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Abstract
High-dose chemotherapy followed by autologous stem cell transplantation (HD-ASCT) as well as the introduction of novel
agents (NA) significantly improved survival for patients with multiple myeloma (MM). A total of 150 unselected newly
diagnosed MM patients treated at our institution from 1998 to 2017 were retrospectively analyzed. Median age at diagnosis
was 69 years (range 33–93 years) with a median follow-up of 48.6 months. The median overall survival (OS) for the entire cohort
was 60.7 months (range 0.3–280.1). Patients who received frontline HD-ASCT (p < 0.01) or NA-based first-line treatment (p =
0.043) had a significantly better OS. According to the revisedMyeloma Comorbidity Index (R-MCI), patients were defined as fit
(36.5%), intermediate-fit (44.5%), or frail (19%) with a significant difference in OS between these categories (p < 0.01).
Multivariate analysis revealed R-MCI as an independent prognostic factor for OS (p < 0.01). Presence of subclinical amyloid
deposits (A+) was detected in 18 out of 66 patients (27.3%) and significantly correlated with a serum free light chain (sFLC) ratio
≥ 100 (p = 0.01) and bone marrow plasma cell infiltration > 60% (p = 0.04). Furthermore, patients with A+ had significantly
worse OS compared with their counterparts (p = 0.048). Our results corroborate the efficacy of both early HD-ASCTand the use
of new agents as initial therapy of MM patients in “real-world” daily clinical practice. The R-MCI is an easily applicable tool to
stratify MM patients and may support treatment decisions. The prognostic value of subclinical amyloid deposition should be
validated within prospective studies.
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Introduction

Multiple myeloma (MM) is a heterogeneous disease charac-
terized by proliferation of a plasma cell clone and distinct
clinical and pathological features. It accounts for

approximately 13% of all hematological malignancies and
mainly affects the elderly population with a median age at
diagnosis of about 65 years [1–3]. Introduction of novel
agents (NA)–based treatment options improved outcome of
patients both eligible and not eligible for high-dose chemo-
therapy-autologous stem cell transplantation (HD-ASCT)
[4–6]. However, this improvement might be less pronounced
in real life due to strict exclusion criteria used in clinical trials
as well as national reimbursement policies of novel agents,
and data from unselected MM patients in the era of NA are
limited.

It is well known that comorbidities have substantial impact
on prognosis in different hematological malignancies [7–11].
The elderly population is highly heterogeneous and risk strat-
ification of myeloma patients for treatment selection is mainly
based on disease- or host-specific factors such as the
International Staging System (ISS), age, and comorbidities.
Recently, Engelhardt et al. developed the revised Myeloma
Comorbidity Index (R-MCI) which is a frailty score with
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simple clinical applicability [12]. Their study demonstrated
that the R-MCI allows for the definition of largely different
risk groups and represents a valid risk assessment tool in dis-
tinct treatment and age groups. However, data on R-MCI and
patient outcome in MM patients are limited.

Immunoglobulin light chain (AL) amyloidosis is a rare and
serious disease caused by misfolded proteins deriving from
monoclonal light chains in patients with an underlying plasma
cell disorder [13, 14]. Themost commonly applied method for
the detection of amyloid deposits is a subcutaneous abdominal
fat pad aspirate (SAFA). Following Congo red staining, amy-
loid fibrils exhibit a characteristic apple-green appearance in
fluorescent light microscopy [14–16]. Nonetheless, there is
still little evidence on coincident AL amyloidosis in patients
withMM. Therefore, more information about the frequency of
amyloid deposits and its clinical impact are needed.

This retrospective study was performed to review the out-
come and prognostic factors in an unselected cohort of MM
patients treated at our hemato-oncology day unit over a period
of 20 years. In addition, we aimed to describe the prevalence
of amyloid deposits as well as its clinical impact in our MM
patient cohort.

Methods

Patient cohort

Data collection and analysis were performed anonymously
according to current data safety law and Institutional Review
Board regulations. All patients with newly diagnosed multiple
myeloma treated at the hemato-oncology day unit of the
“Franz Tappeiner” hospital in Merano from January 1, 1998,
to December 31, 2017, were included in this analysis. The
“Franz Tappeiner” hospital is a public regional tertiary care
hospital which covers a large area of western South Tyrol.
Based on the national regulations, all patients have access to
a unique healthcare systemwhich provides universal coverage
to all citizens and residents. Therefore, this study represents an
unselected heterogeneous population irrespective of age, per-
formance status, and comorbidities. All patients were follow-
ed up until June 30, 2018. Clinical data were extracted from
electronic clinical records (OncoNet, http://edp-progetti.it,
Bolzano, Italy). Correct diagnosis of MM was made
according to the 2001–2008 WHO classification and was
reviewed by a treating hematologist. Retrieved disease param-
eters included stages according to the ISS, cytogenetic aber-
rations, plasma cell infiltration of bone marrow, serum lactate
dehydrogenase (LDH), serum creatinine, serum calcium, he-
moglobin, and, beginning in 2008, serum free light chain ra-
tios. The comorbidity index R-MCI was determined using a
web-based calculator (www.myelomacomorbidityindex.org).
High-risk MM based on FISH was defined by the presence of

abnormalities such as t(4; 14), t(14; 16), t(14; 20), del(17p),
and/or gain of 1q21 [17]. All other cases were considered
standard risk. SAFA has been retrieved on a regular basis
since 2011, unless the patient did not consent to the procedure.
In cases diagnosed before 2011, SAFA has only been obtained
by clinical decision upon unclear deterioration in kidney func-
tion. Subclinical amyloid deposits were detected by Congo
red staining of SAFA.

Treatment was given according to the current recommen-
dations of the National Myeloma Working Group, local ap-
proval status, and drug reimbursement policies of novel
agents. Treatment characteristics included eligibility for
ASCT, first-line treatment with NA-based therapy or conven-
tional chemotherapy, and treatment at relapse. NA included
the proteasome inhibitor bortezomib and the immunomodula-
tory agents (IMiDs) thalidomide and lenalidomide. For treat-
ment with HD-ASCT, patients were referred to the Central
Regional Hospital of South Tyrol in Bolzano.

Statistical methods

Statistical analysis was performed using R, version 3.5.1 (The
R Foundation for Statistical Computing, Vienna, Austria) and
RStudio, version 1.1.456 (RStudio, Inc., Boston, MA, USA),
using the packages “survival” (version 2.38), “survminer”
(version 0.4.3) and “gplots” (version 3.0.1). The primary
end point was OS, defined as the time between diagnosis
and death by any cause or end of follow-up. Survival curves
were calculated by the Kaplan-Maier method and compared
by the log-rank test. Multivariate analysis was performed
using a Cox proportional hazards regression model for OS.
Correlations between subclinical amyloid deposits and clini-
copathological variables were assessed with the chi-square
test or Fisher’s exact test as appropriate. For all analyses, a p
value < 0.05 was considered statistically significant. Due to
the exploratory, hypothesis-generating design of the study, no
correction for multiple testing was applied [18].

Results

Patients’ characteristics

Baseline characteristics of the patients included in the study
are summarized in Table 1. A total of 150 patients were diag-
nosed with MM at our hemato-oncology day unit between
January 1, 1998, and December 31, 2017. Patients were reg-
ularly followed up with a median follow-up time of
48.6 months. The median age at diagnosis of MM was
69 years (range 33–93 years), while the median age for pa-
tients treated with and without HD-ASCTwas 57 years (range
33–70) and 73 years (range 41–93), respectively. The male/
female ratio was 1.08 (78/150 male, 72/150 female). At the
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time of analysis, 51/150 (34%) patients were still alive.
Briefly, 116/150 patients (77.3%) had a positive serum M-
spike, 25 (16.7%) patients had a light chain MM, whereas 6
(4.0%) were non-secretory MM, and 3 (2.0%) patients were
classified having a solitary plasmacytoma, respectively. 62/
150 (41.3%) patients were staged according to ISS stage I,
32 (21.3%) patients as stage II, and 56 (37.3%) patients as
stage III. Cytogenetic studies by fluorescence in situ hybridi-
zation (FISH) analysis from bone marrow were performed in
86/150 (57.3%) patients, with 38/86 (44.2%) and 48/86
(55.8%) patients displaying high- and standard-risk aberra-
tions, respectively. Where laboratory parameters were avail-
able, elevated levels (> upper limit of normal; ULN) of serum
calcium concentration, LDH, and creatinine were found in
7.0%, 25.3%, and 30.7% of patients, respectively. Anemia at
diagnosis of MM (as defined by Hb < 12 mg/dL) was present
in 60.4% of patients, whereas bone marrow plasma cell infil-
tration > 60% was observed in 25.4% of patients. In total, a
serum free light chain (sFLC) ratio ≥ 100 at diagnosis was
detectable in 68.2% of patients. Of the 150 patients included
in this retrospective study, data on amyloid deposits were
evaluable in 66 (44.0%) patients. Amyloid deposits (A+) were
detected by SAFA in 18/66 (27.3%) cases. Of these, all pa-
tients at time of diagnosis had MM without clinical signs of
AL amyloidosis as previously defined [19], whereas patients
with MM and classical symptoms of AL at diagnosis were
excluded from the study (n = 6). In 48/66 (72.7%) patients,
no amyloid deposits could be detected.

Frequency of comorbidities and R-MCI scoring

In our patient cohort, 92.7% (139/150) of patients had at least
one comorbid condition. Themost prevalent comorbidities are
listed in Table 2. Cardiovascular comorbid conditions were
the most frequent, present in 107/150 (71.3%) patients, among
which arterial hypertension was the most common (58/150
patients; 38.7%). Kidney disease was observed in 25
(16.7%) patients, while chronic lung disease was present in
7 (4.7%) patients. Of endocrine disorders, diabetes mellitus
was diagnosed in 15 (10.0%) patients, while hypothyroidism
was identified in 14 (9.3%) patients. Peripheral neuropathy
was present in 19 (12.7%) patients. Second primary malignan-
cies were observed in 8 (5.3%) patients of the total group,
whereas 14 (9.3%) patients had pre-existing neoplasms other
thanMM.Most frequent pre-existing neoplasms were prostate
(n = 6), breast (n = 3), and colorectal (n = 2) cancers, as well as
cervical, lung, and bladder cancers in one patient, each.
Second primary malignancies comprised two melanomas
and one patient with neoplasms in the liver, hypopharynx,
cervix, urinary bladder, thyroid, and kidney, each. No hema-
tological malignancies have been observed. R-MCI calcula-
tion was feasible in 137/150 (91.3%) patients, while it could
not be evaluated in 13 patients due to missing data. According

Table 1 Patient characteristics at diagnosis of the entire cohort

Parameters Number of patients (%) Median (range)

Age at diagnosis (years) 150 (100.0%) 69 (33–93)

HD-ASCT 46 (30.7%) 57 (33–70)

No HD-ASCT 104 (69.3%) 73 (41–93)

Gender

Male 78 (52.0%)

Female 72 (48.0%)

Type of myeloma (n = 150)

Positive serum M spike 116 (77.3%)

IgG kappa 40 (26.7%)

IgG lambda 37 (24.7%)

IgA kappa 22 (14.6%)

IgA lambda 17 (11.3%)

Light chain MM 25 (16.7%)

Free kappa light chain 12 (8.0%)

Free lambda light chain 13 (8.7%)

Non-secretory 6 (4.0%)

Solitary plasmacytoma 3 (2.0%)

International Staging System (ISS) (n = 150)

I 62 (41.3%)

II 32 (21.3)%

III 56 (37.3%)

Cytogenetic risk stratification at diagnosis (n = 86)

High riska 38 (44.2%)

Standard risk 48 (55.8%)

Serum calcium (n = 128)

Normal 119 (93.0%)

> ULN 9 (7.0%)

Serum LDH (n = 75)

Normal 56 (74.7%)

> ULN 19 (25.3%)

Serum creatinine (n = 150)

Normal 104 (69.3%)

> ULN 46 (30.7%)

Hemoglobin (n = 134)

Normal 53 (39.6%)

< 12 g/dL 81 (60.4%)

Bone marrow plasma cell infiltration (n = 126)

≤ 60% 94 (74.6%)

> 60% 32 (25.4%)

Amyloid (n = 66)

Positive 18 (27.3%)

Negative 48 (72.7%)

Serum free light chain ratio (sFLC ratio, n = 85)

< 100 27 (31.8%)

≥ 100 58 (68.2%)

aHigh risk: t(4; 14), t(14; 16), t(14; 20), del(17p), and/or gain of 1q21
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to the R-MCI, 50/137 patients (36.5%) were defined as fit, 61
patients (44.5%) as intermediate-fit, and 26 patients (19%) as
frail. Treatment modalities of different R-MCI subgroups are
summarized in the Supplementary Table 1. Briefly, frail pa-
tients were more likely to receive no treatment as 6 out of 7
patients that received best supportive care were classified as
frail according to R-MCI. In addition, only 1 out of 26 frail
patients underwent HD-ASCT.

Treatment characteristics and survival analysis

Among the total cohort, 76/150 (50.7%) of patients received
NA-based first-line treatment, whereas 63/150 (42.0%) of pa-
tients were treated with conventional chemotherapy and 11/
150 (7.3%) patients had never been treated or followed by best
supportive care. In total, 46/150 (30.7%) patients received
HD-ASCT. The 100-day treatment-related mortality of the
transplanted patients was 1/46 (2.2%). In accordance with
the respective national approval dates of novel compounds,
maintenance therapy after ASCTwas not performed. In total,
88/150 (58.7%) of patients received second-line treatment
with lenalidomide being the most commonly used drug in this
setting. Bisphosphonates were given in 114/150 (76%) pa-
tients. The median OS for the entire cohort was 60.7 months
(range 0.3–280.1; 95% CI 51.7–81.1 months). Univariate sur-
vival analysis is summarized in Table 3. Patient age > 70 years,
elevated serum creatinine, calcium and LDH levels > ULN,
presence of anemia, advanced ISS stage (I vs II vs III), bone
marrow plasma cell infiltration > 60%, and an involved-to-
uninvolved sFLC ratio ≥ 100 had a negative impact on OS.
Of note, median OS for A+ patients was significantly inferior
compared with patients without amyloid deposits detected by

SAFA (p = 0.048; Fig. 1). Patients with standard-risk cytoge-
netic abnormalities showed a numerical trend towards better
OS as compared with patients with high-risk cytogenetics
(p = 0.26). Finally, progressively increasing R-MCI score
(fit, intermediate-fit, frail) was associated with worse OS
(p < 0.01; Fig. 2). The median OS in these subgroups was
114.7 months, 59.0 months, and 13.3 months, respectively.
The median OS reached 70.9 months for patients who re-
ceived any treatment and was 15.1 months for patients that
had never been treated or were followed by best supportive
care (data not shown). Overall, patients who received a NA-
based first-line therapy had a median OS of 73.1 months (95%
CI 49.3–114.2), compared with 58.4 months (95% CI 42.5–
76.6) for patients who did not receive NA-based therapy (p =
0.043). As expected, median OS was significantly better for
MM patients who have undergone HD-ASCT compared with
that for patients who were not eligible for HD-ASCT
(114.2 months (95% CI 76.8–153.1) vs. 48.6 months (95%
CI 38.0–58.4); p < 0.01). Multivariate analysis was performed
using age, serum creatinine and calcium, hemoglobin, ISS,
HD-ASCT, the use of NA-based first-line therapy, BM plasma
cell infiltration, and R-MCI as covariates, with available data
in 116 patients (Table 4). The Cox regression model revealed
R-MCI as an independent prognostic factor for OS in our
cohort (p < 0.01).

Patient cohort with available data from amyloid
deposits

Patients in whom SAFAwas performed had significantly bet-
ter OS than those where the procedure was not performed
(p < 0.001; Supplementary Fig. 1). Of note, the majority of

Table 2 Prevalence of
comorbidities at time of diagnosis
of MM

Comorbidity Number of patients (%)

Cardiovascular Hypertension 58 (38.7%)

Coronary artery disease 17 (11.3%)

Arrhythmia 14 (9.3%)

Congestive heart failure 7 (4.7%)

Peripheral vascular disease 11 (7.3%)

Respiratory Chronic lung disease 7 (4.7%)

Renal Moderate to severe renal dysfunction 25 (16.7%)

Endocrine system Diabetes mellitus 15 (10.0%)

Hypothyroidism 14 (9.3%)

Gastrointestinal Viral hepatitis 2 (1.3%)

Gastritis/duodenitis 8 (5.3%)

Diverticulitis 5 (3.3%)

Rheumatologic Rheumatologic 12 (8.0%)

Neurologic Neuropathy 19 (12.7%)

Malignancy Prior malignancy 14 (9.3%)

Second malignancy 8 (5.3%)
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patients in whom SAFA was obtained was diagnosed after
2011 and these patients were more likely treated with NA-

based therapy (52/66 (78.8%) vs. 24/84 (28.6%), p < 0.001,
chi-square test) or were eligible for HD-ASCT (28/66 (42.4%)

Table 3 Univariate overall
survival analysis n Median OS

(months)
95% CI p value (log-rank

test)

Age ≤ 70 87 83.1 69.2–114 < 0.01
> 70 63 40 19.8–55

Creatinine Normal 104 72 52.2–95.1 < 0.01
> ULN 46 42.5 21.9–68.9

Calcium Normal 119 69.2 51.7–84.8 < 0.01
> ULN 9 35.9 6.7–n.r.

LDH Normal 56 114.2 52.2–n.r. < 0.01
> ULN 19 31.8 12.0–49.3

Hemoglobin Normal 53 89.7 49.3–116.6 < 0.01
< 12 g/dL 81 52.2 38.6–69.2

ISS 1 62 90.3 67.0–114.7 < 0.01
2 32 55.7 33.7–81.1

3 56 42.5 16.4–52.2

Plasma cell
infiltration

≤ 60% 94 73.1 55.7–109.2 < 0.01
> 60% 32 35.9 16.4–68.9

sFLC < 100 27 114.2 55.9–n.r. < 0.01
≥ 100 58 48.5 16.9–73.1

Amyloid deposition A− 48 n.r. 72–n.r. 0.048
A+ 18 n.r. 10–n.r.

Cytogenetic risk Low 48 114.2 55.9–n.r. 0.26
High 38 70.9 43.3–158

R-MCI Fit 50 114.7 87.3–158.2

Intermediate-fit 61 59.0 51.7–72.9 < 0.01

Frail 26 13.3 6.7–19.8

NA-based 1st line Yes 76 73.1 49.3–114.2 0.043
No 69 58.4 42.5–76.6

HD-ASCT Eligible 46 114.2 76.8–153.1 < 0.01
Ineligible 104 48.6 38–58.4
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vs. 18/84 (21.4%), p = 0.01, chi-square test) as compared with
patients who were not tested for subclinical amyloid deposits.

Subsequently, a detailed analysis for the subgroup of pa-
tients for whom data of amyloid deposits were available was
performed. The baseline characteristics of the patients from
this subgroup are summarized in Supplementary Table 2. At
the time of diagnosis, 17/18 (94.4%) A+ patients had elevated
sFLC (with 68% λ), with a median level of 870 mg/L (range
10–3316 mg/L) in A+ patients compared with a median level
of 191.5 mg/L (range 9–8578 mg/L) in A− patients,

respectively. No correlation was found between the presence
of amyloid deposits and age (≤ vs. > 70 years), sex, ISS, and
cytogenetic risk stratification as well as normal vs. ULN of
hemoglobin, creatinine, calcium, or LDH- and NA-based ther-
apy (data not shown, chi-square/Fisher’s exact test). However,
presence of amyloid deposits significantly correlated with a
sFLC ratio ≥ 100 (p < 0.01, Fisher’s exact test), percentage of
bone marrow plasma cell infiltration (p = 0.04, chi-square
test), and eligibility for HD-ASCT (p = 0.012, Fisher’s exact
test). During follow-up, 12/18 (66.7%) patients with amyloid
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Fig. 2 Overall survival according
to the revised Myeloma
Comorbidity Index (R-MCI)
score

Table 4 Multivariate Cox
proportional-hazards regression
of prognostic factors for overall
survival (OS)

Covariate HR 95% CI p value

Age > 70 vs ≤ 70 1.28 0.62–2.63 0.51

Creatinine > ULN vs normal 0.80 0.43–1.48 0.47

Calcium > ULN vs normal 2.46 0.94–6.46 0.07

Hemoglobin < 12 vs normal 1.31 0.68–2.53 0.42

ISS 1 Reference

2 1.11 0.53–2.32 0.79

3 1.18 0.55–2.50 0.67

HD-ASCT Eligible vs ineligible 0.49 0.22–1.06 0.07

NA-based 1st line Yes vs no 0.64 0.35–1.17 0.15

BM plasma cell infiltration > 60% vs ≤ 60% 1.80 0.98–3.29 0.06

R-MCI Low Reference

Intermediate 1.94 0.85–4.41 0.12

High 9.65 3.70–25.15 < 0.01

Adequate information was available for 116 patients. HR, hazard ratio; 95% CI, 95% confidence interval; ULN,
upper limit of normal; ISS, International Staging System; HD-ASCT, high-dose melphalan and autologous stem
cell transplantation; NA-based, novel agent-based; BM, bone marrow; R-MCI, revised Myeloma Comorbidity
Index
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deposits developed clinical findings of systemic amyloidosis.
In contrast, progression to systemic amyloidosis in patients
being negative for AL amyloidosis at the time of diagnosis
was observed only in 3/48 (6.3%) cases.

Discussion

In the past decade, major advances have been made in the
treatment of MM with the introduction of new active drugs
in the transplant as well as non-transplant setting with an im-
proved median survival of 8–10 years [20]. Most published
data, however, are derived from patients who were treated
within clinical trials but these cohorts represent only a minor-
ity of the heterogeneous real-world patient population due to
rigorous patient selection criteria. In this regard, the study by
Costa et al. [21] reported a significant lower median age
(61 years) of subjects enrolled in clinical trials compared with
unselected patients with a median age of 69 years diagnosed
with MM during the same period. Moreover, trial subjects
with untreated MM had less advanced stage than unselected
patients and comorbid conditions are often a criterion of ex-
clusion. In addition, access to novel agent–based therapies
may be limited by approval status and level of drug reimburse-
ment, which vary through different countries.

The present study examined the clinicopathological fea-
tures and treatment outcomes of 150 MM patients treated at
our central regional hospital in South Tyrol within the period
from 1998 to 2017. In addition, we evaluated the impact of
subclinical amyloid deposits and comorbidities on OS. Based
on this retrospective analysis, the prognosis of patients with
MM has improved significantly due to the introduction of
NA-based treatment modalities. Bortezomib has been used
at our hospital since late 2004 and improved outcomes were
linked closely to the increased use of new therapeutic agents.
These results are well in line with those from other population-
based cohort studies of real-world experience, which demon-
strated an improvement in survival not only in transplant-
eligible MM patients but also for the older patient population
not eligible for HD-ASCT [4, 22–29]. In a large observational,
cross-sectional patient chart review between 2014 and 2016
across five European countries including Italy, the most com-
monly used first-line novel agent was bortezomib [30–32].
Bortezomib-based regimens were also the most widely used
first-line types of treatment during our observation period,
reflecting the local availability of this new drug since 2004.
However, 38% of patients were treated with conventional
first-line chemotherapy, with the majority of them starting
therapy before approval of novel agents.

High-dose melphalan with ASCT has led to improved
response rates and prolonged progression-free survival in
several clinical trials [33–36]. Although currently the
standard approach in transplant-eligible patients with

newly diagnosed MM, the benefit in terms of OS as well
as its role in the era of novel agents is less clear. Two
recent meta-analyses did not show a significant OS bene-
fit in patients treated with HD-ASCT compared with
standard-dose therapy [37, 38]. However, there was a sig-
nificant heterogeneity present across these enrolled stud-
ies. In addition, the lack of OS benefit in some trials may
be associated with a crossover or the use of HD-ASCT at
relapse [37]. The median OS for patients treated with and
without HD-ASCT observed in our study is comparable
with that published in other real-world studies and further
corroborates the efficacy of HD-ASCT in MM patients
treated in daily clinical practice. Treatment-related mortal-
ity of the transplanted patients was low.

With the introduction of novel agents, MM has changed to
a chronic disease with increased life expectancy. In this con-
text, prolonged exposure to alkylating and immunomodulato-
ry agents has raised concerns over the long-term risk of he-
matologic or solid secondary primary malignancies (SPM).
However, data are inconsistent and recent studies reported that
the overall risk of SPM in MM is low and multifactorial, and
NA-based therapies may largely outweigh the negative side
effects [39–41]. Consistent with recent findings, we also ob-
served that solid tumors are more common than hematologic
malignancies in patients with MM, both prior and subsequent
to the diagnosis of MM [40, 42–44].

Among newly diagnosed patients withMM, a considerable
number of patients have comorbidities related or unrelated to
the disease [45, 46]. Kleber et al. originally developed the
Myeloma Comorbidity Index (MCI; also called Freiburg
Comorbidity Index), which is a simple and valid comorbidity
index in MM patients including the risk factors renal impair-
ment, moderate to severe lung disease, and performance status
[47, 48]. Only recently, the score was revised (R-MCI) by
adding the factors age, frailty, and cytogenetic aberrations
[12]. The R-MCI allows the definition of fit (R-MCI score ≤
3), intermediate-fit (R-MCI scores 4–6), and frail (R-MCI
score > 6) patients showing strong clinical relevance for OS
and PFS. Of note, the R-MCI remained a significant-risk tool
in different treatments (patients treated with vs. without HD-
ASCTor NA-based therapy) and age groups (≤ 65 years vs. >
65 years) [12]. The score is simply applicable within a web-
based application.

In our retrospective study, hypertension was the most
common comorbidity followed by moderate to severe re-
nal dysfunction and neuropathy. According to the pro-
posed R-MCI score, the majority of our patients was
scored as intermediate-fit, followed by fit and frail pa-
tients, with similar distribution as described in the original
study by Engelhardt et al. [12]. A higher R-MCI score
was associated with a significantly shortened OS in our
patients. Moreover, multivariate analysis identified R-
MCI score as an independent prognostic factor for OS.
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Notably, we also examined 66 patients for evidence of
amyloid deposits in subcutaneous fat pads. Data on coexistent
amyloid deposits in MM patients are limited and heteroge-
neous. Depending on the analyzed tissue specimen, amyloid
deposits can be detected in 1–40% of patients with MM
[49–53]. The study by Desikan et al. investigated the inci-
dence of AL amyloid in patients with MM within a prospec-
tive phase II trial [49]. By SAFA, amyloid was detectable in
25 (31%) out of 81 patients, whereas bonemarrow biopsy was
positive for amyloid in 8 (10%) patients. In total, overall inci-
dence of AL amyloidosis was 38% in transplant patients as
opposed to earlier observations reporting MM-associated AL
amyloidosis in only 3–15% [54–56]. Interestingly, no lambda
predominance in patients with AL amyloidosis was detected,
and median overall and event-free survival were similar in
both subgroups. A similar incidence of AL in patients with
MM has been demonstrated by Vela-Ojeda et al. [50].
Multiple myeloma-associated amyloidosis was found in 68
(34%) out of 201 patients by fat-pad biopsy needle aspiration
and Congo red staining. In contrast to the Desikan et al. study,
they could demonstrate that the presence of amyloid deposits
in patients with MM is an independent adverse prognostic
factor regardless of the presence or absence of amyloid symp-
toms at the time of diagnosis. In a retrospective study on 166
MMpatients, Petruzziello et al. could find amyloid deposits in
the bone marrow in 40% of patients studied at diagnosis or
with advanced disease [51]. In contrast, frequency of amyloid
deposition in the bone marrow of newly diagnosed patients
with MM and SMM was only 2% reported by the study of
Siragusa et al. [52].

Our findings are in line with the data by Vela-Ojeda et al.,
as patients without amyloid deposits at time of diagnosis of
MMhad a significantly better OS compared with patients with
amyloid deposits. Similarly, the majority of our patients pos-
itive for amyloid deposits developed clinical findings of am-
yloidosis during the follow-up. This indicates that the pres-
ence of subclinical amyloidosis may confer a poor prognosis.
Particularly, presence of subclinical amyloidopathy may affect
therapeutic decisions regarding the choice of first-line therapy
or intensity of the conditioning regimen.

Major limitations of our study include the retrospective study
design within a single institution, relative small sample size for
subgroup analyses, and heterogeneity of patients as well as treat-
ment protocols. However, our results reflect a “real-life” cohort
of MM patients for the population in South Tyrol and demon-
strated that both HD-ASCTand the use of new agents as a part of
first-line treatment seem to impact the survival of MM patients
outside clinical trials. The R-MCI is a practical and efficient tool
for assessing patients’ physical conditions and prognosis as well
as possible treatment-associated risks. Subclinical amyloid depo-
sition in MM may be associated with worse outcome.
Population-based studies add important knowledge on what hap-
pens to MM patients in real life.
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