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ABSTRACT – Purpose. We studied the efficacy and safety of bortezomib (BOR) for treatment of multiple 
myeloma in comparison with thalidomide (THAL) by reference to adverse events, and searched for 
laboratory markers that could be used for prognostication of patients. Methods. Biochemical data of patients 
receiving BOR and THAL for treatment of multiple myeloma at the Japanese Red Cross Narita Hospital 
were investigated retrospectively, after obtaining Institutional Review Board approval. Judgment of curative 
effects complied with the effects criteria of the International Myeloma Working Group (IMWG) [1]. Results. 
BOR showed a higher rate of effectiveness than THAL for refractory multiple myeloma, and its effects were 
rapid. The overall survival of BOR-treated patients tended to be longer than that of THAL-treated patients. 
The efficacy of BOR was unrelated to patient age, the number of previous therapeutic regimens, or the 
disease period. After medication with BOR, patients in whom it had been effective tended to show an 
increase of the serum alkaline phosphatase (ALP) level. Thrombocytopenia (86.2%) and leucopenia (69.0%) 
were observed at high frequencies, but no previously unreported adverse events or fatalities were associated 
with BOR therapy. Conclusion. It is suggested that BOR has therapeutic efficacy for multiple myeloma as a 
first-line medical treatment and/or for patients with THAL resistance, and can improve prognosis and 
survival. Since serum ALP elevation was observed in many patients for whom BOR was effective, this may 
be a predictor of BOR efficacy. 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 
Multiple myeloma is a hematopoietic malignancy 
with a poor prognosis, and for which cure cannot be 
expected. Although the median survival of affected 
patients is about 6 to 12 months without treatment, 
chemotherapy can prolong survival up to about 
three years, the 5- and 10-year survival rates being 
about 25% and less than 5%, respectively [2]. 
Melphalan–prednisone (MP) consolidation therapy 
as a standard treatment for multiple myeloma is 
now the first choice. As the efficacy of vincristine – 
adriamycin–dexamethasone (DEX) (VAD) 
consolidation therapy and DEX high-dose therapy 
provide immediate, but transient, effects, they are 
generally used for emergency situations. High-dose 
chemotherapy with autologous stem-cell 
transplantation is also a more effective first-line 
treatment than standard chemotherapy in terms of 
response rate and progression-free survival for 

patients with multiple myeloma who are younger 
than 65 years of age [3], and it is used as one form 
of intensive treatment for this group of patients. 

Multiple myeloma is an intractable disease 
characterized by repeated relapses, necessitating 
repeated treatment that provides only short periods 
of remission. Since this relapsing and remitting 
pattern cannot be broken by standard treatment, the 
development of drugs with new mechanisms of 
action has been needed in order to increase the 
choice of treatment further [4]. Bortezomib (BOR), 
which is a new drug, or thalidomide (THAL), have 
been compared with DEX high-dose therapy in an 
international phase III (APEX) trial for multiple 
myeloma patients who have already received 1 to 3 
courses of medical treatment. BOR was found to be 
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superior to DEX high-dose therapy in terms of 
response rate, progression-free survival, and overall 
survival [5]. 

BOR inhibits proteasomes selectively and 
reversibly, and exerts its anti-tumor effects by 
induction of apotosis in tumor cells [6], cell-growth 
suppression [7], and inhibition of angiogenesis [8]. 
However, the mechanisms involved have not been 
clarified completely, and it is reported that the 
anti-tumor effects of BOR are attributable to 
multiple mechanisms [9]. In multiple myeloma, 
proliferation of the myeloma cells is induced by the 
bone marrow microenvironment and mediated by 
cytokines and other endogenous substances. BOR 
inhibits the effects of cytokine release by 
preventing the activation of nuclear factor-kappa B 
(NF-k B). In addition, angiogenesis is inhibited 
through inhibition of VEGF and IL-6, which are 
produced by vascular endothelial cells of myeloma 
origin, and indirect anti-tumor effects resulting 
from gene silencing of RANKL (the receptor 
activator of the NF-k B ligand: osteoclast 
differentiation factor), which is an activation factor 
for osteoclasts, have been reported [10, 11]. Bone 
pain due to osteolytic lesions is the most frequent 
and troublesome clinical symptom of multiple 
myeloma, and is present initially in about 60% of 
patients. This is attributable to a collapse of bone 
turnover balance, resulting in accelerated bone 
resorption and differential inhibition of bone blast 
cells by osteoclasts. It has been suggested that BOR 
has an osteoblast activating effect, and that this is 
not a secondary action of the anti-tumor effect but 
rather a direct ameliorating effect on osteolytic 
lesions, resulting in an increase of bone-type ALP, 
which is a marker of bone formation [12]. 

BOR, in addition to THAL, is a drug that has 
brought a significant change to the treatment 
strategies for multiple myeloma through its 
multi-mechanism anti-tumor effect and 
amelioration of osteolytic pathological changes. In 
the present study, we investigated the response rate, 
survival period and medical efficacy of BOR in 
patients with multiple myeloma in comparison with 
those of patients receiving THAL as a control. 
Moreover, we searched for clinical factors or 
laboratory-data markers that might have potential 
use for prognostication of patients receiving BOR 
therapy, and evaluated the safety of BOR by 
investigation of adverse events. 
 
 

METHODS 
 
1. Patients 
Twenty-nine patients with refractory multiple 
myeloma who were treated with BOR 
(VELCADE®) at the Department of Hematology 
and Oncology, Japanese Red Cross Narita Hospital, 
between October 2005 and November 2008, were 
surveyed. Moreover, 47 patients (except for seven 
in whom evaluation of efficacy was not possible) 
among 54 with refractory multiple myeloma who 
were treated with THAL at the same department 
between October 2002 and November 2008, were 
surveyed as controls. 
 
2. Clinical data 
We investigated the following data obtained from 
the clinical records of hospitalized and outpatients. 
 
2-1. Patient characteristics 
The age at the start of medication, sex, type of 
illness, period of illness in the D&S classification 
[13], the date of diagnosis of multiple myeloma, 
and the medical history relevant to multiple 
myeloma were investigated. 
 
2-2. Dosages 
The doses and administration dates of BOR or 
THAL and co-administered drugs were 
investigated. 
 
2-3. Laboratory parameters 
Leukocyte counts, hemoglobin levels, platelet 
counts, alkaline phosphatase (ALP), alanine 
aminotransferase (ALT), serum M protein and 
urinary protein were investigated. 
 
2-4. Efficacy evaluation 
The judgment of curative efficacy complied with 
the effects criteria of the International Myeloma 
Working Group (IMWG) [1]. In addition, since 
stringent complete response (sCR) and complete 
response (CR) could not be judged from the 
medical records, we used very good partial 
response (VGPR), partial respose (PR), stable 
disease (SD) and progressive disease (PD) instead 
of sCR and CR in the survey. 
 
2-5. Patient condition after treatment 
Progression-free survival, overall survival, and the 
subsequent medical treatment protocol were 
investigated. 
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2-6. Adverse events and reasons for withdrawal 
Adverse events were evaluated according to the 
Common Terminology Criteria for Adverse Events 
v3.0 (NCI-CTCAE) [14].  
 
3. Statistical analysis 
All data were analyzed using Stat View ver 5.0 
(SAS Institute, Japan). Frequency analysis was 
performed using the Pearson Χ2 test and Fisher’s 
exact test. One-way analysis of variance and 
Kruskal-Wallis Statistic test (Scheffe’s multiple 
comparison test) and Mann-Whitney U-test were 
used to compare the different parametric or 
nonparametric variables. Differences at p <0.05 
were considered to be statistically significant. 
 
RESULTS 
 
1. Patient characteristics 
The numbers of patients, and their age, sex, illness 
type, and periods of BOR and THAL treatment are 
shown in Table 1. As the patients prescribed BOR 
included those who had or had not received THAL, 
in order to separate the effects of BOR, 31 patients 
excluding 15 who had been prescribed BOR after 
THAL treatment and one who had been prescribed 
BOR before THAL treatment were studied. There 
was no significant difference in patient 
characteristics between the BOR group and the 
THAL group. 
 
2. Response rates 
In the BOR group (29 patients), VGPR was seen in 
4 patients (13.8%), PR in 14 (48.3%), SD in 7 
(24.1%), and PD in 4 (13.8%). In the THAL group 
(31 patients), PR was seen in 11 patients (35.5%), 
SD in 12 (38.7%), and PD in 8 (25.8%). The BOR 

group and the THAL group were divided into 
responders (VGPR and PR) and non-responders 
(SD and PD), respectively, and the therapeutic 
effects were compared (Table 2). Χ2 test 
demonstrated a significant difference in the 
response rate between the BOR group and the 
THAL group (p=0.039).  
 
3. Period until response of therapeutic effects  
In responders (VGPR and PR), the period (days) 
from start of a drug administration until 
effectiveness is shown in Table 3 for the BOR and 
THAL groups. A significant inter-group difference 
was evident in the period until a therapeutic effect 
was observed (p=0.029). 
 
4. Effects of BOR on patients with THAL 
resistance 
Previously, DEX high-dose therapy, MP 
consolidation therapy or 
ranimustine-vindesine-melphalan-prednisolone 
(MCNU-VMP) consolidation therapy were 
performed on patients with recurrent multiple 
myeloma who were ineligible for THAL therapy. 
The Kaplan-Meier survival curves of 15 patients 
who received BOR after THAL, 7 who received 
BOR-non-containing treatment (DEX high-dose 
therapy 4 patients, MP consolidation therapy 2 
patients, and MCNU-VMP consolidation therapy 
one patient) and 22 patients who did not receive 
medical treatment for multiple myeloma are shown 
in Fig.1. The p value between those untreated and 
treated with BOR was p=0.072. On the other hand, 
the p value between those untreated and treated 
without BOR was p=0.110. Overall survival of the 
patients treated with BOR tended to be longer than 
that of those treated without BOR by log-rank test.  

 

Table 1. Baseline characteristics of the patients 

 BOR treated THAL treated p value 

Patient Number 

Age: years old 

29 

65.1±10.1 

[65, 44-81] 

31 

66.8±10.1 

[68, 33-82] 

 

0.524 

Sex: Male / Female 15/14 15/16 0.796 

Clinical entity: IgG/IgA/IgD/BJP/NS 1/2/1/7/18 1/4/0/7/19 0.995 

Stage: I / II / III 3/3/23 3/4/24 0.659 

BOR: bortezomib, THAL: thalidomide, BJP: Bence Jones protein, NS: Non-secretory myeloma, Mean±S.D. [median, 
minimum-maximum]. Age comparison was carried out by Student’s t test. Sex, clinical entity and stage analysis were 
carried out using the 2 test. 
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Table 3. Period until therapeutic effects of BOR and THAL on multiple myeloma patients. 

 BOR treated (n=18) THAL treated (n=11) p value 

Duration (days) 
52.6±47.3 

[40, 13-217] 

155.2±125.7 

[87, 45-433] 
0.029 

BOR: bortezomib, THAL: thalidomide, Mean±S.D. [median, minimum-maximum] Student’s t test. 

 

 

 

Figure 1. Kaplan-Meier estimates of overall survival for BOR-treated (n=15), BOR-untreated (n=7), and untreated 
(n=22) multiple myeloma patients after THAL treatment. 

Table 2. Efficacies of BOR and THAL on multiple myeloma patients. 

 BOR treated THAL treated p value 

Responder (VGPR, PR) 62.1%(18/29) 35.5% (11/31) 
0.039 

Non-responder (SD, PD) 37.9% (11/29) 64.5% (20/31) 

BOR: bortezomib, THAL: thalidomide, VGPR: very good partial response, PR: partial response, SD: stable disease:, 
PD: progressive disease. 2 test. 
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5. Age, number of previous regimens, and rate of 
BOR effectiveness according to disease duration 
Age, number of previous regimens, and the rate of 
BOR effectiveness according to disease duration 
are shown in Table 4. In general, people who are 
over 65 years old are classed as being aged, and the 
mean of the patients in this study was 65 years. 
Therefore we separated the patients into two groups 
using an age of 65 years as the cut-off. There are 
three standardized therapies for multiple myeloma: 
DEX high-dose therapy, MP consolidation therapy, 
and MCNU-VMP consolidation therapy, and in 
addition THAL or lenalidomide can be used. We 
separated the two patient groups according to which 
of the three therapies they received. Also, as the 
mean disease duration in this study was about 3 
years, we separated the two groups according to 
disease duration using 3 years as the cut-off. As no 
significant differences were evident, it was 
suggested that the efficacy of BOR was not 

dependent on patient age, the number of previous 
regimens, or disease duration.  

 

6. Changes in ALP value in patients with ALP 
elevation 
The efficacy of BOR in the patients who did and 
did not show ALP elevation is shown in Table 5. 
Fisher’s exact test demonstrated significant 
differences in the therapeutic effects of BOR 
between the two patient groups (p= 0.265). 

The time courses of the ALP and serum M 
protein values in a patient who showed ALP 
elevation and the effects of BOR are shown in Fig. 
2. This patient received BOR therapy 3 times, and 
ALP elevation and a serum M protein decrease 
were observed each time. The ALP value increased 
from the baseline (121 U/L) to the peak level 
(1,018 U/L) at the first BOR treatment. 

 

 
Table 4. Comparison of BOR efficacy among age, number of previous regimens and disease duration. 

Categories 
Cases 

(Total Numbers) 

Response percentages 

(Number) 

p value 

Age 
<65 years old 

65 years old ≤ 

13 

16 

61.5% (8) 

62.5% (10) 
0.960 

Number of previous 

resume 

< 3 kinds 

3 kinds ≤ 

14 

15 

71.4% (10) 

53.3% (8) 
0.333 

Disease duration 
< 3 years 

3 years ≤ 

17 

12 

70.6% (12) 

50.0% (6) 
0.277 

BOR: bortezomib.  Student’s t test. 
 
 
 
 
 
Table 5. Influence of BOR in patients with and without elevation of the ALP level. 
 ALP elevation ALP non-elevation p value 
BOR effective (VGPR, PR) 11 3 

0.246 
BOR no-effective (SD, PD) 7 5 
ALP: alkaline phosphatase, BOR: bortezomib, VGPR: very good partial response, PR: partial response, SD: stable 
disease, PD: progressive disease. Fisher’s exact test. 
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7. All adverse events induced by BOR 
The types and frequency of the adverse events that 
occurred in the 29 patients prescribed BOR are 
shown in Fig.3. Thrombocytopenia occurred in 
86.2% (25 patients), leucopenia in 69.0% (20 
patients), fever in 55.2% (16 patients), peripheral 
neuropathy in 48.3% (14 patients), diarrhea in 
48.3% (14 patients), nausea and vomiting in 24.1% 
(7 patients), pulmonary related events in 20.7% (6 
patients), constipation in 10.3% (3 patients), rash in 
10.3% (3 patients), shingles in 6.9% (2 patients), 
tumor lysis syndromes in 6.9% (2 patients), and 
mouth ulcers in 3.4% (1 patient). The grade 
classification of thrombocytopenia, leucopenia, 
fever and peripheral neuropathy was performed 
according to NCI-CTCAE v3.0 [14]. 
Thrombocytopenia (25 cases) included 3 cases of 
Grade 1 (12.0%), 8 cases of Grade 2 (32.0%), 8 
cases of Grade 3 (32.0%) and 6 cases of Grade 4 
(24.0%). Leukopenia (20 cases) included one case 

of Grade 1 (5.0%), 10 cases of Grade 2 (50.0%), 8 
cases of Grade 3 (40.0%) and one case of Grade 4 
(5.0%). Fever (16 cases) included 14 cases of 
Grade 1 (87.5%), and 2 cases of Grade 2 (12.5%). 
Peripheral neuropathy (14 cases) included 2 cases 
of Grade 1 (14.3%), 11 cases of Grade 2 (78.6%), 
and one case of Grade 3 (7.1%). 
 
DISCUSSION 
 
In the present study, the efficacy of BOR was 
compared with that of THAL, following approval 
of its use for recurrent and intractable multiple 
myeloma in Japan in October, 2008. THAL exerts 
therapeutic effects against multiple myeloma 
through inhibition of angiogenesis, direct 
suppression, prevention of stromal adhesion of 
multiple myeloma cells, and inhibition of cytokine 
secretion, among other mechanisms [1]. It is 
reported that about 30% of patients respond to

Figure 2. Time courses of ALP and serum M-protein concentrations in a patient for whom BOR was 
effective. This patient was 68 years old, with an IgG type clinical entity, III stage and PR based on the 
effects criteria of the IMWG. BOR therapy was administered 3 times. Double arrows represent BOR 
treatment. Diamonds represent the time course of ALP (U/L) and gray columns represent serum M-protein 
(mg/L). Clear arrows represent the ALP baseline (121 U/L) and peak level (1,018 U/L) at the first BOR 
treatment. 
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THAL, whereas concomitant treatment with DEX 
gives a response rate of about 50% [15]. In the 
present study, the rate of response to THAL 
treatment was 35.5%, because the THAL group 
included patients that had been treated 
concomitantly with DEX in addition to THAL. On 
the other hand, the rate of response to BOR was 
62.1%, but this included 10 patients who had 
received DEX concomitantly, and the BOR group 
had an intentionally high rate of effectiveness 
compared with the THAL group (Table 2). These 
results are supported by a meta-analysis of BOR 
and THAL, which found that the median rate of 
response to BOR (53%) was better than that (32%) 
for THAL [16]. 

Although BOR exerts anti-tumor effects against 
multiple myeloma cells independently [17], it also 
had excellent efficacy as a consolidation therapy 
with other medicines, such as MP consolidation 
therapy and liposomal doxorubicin [18-20]. In 
multiple myeloma the bone marrow stromal cells 
feed nutrient to the myeloma cells, which allows 
them to acquire resistance to chemotherapy. 
However, adhesion of myeloma cells to bone 
marrow stromal cells is inhibited by the action of 
BOR on the adhesion molecule. This leads to loss 
of drug resistance, and the myeloma cells regain 
their sensitivity to chemotherapy. Therefore, a 
synergistic effect can be expected if BOR is used in 
combination with other agents [21, 22]. As shown 
in Table 3, the median period until the appearance 

of therapeutic effects in the BOR group was about 
40 days, whereas that in the THAL group was about 
87 days. One explanation for this difference is that 
during close observation of the effects of THAL 
and possible adverse events, the dose of THAL is 
increased gradually from an initial 100 mg to 200 
mg [23], whereas BOR is administered at a fixed 
dose (1.3 mg/m2) at its introduction. Generally, it is 
reported that the median period until the appearance 
of the therapeutic effect of BOR is six weeks [24], 
whereas that for THAL is three months [25]. Thus, 
BOR yields prompt therapeutic effects. 

Because two of the 29 patients in the BOR 
groups showed disease progression after initial 
improvement, retreatment with BOR was 
performed. The period until retreatment was 9 
months in one patient, whereas the other received 
retreatment at 7 months followed by a second 
course of retreatment 7 months later. Retreatment 
with BOR was effective in these two patients. It has 
been reported that the effectiveness rate of BOR 
retreatment is 50%, and that the median period until 
retreatment is 5.1 months [26]. The effectiveness 
rate of BOR retreatment is also high for patients 
who show a good response to the initial medication 
[27]. Moreover, within one year after treatment 
with BOR or THAL, other forms of therapy for 
multiple myeloma were performed in 55.6% of the 
BOR group and 75.0% of the THAL group (data 
not shown). Four (44.4%) of the 9 patients treated 
with BOR group did not need other treatment, and 

Figure 3. Frequencies of adverse events in BOR-treated patients (n=29). 
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no fatality was observed. In two patients, more than 
three years passed without any need for 
chemotherapy after the BOR treatment. Thus it is 
suggested that BOR treatment is also able to 
prolong the treatment-free period for patients 
suffering repeated relapses of multiple myeloma. 
The overall survival period of BOR-treated patients 
tended to be longer than that of THAL-treated 
patients who did not receive BOR, although 
difference was not significant (Fig.1). These 
findings suggest that BOR has high efficacy for 
patients with multiple myeloma who show 
resistance to standard therapy such as MP 
consolidation therapy, and also those with 
resistance to THAL, thus delivering a survival 
benefit [28]. 

Previous data have indicated that the efficacy 
of BOR may differ according to individual patient 
characteristics. In the present study, we investigated 
patient age, the number of previous regimens used, 
reflecting the number of recurrences, and the 
disease period. BOR showed no significant 
differences in efficacy or patient responses between 
patients aged less than 65 years and those aged 65 
years or more, between patients who had received 
less than three kinds of regimen and those who had 
received three or more, and those with a disease 
duration of three years or more and less than three 
years, respectively (Table 4). Richardson et al. [29] 
reported that the efficacy of BOR was not 
dependent on race, type of disease, hemoglobin 
concentration or beta 2-microglobulin level, which 
are known to be prognostic factors for multiple 
myeloma. Therefore, it was confirmed that efficacy 
of BOR was not affected by patient background 
factors such as age and the number of recurrences. 

As mentioned above, in addition to its 
anti-tumor effects, BOR has an 
osteoblast-activating effect, and it is reported that 
the skeletal ALP concentration rises after BOR 
therapy [30-32]. ALP elevation of at least 25% or 
more for 6 weeks from the start of BOR medication 
has been shown to be a predictive indicator of BOR 
efficacy [33]. Therefore, in the present study, we 
investigated the relationship between ALP elevation 
and the BOR effectiveness rate. Although the 
difference was not significant, many patients in the 
ALP elevation group showed a tendency for 
treatment effectiveness (Table 5). Although the 
mechanisms responsible for ALP elevation by BOR 
are unknown, it is assumed that the phenomenon is 
due to induction of ALP in mesenchymal stem cells, 

the progenitors of osteoblastic cells, or fibroblastic 
colony-forming units (CFU-F) [34]. The time 
course of the ALP value in a patient who showed 
the typical changes in the levels of ALP and M 
protein is shown in Fig.2. Although this patient 
relapsed twice after BOR treatment and received 
BOR three times, elevation of ALP and reduction of 
M protein were observed after two retreatments. A 
case in which BOR was similarly effective after a 
rapid elevation of the ALP level, and a case that 
showed amelioration of the osteolytic pathological 
change on X-ray examination after treatment with a 
combination of BOR and DEX, have been reported 
[35]. As the individual ALP isozymes are not 
routinely measured in the hospital where this 
investigation was conducted, the isozyme of ALP 
was unknown and could include liver and 
skeletal-type ALP. Furthermore, the increase of 
ALP concentration may be low, because there were 
a small number of patients with MM and the 
proportion of elderly individuals was high. This is 
thought to explain why we did not observe a 
significant correlation between the elevation of 
ALP and the efficacy of BOR. Although marked 
ALP elevation is not observed in all patients, it is 
considered that elevation of the ALP level after first 
or second cycle of BOR treatment may be an early 
predictor of the therapeutic efficacy of BOR [14]. 
Measurement of the skeletal-type ALP isozyme 
appears to be useful for predicting the efficacy of 
BOR. 

The adverse events observed in the previous 
study of BOR conducted in Japan (December 1st, 
2006 - September 21st, 2007; 666 subjects) [36] 
included thrombocytopenia (39.49%), fever 
(23.57%), leukopenia (17.87%), diarrhea (10.81%), 
constipation (9.61%), peripheral neuropathy 
(8.11%), shingles (7.96%), tumor lysis syndrome 
(3.60%), and interstitial lung disease (3.00%). In 
the present study, thrombocytopenia (86.2%), 
leukopenia (69.0%), fever (55.2%) and peripheral 
neuropathy (48.3%) occurred at high frequency. No 
remarkable decrease of the hemoglobin level 
induced by BOR medication, compared with 
leukocytes or platelets, was evident, contrary to 
some cases in which the hemoglobin levels and 
hematopoietic functions recovered. In the present 
study, platelets showed a marked decrease resulting 
from BOR therapy (Fig.3), and this occurred in 25 
of the 29 patients. As patients with multiple 
myeloma show marked hematopoietic compromise, 
it would expected that blood platelets, leukocytes 
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and hemoglobin would all be suppressed. Moreover, 
it has been reported that the frequency of 
drug-induced interstitial pneumonia caused by 
medicines other that BOR is higher in Japanese 
people [37], and one death due to interstitial 
pneumonia induced by BOR has been reported in a 
Phase II trial. Although there were six lung-related 
events in this survey, any causal relationship with 
BOR was unclear. Although interstitial shadows 
were evident on CT images in one patient, there 
was no elevation of interstitial pneumonia markers 
(KL-6, SP-A, SP-D), and this case was not 
diagnosed as interstitial pneumonia. 

Fever accompanying the BOR treatment in 16 
of the 29 patients was transient, and resolved 
spontaneously or after treatment with anti-pyretics. 
Though the pathogenesis of such fever is unknown, 
it does not seem to be attributable to inhibition by 
BOR of inflammatory cytokines through prevention 
of NF-k B activity. In a preliminary study of five 
patients, BOR did not increase the release of IL-6 
from myeloma cells alone, but did so when the cells 
were co-cultured with bone marrow stromal cells 
[38]. Therefore, it is suggested that the 
inflammatory cytokines responsible for fever after 
BOR administration are secreted from bone marrow 
stromal cells, and not from myeloma cells. 

Peripheral neuropathy was observed in 48.3% 
(14/29) of the present patients. This seems to have 
been due to the fact that many of the patients had 
received therapy with THAL and vinka [39]. 
However, there was no significant difference 
between the frequency of occurrence of peripheral 
neuropathy induced by BOR and that due to 
previous use of THAL or vinka (data not shown). In 
the international Phase III (APEX) trial, a similar 
tendency was shown (in that case for THAL, vinka, 
platinum and taxanes) [5], supporting the 
contention that the previous medical history of 
patients with multiple myeloma does not affect the 
development of peripheral neuropathy when BOR 
therapy is used. As previous reports [39, 40] have 
indicated that the peripheral neuropathy caused by 
BOR is related to various risk factors, such as the 
amount of cumulative medication, the medication 
period, and previous occurrence of peripheral 
neuropathy, it may be possible to predict patients 
who are at risk of peripheral neuropathy after BOR 
treatment. THAL causes irreversible peripheral 
neuropathy, and its incidence increases in relation 
to the dose and period of administration [38]. As 
the peripheral neuropathy associated with BOR is 

reversible, and can be improved by discontinuing 
the medication, BOR treatment before THAL 
treatment may be an advisable option.  

Although 16 of the present 29 patients were 65 
years old or more, the frequency of adverse events 
in the older patients was not high. Renal 
dysfunction due to an increase of serum M protein 
was a general feature, but one of the patients had 
undergone dialysis before treatment with BOR. 
These findings also suggest that BOR could be used 
effectively and safely for patients with poor renal 
function or who have received dialysis, as BOR is 
metabolized by the liver [41, 42]. 

BOR produces high response rates in patients 
with recurrent and intractable multiple myeloma 
through proteasome inhibition. BOR exerts indirect 
effects through subtle alterations of the 
microenvironment of myeloma cells, and also has 
activating effects on osteoblastic cells in addition to 
its anti-tumor effects against multiple myeloma 
cells. In the present study, BOR produced a 
significantly higher therapeutic response rate in 
comparison with THAL for multiple myeloma, but 
there was no significant difference in survival time 
between the BOR group and the THAL group. It 
was shown that BOR exerts therapeutic effects not 
only in cases that are resistant to chemotherapy but 
also in those that are recurrent or do not respond to 
THAL. Moreover, although it has been reported 
that the frequency of interstitial pneumonia in 
clinical trials conducted in Japan is higher than in 
the United States and Europe, no cases of 
interstitial pneumonia as an adverse event induced 
by BOR were observed. Currently, clinical studies 
of BOR for patients with non-treated multiple 
myeloma, and the effects of consolidation therapy, 
are being conducted. A few clinical studies [43-45] 
have reported the efficacy of a protocol that 
combines BOR and THAL for multiple myeloma. 
BOR undoubtedly has an important role to play in 
the treatment of patients with multiple myeloma, 
and when used together with THAL, it is expected 
that the life expectancy and quality of life of 
affected patients will be improved.  
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