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The free light chain (FLC) ratio is a critical part of risk stratification for monoclonal gammopathy of undetermined significance
(MGUS). Recently, revised FLC reference intervals developed using the iStopMM cohort, accounting for age and renal function, have
reduced the rate of abnormal findings. Here, we examine the implications of the revision in an independent Danish MGUS cohort.
Of 6993 MGUS individuals, 2641 had an abnormal FLC ratio by the original intervals, of whom 844 (32%) were reclassified as normal
using the revised intervals. Reclassified individuals had no significantly increased risk of progression compared to those with a
normal FLC ratio (hazard ratio (HR): 1.07, 95% confidence interval (CI) 0.74–1.57). Those with an abnormal FLC ratio by the revised
reference intervals had an increased risk of progression (HR 2.23, 95% CI 1.79–2.78). Using the revised reference intervals, 490
individuals (16%) were reclassified to low-risk from a higher risk group. These individuals had a similar progression risk compared to
others in the low-risk group. The findings validate the revised FLC reference intervals, enhancing prognostic accuracy and
improving risk stratification to accurately identify MGUS individuals at risk of progression while reducing unnecessary classifications
as high-risk.
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BACKGROUND
Monoclonal gammopathy of undetermined significance (MGUS) is
an asymptomatic precursor condition of multiple myeloma (MM)
and other lymphoproliferative disorders [1]. The prevalence of
MGUS increases with age and is found in approximately 4.2% of
the population over 50 years of age [2]. Although all cases of MM
are preceded by MGUS [3], only a minority (approximately 1%
annually) of those with MGUS progress to malignant lymphopro-
liferative disease [1].
An early diagnosis of MM or a precursor state may decrease the

risk of irreversible organ damage as seen in late-stage disease and
improve treatment outcomes [4, 5]. Furthermore, MM patients
with an acute disease presentation have a poorer prognosis
compared to patients diagnosed in an outpatient setting [6].
Therefore, current guidelines recommend follow-up and/or more
thorough examination (for example, bone marrow sampling) of
individuals with MGUS at high risk of progression [7]. To identify
high-risk patients, the Mayo Clinic risk stratification model is used
to guide work-up and follow-up of MGUS [8].
An abnormal free light chain (FLC) ratio increases the risk of

MGUS progression independently of other risk factors [9, 10] and
is incorporated in the Mayo Clinic risk stratification model. Besides
monoclonal gammopathies, the serum FLC is affected by age and

renal function, which must be considered when interpreting FLC
levels and ratios. The first reference intervals for FLC were defined
in a smaller cohort of 282 individuals with normal kidney function
[11] and later for patients with chronic kidney disease (CKD) with
estimated glomerular rate (eGFR) < 60mL/min/1.73 m2 [12]. How-
ever, these reference intervals have been revised as proposed by
the Iceland Screens, Treats or Prevents MM (iStopMM) group
[13, 14] based on a large cohort of 75,422 participants from the
general population with and without CKD who were screened for
MGUS by FLC assay allowing definition of reference intervals
stratified by age and renal function [13].
The revised iStopMM reference intervals improve the diagnos-

tics of light chain (LC) MGUS by reducing false positives (leading to
an 82% reduction in prevalence) while still accurately detecting all
cases that progressed to MM in the iStopMM cohort and have
been externally validated [15]. Even so, the implications of the
revised FLC reference intervals for MGUS risk stratification are
unknown. This study aims to compare the original and revised
(iStopMM) definition of abnormal FLC ratio as a risk factor of
malignant progression for MGUS with an intact M-protein, both
independently and as part of the Mayo Clinic risk stratification
model. Optimizing MGUS risk stratification is important for the
identification of clinically relevant individuals for work and follow-
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up, while avoiding unnecessary, costly, time-consuming, and
potentially harmful scans and examinations of low-risk individuals.
By improving this balance, the study contributes to the overall aim
of early cancer detection while simultaneously minimizing over-
diagnosis [16].

METHODS
Study design and data
This nationwide cohort study was conducted using the Danish Lymphoid
Cancer Research (DALY-CARE) data resource [17], containing data on all

Danish adults with a lymphoid-linage cancer and lymphoid cancer
precursors, registered from 2002 to 2024. The data were collected from
10 different Danish registries and linked using the Danish civil registration
(CPR) number. This includes national registries from the Danish Health
Data Authority and the Danish Clinical Quality Program—National Clinical
Registries, and regional (region of Zealand and the Capital) data from
electronic health records (EHR).

The cohort
The cohort was identified in DALY-CARE using International Classifica-
tion of Diseases, 10th revision (ICD10) coded MGUS diagnoses,
originally registered in the Danish National Patient Registry (DNPR),
the Danish Myeloma Database (DaMyDa), the National Pathology Data
Bank, or EHR data. Similarly, MM, non-Hodgkin’s lymphomas (NHL), and
amyloid light-chain (AL) amyloidosis diagnoses were identified in
DALY-CARE using ICD10 codes (Supplementary Table 1). Only
individuals with relevant laboratory data were included in the study.
Specifically, this included FLC measurements and a detectable M
protein, obtained within a 90-day interval. The laboratory results were
extracted using the Nomenclature, Properties and Units (NPU) coding
system, and originally retrieved from EHRs and the Danish Laboratory
Database (Supplementary Table 2). FLC results from laboratories using
other FLC assays than Freelite® (Binding Site by Thermo Fisher
Scientific) were excluded, since the revised iStopMM reference
intervals were developed using this assay. Individuals without
creatinine measurement within 30 days of FLC measurement were
excluded. Finally, individuals with a concomitant diagnosis of MM,
non-Hodgkin lymphoma (NHL), including chronic lymphoid leukemia
(CLL), or AL amyloidosis prior to or within 90 days of MGUS diagnosis
were excluded. The date of MGUS diagnosis was defined as the date of
first detectable M protein. The inclusion of patients is summarized in
Fig. 1.

18150 individuals with
MGUS diagnoses in 

DALY-CARE

9732 individuals with 
MGUS diagnosis and 
available laboratory 

measurements

8170 individuals with 
MGUS diagnosis 

7756 individuals with 
MGUS diagnosis

6993 individuals 
included in first part of 

analyses

6881 individuals 
included in second part 

of analyses

8418 excluded due to missing laboratory data, including:
•M protein not detectable or missing (N=2314)
•FLC missing or from another assay than FreeLite (N=5623)
•>90 days between M protein and FLC measurement (N=281)
•No crea�nine measurement  within 30 days of FLC sample date (N=140)

1562 excluded due to a diagnosis of non-Hodgkin´s lymphoma, 
mul�ple myeloma, or amyloidosis before or within 90 days a�er 
�me of MGUS diagnosis 

Excluded to suspected light chain MGUS / unknown isotype or  FLC 
ra�o >100 (N=414)

763 excluded because of missing follow-up �me

112 had unknown subtype and/or missing quan�fica�on of M protein 
and could not be used in the risk stra�fica�on analysis

Fig. 1 CONSORT diagram showing the inclusion and exclusion of individuals with MGUS. The diagram outlines the total number of MGUS
individuals in the Danish Lymphoid Cancer Research (DALY-CARE) data resource, and individuals excluded (orange) and included (green) in
the final analyses. Abbreviations: MGUS monoclonal gammopathy of undetermined significance, FLC free light chain, AL amyloid light chain,
M protein monoclonal protein.

Table 1. Original vs. revised reference intervals for FLC ratio using the
Freelite assay.

Free light chain reference intervals

Renal function FLC ratio

Normal Age Original Revised

(eGFR ≥ 60mL/min/
1.73m2)

<70 years 0.26–1.65 0.44–2.16

�70
years

-〃- 0.46–2.59

Impaired

eGFR 45–59mL/min/1.73m2 0.37 – 3.1 0.46–2.62

eGFR 30–44mL/min/1.73m2 -〃- 0.48–3.38

eGFR < 30mL/min/1.73m2 -〃- 0.54–3.30

FLC free light chain, eGFR estimated glomerular filtration rate.

C.V. Maeng et al.

2

Blood Cancer Journal           (2025) 15:80 



Exposures and outcomes
Using the original and revised reference intervals, respectively, the
exposure for the study was 1) abnormal FLC ratio, and 2) risk group
stratification. The FLC measurement closest in time to the M protein
measurement was used. Using the original and revised reference intervals,
respectively, the FLC ratio (kappa/lambda) was considered abnormal if
outside the reference ranges listed in Table 1.
The primary outcomes for the study were (1) progression to MM, or (2)

progression to MM (including smoldering MM), B-cell NHL (including CLL),
or AL amyloidosis. These diagnoses were identified in DALY-CARE using
ICD10 codes (listed in supplementary Table 2), originally registered in the
Danish Lymphoma Database or in the previously mentioned databases.
Patients were followed from the set MGUS diagnosis date (defined in the
section above) until progression, death, or end of follow-up. As data on
progression may have a delay compared to data on vital status, follow-up
was terminated on December 31, 2023. For some individuals, the date of
MGUS diagnosis and/or relevant laboratory data was later than or equal to
the end of the follow-up date. These individuals were excluded from the
study, including those diagnosed after December 31, 2023.

Statistical analysis
Descriptive analysis. The median follow-up was calculated using the
reversed Kaplan–Meier. Characteristics of the MGUS cohort were presented
overall and stratified into (1) normal FLC ratio using any reference interval,
(2) FLC ratio reclassified from abnormal by the original reference to normal
by the revised, and (3) abnormal FLC ratio according to the revised
reference intervals. The descriptive analysis was generated in R using the
gtsummary [18] and tidyverse [19] packages. Overall cumulative incidence

was calculated using the Aalen–Johansson estimator, considering death as
a competing risk. Additionally, overall cumulative incidences were
calculated using Kaplan–Meier estimation, not accounting for death as a
competing risk. This was added to enable data comparability with existing
studies that did not account for death as a competing risk.

Abnormal free light chains measures and ratios. The estimated cumulative
incidence of (1) MM and (2) MM, NHL, or AL amyloidosis was calculated
and visualized graphically using the Aalen–Johansson estimator, consider-
ing death as a competing risk. Differences in cumulative incidence were
evaluated using Gray’s test. Cause-specific hazard ratios (HR) were
calculated using Cox regression, censoring at death or end of follow-up.
The cumulative martingale residuals test was used to assess the Cox
proportional hazard assumption and computed using the mets package
[20] in R. The proportionality assumption was not violated. HRs were
presented crude and adjusted for age, sex, isotype, and M protein
concentration. A total of 112 (1.6%) individuals had missing M protein
concentration, for which the median was imputed in this analysis. Age, as a
continuous variable, violated the linearity assumption and was therefore
modeled non-linearly using four knotted restricted cubic splines from the
rms package [21]. Potential interactions were examined between exposure
(FLC group) and both covariates, age, and sex, using a likelihood ratio test.
All analyses were performed in R using the prodlim [22] and survival [23]
packages.

MGUS risk stratification. The MGUS cohort was stratified into Mayo Clinic
risk groups [9] by scoring each individual based on the following risk
factors: abnormal FLC ratio, M protein ≥ 15mg/L, and non-IgG M-protein.
Individuals were categorized into low-, intermediate-low-, intermediate-

Table 2. Descriptive data of individuals with MGUS with normal and abnormal FLC ratio using the original and revised intervals.

Overall N= 6 993 Normal FLC ratio
N= 4079

Abnormal FLC ratio using
revised reference intervals
N= 2070

FLC ratio reclassified
from abnormal to normal
N= 844

Age, median (IQR) 72 (64–79) 72 (64–79) 72 (63–79) 73 (67–78)

Sex, no. of females (%) 3297 (47) 1978 (48) 970 (47) 349 (41)

Laboratory data

Kidney function, no (%); eGFR

≥60 5439 (78) 2969 (73) 1638 (79) 832 (99)

45–59 801 (11) 569 (14) 232 (11) 0 (0)

30–44 470 (6.7) 336 (8.2) 128 (6.2) 6 (0.7)

15–29 221 (3.2) 160 (3.9) 55 (2.7) 6 (0.7)

0–14 62 (0.9) 45 (1.1) 17 (0.8) 0 (0)

Kappa (mg/L), median (IQR) 25 (16–43) 21 (15–33) 40 (20–85) 28 (21–40)

Lambda (mg/L), median (IQR) 18 (12–29) 19 (14–28) 16 (10–43) 14 (11–21)

M protein concentration (g/L)
if available, median (IQR)

2.0 (1.0–5.1) 1.2 (1.0–3.4) 4.2 (1.7–8.0) 1.5 (1.0–3.9)

MGUS subtype

IgG 4 374 (63) 2 692 (66) 1174 (57) 508 (60)

IgM 1 332 (19) 776 (19) 362 (17) 194 (23)

IgA 936 (13) 419 (10) 418 (20) 99 (12)

IgD or IgE *** *** *** ***

Biclonal 349 (5.0) 192 (4.7) 114 (5.5) 43 (5.1)

No. of events during follow-up, no. (%)

Death 1 168 (17) 664 (16) 386 (18) 137 (16)

Multiple Myeloma 258 (3.7) 100 (2.5) 138 (6.7) 20 (2.4)

B-cell non-Hodgkin’s
lymphoma incl. Chronic
Lymphoid Leukemia

91 (1.3) 37 (0.9) 40 (1.9) 14 (1.7)

AL Amyloidosis 20 (0.3) 7 (0.2) 13 (0.6) 0 (0)

MGUS monoclonal gammopathy of undetermined significance, FLC free light chain, Ig immunoglobin, IQR interquartile range, AL Amyloidosis amyloid light
chain amyloidosis, M protein monoclonal protein.
*** = too few to report.
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high-, and high-risk groups according to the presence of zero, one, two, or
three factors, respectively [8]. Individuals with missing quantification of M
protein were excluded from these analyses. Cumulative incidence and
cause-specific HR were calculated as described in the section above using
FLC ratio abnormality for original and revised reference intervals,
respectively.
Finally, a subgroup analysis was conducted for the individuals with low-

risk MGUS using the revised reference intervals. In this subgroup, we
compared individuals who reclassified to low-risk from a higher risk group
according to the revised reference intervals to individuals who were
classified as low-risk regardless of reference interval. As all cases in the low-
risk group were obligate IgG MGUS, we only considered MM and AL
amyloidosis as outcomes in this analysis. For each group, incidence rate
and cumulative incidences with death as competing risk were calculated
with the same methodology as described above. Lastly, a Cox regression
was performed, comparing the reclassified low-risk individuals to the
consistently low-risk individuals. Cause-specific HR are presented unad-
justed and adjusted for age and sex.

RESULTS
The study population
A total of 18150 individuals with MGUS were identified in the
DALY-CARE cohort, and 6993 met the inclusion criteria (Fig. 1). The
FLC ratio of 844 individuals reclassified from abnormal to normal,
and 273 reclassified from normal to abnormal, when changing
from the original to the revised intervals. This resulted in an overall
reduction of 22% in the number of individuals with an abnormal
FLC ratio, from 2641 (38%) to 2070 (30%). The included individuals
had a median age of 72 years (interquartile range (IQR): 64–79),
which did not vary between those with normal FLC ratio and
those with abnormal FLC ratio in either the original or revised
reference interval. In total, 47% of the MGUS individuals were
female, which was similar among strata, except for the group with
abnormal FLC ratio using revised reference interval, where the
proportion of females was 41% (Table 2). Overall, the individuals
were followed for 26763 person-years with a median follow-up
time of 4.4 years (IQR 2.1–7.0). During follow-up, 258 (3.7%), 91
(1.3%), and 20 (0.3%) progressed to MM, NHL, and AL amyloidosis,
respectively. A total of 1168 (17%) died prior to progression to
MM/NHL/AL amyloidosis. Of all MGUS individuals, 4374 (63%) had
IgG isotype, 936 (13%) had IgA isotype, and 1332 (19%) had IgM
isotype. The remaining (5%) had IgD, IgE, or biclonal isotype. For

all individuals with quantification of M protein available
(N= 6881), the median M protein concentration was 2.0 g/L (IQR
1.0–5.1) and was higher for those with abnormal FLC ratio using
revised reference interval (4.4 g/L (IQR: 1.8–8.0)).
For the entire cohort, accounting for death as a competing risk,

the 5-year cumulative incidence of progression to MM was 2.8%
(95% confidence interval (CI) 2.4–3.2), and 3.9% (95% CI 3.4–4.3)
for progression to MM, NHL, or AL amyloidosis. The 10-year
cumulative incidence was 3.6% (95% CI 3.2–4.0) for progression to
MM, and 5.0% (95% CI 4.5–5.5) for progression to MM, NHL, or AL
amyloidosis.
Not accounting for death as a competing risk, the overall

cumulative incidence of progression to MM was 4.9% (95% CI
4.2–5.6) after 5 years and 10.5% (95% CI 8.9–12.3) after 10 years.
Again, not accounting for death as a competing risk, the overall
cumulative incidence of progression to MM, NHL, or AL
amyloidosis was 6.5% (95% CI 5.7–7.3) after 5 years and 14.4%
(95% CI 12.5–16.5) after 10 years.

Free light chains ratio and progression risk
The incidence rate of progression to MM/NHL/AL amyloidosis was
13.5 cases per 1000 person-years for MGUS individuals overall. The
rate was similar for those with normal FLC ratio (9.5 cases per 1000
person-years) and for those who reclassified from abnormal to
normal FLC ratio (10.2 cases per 1000 person-years). For the
individuals with abnormal FLC ratio according to the revised
reference interval, the incidence rate of progression was
significantly higher (21.8 cases per 1000 person-years).
Similarly, cumulative incidence of progression was similar for

individuals with normal FLC ratio compared to those with
reclassified FLC ratio compared after 5 years (2.7% vs. 2.4%) and
after 10-years (3.4% vs. 3.8%). For individuals with abnormal FLC
ratio according to the revised reference intervals, the cumulative
incidence was higher after 5 years (6.8, 95% CI 5.5–7.9) and 10
years (8.7%, 95% CI 7.5–10.0).
In the Cox regression model, we found no difference in

progression risk between individuals with reclassified FLC ratio
(from abnormal to normal) compared to those with normal FLC
ratio in the unadjusted analysis (HR: 1.07, 95% CI 0.74–1.57) or
adjusted for age, sex, isotype, and M protein concentration (HR:
1.03, 95% CI 0.71–1.51). For individuals with abnormal FLC
according to the revised reference intervals, we found a

Fig. 2 Cumulative incidence curves showing the progression risk of MM, NHL, or AL amyloidosis in individuals with MGUS, using
Aalen–Johansson estimation and considering death as a competing risk. The individuals were stratified into normal FLC ratio using any
reference interval (black), FLC ratio reclassified from abnormal to normal (blue), and abnormal FLC ratio using the revised reference intervals
(red). Abbreviations: MGUS monoclonal gammopathy of undetermined significance, FLC free light chain, MM multiple myeloma, NHL non-
Hodgkin’s lymphoma, AL amyloid light chain .
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significantly higher risk of progression compared to those with
normal FLC ratio in the unadjusted analysis (HR: 2.23, 95% CI
1.79–2.78) and adjusted (HR: 1.85, 95% CI 1.47–2.33). The results
are summarized in Fig. 2 and Table 3.
The cumulative incidence of death prior to progression to

lymphoproliferative malignancy is visualized in Supplementary
Fig. 1 for the three groups. We found no difference between the
three groups (Grays test: p= 0.36). The 5- and 10-year cumulative
incidences are listed in Supplementary Table 3 for all three groups.

Risk group stratification
A total of 6881 individuals with MGUS had all the required
laboratory data for risk group stratification according to the Mayo
Clinic risk stratification model. The quantitative distribution of
individuals in the risk groups differed when using the original and
revised reference intervals. The fraction of individuals with low-risk
MGUS increased by 12% from 2751 (40%) to 3113 (45%) when
incorporating the revised reference interval. The incidence rate
and cumulative incidence of progression to MM, NHL, and AL
amyloidosis did not differ significantly for the low-risk group when
changing the reference interval (Table 4). For the individuals, who
reclassified to low-risk from a higher risk group, when incorporat-
ing the revised reference intervals, we found no difference in risk
of progression compared to those, who were classified low-risk
independently of reference interval in neither cumulative
incidence (Gray’s test, p= 0.95) (Supplementary Fig. 2) nor the
regression model (adjusted HR: 0.94, 95% CI 0.52–1.70) (Table 5).

Subgroup analysis
In 273 individuals, the FLC ratio reclassified from normal to abnormal
when applying the revised reference intervals. They had a similar age
(median of 72 years) and sex distribution (48% females) compared to
the cohort overall. The majority (87%) had an FLC ratio below the
reference interval. A total of 9 individuals (3%) progressed to MM,
NHL, or AL amyloidosis during follow-up. Finally, 128 (47%) moved
from the low-risk to a higher risk group. Of these, 6 (5%) individuals
progressed to MM, NHL, or AL amyloidosis during follow-up.

DISCUSSION
This nationwide cohort study demonstrates that the revised FLC
reference intervals by iStopMM lead to improved prognostic value
of FLC testing in individuals with MGUS with an intact M protein.

The revised reference intervals resulted in lower rates of abnormal
FLC testing, outlining a smaller subgroup at higher risk of
progression to MM, NHL, or AL amyloidosis. Individuals whose
FLC ratio was reclassified from abnormal to normal had a similar
risk of progression compared to those with a normal FLC ratio,
regardless of the reference interval. Furthermore, using the revised
reference intervals, the number of individuals classified as low-risk
MGUS increased without compromising the risk of progression to
MM or AL amyloidosis. Thus, the findings show that the revised
FLC intervals improve the prognostic value of FLC testing while
increasing the proportion of low-risk MGUS.
Current guidelines do not recommend bone marrow examina-

tion and skeletal imaging in asymptomatic patients with
biochemical data compatible with low-risk MGUS [24]. In addition,
individuals with low-risk MGUS are followed less frequently
[24, 25]. Bone marrow examination and skeletal imaging are
expensive, labor-intensive, and potentially harmful analyses, and
should therefore be reserved for individuals with a higher risk of
malignancy. In this study, we show that using the revised
reference intervals, the number of individuals with low-risk MGUS
increases by 12% without resulting in an increased progression
risk for individuals that reclassified to low-risk from a higher-risk
group compared to those originally classified as low-risk. Hence,
incorporation of the revised reference intervals can reduce
resource use and patient stress by preventing unindicated
examinations for individuals and health care systems.
Since FLC levels and ratio are associated with age, renal

function, and poor outcomes for lymphoid malignancies [26–28],
we must consider whether an abnormal FLC ratio is a marker of
ageing and/or comorbidity in general, which could introduce a
biased result. Furthermore, the individuals with abnormal FLC
using the revised reference intervals have a higher M protein
concentration, which has previously been associated with
increased infection risk [29] and could cause bias if these
individuals died earlier and potentially before progression to
lymphoproliferative malignancy. However, we did not find an
increased risk of death from causes other than MM, NHL, and AL
amyloidosis (illustrated and tabulated in Supplementary Tables
3 and 4). Importantly, age did not differ between FLC strata. We
thus conclude that our results are not driven or biased by either
age or survival difference in the strata and that FLC abnormalities
in individuals with MGUS do not appear to be associated with
mortality unaccompanied by hematological malignancy.

Table 3. FLC ratios and progression risk.

Progression to multiple myeloma

FLC ratio Incidence rate, number of
cases/1000 person years

Cumulative incidence with
death as competing risk, %
(95% CI)

Crude cause-
specific HR (95% CI)

Adjusted* cause-
specific HR (95% CI)

5-year 10-year

Normal 6.7 1.9 (1.5–2.3) 2.4 (1.9–2.8) Ref Ref

Abnormal in original
reference interval only

6.3 1.5 (0.7–2.3) 2.4 (1.4–3.5) 0.92 (0.57–1.49) 0.94 (0.58–1.52)

Abnormal in revised
reference interval

16.1 5.1 (4.2–6.1) 6.5 (5.5–7.6) 2.34 (1.80–3.02) 1.88 (1.43–2.48)

Progression to multiple myeloma, non-Hodgkin’s lymphoma, or AL amyloidosis

Normal 9.5 2.7 (2.1–3.1) 3.4 (2.8–3.9) Reference Reference

Abnormal in original
reference interval only

10.2 2.4 (1.4–3.5) 3.8 (2.6–5.1) 1.07 (0.74–1.57) 1.03 (0.71–1.51)

Abnormal in revised
reference interval

21.8 6.8 (5.5–7.9) 8.7 (7.5–10.0) 2.23 (1.79–2.78) 1.85 (1.47–2.33)

*Adjusted for age, sex, isotype, and M protein concentration.
FLC free light chain, AL amyloid light chain, HR hazard ratio, CI confidence interval, M protein monoclonal protein.
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The strengths of this study include the large population-based
dataset with high-quality data from multiple data sources. The
linkage of data from different registries and databases in the DALY-
CARE data resource makes it possible to extract information on
diagnoses, laboratory data, and vital status from individuals not
registered in a clinical database or followed systematically in a
clinical setting. Hence, this captures both high- and low-risk
individuals with MGUS. However, this study has several limitations.
We excluded FLC measures from laboratories using assays other
than the Freelite® assay, because the revised FLC reference intervals
from the iStopMM were based on blood tests analyzed with this
laboratory method only. The results from different FLC assays are
not interchangeable [30], which limits the generalizability of the
study to some extent, but the Freelite® assay is one of the most
widely used assays in the world. Due to this, the exclusion of
laboratories using other assays resulted in the loss of a substantial
part of the total MGUS cases. Furthermore, the clinical use of FLC
measurements was scarce prior to 2010, limiting the follow-up time
(median 4.4 years). The study cohort is limited by the absence of
universal M protein screening in Denmark, leaving an unknown part
of individuals with MGUS undiagnosed. Information on the
indication for measuring M protein was not available, and a
potential correlation to progression risk could not be further
investigated in this study. The individuals diagnosed with MGUS are
likely to be more morbid than the undiagnosed MGUS [2] as
examinations usually occur when investigating, e.g., nonspecific
symptoms, bone-related disease, or any suspicion of lymphoid
cancer. However, the Danish MGUS cohort likely shares similar
characteristics with other clinically diagnosed MGUS populations.
Accordingly, the findings of this study show the clinical utility of
results derived from studies conducted in screened MGUS cohorts

such as the iStopMM cohort. Since the study is limited by the lack of
data on ethnicity and the Danish population is primarily Caucasian,
extrapolation of the results to other populations may not be
possible. However, the revised reference ranges have been shown
to perform well in another population that is genetically/ethnically
different from the Nordic countries [15]
The clinical implications of these findings are significant. The

revised FLC reference intervals enhance risk stratification for
MGUS by reducing false-positive classifications and increasing the
proportion of individuals in the low-risk category without
compromising prognostic accuracy. This refinement minimizes
unnecessary diagnostic evaluations and follow-up (i.e., over-
diagnosis), enabling healthcare providers to focus resources on
patients with a higher risk of progression. By streamlining care
pathways and reducing patient burden, the implementation of
these intervals in clinical practice has the potential to improve
both patient outcomes and healthcare efficiency.
In conclusion, we demonstrate that the revised reference

intervals for FLC from the iStopMM study improve risk stratifica-
tion of individuals with MGUS in a population-based cohort while
increasing the total number of individuals in the low-risk MGUS
group. The incorporation of the revised reference did not
significantly affect the progression risk of either low-risk MGUS
individuals overall or the subgroup that reclassified to low-risk
from the higher risk group. Consequently, fewer MGUS individuals
would require extensive diagnostic work and follow-up under
current guidelines. The findings validate the revised reference
intervals for FLC, demonstrating improved prognostic accuracy
and more focused care for individuals with MGUS. We recommend
implementing these revised FLC reference intervals in clinical
practice as summarized in Table 1.

Table 4. MGUS risk stratification and risk of progression to MM, NHL,, or AL amyloidosis.

Risk group (N= 5881) No. (%) Incidence rate, no. cases/
1000 person-years

5-year cumulative
incidence, % (95% CI)

10-year cumulative incidence,
% (95% CI)

Risk group stratification using original reference intervals

Low-risk 2 751 (40) 8.7 3.1 (2.2–4.0) 5.7 (4.1–7.3)

Low-intermediate risk 2 942 (43) 14.3 4.8 (3.8–5.8) 10.4 (7.9–12.7)

High-intermediate and
high-risk

1 188 (17) 21.6 5.7 (4.0–7.3) 9.1 (6.5–1.2)

Risk group stratification using revised reference intervals

Low-risk 3 113 (45) 8.4 3.0 (2.2–3.8) 5.9 (4.3–7.5)

Low-intermediate risk 2 779 (41) 15.8 5.0 (3.9–6.0) 10.3 (7.9–12.7)

High-intermediate and
high-risk

989 (14) 21.8 6.3 (4.5–8.2) 10.0 (7.0–13.0)

No. number, MM mutiple myeloma, NHL non-Hogkin´s lymhpoma, AL amyloid light chain, CI confidence interval.

Table 5. Risk of progression to MM and AL amyloidosis for individuals classifying and re-classifying as low-risk in the Mayo MGUS risk stratification
model with incorporation of the revised reference intervals.

Low-risk MGUS using
revised reference
intervals (N= 3113)

No. of
individuals (%)

Incidence rate, no.
cases/1000 person-years

5-year cumulative
incidence, % (95% CI)

Crude cause-specific
HR (95% CI)

Adjusteda cause-
specific HR (95% CI)

Low-risk MGUS in
original and revised
reference intervals

2623 (84.3) 7.0 3.2 (2.3–4.1) Ref Ref

Reclassified to low-risk
MGUS from higher-risk
group

490 (15.7) 7.1 2.0 (0.5–3.5) 0.98 (0.54–1.78) 0.94 (0.52–1.70)

aAdjusted for age and sex.
MM mutiple myeloma, MGUS monoclonal gammopathy of undetermined significance, No. number, AL amyloid light chain, CI confidence interval.
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