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A B S T R A C T   

Background: Immune thrombocytopenia (ITP) is an autoimmune disease treated with immunosuppressive agents, 
thrombopoietin receptor agonists, immunomodulation drugs and/or splenectomy. Patients with ITP have been 
found to have increased risk ofhematological malignancies. Studies investigating stomach/liver cancer are 
contradictory and the risk of developing other solid tumors is largely unknown. We aimed at estimating risk of 
overall and organ-specific cancers in patients with primary ITP. 
Methods: The study population was Swedish patients with at least one ITP diagnosis recorded in the National 
Patient Register and a 1:10 matched comparison cohort from the population. The study period covers 
1997− 2016. The Cancer Register and the Cause of Death Register provided data on malignancies and deaths, 
respectively. Primary ITP was identified using an established algorithm. We used time-split Cox models to es
timate hazard ratios (HRs) with 95 % confidence intervals (CIs), adjusted for age, sex, index-year, county, in
come, education, Charlson score and number of in- and outpatient contacts. 
Results: In total 66,134 individuals were included in the study. Patients with ITP had higher risk of gastro- 
intestinal, skin (all morphologies), lymphoid and hematological cancers. Adjusted HR (95 % CI) for cancer 
was 1.37 (1.27–1.48), with highest risk during the first year, but with increased risk remaining for up to 20 years 
for men. For women, the overall risk was increased during the first year, HR (95 % CI) 2.00 (1.55–2.60). A 
significantly increased liver cancer risk was seen up to 9 years after diagnosis. 
Conclusion: Patients with primary ITP have higher risk of cancer than the population. The observed increased risk 
does not seem to be solely due to surveillance bias, but might be associated with ITP or its treatments. Treating 
hematologists need to have high index of suspicion for cancer.   

1. Introduction 

Immune thrombocytopenia (ITP) is an autoimmune disease with 
dysfunctional proliferation of autoreactive T-cells, autoantibody- 
mediated platelet destruction [1] and impaired megakaryocyte pro
duction [2]. ITP is denoted primary when all possible causes of throm
bocytopenia, including hematological malignancies, are excluded [2,3]. 

In case of bleeding, or risk of bleeding based on low platelet counts 
and individual characteristics, e.g. comorbidities and age [4,5], ITP is 
treated with immunosuppressive agents, thrombopoietin receptor 
(TPO-R) agonists, immunomodulation drugs (corticosteroids [6], 
cyclosporine, azathioprine, cyclophosphamide, rituximab, etc.) and/or 
splenectomy [7]. 

Patients with ITP have been found to have increased risk of hema
tological malignancies, e.g. Hodgkin’s lymphoma [8], non-Hodgkin’s 
lymphoma [9] and myeloproliferative neoplasms [10,11]. Other auto
immune diseases have also been associated with a risk of malignancies. 
Patients with ITP, rheumatoid arthritis, Sjögren’s syndrome and 
sarcoidosis have increased risk of Hodgkin’s lymphoma [11,12]. A lower 
overall risk of cancer has been observed in patients with multiple scle
rosis [13,14]. Investigating the risk of cancer in autoimmune diseases 
separately is motivated considering exposure to different pharmaco
logical treatments, diversity of immunological defects and the patho
genesis in different autoimmune diseases [15,16]. Studies investigating 
the risk of stomach and liver cancer in patients with ITP are contradic
tory [14,17], and the risk of other solid tumors in patients with ITP is 
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largely unknown [12]. The aim of this study was to estimate the risk of 
overall and organ-specific cancers in a cohort of patients with primary 
ITP as compared with a matched cohort without ITP from the Swedish 
population. 

2. Materials and methods 

The study population consisted of adult patients with at least one 
recorded ITP diagnosis (D69.3 or D69.4 from the International Classi
fication of Diseases 10th edition [ICD-10]) and a matched comparison 
cohort from the Swedish population, referred to as ITP and non-ITP, 
respectively. The study period covers 1997–2016, and to allow for 
one-year look-back and at least one-year follow-up, the inclusion period 
was 1998–2015. The index date is the date of the first ITP diagnosis for 
patients and the same date for the matched individuals. Since some 
cancer diagnoses are associated with secondary ITP, thrombocytopenia 
occurring from secondary causes, to enable estimation of incidence and 
to equate the risk of cancer at baseline, individuals with any cancer 
before index date were excluded in both cohorts. All stages of incident 
primary ITP, i.e. newly diagnosed ITP (3 months), persistent ITP (6 
months) and chronic ITP (12 months) were included. The Swedish Na
tional Patient Register (NPR) was used to identify patients with a 
diagnosis of primary ITP using an established algorithm, requiring two 
diagnoses of ITP at least 180 days apart in absence of the causes of 
secondary ITP: immunodeficiency, systemic “global” autoimmunity, 
HIV, hepatitis C, hematological malignancies, myelodysplastic syn
drome, non-malignant lymphoproliferative disorders and liver disease 
(Supplemental Table 1). The algorithm is described in Ekstrand et al. 
[18]. A similar algorithm was validated in France with a positive pre
dictive value (PPV) with 95 % confidence interval (CI) of 95.8 % 
(92.8–98.8) [19]. 

NPR started data collection in 1964, has national coverage since 
1987, contains data for all hospitalizations, and has since 2001 also 
recorded visits to specialist care. The register has been found to be of 
high standard, with 99 % coverage of somatic diagnoses, and of high 
quality, with several diagnoses validated using information from med
ical charts with a PPV of 85–95 % [20]. The ITP diagnosis recorded by 
ICD-10 has been validated in a corresponding Danish setting, with a PPV 
of 0.93 (95 % CI: 0.91− 0.96) [21], and in the Nordic countries [22]. 

For each patient with at least one ITP diagnosis, 10 individuals 
without a ITP diagnosis were randomly selected from the Total Popu
lation Register (TPR), matched on birth year, sex, and county of resi
dence. If less than 10 possible matches were available, all individuals 
were selected, allowing for a matching ratio of less than 1:10. All 
Swedish residents alive and without ITP on the index date were eligible 
for matching. The TPR, which is held by Statistics Sweden, records de
mographics for the Swedish population. 

We adjusted for matching variables (age, sex and county) and 
covariates likely to have an impact on cancer risk and which may be 
associated with risk of ITP, i.e. Charlson comorbidity score, number of 
hospitalizations and outpatient visits, education, income and index-year 
[23,24]. Age was categorized as 18− 39, 40− 59, 60− 69, 70− 79, and 80 
years or older, but also indirectly included at single-year level by 
matching on birth year. County of residence was categorized as pre
dominantly urban, intermediate, and predominantly rural according to 
proportion of the population living in urban or rural areas in each 
county. The Charlson comorbidity score, categorized as 0, 1, 2, and 3 or 
more, was used to adjust for impact of comorbidities [25], and was 
calculated from all hospital encounters, i.e. inpatient hospitalization and 
outpatient specialist care visits within the year before study entry. In 
addition, number of in- and out-patient visits for other reasons than ITP 
was used as proxy for burden of comorbidity/frailty [25,26], both 
categorized as 0, 1, 2, 3–5, 6− 10, and >10. For socioeconomics, the 
longitudinal integration database for health insurance and labor market 
studies, which contains information about socioeconomics from 1990, 
was used [27,28]. Highest educational level and yearly disposable 

income were used as socioeconomic status indicators [27]. Education 
was categorized as ≤9, 10− 12, and >12 years, and income was cate
gorized into quintiles. The included socioeconomic variables are also 
assumed to be proxies for lifestyle factors e.g. smoking, obesity and 
alcohol use, not available in the Swedish registers. 

The Swedish Cancer Register (SCR) provided data on incident, pri
mary malignancies. SCR started in 1958 and covers the entire popula
tion, and it is mandatory for all health-care providers to report all new 
malignant and certain benign tumors to the register. Some 99 % of the 
tumors are morphologically verified [29]. Overall cancer and 
organ-specific cancers (gastro-intestinal, respiratory, bone, melanoma, 
non-melanoma, connective tissue, breast (all morphologies), cervical, 
uterine, ovarian, prostate, kidney, urinary, bladder, brain, endocrine, 
lymphoid, hematopoietic and related tissue) were investigated as pri
mary outcomes, defined as a record in SCR of that specific cancer site 
(topography) according to ICD for oncology, i.e. an incident diagnosis of 
a primary cancer (Supplemental Table 2). Date of death was retrieved 
from the national Cause of Death Register. 

We did not present rare outcomes since the risk of producing 
spurious results is high. Rarity was defined as less than 10 events in the 
ITP cohort. Or, if an overarching organ class, e.g. hematological ma
lignancies, had well above 10 events, the limit was lowered to 9 for 
subordinate malignancies, i.e. Hodgkin, follicular, non-follicular, T and 
natural killer cells, other non-Hodgkin, multiple myeloma, lymphoid 
leukemia and myeloid leukemia. 

Follow-up started at index date and continued until diagnosis of 
cancer, emigration, death or end of follow-up (December 31, 2016), 
whichever occurred first. 

The Regional Ethics Committee at Karolinska Institutet (Record no. 
2009/4:10, and addendum 2009/1597-31/4, 2017/53-32 and 2018/ 
1162-32) approved the study. 

3. Theory/calculation 

We tabulated all important covariates. Incidence rates and incidence 
rate ratios (IRRs) with 95 % CIs were calculated for overall cancer and 
organ-specific cancers, overall and by sex and age groups, comparing the 
ITP cohort to the non-ITP cohort. 

We used time-split Cox proportional hazards (PH) models, including 
a variable identifying each matched cluster, to estimate hazard ratios 
(HRs) within time intervals (0− 1 year, 2–9 years, 10–20 years) with PH 
assumption assessed by visual inspection. Moreover, an overall HR was 
estimated by stratification over time intervals. Cox models were 
adjusted for age, sex, index-year, county, income, education, Charlson 
comorbidity score and number of in- and out-patient visits for other 
reasons than ITP. All covariates were time-varying (except index-year 
and sex) and assessed in the year before start of each interval. Impact 
of each covariate on HR by ITP and non-ITP, respectively, were esti
mated with Cox regression. As splenectomy can change the risk of 
cancer, a sensitivity analysis was performed in which all individuals 
with prior splenectomy were excluded and individuals undergoing 
splenectomy during follow-up were censored. 

4. Results 

There were 6,740 (55 % women) patients in the ITP cohort and 
59,394 (55 % women) in the non-ITP cohort, with an attained matching 
ratio of almost 1:9, in total 66,134 individuals were included in the 
study. Mean follow-up after ITP diagnosis was 7 years (standard devi
ation 5.1, Table 1). 

Overall IRR of cancer was 1.45 (95 % CI 1.35− 1.56) for ITP vs. non- 
ITP. Patients with ITP had a higher risk of being diagnosed with the 
malignancies gastro-intestinal cancer (particularly liver and large in
testine), skin (all morphologies), lymphoid and hematological cancers 
(Table 2). 

Covariates, which had the highest impact on cancer risk, were 
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Charlson comorbidity score, number of in- and out-patient visits, age 
and sex (Supplemental Table 3). 

Adjusted HR (95 % CI) for overall cancer was 1.37 (1.27–1.48), with 
the highest risk during the first year of follow-up, but with increased risk 
remaining throughout up to 20 years of follow-up for men (Supple
mental Table 4). For women, the overall risk was only increased during 
the first year after ITP diagnosis, HR (95 % CI) 2.00 (1.55–2.60) (Sup
plemental Table 5). Results for investigated cancers are shown in Fig. 1 
and Supplemental Table 6, and by sex in Supplemental Tables 4 and 5. 

The risk of certain organ-specific cancers was only increased during 
the first year after ITP diagnosis: large intestine (HR 3.45 95 % CI 
1.99–5.98), rectum (HR 3.78, 95 % CI 1.84–7.76), ovarian (HR 3.60, 95 
% CI 1.17–11.05) and brain cancer (HR 5.36 95 % CI 1.65–17.42). The 
risk of liver cancer was increased 2–9 years after ITP diagnosis (HR 5.03, 
95 % CI 3.03–8.35). 

The risk of hematological malignancies was increased in patients 
with ITP in all time intervals (Supplemental Table 6), overall HR (95 % 

CI) 4.15 (3.42–5.04). The risk of lymphoma was also increased in all 
time intervals, HR (95 % CI) 3.72 (2.35–5.89). The risk of Hodgkin’s 
lymphoma and non-Hodgkin’s lymphoma of non-follicular type 
(including e.g. mantle cell lymphoma and small and diffuse large B-cell 
lymphoma) was increased in men throughout the follow-up period and 
for myeloid leukemia up to 9 years (Supplemental Table 4). In women, 
the risk was most pronounced for myeloid leukemia 2–20 years after ITP 
diagnosis, and non-follicular non-Hodgkin’s lymphoma 2–9 years after 
ITP diagnosis (Supplemental Table 5). 

The risk of skin cancer (all morphologies) was increased 10–20 years 
after diagnosis in patients with ITP (HR 1.51, 95 % CI 1.05–2.19, Sup
plemental Table 6). Conversely, the risk of skin cancer (all morphol
ogies) was not increased during the first years. 

Results were similar when splenectomized patients were removed 
(Supplemental Table 7). Within each combination of outcome (cancer 
type) and analysis (stratified or specific time interval), all CIs 
overlapped. 

Table 1 
Baseline characteristics for the study cohort, numbers with proportions or means with standard deviations, for immune thrombocytopenia and matched comparison 
cohort.  

Variables Categories 
ITP1 non-ITP2 

Number Proportion (%) Number Proportion (%) 

Included Individuals Total 6,740 100 59,394 100 

Age3 

18− 39 years 2,181 32.4 21,049 35.4 
40− 59 years 1,402 20.8 13,077 22.0 
60− 69 years 1,011 15.0 8,753 14.7 
70− 79 years 1,119 16.6 8,884 15.0 
80 years and older 1,027 15.2 7,631 12.8 
Mean age (SD) 55 22.3 53 22.1 

Sex 
Female 3,700 54.9 32,440 54.6 
Male 3,040 45.1 26,954 45.4 

Cohort Entry Year 

1998− 1999 499 7.4 4,482 7.5 
2000− 2005 2,328 34.5 20,779 35.0 
2006− 2010 1,833 27.2 16,038 27.0 
2011− 2015 2,080 30.9 18,095 30.5 

Follow Up, Years4 

<1 537 8.0 1,491 2.5 
[1− 5) 2,218 32.9 18,616 31.3 
[5− 10) 1,878 27.9 17,485 29.4 
[10− 15) 1,385 20.5 14,179 23.9 
[15− 20) 722 10.7 7,623 12.8 
Mean follow-up (SD) 7 5.1 8 5.1 

Education, Years 

≤9 2,348 34.8 19,994 33.7 
10− 12 2,608 38.7 23,133 38.9 
>12 1,571 23.3 14,765 24.9 
Missing 213 3.2 1,502 2.5 

Income, Quintile5 

Lowest 1,281 19.0 11,920 20.1 
2nd quintile 1,462 21.7 11,757 19.8 
3rd quintile 1,453 21.6 11,771 19.8 
4th quintile 1,330 19.7 11,896 20.0 
Highest 1,214 18.0 12,044 20.3 
Missing 0 0.0 6 0.0 

Charlson Comorbidity Score 

0 2,906 43.1 35,929 60.5 
1 1,089 16.2 8,283 13.9 
2 602 8.9 3,869 6.5 
3 or more 2,143 31.8 11,313 19.0 

County6 
Predominantly Urban 1,694 25.1 14,931 25.1 
Intermediate 1,827 27.1 15,797 26.6 
Predominantly Rural 3,219 47.8 28,666 48.3 

Number of Hospitalizations7 
0− 5 6,640 98.5 59,246 99.8 
6− 10 87 1.3 130 0.2 
>10 13 0.2 18 0.0 

Number of Outpatient Visits7 
0− 5 5,850 86.8 57,293 96.5 
6− 10 603 8.9 1,615 2.7 
>10 287 4.3 486 0.8  

1 ITP=Immune Thrombocytopenia. 
2 Non-ITP=Matched comparison cohort from the general population. 
3 Matched on year of birth, exclusion and inclusion criteria applied post-matching, therefore proportions differ slightly. 
4 Semi-closed interval, lower bound included, upper bound excluded. 
5 Distribution after taxes in the Swedish general population. 
6 According to NUTS-2016, https://ec.europa.eu/eurostat/web/rural-development/methodology. 
7 For other reasons than ITP. 
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Table 2 
Number of events, observed person-years and incidence rate ratios with 95 % confidence intervals, by cancer type and sex.  

Cancer Sex 
ITP1 non-ITP2 ITP1 vs. non-ITP2 

Events PY3 Events PY3 IRR4 (95% CI)5 

Any 
Overall 839 46,440 5,775 464,521 1.45* (1.35− 1.56) 
Female 378 27,357 2,751 263,912 1.33* (1.18− 1.47) 
Male 461 19,083 3,024 200,610 1.60* (1.45− 1.76) 

Digestive 
Overall 167 48,972 1,140 483,736 1.45* (1.21− 1.68) 
Female 57 28,730 435 274,158 1.25 (0.91− 1.60) 
Male 110 20,243 705 209,578 1.62* (1.29− 1.94) 

Large intestine 
Overall 65 49,241 461 485,154 1.39* (1.03− 1.75) 
Female 22 28,835 196 274,616 1.07 (0.60− 1.54) 
Male 43 20,406 265 210,538 1.67* (1.13− 2.21) 

Rectum 
Overall 33 49,354 248 486,000 1.31 (0.83− 1.79) 
Female 10 28,871 78 275,034 1.22 (0.42− 2.03) 
Male 23 20,484 170 210,966 1.39 (0.79− 2.00) 

Liver 
Overall 37 49,400 62 486,781 5.88* (3.49− 8.27) 
Female 9 28,882 18 275,331 4.77 (0.95− 8.58) 
Male 28 20,518 44 211,450 6.56* (3.45− 9.67) 

Pancreas 
Overall 14 49,453 113 486,737 1.22 (0.54− 1.90) 
Female 3 28,904 49 275,292 0.58 (0.00− 1.26) 
Male 11 20,549 64 211,445 1.77 (0.64− 2.90) 

Respiratory 
Overall 35 49,390 411 486,187 0.84 (0.55− 1.13) 
Female 12 28,867 180 275,054 0.64 (0.26− 1.01) 
Male 23 20,523 231 211,133 1.02 (0.59− 1.46) 

Lung 
Overall 28 49,411 358 486,375 0.77 (0.47− 1.07) 
Female 9 28,880 170 275,104 0.50 (0.17− 0.84) 
Male 19 20,531 188 211,272 1.04 (0.55− 1.53) 

Melanoma 
Overall 39 49,332 371 485,291 1.03 (0.69− 1.38) 
Female 21 28,831 156 274,612 1.28 (0.70− 1.87) 
Male 18 20,501 215 210,678 0.86 (0.45− 1.27) 

Skin (all morphologies) 
Overall 160 48,839 1,151 482,352 1.37* (1.15− 1.60) 
Female 69 28,601 530 273,094 1.24 (0.93− 1.55) 
Male 91 20,238 621 209,258 1.52* (1.18− 1.85) 

Breast (all morphologies) Female 50 28,652 596 272,552 0.80 (0.57− 1.03) 
Cervix Female 42 28,666 407 273,050 0.98 (0.67− 1.30) 
Uterus Female 12 28,836 81 275,071 1.41 (0.56− 2.27) 
Prostate Male 94 20,210 1,029 206,969 0.94 (0.74− 1.13) 

Kidney 
Overall 10 49,433 102 486,460 0.96 (0.34− 1.59) 
Female 4 28,882 35 275,194 1.09 (0.00− 2.22) 
Male 6 20,551 67 211,265 0.92 (0.15− 1.69) 

Urinary 
Overall 33 49,360 288 485,842 1.13 (0.72− 1.53) 
Female 10 28,866 65 275,125 1.47 (0.49− 2.44) 
Male 23 20,494 223 210,717 1.06 (0.61− 1.52) 

Bladder 
Overall 31 49,376 270 485,894 1.13 (0.71− 1.55) 
Female 8 28,882 57 275,140 1.34 (0.35− 2.33) 
Male 23 20,494 213 210,754 1.11 (0.63− 1.59) 

Brain 
Overall 11 49,456 98 486,532 1.10 (0.42− 1.79) 
Female 7 28,896 61 275,132 1.09 (0.24− 1.95) 
Male 4 20,560 37 211,400 1.11 (0.00− 2.26) 

Lymph 
Overall 31 49,357 66 486,581 4.63* (2.65− 6.61) 
Female 12 28,858 30 275,230 3.82* (1.26− 6.37) 
Male 19 20,499 36 211,351 5.44* (2.42− 8.47) 

Hematological 
Overall 169 48,938 362 485,743 4.63* (3.79− 5.48) 
Female 67 28,698 151 274,875 4.25* (3.03− 5.47) 
Male 102 20,239 211 210,868 5.04* (3.85− 6.23) 

Hodgkin 
Overall 9 49,421 13 486,787 6.82* (1.02− 12.61) 
Female 3 28,885 9 275,299 3.18 (0.00− 7.33) 
Male 6 20,536 4 211,488 15.45 (0.00− 34.99) 

Follicular 
Overall 9 49,434 24 486,737 3.69 (0.86− 6.52) 
Female 3 28,903 12 275,289 2.38 (0.00− 5.39) 
Male 6 20,531 12 211,448 5.15 (0.10− 10.20) 

Non-follicular 
Overall 42 49,278 85 486,547 4.88* (3.08− 6.68) 
Female 14 28,835 42 275,227 3.18* (1.26− 5.11) 
Male 28 20,443 43 211,320 6.73* (3.53− 9.93) 

T and Natural Killer Cells 
Overall 10 49,450 7 486,832 14.06 (0.48− 27.65) 
Female 5 28,898 2 275,333 23.82 (0.00− 62.88) 
Male 5 20,552 5 211,499 10.29 (0.00− 23.05) 

Other Non-Hodgkin 
Overall 19 49,426 31 486,736 6.04* (2.59− 9.48) 
Female 9 28,876 15 275,277 5.72 (0.99− 10.45) 
Male 10 20,551 16 211,459 6.43* (1.35− 11.51) 

Multiple myeloma 
Overall 12 49,439 61 486,683 1.94 (0.74− 3.14) 
Female 6 28,889 22 275,270 2.60 (0.25− 4.94) 
Male 6 20,550 39 211,413 1.58 (0.22− 2.94) 

Lymphoid leukemia 
Overall 17 49,376 74 486,579 2.26* (1.07− 3.46) 
Female 3 28,897 29 275,240 0.99 (0.00− 2.16) 
Male 14 20,479 45 211,339 3.21* (1.28− 5.14) 

(continued on next page) 

C. Ekstrand et al.                                                                                                                                                                                                                               



Cancer Epidemiology 69 (2020) 101806

5

5. Discussion 

Including a large cohort of patients with primary ITP (N = 6,740), we 
observed a 37 % increased risk of overall cancer in comparison with a 
matched cohort from the general population. The risk was more than 
twofold during the first year after ITP diagnosis and remained statisti
cally significantly higher (20%–28%) during follow-up. The risk of solid 
tumors, including large intestines, rectum, ovaries and brain, were 
increased in patients with ITP during the year following diagnosis. The 
risk of hematological malignancies was significantly increased in all 
time intervals for men and up to 9 years after ITP diagnosis in women. 
The increased risk of overall and organ-specific cancers during the first 
year might be due to surveillance bias. However, although the magni
tude of risk estimates was lower, the increased risk remained statistically 
significant later during follow-up in liver and hematological malig
nancies. While the increased risk remained statistically significant in 
men, point estimates remained above one but not statistically significant 
in women. 

To the best of our knowledge, this is the first study using population- 
based data with long-term follow-up to investigate cancer risk in pa
tients with ITP. Frederiksen et al. used a similar study design in Denmark 
to study mortality from various causes in patients with ITP. The Danish 
study included 221 patients with ITP and 2,210 matched comparators; 
with a median follow-up time of 9.4 years, adjusted HRs (95 % CI) for 
mortality caused by hematologic and solid cancers were reported to be 
5.7 (2.1–15.7) and 1.0 (0.7–1.7), respectively [30]. 

Dysregulation of the immune function in ITP can affect the immune 
system’s ability to recognize tumor-specific antigens on transformed/ 
premalignant cells, and may possibly increase the risk of developing 
cancer [17]. Moreover, immunomodulatory treatment and TPO-R ago
nists could potentially impact the risk of cancer. To be able to evaluate 
treatment influence, we need information on prescribed drugs and drugs 
administered in hospitals. In the current study, in order to maintain the 
long follow-up period, we have refrained from studying treatments 
because records of prescribed drugs are only available in Sweden from 
2005 (start of the Prescribed Drug Register [PDR]). Additionally, a high 
proportion of treatments given to patients with ITP are administered in 
the hospital and thus not covered by PDR. 

An increased risk of solid tumors, such as breast, gastric, lung, renal 
and ovarian tumors, in patients with ITP has been reported in case series 
[31]. We found an increased risk of liver cancer but no increased risk of 
breast (all morphologies), lung or renal cancer. We observed that both 
men and women with ITP have a five times higher risk of developing 
liver cancer than the general population. The risk is more pronounced 
2–9 years after ITP diagnosis, indicating a possible genuine risk. 
Considering that a risk of ovarian cancer was only found to be present in 
the first year following ITP diagnosis, it is probably more likely that 
unspecific symptoms lead to the ovarian cancer diagnosis during the 
investigation of the ITP disease. Ovarian cancer can be hard to diagnose 
and is often detected at a late stage [32]. Landgren et al. studied men 
diagnosed with ITP and found an increased risk of liver cancer but no 
increased risk of stomach cancer. However, they also found an increased 

risk of esophagus cancer (RR = 1.57), which was not observed in our 
study [14]. Hemminiki et al. found an increased risk of stomach cancer 
in patients with ITP [17]. However, their study population included 
both primary and secondary ITP, making it difficult to compare the re
sults. In liver cancer, chronic inflammation is one contributing cause of 
tumorigenesis [33]. Autoimmune diseases, including ITP, with its in
flammatory mechanisms, have been associated with increased risk of 
liver cancer [34]. ITP is also associated with dysfunctional thrombo
poiesis. Regulation by thrombopoietin, which is produced in the liver, is 
often ineffective [35,36]. However, current knowledge of ITP mecha
nisms does not indicate an association between ITP and exhausting 
overproduction of TPO by hepatocytes, and long-term follow-up studies 
in patients treated with TPO-R agonists did not report any increased risk 
for liver malignancies [37]. 

The risk of hematologic malignancies was increased in all time in
tervals following a decreasing trend with the highest risk, nine-fold, the 
year after ITP diagnosis, down to a twofold higher risk 10–20 years after 
diagnosis. We excluded all secondary ITP and previous cancer at in
clusion. However, we cannot rule out the possibility that patients 
diagnosed with ITP actually have occult hematologic malignancies or 
pre-malignancies that are diagnosed later. Still, the observed association 
between ITP and hematological malignancies 10 years after ITP diag
nosis does not support the possibility of preexisting malignancies. Our 
study does, however, support previous findings of an increased risk of 
hematological malignancies in ITP [8–11,15]. Previous studies have 
reported that patients with ITP have an increased risk of Hodgkin’s 
lymphoma [8], non-Hodgkin’s lymphoma (including non-follicular 
lymphomas and natural killer/T-cell lymphoma [15,8], myeloid leuke
mia and lymphoid leukemia) [15,38]. Explanations as to why the risk of 
hematological malignancies is increased in patients with ITP include 
antigenic stimulation [15,39], immune-related or inflammation-driven 
tumorigenesis caused by the autoimmune disease [10,39], shared ge
netic or environmental risk factors for both autoimmune disease and 
hematological cancer [39], and treatments (immunosuppressive, corti
costeroids) [6,10,40]. The increased risk of hematological cancers has 
clinical implications regarding the surveillance of patients with ITP and 
should be considered by treating hematologists. 

We also found an increased risk of skin cancer (all morphologies) 
after 10 years of follow-up. Previous studies have reported an increased 
risk of skin cancer associated with exposure to some immunosuppressive 
drugs used in ITP such as azathioprine [41,42]. As we do not have in
formation on medications in this study, we were not able to investigate 
the possible association with pharmacological exposures. 

Results did not change materially when splenectomized patients 
were removed. Nevertheless, some statistically significant results for the 
period 10–20 years after the index date became non-statistically sig
nificant, probably due to decreased statistical power. 

The Swedish national health registers are of high quality with almost 
complete coverage, permitting long-term follow-up. Random selection 
of the matching cohort and inclusion of all patients with ITP limits the 
possibility of selection bias. The matched cohort design enables tem
poral comparison of patients with ITP vs. non-ITP and accounts for 

Table 2 (continued ) 

Cancer Sex 
ITP1 non-ITP2 ITP1 vs. non-ITP2 

Events PY3 Events PY3 IRR4 (95% CI)5 

Myeloid leukemia 
Overall 46 49,410 54 486,751 8.39* (5.09− 11.69) 
Female 24 28,865 16 275,317 14.31* (5.26− 23.36) 
Male 22 20,545 38 211,434 5.96* (2.83− 9.09)  

1 Immune Thrombocytopenia. 
2 Matched comparison cohort from the general population. 
3 Person-time, years. 
4 Incidence Rate Ratio of cancer in ITP compared with non-ITP. 
5 95 % Confidence Interval. 
* Statistically significant at the 5%-level. 
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possible important confounders. Furthermore, additional covariates 
such as comorbidity and socioeconomics were included in the analysis to 
minimize confounding. 

Surveillance bias might lead to overestimation of events when 
comparing patients who are followed for a disease with the general 
population. Patients with ITP usually have regular visits to the doctor, 
and consequently symptoms of cancer might be captured earlier. The 
analysis used estimates the risk in different time periods and therefore 
controls for surveillance bias by isolating it. In order to have long-term 

follow-up from ITP diagnosis to cancer, baseline covariates were 
assessed only within one year, yielding few findings of comorbidities. 
Considering that most cancers take a long time to develop, it was a trade- 
off between having more detailed information at baseline or a reason
ably long follow-up to study the risk of cancer, and we chose a short 
look-back in order to have a long follow-up. Instead, we adjusted for 
aggregated covariates, using the Charlson comorbidity score as suitable 
proxy for comorbidity burden together with number of hospitalizations 
and number of outpatient hospital visits, all added as time-dependent 

Fig. 1. Adjusted hazard ratios with 95 % confidence intervals, by cancer type and time interval after diagnosis for ITP and matched date for non-ITP.  
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variables. This choice might lead to higher unmeasured confounding 
than usual. Lifestyle factors such as smoking, obesity and alcohol use, 
known to be associated with a risk for some specific cancers, are not well 
captured in the national registers. On the other hand, in our experience, 
the socioeconomic variables included usually serve well as proxies for 
lifestyle in Sweden [43–45]. We did not have access to treatments for the 
current study, neither filled prescriptions nor in-hospital administered 
drugs. It can be speculated that ITP might be present before the diag
nosis is recorded in NPR, but we deem it unlikely that ITP would be 
treated in primary care, since it is a disease requiring specialist care 
early in the course of the disease. 

6. Conclusion 

Patients with primary ITP have a higher overall risk of cancer in 
comparison with the general population. The observed increased risk 
does not seem to be solely due to surveillance bias, but can also be due to 
autoimmune mechanisms of the ITP disease or ITP treatments. A 
significantly increased risk of liver cancer irrespective of sex was seen up 
to 9 years after ITP diagnosis. Treating hematologists need to have a 
high index of suspicion for cancer when managing patients with ITP. 
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[15] K.C. Söderberg, F. Jonsson, O. Winqvist, L. Hagmar, M. Feychting, Autoimmune 
diseases, asthma and risk of haematological malignancies: a nationwide case- 
control study in Sweden, Eur. J. Cancer 42 (17) (2006) 3028–3033, https://doi. 
org/10.1016/j.ejca.2006.04.021. 

[16] K.A. Foon, K.R. Rai, R.P. Gale, Chronic lymphocytic leukemia: new insights into 
biology and therapy, Ann. Intern. Med. 113 (7) (1990) 525–539, https://doi.org/ 
10.7326/0003-4819-113-7-525. 

[17] K. Hemminki, X. Liu, J. Ji, J. Sundquist, K. Sundquist, Autoimmune disease and 
subsequent digestive tract cancer by histology, Ann. Oncol. 23 (4) (2012) 927–933, 
https://doi.org/10.1093/annonc/mdr333. 

[18] C. Ekstrand, M. Linder, H. Cherif, H. Kieler, S. Bahmanyar, Patient characteristics 
when starting treatment and patterns of treatment in adults with chronic immune 
thrombocytopenia, Blood Coagul. Fibrinolysis 30 (7) (2019) 350–356, https://doi. 
org/10.1097/MBC.0000000000000846. 

[19] S. Mezaache, H. Derumeaux, P. Ferraro, et al., Validation of an algorithm 
identifying incident primary immune thrombocytopenia in the French national 
health insurance database, Eur. J. Haematol. 99 (2017) 344–349, https://doi.org/ 
10.1111/ejh.12926. 

[20] J.F. Ludvigsson, E. Andersson, A. Ekbom, et al., External review and validation of 
the Swedish national inpatient register, BMC Public Health 11 (2011) 450, https:// 
doi.org/10.1186/1471-2458-11-450. 

[21] K.E.K. Heden, A.O. Jensen, D.K. Farkas, M. Nørgaard, Validity of a procedure to 
identify patients with chronic idiopathic thrombocytopenic purpura in the Danish 
National Registry of Patients, Clin. Epidemiol. (1) (2009) 7–10, https://doi.org/ 
10.2147/CLEP.S4832. 

[22] Cf Christiansen, S. Bahmanyar, W. Ghanima, N. Risbo, C. Ekstrand, S. Stryker, 
J. Acquavella, K. Kilpatrick, H. Frederiksen, M. Nørgaard, Ht. Sørensen, Chronic 
immune thrombocytopenia in Denmark, Sweden and Norway: the nordic country 
patient registry for romiplostim, E Clin. Med. 14 (August (23)) (2019) 80–87, 
https://doi.org/10.1016/j.eclinm.2019.07.015. 

[23] C. Enger, D. Bennett, U. Forssen, et al., Comorbidities in patients with persistent or 
chronic immune thrombocytopenia, Int. J. Hematol. 92 (2010) 289, https://doi. 
org/10.1007/s12185-010-0636-3. 

[24] J.A.A. Dalstra, A.E. Kunst, C. Borrell, E. Breeze, E. Cambois, G. Costa, J.J.M. Geurts, 
E. Lahelma, H. Van Oyen, N.K. Rasmussen, E. Regidor, T. Spadea, J.P. Mackenbach, 
Socioeconomic differences in the prevalence of common chronic diseases: an 
overview of eight European countries, Int. J. Epidemiol. 34 (April (2)) (2005) 
316–326, https://doi.org/10.1093/ije/dyh386. 

[25] N. Brusselaers, J. Lagergren, The Charlson comorbidity index in registry-based 
research, Methods Inf. Med. 56 (5) (2017) 401–406, https://doi.org/10.3414/ 
ME17-01-0051. 

[26] S. Schneeweiss, M. Maclure, Use of comorbidity scores for control of confounding 
in studies using administrative data bases, Int. J. Epidemiol. 29 (5) (2000) 
891–898, https://doi.org/10.1093/ije/29.5.891. 

[27] J.F. Ludvigsson, P. Svedberg, O. Olen, G. Bruze, M. Neovius, The longitudinal 
integrated database for health insurance and labour market studies (LISA) and its 
use in medical research, Eur. J. Epidemiol. 34 (4) (2019) 423–437, https://doi.org/ 
10.1007/s10654-019-00511-8. 

[28] Statistics Sweden, Longitudinal Integration Database for Health Insurance and 
Labour Market Studies (LISA) English, Accessed 23 March 2020, 2020, https 
://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikr 
odata-finns/longitudinella-register/longitudinal-integrated-database-for-health-ins 
urance-and-labour-market-studies-lisa/. 

[29] L. Barlow, K. Westergren, L. Holmberg, M. Talback, The completeness of the 
Swedish cancer register: a sample survey for year 1998, Acta Oncol. 48 (1) (2009) 
27–33, https://doi.org/10.1080/02841860802247664. 

[30] H. Frederiksen, M.L. Maegbaek, M. Nørgaard, Twenty-year mortality of adult 
patients with primary immune thrombocytopenia: a Danish population-based 

C. Ekstrand et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.canep.2020.101806
https://doi.org/10.1038/nm921
https://doi.org/10.1007/s00277-016-2703-1
https://doi.org/10.1016/j.autrev.2017.04.012
https://doi.org/10.1016/j.autrev.2017.04.012
https://doi.org/10.1182/blood-2009-06-225565
https://doi.org/10.1016/j.lpm.2014.02.004
https://doi.org/10.1016/j.lpm.2014.02.004
https://doi.org/10.1093/jnci/djh118
https://doi.org/10.1182/blood-2008-07-162503
https://doi.org/10.3324/haematol.2009.010512
https://doi.org/10.1093/annonc/mdu365
https://doi.org/10.3324/haematol.2009.020412
https://doi.org/10.1080/10428190902780677
http://refhub.elsevier.com/S1877-7821(20)30140-5/sbref0060
http://refhub.elsevier.com/S1877-7821(20)30140-5/sbref0060
http://refhub.elsevier.com/S1877-7821(20)30140-5/sbref0060
https://doi.org/10.1212/01.wnl.0000345366.10455.62
https://doi.org/10.1002/cncr.25524
https://doi.org/10.1002/cncr.25524
https://doi.org/10.1016/j.ejca.2006.04.021
https://doi.org/10.1016/j.ejca.2006.04.021
https://doi.org/10.7326/0003-4819-113-7-525
https://doi.org/10.7326/0003-4819-113-7-525
https://doi.org/10.1093/annonc/mdr333
https://doi.org/10.1097/MBC.0000000000000846
https://doi.org/10.1097/MBC.0000000000000846
https://doi.org/10.1111/ejh.12926
https://doi.org/10.1111/ejh.12926
https://doi.org/10.1186/1471-2458-11-450
https://doi.org/10.1186/1471-2458-11-450
https://doi.org/10.2147/CLEP.S4832
https://doi.org/10.2147/CLEP.S4832
https://doi.org/10.1016/j.eclinm.2019.07.015
https://doi.org/10.1007/s12185-010-0636-3
https://doi.org/10.1007/s12185-010-0636-3
https://doi.org/10.1093/ije/dyh386
https://doi.org/10.3414/ME17-01-0051
https://doi.org/10.3414/ME17-01-0051
https://doi.org/10.1093/ije/29.5.891
https://doi.org/10.1007/s10654-019-00511-8
https://doi.org/10.1007/s10654-019-00511-8
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-health-insurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-health-insurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-health-insurance-and-labour-market-studies-lisa/
https://www.scb.se/en/services/guidance-for-researchers-and-universities/vilka-mikrodata-finns/longitudinella-register/longitudinal-integrated-database-for-health-insurance-and-labour-market-studies-lisa/
https://doi.org/10.1080/02841860802247664


Cancer Epidemiology 69 (2020) 101806

8

cohort study, Br. J. Haematol. 166 (2014) 260–267, https://doi.org/10.1111/ 
bjh.12869. 

[31] M.T. Krauth, J. Puthenparambil, K. Lechner, Paraneoplastic autoimmune 
thrombocytopenia in solid tumors, Crit. Rev. Oncol. Hematol. 81 (1) (2012) 75–81, 
https://doi.org/10.1016/j.critrevonc.2011.02.004. 

[32] C.A. Doubeni, A.R. Doubeni, A.E. Myers, Diagnosis and management of ovarian 
cancer, Am. Fam. Phys. 93 (11) (2016) 937–944, missing. 

[33] D. Sia, A. Villanueva, Sl Friedman, Jm. Llovet, Liver cancer cell of origin, molecular 
class, and effects on patient prognosis, Gastroenterology 152 (4) (2017) 745–761, 
https://doi.org/10.1053/j.gastro.2016.11.048. 

[34] E.E. McGee, F.A. Castro, E.A. Engels, et al., Associations between autoimmune 
conditions and hepatobiliary cancer risk among elderly US adults, Int. J. Cancer 
144 (4) (2019) 707–717, https://doi.org/10.1002/ijc.31835. 

[35] M. Perera, T. Garrido, Advances in the pathophysiology of primary immune 
thrombocytopenia, Hematology 22 (1) (2017) 41–53, https://doi.org/10.1080/ 
10245332.2016.1219497. 

[36] K. Kaushansky, The molecular mechanisms that control thrombopoiesis, J. Clin. 
Invest. 115 (12) (2005) 3339–3347, https://doi.org/10.1172/JCI26674. 

[37] W. Ghanima, N. Cooper, F. Rodeghiero, B. Godeau, J.B. Bussel, Thrombopoietin 
receptor agonists: ten years later, Haematologica 104 (6) (2019) 1112–1123, 
https://doi.org/10.3324/haematol.2018.212845. 

[38] M. Norgaard, A.O. Jensen, M.C. Engebjerg, et al., Long-term clinical outcomes of 
patients with primary chronic immune thrombocytopenia: a Danish population- 
based cohort study, Blood 117 (13) (2011) 3514–3520, https://doi.org/10.1182/ 
blood-2010-10-312819. 

[39] O. Landgren, E.A. Engels, R.M. Pfeiffer, et al., Autoimmunity and susceptibility to 
Hodgkin lymphoma: a population-based case-control study in Scandinavia, J. Natl. 
Cancer Inst. 98 (18) (2006) 1321–1330, https://doi.org/10.1093/jnci/djj361. 

[40] R. Marcen, Immunosuppressive drugs in kidney transplantation: impact on patient 
survival, and incidence of cardiovascular disease, malignancy and infection, Drugs 
69 (16) (2009) 2227–2243, https://doi.org/10.2165/11319260-000000000- 
00000. 

[41] L. Collins, A. Quinn, T. Stasko, Skin cancer and immunosuppression, Dermatol. 
Clin. 37 (1) (2019) 83–94, https://doi.org/10.1016/j.det.2018.07.009. 

[42] S.J. Meggitt, A.V. Anstey, M.F. Mohd Mustapa, N.J. Reynolds, S. Wakelin, British 
Association of Dermatologists’ guidelines for the safe and effective prescribing of 
azathioprine 2011, Br. J. Dermatol. 165 (4) (2011) 711–734, https://doi.org/ 
10.1111/j.1365-2133.2011.10575.x. 
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