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Reduction in plasma cell proliferation after initial therapy in newly diagnosed
multiple myeloma measures treatment response and predicts improved survival
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Standard myeloma treatment response
criteria are determined principally by
changes in the monoclonal protein. Re-
duction in the size of the proliferative
component of malignant plasma cells may
be an additional metric of assessing re-
sponse to therapy. We retrospectively
analyzed 176 patients with newly diag-
nosed myeloma with a measurable plasma
cell labeling index (PCLI) at diagnosis
and repeat measurement 4 months after
initiation of therapy. PCLI response was
defined as a = 60% reduction. Baseline

PCLlIis an independent prognostic factor;
therefore, we categorized patients into
3 groups: PCLI = 3% (high), = 1% (inter-
mediate), and < 1% (low). Patients achiev-
ing a greater PCLI response had im-
proved median overall survival of
54 months compared with 29 months in
nonresponders (P = .02). Improved me-
dian overall survival with PCLI response
occurred in the high initial PCLI group
(28 vs 7 months; P = .003) and intermedi-
ate group (64 vs 24 months; P = .002).
The application of PCLI response and

serum M-spike response together pro-
vided further prognostic information. On
multivariate analysis, the prognostic value
of PCLI response was independent of
B2-microglobulin, elevated creatinine, se-
rum M-spike response, and baseline PCLI.
We conclude that a significant reduction
in plasma cell proliferation in patients
with newly diagnosed myeloma is an im-
portant predictor of survival. (Blood. 2011;
118(10):2702-2707)

Introduction

Survival in myeloma varies widely and includes rapidly progres-
sive disease as well as indolent disease with prolonged survival.
The International Staging System (ISS) is a simple and reliable tool
that uses serum albumin and serum B,-microglobulin (3,M) for
patient stratification at time of diagnosis.! Newly diagnosed
patients with multiple myeloma also may be stratified into high-
risk versus standard-risk disease by risk factors such as prolifera-
tive rate, deletion of chromosome 13 or hypodiploidy on metaphase
cytogenetic studies, deletion 17p, and certain IgH translocations.?
Immunophenotyping via multiparameter flow cytometry and gene
expression profiling are additional available methods that provide
further prognostic information. However, one of the most impor-
tant factors governing long-term outcome is response to therapy.®*
Response to therapy is determined principally by changes in the
monoclonal protein, and an accurate measurement is critical for
patient care, as well as the assessment of various treatment
strategies and new drugs in myeloma in clinical trials.

Although a reduction in the M protein is an excellent surrogate
for a reduction in overall myeloma cell burden, it may be less
sensitive in detecting the effects of treatments that primarily target
the proliferative fraction of plasma cells. Furthermore, some
investigators have demonstrated the magnitude of M-protein
response is not always correlated with improved survival.’ We
hypothesized that a reduction in the size of the proliferative
component of malignant plasma cells in myeloma may be an
additional metric of assessing response to therapy. Because the size
of the proliferative compartment in myeloma is usually small, a
reduction may not necessarily produce a significant decrease in
M protein. The purpose of this study was to determine whether a
significant reduction in the plasma cell proliferative rate after

therapy is associated with improved survival, validating its poten-
tial role as a metric of assessing treatment efficacy in myeloma.

Methods

We assessed plasma cell proliferation rate by using the plasma cell labeling
index (PCLI). The PCLI is a slide-based immunofluorescence technique
that uses antibodies against BrdU, which are incorporated into actively
dividing plasma cells, thereby providing the percentage of plasma cells in
the S-phase of the cell cycle.% Multiple authors have confirmed the
independent prognostic value of an elevated PCLI of > 1%, which is
predictive of shorter time to progression’ and decreased survival.!*-!2 To
test our hypothesis, we studied 176 patients seen at Mayo Clinic between
1985 and 2005 with newly diagnosed myeloma who had a measurable PCLI
of = 0.5%, which was obtained at time of diagnosis and again 4 months
after initiation of therapy. Approval for the study was obtained from the
Mayo Clinic Institutional Review Board according to federal regulations
and patients provided informed consent in accordance with the Declaration
of Helsinki.

Because baseline PCLI is an independent prognostic factor for outcome
and greater degrees of response, we first categorized patients into 3 risk
groups: initial PCLI = 3% (high), = 1% (intermediate), and < 1% (low).
Baseline and subsequent serum and urine M protein, immunofixation,
initial and subsequent therapy, stem cell transplantation status, progression
date, and date of death or last follow-up were recorded. Laboratory
parameters, including heavy chain type, hemoglobin, serum creatinine,
B>M, serum albumin, and ISS stage, also were noted. Myeloma was
diagnosed with the use of standard criteria.'>!*

Clinical responses were classified by the International Myeloma
Working Group uniform response criteria.!>!> We tested different cut-off
values for defining PCLI response and used a cutoff of 60% reduction or
greater, which was the closest approximation of the median PCLI reduction
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Table 1. Patient characteristics at diagnosis grouped according to PCLI response

Variables All patients PCLI response No PCLI response P
Patients, n (%) 176 94 (53) 82 (47)
Age, y, mean = SD 59 + 10 59 +9 59 + 10 .81
Sex, male, n (%) 114 (64) 53 (57) 61 (74) .025*
Baseline laboratory tests
19G/IgA/IgD/light chain, % 57/25/2/15 32/14/1/6 25/11/1/8 16
Kappa light chain, % 64 54 69 .039*
Hemoglobin, g/dL 10.7 = 2.0 10.7 £ 2.0 10.3 £ 2.0 .32
Serum creatinine, mg/dL 1.6 +1.2 1.6 +1.1 1.6 1.3 .45
B2 microglobulin, mg/dL 56 +7.7 4.8 * 41 6.5+ 10.3 .63
Serum albumin, mg/dL 3.6 0.6 35*05 3.7+06 .033*
ISS stage I/ 1/ 111, % 32/44/24 24/48/28 38/41/21 14
Initial PCLI, n (%)
< 1% (low), 60 (34) 30 (32) 30 (37) .45
=1 < 3% (intermediate) 94 (53) 50 (53) 44 (54) 72
= 3% (high) 22 (13) 15 (16) 8 (10) .15
Initial serum M-spike, n = 146 3618 34 17 38+1.9 .26
No serum M spike n =30 n=14 n=16
Induction therapy, %
Suboptimal 71 68 74 41
VAD 14 12
Dex 10 11
VBMCP 10 6
MP 3 5
DVD 0 1
Optimal 29 32 26 41
Thal-Dex 10 7
Rev-Dex 5] 4
Vel-Dex 1 0
Stem cell transplantation after induction therapy, % 68% 72 64 .31

Cumulative percentages may not equal 100% because of rounding.

Dex indicates dexamethasone; DVD, doxorubicin, vincristine, dexamethasone; ISS, International Staging System; MP, melphalan, prednisone; PCLI, plasma cell labeling
index; Rev-Dex, Revlimid (lenalidomide)-dexamethasone; Thal-Dex, thalidomide-dexamethasone; Vel-Dex, Velcade (bortezomib)-dexamethasone; VAD, vincristine,
Adriamycin (doxorubicin), dexamethasone; and VBMCP, vincristine, carmustine (BCNU), melphalan, cyclophosphamide, and prednisone.

*Statistically significant.

(53% and 47% patients in the resultant 2 groups) after therapy. Induction
therapy was separated into optimal and suboptimal therapy to ensure that
differences in therapy did not confound interpretation of the study results.
Optimal therapy for the purposes of this analysis was defined as novel
agents, including thalidomide, lenalidomide, or bortezomib. Suboptimal
therapy was defined as dexamethasone alone; melphalan-prednisone;
vincristine, doxorubicin, dexamethasone; or vincristine, carmustine, mel-
phalan, cyclophosphamide, prednisone. To avoid confounding because of
longer follow-up times in patients diagnosed earlier in the study period,
median overall survival beyond 72 months was censored.

Statistical analysis

Calculations were performed with JMP Version 8.0 (SAS Institute Inc).
Median overall survival was the primary end point and defined as the time
from initial date of diagnosis to time of death from any cause or last contact.
Survival analysis was estimated by the use of the Kaplan-Meier method.'¢
Curves were compared with the log-rank test.!” The following prognostic
factors for overall survival were tested in a univariate analysis: age
> 65 years, albumin < 3.5 g/dL, $,M > 3.5 mg/dL, creatinine > 1.4 mg/dL,
hemoglobin < 10 g/dL, baseline PCLI = 1% and = 3%, absence of serum
M-protein response to therapy (< 50% reduction), and absence of PCLI
response (< 60% reduction). P values < .05 were considered to be
significant.

Results
Patient characteristics

A total of 176 patients were available for analysis. Patient
characteristics, including age, sex, baseline laboratory characteris-

tics, PCLI and M spike at diagnosis, and induction therapy were
stratified by response to PCLI and are shown in Table 1. There were
114 men (64%); median age at diagnosis was 59 years (range,
27-78 years), and the median follow-up was 54 months (range,
3.5-297 months). Patients were treated according to the standard of
care at time of diagnosis. One-hundred twenty patients (68%)
underwent stem cell transplantation after induction therapy. Over-
all median survival was 46 months (95% confidence interval [CI]
36-54 months; range, 4-165 months). The median baseline PCLI
was 1.2% (0.5%-14.4%). Median initial serum M spike was
3.6 g/dL (range, 0-9.4 g/dL); 30 patients (17%) had no measurable
serum M spike at time of diagnosis, and only 7 (4%) patients were
nonsecretory, without measurable serum or urine M protein. The
free light chain assay was available and used to assess treatment
response in 4 of these patients; serial BM plasma cell percentage
was used to assess response to therapy in the remaining 3 patients.

Assessment for confounding variables was performed between
patients who achieved a PCLI response alone versus an M-spike
response only and demonstrated no differences between ISS stage
(P = .60), initial PCLI risk group (P = .21), serum creatinine
(P = .13), hemoglobin (P = .98), serum albumin (P = .74), .M
(P = .43), or optimal versus suboptimal treatment (P = .46).

Impact of reduction in plasma cell proliferation on median
overall survival

Table 2 demonstrates median overall survival rates for the group
after initial therapy. Ninety-four patients (53%) demonstrated a
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Table 2. Survival after initial therapy in newly diagnosed myeloma patients according to IMWG response, serum M-spike response, initial

PCLI, and PCLI response

Stratification All patients, median OS P PCLI response No PCLI response P
PCLI response, mo .02* —
= 60% reduction (n = 94) 54 - - -
< 60% reduction (n = 82) 29 = = =
Initial PCLI, median OS .001*
< 1% (low, n = 60) 56 66 mo 49 mo .56
=1 < 3% (intermediate, n = 94) 49 64 mo 24 mo .002*
= 3% (high, n = 22) 17 28 mo 7 mo .003*
Serum M-spike response, mo .004*
= 50% reduction (n = 92) 55 62 mo 47 mo .32
< 50% reduction (n = 54) 29 49 mo 21 mo .03*
IMWG response, mo or % < .001*
CR(n=4) T T 50% 50% 1.0
VGPR (n = 12) 64 - 75% 25% .08
PR (n = 88) 55 - 65% 35% .004*
SD/PD (n = 72) 28 - 37.5% 62.5% .003*

IMWG response was determined by standard IMWG response criteria. Serum M spike was defined as 50% of more reduction in the baseline M spike after therapy.
Baseline PCLI values were stratified by low (< 1%), intermediate (= 1%), and high (= 3%) groups.

Cumulative percentages may not equal 100% because of rounding.

CR indicates complete response; IMWG, International Myeloma Working Group; OS, overall survival; PCLI, plasma cell labeling index; PR, partial response; and VGPR,

very good partial response.
*Statistically significant.
TComplete response median OS was not reached.

PCLI response, defined as a = 60% reduction in PCLI after initial
therapy. This conferred a significant median overall survival
advantage of 54 months compared with 29 months in those who
achieved < 60% PCLI reduction (P = .02; Figure 1). Overall
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Figure 1. Kaplan-Meier survival analysis by PCLI response. Median overall
survival was significantly longer in PCLI responders (54 months, 95% Cl 45-297;
P = .02) versus 29 months (95% Cl 22-44) in nonresponders (P = .02).

survival was significantly longer in the high and intermediate PCLI
groups if they achieved a PCLI response to therapy (Figure 2).
Patients achieving a PCLI response in the high PCLI group had
median overall survival of 28 months versus 7 months in nonre-
sponders (P = .003). PCLI responders in the intermediate PCLI
group had median overall survival of 64 months versus 24 months
in nonresponders (P = .002). In the low baseline PCLI group
(< 1%), median overall survival was comparable in both respond-
ers and nonresponders (66 months vs 49 months; P = .56).

Impact of M-spike response on median overall survival

One-hundred forty-six patients had a measurable serum M protein
at time of diagnosis. Thirty patients had no measurable serum M
spike. Ninety-two (63%) patients achieved at least a 50% reduction
in the initial M spike after 4 months of therapy. Median overall
survival in patients with = 50% reduction in the serum M spike
was 55 months versus 29 months in patients not reaching this level
of response (P = .004). The median overall survival for complete
response was not reached. No significant difference in median
overall survival was present between very good partial response
(VGPR) and partial response (PR; P = .57); however, the com-
bined VGPR + PR group achieved a survival advantage of
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Figure 2. Kaplan-Meier survival analysis by baseline proliferative rate. Comparison of median overall survival for patients with multiple myeloma who achieved a PCLI
response versus PCLI nonresponders who had (left) high baseline PCLI (= 3%), (middle) intermediate PCLI (> 1% but < 3%), and (right) low PCLI (< 1%).
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Table 3. Univariate analysis of common prognostic markers and
response to PCLI as predictors of overall survival

Proportional

Prognostic variable hazard ratio 95% ClI P
Age > 65y 1.15 0.73-1.67 .60
Albumin < 3.5 g/dL 1.23 0.84-1.78 .28
B2M > 3.5 mg/dL 1.47 1.01-2.14 .042*
Creatinine > 1.4 1.51 1.02-2.22 .042¢
Hemoglobin < 10 g/dL 1.20 0.82-1.74 .34
Serum M-spike response < 50% 1.64 1.13-2.38 .009*
PCLI response < 60% 1.56 1.08-2.25 .019*
Initial PCLI

= 3% 2.54 1.50-4.08 <.001*

=1% 1.42 0.96-2.12 .08

B2M indicates Bo-microglobulin; Cl, confidence interval; and PCLI, plasma cell
labeling index.
*Statistically significant.

55 months versus 32 months in the stable disease group and
8 months in the progressive disease group (P = .006).

Univariate and multivariate survival analysis

Table 3 allows comparison in a univariate model of several
common prognostic markers, including advanced age, albumin,
3,M, elevated creatinine, anemia, baseline PCLI at diagnosis, and
serum M-spike response. Initial PCLI = 3%, serum M-spike
reduction < 50%, PCLI reduction < 60%, serum 3,M > 3.5 mg/dL,
and creatinine > 1.4 mg/dL were determined to be poor prognostic
indicators on univariate analysis. In multivariate analysis, these
prognostic factors were ranked by proportional hazard ratio
(Table 4). The prognostic value of PCLI nonresponse was indepen-
dent of initial PCLI = 3% and M-spike nonresponse. The addition
of B,M > 3.5 mg/dL and creatinine > 1.4 was not significant on
multivariate analysis.

Concordance between PCLI and M-spike response

Of the 92 patients with M-spike response, 36% did not meet criteria
for PCLI response. Conversely, of the 81 PCLI responders with a
measurable serum M protein, 27% did not achieve a
> 50% reduction in the M protein. In patients who did not achieve
an M-spike response, if a PCLI response was attained (n = 22),
median overall survival was 49 months compared with 21 months
in patients who failed to respond by either M spike or PCLI after
induction therapy (P = .03). If both a M spike and PCLI response
occurred (n = 59), there was a nonstatistically significant trend
toward improved overall survival of 62 months versus 47 months
(P = .32) in patients who achieved a M spike but not PCLI
response (n = 33).

Table 4. Multivariate analysis of prognostic variables, serum
M-spike response, and PCLI response

Proportional
Prognostic variable hazard ratio 95% CI P
Initial PCLI = 3% 2.71 1.52-4.62 .001*
Serum M-spike response < 50% 1.47 1.01-2.16 .047*
PCLI response < 60% 1.70 1.14-2.03 .009*
B2M > 3.5 mg/dL 1.33 0.87-2.03 19
Creatinine > 1.4 1.20 0.76-1.88 43

B2M indicates B2-microglobulin; ClI, confidence interval; and PCLI, plasma cell
labeling index.
*Statistically significant.

REDUCTION IN PROLIFERATION INMYELOMA 2705

Discussion

In this study, we evaluated reduction in plasma cell proliferative
rate as an additional metric for assessing response to therapy.
Because the proliferative compartment in myeloma is usually
small, a reduction may not necessarily produce a significant
decrease in M protein. The baseline proliferative rate is a known
independent predictor of survival, and because it is easier biologi-
cally and mathematically to meet criteria for response when the
starting values are greater, we stratified patients in to 3 groups on
the basis of the PCLI level before therapy. Our findings show that
in patients with intermediate- and high-risk initial plasma cell
proliferation values, a reduction in the proliferative rate after initial
therapy identifies patient subsets with significantly different sur-
vival rates. Similar median overall survival was demonstrated
between PCLI responders and M-spike responders. The improved
median overall survival in patients achieving reduction in the
plasma cell proliferation after initial therapy measured by PCLI
was independent of changes in M-protein levels as determined by
multivariate analysis. With the combined application of M-spike
and PCLI response, a distinct subset of patients with improved
survival was identified. Interestingly, more than one-third of
patients meeting M-spike response criteria did not achieve a PCLI
response; conversely, nearly 30% of patients with a PCLI response
did not achieve a greater than 50% reduction in the M protein. A
trend toward improved median overall survival was present in
patients who responded by both PCLI and M spike; however, our
study was underpowered for this analysis and was unable to
demonstrate statistical significance. These findings argue for a need
to further study possible integration of these 2 biomarkers (M protein
and proliferative rate) to comprehensively assess response to
therapy.

Our results, if confirmed, may be important for clinical practice
for several reasons. The aforementioned summarized data provide
support for the concept that reduction in plasma cell proliferative
rate after therapy is clinically beneficial and is independent of
M-component response. Assessment of the malignant proliferative
component could be complementary to the currently used
M-component response criteria and may provide the clinician a
more comprehensive approach when considering response to
therapy. For example, patients who do not achieve an adequate
response as defined by a significant reduction in plasma cell
proliferative rate may require change in therapy, even though their
M protein levels indicate achievement of an objective response.
The PCLI was used in this study because it has repeatedly been
shown to be a powerful prognostic tool in newly diagnosed
myeloma patients and provided an accurate measure of the
malignant plasma cell proliferative rate.!0-18-20

In addition, in the current setting of numerous effective
myeloma treatment options, assessment of plasma cell proliferation
in phase 1/2 clinical trials may be a valuable method of identifying
novel agents.”! Novel agents that do not reduce M-protein levels
significantly because their effect may be primarily on the slow-
growing but nevertheless critical small proliferative compartment
of plasma cells in myeloma may be discovered with use of the
PCLI or another measure of change in proliferation. In such trials, a
reduction in the measured plasma cell proliferative rate may be a
better marker for success of therapy and hence needs to be explored
further.
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Clearly, a more widely available and reproducible tool to assess
proliferative capacity would offer significant clinical benefit com-
pared with the PCLI for incorporation into practice and in clinical
trials. Flow cytometry has become widely available in most clinical
centers and is a promising method for assessment of the prolifera-
tive component of malignant plasma cells. A recent study by
Minarik et al®?> demonstrated that the combined assessment of
proliferation in conjunction with apoptosis is a strong prognostic
factor that is able to identify proliferation subtype and outcome.
Multiparameter flow cytometry also allows the detection of small
numbers of plasma cells, which may be missed by less-sensitive
morphologic and immunohistochemical evaluation, improving the
evaluation of minimal residual disease after treatment.?3->> Use of
the PCLI has not gained widespread acceptance largely because of
its labor-intensive fluorescent microscope slide-based method. At
our institution, the labeling index is commonly obtained at
diagnosis and applied clinically as part of a risk-adapted therapy
strategy.”

Our data do confirm that reduction of M protein remains an
important surrogate end point in myeloma because patients who
achieved PR, VGPR, or complete response had improved median
overall survival. Median overall survival was similar between the
VGPR and PR groups, a finding that is in contrast to previous large,
prospective trials involving induction therapy.?6-3° Of note, Martinez-
Lopez et al’! found no difference in survival between the VGPR
and PR group after long-term follow-up in patients after stem cell
transplantation. The patient population in our study was not
representative of the full spectrum of myeloma patients at initial
diagnosis as those with a PCLI of < 0.5% were excluded.

Limitations of our study include the retrospective nature of the
design and the heterogeneous therapy administered during a
2-decade period. To avoid bias resulting from different available
follow-up time, overall survival was censored after 72 months.
Only one-third of patients in this study were treated with the novel
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biologic agents currently in use, such as thalidomide, lenalidomide,
and bortezomib as front-line therapy. The limited availability of the
PCLI will restrict its widespread use. However, the emphasis of this
study is not on the use of a specific test but rather the concept of the
importance of proliferation of myeloma plasma cells in assessing
prognosis. Proliferation may be better measured by the use of
multiparametric flow cytometric methods, which can be more
widely used; such studies need to be performed. We conclude that a
significant reduction in plasma cell proliferative rate in patients
with newly diagnosed multiple myeloma is an important predictor
of survival and is therefore an additional marker of response to
therapy. On the basis of our results, we recommend that further
studies be undertaken to evaluate reduction in myeloma cell
proliferative rate as an additional marker of response assessment.
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