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Abstract
Infections are a clinically significant cause of mortality in multiple myeloma (MM) patients. The high number of infections 
in MM patients is due to the immunosuppressive effects of the disease itself as well as treatment-related immunosuppression. 
In this real-world evidence (RWE) study, we used several nationwide healthcare registries of Finland to investigate the effect 
of infection load on mortality in MM patients during 1997–2021. The highest number of infections was recorded during 
the first year after MM diagnosis. In patients who received allogenic or autologous stem cell transplantation (ASCT), the 
number of infections during the first two years post diagnosis was significantly higher than in those treated without ASCT. 
When compared to their age-, sex-, and region-matched controls, MM patients accrued more infections during the year prior 
to diagnosis. Intriguingly, patients under 70 years old had significantly more infections already 3 years before diagnosis 
when compared to their matched controls. Prior to MM diagnosis, the relative proportion of streptococcal septicaemia and 
pneumonia due to Streptococcus pneumoniae increased the most. Of note, even one recorded infection prior to diagnosis 
was associated with significantly shorter median overall survival. Importantly, Cox proportional hazard models show that 
recorded infections both before and after diagnosis increase the independent risk of mortality in MM patients.

Keywords  Multiple myeloma · Real-world evidence (RWE) · Hematology · Oncology · Infection · Autologous stem cell 
transplant (ASCT)

Introduction

Multiple myeloma (MM) is a plasma cell neoplasm, with an 
annual, age standardized global incidence of 2 cases per 100 
000 people [1]. MM typically affects the elderly: the average 
age at diagnosis is 70 years [2].

Infections are a clinically significant cause of morbidity 
and mortality in MM patients [3]. Infection and renal failure 
have been reported to be the main causes of early mortality 
[4–6]. Augustson et al. reported as high as 50% of the early 
deaths (< 6 months from diagnosis) to be caused by infection 
[4], and Blimark et al. found infection-related deaths in 27% 
of early deaths (< 1 year from diagnosis) [6]. The increased 
susceptibility to infection in MM patients is multifacto-
rial, involving both the complex nature of the disease itself 
affecting the immune system, but also the range of different 
treatments including immunomodulatory drugs (IMiDs), 
immunostimulatory monoclonal antibodies (mAbs), pro-
teasome inhibitors (PIs) and allogenic and autologous stem 
cell transplantation (ASCT), all known to increase the risk 
of severe infections [7–13]. Moreover, the high average age 
of MM patients is accompanied by high comorbidity load 
[14], which further increases risk to infections.

MM patients have increased susceptibility to both bacte-
rial and viral infections and the risk is highest during the 
first year post diagnosis. In a Swedish Real-World Evidence 
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(RWE) study on 8672 MM patients and their 34 561 popu-
lation-based controls, the overall increased risk for bacterial 
and viral infection in MM patients was 5- and 7-fold, and 
during the first year post diagnosis, 6- and 8-fold, respec-
tively [6].

Elderly patients who often present with comorbidities 
are rarely eligible for clinical trials and thus the informa-
tion on infection load and related outcomes typically require 
RWE based studies. Here, we utilized the Finnish nation-
wide healthcare registries to investigate the infection load, 
distribution, and infection types in 7070 MM patients and 
their 21,210 age-, sex-, and region-matched controls dur-
ing 1997–2021. Furthermore, we studied the infection load 
and types in different patient groups, including patients who 
had received ASCT (including also patients with an allo-
genic transplant) vs. those who had not (nASCT), and also 
in different age categories (≥ and < 70 years old). Finally, 
with Cox proportional hazard models, we studied the effect 
of infections on the mortality in MM patients over time. 
This study provides important knowledge on the cumulative 
effects of infection load during the MM disease progression.

Materials and methods

The study included MM patients diagnosed between 2000 
and 2021 in Finland and their age-, sex-, and region-matched 
controls at 1:3 ratio. This study utilized data from two main 
sources: the specialty care register (HILMO), which encom-
passes special healthcare records, and the primary care reg-
ister (AVOHILMO). Specialty care diagnosis records served 
as the primary data source due to its availability for the entire 
study period 1997–2021 (including three years of baseline 
data for each patient), whereas primary care data was avail-
able only from 2011 and was thus utilized for result valida-
tion purposes only. In addition, death dates were acquired 
from digital and population data service agency (DVV) and 
treatment reimbursement data from Finnish Social Insurance 
Institution (SII) was used for cohort formation. The number 
of infections per patient year (PPY) was calculated by scal-
ing the count of independent infection events by lived patient 
years, accounting for mortality and end of follow-up. Diag-
noses were categorized based on unified diagnostic codes, 
excluding long-term diagnoses and consolidating events 
occurring within 30 days. See Supplementary table S1 for 
all the ICD-10 codes used in this study. For grouped analy-
ses, infections were categorized by systematic and functional 
groups (Supplementary tables S2 and S3).

Stratified analyses were conducted based on age at diag-
nosis and ASCT status. The impact of infection load on sur-
vival was assessed by categorizing patients based on the 
number of infections in the year preceding diagnosis.

Cox proportional hazards models were employed to 
assess the impact of both the number of pre-diagnosis infec-
tions as well as cumulative number of infections during the 
follow-up on the overall survival (OS) among MM patients. 
The models were adjusted for relevant covariates and the 
cumulative number of infections was treated as a time-
dependent variable to avoid survival bias. Controls were 
excluded from survival and proportional hazard analyses to 
focus solely on MM patient outcomes. Additionally, a Cox 
model was employed to assess the risk of infections among 
MM patients compared to controls, with relevant adjusting 
variables. Detailed methods are described in Supplementary 
information.

Results

Patient population

In total, 7070 MM patients diagnosed in Finland during 
2000–2021 and their 21,210 age-, sex-, and region-matched 

Fig. 1   Cohort formation: Multiple myeloma patients in Finland dur-
ing 2000–2021. Abbreviations: DVV = Digital and Population Data 
Services agency; HILMO = specialty care register; MM = multiple 
myeloma
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controls were included in the final cohort (Fig. 1). The 
cohort formation is described in detail in Supplementary 
information.

Infection load in MM patients in Finland 
during 1997–2021

First, we assessed the number of infections in MM patients 
in Finland. To this end, infection diagnoses recorded in the 
specialty care register were retrieved for 3 years prior to 
MM diagnosis and for the follow-up time of 2000–2021 (see 
Supplementary table S1 for the detailed ICD-10 code list 
used in the study). MM patients had a significantly higher 

number of infections per patient year (PPY) when compared 
to their age-, sex-, and region-matched controls (Figure 2a 
and Supplementary table S4). A notable increase in the 
number of infections PPY in MM patients was observed 
during the year before diagnosis, and in fact, the number of 
infections recorded in the 2–3 year period before diagnosis 
was significantly higher in MM patients when compared to 
the matched controls. The highest number of infections was 
recorded during the first year after diagnosis, after which, 
the infection load decreased to a steady, yet high level, for 
the rest of the follow-up. Based on a Cox model, the risk of 
having any infection during the follow-up was 6.9-fold for 
the MM patients when compared to the matched controls 

Fig. 2   Infection load in Finnish 
patients with multiple myeloma 
during 1997–2021. Infection 
load in (a) all MM patients, 
(b) ASCT, (c) nASCT, (d) 
under 70 years and (b) over 
70 years old patients and their 
matched controls 3 years prior 
to diagnosis and throughout the 
follow-up period of 2000–2021. 
The presented data includes all 
specialty care diagnosis during 
1997–2021 (see Supplementary 
table S1 for the ICD10-code 
used). An average of the follow-
up years 10+ is presented. 
Statistical significance was 
calculated using Poisson regres-
sion. * p < 0.001, # p < 0.05
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(hazard ratio (HR) 6.9, 95% CI: 6.6–7.1, p < 0.001). In age-
stratified analysis, under 70-year-old patients had a 11.6-fold 
risk for any infection when compared to controls (HR 11.6, 
95 % CI: 10.9–12.3, p < 0.001), whereas for over 70-year-
old patients the risk was only 4.9-fold (HR 4.9, 95 % CI: 
4.6–5.1, p<0.001). The proportional hazard assumptions 
were not fulfilled for all covariates and thus the HR is not 
constant over time, but the reported HR represents an aver-
age risk. 

We next looked at the infection load in ASCT vs. nASCT 
patients. Prior to diagnosis, nASCT patients had a higher 
infection load compared to ASCT patients (Figures 2b and2c 
and Supplementary table S4). During the first two years after 
diagnosis, the number of infections PPY recorded in ASCT 
patients was higher than in nASCT patients. The number 
of infections recorded in both ASCT and nASCT patients 
during the years before diagnosis was significantly higher 
when compared to their matched controls. 

We also looked at the infection load in different age 
groups. The infection load profiles of patients under and 
over 70 years old followed the same patterns as in ASCT 
and nASCT patients (Fig. 2d and e and Supplementary 
table S4), with post diagnosis patients under 70-year-old 
having more recorded infections PPY and on the other hand 
over 70-year-old patients having more infections prior to 
diagnosis. Importantly, while there was no significant dif-
ference in the infection load 2–3 years before diagnosis in 
patients over 70 years old when compared to their matched 
controls, patients under 70 years old had significantly more 
infections in all the 3 years before diagnosis (Fig. 2d and e 
and Supplementary table S4). 

We also looked at the number and proportion of infections 
PPY recorded in MM patients and their matched controls 
in the primary versus specialty care. Similarly to specialty 
care, MM patients had significantly more infection diagno-
ses recorded in primary care during the 3 years prior to MM 
diagnosis (Supplementary Fig. S1a-b and Supplementary 
table S5). However, the amount and proportion of specialty 
care infection diagnoses increased substantially during the 
year leading to diagnosis (41.8% 2 years prior and 64.6 % 

during the year prior to MM diagnosis for cases and 46.0 % 
and 51.7 % for controls, respectively), whereas the propor-
tion of primary care infection diagnoses decreased during 
the year after diagnosis (Supplementary Fig. S1a-b and Sup-
plementary table S5). As the data from primary care was 
available only from 2011, and most infections are recorded 
in specialty care for MM patients, we focused mainly on the 
specialty care data for the remainder of the analyses. 

Distribution of infections among MM patients 

The majority (84.7 %) of patients had no specialty care 
recorded infections during the year before diagnosis 
(Table 1). However, the number of recorded infections was 
still significantly higher compared to the matched controls, 
of which 94.7 % had no recorded infections (p < 0.001 for 0 
infections vs 1+ infections). Furthermore, the percentages 
of patients who had 1, 2 or 3 recorded infections were 9.5 %, 
3.6 % and 1.5 %, respectively, while the corresponding per-
centages of the matched controls were 3.7 %, 0.9 % and 0.3 
%. The infection load in MM patients during the first year 
after diagnosis was substantial: only 56.7 % patients had 
no recorded infections while 94 % of the matched controls 
had no infections (Table 1; p< 0.001 for 0 infections vs 1+ 
infections). During the first year after diagnosis the percent-
age of patients who had 1, 2 or 3 recorded infections was 21 
%, 11 % and 5.6 %, respectively, while the corresponding 
percentages of the matched controls were 4.2 %, 1.1 % and 
0.4 %. It is, however, important to note that there is a post 
diagnosis bias as some of the patients had died during the 
first year after diagnosis.

Patient characteristics in subgroups based 
on infection load

Next, we examined the patient characteristics in more 
detail based on the infection load. We formed subgroups of 
patients with 0, 1 and 2+ infections recorded the year before 
MM diagnosis, and the characteristics of these subgroups are 
presented in Table 2. Older age was found to be associated 

Table 1   Number of infections in 
MM patients and controls one 
year before and one year after 
diagnosis

1 year before diagnosis 1 year after diagnosis

N infections N case N control % case % control N case N control % case % control

0 5986 20096 84.7 94.7 4010 19929 56.7 94.0
1 670 786 9.5 3.7 1487 899 21.0 4.2
2 258 201 3.6 0.9 775 228 11.0 1.1
3 105 73 1.5 0.3 396 95 5.6 0.4
4 26 34 0.4 0.2 212 38 3.0 0.2
5 13 10 0.2 0 95 14 1.3 0.1
6 10 6 0.1 0 47 <5 0.7 0
7+ <5 <5 0 0 48 <5 0.7 0
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with a higher number of infections, shorter follow-up time 
and increased mortality. We looked at the median number of 
infections PPY (scaled to the time lived) during the follow-
up period and found that higher infection load at baseline 
reflected higher number of infections also later during the 
follow-up. However, the distribution of cumulative infec-
tions was highly skewed, meaning that the infections accu-
mulate on a small group of patients, while most have few 
or no infections at all. It is important to note that these sub-
groups differ demographically from each other significantly 
(including age and Charlson comorbidity index, CCI) and 
cannot thus be directly compared. 

When looking at the number of infections recorded at 
different time periods, we found that during recent years 
(2017–2021) there has been a small increase in the number 
of patients with high number of infections recorded (137 
out of 2039 patients (6.7 %) diagnosed in 2017–2021 vs. 46 
out of 1156 patients (4.0%) diagnosed in 2000–2004 had 2+ 
baseline infections). 

Infection types in MM patients

We found that among Finnish MM patients diagnosed during 
2000–2021, most of the recorded infections were bacterial 
(68.3 % in MM patients and 75.8 % in matched controls, 
Figure 3a-b and Table 3). The proportion of bacterial vs. 
viral infections changed during the study period. Two years 
prior to diagnosis, MM patients had a similar proportion 

of bacterial and viral infections when compared to their 
matched controls (70.8 % and 25 % in patients and 70.5 % 
and 26 % in matched controls, respectively), however, dur-
ing the year before diagnosis, the proportion of bacterial 
infections increased to 80.1 % in MM patients (Figure 3a 
and Table 3). During the following years, MM patients had 
proportionally more viral infections when compared to their 
matched controls (Table 3).

 To get an insight of the spectrum of infections in MM 
patients, we next divided the infections into 10 subgroups 
(functional grouping): pneumonia, sepsis, upper-, and lower 
respiratory track, urinary track, gastrointestinal track, skin, 
cytomegalovirus infections (CMV), undefined bacterial 
infections, and other infections. Notably, the proportion of 
pneumonia, sepsis, and undefined bacterial infection diag-
noses increased substantially in MM patients during the 
year before diagnosis (Fig. 4 and Table 4). After diagnosis, 
especially the proportion of undefined bacterial infections 
increased in MM patients. In later follow-up years, upper 
respiratory tract and undefined bacterial infections were 
relatively more common in MM patients when compared to 
years before diagnosis, and also to matched controls.

We also looked at the infection load recorded in the pri-
mary care both by systematic and functional grouping. Com-
pared to secondary care infection recordings where bacterial 
infections formed the highest proportion of all infections 
recorded throughout the follow-up period, an almost equal 
proportion of bacterial and viral infections were recorded in 

Table 2   Patient characteristics of 3 subgroups (0, 1, 2+ infections during 1 year prior to diagnosis)

ASCT = allogenic or autologous stem cell transplantation; CCI = Charlson comorbidity index; EOF = end of follow-up; IQR = interquartile 
range; PPY = per patient year. The differences between groups were tested using Chi-squared for categorical variables and Kruskal-Wallis Rank-
Sum test for continuous variables.

Overall (N = 7070) 0 (N = 5986) 1 (N = 670) 2+ (N = 414) p

age (median [IQR] 71.17 [63.20, 78.25] 70.57 [62.91, 77.74] 73.53 [65.07, 80.15] 74.87 [65.92,81.47] <0.001
follow up length (years, median 

[IQR])
 2.57 [0.90, 5.32]  2.74 [1.00, 5.59]  1.74 [0.54, 4.06]  1.54 [0.46, 3.66] <0.001

infections PPY during follow-up 
(median [IQR])

 0.51 [0.00, 1.39]  0.48 [0.00, 1.33]  0.65 [0.00, 1.79]  0.90 [0.00, 2.31] <0.001

sex (%) Female 3415 (48.3) 2902 (48.5) 314 (46.9) 199 (48.1)   0.727
Male 3655 (51.7) 3084 (51.5) 356 (53.1) 215 (51.9)

mortality (%) Alive at EOF 2254 (31.9) 1989 (33.2) 172 (25.7)  93 (22.5)  <0.001
Dead at EOF 4816 (68.1) 3997 (66.8) 498 (74.3) 321 (77.5)

CCI (%) 0 4306 (60.9) 3839 (64.1) 322 (48.1) 145 (35.0)  <0.001
1–2 2113 (29.9) 1699 (28.4) 239 (35.7) 175 (42.3)
3+  651 (9.2)  448 (7.5) 109 (16.3)  94 (22.7)

ASCT status (%) ASCT 1514 (21.4) 1374 (23.0)  94 (14.0)  46 (11.1) <0.001
nASCT 5556 (78.6) 4612 (77.0) 576 (86.0) 368 (88.9)

diagnosis year (%) 2000–2004 1156 (16.4) 1021 (17.1)  89 (13.3)  46 (11.1)  0.001
2005–2010 1746 (24.7) 1499 (25.0) 152 (22.7)  95 (22.9)
2011–2016 2129 (30.1) 1773 (29.6) 220 (32.8) 136 (32.9)
2017–2021 2039 (28.8) 1693 (28.3) 209 (31.2) 137 (33.1)
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primary care both in MM patients and their matched controls 
(Supplementary Fig.S2a-b and Supplementary Table S6). A 
small increase in the proportion of urinary tract infection and 

pneumonia diagnoses was detected in MM patients during 
the year before diagnosis (Supplementary Fig. S2c-d and 
Supplementary table S7). Pneumonia diagnoses in primary 
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Fig. 3   Bacterial, viral and fungal/yeast and parasitic infection load in 
MM patients and their matched controlsin Finland during 1997–2021. 
Bacterial, viral, fungal/yeast and parasitic infection load in (a) MM 
patients and (b) their matched controls 3 years prior to diagnosis and 

throughout the follow-up period of 2000–2021. The presented data 
includes all specialty care diagnoses (see Supplementary tableS2 for 
systematic groupings of the ICD10-codes). An average of the follow-
up years 10+ is presented.

Table 3   Yearly percentages of bacterial, viral and fungal/yeast and parasitic infections of all recorded infections in MM patients and their 
matched controls

Patient 
type

Infection 
type

total 
%*

case Bacterial 68.3
case Viral 27
case Fungal/yeast 1.7
case Parasitic 0.9
case Other 2.1
control Bacterial 75.8
control Viral 20.8
control Fungal/yeast 1.5
control Parasitic 0.3
control Other 1.5

Patient 
type

Infection 
type

Year from diagnosis*
-3 -2 -1 1 2 3 4 5 6 7 8 9 10+

case Bacterial 71.3 70.8 80.1 70 61.1 66 66.9 66 69.1 68.6 71 67.3 68.6
case Viral 25.8 25 16.8 24.8 34 29.4 29.2 29.2 26.7 26.6 23.6 25.8 26
case Fungal/yeast 1.3 1.4 0.6 1.9 1.8 1.8 1.4 1.7 1.6 1 0.8 1.9 3.4
case Parasitic 0.2 0.3 0.4 0.9 1.1 0.7 0.8 1 1.1 0.7 1.2 3.3 0.6
case Other 1.5 2.4 2.1 2.5 2 2.1 1.7 2 1.6 3.1 3.4 1.7 1.4
control Bacterial 68.7 70.5 72.4 74.9 76.7 76.4 75.9 77.1 79.1 76.4 76.8 77.7 77.9
control Viral 26.3 26 23.9 21.1 19.7 20.4 20.6 19.3 18.5 20.2 20.2 19.7 19.2
control Fungal/yeast 2.7 1.9 1.8 1.9 1.7 1.1 1.6 1.2 1.3 1.6 1.2 1.1 1.4
control Parasitic 0.6 0.1 0.2 0.3 0.1 0.2 0.4 0.8 0.3 0.3 0.4 0.5 0.3
control Other 1.7 1.5 1.7 1.8 1.8 1.9 1.6 1.7 0.8 1.5 1.4 1 1.2
*In total percentages, the color scale represents the total percentage scale, whereas in the yearly table, the
color scales highlight row-wise changes in percentages
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Fig. 4   Infection load by infection type (functional grouping) in MM 
patients and their matched controls in Finland during 1997–2021. 
Infection load by infection type (functional grouping) in (a) MM 
patients and (b) matched controls 3 years prior to diagnosis and 

throughout the follow-up period of 2000–2021. The presented data 
includes all specialty care diagnosis (see Supplementary table S3 for 
functional groupings of the ICD10-codes). An average of the follow-
up years 10+ is presented.

Table 4   Yearly percentages of the infection types (functional grouping) in MM patients and their matched controls of all recorded infections

Patient 
type Infection type

Year from diagnosis*
-3 -2 -1 1 2 3 4 5 6 7 8 9 10+

case CMV infection 0 0.2 0.3 1.5 3.1 1 1.2 0.9 0.6 0.2 0 0.4 0.2
case Gastrointestinal tract 9.5 6.5 6.7 8.4 7.1 5.8 6.3 5.6 7.8 7.1 5.5 7.1 5.7
case Lower respiratory 7.6 8.8 6.9 7.4 9.3 9.7 10 10 8.8 10.8 10 10.9 9.1
case Other 6.5 7.7 4.7 5.8 4.7 5 4.9 5.1 5.4 4.2 3.2 3.8 5.7
case Pneumonia 29.4 28.8 33.7 27.5 26.9 28.2 29.9 28.8 30.6 28.2 30 28.8 29.9
case Sepsis 6.3 5.3 14 12.7 8.3 8.9 7.8 9.7 9.6 8.2 8 9.2 9.4
case Skin 13.9 16.8 6 6.6 8.8 8.4 8.1 7.6 7.2 9.6 9.5 8.1 10.9
case Undefined bacterial infection 4.2 3.3 8.1 14.1 10.5 12 11.9 12.6 12.6 12.8 13.1 12.9 12.1
case Upper respiratory 9.9 7.2 5.9 10 14.7 14 12.2 13.4 11.3 11.2 13.2 12.1 9.1
case Urinary tract 12.8 15.4 13.8 5.9 6.6 6.9 7.7 6.1 6.1 7.6 7.4 6.7 7.8
control CMV infection 0 0.1 0.1 0.1 0.1 0.1 0 0,1 0 0 0 0.1 0.1
control Gastrointestinal tract 9.2 10.3 9.3 10.2 9.6 8.4 8 8.3 8.3 7.3 8.1 8.4 7.1
control Lower respiratory 10.7 8.5 8.5 6.9 6.9 8 7.2 7 7.4 9 9.7 7.9 7.6
control Other 7.6 6.5 6.8 5.1 4.8 4.9 5.2 4.4 3.5 4.3 3.4 3.4 3.7
control Pneumonia 24.9 27.5 27.4 29.9 30.6 32.5 29.4 34.1 32.1 28.9 30.1 31.2 29.8
control Sepsis 3.1 4.4 5.3 5.2 5.9 5.8 5.4 6 5.4 5.9 5.8 5.9 6.6
control Skin 15.1 12.9 11.4 11.7 11.9 9.7 12 9.7 10.6 10.1 9.8 9.1 10.9
control Undefined bacterial infection 5.1 4.8 6.1 6.4 7 6.5 6.1 7 6.1 9.1 9.5 7.4 9
control Upper respiratory 6.7 6.6 6.6 5.6 5 4.6 6.8 6.6 5.3 5.6 4.9 4.7 5
control Urinary tract 17.7 18.3 18.6 18.9 18.2 19.5 19.9 17 21.3 19.9 18.7 22 20.3

* The color scales highlight row-wise changes in percentages
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care remained at a higher level in MM patients through-
out the follow-up period when compared to their matched 
controls (Supplementary Fig. S2c-d and Supplementary 
table S7). 

Streptococcus infections increase in MM patients 
during the year before MM diagnosis

Next, we looked at the specific infection diagnoses (ICD-10 
codes) in MM patients. During the 3 years before diagnosis, 
the relative risk of streptococcal septicaemia and pneumo-
nia due to Streptococcus pneumoniae increased the most 
when compared to the matched controls, and this increase 
was especially prominent during the year before diagno-
sis (Table 5. and Supplementary tableS8). During the year 
after diagnosis, the overall infection load increased, with 
cytomegaloviral disease, Herpes simplex, acute maxillary 
sinusitis, influenza, and streptococcal septicaemia showing 
most relative increase (Table 6.). During rest of the follow-
up, cytomegaloviral disease, acute maxillary sinusitis, strep-
tococcal septicaemia and herpes infections were the most 

increased infection diagnoses in MM patients when com-
pared to their matched controls (Supplementary table S9).

ASCT patients have more viral infections 
during the year after diagnosis

We also looked at the infection types in ASCT (N=1514, 
median age 61.4 years, 53.8% male) vs. nASCT (N=5556, 
median age 74.3 years, 51.1% male) patients (Supple-
mentary Table 10), and in different age groups (under 70 
years old: N=3264, median age 62.5 years, 55.3 % male; 
over 70 years old: N=3806, median age 77.7 years, 48.6 % 
male) (Supplementary Table 11). During the first two years 
after diagnosis, ASCT patients had a notable increase in 
the relative amount of viral infections when compared to 
nASCT patients (Supplementary Fig. S3 and Supplemen-
tary table S12). A similar trend was observed in different 
age groups with patients under 70 years old patients hav-
ing more viral infections after diagnosis when compared to 
patients over 70 years old (Supplementary Fig. S4 and Sup-
plementary Table S13). After diagnosis, ASCT patients had 

Table 5   Top 20 infection diagnoses (ICD-10 codes) in MM patients and matched controls during one year before MM diagnosis (baseline). The 
percentual difference between cases and controls is demonstrated by the difference between number of infections PPY scaled by their sum

ICD-10 Descrip�on N 
case

N 
control

infec�ons 
PPY 
case

infec�ons
PPY 

control

Diff.
case vs. 
control

J189 Pneumonia, unspecified 406 341 0.05743 0.01608 0.56

A41 Other sep�caemia 163 76 0.02306 0.00358 0.73

N10 Acute tubulo-inters��al nephri�s 140 169 0.01980 0.00797 0.43

A49 Bacterial infec�on of unspecified site 138 100 0.01952 0.00471 0.61

J159 Bacterial pneumonia, unspecified 102 85 0.01443 0.00401 0.57

N30 Cys��s 100 138 0.01414 0.00651 0.37

A40 Streptococcal sep�caemia 77 11 0.01089 0.00052 0.91

A09 Diarrhoea and gastroenteri�s of presumed infec�ous origin 63 98 0.00891 0.00462 0.32

A46 Erysipelas 62 129 0.00877 0.00608 0.18

J209 Acute bronchi�s, unspecified 49 64 0.00693 0.00302 0.39

J069 Acute upper respiratory infec�on, unspecified 45 71 0.00636 0.00335 0.31

A04 Other bacterial intes�nal infec�ons 39 38 0.00552 0.00179 0.51

J010 Acute maxillary sinusi�s 26 21 0.00368 0.00099 0.58

J13 Pneumonia due to Streptococcus pneumoniae 26 <5 0.00368 0.00014 0.93

B02 Zoster [herpes zoster] 23 25 0.00325 0.00118 0.47

B99 Other and unspecified infec�ous diseases 22 9 0.00311 0.00042 0.76

J181 Lobar pneumonia, unspecified 18 6 0.00255 0.00028 0.80

J22 Unspecified acute lower respiratory infec�on 15 11 0.00212 0.00052 0.61

B00 Herpesviral [herpes simplex] infec�ons 12 6 0.00170 0.00028 0.71

J09 Influenza due to iden�fied zoono�c or pandemic influenza virus 11 21 0.00156 0.00099 0.22

*The color scales for the infections PPY illustrate the magnitudes of the infection loads, while the color scale for the difference (case vs. control) 
illustrates the size of difference (green=similar, red=different) between cases and controls.
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relatively more CMV infections when compared to nASCT 
patients, whereas nASCT patients had relatively more pneu-
monia when compared to ASCT patients (Supplementary 
Fig. S5 and Supplementary Table S14). A similar trend was 
observed in patients under and over 70 years of age (Sup-
plementary Fig. S6 and Supplementary Table S15). 

Risk factors of survival

To examine the effect of infection load on the survival of 
MM patients in Finland during 2000–2021, we first looked at 
the OS of MM patients in three different subgroups based on 
the infection load (0, 1, 2+ infections) during the year before 
to diagnosis. Intriguingly, having just one recorded infec-
tion during the year before diagnosis was associated with 
significantly shorter median OS (mOS) of 2.3 years (27.4 
months) compared to 3.9 years (46.6. months) in patients 
with no recorded infections (Fig. 5).

Finally, we used a Cox proportional hazard model to 
study if any underlying factors between the subgroups, 
including age and comorbidities (CCI), would have a sig-
nificant impact on the risk of survival. Interestingly, the 
model showed that recorded infections before MM diagno-
sis increase the independent risk of mortality. Having just 
one recorded infection during the year before diagnosis 
decreased OS significantly, even when adjusted for age, sex 
and the year of diagnosis (Fig. 6). In addition, the model 
showed that male patients have higher risk of mortality, and 
that the mortality decreases with later diagnosis year. The 
proportional hazard assumptions were not fulfilled for CCI 
and the number of infections on the previous year, as there 
was a slight increase in the HR over time for both covariates, 
but the reported HRs represent average risk over the follow-
up time (Supplementary Fig. S7).

We also modeled the effect of cumulative infections on 
patient survival during the follow-up period (Fig. 7). Age, 
sex, CCI and diagnosis year were included in the model for 

Table 6   Top 20 infection diagnoses (ICD-10 codes) in MM patients and matched controls during the first year after diagnosis. The percentual 
difference between cases and controls is demonstrated by the difference between number of infections PPY scaled by their sum

ICD10 Descrip�on N 
case

N 
control

infec�ons 
PPY 
case

infec�ons
PPY 

control

Diff.
case vs. 
control

J189 Pneumonia, unspecified 1200 451 0.20079 0.02228 0.80

A49 Bacterial infec�on of unspecified site 873 122 0.14607 0.00603 0.92

A41 Other sep�caemia 663 87 0.11094 0.00430 0.93

J069 Acute upper respiratory infec�on, unspecified 337 60 0.05639 0.00296 0.90

J159 Bacterial pneumonia, unspecified 310 89 0.05187 0.00440 0.84

A09 Diarrhoea and gastroenteri�s of presumed infec�ous origin 266 122 0.04451 0.00603 0.76

N10 Acute tubulo-inters��al nephri�s 229 199 0.03832 0.00983 0.59

A04 Other bacterial intes�nal infec�ons 220 50 0.03681 0.00247 0.87

J010 Acute maxillary sinusi�s 205 16 0.03430 0.00079 0.95

J209 Acute bronchi�s, unspecified 182 76 0.03045 0.00375 0.78

B02 Zoster [herpes zoster] 159 21 0.02660 0.00104 0.92

A46 Erysipelas 141 165 0.02359 0.00815 0.49

N30 Cys��s 136 162 0.02276 0.00800 0.48

A40 Streptococcal sep�caemia 114 12 0.01907 0.00059 0.94

B99 Other and unspecified infec�ous diseases 94 14 0.01573 0.00069 0.92

B25 Cytomegaloviral disease 90 <5 0.01506 0.00005 0.99

B37 Candidiasis 83 13 0.01389 0.00064 0.91

B00 Herpesviral [herpes simplex] infec�ons 76 7 0.01272 0.00035 0.95

J09 Influenza due to iden�fied zoono�c or pandemic influenza virus 67 7 0.01121 0.00035 0.94

B34 Viral infec�on of unspecified site 56 7 0.00937 0.00035 0.93

* The color scales for the infections PPY illustrate the magnitudes of the infection loads, while the 
color scale for the difference (case vs. control) illustrates the size of difference (green=similar, 
red=different) between cases and controls.
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adjustment and the cumulative number of infections was 
treated as a time-dependent variable. The HR for cumula-
tive infections represents the independent risk of mortality 
that a single infection adds for the patient. The follow-up 

time was limited to 10 years, and events after that were cen-
sored, to better satisfy the proportional hazard assumptions. 
Interestingly, the risk of mortality increased 1.12-fold for 
each new infection (p < 0.001). The proportional hazard 

Fig. 5   The overall survival of 
MM patients with 0, 1 or 2+ 
recorded infections during the 
year before diagnosis
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Fig. 6   Cox proportional haz-
ards risk estimates for overall 
survival of the MM patients in 
Finland during 2000–2021
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Fig. 7   Cox proportional hazards 
risk estimates for the cumulative 
effect of infections on overall 
survival of the MM patients in 
Finland during 2000–2021
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assumptions were not fulfilled for age, CCI, and cumulative 
number of infections, but the reported HRs represent aver-
age risk over time. 

Discussion

In this RWE study, we dissected the infection risk in differ-
ent MM patient cohorts and show that having at least one 
recorded infection before MM diagnosis was associated with 
significantly shorter mOS, and that infections are associated 
with increased independent risk of mortality in MM patients. 
Moreover, patients under 70 years old had significantly more 
recorded infections already 3 years before MM diagnosis 
when compared to their matched controls, while for patients 
over 70 years old the difference was not statistically signifi-
cant. In addition, and in line with a previous study [10], a 
change in the infection spectrum during the progression of 
the disease was observed. Of the most common infections, 
pneumonia, septic, and undefined bacterial infection diagno-
ses showed most relative increase before MM diagnosis, and 
cytomegaloviral disease, Herpes zoster, maxillary sinusitis 
and streptococcal septicemia the year after diagnosis. 

MM patients have been reported to have an increased risk 
of both bacterial and viral infections [5, 6, 15]. Moreover, 
the spectrum of infections has been suggested to change 
during the MM disease progression [10] and patients with 
MM are known to be susceptible to certain infection types, 
including pneumonia, septicemia, meningitis, herpes zoster 
and influenza [5]. Here, we found that the relative risk of 
streptococcal septicaemia and pneumonia due to Streptococ-
cus pneumoniae increased the most during the 3 years before 
diagnosis. We also found that the infection load was highest 
during the first year after MM diagnosis and ASCT patients 
have higher infection load than patients treated without 
ASCT. In concordance with previous Swedish RWE studies 
[5, 6], a 6.9-fold risk of developing any infection during the 
follow-up time was found in MM patients when compared 
to their matched controls. 

In addition to factors related to individual’s own risk, 
including the high average age of MM patients, the risk of 
infection depends on the disease stage and treatment. The 
early increase in the risk of infection is caused by the global 
suppression of uninvolved polyclonal immunoglobulins 
(immunoparesis) including dysfunction of B cells, disrup-
tion of the global T cell diversity and changes in the func-
tionality of dendritic and natural killer cells [16]. During the 
later stages, the risk of infection depends also on the choice 
and course of the treatment. For example, especially new 
immunological treatments cause hypogammaglobulinemia 
and neutropenia, a decrease in CD4 cell count is known to 
be associated with increasing cycles of chemotherapy, pro-
teasome inhibitor bortezomib depletes T cells and impairs 

viral antigen presentation and glucocorticoids can increase 
the risk of opportunistic infections [16, 17]. ASCT patients 
have higher risk of infection and complications both due to 
neutropenia and mucositis during transplant, and then due 
to the slow recovery of T cells after transplant [10, 18]. The 
advances in MM treatment have improved the treatment out-
comes but at the same time resulted in cumulative immuno-
suppression and higher risk of infection [10]. 

 Infections are known to cause significant morbidity and 
mortality in MM patients [4]. Here we show that having 
just one recorded infection before diagnosis was associated 
with decreased mOS and increased the independent risk 
of mortality in MM patients. Moreover, our model of the 
cumulative effect on patient survival showed that the risk 
of mortality increased 1.12-fold with every new infection. 
Thus, preventing infections is crucial for MM patients. There 
are international recommendations for infection prophylaxis 
in MM patients including vaccinations, prophylactic anti-
microbial treatment, and immunoglobulin replacement in 
selected patients [16], which are also applied in Finland, but 
further studies are required to investigate novel vaccination 
strategies and the optimal use of antimicrobial prophylaxis. 

Study limitations

This study has limitations related to registry-based RWE 
studies. The data may be non-standardized, incomplete, 
and subject to missing data, differing coding practices, and 
residual confounding factors between MM patients and 
matched controls that may have influenced the results. For 
example, the coding practice of ASCT was incomplete dur-
ing the beginning of this data extraction and the recording 
practices on infection diagnoses might have changed during 
the study period. Due to changes in the diagnostic criteria 
for MM in 2014 [19], it is possible that some individual 
cases of smoldering multiple myeloma (SMM) patients diag-
nosed before 2014 are included in the MM cohort. Only 
specialty care (HILMO) data was used for outcome analy-
ses because the primary care (AVOHILMO) data was avail-
able only from 2011 onwards and thus infections recorded 
only in primary care are not included. Due to the nature of 
record-based real-world data (RWD), some infection diag-
noses may be counted multiple times, if the same disease has 
been recorded with multiple diagnosis codes or the diagnosis 
has changed over time. The improving recording practices 
during the study period may add to the observed increase 
in the infection rates over time. Although the COVID-19 
-pandemic started during the study period, ICD10-codes for 
COVID-19 were not included in the infection code lists used 
in this study. Due to the lack of data on hospital-adminis-
trated medications, the therapy profiles of the study cohort 
and the possible effects of changes in treatment practices 
could not be analyzed within this study. 
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Conclusions

We report a significantly higher infection load in MM 
patients during the 3 years, and especially during the year 
before diagnosis. The relative risk of streptococcal septi-
caemia and pneumonia due to Streptococcus pneumoniae 
increased the most in MM patients before diagnosis when 
compared to their matched controls. Most importantly, 
having just one recorded infection during the year before 
diagnosis was associated with significantly reduced mOS 
and increased the independent risk of mortality in MM 
patients.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00277-​024-​06101-3.

Acknowledgements  Johanna Vikkula, current employee at Medaffcon 
Oy, is acknowledged for providing medical writing support.

Author contributions  AA, EH, KK, IT, TM, MIL, RS, AP, and MP 
contributed to the study design and objectives, interpretation of results 
and revising the manuscript. AA and EH contributed to the interpre-
tation of results, data analysis and wrote the first manuscript draft. 
IT was further responsible for data analysis and MIL was responsi-
ble for manuscript development. RS, AP, and MP critically reviewed 
the results and contributed to interpretation as well as revision of the 
manuscript. All authors have reviewed and approved the final version 
of the manuscript.

Funding  This study was funded by Takeda Oy.

Data availability  The original data were obtained from the national 
registries: Finnish Care Register for Health Care (primary care, AVO-
HILMO and specialty care, HILMO), Digital and Population Data Ser-
vices Agency (DVV) and Finnish Social Insurance Institution (SII). 
Data can be acquired with data permission by following the guidance 
and application process by the registries. All authors had access to the 
pseudonymized aggregate data, whereas pseudonymized single‐level 
registry data were available only to the authors who analyzed the data. 
Only the personnel of the registries had full access to the patient data. 
The single-level data cannot be shared. Only the registry holders can 
grant rights to third parties to use the data in accordance with the Act 
on Secondary Use of Health and Social Data.

Declarations 

Competing interests  AA, EH, KK, IT, and MIL are employees of 
Medaffcon Oy. TM was an employee of Takeda Finland and Medaff-
con Oy. RS has received research funding, administered by Hospi-
tal Science Centers, from Amgen, BMS, Celgene, Janssen-Cilag and 
Takeda and honoraria from the same companies (Advisory Board and 
presentations).AP reports honoraria from Behring and Abbvie and 
has participated in Scientific Advisory Board meetings organized by 
Abbvie, Janssen-Cilag, Novartis, Pfizer and Takeda. MP has received 
honoraria from Amgen, Celgene, Janssen-Cilag and Takeda (Advisory 
Board and presentations).

Ethics approval    The study was approved by Findata, permis-
sion THL/3276/14.02.00/2021 and Statistics Finland, permission 
TK/1449/07.03.00/2022, in accordance with the act on the secondary 
use of health and welfare data in Finland.

Open Access  This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if you modified the licensed material. 
You do not have permission under this licence to share adapted material 
derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons 
licence, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by-nc-nd/4.0/.

References

	 1.	 Ludwig H, Novis Durie S, Meckl A et al (2020) Multiple myeloma 
incidence and Mortality around the Globe; interrelations between 
Health Access and Quality, Economic resources, and patient 
empowerment. Oncologist 25:e1406–e1413. https://​doi.​org/​10.​
1634/​theon​colog​ist.​2020-​0141

	 2.	 Palumbo A, Anderson K (2011) Multiple myeloma. N Engl J Med 
364:1046–1060. https://​doi.​org/​10.​1056/​NEJMr​a1011​442

	 3.	 Eisfeld C, Kajüter H, Möller L et al (2023) Time trends in sur-
vival and causes of death in multiple myeloma: a population-based 
study from Germany. BMC Cancer 23:317. https://​doi.​org/​10.​
1186/​s12885-​023-​10787-5

	 4.	 Augustson BM, Begum G, Dunn JA et al (2005) Early Mortal-
ity after diagnosis of multiple myeloma: analysis of patients 
entered onto the United Kingdom Medical Research Council tri-
als between 1980 and 2002—Medical Research Council Adult 
Leukaemia Working Party. JCO 23:9219–9226. https://​doi.​org/​
10.​1200/​JCO.​2005.​03.​2086

	 5.	 Blimark C, Holmberg E, Mellqvist U-H et al (2015) Multiple 
myeloma and infections: a population-based study on 9253 mul-
tiple myeloma patients. Haematologica 100:107–113. https://​doi.​
org/​10.​3324/​haema​tol.​2014.​107714

	 6.	 Blimark CH, Carlson K, Day C, Haematologica et al (2024) 
https://​doi.​org/​10.​3324/​haema​tol.​2024.​285645

	 7.	 Davies F, Baz R (2010) Lenalidomide mode of action: linking 
bench and clinical findings. Blood Rev 24:S13–S19. https://​doi.​
org/​10.​1016/​S0268-​960X(10)​70004-7

	 8.	 Ying L, YinHui T, Yunliang Z, Sun H (2017) Lenalidomide and 
the risk of serious infection in patients with multiple myeloma: a 
systematic review and meta-analysis. Oncotarget 8:46593–46600. 
https://​doi.​org/​10.​18632/​oncot​arget.​16235

	 9.	 Richardson PG, Sonneveld P, Schuster MW et al (2005) Bort-
ezomib or high-dose dexamethasone for relapsed multiple mye-
loma. N Engl J Med 352:2487–2498. https://​doi.​org/​10.​1056/​
NEJMo​a0434​45

	10.	 Nucci M, Anaissie E (2009) Infections in patients with multiple 
myeloma in the era of high-dose therapy and Novel agents. CLIN 
INFECT DIS 49:1211–1225. https://​doi.​org/​10.​1086/​605664

	11.	 Balmaceda N, Aziz M, Chandrasekar VT et al (2021) Infection 
risks in multiple myeloma: a systematic review and meta-analysis 
of randomized trials from 2015 to 2019. BMC Cancer 21:730. 
https://​doi.​org/​10.​1186/​s12885-​021-​08451-x

	12.	 Mateos M, Ludwig H, Bazarbachi A et al (2019) Insights on mul-
tiple myeloma treatment strategies. HemaSphere 3:e163. https://​
doi.​org/​10.​1097/​HS9.​00000​00000​000163

https://doi.org/10.1007/s00277-024-06101-3
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1634/theoncologist.2020-0141
https://doi.org/10.1634/theoncologist.2020-0141
https://doi.org/10.1056/NEJMra1011442
https://doi.org/10.1186/s12885-023-10787-5
https://doi.org/10.1186/s12885-023-10787-5
https://doi.org/10.1200/JCO.2005.03.2086
https://doi.org/10.1200/JCO.2005.03.2086
https://doi.org/10.3324/haematol.2014.107714
https://doi.org/10.3324/haematol.2014.107714
https://doi.org/10.3324/haematol.2024.285645
https://doi.org/10.1016/S0268-960X(10)70004-7
https://doi.org/10.1016/S0268-960X(10)70004-7
https://doi.org/10.18632/oncotarget.16235
https://doi.org/10.1056/NEJMoa043445
https://doi.org/10.1056/NEJMoa043445
https://doi.org/10.1086/605664
https://doi.org/10.1186/s12885-021-08451-x
https://doi.org/10.1097/HS9.0000000000000163
https://doi.org/10.1097/HS9.0000000000000163


Annals of Hematology	

	13.	 Lonial S, Dimopoulos M, Palumbo A et al (2015) Elotuzumab 
Therapy for relapsed or refractory multiple myeloma. N Engl J 
Med 373:621–631. https://​doi.​org/​10.​1056/​NEJMo​a1505​654

	14.	 Sverrisdóttir IS, Rögnvaldsson S, Thorsteinsdottir S et al (2021) 
Comorbidities in multiple myeloma and implications on survival: 
a population-based study. Eur J Haematol 106:774–782. https://​
doi.​org/​10.​1111/​ejh.​13597

	15.	 Lin C, Shen H, Zhou S et al (2020) Assessment of infection in 
newly diagnosed multiple myeloma patients: risk factors and main 
characteristics. BMC Infect Dis 20:699. https://​doi.​org/​10.​1186/​
s12879-​020-​05412-w

	16.	 Raje NS, Anaissie E, Kumar SK et al (2022) Consensus guide-
lines and recommendations for infection prevention in multiple 
myeloma: a report from the International Myeloma Working 
Group. Lancet Haematol 9:e143–e161. https://​doi.​org/​10.​1016/​
S2352-​3026(21)​00283-0

	17.	 Teh BW, Harrison SJ, Worth LJ et al (2016) Infection risk with 
immunomodulatory and proteasome inhibitor–based therapies 

across treatment phases for multiple myeloma: a systematic review 
and meta-analysis. Eur J Cancer 67:21–37. https://​doi.​org/​10.​
1016/j.​ejca.​2016.​07.​025

	18.	 Waszczuk-Gajda A, Penack O, Sbianchi G et al (2022) Complica-
tions of autologous stem cell transplantation in multiple myeloma: 
results from the CALM Study. JCM 11:3541. https://​doi.​org/​10.​
3390/​jcm11​123541

	19.	 Rajkumar SV, Dimopoulos MA, Palumbo A et al (2014) Interna-
tional Myeloma Working Group updated criteria for the diagnosis 
of multiple myeloma. Lancet Oncol 15:e538–e548. https://​doi.​org/​
10.​1016/​S1470-​2045(14)​70442-5

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa1505654
https://doi.org/10.1111/ejh.13597
https://doi.org/10.1111/ejh.13597
https://doi.org/10.1186/s12879-020-05412-w
https://doi.org/10.1186/s12879-020-05412-w
https://doi.org/10.1016/S2352-3026(21)00283-0
https://doi.org/10.1016/S2352-3026(21)00283-0
https://doi.org/10.1016/j.ejca.2016.07.025
https://doi.org/10.1016/j.ejca.2016.07.025
https://doi.org/10.3390/jcm11123541
https://doi.org/10.3390/jcm11123541
https://doi.org/10.1016/S1470-2045(14)70442-5
https://doi.org/10.1016/S1470-2045(14)70442-5

	A real-world study on the impact of infection load on mortality in multiple myeloma patients in Finland
	Abstract
	Introduction
	Materials and methods
	Results
	Patient population
	Infection load in MM patients in Finland during 1997–2021
	Distribution of infections among MM patients 
	Patient characteristics in subgroups based on infection load
	Infection types in MM patients
	Streptococcus infections increase in MM patients during the year before MM diagnosis
	ASCT patients have more viral infections during the year after diagnosis
	Risk factors of survival

	Discussion
	Study limitations

	Conclusions
	Acknowledgements 
	References


