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Abstract

Infections are a common complication in patients with many hematologic malignancies, however 

whether patients with myeloproliferative neoplasms (MPN) also are at an increased risk of 

infections is largely unknown. To assess the risk of serious infections, we performed a large 

population-based matched cohort study in Sweden including 8 363 MPN patients and 32 405 

controls using high-quality registers between the years 1992–2013 with follow-up until 2015. The 

hazard ratio (HR) of any infection was 2.0 (95% confidence interval 1.9–2.0), of bacterial 

infections 1.9 (1.8–2.0), and of viral infections 2.1 (1.9–2.3). One of the largest risk increases was 

that of sepsis, HR 2.6 (2.4–2.9). The HR of any infection was highest in primary myelofibrosis 3.7 

(3.2–4.1), and significantly elevated in all MPN subtypes; 1.7 (1.6–1.8) in polycythemia vera and 

1.7 (1.5–1.8) in essential thrombocythemia. There was no significant difference in risk of 

infections between untreated patients and patients treated with hydroxyurea or interferon-α during 

the years 2006–2013. These novel findings of an overall increased risk of infections in MPN 
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patients, irrespective of common cytoreductive treatments, suggest the increased risk of infection 

is inherent to the MPN.
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Introduction

Infections are an important cause of morbidity and mortality in patients with hematologic 

malignancies such as acute myeloid leukemia, myelodysplastic syndromes, multiple 

myeloma, and malignant lymphoma.(1–3) Myeloproliferative neoplasms (MPN) are a group 

of chronic hematologic malignancies characterized by excess proliferation of myeloid cell 

lineages, and the classical Philadelphia negative MPNs are polycythemia vera (PV), 

essential thrombocythemia (ET), primary myelofibrosis (PMF), and MPN unclassifiable 

(MPN-U).(4, 5) MPNs are associated with an increased risk of disease and treatment 

complications including venous thrombosis and transformation to acute myeloid leukemia.

(6–9) In recent years, an increased risk of infections in patients with PMF under treatment 

with the JAK1/2 inhibitor ruxolitinib has been observed, caused by both common and more 

opportunistic infectious agents like reactivation of tuberculosis and cryptococci infections.

(10–15) A previous study on causes of death by our group showed an increased risk of death 

from infection (HR 2.7, 95% CI 2.4–3.1) in patients with MPN compared to population 

controls.(16) We were therefore motivated to determine the risk of any serious infection in 

patients with MPN compared to the general population, and elucidate the most common 

types of infections, in relation to time since diagnosis and cytoreductive treatment. We 

conducted a cohort study using nationwide registers, and included all patients diagnosed 

with MPN in Sweden 1992–2013, with matched population controls for comparison.

Patients and Methods

Population and central registers

Sweden is a country with a population of 10 million, where health care is publicly provided 

and tax financed for all residents. Each resident is given a personal registration number at 

birth or immigration, which is unique and life-long, and used in all contacts with health care 

and in all health care registers, allowing efficient cross linking of information.(17)

Reporting of all new malignant diagnoses to the Swedish Cancer Register has been 

mandatory by law since 1958, and since 1984 both clinicians and pathologists are obliged to 

report incident cases. This double-reporting routine has ensured a well-validated register 

with high degree of coverage and accuracy.(18–20) The Polycythemia Vera Study Group 

diagnostic criteria were used for MPN diagnosis initially during the study period and was 

after 2001 gradually replaced by the WHO classification system.(21–23) All dates and 

causes of death are registered in the nationwide Cause of Death Register.(24, 25) All 

hospital admissions along with information on discharge diagnoses are captured in the 
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Inpatient Register, established in 1964 and with complete national coverage from 1987.(26) 

The Swedish Prescribed Drug Register has since 2005 collected information on all drugs 

prescribed and dispensed at pharmacies in Sweden.(27)

Study participants

We identified all MPN patients in the Swedish Cancer Register who were diagnosed 

between January 1st 1992 and December 31st 2013, aged 18 or older at diagnosis. For each 

patient, four controls, matched by birth year and sex, were identified from the Register of 

Total Population.(28) Patients and controls could not have had a previous hematologic 

malignancy at the time of MPN diagnosis or matching date. The controls had to be free of 

MPN, living in Sweden, and alive at the date of their corresponding patients’ MPN 

diagnosis.

Information on outcomes; hospitalization or death due to infection, was obtained from the 

Inpatient Register and the Cause of Death Register. All diagnoses, both main and 

contributing, during admission or from death certificates were included. Patients and 

controls were followed until time of event, or censored at time of emigration, death, or end 

of follow up, December 31st 2015. Since we aimed to assess the association between MPN 

and risk of infections, leukemic transformation was also considered a censoring event, 

defined as a diagnosis of acute leukemia in either the Cancer Register or the Inpatient 

Register.

This study was approved by the regional ethics committee in Stockholm, informed consent 

was waived since we had no contact with the study subjects.

Statistical methods

The main outcome was any infection requiring hospital admission. Separate analyses were 

performed for different types of infection; for example pneumonia and urinary tract 

infections, and for specific infectious agents; for example staphylococci and tuberculosis. 

Combined outcomes were also calculated for bacterial, viral, and fungal infections, 

respectively. Patients and controls were followed from the date of MPN diagnosis/matching 

date until the date of first hospital admission due to the first infection within each category. 

Recurrent events of the same category were not included in the analysis, and infections in 

other categories were ignored in the analyses.

Hazard ratios (HR), comparing the rate of infections among MPN patients to the rate among 

population controls, with 95 % confidence intervals (CI) were estimated using flexible 

parametric models assuming proportional hazards with 5 degrees of freedom for the 

baseline, adjusting for age category at diagnosis (18–49, 50–59, 60–69, 70–79, and 80 years 

or older), sex and calendar period (1992–1998, 1999–2005, and 2006–2013). HRs were also 

estimated using a flexible parametric model without assuming proportional hazards for the 

comparison of MPN patients to population controls to construct graphs over time-varying 

HRs. The non-proportional hazards model was adjusted for the same covariates, also had 5 

degrees of freedom for modeling the baseline, and 3 degrees of freedom for the time-varying 

effect. Based on the model for any infection with non-proportional hazards, cumulative 

incidence (1 minus the survival function) was estimated with 95 % CIs. Deaths due to other 
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reasons than infection were handled by censoring, thus the results are interpreted in the 

absence of competing risk of death. Separate analyses were performed for MPN combined 

as well as separately for each MPN subtype. Analyses were also performed by age category, 

sex, and calendar period.

A separate model that estimated the effect of MPN treatment on risk of any infection was 

fitted within the MPN cohort during the most recent calendar period 2006–2013, with follow 

up until the end of 2015. The treatment categories analyzed were hydroxyurea, interferon-α, 

anagrelide, ruxolitinib, other MPN-related drugs (busulphan, danazol, erythropoietin, 

thalidomide, lenalidomide) and combined therapy, including medications from more than 1 

category. Patients were defined as untreated if no prescription was dispensed for a period of 

18 months, and if prescriptions of more than one drug were dispensed within a period of 6 

months patients were considered to be receiving combination therapy. Patients could thus 

contribute time in different treatment categories during the disease course. Person-time 

without any cytoreductive or other MPN-related treatment were used as reference.

A sensitivity analysis was also performed, starting follow-up one year after the MPN 

diagnosis, where all patients with a diagnosis of infection within the first year of the MPN 

diagnosis were excluded, in order to assess potential detection bias at the time of MPN 

diagnosis.

Stata Statistical Software release 15 (Stata Corp 2017, Texas, United States) was used for all 

statistical analysis.

Results

A total of 8 363 patients and 32 405 controls were identified between the years 1992–2013. 

Median age was 71 years (range 18–98 years) at MPN diagnosis. The cohort consisted of 

53% women and 47% men, the median age of the women was slightly higher than that of the 

men, 72 and 69 years, respectively. In the MPN cohort there were 2 868 patients diagnosed 

with PV (34%), 2 928 with ET (35%), 837 with PMF (10%), and with 1 730 MPN-U (21%) 

(Table 1).

The HR of any infection in MPN patients compared to matched controls was 2.0 (1.9–2.0), 

with 3 095 events in MPN patients and 8 615 events in population controls (Table 2). The 

cumulative incidence of any infection in MPN and controls are shown in Figure 1. The mean 

follow-up time ranged between 7.2 and 8.1 years in different outcome categories. There was 

a trend towards a higher HR in the younger age categories than in the older, for any infection 

the HR was 2.8 (2.3–3.4) in the age group 18–50 years, 2.9 (2.4–3.9) in ages 50–59, 2.4 

(2.2–2.6) in 60–69, 2.0 (1.8–2.1) in 70–79 and 1.5 (1.4–1.6) in ages 80 or above, but with 

fewer events in younger patients and controls. The HR of any infection was similar among 

men 2.0 (1.9–2.1) and women 1.9 (1.8–2.1) compared to their corresponding controls. There 

were no significant differences in HRs of infection between the calendar periods. For any 

infection, the HR was similar in PV, HR 1.7 (1.6–1.8), and in ET, HR 1.7 (1.5–1.8), while it 

was higher in PMF, HR 3.7 (3.2–4.1), with MPN-U representing an intermediate level, HR 

2.4 (2.2– 2.6) (Table 3).
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The rate of bacterial infections was 2-fold elevated in the MPN population, HR 1.9 (1.8–

2.0), the rate of viral infections was similarly elevated, HR 2.1 (1.9–2.3), while the HR of 

fungal infections was higher, 2.9 (2.5–3.5). For bacterial and fungal infections, the HRs were 

similar in all calendar periods, but there was a tendency towards an increased rate of viral 

infections during the most recent calendar period, HR 2.5 (2.1–3.1) in 2006–2013 compared 

to HR 1.8 (1.5–2.2) in 1992–1998. The HRs were similar in patients with PV and ET but 

higher in those with PMF; the HR for bacterial infections was 1.7 (1.6–1.8) in PV, 1.6 (1.5–

1.8) in ET, and 3.4 (3.0–3.9) in PMF. For viral infections, the HR was 1.8 (1.5–2.1) in PV, 

1.7 (1.4–2.1) in ET, and 5.2 (3.8–7.1) in PMF (Table 3). This pattern was similar in all 

outcomes where analysis per MPN subtype was performed. The HRs in relation to time from 

MPN diagnosis for any infection, bacterial, and viral infections, the pattern was similar with 

a slightly higher risk shortly after diagnosis and then the HRs were stable over the disease 

duration. The HR of infection remained significantly elevated throughout the disease course 

(Figure 2a–c).

The HR of sepsis was 2.6 (2.4–2.9) with 634 events in MPN patients and 1 250 in controls. 

The rate of sepsis was significantly higher in patients with PMF, HR 6.2 (4.8–8.0) than in 

PV 2.1 (1.8–2.5) and ET 2.0 (1.6–4.7). Other types of infections with high HR in MPN were 

common infections such as pneumonia, HR 2.0 (1.9–2.1), and skin and soft tissue, HR 2.1 

(1.8–2.4), as well as less common infections such as meningitis/encephalitis, HR 2.8 (1.8–

4.4) and osteomyelitis/spondylitis, HR 2.7 (1.9–3.9) (Table 2).

Regarding infections with specific infectious agents; the elevated rate among MPN patients 

was consistent over many common pathogens, for example staphylococci 2.4 (2.0–2.8) and 

streptococci (excluding pneumococci) 2.3 (1.7–3.1), pneumococci 1.7 (1.0–2.9), varicella 

zoster 2.0 (1.4–2.8), with a more marked increase in PMF, where the HR of varicella zoster 

was 7.3 (2.9–18.3). The rate of tuberculosis was not significantly increased, HR 1.7 (0.8–

3.3), with only 11 cases in the MPN cohort (Table 2). We also investigated more rare 

opportunistic infections such as pneumocystis jiroveci where the HR was 8.6 (3.6–20.6). 

For, cryptococci, and progressive multifocal leukoencephalopathy, there were too few events 

for any comparative statistical analysis, however there was a higher number of cases in the 

MPN cohort than in the population controls, 6 to 1 and 3 to 0, respectively.

In the most recent calendar period, 2006–2013, there was 3 695 patients with 15 211 years at 

risk and 957 events, available for analysis on the effect of cytoreductive treatment on risk of 

any infection. No treatment or hydroxyurea were the most common therapeutic strategies. 

There were no significant differences in infection rates during follow-up when patients were 

untreated (reference, 1.0) compared to patients who were treated with hydroxyurea 1.0 (0.9–

1.2), interferon-α 1,1 (0.7–1.8), or anagrelide 0.9 (0.5–1.7). The rates of any infection were 

increased during follow-up in patients who were treated with other MPN-related drugs, 

combinations of drugs, or ruxolitinib (Table 4).

The sensitivity analysis did not convey any major differences compared to our main analysis, 

the HR with all events during the first year of MPN diagnosis excluded, was 1.8 (1.8–1.9).
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Discussion

In this large population-based cohort study we observed a 2-fold increased risk of serious 

infection in patients with MPN compared to matched controls. The risk was particularly 

increased in patients with PMF, and significantly elevated in all MPN subtypes. The risk 

increase was distributed over a wide range of infection types and infectious agents, both 

bacterial and viral. Interestingly, no significant difference was observed among untreated 

patients and patients treated with cytoreductive treatment such as hydroxyurea or interferon-

α.

The information on risk of infections in MPN is limited, making comparison to earlier 

literature difficult. In a previous report by our group, an increased rate (HR 2.7 (2.4–3.1)) of 

death from infection were observed in patients with MPN compared to controls. In that 

study only infection as cause of death was analyzed,(16) as opposed to the present report 

where all infections requiring hospitalization are included.

There are several possible mechanisms behind the increased risk of infections. In MPNs, 

there is a state of chronic inflammation and a dysregulation of the immune system, with 

increased levels of pro-inflammatory cytokines.(29, 30) Furthermore, patients with MPN 

and PMF in particular, have been reported to have lower levels of B lymphocytes, with an 

inverse correlation to JAK2-V617F allele burden.(31) JAK2V617F, CALR, and MPL 
mutations may in some patients occur in early lympho-myeloid precursors and thus affect 

the lymphoid lineages as well as the myeloid.(32–34) In PMF, abnormalities in the immune 

system may differ between patients with different driver mutation; JAK2-mutated cases have 

been reported to have more alterations in T-regulatory cell populations while CALR-mutated 

cases had dysregulations of the interferon-γ-axis.(35) In addition, the MPN population is 

also at an increased risk of other comorbidities, such as cardiovascular and thromboembolic 

disease,(36) autoimmune disease, (37) and solid malignancies,(9) and they may therefore 

have an increased risk of infections related to the treatment of comorbidities, hospitalization 

of other reasons, or a generally increased frailty. Taken together, several underlying factors 

may coexist and lead to the increased risk of infections observed in MPNs.

An interesting result in our study is that there was no significant difference in infectious risk 

among untreated patients and patients treated with common cytoreductive agents such as 

hydroxyurea or interferon-α. In patients with PV and ET, the Nordic guidelines issued by 

the Nordic MPN Study Group proposes hydroxyurea or pegylated interferon-α as first line 

treatment for patients above 60 years of age and pegylated interferon-α as first line in 

individuals below 60 years of age in need of cytoreduction.(38) Historically, hydroxyurea is 

by far the most common choice of cytoreductive agent in Sweden.(39) Anagrelide is 

proposed as an option for patients in need of only platelet reduction, while busulphan, 

radioactive phosphorus or phlebotomy alone are less common alternatives in selected cases, 

in particular in patients of advanced age. There is increasing evidence of an elevated risk of 

infections in MPN patients treated with ruxolitinib. (11, 40, 41) Possible mechanisms of 

immunodeficiency associated to ruxolitinib includes reduced number or activity of T-cells, 

in particular T-regulatory cells, NK-cells, and dendritic cells.(42–46) JAK 1/2-inhibitors are 

also increasingly used and investigated in inflammatory diseases such as rheumatoid arthritis 
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and psoriasis for its broad immunosuppressing properties. (47, 48) Ruxolitinib is effective 

for treatment of graft-versus-host disease, with unaffected graft-versus-leukemia effect.(49, 

50) Selectivity of JAK inhibition is of importance for its immunosuppressive effects, where 

inhibition of JAK1 seems to be of major importance for T-cell inhibition in vitro.(51) In 

2019, the JAK2-selective inhibitor fedratinib was approved by FDA, and whether the 

selectivity leads to reduced risk of infections remains to be answered.(52) Ruxolitinib was 

approved by FDA in 2011 for PMF and 2014 for PV with resistance or intolerance to 

hydroxyurea, corresponding to a short part of the study period. It was thus expected that a 

limited number of patients in our study would be treated with ruxolitinib and the results 

should be interpreted with caution. Since the analysis on impact of cytoreductive treatments 

on risk of infection is based on observational data from registers, confounding by indication 

cannot be ruled out, although we have adjusted the analysis for important factors such as 

age. Even so, our results indicate that the increased risk of infection in patients with MPN is 

not solely caused by cytoreductive treatments such as hydroxyurea and interferon-α.

There is a general recommendation on immunization against pneumococci and influenza in 

Sweden in all individuals above 65 years of age and in certain risk groups, MPN not 

included, but it may differ how the counties provide and subsidize it for its inhabitants. 

Immunization against pneumococci is also included in the recommended program for infants 

since 2009. The degree of coverage of the influenza vaccine is reported to be 50 % (2014) in 

the older population.(53) Immunization against zoster reactivation is not generally 

recommended, but has been available at the individual’s own request in Sweden since 2013. 

What preventative or prophylactic measures are indicated in the MPN population cannot be 

fully based on observational results, however, certain immunizations could be considered, 

e.g. varicella zoster vaccine in certain high-risk individuals, in particular in patients with 

PMF.

The strengths of our study are that it relies on prospectively collected data from high-quality 

health registers, it includes over 40 000 individuals with a long follow-up time and minimal 

loss to follow-up, as well as the cohort design with matched population controls for 

comparison. The population-based setting ensures generalizability and minimizes the risk of 

selection bias regarding the patient population. In 2015, Sweden had 244 hospital beds per 

100.000 inhabitants, which is in the lower range of European countries,(54) however the 

results are likely applicable to other countries with similar health care systems. Since MPN 

patients in Sweden are seen by a hospital-based hematologist, and most population controls 

are seen in the primary care setting, which is not captured in the Patient Register, we chose 

to only include infections requiring inpatient care to avoid ascertainment bias between 

patients and controls. The study does not include less serious infections managed in the 

outpatient setting and we can therefore only speculate whether the reported infections 

proportionally represent the more serious infections in both MPN patients in controls, or if 

patients with MPN have a similar number of infections, but are at higher risk of more serious 

outcomes. This may require further elucidation, however the serious infections are of highest 

concern. Other limitations are the lack of detailed patient information, e.g. mutational status, 

blood counts, spleen size, or disease stage in the registers as well as potential 

misclassification of early PMF patients as ET and underreporting of acute leukemia. Overall, 
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given the robust results of our study, we do not believe that the limitations affect the validity 

of our findings.

In summary, we present clinically important findings that patients with MPN, particularly 

those with PMF, are at a significantly higher risk of severe infections compared to 

population controls. The lack of differences in risk of infections among untreated and treated 

patients in our study, suggests that the increased risk of infections is inherent to the MPN, 

and that risk of infection should not be a determining factor when considering cytoreductive 

treatments such as hydroxyurea or interferon-α when otherwise indicated. Our presented 

risk estimates can be considered a baseline risk of infections in MPN prior to JAK-inhibitor 

era. The increased risks of infections should be recognized in clinical management of these 

patients as well as when defining how medications, particularly JAK inhibitors, affect the 

susceptibility of infection in patients with MPN.
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Figure 1. 
Cumulative incidence, based on a flexible parametric model, of any infection in patients 

with myeloproliferative neoplasm (MPN) and population controls with 95 % confidence 

intervals.
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Figure 2. 
Non-proportional hazard ratios of infections among myeloproliferative neoplasm (MPN) 

patients in comparison to matched controls, with 95 % confidence intervals in relation to 

time after MPN diagnosis for a) any infection, b) bacterial infections c) viral infections.
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Table 1.

Descriptive statistics on MPN patients and population controls.

Number of patients, MPN Number of population controls

Women 4 440 (53%) 17 136 (53%)

Men 3 923 (47%) 15 269 (47%)

Age 18–49 915 (11%) 3.528 (11%)

Age 50–59 1 124 (13%) 4.432 (14%)

Age 60–69 1 897 (23%) 7 355 (23%)

Age 70–79 2 619 (31%) 10 092 (31%)

Age 80+ 1 808 (22%) 6 998 (22%)

Median age 71 years 70 years

Period 1992–1998 2 095 (25%) 7 335 (23%)

Period 1999–2005 2 603 (31%) 10 441 (32%)

Period 2006–2013 3 665 (43%) 14 659 (45%)

PV 2 868 (34%) -

ET 2 928 (35%) -

PMF 837 (10%) -

MPN-U 1 730 (21%) -

Total 8 363 32 405

MPN myeloproliferative neoplasms, PV polycythemia vera, ET essential thrombocythemia and PMF primary myelofibrosis, MPN-U 
myeloproliferative neoplasm unclassifiable
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Table 2.

Hazard Ratio (HR) with 95 % Confidence Intervals (CI) in MPN and number of cases in each outcome. 

Estimated from flexible parametric models, adjusting for age group (18–49, 50–59, 60–69, 70–79, and 80 

years and older), sex and calendar period (1992–1998, 1999–2005, and 2006–2013).

Outcome HR all MPN (95%CI) Number of events, MPN Number of events, controls

Combined outcomes

Any infections 2.0 (1.9–2.0) 3 095 8 615

Bacterial infections 1.9 (1.8–2.0) 2 772 7 895

Viral infections 2.1 (1.9–2.3) 488 1 212

Fungal infections 2.9 (2.5–3.5) 206 374

Infection type

Sepsis 2.6 (2.4–2.9) 634 1 250

Pneumonia 2.0 (1.9–2.1) 1 416 3 868

Urinary tract infections 1.6 (1.5–1.7) 1 124 3 815

Meningitis and encephalitis 2.8 (1.8–4.4) 31 52

Skin and soft tissue infections 2.1 (1.8–2.4) 287 715

Gastrointestinal infections 2.3 (2.1–2.6) 447 1 010

Osteomyelitis and spondylitis 2.7 (1.9–3.9) 46 89

Endocarditis 1.8 (1.3–2.6) 39 116

Infectious agent

Pneumococci 1.7 (1.0–2.9) 19 57

Streptococci excl. pneumococci 2.3 (1.7–3.1) 70 150

Staphylococci 2.4 (2.0–2.8) 231 511

Escherichia coli 1.9 (1.6–2.2) 181 529

Tuberculosis 1.7 (0.8–3.3) 11 31

Hemophilus influenza 2.3 (1.4–3.6) 25 61

Pneumocystis jiroveci 8.6 (3.6–20.6) 14 8

Hepatitis B 3.9 (1.7–8.9) 11 12

Varicella zoster 2.0 (1.4–2.8) 46 122

Influenza 1.9 (1.4–2.5) 61 162

HR Hazard Ratio, CI Confidence Interval MPN myeloproliferative neoplasms
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Table 3.

Hazard Ratio (HR) with 95 % Confidence Intervals (CI) in all MPN and subdivided by MPN subtype. 

Estimated from flexible parametric models, adjusting for age group (18–49, 50–59, 60–69, 70–79, and 80 

years and older), sex and calendar period (1992–1998, 1999–2005, and 2006–2013).

Outcome HR all MPN (95%CI) PV HR (95%CI) ET HR (95%CI) PMF HR (95%CI)

Combined outcomes

Any infections 2.0 (1.9–2.0) 1.7 (1.6–1.8) 1.7 (1.5–1.8) 3.7 (3.2–4.1)

Bacterial infections 1.9 (1.8–2.0) 1.7 (1.6–1.8) 1.6 (1.5–1.8) 3.4 (3.0–3.9)

Viral infections 2.1 (1.9–2.3) 1.8 (1.5–2.1) 1.7 (1.4–2.1) 5.2 (3.8–7.1)

Fungal infections 2.9 (2.5–3.5) 2.6 (1.9–3.4) 2.2 (1.6–3.0) 8.0 (4.9–13.3)

Infection type

Sepsis 2.6 (2.4–2.9) 2.1 (1.8–2.5) 2.0 (1.6–4.7) 6.2 (4.8–8.0)

Pneumonia 2.0 (1.9–2.1) 1.8 (1.6–2.0) 1.6 (1.4–1.8) 3.8 (3.2–4.6)

Urinary tract infections 1.6 (1.5–1.7) 1.5 (1.4–1.7) 1.5 (1.3–1.6) 2.2 (1.8–2.8)

Skin and soft tissue infections 2.1 (1.8–2.4) 1.8 (1.4–2.3) 1.6 (1.2–2.0) 4.9 (3.2–7.4)

Gastrointestinal infections 2.3 (2.1–2.6) 2.3 (1.9–2.8) 1.7 (1.3–2.0) 4.8 (3.4–6.8)

Infectious agent

Streptococci excl. pneumococci 2.3 (1.7–3.1) 2.4 (1.5–3.8) 1.1 (0.6–2.0) 8.7 (4.0–19.1)

Staphylococci 2.4 (2.0–2.8) 1.6 (1.2–2.1) 1.8 (1.3–2.4) 5.5 (3.6–8.6)

Escherichia coli 1.9 (1.6–2.2) 1.8 (1.4–2.4) 1.7 (1.2–2.2) 3.7 (2.1–6.5)

Varicella zoster 2.0 (1.4–2.8) 0.98 (0.5–2.0) 2.5 (1.4–4.5) 7.3 (2.9–18.3)

HR Hazard Ratio, CI Confidence Interval MPN myeloproliferative neoplasms, PV polycythemia vera, ET essential thrombocythemia and PMF 
primary myelofibrosis
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Table 4.

Effect of treatment on risk of any infection in the MPN cohort during the last calendar period, patients 

diagnosed 2006–2013 with follow up until 2015. Analyses are adjusted for age category, sex and year of MPN 

diagnosis. The category assigned other MPN-related drugs include busulphan, danazol, erythropoietin, 

thalidomide, lenalidomide. No treatment is used as reference.

Treatment MPN (all) HR 
(95%CI)

Number of 
patients, 
MPN

Time at 
risk, years, 
MPN

PV HR (95%CI) ET HR (95%CI) PMF HR 
(95%CI)

No cytoreductive 
treatment

1.0 reference 3 501 4 994 1.0 reference 1.0 reference 1.0 reference

Hydroxyurea 1.0 (0.9–1.2) 2 432 8 276 1.1 (0.8–1.4) 1.0 (0.7–1.4) 1.1 (0.7–1.7)

Interferon 1.1 (0.7–1.8) 301 778 1.0 (0.4–2.4) 0.6 (0.1–2.5) 1.1 (0.4–3.1)

Anagrelid 0.9 (0.5–1.7) 148 337 1.3 (0.4–2.0) 0.6 (0.2–1.6) 2.2 (0.5–9.4)

Ruxolitinib 4.1 (1.3–13.0) 35 23 NA NA 4.6 (1.4–15.8)

Other MPN related 
drugs

2.8 (2.2–3.6) 302 436 0.9 (0.3–3.0) 2.2 (1.1–4.3) 2.6 (1.7–3.9)

Combinations of any of 
the above

1.9 (1.3–2.7) 492 368 1.4 (0.5–3.4) 1.1 (0.5–2.6) 1.8 (1.0–3.3)

Total number of 
patients, MPN

3 659 1 182 1 369 461

Total time at risk, 
years

15 211 5 140 6 174 1 378

HR Hazard Ratio, CI Confidence Interval MPN myeloproliferative neoplasms, PV polycythemia vera, ET essential thrombocythemia and PMF 
primary myelofibrosis
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