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Key Points

• Response to bortezomib-
based therapy is related
to the secretory status of
M-protein in myeloma.

•Myeloma patients with
unmeasurable M-protein
have a poor clinical
outcome.

The treatment of multiple myeloma (MM) with proteasome inhibitor (PI) bortezomib has

significantly improved the survival of patients with MM. The 26S proteasome inhibitor

targets the unfolded protein response (UPR) by inhibiting proteasome degradation of

ubiquitinated paraprotein, subsequently leading to the lethal accumulation of para-

protein within the endoplasmic reticulum. According to secretory status of monoclonal

immunoglobulin, newly diagnosed MM (NDMM) is divided into measurable and

unmeasurable disease, which includes oligosecretory, nonsecretory, and nonproducer

myeloma. The present study analyzed the clinical characteristics of 822 patients with

NDMM who had either measurable or unmeasurable diseases and received bortezomib-

or thalidomide-based therapies. Our results showed that the median progression-free

survival (PFS) and overall survival (OS) of patients with MM was significantly longer

in patients with measurable disease than those in oligosecretory, nonsecretory, and

nonproducer MM (PFS: 27, 18, 19, and 2.0 months, respectively [P , .001]; OS: 51, 30, 22,

and 2.0 months, respectively [P , .001]). Within the unmeasurable group, patients with

nonproducer myeloma showed the shortest PFS and OS. Importantly, compared with

thalidomide treatment, bortezomib significantly improved the PFS and OS of patients

with MM with measurable disease (PFS: 25 and 33 months [P 5 .022], respectively;

OS: 41 and 58 months [P , .001], respectively), but not those with unmeasurable

disease (PFS: 18 and 16 months [P 5 .617], respectively; OS: 22 and 27 months

[P 5 .743], respectively). Our results indicate that bortezomib-based therapy performed

no better than thalidomide-based treatment in patients with unmeasurable MM. The

results need to be confirmed in other patient cohorts, preferably in the context of a

prospective trial.

Introduction

Multiple myeloma (MM) is an incurable clonal plasma cell malignancy characterized by the production
of monoclonal protein (M-protein) in most patients. However, MM is heterogenous with respect to
different M-protein secretory status, and 10% to 15% of patients have no measurable M-protein at
diagnosis. According to the International Myeloma Working Group, measurable disease is defined as
serum M-protein level of at least 1 g/dL or urine M-protein level of at least 200 mg/24 hours,
whereas an M-protein level below this threshold is considered unmeasurable disease.1,2
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Unmeasurable disease includes oligosecretory and nonsecre-
tory MM: oligosecretory MM has M-protein in serum or urine, but
below the criteria of measurable disease; and nonsecretory MM
has no M-protein in serum or urine. Within nonsecretory MM,
nonsecretory myeloma is characterized by positive k or l light
chain detected by immunohistochemistry, whereas nonpro-
ducer MM has no detectable k or l light chain by immunohis-
tochemistry. To date, it is unclear whether the M-protein
secretion status has an effect on the outcome of patients
treated in real-world settings in China.

The survival of patients with MM has been dramatically improved
after treatment with bortezomib3; however, not all patients benefit
from the treatment.4 Moreover, bortezomib is associated with
adverse events including peripheral neuropathy, gastrointestinal
symptoms, and thrombocytopenia,5 which can be reduced, but not
eliminated, by subcutaneous administration, as well as modification
of dose and schedule (ie, weekly) of bortezomib.6,7 Therefore, it is
important to identify which subtype of myeloma is sensitive to
bortezomib treatment. Because the antitumor activity of bortezomib,
at least in part, depends on the degradation of misfolded or
unfolded proteins through the unfolded protein response (UPR),8

the quantity of unfolded immunoglobulin (Ig) may affect the efficacy
of bortezomib.9

We postulate that low levels of M-protein in patients with
unmeasurable disease may not activate the UPR, and that
bortezomib may therefore not induce MM cell apoptosis and
clinical responses. We here analyzed the efficacy of bortezomib
treatment in Chinese patients with MM with measurable disease,
as well as oligosecretory, nonsecretory, and nonproducer MM.
Overall, our results from real-world clinical practice showed
that patients with measurable disease had improved PFS and
OS with bortezomib-based therapy compared with thalidomide-
based treatment, whereas patients with unmeasurable disease
fared worse regardless of whether they received bortezomib- or
thalidomide-based strategies.

Design and methods

Study design

We carried out a retrospective study in 822 patients with newly
diagnosed MM (NDMM) by International Myeloma Working Group
criteria,10 who received either bortezomib-based or thalidomide-
based induction therapies in China between 2002 and 2015.
The study was performed in accordance with the Declaration
of Helsinki, and was approved by the local ethics committee
of State Key Laboratory of Experimental Hematology, Institute of
Hematology & Blood Diseases Hospital, Chinese Academy of
Medical Science & Peking Union Medical College. All patients
provided written informed consent. Clinical baseline, molecular
cytogenetic subtype, immunophenotype, and follow-up informa-
tion of these patients was collected and analyzed. To assess
outcome associated with M-protein status, patients were classi-
fied as having measurable disease vs unmeasurable disease, and
within unmeasurable disease, as having oligosecretory, nonsecretory,
or nonproducer MM.

All 822 patients with symptomatic MM received either
thalidomide-based (group A) or bortezomib-based (group B)
therapy. Thalidomide-based therapy was carried out as follows:

either thalidomide 100-200 mg/d, doxorubicin 9 mg/m2 (ad-
ministered IV on days 1-4), and dexamethasone 20 mg/d
(administered orally or IV on days 1-4 and 9-12); or thalidomide
100-200 mg/d, cyclophosphamide 500 mg/m2 (administered IV
on days 1 and 8), and dexamethasone 20 mg/d (administered
orally or IV on days 1-4 and 9-12).

Bortezomib-based therapy was carried out as follows: bortezomib
1.3 mg/m2 (BD; administered IV or subcutaneously on days 1, 4, 8,
and 11); dexamethasone 20 mg/d (administered orally or IV on days
1, 2, 4, 5, 8, 9, 11, and 12); BCD, BD plus cyclophosphamide 500
mg/m2 (administered IV on days 1 and 8); or BD plus doxorubicin
9 mg/m2 (administered IV on days 1-4).

After at least 4 cycles of treatment with partial response or better
response, patients underwent consolidation therapy, which was
either autologous stem cell transplant or chemotherapy with the
patient’s original regimen, according to their request. Subsequently,
patients were treated with thalidomide (100-200 mg/day) for 1 year
to maintain the response. When relapse or progression was observed,
patients would receive a salvage regimen from the opposite
group, as well as supportive treatment with zoledronic acid every
1 to 2 months and erythropoietin or granulocyte colony-stimulating
factor. All patients were then treated with thalidomide (100-200 mg/d)
for 1 year to maintain the response. The median duration of
first-line therapy for NDMM was 11 months (interquartile range,
4.7-21.3 months).

The patient’s maximum response to therapy was categorized
using international Uniform Response Criteria for MM: stable
disease, partial response, very good partial response, complete
response, stringent complete response, and progressive dis-
ease and clinical relapse.11 For measurable disease, M-protein
detection by serum protein electrophoresis and immunofixation
electrophoresis every 2 cycles of chemotherapy and bone
marrow aspirate examination were both necessary. To evaluate
the response of unmeasurable disease, we took effective measures,
such as bone marrow aspiration and smears and minimal residual
disease detection by flow cytometry. Bone disease and extramedullary
disease were measured by total body low-dose CT or magnetic
resonance imaging. On the basis of the results of these parameters,
we can evaluate the response of most patients.

Cytogenetic analysis

All MM samples were purified using anti-CD138-coated magnetic
beads (Miltenyi Biotech, Paris, France) before fluorescence in situ
hybridization (FISH) analysis, as reported previously.12 Plasma cells
were analyzed using DNA probes specific for del(13q14), del(17p),
t(11;14), t(4;14), and t(14;16). Gains of 1q21 were assessed
using a bacterial artificial chromosome (RP11-307C12) probe
at 1q21. A total of 200 interphase nuclei were analyzed, and
the cutoff values recommended by the European Myeloma
Network were used: 20% for deletions and numerical aberra-
tions and 10% for translocations in IgH locus, as well as other
translocations.12

Statistical analysis

Eight groups (patients with measurable disease or unmeasurable
disease including oligosecretory, nonsecretory, and nonproducer
MM who received bortezomib or thalidomide-based therapy) were
compared using the x2 test for frequencies and Mann-Whitney
U test for continuous variables. Survival curves were plotted using

752 QIN et al 12 MARCH 2019 x VOLUME 3, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/3/5/751/1631264/advances019851.pdf by guest on 18 M

ay 2024



the Kaplan-Meier method, with differences assessed by the log-rank
test. Multivariate analysis was estimated using COX models.
Differences were considered statistically significant when P# .05.
OS was measured from the initiation of treatment to the date
of death or last follow-up.13

Results

Characteristics of patients with MM with measurable

disease and with oligosecretory, nonsecretory,

nonproducer MM

The clinical characteristics of the 822 patients with MM at initial
diagnosis are shown in Table 1. MM with unmeasurable dis-
ease accounted for 10.58% (87/822) of patients, including 7.42%
(61/822) with oligosecretory, 2.31% (19/822) with nonsecre-
tory, and 0.85% (7/822) with nonproducer MM. Patients with
oligosecretory MM had more IgD and k light chain subtype,
with fewer IgG M protein. Patients with nonsecretory MM more
commonly had low-risk International Staging System (ISS) MM.
Oligosecretory and nonsecretory MM had higher levels of albumin
compared with measurable disease; renal dysfunction was more
common in oligosecretory than in nonsecretory, nonproducer,
and measurable MM. Compared with measurable disease,
oligosecretory, nonsecretory, and nonproducer MM had higher
levels of lactate dehydrogenase (LDH), whereas oligosecretory
MM had higher levels of hemoglobin. The plasma cells in bone
marrow biopsy of nonproducer MM were predominantly plasma-
blasts. The sex, age, Durie-Salmon stage, median platelet count,
serum calcium, number of plasma cells in bone marrow, and
extramedullary disease were not statistically significantly different
among the 8 groups.

Molecular cytogenetics of patients with MM with

measurable disease and with oligosecretory,

nonsecretory, and nonproducer MM

Cytogenetic analysis was performed in 636 of 822 patients with
MM, including 563 with measurable disease, 53 oligosecretory,
14 nonsecretory, and 6 nonproducer MM. Metaphases karyotype
analysis showed that there was no significant difference among
the 8 groups. No analyzable metaphase was obtained in 47 patients
including 30 with measurable disease, 11 oligosecretory, 4 non-
secretory, and 2 nonproducer MM. Interphase FISH analysis was
performed in 621 of 822 patients with MM, and t(11,14) was
observed frequently in oligosecretory, nonsecretory, and non-
producer MM, but there were no differences of other genetic
aberrations among these 8 groups. We analyzed the immunophe-
notype by flow cytometry in 8 groups, and found a lower frequency
of CD20-positive tumor cells in oligosecretory MM compared with
measurable disease. In contrast, the frequencies of CD56, CD117,
CD79a, CD33, and CD19 positivity were not statistically signifi-
cantly different (P . .05; Table 2).

Effect of M-protein secretory status on PFS and OS of

all patients with MM

Patients with measurable disease, oligosecretory, nonsecretory,
and nonproducer MM had median PFS of 27.0 (95% confidence
interval [CI], 24.4-29.6), 18.0 (95% CI, 11.5-24.5), 19.0 (95% CI,
11.1-26.9), and 2.0 (95% CI, 0.8-3.2) months, respectively

(P , .001; Figure 1A). We then performed a multivariate analysis
including all the parameters identified to be associated with
shorter PFS in all 822 patients with MM and identified 6 factors
independently associated with shorter PFS in all patients with MM:
ISS stage (HR, 1.318; 95%CI, 1.023-1.699;P5 .033), 17p deletion
(HR, 2.734; 95% CI:1.725-4.335]; P , .001), 1q21 gains (HR,
1.763; 95% CI, 1.285-2.419; P , .001), LDH concentration
(HR, 1.001; 95% CI, 1.000-1.002; P5 .017), thalidomide-based
therapy strategy (HR, 0.695; 95% CI, 0.512-0.942; P 5 .019),
and unmeasurable disease (HR, 2.190; 95% CI, 1.646-2.914;
P , .001).

Among measurable disease, oligosecretory, nonsecretory, and
nonproducer MM groups, the median OS was 51.0 (95% CI,
44.9-57.1), 30.0 (95% CI, 20.2-39.8), 22.0 (95% CI, 6.3-37.7),
and 2.0 (95% CI, 1.2-2.8) months, respectively (P , .001;
Figure 1B). We then performed a multivariate analysis including
all the parameters that we identified to be associated with
shorter OS in all 822 patients and found 6 factors to be
independently associated with shorter OS: ISS stage (HR,
1.756; 95% CI, 1.280-2.409; P , .001), 17p deletion (HR,
2.101; 95% CI:1.268-3.482; P 5 .004), 1q21 gains (HR, 1.789;
95% CI, 1.246-2.568; P , .001), LDH concentration (HR, 1.001;
95% CI, 1.000-1.002; P 5 .023), thalidomide-based therapy
strategy (HR, 0.695; 95% CI, 0.569-0.810; P 5 .002), and
secretory status of monoclonal Ig (HR, 2.441; 95% CI, 1.809-
3.294; P , .001).

Effect of thalidomide/bortezomib-based therapy

on survival of different patients with M-protein

secretory myeloma

We compared the survival of these 4 groups receiving bortezomib-
and thalidomide-based therapies. In patients with measurable disease,
oligosecretory, nonsecretory, and nonproducer MM receiving
thalidomide-based regimens, the median PFS was 25.0 (95%
CI, 26.5-27.9), 26.5 (95% CI, 12.7-62.6), 19.0 (95% CI,
9.6-28.4), and 1.0 (95% CI, 0.3-1.9) months, respectively
(P , .001; Figure 2A), and the OS of these 4 groups was
41.0 (95% CI, 36.0-46.0), 33.0 (95% CI, 6.6-59.4), 36.0 (95%
CI, 17.9-54.1), and 2.0 (95% CI, 0.3-1.9) months, respectively
(P , .001; Figure 2B). Importantly, in patients with measurable
disease, oligosecretory, nonsecretory, and nonproducer MM
receiving bortezomib-based regimens, the median PFS was
33.0 (95% CI, 27.7-38.3), 16.5 (95% CI, 9.9-23.1), 16.0 (95%
CI, 4.6-27.4), and 10.0 (95% CI, 0.0-24.4) months, respectively
(P , .001; Figure 2C), and the OS was 58.0 (95% CI, 48.8-
67.2), 28.0 (95% CI, 20.3-35.7), 21.0 (95% CI, 11.6-30.4),
and 14.0 (95% CI, 0.0-34.8) months, respectively (P , .001;
Figure 2D).

Finally, comparison of survival in measurable and unmeasur-
able disease between thalidomide-based and bortezomib-
based therapies was performed. The median PFS of patients with
measurable disease receiving thalidomide-based and bortezomib-
based therapies was 25.0 (95% CI, 22.1-27.9) and 33.0 (95% CI,
27.7-38.3) months, respectively (P 5 .022; Figure 3A). The OS
of these 2 groups was 41.0 (95% CI, 35.9-46.0) and 58.0
(95% CI, 48.8-67.2) months, respectively (P , .001; Figure 3B).
For unmeasurable disease, the median PFS of patients receiv-
ing thalidomide-based and bortezomib-based therapies was
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18.0 (95% CI, 4.49-31.51) and 16.0 (95% CI, 10.9-21.1) months,
respectively (P 5 .617; Figure 3C). The OS of these 2 groups
was 22.0 (95% CI, 5.5-38.5) and 27.0 (95% CI, 18.7-35.3 months,
respectively (P 5 .743; Figure 3D).

Discussion

Bortezomib has been approved for the effective treatment of
MM, at least in part through inducing a terminal unfolded protein
response.8,14,15 To investigate the association between secretory
status and response of bortezomib in MM in real-world China
practice, we here analyzed the outcome of 822 patients with MM
with different M-protein secretory status. We found that bortezomib
significantly improved the PFS and OS of patients with MM with
measurable disease compared with thalidomide-based treat-
ment, whereas patients with unmeasurable disease had worse
outcome regardless of whether they receive bortezomib- or
thalidomide-based therapy. These results probably suggest that
M-protein secretory status in patients with MM was associated
with response to bortezomib therapy, and that patients with
MM with unmeasurable disease benefited less from bortezomib
treatment.

The frequency of unmeasurable disease of this study is consis-
tent with previous reports.2,16 Compared with clinical baseline
characteristics of patients with measurable disease, those with
oligosecretory MM had higher frequency of renal dysfunction
and were more commonly IgD MM. In our study, patients with
oligosecretory MM had more renal dysfunction and those
with unmeasurable disease had higher levels of LDH than those
with measurable disease. Several prior studies have indicated
that high LDH and renal dysfunction were associated with
shorter survival in patients with symptomatic MM.17,18 Renal
dysfunction (serum creatinine $2 mg/dL) was reported in
approximately 20% of myeloma at diagnosis and a definite risk factor
for inferior survival.19,20 The major causes of renal insufficiency are
“myeloma kidney” from light chain or Ig deposition, with other causes

including hypercalcemia, infections, use of nephrotoxic drugs,
hypovolemia, and IgD MM.21,22 Although the precise causes of
renal dysfunction in our patients with oligosecretory myeloma in our
study were not defined, there was a high frequency of IgD MM,
consistent with prior reports of shorter OS and higher frequency of
renal dysfunction.22,23

We also analyzed the cytogenetic characteristics in patients with
unmeasurable and measurable MM, and found that patients with
unmeasurable disease were more commonly t(11;14). Other
factors such as ploidy, del(17p), del(13p), 1q21 gains, t(4;14),
and t(14;16) were not significantly different between patients
with measurable and unmeasurable disease. t(11;14) is a
common translocation in MM, including IgD and nonsecretory
myeloma.24,25 Our previous study found that the outcome of
patients with myeloma exhibiting t(11;14) was heterogeneous,
and that patients within this subgroup with no CD20 expression
showed significantly shorter survival, even after bortezomib-based
treatment.26 Interestingly, some evidence confirmed that a very
high incidence of t(11;14)(q13;q32) was detected in the non-
secretory myeloma, and a lower secreting capacity was associ-
ated with t(11;14).27,28

We analyzed the prognostic value of M-protein level in pa-
tients with MM and found that patients with oligosecretory,
nonsecretory, and nonproducer MM had shorter PFS and OS
than those patients with measurable disease. After bortezomib
treatment, the survival of patients with measurable disease, but
not those with unmeasurable disease, was significantly improved
compared with thalidomide treatment. A multivariate analysis
in all patients with 822 myeloma, including all the parameters
identified to be associated with shorter OS in univariate analysis,
showed that M-protein secretion status was independently associ-
ated with shorter PFS and OS.

To date, only limited in vitro data indicate that low levels of Ig in
plasma cells confer resistance to bortezomib treatment.8,14 Some
previous studies in vitro or on animal models indicated that a
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Figure 1. Effect of M-protein secretory status on PFS and OS of all patients with MM. Among 4 groups, the median PFS (A) and OS (B) of MM patients was

significantly longer in patients with measurable disease than in those with oligosecretory, nonsecretory, and nonproducer MM. Within the unmeasurable group, patients with

nonproducer myeloma showed the shortest PFS and OS.
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high level of Ig synthesis is more predictive for proteasome
inhibitor-induced apoptosis. According to previous studies from
many groups, high levels of protein synthesis were more
predictive for proteasome inhibitor-induced apoptosis, and
unmeasurable myeloma without sufficient Ig fails to activate UPR,
which is the target of bortezomib in myeloma cells.15 These studies
also suggested that proteasome inhibitors induced apoptosis in
myeloma cells preferentially through high synthesis of Ig, which
was associated with endoplasmic reticulum stress induced
by the extensive unfolded proteins. In recent years, a few
studies focused on the mechanism of resistance to bortezomib
in myeloma cells and that UPR regulator Xbp1 is of great
importance and is required for myeloma pathogenesis. Loss of
Xbp1 was associated with decreased expression of Ig and
immature plasma morphology, which resulted in induction of
bortezomib resistance.29,30 However, sufficient Ig and UPR
cannot fully explain the exceptional sensitivity of myeloma cells
to bortezomib. For example, inhibition of the antiapoptotic
transcription factor nuclear factor-KB apparently contributes

to the antitumor effects of bortezomib. The role of the UPR
would be ascertained with parallel correlative analyses of serial
marrow samples.

Moreover, the prognosis of patients with unmeasurable MM
treated with bortezomib-based treatments is not fully defined.
When we compared the PFS and OS among patients with
unmeasurable disease who received thalidomide- or bortezomib-
based therapy, there were no significant differences. In other
words, the PFS and OS of patients with unmeasurable disease
were not prolonged in bortezomib-based compared with
thalidomide-based treatment based on numbers of patients
available for this analysis. In contrast, the survival in patients with
measurable disease was significantly improved in bortezomib-
based compared with thalidomide-based therapy. Although the
patient outcome in MM has greatly improved with bortezomib
treatment, our data indicate that those patients with unmeasur-
able disease benefitted no better with bortezomib compared
with thalidomide-based treatment. A previous small study of
bortezomib vs conventional chemotherapy as initial treatment in
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Figure 2. Effect of M-protein secretory status on PFS and OS of patients with MM receiving thalidomide- or bortezomib-based therapy. The median PFS

and OS of MM patients was significantly longer in patients with measurable disease than in those with oligosecretory, nonsecretory, and nonproducer MM

regardless of thalidomide- (A-B) or bortezomib-based (C-D) therapy. Within the unmeasurable group, patients with nonproducer myeloma showed the shortest PFS

and OS.

756 QIN et al 12 MARCH 2019 x VOLUME 3, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/3/5/751/1631264/advances019851.pdf by guest on 18 M

ay 2024



patients with unmeasurable MM similarly showed no significant
differences.16

The most important finding of our study is the benefit of bortezomib
treatment in patients in China with measurable disease. Previous
reports have shown that high levels of protein synthesis are more
predictive for proteasome inhibitor-induced apoptosis resulting from
ER stress induced by UPR response, in contrast to oligosecretory or
nonsecretory MM with only low levels of M-protein and activation of
UPR response in tumor cells.8,14,29 These studies may provide the
basis, at least in part, for the differences observed in our study
comparing survival of patients with measurable vs unmeasurable
MM after bortezomib-based therapies.

In conclusion, in unmeasurable myeloma groups, the difference
of PFS and OS between thalidomide-based and bortezomib-
based therapies was not significant. Our findings suggest that
the secretory status of serum or urine M-protein may predict
for differential survival in response to bortezomib therapy, and in
contrast, that patients with unmeasurable myeloma may benefit

less from bortezomib treatment. On the basis of our results, there
remains an urgent need to develop new drugs and explore new
combination therapies for the treatment of patients with unmeasurable
(oligosecretory, nonsecretory, and nonproducer) MM. There are
some shortcomings in this study. This is a retrospective analysis
with a limited number of patients with unmeasurable disease.
Although we found that patients with nonproducer myeloma had a
poor prognosis, the number of patients in this group was small
(only 7 cases), which resulted in weak statistical strength. The
conclusion may have some selective bias and needs to be
confirmed in larger, controlled studies in patients with MM. At the
same time, a lack of serum free light chain information in patients
with myeloma and unmeasurable disease cannot be reclassified
according to the level of free light chain in serum. Moreover,
some other factors such as socioeconomic factors and cognition
of medical science had influenced the choice of treatment.
The conclusion needs to be confirmed in other patient cohorts,
preferably in a prospective trial.
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Figure. 3. Survival of newly diagnosed patients with MM with different M-protein secretory status after receiving thalidomide- or bortezomib-based therapy.

PFS and OS were remarkably extended with chemotherapy incorporating the proteasome inhibitor bortezomib in patients with measurable disease (A-B), but not in patients

with unmeasurable disease (C-D).
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