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Suppression of the noninvolved pair of the myeloma isotype
correlates with poor survival in newly diagnosed and
relapsed/refractory patients with myeloma

Heinz Ludwig,"* Dejan Milosavljevic,> Oscar Berlanga,” Niklas Zojer,* Wolfgang Hiibl,” Veronique Fritz,' and
Stephen Harding’

Heavy light chain (HLC) assays allow precise measurement of the monoclonal and of the noninvolved
polyclonal immunoglobulins of the same isotype as the M-protein (e.g., monoclonal IgAk and polyclonal IgAL
in case of an IgAk myeloma), which was not possible before. The noninvolved polyclonal immunoglobulin is
termed ‘HLC-matched pair’. We investigated the impact of the suppression of the HLC-matched pair on
outcome in 203 patients with multiple myeloma, a phenomenon that likely reflects the host’s attempt to
control the myeloma clone. Severe (>50%) HLC-matched pair suppression was identified in 54.5% of the 156
newly diagnosed patients and was associated with significantly shorter survival (45.4 vs. 71.9 months,
P = 0.019). This correlation was statistically significant in IgG patients (46.4 vs. 105.1 months, P = 0.017), but
not in patients with IgA myelomas (32.9 vs. 54.1 months, P = 0.498). At best response, HLC-matched pair
suppression improved only in patients with >VGPR, indicating partial or complete humoral immune
reconstitution during remission in those with excellent response. Severe HLC-matched pair suppression
retained its prognostic impact also during follow-up after first response. In the 47 pretreated patients with
relapsed/refractory disease, a similar correlation between severe HLC suppression and survival was noted
(22.8 vs. not reached, P = 0.028). Suppression of the polyclonal immunoglobulins of the other isotypes than
the myeloma protein correlated neither with HLC-matched pair suppression, nor with outcome. Multivariate
analysis identified severe HLC-matched pair suppression as independent risk factor for shorter survival,
highlighting the impact of isotype specific immune dysregulation on outcome in multiple myeloma.
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B Introduction

Survival in patients with multiple myeloma depends mainly on the biology of the malignant clone and on the patient’s age-dependent biological
fitness, including organ, bone marrow, and particularly immune system function. Signs of severe immunosuppression, such as impairment of poly-
clonal B-cell progenitors and plasma cell precursors [1] and suppression of uninvolved polyclonal immunoglobulins of a different isotype to the
tumor monoclonal protein are frequently observed in patients with multiple myeloma and have been associated with adverse prognosis [2] while
preserved polyclonal B cell proliferation and immunoglobulin synthesis usually is associated with favorable prognosis [3]. The recently developed
HLC assay allows the measurement of both pairs of a specific isotype, e.g., quantification of IgAA and of IgAk in a patient with IgAX monoclonal
gammopathy [4,5]. Thereby a ratio between involved and noninvolved HLC-matched pairs similar to the FLC ratio can be calculated. Moreover,
the test allows quantification of the suppressive effect of the malignant clone, or more likely, of activated suppressor T cells on the isotype
matched polyclonal pair. This phenomenon termed HLC-matched pair suppression could not be assessed before the introduction of the HLC assay
and has been reported as being an independent risk factor in predicting malignant MGUS transformation in a large study [6] and as characteristic
feature of an evolving type of MGUS in patients with an IgG M-protein in a smaller series of MGUS patients [7]. The purpose of this study was
to analyze whether the suppression of the isotype-matched pair is a hallmark of the aggressiveness of the disease and correlates with outcome in
both newly diagnosed and in previously treated patients with multiple myeloma.
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Bl Patients and Methods

203 patients with MM and measurable disease were enrolled. 156 patients were
newly diagnosed [median age: 66 (32-94) years, male/female: 82/74, ISS stage I: 59,
II: 63, and III: 34; 63 IgGk, 37 IgGA and 33 IgAk, 23 IgALA]. 47 were relapsed/
refractory [median age: 63 (40-86) years, male/female: 24/23, ISS stage I: 20, II: 17,
ITI: 105 19 TgGr, 14 IgG, 8 IgAx, 6 TgAL]

Patients in the first cohort received different induction regimens (Thalidomide-
Dexamethasone (27), Melphalan—-Prednisolone (15), Vincristine—Adriamycin-Dexa-
methasone followed by autologous stem cell transplantation (23), Vincristine-Mel-
phalan-Cyclophosphamide-Prednisolone (19), Bortezomib-Thalidomide-
Dexamethasone with or without Cyclophosphamide (42) and Lenalidomide-Dexa-
methasone (30), and those in the second cohort with relapsed/refractory disease
were uniformly treated with Bedamustine-Bortezomib-Dexamethasone as previ-
ously reported [8].

Immunoglobulin heavy light chain pairs (IgGi/IgGA and IgAk/IgAL) were assessed
using polyclonal antibodies targeted at unique junctional epitopes between heavy chain
and light chain constant regions of intact immunoglobulin (Hevylite™" Binding Site,
Birmingham, UK) on a Binding Site SPA plus™ Analyzer. Measurements of these
parameters were used to derive IgGk/IgGA and IgAk/IgAM ratios, which were compared
with reference ranges [9,10]. HLC ratios outside of the reference ranges were considered
to be indicative of a clonal process. Tests were run independently in Birmingham and
Vienna and results were read by experienced qualified clinical chemists. Immunoelectro-
pheresis was run on Sebia Hydrasys'™ in both laboratories and results were compared.
Concentrations of conventional parameters, such as IgA, IgG, B2-microglobulin
(B2-M), FLC, LDH, and creatinine were assessed by standard techniques.

Using a receiver operating characteristics (ROC) analysis, the optimum cutoff
value for severe HLC matched pair suppression in the newly diagnosed patients with
multiple myeloma was 48%. Therefore, a cutoff value of 50% was selected for further
analysis. Moderate HLC-matched pair suppression was defined as reduction below
the lower level of normal (LLN) to 50% suppression and severe HLC-matched pair
suppression as >50% reduction below the LLN of the respective isotypes (IgGk
<1.92 g/L, IgGA <0.95 g/1, IgAx <0.28 g/l, IgAA <0.22 g/l).

Systemic immunoparesis was defined as either one or two noninvolved polyclo-
nal isotypes being below the LLN and severe immunoparesis as being 50% below
the LLN of the respective isotypes (IgG <7 g/l, IgA <0.7 g/l, IgM <0.4 g/l). The
following parameters were included in the univariate analysis: ISS stage, albumin,
{32-microglobulin, hemoglobin, creatinine, calcium, LDH, response to therapy, free
light chain (FLC) ratio, heavy light chain (HLC) ratio, HLC-matched pair suppres-
sion, severe HLC-matched pair suppression, and systemic immunoparesis. The
high-risk FISH cytogenetic patient group was defined according to the recommen-
dations of the IMWG for definition of high-risk disease [11] and/or presence of
t(14; 20) and/or amplq21. Kaplan-Meier survival curves were compared using log-
rank test [12], univariate and multivariate analysis were performed using Cox pro-
portional regression analysis and Pearson’s correlations using SPSS, version 18 [13],
categorical values were compared using Fisher’s exact test [14].

B Results

HLC-matched pair suppression in newly diagnosed
patients and survival

Patient characteristics are shown in Table I. Median follow-up was
45 months in the newly diagnosed and 21 months in the relapsed refrac-
tory patient cohort. Severe HLC-matched pair suppression (>50%) was
identified in 85 (54.5%) of the 156 newly diagnosed patients. Fifty-one
(32.7%) patients presented with moderate (LLN, 50%) and 20 (12.8%)
without any HLC-matched pair suppression. Overall survival was signifi-
cantly shorter in the entire group of newly diagnosed patients with
severe HLC-matched pair suppression compared to both other groups
combined (median: 45.4 vs. 71.9 months, HR: 1.616, CI: 1.073-2.434,
P = 0.019) (Fig. 1A). Severe HLC-matched pair suppression was slightly,
but not statistical significant more prevalent in patients with IgG (57/
100, 57.0%) compared to those with IgA myeloma (27/56, 48.2%,
P = 0.0764), and overall survival was significantly shorter in patients
with IgG myeloma and severe HLC-matched pair suppression (median,
46.4 vs. 105.1 months, HR 1.839, CI: 1.099-3.076, P = 0.017) (Fig. 1B),
while in patients with IgA myeloma, no significant difference in survival
between those with and without severe HLC-matched pair suppression
was found (median: 32.9 vs. 54.1 months, HR: 1.265, CI: 0.64-2.501,
P = 0.498) (Fig. 1C). Within the group of 100 patients with IgG
myeloma, 39 had moderate and only four no HLC-matched pair sup-
pression. In patients with IgA myeloma, 27 had severe, 13 had moderate

TABLE I. Patient Characteristics

-

Newly diagnosed
patients, numbers,
or median (range),

~

Relapsed/refractory
patients, numbers,

BMPC (%)

Hemoglobin (g/dl)
LDH (u/l)

Parameter or percentages or median (range)
N 156 47
Age (years) 66 (32-94) 63 (40-86)
Male/female 82/74 24/23
Albumin (g/) 38.0 (16.0-51.0) 38.2 (24.8-48.0)
B2-microglobulin (mg/I) 3.7 (1.1-85.9) 3.5 (1.2-36.7)
ISS stage | 59 20

Il 63 17

1 34 10
Isotype 19G (IgGk/IgGL) 100 (63/37) 33 (14/19)

IgA (IgAx/IgAL) 56 (33/23) 14 (6/8)
FISH (standard/high)? 40/50 20/20

40% (2-95%)
11.4 (4.6-16.7)
150.5 (36-1072)

25% (1-90%)
11.3 (6.7-16.0)
176.0 (68-746)

Creatinine (mg/dl) 1.1 (0.7-3.21) 1.1 (0.6-4.8)
Calcium (mg/dl) 9.36 (7.28-12.84) 9.08 (7.02-11.08)
Follow-up in months, 45 (1-158) 21 (3-33)

\median (range) j

@ Available in 90 and 40 patients only.

(suppression <50% —LLN), and 16 had no HLC-matched pair suppres-
sion; survival did not differ significantly between these three groups
(32.9 vs. 59.4 vs. 54.1, P = 0.694).

In patients with IgG myeloma, HLC-matched pair suppression
showed a weak correlation with the concentration of the M-protein
(IgGx: r = 0.465, P < 001; IgGA: r = 0.5, P = 0.003), while in those
with IgA myeloma no correlation was noted (IgAx: r = —0.059,
P = 0.779, IgAk: r = 0.228, P = 0.433).

Suppression of the noninvolved polyclonal
immunoglobulins

Severe suppression of the noninvolved polyclonal immunoglobulin
isotypes did not correlate with survival (Fig. 1D). Survival was similar
between the 37 patients with suppression of noninvolved polyclonal
immunoglobulins of either IgG, IgA, or IgM isotypes (median
66.9 months), and the 97 patients with suppression of both, IgG or IgA
and IgM noninvolved polyclonal immunoglobulins (median:
53.5 months), and in the 22 patients without severe suppression of any of
the noninvolved polyclonal isotypes (median: 69.5 months, HR 1.065, CI:
0.806-1.406, P = 0.646). Similar results were obtained when these groups
were compared defining suppression as all values below the lower level of
normal (data not shown). Also, there was no difference in survival when
suppression of the noninvolved polyclonal isotypes was analyzed sepa-
rately in patients with IgG or IgA M-protein (data not shown). According
with these findings, no correlation between HLC matched pair isotype
suppression and suppression of noninvolved polyclonal immunoglobu-
lins was found, both for patients with IgG or with IgA myeloma, inde-
pendently whether severe suppression or moderate suppression was
compared (Pearson’s correlation coefficients, detailed data not shown).

Cytogenetic findings

FISH cytogenetic data were available in 90 of the newly diagnosed
patients. High-risk cytogenetics were associated with shorter survival
(66.9 vs. 108.5 months, HR: 2.131, CL: 1.189-3.819, P = 0.009) but
showed only a weak, statistical not significant tendency for an associ-
ation with severe HLC-matched pair suppression (r = 0.250). When
overall survival was compared in patients with and without severe
HLC-matched pair suppression and with or without high-risk cytoge-
netics (Fig. 2A), a stepwise decrease in survival was observed from
patients with none of both risk factors (median: 120.0 months), no
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Figure 1. (A) Overall survival in 156 newly diagnosed patients (100 IgG and 56 IgA) with and without severe HLC-matched suppression (45.4 vs. 71.9 months, P = 0.019).
(B) Overall survival in 100 IgG patients with and without severe HLC-matched suppression (46.4 vs. 105.1 months, P = 0.017). (C) Overall survival in 56 IgA patients with
and without severe HLC-matched suppression (32.9 vs. 54.1 months, P = 0.498). (D) Overall survival in patients without polyclonal immunoglobulin suppression
(n = 22), with IgA/IgG or IgM suppression only (n = 37) or with IgG/IgA and IgM suppression (n = 97) (median 69.5 vs. 66.9, vs. 53.5 months, P = 0.646) using values

just below the normal range provided no additional values (P = 0.25).

severe HLC-matched pair suppression and high risk cytogenetics
(median: 84.2 months), severe HLC-matched pair suppression with-
out high risk cytogenetics (median: 80.9 months) and with both,
severe HLC-pair suppression and high risk cytogenetics (median:
32.9 months, HR: 1.540, CI: 1.177-2.016, P = 0.002). Multivariate
analysis (including FISH high-risk cytogenetics, severe HLC-matched
pair suppression, response, (B2-microglobulin, and stage) revealed
severe matched-pair suppression (HR: 1.851, CL 1.029-3.332,
P < 0.04), high-risk FISH cytogenetics (HR: 2.308, CI: 1.258-4.235,
P < 0.007), and response (VGPR or better) (HR: 2.544, CI: 1.401-
4.623, P < 0.002) as being significantly associated with survival.

HLC-matched pair suppression and response

Severe HLC-matched pair suppression at baseline before start of
therapy did not correlate with subsequent response, which was observed
in 112/156 (71.8%) newly diagnosed patients. However, baseline HLC-
matched pair suppression improved significantly in patients with excel-
lent response, namely those with VGPR or better (41.7%, P < 0.001),
but not in those with less than VGPR (30.1%) at time of best response
(Fig. 2B). HLC-matched pair suppression at best response correlated

significantly with subsequent survival (49.0 vs. 71.9 months, HR: 1.581,
CL: 1.026-2.434, P = 0.035), thus highlighting the prognostic relevance
of severe HLC-matched pair suppression, both at start of first line ther-
apy, and at best response (Fig. 2C).

HLC-matched pair suppression in patients with
relapsed/refractory disease

Of the 47 patients with relapsed/refractory disease, severe HLC-
matched pair suppression was identified in 29 (61.7%) patients,
namely in 21 of 32 (65.6%) of patients with IgG, and in 7 of 14
(50.0%) in patients with IgA myeloma, and showed a significant cor-
relation with shortened survival (median OS: 22.8 months vs. not
reached, HR: 4.632, CI: 1.034-20.751, P = 0.028) (Fig. 2D). The small
numbers limit comparisons between patients with IgG and with IgA
M-protein, but in IgG myeloma 7/21 (33%) patients with and 2/11
(18%) without severe HLC-matched pair suppression died during
follow-up. The respective figures in patients with IgA myeloma were
5/14 (36%) and 0/7 (0%). Twenty-nine patients with relapsed/refrac-
tory disease presented with severe suppression of one or two nonin-
volved isotypes, 12 had moderate, and six no suppression. Similar to
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Figure 2. (A) Overall survival in 90 newly diagnosed patients with FISH data available. No risk factor (median: 120.0 months), high risk cytogenetics only
(median: 84.2 months), severe HLC-matched pair suppression only (median: 80.9 months), and both, high risk cytogenetics and severe HLC-matched pair
suppression (median: 32.9 months, P = 0.002). (B) HLC-matched pair suppression in newly diagnosed patients at baseline and at best response according
to response category. HLC-matched pair suppression improved significantly only in patients with VGPR or better (P < 0.001). (C) Overall survival after
achievement of best response in newly diagnosed patients with and without severe HLC-matched pair suppression (49.0 vs. 71.9 months, P = 0.035). (D)
Overall survival in relapsed/refractory patients with and without HLC-matched pair suppression (median. 22.8 vs. not reached months, HR: 4.632, Cl: 1.034-
20.751, P = 0.028) and separately in patients with severe HLC-matched pair suppression and IgG (median: not reached) or IgA (median: 21.5 months)
myeloma.

newly diagnosed patients, suppression of either one, or of both non- pared to those with less abnormal HLC ratios (median 35 vs. 60 months,

involved isotypes was not associated with prognosis (data not shown). HR: 2.07, CI: 1.15-3.75, P = 0.001) [15]. In this study, a similar significant
FISH cytogenetics were available in 40 patients. High-risk cytoge- correlation between a highly abnormal HLC ratio and shorter survival was

netics were associated with shorter survival (median 23 months vs. found in previously treated patients with relapsed/refractory disease

not reached, HR = 3.180, CI: 0.860-11.761, P = 0.067), and showed (22.8 months vs. not reached, HR: 3.051, CI: 0.955-9.747, P = 0.048).

a weak, not significant correlation with severe HLC-matched pair L. L. .

suppression (r = 0.126, P = 0.446). When survival was compared in Univariate and multivariate analysis of the role of HLC-

patients with different risk factors, similar findings as in newly diag- matched pair suppression and other risk factor for

nosed patients were obtained. The combination of severe HLC- survival

matched pair suppression with high-risk cytogenetics was associated
with shortest survival, compared to patients with only one or none
risk factor (median 21 months vs. not reached vs. not reached, HR:
2.946, CI: 1.280-6.785, P = 0.004).

Univariate analysis in the 156 patients revealed severe HLC-
matched pair suppression to be closely associated with short survival
(HR: 1.616, CI: 1.073-2.434, P = 0.019) in addition to previously
established risk factors such as highly abnormal HLC ratio, B2-

Abnormal HLC ratio and survival in patients with microglobulin, ISS stage, hemoglobin, calcium, and response to ther-
relaps ed /refractory disease apy (statisti'cal details are shown in Table II). Results of rgultivariate
; o o Cox analysis proved severe HLC-matched pair suppression to be

) Previously, ‘we repgneq a significantly shorter oyerall survival in newly independently associated with survival (HR: 2.553, CI: 1.214-5.367,
diagnosed patients with highly abnormal HLC ratio (<0.022; >45) com- P < 0.013) in addition to response (VGPR or better) to therapy (HR:
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TABLE II. Results of Univariate and of Multivariate Analysis of Prognostic Factors with Survival

@rameter Hazard ratio Confidence interval (95%) Significance)
Univariate analysis

Albumin < 35 g/l 0.849 0.527-1.367 0.500
B2-Microglobulin >5.5 g/l 2.146 1.340-3.436 0.001
ISS Stage (I vs. Il vs. 1) 1.554 1.177-2.051 0.002
Creatinine >2 mg/d| 1115 0.485-2.560 0.798
LDH > 250 U/I 1.538 0.794-2.981 0.202
Response > VGPR 1.757 1.147-2.692 0.010
Hemoglobin <10 g/dl 1.864 1.059-3.282 0.031
Calcium > 10.5 mg/dl (>2.6 mmol/l) 3.239 1.599-6.559 0.001
FLC ratio <0.03 or >32 1.018 0.677-1.531 0.932
HLC ratio <0.022 or > 45 1712 1.135-2.583 0.010
HLC matched pair suppression <LLN 0.826 0.468-1.460 0.508
HLC matched pair suppression >50% 1.581 1.026-2.434 0.038
Noninvolved isotype suppression <LLN 0.994 0.754-1.312 0.981
Noninvolved isotype suppression >50% 0.932 0.729-1.193 0.811

Risk of FISH cytogenetics (90 patients) 2131 1.189-3.819 0.009

Multivariate analysis
B2-Microglobulin >5.5 g/ 1.389 0.669-2.884 0.378
ISS stage (I vs. Il vs. IlI) 1.526 0.890-2.614 0.124
Response > VGPR 1.853 1.140-3.012 0.013
Hemoglobin > 10 g/dI 1.502 0.760-2.967 0.242
Calcium > 10.5 mg/dl (>2.6 mmol/l) 2.460 0.997-6.068 0.051
HLC ratio <0.022 or > 45 1.721 0.885-3.345 0.110
kHLC matched pair suppression >50% 2.553 1.214-5.367 0.013 /

1.856, CI: 1.140-3.012, P = 0.013) and calcium (HR: 2.46, CI: 0.997-
6.068, P = 0.051).

B Discussion

The significant correlation between severe HLC-matched pair sup-
pression and short survival is the most important new finding of this
study. In addition, our study confirms the predictive value of highly
abnormal HLC ratios for shortened survival also in patients with
relapsed/refractory disease, previously shown for newly diagnosed
patients [15]. HLC-matched pair suppression correlated with survival,
both in newly diagnosed and in previously treated patients with
relapsed/refractory disease, but in the previously untreated patients,
this interrelationship was mainly due to the significant correlation
within the cohort of patients with IgG myeloma, while in IgA
patients, only a statistical nonsignificant tendency for poorer outcome
was found. When the same analysis was conducted in pretreated
patients with relapse/refractory disease, a tendency for increased mor-
tality was found both in patients with IgG and IgA myeloma, but the
impact of these results is limited by the small number of patients
with relapsed/refractory disease.

HLC-matched pair suppression tended to be more common in IgG
compared to IgA myelomas, both in previously untreated (56 vs.
48%, P = 0.0764) and in those with relapsed/refractory disease (63
vs. 43%, P = 0.109) and was weakly correlated with the M-protein
concentration in IgG myelomas, but not in IgA patients where no
correlation between the respective parameters was observed. These
findings resemble observations in MGUS patients where HLC-
matched pair suppression was more frequent in patients with higher
IgG M-protein concentration, while in IgA and IgM MGUS a more
heterogeneous pattern without clear correlation with M-protein con-
centration was observed. As HLC-matched pair suppression is a func-
tion of both, a high concentration of the myeloma M-protein and
low levels of the HLC-matched polyclonal pair, an early observation
by Wang et al. [16] is of interest. These authors determined the poly-
clonal immunoglobulin concentration by subtracting the M-
component concentration from the gamma fraction based on densi-
tometer scans of serum protein—electrophoresis gels and found signif-

icantly lower polyclonal immunoglobulin levels in patients with IgG
as compared to those with IgA myeloma. Speculatively, one could
argue that the concentration dependent increase in the catabolic rate
of IgG immunoglobulins [17] may have a relatively greater effect on
the much less abundantly produced HLC-matched pair polyclonal
isotype, shifting the HLC ratio towards the clonal protein. Another,
and more likely explanation, is an isotype specific suppressive effect
on immunoglobulin production, which obviously cannot, or not suffi-
ciently, suppress the involved isotype, but may have a pronounced
effect on the HLC-matched polyclonal isotype pair. This process most
likely is affected by T regulatory cells (Treg), which were reported to
be significantly increased in multiple myeloma [18,19]. Tregs have
been attributed to suppress immunoglobulin production and secretion
without affecting proliferation of the myeloma cells [20], a phenom-
enon which has been found to be isotype specific [21,22]. Tregs sup-
press antitumor cytotoxicity [23], and increased Tregs levels have
been linked with shorter survival in various cancers [24] and in mul-
tiple myeloma [19,25]. More specifically, increased Treg levels in
myeloma were found to correlate with low polyclonal plasma cell
numbers, adverse clinical features and shorter survival [25]. Accord-
ingly, in multiple myeloma patients with long standing disease con-
trol and survival, significantly lower numbers of Tregs were found
compared to patients with active disease [26,27]. These facts support
the notion that T cell mediated isotype specific regulatory factors play
a major role as inducer of HLC-matched pair suppression and con-
tribute to shortened survival of affected patients. In MGUS HLC-
matched pair suppression below the lower level of normal is associ-
ated with an increased risk for transformation into active myeloma
[6]. Thus, this phenomenon is both a hallmark of poor prognosis in
myeloma, and a predictor of transformation of MGUS to active
myeloma.

Another interesting finding is the normalization of HLC-matched
pair suppression in patients with CR, nCR and VGPR, but not in
those with lesser quality of response, indicating immune reconstitu-
tion of the HLC-matched pair in patients with significant tumor
response. Similar findings have recently been reported by Fouquet
et al. [28] who observed a >20% improvement in HLC-matched pair
concentration in 55 and 75% of patients achieving >PR or >VGPR,
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respectively, compared to 18.5% in patients with less than PR at time
of best response. Notably, in our patients, no correlation between
baseline HLC-matched pair isotype suppression and response was
observed, but persistence of HLC-matched pair suppression at best
response was associated with shorter survival, confirming its prognos-
tic role in different phases of the disease.

In our study, suppression of one or two of the noninvolved poly-
clonal isotypes, in myeloma commonly termed immunoparesis, was
not associated with adverse survival in newly diagnosed patients (Fig.
1D). This was true for all isotypes independently whether one or two
noninvolved isotypes were suppressed and whether they were severely
suppressed or only below the lower level of normal. The role of
immunoparesis of the noninvolved isotypes had been addressed
before. In MGUS, suppression of the noninvolved polyclonal isotypes
was associated with a higher risk for progression into active disease
[6,29], while in smoldering myeloma discrepant findings have been
reported. Pérez-Persona et al. [30] identified immunoparesis as a sig-
nificant risk factor for progression and included this parameter in a
risk model for patients with smoldering myeloma [31]. On the con-
trary, immunopareresis could not be confirmed as risk factor for pro-
gression by the Greek myeloma group [32]. Similar discrepancies
apply to patients with active myeloma. Kastritis et al. [2] reported
shorter survival in myeloma patients with immunoparesis as opposed
to the 13% of patients without suppression of one or two of the
noninvolved isotypes, while in our patients no difference in outcome,
neither in those with moderate, nor in those with severe immunosup-
pression was noted.

In the 90 newly diagnosed patients with FISH data available, only
a statistical not significant tendency for an association between high-
risk FISH cytogenetics and severe HLC-matched pair suppression was
found. Expectedly, high risk FISH cytogenetics were associated with
shorter survival, but survival was shortest in patients with both severe
HLC-matched pair suppression and unfavorable cytogenetic features
(Fig. 2A). Similar findings were obtained in the pretreated patient
cohort with relapsed/refractory disease.

Previously, we [15] and others [33] have shown a close correlation
of a highly abnormal HLC ratio with short survival. In this study, we
showed that this applies to patients with relapsed/refractory disease as
well. In Cox multivariate analysis, however, severe HLC-matched pair
suppression was identified as most relevant predictor of poor out-
come, followed by response to therapy and increased calcium levels.
HLC-matched pair suppression was a more powerful predictor than
the HLC ratio, which no longer retained significance as independent
predictor.

The use of stored serum samples and the long follow-up of up to
10 years of previously untreated patients is one of the important fea-
tures of our study as well as the inclusion of a uniformly treated
group of patients with relapsed/refractory disease. Limitations of our
study are the retrospective nature of the analysis and the incomplete
set of FISH data. In addition, more recently introduced technologies
for MRD evaluation were not available when most of the newly diag-
nosed patients were started on therapy.

In conclusion, our study revealed severe HLC-matched pair sup-
pression as an interesting phenomenon associated with poor prog-
nosis in previously untreated patients with IgG myeloma and in
those with relapsed/refractory disease. HLC-matched pair suppres-
sion was not associated with suppression of noninvolved isotypes
and their suppression was not associated with poor outcome. HLC-
matched pair suppression improved in patients with marked
response to myeloma therapy (VGPR or better), but not in those
with less tumor reduction. Persistence of HLC-matched pair sup-
pression correlated with shorter survival after best response. Sup-
pression of the HLC-matched pair likely reflects the immune
system’s attempt to confine the myeloma clones, which affects both
the involved clonal and the noninvolved polyclonal plasma cells of
the same isotype. Elucidating further the nature and role of
immune effector cells responsible for the herein described isotype-
specific immune suppression should provide important insights
into the complex interplay between myeloma cells and their
environment.
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