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Direct Measurement of Serum Immunoglobulin Heavy and Light Chain Pa|rs for
Identification of Monoclonal Gammopathy and a Performance Comparison with
Capillary Electrophoresis
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Background: Determination of monoclonal gammopathy through conventional protein electrophoresis is sometimes difficult because of the
presence of large proteins such as haptoglobin and transferrin, which may obscure the results. Ambiguity in an electrophoresis band can give rise
to confusion or difficulty in interpretation. The heavy chain/light chain assay (HLC assay) using Hevylite antibody (The Binding Site, UK) has recently
been developed for the accurate measurement of monoclonal proteins. We compared the immunotyping (IT) profiles to the immunoglobulin (Ig)
heavy/light chain measurements obtained using the HLC assay and observed the ratios between intact Ig kappa and lambda.

Methods: We collected 35 and 28 sera from patients with suspicious and definitive monoclonal protein, respectively. Then we performed serum
protein electrophoresis (SPEP) and IT by Capillarys2 (Sebia, USA). Monoclonal protein production was investigated using Freelite antibody (The
Binding Site) and specific Ig(G, A)k and Ig(G, A)\ Hevylite antibodies. The results were analyzed using PASW 18.0 for Windows (IBM, USA).
Results: Direct measurement of Ig heavy/light chains showed discordant IT results for 12 (34.2%) of 35 patients’ sera with suspicious SPEP pat-
tern and identical IT results for 28 patients’ sera with definitive monoclonal peak in the SPEP results. Overall, the results of the HLC assay and IT
showed good agreement (k=0.718, P=0.000 by cross-tabulation Gamma, Kappa analysis).

Conclusions:The results of direct measurement of serum Ig heavy chain/light chain pairs were comparable to those of IT and were helpful for
determination of monoclonality in the case of ambiguous electrophoresis results. Measurement of the heavy chain/light chain pair ratio also al-
lowed precise quantification of the monoclonal Igs with ambiguous electrophoresis patterns and identification or discrimination of clonality.
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<Phase I>
Screening

<Phase II>
Validation

Samples from patients who showed ambiguous SPEP pattern
(N=35; MM 33, Lymphoma 1, Castleman's disease1)

Samples from MM patients who showed
definitive monoclonal peak in SPEP (N=28)

/\

Immunotyping:
Negative (N=8)

Immunotyping:
Positive (N=27)

Immunotyping:
Positive (N=28)

® HLC assay

 Analysis of clinical & laboratory characteristics in patients

Fig. 1. Schematic diagram and study plan. This study comprised2 phases: in phase I, the laboratory utility of direct measurement of serum immu-
noglobulin heavy/light chain pairs(the HLC assay) was determined. In phase I, the HLC assay was validated by testing samples showing a definitive

monoclonal peak in SPEP and immunotyping.

Abbreviations: SPEP, serum protein electrophoresis; MM, multiple myeloma; HLC assay, heavy chain/light chain assay.
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Table 1. Demographics and clinical characteristics of the study popu-
lation

Study population (N=57)

Age [yr, median (range)] 66 (43-81)
Sex [N (%0)]
Male/Female 36 (63)/21 (37)
Disease type [N (%0)]
Multiple myeloma 55 (96)
Lymphoma 102)
Castleman's disease 1(2)
SPEP pattern [N (9%0)]
Ambiguous or suspicious 33 (58)
Definitive monoclonal peak 24 (42)
Serum immunotyping result [N (9%0)]
lgGk 30 (53)
IgGA 12(21)
lgAK 3(5)
lgA\ 4(7)
Negative 8(14)

Abbreviation: SPEP, serum protein electrophoresis.
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Table 3. Samples showing ambiguous serum protein electrophoresis (SPEP) patterns (12 of 35), which also showed discordance in the immunotyp-
ing results and HLC ratios

Sample SPEP Immunotyping HLC ratios* SFLC ratios* (k/\) Clinical status’
1 Suspicious Minor IgGk 254 FLCk 17.49 Diagnosis time point
2 Suspicious Minor lgGk 213 1.41 SD
3 Suspicious Minor IgGk 274 1.24 PR
4 Suspicious Minor IgGA 1.74 1.44 VGPR
5 Suspicious Normal/suspicious lgGk 3.7 FLCk 1.73 SD
6 Suspicious Minor lgGk 228 FLCk 1.89 PR
7 Suspicious Minor IgGA 1.31 096 PR
8 Suspicious Minor lgGk 272 FLCk 7.03 SD
9 Suspicious Minor IgGk 1.75 1.21 SD

10 Suspicious Normal/polyclonal lgGk 3.41 0.81 SD

1 Suspicious Normal/suspicious lgAK 2.51 FLCk 3.62 V/GPR

12 Suspicious Normal/suspicious lgGk 3.76 FLCk 2.27 VGPR

*In the case of only numerical data without Ig'k or FLCk labeling, this indicates that the result of HLC assay or FLC assay was within the reference range (IgGk/IgGA, 1.12-3.21,
IgAK/IgAN, 0.78-1.94; FLCK/A, 0.26-1.65); *Described as per the response criteria given by the International Myeloma Working Group.

Abbreviations: SPEP, serum protein electrophoresis; HLC ratios, heavy/lightchain assay k:A ratios; sFLC assay, serum free light chain assay; FLCk, free light chain-kappa; MM,
multiple myeloma; SD, stable disease; PR, partial response; VGPR, very good partial response.
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Table 4. HLC concentrations and HLC immunoglobulin /A ratios in
patients with multiple myeloma (IgG and IgA) showing a definitive
monoclonal peak inserum protein electrophoresis

N Median (range)

Tumor HLC type (g/L)

lgGk 23 20.18 (4.97-77.82)

lgGA 4 8.18 (3.75-33.36)
lgA\ 1 14.56*

Non-tumor HLC type (g/L)
IgGA 23 096 (0.15-5.49)
lgGk 4 1.99 (1.00-2.44)
lgAK 1 0.44*

HLC ratios
IgGk/IgGA 23 19.90 (3.50-143.89)
lgGK/IgB 4 0.21 (0.06-0.50)
IgAK/IgAN 1 0.03*

*Raw data were presented, because only IgA sera from Tmultiple myeloma patient
was assayed.
Abbreviations: HLC, heavy/lightchain assay; SPEP, serum protein electrophoresis.
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Abbreviations: IgG, immunoglobulin G; k, kappa; A, lambda; TCD, thalidomide plus cyclophosphamide plus dexamethasone treatment; auto-PBSCT, autologous peripheral
blood stem cell transplantation; Vel, velcade (bortezomib); IT, immunotyping; PR, partial response; CR, complete response; NR, normal range.
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sko] @ 4213 A AR HLC assay & H]wsf] Hok2- o, Mt
W) A% WIRHEE HLC assay (83.0%)7} T] 9oL, Boles &
A ¥ ARG E =2 Ao 2 et

[oFslAbH, o Aol AT M7 Foll A AHA
U ofjufgt 2|25 HQl A-(N=35) &2 e 4F2A 93
(N=28)5 %2l 63711%] @HAAE tHF 2= HLC assay& AlHet
A3}, 5171(51/63, 81%)0ll4] ZAl %719l ©JgF immunotyp-
ing?} FUgH AaHE I3t 4= 913ltk Immunotypingt HLC
assay©]] W clonality®] -2 43 7ol 2 YAEE HYO
w(k=0.718, degree of agreement), 0]+= SAA O & GoJ5h- oF
4= AATHP=0.000). 7|& H oA ATk 7| F oA &
SEA T35 HoAY Yian e 2 Hel 40749 AA=
WA 27|95 HLC assay 5 Algsto] H|wgt A}, 71 5 31
7hel AAI(31/40, 78%001 FLT ST e WS A2 Bk 3
t}ar 3FATH6, 10].
= O] A2 B2 (IgGy, IgGh, IgAx, IgANIF FAT &
T8O bl oJalix] S8gkat ol gk Akelo 3w &
Ak(Fig. 2), 1gGx, 1gGL, IgAx, IgAL Z¥Zofl tisiA] rghe 79| 1
o) 717h-g §-2J 3t Al B 91702 =0981, 0990, 0994, 0999/
P value=0.000), HLC assay2] E412] Q7w 7} 94818 3105k
= A3k

1759] 1gGx type®] ThEE 2ol diaiA] Xt o] & 63
off A3 7|2l Al AL HLC assay AIE Hw6lgle o

=l
f
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(Fig. 3), 42+ FAA 7= Qlsto] F24] Hafof o)== 53¢+ I3
il A7]19%, immunotyping®l| A= ZThA| Hot= oFsttiete
o1%13] IgGx 9] G225 Brh Z1eu;, HLC-assay ]| A]
IgGy, IgGhe= %= A R} 271512l e, 1gGr/IgGh H]
2 A Ao R st AupA o R = FEFA 50l 6l
= Ao HHEReh o)A I APE Al7]of= Ak 7]
5, immunotyping®ll 4] 1gGx3] SEF/50] AU, HIC
assay©l| A= 1gGx, 1gGA7F B A 91 Ee S7lskgle et 2
T2 0 2= 1gGr/IgGh Hl&ofl I3t 25 T 248L
2 7HE|Ql) o]ef 22 272 Qlol|A AGFHE IgGE M o)
A2l oA BFGW A7|YEHrt W TS Belvkar
P vl YA|eH= Ao

=

typingol X E2EFde & HolA| &AL, HLC assayo] SJsiA =
A
o

o] gletal TAE|GIE RAINE vkR o] -] ALFH A|7]€] HLC
assay-1gGr/IgGA W[ &R TH= 7MY F7fsls gAafololA, oA
o] thlrZ =% FEA|E 23t IgGxn A7l wHE ZQ1A ]|
el s o 29| 2HHAPL o o]Fol7l thgoflAjof Tt
59 Ao & AbaHL)

A Tovar s{11lof| W21, 1gGE thE4=% Aol A 1gAn/
IgAL H]&0] Z71ek= AAH SPAIE ST} Fat W92
99| Igw/Igh HIEo] FiH o g v 7l =W & 4EE
I} F21Y 2ol FoeH| SIS ST 4 lgleH, o=
QA HAAA 9] 3] E It TAAE = Y= X|3E7FE 4= okl 8t
of ol go] QlojA] F-aFhE AlXKe B Qlck

Eg A 17 719G ol A= M ] o] 5 = =8

o=
AUl =8 ol IS WA o, FEE2ATHES, IgD} IgE

o of\

|

% M, T12]a1 1gG/IgA/IgM A= HED = e
52 Aol 710l HLC assay7} HA A 47195 24d3] o
1

o) 2% W A 919l F7H40.2 g FAT PARA ME
u) g 24 9 S Slek XS AR AR A AT
% qlom, SlolA ehet vlof o] ThiFEaE 2o o5y
oE B8-S % 4 gl -8 A oleka sk

2 o
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