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1 | INTRODUCTION

Abstract

Objectives: We conducted a population-based study to assess the risk for multiple
myeloma (MM) and other cancers in first- and second-degree relatives of MM pa-
tients, and to investigate whether evidence of anticipation is present in familial MM.

Methods: We retrieved 24 845 first-degree relatives and 41 008 second-degree rela-
tives of 7847 MM patients, and 86 984 first-degree relatives, and 138 660 second-
degree relatives of 26 511 matched controls. A Cox model was used to assess the risk
for MM and other cancers in relatives of MM patients. Anticipation was assessed by a
Cox model, where all parents and offspring of MM patients were included in the risk
set.

Results: In second-degree relatives of MM patients, no overall significant associa-
tion with an MM diagnosis was observed (HR 1.99; 95%Cl:0.86-4.57). In parents and
offspring of MM patients, we found no significant difference in the ages at onset
of MM (HR 1.28;95% Cl:0.50-3.28). In affected parent-offspring pairs, we observed
no statistically significant difference in overall survival between the generations (HR
0.74; 95%Cl:0.20-2.69).

Conclusions: Overall, second-degree relatives of MM patients were not associated
with an increased risk for MM. Our study supports that genetic anticipation is not

present in familial MM.
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briefly mentioning a MM patient with an aunt with a bone disease
1

The occurrence of two or more cases of multiple myeloma (MM) and fractures,” numerous case reports followed. To date, well over
in the same family has been described since the early 1900s. Since 100 families with multiple cases of MM have been reported.z'9 In
the first report of plausible familial myeloma by Meyerding in 1920, studies of myeloma families, the phenomenon of anticipation has
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been proposed, denoting decreasing age at onset and/or increased

210 \whereas others

severity of a disease in successive generations,
found no evidence for this.!* Extensive efforts have been made to es-
tablish a genetic foundation for inheritable susceptibility to MM, and
genome-wide association studies have identified variants at 24 loci
associated with MM.? Epidemiologic studies show that first-degree
relatives of MM patients have an approximately two- to four-fold
increased risk for MM compared to reference populations.’**? The
risk for other malignancies in first-degree relatives of MM patients
vary between studies. To our knowledge, population-based studies
assessing risk for MM and other malignancies beyond first-degree
relatives are limited to one brief report, describing an excess of MM,
prostate cancer, and melanoma in first-, second-, and third-degree
relatives of MM patients.?°

In this population-based study, we aimed to assess familial ag-
gregation and anticipation of MM, and to investigate the risk for MM
and other malignancies in first- and second-degree relatives of MM
patients.

2 | METHODS
2.1 | Datasources

Information on all MM cases was provided by the Cancer Registry
of Norway (CRN). The CRN was established in 1951 and contains
near-complete nationwide cancer statistics from January 1, 1953.
All physicians, hospitals, and laboratories are obliged by law to re-
port all cases of cancer to the registry. The coding system used is
described elsewhere.?! Briefly, each cancer case is reported accord-
ing to the International Classification of Diseases of Oncology, third
edition (IDC-O-3), and the completeness of case ascertainment is
approximately 98-99% for solid cancers and above 94% for hema-
tological cancers including MM.2122 Matched controls and relatives
were provided by the National Population Registry (NPR). The regis-
try was established in 1964 based on the census from 1960 contain-

t.23 Vital status for all

ing demographic information of every residen
patients in the CRN is updated by monthly reports from the NPR as
well as consecutive information of cause of death and death certifi-
cates from the Cause of Death Registry, National Institute of Public

Health.??

2.2 | Study population

All cases of MM (ICD-O-3 code 9732/3X) diagnosed between
January 1, 1982, and December 31, 2013, were retrieved from the
CRN. Patients with a MM diagnosis based on incidental finding at
autopsy or death certificate only or no identifiable relatives were ex-
cluded. Population-based controls (control probands) were retrieved
in a 4:1 ratio from the NPR, matched by year of birth, sex, and county
of residence. Each control proband had to be alive at the time of
MM diagnosis for the corresponding case proband. Relatives of case
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and control probands were selected from the NPR. First-degree
relatives for a given proband consisted of parents, siblings, and chil-
dren. Second-degree relatives consisted of grandparents, uncles
and aunts, nephews and nieces, and grandchildren. Information on
half-siblings was not obtainable. The relatives of case and control
probands constitute the study population. Relatives with missing in-
formation on vital status or a cancer diagnosis based on autopsy or

death certificate only were excluded.

2.3 | Statistical methods

We used a Cox proportional hazards model to estimate the risk, de-
noted by the hazard ratio (HR), for MM and other malignancies in
relatives of MM patients versus relatives of controls. An individual
became at risk for a given cancer diagnosis after the date of birth
or at the start of cancer registration (January 1, 1953), whichever
occurred last. Follow-up ended at the date of diagnosis of the can-
cer of interest, date of emigration, date of death, or end of study
December 31, 2015, whichever occurred first. The interaction be-
tween the exposure (relative of MM patient or relative of control)

and type of kinship was assessed in the model,?*

and we adjusted
for sex of the relatives, sex of the proband, and 15-year birth cohort
in all analyses. The association between exposure and a diagnosis
of MM was evaluated in all relatives, first-, and second-degree rela-
tives. For MM, associations in subtypes of first- and second-degree
were assessed. In families with more than one case of MM, each
MM patient will generate his or her own controls and both sets of
relatives are included in the data set. As a result, a dependency may
be introduced in the data and some individuals will be duplicated in
the data set.2*?> To accommodate for this dependency, a matching
cluster was defined, including the combined set of all relatives of
MM-cases and controls in families with at least one case of MM.
We used a clustered sandwich estimator of variance, relaxing the
assumption of independent observations within the matching clus-
ters.2’> HRs with 95% confidence intervals not including one were
considered statistically significant.

To assess anticipation in parent-child pairs we first compared the
age at diagnosis by a paired t-test, next based on survival methods
as proposed by Daugherty et al.** Here, all parents and offspring of
MM patients are studied, and the age at MM diagnosis for parents
and offspring is assessed by an unadjusted Kaplan-Meier method as
well as by a Cox proportional hazards model adjusted for sex and 15-
year calendar period of birth. To assess increased disease severity
in the offspring generation, we also compared the overall survival
after MM diagnosis in the parent-offspring pairs by a Cox model ad-
justed for sex, 10-year calendar periods of year of birth, and 10-year
calendar periods of MM diagnosis with the parent generation as the
reference category.

The proportional hazards assumption in all Cox models was
checked using Schoenfeld residuals, and for the majority of the
analyses the assumption was met. For analyses where the propor-
tional hazards assumption was questionable, we estimated models
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stratified on different follow-up intervals. No relevant interaction
effects across follow-up time were observed.

This study was approved by the Regional Ethics Committee of
Central Norway (reference number 2014/1453) and The Norwegian
Tax Administration. As we only had access to non-identifiable data
and no contact with the study subjects, written consent was by law

deemed unnecessary.

3 | RESULTS

We retrieved 10 035 case probands diagnosed with MM between
January 1, 1982, and December 31, 2013, from the CRN. We ex-
cluded 421 patients with a MM diagnosis based on accidental find-
ing at autopsy or death certificate only. Furthermore, 1767 patients
had no identifiable relatives. All first- and second-degree relatives
for these 7847 MM patients and their 26 511 matched controls were
selected from the Norwegian Population Registry. From a total of
289 666 relatives, 694 were excluded due to missing information on
vital status, and 161 were excluded due to a cancer diagnosis based
on incidental findings at autopsy or death certificate only. The study
population thus consisted of 288 811 individuals (65 168 relatives of
MM patients and 223 643 relatives of matched controls) (Table 1).

3.1 | Familial aggregation of MM

Overall, being a first-degree relative of MM patients was associated
with an approximately two-fold increased risk for acquiring an MM
diagnosis compared to relatives of controls (Table 2) Significant posi-
tive associations were observed for all types of first-degree relatives
with comparable HRs, and the strongest association was found in
siblings of MM patients. In second-degree relatives of MM patients,
no overall significant association with an MM diagnosis was ob-
served. Based on very few observed cases, a significant association
was observed for nieces and nephews (Table 2).

TABLE 1 Distribution of relatives of MM patients and controls

Relatives of Relatives Born

MM patients  of controls  between
First-degree relatives 24 845 86 984 1869-2015
Siblings 3343 12 394 1900-2003
Parents 3485 13075 1869-1962
Offspring 18 017 61515 1913-2015
Second-degree relatives 41 008 138 660 1866-2015
Grandparents 294 983 1866-1942
Grandchildren 32614 109 951 1936-2015
Uncle/aunt 302 916 1900-1977
Nephew/niece 7113 24 809 1920-2015
All relatives 65 168 223 643 1866-2015

We found 62 families with more than one case of MM. First-
degree kinships were found in 56 families, and second-degree kin-
ships were found in nine. There were 48 parent-offspring pairs and
10 sibling pairs. Some families had more than two cases of MM.
Among the parent-offspring pairs, father-son was the most common
relationship (n = 18), followed by mother-daughter (n = 13), mother-
son (n = 10) and father-daughter (n = 7). Opposite sexes were pres-
ent in 6 out of 10 sibling pairs. Considering second-degree kinships
we found 2 grandparent-grandchildren pairs and 5 pairs of uncles/
aunts - nieces/nephews.

In the parent-offspring pairs, the parent generation was born be-
tween 1869 and 1962, and the offspring generation between 1913
and 2015.

3.2 | Evidence for anticipation in familial MM?

The parent generation was diagnosed with MM between 1967
and 2015 and the offspring generation between 1989 and 2015.
The median age at MM diagnosis in the offspring generation was
60 years (mean 60 years) compared to 77 years (mean 75.6 years)
in the parent generation. In the paired t-test the difference in
means was statistically significant (p < 0.001). The analysis was
repeated with a non-parametric test due to some violation of the
normality assumption in the parent's ages at diagnosis, and the
difference in medians was also statistically significant in a paired
Wilcoxon Signed-Ranks test (p < 0.001). However, when we ap-

I,.*Y no evi-

plied survival methods as proposed by Daugherty et a
dence of anticipation was found. Here, all parents and offspring
of the MM patients are under study (3485 parents and 18 017
offspring). Applying the Kaplan-Meier method, there was no sta-
tistically significant difference in age of MM diagnosis (p = 0.097
Log-Rank). In the Cox proportional hazards model adjusted for sex
and 15-year birth cohort, no statistically significant difference in
the age at MM diagnosis was detected (HR 1.28; 95% Cl: 0.50-

3.28) In 48 affected parent-offspring pairs, there was no clear sign

Median age (years) at end of
follow-up, relatives of controls

Median age (years) at end of
follow-up, relatives of MM patients

58 57
63 63
82 82
54 53
28 27
83 84
26 25
75 74
37 36
&/ 36
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TABLE 2 Hazard ratios for MM in relatives of MM patients vs.
relatives of controls

Cases” HR? (95% Cl)
All relatives 101/182 1.89 (1.40-2.57)°
All first-degree relatives 91/167 1.89 (1.37-2.61)¢
Offspring 31/49 1.90 (1.20-2.98)°
Siblings 17/27 2.29 (1.09-4.84)°
Parents 43/91 1.77 (1.23-2.55)°

All second-degree relatives 10/15 1.99 (0.86-4.57)

Grandchildren Ya 0.68 (0.07-6.20)
Grandparents Ya 0.81 (0.09-7.31)
Uncles/aunts % 2.25(0.53-9.63)
Nieces/nephews 5/3 476 (1.19-18.9)°

Note: Abbreviations: Cl, confidence interval; HR, hazard ratio.
aCases in relatives of MM patients/cases in relatives of controls.

bAdjusted for sex of the relatives, sex of the proband, and 15-year birth
cohort.

€95% confidence interval not including one.

of impaired survival in the offspring generation (HR 0.74; 95%Ci:
0.20-2.60).

3.3 | Risk for other malignancies in relatives of
MM patients

The risks for other malignancies in all relatives are displayed in
Table 3. Relatives of MM patients were not associated with in-
creased risk for any non-MM hematological malignancy. For solid tu-
mors, second-degree relatives of MM patients were associated with
an increased risk for melanoma. In all relatives, an increased risk for
sarcoma was observed, and for first- and second-degree relatives
the HRs were of similar magnitude, but statistical significance was
not reached.

4 | DISCUSSION

In this population-based study, we have investigated the risk for
MM and other malignancies in first- and second-degree relatives

151718 \ye confirm the

of MM patients. In line with previous studies,
increased risk for MM in first-degree relatives of MM patients. In
second-degree relatives, nieces and nephews of MM patients were
associated with a near five-fold increased risk for MM, an associa-
tion not previously reported in relatives of MM patients. This finding
was based on a low number of cases, and confirmation from other
studies is necessary. To our knowledge, only one other population-
based study has addressed the occurrence of cancer beyond first-
degree relatives of MM patients. In 2008, Camp et al. reported
briefly from a study of 13 288 first-degree relatives, 45 575 second-
degree relatives, and 118 363 third-degree relatives of 1354 MM
patients.?’° A significant excess of cases of MM, prostate cancer, and

Haematology

melanoma was found in all types of relatives. Seventy-two pedigrees
with a significant increase in cases of MM and prostate cancer were
also observed.?® In second-degree relatives we found a borderline
significantly increased risk for melanoma, possibly corresponding
to findings by Camp et al. However, other large-scale studies on
first-degree relatives described no association between MM and
melanoma. Whether a true association exists thus remains an open
question. Studies from the Swedish Family Cancer Database have
shown an increased risk for urinary bladder cancer in first-degree
relatives of MM patients.?>'” We observed no signs of increased risk
for urothelial cancer in first-degree relatives, whereas a possible but
non-significant positive association was observed in second-degree
relatives. No increased risk for urothelial cancer in first-degree
relatives in our data may be due to a smaller sample size than the
Swedish studies, but the number of observed cases was compara-
ble to the study by Kristinsson et al.}” It, therefore, remains unclear
whether first-degree relatives of MM patients have an increased risk
for urothelial cancer. In two studies from the Swedish Family Cancer
Database, associations between MM and bone- and connective tis-
sue tumors in first-degree relatives were observed.*>*® Our data
provide further support for this association.

Of note, grandchildren of probands accounted for approximately
80% of all second-degree relatives in our data. At the end of fol-
low-up, the median age of this generation was 25 years, and only
1.7% had reached the age of 50 years. Taking into account a me-
dian age of MM diagnosis of around 70 years, a possible increased
risk for MM in grandchildren of MM patients cannot be excluded
based on our data, as additional decades of follow-up would be
necessary. Furthermore, grandparents of MM patients and controls
were underrepresented in our data (about 0.7% of the total number
of second-degree relatives). This generation was born before 1942,
possibly precluding their appearance in the population registry.

In the 62 families with more than one case of MM, all types
of kinship were represented. In the study of 25 MM families by
Lynch et al, parent-offspring pairs were the most common, and
there were signs of sex linkage. Affected mothers were more likely
to have affected daughters and affected fathers were more likely
to have affected sons.” In the study by Altieri et al., male patients
more often had an affected son, and females more often had an
affected daughter, suggesting a pattern consistent with an auto-
somal dominant mode of inheritance.’® Sex-linked and recessive
traits have been hypothesized to be of less importance.® A similar
tendency of inheritance patterns was observed in our population-
based data.

Comparing mean and median age at MM diagnosis in parent-
offspring pairs, anticipation could seemingly be observed. However,
these methods are prone to bias, mainly due to the shorter follow-up
of later-born generations, which cause the right truncation of the
data.!®* When applying survival methods on all parents and off-
spring of MM patients, no evidence for younger age at diagnosis in
the offspring generation was observed. Due to the advances in my-
eloma treatment, one could expect superior survival in the offspring
generation in parent-offspring pairs given that no anticipation/
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increased severity of the disease was present. We observed no sta-
tistically significant difference in overall survival in parent-offspring
pairs. Thus, our findings concur with those reported by Daugherty
et al., supporting no evidence for anticipation in MM in terms of age
of onset, whereas we cannot conclude whether the overall survival
of MM, as a measure of disease severity, is altered in successive
generations.

Strengths of our study include a population-based design based
on high-quality data from a national cancer registry. The ascertain-
ment of relatives through linkage of national registries overcomes
potential recall bias associated with interview-based approaches.
Our study also has its limitations. In this study, and in others of its
kind, a large number of tests are carried out and the risk for chance
findings warrants cautious interpretation of the results. The assess-
ment of cancer risk in first-degree relatives should be considered
confirmatory to other studies, and the assessment of second-degree
relatives should be considered exploratory. As previously discussed,
the registry-based ascertainment of relatives may have caused the
group of second-degree relatives to be skewed toward later-born
generations where only a small proportion had reached ages of risk
for many cancers at the end of follow-up, MM included. The lack
of individual data on patient characteristics and treatment is also a
limitation to our study. Furthermore, information on MGUS is not
available in the CRN, precluding the assessment of MGUS-risk in rel-
atives of MM patients.

In conclusion, our data confirm the increased risk for MM in
first-degree relatives as reported in several studies. Overall, second-
degree relatives of MM patients were not associated with an in-
creased risk for MM. Based on small nhumbers of observed cases,
nephews and nieces of MM patients were associated with an in-
creased risk for MM. This association is not previously described and
is in need of confirmation by others. Our study does not support that

genetic anticipation is present in familial MM.
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