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Increment of Serum Free Light Chain Kappa/Lambda Ratio in Patients with Renal
Dysfunction
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Background: Since free light chain (FLC) is metabolized in the kidney, serum FLC concentration and kappa/lambda ratio are increased in pa-
tients with decreased renal function, even in the absence of monoclonal protein. In this study, we measured serum FLC levels to investigate the
change in kappa/lambda ratios in relation to the severity of renal dysfunction.

Methods: Serum FLC concentrations were measured in 92 archived serum samples from patients diagnosed with chronic kidney disease using
the Freelite assay (The Binding Site Group Ltd., UK), and kappa/lambda ratios were calculated. Serum creatinine levels were assayed to calculate
estimated glomerular filtration rate (eGFR), and patients were divided into subgroups according to Kidney Disease Improving Global Outcomes
(KDIGO) guidelines. We analyzed the difference in serum FLC levels and kappa/lambda ratios between subgroups.

Results: Serum FLC levels and kappa/lambda ratios increased depending on the severity of renal dysfunction. When patients were classified by
setting cut-off value of eGFR as 60 mL/min/1.73 m? (group A: eGFR =60 mL/min/1.73 m? group B: <60 mL/min/1.73 m?), the kappa/lambda
ratio of group B was significantly higher than that of group A (group B: 1.60 & 0.46 vs. group A: 1.35 £ 0.27, P=0.018). Serum FLC kappa/lambda
ratios were within the previously determined renal reference interval (0.37-3.1).

Conclusions: When interpreting results of serum FLC kappa/lambda ratio, renal function status should be considered in addition to hematologi-

cal findings. If renal function deteriorates, a wider renal reference interval is preferred instead of the usual reference interval.
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2 F 4 (free light chain, FLO+= FZA|EZo| A HIZFZET 0]
AR Tl o} Agtel Rat AR, AAHeR &
o] oA YA F A el AlgellA] AlAEle] Ego
ZAE)R] okt 2] 2y, F-A|EZS=Z(plasma cell my-
eloma)a} 2H2 S22 FAA|=ERe] dRofk= FLC A4t
o] o} Z7}51 Hlo] % FLC 527} oA B3, 1A%
5 (cast nephropathy)o] TAYa}o] A122of| £AFS sl |
TH3, 4].

A LA SR EUH S (monoclonal gammopathy)2] Rtk

L 4 FLC AR} 3l Thid 7| o=
sis, PEP), Y 1A A 7|95 A AHimmunofixation electrophoresis,
IFE) 5 AZ2 A AP} 7]e) Axbad 2 oA lAA JAAZ
o2 TS o|FolAA H, | 24t ERE TS A
HHARRA €7 FLC AL €% Bl 4 PEP B IFE HARS 27
S AleYE o AT 98.6%7HA] Al 4= TS =

FAKprotein electrophore-
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o} A A2 ZH(light chain deposition disease)o]] thgt W E=
@7 B FLC &9 PEP 9 IFE HAFS W7 AJS wl= 83.3%, @
% FLC AANE = A48 uj= 77.8% 2, PEP = IFE A} tH=
A2} 55.6%) A RTh BIFHE 7} seHS) S PEP 9 IFES}
A B FLC S chaas o duNAne) v 2
Aol A9l HAFolH, International Myeloma Working
Group (IMWG)OIA] WHERH chirzieg 15712 9 2|23k87]
ol FLC HAR=o] 23 o] QITHo, 71

GF FLC= AlolA AR of ol ofsl] A 2|, ALt
oA AE4= B ES T whEbAl, AtAofik-E-o] ZHaE o] Al
THIAIESE St A= TEETo] Gl Aol A AlAEC]
oA thZE A (polyclonal) FLC| E5 =7} 453}l kappa/
lambda H| &= $7}5)= 710 2 & A QIeHs, 9l.

FLCO] AR % 713 E3] AL Hhg S welulehy Ea
HASTEH O &2 ZH3|= Freelite 7AH(The Binding Site Group
Ltd., Birmingham, UK)o|t}. o] HAPHof|A] A ZA} A|A8H= 7
& A715= 7 di kol tieh @5 FLC kappa/lambda H] 2] 2
TIPS 0.26-1650110], o] WSS Holh ATk BlEZ
AtBERAREL olistolop gk e, AVlsol Aale
gt = Al7]50] 7874l ghatell Hlsl @ FLC kappa/lambda
o NS EEL EEE R SRS
o EA1E % 5 9] ol A7) 5 Afsl 2ol o sl o)
2 AR a7t S ofd =2l A7Isklchii-14]. 2 A

B oo =+ A2 25 7]-a- 41291 3] (institutional
review board)2] £91(K-1404-002-00D)2 HFE & Sl z}2] 9]
SHl =7PAPAE AL 2300 Hatel w4l 2k 9279
A FABAE Afe 2 A|FsFATE Roche cobas ¢501 (Roche
Diagnostics, Mannheim, Germany) 0| & o]-8-5lo] &% I o}
Eld AeFa AN Jaffet), kappa FLC % lambda FLC A A Free-
lite, The Binding Site Group Ltd)E A|3¥5}5tE 4% FLC 4E ©]
85} kappa/lambda H](kappa FLC/lambda FLO)E AT
th=22cho] 24|12 5-915}7] 2J3]] HYDRAGEL PROTEIN E (Se-
bia, Issy-les-Moulineaux, France)& 0188t PEP AAS | A3
319l ar, =5t o7} 22kE 749 HYDRAGEL IF (Sebia)E 0]8-3}1
of IFE FAARS 712 AAIsISint S €74 Adloted At
9} 2R}e] Lo], A W 01F ARE HIES 2 Chronic Kidney
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Disease Epidemiology Collaboration (CKD-EPI) 3-4]-2- 0]-8-5}0]
eGFRZ AIAFe}31a1[15], u]=+ National Kidney Foundation®] Kid-
ney Disease Improving Global Outcomes (KDIGO) A& 9] £+
of whet th S-S0 eGERS: 7120 2 A/ls A% ARG,
eGFR 60-89 mlL/min/1.73 m?), 5% 7rAwHG3, eGFR 30-59
mL/min/1.73 m?), 5% 734w(G4, eGFR 15-29 mI/min/1.73 m?),
AR AIL(GS, eGFR <15 mL/min/1.73 m?)<. 2 B2519H16]. 2+
0| A 9] kappa FLC, lambda FLC ¥ kappa/lambda H]] B2 &
BB} A7) 24 o ufet kappa/lambda B]] 2Ho]7 9]
=] Yol 7] 95 SPSS A 2 “1#M(version 23.0, SPSS Inc.,
Chicago, USA)Z- 0]-8-5}0] Kruskal-Wallis test 2! Mann-Whitney
Utests AlYat3om, P<0.05Y 7 SASHH O 2 {213t Zpo]
7} Q= AL &2 7HEsit At A4S $8l Kolmogorov-Smir-

nov test= ATk
74 EI.

O $Ae] 4G Table 19 AAI819LT, KDIGO 2|30
2} SRS A7) 0.2 BRI 1) 7 0] B FLC Y kappa/
lambda ]2} B3 Table 29} 2}, % 9290] AR} % WAL

Table 1. Demographic and laboratory characteristics of study popula-
tion of patients with renal dysfunction (N=92)

Characteristics Number
Age (yr)

Median 66

Range 34-86
Sex

Male 52 (56.5%)

Female 40 (43.5%)
Kappa FLC (mg/L)

<33 0 (0%)

33-194 5 (5.49%)

>194 87 (94.6%)
Lambda FLC (mg/L)

<57 0 (0%)

57-26.3 35 (38.0%)

>26.3 57 (62.0%)
Kappa/lambda ratio

<026 0 (0%)

0.26-1.65 60 (65.20%0)

>1.65 32 (34.8%)
eGFR (mL/min/1.73 m?)

60-89 25 (27.2%)

30-59 44 (47.8%)

15-29 14 (15.2%)

<15 9 (9.8%)

Abbreviation: FLC, free light chain.
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Table 2. Distribution of serum FLC and kappa/lambda ratio in patients with renal dysfunction

Groups Kappa FLC (mg/L)

Lambda FLC (mg/L) Kappa/lambda ratio

Total (N=92)

G2 (mild kidney dysfunction) (N=25)

(3 (moderate kidney dysfunction) (N=44)
G4 (severe kidney dysfunction) (N=14)
G5 (kidney failure) (N=9)

Reference interval (Katzmann et al. [10])

42.4(22.3-94.2)*

3.3-19.4"

Renal reference interval (Hutchison et al. [9]) 43.8 (3.0-251.0)*

422 (159-277.0)*
24.0 (15.9-108.0)*

84.7 (36.5-165.9)
119.7 (63.3-277.0)*

1.41 (0.66-2.90)
132 (0.66-193)*
1.40 (0.73-2.90)*
1.77 (091-2.46)
1.86 (1.21-2.55)*
059 (0.26-1.65)*
1.1(037-3.1)*

30.8 (12.8-202.0)*

180 (12.8-164.0)*

30.2 (14.1-73.3)*

51.3 (309-77.0)

585 (39.9-202.0)*
57-263"

380 (1.0-251.0)*

*Data are medians (min-max); *Data are central 95% intervals.
Abbreviation: FLC, free light chain.
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Fig. 1. Comparison of kappa/lambda ratio among patient groups according to severity of renal dysfunction. (A) Comparison between 4 groups di-
vided by KDIGO guideline (group 2, mildly decreased; group 3, moderately decreased; group 4, severely decreased; group 5, kidney failure). (B) Com-
parison between two groups, group A (€GFR =60 mL/min/1.73 m?) vs. group B (eGFR <60 mL/min/1.73 m?). KDIGO represents Kidney Disease Im-

proving Global Outcomes.

5278, /42 407gollem] A Hat AYL 632+ 1074(EF7E
00A]], HY] 34-86ADFTH(Table 1. eGFRO|| whe} &5 A 41715
A TATHG2) 25, o UATHG)) 4%, F5 TG
1459, AL AGS) 99019t B kappa FLC 29742 422 mgy/
L G411 9): 3.3-19.4 mg/L), lambda FLC £97F 30.8 mg/L (&
3191 5.7-26.3 mg/L), kappa/lambda H] 2] 0}k 141 (2l
91 0.26-1.65)0]ITH Table 2). Katzmann 5{10J0] AHA|g FLC A4
HTHOIE 7120 2 51913 1, kappa FLC7} 278 2 27
9] 94.6% (87/92)% 1L, Lambda FLC7} Z71= A}+= AA| 2] 62.0%
(57/92), kappa/lambda B|7} 71l ER}= AA)| 2] 34.8% (32/92)
o]%ItH(Table 1).

Kolmogorov-Smirnov testS- A|3§1¢] €% FLC & kappa/lambda
u1e] A5/doll thall 787t A 2 B RS o AL Uit
(P<0.00D. A7]-50f whE 470 o 7oAl T T &FolE Krus-
kal-Wallis test 2 A8} o] 2} 7£9] €% kappa FLC, lambda
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O (15 A: eGFR =60 mL/min/1.73 m?, 713 B: <60 mL/min/
1.73 m?) A E-F-5}0] Mann-Whitney U testS £l F-415159-2 ),
kappa/lambda H= 715 B7} 718 Ad] |3} Sgkon] SAH 0 =
B0J5}t 2o]E HYTHLE B: 1.60+046 vs 18 A: 135£0.27,
P=0.018) (Fig. 1B).
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FLCHT} of 20l 7kak A9l Aol A1) A7 &2 Tl (mono-
mer) FE] ZA}F 27]7} 212 kappa FLC7} o9 A|(dimen) e 2]
lambda FLC}t} 38} A w2 7] wjitof|, @4of| 4] Z4w= kappa/
lambda B]% 97} 058 (RF1H 9] 0.26-1.69) 2 W& 712 Holrh
[1, 2] SHAIYE A% 71°5-0] HojA AbtA|ofahgo] e H¢-
% FLCE] A|A 7138 Aol A o] AlA Heh= =) A of A €]
A 228428 (pinocytosis)o] o3t A A7} 2 BlES AX[5HA =
o, A E]A|1S] AA7 )L BALe] 2719k A glo] FLCE AlA
Stk whebA Aol vt g R dAEe s |
FLCO] Ateoll FaF-& WA Hof kappa FLCO| E5-5=7} 3T
%] 0 2 4}53to] kappa/lambda Hl-&-0] 57151 Em[9, 17]. 417]
0] A5}tE Fxloll that 3 FLCO] kappa/lambda H| Za1H 9]
T A TS o2 oh= a9l =] APgsiof
QAL K aE o] QIrH3, 9, 11-14].

Hutchison 59| WHAIZ2E 2k} e dAtoll A= Al715AI8t
2RFof| ofsk @4 FLC kappa/lambda H]2] 21 9{(renal refer-
ence interval)E 0.37-3.12 AAISFHTHIL. & AFolA= A7 s
A5} A} 9212 thAFO 2 Freelite AN The Binding Site Group
Ld)E o]-8sto] @3 FLCS} kappa/lambda HE 57831%+=4],
A} 7} 12070] EJA] ot A7 54 5t EhRboll A9 a9l
A A o2 AAAJEIA] = ghgkom, 7]l WarE a9l Hs
Ao 24 =A% kappa/lambda H]E A|A|H renal reference
intervalel] -85} o 2= He| el AnkE B3tk AVlss
Hhdsh= eGFRE] 714 Amof whe} -8 Uro] T 71 kappa/
lambda H|E E45}91& uff, 4175747} 41 8=5 kappa/lambda
vl = 3716k om 23t 2ol & Heirt

FollA @3 FLC kappa/lambda H]7F ARFA] a1 £10.26-
L65)0l| A= Blof At renal reference interval (0.37-3.1) ¢t &
o8l ANME B 79 = kappa/lambda H]7} 1.65-3.1 =2
e B Aol sliAol =5 a5 Hrk 3k Atol waw,
Tkef A7)0 A/dolatd o] He)(1.65-3.12] kappa/lambda H]
Ait= 224 dght dvto] Ja& AlAksh 7149l A
Al el HEZF Bastal, 47)5o] vl Adolebd A
2 AVsAskR QIgt A0t 7Hs/do] Ak i 2t A=
ofl 2o| = afold 2o =2 (Amyloid light-chain amyloidosis) %
o] 57 Hgho] SRt l=Alof tiet 740l AAbE dasithe=
F2go] Al71 = e, E3E T fSolu 4, A PHede 5
o] Agto] FRIEE ol EF FLC7L a4 7HE 24
4= qloms, 18], Ao Fzof GrEEthilo] ZA et E £t}
1! polyclonal backgrounde]| 7} 4] kappa/lambda 8] Zro] &+
HE Woll & 4= 7] whiZell, % FLC % kappa/lambda H]
= o Ak 9 s Seke] siAstojor o

K
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3 189 2 kappa/lambda ¥} gFo] s5kon], $AH 2 &
9J3} 2folE Rtk 3 FLC kappa/lambda ®])9] ZEo] 1.65-3.1
) 318 wohe Aoke Bl Al SiRlsto] Zatel o)
= G224 ool o3t ARIA, = AV FASHE QI tHEE
73 oVFRIA] FoJ5to] s Astofof Fh.

2 o
HiZ: % F-213 7 (free light chain, FLO)= Aol A] thaf=] 2
2, Al7)50] AstE Aol A= dEETo] EXskA] o= A
Ejol A= 3 FLC %% 7} A3l kappa/lambda B%® 57}5}
= AR A Qlrk 2 Aol A715AIs St tis &
% FLC % kappa/lambda B[S Z75}aL, Al7|5A15He] o] u}
£ kappa/lambda H]9] ¢1¥/do] tisl & Afstala} spGict.

HEH: Q] WA Sk} 927 9] BakE 3 AAIE tie
2 Freelite 7AHThe Binding Site Group Ltd., UK)E A}-8-35}o]
kappa FLC, lambda FLCE 735191, kappa/lambda B & -3}
Rtk @3 Feoterd 245 olgsiol AFAlelahg 2%
(estimated glomerular filtration rate, eGFR)2 AlAFSIAL, 0l=t
National Kidney Foundation®] Kidney Disease Improving Global
Outcomes (KDIGO) A|3] ] &30 whe} 475 A A, 55
T AT FF A AR A 2 E58H1AL, T4 7 kappa
FLC, lambda FLC ¥ kappa/lambda H]&] Z}o]7} Q)=%] E-45}$]ck
2Tk AP 70] BE} S BE PLC @ kappa/lambda
H]7} =9k eGFR 60 mL/min/1.73 m*E 7|50 2 3R E &
39S (1 A: eGFR =60 mL/min/1.73 m?, 7155 B: <60 mL/
min/1.73 m? “I35 B2| kappa/lambda H|7} 7135 Aoj| v} -5-2]5}
Al =P THIE B: 1.60£0.46 vs 15 A: 1.35+0.27, P=0.018). A1
715548}t ZAFo| A19] FA FLC kappa/lambda W] Fars 9] A=
2 E SAjollA] 712 FH037-5.D el S BTk
A= B4 FLC kappa/lambda 1] 2348 5413 tjofli= Foks}
470 SOl B A71-S WIEA] FHstolof S, A7lol
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Asfelo] Qi A9l 7120 FaASi w3 sA AR kappa/
lambda ] 291 A 851 o] v Ao 2 Azt
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