
Multiple myeloma is a malignant plasma cell disorder characterized by clonal proliferation of abnormal plasma cells.
Global five-year survival rates range from 60% to 70%, largely due to novel therapeutic strategies. In our country,
conventional therapies remain standard, with monoclonal antibodies recently introduced for relapsed/refractory cases.
This study aimed to assess treatment outcomes in relation to therapy type and prognostic factors.
A retrospective-prospective analysis was conducted on 200 patients with multiple myeloma. The relationship between
treatment modality, disease biology, clinical status, and therapeutic response was evaluated, including progression-free
survival (PFS), overall survival (OS), and protocol efficacy across prognostic subgroups.
Best treatment responses were achieved in patients with good performance status and low comorbidity, particularly
those receiving first-line VTD (bortezomib, thalidomide, dexamethasone). Among patients under 65, the CTD
(cyclophosphamide, thalidomide, dexamethasone) protocol showed the longest average OS. In second-line therapy, PAD
(bortezomib, doxorubicin, dexamethasone) yielded the highest response rates and best survival outcomes. Elderly
patients with high Charlson Comorbidity Index (CCI) benefited most from the MPT regimen (melphalan, prednisone,
thalidomide). In contrast, Vel-Dex (bortezomib, dexamethasone) was linked to the highest progression rates.
Therapeutic outcome in myeloma strongly correlates with prognostic factors and treatment selection. Proper risk
stratification enables personalized therapy and improves outcome.
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INTRODUCTION

Multiple myeloma is a malignant lymphoproliferative
disorder, primarily characterized by the clonal proliferation
and accumulation of pathologically altered plasma cells. The
clinical manifestations result from the suppression of normal
hematopoiesis in the bone marrow by plasma cells that
produce a homogeneous monoclonal immunoglobulin,
known as the M component. This disease is considered the
prototype of neoplasms involving well-differentiated,
mature, and typically slow-proliferating B
lymphocytes―plasma cells (1). Clinically, multiple myeloma is
defined by a characteristic pentad: anemia, detection of
monoclonal (M) protein in serum and/or urine, skeletal
lesions (mostly osteolytic), renal impairment, and
hypercalcemia (2). After the diagnosis is established
according to the criteria of the International Myeloma
Working Group (IMWG), it is essential to assess the patient's
prognostic profile. This patient-centered approach has
significantly improved five-year survival rates over the past
15 years, now reaching 60%–70%, with curative potential
observed in approximately 15% of cases. Prognostic factors
influencing disease course and final outcome are based on
the patient's clinical characteristics, the biological features
of the disease, and nature of the therapeutic response,
which are critical for defining a patient‒tailored therapeutic
approach (3).
Key clinical characteristics of patients are reflected through
various comorbidity indices and patient age, while
biological features are assessed using the Durie-Salmon
classification, International Staging System (ISS), revised ISS
(R-ISS), R2-ISS, and mSMART (Mayo Stratification for
Myeloma and Risk-Adapted Therapy) classification (4). The
depth and duration of therapeutic response significantly
impact progression-free survival and overall survival.
Achieving complete remission (CR) is considered one of the
strongest prognostic markers (5).
The aim of this study was to evaluate the impact of different
treatment modalities on therapeutic response, time to
disease progression, and overall survival, with the
identification of the most effective therapeutic combination
in relation to patients’ performance status and risk profile.

METHODS

This retrospective–prospective study included 200 patients
with multiple myeloma, treated at the Clinic for Hematology,
Allergology, and Clinical Immunology, University Clinical
Center Nis, between 2016 and March 2023. The treatment
outcomes of surviving patients are still being actively
monitored. The diagnosis was established according to the
criteria of the International Myeloma Working Group. The
cohort comprised 105 men and 95 women, with a mean age
of 62.49 ± 9.30 years(range 38―80 years). During the study,
the following clinical and laboratory parameters were
monitored: age, sex, performance status, clinical stage
according to Durie-Salmon criteria, International Staging
System (ISS), revised ISS for patients who underwent
genetic analysis by FISH (Fluorescence In Situ
Hybridization), Charlson Comorbidity Index, type of
monoclonal (M) protein, serum albumin, B2-microglobulin,
lactate dehydrogenase (LDH), serum calcium level,
presence of osteolytic bone lesions, renal function,
extramedullary disease, hemoglobin level, and platelet
count. Treatment protocols were provided according to the
Serbian Myeloma Group guidelines, following ESMO
(European Society for Medical Oncology) and NCCN
(National Comprehensive Cancer Network)
recommendations. First-line regimens included VTD, CTD,
VCD, PAD, TAD, MPV, MPT. Second-line regimens included
PAD, Vel-Dexa, VTD, VCD, TCED, VTD-PACE, etc.
(V/P―Velcade; T―thalidomide; D― dexamethasone;
C―cyclophosphamide; A―Adriamycin; M―melphalan;
P―prednisolone; E― etoposide). We assessed therapeutic
response after first, second, and subsequent lines:
complete response (CR), very good partial response (VGPR),
partial response (PR), stable disease (SD), progression (PD)
and relapse, as well as progression-free survival and overall
survival in different prognostic groups. During the follow-up,
127 patients died and 73 were alive at study closure. Data
are presented in the form of arithmetic mean and standard
deviation, minimum and maximum values, and as absolute
and relative frequencies. Comparisons of numerical
variables between two groups were performed using the t-
test or the Mann-Whitney test. Categorical variables were
compared using the Chi-square test. Survival analysis was
performed using the Kaplan-Meier survival curve and the
log-rank test. The null hypothesis was tested at a
significance level of p < 0.05. Statistical analyses were
performed using the SPSS software package, version 16.0.
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The study was approved by the Ethics Committee of the
University Clinical Center Niš on June 19, 2024 (Approval
No. 17351/9). 

RESULTS

In the studied population, all patients diagnosed with
multiple myeloma received first-line therapy (100.0%).
Second-line treatment was administered to 52.0% of
patients, third-line therapy to 24.0%, fourth-line therapy to
12.0%, and fifth-line therapy to 4.5% (Figure 1).
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The initiation and choice of therapeutic protocol were in
accordance with the relevant clinical guidelines applicable
at the time of treatment, which underwent changes over the
study period (6). In the first-line therapy, the most frequently
administered regimens were CTD (40.5%), followed by MPT
(20.5%) and VTD (12.5%) (Figure 2). Among patients under
the age of 65, the most commonly used therapeutic
protocols were CTD (47.7%) and VTD (20.6%), whereas in
older patients, MPT (37.6%) and CTD (32.3%) were
predominantly used. 

Figure 1. Number of patients by treatment line Figure 2. First-line therapy in the studied population

Following first-line therapy, complete remission (CR) was
achieved in 2.1% of patients, very good partial remission
(VGPR) in 48.9%, partial remission (PR) in 19.5%, stable
disease (SD) in 8.4%, disease progression (PD) occurred in
18.9%, and in 2.1% of patients’ treatment-related adverse
effects prevented response assessment. No statistically
significant difference in first-line response rates was
observed between different age groups (p = 0.239) (Table 1). 

Analysis of therapeutic response according to the first-line
therapy showed that VGPR was achieved in 55.0% of
patients treated with CTD and 50.0% of those treated with
VTD. The highest rate of disease progression (53.3%) was
observed in the group treated with Vel-Dex protocol as first-
line therapy (Table 2). In second-line therapy, younger
patients most frequently received PAD (33.9%), Vel-Dex
(19.4%), and VTD (12.9%). Among patients over 65 years of
age, Vel-Dex was the most frequently administred regimen
(45.2%). 

Table 1. First-line therapy response by age group

CR – complete remission; VGPR – very good partial 
remission; PR – partial remission; SD – stable disease; 
PD – disease progression; tox eff – toxic effects
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When used as second–line therapy, PAD protocol was
associated with the highest response rate (34.3% of patients
achieved VGPR).  In the studied population, 127 patients
(63.5%) died. A statistically significant difference in mortality
was observed across age groups (p = 0.014) and Charlson
Comorbidity Index (CCI) categories (p < 0.001). 
Sex, performance status (PS), clinical stage, ISS stage, and
type of M-protein were not found to be statistically
significant predictors of mortality. In our study population,
the mean overall survival (OS) was 32.96 months (SE 1.92;
95% CI: 21.19–36.72 months), while the median overall
survival was 36.00 months (range 12.00–48.00 months)
(Figure 3). Overall survival significantly differed according to
ISS stage (p=0.008). Median survival among patients with
ISS stage I was 48.0 months (95% CI 36.1–59.9), for ISS
stage II it was 30.0 months (95% CI 22.0–38.0), and for ISS
stage III it was 24.0 months (95% CI 17.1–30.9) (Figure 4). In
patients aged over 65 years, overall survival differed
significantly according to Charlson Comorbidity Index (CCI)
score (p = 0.012). Patients with CCI score 1 had a median
overall survival of 48.5 months, compared to 29.5 months in
those with a CCI score ≥ 2 (Figure 5). 

Figure 3. Kaplan-Meier survival curve in the studied
population

Figure 4. Kaplan-Meier survival curve according to
International Staging System (ISS) stage

Figure 5. Overall survival by Charlson Comorbidity Index
(CCI) score in patients > 65 years

Figure 6. Kaplan-Meier curve for time to progression
(TTP) in the studied population
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Table 2. Therapeutic response after first-line treatment

C – cyclophosphamide; D – dexamethasone; T – thalidomide; M – melphalan; P – prednisolone;
V,P – Velcade; A- Adriamycin; E- etoposide; CR – complete remission; VGPR – very good partial
remission; PR - partial remission; SD – stable disease; PD – disease progression, tox  eff – toxic
effects

Overall survival (OS) differed significantly according to
performance status (PS) (p = 0.013). The median OS for
patients with PS 0–1 was 36.0 months (95% CI 32.0–40.0
months), whereas for those with PS ≥ 2 it was 31.0 months
(95% CI, 19.7–42.4 months). In both younger and older
patient subgroups, a statistically significant difference in OS
was observed in relation to first-line therapy (p = 0.034 and
p = 0.004, respectively). Among younger patients, the
longest mean OS was achieved with CTD (40.0 months) and
VTD (30.0 months), while the shortest was observed with
VCD (16.0 months). Among older patients, the longest mean
OS was achieved with MPT (36.5 months) and CTD (35.7
months), while the shortest was observed with VTD (4.5
months). Following second-line therapy, patients receiving
PAD achieved the longest OS―48 months (95% CI, 44.76–
51.24 months).

Time to progression (TTP) in the study population was 23.36
months (SE 1.55; 95% CI, 20.33–26.40), with a median TTP
of 18.00 months (9.00–36.00 months) (Figure 6). Mean TTP
did not vary significantly by sex, age, International Staging
System (ISS) stage, Charlson Comorbidity Index (CCI) score,
clinical stage, serum lactate dehydrogenase (LDH) > 460
U/L, or Eastern Cooperative Oncology Group (ECOG)
performance status. A statistically significant difference in
TTP was observed only concerning first-line therapy (p <
0.001). The longest median TTP was observed in patients
treated with CTD (22.93 months), whereas the shortest was
observed in those treated with Vel-Dex (9.22 months). Cox
regression analysis identified statistically significant risk
factors: prior autologous stem cell transplantation (HR
0.532, p = 0.047), CCI score 2+ (HR 1.298, p = 0.041), and
elevated beta-2 microglobulin levels (HR 1.146, p = 0.010). In 
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the multivariate model, a failure to achieve VGPR after first-
line therapy was the only statistically significant predictor
(HR 3.162, p < 0.001). These patients had a 3.1-fold higher
risk of mortality compared with the other patients.

DISCUSSION

Each year, more than 80.000 individuals worldwide are
diagnosed with multiple myeloma, including approximately
520 cases in Serbia. In our unselected cohort of 200
patients, followed between 2016 and 2023, no substantial
deviations in baseline characteristics were observed
compared with those reported in the literature (7,8). The
mean age at diagnosis was 62.5 years (range 38–80 years),
which is notably younger than the mean age commonly
reported (9, 10). The cohort comprised 105 men and 95
women. In this population, overall survival (OS) and median
time to progression (TTP) did not differ statistically by sex,
which is consistent with previously published findings (11).
Women more frequently presented with high-risk
chromosomal aberrations; however, no significant
differences in TTP or OS were observed compared with men
(12, 13). Notably, women diagnosed with multiple myeloma
before the age of 50 demonstrated a significantly poorer
progression-free survival (PFS). It has been speculated that
higher estrogen levels in younger women with multiple
myeloma may contribute to an increased rate of disease
progression, suggesting the potential consideration of anti-
estrogen–based therapeutic strategies (14). 
The Durie–Salmon staging system was used to determine
the clinical stage of disease, serving as a parameter of
tumor burden and classifying patients into three clinical
stages, each subdivided into A and B categories according
to renal function. In a 10-year prospective study of 109
patients with multiple myeloma, Spasov et al. reported no
significant difference in OS between clinical stages II and III
(15). However, patients with stage IIA disease had a longer
mean survival compared with those in stage IIB (40 vs. 26
months), and patients in stage IIIA survived longer than
those in stage IIIB (38 vs. 18 months). The authors concluded
that patient survival depended more on the degree of renal
impairment at diagnosis (A vs. B substages) than on tumor
mass or clinical stage alone (15). In our cohort, median OS
values were shorter than the averages reported in the
literature: 34.8 months for CS I, 28.1 months for CS II, and 27
months for CS III. 

Moreover, in the present study, the Durie–Salmon staging
system did not demonstrate predictive value for time to
progression, aligning with evidence that conventional
clinical staging lacks sufficient prognostic accuracy and
highlighting the necessity for incorporation of biological and
additional prognostic factors. The mean overall survival (OS)
in our cohort was 32.96 months, with a median OS of 36.00
months (range, 12.00–48.00 months). Published data
demonstrate a progressive improvement in median OS over
the decades: 22.4 months during 1980–1990, 37.4 months
in 1991–2000, 61.8 months in 2001–2010, and 103.6 months
from 2011 to 2020 (16). 
This clearly reflects significant advancements in survival
outcomes concomitant with the development of novel
therapeutic modalities. The median overall survival of our
patients, analyzed between 2016 and 2023, was 36 months,
which corresponds to survival outcomes reported in the
literature for patients treated between 1991 and 2000 (16).
This finding is multifactorial. Therapeutic options used
locally mirrored those applied worldwide, across the
different time periods. Despite a mean patient age of 63.5
years, most treated patients were in their seventh or eighth
decade, frequently burdened with multiple comorbidities.
This influenced the choice of treatment regimens favoring
reduced toxicity, albeit with potentially diminished efficacy.
Survival outcomes in our population were significantly
associated with ECOG performance status, International
Staging System (ISS) stage, Charlson Comorbidity Index
(CCI), beta-2 microglobulin levels, autologous stem cell
transplantation (ASCT) status, first-line treatment protocol,
and depth of response after both (first and second-line
therapies). ECOG performance status 1 was predominant
(36.0%), 53.0% of patients were classified as high-risk (ISS
stage 3), and the majority of patients (44.5%) were at clinical
stage IIIA. The most frequent M-protein subtype was IgG
kappa (44.9%), and a CCI score 2 was most common
(32.0%). Consistent with the existing literature, advanced
age and comorbidities were linked to increased mortality
risk in multiple myeloma (17). The impact of comorbidities
was most pronounced during the first-year post-diagnosis in
patients with CCI ≥ 3 and cardiovascular disease (18).
Similarly, in our cohort, patients aged over 65 exhibited a
statistically significant difference in survival stratified by CCI
score. Since the mid-1990s, ASCT has been integrated into
myeloma treatment and is associated with improved survival
(19); however, ongoing research is required to optimize
patient selection and outcomes. 
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The transplantation procedure must be evaluated
holistically, considering patient age, disease burden, renal
function, prior chemotherapy regimens, duration of disease
before transplantation, stem cell dose, neutrophil
engraftment kinetics, and psychosocial factors. Current
evidence suggests that disease subtype, post-
transplantation recovery rate, preserved renal function, and
achieving complete remission prior to ASCT are the key
determinants of transplant efficacy (20–22). In our center,
34 patients underwent ASCT. Median OS was significantly
longer in transplanted patients (48.0 months) compared to
non-transplanted patients (30.0 months). Beta-2
microglobulin remains the most robust and independent
prognostic biomarker for survival in multiple myeloma,
irrespective of renal function and clinical stage (23). Median
OS was 48.0 months for ISS stage I, 30.0 months for ISS
stage II, and 24.0 months for ISS stage III (beta-2
microglobulin > 5.5 g/L).
Within our cohort, FISH analysis was conducted in 34
patients. The limited number reflects the recent
implementation of routine FISH testing, which commenced
at the end of 2022. A subset of patients with double-hit
myeloma exhibited rapid mortality following diagnosis,
underscoring the significantly increased disease
aggressiveness associated with the presence of concurrent
high-risk mutations (24, 25).

First-line treatment outcomes

The majority of patients in our study received CTD as first-
line therapy (40.5%), while 12.5% were treated with VTD.
Treatment was administered in accordance with the current
local clinical guidelines, and the lower number of patients
receiving VTD protocol due to its delayed incorporation into
practice. The CTD regimen as first-line therapy induced a
VGPR in 55% of cases and a PR in 20%. It controlled disease
symptoms, achieving stable disease in 11.3% of patients,
while disease progression occurred in an equal percentage
(11.3%). Overall survival (OS) was 38 months, and time to
progression (TTP) was 22 months, representing the longest
TTP observed in our cohort. We previously established a
statistically significant difference in TTP depending on the
first-line therapy (26-28), with the longest TTP observed in
patients treated with CTD, and the shortest in those
receiving Vel-Dex. Vasquez et al. reported that CTD therapy
yielded a CR rate of 5% and VGPR of 32% (29). This protocol
demonstrates good efficacy with tolerable toxicity, 

it is suitable for both transplant-eligible and transplant-
ineligible patients, it is cost-effective, widely used in our
country, and can be administered entirely orally. It can also
be combined with novel agents, as described in the Cyklone
study (cyclophosphamide, carfilzomib, thalidomide, and
dexamethasone) (30), which showed high efficacy of this
combination. Patients treated with the MPT protocol at our
clinic achieved VGPR and PR in 41.7% of cases. This regimen
rarely induced stable disease (2.8%) and led to progression
in 11.1% of patients. The time to progression was 20 months,
comparable to Hulín’s study (31) (24 months) and Antonio
Polumba’s study (32) (21 months). In elderly patients,
thalidomide is often omitted due to prior thrombotic events,
resulting in the use of the MP protocol. Among patients
treated with the VTD protocol, CR was achieved in 18.2%,
VGPR in 50%, and progression in 18.2%. The TTP was 15
months. In the PETHEMA/GEM study (33), CR was achieved
in 35% of patients treated with VTD, representing the
highest complete remission rate attained with any pre-
transplant regimen, even in patients with high-risk
cytogenetic abnormalities. VGPR was achieved in 60%, and
progression occurred in 13%. Median PFS was 56 months in
patients with standard cytogenetic risk but significantly
shorter (18 months) in those with high-risk abnormalities. In
our cohort, VTD was the only protocol associated with CR
according to International Myeloma Working Group criteria,
achieved in 18.2% of patients. The highest progression rate
(53.3%) was observed in patients treated with the Vel-Dex
protocol. Vel-Dex induced VGPR in 33.3% and stable
disease in 13.3% of patients. 
When Vel-Dex induces a therapeutic response, its duration
is typically short. Correspondingly, the shortest TTP in our
cohort was 9 months for Vel-Dex, consistent with literature
data from Huynh et al. (34) reporting TTP of 13.2 months and
OS of 26.9 months. The average overall survival (OS)
associated with the most commonly used first-line therapies
was analyzed and found to differ significantly. Patients
treated with CTD had the longest median OS of 38 months,
while those receiving VMP had the shortest OS at 12.0
months. Patients on MPT achieved a median OS of 35.6
months, on VelDex 21.4 months, on VTD 17.2 months, and
on VCD, the median OS was 17 months.

Second-line treatment outcomes

In our cohort, the highest overall response rate at first
relapse was observed following the PAD regimen, with a 
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VGPR rate of 34.3% and a median overall survival (OS) of 48
months. Zhang et al. corroborated the efficacy of the PAD
protocol in relapsed/refractory multiple myeloma (RRMM),
demonstrating outcomes independent of conventional
prognostic factors, particularly in patients exhibiting
extramedullary disease. The triplet combination of
bortezomib, doxorubicin, and dexamethasone reliably
achieves at least a partial response (PR), even in patients
with prior bortezomib exposure. This efficacy is attributed to
the synergistic cytotoxic effects of bortezomib when
combined with anthracyclines and alkylating agents, such as
melphalan (35).
The survival of patients with multiple myeloma has markedly
improved worldwide due to the availability of novel
therapeutic options. Younger, transplant-eligible patients
benefit from intensive regimens, including multi-drug
combinations and autologous stem cell transplantation,
while elderly, transplant-ineligible patients gain from agents
with improved safety profiles. The introduction of anti-CD38
monoclonal antibodies (36), CAR-T cell therapies (37),
bispecific antibodies (38), and antibody–drug conjugates
(39) has expanded treatment possibilities, although these
approaches are mostly reserved for relapsed/refractory
cases. Additionally, novel therapeutic classes are expected
to emerge (40); however, their clinical positioning and the
development of MRD-guided treatment strategies have yet
to be fully defined (41–43).
- The median overall survival (OS) of our entire patient
cohort, as well as within individual disease stages, was
shorter compared to internationally reported outcomes.
- The average survival of patients treated at our Clinic
significantly differed based on performance status, ISS
score, Charlson comorbidity index, β2-microglobulin levels,
administration of ASCT regimen, first-line therapy protocol,
therapeutic response after the first and second lines of
treatment, identifying patients with poorer overall survival.
- The highest rate of complete remissions was observed in
patients with good general condition and without significant
comorbidities who were treated with the VTD protocol in
the first line. The longest average survival was noted in
younger patients treated with the CTD protocol.

- Elderly patients with a high Charlson comorbidity score
benefited from MPT protocol, while the highest progression
rate was associated with the Vel-Dex protocol.
- The combination of bortezomib, doxorubicin and
dexamethasone (PAD) achieved the highest response rate
and best survival outcomes in patients with multiple
myeloma in the second-line treatment.
- Performing FISH analysis for every patient is essential.
Patients with high-risk chromosomal aberrations or multiple
concurrent high-risk genetic mutations (double or triple hit)
require an individualized therapeutic approach, as they
show statistically significant differences in mortality
outcomes.
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