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The current definition of complete re-
sponse in multiple myeloma includes a
requirement for a bone marrow (BM) ex-
amination showing less than 5% plasma
cells in addition to negative serum and
urine immunofixation. There have been
suggestions to eliminate the need for BM
examinations when defining complete re-
sponse. We evaluated 92 patients with

multiple myeloma who achieved negative
immunofixation in the serum and urine
after therapy and found that 14% had BM
plasma cells more than or equal to 5%.
Adding a requirement for normalization
of the serum-free light chain ratio to nega-
tive immunofixation studies did not ne-
gate the need for BM studies; 10% with a
normal serum-free light chain ratio had

BM plasma cells more than or equal to
5%. We also found that, on achieving
immunofixation-negative status, patients
with less than 5% plasma cells in the BM
had improved overall survival compared
with those with 5% or more BM plasma
cells (6.2 years vs 2.3 years, respectively;
P � .01). (Blood. 2009;114:2617-2618)

Introduction

In multiple myeloma (MM), a complete response (CR) is defined
by the European Group for Blood and Marrow Transplant (EBMT)
and the International Myeloma Working Group (IMWG) uniform
response criteria as absence of serum and urine monoclonal (M)
protein by immunofixation (IFE) and less than 5% plasma cells
(PCs) in the bone marrow (BM).1,2 Because CR is an important
goal in MM therapy, stringent adherence to this criterion is required
to ensure standardized comparisons between clinical trial data.
However, BM examinations can be cumbersome in clinical prac-
tice and uncomfortable for patients, causing a significant propor-
tion of noncompliance among physicians. It has been argued that
increased PCs in the BM are very unlikely if patients achieve
negative serum and urine IFE. The goal of this study was to
determine the value of BM examinations in patients who can
otherwise be considered to be in CR by virtue of a negative IFE in
the serum and urine.

Methods

Patients with MM who had measurable M protein levels at baseline (defined
as serum M protein � 1 g/dL and urine M protein � 0.2 g/day) who since
1995 had a negative serum and urine IFE with concomitant unilateral BM
aspirate/biopsy, all performed within 30 days of each other, were included
in this study. Baseline demographics and clinical characteristics; date of
diagnosis and last follow-up; current follow-up status; treatment history;
serum lactate dehydrogenase, �-2 microglobulin, and albumin at diagnosis;
serum and urine M protein levels at diagnosis; results of serum and urine
IFE, serum free light chain (FLC) ratio, and BM aspirate/biopsy within
30 days of CR; and the date of the first serum M-spike more than 0.5 g/dL or
urine M-spike more than 0.2 g/day after the negative IFE data were
collected from existing databases. StatView (SAS Institute) was used for all
statistical analyses. All P values were 2-tailed, and statistical significance

was set at the level of P values less than .05. Overall survival was estimated
using the Kaplan-Meier method, taking the interval from the date of
diagnosis to death or last contact. The study was approved by the Mayo
Clinic Institutional Review Board, and patient informed consent was
obtained in accordance with the Declaration of Helsinki.

Results and discussion

Ninety-two patients (median age, 59.4 years; range, 29.7-81.4
years) fulfilled the study criteria, all of whom had measurable
disease at baseline and subsequently achieved negative serum and
urine IFE. At diagnosis, median serum and urine M spike were
2.3 g/dL (range, 0.0-6.9 g/dL) and 0.3 g/day (range, 0.0-22.6 g/
day), respectively.

Per entry criteria, all patients achieved negative IFE status. IFE
negativity was achieved with high-dose therapy and transplantation
in 51 patients, initial chemotherapy in 26 patients (immunomodula-
tory agent induction in 12, with other induction regimens in 14),
after second-line therapy in 10 patients, and unknown in 5 patients.

We found only 79 patients (86%) who met criteria for CR by the
EBMT/IMWG criteria with less than 5% PCs in the BM. Impor-
tantly, 13 patients (14%) had 5% or more PCs in the BM, and of
these 3 patients (3%) had 10% or more PCs despite the negative
IFE on serum and urine. In 11 of the 13 patients (85%),
monoclonality of residual PCs was confirmed by immunofluores-
cent studies, including all 3 patients who had 10% or more PCs.

The utility of a normal serum FLC ratio in addition to negative
serum and urine IFE in negating the need for BM examination was
also investigated. Among 29 patients who had negative serum and
urine IFE plus a normal serum FLC ratio, 26 patients (90%) met
CR definition with less than 5% BM plasma cells. Three patients
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(10%) had 5% or more PCs in the BM. The addition of normal
serum FLC ratio to negative serum and urine IFE appeared
insufficient in confirming CR accurately in the absence of a BM
using standard EBMT/IMWG criteria. In all 3 of these patients,
residual PCs appeared polyclonal by immunofluorescence, but
these samples were done before institution of multiparametric flow
cytometry and need further study. It is possible to have 5% or more
residual clonal PCs in the BM and yet have no evidence of
monoclonal protein in the blood if the cells become nonsecretory or
if the level of secretion is below the detection threshold of currently
available assays.

We also studied the survival of patients who achieved true CR
(negative serum and urine IFE and � 5% BM plasma cells)
compared with patients who had negative serum and urine IFE but
5% or more BM plasma cells. Overall survival measured from
initial diagnosis between the 2 groups was 7.9 years versus
5.7 years, respectively (P � .18; Figure 1). Overall survival mea-
sured from onset of negative serum and urine IFE was significantly
different: median survival was 6.2 years in patients with less than
5% PCs (true CR patients) compared with 2.3 years in patients with
5% or more PCs (P � .01; Figure 2). Median progression-free
survival estimated by the EBMT/IMWG criteria was 3.2 years for
the cohort and was not different between the 2 groups (P � .7).

Based on this study, we recommend that the CR definition in the
EBMT/IMWG criteria should not be revised to eliminate the need
for BM biopsy and aspirate. This is to prevent the inclusion of a
significant proportion of false-positive CR cases if the BM
examination was not performed. We also found that the addition of
normal FLC ratio did not improve the detection of true CR cases if
the BM examination was removed. The use of unilateral BM
examination may lead to sampling error, which underestimates the
results of this study, further justifying the need to retain the BM
examination for defining CR. The frequency of CR has dramati-
cally increased over the past few years, reflecting significant
improvement and efficacy of MM treatment options.3 If no reliable
CR criteria were enforced, not only would comparison of outcomes

be difficult between clinical trials but the definition of disease-free
survival,4 which incorporates CR in its time-to-event endpoint,
would also be affected in some clinical trials. Furthermore, as
molecular genetics become more important in determining progno-
sis of patients with MM, BM examinations are essential to evaluate
for immunophenotypic CR and molecular CR in MM.

This study also showed improved survival in patients with less than
5% BM PCs once negative serum and urine IFE were achieved,
highlighting the crucial role of BM examination at CR to confirm
normal hematopoietic recovery. Indeed, approximately 35% of patients
in this cohort achieved more than 10-year survival from onset of CR.
However, this may be the result of imbalance in baseline prognostic
markers and needs a larger study for further validation. Based on our
findings, considerations could be made for testing continuation or
change in therapy if less than 5% PCs in the BM were not achieved
despite negative serum and urine IFE in clinical trials. Such studies may
lead to more patients achieving true CR with normal hematopoietic
recovery and improving overall survival with the current selection of
highly effective drugs in the treatment of MM.
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Figure 1. Kaplan-Meier curve showing survival (in years) from diagnosis of
patients with true CR (negative serum and urine IFE and < 5% BM plasma cells)
compared with patients with negative serum and urine IFE but 5% or more BM
plasma cells.
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Figure 2. Kaplan-Meier curve showing survival (in years) after achieving
negative serum and urine IFE of patients with less than 5% BM plasma cells
(true CR patients) compared with patients with 5% or more BM plasma cells.
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