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ABSTRACT

Objective: To analyze the spectrum of abnormal serum free light chain ratio (sFLC
k/A ratio), and to redefine the range of sFLC k/A ratio, so as to achieve hierarchical
diagnosis of diseases with abnormal sFLC k/A ratio, resulting in the increased
sensitivity and specificity in the diagnosis of monoclonal plasma diseases.

Methods: Enrolled 1,340 patients with abnormal sFLC k/A ratio (<0.26 or >1.65)
were grouped: (1) group A: malignant plasma diseases; (2) group B: monoclonal
gammopathies of undetermined significance (MGUS); (3) group C: reactive plasma
diseases. These patients were further divided by renal function eGFR <60 or
>60 ml/min/1.73m? to eliminate renal diseases influencing the results. Statistical
analyses was performed by using SPSS 22 software.

Results: When sFLC k/A ratio >3.49 and eGFR >60ml/min/1.73m?, the sensitivity
and specificity of the diagnosis of malignant plasma diseases were 86.1% and 94.0%,
respectively. When sFLC k/A ratio >2.89 and eGFR <60ml/min/1.73m?, the sensitivity
and specificity of the diagnosis of malignant plasma diseases were 92.0% and 97.0%,
respectively.

Conclusion: The sensitivity and specificity of the diagnosis of monoclonal plasma
diseases can be significantly improved by redefining the cut-off value of sFLC k/A ratio
and the renal function index of eGFR.

intestine, etc.). Therefore, in different clinical departments,
when patients have different clinical manifestations, highly
suspected or need to exclude monoclonal plasma diseases,
the detection of serum free light chain (sFLC), serum
protein electrophoresis (SPE) and serum immunofixation
electrophoresis (sIFE) will be all completed. Based on the
results of the test, whether the patient needs to improve the
bone marrow aspiration, biopsy of local tissues and other
examinations will be determined subsequently to further
clarify the diagnosis.

INTRODUCTION

Serum free light chain (sFLC) assay (Freelite) is an
antibody-based system that measures kappa and lambda
immunoglobulin light chains unbound to heavy chains
in serum. The measurement of SFLC and k/A ratio, with
adequate sensitivity and specificity for the detection of
excess monoclonal sFLC [1], is useful for the diagnosis,
monitoring, and prognosis prediction of monoclonal
gammopathies (MGs) [2].

In clinical practice, plasma diseases contain multiple
systemic diseases: multiple myeloma, POEMS syndrome,
primary systemic amyloidosis (Kidney, heart, skin,

The monoclonal plasma diseases may have a variety
of clinical manifestation, which may be shown as abnormal
hemogram, nervous system disorder, cardiac muscle or
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kidney amyloidosis and skeleton destroy, etc. Generally, the
clinical physician would think that, the sFLC ratio anomaly
normally prompts the monoclonal plasma diseases, especially
when the M protein is detected as negative. It is of great
importance to employ the sFLC assay to assist the diagnosis.

According to Guenet et al.’s report, the normal
reference range for sFLC k/A ratio is [0.26, 1.65], and
for one with a value beyond this range the presence
of monoclonal plasma diseases should be considered
[3]. However, in the clinical practice, abnormal sFLC
k/A ratios are frequently noted in cases with evidence
supporting no MGs but reactive disorders, eg. auto-
immune diseases and chronic nephrosis. To date, the
clinical relevance and implications of sFLC k/A ratio have
not been fully investigated. Before a clear understanding
can be established, several issues should be addressed.
First, it should be determined the whole spectrum of
diseases possibly presenting deviated sFLC k/A ratios.
Second, further evaluation and elaboration with adequate
sample size is needed to locate better cut-off values for
the diagnosis of MGs. To this end, we conducted this
retrospective study involving a large group of individuals.

RESULTS

Spectrum of diseases with an abnormal sFLC
ratio

Among 4,786 patients accepted the sFCL assay
in preliminary diagnosis, a total of 1,340 patients with
combined abnormal sFLC ratio is screened out. See Table
1 for the specific diseases spectrum distribution of 1,340
cases. Of which, there are the multiple myeloma (MM, 310
cases, 23.1%), plasma cell leukemia (PCL, 8 cases, 0.6%),
Waldenstrommacroglobulinemia/ lymphoplasmacytic lym-
phoma (WM/LPL, 23 cases, 1.7%), solitary plasmacytoma
(SP, 7 cases, 0.5%), primary systematic amyloidosis (AL,
15 cases, 1.1%), B cell non-Hodgkin’s lymphoma (B-NHL,
19 cases, 1.4%), monoclonal gamnopathy of undetermined
significance (MGUS, 62 cases, 4.6%), autoimmune disease
(AID, 104 cases, 7.8%), chronic kidney disease (KD, 562
cases, 41.9%), infection/chronic inflammatory condition
(UCIC, 76 cases, 5.7%), non-lymphoid neoplasia (NLN,
40 cases, 3.0%), peripheral neuropathy (PN, 11 cases,
0.8%), myocardial lesions (HD, 23 cases, 1.7%) and other
benign diseases (OBD, 74 cases, 5.5%). There are 835 male
patients (62.3%) and 505 female patients (37.3%). Median
onset age is 58 years old (14-94 years old), and 891 (66.5%)
patients are over 50 years old, while about 450 (33.6%)
patients are diagnosed as monoclonal plasma diseases.

Disease profiles

In the disease spectrum of abnormal sFLC ratio as
shown in Table 3, the malignant plasma diseases occupy
29.0%, with MGUS of 4.6%, and reactive plasma diseases

of 66.4%. The analysis result is basically same as the
conclusion published on American Journal of Clinical
Pathology [8].

Tables 2 and 3 show: (1) When sFLC /A ratio<0.26,
MM occupies 29.0%, which is the main disease type
within this interval range. Malignant plasma diseases take
up about 91.3%, with MGUS about 75.4% and reactive
plasma diseases about 3.1%. This part of benign diseases
mainly includes 3 patients with chronic kidney disease,
2 patients with infectious disease and 1 diabetic patients.
(2) When sFLC «/A ratio>1.65, the patients with chronic
kidney disease occupies about 48.8%, which is the main
disease type within this interval range. Malignant plasma
diseases take up about 48.8%, with MGUS about 4.5%
and reactive plasma diseases about 77.2%. The cases of
malignant diseases mainly comprise 163 patients with
MM, 3 patients with PCL, 18 patients with WM/LPL, 6
patients with SP, 1 patient with POEMS, 4 patients with
AL and 15 patients with B-NHL.

In addition, among 4,786 patients, there are 143
patients with normal sFLC ratio, concomitant with
monoclonal plasma diseases of positive M protein in
SPE and sIFE, and see Table 4 for the details. Its disease
spectrum composition mainly is: MM (27.3%), PCL (0),
WM/LPL (1.4%), SP (3.5%), POEMS (9.1%), AL (1.4%),
B-NHL (4.2%) and MGUS (53.2%).

To compare the disease spectrum of monoclonal
plasma diseases in accordance with the normal and
abnormal groups of sFLC ratio, the result in Table 4
indicates: there are 310 patients with MM of abnormal
sFLC ratio, but 39 patients with MM of normal sFLC
ratio; 15 patients with AL of abnormal sFLC ratio, but
2 AL of normal sFLC ratio; 62 patients with MGUS of
abnormal sFLC ratio, but 76 patients with normal sFLC
ratio.; 6 patients with POEMS of abnormal sFLC ratio, but
13 patients with POEMS of normal sFLC ratio.

Diagnostic value of the levels of SFLC k/A ratio

Among 1,340 patients with abnormal sFLC ratio,
there are 50 patients whose combined sFLC «/A ratio
<0.01, including 46 patients with MM, 3 patients with
PCL and 1 patient with WM/LPL; there are 41 patients
whose combined sFLC /A ratio>100, all of which get the
multiple myeloma.

When sFLC «/A ratio >1.65, no matter whether
the patient has been combined with renal damage, the
sFLC ratio difference of Group A, B and C have obvious
statistics meaning (P<0.05). See Figure 1A and Figure 1B
for the details. When sFLC «/A ratio <0.26, no matter
whether the patient has been combined with renal damage,
the sFLC ratio difference between Group A and C,
or between Group B and C have no obvious statistics
meaning (P>0.05), but the sFLC ratio difference between
Group A and B have statistics meaning (P<0.05), See
Figure 1C and 1D for the details.
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Table 1: Clinical characteristics and diagnoses in diseases with abnormal sFLC ratio

Disease group Cases (N) Cases (%) Male Female Age (Median) Age (Range) Age>50 (N) Age>50 (%)
N) )
MM 310 23.1% 210 100 58 32-84 234 73.6%
PCL 8 0.6% 7 1 54 42-66 5 62.5%
WM/LPL 23 1.7% 20 3 64 43-76 19 82.6%
SP 7 0.5% 6 1 47 29-57 1 14.3%
POEMS 6 0.5% 2 4 49.5 33-59 2 33.3%
AL 15 1.1% 10 5 53 25-74 8 53.3%
B-NHL 19 1.4% 10 9 61 22-82 14 73.7%
MGUS 62 4.6% 37 25 61 14-84 45 72.6%
AID 104 7.8% 42 62 54 19-82 58 55.8%
KD 562 41.9% 353 209 55 18-93 341 60.7%
I/CIC 76 5.7% 48 28 62 17-94 57 75.0%
NLN 40 3.0% 25 15 59 22-83 28 70.0%
PN 11 0.8% 8 3 55 38-78 7 63.6%
HD 23 1.7% 14 9 65 19-83 18 78.3%
OBD 74 5.5% 47 27 63.5 20-89 59 79.7%
Total 1340 100.0% 835 505 58 14-94 891 66.5%

MM, multiple myeloma; PCL, plasma cell leukemia; WM, Waldenstrom macroglobulinemia; LPL, lymphoplasmacytoid
lymphoma; SP, solitary plasmacytoma; POEMS, POEMS syndrome; AL, primary amyloidosis; B-NHL, B cell non-
Hodgkin’s lymphoma; MGUS, monoclonal gammopathy of undetermined significance; AID, autoimmune disease;

KD, kidney disease; I/CIC, Infection/chronic inflammatory condition; NLN, Non-lymphoid neoplasia; PN, peripheral
neuropathy; HD, heart disease: myocardiopathy; OBD, other benign diseases; Other diseases mainly contained
cerebrovascular diseases and endocrine metabolism system diseases.

When sFLC /A ratio <0.26, although the exact number
of cases in different groups of group A, group B and group C
were significantly different, corresponding statistical analysis
results suggested that there were 189 cases in group A+B,
and 6 cases in group C; meanwhile, when sFLC «/A ratio
<0.26, 96.9% of the patients were diagnosed as monoclonal
plasma diseases, only the remaining 3.1% of patients were
reactive plasma diseases. Furthermore, the correct diagnostic
rate of monoclonal plasma diseases was high when sFLC
K/A ratio <0.26. The above investigation results might have
a good guiding significance for clinical diagnosis. Therefore,
the present study focused on the redefining the new critical
value of SFLC /A ratio when the ratio greater than 1.65, so as
to improve the correct diagnostic rate of monoclonal plasma
diseases.

As for 4,786 cases incorporated into the sFLC
screening, by statistics analysis, the sensitivity and
specificity of diagnosis test is calculated by applying the
fourfold table method, with statistic result showing: the
sensitivity and specificity of abnormal sFLC ratio to judge
malignant plasma diseases respectively are 85.27% and
78.02%. See Table 5 for the details.

Therefore, the new threshold value of SFLC ratio of
malignant plasma diseases and MGUS shall defined by
applying ROC curve, so as to improve the sensitivity and
specificity of diagnosing the monoclonal plasma diseases.
In order to eliminate the influence of renal function
damage to the sFLC ratio, we make further analysis on
cases with SFLC /A ratio >1.65, with statistics result as
shown in Figure 2 and Table 6.

When sFLC /A ratio >1.65 and eGFR >60ml/
min/1.73m?, the optimal cut-off value for diagnosing the
malignant plasma diseases is SFLC «/A ratio=2.89. The
area under the ROC curve is 0.924, and 95% confidence
interval is 0.891-0.957, with P<0.0001. In particular, when
sFLC «/A ratio >2.89, the sensitivity and specificity for
diagnosing the malignant plasma diseases respectively are
86.1% and 94.0%.

When sFLC /A ratio >1.65 and eGFR <60ml/
min/1.73m?, the optimal cut-off value for diagnosing the
malignant plasma diseases is SFLC «/A ratio=3.49. The
area under the ROC curve is 0.966, and 95% confidence
interval is 0.942-0.990, with P<0.0001. In particular, when
sFLC «/A ratio >3.49, the sensitivity and specificity for
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Table 2: The distribution of the diseases with different range of sFLC ratio

Disease Cases rFLC<0.26 rFLC<0.26 rFLC<0.26 rFLC>1.65 rFLC>1.65 rFLC>1.65
N) M) (%) (median) N) (%) (median)
MM 310 147 75.4% 0.05 163 14.2% 35.32
PCL 8 5 2.6% 0.04 3 0.3% 16.81
WM/LPL 23 5 2.6% 0.08 18 1.6% 19.90
SP 7 1 0.5% 0.03 6 0.5% 33.57
POEMS 6 5 2.6% 0.13 1 0.1% 5.24
AL 15 11 5.6% 0.12 4 0.3% 10.40
B-NHL 19 4 2.1% 0.16 15 1.3% 10.93
MGUS 62 11 5.6% 0.15 51 4.5% 6.52
AID 104 0 0.0% N 104 9.1% 2.05
KD 562 3 1.5% 0.11 559 48.8% 2.37
I/CIC 76 2 1.0% 0.16 74 6.5% 2.12
NLN 40 0 0.0% N 40 3.5% 2.19
PN 11 0 0.0% N 11 1.0% 2.02
HD 23 0 0.0% N 23 2.0% 2.12
OBD 74 1 0.5% 0.10 73 6.4% 2.04
Total 1340 195 100.0% 0.06 1145 100.0% 7.22

MM, multiple myeloma; PCL, plasma cell leukemia; WM, Waldenstrom macroglobulinemia; LPL, lymphoplasmacytoid
lymphoma; SP, solitary plasmacytoma; POEMS, POEMS syndrome; AL, primary amyloidosis; B-NHL, B cell non-
Hodgkin’s lymphoma; MGUS, monoclonal gammopathy of undetermined significance; AID, autoimmune disease;

KD, kidney disease; I/CIC, Infection/chronic inflammatory condition; NLN, Non-lymphoid neoplasia; PN, peripheral
neuropathy; HD, heart disease: myocardiopathy; OBD, other benign diseases; Other diseases mainly contained
cerebrovascular diseases and endocrine metabolism system diseases; rFLC, the ratio of sFLC.

Table 3: The distribution of different groups of the diseases with abnormal sFLC ratio

Disease group Abnormal rFLC Abnormal rFLC Abnormal rFLC
<0.26 or >1.65 <0.26 >1.65

A(n, n%) 388(29.0%) 178(91.3%) 210(18.3%)

B(n, n%) 62(4.6%) 11(5.6%) 51(4.5%)

C(n, n%) 890(66.4%) 6(3.1%) 884(77.2%)

A+B(n, n%) 450(33.6%) 189(96.9%) 261(22.8%)

A+B+C(n, n%) 1340(100.0%) 195(100.0%) 1145(100.0%)

Group A, malignant plasma diseases; Group B, MGUS; Group C, reactive plasma diseases; rFLC, the ratio of serum free

light chain.

diagnosing the malignant plasma diseases respectively are
92.0% and 97.0%.

When sFLC «/A ratio >1.65 and eGFR >60ml/
min/1.73m?, the optimal cut-off value for diagnosing
MGUS is sFLC «/A ratio=2.03. The area under the ROC
curve is 0.644, and 95% confidence interval is 0.532-

0.755, with P=0.006 (P<0.05). In particular, when
sFLC «/A ratio >2.03, the sensitivity and specificity for
diagnosing MGUS respectively are 62.0% and 65.0%.
When sFLC /A ratio >1.65 and eGFR <60ml/
min/1.73m?, the optimal cut-off value for diagnosing
MGUS is sFLC «/A ratio=2.79. The area under the ROC
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Table 4: Comparison between MGs with abnormal sSFLC ratio and MGs with normal sFLC ratio

Disease Case (N) Case (%) Case (N) Case (%) Total (N)
Abnormal Normal sFLC
SsFLC ratio ratio
MM 310 68.9% 39 27.3% 349
PCL 8 1.8% 0 0.0% 8
WM/LPL 23 5.1% 2 1.4% 25
SP 1.6% 5 3.5% 12
POEMS 1.3% 13 9.1% 19
AL 15 3.3% 2 1.4% 17
B-NHL 19 4.2% 6 4.1% 25
MGUS 62 13.8% 76 53.2% 138
Total 450 100.0% 143 100.0% 593

MGs, monoclonal gammopathies; MM, multiple myeloma; PCL, plasma cell leukemia; WM, Waldenstrom
macroglobulinemia; LPL, lymphoplasmacytoid lymphoma; SP, solitary plasmacytoma; POEMS, POEMS syndrome;
AL, primary amyloidosis; B-NHL, B cell non-Hodgkin’s lymphoma; MGUS, monoclonal gammopathy of undetermined

significance.

curve is 0.893, and 95% confidence interval is 0.816-
0.971, with P<0.0001. In particular, when sFLC «/A
ratio >2.79, the sensitivity and specificity for diagnosing
MGUS respectively are 77.0% and 93.4%.

MGUS with different comorbidities

For 62 MGUS patients screened out from 1,340
patients, the main comorbidities mainly consist of the
chronic kidney diseases (40.3%), connective tissue
diseases (6.5%), other autoimmune diseases (8.1%),
infection/chronic  inflammatory condition (19.4%),
myocardiopathy (8.1%), peripheral neuropathy (8.1%)
and non-lymphoid neoplasia (9.7%). The MGUS cases
screened out in this study are the data information
acquired from the treatment in the hospital due to
various clinical manifestations, not the cases screened
out by physical examination in the Physical Examination
Center of our hospital. MGUS normally combines all
kinds of concomitant diseases, which respectively are, in
accordance with comorbidities from high to low: chronic
kidney disease, infection/chronic inflammatory condition,
autoimmune disease including connective tissue diseases,
non-lymphoid neoplasia, peripheral neuropathy and
myocardiopathy. Among 62 MGUS patients following
up for 2 years, 1 IgM-Kappa MGUS patient concomitant
with chronic nephrotic syndrome has progresses to be
marginal zone lymphoma 3 months after the confirmed
diagnosis. 2 IgG-Kappa MGUS patients concomitant with
connective tissue diseases have progressed to be multiple
myeloma 1 year after the confirmed diagnosis. Besides,
for 12 MGUS patients concomitant with infection/chronic
inflammatory condition, by actively controlling the

infection or controlling the illness activity, the patients’
SFLC ratios get right after 3 months.

Systemic amyloidosis

22 MGUS patients with combined eGFR <60ml/
min/1.73m? are further screened in this study. Although the
part of patients has carried out the bone marrow puncture
cytology and bone marrow biopsy, they do not accept
the renal aspiration biopsy. The part of patients mainly
maintains the treatment by hematodialysis, without giving
chemotherapy and other immunoregulation treatment.

POEMS syndrome

15 patients with primary amyloidosis of abnormal
SsFLC ratio are screened out in this clinical research, of
which there are 4 patients with sFLC ratio >1.65 and 11
patients with sFLC ratio <0.26. By further combining the
patients’ SPE, sIFE and ulFE detection results, it is found
that, 7 patients are in free light chain lambda type, 3 in
IgG-lambda type, 1 in IgA-lambda type, 2 IgM-kappa
type and 2 IgG-kappa types. Among these 15 patients, 12
patients get combined single organ involvement (7 patients
are manifested as renal amyloidosis and 5 patients are
manifested as heart amyloidosis). All of the rest 3 patients
are manifested as involvement of more than 2 organs.

In 6 POEMS patients with abnormal sFLC ratio,
there is 1 patient with sFLC ratio >1.65, and 5 patients
with sFLC ratio <0.26. Combined with the patients’
SPE, sIFE and ulFE detection indexes, the result shows
that: 1 patient in free light chain lambda type, 4 patients
in IgA-lambda type and 1 patient in IgG-kappa type.
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Moreover, 13 (13/143, 9.1%) patients are screened out
from 143 patients with normal sFLC ratio.

DISCUSSION

Multiple researches prove that: the sFLC ratio
is known as the important clinical predictive index to
indentify the polyclonal plasma diseases and monoclonal
plasma diseases [9].

In multiple myeloma, MGUS, solitary plasma-
cytoma and lymphoma, and other diseases, the sFLC ratio
is believed to have very important function in evaluation
disease prognosis [10—12]. The sFLC assay is an important
clinical detection measure for assisting to diagnose the
light-chain multiple myeloma, non-secreting multiple
myeloma and primary amyloidosis [10, 13].

In this clinical research, the result indicates: among
1,340 patients with abnormal sFLC ratio, about 29%
patients gets malignant plasma diseases. What is reason
causing the patients with non-malignant plasma diseases to

get abnormal sFLC ratio? One of the main causes is that,
the body is stimulated by all kinds of internal and external
factors and results in increased polyclonal immune
globulin and its light chain synthesis. Another reason
is that, the patient’s combined glomerular disease gives
rise to the decreased effective glomerular filtration rate,
so as to cause the excretive disorder of immune globulin
light chain [14]. In general, the patient with increased
polyclonal immune globulin of combined infection or
renal function damage may get synchronous increase
of serum free light chain kappa and light chain lambda.
Therefore, normally, this part of patients’ sSFLC ratio is
normal or slightly increased. A research has evaluated the
normal interval range (0.37-3.1 vs 0.26-1.65) required
to be raised in the patients with kidney disease requiring
hematodialysis, to detect the monoclonal plasma diseases
[15]. Above two reasons are enough to explain that, most
of patients with abnormal sFLC ratio gets the reactive
polyclonal plasmacytosis, such as autoimmune disease,
chronic kidney and infection, etc.

A sFLC KIL ratio >1.65 B SFLC KIL ratio >1.65
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Figure 1: Numerical difference of sSFLC ratio among three groups (Group A, B, C). (A) sFLC K/L ratio>1.65 and eGFR>60ml/
min/1.73m? (B). sFLC K/L ratio>1.65 and eGFR<60ml/min/1.73m? (C). sFLC K/L ratio<0.26 and eGFR>60ml/min/1.73m? (D). sFLC K/L
ratio<0.26 and eGFR<60ml/min/1.73m?. Group A, Malignant plasma diseases; Group B, MGUS; Group C, Reactive plasma diseases.
* Indicates P<0.05; ** indicates P<0.01; **** indicates P<(0.0001; ns Indicated no significance.
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Table 5: Assessment of sSFLC assay for diagnosing monoclonal gammopathies

SFLC assay MGs Non-MGs Total patients
n n

abnormal rFLC 450(a) 890(b) 1340(a+b)

normal rFLC 143(c) 3303(d) 3446(ct+d)

total patients 593(atc) 4193(b+d) 4786(atb+c+d)

sFLC assay for diagnosing MGs

sensitivity 85.3%(a/atc) false positive rate 22.0%(b/b+d)

specificity 78.0%(d/b+d) false negative rate 14.7%(c/a+c)

positive predictive value 33.6%(a/atb)

negative predictive value 95.9%(d/c+d)

MGs, monoclonal gammopathies; Non-MGs, non-monoclonal gammopathies; normal rFLC, the ratio of sFLC is from 0.26
to 1.65; abnormal rFLC, the ratio of sSFLC is <0.26 or >1.65.

Singh et al. have reported that, the detection
method by abnormal sFLC ratio to identify monoclonal
plasma diseases has very high false positive rate [8]. In
this research, if judging according to the normal interval
range (0.26-1.65) of traditional sFLC ratio, about 36.4%
patients with abnormal sFLC ratio shall be diagnosed to
not belong to the monoclonal plasma diseases. If judging
by normal interval range (0.37-3.1) of sFLC ratio after
amending the renal damage, about 30.1% patients with
abnormal sFLC ratio shall be diagnosed to not belong to
the monoclonal plasma diseases. The relevant researches
believe that, the abnormal sFLC ratio cannot be deemed
as the only index for diagnosing the malignant plasma
diseases [16, 17].

Singh, Gurmukh et al. reported that the performance
of abnormal sFLC k/A ratio in patients without monoclonal
gammopathies had high false-positive rate in the American
journal of clinical pathology [8]. Thus, an abnormal
SsFLC «/A ratio should not be considered as the sole
indicator for diagnosis of neoplastic proliferation of the
lymphoplasmacytic system [18, 19]. In their observations,
using the conventional SFLC k/A ratio, 36.4% of the ratios
were abnormal without monoclonal gammopathies. When
the renal sFLC k/A ratio was used, the rate of abnormal
sFLC k/A ratios was 30.1%.

The research shows, in 1,340 patients with abnormal
sFLC ratio, the malignant plasma disease occupies 29.0%
and MGUS occupies 4.6%. If judging the normal interval
range (0.26-1.65) of traditional sFLC ratio the sensitivity
and specificity of SFLC assay respectively are 85.27% and
78.02%. Artur Jurczyszyn and other scientists’s research
show: the abnormal sFLC ratio may not always be able to
identify the monoclonal plasma diseases [19]. However,
the International myeloma working group has not
defined the new threshold value of abnormal sFLC ratio
to improve the sensitivity and specificity for diagnosing
monoclonal plasma diseases.

So far, there is no similar article to specifically
evaluate, discuss and improve the sensitivity and
specificity of abnormal sFLC ratio to diagnosing the
monoclonal plasma diseases. In this clinical study, we
try to find a better diagnosis point to solve the above
problems.

Firstly, via the large-sample clinical retrospective
study data, determine the disease composition spectrum
of abnormal sFLC ratio, and enable the clinical physician
to know that, the disease spectrum of abnormal sFLC
ratio includes the malignant plasma diseases, MGUS and
reactive plasma diseases. The reactive plasma diseases
comprise the chronic kidney disease, autoimmune disease,
infection, non-lymphoid neoplasia, peripheral neuropathy,
myocardiopathy and other benign diseases. In order to
improve the correct diagnosis rate of monoclonal plasma
diseases and provide the feasible clinical guidance for
the clinical physician, we find the new diagnosis point
of sFLC ratio for malignant plasma diseases by statistics
method (ROC curve). For the purpose of eliminating
the definition of renal damage to the sFLC ratio, we
divide 1,340 patients into two groups (eGFR>60ml/
min/1.73m?; eGFR<60ml/min/1.73m?). According to the
displayed result of Figure 2, when the patient’s sFLC
ratio is abnormal, we firstly consider the patient’s renal
function, and suggest evaluating with renal function index
eGFR. In this study, we once tried to make summary,
statistic and analysis on the evaluation index of renal
function in accordance with eGFR <90 ml/min/1.73m? or
e¢GFR >90 ml/min/1.73m?, and found the sensitivity and
specificity of critical value of redefined light chain ratio
to diagnose the malignant plasma diseases both are lower
than the result summarized and analyzed according to
eGFR <60 ml/min/1.73m? or eGFR >60 ml/min/1.73m?.
Therefore, it has objective basis of data analysis for us
to define the critical threshold value eGFR of renal
function damage at 60 ml/min/1.73m? When the patient’s
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eGFR >60ml/min/1.73m? and sFLC /A ratio >2.89,
or the patient’s eGFR <60ml/min/1.73m? and sFLC «/A
ratio >3.49, it is more likely to consider the patient with
combined monoclonal plasma diseases, while certainly,
it requires further combining with patient’s clinical
manifestation, SPE, sIFE, bone marrow cytology, bone
marrow or local tissue biopsy to confirm the diagnosis.
When the patient’s eGFR >60ml/min/1.73m? and 2.03<
sFLC «/A ratio <2.89, or the patient’s eGFR <60ml/
min/1.73m? and 2.79< sFLC K/L ratio <3.49, it is more
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likely to consider the patient with combined MGUS,
and it requires further combining with patient’s clinical
manifestation, SPE, sIFE, bone marrow cytology, bone
marrow or local tissue biopsy to confirm the diagnosis. In
order to more visually describe and analyzing the grading
diagnosis process of abnormal sFLC ratio, see Figure 3
for the details.

The clinical manifestations of relevant diseases,
including mild injury and progressive, malignant
tumorous diseases, for sFLC ratio abnormality are various.
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Figure 2: The ROC curve for diagnosing monoclonal gammopathies (MGs). (A) sFLC K/L ratio>1.65 and eGFR>60ml/
min/1.73m?, the cut-off value of sSFLC ratio is 2.89 for diagnosing malignant plasma diseases. (B) sFLC K/L ratio>1.65 and eGFR<60ml/
min/1.73m?, the cut-off value of sFLC ratio is 3.49 for diagnosing malignant plasma diseases. (C) sFLC K/L ratio>1.65 and eGFR>60ml/
min/1.73m?, the cut-off value of sFLC ratio is 2.03 for diagnosing MGUS. (D) sFLC K/L ratio>1.65 and eGFR<60ml/min/1.73m?, the cut-

off value of sFLC ratio is 2.79 for diagnosing MGUS.
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Table 6: Characteristics of new cut-off value of sSFLC ratio for diagnosing MGs through ROC curve

Group A Group B
SFLC ratio >1.65 >1.65 >1.65 >1.65
eGFR >60 <60 >60 <60
(ml/min/1.73m?)
?:Fvié“;‘t’g)value 2.89 3.49 2.03 2.79
The area under ROC 0.924 0.966 0.644 0.893
95%Cl 0.891-0.957 0.942-0.990 0.532-0.755 0.816-0.971
P value <0.0001 <0.0001 0.006 <0.0001
sensitivity(%) 86.1% 92.0% 62.0% 77.0%
specificity(%) 94.0% 97.0% 65.0% 93.4%

Group A, malignant plasma diseases; Group B, MGUS; MGs, monoclonal gammopathies.

Especially, MGUS and primary systematic amyloidosis
diseases are easily misdiagnosed [20] as the result of
relatively latent clinical manifestations and low morbidity.
In our study, three main comorbidities of MGUS include
renal disease, infection and autoimmune disease.
According to relevant studies, it has been confirmed that
MGUS patients with abnormal sFLC ratio has the higher
risk of disease progression than these with normal sFLC
ratio. If three risk factors of MGUS patients, including
abnormal sFLC ratio, non-IgG MGUS and serum M
protein >15g/L, are combined, for about 58% of patients,

sFLC KIL ratio
<0.26

SPE assay and
sIFE assay

patients with
abnormal sFLC
ratio

eGFR

sFLC KIL ratio
>1.65

eGFR

>60ml/min/1.73n?

<60ml/min/1.73m?

M protein

M protein

such disease will be developed into the malignant plasma
diseases after 20 years. If 2 risk factors, 1 risk factor and
0 risk factor are respectively combined, the proportions of
number of patients with disease progression will be 37%,
21% and 5% after 20 years [10]. In the future clinical
studies, we will pay more attention to the relationship
between MGUS and its comorbidities.

Among the 15 amyloidosis patients with abnormal
combined sFLC ratio, they are mainly light-chain lambda
type, and these patients mainly show renal and cardiac
damages. The conclusion is consistent with that published

Group A
Group B

&)

)

sFLC KIL ratio ), Group A
M protein (-)

SRS/ WETM M protein (+),

(2.03-2.89)

We should combine
the patients' clinical
manifestation and
complete the biopsy of
bone marrow or lymph
node or other tissue for

SFLC KIL ratio definitive diagnosis.

(1.65-2.79)

sFLC KIL ratio
(2.79-3.49)

SFLC KIL ratio

>3.49 Group A

p A
M protein (-)

Figure 3: Flow chart of diagnosis of diseases with abnormal sFLC ratio. Group A, malignant plasma diseases; Group B,
MGUS; Group C, reactive plasma diseases; MGs, monoclonal gammopathies; AL, primary amyloidosis; NSMM, non-secretory multiple
myeloma; M protein (+), SPE assay or sIFE assay shows M protein is positive; M protein (-), both SPE assay and sIFE assay show M

protein are negative.
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in American Journal of Hematology in March, 2015. In
the paper, it also indicates that the level of sFLC ratio is
an important prognostic factor for evaluation on primary
systematic amyloidosis [21]. At present, the studies on
the importance of molecular biology abnormality of
amyloidosis patients are relatively few compared with
these of other plasma diseases. In the AL patients with
normal sFLC ratio, the deficiency of No. 13 chromosome
could predict the overall response rate (OR) of treatment
on patients, but not evaluate the overall survival rate
(OS) of patients [22]. In future studies, we will further
investigate the association between plasmocyte FISH
detection marker and prognosis of AL patient.

POEMS patients with abnormal sFLC ratio
are mainly light-chain lambda type. The number of
POEMS patients with normal sFLC ratio (13 cases) is
significantly higher than these with abnormal sFLC ratio
(6 cases). Therefore, POEMS syndrome shall be definitely
diagnosed with sFLC assay, SPE, sIFE and patients’
clinical manifestations. For extremely low concentration
of monoclonal immunoglobulin or light chain of POEMS
patients, it will not perfectly used for monitoring of
disease activity. Therefore, the sFLC ratio has a certain
limitation in diagnosis and treatment guidance and
prognosis evaluation of POEMS patients [23].

In conclusion, the abnormal sFLC ratio most
frequently shows monoclonal plasma diseases, but it also
contains a broad spectrum of diseases such as reactive
plasma diseases. Combining the new cut-off value of
sFLC k/A ratio and renal function eGFR can improve the
sensitivity and specificity of sFLC assay for diagnosing
monoclonal plasma diseases.

MATERIALS AND METHODS

Patients

This study incorporates a total of 4,786 cases with
complete set of myeloma detection in preliminary diagnosis
at Wuhan Tongji Hospital from September, 2012 to June,
2016. The complete set of myeloma detection contains
the SFLC assay, serum protein electrophoresis (SPE),
serum immunofixation electrophoresis (SIFE) and urine
immunofixation electrophoresis (ulFE), etc. This part of
patients have been admitted in Wuhan Tongji Hospital mainly
due to one or many accompanied clinical manifestations of
anemia, increased seroglobulin, skeleton pain, positive urine
protein, abnormal renal function, peripheral neuropathy of
four limbs and myocardial hypertrophy, and all have accepted
the sFLC assay. Among them, 1,340 patients with combined
abnormal sFLC ratio are screened out. Further collect the
datum of clinical cases, including the gender, age, clinical
manifestation, data of complete set of myeloma and patient’s
definite diagnosis. Moreover, among 4,786 cases, 143
patients with combined normal sFLC ratio are screened out,
with positive M protein qualitative (SIFE) and/or M protein
quantitative (SPE) detection.

With sFLC reagent, buffering agent and quality
control liquid supplied by FreeliteTM of UK Binging Site,
use the Behring BNII full-automatic turbidity meter, make
parameter setting according to the reagent specification,
carry out the sFLC kappa and lambda concentration
detection by immunoturbidimetry after acquiring the
ideal calibration, and then calculate the SFLC ratio. SPE,
sIFE and ulFE detections are made with full-automatic
electrophoresis apparatus. The assay reported the sFLC
k/A ratio (diagnostic range 0.26-1.65), and the results of
SsFLC k/A ratio that were out of range were defined as
abnormal sFLC k/A ratio.

Diagnosis of 1,340 screened patients with abnormal
SFLC ratio includes the multiple myeloma (MM), plasma
cell leukemia (PCL), Waldenstrom macroglobulinemia/
lymphoplasmacytic lymphoma (WM/LPL), solitary
plasmacytoma (SP), primary systematic amyloidosis
(AL), POEMS syndrome (POEMS), B cell non-
Hodgkin’s lymphoma (B-NHL), monoclonal gamnopathy
of undetermined significance (MGUS), autoimmune
disease (AID), chronic kidney disease (KD), infection/
chronic inflammatory condition (I/CIC), non-lymphoid
neoplasia (NLN), peripheral neuropathy (PN), heart
disease particularly myocardiopathy (HD) and other
benign diseases (OBD), etc. Other benign diseases
mainly include the cerebrovascular diseases and diseases
related to endocrine system (such as cerebral infarction,
hyperthyroidism and subacute thyroiditis, etc.). 143
patients with combined normal sFLC ratio are also
screened out at the same time, accompanied by positive
M protein qualitative (sIFE) and/or M protein quantitative
(SPE) detection. These 143 patient diagnoses comprise
MM, WM/LPL, SP, POEMS, AL, B-NHL and MGUS.
The diagnosis standard of above monoclonal plasma
diseases is in accordance with NCCN diagnosis guideline
in 2016 [4-7].

Divide 1,340 patients with abnormal sFLC ratio into
3 groups: Group A: malignant plasma diseases; Group B:
low-malignant-potential (monoclonal gammopathy of
undetermined significance, MGUS); Group C: reactive
plasma diseases. Diseases in Group A include MM, PCL,
WM/LPL, SP, POEMS, AL and B-NHL; disease in Group
B mainly is MGUS; diseases in Group C mainly include
AID, KD, I/CIC, NLN, PN, HD and OBD. In order to
eliminate the influence of renal function injury on the
new threshold value of sFLC ratio, we further divide
1,340 patients into two large groups according to the
difference of effective glomerular filtration rate (¢GFR):
1.eGFR>60ml/min/1.73m?; 2. eGFR<60ml/min/1.73m?.

Statistical analysis

The median and interval range are applied to
describe and analyze the continuous numerical variable
(abnormal distribution datum). X? detection is applied
to analyze the qualitative data information. The non-
parametric test (Kruskal-Wallis test) is adopted to compare
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the sFLC ratio difference among the Group A, B and C.
Redefine the new threshold value of sFLC ratio by utilizing
the ROC curve (receiver operating characteristic curve) to
diagnose the malignant plasma cell disease, ROC curve
is the curve drawn with true positive rate (sensitivity) as
ordinate and false positive rate (1-specificity) as abscissa.
Find the optimal diagnosis point by calculating the area
under the curve, to find the maximum area under the curve
and enable the diagnosis test sensitivity and specificity
to reach the optimal state. All incorporated case data
information are statistically analyzed by applying SPSS22
software, with result of P<0.05 being believed to have
statistical significance.

Abbreviations

MM: multiple myeloma; PCL: plasma cell
leukemia; WM: Waldenstrom macroglobulinemia;
LPL: lymphoplasmacytoid lymphoma; SP: solitary
plasmacytoma; POEMS: POEMS syndrome; AL: primary
amyloidosis; B-NHL: B cell non-Hodgkin’s lymphoma;
MGUS: monoclonal gammopathy of undetermined
significance; AID: autoimmune disease; KD: kidney
disease; I/CIC: Infection/chronic inflammatory condition;
NLN: Non-lymphoid neoplasia; PN: peripheral
neuropathy; HD: heart disease; OBD: other benign
diseases; MGs: monoclonal gammopathies; eGFR:
effective glomerular filtration rate; sFLC: serum free light
chain; rFLC: the ratio of sFLC.
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