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ABSTRACT

The immunomodulatory drug lenalidomide is highly effective against newly
diagnosed and relapsed/refractory multiple myeloma (MM), but serious and even
fatal infections have been associated with its use. In this meta-analysis, we assessed
the overall risk of infection to MM patients treated with lenalidomide. Eleven phase
II or III clinical trials, comprising 3,210 subjects, were selected from the Embase,
Pubmed, and Cochrane Library databases, from the Clinical Trial Registration website,
and from meeting abstracts and virtual presentations at the American Society of
Clinical Oncology. Main outcome measures were overall incidence, relative risk
(RR), and 95% confidence intervals (CIs) of reported infection events. Fixed-effect
or random-effect models were used in the statistical analyses, depending on the
between-study heterogeneity. The overall incidence of high-grade infection was
14.32% (95% CI: 12.08%-16.90%) and high-grade infection’s pooled RR was
2.23 (95% CI: 1.71-2.91, P < 0.0001) for all 11 studies evaluated. No evidence of
publication bias for the incidence of high-grade infection was detected using Begg’s
funnel plot and Egger’s test (P = 0.2; 95% CI: -1.70, 1.23). From this meta-analysis, it
appears lenalidomide use is associated with an increased risk of high-grade infection.
Moreover, fatal infection events occurred only in patients treated with lenalidomide;
no infection-related deaths were observed among controls. These data indicate that
accurate diagnosis and optimal management of infection in MM patients treated with
lenalidomide could be critical for treatment efficacy.

INTRODUCTION

Multiple myeloma (MM) is a hematological
malignancy characterized by clonal proliferation of
neoplastic plasma cells in the bone marrow (BM). The 10-
year survival rate for patients with MM is approximately
30%, and more than 11,000 deaths occur every year in the
United States due to this disease [1]. In combination with
dexamethasone, the immunomodulatory drug lenalidomide
has shown to improve clinical responses such as objective
response rate, survival, and time to progression in patients
with either newly diagnosed, relapsed, or refractory

MM [2, 3] [4]. However, significant toxicity such as
myelosuppression, neutropenia, thrombocytopenia, and
moderate or serious infections, are commonly associated
with its use. At present, it remains unclear to what extent
treatment of MM with lenalidomide might be related to
an increased risk of serious, potentially fatal, infections.
Lenalidomide is a structural analogue of thalidomide
that exhibits much higher pharmacological activity [5].
The development of diverse infection events in patients
receiving lenalidomide was reported in several clinical
trials [6, 7]. As infection event data from many of such
trials are rather limited, the difficulties that generally
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emerge from the analysis and interpretation of sparse
adverse event data apply to evaluating the relevance of
lenalidomide-related infections in MM therapy. As a
consequence, the risk of serious or even fatal infection
remains a concern, and hence closely monitoring infection
symptoms is critically important upon initiation of
lenalidomide therapy in patients with MM. When poorly
managed, these may lead to fervescence, red swollen,
ulceration with cave formation and even death. To assess
the extent and magnitude of this problem, and to help
guide treatment decisions, the incidence and relative risk
of infection among MM patients receiving lenalidomide
were evaluated in this meta-analysis.

RESULTS

Search results and trial characteristics

Of the 1,632 potentially relevant studies yielded
by our initial search, 1,621 were excluded per our
review criteria (Figure 1). The remaining 11 studies [2-
4, 6-13] included 3,210 subjects which met our inclusion
criteria, and these were then available for analysis. Their

1632  studies

identified

through database searching

characteristics are summarized in Table 1. The studies
reviewed included three phase II trials [2, 4, 8] and eight
phase III trials [3, 6, 7, 9-13], and all of subjects received
lenalidomide and dexamethasone. Regarding study
locations, six were from North America [4, 6-8, 10, 12],
two from Greece [3, 9], and one each from France [11],
Italy [13], and China [2]. The quality of the 11 studies
was roughly evaluated in line with the Jadad scale: three
studies had scores of 5 [7, 9, 11] four studies had scores of
4 [6, 10, 12, 13] and four studies had scores of 3 [2-4, §]
Score details for each study are shown in Table 1.

This meta-analysis was performed in accordance
with the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
Statement (see the supplementary material in Appendix
Al).

Overall incidence of high-grade/fatal infection

A total of 1,984 subjects from 11 studies [2-4, 6-13]
were available for high-grade infection incidence analysis.
High-grade infection events were reported in all studies,
and incidence ranged from 6.94% to 21.47%. The highest
incidence of infection was observed in a phase III trial

studies;

1226 articles were excluded: duplicates;
animal studies; review studies; letters;

case reports; phase I trials; Observation

A 4

406 articles for detailed evaluation

/

infection

-

395 articles were excluded: data

not adequate for assessment for

A 4

[ 11 RCTs included in meta-analysis

Figure 1: Flow chart demonstrating the process of study selection.
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Figure 2: Forest plot for meta-analysis of incidence of high-grade infection in patients assigned lenalidomide.

Treatment Control
Study Events Total Events Total
Dimopoulos 20 176 11 175
Jeffrey 14 100 8 98
Weber 38 177 21 175
Jeffrey 16 96 11 94
Attal 41 306 15 302
McCarthy 43 231 14 229
Palumbo 15 150 11 153
Fixed effect model 1236 1226

Heterogeneity: I-squared=0%, tau-squared=0, p=0.5135

Figure 3: Relative risk of lenalidomide-associated high-grade infection.
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Figure 4: Funnel plot of the incidence of high-grade infection versus the study’s standard error.
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Table 1: Baseline characteristics of trials included in the meta-analysis (n1=3210)

. . .. No. of| Jadad
First author | Year |Trial phase |Ethnicity [ Treatment No.of HGI enrolled score
Rajkumar 2005 [Phase I RCT [America henahdom1de(25mg Daily) -+ 3 34 3

examethasone
lenalidomide (25mg Daily) plus|, 176 5
Dimopoulos [2007 [Phase 3 RCT |Greece |dexamethasone
Placebo + dexamethasone 11 175
lenalidomide (25mg Daily) plus 14 100 3
Jeffrey 2007 |Phase 3 RCT |[Greece |dexamethasone
Placebo + dexamethasone 8 98
lenalidomide (25mg Daily) plus 38 177 5
Weber 2007 |Phase 3 RCT |America |dexamethasone
Placebo + dexamethasone 21 175
Niesvizky 2008 |Phase I RCT |America |lcnalidomide(25mg  Daily) = +| 72 3
dexamethasone
Lenalidomide ~ +  high-dose 54 223 4
Rajkumar 2010 |Phase 3 RCT |America dexan?ethas.one
Lenalidomide + low-dose
d 20 220
examethasone
lenalidomide (25mg Daily) plus| ¢ 96 4
Jeffrey 2010 |Phase 3 RCT [America |dexamethasone
Placebo + dexamethasone 11 94
lenalidomide (25mg Daily) plus 5
41 306
Attal 2012 |Phase 3RCT |France |dexamethasone
Placebo + dexamethasone 15 302
McCarthy ~ [2012 . lenalidomide (25mg Daily) plus| 45 731 4
Phase 3 RCT |America |dexamethasone
Placebo + dexamethasone 14 229
Palumbo 2012 lenalidomide (25mg Daily) 15 150 4
Phase 3 RCT |Italy
Placebo 11 153
Hou 2013 |Phase IIRCT |China  |ISnalidomide(2Smg  Daily) — +]3, 199 3
dexamethasone
No. of HGI, Number of high grade infection events; No. of enrolled, Number of enrolled patients

in the US [7], in which all subjects were confirmed for
progressive MM. Based on data from each study, the
calculated overall incidence of high-grade infection was
14.32% (95% CI: 12.08%-16.90%) (Figure 2) according to
the random-effects model (P = 0.02; I* = 52.3%)).

Fatal infection events were reported in two out of
11 studies, and incidence ranged from 0.43% to 1%. One
occurred in a phase III trial from Greece [3], and the other
in a phase III trial from the US [12]. Both fatal infection
events occurred in patients treated with lenalidomide.

Relative risk of high-grade/fatal infection

To evaluate the specific contribution of lenalidomide
to the development of infection in MM patients, we
evaluated the relative-risk (RR) of high-grade infection
in lenalidomide and control groups after exclusion of
confounding factors such as disease history and course.
The 2,462 subjects from seven phase III trials [3, 7,

9-13] were included in the RR analysis. Treatment with
lenalidomide significantly increased the risk of developing
high-grade infection (pooled RR = 2.23; 95% CI: 1.71-
2.91, P <0.0001) (Figure 3), according to the fixed-effects
model (P = 0.5135, I = 0%). The highest RR for any
study was 3.51 (95% CI: 1.86-6.62) (Figure 3), and it was
observed in a phase III study from the US [12].

Publication bias

No evidence of publication bias for the incidence of
high-grade infection was found in our meta-analysis, as
determined by funnel plot (Figure 4) and Egger’s test (P =
0.2; 95% CI: -1.70-1.23).

DISCUSSION

Infection is a major cause of mortality in patients
with MM. Although stem cell transplantation and most
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novel anti-MM drugs increase the risk of infection,
particularly during relapsed/refractory MM treatments,
the risk posed by lenalidomide may be in this regard
among the highest [14, 15]. Therefore, it is vital for the
medical practitioner and patients to understand the risk of
infection for optimization of treatment and management
of this adverse event. Since available data is still scanty,
we conducted this study to assess the risk and incidence of
infection in MM patients receiving lenalidomide.

As far as we know, this is the largest meta-analysis
to specifically assess the infection risk of lenalidomide in
MM patients. We analyzed data from 3,210 patients with
MM included in 11 clinical trials . The overall incidence
of high-grade infection associated with lenalidomide in
MM patients was 14.32% (highest incidence = 21.47%;
lowest incidence = 6.94%). The pooled RR of developing
high-grade infection was 2.23 (highest RR = 3.51). Fatal
infection events occurred in two trials [3, 12] and only in
patients treated with lenalidomide.

Usually, the incidence of infection is the highest in
the initial months of drug treatment and in the last stage
of the disease’s progression [16, 17]; also, the incidence
is lower in patients who have responded to treatment
[14, 18]. Common clinical complications of MM patients
that increase the risk of infection are neutropenia,
neurodegenerative disease, kidney failure, fractures and
other disease- and treatment-related comorbidities [19,
20]. Importantly, infection can lead to dose reduction
or treatment discontinuation in the clinical management
of MM. Our findings are significant in that that they
indicate that the incidence of high-grade infection was
twice as high in MM patients receiving lenalidomide
than in controls. Therefore, preventive management and
continued monitoring of infection symptoms are essential
for MM patients receiving lenalidomide.

Lenalidomide-induced infections are difficult to
accurately diagnose, and fever should be considered one
of the manifestations of infection in MM patients until
proved to be caused by other factors [21]. Examination
of an infection traditionally starts with investigating the
spectrum of causative agents in relation to current and
past therapies and specific disease stages. The key to
the optimal management of infection is using diagnostic
tools to identify pathogens and applying antibacterial or
antiviral treatment according to local epidemiological
trends [15]. Otherwise, infection presents a clinical
challenge for patients with MM, and the presence of
various larvaceous pathogens is often persistent during
the course of the disease [22]. Thus, all MM patients
with lenalidomide-related infections should be carefully
monitored and receive cautious care from physicians.

The mechanisms by which lenalidomide increases
the risk of infection in MM patients remain unclear.
While confounding factors may stem from age-related
conditions, drug therapies, or the disease itself, MM-
related immunodeficiency affects diverse cell types

and immunological pathways, including B-lymphocyte
dysfunction as well as functional abnormalities of natural
killer cells, dendritic cells and T-lymphocytes [23, 24].
Lenalidomide-related organ dysfunction, such as digestive
tract mucosa injury and lung and/or renal injury, may
indirectly increase the incidence of infection [25]. Lastly,
older patients suffering from chronic physical illnesses and
senile diseases are more susceptible to infection, and the
physician should be especially attentive to these patients.

Several limitations are present in our study. First,
this is a meta-analysis based on previous studies, not on
actual patient data. Thus, confounding variables, including
basic medication history and adjuvant therapy, could not
be considered in the analysis. Second, this meta-analysis
was done using data from patients with proper organ
functions, but the risk and prevalence of infection may be
higher in routine clinical practice [26]. Third, the studies
for this meta-analysis were performed at various types of
institutions by different researchers, and the evaluations
and conclusions may be heterogeneous [27].

In conclusion, our study showed that the incidence
of high-grade infection was higher in MM patients treated
with lenalidomide, and all fatal infection events occurred
in this group. Adverse event monitoring is important to
survey infections during lenalidomide treatment, and
accurate diagnosis and optimal management of infection
in MM patients is critical for safe medication prescription.

MATERIALS AND METHODS

Search strategy

We searched PubMed (from 1967), Embase (from
1974), and the Cochrane Library electronic databases
through December 2016. Keywords included in the
search were lenalidomide, multiple myeloma, randomized
controlled trials, clinical trials, and controlled clinical
trials. We also searched the Clinical Trials Registry
website (ClinicalTrials.gov) to obtain information on
registered clinical trials (RCTs). Additionally, we searched
meeting abstracts and virtual presentations from the
American Society of Clinical Oncology (ASCO; http://
www.asco.org) up to 2015 for relevant RCTs. The search
was restricted to clinical trials and articles published in the
English language.

Study selection and quality assessment

Two investigators (ZJ and LY) assessed the
eligibility of the trials by independent search, and trials
were retrieved for further consideration if they were judged
pertinent by one or both investigators. Any discrepancies
were identified and resolved by consensus. Clinical trials
that met the following criteria were included:
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a. Patients were diagnosed with MM.

b. Prospective phase II or III RCTs, including
subjects assigned to treatment with lenalidomide.

c. Availability of data regarding events of infection.

The quality of all included trials was assessed using
the Jadad scale, and scores ranged from 0 to 5, with a high
score indicating a high quality study [28].

Data extraction and clinical endpoints

Data extraction was performed by two investigators
(ZJ and LY) independently, and infection data were
extracted from the safety profile of all selected trials.
For each trial, the following information was extracted:
first author’s name, year of publication, trial’s phase,
patient ethnicity, number of patients in the lenalidomide
and control groups, and number of high-grade infection
events. Treatment-emergent adverse events were recorded
according to the Common Terminology Criteria for
Adverse Events (CTCAE) of the National Cancer Institute
(NCI).

Data analysis

Our analysis was performed according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [29]. The
principal indices were incidence, relative risk (RR), and
corresponding 95% Cls of relevant infection events. To
calculate incidence, the number of subjects with high-
grade (grades 3, 4 or 5) infection and the total number of
subjects treated with lenalidomide were extracted from the
safety profiles of the included trials. The proportion and
95% CI of subjects with infection were derived in each
trial, and the RR of infection was derived only in trials
with a control group in the same trial. For trials reporting
zero events in any group, we applied a classic half-integer
continuity correction to calculate the RR and variance [30].
Statistical heterogeneity was assessed by using Cochran’s
Q statistic [31], and inconsistency was quantified with I?
tests among the included trials [32]. Heterogeneity was
considered statistically significant when P < 0.1 or I? >
40%. If heterogeneity existed, the data was analyzed
using a random-effects model; if heterogeneity did not
exist, a fixed-effects model was used. A statistical test
with a P-value less than 0.05 was considered significant.
The presence of publication bias was estimated using the
Begg’s and Egger’s tests [33, 34]. All data analyses were
performed using R software, version 3.2.3 (The R Project
for Statistical Computing, http://www.r-project.org).

CONFLICTS OF INTEREST

There are no financial/commercial conflicts of
interest involving any of the authors of this study.

REFERENCES

1. Xiao R, Miller JA, Margetis K, Lubelski D, Lieberman
IH, Benzel EC, Mroz TE. Predicting the progression of
vertebral fractures in patients with multiple myeloma. Spine
J. 2015. doi: 10.1016/j.spinee.2015.12.014.

Hou J, Du X, Jin J, Cai Z, Chen F, Zhou DB, Yu L, Ke X,
Li X, Wu D, Meng F, Ai H, Zhang J, et al. A multicenter,
open-label, phase 2 study of lenalidomide plus low-dose
dexamethasone in Chinese patients with relapsed/refractory
multiple myeloma: the MM-021 trial. J] Hematol Oncol.
2013; 6: 41. doi: 10.1186/1756-8722-6-41.

Zonder JA, Hussein MA, Bolejack V, Moore DF Sr,
Whittenberger BF, Abidi MH, Durie BGM, Barlogie B.
Whittenberger, Muneer H. Abidi, Brian G.M. Durie, and
Bart Barlogie. Superiority of Lenalidomide (Len) Plus
High-Dose Dexamethasone (HD) Compared to HD Alone
as Treatment of Newly-Diagnosed Multiple Myeloma
(NDMM): Results of the Randomized, Double-Blinded,
Placebo-Controlled SWOG Trial S0232. Blood. 2007; 110:
abstract.

Rajkumar SV, Hayman SR, Lacy MQ, Dispenzieri A, Geyer
SM, Kabat B, Zeldenrust SR, Kumar S, Greipp PR, Fonseca
R, Lust JA, Russell SJ, Kyle RA, et al. Combination therapy
with lenalidomide plus dexamethasone (Rev/Dex) for
newly diagnosed myeloma. Blood. 2005; 106: 4050-3. doi:
10.1182/blood-2005-07-2817.

Handa H, Saitoh T, Murakami H. [Immunomodulatory
effects of lenalidomide]. [Article in Japanese]. Nihon
Rinsho. 2015; 73: 156-61.

Rajkumar SV, Jacobus S, Callander NS, Fonseca R, Vesole
DH, Williams ME, Abonour R, Siegel DS, Katz M, Greipp
PR. Lenalidomide plus high-dose dexamethasone versus
lenalidomide plus low-dose dexamethasone as initial
therapy for newly diagnosed multiple myeloma: an open-
label randomised controlled trial. Lancet Oncol. 2010; 11:
29-37. doi: 10.1016/s1470-2045(09)70284-0.

Weber DM, Chen C, Niesvizky R, Wang M, Belch
A, Stadtmauer EA, Siegel D, Borrello I, Rajkumar
SV, Chanan-Khan AA, Lonial S, Yu Z, Patin J, et al.
Lenalidomide plus dexamethasone for relapsed multiple
myeloma in North America. N Engl J Med. 2007; 357:
2133-42. doi: 10.1056/NEJMo0a070596.

Niesvizky R, Jayabalan DS, Christos PJ, Furst JR, Naib T,
Ely S, Jalbrzikowski J, Pearse RN, Zafar F, Pekle K, Larow
A, Lent R, Mark T, et al. BiRD (Biaxin [clarithromycin]/
Revlimid [lenalidomide]/dexamethasone) combination
therapy results in high complete- and overall-response rates
in treatment-naive symptomatic multiple myeloma. Blood.
2008; 111: 1101-9. doi: 10.1182/blood-2007-05-090258.

Dimopoulos M, Spencer A, Attal M, Prince HM,
Harousseau JL, Dmoszynska A, San Miguel J, Hellmann A,
Facon T, Foa R, Corso A, Masliak Z, Olesnyckyj M, et al.

Lenalidomide plus dexamethasone for relapsed or refractory
multiple myeloma. N Engl J Med. 2007; 357: 2123-32. doi:

www.impactjournals.com/oncotarget

46598

Oncotarget



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

10.1056/NEJMo0a070594.

Zonder JA, Crowley J, Hussein MA, Bolejack V, Moore
DF Sr, Whittenberger BF, Abidi MH, Durie BG, Barlogie
B. Lenalidomide and high-dose dexamethasone compared
with dexamethasone as initial therapy for multiple
myeloma: a randomized Southwest Oncology Group
trial (S0232). Blood. 2010; 116: 5838-41. doi: 10.1182/
blood-2010-08-303487.

Attal M, Lauwers-Cances V, Marit G, Caillot D, Moreau P,
Facon T, Stoppa AM, Hulin C, Benboubker L, Garderet L,
Decaux O, Leyvraz S, Vekemans MC, et al. Lenalidomide
maintenance after stem-cell transplantation for multiple
myeloma. N Engl J Med. 2012; 366: 1782-91. doi: 10.1056/
NEJMoal114138.

McCarthy PL, Owzar K, Hofmeister CC, Hurd DD,
Hassoun H, Richardson PG, Giralt S, Stadtmauer EA,
Weisdorf DJ, Vij R, Moreb JS, Callander NS, Van Besien
K, et al. Lenalidomide after stem-cell transplantation for
multiple myeloma. N Engl J Med. 2012; 366: 1770-81. doi:
10.1056/NEJMoal114083.

Palumbo A, Hajek R, Delforge M, Kropff M, Petrucci MT,
Catalano J, Gisslinger H, Wiktor-Jedrzejczak W, Zodelava
M, Weisel K, Cascavilla N, Iosava G, Cavo M, et al.
Continuous lenalidomide treatment for newly diagnosed
multiple myeloma. N Engl J Med. 2012; 366: 1759-69. doi:
10.1056/NEJMoal112704.

Valkovic T, Gacic V, Ivandic J, Petrov B, Dobrila-
Dintinjana R, Dadic-Hero E, Nacinovic-Duletic A.
Infections in Hospitalised Patients with Multiple Myeloma:
Main Characteristics and Risk Factors. Turk J Haematol.
2015; 32: 234-42. doi: 10.4274/tjh.2013.0173.

Nucci M, Anaissie E. Infections in patients with multiple
myeloma in the era of high-dose therapy and novel agents.
Clin Infect Dis. 2009; 49: 1211-25. doi: 10.1086/605664.

Terpos E, Kleber M, Engelhardt M, Zweegman S, Gay F,
Kastritis E, van de Donk NW, Bruno B, Sezer O, Broijl
A, Bringhen S, Beksac M, Larocca A, et al. European
Myeloma Network guidelines for the management of
multiple myeloma-related complications. Haematologica.
2015; 100: 1254-66. doi: 10.3324/haematol.2014.117176.

Comert M, Gunes AE, Sahin F, Saydam G. Quality of life
and supportive care in multiple myeloma. Turk J Haematol.
2013; 30: 234-46. doi: 10.4274/Tjh.2012.0192.

Wannesson L, Luthi F, Zucca E, Rosselet-Christ A,
Baglioni M, Marelli L, Ghielmini M, Ketterer N.
Pegfilgrastim to accelerate neutrophil engraftment
following peripheral blood stem cell transplant and reduce
the duration of neutropenia, hospitalization, and use
of intravenous antibiotics: a phase II study in multiple
myeloma and lymphoma and comparison with filgrastim-
treated matched controls. Leuk Lymphoma. 2011; 52: 436~

43. doi: 10.3109/10428194.2010.545462.

Wagner L, Lengyel L, Mikala G, Remenyi P, Piros L,
Csomor J, Fabry L, Tordai A, Langer RM, Masszi T.
Successful treatment of renal failure caused by multiple

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

myeloma with HLA-identical living kidney and bone
marrow transplantation: a case report. Transplant Proc.
2013; 45:3705-7. doi: 10.1016/j.transproceed.2013.10.005.

Takasu M, Kaichi Y, Awai K, Asaoku H, Kuroda Y, Sakai
A. Vertebral fracture risk of multiple myeloma assessed by
a CT-based finite element and trabecular structure analysis.
Clin Lymphoma Myeloma Leuk. 2014; 14: 12-3. doi:
10.1016/j.clml1.2013.12.012.

Cunha BA, Bouyarden M, Hamid NS. Fever of unknown
origin (FUO) caused by multiple myeloma: the diagnostic
value of the Naprosyn test. Heart Lung. 2006; 35: 358-62.
doi: 10.1016/j.hrtlng.2005.10.001.

Schutt P, Brandhorst D, Stellberg W, Poser M, Ebeling
P, Muller S, Buttkereit U, Opalka B, Lindemann M,
Grosse-Wilde H, Seeber S, Moritz T, Nowrousian MR.
Immune parameters in multiple myeloma patients:
influence of treatment and correlation with opportunistic
infections. Leuk Lymphoma. 2006; 47: 1570-82. doi:

10.1080/10428190500472503.

Kleber M, Thorst G, Terhorst M, Koch B, Deschler B,
Wasch R, Engelhardt M. Comorbidity as a prognostic
variable in multiple myeloma: comparative evaluation
of common comorbidity scores and use of a novel MM-
comorbidity score. Blood Cancer J. 2011; 1: e35. doi:
10.1038/bcj.2011.34.

Kleber M, Thorst G, Gross B, Koch B, Reinhardt H, Wasch
R, Engelhardt M. Validation of the Freiburg Comorbidity
Index in 466 multiple myeloma patients and combination
with the international staging system are highly predictive
for outcome. Clin Lymphoma Myeloma Leuk. 2013; 13:
541-51. doi: 10.1016/j.cIm1.2013.03.013.

Ludwig H, Rauch E, Kuehr T, Adam Z, Weissmann A,
Kasparu H, Autzinger EM, Heintel D, Greil R, Poenisch
W, Muldur E, Zojer N. Lenalidomide and dexamethasone
for acute light chain-induced renal failure: a phase II
study. Haematologica. 2015; 100: 385-91. doi: 10.3324/
haematol.2014.115204.

Zhang Z, Xu X, Ni H. Small studies may overestimate
the effect sizes in critical care meta-analyses: a meta-
epidemiological study. Crit Care. 2013; 17: R2. doi:
10.1186/cc11919.

Sedgwick P. Meta-analyses: what is heterogeneity? BMJ.
2015; 350: h1435. doi: 10.1136/bmj.h1435.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds
DJ, Gavaghan DJ, McQuay HJ. Assessing the quality of
reports of randomized clinical trials: is blinding necessary?
Control Clin Trials. 1996; 17: 1-12.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA Statement. Open Med. 2009; 3:
e123-30.

Choueiri TK, Schutz FA, Je Y, Rosenberg JE, Bellmunt
J. Risk of arterial thromboembolic events with sunitinib
and sorafenib: a systematic review and meta-analysis of

www.impactjournals.com/oncotarget

46599

Oncotarget



clinical trials. J Clin Oncol. 2010; 28: 2280-5. doi: 10.1200/

557-60. doi: 10.1136/bmj.327.7414.557.

1C0O.2009.27.2757. 33. Begg CB, Mazumdar M. Operating characteristics of a rank
31. Zintzaras E, loannidis JP. Heterogeneity testing in meta- correlation test for publication bias. Biometrics. 1994; 50:
analysis of genome searches. Genet Epidemiol. 2005; 28: 1088-101.
123-37. doi: 10.1002/gepi.20048. 34. Egger M, Davey Smith G, Schneider M, Minder C. Bias
32. Higgins JP, Thompson SG, Deeks JJ, Altman DG. in meta-analysis detected by a simple, graphical test. BMJ.
Measuring inconsistency in meta-analyses. BMJ. 2003; 327: 1997; 315: 629-34.
www.impactjournals.com/oncotarget 46600 Oncotarget



