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ABSTRACT
Background: Prevalence of peripheral neuropathy (PN) has been studied in patients undergoing treat-
ment with taxanes, platinums and vinca alkaloids. The prevalence is unknown in the general onco-
logical cancer population, characterized by advanced age, comorbidities and heterogeneous
treatments.
Material and Methods: A cross-sectional survey was administered to all adult patients, attending out-
patient services at three Danish departments of oncology. The survey contained the EORTC-CIPN20,
the EORTC-QLQ-C30, the GAD7 and PHQ9 questionnaires. A high PN symptom score was defined as a
summary score �30 points on the CIPN20. P-values were adjusted for multiple testing.
Results: With an overall response rate of 83% (2839 patients), prevalence of PN was 17% overall, vary-
ing from 6 to 33% between diagnosis groups.
Results: A high score was more common among females (19 vs. 14%, p¼ .008), smokers (21 vs. 15%,
p¼ .04), patients living alone (21 vs. 15%, p¼ .002) and patients using cannabis (29 vs. 15%, p< .001),
as well as patients suffering from diabetes (26 vs. 16%, p< .001), cardiac heart disease (27 vs. 16%,
p< .001), arthritis (32 vs. 15%, p< .001) or chronic obstructive pulmonary disease (25 vs. 16%, p¼ .01).
High score patients were also older (69ys vs 67ys, p¼ .048) and more likely experiencing polyphar-
macy (OR ¼ 3.38 [95% CI, 2.64;4.35]).
Results: Patients with a high CIPN20 symptom score scored worse on all EORTC QLQ-C30 function
and symptom scales. The mean adjusted C30 SumScore difference was �18.66 ([95% CI, �20.31;
�17.02], p< .001).
Conclusion: Symptoms of PN are experienced widely across cancer groups in the oncology setting.
PN symptoms were associated with clinically relevant worse health-related quality of life and with
patient-related factors as living alone, various comorbidities, polypharmacy, and cannabis use.
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Background

During the last five decades, combination chemotherapy has
been used to increase the survival of patients with cancer
but many treatment regimens include neurotoxic compo-
nents [1]. Chemotherapy-induced peripheral neuropathy
(CIPN) is the most prevalent type of cancer-related peripheral
neuropathy (PN) experienced by up to 37–84% of patients
three months after ending treatment [2]. This is a high num-
ber, considering the detrimental and lasting effects PN can
have on patients’ quality of life (QoL) [3], and the lack of pre-
vention and treatment options of CIPN [4].

CIPN exemplifies the etiological complexity of cancer-
related peripheral neuropathies with numerous complex and
inter-dependent disease mechanisms unfolding in multiple
physiological systems in a specific patient [5]. More than 100
assessment strategies have been proposed [6], which is one

of the reasons why rates of CIPN vary significantly depending
on cancer patient group, treatment type and study
design [6,7].

Prevalence of peripheral neuropathy among the general
middle-aged and elderly population has been estimated to
be between 4–9% [8]. No study has investigated an overall
estimate of PN for an oncological population. The current
CIPN estimates are formed on the basis of relatively homo-
genous datasets from uniform patient trajectories i.e.,
patients receiving neurotoxic chemotherapy in the adjuvant
setting [2] and data has primarily been collected from before
the era of immunotherapy and biological agents [2,3], which
can also induce PN [9].

Based on the range, diversity and heterogeneity of PN
pathophysiology [10], we wanted to explore the overall
extent of PN symptoms in a general oncological population.
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Material and methods

The study design was a cross-sectional, anonymous survey.
All patients aged 18 years or older and attending ambulatory
services were eligible for inclusion. Patients could receive
active treatment (chemotherapy, immunotherapy, targeted
therapies, or radiotherapy) or attend as part of a follow-up
visit. Patients without a cancer diagnosis were excluded. The
study was conducted at the Departments of Clinical
Oncology, Zealand University Hospital and the Department
of Oncology, Odense University Hospital, Denmark.
Information was reported as recommended by the STROBE
guideline (of the EQUATOR network) for cross-sectional stud-
ies (see supplementary material).

Questionnaire formation

The questionnaire was comprised of 91 items in total; 17
study-specific questions on sociodemographics, cancer dis-
ease, treatment, lifestyle and comorbidity, number of pre-
scription medicines (>5 prescription medicines was defined
as polypharmacy), 7 study-specific questions on cannabis use,
and the European Organization for Research and Treatment of
Cancer (EORTC) QLQ-C30 (C30), the EORTC-CIPN20 module
(CIPN20), the GAD7 and the PHQ9 questionnaires [3,11–13].
An internal multidisciplinary group revised and validated the
survey questions and the questionnaire was reviewed by a
board of patient and relative representatives.

A pilot study (N¼ 14) was conducted to evaluate the
feasibility of the questionnaire as well as the validity, rele-
vance and wording of the questions, using retrospective
think-aloud interviews [14].

Questionnaire conduction

The survey was distributed within standard opening hours
usually 8:30 AM to 3:00 PM, for a three-week period at each
department. A serial number identified each survey. Surveys
were tallied daily. Response rate was calculated by dividing
the total surveys distributed with the total amount of com-
pleted surveys collected plus patient refusals. Patient refusal
were not questioned, but when given freely, patients primar-
ily refused because of time constraints and language barriers.
Patients were assisted with completion of the questionnaires
in cases of vision problems or paralysis/paresthesia.

Exposure and outcomes

A summary score was calculated based on items 1–18 of the
CIPN20 as recent findings have been unable to confirm sta-
ble subscale structures of the conventional sensory, motor
and autonomic domains of the CIPN20 [15,16]. A total score
of 30 points or more on the CIPN20 score was used to divide
patients into a high score and low score group [15,16] using
the high score as our definition of PN. We allowed for up to
two missing items. Missing item values were imputed with
the patient average score (preferentially rounded down),
resulting in 34 patient score imputations.

The C30 scores, including five function scores, nine symp-
tom scores, a global health score and the C30 Sum Score
were calculated based on the EORTC 3rd Edition Manual [17].

Summary scores were calculated for the PHQ9 and GAD7.
These summary scores were divided into a categorical vari-
able of two levels using a cutoff point equal to or above 10
points [18,19]. At this cutoff, the likelihood ratio for the pres-
ence of a major depressive disorder is 7.1 with a sensitivity
and specificity of 88% [18], and Spitzer et al reported in a
study that most patients (89%) with general anxiety disorder
(GAD) had GAD-7 scores of 10 or greater, whereas most
patients (82%) without GAD had scores less than 10 [19]. We
allowed for scoring of respondent total score for up to two
missing items [20]. Average imputed scores were rounded
down. This procedure was completed for 34 patient GAD7
scores, and 106 patient PHQ9 scores.

Statistical analysis

We used a two-sample, unpaired Wilcoxon test to test
median difference in age and Pearson’s chi squared test to
test factors containing two categorical variables for propor-
tional equality by CIPN20 high scores such as gender (male/
female), active smoking (yes/no), active treatment (yes/no),
cohabitation status (living with partner/living alone), pres-
ence of each comorbidity (yes/no), type of active treatment
(yes/no), GAD7 (non-case/case) and PHQ9 (non-case/case).
For age groups (<30, 30–49, 50–64, 65–80, >80), BMI catego-
ries (<18, 18–25, 25–30, >30), education (mandatory school,
upper secondary/vocational education, short higher educa-
tion, medium-length higher education, long higher educa-
tion) and number of prescription medicines (0–3, 4–5, >5)
we used a binomial general linear model, presenting esti-
mates as odds ratios (OR). Q-Q plots were graphed for each
regression, establishing a normal distribution of residuals for
univariate linear models. The definition of polypharmacy was
set at >5 daily prescription medications.

The C30 subscales differences were tested using logistic
regression. Q-Q plots were graphed for each regression,
establishing a normal distribution of residuals. Results from
multivariate analysis were adjusted for age, gender, BMI,
active treatment and cohabitation status. The calculated
Variance Inflation Factor (VIF) of involved variables showed
minimal collinearity.

All p-values were controlled for the false discovery rate
using the method developed by Benjamini & Hochberg [21].
Cohen’s d was calculated for unadjusted and adjusted mean
differences defining effect sizes as negligible (<0.25), small
(>0.25), medium (>0.50) and large (>0.75) [22].

All statistical operations were done in R-Studio (ver.1.3.1093)

Ethics

The study was done in compliance with the tenets of the
Declaration of Helsinki. The local regional Ethical Committee
reviewed the study (record no. 18-000080). The invitation let-
ter explained the purpose of the survey, the thematic nature
of the questions, and emphasized the anonymity of the
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respondent. The project leads, sponsoring organization and
sources of funding were named.

Results

Between 22 April to 7 June 2019, 3435 patients were invited
to participate. Upon completion, 22 questionnaires were
found ineligible for analyses as 8 were blank and 14 partici-
pants did not list a cancer diagnosis (Figure 1). A total of
2839 questionnaires were eligible for analysis resulting in a
response rate of 83%. Participant characteristics are summar-
ized in Table 1. More women (59%) than men (41%) com-
pleted the questionnaires. Missing answers were minimal
and between 2–4% for most categories, albeit higher for
alcohol consumption and cannabis use (30% and 11%,
respectively).

CIPN20: Prevalence and correlated parameters

Of the 2839 participants, 2533 respondents had evaluable
responses of the CIPN20, while 306 had not filled in or par-
tially responded to the CIPN20. The cohort was divided into
two groups based on the CIPN20 summary score. A total of
427 participants (17%) scored 30 points or higher (high scor-
ers) and 2107 (83%) scored below (low scorers). The majority

3435 Invited 574 Declined

2861 Accepted 
8 Blank

14 No diagnoses

2839 Included in 
Analysis

Figure 1. Flow chart of participants in cross-sectional study of cancer-related
peripheral neuropathy among Danish oncological patients from 22 April to 7
June 2019.

Table 1. Sociodemography, lifestyle, comorbidity and cancer characteristics in
a cross-sectional sample of patients in outpatient oncology care.

N % Range Missing

Age (years) 2775 18–99 2 %
<30 33 1
30–49 298 11
50–64 837 30
65–80 1372 49
>80 235 8

Gender 2776 2%
Female 1646 59
Male 1130 41

Education 2736 4 %
Mandatory school 519 19
Upper secondary school/
vocational education

1089 40

(continued)

Table 1. Continued.

N % Range Missing

Short higher education 343 13
Medium-length higher education 585 21
Long higher education 200 7

Cohabitation status 2761 3 %
Living with partner 1981 72
Living alone 780 28
BMI 2739 14–76 4 %
<18 78 3
18–24 1163 42
25–30 936 34
>30 562 21

Smoking status 2781 2 %
Current smoker 478 17
Never smoker 1518 55
Former smoker 785 28

Alcohol intake 2726 4 %
Yes 1992 73
No 734 27

Weekly units of alcohol by gender
Men 869 0–60
1–14 612 70
>14 145 17
Null or unknown 112 13
Women 1083 0–42
<7 715 66
>7 182 17
Null or unknown 186 17

Comorbidities (multiple choice) 2839 n/a
Thyroid disorder 156 5.4
Chronic obstructive lung disease 188 6.6
Osteoporosis 157 5.5
Cardiac heart disease 305 11.0
Diabetes 265 9.3
Arthritis 283 10.0
Asthma 171 6.0
Anxiety and depression 151 5.3
Connective tissue disorder 52 1.8
Don’t know 54 1.9

No. prescription medications 2744 3 %
0–3 1689 62
4–5 499 18
>5 556 20

Type of cancer (multiple choice) 2839

Head and neck 195 6.0
Upper GI (incl. liver) 184 5.7
Gynecological 200 6.1
Colorectal 376 11.6
Pancreatic 110 3.4
Bladder and kidney 134 4.1
Lung 527 16.2
Prostate 253 7.8
Testicular 50 1.5
Blood and lymfoid 63 1.9
Breast 842 25.9
Bone and other
connective tissue

55 1.7

CNS 68 2.1
Melanoma 196 6.0

In active treatment 2754 3%
Yes 1847 67
In control or between treatments 535 19
No 374 14

Type of active treatment
(multiple choice)

1847 n/a

Chemotherapy 989 54
Radiotherapy 322 17
Anti-hormonal therapy 353 19
Immunotherapy 200 11
Unknown 114 6

Cannabis use at any time
during treatment

2539 11 %

Yes 326 13
No 2213 87
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of patients received active treatment (67%) and 54% of
patients in active treatment received chemotherapy (see
Table 1).

Table 2 summarizes differences between high score and
low score groups according to patient related and disease
specific characteristics. Several characteristics were

Table 2. Differences in demographics in CIPN20 low scorers compared to high scorers (�30 points) in a cross-sectional sample of patients in outpatient oncol-
ogy care.

Low-score High-score
Specified

p Value/
p adjustedn¼ 2106 N¼ 427

Age (median) 67 69 .02/.048
Age groups n n OR & CI-95 p
<30 31 1 0.15 [0.008; 0.70] .06/.11
30–49 234 42 0.83 [0.57; 1.18] .32/.42
50-64 645 124 0.89 [0.69; 1.13] .36/.44
65–80 1007 217 ref Ref
>80 147 37 1.16 [0.78; 1.70] .43/.51

Education n n OR & CI-95 p
Mandatory school 348 90 ref Ref
Upper secondary school/vocational education 823 158 0.74 [0.56; 0.99] .04/.07
Short higher education 240 67 1.08 [0.74; 1.54] .67/.75
Medium-length higher education 476 73 0.59 [0.42; 0.83] .002/.01
Long higher education 161 25 0.60 [0.36; 0.96] .04/.07

Gender n n % high score p
Women 1193 274 19 .003/.01
Men 870 146 14

Cohabitee status n n % high score p
Yes 1527 532 15 <.001/0.002
No 275 144 21

BMI (mean) OR & CI-95 p
26.17 26.65 [�1.1; 0.15] .14/.19

BMI class n n OR & CI-95 p
< 18 52 16 1.59 [0.86; 2.80] .12/.18
18–25 871 168 ref ref
25–30 708 130 0.95 [0.74; 1.22] .69/.76
> 30 409 102 1.29 [0.98; 1.69] .07/.11

Smoking status n n % high score p
Yes 339 88 21 .02/.04
No 1739 327 16

Alcohol status n n % high score p
Yes 1547 257 14 <.001/<.001
No 502 152 23

Alcohol use (units/week) n n % high score p
Men
� 14 495 62 11 <.001/0.002
> 14 104 31 22

Women
� 7 552 101 15 .88/.88
> 7 146 25 15

Cannabis use n n % high score p
Yes 209 84 29 <.001/<.001
No 1735 310 15

No. of different prescription medications n n OR & CI-95 p
0–3 1373 178 ref Ref
4–5 359 95 2.04 [1.55; 2.68] <.001/<.001
>5 330 145 3.38 [2.64; 4.35] <.001/<0.001

Active treatment n n % high score P
Yes 1407 282 17 .81/.83
No 666 138 17

Type of active treatment Proportion with high score CI-95 p

Treatment: No Yes
Chemotherapy 15.7% 17.6% [�0.06; 0.02] .34/.43
Radiotherapy 16.5% 17.4% [�0.06; 0.04] .77/.81
Anti-hormonal therapy 17.0% 16.1% [�0.03; 0.06] .57/.66
Immunotherapy 17.4% 9.6% [0.03; 0.12] .005/.01

Comorbidities Proportion with high score CI-95 p

Comorbidity present: No Yes
Thyroid disorder 16.4% 23.7% [�0.15; 0.003] .03/.07
Chronic obstructive lung disease 16.2% 25.4% [�0.16; �0.02] .003/.01
Osteoporosis 16.5% 22.5% [�0.13; �0.02] .09/.14
Cardiac heart disease 15.6% 27.2% [�0.17; �0.06] <.001/<.001
Diabetes 15.8% 26.4% [�0.17; �0.05] <.001/<.001
Arthritis 15.1% 32.4% [�0.23; �0.11] <.001/<.001
Asthma 16.6% 20.5% [�0.11; �0.03] 0.25/0.34
Anxiety and depression 16.6% 21.3% [�0.12; �0.03] 0.19/0.26
Connective tissue disorder 16.6% 30.6% [�0.28; 0.00002] 0.02/0.04
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significantly associated with a higher proportion of PN high
scorers. They were older (median 69 years versus (vs)
67 years, adjusted (adj. p¼ .048), more often women (19 vs.
14%, adj. p¼ .01), more lived alone (21 vs. 15%, adj.
p¼ .002), were smokers (21 vs. 15%, adj. p¼ .04), experi-
enced polypharmacy (OR 3.38, adj. p< .001), and used can-
nabis (29 vs. 15%, adj. p< .001). There were significantly
more participants with a high score among males drinking
more than 14 units alcohol per week (22 vs. 11% adj.
p¼ .002) while this was not the case among women (15 vs.
15% p¼ .877). The proportion of participants in the high
score group did not differ on whether patients were actively
receiving treatments (17% for both groups, adj. p¼ .83).
There were a higher proportion of high score patients
among patients with diabetes (26 vs. 16%, adj. p< .001), car-
diac heart disease (CHD) (27 vs. 16%, adj. p< .001), arthritis
(32 vs. 15%, adj. p< .001) or chronic obstructive pulmonary
disease (COPD) (25 vs. 16%, adj. p¼ .01) compared to
patients without these comorbidities.

Patients with breast cancer constituted almost 35% of all
participants in the high score group, but the prevalence of a
high score among patients with breast cancer (19%) was at
the same level as for patients with upper gastro-intestinal,
colorectal, and lung cancer (17–19%) and less than the
prevalence of a high score in patients with gynecological or
pancreatic cancer (21–24%). The highest prevalence was
found among patients with cancers derived from bone and
connective tissue (29%) and CNS tumors (33%) (Figure 2).

Quality of life

A high PN score was associated with significantly worse
mean scores on all C30 subscales when adjusting for age,
gender, BMI, active treatment and cohabitation status (Table
3). The mean adjusted difference on the C30 SumScore was

�18.66 (adj. p< .001), representing a large effect size
(Cohen’s d¼ 1.26) on overall QoL.

There were significantly more cases of anxiety (6 vs. 20%
adj. p< .001) and depression (8 vs. 30% adj. p< .001) among
participants with a PN high score measured with the GAD7
and PHQ9 respectively.

Discussion

To our knowledge, this study is the largest cross-sectional
study of PN in a general oncological population to date. The
overall prevalence of PN was 17% and thus quite lower than
CIPN estimates from prior studies [2,3,23,24], but higher than
estimates from general middle aged and elderly non-onco-
logical populations (4–9%) [8]. This is likely due to the het-
erogeneity of our cohort compared to the more
homogenous cohorts in CIPN studies. Our cohort contained
patients in follow-up and remission as well as patients in the
adjuvant, recurrent and palliative settings, receiving a pleth-
ora of other treatments than neurotoxic agents such as plati-
nums, taxanes or vinca alkaloids. This study design resulted
in finding a general and somewhat equal distribution of PN
symptoms among the most prevalent forms of cancer. This
was the main aim and strength of the study, but also the
main limitation as this design hampers our ability to assess
this pattern in more detail. However, a 2019 position paper
on CIPN from the Neurological Complications working group
under the auspices of the Multinational Association of
Supportive Care in Cancer (MASCC) stated that ‘each class of
agents, and perhaps each agent within that class, is likely to
have independent risk factors.’ [25]. This conceptualization
holds the possibility of a multitude of drug-specific neuropa-
thies developing in any given patient with sufficient align-
ment of risk factors. This could explain the presence of PN

Figure 2. Prevalence of PN high scorers (�30 point summary score on the EORTC CIPN-20) relative to diagnosis group in a cross sectional study of 2533 Danish
oncological patients. � ¼ Patients with testicular cancer predominantly not in active treatment.
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symptoms across such a wide spectrum of cancer patients
and their treatments.

We found several patient-related factors associated with
PN (score above 30 on the CIPN20). To our knowledge, this
is the first study to correlate PN with polypharmacy and can-
nabis use in an oncology population. Similar to us, prior
studies have also found that age [26,27], smoking [2] and
alcohol consumption [28] are associated to CIPN while being
married has been associated with less risk of CIPN [29].
However, not all studies show an association to these
patient-related risk factors [30,31] which may be due to
cohort variations, definitions of covariates and limitations in
research designs. For instance we found a higher proportion
of women in the high score group, while other studies found
CIPN equally distributed between genders [24,32], but most
research on CIPN has actually been conducted on cohorts of
one gender [3,27,31]. Due to the lack of information of spe-
cific types of chemotherapy (which may differ by gender)
and doses received based on our data we are not able inter-
pret this difference as reflecting differences in use of chemo-
therapy as has been argued by others [33]. Furthermore,
many cross sectional studies of CIPN risk factors rarely report
response rates and when they do, they have rates of around
60% [26] while in our population-based study we obtained a
response rate of 83%. Although this hopefully increases gen-
eralizability of our findings, we know from other health sur-
veys that non-participants are more often men and patients
with worse clinical outcomes [34]. Analysis of comorbidities
found higher proportions of high scores among patients also
sufferings from diabetes, coronary heart disease (CHD),
chronic obstructive pulmonary disease (COPD) and arthritis.
Diabetes has been shown to increase risk of CIPN [30], but
many have not found this in subsequent studies
[23,24,27,28]. Arthritis has been identified as possible CIPN

risk factor [26,29,32] while the association with CHD and
COPD seems a novel finding. However, the research design
of the present study precludes any meaningful discussion of
the possible pathophysiological link between these disorders
and CIPN. Specific estimates for each risk factor should be
pursued in studies specifically designed for this, taking into
account the impact of multiple confounders of CIPN.

In this study, having a high score on the CIPN20 was asso-
ciated with clinically meaningful worse scores on all sub-
scales of the C30 even when adjusted for multiple
confounders indicating that irrespective of PN etiology these
patients have worse health related quality of life (HR-Qol).
Previous studies have found smaller differences on all sub-
scales in patients with ovarian cancer (except diarrhea) [26]
and patients with breast cancer [3] and CIPN. Pain has been
noted as an strong mediator of lower HR-QoL in CIPN [32],
however the present study did not investigate the impact of
individual C30 symptom scales on HR-QoL. This study did
find significantly higher rates of possible cases of depression
and anxiety among patients with a high score on the
CIPN20. These results are consistent with findings among
survivors of colorectal and breast cancer [32,35]

The design of this study entails some limitations. Firstly,
there is no clinically validated diagnostic cutoff for PN on the
CIPN20 score. Paired data analyses of the CIPN20 summary
score and CTCAE scores showed no clear grouping, however
mean scores above 30 points were associated with a CTCAE
grade 3 for oxaliplatin (n¼ 3269) and a CTCAE grade 1 for
paclitaxel (n¼ 767) treated patients [15]. Secondly, using
items 1–18 on the CIPN20 implies using items with varied
specificity. Prior studies found that items concerning the sen-
sory qualities of CIPN are more reliable and better associated
with other PN measures than those concerning the autono-
mous qualities of neuropathy [15,36]. However, it should be

Table 3. Health related quality of life for CIPN low scorers vs high scorers among a cross sectional sample of patients in outpatient oncology care.

CIPN< 30
points

CIPN� 30
points

Mean diff.
unadjusted

95% confidence
interval

Mean diff.
adjusted

95% confidence
interval

EORTC QoL C30 n¼ 2106 n¼ 427
Global Health 69.82 50.65 �19.23L [�21.49; �16.86] �18.97L [�21.33; �16.61]
Physical function 80.38 55.39 �23.99L [�26.19; �21.79] �23.41L [�25.62; �21.19]
Role function 73.69 45.37 �28.31L [�31.53; �25.10] �28.36L [�31.65; �25.07]
Emotionel function 83.73 68.90 �14.83M [�16.93; �12.72] �15.04M [�17.16; �12.91]
Cognitive function 85.50 63.29 �22.21L [�24.45; �19.97] �21.98L [�24.24; �19.72]
Social function 85.44 63.88 �21.56L [�23.98; �19.15] �21.83L [�24.29; �19.37]
Fatigue 33.84 61.26 27.44L [24.77; 30.11] 26.93L [24.21; 29.65]
Nausea & vomiting 7.22 15.21 7.98S [ 6.27; 9.70] 8.36M [ 6.17; 10.11]
Pain 19.76 47.77 28.01L [25.23; 30.79] 27.40L [24.54; 30.27]
Dyspnoea 17.73 37.51 19.78M [16.88; 22.67] 19.21L [16.28; 22.15]
Insomnia 22.94 40.30 17.36M [14.22; 20.51] 17.06M [13.88; 20.24]
Appetite loss 16.40 30.48 14.07M [11.02; 17.12] 14.28M [11.19; 17.37]
Constipation 11.32 22.96 11.64S [9.14; 14.14] 11.42S [8.86; 13.99]
Diarrhoea 12.86 22.75 9.90S [7.36; 12.43] 10.32S [7.76; 12.90]
Financial difficulty 6.78 17.99 11.21M [9.03; 13.39] 11.96M [9.76; 14.16]
SumScore 82.03 64.53 �18.78L [�20.40; �17.16] �18.66L [�20.31; �17.02]
Likely cases of anxiety and depression. based on cutoff scores from the GAD7 and PHQ9
GAD7 N¼ 2055 N¼ 409 % diff 95% confidence interval p/p-adjusted
Cases (cutoff � 10) 122 82 0.14 0.09; 0.18 <.001/<.001
PHQ9 N¼ 2004 N¼ 393 % diff 95% confidence interval p/p-adjusted
Cases (cutoff � 10) 158 117 0.22 0.17; 0.27 <.001/<.001

XLetter: Denotes Cohen’s d; N: negligible; S: small (>0.25); M: medium (>0.50); L: Large (>0.75). Adjusted mean differences are adjusted for age, sex, gender,
BMI, active treatment and cohabitation status.
Diff.: Difference; CIPN: Chemotherapy-induced peripheral neuropathy; EORTC: European Organization for Research and Treatment of Cancer; QoL: Quality of Life;
GAD7: General Anxiety Disorder (7 Items); PHQ9: Patient Health Questionnaire (9 items).

368 S. W. NIELSEN ET AL.



noted that this may stem from limitations and usage of said
correlative measurement methods, which often measure only
PN sensory qualities [37,38]. These two design choices may
influence the specificity of the PN estimates in our study.
The heterogeneity of the sample and solely patient reported
data, resulted in an absence of information on specific
chemotherapy, other oncological treatments received and
time since diagnosis and treatment. These items were
regarded as too influenced by recall bias to provide valid
data for analysis in this study. The internal validity of this
study could also have been further improved by combining
objective measures with subjective measures of PN as is now
recommended in studies of CIPN [7,39]. Neuropathy symp-
toms are not pathognomonic for cancer-related PN and may
have arisen from other toxic substances or diseases (alcohol,
vitamin deficiencies, diabetic), autoimmunity or genetic disor-
ders [10]. We cannot, based on these data, distinguish neur-
opathy symptoms and severity of these to be based on
chemotherapy, by other exposures, or by a combination
hereof.

Conclusion

This study investigated symptoms of PN from the perspective
of the clinical heterogeneity found in an out-patient oncol-
ogy clinic. The findings suggest that PN may be a more uni-
versal problem in cancer care compared with findings from
previous studies that focus on CIPN and suggest that there is
more to be learned about cancer-related PN by studying the
phenomenon outside patients in adjuvant treatments. Future
studies should focus on PN manifestation stratified by associ-
ated comorbidities such as diabetes, CHD or arthritis, or PN
symptom development through multiple lines of antineo-
plastic treatment. The study found novel important patient
associated factors for PN such as polypharmacy or cannabis
use and symptoms of PN were associated with a large reduc-
tion in health related quality of life.
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