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Monoclonal gammopathy

of undetermined significance

Is associated with prostate cancer
in a population-based cohort study
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Register-based studies indicate a possible association of monoclonal gammopathy of undetermined
significance (MGUS) and prostate cancer (PCa). Aim of the present study was to investigate the
relationship between MGUS and PCa considering potentially shared risk factors. Data from the
prospective population-based Heinz Nixdorf Recall cohort study of 2.385 men (age 45-85) were
analyzed. MGUS was determined at three points in time; cases of cancer were assessed annually.
Potentially shared risk factors were assessed at baseline. Hazard ratios (HR), adjusted for age and
educational attainment, and corresponding 95%-confidence intervals (95%-Cl) were calculated.

157 cases of MGUS and 143 incident cases of PCa were detected. Of 19 participants diagnosed with
both, MGUS and incident PCa, only in one case MGUS did not clearly occur before PCa. MGUS was
associated with PCa presenting a HR of 2.00 (95%-Cl: 1.23-3.25). Stratified by isotype, IgM-MGUS
showed the strongest association with PCa. There was no relevant change of the effect estimate
when adjusting for potentially shared risk factors. We were able to give supporting evidence for an
association between MGUS and PCa and pointed out its temporality. There was no indication that the
observed association is due to shared risk factors. The present study indicated that different isotypes
of MGUS differ in the strength of the effect on PCa-risk. Based on these findings, future studies
investigating the pathophysiological background of the association will be needed.

Monoclonal gammopathy of undetermined significance (MGUS) is a well-known precursor of lymphoid
malignancies'. The prevalence of MGUS in populations aged > 50 years has been estimated at 3-4% with a risk
of progression to multiple myeloma of ~ 1% per year'. Some studies have also indicated an association between
MGUS and risk of different types of solid cancers such as prostate cancer (PCa). Confounding due to shared
genetic susceptibility and common risk factors has been considered a possible explanation®™*. Some physicians
have also reported associations between MGUS and PCa in case reports™®.

The origin of MGUS is largely unknown, but familial accumulations, which have been observed in some stud-
ies, imply a genetic influence?. Risk factors discussed for MGUS include a high body-mass-index (BMI), black
skin color, male sex, higher socio-economic status, certain genetic polymorphisms and higher age”.

PCa is one of the most frequent malignant diseases among men'’. Metastases are predominantly found in
the iliac lymph node stations (lymphogenic) and in the skeleton (haematogenic)'!. The main risk factor for PCa
is age'?. Other factors discussed are dietary factors (high intake of calcium, e.g. through frequent consumption
of dairy products or meat), vitamin D deficiency, black skin colour and familial history (i.e., genetic factors)'>"3.

To our knowledge the association of MGUS and PCa has not yet been examined in population-based cohort
studies. Based on the previous evidence?™, the aim of the present study was to investigate the association of
MGUS and PCa including the temporality between MGUS and PCa diagnosis as well as potentially shared
risk factors that may explain the association. In addition, the impact of MGUS isotypes on the association of
MGUS with PCa was explored as well as the association of PCa and progression of MGUS to multiple myeloma.
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Investigating the association between MGUS and PCa and identifying shared risk factors may help to better
understand disease etiology and inform prevention strategies.

Methods

Study population. The Heinz Nixdorf Recall Study is a prospective population-based cohort study from
the Ruhr area in Germany. Participants were recruited between 2000 and 2003 using a random sample of the res-
ident population of the cities Essen, Bochum and Miilheim/Ruhr. The baseline recruitment efficacy proportion
was 56%. Participants were invited for a 5- and 10-year follow-up examination'. In total 4814 participants aged
45-75 years gave informed consent. The study was approved by the institutional ethics committee of the Univer-
sity Duisburg-Essen and was conducted according to the guidelines and recommendations for ensuring Good
Epidemiological Practice (https://www.dgepi.de/assets/Leitlinien-und-Empfehlungen/Recommendations-for-
good-Epidemiologic-Practice.pdf). The study design has been described in more detail by Schmermund et al.'>.

Prostate cancer (PCa). PCa diagnosis was assessed by a computer-assisted personal interview (CAPI) at
baseline examination and annually during follow-up by a self-administered questionnaire'®. Participants were
asked about hospital stays, operations or if they had ever been diagnosed with cancer (and if so, what type of
cancer). CAPI was repeated at the 5-year and 10-year follow-up examination to check and supplement infor-
mation from the annually questionnaires. If participants could not take part in the follow-up investigations,
standardized telephone interviews with the participants or their relatives were conducted. Drop-outs received a
non-responder questionnaire and death certificates were requested for deceased participants in order to deter-
mine the cause of death. For all reported cancer diagnoses, operations or hospital stays, medical records were
requested. Finally, validated cases of cancer were entered into a database with relevant data like ICD-10-code (i.
e., C61 for PCa), localization, staging and date of diagnosis.

Monoclonal gammopathy of undetermined significance (MGUS). Serum blood samples of study
participants used for MGUS screening were collected at baseline, 5-year and 10-year follow-up examination
and stored at —80 °C". In order to detect MGUS, standard serum electrophorese and screening immunofixation
using pentavalent antisera were performed. In case of a visible or suspected monoclonal band an immunofixa-
tion using antisera against y, o, I, k and A was carried out. Nephelometry was used to determine free light chains
and the k/A-ratio was calculated. Results were classified according to reference ranges published by Katzmann
et al: k: 3.3-19.4 mg/L; \: 5.7-26.3 mg/l; k/\: 0.26-1.65'%. Overall, diagnostic procedures included laboratory
results, past medical history and serum concentration of the m-protein. MGUS was diagnosed in accordance to
the criteria of the International Myeloma Working Group 2003: serum m-protein concentration <30 g/, < 10%
bone marrow clonal plasma cells and absence of end-organ or tissue damage caused by MGUS". The occurrence
of multiple myeloma was assessed using the same validation procedure as for PCa.

Potential risk factors. Next to the confounders age and educational attainment (as indicator of socio-
economic status), discussed risk factors for both, MGUS and PCa, were selected by reviewing the literature®2°-3?
and were included in the analysis as potential underlying causes (i. e., confounders) for an association between
MGUS and PCa. Information assessed at baseline was available for body mass index (BMI), physical activ-
ity, smoking, alcohol consumption, blood serum cholesterol, intake of statins, diabetes mellitus and dietary
factors. Educational attainment was assessed by standardized face-to-face interviews, coded according to the
International Standard Classification of Education as total years of formal education by combining school and
vocational training and then divided into four categories (< 10 years, 11-13 years, 14-17 years, > 18 years)*. BMI
(kg/m?) was calculated using measured body height and weight. Physical activity (metabolic-equivalent-task-
hours/week) was assessed as part of the CAPI. Smoking was categorized into: current smoker (smoking ciga-
rettes during the past year), former smoker (smoking cigarettes before the past year) and never-smoker. Alcohol
consumption (g/week) was computed from reported number and type of drinks per day. Diabetes mellitus was
defined as either of the following criteria: reported history of diabetes mellitus, intake of glucose lowering drugs,
measured fasting blood glucose level >125 mg/dl or non-fasting blood glucose level >200 mg/dl or measured
HbA1lc>6.5%. Total cholesterol, LDL-Cholesterol and HDL-Cholesterol (mg/dl) were determined from blood
serum samples taken at baseline examination. Information on intake of statins was assessed using a standard-
ized assessment of medication history of the last 7 days at baseline examination. Information on dietary intake
of dairy products, fish, fruits, raw and cooked vegetables assessed using a validated food frequency question-
naire was dichotomized in high vs. low consumption®. High consumption was defined as an intake of at least
4-6 times/week for dairy products, fruits and vegetables and at least 1-3 times/week for fish. In order to reflect
possible genetic influences, the family history of PCa was taken into account. Family history of PCa was assessed
at baseline and included PCa diagnoses of the participant’s father and up to nine brothers.

Statistical analysis. Data of 2385 male participants with non-missing information on MGUS were
included in the analyses (Figure S-1). Descriptive analysis was carried out for the whole analysis population as
well as stratified by MGUS status and/or PCa. For each participant having MGUS as well as PCa (N =21), the
examination date of first MGUS detection and the date of PCa diagnosis were plotted in order to determine
the temporality between MGUS and PCa. Prevalent cases of PCa at baseline (N =39) were then excluded from
further analyses. Hazard ratios (HR) with corresponding 95%-confidence intervals (95%-CI) were calculated
by using Cox proportional hazards regression with MGUS status (cumulating prevalent and incident MGUS)
as independent and incident PCa as dependent variable. Validity of the proportional hazards assumption was
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confirmed prior to analysis and assessed by visual inspection of Schoenfeld residuals. The median observation
time was 13.6 years (inter quartile range 9.6-15.5 years) starting at baseline.

First, to quantify the strength of the association between MGUS and PCa a basic model (BM) was fitted under
the assumption that none of the discussed risk factors acted as confounder for the association between MGUS
and incident PCa. Thus, the minimal adjustment set included only age and education.

Second, to assess any confounding by potential risk factors the BM was then additionally adjusted for each
potential risk factor separately to quantify the risk factors impact on the HR obtained for the association between
MGUS and incident PCa. Finally, a full model (FM) was fitted under the assumption that all discussed risk fac-
tors acted as confounders for the association between MGUS and PCa. The minimal adjustment set under this
assumption included all discussed risk factors (except total cholesterol due to its strong association to LDL).
Participants with missing information on potential risk factors and participants with missing information on
education (N =10) were only excluded from the respective regression models. Complete case (N=1938) sen-
sitivity analysis was performed to check for the influence of missing data on the study results by excluding all
participants with any missing data.

Third, the BM was also calculated for MGUS stratified by isotype to investigate whether the strength of the
observed association varied between different isotypes.

As not every MGUS case included in the analysis was prevalent at study baseline, the BM was also calculated
with an observation time starting at the actual examination date of first MGUS detection for each incident
MGUS case (i.e., either at the 5- or 10-year follow-up examination). This led to a reduced median time to event
of 13.4 years (inter quartile range 9.3-15.5 years). In addition, to determine the association of the potential risk
factors with MGUS, age- and education-adjusted logistic regression models were fitted to estimate odds ratios
(OR) and 95%-CI, while the association of potential risk factors with PCa was analyzed using age- and education-
adjusted Cox proportional hazards regression models. All analyses were carried out using IBM SPSS Statistics
24. For original data, please contact the corresponding author.

Results

The characteristics of the study cohort are presented in Table 1. The mean age was approximately 60 years.
47.1% of the participants had at least 14 years of formal education. Overall, there were 157 cases of MGUS and
182 cases of PCa. The isotype IgG was found in 58.6% of all MGUS cases (Table 2). IgA-MGUS was detected
in 14.7% and IgM in 19.8%. In 7.0% the subtype remained unknown. Eleven participants were diagnosed with
incident multiple myeloma. There were 143 incident cases of PCa, showing an incidence rate of 4.97 (95%-CI:
4.22-5.86) per 1000 person years. The mean age at PCa diagnosis was 66.7 (+6.8) years. The mean age at first
MGUS detection was 64.7 (£8.1) years.

Twenty-one participants were diagnosed with both, MGUS and PCa. None of them developed multiple
myeloma. The temporality between MGUS detection and PCa for each of those participants is shown in Fig. 1.
In 18 of the 21 participants, MGUS was detected before PCa was diagnosed (Fig. 1). In the remaining 3/21 cases
(including 2/21 prevalent PCa cases that were excluded from further analysis), PCa was diagnosed in the time
interval before the examination date of first MGUS detection where MGUS may have been already occurred
but not detected.

The characteristics of the study cohort stratified by MGUS status or incident PCa did not reveal strong dif-
ferences in the distribution of risk factors (Table S-1). Age was slightly lower in participants without MGUS and
PCa, while in the group with PCa and the group without MGUS and PCa a lower proportion of participants in
the highest education group was observed.

MGUS was associated with PCa in the age- and education-adjusted BM showing a hazard ratio for the effect
of ever having MGUS (HRyys) on incident PCa of 2.00 (95%-CI: 1.23-3.25). HRy;gys changed only slightly
when potential risk factors were included in the regression model (Fig. 2). The strongest reduction of the effect
size estimate was observed when adjusting for statin intake (HRygys 1.91, 95%-CI: 1.14-3.20). The full model
including all risk factors still showed a HRygys of 2.03 (95%-CI: 1.17-3.53). The complete case sensitivity analysis
showed similar results (Table S-2). However, there was no reduction of the HRygys estimate when adjusting for
statin intake, but a small change of HRy,ys when adjusting for total cholesterol (Table S-2).

Except for the confounders age and education, none of the potential risk factors included in the analysis
showed strong indication for an association with MGUS (Table S-3). Age was also associated with PCa, while
diabetes mellitus (HR 0.53; 95%-CI: 0.32-0.88) was indicated as a protective factor for incident PCa (Table S-4).

MGUS categorized by isotype showed an association of each isotype with PCa using the group with no MGUS
as reference (Fig. 3). The strongest effect was observed for IgM-MGUS with a HR of 5.21 (95%-CI: 2.63-10.31),
followed by IgA-MGUS with a HR of 2.14 (95%-CI: 0.68-6.74). IgG-MGUS showed the weakest association
presenting a HR of 1.25 (95%-CI: 0.58-2.69). However, effect size estimates were less precise for single isotypes
due to the low number of PCa cases per isotype stratum.

Discussion
Aim of the present study was to investigate the association between MGUS and PCa and to examine the impact
of potentially shared risk factors. While the study results showed an association of MGUS and PCa, no indication
of shared lifestyle risk factors was observed. Moreover, the data of this study population enabled an investigation
of the temporal sequence. Results indicated that MGUS seems to occur before PCa diagnosis. With regard to the
isotypes, the analyses showed that IgM-MGUS may have the strongest association with PCa.

An increased risk of PCa in multiple myeloma or MGUS patients and their relatives has previously been
suggested mainly by results of hospital- and register-based studies?>**¢-*%. Most authors have suspected shared
risk factors or shared genetic susceptibility as reason for this association®***”. Our results, however, gave no
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NP 2385 (100.0%)
Age® years 59.7 (£7.8)
Education® [10]

<10 years 120 (5.1%)
11-13 years 1,135 (47.8%)
14-17 years 796 (33.5%)
>18 years 324 (13.6%)
PCa®

Prevalent at baseline 39 (1.64%)
Incident 143 (6.00%)
MGUS® 157 (6.58%)
Prevalent at baseline 98 (4.1%)
Incident 59 (2.5%)
Multiple myeloma® (incident) 11 (0.46%)
Body mass index (kg/m?)* [12] 28.2 (£4.0)
Physical activity (MET-hours/week)* [39] 35.0 (15.7-66.0)
Smoking” [5]

Never smoker 665 (27.9%)
Past smoker 1,104 (46.4%)
Current smoker 611 (25.7%)
Alcohol (g/week)® [42] 46.3 (6.9-118.6)
Diabetes mellitus® 473 (19.8%)
Total cholesterol (mg/dl)? [8] 224.7 (£38.3)
LDL-cholesterol (mg/dl)* [16] 145.1 (£35.5)
HDL-cholesterol (mg/dl)* [10] 51.0 (+14.4)
Statin intake® [171] 289 (13.1%)
High milk consumption® [126] 655 (29.0%)
High yoghurt/quark consumption® [104] 983 (43.1%)
High cheese consumption® [84] 1,140 (49.5%)
High fruits consumption® [41] 1,428 (60.9%)
High vegetable consumption®

Raw [42] 588 (25.1%)
Cooked [40] 705 (30.1%)
High fish consumption® [43] 820 (35.0%)
PCa in first degree relevants (family history) 69 (2.9%)

Table 1. Characteristics of the male study participants of the Heinz Nixdorf Recall (HNR) study.
MGUS monoclonal gammopathy of undetermined significance, PCa prostate cancer. *Mean (+ standard
deviation). "Number (%). “Median (inter quartile range), [number of missing values].

MGUS cases®

Type IgG 92 (58.6%)
Type IgA 23 (14.7%)
Type IgM 31 (19.8%)
Others 11 (7.0%)
M-protein (g/dl)° 5.20 (3.80-2.50)
Not detectable® 70 (44.6%)
Pathologic FLC-ratio® [5] 32 (21.1%)

Table 2. Characterization of MGUS cases (N =157). MGUS monoclonal gammopathy of undetermined
significance. "Number (%). “Median (inter quartile range).

supporting evidence that the risk factors under investigation are operating as shared cause of the association,
as there was no substantial change in the effect of MGUS on PCa when taking risk factors into account. The
consideration of the family history concerning PCa in our study also gave no indication that strong genetic
susceptibility seems to play a role as underlying cause for the association between MGUS and PCa.
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Figure 1. Timeline of MGUS detection and prostate cancer diganosis for study participants with both
diagnoses (N =21). Asterisk: date of PCa diagnosis; diamond: examination visit of MGUS detection; dotted line:
time interval of possible MGUS occurrence before MGUS detection; T, = date of baseline examination, T, =date
of 5-year follow-up examination, T, =date of 10-year follow-up examination.

The stronger association of IgM-MGUS in our study gave indication that there may be high and low risk iso-
types of MGUS concerning development of PCa. The IgM-MGUS isotype, however, is usually characterized by a
higher rate of progression into Waldenstrom'’s Macroglobulinemia instead of MM?. Previous studies have already
suggested a possible association of Waldenstron's Macroglobulinemia and PCa. The results of the present study
indicate that those previous findings might result from the association of Waldenstrom’s Macroglobulinemia’s
precursor disease IgM-MGUS with PCa.

Kao et al. have analyzed the pathogenesis of multiple myeloma and PCa and developed a model, in which
cytokines (such as IL-6, IGF-1 and VEGF) and immune suppression caused by multiple myeloma are responsible
for an increased progression of prostatic intraepithelial neoplasia as a risk factor to detectable stages of PCa*. Our
results may allow an extension of this model since we showed an association of PCa with MGUS, the precursor
state of multiple myeloma. Cytokines and immune deficiency can still be considered in this extension, as the
secretion of IL-6, which supports initiation and progress of PCa, has been increased in subjects with MGUS in
previous studies***. IGF-1 might accelerate the risk of PCa, but has been suspected to prevent progression from
MGUS to multiple myeloma***. This could explain why none of the participants with MGUS and PCa had multi-
ple myeloma. Immune deficiency still has to be taken into account since 29-38% of the subjects with MGUS have
presented depressed polyclonal immune globulins in a study by Kyle et al.*. However, further research is needed
to investigate these hypothesized pathophysiological mechanisms that may explain the observed association.

Previous studies have not been able to give information on the temporality between MGUS and PCa diagno-
sis, since subjects with prevalent MGUS or multiple myeloma and sometimes their relatives have been included
and analyzed concerning different types of cancer®**¢-3%. The design of the Heinz Nixdorf Recall study had the
strength of being a prospective cohort study with population-based MGUS-screening at different points in time,
which is superior to hospital- or register-based studies. Our results indicated that MGUS seems to occur before
PCa diagnosis.

Next to the prospective and population-based design of our study, the use of a sensitive MGUS screening
method, a long time period of follow up and extensive validation to confirm the cases of PCa represented fur-
ther strengths. However, one may argue that data on PCa was based on clinical diagnosis and therefore might
underestimate the number of actual cases. Due to screening-recommendations for PCa in Germany we assumed
the number of undetected cases were negligible. Surveillance bias concerning the diagnosis of PCa in partici-
pants with MGUS is very unlikely an explanation of the observed association between MGUS and PCa, since
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Model HR (95%-Cl)
Basic model (BM) g 2.00 (1.23-3.25)
BM + BMI 2.00 (1.22-3.25)
BM + physical activity 2.03 (1.25-3.31)
BM + smoking g 2.01(1.23-3.27)
BM + alcohol consumption 2.04 (1.25-3.32)
BM + diabetes mellitus 1.97 (1.21-3.22)
BM + overall cholesterol 1.97 (1.21-3.21)
BM + LDL-cholesterol 1.98(1.22-3.23)
BM + HDL-cholesterol 2.01(1.23-3.27)
BM + statin intake 1.91(1.14-3.20)
BM + milk consumption 2.03 (1.23-3.35)
BM + yoghurt/quark consumption 2.06 (1.27-3.36)
BM + cheese consumption 1.95(1.18-3.22)
BM + fruits consumption 1.99 (1.22-3.24)
BM + raw vegetables consumption 1.97 (1.21-3.21)
BM + cooked vegetables consumption 1.99 (1.22-3.24)
BM + fish consumption 1.98 (1.22-3.22)
BM + family history PCA 2.00(1.23-3.26)
Complete model (CM) 2.03 (1.17-3.53)
OR + 95%-Cl
020 1.00 1.50 2.00 250 300 350 >0

Figure 2. Hazard ratios (HR) and corresponding 95%-confidence intervals (95%-CI) for the association

of monoclonal gammopathy of undetermined significance (MGUS) and incident prostate cancer (PCa),
subsequently adjusted for potential risk factors. BM basic model (i.e., adjusted for age and education),
[N]number of observations included in the model, BMIbody mass index, LDLlow density lipoprotein,
HDLhigh density lipoprotein, full model =adjusted for age, education and all potential risk factors (except total

cholesterol).
Modell HR (95%CI)
BM IgG - 1,25 (0,58-2,69)
BM IgA - 2,14 (0,68-6,74)
BM IgM - 5,21 (2,63-10,31)

0,5 1 2 3 4 5 6 78910

Figure 3. Hazard ratios (HR) and corresponding 95%-confidence intervals (95%-CI) for the association
between individual isotypes of monoclonal gammopathy of undetermined significance (MGUS) and incident
prostate cancer (PCa) adjusted for age and education using the group with no MGUS as reference (N=2336).
Igimmunoglobulin.

participants were not informed if MGUS was detected. This approach was approved by the local ethical committee
and in accordance with former clinical recommendations for the management of MGUS. A limitation was that
urine electrophoresis, advanced imaging and bone marrow biopsies were not carried out for MGUS diagnosis.
This might have led to a small number of smoldering MM or MM being misclassified as MGUS. Light-chain
MGUS cases were not included in the statistical analysis since the number of participants fulfilling the criteria
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of light-chain MGUS (N =22) was too low to expect meaningful results. Ethnicity as a risk factor could not be
investigated due to the ethnically homogeneity of our cohort. Also, PCa was not categorized by aggressiveness.
Future studies will be needed to determine whether MGUS is associated with both, aggressive and indolent PCa.

The present study gave supporting evidence for an association between MGUS and PCa using data from a
population-based cohort study. We were able to point out the temporality of MGUS detection and PCa diagnosis
and observed some indication for different effects between MGUS isotypes. These findings can be important
for future studies investigating the pathophysiological background of the association in order to determine
potential pathways from MGUS to PCa. Since PCa is the most frequent cancer in German men and MGUS
presents a prevalence of about 3-4%, understanding the nature of this association can be important for clinical
decision-making""’.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on reason-
able request.

Received: 30 March 2021; Accepted: 6 September 2021
Published online: 29 September 2021

References

1. Kyle, R. A. et al. Prevalence of monoclonal gammopathy of undetermined significance. N. Engl. J. Med. 354(13), 1362-1369 (2006).

2. Kristinsson, S. Y., Goldin, L. R., Bjorkholm, M., Turesson, I. & Landgren, O. Risk of solid tumors and myeloid hematological
malignancies among first-degree relatives of patients with monoclonal gammopathy of undetermined significance. Haematologica
94(8), 1179-1181 (2009).

3. Hemminki, K., Forsti, A., Sundquist, J. & Li, X. Search for familial clustering of cancer in monoclonal gammopathy of unknown
significance. Blood Cancer J. 6(7), e445 (2016).

4. Kao, ], Jani, A. B. & Vijayakumar, S. Is there an association between multiple myeloma and prostate cancer?. Med. Hypotheses.
63(2), 226-231 (2004).

5. Pramanik, S., Gazi, M. ], Das, A. K., Debnath, N. B. & Pal, S. K. Monoclonal gammopathy in prostate carcinoma: A case report
and review of literature. J. Med. Case Rep. 12(1), 325 (2018).

6. Tsutsumi, M., Hara, T., Fukasawa, R. & Koiso, K. Prostatic cancer presenting monoclonal gammopathy: Report of two cases. Acta
Urol. Jpn. 39(6), 569-571 (1993).

7. Weinhold, N. et al. Inherited genetic susceptibility to monoclonal gammopathy of unknown significance. Blood 123(16), 2513-2517
(2014) ((quiz 2593)).

8. Landgren, O. et al. Obesity is associated with an increased risk of monoclonal gammopathy of undetermined significance among
black and white women. Blood 116(7), 1056-1059 (2010).

9. Schmidt, B. et al. Socioeconomic position is positively associated with monoclonal gammopathy of undetermined significance in
a population-based cohort study. Ann. Hematol. 98(12), 2761-2767 (2019).

10. Ferlay, J. et al. Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int. J.
Cancer. 136(5), E359-386 (2015).

11. Possinger, K. Facharztwissen Himatologie Onkologie (ed. 4. Auflage). (Elsevier, 2017).

12. Daniyal, M. et al. Epidemiology, etiology, diagnosis and treatment of prostate cancer. Asian Pac. J. Cancer Prev. 15(22), 9575-9578
(2014).

13. Tao, Z. Q. Shi, A. M., Wang, K. X. & Zhang, W. D. Epidemiology of prostate cancer: Current status. Eur. Rev. Med. Pharmacol. Sci.
19(5), 805-812 (2015).

14. Stang, A. et al. Baseline recruitment and analyses of nonresponse of the Heinz Nixdorf recall study: Identifiability of phone numbers
as the major determinant of response. Eur. J. Epidemiol. 20(6), 489-496 (2005).

15. Schmermund, A. et al. Assessment of clinically silent atherosclerotic disease and established and novel risk factors for predicting
myocardial infarction and cardiac death in healthy middle-aged subjects: Rationale and design of the Heinz Nixdorf RECALL
study. Risk factors, evaluation of coronary calcium and lifestyle. Am. Heart J. 144(2), 212-218 (2002).

16. Bokhof, B., Eisele, L., Erbel, R., Moebus, S. & Heinz Nixdorf Recall Study Investigative G. Agreement between different survey
instruments to assess incident and prevalent tumors and medical records—Results of the Heinz Nixdorf Recall Study. Cancer
Epidemiol. 38(2), 181-192 (2014).

17. Eisele, L. et al. Prevalence and progression of monoclonal gammopathy of undetermined significance and light-chain MGUS in
Germany. Ann. Hematol. 91(2), 243-248 (2012).

18. Katzmann, J. A. et al. Serum reference intervals and diagnostic ranges for free kappa and free lambda immunoglobulin light chains:
Relative sensitivity for detection of monoclonal light chains. Clin. Chem. 48(9), 1437-1444 (2002).

19. International Myeloma Working Group. Criteria for the classification of monoclonal gammopathies, multiple myeloma and related
disorders: A report of the International Myeloma Working Group. Br. J. Haematol. 121(5), 749-757 (2003).

20. Thun, M.J, Linet, M.S., Cerhan, J.R., & Haiman, C. Cancer Epidemiology and Prevention. 4th edn. (Thun, M., Linet, M.S., Cerhan,
J.R., Haiman, C.A., Schottenfeld, D.). (Oxford University Press, 2017).

21. World Cancer Research Fund. Continuous Update Project Report: Diet, Nutrition, Physical Activity, and Prostate Cancer. (World
Cancer Research Fund, 2018).

22. Pudrovska, T. & Anishkin, A. Clarifying the positive association between education and prostate cancer: A Monte Carlo simulation
approach. J. Appl. Gerontol. 34(3), 293-316 (2015).

23. Wadhera, R. K. & Rajkumar, S. V. Prevalence of monoclonal gammopathy of undetermined significance: A systematic review.
Mayo Clin. Proc. 85(10), 933-942 (2010).

24. Boursi, B., Weiss, B. M., Haynes, K., Mamtani, R. & Yang, Y. X. Reappraisal of risk factors for monoclonal gammopathy of unde-
termined significance. Am. . Hematol. 91(6), 581-584 (2016).

25. Psaltopoulou, T. et al. Anthropometric characteristics, physical activity and risk of hematological malignancies: A systematic
review and meta-analysis of cohort studies. Int. J. Cancer. 145(2), 347-359 (2019).

26. Islami, E, Moreira, D. M., Boffetta, P. & Freedland, S. J. A systematic review and meta-analysis of tobacco use and prostate cancer
mortality and incidence in prospective cohort studies. Eur. Urol. 66(6), 1054-1064 (2014).

27. Zhao, J., Stockwell, T., Roemer, A. & Chikritzhs, T. Is alcohol consumption a risk factor for prostate cancer? A systematic review
and meta-analysis. BMC Cancer 16(1), 845 (2016).

28. Pasqualetti, P, Collacciani, A. & Casale, R. Risk of monoclonal gammopathy of undetermined significance: A case-referent study.
Am. J. Hematol. 52(3), 217-220 (1996).

Scientific Reports |

(2021) 11:19266 | https://doi.org/10.1038/s41598-021-98803-1 nature portfolio



www.nature.com/scientificreports/

29. Bansal, D., Undela, K., D’Cruz, S. & Schifano, E Statin use and risk of prostate cancer: a meta-analysis of observational studies.
PLoS ONE 7(10), e46691 (2012).

30. Yi, X, Jia, W,, Jin, Y. & Zhen, S. Statin use is associated with reduced risk of haematological malignancies: Evidence from a meta-
analysis. PLoS ONE 9(1), 87019 (2014).

31. Gong, Z. et al. Obesity, diabetes, and risk of prostate cancer: Results from the prostate cancer prevention trial. Cancer Epidemiol.
Biomark. Prev. 15(10), 1977-1983 (2006).

32. Shafique, K. et al. Cholesterol and the risk of grade-specific prostate cancer incidence: Evidence from two large prospective cohort
studies with up to 37 years’ follow up. BMC Cancer 12, 25 (2012).

33. UNESCO Institute for Statistics. International Standard Classification of Education: ISCED 2011. International Standard Clas-
sification of Education (ISCED). 1-85 (UIS, 2012).

34. Harreiter, ]. & Roden, M. Diabetes mellitus-definition, classification, diagnosis, screening and prevention (update 2019). Wien
Klin. Wochenschr. 131(Suppl 1), 6-15 (2019).

35. Winkler, G. & Doéring, A. Validation of a short qualitative food frequency list used in several German large scale surveys. Z.
Ernahrungswiss. 37(3), 234-241 (1998).

36. Lynch, H. T. et al. Familial myeloma. N. Engl. J. Med. 359(2), 152157 (2008).

37. Camp, N. J., Werner, T. L. & Cannon-Albright, L. A. Familial myeloma. N. Engl. J. Med. 359(16), 1734-1735 (2008).

38. Kristinsson, S. Y. et al. Patterns of hematologic malignancies and solid tumors among 37,838 first-degree relatives of 13,896 patients
with multiple myeloma in Sweden. Int. J. Cancer. 125(9), 2147-2150 (2009).

39. Goldschmidt, H. & Nitschmann, S. Long-term follow-up of monoclonal gammopathies of undetermined significance (MGUS).
Internist (Berl). 59(6), 639-640 (2018).

40. Hanzis, C. et al. Associated malignancies in patients with Waldenstrom’s macroglobulinemia and their kin. Clin. Lymphoma
Myeloma Leuk. 11(1), 88-92 (2011).

41. Allegra, A. et al. Lymphocyte subsets and inflammatory cytokines of monoclonal gammopathy of undetermined significance and
multiple myeloma. Int. J. Mol. Sci. 20(11), 2822 (2019).

42. Sfanos, K. S. & De Marzo, A. M. Prostate cancer and inflammation: The evidence. Histopathology 60(1), 199-215 (2012).

43. Wang, S. et al. Circulating IGF-1 promotes prostate adenocarcinoma via FOXO3A/BIM signaling in a double-transgenic mouse
model. Oncogene 38(36), 6338-6353 (2019).

44. Kyle,R. A. et al. A long-term study of prognosis in monoclonal gammopathy of undetermined significance. N. Engl. J. Med. 346(8),
564-569 (2002).

Acknowledgements

We are indebted to all study participants and to both the dedicated personnel of the study center of the Heinz
Nixdorf Recall study and to the investigative group, in particular to U. Roggenbuck, U. Slomiany, E. M. Beck,
A. Offner, S. Miinkel, R. Peter, H. Kélsch, M. Bauer, S. Schramm, S. Seibel, D. Grénemeyer and H. Hirche. We
thank Anja Fithrer and Sabrina Kieruzel for expert technical assistance. Advisory Board: Meinertz T., Ham-
burg, Germany (Chair); Bode C., Freiburg, Germany; deFeyter P. J., Rotterdam, Netherlands; Giintert B, Halli,
Austria; Gutzwiller E, Bern, Switzerland; Heinen H., Bonn, Germany; Hess O., Bern, Switzerland; Klein B.,
Essen, Germany; Lowel H., Neuherberg, Germany; Reiser M., Munich, Germany; Schmidt G., Essen, Germany;
Schwaiger M., Munich, Germany; Steinmiiller C., Bonn, Germany; Theorell T., Stockholm, Sweden; Willich S.
N., Berlin, Germany.

Author contributions

AS.,KH]J,RE,SM,N.D,].D, UD. and B.S. contributed to the conception, study design and data acquisition.
N.H., M.E and B.S. conducted the statistical analyses. All authors contributed to the interpretation of results,
manuscript preparation, and read and approved the final manuscript.

Fundin

Open Accgess funding enabled and organized by Projekt DEAL. This work was supported by the Heinz Nixdorf
Foundation; the German Research Council (projects SI 236/8-1, SI 236/9-1, ER 155/6-1, ER 155/6-2); and
Sarstedt AG & Co (laboratory equipment). Parts of the study were funded by a research grant from Celgene,
Munich, Germany. FREELITE test kits were in part provided by The Binding Site Ltd, Birmingham, UK.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-98803-1.

Correspondence and requests for materials should be addressed to B.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2021) 11:19266 | https://doi.org/10.1038/s41598-021-98803-1 nature portfolio


https://doi.org/10.1038/s41598-021-98803-1
https://doi.org/10.1038/s41598-021-98803-1
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:19266 | https://doi.org/10.1038/s41598-021-98803-1 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Monoclonal gammopathy of undetermined significance is associated with prostate cancer in a population-based cohort study
	Methods
	Study population. 
	Prostate cancer (PCa). 
	Monoclonal gammopathy of undetermined significance (MGUS). 
	Potential risk factors. 
	Statistical analysis. 

	Results
	Discussion
	References
	Acknowledgements


