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ABSTRACT

Immune checkpoint signaling plays an important role in immunosuppression 
in multiple myeloma (MM). Blood levels of soluble programmed death-ligand 
1 (sPD-L1), a checkpoint-relevant protein, might predict treatment response and 
survival outcomes in MM patients. We used an enzyme-linked immunosorbent assay 
to measure serum sPD-L1 levels in 81 newly diagnosed MM patients. We found that 
myeloma patients had higher sPD-L1 concentrations than healthy controls. The best 
sPD-L1 cutoff value for predicting disease progression risk was 2.783 ng/mL. The 
overall response rate to treatment was higher in low sPD-L1 patients than in high 
sPD-L1 patients. The 3-year progression free survival (PFS) and overall survival (OS) 
rates for all patients were 16% and 64%, respectively. Multivariate survival analysis 
including Eastern Cooperative Oncology Group performance status score, treatment 
response, and sPD-L1 level showed that a less than partial treatment response (PR) 
and higher sPD-L1 levels (>2.783 ng/ml) were independent prognostic factors for 
shorter PFS; neither factor was predictive of OS. The serum sPD-L1 level is a valuable 
biomarker for predicting treatment response and an independent prognostic factor 
for PFS. PD-1/ PD-L1 blockade may be a promising novel immune-based therapeutic 
strategy in MM.

INTRODUCTION

Multiple myeloma (MM) is a fatal plasma cell 
malignancy that mainly affects older individuals [1]. 
Achieving a complete response to treatment is crucial 
for long-term control of MM [2–4]. The advent of novel 
proteasome inhibitors and immunomodulatory drugs has 
improved response rates and progression-free survival 
(PFS) [5]. However, MM remains incurable, and nearly 
all patients eventually relapse and succumb to the disease. 
Drug resistance is a major challenge in treating relapses of 
MM. Thus, alternative treatment methods that target novel 

mechanisms to overcome drug resistance are an area of 
active research. Furthermore, biomarkers that can predict 
patients’ drug response would be helpful in choosing 
optimal treatment strategies for MM.

Tumor-infiltrating lymphocytes (TILs) are an 
important component of the immune response to tumors. 
However, in patients with various types of cancer, 
lymphocyte activity is inhibited [6]. The programmed 
death 1 (PD-1) receptor protein acts as an immune 
checkpoint, suppressing T-cell mediated immune response 
[7]. PD-1 is typically expressed by activated lymphocytes, 
and it has two ligands: PD ligand 1 (PD-L1) and PD-L2.  
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Ligand binding down-regulates antigen-stimulated 
lymphocyte proliferation and cytokine production, 
ultimately resulting in lymphocyte ‘exhaustion’ and the 
induction of immune invasion [7–9]. Inhibition of these 
checkpoints can restore immune activity against cancer 
cells. Recent clinical trials show that PD-1–blocking 
antibodies can enhance immunity in solid tumors and 
several hematologic malignancies, resulting in durable 
clinical responses [10–13].

Previous studies have found that myeloma cells 
express PD-L1, and proinflammatory signals increase 
this expression [14–16]. Gorgun et al. [17] demonstrated 
that PD-1/PD-L1 blockade reduced bone marrow stroma 
cell (BMSC)-induced tumor growth. Furthermore, 
lenalidomide significantly reduced PD-L1 expression in 
MM cells, and combining lenalidomide with PD-1/PD-L1 
blockade further decreased BMSC-induced MM growth. 
Thus, immune checkpoint signaling plays an important 
role in promoting tumor growth and suppressing immune 
response in MM. Targeting checkpoint signaling using 

PD-1 and PD-L1 blocking antibodies is a promising novel 
immune-based therapeutic strategy for MM. Rossille 
et al. [18] recently found that the soluble PD-L1 (sPD-L1) 
concentration in blood could predict overall survival and 
treatment response in diffuse large B cell lymphoma 
(DLBCL). In this study, we investigated the expression of 
sPD-L1 in MM patients, and explored the value of sPD-L1 
levels in predicting treatment response.

RESULTS

Patients’ characteristics and correlation with 
sPD-L1 level

As is shown in Table 1, most patients (77.8%) 
were male, and more than half (55.6%) were under 
than 60 years old. The stages were balanced among 
stage I (32.1%), II (38.3%) and III (29.6%). About 40% 
of patients had an Eastern Cooperative Oncology Group 

Table 1: Patients’ characteristics and sPD-L1 level
Parameters N = 81(%) sPD-L1 level (ng/mL)

(mean ± SD)
P value

Gender Male 63(78%) 2.885 ± 1.704 0.716

Female 18(22%) 2.730 ± 1.069

Age >60 36(44%) 2.924 ± 1.556 0.714

= <60 45(56%) 2.793 ± 1.615

ISS stage I 26(32%) 2.819 ± 1.247 0.686*

II 31(39%) 2.987 ± 1.769

III 24(29%) 2.709 ± 1.694 0.793**

Serum creatinine level <2mg/dL 74(91%) 2.810 ± 1.632 0.450

>=2mg/dL 7(9%) 3.286 ± 0.810

ECOG PS score 0–2 49(60%) 2.463 ± 1.300 0.005

>2 32(40%) 3.446 ± 1.796

LDH level Normal 65(80%) 2.763 ± 1.503 0.316

Elevated 16(20%) 3.208 ± 1.874

Treatment regimen Bortezomib-based 26(32%) 2.565 ± 1.648 0.265

Old-drugs-based 55(68%) 2.986 ± 1.544

Treatment response CR+PR 42(52%) 2.572 ± 1.556 0.099

Less than PR 39(48%) 3.152 ± 1.571

Disease progression Yes 51(63%) 3.264 ± 1.736 <0.0001

No 30(37%) 2.149 ± 0.941

Abbreviations: sPD-L1, soluble programmed death-ligand 1; ISS, international staging system; ECOG, Eastern Cooperative 
Oncology Group; PS, performance status; LDH, lactate dehydrogenase; CR, complete response; PR, partial response; SD, 
standard deviation
*stage I vs. stage II
**stage I vs. stage III
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(ECOG) score greater than 2 due to myeloma-related bone 
pain or disability. The mean concentration of sPD-L1 for 
myeloma patients was 2.851 ng/mL, much higher than that 
of healthy controls (0.716 ng/mL, p < 0.0001, Figure 1). 
There was no significant correlation between sPD-L1 
level and gender, age, International staging system (ISS) 
stage, lactate dehydrogenase (LDH) level, renal function, 
or treatment regimens (p > 0.05). However, patients with 
poor performance status (PS) had higher sPD-L1 levels 
(p = 0.005).

Treatment response and correlation with 
sPD-L1 level

After at least 4 cycles of treatment, 12 patients 
(15%) showed a complete response (CR), and 42 patients 
(51.9%) showed at least a partial response (PR). As is 
shown in Table 1, patients with less than PRs tended 
to have higher sPD-L1 levels than those with at least a 
PR (p = 0.099). As is shown in Figure 2, the best cutoff 
value defined by ROC curve for sPD-L1 in predicting 
high risk for disease progression is 2.783 ng/mL, with an 
AUC of 0.655 (p = 0.018). According to this cutoff value, 
36 patients (44.4%) were classified as the high sPD-L1 
level group (>2.783 ng/mL), and the remaining 45 patients 
(55.6%) were classified as the low sPD-L1 level group 

(= < 2.783 ng/mL). The CR rate in the high sPD-L1 group 
was 8.3% (3 of 36 patients), while in the low sPD-L1 
group it was 20.0% (p = 0.249). The overall response rate 
(ORR, including CR and PR) was 66.7% in low sPD-L1 
group, significantly higher than the high sPD-L1 group 
(33.3%, p = 0.006). The ORR was significantly higher 
in patients treated with novel drug-based regimens than 
those with older drug-based regimens (69.2% vs. 43.6%, 
p = 0.036).

Survival analysis

At a median follow-up time of 38 months (range 
2–69 months), disease progression occurred in 51 
patients at a median of 12 months (range 2–41 months), 
and 19 patients died of tumor progression at a median 
of 18 months (range 2–45 months). The 3-year PFS and 
OS rates were 16% and 64%, respectively. As is shown 
in Figure 3 and Table 2, patients with lower sPD-L1 
levels (= < 2.783 ng/ml), good ECOG PS score (0–2), 
and good treatment response (CR+PR) had higher PFS 
and OS rates (p < 0.05). However, age, ISS stage, LDH 
level, and different treatment regimens did not affect 
long-term outcomes (p > 0.05). A multivariate survival 
analysis including ECOG PS score, treatment response, 
and sPD-L1 level showed that both less than PR to 

Figure 1: Serum sPD-L1 levels in patients with multiple myeloma and healthy controls. The mean concentration of sPD-L1 
for 81 myeloma patients was 2.851 ng/ml, significantly higher than that of 15 healthy controls (0.716 ng/mL, p < 0.0001).
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Figure 2: ROC curve analysis for the optimal cut-off point of serum sPD-L1 concentration. The most discriminative  
cut-off value for sPD-L1 was 0.273 ng/mL with an AUC value of 0.655 (p = 0.018). The sensitivity and specificity were 56.3% and 72.7%, 
respectively.

Table 2: Univariate and multivariate survival analysis

Parameters

PFS OS

Univariate 
analysis

Multivariate analysis Univariate 
analysis

Multivariate analysis

P value HR (95%CI) P value P value HR (95%CI) P value

Age 0.544 0.523

Gender 0.141 0.381

Stage 0.838 0.619

ECOG PS score (>2) 0.005 1.751 (0.977–3.139) 0.060 0.003 2.189 (0.809–5.922) 0.123

LDH level 0.803 0.294

Treatment regimens 0.737 0.160

Treatment response 
(less than PR) <0.0001 1.959 (1.048–3.663) 0.035 0.002 2.217 (0.696–7.066) 0.178

sPD-L1 level  
(>2.783 ng/mL) <0.0001 1.955 (1.029–3.712) 0.041 <0.0001 2.668 (0.818–8.702) 0.104

Abbreviations: PFS, progression-free survival; OS, overall survival; sPD-L1, soluble programmed death-ligand 1; ECOG, 
Eastern Cooperative Oncology Group; PS, performance status; LDH, lactate dehydrogenase; PR, partial response; HR, 
hazard ratio.
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Figure 3: Kaplan-Meier survival analysis for all patients with multiple myeloma. Patients with lower sPD-L1 levels 
(= < 2.783 ng/mL) A, B. good ECOG PS scores (0–2) C, D. and good treatment response (CR+PR) E, F. had significantly longer PFS and 
OS (p < 0.05).
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treatment and higher sPD-L1 levels (>2.783 ng/ml) were 
independent prognostic factors for lower PFS, but neither 
was predictive of OS.

DISCUSSION

Blockade of the PD1-PDL1 pathway is a new and 
promising therapeutic approach in MM. We investigated 
serum levels of sPD-L1 in a large series of MM patients 
to identify any correlations with patient characteristics 
and survival outcomes. We found that serum sPD-L1 
concentrations in MM patients were much higher than in 
normal healthy people. In MM patients, serum sPD-L1 
levels were correlated with ECOG PS score, but not 
with any other clinical feature. However, increased 
pretreatment serum sPD-L1 levels were associated with 
poor treatment responses. Furthermore, a Cox regression 
model including ECOG PS score, treatment response, 
and sPD-L1 level showed that a higher sPD-L1 level 
(>2.783 ng/mL) was a noteworthy independent prognostic 
factor for lower PFS.

In recent years, the roles of PD-1 and PD-L1 in 
tumor progression and chemotherapy resistance have been 
extensively studied. Surface PD-L1 expression is high in 
MM cells [14, 16, 17], and direct interaction between 
PD-L1 on myeloma cells and PD-1 on T cells induces 
resistance to anti-myeloma chemotherapy [19]. In this 
study, we detected significantly higher levels of sPD-L1 
in patients with MM compared to healthy controls. 
Furthermore, higher sPD-L1 levels (>2.783 ng/mL) were 
correlated with poor treatment response and lower PFS. 
Serum sPD-L1 concentrations in healthy donors increase 
with age, suggesting that levels of circulating sPD-L1 
are associated with the health of an individual’s immune 
system [20]. However, the sources of sPD-L1 remain 
unknown. Generally, soluble forms of similar ligands 
are produced primarily through proteolytic cleavage of 
membrane-bound proteins such as sB7-H3 [21]. A small 
portion is also produced by translation of alternatively 
spliced mRNA, as is the case for sCTLA-4 [22]. 
sPD-L1 was detectable in supernatants from membrane  
PD-L1 +, but not PD-L1 -, cell lines, indicating that PD-L1 
expressed on the cell surface may be a source of sPD-L1 
[20]. It is possible that soluble and membrane-bound  
PD-L1 bind to PD-1 similarly; thus, sPD-L1 may play an 
important role in the regulation of immune activity.

Whether non-MM cells produce sPD-L1 remains 
unknown. Rossille et al. [18] did not find an association 
between plasma sPD-L1 levels and tumor PD-L1 
expression in DLBCL patients, suggesting that non-
malignant cells in the tumor microenvironment can 
produce sPD-L1 in response to pro-inflammatory cytokines 
[23, 24]. We previously measured sPD-L1 levels in 
supernatants from two myeloma cell lines (U266 and 
RPMI8226) and found that both lines produced sPD-L1 

(0.533 ng/ml and 0.443 ng/mL, respectively). Moreover, 
the sPD-L1 level could be increased by co-culturing the 
cells with pro-inflammatory cytokines (IL-6 and IFN-γ) 
(see Supplemental Figure-1A and 1B). Since PD-1/PD-L1  
signaling promotes tumor growth while inhibiting anti-
tumor immune responses, the correlation between sPD-L1 
and disease progression is not surprising. More interestingly, 
the lack of correlation between sPD-L1 levels and cancer 
stage suggests that sPD-L1 increases may represent an 
aggressive characteristic rather than increased tumor load.

Our study revealed that high pretreatment serum 
sPD-L1 levels and low treatment response (less than 
PR) were independent prognostic factors for lower 
PFS. Additionally, serum sPD-L1 level was a strong 
predictor of treatment response, suggesting that sPD-L1 
plays a key role in MM progression and chemotherapy 
resistance. The mechanisms by which elevated sPD-L1 
levels contribute to poor prognosis in MM are not 
clear, but there are several possible explanations. For 
example, in addition to inhibiting tumor-specific CTLs, 
PD-L1 binding to PD-1 induces drug resistance in MM 
cells via the Akt signaling pathway [19]. Additionally,  
PD-1-induced resistance to anti-myeloma agents is 
reduced by the PI3K/AKT inhibitor LY294002 [19]. 
Further studies are needed to identify how PD1/PD-L1 
signaling impacts MM prognosis.

Patients achieving CR have a much better 
prognoses, regardless of whether they are newly diagnosed 
or relapse/refractory patients [3, 25, 26]. In this study, 
we found that good treatment response (CR+PR) is a 
favorable prognostic factor in MM. Moreover, we found 
that the ORR was higher in patients treated with novel 
drug regimens than in those with older drug regimens 
(69.2% vs. 43.6%, p = 0.036). However, higher ORR 
failed to translate into a survival advantage in terms of 
OS. Clinical trials demonstrate that although novel drug 
regimens improve the ORR, most could not prolong the 
OS compared to older drug regimens [27, 28]. Therefore, 
although novel drugs like bortezomib and lenalidomide 
improve treatment efficacy, novel anti-myeloma drugs 
with different mechanisms may help improve long-term 
survival. Immune-based therapeutic strategies that target 
checkpoint signaling with PD-1- or PD-L1-blocking 
antibodies might both inhibit tumor cell growth and 
restore host immune function in MM.

Although our findings suggest that sPD-L1 levels 
influence MM prognosis, additional studies could provide 
stronger evidence. Our conclusions are limited due to the 
retrospective nature of this study, the diverse therapeutic 
regimens of the patients examined, and the lack of 
cytogenetic and molecular abnormality analyses for most 
patients. Future studies should be conducted in a larger 
sample of patients receiving uniform treatment to verify 
both the prognostic relevance of pretreatment sPD-L1 
levels and the cut-off value of 2.783 ng/mL we used to 
define high sPD-L1.
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In conclusion, this is the first study to demonstrate 
the relationship between serum sPD-L1 levels and MM 
prognosis, including treatment response and disease 
progression. Serum sPD-L1, which can be easily measured 
in clinical practice, may be an important independent 
prognostic factor for this disease. These results suggest a 
role for sPD-L1 in the pathogenesis of MM and offer new 
insight into potential therapeutic strategies.

MATERIALS AND METHODS

Patients

A total of 81 patients with symptomatic multiple 
myeloma were enrolled in our study, and all patients 
were treated in Sun Yat-sen University Cancer Center 
between January 2008 and December 2014. The inclusion 
criteria were as follows: (1) de novo symptomatic multiple 
myeloma; (2) patients were given at least 4 cycles of 
chemotherapy; (3) serum at diagnosis was available; (4) 
complete follow-up information. Sun Yat-sen University 
Cancer Center Research Ethics Board approved use of 
the data in this study, and written informed consent for 
use and publication of patients’ medical information was 
obtained from all patients at their first visit.

Treatments and response evaluation

According to the patients’ economic situation, 
novel drug-based (mainly bortezomib) or older drug-
based (mainly anthracylines or melphalan) regimens 
were used (because bortezomib and lenalidomide are 
not covered by Chinese medical insurance). In total, 
55 patients received older drug regimens, such as VAD 
(vincristine, adriamycin, and dexamethasone) [29], DVD 
(doxil, vincristine, and dexamethasone) [29], and MP 
(melphalan and prednisone) [30]; 26 patients received 
novel drug regimens, such as VD (bortezomib and 
dexamethasone) [31], PAD (bortezomib, adriamycin, and 
dexamethasone) [28], VTD (bortezomib, thalidomide, 
and dexamethasone), and CyBorD (cyclophosphamide, 
bortezomib, and dexamethasone) [32]. Patients were given 
at least 4 cycles of treatment, followed by autologous 
stem cell transplantation (if eligible) or maintenance 
with thalidomide. Treatment responses were evaluated 
after each cycle according to the International Myeloma 
Working Group (IMWG) criteria [33].

Soluble PD-L1 measurement

Serum was collected at diagnosis and before 
treatment from all 81 patients (male to female ratio: 7:2, 
median age: 59 (range: 22–80)) and from 15 healthy 
individuals (male to female ratio: 4:1, median age: 54 
(range: 20–72)), and stored as 500 ml aliquots at –80°C. 

Soluble PD-L1 was measured using an enzyme-linked 
immunosorbent assay (PDCD1LG1 ELISA kit, USCN 
Life Science, catalogue: SEA788Hu) according to the 
manufacturer’s instructions. The minimum detectable 
concentration of sPD-L1 was 0.057 ng/ml. Each sample 
was analyzed in duplicate. The intra-assay and inter-assay 
coefficients of variation were below 20 percent.

Statistical analysis

Receiver operating characteristic (ROC) curve 
analysis was performed to determine the best cut-off value 
for sPD-L1 concentration that would classify patients as 
having a high risk of disease progression (using SPSS 
version 19 statistical software). In this ROC curve, the 
point with the maximum sensitivity and specificity was 
selected as the cut-off value. Correlations between sPD-L1 
concentration and various clinicopathologic parameters 
were assessed using the Mann-Whitney U-test or the 
Wilcoxon-matched test, and a chi-squared test or Fisher’s 
exact test was used for categorical values. Progression-
free survival (PFS) was the time between the date of 
diagnosis and the date of disease progression or death and 
was determined at last follow-up visit. Overall survival 
(OS) was the time between the date of diagnosis and 
date of death from any cause and was determined at the 
last follow-up visit. PFS and OS were calculated by the 
Kaplan–Meier method, while a log-rank test was used for 
comparison. The prognostic factors of OS and PFS were 
analyzed by univariate analysis. Multivariate analysis was 
performed using the Cox proportional hazard model to 
compare significant factors from the univariate analysis. 
Hazard ratio and 95% confidence interval were calculated 
for all variables in the regression model. A two-sided  
p-value < 0.05 was considered statistically significant. 
SPSS version 19 statistical software was utilized.

ACKNOWLEDGMENTS AND FUNDING

We would like to thank all of the treating physicians 
of Sun Yat-sen University Cancer center for allowing us to 
include their patients.

Liang Wang received grant support from National 
Natural Science Foundation of China (contract/grant 
number: 81400159), Medical Research Foundation 
of Guangdong Province (grant number: B2014158), 
Young Teachers’ Cultivation Project of Sun Yat-sen 
University (No. 12ykpy54) and Outstanding Young 
Talents Project of Sun Yat-sen University Cancer Center 
(No. 04190101#); Yue Lu received grant support from 
National Natural Science Foundation of China (contract/
grant number:30471976 and 81272620), Science and 
technology projects of Guangdong Province (contract/
grant number: 2010B031600233 and 2010A090200019).



Oncotarget41235www.impactjournals.com/oncotarget

CONFLICTS OF INTEREST

The authors have declared no conflicts of interest.

REFERENCES

1. Sonneveld P, Goldschmidt H, Rosinol L, Blade J, 
Lahuerta JJ, Cavo M, Tacchetti P, Zamagni E, Attal M, 
Lokhorst HM, Desai A, Cakana A, Liu K, et al. Bortezomib-
based versus nonbortezomib-based induction treatment 
before autologous stem-cell transplantation in patients with 
previously untreated multiple myeloma: a meta-analysis 
of phase III randomized,  controlled trials. Journal of clini-
cal oncology: official journal of the American Society of 
Clinical Oncology. 2013; 31:3279–3287.

2. Chanan-Khan AA, Giralt S. Importance of achieving a 
complete response in multiple myeloma, and the impact 
of novel agents. Journal of clinical oncology: official jour-
nal of the American Society of Clinical Oncology. 2010; 
28:2612–2624.

3. Harousseau JL, Attal M, Avet-Loiseau H. The role of 
complete response in multiple myeloma. Blood. 2009; 
114:3139–3146.

4. Kapoor P, Kumar SK, Dispenzieri A, Lacy MQ, Buadi F, 
Dingli D, Russell SJ, Hayman SR, Witzig TE, Lust JA, 
Leung N, Lin Y, Zeldenrust SR, McCurdy A, Greipp PR, 
Kyle RA, et al. Importance of achieving stringent complete 
response after autologous stem-cell transplantation in mul-
tiple myeloma. Journal of clinical oncology: official jour-
nal of the American Society of Clinical Oncology. 2013; 
31:4529–4535.

5. Kumar SK, Rajkumar SV, Dispenzieri A, Lacy MQ, 
Hayman SR, Buadi FK, Zeldenrust SR, Dingli D, Russell SJ,  
Lust JA, Greipp PR, Kyle RA, Gertz MA. Improved 
survival in multiple myeloma and the impact of novel 
 therapies. Blood. 2008; 111:2516–2520.

6. Khoury SJ, Sayegh MH. The roles of the new negative T 
cell costimulatory pathways in regulating autoimmunity. 
Immunity. 2004; 20:529–538.

7. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its 
ligands in tolerance and immunity. Annual review of immu-
nology. 2008; 26:677–704.

8. Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T, 
Nishimura H, Fitz LJ, Malenkovich N, Okazaki T, Byrne MC,  
Horton HF, Fouser L, Carter L, Ling V, Bowman MR, 
Carreno BM, et al. Engagement of the PD-1 immunoin-
hibitory receptor by a novel B7 family member leads to 
 negative regulation of lymphocyte activation. The Journal 
of experimental medicine. 2000; 192:1027–1034.

9. Keir ME, Liang SC, Guleria I, Latchman YE, Qipo A, 
Albacker LA, Koulmanda M, Freeman GJ, Sayegh  MH, 
Sharpe AH. Tissue expression of PD-L1 mediates 
 peripheral T cell tolerance. The Journal of experimental 
medicine. 2006; 203:883–895.

10. Ansell SM, Lesokhin AM, Borrello I, Halwani A, Scott EC,  
Gutierrez M, Schuster SJ, Millenson MM, Cattry D, 
Freeman GJ, Rodig SJ, Chapuy B, Ligon AH, Zhu L, 
Grosso JF, Kim SY, et al. PD-1 blockade with nivolumab 
in relapsed or refractory Hodgkin’s lymphoma. The New 
England journal of medicine. 2015; 372:311–319.

11. Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, 
Chen L, Pardoll DM, Topalian SL, Anders RA. Association 
of PD-1, PD-1 ligands, and other features of the tumor 
immune microenvironment with response to anti-PD-1 
therapy. Clinical cancer research: an official journal of 
the American Association for Cancer Research. 2014; 
20:5064–5074.

12. Armand P, Nagler A, Weller EA, Devine SM, Avigan DE,  
Chen YB, Kaminski MS, Holland HK, Winter JN, Mason JR,  
Fay JW, Rizzieri DA, Hosing CM, Ball ED, Uberti JP,  
Lazarus HM, et al. Disabling immune tolerance by 
 programmed death-1 blockade with pidilizumab after 
autologous hematopoietic stem-cell transplantation for 
diffuse large B-cell lymphoma: results of an international 
phase II trial. Journal of clinical oncology: official jour-
nal of the American Society of Clinical Oncology. 2013; 
31:4199–4206.

13. Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL,  
Hwu P, Drake CG, Camacho LH, Kauh J, Odunsi K, 
Pitot HC, Hamid O, Bhatia S, Martins R, Eaton K, Chen S, 
et al. Safety and activity of anti-PD-L1 antibody in patients 
with advanced cancer. The New England journal of medi-
cine. 2012; 366:2455–2465.

14. Liu J, Hamrouni A, Wolowiec D, Coiteux V, Kuliczkowski K,  
Hetuin D, Saudemont A, Quesnel B. Plasma cells from mul-
tiple myeloma patients express B7-H1 (PD-L1) and increase 
expression after stimulation with IFN-{gamma} and TLR 
ligands via a MyD88-, TRAF6-, and MEK-dependent path-
way. Blood. 2007; 110:296–304.

15. Kuranda K, Berthon C, Dupont C, Wolowiec D, Leleu X, 
Polakowska R, Jouy N, Quesnel B. A subpopulation of 
malignant CD34+CD1+B7-H1+ plasma cells is present 
in multiple myeloma patients. Experimental hematology. 
2010; 38:124–131.

16. Benson DM Jr, Bakan CE, Mishra A, Hofmeister CC, 
Efebera Y, Becknell B, Baiocchi RA, Zhang J, Yu J,  
Smith MK, Greenfield CN, Porcu P, Devine SM, 
 Rotem-Yehudar R, Lozanski G, Byrd JC, et al. The PD-1/
PD-L1 axis modulates the natural killer cell versus mul-
tiple myeloma effect: a therapeutic target for CT-011, 
a novel monoclonal anti-PD-1 antibody. Blood. 2010; 
116:2286–2294.

17. Gorgun GT, Cowens K, Paula S, Samur MK, Ohguchi H, 
Singh A, White RE, Bianchi G, Suzuki R, Kikuchi S, 
Harada T, Mimura N, Tai YT, Hideshima T, Laubach JP, 
Raje N, Munshi NC, Richardson PG, Anderson KC. Targeting 
Immune Suppressive Microenvironment By Immune 
Checkpoint Blockade in Multiple Myeloma. Blood. 
2014; 124:27.



Oncotarget41236www.impactjournals.com/oncotarget

18. Rossille D, Gressier M, Damotte D, Maucort-Boulch D,  
Pangault C, Semana G, Le Gouill S, Haioun C, Tarte K,  
Lamy T, Milpied N, Fest T Groupe Ouest-Est des Leucemies 
et Autres Maladies du S and Groupe Ouest-Est des 
Leucemies et Autres Maladies du S. High level of soluble 
programmed cell death ligand 1 in blood impacts  overall sur-
vival in aggressive diffuse large B-Cell lymphoma: results 
from a French multicenter clinical trial. Leukemia. 2014; 
28:2367–2375.

19. Kumar A, Hozo I, Wheatley K, Djulbegovic B. Thalidomide 
versus bortezomib based regimens as first-line therapy 
for patients with multiple myeloma: a systematic review. 
American journal of hematology. 2011; 86:18–24.

20. Chen Y, Wang Q, Shi B, Xu P, Hu Z, Bai L, Zhang X. 
Development of a sandwich ELISA for evaluating soluble 
PD-L1 (CD274) in human sera of different ages as well 
as supernatants of PD-L1+ cell lines. Cytokine. 2011; 
56:231–238.

21. Zhang G, Hou J, Shi J, Yu G, Lu B, Zhang X. Soluble 
CD276 (B7-H3) is released from monocytes, dendritic cells 
and activated T cells and is detectable in normal human 
serum. Immunology. 2008; 123:538–546.

22. Oaks MK, Hallett KM. Cutting edge: a soluble form of 
CTLA-4 in patients with autoimmune thyroid disease. 
Journal of immunology. 2000; 164:5015–5018.

23. Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, 
Flies DB, Roche PC, Lu J, Zhu G, Tamada K, Lennon VA,  
Celis E, Chen L. Tumor-associated B7-H1 promotes T-cell 
apoptosis: a potential mechanism of immune evasion. 
Nature medicine. 2002; 8:793–800.

24. Wolfle SJ, Strebovsky J, Bartz H, Sahr A, Arnold C, 
Kaiser C, Dalpke AH, Heeg K. PD-L1 expression on tolero-
genic APCs is controlled by STAT-3. European journal of 
immunology. 2011; 41:413–424.

25. Niesvizky R, Richardson PG, Rajkumar SV, Coleman M, 
Rosinol L, Sonneveld P, Schuster MW, Irwin D, 
Stadtmauer EA, Facon T, Harousseau JL, Boral AL, 
Esseltine DL, et al. The relationship between quality of 
response and clinical benefit for patients treated on the bort-
ezomib arm of the international, randomized, phase 3 APEX 
trial in relapsed multiple myeloma. British journal of haema-
tology. 2008; 143:46–53.

26. Harousseau JL, Avet-Loiseau H, Attal M, Charbonnel C, 
Garban F, Hulin C, Michallet M, Facon T, Garderet L, 
Marit G, Ketterer N, Lamy T, Voillat L, Guilhot F, 
Doyen C, Mathiot C, et al. Achievement of at least very 
good partial response is a simple and robust prognostic fac-
tor in patients with multiple myeloma treated with high-
dose therapy: long-term analysis of the IFM 99–02 and 
99–04 Trials. Journal of clinical oncology: official jour-
nal of the American Society of Clinical Oncology. 2009; 
27:5720–5726.

27. Harousseau JL, Attal M, Avet-Loiseau H, Marit G, 
Caillot D, Mohty M, Lenain P, Hulin C, Facon T, 

Casassus P, Michallet M, Maisonneuve H, Benboubker L, 
Maloisel F, Petillon MO, Webb I, et al. Bortezomib plus 
dexamethasone is superior to vincristine plus doxorubi-
cin plus dexamethasone as induction treatment prior to 
autologous stem-cell transplantation in newly diagnosed 
multiple myeloma: results of the IFM 2005-01 phase 
III trial. Journal of clinical oncology: official  journal 
of the American Society of Clinical Oncology. 2010; 
28:4621–4629.

28. Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L, 
Bertsch U, Salwender H, Zweegman S, Vellenga E, 
Broyl A, Blau IW, Weisel KC, Wittebol S, Bos GM, 
Stevens-Kroef M, Scheid C, Pfreundschuh M, et al. 
Bortezomib induction and maintenance treatment in patients 
with newly diagnosed multiple myeloma: results of the ran-
domized phase III HOVON-65/ GMMG-HD4 trial. Journal 
of clinical oncology: official journal of the American 
Society of Clinical Oncology. 2012; 30:2946–2955.

29. Dimopoulos MA. Prospective randomized comparison of 
vincristine, doxorubicin and dexamethasone (VAD) admin-
istered as intravenous bolus injection and VAD with liposo-
mal doxorubicin as first-line treatment in multiple myeloma. 
Annals of Oncology. 2003; 14:1039–1044.

30. Mateos MV, Richardson PG, Schlag R, Khuageva NK, 
Dimopoulos MA, Shpilberg O, Kropff M, Spicka I, 
Petrucci MT, Palumbo A, Samoilova OS, Dmoszynska A,  
Abdulkadyrov KM, Schots R, Jiang B, Esseltine DL, et al. 
Bortezomib plus melphalan and prednisone compared with 
melphalan and prednisone in previously untreated multiple 
myeloma: updated follow-up and impact of subsequent 
therapy in the phase III VISTA trial. Journal of clini-
cal oncology: official journal of the American Society of 
Clinical Oncology. 2010; 28:2259–2266.

31. Avet-Loiseau H, Leleu X, Roussel M, Moreau P, Guerin-
Charbonnel C, Caillot D, Marit G, Benboubker L, Voillat L,  
Mathiot C, Kolb B, Macro M, Campion L, Wetterwald M, 
Stoppa AM, Hulin C, et al. Bortezomib plus dexa-
methasone induction improves outcome of patients 
with t(4,14) myeloma but not outcome of patients with 
del(17p). Journal of clinical oncology: official journal 
of the American Society of Clinical Oncology. 2010; 
28:4630–4634.

32. Reeder CB, Reece DE, Kukreti V, Chen C, Trudel S, 
Laumann K, Hentz J, Pirooz NA, Piza JG, Tiedemann R, 
Mikhael JR, Bergsagel PL, Leis JF, Fonseca R, Stewart AK.  
Once- versus twice-weekly bortezomib induction therapy 
with CyBorD in newly diagnosed multiple myeloma. 
Blood. 2010; 115:3416–3417.

33. Durie BG, Harousseau JL, Miguel JS, Blade J, Barlogie  B, 
Anderson K, Gertz M, Dimopoulos M, Westin J, 
Sonneveld  P, Ludwig H, Gahrton G, Beksac M, Crowley  J, 
Belch A, Boccadaro M, et al. International uniform 
response criteria for multiple myeloma. Leukemia. 2006; 
20:1467–1473.


