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Abstract
Introduction: Treatment-induced peripheral neuropathy 
(TIPN) is a complication of multiple myeloma (MM) treat-
ment. Objective: This real-world, retrospective study used 
electronic medical record (EMR) data from 3 Swedish clinics 
to assess the occurrence and economic burden of TIPN in 
patients with MM. Methods: Eligible patients had an MM di-
agnosis in the Swedish Cancer Registry between 2006 and 
2015 and initiated treatment during that period. Follow-up 
was until last EMR visit, death, or study end (April 2017). The 
current analyses included patients receiving bortezomib, le-
nalidomide, carfilzomib, or thalidomide at any treatment 
line. To discern healthcare resource utilization (HCRU) and 
costs associated with TIPN from other causes, patients with 
TIPN were matched with those without on baseline charac-
teristics, treatment, and line of therapy. All analyses were de-
scriptive. Results: Overall, 457 patients were included; 102 

(22%) experienced TIPN. Patients experiencing TIPN during 
first-line treatment mostly received bortezomib-based regi-
mens (n = 48/57 [84%]); those with TIPN during second- and 
third/fourth-line treatment mostly received lenalidomide/
thalidomide-based regimens (19/31 [61%], 8/14 [57%], re-
spectively). Patients with TIPN had higher HCRU/costs than 
those without TIPN (mean differences in hospital outpatient 
visits: 5.2, p = 0.0031; total costs per patient-year: EUR 17,183, 
p = 0.0007). Conclusions: Effective MM treatments associ-
ated with a reduced incidence of TIPN could result in de-
creased healthcare expenditure. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Multiple myeloma (MM) accounts for approximately 
1% of all cancers and is the second most common hema-
tological malignancy after lymphoma [1–3]. The Associa-
tion of the Nordic Cancer Registries reported that be-
tween 2012 and 2016, the age-standardized incidence of 
MM in Sweden was 3.7 per 100,000 for men and 2.4 per 
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100,000 for women [3]. Five-year survival rates were 54 
and 53%, and MM accounted for 2.2 and 2.1% of all can-
cer deaths in men and women, respectively.

In Sweden, patients with MM are usually diagnosed 
and managed by physicians at hematology centers based 
in public hospitals, with treatment over recent years being 
guided by both national guidelines (http://www.sfhem.
se/riktlinjer) and guidelines released by other organiza-
tions/working groups [4–6]. Since 2010, bortezomib and 
thalidomide have become part of standard induction reg-
imens for patients aged ≤65 years and for those aged ≥66 
years with good performance status, ahead of autologous 
stem cell transplantation (SCT) [7]. For those not eligible 
for SCT, melphalan, prednisone plus thalidomide, mel-
phalan, prednisone plus bortezomib, lenalidomide plus 
dexamethasone, or bortezomib, lenalidomide plus dexa-
methasone are standard first-line treatment. However, 
treatments are often tailored for the individual patient, 
depending on characteristics such as patient age, comor-
bidity profile, and treatment history (in later lines). This 
is because in subsequent treatment lines it is considered 
best clinical practice to switch to a treatment with a dif-
ferent mechanism of action. Subsequent lines of therapy 
may also exacerbate pre-existing comorbidities and treat-
ment toxicities.

Peripheral neuropathy is a common neurological com-
plication associated with MM [8]. It causes debilitating 
symptoms including tingling, numbness, and neuropath-
ic pain [9, 10], and can adversely impact patient quality of 
life [11, 12], functioning and/or performance [13, 14], and 
ability to work [15]. Peripheral neuropathy can be caused 
by MM itself and also by some of the agents used in the 
treatment of this disease [9]. In MM, treatment-induced 
peripheral neuropathy (TIPN) is particularly associated 
with bortezomib- and thalidomide-based regimens [16]. 
Intravenous bortezomib-based regimens are associated 
with TIPN in 34–54% of patients, with 8–16% experienc-
ing grade 3 or higher events [13, 17, 18]. Although subcu-
taneously administered bortezomib is better tolerated 
than the intravenously administered drug [19–22], it is 
still associated with TIPN in 38% of patients and grade 3 
or higher TIPN reported in 6% of patients [19]. The oc-
currence of TIPN can result in dose reductions and even 
therapy discontinuation [1, 11, 23, 24], which could po-
tentially adversely impact patient outcomes. TIPN has 
also been shown to increase healthcare costs in patients 
with MM and other cancers [25, 26]. Although TIPN is 
not as prevalent as it used to be, partly due to increased use 
of subcutaneous rather than intravenous bortezomib reg-
imens, it remains an issue for some patients.

The incidence of TIPN in patients receiving MM treat-
ment in clinical trials has been well documented, but the 
frequency of TIPN and the associated economic impact 
in clinical practice is less clear. This retrospective study 
aimed to assess the occurrence and economic burden of 
TIPN associated with the treatment of MM in a real-
world setting in Sweden.

Methods

Study Design, Patients, and Objectives
This retrospective cohort study used electronic medical record 

(EMR) data from 3 large hematology clinics in Sweden (Karolin-
ska University Hospital [Solna and Huddinge sites] and Stock-
holm South General Hospital [Södersjukhuset]), which were 
linked to national health registries (Swedish Cancer Registry, Na-
tional Patient Register, National Prescribed Drug Register, and 
Cause of Death Register). Adults with a confirmed diagnosis of 
MM (according to ICD-10:CD90.0) in the Swedish Cancer Regis-
try between 2006 and 2015 and who had initiated treatment during 
the same period were eligible for inclusion. Patients with missing 
treatment records for the study period and/or unclear treatment 
start date(s) were excluded. Patients were followed from the date 
of diagnosis until last EMR visit, death, or end of study (April 18, 
2017), whichever occurred first.

Information on MM lines of therapy was retrieved from EMR 
case notes and free text using chemotherapeutic agents of interest 
as the search terms. The resultant data were categorized manually. 
If treatment start and/or finish dates were missing, these were de-
termined based on visit dates, number of cycles of treatment re-
ceived, or date of initiation of a new treatment. Where not explic-
itly stated, line of therapy was determined based on the gap be-
tween treatment administration dates (a gap of >60 days was 
considered a new line, while a gap of 60 days or less was considered 
a continuation of the same line). Maintenance treatment was con-
sidered a continuation of first-line treatment. Cases of peripheral 
neuropathy or TIPN were retrieved both from the National Patient 
Register via the relevant ICD-10 code (ICD-10:G62.0) and from a 
free-text search of the EMR case notes. Patients who had received 
bortezomib, lenalidomide, carfilzomib, or thalidomide at any line 
of treatment were eligible for inclusion in these analyses. The oc-
currence of selected pre-specified comorbidities (myocardial in-
farction, rheumatic diseases, congestive heart failure, diabetes with 
or without chronic complications, mild liver disease, renal disease, 
and monoclonal gammopathy of undetermined significance) was 
described for the period of 6 months prior to index date (defined 
as the date of first MM diagnosis).

The objectives of these analyses were to assess the occurrence 
of TIPN by treatment line and type of regimen, and the healthcare 
resource utilization (HCRU) and costs in patients with and with-
out TIPN. A post hoc sub-analysis was also performed to assess 
whether there was a difference in the number of patients experi-
encing TIPN before and after the date when subcutaneous bort-
ezomib became available for use in Sweden (September 28, 2012). 
The study was conducted in accordance with the Helsinki Declara-
tion and was approved by an ethics committee (DNR 13280/2016-
7).
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Analyses
TIPN rates were assessed by type and line of MM treatment. 

HCRU was measured from TIPN diagnosis until the end of follow-
up. To discern HCRU and costs associated with TIPN, from those 
resulting from other causes, a cohort of patients without TIPN was 
created. Patients with TIPN were matched with patients without 
TIPN on baseline characteristics (year of MM diagnosis, age group 
[in increments of 5 years], and sex), MM treatment that induced 
TIPN, and line of therapy. For patients with TIPN, the time from 
treatment initiation to TIPN diagnosis was estimated.

All cost calculations were based on 2015 Diagnosis Related 
Group (DRG) tariffs obtained from NordDRG (http://www.nord-
case.org/eng/about-us/) and were converted from SEK to euro us-
ing 0.093535 as the exchange rate. Statistical Analysis System ver-
sion 9.4 was used for data management and statistical analyses; all 
statistical analyses were descriptive in nature. The Mann–Whitney 
U test or Kruskal–Wallis test for continuous variables (mean and 
standard deviation) and the χ2 test for categorical variables were 
used to compare descriptive statistics between subgroups. p values 
were not adjusted for multiplicity and so are included for hypoth-
esis-generating purposes only.

Results

Patients
In total, 457 patients were eligible for inclusion in these 

analyses. Overall, 102 (22%) patients experienced TIPN 
(Table 1). Of these patients, 88 (86%) had a minimum of 
2 years history in their medical records, before initiation 

of the analyzed treatment line, and there were 6 cases of 
TIPN recorded in this 2-year period. The remaining 14 
patients did not have 2 years of prior history in their re-
cords and there were no cases of TIPN reported in the 
available history prior to initiating the analyzed line of 
treatment. Therefore, overall, 96 patients (94%) had no 
prior evidence of TIPN in their medical records; the pro-
portions of patients with prior history of TIPN were sim-
ilar for those with (5.9%) and without (5.4%) TIPN in the 
present analysis. Patients with TIPN were younger than 
those without TIPN (median age 66 and 68 years, respec-
tively; p = 0.0169), and 70 and 60% of patients with and 
without TIPN, respectively, were men (p = 0.0698). Inter-
national Staging System (ISS) stage was missing for 54 
and 48% of those with and without TIPN, respectively. Of 
the remainder, ISS stage II was most commonly reported, 
being noted in 25 and 24% of patients with and without 
TIPN, respectively. Laboratory measurements such as 
calcium, Cr, hemoglobin, B2-microglobulin, and albu-
min levels were available for 46–61% of patients with and 
52–69% of patients without TIPN. Where data were avail-
able, laboratory measurements appeared similar between 
these 2 groups of patients. Overall, 45/102 (44%) patients 
with TIPN and 126/355 (35%) patients without TIPN had 
received SCT. No patients had any of the pre-specified 
comorbidities during the 6 months prior to index date.

Table 1. Baseline patient characteristics stratified by TIPN status

Variable All patients with 
TIPN (N = 102)

All patients with no 
TIPN (N = 355)

p valuea

Sex, male, n (%) 71 (69.6) 212 (59.7) 0.0698
Age, median (range), years 66.0 (40.0–86.0) 68.0 (23.0–93.0) 0.0169
ISS stage, n (%)

I 12 (11.8) 51 (14.4) 0.3920
II 26 (25.5) 84 (23.7)
III 9 (8.8) 51 (14.4)
Missing 55 (53.9) 169 (47.6)

Lab values, [n] mean (SD)
Calcium, mg/dL [58] 9.7 (1.3) [232] 9.5 (1.1) 0.7580
Cr, μmol/L [62] 148.0 (163.7) [237] 149.1 (198.9) 0.9159
Hemoglobin, g/dL [60] 11.8 (1.8) [246] 11.4 (1.4) 0.1569
B2-microglobulin, mg/L [47] 4.9 (5.0) [186] 5.3 (6.2) 0.3435
Albumin, g/L [60] 32.2 (5.4) [235] 32.0 (5.8) 0.8979

Received SCT, n (%) 45 (44.1) 126 (35.5) 0.1126
Prior history of TIPN,bn (%) 6 (5.9) 19 (5.4) 0.8356

ISS, International Staging System; SCT, stem cell transplantation; SD, standard deviation; TIPN, treatment-
induced peripheral neuropathy. a The Mann–Whitney U test or Kruskal–Wallis test was used for continuous 
variables and the χ2 test was used for categorical variables. b Patients with any evidence of prior TIPN in the avail-
able patient records.
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Treatment Patterns and Occurrence of TIPN by Line 
of Treatment
Overall (irrespective of TIPN status), the most com-

mon treatments in the first-line (n = 457) and second-line 
(n = 212) settings were bortezomib- (69%) and lenalido-
mide- (49%) based regimens, respectively; similar obser-
vations were made for patients with and without TIPN 
(Table 2). Bortezomib-based regimens were used in 40% 
of patients in the third/fourth lines (n = 87) of treatment, 
with similar proportions observed irrespective of TIPN 
status. Lenalidomide-based regimens were used in 48% of 
patients with TIPN and 30% of those without TIPN un-
dergoing third/fourth-line treatment.

Of the 102 cases of TIPN, 57 (56%) were reported in 
the first-line setting (Table 3). Most of the cases of TIPN 
reported during first-line treatment occurred in patients 
receiving bortezomib-based therapy (48/57 cases; 84%). 
Overall, 48/314 (15%) patients receiving bortezomib-
based therapy in the first-line setting experienced TIPN 
(Tables 2, 3). During second-line treatment, 19/31 (61%) 
of the reported cases of TIPN occurred in patients receiv-
ing immunomodulatory drug (IMiD)-based (lenalido-
mide or thalidomide) regimens (Table 3). Overall, 19/104 
(18%) patients receiving lenalidomide-based second-line 
treatment experienced TIPN (Tables 2, 3). Although 
fewer patients received bortezomib-based second-line 

Table 2. Treatment regimen and time to treatment initiation, stratified by line of treatment and TIPN status

Variable Treatment line in which patients received the regimen of interest, n (%)

All patients with TIPN (N = 102) All patients with no TIPN (N = 355)

first line 
(n = 102)

second line 
(n = 49)

third/fourth 
line (n = 21)

first line 
(n = 355)

second line 
(n = 163)

third/fourth 
line (n = 66)

Regimen, n (%)a, b

Bortezomib based 68 (66.7) 18 (36.7) 8 (38.1) 246 (69.3) 47 (28.8) 27 (40.9)
Bortezomib 65 (63.7) 17 (34.7) 8 (38.1) 235 (66.2) 35 (21.5) 23 (34.8)
Bortezomib + lenalidomide 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.6) 3 (1.8) 3 (4.5)
Bortezomib + pomalidomide 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0)
Bortezomib + thalidomide 3 (2.9) 1 (2.0) 0 (0.0) 9 (2.5) 8 (4.9) 1 (1.5)

Carfilzomib based 0 (0.0) 0 (0.0) 1 (4.8) 2 (0.6) 2 (1.2) 0 (0.0)
IMiD based 20 (19.6) 29 (59.2) 10 (47.6) 103 (29.0) 92 (56.4) 29 (43.9)

Lenalidomide based 5 (4.9) 25 (51.0) 10 (47.6) 44 (12.4) 79 (48.5) 20 (30.3)
Thalidomide based 15 (14.7) 4 (8.2) 0 (0.0) 59 (16.6) 13 (8.0) 9 (13.6)

Other 14 (13.7) 2 (4.1) 2 (9.5) 4 (1.1) 22 (13.5) 10 (15.2)
Time since MM diagnosis, median (range), months 1.2 (0.0–90.2) 17.4 (2.1–95.0) 37.6 (6.1–86.2) 1.3 (0.0–116.0) 20.0 (0.4–106.5) 40.2 (1.0–107.5)
Time since treatment change, median (range), 
months 1.2 (0.0–90.2) 9.0 (0.1–86.1) 8.8 (0.0–48.0) 1.3 (0.0–116.0) 10.4 (0.1–86.3) 7.9 (0.2–40.4)

IMiD, immunomodulatory drugs; MM, multiple myeloma; TIPN, treatment-induced neuropathy. a Treatment groups are mutually exclusive. b Other 
chemotherapy and corticosteroids such as dexamethasone and prednisone may have been administered in combination with these regimens.

Table 3. Occurrence and time to TIPN, stratified by line of treatment and type of regimen inducing PN

Type of regimen inducing PN All patients with TIPN (N = 102)

TIPN during first 
line (n = 57)

TIPN during second 
line (n = 31)

TIPN during third/fourth 
line (n = 14)

Bortezomib based, n (%)a 48 (84.2) 12 (38.7) 6 (42.9)
Time to TIPN,b median (range), months 4.2 (0.1–47.5) 1.4 (0.0–19.9) 0.6 (0.0–14.8)

IMiD based, n (%)c 9 (15.8) 19 (61.3) 8 (57.1)
Time to TIPN,b median (range), months 2.0 (0.0–17.0) 1.1 (0.0–38.0) 4.8 (0.0–36.9)

IMiD, immunomodulatory drugs; TIPN, treatment-induced peripheral neuropathy. a Includes bortezomib-based and bortezomib 
plus lenalidomide/pomalidomide/thalidomide-based regimens. b Time to first occurrence of TIPN from initiation of the stated line of 
therapy. c Includes lenalidomide/thalidomide-based regimens.
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therapy, a similar proportion developed TIPN (12/65; 
18%).

For bortezomib-based regimens, median time to TIPN 
from initiation of treatment decreased with increasing 
line of therapy (Table 3). No clear trend in time to TIPN 
was observed with IMiD-based therapy.

Of the 102 patients experiencing TIPN in this study, 
49 (48%) had a TIPN diagnosis before and 53 (52%) pa-
tients had a TIPN diagnosis after the date of approval of 
subcutaneous bortezomib in Sweden. The proportion of 
patients with a prior TIPN diagnosis in their history was 
9% after and 2% before the subcutaneous bortezomib ap-
proval date.

TIPN-Associated HCRU and Costs
A total of 73 patients with TIPN could be matched suf-

ficiently well to patients without TIPN and so were in-
cluded in the analyses comparing HCRU use between pa-
tients with and without TIPN. There were no statistically 
significant differences found between matched patients 
with and without TIPN, in terms of ISS stage, SCT status, 
and time to induction therapy (Table 4).

Overall, in the matched analysis, patients with TIPN 
had increased HCRU compared with those without TIPN 
(Table 5). Patients with TIPN had more hospital outpa-
tient visits than those without TIPN (mean 17.8 vs. 12.6 
visits, respectively; p = 0.0031); the number of hospital-
izations was not significantly different between groups 

Table 4. Characteristics of patients with TIPN and matched patients with no TIPN

Variable Patients with TIPN 
(n = 73)

Matched patients 
with no TIPN (n = 73)

p value

Sex, male, n (%) 48 (65.8) 48 (65.8) 1.0000a

Age, median (range), years 66.0 (40.0–86.0) 67.0 (32.0–93.0) 0.5848b

ISS stage, n (%)
I 9 (12.3) 7 (9.6) 0.7130a

II 21 (28.8) 17 (23.3)
III 7 (9.6) 6 (8.2)
Missing 36 (49.3) 43 (58.9)

Lab values, [n] mean (SD)
Calcium, mg/dL [44] 9.7 (1.2) [51] 9.6 (1.1) 0.5553b

Cr, μmol/L [48] 145.5 (173.8) [50] 126.9 (134.1) 0.7491b

Hemoglobin, g/dL [47] 11.9 (1.8) [51] 11.7 (1.2) 0.8337b

B2-microglobulin, mg/L [37] 5.1 (5.4) [30] 3.9 (2.1) 0.9246b

Albumin, g/L [46] 32.4 (5.5) [50] 32.1 (6.1) 0.9296b

Regimen inducing PN/matched treatment, n (%)
First line

Bortezomib based 44 (60.3) 44 (60.3) 1.0000a

Bortezomib + thalidomide based 1 (1.4) 1 (1.4)
Lenalidomide based 3 (4.1) 3 (4.1)
Thalidomide based 5 (6.8) 5 (6.8)

Second line
Bortezomib based 5 (6.8) 5 (6.8) 0.9742a

Lenalidomide based 12 (16.4) 11 (15.1)
Third line

Bortezomib based 1 (1.4) 2 (2.7) 0.8434a

Lenalidomide based 2 (2.7) 2 (2.7)
Time from MM diagnosis to initiation of treatment inducing PN/

matched treatment, median (range), months 0.2 (0.0–7.9) 0.1 (0.0–7.2) 0.5676b

Follow-up time from TIPN date/pseudo TIPN date, median (range), years 1.7 (0.1–7.1) 1.8 (−2.3 to 8.1) 0.7188b

Received SCT, n (%) 33 (45.2) 29 (39.7) 0.5030a

Prior history of TIPN,c n (%) 2 (2.7) 4 (5.5) 0.4044a

ISS, International Staging System; MM, multiple myeloma; SCT, stem cell transplantation; TIPN, treatment-induced peripheral 
neuropathy; SD, standard deviation. a χ2 square test. b Kruskal–Wallis test. c Patients with any evidence of prior TIPN in the available 
patient records.
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(mean 3.5 vs. 2.3 visits; p = 0.1264). There was a trend 
towards increased total length of hospitalization in pa-
tients with TIPN versus those without TIPN (mean 26.2 
vs. 20.6 days; median 7.2 vs. 1.2 days; p = 0.0938).

Patients with TIPN also incurred significantly in-
creased total costs per patient-year than those without 
TIPN (mean EUR 52,353 vs. EUR 31,194, respectively;  
p = 0.0007) (Table 5). This was mainly driven by the ad-
ditional cost of outpatient visits (mean EUR 8,638 vs. 
EUR 5,777; p = 0.0014) and prescription drugs (mean 
EUR 27,399 vs. EUR 18,809; p = 0.0022) in the TIPN ver-
sus non-TIPN cohorts, respectively.

Discussion

This retrospective cohort study used EMR data from 
patients with MM from 3 large Swedish hematology clin-
ics to assess the occurrence and economic burden associ-
ated with TIPN in clinical practice. Overall, TIPN was 
reported in 22% of patients, mostly in those receiving 
bortezomib- or lenalidomide-based regimens. In the 
matched analyses, patients with TIPN had increased 
HCRU and higher costs per patient-year, compared with 
those without TIPN.

The overall rate of TIPN reported here is slightly high-
er than that reported in a recent US publication (15.5% 
[26]), but lower than another European real-world report 
(45% [27]) and a US community-based study (53% [28]). 
The rate of grade ≥3 TIPN reported in the community-
based study was 20% – similar to the TIPN incidence re-
ported here. It is possible that only the more severe TIPN 
cases that required treatment were captured in our study. 
Cases of grade 1/2 TIPN usually do not require interven-

tion and so may not have been noted in the EMR. Infor-
mation on TIPN grade/severity was not captured. These 
differences in rates may also relate to variations in patient 
selection, follow-up period, methodology used to define 
the occurrence of TIPN, and between-country differenc-
es in treatment practice. Nonetheless, taken together, 
these data suggest that TIPN remains a significant prob-
lem in patients with MM. In line with previous reports [8, 
29], pre-existing TIPN is significantly associated with the 
development of grade 2/3 TIPN [30]. In our study, 94% 
of the 102 patients experiencing TIPN had no prior his-
tory of TIPN in their EMR, which may also help explain 
the relatively low TIPN rates.

The economic impact of TIPN reported here is consis-
tent with reports from the USA in patients with MM [26] 
and solid tumors [25], which indicated that patients with 
TIPN incur greater costs than those without TIPN. In the 
previous MM study, total costs per patient per month 
were significantly higher (by USD 1,509) for patients with 
TIPN than for controls [26]. In our study, the mean ad-
ditional total cost associated with TIPN was EUR 17,183 
per patient-year. This was mostly driven by increased out-
patient visits and prescription drug costs; in previous 
studies, patients with TIPN also required significantly 
more hospitalizations. This may indicate a potential dif-
ference in TIPN management between the USA and Swe-
den. There were no clear differences in the type of drugs 
prescribed between patients with/without TIPN in our 
analyses (data not shown), but the number of patients re-
ceiving no prescriptions (therefore zero prescription 
costs) was higher in patients without TIPN and this con-
tributed to the cost differences between groups. If our ob-
served TIPN rates reflect only the more severe cases, the 
reported costs associated with TIPN may be higher than 

Table 5. HCRU and costs for patients with TIPN and matched patients with no TIPN

Variable Patients with 
TIPN (n = 73)

Matched patients 
with no TIPN (n = 73)

Mean difference of 
matched pairs (SD)

p valuea

Hospitalizations per patient-year, mean (SD), n 3.5 (8.0) 2.3 (4.9) 1.2 (9.1) 0.1264
Total length of stay per patient-year, mean (SD), days 26.2 (59.9) 20.6 (46.5) 5.5 (67.2) 0.0938
Cost per patient-year, mean (SD), EUR 16,316.2 (55,568.1) 6,609.3 (16,763.1) 6,079.4 (32,122.6) 0.0805
Hospital outpatient visits per patient-year, mean (SD), n 17.8 (16.8) 12.6 (19.8) 5.2 (25.3) 0.0031
Cost per patient-year, mean (SD), EUR 8,638.0 (7,953.5) 5,776.5 (8,703.6) 2,512.9 (7,354.1) 0.0014
Prescription drugs,b cost per patient-year, mean (SD), EUR 27,399.0 (43,078.7) 18,808.5 (44,378.8) 8,590.5 (33,663.5) 0.0022
Total cost per patient-year, mean (SD), EUR 52,353.3 (68,227.1) 31,194.3 (49,750.8) 17,182.8 (48,785.3) 0.0007

TIPN, treatment-induced peripheral neuropathy; HCRU, healthcare resource utilization; SD, standard deviation. a Kruskal–Wallis test. b Included the 
cost of all drugs dispensed from the pharmacy; any other drugs, for example, drugs given in hospital for the treatment of MM, were captured in the total 
costs.
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would be expected if all TIPN grades were represented. 
Conversely, severe TIPN may result in reduced dosing or 
discontinuation of costly anti-MM medication and there-
fore lower costs but also potentially reduced survival. Fur-
thermore, costs were not adjusted for bortezomib usage. 
As this agent induces TIPN and requires frequent hospital 
visits, patients undergoing bortezomib treatment may be 
expected to encounter increased costs. In some patients 
with more severe conditions such as renal failure, 1 con-
founding factor could be more intensive treatment with 
bortezomib and therefore increased costs and hospitaliza-
tions. Unfortunately, in our study, the available data on 
disease severity are incomplete and therefore make it dif-
ficult to assess the impact of disease severity upon costs. 
Costs would also probably be impacted by the bortezomib 
formulation used because switching from intravenous to 
subcutaneous bortezomib would likely reduce the fre-
quency of TIPN [19–21]. A limitation of our study is that 
the type of bortezomib formulation used was not formally 
captured. Nonetheless, it is likely that many patients re-
ceiving bortezomib would have switched to the subcuta-
neous formulation during the observation period (2006–
2017). A post hoc sub-analysis was performed to deter-
mine the number of patients experiencing TIPN before 
and after the date when subcutaneous bortezomib became 
available for use in Sweden (September 28, 2012). Of the 
102 patients experiencing TIPN in our study, similar pro-
portions had a TIPN diagnosis before and after this cut-off 
date (48 vs. 52%, respectively). However, this post hoc 
analysis could be confounded by the speed of uptake of 
subcutaneous bortezomib in Sweden and also by the pro-
portion of patients with a prior TIPN diagnosis in their 
history, which was higher in patients diagnosed with 
TIPN after versus before the subcutaneous bortezomib 
approval date (9 vs. 2%, respectively).

As we report country-specific data for Sweden here, it 
is not possible to extrapolate these results to other coun-
tries due to differences in costs of hospitalizations, techni-
cal interventions (e.g., nerve conduction assays) and 
medications. Nonetheless, a strength of our study is that 
it provides real-world data on the management and out-
comes of a large population of patients with MM in clin-
ical practice. Our results should be representative of those 
in Sweden as a whole as the population and time period 
covered largely overlap with those included in a Swedish 
Myeloma Registry study, which comprised 97% of all pa-
tients diagnosed with MM in Sweden over that period 
(2008–2015) [7]. Overall, the patients in our study were 
slightly younger (median ages 66/68 years in patients 
with/without TIPN, respectively, vs. 71 years) and more 

received first-line bortezomib- or IMiD-based treatment 
(95 vs. 68%) than those in the previous report. However, 
usage of these agents in patients aged ≤80 years in the 
previous study (73–81% [7]) was closer to the rates re-
ported here. Furthermore, patients experiencing TIPN in 
our study were significantly younger (p = 0.0169) than 
those without TIPN, which may suggest more intensive 
regimens (e.g., SCT and melphalan-containing regimens 
or a twice-weekly bortezomib) are used in younger pa-
tients with MM.

An intrinsic limitation of EMR-based studies is that 
these records are not intended for study purposes and the 
data contained within them are restricted to that which 
was documented in clinical practice. Although validation 
work is ongoing by health authorities to ensure that data 
in national registries are complete and of high quality, in 
our study the diagnosis coding available was sometimes 
not as detailed as desired. In addition, as many EMR-
based variables were derived from free-text searches, the 
completeness of data extracted depended on appropriate 
formulation of the searches and how well the information 
was documented in the system. To help ensure optimum 
information recovery, searches were performed in close 
collaboration with clinicians who were familiar with EMR 
data entry. Nonetheless, any missing data are expected to 
be random, and so should not bias the overall results of 
this study. Furthermore, data on diagnoses and proce-
dures performed in primary care were not included, 
which may have led to an underestimation of HCRU and 
costs, as well as the prevalence of some comorbidities 
(e.g., diabetes). An additional limitation is that bortezo-
mib was only indicated for use in exceptional circum-
stances in Europe until 2012 and so the proportion of pa-
tients treated with this agent for the first part of this study 
may be lower than would be observed today.

In summary, these real-world data from Sweden sug-
gest that bortezomib- and IMiD-based treatment is often 
associated with TIPN in patients with MM. Our results 
also indicate that patients with TIPN require more fre-
quent outpatient visits, resulting in greater costs, com-
pared with patients without TIPN. In the future, the use 
of effective treatments for MM that are associated with a 
reduced incidence of TIPN could result in decreased 
healthcare expenditure.
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