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A B S T R A C T

Introduction: Early toxic death (≤60 days of diagnosis) in elderly multiple myeloma (MM) patients is attribu-
table to active disease, age and co-morbidities. Rate of early toxic deaths is 10% with conventional che-
motherapy mainly due to infection and renal failure. Novel agents have improved MM outcome at the expense of
newer toxicity.
Methods: We analyzed 1146 individual patient data to assess toxic deaths during induction treatment with first-
generation novel agents thalidomide, lenalidomide, bortezomib.
Results: During first-line therapy, 119/1146 patients (10%) died for any cause, and 47/1146 (4%) due to
toxicity, including 12/1146 (1%) early deaths. The 24-month cumulative incidence was 4.1% without any
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Thalidomide difference between bortezomib (18/503 patients, 4%) and lenalidomide (29/643patients, 5%; p= 0.31). Toxic
deaths occurred in 34/1039 (3%) patients< 80 years and 13/107 (12%) patients ≥80 years. Causes were
cardiac events (28%), infections (26%) and vascular complications (15%). In a multivariate analysis, older age
and unfavorable ISS stage increased the risk of death.
Conclusion: First-generation novel agents significantly reduced toxic deaths compared to conventional che-
motherapy. One third of deaths during first-line therapy were due to cumulative drug-related toxicities, thus
supportive approaches and prevention strategies should be optimized. The higher mortality rate for toxicity in
octogenarians confirms the need for a careful frailty assessment.

1. Introduction

In patients with multiple myeloma, significant improvements in
survival have been obtained following the introduction of high-dose
melphalan and autologous stem-cell transplantation, as well as with
bortezomib and the immunomodulatory agents thalidomide and lena-
lidomide (Kumar et al., 2008; Palumbo and Anderson, 2011; Pulte
et al., 2011). A population-based survival of European hematological
malignancies before and after the introduction of novel agents showed
that the improvement in survival was primarily restricted to patients
younger than 65 years, while the benefit was less evident in older pa-
tients. Furthermore, little information is available regarding the impact
of these new agents on early mortality.

Studies on causes of death among elderly patients are difficult to
conduct due to low compliance. Studies conducted before the in-
troduction of novel agents found a 2-month mortality of approximately
10%. In patients treated with novel agents, this rate decreased to ap-
proximately 6% (Morgan et al., 2011). The most common causes of
death were renal failure and infections, mainly pneumonia and sepsis.

Many factors may contribute to increase the risk of death due to
toxicity (toxic death) in myeloma. Age is one such factor. In the study
by Augustson et al., 60% of patients who died within 2 months from
start of treatment were older than 65 years. In the study by Dimopoulos
et al., the incidence of early death was 14% in patients older than 80
years and 3% in those younger than that (Dimopoulos et al., 2012). In
addition, older people are at high risk of developing frailty, that is a
state of increased vulnerability, with cumulative deficits in several
physiological systems, and a diminished resistance to stressors, such as
myeloma and its treatment (Clegg et al., 2013). Age and geriatric as-
sessment are the most sensitive predictors of frailty. The cut-off age of
80 years was found to identify frail myeloma patients that are at higher
risk of death, disease progression, non-hematologic toxicities, and
treatment discontinuation. However, irrespective of age, the presence
of either a functional decline or the presence of co-morbidities, may
identify frail patients. Approximately one third of elderly MM patients
at diagnosis are frail (Palumbo et al., 2015, 2014b).

Active disease is a particularly important contributing factor to
early mortality, because it may cause anemia, thrombocytopenia,
neutropenia, skeletal disease with reduced mobility and impaired
ventilation, hypercalcemia and renal impairment (Palumbo and
Anderson, 2011). Therapy itself may further increase the risk of early
death, by affecting renal and cardiac function and causing

immunosuppression by damaging mucosal barriers and impairing both
innate and specific cellular immunity. These adverse effects of therapy
occur in the early stage of induction treatment, before achieving major
reduction of tumor load and MM-related organ and tissue impairment.
Consequently, induction treatment is associated with a high mortality
risk (Augustson et al., 2005; Murakami et al., 2001).

In the era of novel agents, limited data are available on the risk,
characteristics and predictability of early death in elderly patients. To
address these issues, we analyzed individual patient data from 2 large
multicenter randomized phase 3 trials. All patients received upfront
first-generation novel agents, thalidomide, lenalidomide, bortezomib.
The objectives were to: (1) evaluate the rate of death during first-line
therapy, and particularly the risk of early death, (2) analyze the
documented direct cause of death and (3) analyze the associated con-
tributing factors.

2. Materials and methods

2.1. Patient population

A total of 1173 patients with newly diagnosed multiple myeloma
not eligible for autologous transplantation for age or co-morbidities
entered into Gruppo Italiano Malattie Ematologiche dell’Adulto and
European Myeloma Network trials from May 2006 to September 2012,
and were included in this analysis. Details on treatment regimens and
results of these studies have been previously reported (Magarotto et al.,
2016; Palumbo et al., 2014a). Briefly, in the GIMEMA MM-03-05 trial
511 patients were randomly assigned to receive 9 cycles of bortezomib,
melphalan and prednisone (VMP) or bortezomib, melphalan, pre-
dnisone and thalidomide (VMPT) followed by continuous VT as main-
tenance. In the EMN01 trial 662 patients were randomized to lenali-
domide and dexamethasone (Rd) or lenalidomide, melphalan and
prednisone (MPR) or lenalidomide, cyclophosphamide and prednisone
(CPR) followed by continuous R or RP as maintenance (Table 1). Trial
protocols were approved by the ethics committee at each participating
institution and the procedures were conducted according to the De-
claration of Helsinki and Good Clinical Practice guidelines. All patients
gave written informed consent before enrolment.

2.2. Assessment

Patient trial clinical report forms (CRFs) and adverse event (AE) –

Table 1
Characteristics of the trials includedin the analysis.

Trial Patients
(Total No.)

Age
(Median, years)

Trial Dates Induction
treatment

Patients
(No.)

Progression-free Survival
(median, months)

Overall Survival

GIMEMA MM-03-05 511 71 2006–2009 VMPT-VT 254 35.3 61% at 5 years
VMP 257 24.8 51% at 5 years

EMN-01 654 73 2009–2012 Rd 217 21 58% at 4 years
MPR 217 24 65% at 4 years
CPR 220 20 68% at 4 years

VMPT-VT, bortezomib-melphalan-prednisone-thalidomide followed by continuous bortezomib-thalidomide as maintenance; VMP, bortezomib-melphalan-pre-
dnisone; Rd, lenalidomide-dexamethasone; MPR, lenalidomide-melphalan-prednisone; CPR, lenalidomide-cyclophosphamide-prednisone.
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