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Abstract: Background: The main goal of this post hoc analysis of the Collaboration to Collect
Autologous Transplant Outcomes in Lymphoma and Myeloma (CALM) study was to evaluate the
rate of short- and long-term infectious and non-infectious complications occurring after ASCT in
patients with multiple myeloma (MM). Methods: The analysis included all patients with MM from
the CALM study who underwent >1 ASCT. The primary endpoint of the analysis was to determine
the rate of infectious and non-infectious complications after ASCT and to compare them in three
time periods: 0-100 days, 101 days-1 year, and >1 year after the first transplant. Results: The
analysis included a total of 3552 patients followed up for a median of 56.7 months (range 0.4-108.1).
Complication rates decreased with the time from ASCT with 24.85 cases per 100 patient-years from
day 0 to 100 days after the transplant, and <2.31 cases per 100 patient-years from the 101st day. At
100 days after ASC T, 45.7% of patients had complications, with infectious events being twice as
frequent as non-infectious complications. Bacterial infections (6.5 cases per 100 patient-years, 95% CI:
6.1-7.0) and gastrointestinal complications (4.7 cases per 100 patient-years, 95% CI: 4.3-5.1) were
the most common early events. The pattern of complications changed with time from ASCT. The
presence of complications after ASCT was not associated with overall survival. Conclusions: Our
data provide a solid basis for comparing ASCT-related complications to those caused by emerging
treatments in multiple myeloma, such as CAR T-cell therapy and other immunotherapies.

Keywords: autologous stem cell transplantation in multiple myeloma; complications; multiple
myeloma

1. Introduction

Multiple myeloma (MM) morbidity and mortality are related to the disease itself and
its complications, as well as treatment-related effects. Despite numerous new classes of
effective drugs, autologous stem cell transplantation (ASCT) remains the standard of care
in MM for younger patients without significant co-morbidities. Improvements in drug
therapy, stem cell mobilization and supportive care has led to a continuous increase in the
number of autologous transplants for the treatment of MM in a wide population of patients.

ASCT may increase the risk of complications due to compromised immunity and
organ function. The objective of this study was to define the epidemiology, risk periods and
clinical predictors of infectious and non-infectious complications in a large cohort of MM
patients treated with ASCT. To overcome limitations of representativeness of observations
from single centers, we studied the data reported to the European Society for Blood and
Marrow Transplantation (EBMT) registry in the era of modern therapies.
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2. Materials and Methods

The Collaboration to Collect Autologous Transplant Outcomes in Lymphoma and
Myeloma (CALM) study (NCT01362972) was an analysis of data collected in the EBMT
registry on a cohort of patients with multiple myeloma and lymphoma receiving autologous
transplants of peripheral blood using cells mobilized with one of the following regimens:
plerixafor plus granulocyte colony-stimulating factor (G-CSF), plerixafor plus G-CSF plus
chemotherapy, G-CSF alone or G-CSF plus chemotherapy. We included all consecutive
patients with MM from the CALM study who underwent >1 ASCT in this cohort between
2008 and 2012. The primary outcomes of the study were previously published [1,2]. Here,
we report the analysis of the data collected in the CALM study. The analysis aimed to study
the complication rate and mortality of ASCT in the treatment of MM.

The primary endpoint of the analysis was to determine the rate of infectious and non-
infectious complications after ASCT. The rates were computed in three periods: 0-100 days,
101 days-1 year, and >1 year after the first transplant. Additionally, rates of complications
were analyzed after the second ASCT. Analyzed infectious complications included bacterial,
viral, fungal, and parasitic infections, and non-infectious complications were divided
into gastrointestinal, pulmonary, neuropsychiatric, and hepatic complications. Rates of
complications were compared according to patients’ characteristics to identify factors
related to higher rates of complications.

Incidences of non-relapse mortality (NRM) and overall survival (OS) were studied to
determine if complications are prognostic for long-term outcomes.

The study was performed in accordance with the principles of the Declaration of
Helsinki and approved by the Transplant Complications Working Party of the EBMT, a
non-profit scientific society representing more than 600 transplant centers mainly located in
Europe. All patients whose transplant data are reported by participating centers provided
informed consent for transplant-related data to be used for research purposes.

Data collection and outcome analysis followed EBMT registry-based studies and statis-
tical guidelines [3]. Patients’ characteristics, types of complications, number of patients with
recurrent complication and causes of death were summarized using counts and percentages.
Rates of complications were defined as the number of events relative to the duration of
the observation (rate of complications for 100 person-years). Rates of complications with
95% confidence intervals (CI) were provided in the three different periods: 1-100 days;
101 days-1 year; and >1 year after the first transplant and second transplant, respectively.
Rates were calculated in each studied period, censoring for any death or second transplant
within the time frame. The observation was censored at the time the patient received the
transplantation of allogeneic stem cells. Rates were computed for any type of complications
and separately for infections and non-infections. Comparisons between different patients’
characteristics were carried out using the rate ratio, which was computed as the ratio of
the complication rates in the two groups. Multivariate analysis was performed to validate
findings from univariate comparisons. Factors included in the multivariable analysis were
gender (male vs. female), age at transplant (>65 years vs. <65), renal function at trans-
plant (impaired glomerular filtration rate < 60 mL/min vs. normal glomerular filtration
rate > 60 mL/min), status of disease at transplant (partial response or less vs complete
response/very good partial response), Karnofsky Performance Score (KPS) at transplant
(>80 vs. <80). A p-value lower than 0.05 was considered statistically significant.

Overall survival was defined as the time from the date of ASCT to death from any
cause. Patients alive at the time of the last follow-up were censored. OS curves were
calculated using the Kaplan-Meier method and differences in groups of patients were
assessed by the log-rank test. NRM was defined as the probability of dying without
previous occurrence of a relapse, which was regarded as a competing event. NRM was
estimated with a cumulative incidence function and compared between patients who had
an infection and those who did not.
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3. Results
3.1. Patient Characteristics

A total of 3762 patients from the CALM study fulfilled the general inclusion criteria.
Of these, 210 patients were excluded because of missing or unreliable data on relapse
(n = 133), at the second transplant (1 = 60) or at infection occurrence (n = 17). The final
analysis included 3552 patients treated in the EBMT centers over 5 years from 2008 to 2012.
Patient and treatment characteristics are presented in Table 1. The median interval between
diagnosis and the first transplant was 7.1 months (range: 1.1-378.2 months).

Table 1. Patients” demographics, disease and transplantation characteristics.

Characteristic Patients, n (%)

No. of patients 3552
Male gender 2055 (57.9)
Age at the first transplant

<65 years 2847 (80.2)

>65 years 705 (19.8)
Diagnosis, subtype of MM

IgA 684 (19.3)

Other Ig 1973 (55.5)

Light chain or NS 816 (23.0)

Missing 79
ISS stage at diagnosis

I 836 (39.2)

II 776 (36.4)

III 519 (24.3)

Missing 1421
HCT-CI = 0 (low risk) 979 (63.4)

Missing 2007
KPS at the first transplant >80 3069 (94.8)

Missing 314
Renal function at the first transplant

Normal 2585 (90.4)

Missing 693
Number of treatments before transplant

1 1903 (64.8)

Missing 617

*
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Disease status at the first transplant
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- - 0 q2 24 3% 48 B0 T2 84 %
CR 557 (16.0)
Missing 62
Patients with second ASCT 846 (23.8)

CR, complete response; HTC-CI, Hematopoietic Cell Transplantation-Comorbidity Index; ISS; International
Staging System; KPS, Karnofsky performance status; MM, multiple myeloma; NS, non-secretory.
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3.2. Transplant Complications

Rates of complications were analyzed in the three different periods: 1-100 days,
101 days-1 year, and >1 year after the first transplant. Overall, 1624 (45.7%) patients ex-
perienced at least one complication in the first 100 days after the ASCT (Table 2). In this
period, patients experienced a total of 2898 complication events. Around half of the patients
(54.6%) had just one complication. Among 1624 patients, at least one infectious compli-
cation occurred in 1298 (79.9%), and at least one non-infectious complication occurred in
753 (46.4%) within the first 100 days after ASCT. Both types of complications occurred in
427 patients (26.3%).

Table 2. Types, rates and number of complications occurred after the first autologous stem
cell transplantation.

Complication

>1 Year after
the Transplant

101 Days-1 Year after the
Transplant

0-100 Days after the
Transplant

Patients with >1 complication, N

1624 376 846

Complications rate, cases per 100
patient-years (95% CI)

Overall

Infectious complications

Non-infectious complications

24.85 (23.95-25.78)
16.56 (15.82-17.32)
8.29 (7.78-8.83)

2.31 (2.13-2.50)
1.24 (1.11-1.38)
1.07 (0.95-1.20)

222 (2.13-2.32)
1.05 (0.99-1.12)
1.17 (1.10-1.24)

Patients with >1 infectious complication,

n (0/0)
Bacterial 584 (36.0) 37 (9.8) 134 (15.8)
Viral 136 (8.4) 78 (20.7) 140 (16.5)
Fungal 107 (6.6) 11 (2.9) 34 (4.0
Parasitic 2(0.1) 0 1(0.1)
Unspecified 710 (43.7) 141 (37.5) 424 (50.1)

Patients with >1 non-infectious

complication, 1 (%)
Gastrointestinal 517 (31.8) 24 (6.4) 72 (8.5)
Neuropsychiatric 49 (3.0 42 (11.2) 148 (17.5)
Pulmonary 36 (2.2) 18 (4.8) 80 (9.5)
Hepatic 7 (0.4) 3(0.8) 9(1.1)

Early bacterial infections (6.5 cases per 100 patient-years, 95% CI: 6.1-7.0) and gas-
trointestinal complications (4.7 cases per 100 patient-years, 95% CI: 4.3-5.1) were the most
common among early infectious and non-infectious complications, respectively (Table 2).
Recurrent bacterial infections within the first 100 days after the transplant and >2 bacte-
rial infections occurred in 21.7% of patients. Viral, fungal and unspecific/unclassifiable
infections occurring more than twice during the first 100 days after transplant affected
15.4%, 11.2% and 18.6% of patients with any infection, respectively. In most patients (>95%),
each type of non-infectious complication occurred only once in the studied period, except
pulmonary complications, which affected 13.9% of patients more than twice in the first
100 days after the transplant.

The rate of complications decreased over time after the first transplant. Both infec-
tious and non-infectious complications were significantly less common in the periods
101 days-1 year and >1 year after the transplant (Table 2). Viral infections became the most
frequent infectious complications between the 101st day and 1 year after the transplant and
had a similar frequency to bacterial infections one year after the transplant. Among non-
infectious complications, neuropsychiatric events were most common 100 days after the
transplant (Table 2). The percentage of recurrent bacterial infections was around 40% occur-
ring right after the transplant and increased to 52% >1 year after the transplant (p = 0.0019).
The proportion of recurrent unspecified infections >1 year after transplant was higher
compared to the period early after transplantation (p < 0.0001) (Figure 1). Among patients
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with gastrointestinal and neuropsychiatric complications one year after the transplant,
recurrent events occurred in 33% and 29% of cases, respectively, which was significantly
more than the rates observed immediately after the transplant (p < 0.0001) (Figure 1).

1000 P =0.0019
Bacteria 500 0% 52%
0% 389, 48%
0 62%
E P=0.2842
2 \inl g 600 B
L § 400 20% 13% ?g.,,
5 % 200 1% 87% 2
5 L I eeeee S
fj -é 1000
a 3 P =0.1661
o= =
8 Fungal 500 21% 11%
= 79% 43% 9%
57%
P < 0.0001
33% 55%
67% :
R
P < 0.0001
» Gastrointestinal .
o “ 0 2% p—
;" < a0C
E g P < 0.0001
8 ® 500
o« Neuropsychiatric g o . 39%
2 3 20 8% 5% 61%
8 R . SR N
the Z 1000
=
1= P =0.9896
= Pulmonary 500
Ehlat R 26% 26%
74% 74%
0 100%
Frequency of events 0-100 101-365 > 1 year
recurrent (=2 event/patient) days days

M single (1 event/patient)

Figure 1. The number of complication events in periods of observation after the first transplant.
Single complication indicates that the event occurred once in one patient. Recurrent complication
indicates that the event occurred twice or more frequently in one patient during the observation
period. p-values were calculated for proportion comparison between events occurring within 100 days
immediately after the transplant and >1 year after the transplant.

For the subset of patients treated with the second transplant (1 = 846), the rates of com-
plications were analyzed. From the second transplant up to death/third transplant, >1 com-
plication occurred in 392 cases. The overall complication rate was 4.4 per 100 person-years
(95% CI: 4.2-4.7). The rate of infectious complications was 2.9 per 100 person-days (95% CI:
2.6-3.1) and 1.6 per 100 person-years (95% CI: 1.4-1.7) for non-infectious complications.

3.3. Complications by Patients’ Characteristics

Rates of complications occurring during the 100 days after the first transplant were
compared according to patients’ characteristics (Table 3). The analysis underlines factors
related to higher rates of complications. Multivariate analysis confirmed the main findings
from univariate comparisons. Complications were more frequent in patients with KPS < 80,
a disease stage lower than CR after induction treatment and impaired renal function.
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Male patients had a higher risk than female patients. Age was not significant in the
multivariate analysis.

Table 3. Univariable and multivariable analysis of occurrence of complications occurring within first
100 days after the first transplant.

Univariable Analysis Multivariate Analysis

Complications Rate, Cases

Characteristic per 100 Patient-Years Rate Ratio ) Rate Ratio )
(95% CI) (95% CI) p-Value (95% CI) p-Value

Gender

Male 23.70 (22.55-24.90)

Fomale 26.42 (25,00-27 90) 0.9 (0.83-0.97) 0.0042 0.88 (0.81-0.95) 0.003
Age

<65 years 24.24 (23.25-25.27) ~ .

>65 years 2732 (25.22-29.56) 0.89 (0.81-0.97) 0.0095 0.98 (0.88-1.10) 0.754
Diagnosis

IgA 24.16 (22.16-26.29) 0.95 (0.86-1.05) 0.3075

Other Ig 25.45 (24.23-26.71) 0.97 (0.87-1.09) 0.6799 - -

LCor NS 24.79 (22.93-26.76) 1.03 (0.94-1.13) 0.5880
HCT-CI

Low 22.67 (21.05-24.38) _ _

Other 33.64 (31.04-36.39) 0.67(0.6-0.75)  <0.001
KPS

>80 24.43 (23.47-25.42)

<80 30,54 (26.09-35.54) 0.8 (0.68-0.94) 0.0075 0.70 (0.59-0.83) <0.001
ISS

I-II 26.43 (25.06-27.85) i )

T 28.37 (25.88-31.03) 0.93 (0.84-1.04) 0.191
Renal function

Normal 4.27 (23.23-25.35)

Impaired 36.32 (32.46-40.52) 0.67 (0.59-0.75) <0.001 0.68 (0.60-0.77) <0.001
Treatments before transplant

1 26.55 (25.29-27.87) _ _

1 27.88 (26.11-29.73) 95(0.88-1.03) 0.244

Disease status at transplant

CR
Other

17.87 (15.98-19.93)

26.45 (25.43 ~27.50) 0.68 (0.6-0.76)  <0.001

0.79 (0.69-0.91) 0.001

CR, complete response; HTC-CI, Hematopoietic Cell Transplantation-Comorbidity Index; ISS, International
Staging System; KPS, Karnofsky performance status; LC, light chain; MM, multiple myeloma; NS, non-secretory.

3.4. Survival

After 56.7 months (range 0.4-108.1 months) median follow-up, the median OS in
the total studied population was 82 months (95% CI: 77-89) (Figure 2A). At the time of
observation, 1239 patients (34.9%) had died. A total of 210/1239 patients (16.9%) died
due to causes other than disease progression or recurrence. In 181/1239 patients (14.6%),
the specific cause of death was not reported. The main causes of death were disease re-
lapse/progression (n = 883, 71.3%), infection (1 = 83, 6.7%), secondary primary malignancy
(n =50, 4.0%), organ failure or toxicity (n = 33, 2.6%) and ASCT-related cause (0.7%).

The NRM incidences at 100 days, 1 year, and 5 years were 0.5%, 1.1% and 3.7%,
respectively (Figure 2B). Infection-related NRM was most common; the 1 year incidence
was 0.4 (95% CI: 0.2-0.6) vs 0.06 (95% CI: 0.0-0.1) for secondary malignancy and 0.3 (95%
CI: 0.1-0.5) for other causes of NRM (Figure 2D).
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Figure 2. Survival and mortality outcomes after autologous stem cell transplantation. (A) Probability
of overall survival. (B) Cumulative incidence of non-relapse mortality. (C) Overall survival of
patients with and without complications. (D) Cumulative incidence of non-relapse mortality by its
different causes.

There were no significant differences in OS among patients with and without com-
plications. The median overall survival was 79.2 months (95% CI: 74.5-88.8) in patients
without complications and 84.6 months (95% CI: 75.8-95.1) in patients with complications
in the 100 days after the first transplant (p = 0.4646) (Figure 2C).

4. Discussion

The presented analysis is one of the largest single reports about ASCT complications
in patients with MM. Some data were already available on ASCT complications during the
time shortly after the transplant [4-6]. However, the short-term and long-term complication
rates of ASCT have not been comprehensively assessed in a broad population of patients
with MM. Here, we analyzed complications of ASCT in a large data set of patients treated
in the CALM study with a long-term follow-up.

Transplant complications peaked in the early phase after the transplant with the
highest incidence of bacterial infections and gastrointestinal complications. Each of these
complications affected one-third of patients with any infectious and non-infectious com-
plication, respectively. The high coincidence of bacterial infections and gastrointestinal
complications seems to be associated with neutropenia and mucositis due to the cytotoxic
effects of chemotherapy [4].

The overall incidence of infections within the first 100 days after the transplant was
similar to that reported in earlier studies [5-7]. Developing complications up to 100 days
after transplant did not affect long-term survival. The disease progression/relapse was the
main cause of death after ASCT. Death because of organ failure was less common than in
previously described cohorts [8].

The key to managing infection is understanding the specific risk factors and periods
during which patients are at risk. Teh and coworkers indicated that bacterial infections
in patients with MM have a bimodal distribution with peak incidence at a few months
following diagnosis and a late peak 5-6 years later. Periods of a high incidence of infections
were closely related to disease activity [9,10]. In the CALM study, the rate of both infectious
and non-infectious complications substantially decreased 100 days after the transplant
and remained low thereafter. Moreover, in the subgroup of patients receiving a second
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transplant, the rate of complications remained low after the second transplant compared
to the first transplant. In the period between the 101st day and 1 year, viral infections
were more frequent than bacterial infections. This pattern is similar to that observed in the
general patient population, with the peak of viral infections being delayed compared to
the highest incidence of bacterial infections [10]. One year after the transplant, recurrent
bacterial infections were more frequent than immediately after the transplant, with a similar
pattern observed among unspecified /unclassifiable infectious events. Typically, recurrent
infections are associated with treatment nonsusceptibility, suggesting that resistance to an-
tibiotics may play an important role in the incidence of long-term infectious complications.

Among non-infectious complications, after the first 100 days since ASCT, neuropsychi-
atric complications of ASCT became more frequent than initial gastrointestinal problems.
These neuropsychiatric problems mostly include peripheral neuropathy, which can be
secondary to the disease or its treatment.

In general, the factors increasing the risk of complications within 100 days after
the transplant are similar to the factors compromising survival, as reported in previous
studies, including low-performance status, disease stage at transplant and impaired renal
function [11,12]. In addition, female patients are more at risk of complications than male
patients. Information about a low NRM rate observed in the first 100 days after the ASCT
is especially valuable for physicians discussing ASCT options with their patients.

The study has some limitations. The interpretation of results was limited due to
the retrospective design of the study, and there was no available information on how
heavily pretreated the patients were: maintenance therapy, immunoglobulin substitution,
etc. Non-medical factors such as ethnic and socioeconomic status are known to influence
long-term survival [13] but are not reported in the EBMT registry. This study did not
explore the effect of the toxicity of different melphalan doses used in clinical practice due to
its retrospective character. However, short- and long-term NRM rates were not significantly
different between patients of the CALM study, who received conditioning with melphalan
in doses of 200 or 140 mg/m? [14]. Another important issue is that there are no data
available regarding the severity of toxicity of events.

In summary, we found that complications frequently occur after ASCT for MM. Under-
standing their epidemiology and timing after ASCT is key to improving the management of
patients and optimizing their quality of life. Our data provide a solid basis for comparing
ASCT-related complications to those caused by emerging treatments in multiple myeloma,
such as CAR T-cell therapy and other immunotherapies.
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