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Abstract

Patients with primary hematological malignancy (HM) are at an elevated risk of

subsequent malignant neoplasms (SMNs), which is a common concern after treatment

of primary cancer. We identified 45,533 patients aged ≥20 years and diagnosed with

primary HM in Finland from 1992 to 2019 from the Finnish Cancer Registry and

estimated standardized incidence ratios (SIR) and excess absolute risks per 1000

person-years (EAR) for SMNs. A total of 6076 SMNs were found (4604 solid and

1472 hematological SMNs). The SIRs were higher for hematological SMNs (SIR 4.9,

95% confidence interval [CI] 4.7–5.2) compared to solid SMNs (SIR 1.5, 95% CI

1.4–1.5). The SIRs for hematological SMNs were highest in the young HM patients

aged 20–39 years (SIR 9.2, 95% CI 6.8–12.2 in males and SIR 10.5, 95% CI 7.2–14.7

in females) and decreased by age of first primary HM. However, EARs for hematologi-

cal SMNs were highest in the older patients, aged 60–79 years at their first primary

HM (EAR 5.7/1000 and 4.7/1000 in male and female patients, respectively). In con-

clusion, the incidence of both hematological and solid SMNs were increased in hema-

tological cancer patients. The relative risk (SIR) was highest among younger HM

patients with hematological SMNs. The absolute second cancer burden reflected by

high EAR arises from solid malignancies in older patients. Our results accentuate the

need for vigilance in the surveillance of HM patients.
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What's new?

Subsequent malignant neoplasms are a common concern after diagnosis and treatment of pri-

mary cancer. This population-based registry study explored subsequent malignant neoplasms

among 45,533 adult patients diagnosed with primary hematological malignancy in Finland in

1992–2019. The study offers a wide perspective over both hematological and solid subsequent

malignant neoplasms, also covering the era of modern treatment modalities. More than 13% of

adult hematological patients were affected by a second cancer, with the risk of a second hema-

tological malignancy especially elevated. The results emphasize the need for vigilance in the sur-

veillance of patients with primary hematological malignancy.

1 | INTRODUCTION

Subsequent malignant neoplasms (SMNs) are a common concern after

diagnosis and treatment of primary cancer, and the number of SMNs is

expected to rise with the aging population and increased patient survival.

Host-related factors (age, immune alterations), genetic susceptibility, life-

style, and behavioral factors as well as treatment modalities of the

primary cancer all contribute to the risk of SMNs.1,2 In comparison to the

general cancer risk observed in the population, the risk of subsequent

malignancy is increased among patients who already have suffered from

a primary hematological malignancy (HM). The risk has most often been

higher for hematological than solid SMNs.3–14

Treatment-related risk of SMNs stems from a variety of therapy

modalities used in the care of HM. The most common risk-increasing

chemotherapies include, for example, alkylating agents and topoisom-

erase II inhibitors. They are considered to be responsible for the

majority of the most typical hematological SMNs, therapy-related

myelodysplastic syndrome, and acute myeloid leukemia.15–17 Another

established risk factor for SMNs is radiotherapy alone or combined

with chemotherapy.15,18,19 Allogeneic and autologous hematopoietic

stem cell transplantation plays a crucial role in the care of HM. The

conditioning therapy given to patients is essential but also genotoxic

and patients are subsequently at an elevated risk of both solid and

hematological second malignancies.20–24 Also, immune dysfunction—

whether acquired or innate—seems to contribute to the occurrence of

SMNs.2,25 In general, the higher the doses of chemotherapy/radiation

used and the younger the patients are at the time of the primary HM,

the more pronounced is the risk of SMNs.3,15,26,27

Previous studies on SMNs of HM patients have focused only on

one or a few hematological diagnoses. Here, we aimed at providing a

more comprehensive analysis on the incidence of solid and hemato-

logical SMNs following a wider spectrum of primary HMs, also cover-

ing the era of modern treatment modalities.

2 | MATERIALS AND METHODS

A total of 45,533 patients aged ≥20 years, diagnosed with primary

HM, based on the International classification of diseases and related

health problems (ICD-10) codes (C81–96, D45–47, and D76, including

lymphomas), in Finland from January 1, 1992 to December 31, 2019

and alive after 0.5 years of follow-up were identified from the Finnish

Cancer Registry (FCR) (Table 1). The FCR registers all cancers diag-

nosed in Finland since 1953 with high coverage for solid cancers

(96%), and ranging from 86% in adults to 97% in children for

HMs.28,29 The most common primary HMs (in order of magnitude)

were non-Hodgkin lymphomas, plasma cell dyscrasias (including mul-

tiple myeloma), chronic lymphocytic leukemia/small lymphocytic

lymphoma, myeloproliferative neoplasms (MPN), acute myeloid

leukemia, Hodgkin lymphoma (HL), myelodysplastic syndrome/

myelodysplastic-myeloproliferative neoplasms (MDS/MDS-MPN),

acute lymphoblastic leukemia/lymphoma, and Waldenstrom macro-

globulinemia/lymphoplasmacytic lymphoma.

We estimated standardized incidence ratios (SIR) and excess

absolute risks (EAR) for any SMN, as well as for hematological and

solid SMNs, separately. We analyzed and compared patient cohorts

stratified by sex, age at primary HM diagnosis (20–39, 40–59, 60–79,

and ≥80 years), and the diagnostic time period of the first primary HM

(1992–1999, 2000–2009, and 2010–2019).

The follow-up started 6 months after diagnosis of the first pri-

mary HM to avoid recurrences of the first primary HM and detection

bias. The follow-up ended at the diagnosis of second primary cancer

or end of 2020, death or emigration, whichever came first, and was

classified as short (0.5–5 years) or long (>5 years). Third or higher-

order SMNs were not included in this study.

The SIR compares observed second malignancies with the expected

ones.30 The expected numbers are calculated based on person-years

from the cohort multiplied by the general population incidence rate strat-

ified by sex, 5-year age group, and 5-year calendar period. We calculated

the expected cancer incidence rate using the incidence rates of the first

primary cancer in the corresponding age-period-sex-specific group in the

entire Finnish population (the reference). SIR is the ratio of observed can-

cer incidence and the expected cancer incidence in the cohort, while

EAR is the difference of observed and expected number of cancers per

1000 person-years. We assumed a Poisson distribution and constant

expected rates for 95% confidence intervals (CI).

We used R software, version 4.0.2 (R project for Statistical Analy-

sis) package popEpi, version 0.4.9 for data analysis.31
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3 | RESULTS

Among the 45,533 primary HM patients, 6076 patients (13.3%) had

an SMN over the entire follow-up. Altogether, there were 4604

(75.8%) solid SMNs and 1472 (24.2%) hematological SMNs (Table 2).

The SIR for hematological SMNs was 4.9 (95% CI 4.7–5.2) compared

to SIR 1.5 (95% CI 1.4–1.5) for solid SMNs. The overall SIR was similar

in males and females both for hematological SMNs (SIR 4.7, 95% CI

4.4–5.1 and 5.2, 95% CI 4.9–5.6 in men and women, respectively) and

for solid SMNs (SIR 1.5, 95% CI 1.4–1.5 and 1.4, 95% CI 1.4–1.5 in

men and women, respectively) (data not shown).

For all SMNs, as well as hematological and solid SMNs separately,

the SIRs were highest in the young HM patients and decreased by age

of first primary HM. Among patients diagnosed with primary HM at

the age of 20–39 years, the SIRs for hematological SMNs were 9.2

(95% CI 6.8–12.2) in males and 10.5 (95% CI 7.2–14.7) in females,

whereas the SIRs for solid SMNs were 2.5 (95% CI 2.0–3.2) in males

and 2.7 (95% CI 2.2–3.2) in females. In patients aged ≥80 years, the

SIRs for hematological SMNs were 2.0 (95% CI 1.4–2.8) in males and

2.4 (95% CI 1.8–3.2) in females compared to 1.2 (95% CI 1.0–1.3, NS)

in males and 1.3 (95% CI 1.1–1.4) in females aged ≥80 years for solid

SMNs, respectively (Table 2).

The EARs, however, were highest for solid SMNs in the older

patients, aged 60–79 years at their first primary HM. In males and

females aged 60–79 years, the EARs for solid SMNs were 9.1 and 5.2

per 1000 person-years, respectively, compared to the EARs of 1.8 and

3.3 per 1000 person-years in males and females aged 20–39 years,

respectively. The EARs for hematological SMNs were 5.7 and 4.7 per

1000 person-years, respectively, in male and female patients aged

60–79 years, whereas the respective EARs were 1.7 and 1.4 per 1000

person-years in the young males and females aged 20–39 years. In

patients aged 40–59 years, the EARs for hematological and solid

SMNs were approaching each other, 4.3 and 4.8 per 1000 person-

years, respectively, in males, and 4.6 and 3.2 per 1000 person-years,

respectively, in females (Table 2).

We also compared the lag time from diagnosis of first primary HM

to SMN in terms of short (0.5–5 years) or long (>5 years) follow-up sep-

arately for hematological and solid SMNs. In the short follow-up, the

SIRs were higher for hematological than for solid SMNs, SIR 5.1 (95%

CI 4.6–5.6) compared to SIR 1.3 (95% CI 1.3–1.4) in males, and SIR 5.3

(95% CI 4.7–5.9) compared to SIR 1.3 (95% CI 1.2–1.4), respectively, in

females. Again, the SIRs over the short follow-up were highest for

young patients (aged 20–39 years) with hematological SMNs (SIR 15.1,

95% CI 8.8–23.7 in males and SIR 21.9, 95% CI 12.3–35.4 in females)

compared to SIRs for solid SMNs in the same age group (SIR 3.2, 95%

CI 1.8–5.3 in males and SIR 2.6, 95% CI 1.5–4.2 in females). In the long

follow-up (>5 years), the risk was slightly lower for hematological SMNs

and higher for solid SMNs. However, SIRs for hematological SMNs

were still over 7-fold in patients aged 20–39 over the long follow-up

compared to an approximately 2.5-fold increased incidence for solid

SMNs (Table S1). The changes of SIRs over follow-up time, stratified by

sex and type of second malignancy (solid or hematological), are illus-

trated by a spline graph (Figure 1).

Comparing the risk of SMNs in different calendar time periods,

the risk was similar for any SMN or solid SMNs over time, approxi-

mately 2-fold for any SMNs and 1.5-fold for solid SMNs throughout

all periods. In contrast, the risk for hematological SMNs during the

latest period in 2010–2019 was more than double compared to the

risk during the earliest period in 1992–1999 (Table S2).

Among different solid cancers, the most common solid SMNs in

number were those of digestive organs (n = 936), skin (n = 912), male

genital organs (n = 689, with non-significant SIR), and respiratory

organs (n = 540). The highest SIRs for solid SMNs were found for

skin cancers (SIR 3.1, 95% CI 2.9–3.3), endocrine gland tumors

TABLE 1 Number of patients with
primary hematological malignancy as first
cancer by period, age at diagnosis,
and sex.

Period and age group (years of age) Total Number of males (%) Number of females (%)

All periods 45,533 23,847 (52.4%) 21,686 (47.6%)

1992–2000 9967 4976 (49.9%) 4991 (50.1%)

20–39 1013 561 (55.4%) 452 (44.6%)

40–59 2993 1670 (55.8%) 1323 (44.2%)

60–79 4896 2342 (47.8%) 2554 (52.2%)

≥80 1065 403 (37.8%) 662 (62.2%)

2000–2009 14,909 7903 (53.0%) 7006 (47.0%)

20–39 1334 765 (57.3%) 569 (42.7%)

40–59 4361 2519 (57.8%) 1842 (42.2%)

60–79 7461 3956 (53.0%) 3505 (47.0%)

≥80 1753 663 (37.8%) 1090 (62.2%)

2010–2019 20,657 10,968 (53.1%) 9689 (46.9%)

20–39 1536 855 (55.7%) 681 (44.3%)

40–59 4517 2590 (57.3%) 1927 (42.7%)

60–79 11,427 6175 (54.0%) 5252 (46.0%)

≥80 3177 1348 (42.4%) 1829 (57.6%)
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(SIR 2.4, 95% CI 1.9–2.9), soft tissue sarcomas (SIR 2.4, 95% CI 1.7–3.2),

and head and neck cancers (SIR 2.1, 95% CI 1.8–2.5) (Table S3).

4 | DISCUSSION

Adult hematological cancer patients are at a substantial risk of

SMNs, and especially the risk of a second HM is elevated. We

observed that SIRs were highest for hematological SMNs whereas,

in terms of absolute number of cancers, the most common SMNs

following a primary HM were solid cancers. SIRs were highest

in patients diagnosed at a young age (20–39 years). In contrast,

EARs were highest among patients diagnosed at the older age of

60–79 years. This reflects the low absolute number of SMNs in

young HM patients despite high SIRs. The high absolute subsequent

cancer burden arises from the older age groups. The risk for hema-

tological SMNs was higher over the short follow-up (0.5–5 years)

whereas solid SMNs were more likely to be diagnosed >5 years

from the primary diagnosis.

The elevated risk of hematological second malignancies is in line

with recent studies (e.g., Sung et al. 2020). Notably, the increased inci-

dence was even more prominent in our study. This observation may

reflect our research setting in which we already included the first

5 years of follow-up after the primary cancer, and excluded only

6 months from the date of the first primary cancer. In our opinion, this

choice is supported by previous studies indicating that hematological

SMNs, such as therapy-related myeloid neoplasms, have a relatively

short latency of 3–5 years. The incidence then plateaus at around

5 years and decreases thereafter.15 The intriguing and potential para-

digm shift in the incidence of SMNs caused by novel therapy modali-

ties remains to be explored in further studies. However, considering

the heterogeneity of HMs and our aim to offer an overview of SMNs

in HM patients, this kind of analysis was not performed here.

Interestingly, although most HMs are rare diseases in the popula-

tion, in our patient cohort the EARs for hematological SMNs in the

middle-aged females (40–59 years) were higher compared to EARs for

solid SMNs. In the middle-aged males, the EARs for hematological and

solid SMNs were nearly equal. In the literature, Bright et al. (2019)

TABLE 2 Standardized incidence ratios (SIR) and excess absolute risks (EAR) for subsequent malignant neoplasm (SMN) by type of
malignancy (all, hematological or solid), sex, and age at primary cancer among patients with primary hematological malignancy (HM).

Age at primary

HM (years)

Patients with

primary HMs

Subsequent malignant

neoplasm Observed SMNs Person-years SIR

Confidence

interval (95%) EAR

Males

20–39 2128 All SMNs 117 23,940.9 3.6* 2.9–4.2 3.5*

Hemat SMN 46 23,940.9 9.2* 6.8–12.2 1.7*

Solid SMN 71 23,940.9 2.5* 2.0–3.2 1.8*

40–59 6625 All SMNs 979 56,258.3 2.1* 2.0–2.2 9.1*

Hemat SMN 282 56,258.3 6.8* 6.0–7.6 4.3*

Solid SMN 697 56,258.3 1.6* 1.5–1.8 4.8*

60–79 12,022 All SMNs 2153 56,632.5 1.6* 1.6–1.7 14.8*

Hemat SMN 427 56,632.5 4.1* 3.7–4.5 5.7*

Solid SMN 1726 56,632.5 1.4* 1.4–1.5 9.1*

≥80 2321 All SMNs 254 5734.8 1.2* 1.1–1.4 8.7*

Hemat SMN 35 5734.8 2.0* 1.4–2.8 3.1*

Solid SMN 219 5734.8 1.2 1.0–1.3 5.6

Females

20–39 1653 All SMNs 130 19,209.7 3.2* 2.7–3.8 4.7*

Hemat SMN 30 19,209.7 10.5* 7.2–14.7 1.4*

Solid SMN 100 19,209.7 2.7* 2.2–3.2 3.3*

40–59 4982 All SMNs 732 46,338.3 2.0* 1.8–2.1 7.8*

Hemat SMN 240 46,338.3 9.0* 7.9–10.2 4.6*

Solid SMN 492 46,338.3 1.4* 1.3–1.6 3.2*

60–79 10,931 All SMNs 1446 60,919.6 1.7* 1.6–1.8 9.8*

Hemat SMN 366 60,919.6 4.5* 4.0–5.0 4.7*

Solid SMN 1080 60,919.6 1.4* 1.3–1.5 5.2*

≥80 3425 All SMNs 265 9995.0 1.4* 1.2–1.5 7.2*

Hemat SMN 46 9995.0 2.4* 1.8–3.2 2.7*

Solid SMN 219 9995.0 1.3* 1.1–1.4 4.5*

*Indicates that 95% CI does not include 1.00.
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included EARs after adolescent and young adult cancers and Sung

et al. (2020) describe EARs for all age groups combined, but to our

knowledge, age-specific EARs for SMNs have not been studied in

adult primary HM patients.

We also found a surprising trend of higher SIRs for hematological

SMNs in the latest period 2010–2019, not visible for solid cancers.

This observation cannot be explained by differences in registration of

HMs, as also the registration of the reference population has changed

at the same time (the ratio remains the same). It is of note, though,

that the number of primary HM patients doubled compared to the

earlier study periods. The survival of some HMs has substantially

improved during the latest decades with modern cancer therapies and

optimized supportive care.32 Thereby, this trend could be due to

so-called inverse survival bias: since HM patients have an improved

survival, they therefore have more time to get a second malignancy.7

It has been speculated that aging and lifestyle risk factors shared

by primary and subsequent cancers encompass the majority of the

risks for SMNs.27 This might be true for some solid SMNs, where in

some cases only surgery is needed for curation. However, regarding

HMs, a variety of conventional chemotherapeutics with high doses

are still in use, and cannot be neglected as predisposing factors for

SMNs. Another potential etiologic factor for SMNs in primary HM

patients is immunosuppression caused by the hematological disease

itself and its treatment.2,25 HM patients are often treated with immuno-

suppressive medication (chemotherapy, immunotherapy, corticosteroids,

medication preventing graft versus host disease in the setting of alloge-

neic stem cell transplantation). Some may also harbor an innate immune

deficiency leading to an increased risk of cancers.

The role of genetic predisposition in the development of sec-

ond cancer is evident in both solid and hematological cancers.33

Several susceptibility loci and single nucleotide polymorphisms,

especially those related to DNA damage repair and drug metabo-

lism potentially affecting the risk of SMNs, have been identified.12

Also, rare germline mutations predisposing both to solid and

hematological cancers are increasingly found in patients with sub-

sequent myeloid neoplasm.26,34–36 In some patients, the existence

of clonal hematopoiesis with a pre-existing myeloid clone likely

contributes to the development of hematological therapy-related

SMNs.37–41 It is still unclear, however, to what extent SMNs with

long latency (>5 years) occur independently from the predisposing

factors of the first primary cancer.

The strengths of our study include the nationwide and population-

based approach. We included all primary HMs and their second cancers

retrieved from the national FCR during the study period. Our study has

complete follow-up for death, emigration, or second cancer with practi-

cally no losses to follow-up. We also included HM patients with

SMNs appearing shortly after the first primary HM diagnosis (within

0.5–5 years), which is essential considering the shorter latency of

hematological SMNs.18,42 Thus, our results offer a wider perspective

over both hematological and solid SMNs in this patient population than

studies concentrating on one or a few primary HM diagnoses. The

timely study period including primary malignancies until the end of

2019 and follow-up extending until the end of 2020 also allows

us to estimate the risk of SMNs in the era of the latest non-

chemotherapeutic treatment options.

The FCR, as many other population-based cancer registries, does

not have individual-level treatment information. This can be consid-

ered as a limitation of our study. On the other hand, Finnish patients

with HMs have been treated for many decades in a very standardized

way according to national therapy guidelines. This helps to estimate

the potential effects of changes in treatment within different time

periods. Although the completeness of the FCR data is excellent for

pediatric HMs and good for adults,28,29 there may be missing registra-

tions for hematological diagnoses. Diagnoses that are based on the

pathology report, such as lymphomas, are usually well covered in

the FCR. Nevertheless, some cancer notifications on diagnoses that

require a combination of information from multiple disciplines

(e.g., clinical chemistry, genetics, pathology) and/or can be diagnosed
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without histological verification, may be missed. Transformations of

one HM into another can affect the SIRs for some hematological

SMNs.9,43 However, the FCR regards information about transforma-

tions as valuable, and therefore multiple registrations of HMs are

allowed in order to detect different subsequent HMs. In our study set-

ting, we also are unable to capture potential third or higher-order

SMNs as the follow-up ended at the detection of second cancer.

The need for long-term follow-up because of the late effects of

cancer treatment, including the elevated risk of second malignan-

cies, has been well acknowledged for childhood and adolescent

cancer survivors.44,45 As more than 13% of adult primary HM

patients will be affected by a second malignancy, vigilance is also

imposed in the surveillance of adult primary HM patients. Clinicians

should provide active counselling concerning lifestyle risk factors

(tobacco and alcohol use, weight control) as well as remind patients

about the importance of participating into recommended cancer

screening programs, protecting skin from ultraviolet radiation, and

attending regular oral health care appointments. The patients

should be informed about the elevated SMN risk and to seek evalu-

ation if suspicious symptoms arise. These measures become even

more crucial as the survival of HM patients improves. In the future,

it will be equally interesting to see whether the long-term risk of

SMNs in HM patients will be reduced with more targeted, modern

treatment options.

In conclusion, the incidence of both hematological and solid

SMNs is substantial in adult hematological cancer patients. Our results

accentuate the need for surveillance of surviving HM patients—also

when the primary cancer is diagnosed in adulthood.
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