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Summary

Population-based studies on familial aggregation of haematological malig-

nancies (HM) have rarely focused specifically on early-onset HMs. We esti-

mated standardized incidence ratios (SIR) and cumulative risks of relatives

with Hodgkin lymphoma (HL), non-Hodgkin lymphomas (NHL), acute

lymphoblastic leukaemia/lymphoma (ALL/LBL) and acute myeloid leukae-

mia (AML) when index persons and relatives were diagnosed with early-

onset HM. A total of 8791 patients aged ≤40 years and diagnosed with pri-

mary HM in Finland from 1970 to 2012 were identified from the Finnish

Cancer Registry and their 75 774 family members were retrieved from the

population registry. SIRs for concordant HMs were elevated among first-

degree relatives in all of the most common HMs of children and adoles-

cents and young adults (AYA). The risk was highest among siblings with

HL (SIR 9�09, 95% confidence interval 5�55–14�04) and AML (8�29, 1�00–
29�96). HL also had the highest cumulative risk for siblings at ≤40 years of

age (0�92% vs. 0�11% in the population). In conclusion, significantly ele-

vated SIRs indicate a role of shared aetiological factors in some families,

which should be noted in the clinical setting when caring for patients with

early-onset HMs.

Keywords: haematological malignancies, leukaemia, lymphomas, epidemiol-

ogy, aetiology, genetics.

Introduction

Haematological malignancies (HM) originate from an inter-

play of inherited and acquired (somatic) genetic changes in

haematopoietic cells. Somatic alterations may arise from, for

example, ionizing radiation or carcinogenic chemicals.

Although the role of germline mutations in the development

of solid malignancies has been recognized for decades, in

HMs we have only begun to scratch the surface of decipher-

ing the impact of hereditary predisposition.1–4

Haematological malignancies represent a significant entity

in childhood and adolescent and young adulthood (AYA)

cancers. Among different HMs, acute lymphoblastic

leukaemia/lymphoma (ALL/LBL) is the most common in

childhood, whereas Hodgkin lymphoma (HL), non-Hodgkin

lymphoma (NHL) and acute myeloid leukaemia (AML) are
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the major diagnoses in the AYA group (15–40 years of

age).5–8 Epidemiological register studies have found an

approximately two-fold familial relative risk of HMs for first-

degree relatives of HM patients.9,10 Specifically, the risk has

been reported to be three- to eight-fold for HL, two-fold for

NHL, and three- to seven-fold for ALL. The risk for AML

has been from 1�5- to six-fold and the risk for myelodysplas-

tic syndrome (MDS) over six- to eleven-fold, depending on

the age at onset and type of family relation.9–25 Siblings seem

to be at greater risk compared to other first-degree rela-

tives.10,15,22,23,25 The risk appears higher if HM is diagnosed

at a young age or if there is more than one affected relative

in the family, which are established characteristics of inher-

ited predispositions.10,15,25,26 Some recent studies show that

germline mutations also contribute to myeloid malignancies

and HMs affecting older patients.3,27–29 Yet, varying age at

onset, untypical clinical phenotypes and lack of known fam-

ily history complicate detection of individuals with causal

mutations.30–33 So far, the largest registry study from Sweden

reported familial aggregation of HMs and investigated associ-

ations between different HMs, suggesting their possibly

shared aetiology.10 Population-based registry studies on

familial clustering, however, have rarely focused specifically

on early-onset HMs.

Our aim in this study was to evaluate familial relative and

cumulative risks of early-onset concordant and discordant

HMs when index persons and family members were diag-

nosed at a young age (≤40 years).

Material and methods

Data on incident cancers were retrieved from the Finnish

Cancer Registry (FCR) and family data from the Digital and

Population Data Services Agency (DVV, previously known as

the Central Population Register). The FCR registers all can-

cers diagnosed in Finland since 1953, with high coverage for

solid cancers (96%), and HMs ranging from 86% in adults

to 97% in children.34,35 The DVV records data on all citizens

permanently residing in Finland, including personal IDs and

family relations.

We ascertained 8791 early-onset primary HM patients

aged ≤40 years, called probands (Table SI), diagnosed in Fin-

land between 1st of January 1970 and 31st of December

2012, and their 75 774 family members forming the familial

cohort (Table I). Family members included the proband’s

mother, father, siblings and children and siblings’ children.

Additionally, the spouses of probands and siblings were

retrieved based on shared children at the time of linkage

(2012). No family members were found for 262 (3�0%) pro-

bands, and information on one or both parents was missing

for 5�7% and 11�5% of the probands, respectively, due to

historical linkage issues in the 1970s when the population

registration was made electronic. The design and methods

have been described in more detail previously36 and in the

supplementary material (Figure S1 and Data S1).

The follow-up of the familial cohort started at the date of

birth or 1st of January 1953 and ended at the date of HM

diagnosis, death or emigration or 31st of December 2017,

whichever came first. Immortal periods, that is, periods when

by study design HM could not be diagnosed or periods

before registration of cancers began in 1953, were removed

from the analysis (Figure S1).

The World Health Organization (WHO) International

Classification of Diseases and Related Health Problems (ICD-

10) was used to classify HMs as follows: HL (C81), NHL

(C82–85), ALL/LBL (C91.0, C83.51–2, C83.59), AML (C92.0)

and all other HMs (C81–96, D45–47, D76). NHLs were

grouped by the 2008 WHO Classification of Lymphomas,

Table I. Characteristics of the families with early-onset haematological malignancies by diagnosis.

Diagnosis

Families with

a young

proband

(≤40 years)

and family

data available

Family members

(≤40 years) of probands

Number of families by number of affected

family members with an early-onset

(≤40 years) concordant cancer

Early-onset concordant familial

cancers

Number Person-years

Total number

of familial

cancer cases

Number of

families with

familial cancer (%)

None*

(only

proband)

One

family

member

Two

family

members

Three

family

members

HL 2571 22 969 438 948 2537 33 1 0 35 34 (1�3)
NHL 2274 21 918 410 831 2254 20 0 0 20 20 (0�9)
ALL/LBL 2037 16 070 321 194 2027 10 0 0 10 10 (0�5)
AML 792 7100 147 200 788 4 0 0 4 4 (0�5)
Other 855 7717 160 046 855 0 0 0 0 0 (0)

Total 8529 75 774 1 478 219 8387 138† 3† 1† 147† 142 (1�7)†

ALL/LBL, acute lymphoblastic leukaemia/lymphoma; AML, acute myeloid leukaemia; HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma.

Other diagnoses include chronic lymphocytic leukaemia/small lymphocytic lymphoma (CLL/SLL), myeloproliferative neoplasms (MPN), plasma

cell dyscrasias (PCD), leukaemia not otherwise specified, T-cell large granular lymphocytic leukaemia, malignant mastocytosis, malignant histiocy-

tosis, Langerhans cell histiocytosis, lymphoplasmacytic lymphoma, Waldenstrom macroglobulinemia and hairy cell leukaemia.

*The analyses exclude families where proband has no family members.
†The total includes both concordant and discordant familial cancers.
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and morphology was based on the third edition of the Inter-

national Classification of Diseases for Oncology (ICD-O-3).37

Histological subtypes of NHL and HL, as well as diagnoses

such as MDS and essential thrombocythemia (ET), were sys-

tematically available after 2007.

Statistical methods

We estimated familial relative risk of early-onset HM by cal-

culating the standardized incidence ratio (SIR) and life-time

risk until ≤40 years of age by cumulative risk. The SIR com-

pares observed HMs with expected ones by sex, age and per-

iod indicating the calendar year. The expected numbers are

calculated based on person-years from the familial cohort

multiplied by the sex, age and period-specific incidence rates

of the population. We calculated SIRs for concordant (same)

and discordant (different) HMs by type of relatedness sepa-

rately and for all first-degree relatives combined. A Poisson

distribution was assumed when calculating SIRs and 95%

confidence intervals (CI). Cumulative risks were estimated

using standard methods until ≤40 years of age only for the

probands’ siblings in HL, NHL, ALL/LBL, AML and all HMs

combined. Probands with no family data available were

excluded from the analyses. More details on statistical meth-

ods are given in Data S1. We used R software, version 3.6.0

(R Foundation for Statistical Computing, Vienna, Austria)

packages Epi, version 2.35 and popEpi, version 0.4.7 for data

analysis.

The study was approved by the National Institute for

Health and Welfare (permit no. THL/1006/5.05.00/2017).

Informed consent was deemed unnecessary as this was a

registry-based study that required no contact with patients or

their families.

Results

We found 147 familial HMs (concordant or discordant)

appearing until ≤40 years of age among 75 774 family

members in 8529 families (i.e. 1�7% of the early-onset HMs

were familial) (Table I). Altogether, 69 of the early-onset

familial HMs were concordant. Aggregation of concordant

early-onset cases was observed in HL, NHL, ALL/LBL and

AML. Among other HMs, there were no concordant early-

onset cases in this cohort. Familial concordant early-onset

HMs were more prominent in families with HL compared

to families with acute leukaemias or NHL (1�3% vs. 0�5–
0�9% respectively). There was only one family with two

familial early-onset HL cases in addition to the proband. In

other HMs, there were no families with multiple concor-

dant early-onset HMs. Ninety-four of any familial early-

onset HMs (concordant or discordant) were found among

first-degree relatives, of whom 64 were siblings (Table II

and Table SII). For concordant early-onset HMs, there were

48 cases in any first-degree relatives, of which 37 were in

siblings. T
ab
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Familial relative risks

The SIR of any early-onset HM was 2�37 (95% CI 1�82–3�02)
in siblings and 1�67 (95% CI 1�35–2�04) in any first-degree

relatives (Table II and Table SII). In siblings, we detected a

statistically significant aggregation of concordant cases in all

of the most common early-onset HMs (HL, NHL, ALL/LBL

and AML) with SIRs ranging from 4�42 (95% CI 1�78–9�10)
in ALL/LBL to 9�09 (95% CI 5�55–14�04) in HL. The second

highest SIR for siblings was seen in AML (8�29, 95% CI

1�00–29�96) (Table II).

The risk of familial, early-onset HM was lower among

first-degree relatives other than siblings. HL probands’ chil-

dren had an elevated risk of HL with an SIR of 3�18 (95%

CI 1�03–7�42). SIRs for spouses were all at population level

(data not shown). There was a male predominance among

HM probands (Table SI), but males were not overrepre-

sented among affected family members.

Cumulative risks

The cumulative risks for siblings until ≤40 years of age for

HL, NHL, ALL/LBL and AML are presented in Fig 1. Among

the studied early-onset HMs, HL showed the highest cumula-

tive risk of 1/100 (0�92%) for siblings, in contrast to the

population cumulative risk of 1/1000 (0�11%). There was an

approximately same-level cumulative risk of 1/200 for sib-

lings of NHL and ALL/LBL probands (0�47% and 0�48%
respectively) compared to the population cumulative risk of

approximately 1/1000 or less (0�10% in NHL and 0�08% in

ALL/LBL). The excess risk of ALL/LBL was reached by ado-

lescence, whereas the cumulative risk of NHL steadily

increased until the cut-off age of ≤40 years. The cumulative

risk of AML for siblings was 1/300 (0�26%) compared to the

population risk of only 1/3000 (0�03%).

Discordant familial HMs

Significantly elevated familial SIRs for early-onset HMs were

predominantly seen in concordant HM diagnoses, but some

elevated risks of discordant HMs between lymphomas among

first-degree relatives were noted as well (Table II and

Table SII). Siblings of HL probands had an increased risk of

NHL (SIR 3�46, 95% CI 1�39–7�12). There was also a trend

towards an increased risk of NHL for first-degree relatives of

HL probands (SIR 2�11, 95% CI 0�91–4�16, P = 0�056).

Discussion

Our study demonstrated familial aggregation in all of the

most common HMs of children and AYA among families

with at least one case of early-onset HM. The increased

familial relative and cumulative risks were seen mostly

among siblings with concordant cancers. Amid different

haematological diagnoses, HL was the one that, expectedly,

aggregated most, but the familial risk of acute leukaemias

was almost comparable to lymphomas. We also detected a

risk of discordant, albeit lymphatic, HMs, notably between

HL and NHL.

Siblings of HL probands had the highest familial risk of

concordant early-onset HM with an SIR of 9�09. The risk for

any first-degree relatives was over five-fold. Also, the cumula-

tive risk of HL in siblings until ≤40 years of age was much

higher than in the population (0�92% vs. 0�11%). Our find-

ings are in line with the results from other population-based

register studies, although our results rank at the higher end

of the previously reported range.9–16 Accordingly, in the liter-

ature, when stratified by age at onset, familial risk has been

more prominent in early-onset HL cases.11,13,15,18

First-degree relatives of NHL probands had a significantly

increased risk of NHL and the risk was again highest (over

4�5-fold) for siblings. The familial NHLs in siblings were

most often diffuse large B-cell lymphomas (DLBCL). In our

study, the risk for NHL probands’ children was not statisti-

cally significantly elevated. In comparison, previous studies

have shown a two- to three-fold risk of familial NHL for

first-degree relatives and siblings.10,11,17–21 We think that our

results, showing a higher risk, may reflect the age focus of

our study with both young probands and relatives of

≤40 years of age. In previous studies, the cut-off age between

early and late-onset NHL has mostly been higher than in our

study (50–60 years) or absent. However, in one large Nordic

registry study, a SIR of 1�5 for NHL was reported in first-

degree relatives of early-onset NHL patients of ≤30 years.19

Acute leukaemias demonstrated high risks of early-onset

concordant cancer for siblings. In ALL/LBL the risk was over

four-fold, and in AML over eight-fold, although the number

of AML cases in siblings was small. Affected siblings with

familial early-onset ALL/LBL were all children (aged 2–
14 years) whereas siblings with AML were mainly diagnosed

in young adulthood (at 20–40 years). High familial risk of

childhood ALL in monozygotic twins is thought also to be

explained by shared blood circulation and placenta.38 In our

study, there was only one pair of twins with ALL. Unfortu-

nately, information on zygosity is not recorded in the DVV

and, therefore, we cannot carry out a sensitivity analysis on

this. Previous register-based research on familial clustering of

acute leukaemias is sparse compared to lymphomas.10,22–25

One previous study from Sweden and Finland demonstrated

a slightly lower SIR of 3�2 compared to our results in child-

hood ALL/LBL for siblings.22 Also, Goldin et al. have

reported familial aggregation of early-onset AML.24 Our

study indicated that the familial risk for siblings in early-

onset acute leukaemias was comparable to that of lym-

phomas and supports the recent findings on a germline-

predisposed disease in a subset of acute leukaemia

patients.3,4,27,28

We found some elevated risks of discordant early-onset

HMs within the B-cell lymphatic malignancies in first-degree

relatives. Siblings of probands with HL had an over three-

Familial early-onset haematological malignancies
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fold risk of NHL. First-degree relatives of HL probands had

a two-fold increased non-significant risk of NHL, which is in

line with previous study findings.10,16 Lymphatic malignan-

cies aggregating in families tend to be of B-cell lineage,

whereas we and others have not detected respective phenom-

ena in T-cell diseases.10,17,18 In our study, there were early-

onset probands with T/natural killer cell malignancies but no

concordant cancers in relatives. Although, pathology reports

of familial NHLs revealed two pairs of probands and siblings

both with T-cell lymphoma. Some studies and clinical expe-

rience suggest that HMs of both lymphatic and myeloid ori-

gin can cluster in the same families.9,10,39 However,

aetiological research of cross-lineage clustering, or even the

entity of lymphoproliferative malignancies, has been prob-

lematic because of the heterogeneity of the diseases and

evolving understanding of their genetic background.40

Here, we present a large familial cohort consisting of

75 774 family members of 8529 probands. To our

knowledge, this is the largest population-based, prospective

registry study concentrating specifically on familial clustering

of early-onset HMs until ≤40 years of age. The follow-up is

long and complete with no losses to follow-up. The probands

and their family members are retrieved from high quality

national registers with personal ID linkage. The distribution

of HM diagnoses and the probands’ characteristics represent,

plausibly, early-onset HMs in the Finnish population. Since

this is a registry study, recall bias is not relevant, unlike in

many familial studies with interview data. The SIR compares

familial risks to the risk in population and considers both

age and calendar year (period) in the analyses. This method

takes into consideration changes in diagnostics, treatment

and survival.

Some limitations may explain why our results reflect the

minimum familial risk of HMs. First, the cancer cases in the

population also include the familial cases in the SIR analyses.

Second, as we here chose to focus on early-onset HMs, fewer

Fig 1. Cumulative risks for siblings until ≤40 of age in early-onset Hodgkin lymphoma, non-Hodgkin lymphoma, acute lymphoblastic leukaemia

and acute myeloid leukaemia.

R. R€onkk€o et al.
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patients with a typically late-onset haematological diagnosis

were included in the cohort. Based on earlier register and

genetic studies, familial clustering of some HMs with median

age at onset above 60 years, such as chronic lymphocytic leu-

kaemia (CLL), myeloproliferative neoplasms (MPN) and

plasma cell dyscrasias (PCD), is also acknowledged.4,10,25,41–49

Our decision to include only families with at least one family

member diagnosed at ≤40 years of age resulted in underesti-

mating the familial clustering of the above-mentioned HMs.

This choice, however, was made as familial aggregation is

most prominent at a young age, according to previous epi-

demiological data.26 Additionally, the incidence and survival

in older age groups with HM may be more affected by other

aspects beyond germline genetics (e.g. comorbidities, poorer

tolerance of cancer treatment, environmental exposures).

Moreover, the follow-up in our study does not yet cover well

enough ages ˃40 years. It is also worth noting that familial

cohort members without HM who had not reached the age

of 40 at the end of follow-up may reduce the statistical

power, but do not introduce bias in the proper time-to-event

(SIR) analysis.

The completeness of the FCR data is excellent for child-

hood HMs and good for adults.34,35 The relatively recent

start of registration of MDS and ET in the FCR (year 2007)

might partly explain the lack of probands with MDS or ET

in our study population. It is also estimated that approxi-

mately 8% of MDS is registered only when it transforms into

AML.50 Lymphomas are generally well covered in the FCR,

but frequent changes in classification of NHLs over the years

cause fragmentation of time series and difficulties in evaluat-

ing concordance of malignancies. Histological subtypes of

NHL and HL were systematically registered only after 2007.

Thus, we were not able to investigate reliably the familial

clustering within or between different NHL and HL subtypes.

Elevated familial risks for siblings have been reported in

HMs typical for children and AYA, whereas some other HMs

seem to aggregate by parent-child relationship.10 The histori-

cally poor survival and the lowered fertility among early-

onset HM survivors could be one of the reasons why familial

aggregation was seen almost exclusively among siblings. In

acute leukaemias particularly, the survival was very poor in

the 1970s but has improved significantly since then.51 In our

study, despite the comparable number of HL and ALL/LBL

probands, HL patients had 10 times more children. HL was

the only HM showing an elevated risk for offspring. The

decrease in fecundity is well documented in childhood leu-

kaemia survivors and after haematopoietic stem cell trans-

plantation.52–54 HL patients, on the other hand, have been

treated with less toxic and fertility preserving chemotherapy

since the 1970–1980s.55 It has also been speculated that pro-

bands with a less severe and possibly less heritable disease

could be selected. Mutagenic genetic effects of cancer treat-

ment for offspring of young cancer survivors are not sup-

ported by studies, although a trend towards higher risk

among leukaemia patients has been established.56

We included spouses as a control group because they are

unrelated to the probands and represent the cancer risk in a

population excluding shared early-life environmental effects.

Indeed, the spouses’ risk was at population level, which sug-

gests that early-onset HMs probably do not result from a

pure environmental exposure in adulthood. Probands’ sib-

lings, on the other hand, share both genetic background and

potential early-life environmental exposures.

Acknowledging the possibility of germline predisposition

in HMs is of importance, given its relevance, for example, in

choosing family members for donors of haematological stem

cells. Also, genetic counselling should be an integral part of

families with an identified germline mutation. The absolute

risk of HM in the population aged ≤40 years remains small.

However, in clinical decision making the risk should be eval-

uated case by case and based on comprehensive sequencing

studies.

In conclusion, our study, which to our knowledge is the

largest population-based study focusing specifically on early-

onset HMs, showed increased familial aggregation in all of

the most common HMs in this age group. SIRs for siblings

were higher than previously reported, which could be attrib-

uted to the younger age focus of our study. Significantly ele-

vated SIRs indicate a role of shared aetiological factors in

some families, such as rare early exposures and/or germline

genetics. Importantly, our data imply that germline contribu-

tion to the disease onset should be considered not only in

children, but also in AYA patients with HMs.
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Table SI. Probands’ characteristics. All probands were

diagnosed with primary haematological malignancy (HM) at

≤40 years of age. The total number of haematological pro-

bands, distribution of diagnoses, number (proportion) of

males and females and median age-at-onset (by gender).

Table SII. Number and SIR (95% CI) for concordant and

discordant haematological malignancies (HM) for 1st degree

relatives of probands both at ≤40 years of age.

Fig S1. A Lexis diagram of the ascertainment and follow-

up of the early-onset primary haematological malignancy

familial cohort.

Data S1. Statistical methods.

References

1. Wendt C, Margolin S. Identifying breast cancer susceptibility genes–a

review of the genetic background in familial breast cancer. Acta Oncol.

2019;58(2):135–46.

2. Boland PM, Yurgelun MB, Boland CR. Recent progress in Lynch syn-

drome and other familial colorectal cancer syndromes. CA Cancer J Clin.

2018;68(3):217–31.

3. Churpek JE, Pyrtel K, Kanchi K-L, Shao J, Koboldt D, Miller CA, et al.

Genomic analysis of germ line and somatic variants in familial myelodys-

plasia/acute myeloid leukemia. Blood. 2015;126(22):2484–90.

4. Rio-Machin A, Vulliamy T, Hug N, Walne A, Tawana K, Cardoso S, et al.

The complex genetic landscape of familial MDS and AML reveals patho-

genic germline variants. Nat Commun. 2020;11(1):1–12.

5. Katz AJ, Chia VM, Schoonen WM, Kelsh MA. Acute lymphoblastic leuke-

mia: an assessment of international incidence, survival, and disease bur-

den. Cancer Causes Control. 2015;26(11):1627–42.

6. Wood WA, Lee SJ. Malignant hematologic diseases in adolescents and

young adults. Blood. 2011;117(22):5803–15.

7. Madanat-Harjuoja L. Cancer in Finland 2016. Cancer in children and ado-

lescents. [Internet]. Cancer Society of Finland. 2016 [Cited 2020 Oct 28].

Available from: https://www.cancersociety.fi/publications/reports/cancer-in-

finland-2016/cancer-in-children-and-adolescents/.

8. NORDCAN. Association of the Nordic Cancer Registries. [Internet] [Cited

2020 Oct 28]. Available from: http://www-dep.iarc.fr.

9. Frank C, Sundquist J, Yu H, Hemminki A, Hemminki K. Concordant and

discordant familial cancer: familial risks, proportions and population

impact. Int J Cancer. 2017;140(7):1510–6.

10. Sud A, Chattopadhyay S, Thomsen H, Sundquist K, Sundquist J, Houlston

RS, et al. Analysis of 153,115 patients with hematological malignancies

refines the spectrum of familial risk. Blood. 2019;134(12):960–9.

11. Goldin LR, Pfeiffer RM, Gridley G, Gail MH, Li X, Mellemkjaer L, et al.

Familial aggregation of Hodgkin lymphoma and related tumors. Cancer.

2004;100(9):1902–8.

12. Altieri A, Hemminki K. The familial risk of Hodgkin’s lymphoma ranks

among the highest in the Swedish Family-Cancer Database. Leukemia.

2006;20(11):2062–3.

13. Kerber RA, O’Brien E. A cohort study of cancer risk in relation to family

histories of cancer in the Utah population database. Cancer. 2005;103

(9):1906–15.

14. Amundadottir LT, Thorvaldsson S, Gudbjartsson DF, Sulem P, Krist-

jansson K, Arnason S, et al. Cancer as a complex phenotype: pattern of

cancer distribution within and beyond the nuclear family. PLoS Medicine.

2004;1:229–36.

15. Kharazmi E, Fallah M, Pukkala E, Olsen JH, Tryggvadottir L, Sundquist

K, et al. Risk of familial classical Hodgkin lymphoma by relationship, his-

tology, age, and sex: a joint study from five Nordic countries. Blood.

2015;126(17):1990–5.

16. Saarinen S, Pukkala E, Vahteristo P, M€akinen MJ, Franssila K, Aaltonen

LA. High familial risk in nodular lymphocyte-predominant Hodgkin lym-

phoma. J Clin Oncol. 2013;31(7):938–43.

17. Altieri A, Bermejo JL, Hemminki K. Familial risk for non-Hodgkin

lymphoma and other lymphoproliferative malignancies by histopatho-

logic subtype: the Swedish Family-Cancer Database. Blood. 2005;106

(2):668–72.

18. Chang ET, Smedby KE, Hjalgrim H, Porwit-MacDonald A, Roos G, Gli-

melius B, et al. Family history of hematopoietic malignancy and risk of

lymphoma. J Natl Cancer Inst. 2005;97(19):1466–74.

19. Fallah M, Kharazmi E, Pukkala E, Tretli S, Olsen JH, Tryggvadottir L,

et al. Familial risk of non-Hodgkin lymphoma by sex, relationship, age at

diagnosis and histology: a joint study from five Nordic countries. Leuke-

mia. 2016;30(2):373–8.

20. Czene K, Adami HO, Chang ET. Sex- and kindred-specific familial risk of

non-Hodgkin’s lymphoma. Cancer Epidemiol Biomarkers Prev. 2007;16

(11):2496–9.

21. Paltiel O, Schmit T, Adler B, Rachmilevitz EA, Polliack A, Cohen A, et al.

The incidence of lymphoma in first-degree relatives of patients with Hodg-

kin disease and non-Hodgkin lymphoma. Cancer. 2000;88(10):2357–66.

22. Kharazmi E, da Silva Filho MI, Pukkala E, Sundquist K, Thomsen H,

Hemminki K. Familial risks for childhood acute lymphocytic leukaemia in

Sweden and Finland: far exceeding the effects of known germline variants.

Br J Haematol. 2012;159(5):585–8.

23. Crump C, Sundquist J, Sieh W, Winkleby MA, Sundquist K. Perinatal and

familial risk factors for acute lymphoblastic leukemia in a Swedish national

cohort. Cancer. 2015;121(7):1040–7.

24. Goldin LR, Kristinsson SY, Liang XS, Derolf �AR, Landgren O, Bj€orkholm

M. Familial aggregation of acute myeloid leukemia and myelodysplastic

syndromes. J Clin Oncol. 2012;30(2):179–83.

25. Sud A, Chattopadhyay S, Thomsen H, Sundquist K, Sundquist J, Houlston

RS, et al. Familial risks of acute myeloid leukemia, myelodysplastic syn-

dromes, and myeloproliferative neoplasms. Blood. 2018;132(9):973–6.

26. Kharazmi E, Fallah M, Sundquist K, Hemminki K. Familial risk of early

and late onset cancer: nationwide prospective cohort study. BMJ. 2013;346

(7889):1–8.

27. Wartiovaara-Kautto U, Hirvonen EAM, Pitk€anen E, Heckman C, Saarela J,

Kettunen K, et al. Germline alterations in a consecutive series of acute

myeloid leukemia. Leukemia. 2018;32(10):2282–5.

28. Drazer MW, Kadri S, Sukhanova M, Patil SA, West AH, Feurstein S, et al.

Prognostic tumor sequencing panels frequently identify germ line variants

associated with hereditary hematopoietic malignancies. Blood Adv. 2018;2

(2):146–50.

29. Schwartz JR, Ma J, Lamprecht T, Walsh M, Wang S, Bryant V, et al. The

genomic landscape of pediatric myelodysplastic syndromes. Nat Commun.

2017;8(1):1–10.

30. Churpek JE, Onel K. Heritability of hematologic malignancies: from pedi-

grees to genomics. Hematol Oncol Clin North Am. 2010;24(5):939–72.

31. Lindsley RC, Saber W, Mar BG, Redd R, Wang T, Haagenson MD, et al.

Prognostic mutations in myelodysplastic syndrome after stem-cell trans-

plantation. N Engl J Med. 2017;376(6):536–47.

32. Hirvonen EAM, Peuhkuri S, Norberg A, Degerman S, Hannula-Jouppi K,

V€alimaa H, et al. Characterization of an X-chromosome-linked telomere

biology disorder in females with DKC1 mutation. Leukemia. 2019;33

(1):275–8.

33. Trotta L, Norberg A, Taskinen M, B�eziat V, Degerman S, Wartiovaara-

Kautto U, et al. Diagnostics of rare disorders: whole-exome sequencing

deciphering locus heterogeneity in telomere biology disorders. Orphanet J

Rare Dis. 2018;13(1):1–9.

34. Leinonen M, Miettinen J, Heikkinen S, Pitk€aniemi JMJ. Quality measures

of the population-based Finnish Cancer Registry indicate sound data qual-

ity for solid malignant tumors. Eur J Cancer. 2017;77:31–9.

35. Jokela M, Leinonen MK, Malila N, Taskinen MM-HL. Completeness of

pediatric cancer registration. Acta Oncol. 2019;58(11):1577–80.

R. R€onkk€o et al.

1140 ª 2021 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd.. British Journal of Haematology, 2021, 193, 1134–1141

https://www.cancersociety.fi/publications/reports/cancer-in-finland-2016/cancer-in-children-and-adolescents/
https://www.cancersociety.fi/publications/reports/cancer-in-finland-2016/cancer-in-children-and-adolescents/
http://www-dep.iarc.fr


36. Heikkinen S, Madanat-Harjuoja L, Sepp€a K, Rantanen M, Hirvonen E,

Malila N, et al. Familial aggregation of early-onset cancers. Int J Cancer.

2020;146(7):1791–9.

37. Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R, et al.

The 2016 revision of the World Health Organization classification of lym-

phoid neoplasms. Blood. 2016;127(20):2375–90.

38. Ford AM, Greaves M. ETV6-RUNX1+ acute lymphoblastic leukaemia in

identical twins. Adv Exp Med Biol. 2017;962:217–28.

39. Tegg EM, Thomson RJ, Stankovich J, Banks A, Flowers C, McWhirter R,

et al. Evidence for a common genetic aetiology in high-risk families with

multiple haematological malignancy subtypes. Br J Haematol. 2010;150

(4):456–62.

40. Churpek JE, Godley LA. How I diagnose and manage individuals at risk

for inherited myeloid malignancies. Blood. 2016;128(14):1800–13.

41. Landgren O, Goldin LR, Kristinsson SY, Helgadottir EA, Samuelsson J,

Bj€orkholm M. Increased risks of polycythemia vera, essential thrombo-

cythemia, and myelofibrosis among 24 577 first-degree relatives of 11 039

patients with myeloproliferative neoplasms in Sweden. Blood. 2008;112

(6):2199–204.

42. Goldin LR, Pfeiffer RM, Li X, Hemminki K. Familial risk of lymphoprolifera-

tive tumors in families of patients with chronic lymphocytic leukemia: results

from the Swedish Family-Cancer Database. Blood. 2004;104(6):1850–4.

43. Frank C, Fallah M, Chen T, Mai EK, Sundquist J, F€orsti A, et al. Search

for familial clustering of multiple myeloma with any cancer. Leukemia.

2015;30(3):627–32.

44. MosqueraOrgueira A, Antelo Rodr�ıguez B, Alonso Vence N,D�ıaz Arias J�A, D�ıaz

Varela N, P�erez Encinas MM, et al. The association of germline variants with

chronic lymphocytic leukemia outcome suggests the implication of novel genes

and pathways in clinical evolution. BMCCancer. 2019;19(1):1–11.

45. Bellann�e-Chantelot C, Rabadan Moraes G, Schmaltz-Panneau B, Marty C,

Vainchenker W, Plo I. Germline genetic factors in the pathogenesis of

myeloproliferative neoplasms. Blood Rev. 2020;42:1–13.

46. Mangaonkar AA, Patnaik MM. Hereditary predisposition to hematopoietic

neoplasms: when bloodline matters for blood cancers. Mayo Clin Proc.

2020;95(7):1482–98.

47. Went M, Sud A, F€orsti A, Halvarsson B-M, Weinhold N, Kimber S,

et al. Identification of multiple risk loci and regulatory mechanisms

influencing susceptibility to multiple myeloma. Nat Commun. 2018;9

(1):1–10.

48. Tapper W, Jones AV, Kralovics R, Harutyunyan AS, Zoi K, Leung W,

et al. Genetic variation at MECOM, TERT, JAK2 and HBS1L-MYB

predisposes to myeloproliferative neoplasms. Nat Commun. 2015;6(1):1–

11.

49. Law PJ, Berndt SI, Speedy HE, Camp NJ, Sava GP, Skibola CF, et al.

Genome-wide association analysis implicates dysregulation of immu-

nity genes in chronic lymphocytic leukaemia. Nat Commun. 2017;8

(1):14175.

50. Leinonen MK, Rantanen M, Pitk€aniemi J, Malila N. Coverage and accu-

racy of myeloproliferative and myelodysplastic neoplasms in the Finnish

Cancer Registry. Acta Oncol. 2016;55(6):782–6.

51. Hunger SP, Mulligan CG. Acute lymphoblastic leukemia in children. N

Engl J Med. 2015;373(16):1541–52.

52. Freycon F, Trombert-Paviot B, Casagranda L, Berlier P, Bertrand Y, Plan-

taz D, et al. Age at birth of first child and fecundity of women survivors

of childhood acute lymphoblastic leukemia (1987–2007): a study of the

childhood cancer registry of the Rhône-Alpes region in France
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