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Over one-third of African-American MGUS and multiple
myeloma patients are carriers of hyperphosphorylated

paratarg-7, an autosomal dominantly inherited risk factor for
MGUS/MM
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As hyperphosphorylated paratarg-7 (pP-7) carrier state was shown to be the first molecularly defined autosomal dominantly
inherited risk factor for monoclonal gammopathy of unknown significance (MGUS) and multiple myeloma (MM) in a European
population, the prevalence of pP-7 carrier state among African-Americans who have a significantly higher incidence of MGUS/
MM is of interest. We therefore determined pP-7 carrier state and paraproteins with specificity for P-7 in African-American,
European and Japanese patients with MGUS/MM and healthy controls. By isoelectric focusing and ELISA, a paratarg-7-specific
paraprotein and the associated pP-7 carrier state was observed in 30/81 (37.0%) Afvican-American, 42/252 (16.7%) European
and 7/176 (4.0%) Japanese MGUS/MM patients (p < 0.001). A pP-7 carrier state was found in 11/100 (11.0%) African-
American, 8/550 (1.5%) European and 1/278 (0.4%} Japanese healthy controls (p < 0.001), resulting in an odds ratic for
MGUS/MM of 4.8 {p < 0,001} among African-American, 13.6 among European (p < 0.001) and 11.5 (p = 0.023) among Japa-
nese carriers of pP-7. We conclude that pP-7 carriers are most prevalent among African-Americans, but a pP-7 carvier state is
the strongest molecularly defined single risk factor for MGUS/MM known fo date in all three ethnic groups. The high prava-
lence of pP-7 carriers among African-American patients emphasizes a predominant role of this genetic factor in the pathogene-
sis of these diseases. The large number of pP7 Alrican-American patients and controls should facilitate the identification of
the SNP or mutation underlying the pP-7 carrier state,

A causal relationship between monoclonal gammopathy of
unknown significance (MGUS) and multiple myeloma (MM)
and chronic antigenic stimulation has been suggested by the
results of several studies’; hence, the identification of the
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antigenic stimuli of B-cell neoplasms is of interest. In a mod-
ification of SEREX® using a commercially available human
fetal brain-derived protein macroarray and IgA or IgG
paraprotein-containing sera, paratarg-7 was shown to be a
frequent antigenic target of paraproteins from FBuropean
patients with MGUS, MM and Waldenstrom’s macroglobu-
linemia.”™ All patients with paratarg-7-specific paraproteins
were carriers of a hyperphosphorylated version of the protein
{(pP-7) and this hyperphosphorylation is inherited in a domi-
nant fashion®™® The hyperphosphorylation of paratarg-7 in
these patients is due to an inactivation of protein phospha-
tase 2A resulting in the failure to dephosphorylate the physi-
ologically occurring phosphorylation of p-7 at serine 17.5
Paratarg-7 is identical to STOML2 (stomatin [EPB72]-like),
also known as HSPCI108 or stomatin-like-protein and SLP-2,7
which is expressed in all human tissues.” The physiological
function of SLP-2 is unknown. As few healthy Europeans are
carriers of pP-7, pP-7 carrier state is associated with an
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African-Americans are more than twice as likely as the general population to develop monocional gammopathy of unknown
significance (MGUS) and multiple myeloma (MM). A hyperphosphorylated form of the protein paratarg-7, called pP-7, is a dom-
inantly inherited risk factor for MGUS/MM. In this study, the authors found that more than one third of African-American
MGUS/MM patients expresspP-7. This suggests that pP-7 might play a role in the pathogenesis of MGUS/MM, and should
facilitate the identification of the SNP or mutation responsible for the pP-7 carrier state.

increased risk for MGUS/MM. Thus, pP-7 is the first molec-
ularly defined inherited risk factor for any hematological neo-
plasm known to date. The incidence of MGUS and MM is
lower in Asians and higher in African-Americans than in
Furopeans™’ therefore, we compared these three ethnic
groups with respect to the prevalence of a pP-7 carrier state
and the incidence of P-7-specific paraproteins in MGUS/MM
and healthy controls.

faterisl and Methods

Patients and controls

This study was approved by the local ethical review boards of
the participating institutions. Consecutive patients with
MGUS/MM with an IgA, IgD or IgG paraprotein were
included. Healthy European, Japanese and African-American
blood donors served as controls. Healthy was defined as hav-
ing no monoclonal immunoglobulin by serum electrophoresis
and immunofixation, and being healthy as diagnosed by the
Medical Officer in the pre-donation check-up. Samples of
African-American MGUS/MM patients and patients with
other malignant diseases were collected at Emory University
Hospital in Atlanta, GA, as were healthy African-American
controls. Autoimmune-disease blood samples were obtained
from patients diagnosed and treated at the Autoimmune Dis-
ease Clinics of the Department of Internal Medicine I, Saar-
land University Medical School. Written informed consent
was obtained from all patients and controls. Peripheral blood
was centrifuged, and plasma and cells were stored at —20°C.

Isoelectiic focusing for the determination of the pP-7
carrier state
The isoelectric focusing to determine the pP-7 carrier state

was performed as described before*%*

Paratarg-7 ELISA for the detection of paraproteins with
specificity to paratarg-7

The paratarg-7 ELISA using full-length recombinant
paratarg-7 was performed as described previously.”

Statistical methods

Odds ratios with 95% confidence intervals (Cls) and p-values
are presented to describe the risk for MGUS/MM (in relation
to healthy controls) in pP-7 carriers separately for each of
the three ethnic groups. To compare the odds ratios between
ethnic groups Breslow-Day tests were performed. Chi-square

int, J. Cancer: 135, 934938 (2014) © 2014 UICC

and if necessary Fisher’s exact tests were used to test differen-
ces between ethnic groups regarding the prevalence of pP-7,
separately for MM/MGUS patients and healthy controls. In
case of significant global test over all three ethnic groups
pairwise tests were performed. For comparison of prevalence
of pP-7 carriers among healthy controls and MGUS/MM
patients within each of the ethnic groups we used chi-square
and if necessary Fisher’s exact tests. For differences regarding
patient characteristics, we calculated chi-square and if neces-
sary Fisher's exact fests for qualitative data and Wilcoxon
rank sum tests for quantitative data (Table 2). The signifi-
cance level was p = 0.05. Statistical analyses were done with
IBM SPSS Statistics 20.

Rasulis

A total of 252 European, 176 Japanese and 81 Afro-
American MGUS and MM patients were included in this
study. About 30/81 (37.0%) African-American, 42/252
(16.7%) European and 7/176 (4.0%) Japanese MGUS/MM

Tabiz 1, Detection of paratarg-7 specific paraproteins in consecutive
African-American, Furopean and lapanese patients with MGUS/MM

MGUS (%) B (%) Total (%)
African-Americans
igA 2/6 (33.3} 2/4 (50} 4110 (40.0}
Igh 0/0 0/1 0/1
gt 8/22 (36.4) 18/42 (42.9) 25164 (40.6)
Light chain o0 o/é o6
Total 10/28 (35.7) 20/53 (37.7) 30/81 (37.0)
Europsans
Igh 1/7 (14.3) 4[24 (16.7) 5/31 (16.1)
igh 0/0 ofo ofo
1g6? 5/45 (11.1) 32/176 (18.2)  37/221 (16.7)
Total 6752 (11.5) 36/200 (18.0)  42/252 (16.7)
japaneze
igA 0/4 132 3.5 1/36 (2.8)
lgh a/0 of11 0/11
1eG? 0/13 6/116 (5.2 6/129 (4.7)
Total 0f17 71159 (4.4) 7/176 (4.0)

4l pP-7 reactive 1gG paraproteins were of the IgG; subclass except 1
g6y,
Al pP-7 reactive 1gG paraproteins were of the 1G5 subclass.
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Table 2. Characteristics of African-American MGUS and MM patients
who are carriers of hyperphosphorylated paratarg-7 and those who
are not

pP7™" pP7

n = 30 (%) n = 51 (%) pevalue?
Age (years)
Median 64 64 0.325
Range 43-89 32-84
Diagnosis
MGUS 10 (33.3) 17 {33.3) 1.000
Mudtiple Myeloma 19 (63.3) 32 (62.7) 0.958
Stage | 3 (15.8) 3 (9.7 0.778
Stage 1l 7 (36.8) 11 (35.5)
Stage 1! 9 (47.4) 17 (54.8)
Unknown 1(3.1)
Plasmacytoma 1{3.3 2 (3.9 1.000
Paraprotein
gl 26 (86.7) 38 (74.5) 0.194
lgGy 1 (3.3 23 (45.1) <0.001
186G 0 (0.0) 0(0.0) -
g6y 25 (83.3) 15 {29.4) <0.001
156Gy 0 (0.0) 0 (0.0) -
lgA 4(13.3) 6 (11.8) 1.000
igh 0 {0.0) 1(2.0) 1.000
Light chain 0{0.0) 6 (11.8) 0.080
Lytic lesions
Yes 14 (48.3) 27 (52.9) 0.688°
No 15 (51.7) 24 (47.1)
Unknown 1(3.3)
Hemoglobin (g/d)
fedian 11.1 11.3 0.491
Range 7.2-14.9 6.7-15.8
Creatinine (mg/di)
Median 1.1 1.4 0.082
Range 0.7-5.0 0.6-20.0
Calcium (mg/d)
Median 10.0 9.4 0.221
Range 2.9-13.0 7.0-14.0
£2 microglobulin (ng/)
Median 3.0 3.6 0.637
Range 2.0-31.6 1.5-19.9
Cytogenetics
Normal 10 (33.3) 25 (49.0) 0.169
Trisomy 3 1{3.3) 0 (0.0} 0.370
Trisomy 8 0 {0.0) 1 (2.0 1.000
Complex 12 (40.0) 12 (23.5) 0,117
Unknown 7 {23.3) 13 (25.5)

*For qualitative data chi-square test and if necessary Fisher’s exact fest
and for quantitative data Wilcoxon rank sum test were used.

“pvalue for ‘Stages 1-1iP.

*p-value without ‘unknows’,

High prevalence of pP-7 in African-Americans

Table 3. Prevalence of pP-7 carrier state in African-American patients
with hematological neoplasms other than MGUS/MM

Acute lymphocytic leukemia 0/2
Acute myeloid leukemia 0/4
Chronic lymphogytic leukemia 2/13
Chronic myeloid leukemia 216
Diffuse large B-cell lymphoma 2/24
Follicular lymphoma 0/7
Hodgkin lymphoma 0/8
Lymphomas, others 2/8
Total 8/72

Table 4. Prevalence of pP-7 carrier state in European patients with
autoimmune diseases :

Autoimmune disorder

- Rheumatoid arthritis 1/100
- Systemic lupus erythematosus 0/30
- Polymyalgia rheumatic 0/15
- Granulomatosis with polyangiitis 0/10
- Muliiple sclerosis 0/10
- Crohn's disease 0/10
- Churg~Strauss syndrome 0/5

- SAPHO syndrome 0/5

- Sjogren’s syndrome 0/5

Total astoimmune disorders 1/190 (0.5%)

European healthy controls 8/550 (1.5%)

paﬁents had a paraprotein reacting with paratarg-7. All these

patients were pP-7 carriers (Table 1). Notably, the 30
African-American patients with a pP-7 specific paraprotein
was the first among the total of 69 patients with an IgG para-
protein who did not belong to the IgGs, but rather to the
IgG, subtype. The characteristics of African-American
MGUS/MM patients with p-7 specific paraproteins and with
paraproteins that did not bind to paratarg-7 showed no sig-
nificant differences (Table 2). The differences between ethnic
groups regarding the prevalence of pP-7 among MM/MGUS
patients were significant (p < 0.001) for the global test, as
were the differences between African-American (37.0%) and
European (16.7%; p < 0.001), African-American and Japa-
nese {4.0%; p < 0.001) and Buropean and Japanese patients
{p < 0.001).

The prevalence of healthy pP-7 carriers was 11/100
{11.0%) among healthy African-Americans, 8/550 (1.5%) in
Europeans and 1/278 {0.4%) in Japanese (p < 0.001 in the
global test). The prevalence of pP-7 carriers in the Buropean
and Japanese conirols was not different (p = 0.286), but the
prevalence of healthy pP-7 carriers in the African-Americans
were significantly higher than in the European and Japanese
population (p < 0.001 and p < 0.001), respectively.

Int. J, Cancer: 135, 934-938 (2014) © 2014 UICC
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The prevalence of pP-7 carriers was lower in healthy con-
trols than in MGUS/MM patients in all three ethnic groups
(African-Americans: 11.0% vs. 37.0%, p < 0.001; Europeans:
1.5% vs. 16.7%, p < 0.001; Japanese 04% vs. 40%, p =
0.007) resulting in an elevated risk for MGUS/MM among
healthy pP-7 carriers (odds ratio: African-Americans: 4.8
[95% CL: 2.2~10.3], p < 0.001; Buropeans: 13.6 [95% CL 6.3~
29.3], p < 0.001; Japanese 115 [95% CL 14-94.1], p =
0.023). Thus, pP-7 carrier state is the strongest molecularly
defined single risk factor for MGUS/MM known to date in
all three ethnic groups. The p-value for differences in the
odds ratios for MGUS/MM among healthy pP-7 carriers was
0.058 between African-Americans and Europeans, 0.430
between African-Americans and Japanese and 0.884 between
Europeans and Japanese.

Discussion

This study is the first that investigated pP-7 carrier state in
African-American patients. The high prevalence of pP-7 car-
riers among African-American MGUS/MM patients is aston-
ishing and intriguing. The frequency of paratarg-7 as a
paraprotein target in more than one-third of all African-
American MGUS/MM patients suggests a role of pP-7 in the
pathogenesis of these diseases in all three ethnic groups. The
fact that carriers of pP-7 are only at a higher risk for MGUS/
MM and Waldenstrom’s macroglobulinemia {which was not
included in this study due to the very low incidence of Wal-
denstrom’s macroglobulinemia in African-Americans), but
not for other malignancies in neither the European® nor the
African-American population (Table 3) suggests that the con-
yribution of pP-7 to the pathogenesis is more likely to be
mediated by chronic antigenic stimulation and not due o a
higher intrinsic potential of cells carrying the hyperphos-
phorylated paratarg-7 for malignant transformation. This is
also supported by the fact that while all 79 patients included
in this study with a paraprotein reacting with paratarg-7
were carriers of the hyperphosphorylated version of paratarg-
7, none of the 430 MGUS/MM patients with paraproteins
not reacting with paratarg-7 were carriers of pP-7.

Notably, the autoimmunity in pP-7 carries appears to be spe-
cific for P-7, because we found no increased frequency of pP-7
carriers among 190 patients with autoimmune disease (Table 4).

We do not know the age of the healthy blood donors, but
presurnably they were considerably younger than the patients.
The younger age of the donors does not affect the prevalence
data, because pP-7 carriership is inherited and present from

Reoforencas

937

birth to death. However, some of the healthy donors might
develop MGUS/MM later in their life, but this would only
increase the odds ratios for MGUS/MM among healthy pP-7
carriers, We also checked the healthy carriers for anti-P-7 anti-
bodies, because we would expect a polyclonal anti-P-7 reactiv-
ity followed by the appearance of an immortalized clone.
However, so far we have not (yet) detected such a polyclonal
anti-paratarg-7 reactivity in the sera of healthy pP-7 carriers.

Although the differences in the risk for MGUS/MM failed
to become significant between the three ethnic groups due to
the limited number of patients, there was a strong trend (p =
0.058) for a difference between African-Americans and Euro-
peans, which was weaker for the smaller number of African-
American and Japanese probands. The reasons for the differ-
ent risk ratios to develop MGUS/MM in patients of different
ethnic background remain to be determined, and might be
due to either epvironmental or additional genetic factors. In
this respect, studies of African populations from Africa or Jap-
anese from Hawail would be very interesting, but even though
we tried hard, we got no access o such populations.

We expect the risk of a pP-7 carrier in the family of a pP-
7 patient to be even considerably higher, but the number of
families with multiple cases of pP-7 MGUS/MM in our data-
base is {still) too small to prove this with a solid statistics.
Wevertheless, because two robust tests are available (IEF for
the identification of a pP-7 carrier state and ELISA for the
detection of paraproteins with specificity for paratarg-7), the
identification of family members from a pP-7 MGUS/MM
patient at risk, Le,, carriers of pP-7 is an easy task.

With the frequency of pP-7 carriers among healthy
African-Americans and patients with MM/MGUS, sufficient
numbers of pP-7 MGUS/MM patients and healthy wiP-7 and
pP-7 family members should now be available to scrutinize
tumour-host interactions in the presence and absence of the
amtigenic pP-7 in these individuals. Most importantly, the
large number of African-American pP-7 carriers both among
MGUS/MM patients and healthy conirols should now facili-
tate the dissection of the break-down of tolerance against the
autoantigenic pP-7 and the identification of the SNP or
mutation responsible fore the inactivation of PP2A, which
causes and maintains the hyperphosphorylation of paratarg-7
in individuals with a pP-7 carrier state.’
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induction of endoplasmic reticulum stress by bortezomib
sensitizes myeloma cells to DR5-mediated cell death
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TNF-related apoptosis-including ligand/Apo2 (TRAlL}-mediated immunotherapy is an attractive anti-tumor
modality with high tumor specificity. In order to improve its therapeutic efficacy, we further need to implement a
novel maneuver for sensitization of malignant cells to TRAIL. Bortezomib (BTZ), a novel anti-myeloma (MM) agent,
potently induces endoplasmic reticulum (ER) stress to cause apoptosis. Here, we explored the roles of BTZ in the
cytotoxicity of anti-TRAIL receptor agonistic antibodies against MM cells with special reference to ER stress. BTZ
enhanced the expression of death receptor 5 (DR5) but not DR4 in MM cells at surface protein as well as mRNA
levels. However, the DR5 expression was not affected by BTZ without ER stress induction in MM cells with a point
mutation in a BTZ-binding proteasome §; subunit, Tunicamycin, an ER stress inducer, was able to enhance the DR5
expression even in the BTZ-resistant MM cells, suggesting the role of ER stress in up-regulation of DR5 expression.
interestingly, BTZ facilitated extrinsic caspase-mediated apoptosis by anti-DR5 agonistic antibody in MM cells
along with reducing ¢-FLICE-like interleukin protein, a caspase 8 inhibitor. These results suggest that BTZ enhances
DR5 expression and its downstream apoptotic signaling through ER stress to sensitize MM cells to TRAlL-mediated
immunotherapy.

Keywords: multiple myeloma, bortezomib, TRAIL, DRS, ER stress
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However, weak expression of the TRAIL receptors as well as
the suppression of their downstream pro-apoptotic signaling
often cause malignant cell resistance to TRAIL; and sensitiza-
tion of malignant cells to TRAIL has become a major issue in
the TRAIL-mediated immunotherapy. To restore the sensitivity
to TRAIL, we need to develop novel therapeutic maneuvers to
up-regulate surface TRAIL receptors along with stimulation of
DR-mediated pro-apoptotic signaling.

The proteasome inhibitor bortezomib (BTZ) is widely used
in treatment of MM with improved response rates in patients
with both relapsed/refractory and newly diagnosed MM 7, BTZ
induces misfolded protein accumulation in MM cells followed
by endoplasmic reticulum {ER) stress-associated apoptosis®,
However, the effects of ER stress induced by BTZ on TRAIL-
mediated MM cell death are largely unknown. In the present
study, we therefore aimed 1o clarify the role of BTZ on TRAIL
receptor editing and TRAlL-mediated cell death in MM cells
with special reference to ER stress. We demonstrated hera that
BTZ enhanced the surface expression of DR5 but not DR4 in
MM cells and its downstream apoptotic signaling through the
induction of ER stress to sensitize MM cells to an anti-DR5
agonistic antibody.

Materials and Methods

Reagents

Boriezomib was purchased from Millenium Pharmaceuticals,
Inc. ({Cambrigde, MA, USA). Rabbit monocional antibodies
against caspase 9, caspase 3, cleaved caspase 3, poly (ADP-
ribose) polymerase (PARP), and mouse monoclonal antibodies
against activating transcription facior 4 (ATF4) and C/EBP-
homologous protein (CHOP) were purchased from Cell Sig-
naling Technology Japan (Tokyo, Japan). Mouse monoclonal
antibodies against caspase 8, ¢-FLICE-like interleukin protein
{c-FLIP) and B-actin were obtainad from Medical and Biotech-
nological Laboratories (Nagoya, Japan), Sania Cruz Biotechnol-
ogy (Santa Cruz, CA), Abcam (Cambridge, UK) and Sigma (Saint
Louis, MO), respeciively. FITC-conjugated mouse monocional
antibodies against human DR4 and DR5 were from Biolegend
{San Diego, CA). Horseradish peroxidase-conjugated goat
anti-mouse antibody was from Invitrogen Life Technologies
{Carlsbad, CA). The human monoclonal anti-DR5 agonistic
antibody B2-E11 was a kind gift from from Kyowa Hakko Kirin
Co. Lid. (Tokyo, Japan).

Celis and cultures

The use of human samples was approved by the Institu-
tional Review Board at University of Tokushima (Tokushima,
Japan), and informed consent was obtained according to the
Declaration of Helsinki. Peripheral blood mononudlear cells

{PBMCs) were isolated from fresh peripheral blood from
healthy donors™. Primary MM cells were purified from bone
marrow mononuclear cells (BMMCs) using CD138 microbeads
and a magnetic cell sorting system (Miltenyi Biotec, Auburn,
CA). Human MM cell lines, RPMI 8226, KMS-11 and U266, were
obtained from the American Type Culture Collection (ATCC,
Manassas, VA). The human MM cell line OPC was established
in our laboratory ", The human MM cell fine INA-6 was kindly
provided by Dr. Renate Burger {University of Kiel, Kiel, Ger-
many}, The human MM cell lines OPM-2 was purchased from
the German Collection of Microorganisms and Cell Cultures
{Braunschwelg, Germany). BTZ-resistant MM cell lines with a
point mutation in the B; subunit of a 26S proteasome, KMS-11/
BTZ and OPM-2/BTZ, were kindly provided from Kyowa Hakko
Kirin Co. Ltd. (Tokyo, Japan) '?. Cells were cultured in RPMI1640
(Sigma) supplemented with 5% FCS {Life Technologies, Grand
island, NY), penicillin (100 units/mL), and streptomycin (100
g/l at 37°Cin a humidified atmosphere with 5% CO,.

Flow cytometry

Cell preparation and staining for flow cylometry were
performed as described previously'. Briefly, cells were incu-
bated in 100 ul PBS with 2% human y-globulin with saturating
concentrations of different FiTC-conjugated monoclonal
antibodies on ice for 40 minutes. They were then washed
and analyzed by flow cytometry using EPICS-Profile {Coulter
Elecronics, Hialeah, FL).

Cell viability and apoptosis assay

MM celis were incubated with various concentrations of BTZ
with or without TRAIL agonistic antibody at 37°C for 48 hours.
Viable cell numbers were measured by a cell proliferation
assay using 2-{2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
{2 4-disulfophenyl)-2H-tetrazolium (WST-8; Kishida Chemical,
Osaka, Japan). Apoptosis in MM cells was evaluated by stain-
ing the celis with an annexinV-FITC and propidium iodide
labeling kit (MEBCYTO Apoptosis Kit; MBL, Nagano, Japan)
according to the manufacturer’s instruction.

Weastern biot analysis

Cells were collected and lysed in a lysis buffer (Cell Signal-
ing, Beverly, MA) supplemented with 1 mM phenylmethylsul-
fonyl fluoride and protease inhibitor cocktail solution (Sigma).
The cell lysates were subjected to SDS-PAGE on a 10% poly-
acrylamide gel, and then transferred to polyvinylidene difluo-
ridde membranes (Millpore, Billerica, MA). The membranes were
blocked with 5% non-fat dry milk in TBS with 0.01% Tween 20
for 1 hour at room temperature and incubated for 16 hours at
4°C with the primary antibodies. After washing, a secondary
horseradish peroxidase-conjugated antibody was added
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Up-regulation of DR5 expression in MM cells by BTZ, (A) MM cell lines, primary MM cells, and peripheral blood mononuclear cells

{PBMCs) were incubated with BTZ at 10 ni for 24 hours, and the surface expression of DRS was analyzed by flow cytometry. (B) RPMI 8226,
INA-6 and OPM-2 cells were incubated with BTZ at 10 n for different periods as indicated. DR4 and DRS mRNA expression was determined
by real time RT-PCR. GAPDH was used as an internal control. #P < 0.05.

and the membranes were developed using the enhanced
chemiluminescence plus Weastern blotting detection system
{American Biosciences, Piscataway, NJ).

Guaniitative real-time PCR

Cells were harvested and total RNA was extracted from cells
using TRIZOL reagent (Invitrogen). Equal amounts of total RNA
were subjected 1o reverse transcription using Superscript I
{Invitrogen). Real-time PCUR was performed using Platinium
SYBR Green gPCR SuperMix UDG with Rox {Invitrogen) with
the following amplification program: one cycle of 50°C for
2 minutes and 95°C for 2 minutes and 40 cycles of 95°C for
15 seconds and 60°C for 30 seconds. The reaction was followed
by a melting curve protocol according to the specifications

of the ABI 7300 (Applied Biosystems, Foster City, CA, USA).
Primers used were as follows: DR4 sense 5-AAGTTTGTCGTC
GTCGGGGTCCT-3 and antisense 5-GGTGGACACACTCTCCCA
AAGGGC-3] DR5 sense 5-TCTCCTGAGATGTGCCGGAAGTGCC-3
and antisense 5-GCTGGGACTTCCCCACTGTGCTTT-3, GAPDH
sense 5-AATCCCATCACCATCTTCCA-3 and antisense 5-TGGAC
TCCACGACGTACTCA-3! Products were run on 2% agarose gels
coniaining ethidium bromide.

Statistical analysis

Comparisons between experimental data were performed
by one-way analysis of variance (ANOVA) or one-sided, paired
t-test. P below .05 was considered statistically significant.
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Figure 2. Induction of caspase activation and cell death in MM cells. (A) RPMI 8226 and KMS-11 cells were treated with BTZ at the indicated
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and OPC cells were treated with BTZ or the anti-DR5 agonistic anfibody R2-E11 at 100 ng/ml alone or both in combination for 48 hours. Cell

viability was analyzed by WST-8 assay. *P < 0,05,

Results and Discussion

BTZ up-regulates DAS expressios in MM cells

We first examined whether BTZ affects the surface expres-
sion of TRAIL receptors, DR4 and DRS, on MM cells. BTZ at 10
nM up-regulated the surface level of DRS on primary MM cells
as well as all MM cell lines tested (Fig. 1A), However, BTZ did
not up-regulate the surface level of DR4 on MM cells {data not
shown). Real time RT-PCR demonstrated BTZ increased the
DR5 mRNA expression by BTZ in RPMI 8226, INA-6 and OPM-2
MM cells (Fig. 1B), suggesting the up-regulation of DR5S at
transcriptional levels,

BYTZ enhances anti-DAS agonistic antibody-mediated
activation of the exirinsic apopiotic pathway and death In
M cells

Because BTZ up-regulates DR5 expression in MM cells, we
next looked at the effecis of BTZ on anti-DR5 agonistic
antibody-mediated activation of the exirinsic apoptotic
pathway and death in MM cells, BTZ at 10 nM induced the
activation of caspase 8 and caspase 3, and the cleavage of
caspase 3 and PARP along with decreasing ¢-FLIP protein
levels in RPMI 8226 and KMS-11 cells {Fig. 2A). Treatment
with the anti-DRS agonistic antibody R2-E11 at 100 ng/mlL in
combination with BTZ at 10 nM markedly reduced c-FLIP
protein levels and enhanced the activation of caspase 8 and
the cleavage of caspase 3 and PARP, although the anti-DR5
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agonistic antibody R2-E11 alone showed only marginal effects
on these caspase and PARP cleavage. Consistently, BTZ and
R2-E11 in combination cooperatively enhanced cell death in
RPMI 8226, INA6 and OPC cells, whereas BTZ or R2-E11 alone
at this experimental condition only partially induced MM cell
death (Fig. 2B). These results suggest that BTZ potentiates
DR5-mediated activation of the extrinsic apoptotic pathway
and cell death in MM cells,

BYZ does not up-reguiste DRS expression in MM cells with
2 8. subunit mutation

To further clarify the role of ER stress induced by BTZ on DRS
expression and DRS-mediated cytotoxicity, we examined the
effects of BTZ, using KMS-11 and OPM-2 cells with a point
mutation in the B; subunit of a 265 proteasome, KMS-11/
BTZ and OPM-2/BTZ, respectively, which are resistant to
BTZ-induced cell death. Although BTZ up-regulated DR5
expression on parental KMS-11 and OPM-2 cells, the DR5
up-regulation by BTZ was completely absent in the BTZ-
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were treated with tunicamycin at 1 pM or the anti-DRS agonistic antibody R2-E11 at 100 ng/mL alone or both in combination for 48 hours.

Cell viability was analyzed by WST-8 assay*P < 0.05.

resistant KMS-11/BTZ and OPM-2/BTZ cells (Fig, 3A). Treat-
ment with BTZ at 10 nM or more increased ATF4 and CHOP
protein levels along with the activaiion of caspase 8, caspase
9 and caspase 3, and the cleavage of PARP in KMS-11 cells
{Fig. 3B). However, these effects of BTZ were not observed in
the BTZ-resistant KMS-11/BTZ cells. Consistently, BTZ did
not induce apoptosis in the OPM-2/BTZ cells (Fig, 3C). The
cytotoxic effects of the anti-DR5 agonistic antibody R2-E11
were equally observed in the parental and mutated OPM-2
cells, However, the enhancement of cell death by R2-E11 in
combination with BTZ was only observed in the parental
OPM-2 cells but not in the mutated ones. Therefore, the induc-

tion of ER stress and thereby DR5 up-regulation appears to
be responsible for the enhancement of anti-MM effects of the
combinatory treatment with an anti-DR5 agonistic antibody
and BTZ.

DRE expression is up-regulated in the BT Z-resistant MM
cells under BB stvess by tunicaraycin

In order to further clarify the relationship between ER stress
and the up-regulation of DRS, we looked at the effects of ER
stress induced by the ER siress inducer tunucamycin on DR5
expression and death in the parental and B subunit-mutated
MM cells. Tunicamycin at 1 uM was able to increase ATF4 and
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CHOP protein levels in BTZ-resistant s subunit-mutated
KmMS-11/BTZ cells as well as their parental cells (Fig. 4A), and
up-regulate the DR5 expression on the surface of both the
parental and mutated KMS-11 and OPM-2 cells (Fig. 4B). Con-
sistent with the up-regulation of the surface DRS expression,
tunicamycin at 1 pM was able to induce significant cytotoxic
effects equally on both KMS-11 cells and bortezomib-resistant
KMS-11/BTZ cells in combination with R2-E11 at 100 ng/mi,
although tunicamycin or R2-E11 alone only minimally affected
the viability of these cells in this experimental condition (Fig.
4C). These results further corroborated the critical role of ER
stress in the up-regulation of DRS in MM cells and anti-DR5S
agonistic antibody-mediated MM cell death,

Because DR5 has been demonstrated fo be one of the target
genes of CHOP ™' and ATF3 " induced downstream of ATF4,
the up-regulation of DRS in MM cells by BTZ is suggested at
least in part due fo the induction of ATF4 through ER stress.
Collectively, BTZ enhances DR5 expression and its downstream
apoptotic signaling through ER stress {o sensitize MM celis
to TRAlL-mediated immunotherapy. Furthermore, BTZ also
induces death receptor-independent apoptosis as a result of
excessive ER stress, which may cooperatively enhance MM cell
death in combination with anti-DR3 agonistic antibody.

We have previously reported that MM cells post-translation-
ally down-modulate the cell surface expression of DR4 but not
DR5 through ectodomain shedding by endogenous TNF-a
converting enzyme (TACE), and that TACE inhibition is able
to restore cell surface DR4 levels and the susceptibility of MM
cells to TRAIL or an agonistic antibody against DR4 ", TACE-
mediated shedding appears to be an important mechanism
for the reduction of surface DR4 levels on MM cells, which may
blunt TRAlL-mediated apoptosis by surrounding immune cells
exprassing TRAIL to protect MM cells, Thus, DR4 and DRS
editing and expression on the surface of MM cells appear to
be differentially regulated. BTZ and TACE inhibitors seem good
options to revitalize TRAlL-mediated immunotherapy whose
therapeutic efficacy has been limited as a single treatment
modality. The combination of TRAlL-mediated immunotherapy
with BTZ and/or TACE inhibitors is warranted for further study
in patients with MM,
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We evaluated the dinical significance of prognostic factors including the Interna-
tional Staging System {153} and modified European Group for Blood and Marrow
Transplantation response criteria in 1650 Japanese patients with multiple myeloma
(MM} who underwent upfront single autclogous stem cell transplantation (ASCT).
We categorized patients into two treatment cohorts: pre-novel agent era (1995~
2006} and novel agent era (2008-2011). The combined percentage of pre-ASCT
complete response and very good partial response cases {463 of 988, 47%) signifi-
cantly increased during the novel agent era compared with the pre-novel agent
era (164 of 527, 31%; P < 0.0001). The Z-year overall survival (OS) rate of 87%
during the novel agent era was a significant improvement relative 1o that of 82%
during the pre-novel agent era (P = 6.019). Although significant differences in 08
were found among ISS stages during the pre-novel agent era, no significant differ-
ence was observed between IS5 | and U (P = 0.107) during the novel agent era. The
factors independently associated with a superior 0% were female gender
(P = 0.002), a good performance status (P = 0.024}, lower I55 (P < 0.001), pre-ASCT
response at least partial response (P < 0.001) and ASCT during the novel agent era
{P = 0.017). These results indicate that the response rate and 05 were significantly
improved, and the 185 could not clearly stratify the prognoses of Japanese patients
with MM who underwent upfront single ASCT during the novel agent era.

The prognosis of patients with multiple myeloma (MM)
has improved since the introduction of novel treatment
agents such as bortezomib, thalidomide and lenalidomide,
Bortezomib is classified as a proteasome inhibitor and thalido-
mide/lenalidomide as immunomodulator diugs. During the
pre-novel agent era, an international collaborative project
developed the International Staging System (ISS) based on
serum albumin and B2-microglobulin levels.”") This system has
been widely used in both young and elderly patients with MM
treated with either conventional chemotherapy or auntologous
stem cell transplantation (ASCT) after high-dose melphalan
conditioning during the novel agent era. However, the validity
of the ISS for prognostic predictions has not been verified in
Asian patients with MM. We analyzed the prognostic factors
of a large cohort of newly diagnosed Japanese patients with
MM who underwent upfront single ASCT after high-dose

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Lid
on behalf of Japanese Cancer Association.

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial  License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is
not used for commercial purposes.

melphalan (200 mg/m% Mel 200) treatment during both the
pre-novel and novel agent eras.

Materials and Methods

Data source and patients. Por this retrospective observational
study, data were collected and analyzed using the Transplant
Registry Unified Management Program (TRUMP) of the Japan
Society for Hematopoietic Cell Transplantation (JSHCT). Patient
consent is not required for ISHCT TRUMP regisiration because
the registry data comprise anonymized clinical information.
This study was approved by the data management committees
of JSHCT and the institutional review boards of the Kanazawa
University Graduate School of Medical Science, Japan.

Because bortezomib, thalidomide and lenalidomide were
released for treatment of relapse/refractory MM in Japan in
December 2006, February 2009 and July 2010, respectively,
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we categorized the patients into two treatment cohorts: pre-
novel (1995-2006) and novel agent eras (2008-2011). The
study participants included 1650 Japanese patients (936 men
and 714 women) with a median age of 58 years (ranmge:
18-73 years) who underwent upfront single ASCT after Mel
200 treatment for newly diagnosed symptomatic MM; all
patients underwent an ASCT in Japan between October 1995
and December 2011. Because bortezomib was released for the
treatment of relapse/refractory MM on 1 December 2006 and
approved for the treatment of previously untreated MM on 16
September 2011, most patients who underwent an ASCT in
2007-2011 were first treated with conventional chemothera-
pies, such as VAD (infusional vincristine, doxorubicin and
pulsed dexamethasone) or high-dose dexamethasone, but when
patients did not achieve a sufficient response, they were then

Table 1. Patient characteristics

www.wileyonlinelibrary.comfjournal/cas

treated with novel agents before ASCT. Patients who under-
went an ASCT in 2007 were excluded, because bortezomib
was released in December 2006 and a relatively large number
of these patients were assumed to have received induction che-
motherapy without the use of novel agents. The overall
survival (OS) curve of patients who underwent an ASCT in
2007 was located between that in 1995-2006 and that in
2008-2011 (data not shown). All patients were diagnosed with
MM based on institutional assessment. When ASCT was per-
formed between January 2004 and December 2011, patient
responses to therapy were assessed based on the criteria of the
European Group for Blood and Marrow Transplantation,®
which was modified to include very good partial response
(VGPR) and stable disease (SD), and categorized as either a
complete response (CR), VGPR, partial response (PR), SD or

ASCT during pre-novel agent era (until 31 December
2006) (n = 654)

ASCT during navel agent era
{(after T January 2008) (n = 996)

Pvalue
OQOEZ;; iif'::)g(;e)mber J&nu;tgog()((:’tbggmber January 2008-December 2011
Median age, years (range} at ASCT 54 (23-68) 57 (22-70) 59 (18-73) <0.001
Age <65 at ASCT, n (%) 113 (86.6) 517 (86.3} 937 (94.1) 0.0497
Male, n (%) 62 {53.0} 257 (55.3) 577 (58.0} 0.223
Performance status at ASCT, n (%)
Qort 100 {85.5) 475 {88.5) 906 (21.09 0.788
> 7 (8.0} 51 {9.5) 87 (8.7)
Unknown 16 (8.5} 11 (2.9) 3(0.3)
1SS stage at diagnosis, n (%)
{ 21 {17.9) 148 (27.6) 342 (34.3) 0.992
i 21{17.9) 167 (31.1) 376 (37.8)
i 19 (16.2) §0 (16.8) 216 21.7)
Unknown 56 (47.9) 132 (24.6} 62 (6.2}
Myeloma type, n (%)
Light-chain only 23 (19.7) 81 {(15.1) 182 (18.3) 0.194
IgA 21{17.9) 108 {20.3) 198 {19.9)
tgG 65 (55.8) 316 (58.8) 553 (55.5)
gD 5 (4.3) 16 (3.0) 28 {2.8)
igh 0 1{0.2} 2 (0.2}
Non-secreting 0 8 (1.7} 31 3.1
Unknown 3{2.8) 5{0.9) 2{0.2)
Planned post-ASCT therapy, n (%)
Thalidomide ] 1 (0.2} 28 (2.8) <0.001
Bortezomib 0 0 . 24 (2.4) <0.001
Lenalidomide [ 8 31 3.1 <0.001
Pre-ASCT response, n {%) CR 45 (8.4) CR 123 (12.3)
nCR 18 (15.4) YGPR 119 (22.2) VGPR 340 (34.1)
PR 64 (54.7) PR 285 (53.1) PR 434 (43.8)
SD 11 {8.4) sD 62 {11.5) SD 76 (7.6}
PD 4 (3.4) PD 16 (3.0} PD 15 (1.5}
NA 20 (17.1) NA 10 (1.9) NA 8 (0.8)
CR + VGPR NA 164 (31.1) 463 {(46.9) <0.001
Non-CR + Non-VGPR NA 363 (68.9) 525 (53.1)
Post-ASCT response, n (%) NA CR 45 {15.9} 182 (26.4) <0.001
Nore-CR 238 (84.1) 508 (73.6)
MNA 254 306

P-value, comparison between pre-novel and novel agent eras. Because the response of patients {n = 4} who underwent ASCT between October
1995 and December 1996 was based on institutional assessment, we excluded them from the pre-ASCT response assessment. ASCT, autologous
stem cell transplantation; CR, complete response; 1SS, International Staging Systern; NA, not assessed; nCR, near complete response; PD, progres-
sive disease; PR, partial response; 5D, stable disease; VGPR, very good partial response or betier.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asie Ply Lid
or behalf of Japanese Cancer Association. ’
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Fig. 1. Overall survival (OS) from the time of autologous stem cell transplantation (ASCT) of patients who underwent ASCT during the pre-

novel and novel agent eras {a); males (b) and females (¢).

Table 2. Comparison of factors associated with survival

2-years survival

(%) (95% C1) P-value
Age <65 at ASCT 84.5 (82.3-86.4) 0.603
Age >65 at ASCT 83.2 (70.5-90.8)
Male 83.9 (81.0-86.3) 0.014
Female 85,2 (81.9-87.9)
Performance status at ASCT
Gort 85.7 (83.6-87.7) <0.001
>1 74.0 (65.0-81.1)
i85 stage at diagnosis
i 80.1 (86.6-92.7) <(L001
] 83.2 (79.3-86.5)
i 79.4 (73.9-83.9)
Pre-ASCT response
CR 85.3 {(77.3-90.6) <0.001
VGPR 88.1 (84.2-91.1)
PR 85.3 (82.1-88.0)
SD 78.6 (69.6-85.1)
PD 51.8 (31.4-68.6)
Post-ASCT rasponse
R 90.6 (84.8-94.3) 0.001
Non-CR 85.4 (82.3-88.1)
ASCT during pre-novel agent era 82.0 (78.7-84.8) 0.018

86.8 (84.1-89.2)

Pre-ASCT and post-ASCT responses were analyzed using the data of
pre-novel {January 2004-December 2006) and novel agent eras (Janu-
ary 2008-December 2011). The overall survival was calculated from
the time of ASCT. ASCT, autologous stem cell transplantation; CR,
complete response; 155, International Staging System; PD, progressive
disease; PR, partial response; $D, stable disease; VGPR, very good par-
tial response or better,

ASCY during novel agent era

progressive disease (PD). Because we conid not exclude the
possibility that immunofixation electrophoresis tests were not
performed in some VGPR cases, VGPR or better is indicated
in this study. VGPR was defined by a >90% reduction in M-
component levels in the serum by electrophoresis (EP) in addi-
tion to PR criteria, and SD was defined as minor response
{MR) plus no change (NC). In contrast, when ASCT was per-
formed between January 1997 and December 2003, the
responses to therapy were assessed as follows: mear CR

CancerSci | 2095 | B

required the absence of detectable M-component levels in the
serum and urine by EP and plasmacytomas, which was main-
tained for a minimum of 4 weeks without the emergence of
new lesions, together with <5% plasma cells in the bone mar-
row on the recovery of peripheral white blood cell counts,
platelet counts, and Hb to 22.5 x 10°/L, =100 x 10°/L and
210 g/dL., respectively. If chemotherapy and/or interferon
treatment had adverse effecis on blood recovery, the aforemen-
tioned peripheral blood recovery was not required. PR was
defined by a 250% reduction in M-component levels in the
serum and urine by EP and a >50% reduction in the size of
plasmacytomas (=long diameter x short diameter), if iwo
dimensions were measurable, or a >30% reduction, if only one
dimension was measurable, which was maintained for a mini-
mum of 4 weeks without the emergence of new lesions. MR
was defined as follows: (i) a 25-50% reduction in M-compo-
nent levels in the serum and urine by EP, or a >50% reduction
in M-component levels in the serum and urine by EP for
<4-week duration; (i) a 25-50% decrease in plasmacytoma
size (=long diameter x short diameter), if two dimensions
were measurable, or a =50% decrease in plasmacytoma size
for <4-week duration (a 15-30% decrease, if only one dimen-
sion was measurable, or >30% decrease in plasmacytomas size

- for <d-week duration); and (ili) no emergence of new lesions

for a minimuom of 4 weeks. PD was defined as an increase in
M-component levels and/or plasmacytomas or the emergence
of new lesions. The remaining patients without new lesions for
2 minimom of 4 weeks were considered as NC, and 5D was
defined as MR plus NC. Because the response of patients
{(n=4) who underwent ASCT between Ociober 1995 and
December 1996 was based on an institutional assessment, we
excluded them from the pre-ASCT response assessment.
Statistical analysis. Continuous variables were analyzed using
the Stadent ¢ test, and categorical variables were analyzed
using Fisher’s exact test. The OS was calculated from the time
of diagnosis or ASCT until the date of death, by any cause, or
the date of last contact. Patients who could not be followed up
were censored at the date of last contact. Survival curves were
plotied according to the Kaplan-Meier method, and the log-
rank test was used for comparisons among the groups. The
Cox proportional hazard model was used to calculate the haz-
ard ratios (HR) for each variable along with the 95% confi-
dence interval (CI). A multivariate analysis was conducted by

® 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Lid
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entering all variables that were associated with survival at a
significance level of P < 0.05 into a Cox proportional hazard
model. All statistical analyses were performed using the EZR
software package (Saitama Medical Center/Jichi Medical Uni-
versity, Saitama, Japan)® along with a graphical user interface
for the R software package (version 2.13.0; The R Foundation
for Statistical Computing). A multivariate analysis was per-
formed using the EZR software package (Saitama Medical
Center/Jichi Medical University)® and SAS version 9.2 soft-
ware (SAS Institute, Cary, NC, USA). P-values of <0.05 were
considered significant in all analyses.

Results

The characteristics of patients before and after the approval of
novel agents are shown in Table 1. There were no significant

Tims from diagnosis {months)

survival (08) was calculated from the time of
diagnosis.

differences between the groups with regard to gender, perfor-
mance status (PS) at ASCT, ISS categorization at diagnosis
and myeloma type, except for age at ASCT, and planned post-
ASCT therapy.

During the pre-novel agent era, 654 patients in Japan (359
men and 295 women) with a median age of 56 years (range:
22-70 years) underwent upfront single ASCT after Mel 200
treatment between October 1995 and December 2006. The
median follow-up duration was 4.2 years with a 2-year OS rate
of 82.0% (95% CI, 78.7-84.8), a 4-year OS rate of 64.7%
(95% CI, 60.6-68.4) and the median survival was 6.3 years.
During the novel agent era, 996 patients in Japan (577 men and
419 women) with a median age of 59 years (range: 18-
73 years) underwent single ASCT after Mel 200 treatment
between January 2008 and December 2011. The median
follow-up duration was 1.6 years with a 2-year OS rate of

(@) ®) P ASCT duri i
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, HERCR T VGPR, 340 cases; PR, 434 cases; SD, 76 cases; PD, 15
e cases). Post-ASCT responses of patients who
40+ Hon-CR L 40 underwent ASCT during the pre-novel agent ([c]
CR, 45 cases; non-CR, 238 cases} and novel agent
20+ 26 n eras {[d] CR 182 cases; non-CR, 508 cases). Qverall
CRversus non-CR, P = 0.035 OR versus non-CR, £ = 801 survival (O5) was calculated from the time of ASCT.
o o These responses were analyzed using the data of
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86.9% (95% CI, 84.1-89.2). The OS during the novel agent era
was significantly improved in comparison to the OS during the
pre-novel agent era (F = 0.019; Fig. 1a). The factors associated
with a superior OS were female gender (P = 0.014), a good PS
(P <0.001) and a low ISS score (P < 0.001; Table 2).
Although the OS of female patients with MM significantiy
improved during the novel agent era (F = (.002), the OS of
male patients with MM did not (P = 0.592; Figs 1b.c,5). The
median survival rates from the time of diagnosis for the 185 1
(n=168), II (n=188) and 11 (n = 109) groups during the
pre-novel agent era were 12.9, 7.2 and 5.4 vyears, respectively
(Fig. 2a). The OS was significantly different when the 185 1
group was compared with the ISS I (P = 0.008) and i
(P <0.001) groups and between the ISS II and Iil groups
(P =0.027). The 2Z-year OS rates from the time of diagnosis
for the ISS T (n = 342), Il (n = 376) and HI (n = 216) groups
during the novel agent era were 96%, 93% and 90%, respec-
tively (Fig. 2b). In the ISS I group, the OS was significantly
prolonged compared with the ISS I group (P < 0.001), but no
significant differences were found between the IS5 [ and U
groups (P = 0.107; Fig. 2b). The period from diagnosis to
ASCT in the pre-novel agent era was 64-6079 days (median
213 days) and that in the novel agent era was 18-7201 days
(median 218 days), and the difference between these groups
was not significant (P = 0.82 by unpaired stest; P = (.60 by
Mann~Whitney U-test). The pre-ASCT responses during the
pre-novel agent era (January 2004-December 2006) were as
follows: CR, 45 cases (8%); VGPR, 119 cases (22%); PR, 285
cases (53%); 8D, 62 cases (12%); PD, 16 cases (3%); and no
data, 10 cases (2%; Table 1). The 2-year OS rates for the CR,
VGPR, PR, SD and PD groups were 82%, 82%, 85%, 73% and
65%, respectively. The median survival durations for the CR,
VGPR, PR, SD and PD groups were not reached, 6.6, 6.4, 4.8,
and 3.7 years, respectively (Fig. 3a). There were no significant
differences in the OS between the CR group and the other
response groups. The pre-ASCT responses during the novel
agent era were as follows: CR, 123 cases (12%); VGPR, 340
cases (34%); PR, 434 cases (44%); SD, 76 cases (8%}, PD, 15
cases (2%); and no data, eight cases (1%; Table 1}. The 2-year
OS rates for the CR, VGPR, PR, 5D, and PD groups were
87%, 91%, 86%, 84% and 36%, respectively. There were no

Table 3. Univariate and multivariate analysis for survival
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significant differences in the OS between the CR group and the
other response groups, except between CR and PD (P < 0.001;
Fig. 3b). The percentage of pre-ASCT CR + VGPR cases (463
of 988, 47%) during the novel agent era significantly increased
in comparison with that during the pre-novel agent era (164 of
527, 31%; P < 0.001; Table 1), and there was a significant dif-
ference in the OS between the pre-ASCT CR + VGPR and PR
groups during the novel agent era (P = (.003; Fig. 3b). The
post-ASCT CR rate during the novel agent era (182 of 690,
26%) also significantly increased compared with the pre-novel
agent era rate (45 of 283, 16%; P < 0.001; Table 1). There
were significant differences in the OS between the post-ASCT
CR and non-CR groups during both the pre-novel and novel
agent eras (Fig. 3c,d).

In a multivariate analysis, we analyzed the baseline factors
that were significant in a univariate analysis; the post-ASCT
response was excluded based on data unavailability for a large
number of cases. The factors that were independently associ-
ated with superior OS were female gender (P = 0.002), PS of
O or 1 (P=0024), IS8 1 versus II (= 0.046) and I
(F < 0.001), a pre-ASCT response better than or equal to PR
(P <0.001), and ASCT during the novel agent era
(7 = 0017, Table 3), We classified patients into five catego-
ries on the basis of the number of prognostic factors (male
gender, PS of 2, 3 or 4, ISS IF or HI, a pre-ASCT response
less than PR, and ASCT during the pre-novel agent era). The
numbers of patienis with 0, 1, 2, 3, 4 and 5 prognostic factors
were 251, 593, 394, 126, 17 and 1, respectively. We con-
ducted Kaplan-Meier analysis according to the number of
prognostic factors and revealed a clear OS5 stratification
(Fig. 4). Only one patient displayed all five prognostic factors,
and his OF was not shown. The patients who wese included
in this analysis underwent an ASCT during pre-novel (October
1995-December 2006) and novel agent (January 2008-Decem-
ber 2011) eras,

To further clarify the effects of novel agents across the vari-
ous risk groups, we analyzed the differences in the OS of the
groups before and during the novel agent era with respect to
well-known prognostic factors (Fig. 5). In a comparison of the
pre-novel aund novel agent eras, the following factors were
associated with a better OS: age <65 years (P = 0.024) at

Univariate analysis Multivariate analysis

Age >65 vs <65 at ASCT

Male vs female

PE>tvws O or 1 at ASCT
1SS stage at diagnosis

t
il
]
Pre-ASCT response

CR/NCR/VGPR/PR vs SD/PD

Post-ASCT response
Non-CR vs CR

ASCT during pre-novel agent era vs during novel agent era

Hazard ratio (95% Ci) P-value Hazard ratio (95% CB) P-value
1.130 (0.713-1.791) 0,603 NA

1.275 {1.049-1.550) 0.015 1.456 (1.155-1.837) 0.002
1,321 {1.142-1.828} <0.001 1477 (1.053-2.071) 0.024
1.600 - 1.060 -
1.413 (1.079-1.852) 0.012 1.322 (1.005-1.739) 0.046
1.408 (1.220-1.624) <001 1.840 (1.376-2.461) <(.0M
1.206 (1.110-1.311) <0.001 1.680 {1.240-2.277) <0001
1.939 {1.284-2.930} 0.002 NA

1.310 (1.044-1.643) 0.020 1.366 {1.060-1.761) 0.017

The overall survival was calculated from the time of ASCT. The patients who were included in this analysis underwent an ASCT during pre-novel
{October 1995-December 2006) and novel agent (January 2008-Decernber 2011) eras. ASCT, autologous stem cell transplantation; CR, complete
response; 1SS, International Staging Systeny; NA, not applicable; nCR, near complete response; PD, progressive disease; PR, partial response; PS,

performance status; SD, stable disease; VGPR, very good partial response or better.
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Fig. 4. Overall survival (OS) from the time of autologous stem cell
transplantation (ASCT) according to the number of prognostic factors;
male gender, performance status (PS} of 2, 3 or 4, the International
Staging System {(I58) I or lil, a pre-autologous stem cell transplanta-
tion (ASCT) response less than the partial response (PR), and ASCT dur-
ing the pre-novel agent era. Only one patient displayed all five
prognostic factors and his OS$ was not shown. The patients who were
included in this analysis underwent an ASCT during pre-novel (Octo-
ber 1995-December 2006} and novel agent (January 2008-December
2011) eras.

ASCT, female gender (P = 0.002), PS of O or 1 (P = 0.044) at
ASCT and ISS II (P = 0.046) at diagnosis.

Discussion

Novel agents have markedly changed therapies for MM. Tha-
lidomide, lenalidomide and bortezomib were approved in the
USA in 2006, 2006 and 2003, respectively, and were approved
in many European Union member nations in 2008, 2007 and
2004, respectively. According to clinical studies performed in
Europe and the USA in which novel agents had been intro-
duced earlier than in Asian countries, significant improvements
in responses and survival were observed in patients with MM
who had been treated with novel agents.(M) However, few
reports have described the outcomes of patients with MM who
have been treated with novel agents in Asian countries. Our
first aim was to provide the initial analysis of prognostic fac-
tors in a large cohort of newly diagnosed Japanese patients
with MM who underwent single upfront ASCT during the

www.wileyonlinelibrary.comfjournal/cas

novel agent era. OS significantly improved during the novel
agent era and significant improvements in the 2-yvear OS were
confirmed in patients with MM who were younger (<65 years
at ASCT; 82% vs 87%; P = 0.024), female (80% vs 90%:
P = 0.002) and with a good PS (0 or 1 at ASCT; 83% vs
88%; P = 0.044; Fig. 5). These findings are consistent with
those of previous reports.® Kastritis ef al. demonstrate that
the median OS in patients who began treatment after the intro-
duction of novel agents increased by 12 months (48 vs
36 monthis; P < 0.001). This improvement was moie pro-
nounced in younger (<70 years; 39 vs 74 months; P < 0.001)
and female (36 vs 59 months; P = 0.001) patients but was less
evident in older (>70 years; 26 vs 33 months; P = 0.27) and
male gaﬁents (37.5 vs 40.5 months; P = 0.062).°9 Kumar
et al.*Y report that in a larger cohort of 2981 newly diagnosed
patients with myeloma, those who had been diagnosed in the
previous decade experienced a 50% improvement in the OS
(44.8 vy 29.9 months; P < 0.001). Furthermore, Costa et al.
also demonstrate by multivariate analysis using Center for
International Blood and Marrow Transplant Research (ClI-
BMTR) data that ASCT in the 2000-2004 cohort (n = 6408;
HR =077 or in the 2005-2010 cohort (n = 11 644;
HR = 0.68) were associated with lower risk of death compared
with the 1995-1999 (n = 2226) cohort. Although we do not
know the reason for a superior OS in female MM patients,
Kristinsson et al.® and Kumar er al” also show enhanced
survival in female patients with MM using a total of 14 381
and 2981 patients, respectively. Landgren er ol report that
estrogen medication has been found to reduce the risk of
developing MM among females, potentially due io the block-
ing effects on interleukin-6-mediated MM cell growth.'?

Our second aim was to validate the ISS in Japanese patients
with MM during the pre-novel and novel agent eras. Although
our results demonstrate that the ISS could be used to stratify
the O of patients who underwent ASCT during the pre-novel
agent era, we could not clearly stratify the prognosis of Japa-
nese patients with MM in the ISS T and II groups who under-
went upfront single ASCT during the novel agent era. In the
pre-novel agent era, Nagura e al.UV report that the ISS could
stratify Japanese patients with MM who were treated with che-
motherapy and ASCT. Kim et alU? also report that the 1SS
could predict the prognosis of Korean patients with MM who
underwent ASCT as a first-line therapy during the pre-novel
agent era. Furthermore, Kastritis er al.®® report that the ISS
was applicable in Xatients during the novel agent era. In con-
trast, Hari er al."% demonstrate using the CIBMTR data that
the ISS III stage (n = 449) was associated with a higher risk

HR {95% ¢h Pyalue

Fig. 5. Impact of autologous stem  cell
transplantation (ASCT) during the novel agent era
on the overall survival {QS) from the time of ASCT
in each stratified category. Effects of ASCT during
the novel agent era are shown as forest plots.
Circles on lines indicate hazard ratios compared
with “ASCT during the pre-novel agent era,” and
horizontal lines represent the corresponding 95%
confidence interval (Ql). Pre-ASCT responses were
analyzed using the data of pre-novel (January
2004-December  2006) and novel agent eras
{January 2008-December 2011} based on the same

Category Hazard ratio (HR) {85% €I}

Age <= 65 at ASCT o 0,766 (0.507-0.966)  0.024
Age > 65 at ASCT - e e} 0713(0.251-2.024) 0525
Hato i 0924 (0.692-1.234)  0.592
Female - —e— | 0.559 (0.364-0.813)  0.002
i i 0.775{0.605-0.993)  0.044
PoatASCT W,: i PP 0.721(0.383-1.321)  0.289
15 stago tdiagnosls | - — et ey
i I 0720 (046311210 0.146
il - proe 0637 (0.291-1393) 0268
Pre-ASCT response CR - A e 0.667 {0.280-1.589) 0.361
BR e 1020 (0.728-1430)  0.808
8D - | 0.77% (0.413-1.441) 0.418
D - ¢ & {2685 (0.921-7.828)  0.070
Post-ASCT response CR - e | 0951(0.370-2498) 0936
Non-CR o} 0072(0.694-1.361) 0867

0425 025 05 1 2 4 &

Favors Favors

ABCT during novel agent era  ASCY during pre-novel agent ara
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response criteria. IS8, International Staging System;
PS, performance status.
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of mortality compared with the ISS I stage (n = 230;
P = 0.007) but not the ISS 11 stage compared with the 188 1
stage (n = 50; relative risk = 1.10, P = 0.482) in patients who
received upfront ASCT for MM in the pre-novel agent era.
Tan et al."? recently compared the OS of 221 patients with
MM in Singapore who had been diagnosed from 2006 to 2009
{era 2), when an upfront bortezomib combination was
approved for high-risk MM, with the OS of 262 patients who
had been diagnosed from 2000 to 20035 (era 1), when bortezo-
mib could only be administered upon relapse. The median OS
was 4.2 years and was nof reached in eras 1 and 2 (P = 0.03).
The I5S retained its prognostic significance in era |
(P <0.001) but not in era 2 (P = 0.07), a finding that was
consistent with our results. Iriuchishima et al”® also report
the lack of a significant difference between the 1SS stages
among Japanese patients with MM in the novel agent era. The
patients in the previons reports who received initial treatment
other than single ASCT following high-dose melphalan
(200 mg/m® Mel 200), such as tandem ASCT, melphalan
<200 mg/m” or conventional chemotherapy, were included:
therefore, it is of particular concern that this analysis was
based on highly selected patients who underwent single ASCT
following Mel 200. In the near future, novel prognosis models
that include chromosomal and genetic data will be used to
accurately predict the OS of patients with MM in place of the
ISS.

Given the lack of available pre-ASCT induction regimen
information in our database, we could not exiract the data for
patients with MM who actually received novel agents during
the novel agent era for our analysis. The Kansai Myeloma
Forum, a Japanese MM study group, reported that 95 cases
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least one of the novel agents during their clinical courses.!'®
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