myelodysplastic syndromes (MDS), myelo-

proliferative neoplasms (MPNs), and acute myeloid leukaemia (AML)5

as well as several benign conditions. A persistent, unexplained mono-

cyte count ≥1.0 � 109/L should in most cases prompt referral to a

haematologist according to guidelines from The World Health Organi-

zation (WHO) and similar national institutions.3,4 In the haematologi-

cal specialist clinic, the cause of the monocytosis is usually

investigated with blood samples, abdominal ultrasound and bone mar-

row biopsy for cytogenetic and morphological assessment. Mutational

profiling by next generation sequencing (NGS) can be performed on

both bone marrow aspirate and peripheral blood and 90% of CMML

cases present with certain molecular aberrations.3,6 If doubt still exists

regarding the diagnosis, some clinics have introduced flow cytometry

as a diagnostic tool for differentiating secondary monocytosis from

CMML as an increased fraction of classic monocytes has proven to be

a highly sensitive and specific marker for malignancy.7 However, for a

number of patients referred from primary care to a haematologist due

to monocytosis these investigations do not amount to a diagnosis and

the patients are eventually referred back to primary care. In order to

qualify the risk assessment made by physicians observing unexplained

monocytosis we aimed to describe the predictive value of monocyto-

sis in primary care. We identified a population of patients from pri-

mary care with monocytosis in one or more complete blood cell

counts (CBC) during a 15-year period from 2000 through 2015 using

data from the Copenhagen Primary Care Laboratory (CopLab) Data-

base. We evaluated the incidence of subsequent haematological

malignant disease outcomes in these patients during a 3-year follow-

up to provide risk estimates of such outcomes and overall mortality.

2 | METHODS

In the Copenhagen area (Copenhagen Municipality and the former

Copenhagen County), all laboratory workup from 1.3 million inhabi-

tants was performed at a single laboratory, serving both general prac-

titioners (GPs) (85% of laboratory work-up in CopLab) and practicing

specialists (15%) from 2000 through 2015, the Copenhagen General

Practitioners' Laboratory, CGPL. The laboratory analysed a broad

range of blood, urine and semen samples; performed clinical physio-

logical tests, cardiac tests, and lung function tests. The CopLab Data-

base contains all numerical results (n = 112 million) of these tests and

analyses as described in detail previously.8

In the present study, we included individuals who had at least one

CBC registered in the CopLab database between October 2000 and

the end of 2015 and who had residence in Denmark by January 1st of

the year the CBC was measured. We chose to discard CBCs from

before 1 July 2000 as internal validation had indicated that data

F IGURE 1 Flow chart of included requisitions. CBC, complete
blood cell count
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collected before this date could be incomplete, and CBCs from July to

October 2000 were needed to be able to define sustained monocyto-

sis as described below. We excluded CBCs belonging to individuals

under 18 years of age and CBCs with no monocyte count. We also

excluded CBCs from individuals who had immigrated to Denmark

within 6 years of the included CBC. This was done in order to ensure

that we could account for any diagnoses made in the years leading up

to the included CBC in order to control for prevalent haematological

malignancy and enable adequate assessment of comorbidity. If an

individual had more than one CBC registered in the database, a ran-

dom measurement was selected for the purpose of this study forming

our final study population. We chose to include one randomly

selected index CBC from the CopLab database for each individual in

order to reduce the risk of bias by not allowing individuals with multi-

ple tests to skew the associations8 (Figure 1).

2.1 | Assessment of monocyte count

Complete blood cell counts were analysed using Siemens (Bayer/

Technicon, Munich, Germany) haematology systems. Flagging

occurred with, for example, large unstained cells and flagged samples

were subsequently counted manually, the manual count replacing the

automatic count in the system.8 Monocytosis was defined as blood

monocyte count above the upper reference for adults, that is,

0.8 � 109/L. We divided monocyte count into normal range (mono-

cytes 0.2–0.8 � 109/L), sub-clinical monocytosis (monocytes 0.8–

1.0 � 109/L) and manifest monocytosis (monocytes ≥1.0 � 109/L). In

order to account for the influence of sustained monocytosis on hae-

matological disease risk, we defined previous monocytosis (yes/no) as

a monocyte count >0.8 � 109/L within 3 months of the included CBC

and adjusted for this variable in our primary analyses. Furthermore,

we repeated our analyses with monocyte count divided into three

groups: normal range (monocytes <1.0 � 109/L), single measurement

monocytosis (monocytes ≥1.0, no previous monocytosis within

3 months) and sustained monocytosis (monocytes ≥1.0 � 109/L and a

CBC with monocyte count ≥0.8 � 109/L within 3 months of the

index CBC).

2.2 | Outcomes

We obtained information on diagnoses from the secondary care sec-

tor as well as date of death of the included individuals from national

databases, which contain all routinely collected health care data on

every person living in Denmark. All Danes are issued a unique identifi-

cation number at birth (or upon taking residence in Denmark) enabling

cross-linkage of database entries with cohort or trial data. For the pur-

pose of this study, we extracted data from The Danish Civil Registra-

tion System containing information on date of death and emigration.9

The Danish Cancer Register contains data on patients diagnosed with

any type of malignant disease since 1943 where diagnoses are elec-

tronically transferred yearly from the clinic, that is, haematological

diagnoses are made by clinical hematopathologists and haematologists

in unison following updated international diagnostic guidelines in use

at the clinic at the time of diagnosis. Diagnostic work-up was deter-

mined by national guidelines based on international consensus at that

time. The haematological diagnoses in the register have been vali-

dated using medical file data as the gold standard confirming a high

level of completeness and correctness in the data transfer from the

clinic to the register.10 Reporting to these databases is linked to public

funding of hospitals in Denmark and therefore complete in practice.

Outcomes were a portfolio of certain groups of incident haematologi-

cal diagnoses (see Table S1) and all-cause mortality within a 3-year

follow-up from the included CBC.

2.3 | Confounders

Age at the time of index CBC, gender, cohabitation status and country

of origin was extracted from the Population Register, Statistics

Denmark. Age was grouped into five groups with 10-year intervals

from <30 to ≥70 years. Cohabitation status was defined as cohabitat-

ing (regardless of marital status) or living alone. Country of origin was

grouped as Denmark (including Greenland and the Faroe Islands),

Europe, North America, South & Central America, Africa, Asia,

Australia & Oceania. Stateless immigrants and immigrants with

unknown country of origin were labelled as “Unknown”. Descendants

of immigrants were allocated to their maternal parental country of ori-

gin. Socioeconomic status was assessed according to financial assets

including funds, stocks, bonds, debts and mortgages registered at tax

authorities accounting for inflation by adjusting all assets to 2015

level using the consumer price index. Financial assets were divided

into four groups, that is, low, lower-middle, higher-middle and high

(<�5000 €; �5000 to 5000 €; 5000 to 50 000 € and >50.000 €).
Information on finances was obtained from the Income Statistics

Register. The National Patient Register (NPR) contains information

on hospital admittance and outpatient clinical contacts including

surgical procedures and International Classifications of Disease

(ICD-10) diagnoses at discharge from the secondary sector. For the

assessment of comorbidity, we computed Charlson's comorbidity

index (CCI),11 a well-known epidemiologic indicator of comorbidity

comprised by diagnoses obtained from the NPR going back 6 years

before the included CBC. CCI was divided into four groups: 0, 1,

2 and >2. C-reactive protein measures (CRPs) were extracted from

the CopLab database, including only values that were measured on

the same occasion as the included CBC and grouped as normal

(≤10 mg/L) and elevated (>10 mg/L), respectively. Individuals who

had no CRP results at the same time as the included CBC were

labelled “No CRP”.

2.4 | Statistical methods

All outcomes and covariates were grouped by monocyte count (nor-

mal range, sub-clinical monocytosis, manifest monocytosis) presenting

364 CHRISTENSEN ET AL.
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TABLE 1 Characteristics of the 663.184 included individuals

Monocyte count

0.2–0.8 � 109/L 0.8–1.0 � 109/L ≥1.0 � 109/L
(n = 621 143) (n = 19 493) (n = 11 089)

Age (years), median (IQR) 49 (34;66) 57 (38;73) 59 (36;75)

Age, n (%)

<30 years 112 132 (18.1) 3051 (15.7) 2071 (18.7)

30–39 years 98 913 (15.9) 2220 (11.4) 1072 (9.7)

40–49 years 100 212 (16.1) 2479 (12.7) 1057 (9.5)

50–69 years 185 716 (29.9) 5865 (30.1) 3049 (27.5)

≥70 years 124 170 (20.0) 5878 (30.1) 3840 (34.6)

Gender, n (%)

Female 362 834 (58.4) 7977 (40.9) 4388 (39.6)

Male 258 309 (41.6) 11 516 (59.1) 6701 (60.4)

Cohabitation status, n (%)

Single 298 806 (48.1) 10 784 (55.3) 6482 (58.4)

Cohabiting 322 337 (51.9) 8709 (44.7) 4607 (41.6)

Country of origin, n (%)

Denmark 536 203 (86.3) 17 974 (92.2) 10 405 (93.8)

Europe & Australia 43 046 (6.9) 992 (5.1) 460 (4.2)

North America 1435 (0.2) 41 (0.2) 14 (0.1)

South- and Central America 1749 (0.3) 21 (0.1) 15 (0.1)

Asia & Oceania 29 470 (4.7) 353 (1.8) 148 (1.3)

Africa 9240 (1.5) 112 (0.6) 47 (0.4)

Financial assets (€), median (IQR) 3384 (�6285;64 256) 2137 (�4660;53 570) 1844 (�2452;46 370)

Financial assets, n (%)

<�5000 € 163 665 (26.4) 4811 (24.7) 2442 (22.0)

–5000 to 5000 € 164 925 (26.6) 6.209 (31.9) 4028 (36.3)

5000 to 50 000 € 120 131 (19.4) 3465 (17.8) 1924 (17.4)

>50 000 € 172 217 (27.7) 5001 (25.7) 2695 (24.3)

Charlson's comorbidity index, n (%)

0 496 610 (80.0) 13 347 (68.5) 7162 (64.6)

1 62 847 (10.1) 2652 (13.6) 1496 (13.5)

2 33 706 (5.4) 1682 (8.2) 1136 (10.2)

>2 27 980 (4.5) 1812 (9.3) 1295 (11.7)

Previous monocytosisa, n (%)

No previous monocyte count 602 211 (97.0) 18 443 (94.6) 10 420 (94.0)

No 17 446 (2.8) 615 (3.2) 298 (2.7)

Yes 1486 (0.2) 435 (2.2) 371 (3.3)

P-CRP, n (%)

No CRP measurementb 209 397 (33.7) 6538 (33.5) 3871 (34.9)

Normal (<10 mg/L) 332 934 (53.6) 5746 (29.5) 2126 (19.2)

Elevated (≥10 mg/L) 78 812 (12.7) 7209 (37.0) 5092 (45.9)

Note: Kruskall-Wallis test was used for comparing medians of numerical variables not normally distributed. Chi squared test was applied when comparing

distributions of categorical variables.

Abbreviations: CRP, C-reactive protein measures in plasma; IQR, interquartile range.
aB-monocytes >0.8 � 109/L within 3 months of the included complete blood cell count (CBC).
bP-CRP missing value/test failed or not measured at the time of the included CBC.
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TABLE 2 Odds ratio for haematological disease in 3-year follow-up with increasing monocyte count

Previous malignancy
(going back 6 years)

Incident malignancy

n (%) OR

95% C.I.

P-valuen (%) Lower Upper

Any haematological disease <.0001

Normal range (0.2–0.8 � 109/L), n = 621 143 1678 (0.27) 2551 (0.41) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis (0.8–1.0 � 109/L), n = 19 493 134 (0.69) 190 (0.98) 1.78 1.53 2.07 <.0001

Manifest monocytosis (>1.0 � 109/L), n = 11 089 230 (2.07) 361 (3.32) 5.97 5.29 6.73 <.0001

Hodgkin lymphoma .0045

Normal range 87 (0.01) 122 (0.02) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis �(0.0) 17 (0.09) 2.45 1.44 4.15 .0009

Manifest monocytosis �(0.0) 11 (0.10) 2.30 1.21 4.38 <.0001

Non-Hodgkin lymphoma <.0001

Normal range 583 (0.09) 856 (0.14) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis 34 (0.17) 59 (0.30) 1.52 1.16 1.99 .0024

Manifest monocytosis 23 (0.21) 71 (0.65) 3.05 2.37 3.94 <.0001

M-component related disease <0.0001

Normal range 329 (0.05) 580 (0.09) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis 19 (0.10) 29 (0.15) 1.19 0.82 1.74 .4

Manifest monocytosis 11 (0.10) 35 (0.64) 2.47 1.73 3.52 <.0001

Chronic lymphocytic leukaemia <.0001

Normal range 269 (0.04) 278 (0.04) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis 58 (0.30) 34 (0.18) 3.22 2.24 4.63 <0.0001

Manifest monocytosis 111 (1.00) 69 (0.69) 12.20 9.20 16.19 <.0001

Acute lymphocytic leukaemia <.0001

Normal range 12 (0.00) 18 (0.00) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis �(0.0) 0 (0.00) — — — —

Manifest monocytosis �(0.0) 6 (0.06) 8.97 3.36 23.91 <.0001

Myeloproliferative neoplasms <.0001

Normal range 299 (0.05) 451 (0.07) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis 22 (0.11) 40 (0.21) 2.61 1.87 3.63 <.0001

Manifest monocytosis 43 (0.39) 88 (0.81) 10.21 7.95 13.12 <.0001

Myelodysplatic syndromes <.0001

Normal range 96 (0.02) 202 (0.03) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis 0 (0.00) 10 (0.05) 1.07 0.56 2.02 .8

Manifest monocytosis 16 (0.14) 33 (0.30) 5.85 3.98 8.61 <.0001

Chronic myelomonocytic leukaemia <.0001

Normal range �(0.0) 6 (0.00) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis 0 (0.00) 0 (0.00) — — — —

Manifest monocytosis 7 (0.06) 15 (0.14) 105.22 38.27 289.30 <.0001

Acute myeloid leukaemia <.0001

Normal range 35 (0.01) 97 (0.02) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis �(0.0) 6 (0.03) 1.25 0.54 2.88 .6

Manifest monocytosis 17 (0.15) 43 (0.40) 14.44 9.82 21.23 <.0001

All-cause mortality <.0001

Normal range 54 809 (8.82) 1.00 Ref. Ref. Ref.

Sub-clinical monocytosis 4144 (21.26) 1.66 1.59 1.74 <.0001

Manifest monocytosis 3168 (28.57) 2.23 2.11 2.36 <.0001

Note: All associations were adjusted for age, gender, Charlson's comorbidity index, financial assets, cohabitation status, country of origin, previous monocytosis within
3 months from the index complete blood cell count (CBC), and C-reactive protein measures in plasma from the same requisition as the index CBC. Monocyte count
normal range (0.2–0.8� 109/L) was used as reference. Groups consisting of less than three individuals as well as well as any counts that may be used to calculate
(other) counts below three individuals were censored and denoted “–” as these are sanctioned by our data provider, Statistics Denmark, due to privacy regulations.
Abbreviations: CI, confidence interval; OR, odds ratio; Ref., reference.
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medians and interquartile ranges (IQRs) for continuous variables and

frequency and percentage distribution for categorical variables.

We modelled the associations between monocytosis and haema-

tological malignancies using multivariable logistic regression with

CBCs in the monocyte normal range (0.2–0.8 � 109/L) as the refer-

ence group. Individuals with prevalent haematological malignancy

(diagnosed within 6 years before the index CBC) were excluded from

these analyses. All haematological outcomes were modelled against

our two definitions of monocytosis: (1) for monocytosis categorized

by monocyte level and (2) for monocytosis categorized by duration of

monocytosis (sustained/single measurement). All models were

adjusted for age, gender, CCI, financial assets, cohabitation status and

country of origin to control for confounding; and the regressions

modelling monocytosis grouped by monocyte level were, furthermore,

adjusted for previous monocytosis as defined in the above.

3 | RESULTS

Of 663 184 individuals included, 30 582 (4.6%) exhibited monocytosis

in their randomly chosen sample. Monocytosis was more frequent

with increasing age and male sex, while socioeconomic factors were

equally distributed across the whole monocyte range. Characteristics

of the included individuals are given in Table 1. The overall incidence

of haematological malignancy in our entire cohort was 170/100 000

person-years and the most frequent diagnoses observed were M-

component related diseases and non-Hodgkin lymphoma. In the sub-

group with any level of monocytosis, however, non-Hodgkin lym-

phoma (B-cell lymphoma unspecified and diffuse large cell B-cell lym-

phoma) and MPN (PV, CML and chronic MPN unspecified) were the

most common diagnoses (Table 2). Of the individuals with any degree

of monocytosis, 551 (1.8%) were diagnosed with a malignant haema-

tological condition within 3 years from the CBC and for manifest

monocytosis the approximated relative risk of haematological malig-

nancy was equal to an OR of 5.97 (95% confidence interval: 5.29–

6.73) compared with normal range (Table 2). Monocytosis was, fur-

thermore, associated with increased mortality during the 3-year

follow-up, ORs of 1.66 (1.59–1.74) and 2.23 (2.11–2.36) for sub-

clinical and manifest monocytosis, respectively.

Concerning myeloid malignancies, only 21 cases of CMML were

registered in the entire CopLab population within a 3-year follow-up

for the included CBCs, resulting in an incidence of CMML of

0.11/100 000 person-years, regardless of monocyte count (Table 2).

Of these 21 patients, 15 exhibited manifest monocytosis in the index

CBC and an OR of 105.22 (38.27–289.30) for CMML compared with

normal range. However, CMML remained a rare disease as only 0.1%

of individuals with manifest monocytosis were diagnosed with CMML

within 3 years. When accounting for the duration of monocytosis the

risk of CMML increased noticeably, OR 144.36 (27.98–744.90), how-

ever, only a few patients fulfilled the criteria for sustained monocyto-

sis (Table 3).

The risk of MDS, MPN and AML within the 3-year follow-up

were also increased with ORs of 5.85 (3.98–8.61), 10.21 (7.95–13.12)

and 14.44 (9.82–21.23), respectively with manifest monocytosis

(Table 2). Subclinical monocytosis also appeared to increase the risk of

MPN with an OR of 2.61 (1.87–3.63), although MDS and AML risks

were not increased in this group. If monocytosis was sustained, all

risks increased (Table 3). We observed associations between both

sub-clinical and manifest monocytosis and several lymphoproliferative

neoplasms. During the 3-year follow-up, 381 patients developed CLL,

69 of these exhibiting manifest monocytosis in the index CBC result-

ing in a more than 12 times increased risk of CLL in this group, OR of

12.20 (9.20–16.19), compared with normal range. For the entire

103 patients with monocytosis (sub-clinical and manifest) and subse-

quent CLL, 95% also exhibited lymphocytosis in the included CBC.

With sustained monocytosis, CLL risk was around six times higher

than in isolated monocytosis, OR 29.49 (17.28–50.32). All CLL

patients with sustained monocytosis also had lymphocytosis in their

index CBC.

The risks of non-Hodgkin lymphoma, Hodgkin lymphoma and M-

component diseases were more than doubled with manifest monocy-

tosis and in Hodgkin lymphoma the risk was equally high with subclin-

ical monocytosis. The risk of non-Hodgkin lymphoma was only slightly

higher with sustained monocytosis than with single measurement,

however, sustained monocytosis was associated with a 5-times

increased risk of plasma cell dyscrasia and a 10-times higher risk of

Hodgkin lymphoma.

4 | DISCUSSION

In this population of 663 184 patients from primary care, we observed

peripheral monocytosis in 4.6% of CBCs rendering monocytosis a rel-

atively common finding in a primary care setting. MPNs and non-

Hodgkin lymphoma were the most frequently observed haematologi-

cal malignancies following a measurement of manifest monocytosis,

although such level of monocytosis posed the greatest approximated

relative risk for CMML with manifest monocytosis yielding an

OR > 100 for this disease, and sustained monocytosis increasing the

relative risk to OR > 140. However, it should be noted that CMML

was still a very rare disease in our primary care cohort even with sus-

tained monocytosis.

Around 20% of our incident AML cases exhibited manifest mono-

cytosis in their index CBC and this observation aligns with the distri-

bution of acute myelomonocytic leukaemia and acute monoblastic/

monocytic leukaemia (ICD-10 C92.5 and C92.9)4 that together

account for around 14% of AML cases in our cohort.12 The presence

of manifest as well as sub-clinical monocytosis in MPN also aligns

rather well with the pathophysiology of these diseases where the

malignant clone produces mature cells of myeloid lineage at often

steadily increasing rates, covering both subclinical and manifest mono-

cytosis in the natural course of disease—monocytosis most often

accounting for only a part of the total disease pattern, that is, the

monocyte lineage is often just one of the affected cell lines.13–15

We observed an increased risk of lymphoproliferative neoplasms

with manifest monocytosis although this association probably is of
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TABLE 3 Odds ratio for haematological disease in 3-year follow-up with sustained vs. single measurement monocytosis

Previous malignancy
(going back 6 years)

Incident malignancy

n (%) OR

95% C.I.

P-valuen (%) Lower Upper

Any haematological disease <.0001

Normal range (0.2–0.8 � 109/L), n = 621 143 1678 (0.27) 2551 (0.41) 1.00 Ref. Ref. Ref.

Isolated monocytosis (≥1.0 � 109/L), n = 29 669 346 (1.17) 502 (1.71) 3.12 2.82 3.46 <.0001

Sustained monocytosisa, n = 913 18 (1.97) 49 (5.47) 9.59 7.13 12.90 <.0001

Hodgkin lymphoma .0004

Normal range 87 (0.01) 122 (0.02) 1.00 Ref. Ref. Ref.

Isolated monocytosis 6 (0.02) �(0.09) 2.23 1.41 3.51 .0006

Sustained monocytosis 0 (0.0) �(0.0) 10.43 3.27 33.27 <.0001

Non-Hodgkin lymphoma <.0001

Normal range 583 (0.09) 856 (0.14) 1.00 Ref. Ref. Ref.

Isolated monocytosis �(0.19) 123 (0.42) 2.10 1.72 2.56 <.0001

Sustained monocytosis �(0.0) 7 (0.78) 3.61 1.70 7.66 .0008

M-component related disease <.0001

Normal range 329 (0.05) 580 (0.09) 1.00 Ref. Ref. Ref.

Isolated monocytosis �(0.09) 57 (0.19) 1.56 1.18 2.06 .002

Sustained monocytosis �(0.0) 7 (0.78) 5.63 2.65 11.96 <.0001

Chronic lymphocytic leukaemia <.0001

Normal range 269 (0.04) 278 (0.04) 1.00 Ref. Ref. Ref.

Isolated monocytosis 159(0.54) 88 (0.30) 5.51 4.29 7.09 <.0001

Sustained monocytosis 10 (1.10) 15 (1.68) 29.49 17.28 50.32 <.0001

Acute lymphocytic leukaemia <.0001

Normal range 12 (0.00) 18 (0.00) 1.00 Ref. Ref. Ref.

Isolated monocytosis �(0.0) 6 (0.02) 3.53 1.34 9.29 .01

Sustained monocytosis 0 (0.00) 0 (0.00) — — — —

Myeloproliferative neoplasms <.0001

Normal range 299 (0.05) 451 (0.07) 1.00 Ref. Ref. Ref.

Isolated monocytosis �(0.21) 116 (0.40) 5.31 4.28 6.58 <.0001

Sustained monocytosis �(0.0) 12 (1.34) 16.36 9.13 29.34 <.0001

Myelodysplatic syndromes <.0001

Normal range 96 (0.02) 202 (0.03) 1.00 Ref. Ref. Ref.

Isolated monocytosis �(0.05) �(0.14) 2.73 1.93 3.86 <.0001

Sustained monocytosis �(0.0) �(0.0) 3.73 0.92 15.12 .06

Chronic myelomonocytic leukaemia <.0001

Normal range �(0.0) �(0.00) 1.00 Ref. Ref. Ref.

Isolated monocytosis 7 (0.02) 13 (0.04) 34.40 12.51 94.58 <.0001

Sustained monocytosis 0 (0.00) �(0.0) 144.36 27.98 744.70 <.0001

Acute myeloid leukaemia <.0001

Normal range 35 (0.01) 97 (0.02) 1.00 Ref. Ref. Ref.

Isolated monocytosis �(0.06) �(0.16) 6.29 4.36 9.09 <.0001

Sustained monocytosis �(0.00) �(0.0) 7.97 1.95 32.61 .004

All-cause mortality <.0001

Normal range 54 809 (8.82) 1.00 Ref. Ref. Ref.

Isolated monocytosis 7025 (23.68) 1.86 1.79 1.93 <.0001

Sustained monocytosis 287 (31.43) 2.07 1.73 2.49 <.0001

Note: All associations were adjusted for age, gender, Chalson's comorbidity index, financial assets, cohabitation status, country of origin and C-reactive
protein measures from the same requisition as the index complete blood cell count. Monocyte count normal range (0.2–0.8 � 109/L) was used as
reference. Groups consisting of less than three individuals as well as well as any counts that may be used to calculate (other) counts below three
individuals were censored and denoted “–” as these are sanctioned by our data provider, Statistics Denmark, due to privacy regulations.
Abbreviations: CI, confidence interval; OR, odds ratio; Ref., reference.
aSustained monocytosis was defined as monocytes ≥1.0� 109/L in the index CBC and a CBC with monocyte count >0.8� 109/L within 3 months of the index CBC.

368 CHRISTENSEN ET AL.

 16000609, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejh.13911 by D

et K
ongelige, W

iley O
nline L

ibrary on [13/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



little clinical importance in the diagnostic process as 95% of our

patients later diagnosed with CLL exhibited lymphocytosis above

5.0 � 109/L in their index CBC. These patients thus fulfil current cri-

teria for referral to haematological clinic regardless of monocyte

count. It is, however, an interesting observation from a pathophysio-

logical standpoint as peripheral monocytosis is a known poor prognos-

tic indicator in both lymphoma and CLL, inflammatory monocytes and

macrophages acting as an important part of the tumour sustaining

microenvironment.4,16–18 We do not have any means of determining

the subset of monocytes present in our patients, but the extravasated

inflammatory monocytes' role in lymphomagenesis may explain our

observation of peripheral monocytosis prior to the lymphoprolifera-

tive disease diagnosis.

The incidence of CMML in our population was 0.11/100 000

person-years, which is between 4 and 10 times less than reported

elsewhere.19–21 This is noticeable and could in part be due to our ran-

dom sampling of CBCs for inclusion in the study, only including

CMML cases 3 years following the random CBC, which could under-

estimate the incidence of such a rare outcome. However, there is also

a variation over time in disease classification in the clinic and hence in

the Danish Cancer Register. CMML diagnostic criteria have changed

several times during our inclusion period and the recommended diag-

nostic work-up for monocytosis has been continuously revised most

prominently with the introduction of NGS in 2008 and the use of flow

cytometry in MPN/MDS/CMML in 2016. Without these modalities

CMML diagnostics may be challenging and diagnosis made in the early

years of our inclusion period could be less definitive: We note that

150 patients were allocated to ICD-10, D46.9 (MDS unspecified) and

131 patients to D47.1 (MPN unclassifiable) during our time frame.

Although having all undergone diagnostic work-up for monocytosis

following national guidelines, the time-dependant variations in

diagnostics—particularly the introduction of NGS—makes it relevant

to speculate that some of these unclassifiable patients could in fact

have had CMML, although not detectable with the diagnostic

methods in use at the time. This hypothesis is substantiated by the

fact that three times as many CMML diagnoses were made from 2010

to 2015 in our data compared with 2000–2008 quite possibly due to

the introduction of the 4th edition of the WHO guidelines, and with it

the systematic use of NGS in MPN diagnostics.22 These observations

underline that CMML can be a difficult disease to diagnose and we

believe the newer diagnostic modalities including the 2022 revised

diagnostic criteria3 will improve these statistics in our registers within

the next few years.

This study has several limitations. Our data does not allow us to

fully test the guideline for referral to a haematological clinic as we lack

information on concurrent disease (such as mild infections) as diagno-

ses from primary care are not entered in to Danish health registries.

This furthermore influences the computation of CCI, as some diagno-

ses relevant to the score (e.g., type 2 diabetes) are often made in pri-

mary care and comorbidity may therefore be underestimated in this

study resulting in some level of residual confounding. Furthermore,

we only have data entries on individuals who consult their GP and

end up having a CBC measurement performed. This study population

is therefore fit to describe patients in primary care, but the frequen-

cies of malignancy may not be readily applied to the background pop-

ulation. However, the OR calculated from this sample can be

transferred to the background population of all Danes and interpreted

as a relative risk since the outcomes are rare.23 We were also not able

to account for clinical information regarding the patients including

family history, exposures (certain viral infections, carcinogenic chemi-

cals including previous cytotoxic treatment); factors that may con-

found the association between monocytosis and haematological

disease and weaken the associations.

Strengths of the present study include its large sample size and

population-based design as well as the detailed and complete follow-

up facilitated by the extensive and continuously validated Danish

health data registers. Furthermore, the CopLab database—covering

around 20% of the Danish population in the period 2000–2015—and

Statistics Denmark in union facilitate the assembly of a population of

individuals predating their haematological diagnosis allowing for the

investigation of predicting factors for malignancy and death. The fact

that monocytosis was associated with male sex and increasing age in

our setting aligns rather well with well-known risk factors for CMML.

The lack of association with socioeconomic factors is, furthermore,

well in keeping with what we know of CMML risk and could be con-

sidered an indication of a well-selected cohort with minimal demo-

graphic skewedness.

5 | CONCLUSION

In conclusion, in a vast population of primary care patients with no

known haematological malignancy, we observed associations

between blood monocyte count above 1.0 � 109/L and higher

3-year risk of all types of myeloid- and lymphoproliferative neo-

plasms as well as with all-cause mortality. Although relative risk for

especially CMML was very high with monocytosis, the incidence of

haematological malignancy was still low. Sustained monocytosis

added substantially to the risk of malignancy, underlining the impor-

tance of repeated measurements in case of doubt regarding the

underlying cause of the monocytosis. Relevant referral from primary

care remains difficult, but based on our observations suspecting hae-

matological malignancy is rational when monocytosis is sustained

or—as always—the clinical presentation consistent with haematologi-

cal malignancy. Future analyses could incorporate the entire CBC

variables to optimize precision.
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