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Summary
The M-protein is the major reference measure for response in multiple myeloma (MM) and its
correct interpretation is key to clinical management. The emergence of oligoclonal banding is
recognized as a benign finding in the post-autologous stem cell transplantation setting (ASCT) for
MM but its significance during non-myeloablative therapy is unknown. In a study of the
immunomodulatory combination BiRD, (lenalidomide and dexamethasone with clarithromycin),
we frequently detected the emergence of mono- and oligo-clonal immunoglobulins unrelated to
the baseline diagnostic M-protein. The new M-proteins seen on serum immunofixation
electrophoresis were clearly different in either heavy or light chain component(s) from the original
M-spike protein and were called atypical serum immunofixation patterns (ASIPs). Overall, 24/72
(33%) patients treated with BiRD developed ASIPs. Patients who developed ASIPs compared
with patients treated with BiRD without ASIPs, had a significantly greater overall response (100%
vs. 85%) and complete response rates (71% vs. 23%). ASIPs were not associated with new clonal
plasma cells or other lymphoproliferative processes, and molecular remissions were documented.
This is the first time this phenomenon has been seen with regularity in non-myeloablative therapy
for MM. Analogous to the ASCT experience, ASIPs do not signal incipient disease progression,
but rather herald robust response.
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Introduction
Multiple myeloma (MM) is a neoplasm characterized by malignant plasma cells that
produce excessive quantities of a single monoclonal immunoglobulin (Ig), M-protein, also
called paraprotein (Munshi et al., 2001). M-protein (either an intact antibody with both
heavy- and light-chain components, or light chains alone) is a highly specific tumor marker
used in the diagnosis, prognosis, and treatment of MM and other plasma cell dyscrasias
(Rajkumar et al., 2006; Mead et al., 2004). Relative reduction or increase in monoclonal Ig
levels, as detected on serum protein electrophoresis and immunofixation, are the backbone
of the International Uniform Response Criteria (IURC) designed to guide the management
of patients with MM (Durie et al., 2006). An important issue complicating the management
of MM, however, is interpretation of unrelated Ig bands which appear during MM therapy.

The phenomena of transient abnormal protein banding and oligoclonal M-spike appearance
on serum immunofixation studies has been anecdotally noted previously, and was formally
reported following bone marrow recovery after high-dose therapy for MM and for solid
organ transplantation (Mitus et al., 1989; Hovenga et al., 2000; Zent et al., 1998; Myara et
al., 1991; Touchard et al., 1997; Deteix et al., 1985). The abnormal or oligoclonal banding
was originally attributed to either immune reconstitution (in the case of stem cell rescue
after high-dose therapy) or immune system dysregulation during highly immunosuppressive
therapy following solid organ transplantation (Gerritsen et al., 1994; Fumoux et al., 1993).
In MM, those patients with abnormal protein banding following autologous transplantation
were found to have a greater tumor reduction, higher rate of complete response (CR), and
longer overall survival (Hovenga et al., 2000; Zent et al., 1998). Acknowledging this
finding, the MM response criteria outlined by Bladé et al., (1998) allows for the presence of
oligoclonal banding consistent with oligoclonal immune reconstitution in the definition of
CR (Bladé et al., 1998). Likewise, the recently updated criteria for disease response outlined
by the myeloma working group in 2006 strictly defines a threshold of a rise in at least 0·5 g/
dl of M-protein as progressive disease (Durie et al., 2006). However, the same committee
defines relapse from CR as any reappearance of immunofixation positivity on two or more
consecutive measurements, which would apply to many of the post-transplantation patients
with abnormal protein banding (Durie et al., 2006).

Here we report the appearance of emergent M-spikes, which we call atypical serum
immunofixation patterns (ASIPs), occurring outside the setting of myeloablative therapy or
organ transplantation in patients with MM treated with the lenalidomide and dexamethasone
with clarithromycin combination (BiRD) (Niesvizky et al., 2007). ASIPs were defined as
having one or more Igs present on serum immunofixation with either a clearly different
heavy- or light-chain component from the original M-protein. We characterize the baseline
diagnostic monoclonal Ig, the new mono- and oligo-clonal Ig patterns, the clinical context of
their appearance, and the associated response to induction therapy as compared with those
patients who did not develop ASIPs undergoing the same treatment. We also performed
serial bone marrow histological and molecular analysis to evaluate new clonal plasma or
other B-cell populations, in order to explain the phenomena and reconcile our findings with
the autologous stem cell transplantation experience, and the IURC for MM.

Materials and methods
A total of 72 adult patients with symptomatic Durie-Salmon stage II or III MM participated
in a prospective clinical trial of lenalidomide in combination with dexamethasone and
clarithromycin, as reported previously (Niesvizky et al., 2007). In this protocol, patients
were treated with: lenalidomide 25 mg daily for 21 days out of a 28-day cycle;
dexamethasone 40 mg once weekly; and clarithromycin 500 mg twice daily on every day of
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the cycle. The serum protein electrophoretic pattern, serum immunofixation, and serum free
light chain analysis after each 28-day cycle of BiRD were serially reviewed for each patient.
Bone marrow examination, karyotype analysis, and fluorescence in situ hybridization
(FISH) testing were performed centrally at New York Presbyterian Hospital laboratories
before study enrollment and to confirm CR, when appropriate, as described previously
(Niesvizky et al., 2007).

ASIP definitions
The serum immunofixation gels were compared in order to establish qualitative and
electrophoretic mobility distinctions in a blinded fashion. We defined an ASIP as the
appearance of new mono- or oligo-clonal Ig protein bands, which had either light chain or
heavy chain component(s) different from the baseline diagnostic M-protein. Oligoclonal
banding was defined as the development of two or more concurrent monoclonal-type bands
on the serum electrophoretic pattern, with either a different heavy or light chain component
from the original M-protein band.

Molecular clonal analysis by polymerase chain reaction
Methanol-fixed MM cells were lysed and DNA was extracted using Qiamp® DNA mini kit
(Qiagen, Valencia, CA, USA). For IgH clonality analysis, a semi-nested polymerase chain
reaction (PCR) method was used to amplify the sequences between the framework 3 of the
V region and J segments. (See Supplementary methods section for full description of IgH
nested PCR primers and conditions.) Multiplex IgK clonality analyses were conducted with
the BIOMED-2 assay (InVivoScribe Technologies, San Diego, CA, USA) using the
enclosed protocol, standard reagents, and conditions. All specimens were run in duplicate.

Study end points
The time to appearance of a unique ASIP was measured as the time elapsed from Day 1 of
BiRD therapy until the time of that first ASIP appearance on serum immunofixation. The
duration of a unqiue ASIP was measured as the elapsed time in months from that particular
ASIP appearance to that the same ASIP had disappeared The appearance of different ASIPs
were recorded and treated as separate events and therefore the same patient could have
multiple ASIPs with different time to first appearance and/or different durations. ASIP time
to appearance and duration werecorrelated with the quality of response, the time to first and
maximum response, the time to progression, and overall survival. MM disease response
criteria were adopted from the new IURC defined by Durie et al., (2006).

Statistical analysis
The primary efficacy analyses were performed according to the intent-to-treat principle,
which included all enrolled subjects. Fisher’s exact test and Student’s t-test (or Wilcoxon
rank-sum test) were used for associating categories of response with potential risk factors
such as: development of ASIPs; no ASIP development; chromosomal abnormalities;
International Staging System stage; the presence of lactate dehydrogenase; and prior
monoclonal gammopathy of undetermined significance. Spearman’s rank correlation
coefficient was determined to relate the duration of BiRD therapy at the time of the first
ASIP appearance with treatment response in patients. All P-values are 2-sided with
statistical significance evaluated at the 0·05 alpha level. All analyses were performed in
MedCalc version 9·3·6·0 (MedCalc Software, Mariakerke, Belgium).
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Results
Ig patterns in patients with MM treated with BiRD

The clinical characteristics of the 72 BiRD study patients as well as the subgroup of patients
that developed ASIPs are shown in Table I. Overall, 24 patients (33%) developed ASIPs
during the course of therapy. An example ASIP for a patient in the study is shown in Fig 1A,
which illustrates the change in the immunoelectrophoretic pattern over time.

The baseline monoclonal Ig, the altered protein banding pattern witnessed, the duration of
treatment until the time of the first appearance of an ASIP, and the treatment response for
each patient with one or more ASIPs was recorded. (See Supplementary table for a case-by-
case compilation of all observed ASIPs.) The ASIPs that were seen were diverse in their
type, number, and duration of monoclonal Ig(s) detected. The median duration of ASIP
appearance was relatively prolonged at 236 days, yet varied widely per individual patient,
with a range from as short as 27 days to as long as 758 days. A total of 7 patients (29%)
exhibited ASIPs with monoclonal Ig bands that frequently disappeared and reappeared
periodically throughout the course of treatment, indicating that the protein level fluctuated
near the lower limits of detection by immunofixation. An example ASIP time course is
shown in Fig 1B which shows alternating M-proteins appearing and disappearing over time
in a reciprocal fashion; similar patterns was also seen in other patients with an ASIP during
the course of treatment. The appearance of oligoclonal banding over time was also a
common phenomenon, occurring in 10 patients (42%). ASIPs tended to appear after a
prolonged course of therapy, with the median first appearance after 6 months of treatment.
At the last follow-up, 10 patients (42%) still had evidence of an ASIP. The isotype
distribution of original and newly detected monoclonal Ig for patients who went on to
develop ASIPs is depicted in Fig 2A,B. The new Ig distribution was roughly equivalent to
the original study population with a preponderance of IgG-κ. However, the development of
a new IgM band as part of the ASIPs was noted, with 12 patients (50%) developing either
IgM-κ, IgM-λ, or both, on repeat serum electrophoretic testing. In summary, ASIPs were
commonly seen after prolonged courses of BiRD therapy, they persisted and fluctuated in
level for years, and were protean in their Ig makeup.

Correlation of ASIPs with clinical response rate
Patients who developed ASIPs had a significantly better response to BiRD versus non-ASIP
patients (P = 0·0001), (Figure 2). Every patient with an ASIP achieved at least a partial
response (PR) compared with an 85% response rate in the non-ASIP group. Further analysis
showed that the very good PR or better rate (96% vs. 60%; P = 0·0017) and CR rate (71%
vs. 23%; P = 0·0002) were also greater for the ASIP versus non-ASIP patients, respectively.
Many patients with an ASIP continued to have tumor-burden reduction with further cycles
of BiRD treatment even after the ASIP first appeared. The extent of BiRD therapy prior to
development of first ASIP did not correlate with response rate (P = 0·50). To confirm the
response to treatment, bone marrow aspirates were repeatedly tested for residual disease by
karyotype and FISH analysis when possible. Overall, 18 pre- and post-treatment samples
were evaluable out of the 24 patients with an ASIP (Table III – should be in supplement). In
all cases, there was resolution of prior karyotypic abnormalities, with the exception of a
persistent pericentric inversion of chromosome 9 in a patient. All FISH detected
abnormalities at the beginning of treatment had resolved in patients with an ASIP, except for
a patient who had continued hyperdiploidy of chromosome 11. Deletion of chromosome 13
[del(13q)] and t(4;14) were present in 39% and 5%, respectively, of the ASIP patients.
These FISH detected abnormalities did not significantly impact the clinical response that
was achieved (P = 0·5612), with 6 out of 8 of the tested patients with either del(13q) or
t(4;14) achieving a CR or better. Event-free survival (EFS) and progression-free survival
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(PFS) differences between the ASIP and non-ASIP groups did not achieve significance due
to the low number of events overall (data not shown). Furthermore, univariate statistical
analysis failed to show a relationship between the development of ASIPs and other known
MM prognostic factors, including β-2 microglobulin, ISS, Durie Salmon stage, albumin,
LDH, CRP, and age (Table 1, additional data not shown). Thus, ASIPs are associated with
marked disease response rates, seemingly independent of initial chromosomal abnormalities
as well as other known MM prognostic factors, and patients who develop ASIPs often
continue to have tumor reduction with ongoing BiRD therapy.

Bone marrow and molecular analysis
All bone marrow samples that we analyzed to confirm CR and stringent CR had, by
definition, resolution of the original plasmacytosis, and no repeat bone marrow biopsy at the
time of ASIP had histologic or flow cytometry evidence for lymphocytosis or clonal
lymphocyte expansion. All prior cytogenetic abnormalities (Table III – move to supplement
please) were not detected on repeat karyotype and FISH analysis after ASIP detection.

To further assess for the presence of new plasma cell clones and the presence of minimal
residual disease, which could produce the witnessed M-protein bands, Ig gene
rearrangement analysis of 7 available patient samples pre- and post-development of ASIPs
was performed by both Ig heavy chain and light chain multiplex PCR. None of the tested
sample pairs showed the emergence of a new clonal B-cell gene rearrangement to account
for the presence of the emergent Ig proteins. (See Supplementary figure for PCR analysis
results.) Interestingly, in 4 out of 7 patients (57%) we witnessed the loss of the original
plasma cell clone signal, showing that the original tumor burden had been reduced beyond
the lower limits of molecular detection using the above method. Thus, we failed to find
evidence for either a new clonal plasma cell or B-cell population in the bone marrow to
account for ASIP production.

Discussion
Transient low-level abnormal or oligoclonal Ig banding is frequently seen after high-dose
myeloablative therapy for MM, and has been associated with good prognostic outcomes
(Myara et al., 1991). By convention, these bands are often ignored and do not signify disease
relapse by the European Group for Blood and Marrow Transplantation criteria (Bladé et al.,
1998). We now extend this observation to the non-myeloablative setting and report on the
frequent development of ASIPs in a cohort of patients with MM receiving the novel, highly
effective combination therapy BiRD. Overall, 33% of patients treated with BiRD developed
ASIPs on serial serum immunofixation testing. The protein banding patterns seen in ASIPs
varied widely in Ig isotype and duration of appearance. We also found that ASIPs had a
good prognostic significance, with 76% of patients going on to achieve a CR after the
emergence of an ASIP. FISH and karyotypic analyses confirmed these CRs with elimination
of chromosomal abnormalities, including those associated with poor disease outcome, such
as del(13) and t(4;14). Furthermore, PCR studies revealed molecular CR in 4 out of 7 tested
patients. The discovery of what appears to be loss of the original plasma cell clone on PCR
study has been shown in prior studies to correlate with increased survival (Corradini et al.,
1999; Corradini et al., 2003; Martinelli et al., 2000). Although we have not achieved a
statistically significant difference in median EFS and PFS at this time due to lack of overall
events, the depth of remission patients with ASIPs achieved, is encouraging for durable
response.

Abnormal protein banding after high-dose therapy in MM is posited to result from immune
reconstitution after high-dose chemotherapy. However, as we report this observation
following a non-myeloblative regimen, we searched for other potential sources for the
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ASIPs. These protein bands could potentially arise as a result of de-differentiation from the
original MM cell clone, or may identify the emergence of new unrelated neoplastic clones.
We, however, found no evidence of emergent neoplastic clonal populations of B-cells or
plasma cells in the bone marrow or the peripheral blood of patients with ASIPs through
karyotype, FISH, and selected PCR analysis. Prior studies of transient oligoclonal banding
in the MM post-transplantation setting have shown that the protein bands occurred more
frequently in patients who achieved a CR after high-dose chemotherapy (Hovenga et al.,
2000; Zent et al., 1998). The fact that ASIPs were witnessed in patients who had a robust
response to therapy suggests that major malignant plasma cell cytoreduction is a
contributory aspect to ASIP development. In a prior phase 2 trial conducted at our institution
using the combination of clarithromycin, thalidomide, and dexamethasone, there were no
such instances of ASIPs as reported here, and the response rates were not as profound
(Coleman et al., 2002). This illustrates that prior to the advent of new highly effective
myeloma regimens, CRs were achieved in only a small percentage of patients and perhaps
there was no opportunity for ASIP development.

Recent reports demonstrate that in normal bone marrow, there is a plasma cell compartment
that has a capped, or finite, population of cells. In order for new, normal, plasma cells to
occupy this bone marrow niche after antigenic stimulation, older plasma cells must be
replaced (Odendahl et al., 2005; Radbruch et al., 2006). It may be possible that BiRD
therapy (or high-dose chemotherapy) clears the bone marrow of malignant plasma cells in
such a rapid and complete manner that an environment is created that allows benign plasma
cells to expand within the predefined niche without competition. Certainly, the wide
spectrum and variability of the ASIP protein isotypes, the recent confirmation that normal
plasma cells express the inhibitory FcγRIIb receptor which suppresses normal polyclonal Ig
expression, and the finding that administration of tetanus toxoid vaccine after stem cell
transplantation induces oligoclonal banding patterns, all support the theory of rapid
oligoclonal plasma cell expansion after the clearance MM cells as a potential cause for ASIP
generation (Gerritsen et al., 1994; Xiang et al., 2007).

We report that ASIPs do not necessarily solely appear after high-dose therapy for MM, but
may appear in highly effective non-myeloablative therapy as well. To the best of our
knowledge, this is also the first report of the achievement of molecular remission during the
course of IMiD therapy. We propose that the abnormal protein banding seen may stem from
the massive plasma cytoreduction that can be achieved either by the high-dose therapy or
highly effective non-myeloablative novel combination therapy. Regardless of the means
used to rid the marrow of malignant plasma cells, ASIPs may develop as benign plasma cell
reconstitution takes place. Similar to the high-dose therapy experience, ASIP emergence
during immunomodulatory-based therapy for MM has a good prognostic significance.
Alternatively, ASIPs may represent an unexplained effect of the immunomodulatory therapy
itself that may somehow mimic the immune reconstitution state seen after high-dose therapy
for MM. If either theory is correct, we should expect the issue of ASIP interpretation to
become more frequent with the increasing popularity of more effective induction regimens
for MM using immunomodulatory therapy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
(A) Atypical serum immunofixation patterns (ASIPs). Depicted are two serum
immunofixation electrophoresis (S-IFE) gels done at different time points for a patient. The
patient was diagnosed with a free light chain κ monoclonal protein at the initiation of
therapy as shown on the Day 0 S-IFE gel (left panel) above. During clarithromycin,
lenalidomide, and dexamethasone (BiRD) therapy, the free light chain κ level as well as the
initial hypogammaglobulinemia normalized. The patient developed an ASIP by Day 269
(right panel) of BiRD therapy, showing new monoclonal IgM-κ (rounded arrows), and
monoclonal IgM-λ (pointed arrows) protein. A repeated serum immunofixation study
performed at Day 271 confirmed the continued presence of the ASIP witnessed above (data
not shown).
(B) ASIP time course. This figure is an illustrative example of the changes seen in serial
immunofixation studies over time witnessed for a patient with free light chain κ multiple
myeloma, treated with BiRD therapy. There is a dramatic initial response with a drop in the
level of serum free κ light chain to normal level within 50 days. Over time, relatively small
IgG-κ and IgG-λ monoclonal bands are observed to appear and then disappear. Throughout
the patient’s course of treatment, until nearly Day 350, there is a state of
hypogammaglobulinemia, as manifested by a low total IgG level.
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Fig 2.
Analysis of monoclonal protein production and response for patients with atypical serum
immunofixation patterns (ASIPs). The distribution of M-protein for patients at the initiation
of lenalidomide and dexamethasone with clarithromycin (BiRD) therapy (A), and the
relative distribution of M-proteins as witnessed on ASIPs (B) are shown. The maximum
response rates achieved with BiRD therapy are compared in patients who developed ASIPs
(C), those who did not develop ASIPs (D), and to the entire cohort of BiRD-treated patients
on study (E). CR, complete response; PR, partial response; sCR, stringent CR; SD, stable
disease; and VGPR, very good PR.
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Table I

Patient characteristics at initiation of lenalidomide therapy (N = 72)

Characteristic BiRD Patients (n=72) Patients with ASIPs (n=24)

Median age, years (range) 63 (36–83) 69 (45–83) P=0.07

Sex, female, n (%) 31 (43·1) 7 (29.1)

Median beta-2 microglobulin, mg/dl (range) 3·0 (1·1–17·6) 3·3 (1·1–12·8) P=0.66

Median albumin, g/dl (range) 3·6 (2·3–4·9) 3·1 (2·3–3·8) P=0.88

Median hemoglobin, g/dl (range) 10·9 (7·5–15·0) 10·9 (7·8–15·0) P=0.69

Durie-Salmon stage, n (%)

 IIA 32 (44·4) 9 (37·5)

 IIB 1 (1·4) 0

 IIIA 36 (50·0) 14 (58·3)

 IIIB 3 (4·2) 1 (4·2)

International Staging System stage, n (%)

 I 33 (45·8) 10 (41·2)

 II 26 (36·1) 9 (37·5)

 III 13 (18·1) 5 (20·8)

Monoclonal protein, n (%)

 IgG-κ 29 (40·3) 8 (33·3)

 IgG-λ 15 (20·8) 6 (25·0)

 IgA-κ 11 (15·3) 4 (16·7)

 IgA-λ 5 (6·9) 1 (4·2)

 Free κ 9 (12·5) 5 (20.8)

 Free λ 3 (4·2) 0
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Table II

Summary of novel protein band appearance characteristics (N = 24)

Novel protein band isotype n (%frequency) Median duration, days (range)

 IgM-κ 9 (20·0) 46·5 (26–315)

 IgM-λ 7 (15·6) 29·7 (22–315)

 IgG-κ 18 (40·0) 76 (27–581)

 IgG-λ 8 (17·8) 54 (23–581)

 IgA-κ 0

 IgA-λ 1 (2·2) 28

 Free κ 0

 Free λ 1 (2·2) 26

 Free heavy chain (IgM) 1 (2·2) 315

Duration of treatment at time of first ASIP appearance, days

 Median (range) 178 (27–724)

Duration of ASIP appearance, days

 Median (range) 236 (27–758)

ASIP, atypical serum immunofixation pattern.
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