LETTERS TO THE EDITOR

Cytogenetic aberrations in multiple myeloma are
associated with shifts in serum immunoglobulin
isotypes distribution and levels

Multiple myeloma (MM) is characterized by secretion of
monoclonal (M) protein from clonal plasma cells.' In most
cases, intact immunoglobulins (Igs) consisting of heavy and
light chains are secreted, whereas in about 20% of cases
only free light chains (FLCs) are secreted (‘light chain only,
LCO, MM).! MM is also characterized by a number of
cytogenetic abnormalities (CAs) categorized into primary
(IgH translocations and hyperdiploid trisomies) and sec-
ondary (other CAs) events. CAs may be used for MM risk
stratification in routine clinical practice.”* One study
showed that cases with IgH translocations had higher FLC
levels and abnormal FLC ratio.” Recently, prognostic signif-
icance was shown for isotype matched Ig ratios (e.g.
IgGk/IgG)."*

So far, the possible impact of CAs on Ig and FLC sub-
types and their levels has been poorly studied in MM. The
hypothesis is that CAs are associated with the involved Ig
isotypes in MM. We carried out a systematic analysis of Ig
and FLC subtypes and their serum levels in relation with
common CAs using data on 523 patients recruited in the
German-Speaking Myeloma Multicenter Group (GMMG)-
MMS5 trial.>® For purpose of replication, an independent
cohort of 325 cases from the GMMG-HD4 trial was
obtained.""

Blood samples were collected prior to treatment initia-
tion in the above trials, co-ordinated by University Clinic
Heidelberg. Patients' characteristics are summarized in
Online Supplementary Table S1.”"° Methods used to measure
Ig concentrations and subtypes are described elsewhere®
and in the Online Supplementary Appendix. CAs were iden-
tified for available samples using fluorescence in situ
hybridization (FISH) techniques." To assign translocation
positivity, 10% or more of the tested affected cells had to
demonstrate positive FISH test. All statistical analyses were
performed using R software (version 3.2.3). x” test of inde-
pendence and Fisher exact test were used to test equality of
proportions of CA positive cases. Multivariable linear
regression models were fitted to test the relationship
between clinical variables and CAs. Covariates included in
the models were International Staging System (ISS), sex,

light chain type, bone marrow cell count and secondary
CAs.

Collection of patients' samples and associated clinical
information within both clinical trials was approved by the
ethical review board of Heidelberg University, in accor-
dance with the Declaration of Helsinki.

Table 1 depicts the proportion of CA positive cases in
three major MM isotypes. In both cohorts, the most fre-
quent CA was hyperdiploidy (57%). Proportions of three
CAs varied significantly depending upon MM type. t(4;14)
was significantly higher in IgA MM compared with IgG
MM (23% vs. 6%; P=1.1x107) and LCO MM (23% vs. 7 %;
P=0.02). Hyperdiploidy occurred more frequently in IgG
MM and IgA MM compared with LCO MM (66% vs.
32%, P=1.3x10° and 53% vs. 32%, P=0.03, respectively).
t(11;14) was most common in LCO MM compared with
IgG MM (41% vs. 19%; P=6.0x10") and IgA MM (41% vs.
14%; P=4.2x10%). In the GMMG-HD4 cohort, we replicat-
ed association of t(4;14) with IgA MM compared to IgG
MM (28% vs. 10%; P=3.3x10°) and association of hyper-
diploidy with IgG MM compared to LCO MM (66% vs.
35%; P=6.6x10"). t(14;16) did not influence MM isotype in
either cohort. We further analyzed the association between
CAs and MM isotypes by considering possible combina-
tions of heavy-light chains. Similar patterns of differences
in the proportions were observed across heavy-light chain
matched isotypes, as noticed above, for three CAs. Further,
isotype-matched pairwise comparisons showed significant
differences in proportions of three CAs for the IgGk and
IgGA pair (Online Supplementary Table S2). In the GMMG-
HD4 cohort, directions of changes remained but the case
numbers were small. No such differences were observed in
the isotype-matched pairwise comparisons for IgA and
LCO MM (data not shown). These results indicate that the
above noticed association between CAs and Ig isotypes is
not influenced by the light chain type.

Table 2 shows median concentrations of serum M-pro-
tein and rFLC (k/A ratio) in CA positive and negative
patients for IgG MM and IgA MM. M-protein levels were
systematically increased in t(4;14) positive patients com-
pared with t(4;14) negative patients for both IgG MM and
IgA MM. Statistical significance was reached for IgA MM
alone (P=0.01; p=14.36) after adjusting for the covariates
(see above). This observation was further supported by a sig-

Table 1. Proportion of positivity for cytogenetic abnormalities (CAs) across multiple myeloma (MM) isotypes, 1gG, IgA and LCO.

A Proportion P for comparison

All cases* IgG MM IgA MM LCO MM 1gG, IgA IgG,LCO  IgA, LCO
GMMG-MM5 n=523 n=318 n=106 n=90
t(414) 0.09 (44/475) 0.06 (17/294) 0.23 (22/97) 0.07 (5/76) 1.1x10° 1.0 0.02
t(11;14) 0.22 (100/461) (.19 (55/288) 0.14 (13/95) 0.41 (29/71) 0.90 6.0x10*  4.2x10*
t(14;16) 0.06 (12/197) 0.06 (7/123) 0.04 (2/45) 0.08 (2/25) 1.0 1.0 1.0
Hyperdiploidy (.57 (263/458) 0.66 (187/285) 0.53 (50/94) 0.32 (23/72) 0.13 1.3x10° 0.03
GMMG-HD4 n=325 n=191 n=74 n=55
t(4;14) 0.14 (41/295) 0.10 (17/173) 0.28 (18/65) 0.11 (6/53) 3.3x10° 1.0 0.15
t(11;14) 0.19 (57/296) 0.19 (33/174) 0.12 (8/65) 0.30 (16/53) 0.93 0.36 0.09
t(14;16) 0.02 (5/284) 0.01 (2/166) 0.02 (1/63) 0.04 (2/51) 1.0 0.72 1.0
Hyperdiploidy 0.57 (162/286) 0.66 (111/169) 0.48 (30/62) 0.35 (18/51) 0.08 6.6x10"* 0.69

Proportion: each entry represents proportion of cytogenetic abnormalities (CA) positive cases. The number of CA positive cases and the number of cases tested for this
CA are shown in brackets. Fisher exact test was used when the expected count was less than 5. Significant differences (P<0.05) are shown in bold. *All cases included an
additional 9 and 5 cases in GMMG-MM5 and GMMG-HD4, respectively, with involved Ig isotypes as IgM or IgD. N: total number of multiple myeloma (MM) cases with this
MM isotype; P: Bonferroni corrected P-value from a x* test of pairwise comparisons of proportions in the three groups: IgG,IgA and LCO for each CA.LCO: light chain only.
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nificant positive correlation between percentage of t(4;14)
harboring plasma cells and M-protein level for [gA MM
(Pearson correlation coefficient, r = 0.46; P=2.6x10). There
was a consistent negative relationship, of borderline signif-
icance, between M-protein level and hyperdiploidy status
for IgG MM and IgA MM (P=0.13; p=-3.86 and P=0.04;
=-8.23, respectively). Differences in M-protein level were
smaller and insignificant for the remaining five CAs. The
rFLC values were outside the reference range (0.26-1.65)
for all cases and, with one exception, they were above the
reference range, i.e. ratios shifted in favor of xk chains.
Significant differences in rFLC were found for gain 1q21
(P=0.01; p=-0.31) in IgG MM but not in IgA MM (P=0.83;
$=0.05).

The median M-protein levels were significantly higher in
IgG MM cases compared with IgA MM (36.0 g/L vs. 32.3
g/L; P=2.2x10°) (Online Supplementary Table S3).
Consistently, in the GMMG-HD4 cohort, the level in IgG

MM was also higher compared with IgA MM (42.0 g/L vs.
35.8 g/L; P=4.0x10%). No differences in M-protein levels
were observed across the three IgH translocation types (P
>0.05). For IgA MM, median M-protein levels in patients
with any IgH translocations was more than double the
median M-protein level in hyperdiploidy group (42.4 g/L vs.
19.0 g/L; P=1.1x10%). The difference remained consistent,
but smaller and of bordetline significant in the GMMG-
HD4 cohort (44.9 g/L vs. 39.1 g/L; P=0.06).

The individual FLCk levels were outside the reference
range for 80% of cases, and for 63% cases exceeded the
upper limit (>19.4 mg/L) (Online Supplementary Table S4).
FLCM levels were outside the reference range for 63%
cases, and for 31% cases surpassed the upper limit (>26.3
mg/L). Online Supplementary Table S4 shows median con-
centration of uninvolved Igs and FLCs by CA type for three
MM isotypes. Practically all uninvolved IgG, IgA and IgM
were below the reference values, indicating immunopare-

Table 2. Association between cytogenetic abnormalities (CA) and concentration of serum M-protein and rFLCs (k/A ratio) in IgG MM and

IgA MM.
A Lahoratory parameter Reference Median Cases BETA P
range* (m,, m,) (ny, ny)
IgG MM (N=318)
t(4;14) M-protein (g/L) - 50.5,35.3 17,277 7.68 0.13
rFLC 0.26-1.65 21.8,14.8 17,274 0.04 0.88
t(11;14) M-protein (g/L) - 40.2, 35.6 55,233 2.24 0.48
rFLC 0.26-1.65 32,172 54,231 0.04 0.81
t(14;16) M-protein (g/L) - 34.5, 36.1 7,116 -3.21 0.74
rFLC 0.26-1.65 0.01,30.2 7,116 -0.49 0.25
Gain 1q21 M-protein (g/L) - 374,345 100, 189 249 0.34
rFLC 0.26-1.65 7.2,21.2 100, 186 -0.31 0.01
Hyperdiploidy M-protein (g/L) - 34.0, 40.2 187,98 -3.86 0.13
rFLC 0.26-1.65 193,73 186, 96 0.08 0.52
del(13q) M-protein (g/L) - 35.4,35.9 123,172 2.97 0.25
rFLC 0.26-1.65 9.6,20.3 122,170 0.04 0.75
del(17p) M-protein (g/L) - 29.2,36.4 30, 266 -4.57 0.25
rFLC 0.26-1.65 98.2,13.0 30, 263 0.26 0.16
IgA MM (N=106)
t(4;14) M-protein (g/L) - 45.3, 28.8 22,75 14.36 0.01
rFLC 0.26-1.65 23.2,5.02 22,74 0.10 0.75
t(11;14) M-protein (g/L) - 283,338 13, 82 -1.64 0.80
rFLC 0.26-1.65 9.8,6.9 13, 81 -0.27 0.45
t(14;16) M-protein (g/L) - 3.7,35.1 2,43 -22.64 0.16
rFLC 0.26-1.65 99,72 2,43 -1.17 0.14
Gain 1q21 M-protein (g/L) - 35.3, 304 54,41 0.45 0.92
rFLC 0.26-1.65 3.8,13.5 53,41 0.05 0.83
Hyperdiploidy M-protein (g/L) - 29.2, 36.5 50,44 -8.23 0.04
rFLC 0.26-1.65 9.8,4.6 49,44 -0.05 0.83
del(13q) M-protein (g/L) - 35.6, 27.8 53, 44 4.68 0.27
rFLC 0.26-1.65 9.7,5.0 52, 44 0.30 0.21
del(17p) M-protein (g/L) - 34.6,32.3 13,84 744 0.23
rFLC 0.26-1.65 108, 6.9 13,83 0.08 0.82
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mj, my: median concentration of serum M-protein and rFLC in cytogenetic abnormalities (CA) positive and negative cases, respectively. n, ny: number of CA positive and
negative cases, respectively. BETA, P: estimate of coefficient and Pvalue for CA in a multiple linear model involving laboratory parameter (e.g. M-protein and rFLC) as
dependent variable and CA, International Staging System (ISS), sex, light chain as independent variables. Logarithmic transformation was performed for rFLC. Median con-
centrations shown in bold for P<0.05. *Reference range as reported by the International Myeloma Foundation.- Not applicable.
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sis."”* On the contrary, FLCk level was above and FLCA level
was within the reference values. For IgG MM, t(11;14) pos-
itive cases had suppressed IgA and IgM levels (P=0.03;
f=-0.14 and P=0.02; p=-0.13, respectively). Differences in
FLCA levels were observed for gain 1g21 in IgG MM
(P=0.01; p=0.20), thus explaining the above noticed differ-
ences in rFLC for this CA (Table 2). For [gA MM, IgG levels
were significantly suppressed in cases positive for del(13q)
or gain 1g21 (P=0.03; p=-0.11 and P=3.7x10% p=-0.15,
respectively), but significantly elevated in hyperdiploidy
cases (P=0.01; $=0.13). Cases with gain 1q21 had IgM lev-
els suppressed (P=0.01; $=-0.19) while cases with del(13q)
had FLCA levels suppressed (P=0.04; f=-0.34). For LCO
MM, gain 1q21 positive cases had all the Igs levels signifi-
cantly suppressed. Hyperdiploidy cases had IgA levels ele-
vated (P=0.04; p=0.21). Cases with t(11;14) had FLCxk levels
suppressed (P=0.02; $=-0.40) while cases with hyper-
diploidy or del(17p) had elevated FLCk levels (P=0.05;
$=0.36 and P=0.01; p=0.78, respectively).

One main finding of this study was that two CAs
showed significant associations with the involved Ig iso-
types in both cohorts, hyperdiploidy with IgG MM, and
t(4;14) with IgA MM. An association was also found for
t(11;14) with LCO MM but it did not reach statistical sig-
nificance in the replication cohort (P=0.09), possibly due to
a small sample size. In all these cases, CA positivity con-
tributed to higher proportions of the indicated isotypes.
What consequences the detected shifts might have remains
speculative. t(4;14) positivity was not only related to the
increased proportion of IgA isotype but also showed a sig-
nificant increase in the M-protein level (45.3 g/L vs. 28.8
g/L) which was the highest measured median value for this
isotype. Whether such high concentration might contribute
to the poor prognosis in t(4;14) still has to be verified.
Moreover, future studies should focus on comparing the
clinical outcomes of non-IgA and IgA t(4;14) patients.

In a previous study, higher rFLC was found in patients
with t(14;16) or del(13).” We identified a significant sup-
pression of rFLC in cases with gain 1q21 for IgG MM. M-
protein levels in IgG MM were higher compared with those
in IgA MM cases. This might be expected, as IgG is the
principal isotype in the blood and extracellular fluid where-
as IgA is the principal isotype in secretions of mucus epithe-
lium of the intestinal and respiratory tracts. The observa-
tion that M-protein levels were higher in any IgH translo-
cation group compared with the hyperdiploidy group can
possibly be attributed to the active production of M-protein
in actively proliferating plasma cells driven by the translo-
cated cyclin D genes." Patients lacking hyperdiploidy had
higher M-protein level compared with hyperdiploidy
patients, although this difference was only statistically sig-
nificant for IgA MM.

In summary, our study provides strong evidence for a
complex modifying role of at least two CA types on
immunophenotype. We also showed that serum Ig and
FLC levels were influenced by several CA types. Therefore,
our study sheds new light on the role of CA as an impor-
tant component of MM pathogenesis, influencing
immunoglobulin isotypes and the serum Ig and FLC levels.
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