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Screening for Light Chain Monoclonal Gammopathy of
Undetermined Significance: Pseudo Epidemic
Based on Current Diagnostic Criteria
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Abstract

Background: An abnormal serum free light chain ratio has been pro-
moted as a marker for light chain monoclonal gammopathy, even in
the absence of any other evidence of lympho-plasmacytic pathology.
The diagnostic ratio has been used primarily to support the diagno-
sis of kappa light chain monoclonal gammopathy of undetermined
significance (MGUS). The recommended diagnostic ratio has varied
from > 1.65 to > 3.15.

Methods: Serum free light chain values as well as serum and urine
immunofixation results were retrieved from medical records for the
period of January 1, 2010, to June 30, 2024. Laboratory and clinical
data for 4,998 specimens were reviewed to ascertain the presence/
absence of monoclonal gammopathy.

Results: In patients with no other evidence of lympho-plasmacytic
monoclonal disorder: 1) three of seven specimens with k/A ratio
< 0.25 exhibited monoclonal lambda light chains in urine; 2) in
specimens with k/A ratio of 1.66 to 2.9, 13 of 547 (2.4%) had mono-
clonal kappa light chains in urine; 3) in specimens with «/A ratio of
3 - 353, ten of 53 (18.8%) demonstrated monoclonal kappa light
chains in urine.

Conclusions: Diagnosis of patients with a «/A ratio of > 3 or 3.15 as
having kappa chain MGUS would result in an unsupported diagnosis,
pseudo epidemic, of a premalignant lesion in > 80% of instances. The
serum free light chain ratio is not a reliable parameter for diagnosing
or excluding light chain monoclonal gammopathy. Before a patient is
given the diagnosis of a pre-malignant monoclonal disorder, mono-
clonality of immunoglobulins ought to be documented, or there be-
comes a risk of generating a “pseudo epidemic” of MGUS diagnoses.
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Introduction

Monoclonal gammopathies (MGs) comprise clonal prolifera-
tions of terminally differentiated B lymphocytes and monoclo-
nal immunoglobulin production [1, 2]. Neoplastic monoclonal
gammopathies (NMGs) include monoclonal gammopathy of
undetermined significance (MGUS), smoldering/asymptomat-
ic multiple myeloma (SMM), and multiple myeloma (MM) [3-
6]. MGUS and SMM are pre-malignant disorders. MM is the
second most common hematological malignancy in adults and
accounts for about 2% of cancer deaths [7-10].

About 85% of MMs secrete intact monoclonal immu-
noglobulins and variable quantities of free monoclonal light
chains (FMLCs) [6]. About 18% of these lesions produce ex-
cessive FMLCs and are called light chain predominant multiple
myelomas (LCPMMs). Patients with LCPMMs have a 2-year
shorter survival compared to patients with conventional MM
[11-14]. About 15% of MMs secrete light chains only and are
called light chain MMs (LCMMs) [6]. Thus, about one-third
of MMs produce excess free monoclonal light chains [11-14].

Normal and neoplastic plasma cells empirically synthesize
more light chains than heavy chains, leading to detection of
free light chains (FLCs) in serum and urine [6, 15-21]. Brad-
well identified epitopes on FLCs that are hidden in intact im-
munoglobulins [22]. Antisera specific to FLCs were used in
quantification of FLCs in serum. Reference ranges for serum
free light chains (SFLCs) were established, and a normal range
for /A light chain ratio was set at 0.25 to 1.65 [22-24]. The
ratio is affected by NMG disorders, polyclonal proliferation
of lympho-plasmacytic cells, and renal failure [6, 17-21, 25].
Documentation of an abnormal ratio of SFLC («/A ratio) has
been promoted as a laboratory test to replace urine examina-
tion for detection of FMLCs, but this notion has been contested
[6, 17-27]. FMLCs in urine, called Bence Jones proteins, are
the original tumor marker and can be reliably detected by urine
protein immunofixation electrophoresis (UIFE) [14, 26].

Attempts are underway to screen the population, ostensibly
to make early diagnosis of NMG, despite lack of evidence that
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early diagnosis improves outcomes [16, 28, 29]. Screening for
MGUS is controversial, as the disorder is neither treatable nor
transmissible, is not a public health burden, and causes harm
by labeling a patient with a pre-malignant diagnosis without
providing any benefit [29, 30]. A particularly worrisome/egre-
gious practice has been to diagnose patients with an abnormal
«/A ratio as having MGUS, without any evidence of monoclo-
nality. Initially, patients with a /A ratio outside the reference
range of 0.25 to 1.65 were diagnosed with MGUS. Many such
patients are subjected to unwarranted investigations and made
to endure the stress of an unsupported pre-malignant diagnosis
[30-32]. More recently, it has been proposed to raise the up-
per limit of the k/A ratio to 3.0 or 3.15 for diagnosis of kappa
MGUS, still without any evidence of monoclonality [33, 34].

An abnormal /A ratio is not diagnostic of a monoclonal
lesion, and a normal ratio does not exclude a monoclonal le-
sion [6, 26]. Distortions in the ratio caused by chronic inflam-
mation, cirrhosis, renal failure, hematopoietic stem cell trans-
plantation, and chemotherapy have been shown to contradict
some of the criteria/notions promulgated by the International
Myeloma Working Group (IMWG) [35-38]. The marked pref-
erence for kappa over lambda light chain in normal and neo-
plastic situations has been demonstrated [6, 17, 19, 39]. NMGs
have, on average, 4 - 5 times higher levels of kappa than lamb-
da light chains [19-21, 39]. Using a normal /A ratio to monitor
stringent complete response has been challenged, as has been
using a criterion based on the level and ratio of involved to un-
involved light chains as a myeloma defining condition [19-21,
40-47]. It has been suggested that criteria based on FLC levels
ought to be light chain type-specific and should be based on
the levels of monoclonal free light chains [14, 19, 26].

We posit that using abnormal /A ratio to diagnose light
chain MGUS is erroneous. To address this issue of correlation
of FMLC in urine, SFLC levels, and diagnosis of light chain
MGUS, we retrospectively examined the results of UIFE,
SFLC levels, and other laboratory and clinical data over the
past 14.5 years. These results are reported here.

Materials and Methods

This study was carried out at a 500+ bed tertiary care medi-
cal center affiliated with a medical school in the Southeastern
United States. The study was approved by the Institutional Re-
view Board of Augusta University. This study was conducted
in compliance with the ethical standards of the responsible in-
stitution on human subjects as well as with the Helsinki Dec-
laration.

Retrieval of UIFE data

Medical records from January 1, 2010, to June 30, 2024, were
searched for UIFE results. Corresponding data on serum pro-
tein electrophoresis (SPEP), serum immunofixation electro-
phoresis (SIFE), SFLC, total urine protein, gamma globulin
levels, creatinine levels, estimated glomerular filtration rate
(eGFR), age, race, gender, and major diagnoses were recorded.

Protein electrophoreses

SPEP, SIFE, urine protein electrophoresis (UPEP), and UIFE
were conducted using Helena SPIFE equipment and protocols
[17, 18]. UIFE was done on random urine samples concentrated
by membrane filtration [27, 44-47]. Helena antibody kits were
employed for immunofixation analyses. In 2023, antisera for
FLCs from Sebia (Sebia Laboratories Inc. Peachtree Corners,
GA) replaced the conventional Helena anti-kappa anti-lambda
antisera. Siemens analyzer and Optilite instrument, and kits
from The Binding Site/Thermo Fisher Scientific (Waltham,
Massachusetts, USA) were used to measure SFLC [44-50].

Subclassification of UIFE data

Results of SPEP, SIFE, and clinical data were perused to clas-
sify the specimens into four categories: UIFE-0: specimens
from patients without evidence or history of MG, except soli-
tary finding of FMLC in urine; UIFE-1: SPEP and/or SIFE
and UPEP/UIFE that showed MG or there was history of MG;
UIFE-3: There was evidence or history of biclonality, oligo-
clonal pattern, or the presence/absence of MG that could not
be resolved; UIFE-4: This category was limited to three speci-
mens from one patient with polymorphus sarcoma [47].
UIFE-0 and UIFE-1 specimens were sorted into three
categories: 1) with kappa light chains, 2) with lambda light
chains or 3) with both kappa and lambda light chains (biclonal
lesions) or with unresolved light chain type. A small number
of biclonal or unresolved cases were not processed further. Ob-
servations in UIFE-3 and UIFE-4 were not processed further.
UIFE-0 and UIFE-1 kappa and lambda subgroups were further
sorted by the /A ratio into subgroups with ratios of < 0.25,
0.26 - 0.75, 0.26 - 1.65, 1.66 - 3.0, and > 3.0. These subgroups
were further sorted by presence or absence of FMLC in UIFE.
Total urine protein levels in unconcentrated urine results
were subclassified into subgroups of <4.0, 5 - 10, 11 - 15, 16 -
20,21 - 25,26 - 30, and greater than 30 mg/dL. All serum speci-
mens were also evaluated for difference in the concentration of
“involved” and “uninvolved” light chains. Net levels for lambda
and kappa light chains were designated dL and dK, respectively.
Net levels of lambda and kappa light chains (dL and dK) were
defined as: dL = Level of lambda free light chains minus con-
centration of kappa free light chains; dK = Level of kappa free
light chains minus concentration of lambda free light chains.

Statistics

Data were analyzed by fitting to a multivariate logistic model
using R 4.4.1.

Results

UIFE results were available for 4,998 specimens, of which
3,230 were UIFE-0 and 1,723 were UIFE-1. SFLC results and
«/\ ratios were available for 1,740 and 1,589 specimens in the
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Table 1. Categorization of Urine Immunofixation Analysis

i Age in years Race Gender
Range Average SD White  Black Hispanic Other Female Male

UIFE-0 (with «/A ratio) 3,230 (1,740) 18 - 96 61.2 14.6 1,556 1,505 46 123 1,795 1,435

UIFE-1 (with /A ratio) 1,723 (1,589) 27-97 65.3 11.3 695 972 18 38 780 943

UIFE-3 42

UIFE-4 3

Total UIFE 4,998

UIFE-0 specimens were from patients without any indication of monoclonal gammopathy, except isolated presence of monoclonal light chain in urine.
UIFE-1 specimens were from patients with extant monoclonal gammopathy or history of monoclonal gammopathy. UIFE-3 specimens were from
patients with ambiguous results and UIFE-4 specimens were from one patient with polymorphus sarcoma. The number of specimens for which k/A
ratio results were available are given in parentheses. UIFE: urine protein immunofixation electrophoresis.

UIFE-0 and UIFE-1 groups, respectively (Table 1). Race was
included in the demographic data as differences among the tra-
ditional races have been noted in LCMGUS diagnosis [51].
The USA Food and Drug Administration still requires race-
specific data for approval of new methods for SFLC assays.

Lambda FMLC in urine in the UIFE-0 with respect to k/A
ratio

In UIFE-0, seven specimens had a /A ratio < 0.25 and three of
the seven (42.9%) displayed FMLC on UIFE (Table 2). There
were 45 specimens with /A ratio from 0.26 to 0.75 and 12
of these 45 (26.7%) displayed a lambda FMLC in urine. Of
the 1,688 specimens with k/A ratios from 0.75 to 352.79, two
specimens (0.1%) displayed lambda FMLC in urine. The x/A
ratios for the two specimens were 1.56 and 2.28. In the group
of 1,140 UIFE-0 specimens with «/A ratio of < 1.65, 16 spec-
imens (1.4%) had lambda FMLC in urine. Only one of 600
specimens with «/A ratio of > 1.65 had urine containing lambda
FMLC (Table 2).

The two specimens with lambda FMLC in urine with /A
ratio > 0.75 had polyclonal hypergammaglobulinemia. In the

patient with /A ratio of 1.56, the serum gamma globulin level
was 2.42 g/dL, and the patient had nutritional deficiency neu-
ropathy. The patient with k/A ratio of 2.28 had cirrhosis and
sum of IgG, IgA, and IgM equaled 2.2 g/dL.

Additional data on the seven instructive patients with «/A
ratio < 0.25 are shown in Table 3.

In brief, about 40% of specimens with a /A ratio < 0.25
had FMLC in urine. Lambda FMLC was very uncommon in
the group with k/A ratio > 0.75 and both patients in this rare
group had polyclonal hypergammaglobulinemia that were
likely lambda chain dominant hypergammaglobulinemias. The
latter group constitutes about 5% of the cases of polyclonal
hypergammaglobulinemia [6, 17].

Kappa FMLC in UIFE-0 with respect to k/A ratio

None of 335 specimens with «/A ratio < 1.13 displayed kappa
FMLC in urine. In 806 specimens with /A ratio > 1.14 and
< 1.65, eight (1.0%) had kappa FMLC on UIFE. Thus, in the
1,140 specimens associated with k/A ratio < 1.65, eight (0.7%)
displayed kappa FMLC (Table 2).

In 547 specimens with «/A ratio of 1.66 to 2.9, 13 (2.4%)

Table 2. Numbers and Percentage of Specimens in the UIFE-0 Category With Available SFLC Levels (N = 1,740) With Monoclonal

Light Chains in Groups With Various Ranges of k/A Ratios

Kappa, N Kappa, % Lambda, N Lambda, %
Total UIFE-0 with k/A ratio 1,740
K/A ratio of < 0.25 7 0 3 42.9
K/A ratio of 0.26 to < 1.65 1,133 8 0.7 13 1.1
/A ratio of 1.66 to 2.99 547 13 24 1 0.2
K/A ratio of 3 to 353¢ 53 10 18.8 0 0
K/A ratio of 3 to 10 46 4 8.7 0 0
«/A ratio of 10 to 353 7? 6 85.7 0 0
«/A ratio 0.26 - 0.75 45 0 0 12 26.7

More than 80% of the specimens with associated serum /A ratio of > 3.0 or 3.15 did not exhibit monoclonal light chains in urine, or any other evidence
of a monoclonal lesion. 2UIFE Neg for kappa specimen with k/A ratio 11.53, patient with cirrhosis and creatinine 2.17. PFurther breakdown and data
on these seven specimens are presented below in Table 3. °Additional data for this group are shown in Table 4. FMLC: free monoclonal light chain;
MG: monoclonal gammopathy; SFLC: serum free light chain; UIFE: urine protein immunofixation electrophoresis; UIFE-0: specimens from patients

without evidence or history of MG, except solitary finding of FMLC in urine.
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Table 3. Additional Laboratory Data for the Seven Instructive
Specimens With k/A Ratio of < 0.25

UIFE-0 with x/A ratio < 0.25

UIFE /). ratio gzg::ﬁz g/l Ergi/'(‘iip“’tei“’
Negative 0.11 3.54 33

Negative 0.12 2.24 1,221
Lambda? 0.14 0.81 11

Lambda? 0.19 0.89 5

Lambda 0.21 1.9 19

Negative? 0.22 1.02 <4

Negative? 0.22 0.49 26

aSpecimens from same patient. One of the three urines without mon-
oclonal lambda light chains was from a patient who had two urine
specimens with monoclonal lambda light chain in urine; the serum
specimens corresponding to the lambda monoclonal positive urine
specimens had lower k/A ratios of 0.14 and 0.19 and higher urine pro-
tein levels, while the negative urine specimen was associated with a
K/A ratio of 0.22 and lower total urine protein of < 4.0 mg/dL. The nega-
tive result on UIFE for this patient was likely due to a combination low
levels of free monoclonal lambda chains and a dilute urine that may not
have been concentrated optimally. °This specimen with k/A ratio of 0.22
and urine negative for monoclonal light chains was from a 21-year-old
patient with acute myeloid leukemia treated with stem cell transplanta-
tion. FMLC: free monoclonal light chain; MG: monoclonal gammopa-
thy; UIFE: urine protein immunofixation electrophoresis; UIFE-0: speci-
mens from patients without evidence or history of MG, except solitary
finding of FMLC in urine.

had kappa FMLC in urine. There were 53 specimens with
K/A ratio of 3 - 353 and 10 of these (18.8%) displayed kappa
FMLC in urine. (Table 2). Six of seven specimens with k/A
ratio > 10 contained kappa FMLC. The one negative specimen
was from a patient with cirrhosis and renal failure. Both of
these pathologies can independently produce polyclonal hy-
pergammaglobulinemia. Only four of the 46 (8.7%) specimens
with k/A ratio > 3.0 to < 10 displayed kappa FMLC in urine.

In brief, a «/A ratio of > 10 was associated with FMLC in
urine in 85.7% of the specimens in UIFE-0. None of the urine
specimens with k/A ratio of < 1.13 showed kappa FMLC in
urine (Table 2). It warrants emphasis that > 80% of the urine
specimens with a /A ratio > 3.0 or 3.15 did not display any
FMLC and according to current criteria would be labeled, er-
roneously, as kappa MGUS and would account for a pseudo
epidemic of kappa MGUS. The results were not different with
using /A ratio of 3.0 or 3.15 as the upper limit of “normal”.

Results of the analysis of specimens with «/A ratio of 3 -
353 in UIFE-0 are shown in Table 4. Average dK levels and
eGFR are significantly higher in the specimens displaying
FMLC. Levels of gamma globulins are significantly higher in
specimens negative by UIFE indicating that the high «/A ratio
was the result of polyclonal hypergammaglobulinemia.

Urine protein and UIFE results in UIFE 0

Only 2.1% of the UIFE-0 specimens displayed any FMLC in

Table 4. Data From Patients With k/A Ratio 3 to 353 Regarding
Average Total Urine Protein, dK, Gamma Globulins and eGFR
to Contrast the Findings in Specimens Positive for Kappa Mon-
oclonal Light Chains and Those Negative by UIFE

UIFE-0 with k/A ratio 3 to 353

K N e
Average total protein 74 173 <0.23
Average dK 30.73 12.18 <0.0092
Average vy globulin 0.92 1.82 <0.01
eGFR 65.67 43.65 <0.023

Specimens with monoclonal Kappa in urine had higher dK, lower gam-
ma globulins, and higher eGFR. The higher total protein in negative
specimens may have interfered with concentration of urine. eGFR: es-
timated glomerular filtration rate; FMLC: free monoclonal light chain;
MG: monoclonal gammopathy; UIFE: urine protein immunofixation
electrophoresis; UIFE-0: specimens from patients without evidence or
history of MG, except solitary finding of FMLC in urine.

urine (Table 5). The prevalence of UIFE positivity showed a
biphasic pattern with the highest levels in the urine with total
protein concentration of 21 - 25 mg/dL. This finding has impli-
cations for the concentration of urine prior to UIFE.

UIFE-1 group (this group had extant MG or a history of
MG)

A summary of the findings from this group is presented in Ta-
ble 6. Two outstanding features in the data are: 1) About 80%
of the specimens from patients with k/A ratio < 0.25 displayed
lambda FMLC in urine. 2) About 80% of the specimens from
patients with «/A ratio > 3.0 exhibited kappa FMLC in urine.
Thus, even at the extremes of /A ratios, not all specimens have
detectable FMLC in urine.

Table 5. The Range of Total Urine Protein and the Number
and Percentage of Specimens With Monoclonal Light Chains,
Kappa or Lambda, in the UIFE-0 Group

UIFE in UIFE-0 and total urine protein, mg/dL

Urine protein, mg/d.  Number gif,l;posi- :ij‘lff’li/oposi-
<4 270 0 0.0

5-10 972 11 1.1

11-15 377 5 1.3

16 - 20 213 6 2.8

21-25 156 6 3.8

26 - 30 126 3 2.4
31-7,408 1,108 37 3.19

Total 3,222 68 2.11

UIFE: urine protein immunofixation electrophoresis; UIFE-0: speci-
mens from patients without evidence or history of MG, except solitary
finding of FMLC in urine.
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Table 6. UIFE Data for Specimens From Patients With or History of Monoclonal Gammopathy

UIFE-1 total 1,723 (light chain type unresolved = 49)P

Kappa, N Kappa, % Lambda, N Lambda, %
Total UIFE-1 with k/A ratio 1,589
K/A ratio of < 0.25 222 0 0.0 186 83.8
/A ratio of 0.26 to < 1.65 532 47 8.8 108 20.3
/A ratio of 1.66 to 3.0 257 65 25.3 9 3.5
/A ratio of 3 to 8,285%/3172 478 393 82.2 0 0
Unresolved® 25 26

The number and percentage of specimens exhibiting monoclonal light chains in urine. @*Upper observed limits of k/A ratio for kappa and lambda
chain lesions, respectively. "Despite a history of prior monoclonal gammopathy, the light chain type could not be ascertained from the records as
many patients were referred to this institution for consideration of autologous bone marrow transplantation and the referral materials did not include
the isotype of the involved immunoglobulin and one was not ascertained at this institution. ‘UIFE results did not display an unambiguous monoclonal
light chain band, had a biclonal or oligoclonal pattern, or displayed heavy chain only. UIFE: urine protein immunofixation electrophoresis; UIFE-1
specimens were from patients with extant monoclonal gammopathy or history of monoclonal gammopathy.

Additional noteworthy findings are: 1) Only about a quar-
ter of the specimens with k/A ratio of 1.66 to 3.0 had kappa
FMLC in urine. 2) About 4% of the specimens displayed
lambda FMLC despite having a k/A ratio of 1.66 to 3.0. 3) In
specimens with /A ratio in the “normal” range of 0.26 to <
1.65, about 9% and 20% of the specimens displayed kappa
and lambda FMLC, respectively. Hence, even in patients with
extant MG or history of MG, /A ratio is not a reliable marker
for the presence or absence of FMLC in urine.

UIFE-1 lambda

Descriptive data for this group are given in Tables 7-10. The
various categories of specimens in the UIFE -1 lambda group
are listed in Table 7. Only about one-third of the specimens
displayed lambda FMLC in the face of a serum /A ratio of <
0.25. Overall, about 66% of the specimens displayed FMLC
when light chains alone and IgG lambda MG were considered
a mark of positive UIFE for lambda (Table 8). Table 9 displays
the relation between dL and UIFE positivity for lambda light
chains in urine. As expected, the rate of UIFE positivity for

Table 7. Subtypes of Specimens From Patient With Lambda
Chain Associated Monoclonal Gammopathy or History of Such
Lesion

UIFE-1 lambda Number
Total specimens 658
Specimens with SFLC data 599
Lambda UIFE positive total 329
Lambda UIFE positive with SFLC 302

Neg UIFE for lambda 292
UIFE positive for kappa 5
Unresolved 27

lambda monoclonal proteins was higher in specimens with low
«/A ratio. It is noticeable that five of the specimens displayed
monoclonal kappa light chains (four monoclonal kappa chains
only and one with IgG kappa monoclonal protein) (Table 10).
This is noted because monoclonal lambda light chains were
not detected in kappa chain associated lesions. Parenthetically,
the kappa monoclonal UIFE positivity in the UIFE-1 lambda
group may be a manifestation of the usual kappa dominant
oligoclonal pattern noted following hematopoietic stem cell
transplantation.

When net serum lambda light chain levels, i.e., dL, were
evaluated, a biphasic pattern was noted (Table 9). The highest
UIFE positivity for lambda FMLC was noted with dL > 3.0
and the second highest rate was with dL < 1.0. Using dL did
not provide any advantage over k/A ratio in predicting UIFE
positivity for lambda FMLC.

In the UIFE-1 lambda subgroup, the proportion of spec-
imens testing positive for lambda FMLC increased with in-
creasing total urine protein concentration (Table 10). The num-
ber before K represents the number of specimens displaying
kappa free monoclonal light chains in four specimens and one
specimen with monoclonal IgG kappa.

Table 8. Numbers and percentages of UIFE-1 Lambda Speci-
mens Displaying Monoclonal Light Chains at Various k/A Ratio
Categories

UIFE-1 lambda UIFE pesitive by k/A ra-
tio, number and percentage

. Total in Number  Percentage
K/A ratio - o
category  positive positive
K/A ratio < 0.25 230 185 30.9
Kk/Aratio 0.26 to < 0.75 120 64 10.7
Kk/Aratio 0.75to < 1.65 195 44 7.3
K/A ratio 1.66 to 3.1 54 9 1.5

SFLC: serum free light chain; UIFE: urine protein immunofixation elec-
trophoresis; UIFE-1 specimens were from patients with extant mono-
clonal gammopathy or history of monoclonal gammopathy.

UIFE: urine protein immunofixation electrophoresis; UIFE-1 specimens
were from patients with extant monoclonal gammopathy or history of
monoclonal gammopathy.
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Table 9. Numbers and Percentages of UIFE-1 Lambda Speci-
mens Displaying Monoclonal Light Chains in Various dL Cat-
egories

Table 11. Subtypes of Specimens From Patient With Kappa
Chain Associated Monoclonal Gammopathy or History of Such
Lesion, i.e., UIFE-1 Kappa

UIFE-1 lambda by net lambda (dL) UIFE-1 kappa Number
dL range Number in category Number positive % positive Total specimens 1,024
dL<1 273 64 10.7 Specimens with SFLC data 946
dL1-2 30 16 2.7 Kappa UIFE positive total 544
dL2-3 26 11 1.8 Kappa UIFE positive with SFLC 502
dL>3.0 270 214 35.7 Neg UIFE for kappa 450
dL3-10 78 53 8.8 UIFE positive for lambda 0
Lowest dL = -8.1 with positive UIFE; lambda total level 11.65; k/A ratio Unresolved 30

1.7. Lowest observed dL = -20.34, UIFE was neg; highest dL with Neg
UIFE = 324.33. Lowest lambda total with pos UIFE = 0.24 Urine IgG L.
UIFE: urine protein immunofixation electrophoresis; UIFE-1 specimens
were from patients with extant monoclonal gammopathy or history of
monoclonal gammopathy.

UIFE-1 kappa

Results for UIFE-1 kappa are shown in Tables 11-14. The
number of specimens in various categories are shown in Table
11. It is remarkable that in specimens with k/A ratio greater
than 3.0, more than a third of specimens did not display kappa
FMLC in urine (Table 12). It is remarkable that these patients
had a kappa chain-associated MG or a history of a monoclo-
nal lesion. The proportion of specimens with UIFE positive
for kappa FMLC increased with an increasing dK value (Table
13). Similarly, the proportion of UIFE positive specimens in-
creased with increasing total urine protein (Table 14).

Results from UIFE-1 did not provide any insight to im-
prove the interpretation of UIFE-0 specimens. The most rele-
vant finding from review of UIFE-1 was support for the notion
that «/A ratio by itself is not a useful marker for MG. A normal
ratio does not exclude FMLC in urine and even a markedly
abnormal ratio is not diagnostic of FMLC.

Table 10. Numbers and Percentages of UIFE-1 Lambda Spec-
imens Displaying Monoclonal Light Chains in Various Catego-
ries by Total Urine Protein Levels

UIFE-1 lambda and total urine protein, mg/dL

Urine pro- Number in Number %

tein, mg/dL category positive positive
<4.0 54 5 9.3

5to 10 171 41 + 1K* 24.0
I1to 15 52 30+ 3K 57.7

16 to 20 42 23 54.8
21t025 42 22+ 1K 59.1

26 to 30 22 13 59.1
31to 5,445 267 192 71.9

SFLC: serum free light chain; UIFE-1 specimens were from patients
with extant monoclonal gammopathy or history of monoclonal gam-
mopathy.

The regression model calculated the subject being posi-
tive (p) for UIFE based on urine protein, lambda light chain,
and kappa/lambda light chain ratio as: In(p/(1 - p)) = -4,678
- 0.0064 x U Pr + 0.0881 x Lambda + 0.5268 x Ratio. The
subject was categorized as positive for UIFE if the calculated p
>(0.5. Based on this model, all the subjects were categorized as
negative when lambda light chain <49.5586 with urine protein
taking an average value of 103.9281 and the kappa/lambda ra-
tio taking an average value of 1.8621.

In multivariate logistic regression analysis, only urine pro-
tein, lambda light chain levels, and «/A ratio were significant.
Other factors, e.g., kappa light chain level, gamma globulin,
eGFR, dK, and dL were not significant and were not included
in the predictive equation (Table 15).

Discussion

The findings and interpretations of this study, with respect to

Table 12. Numbers and Percentages of UIFE-1 Kappa Speci-
mens Displaying Monoclonal Light Chains at Various k/A Ratio
Categories

UIFE-1 kappa UIFE positive by k/A ratio, % from total of 946

/). ratio Number in Nul.n.ber Per'ce.:ntage
category positive  positive

K/A ratio < 0.25 1 12 100.0

K/A ratio < 0.75 19 1 5.3

K/A ratio < 1.65 222 45 19.4

K/A ratio 1.66 to 2.99 162 104 63.6

K/A ratio 3 - 10 214 63 29.9

K/A ratio 10 - 8,285 328 290 88.4

K/A ratio 3 - 8,285 542 353 65.1

The kappa marked with * was 1gG kappa. Other kappas were monoclo-
nal kappa light chain bands. UIFE: urine protein immunofixation elec-
trophoresis; UIFE-1 specimens were from patients with extant mono-
clonal gammopathy or history of monoclonal gammopathy.

2Positive for both Kappa and Lambda monoclonal light chains with
kappa being the dominant band. UIFE-1 specimens were from patients
with extant monoclonal gammopathy or history of monoclonal gam-
mopathy.
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Table 13. Numbers and Percentages of UIFE-1 Kappa Speci-
mens Displaying Monoclonal Light Chains in Various dK Cat-
egories

UIFE-1 kappa by net kappa (dK)

dK range 1::::;;?; in 1::;;:5? % positive
dK<1 296 61 20.6
dK1-2 103 28 27.2
dK2-3 66 29 43.9
dK 3.0 - 6,280 483 384 79.5
dK3-10 162 92 56.8

Lowest dK = -44.72 with positive UIFE; kappa total level 6.46; k/A ratio
0.13. Lowest observed dK = -44.72, UIFE was positive for both kappa
and lambda. Highest dK with Neg UIFE = 317.3. Lowest kappa total
with pos UIFE = 0.23 Urine IgG kappa. UIFE-1 specimens were from
patients with extant monoclonal gammopathy or history of monoclonal
gammopathy.

the College of American Pathologists “Expert Panel “on the
Laboratory Detection and Initial Diagnosis of Monoclonal
Gammopathies” recommendations are addressed first [38].

The primary recommendation of the guidelines was to
include SFLC measurements as screening tests for MG. The
authors also recognized that a normal serum «/A ratio does not
exclude MG and an abnormal ratio is not diagnostic of MG [6,
17, 18].

Some of the items in this landmark publication are some-
what outdated, as newer information became available after
the drafting of the Guidelines Statement. For example, the en-
tity of LCPMM was described after the guidelines were draft-
ed. Additional relevant publications, since the drafting of the
statement and relevant to the issues addressed are cited [11-14,
26, 43-56].

The nine recommendations are addressed individually, in
the context of light chain monoclonal gammopathy of unde-
termined significance (LCMGUS) diagnosis. A tenth recom-
mendation is proposed.

Table 14. Numbers and Percentages of UIFE-1 Kappa Speci-
mens Displaying Monoclonal Light Chains in Various Catego-
ries by Total Urine Protein Levels

UIFE-1 kappa; total urine protein, mg/dL, N = 1,024

Uf‘ine pro- Number in Nul'n.ber S osite
tein, mg/dL category positive

<4 94 7 7.4

5to 10 259 69 26.6

11to 15 114 47 41.2

16 to 20 87 56 64.4

20 to 25 56 40 71.4

26 to 30 40 28 70.0

31 t0 4,880 374 297 79.4

UIFE-1 specimens were from patients with extant monoclonal gam-
mopathy or history of monoclonal gammopathy.

Table 15. Regression Report for UIFE-0

Estimate  Std. error zvalue UPr.(>|z|)
(Intercept) -4.678425 0.279579  -16.734 <2 x 10 16%%x*
U Pr. -0.006437  0.00261 -2.466 0.0137*
Lambda 0.088108  0.021271  4.142 3.44 x 103
Ratio 0.52679 0.097425  5.407 6.40 x 108x*

Number of positive
and negative predic-
tions (prediction
accuracy rate is 0.977)
UIFE Neg 1,693 0

UIFE_Pos 40 6

Prediction Neg Prediction_Pos

To improve the diagnosis accuracy, we fitted a multivariable logistic re-
gression that includes urine protein (U Pr.), lambda and kappa/lambda
ratio as independent variables. *P < 0.05; ***P < 0.001. UIFE-0: speci-
mens from patients without evidence or history of MG, except solitary
finding of FMLC in urine.

Guideline 1 recommends using SPEP and SFLC in screen-
ing for M proteins. It does not address light chain disorders,
and as shown in the current study, SFLC is sorely lacking in
both sensitivity and specificity for diagnosing LCMGUS [6,
17, 18, 43-47]. The FLC-modified SIFE method detects free
monoclonal light chains and has the sensitivity of mass spec-
trometry and far exceeds that of MASS FIX MALDI [43-47].
FLC-modified SIFE method has been automated [45]. The
entity of light chain predominant MG was not known to the
drafters of the guidelines [11-14].

Guideline 2 recommends using SIFE to confirm the sus-
picion of an M protein from SPEP. This is not applicable to
LCMGUS as such lesions rarely produce a peak on SPEP [44].

Guideline 3 recommends verifying an abnormal SFLC
with SIFE or another method of similar sensitivity. We empha-
size that the FLC-modified SIFE has greater sensitivity than
SIFE for free monoclonal light chains and should be used to
diagnose LCMGUS. This information was not available to the
Expert Panel at the time of drafting of the report [43-47].

Guideline 4 advocates the use of SPEP, SFLC, SIFE, and
UIFE in evaluation for amyloidosis. This is reasonable but not
relevant to the diagnosis of LCMGUS. However, the FLC-
UIFE method improved the sensitivity of UIFE by 18% [46].

Guideline 5 relates to the limited utility of heavy/light chain
(HLC) reagent, which also is not relevant to the diagnosis of
LCMGUS. The test in question would not be useful for LCM-
GUS. In fact, this test is rarely used in clinical laboratories.

Guideline 6 recommends against testing for total light
chains and is not relevant to the current issue.

Guideline 7 addresses peaks outside the gamma region,
where cognate protein interference limits detection. This mat-
ter is not relevant to LCMGUS [47-49].

Guideline 8 recommends reporting actual light chain con-
centration figures and is reasonable. However, as noted earlier,
SFLC is neither a sensitive nor a specific test for LCMGUS [6,
17, 18, 42-45].
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Guideline 9 addresses the additional risk with diagnosis
of IgM isotype. It is not relevant to the diagnosis or prognosis
of LCMGUS.

We propose that guideline 10 be added and should state:
A diagnosis of MG should not be made without unequivocal
evidence of monoclonality. An abnormal «/A ratio is not diag-
nostic of monoclonality [6, 17, 18, 42-45].

Quantification of SFLC has been advocated as a surro-
gate/replacement for UIFE. In a hallmark study, blood donors
and healthy residents of a single northern US county were used
to derive the reference range [23, 24]. The whole range rather
than the central 95% of the range was used, and a ratio of /A
SFLC concentration of 0.25 to 1.65 was recommended as the
normal range. This was taken to interpret that patients with
a k/A ratio outside this range had MG. Currently, in standard
clinical practice, practitioners diagnose patients with a /A
ratio outside this range as having MGUS, without document-
ing any evidence of monoclonality. When the same reference
range was applied to patients presenting to a tertiary care med-
ical center, more than a third of the patients had an abnormal
serum /A ratio, without any evidence of MG [6, 17].

In patients with recent diagnosis of LCMM, the presence
of an abnormal serum /A ratio in all patients was cited as one
criterion for replacement of UIFE with SFLC [25]. However,
these authors also documented that urine contained FMLC in
all cases, even though the authors did not concentrate the urine
before conducting UIFE. This publication cited the superiority
of a «/A ratio because following treatment the ratio was abnor-
mal more often than the presence of FMLC in urine. However,
as a caveat, there was no independent proof of monoclonality
of light chains in serum or urine with an abnormal serum /A
ratio [25, 40]. It was later shown that following autologous
stem cell transplantation (ASCT), more patients with lambda
chain associated MM have a kappa-dominant abnormal «/A ra-
tio rather than a lambda-dominant abnormal /A ratio, thus sup-
porting the notion that the abnormal /A ratio seen following
treatment may not be due to lesional monoclonal light chains
[40]. The oligoclonal pattern seen following ASCT usually
produces a kappa-dominant abnormal k/A ratio irrespective of
the original light chain with the MM lesion. This preference for
kappa oligoclones results in a large number of false positive
kappa-dominant k/A ratios causing a misdiagnosis of lack of
stringent complete response [35, 40]. Many patients with MM,
especially following treatment, may have polyclonal hyper-
gammaglobulinemia [40]. It has been reported that about 25%
of lambda chain-associated MM may have lambda FMLC in
urine with a normal serum /A ratio [40]. The /A ratio is tilted
towards normality due the presence of excessive polyclonal
kappa light chains despite the presence of monoclonal lambda
light chains [17, 40].

Another potential confounder has been that the reported
reactivity of the antiserum to free kappa light chains in the di-
agnostic assay used in these reports (Freelite® from The Bind-
ing Site) has shown temporal drift and now results in higher
kappa SFLC levels than was observed about 20 years ago [52].
The conventional recommendation that patients with a k/A ratio
greater than 1.65 should be diagnosed with kappa MGUS has
been revised such that the ratio is recommended to be raised to
3.0. However, as in the previous recommendation, there was

no documented correlation of «/A ratio > 3.0 with the presence
of any monoclonal immunoglobulins [33]. Similarly, the upper
limit of ratio at 3.15 proposed by iStopMM is not supported
by independent evidence of monoclonality [34]. A further con-
founder in this assay is that antiserum reactivity may just as
well drift in the opposite direction requiring further revision
of this unreliable standard. A small but appreciable number of
patients with IgG or IgA lambda MMs do not secrete enough
excess lambda FMLC to render the «/A ratio abnormal [18].

In clinical practice, a low «/A ratio has not been equated
with lambda MGUS with the same rigor as applied to a high /A
ratio being labeled kappa MGUS. The results from the UIFE-0
group in the current study are instructive in further document-
ing that an abnormal /A ratio is not diagnostic of monoclonal-
ity. The lack of monoclonal lambda light chains in urine with
a k/A ratio as low as 0.11 can be explained by polyclonal hy-
pergammaglobulinemia with high levels of polyclonal lambda
light chains producing a low /A ratio. It has been observed
that more than 50% of the patients with polyclonal hypergam-
maglobulinemia have an abnormal «/A ratio. In about 95% of
these cases, the abnormal /A ratio is kappa-dominant; how-
ever, about 5% of the subjects have a ratio that favors exces-
sive lambda chains [6, 17]. Thus, in the patient with a /A ratio
of 0.11 and gamma globulin level of 3.54 g/dL (Table 3), it
is probable that the polyclonal hypergammaglobulinemia was
primarily due to polyclonal IgG lambda and the high level of
lambda SFLCs was due to polyclonal free lambda light chains
[5, 6]. The same explanation also could be applicable to the
patient with a k/A ratio of 0.12. Other plausible reasons for
negative UIFE in patients with a low /A ratio include lack of
adequate concentration of urine. It is recommended in stand-
ard laboratory practice that urine be concentrated 100-fold for
UIFE; however, this is often not practical [27, 46]. Explana-
tions for additional discrepant results are listed in the legend
for Table 3. Discrepant results could also be due to variability
in the reactivity of antisera to FMLC [44-50]. Bradwell ob-
served lack of reactivity of the antiserum to monoclonal kappa
light chains from one patient [22]. Variations in the reactivities
of antisera to FLCs from different vendors have been reported
[44-46].

The other discrepant results for lambda FMLC in UIFE
were the observation of monoclonal lambda light chains in
specimens from patients with high «/A ratios. Illustrative of
this, two patients with «/A ratios > 1.0 both had polyclonal
hypergammaglobulinemia, and the high concentration of free
polyclonal kappa light chains was likely producing a kappa-
dominant ratio while the monoclonal lambda light chains were
still detectable in urine [17].

The controversial recommendation of labeling patients
with a high «/A ratio as having kappa MGUS is effectively
challenged by the findings of this study. Fewer than 1.0% of
urine specimens from patients with a k/A ratio < 1.65 displayed
kappa FMLC in urine. At the same time, the proportion show-
ing positive results for kappa FMLC with /A ratio 1.66 to 2.99
was at a less than impressive 2.4%. This would call into seri-
ous question that this level is a threshold to diagnose kappa
MGUS. In diagnosis-naive patients with a «/A ratio of 3 to 10,
only about 9% of the patients displayed kappa FMLC. When
taken to the extreme, only 18.8% of patients with a k/A ratio
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of 3.0 and higher (to a k/A ratio of 353) displayed monoclonal
kappa light chains in urine. Thus, even the recommendation to
implement a k/A ratio level > 3.0, or 3.15 being diagnostic of
kappa MGUS would generate more than 80% false positives.
The findings in the UIFE-1 group support our contention that
even in patients with the known presence of MG, the k/A ratio
is an unreliable marker for monoclonality. In effect, employ-
ing the current guidelines would create a pseudo epidemic of
MGUS that does not merit clinical evaluation.

The lack of kappa FMLC in the presence of a high k/A ratio
is easier to explain as most patients with polyclonal hypergam-
maglobulinemia produce an excess of free polyclonal kappa
light chains, resulting in a high /A ratio without there being
any FMLC. One extreme patient with a «/A ratio of 11.53 and a
lack of kappa FMLC had both polyclonal hypergammaglobu-
linemia and chronic renal failure. These two pathologies are
associated with high levels of polyclonal kappa light chains.

Additional factors potentially accounting for the discrep-
ant results noted in the UIFE-0 group for lambda light chains
are also applicable to kappa light chains, i.c., false negative
results could be due to 1) lack of adequate concentration of
urine; 2) diminished accessibility of FLCs in IgA monoclonal
lesions; and 3) variability in antibody reactivity from different
vendors [44, 45, 50, 55, 56]. The discrepancy of high SFLC
and lack of FMLC in urine could not be fully addressed due
to the lack of availability of antisera from The Binding Site.
When a discrepancy is seen with high serum free kappa light
chain levels and absence of any other evidence for FMLC us-
ing antisera from other vendors, a doubt remains if the discrep-
ancy is due to the variation in the reactivities of sera from The
Binding Site and other vendors.

The current study has the usual limitations that the analy-
ses originate from a single institution and that this is a retro-
spective observational review. A prospective study evaluating
the comparable utility of UIFE and SFLC assay may be useful
if discrepant results could be further evaluated by antibodies
from multiple sources, using more sensitive techniques, e.g.,
FLC-modified SIFE, FLC-UIFE, and mass spectrometry. An
appropriate standardized level of urine concentration with ref-
erence to urine protein needs to be determined. With additional
analyses, a more conservative recommendation regarding /A
ratios in MGUS diagnosis may benefit the clinical laboratory
and clinicians alike. Incorporating additional clinical param-
eters may be of benefit in elucidating a more consistent diag-
nosis. For instance, incorporating urine protein levels together
with lambda light chain levels and /A ratio renders a regres-
sion equation (In(p/(1 - p)) =-4,678 - 0.0064 x U _Pr + 0.0881
x Lambda + 0.5268 x Ratio) with a predictive accuracy of
97%. More independent datasets are needed to test the validity
and improve the reliability of the prediction model.

Conclusions

The main conclusion of the study is that more than 80% of
serum specimens with /A ratio > 3.0 or 3.15 have no evidence
of monoclonality. Using the standard of /A ratio > 3.0 or 3.15
as a diagnostic marker for kappa MGUS would engender an
unacceptable level of false-positive rate of > 80% for kappa

MGUS, resulting in a pseudo epidemic of this “disorder”. Di-
agnosis of an MGUS ought not be made without unequivocal
evidence of monoclonality.

Learning points

An abnormal serum /A ratio is not diagnostic of monoclonal-
ity.

A normal serum «/A ratio does not exclude monoclonality.

UIFE can be effectively carried out on a random urine
specimen, and a 24-h urine is not required.

A 100-fold concentration of urine, when feasible, is
strongly recommended for UIFE.

SFLC assay and /A ratio are not reliable surrogates for
UIFE for demonstration of monoclonality.

SFLC assay does not meet the criteria to constitute an ef-
fective screening test for MGUS. At a minimum, concurrent
UIFE ought to be a part of the screening algorithm for mono-
clonal lesions.

Polyclonal hypergammaglobulinemia impedes the utility
of abnormal serum «/A ratio. In about 95% of the cases of poly-
clonal hypergammaglobulinemia and abnormal /A ratio, the
ratio is kappa-dominant, and in about 5% of instances, it may
result in a lambda-dominant abnormal «/A ratio, without any
monoclonal lesion.

Optimal implementation of UIFE warrants using antisera
to FLCs, in addition to proper urine concentration. FLC anti-
bodies have about 20% higher sensitivity than conventional
UIFE.

Acknowledgments

We are grateful to Dr. Rhea-Beth Markowitz for editing the
manuscript.

Financial Disclosure
No external funding was received for this study.

Conflict of Interest

GS served as a consultant to Sebia Inc., Diazyme Laboratories,
Helena Laboratories and Beckman Coulter.

Informed Consent

Requirement of consent was waived for this retrospective re-
view of records.

Author Contributions

GS conceived the study, collected, analyzed the data, and

Articles © The authors | Journal compilation © Cell Mol Med Res and Elmer Press Inc™ | = https://cmmr.elmerpub.com 9



Light Chain Monoclonal Gammopathy

Cell Mol Med Res. 2025;000(000):000-000

drafted the manuscript. HX conducted the statistical analysis.
RB contributed to data analysis and revised the manuscript.

Data Availability

The data supporting the findings of this study are available
from the corresponding author upon reasonable request.

Abbreviations
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IMWG: International Myeloma Working Group; LC: light
chain; LCPMM: light chain predominant multiple myeloma;
MG: monoclonal gammopathy; MGUS: monoclonal gammop-
athy of undetermined significance; MM: multiple myeloma;
NMG: neoplastic monoclonal gammopathy; SFLC: serum free
light chain; SMM: smoldering multiple myeloma; UIFE: urine
protein immunofixation electrophoresis; UIFE-0: specimens
from patients without evidence or history of MG, except soli-
tary finding of FMLC in urine; UIFE-1: SPEP and/or SIFE and
UPEP/UIFE showed MG or there was history of MG; UIFE-3:
There was evidence or history of biclonality, oligoclonal pat-
tern, or the presence/absence of MG could not be resolved,;
UIFE-4: This category was limited to three specimens from
one patient with polymorphus sarcoma; UPEP: urine protein
electrophoresis; Net level of lambda and kappa light chains
(dL and dK): i.e., dL = Level of lambda free light chains minus
concentration of kappa free light chains. dK= Level of kap-
pa free light chains minus concentration of lambda free light
chains
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