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The emergence of an oligoclonal humoral response, resulting in the appearance of a different serum M-protein to
that observed at diagnosis is a well-recognized event after autologous stem cell transplantation in multiple myelo-
ma in complete response, and it has been considered to be a benign phenomenon. The aim of the present study
was to investigate the incidence, biological characteristics and prognostic value of the oligoclonal bands in patients
with myeloma who underwent autologous transplantation at our institution in the last 18 years. We proceed with
a retrospective systematic review of all serum and urine immunofixation studies performed in the 211 patients
with multiple myeloma who underwent melphalan-based autologous transplantation. Oligoclonal bands were
observed in 34% of the patients, with a significantly higher prevalence with the use of novel agents versus conven-
tional chemotherapy in induction (63% vs. 22%; P=0.0001). The incidence of oligoclonal bands was most frequent
in non-IgG isotype, particularly in light chain only myeloma. The oligoclonal phenomenon was almost exclusive
to patients in complete remission compared to other degrees of response (87% vs. 13%; P=0.0001), and lasted for
a median of 1.35 years, persisting during follow up in all patients except in those who relapsed. In prognostic
terms, the presence of oligoclonality resulted in a significantly longer progression-free and overall survival. Patients
with oligoclonal humoral response lasting for more than one year after transplantation had a significantly longer
clinical progression-free and overall survival than those with shorter duration (P=0.008 and P=0.0001, respective-
ly), likely reflecting the importance of a robust humoral immune response.
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ABSTRACT

Introduction 

Multiple myeloma (MM) is characterized by the production
of a monoclonal immunoglobulin of constant isotype and light
chain restriction due to the clonal proliferation of neoplastic
plasma cells.1 The definition of complete remission (CR) in
MM requires the absence of the original monoclonal protein in
both serum and urine immunofixation (IFE).2-4 The relapse
from CR always occurs with the same monoclonal compo-
nent observed at diagnosis.5 However, the emergence of an
oligoclonal humoral response, resulting in the appearance of a
serum M-protein that is different to that observed at diagnosis
is a well-recognized event after autologous stem cell trans-
plantation in multiple myeloma (MM), and this has been con-
sidered to be a benign phenomenon.5-7 Although initially
described as transient,6 there is growing evidence that this
oligoclonal humoral response can last for some years.5,7,8 In
addition, the appearance of oligoclonal bands has also been
reported with higher frequency after treatment with novel
drugs,9 such as lenalidomide, thalidomide and bortezomib,
than with conventional cytotoxic therapy.10

The optimal treatment in patients with MM under 65
years of age includes induction therapy followed by high-
dose therapy with autologous peripheral blood stem cell res-

cue (ASCT).11 Patients who developed a humoral response
resulting in oligoclonal bands seem to have a better progno-
sis in terms of progression-free survival and overall sur-
vival.6,8,9,12 However, reports on this are controversial.7,13,14 The
aim of the present study was to investigate the incidence,
biological characteristics and prognostic value of the oligo-
clonal bands in patients with MM who underwent ASCT at
our institution in the last 18 years.

Design and Methods

Patients
Two hundred and eleven patients underwent melphalan-based

ASCT at our institution from March 31st 1994 to December 27th 2011.
Of these, 199 patients (109M/90F; median age 55 years, range 34-70)
who achieved at least a partial response (PR) after ASCT make up the
study population, thus excluding patients with minimal response, sta-
ble or progressive disease. Initial baseline demographics, clinical and
laboratory data, and information concerning treatment and follow up
were collected. Main patients’ characteristics are shown in Table 1. No
patient was lost to follow up. The median follow up for alive patients
was 4.7 years (range 6 months-18 years). The Ethics Committee of the
Hospital Clínic of Barcelona provided institutional review board
approval for this study.
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Oligoclonal bands
A retrospective systematic review of all serum and urine IFE

studies was carried out. An oligoclonal humoral response was
defined as the presence of a serum and/or urine IFE monoclonal
spike that was different from the original myeloma protein either
in heavy and/or light chains, as well as a different IFE migration
pattern. Response, relapse, and progression were defined accord-
ing to European Blood and Marrow Transplantation (EBMT) crite-
ria.3 Therefore, CR patients required a negative serum and urine
IFE for the original monoclonal myeloma protein and less than 5%
bone marrow plasma cells. IFE was performed at three and six
months after ASCT, and then usually every six months until con-
firmed progression or relapse.

Statistical analysis
Differences among the subgroups of patients were compared by

using a two-tailed χ2 test, Student’s t-test or non-parametric tests
when necessary. The actuarial survival analysis was performed by
the Kaplan and Meier method and differences assessed by the log
rank test. Progression-free survival (PFS) was defined as survival
from ASCT until relapse or death from any cause. Overall survival
(OS) was calculated from the time of ASCT. IFE was performed
every six months in patients in CR after ASCT. Cox proportional
hazards model was used to estimate the risk ratio of events (ORR)
with the respective confidence interval (CI) after controlling for
prognostic variables in multivariate analysis. Statistical tests were
performed with PASW software 18.0 for Windows® (Chicago, IL,
USA). P<0.05 was considered statistically significant.

Results

A total of 143 patients (71.9%) received induction with
conventional chemotherapy while 54 (27.1%) were initial-

ly treated with regimens incorporating novel agents; 2
patients underwent ASCT without previous cytoreductive
treatment. The main conventional cytotoxic regimens in
the first group were: VBCMP/VBAD(P) (73.4%), VAD
(10.5%), cyclophosphamide and dexamethasone (7%) or
other combinations (9.1%). In the second group, the
induction regimen was based on combinations of gluco-
corticoids with bortezomib (59%, including 8 patients
with VBCMP/VBAD), thalidomide (30%), or with borte-
zomib plus thalidomide (11%).
Eighty-seven of the 199 patients (43.7%) achieved CR

after ASCT. The median progression-free survival (PFS)
and overall survival (OS) after ASCT were 3.2 and 6.6
years, respectively. Oligoclonal bands after ASCT were
observed in 34% (67 of 199) of the patients. The charac-
teristics of the patients with or without this humoral
response are summarized in Table 2. The incidence of
oligoclonal bands was most frequent in non-IgG isotype,
particularly in light chains only or Bence Jones MM. As far
as induction is concerned, a significantly higher prevalence
with the use of novel agents versus conventional
chemotherapy in this phase (63% vs. 22%; P=0.0001) was
observed. The incidence in the group receiving novel
agents in induction was quite similar, irrespective of the
use of bortezomib, thalidomide or the combinations of
the two agents (62.5% vs. 62.5% vs. 66.7%; P=0.98). 
The oligoclonal phenomenon was almost exclusive to

patients in CR compared to other degrees of response.
Thus, 58 patients were in CR while the remaining 9 only
achieved VGPR or PR (87% vs. 13%; P=0.0001). Four
patients with IgA and 5 with Bence Jones MM were the
only ones in less than CR (6 VGPR, 3 PR) showing a tran-
sient co-existence of the original M-protein with IgG
serum oligoclonal bands. The humoral response of these 9

Table 1. Patients’ characteristics.
Variable

Median age, years (range) 55 (34-70)
Gender (M/F) 109/90
Immunological subtype (%)
IgG 59
IgA 21
Light chains 15
IgD 2.5
IgM 0.5
Oligosecretory 1.5
Light chain subtype (%)
kappa 64
lambda 36
International Stage System (%) *
I 48
II 31
III 21
Median bone marrow plasma cells (%) 43
Lytic bone lesions (%) 66
Extramedullary involvement (%) 23
Hemoglobin <10 g/L (%) 30
Calcium ≥11.5 mg/dL (%) 8
Creatinine ≥2 mg/dL (%) 18

*Available in 182 patients.

Table 2. Characteristics of the patients according to the presence or absence
of oligoclonal bands (OB).
Variable Without OB  (n=132) With OB (n=67) P

Median age, years (range) 54 (34-70) 58 (36-69) 0.29
Gender (M/F) 80/52 29/38 0.02
Immunological subtype (%) 0.0001
IgG 70 39
IgA 19 25
Light chains 10 25
IgD 0 8
IgM 0 1.5
Oligosecretory 1 1.5
Light chain subtype (%) 0.82
kappa 65 62
lambda 35 38
International Stage System (%) * 0.21
I 46 52
II 36 23
III 18 25
Median bone marrow plasma cells (%) 45 40 0.27
Extramedullary involvement (%) 20.5 28.4 0.21
Lytic bone lesions (%) 65 68 0.62
Hemoglobin <10 g/L (%) 34.1 20.9 0.05
Calcium ≥11.5 mg/dL (%) 7.6 8.3 0.87
Creatinine ≥2 mg/dL (%) 17.4 19.4 0.73
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patients lasted for a median of only seven months (range
2.6-14.6 months), with a median PFS and OS in this small
subset of only one and three years, respectively. 
The median number of different isotypes accounting for

oligoclonal humoral response was 2 (range 1-6). Humoral
oligoclonal response lasted for a median of 1.35 years
(range 3 months - >11 years). Oligoclonal bands were
more frequently observed in serum than in urine (75.4%
vs. 31.6%) and the most usually involved serum heavy-
chain was IgG (73%), with almost the same kappa/lamb-
da distribution. Kappa light-chain was the predominant
isotype in the urine (60%). 
In the overall series, the disappearance of the oligoclonal

bands preceded serological relapse in all cases, except in
two settings. First, 6 patients who progressed with
extramedullary disease with soft-tissue plasmacytomas
without significant bone marrow or serum M-protein
increase had a transient persistence of the oligoclonal
bands (median 1.5 months, range 1-4) that finally disap-
peared. Second, 6 patients with light chain only MM, had
an increase in the original light chain in the urine at the
time of relapse, transiently co-existing with serum oligo-
clonal bands (median 2 months, range 1-3). 
The presence of oligoclonal bands after ASCT resulted

in a significantly longer PFS (P=0.004) (Figure 1). This
translated into a significantly longer OS in patients with
this humoral oligoclonal response (median: not reached vs.
5.58 years; P=0.003) (Figure 2). Patients with oligoclonal
humoral response lasting for more than one year after
ASCT had a significantly longer clinical PFS and OS than
those with shorter duration (P=0.008 and P=0.0001,
respectively). Interestingly, the estimated OS of patients
with oligoclonal bands lasting for more than one year was
70% at ten years. In contrast, the PFS and OS of patients
with oligoclonal bands lasting for less than one year were

similar to those who never developed this phenomena. In
patients in CR after ASCT, the presence or absence of
oligoclonal humoral response was not associated with a
significant prolongation of PFS or OS, even when the
duration of CR and oligoclonal responses was studied as
time-dependant covariates.
Results of the univariate and multivariate analysis are

summarized in Table 3. For PFS, a model including oligo-
clonal response, ISS and heavy chain isotype (IgG vs. non-
IgG patients) was able to predict longer PFS. As far as OS
is concerned, only the ISS and oligoclonal response
remained at a significant level.

Discussion

The existence of an oligoclonal humoral response,
detectable in serum and more rarely in urine, is a well-rec-
ognized phenomenon.15 It can be found during the devel-
opment of the B-cell response during childhood and in dif-
ferent clinical settings.16 Even a localized production in the
cerebrospinal fluid is a common finding in multiple sclero-
sis.17 There is evidence of this type of response in the
serum of patients with systemic infections, autoimmune
disorders, immunosupression in the context of organ
transplantation, and also after allogeneic and autologous
stem cell transplantation.18-19 It seems that, in the context
of ASCT for MM, the emergence of these oligoclonal
immunoglobulins can be a consequence of a strong
immune reconstitution. 
Since this phenomena was first recognized,6 a number

of studies on the issue have been reported. The EBMT
group emphasized the fact that the presence of monoclon-
al immunoglobulins in the absence of the original myelo-
ma protein was consistent with CR3 and that the charac-
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Figure 1. Progression-free survival after autologous stem cell trans-
plantation according to the presence of oligoclonal bands.

Figure 2. Overall survival after autologous stem-cell transplantation
according to the presence of oligoclonal bands.
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terization of serum and urine immunoglobulins with the
recognition of oligoclonal bands is crucial in the response
evaluation in MM. Although this has been known for
more than two decades, few studies on this issue were
performed; most studies have only been carried out in
recent years. What creates some confusion is that the
same phenomenon has been described under different
names: oligoclonal or abnormal protein bands (APB),5,6
apparent isotype class switching,6 atypical serum
immunofixation patterns (ASIPs),9 or even more recently
as secondary monoclonal gammopathies of undetermined
significance (MGUS).12,13
There is also a wide range of incidence of the oligoclonal

humoral response among different series, ranging from
7% to 73%.5-9,12,13 In the present study it was 34%. One
reason for this discrepancy is the denominator of this per-
centage. It is a phenomenon more frequently observed in
patients after ASCT than conventional chemotherapy10,12

and this could explain the low percentage reported in the
Mayo Clinic series (7%) where almost two-thirds of the
patients had not received ASCT,12 or the higher rate of
42% in our previous report in which only patients after
ASCT or allogeneic SCT in CR were included.7 Another
factor to take into consideration is the use of novel drugs,
i.e. thalidomide, lenalidomide and bortezomib. Therefore,
we had previously reported a significant difference when
these agents were used versus conventional chemotherapy
(60% vs. 11%) in patients in CR after induction not candi-
dates for ASCT.10 This fact is confirmed in the present
series including only patients eligible for ASCT; patients
who received any of these drugs during induction show a
significantly higher rate (63% vs. 22%) of oligoclonal
humoral response. With the continuous improvement in
the CR rate and the worldwide use of new drugs in the
treatment of patients with MM,20 the prevalence of oligo-
clonal bands will likely increase. An alternating pattern of
different oligoclonal bands was very frequent in our
patients. Otherwise, it has been noted that oligoclonal
bands can occur in patients not in CR. In contrast to the
Mayo report12 in which 82% of the patients with oligo-
clonal bands were not in CR, we only identified 9 patients
(13%) with co-existing oligoclonal and the original M-
spike. Interestingly, all our patients had IgA or Bence Jones
MM, and had a short PFS and OS.  
Another intriguing issue about oligoclonal bands con-

cerns their origin. A first hypothesis was that these
immunoglobulins could result from an altered
immunoglobulin production by the malignant plasma cell
clone. However, this hypothesis was not supported by
immunophenotyic and immunohistochemistry studies,6
and their non-malignant nature was confirmed by molec-
ular studies with DNA sequencing immunoglobulin vari-
able genes, showing that no myeloma clonal-related cells
were found in post-transplantation samples in spite of the
appearance of new serum M-components.21 An increase in
polyclonal B cells in the bone marrow has been reported
in these patients.22 On the other hand, in patients in CR
after induction therapy, the disappearance of the oligo-
clonal bands preceded the serological and clinical relapse.5
This finding was confirmed in the present series in which,
in almost all patients, the oligoclonal bands vanished
immediately before or at the time of the reappearance of
the original myeloma protein, suggesting a clonal compe-
tition among malignant plasma cells and polyclonal B lym-
phocytes. Only two exceptions were noted:  patients who

relapsed with extramedullary plasmacytomas or with
only Bence Jones myeloma. In extramedullary progres-
sion, the persistence of an oligoclonal band can reflect the
control of medullary disease through immune mecha-
nisms, but with an extramedullary plasma cell escape in
soft tissues.23 As far as light chain (Bence Jones) myeloma
is concerned, the different kinetics of light chains and
intact immunoglobulin are likely responsible for the early
urine relapse recognized by the persistence of the oligo-
clonal band in serum. This is likely due to a significantly
longer half-life of the serum intact oligoclonal
immunoglobulin.24
With regards to the prognostic significance, our results

showed that PFS of patients with oligoclonal bands after
ASCT was a median two years longer than those without
this humoral response. Furthermore, in our patients, this
difference was translated into a significantly longer OS.
Contradictory results on prognosis have been reported in
previous studies.6,7,9,12,14 Differences in sample size, induction
treatment, population heterogeneity, and, in particular,
duration of follow up could be responsible for the discor-
dant results. In any event, the presence of oligoclonal bands
should be considered to be a characteristic of patients in CR
rather than an independent prognostic marker.
The duration of oligoclonal bands is also a controversial

issue. Thus, from the original Arkansas series and the Mayo
Clinic experience, it seems to be limited to several months.12
In our experience, they lasted for a median of 1-2 years, per-
sisting during follow up in all patients except in those who
relapsed. The fact that all our patients underwent ASCT
could explain the longer duration of oligoclonal response
due to a deeper malignant clone suppression and/or
stronger immunological reconstitution. We also found that
oligoclonal response lasting more than one year was associ-
ated with a significantly longer OS. Some aspects still to be
explored but that were beyond the scope of our historical
series include the possible associations of oligoclonal bands
with some myeloma features. For example, the possible

Table 3. Univariate and multivariate analysis of factors associated to (A) pro-
gression-free survival and (B) overall survival. 
(A)

Variable Univariate P Multivariate P HR (CI 95%)

Age 0.645 - -
IgH (IgG vs. non-IgG isotype) 0.004 0.001 2 (1.35-3)
Use of novel agents at induction 0.98 - -
ISS 0.053 0.01 1.9 (1.17-3.13)
Bone marrow plasma cell infiltration 0.013 0.481 -
Oligoclonal humoral response 0.005 0.0001 0.44 (0.28-0.69)

(B)

Variable Univariate P Multivariate P HR (CI 95%)

Age 0.696 - -
IgH (IgG vs. non-IgG isotype) 0.022 - -
Use of novel agents at induction 0.101 0.348 -
ISS 0.0001 0.001 2.7 (1.5-4.7)
Bone marrow plasma cell infiltration 0.012 0.386 -
Oligoclonal humoral response 0.003 0.017 0.5 (0.3-0.9)
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relationship between the cytogenetic status and oligoclonal
response has not been explored in our study; however, in
the Mayo experience, no association was found.12 Antigen
specificity of oligoclonal bands with potential anti-tumor
activity25 or associated oligoclonal cellular immune
response26 are other new potential targets for research.
In summary, the emergence of oligoclonal bands after

ASCT is usually observed in patients in CR and has prog-
nostic impact. This phenomenon likely reflects a robust
humoral immune response and consequently an immune
system reconstitution. The duration of this humoral
response is also associated with significantly longer sur-
vival.
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