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Abstract

Objective. Vestibular schwannoma management aims to main-
tain optimal quality of life (QoL) while preventing severe
sequelae of the tumor or its treatment. This study assessed
long-term QoL of patients with vestibular schwannoma in
relation to treatment modality and decisional regret.

Study Design. A longitudinal study, in which clinical and QoL
data were used that were cross-sectionally acquired in 2014
and again in 2020 from the same patient group.

Setting. A tertiary expert center for vestibular schwannoma
care in the Netherlands.

Methods. QoL was measured by the Penn Acoustic Quality
of Life (PANQOL) scale. Changes in time were assed using
a linear mixed model. In addition, the Decision Regret Scale
was analyzed.

Results. Of 867 patients, 536 responded (62%), with a median
follow-up of 11 years. All PANQOL subdomain scores
remained stable over time and did not exceed minimal
clinically important difference (MCID) levels. Time since
treatment did not affect QoL. Patients had comparable aver-
age QoL scores and proportions of patients with changing
QoL scores (ie, exceeding the MCID) over time, irrespective
of the received initial treatment. Female patients and those
who required salvage therapy (either by radiotherapy or sur-
gery) reported a lower QoL. The latter patient group
reported the highest decisional regret.

Conclusion. On average, the long-term QoL of patients with
vestibular schwannoma is comparable for patients under
active surveillance and those who have received active treat-
ment, and it remains stable over time. This suggests that, on
average, preservation of QoL of patients with vestibular
schwannoma is feasible when adequately managed.
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V
estibular schwannomas (VSs) are rare and benign

tumors arising in the cerebellopontine angle, typi-

cally causing hearing loss, tinnitus, and balance

disorders. In addition, facial numbness or pain, headache, and

facial paresis may occur.1 A substantial minority of the

tumors (22%-48%) are progressive and may eventually lead

to brainstem compression or increased intracranial pressure.1

Management options comprise active surveillance, surgery,

or radiotherapy and aim to prevent severe sequelae while

maintaining patients’ quality of life (QoL).1 None of these

modalities will improve symptoms, and all yield the risk of

deterioration of hearing, balance, and facial nerve function.

Active surveillance is the management option for indolent

tumors, whereas radiotherapy or surgical removal is indicated

for progressive or large tumors, both resulting in.90% tumor

control.1,2 Furthermore, the choice for a specific treatment

option depends on additional tumor characteristics (eg, locali-

zation and size) and patient-related factors such as the burden

and type of symptoms and patient preference.3

Regardless of the treatment modality, a VS affects a

patient’s QoL.4-8 Ongoing dizziness and headache seem the

most important determinants of poor QoL, as is large tumor

size.4,9 QoL seems most affected directly after diagnosis.4,9

The effect of other determinants on general QoL, such as sex

and education, is not widely reported in VS research.

In 2010, Shaffer et al10 developed the Penn Acoustic Neu-

roma Quality of Life (PANQOL) questionnaire. This disease-

specific questionnaire enabled more accurate QoL measurement
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than the generic QoL questionnaires.7,10-12 Several studies have

published the results on the QoL of different treatment modal-

ities.4-8 Kerezoudis et al13 have defined the minimal clinically

important differences (MCIDs) of PANQOL total and subdo-

main scores, which advanced the interpretation of changes in

PANQOL beyond the level of statistical significance.

Little is known about the longitudinal impact of VS on

QoL in the long term and whether patients regret the initial

treatment decision. Longitudinal studies show changes within

individuals over time, which cannot be detected in cross-

sectional studies. This provides essential information since

patients grow old with their tumor and the side effects of the

chosen treatment. Previous studies on long-term QoL in

patients with VS were cross-sectional in design and showed

no clinically relevant differences between treatment modal-

ities.5-7 Longitudinal studies lack long-term follow-up (2-3

years),14,15 do not use a disease-specific questionnaire,16-18 or

focus only on 1 treatment modality.16-18 This study aims to

find the long-term longitudinal QoL outcomes and evaluates

decisional regret in patients with VS.

Methods

This longitudinal study was performed at the Leiden Univer-

sity Medical Center (LUMC), an expert center for VS in the

Netherlands. Data were first collected in 2014 for a cross-

sectional study on QoL4 and second in 2020. The Medical

Ethical Committee LDD waived the necessity for medical

ethical approval under Dutch law and approved the study

regarding data handling and privacy regulations (N19.112).

Patients who had participated in 2014 were reapproached

for participation by mail or email. Inclusion criteria were age

�18 years and a unilateral VS. Patients with other skull base

pathologies were excluded. All patients were referred to the

LUMC between 2004 and 2014.

Patients completed the PANQOL, a validated question-

naire measuring VS-related QoL and consisting of 26 items

divided over 7 subdomains (hearing, balance, face, pain,

energy, anxiety, and general health).10,11 The Likert scale

answers were summed per subdomain and recoded to range

from 0 to 100, with higher scores indicating better QoL. A

total score was calculated as the arithmetic mean of the subdo-

main scores. Incomplete answers were excluded on a subdo-

main level. In addition, patients completed the Decision

Regret Scale (DRS), a 4-item validated questionnaire.19 A

total score was calculated from 0 to 100, with higher scores

indicating high regret. Scores of 0 were defined as no regret

and .50 as considerable regret. Incomplete questionnaires

were excluded from the analysis. Furthermore, demographic

parameters about sex, age, occupation, and education level

were collected. Statistics Netherlands (CBS) definition for

low, middle, and high education level was used.20

Tumor size, treatment modality, time since diagnosis, and

treatment were retrospectively acquired from patient records.

Treatment modality was categorized as active surveillance,

surgery, radiotherapy, or both surgery and radiotherapy. At

our center, multimodal therapy is performed only if the first

modality (either surgery or radiotherapy) fails (ie, as salvage

treatment). Patients in whom radiotherapy failed underwent

salvage surgery and vice versa. Tumor size was scored at the

start of treatment or in the case of active surveillance at the

time of the first questionnaire in 2014 using the reporting

system proposed by Kanzaki et al.21 Categories large and

giant were merged because of the small number of patients in

these categories.

Statistical analyses were performed in R version 4.0.5

using Rstudio 1.3.959 (Rstudio; PBC). Means and standard

deviations were calculated for normally distributed variables

and medians and interquartile ranges (IQRs) for nonnormally

distributed continuous variables. For categorical variables,

counts and frequencies were calculated. A nonresponder anal-

ysis was performed using unpaired t tests.

Differences in PANQOL subdomains between 2014 and

2020 were tested per treatment modality with a paired t test

and Bonferroni correction to prevent type I error. In addition,

the differences were compared to the median anchored subdo-

main and total specific MCID reported by Kerezoudis et al,13

who defined the MICD for the total PANQOL score as 12.5

points and for the subdomain ‘‘balance’’ as 14.0 points. A dif-

ference smaller than the MCIDwas defined as stable and larger

differences as either deterioration or improvement of QoL. The

MCIDs were used to assess the clinical relevance of QoL

changes on group and individual level.22,23 Differences in deci-

sional regret between treatment modalities were tested pairwise

using theWilcoxon rank test with Bonferroni correction.

Long-term effects of time since treatment and treatment

modality on QoL were analyzed using a linear mixed model

(R-package nlme) to account for repeated measurement

data. Model assumptions were visually checked. The total

PANQOL score was the dependent variable, with 2 measure-

ments per patient (2014 and 2020). Covariates such as age,

education level, sex, and tumor size were stepwise included in

the model, and model selection was based on the Akaike

information criterion, as were interactions between time since

treatment and other covariates. In the final model, random

intercepts were used with fixed variables. All tests were 2-

sided and P values\.05 were considered statistically signifi-

cant. Patients treated (by surgery, radiotherapy, or both) after

2014 (ie, between the 2 measurements) were analyzed sepa-

rately. Because of the small sample size, no further statistical

analysis was performed on these data.

Results

In 2014, 913 patients completed 1 or more PANQOL subdo-

mains.4 In 2020, 867 of 913 patients were still alive and were

reapproached, of whom 536 responded (62% response rate),

as shown in Figure 1. After the first measurement in 2014, 36

patients were actively treated with either surgery or radiother-

apy. These patients were analyzed separately. In total, 487

patients completed 1 or more subdomains of the PANQOL.

In the nonresponder group (n = 331), 240 (62%) did not

respond for unknown reasons, 20 (6%) were lost to follow-up,

and 71 (24%) declined participation. The most frequent

reason for declining participation was lack of time (31%), fol-

lowed by health problems other than VS (14%); 28% did not

2 Otolaryngology–Head and Neck SurgeryNeve et al 3211
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provide a reason. Responders were on average 9 months

younger, had higher education levels (high-level education

21% vs 14%), and had received surgery more often (22% vs

10%) than nonresponders.

The median time since treatment was 10 years and since

diagnosis 11 years. Patients who underwent surgery were on

average younger, were more often female, and had larger

tumors at the start of the treatment (Table 1).
The paired PANQOL scores of 2014 and 2020 are shown

in Figure 2. Only balance scores showed deterioration over

time in both the active surveillance (–6.3; 95% CI, –3.9 to

–9.3) and surgery groups (–4.8; 95% CI, –1.9 to 7.7). Both dif-

ferences did not exceed the MCID of 14 points. The group

receiving both surgery and radiotherapy showed a nonsignifi-

cant trend of deteriorating scores at all subdomains.

When the changes over time in PANQOL scores were

compared with the MCID (12.5 points), most patients

(n = 278, 69%) were stable (ie, showed a difference of less

than 12.5 points). In the active surveillance group, 36 patients

(17.9%) had a deterioration in the overall PANQOL score,

whereas 27 (13.4%) patients reported an improvement in

PANQOL. Most (135 patients; 67.2%) had a stable PANQOL

score. In the surgery group, 23 patients (15.7%) deteriorated,

18 (11.9%) improved, and 108 (71.5%) were stable. In the

radiotherapy group, 4 patients (11.1%) deteriorated, 4

(11.1%) improved, and 27 (75.0%) remained stable. These

differences between treatment strategy groups are small and

not statistically significant (x2, P = .8). In addition, we found

no baseline differences between patients with a stable long-

term QoL and those with decreasing or increasing QoL scores

over time.

The effects of sociodemographic and clinical characteris-

tics on the total PANQOL score were assessed using a linear

mixed model (Table 2 and Figure 3). There was no statisti-

cally significant association between time since treatment and

total score, and associations between other covariates and

PANQOL score were not dependent on the time since treat-

ment. Therefore, the interaction terms were omitted from the

final model.

A statistically significant correlation was found between

the level of education and QoL (7.2-point difference on the

PANQOL; 95% CI, 3.4-10.6), although the difference did not

reach the MCID. Also, women had a statistically significant

lower QoL than men (–6.0; 95% CI, –8.9 to –3.1), although

not exceeding the MCID. This sex-related difference occurred

across all treatment modalities. The lower total scores of

women for active surveillance (–6.1; 95% CI, –10.8 to –1.3)

and surgery (–9.3; 95% CI, –14.6 to –4.1) were smaller than

the MCID of 12.5. For radiotherapy (–12.0; 95% CI, –23.3 to

–0.6) and radiotherapy 1 surgery (–14.8; 95% CI, –29.3 to

–0.3), the differences were close to or above the MCID.

Although individual sociodemographic characteristics did not

exceed PANQOLMCIDs, a combination of different sociode-

mographic factors might. For example, males with a high

level of education tended to have higher total scores (113.2)

than females with a low level of education.

In addition, receiving a disability pension (n = 37) was

associated with lower PANQOL total scores. The mean differ-

ence in total scores of full-time employed patients (n = 205)

and patients with a disability pension were 25.3 (95% CI,

20.5-30.1), exceeding the 12.5 MCID. Furthermore, differ-

ences of total scores of unemployed (n = 7; –13.0; 95% CI,

1.6 to –27.6) and voluntary unemployed (n = 36; –13.3; 95%

CI, –8.0 to –18.7) exceeded the MCID.

Total PANQOL scores in the surgery (–7.5; 95% CI, –11.2

to –3.8) and surgery1 radiotherapy (–13.5; 95% CI, –22.1 to

–4.8) groups were lower than the active surveillance group.

The difference with the group receiving both surgery and

radiotherapy exceeded the 12.5-point MCID. When analyzing

the separate subdomains, differences were found for balance

after surgery (–14.8) and radiotherapy (–15.4), exceeding the

MCID of 14. Differences in anxiety in the radiotherapy group

(–18) exceeded the MCID (13).

Pa�ents who par�cipated
in study by Soulier et al.

N = 913

Reapproached for
par�cipa�on

in the current study
N = 867

Informed consent
N = 536

Longitudinal analysis
N = 487

Completed PANQOL subdomains
in both 2014 and 2020

total N = 403
hearing N = 463
balance N = 456
face N = 472
pain N = 478
energy N = 452
anxiety N = 467
general health N = 479

Exclusion:
deceased N = 46

Exclusion:
N = 331

refused par�cipa�on N = 71
lost to follow-up N = 20
no response N = 240

Exclusion:
N = 13

meningioma N = 2
not completed any PANQOL
subdomain N = 11

Analyzed separately
because of change in

treatment strategy since
2014
N = 36

Completed one or more
subdomain in 2014 and in

2020
N = 523

Figure 1. Flowchart of study participants. The number of patients
who completed the Penn Acoustic Neuroma Quality of Life
(PANQOL) questionnaire both in 2014 and 2020 are shown in the
last box per subdomain.
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Table 1. Baseline Characteristics 2020.

Characteristic Total
Treatment modality

Active surveillance Surgery Radiotherapy Surgery 1 radiotherapy

No. 487 246 179 47 15

Age, mean (SD), y 67.4 (10.8) 69.6 (10.6) 64.1 (10.1) 69.9 (10.7) 62.9 (13.8)

Women, No. (%) 226 (46.3) 102 (41.3) 99 (55.3) 18 (38.3) 7 (46.7)

Education, No. (%)

Low 157 (32.2) 93 (37.8) 52 (29.1) 8 (17.0) 4 (26.7)

Middle 148 (30.4) 66 (26.8) 60 (33.5) 15 (31.9) 7 (46.7)

High 182 (37.4) 87 (35.4) 67 (37.4) 24 (51.1) 4 (26.7)

Time since

Treatment, median (range) 10 (7-21) — 11 (7-17) 9 (7-16) 9 (7-16)

Diagnosis, median (range) 11 (7-21) 10 (7-21) 12 (7-21) 10 (8-18) 11 (7-16)

Kanzaki at treatment,a No. (%)

Intrameatal 135 (28) 117 (48) 14 (8) 4 (9) 0

Small (0-10 mm) 115 (24) 69 (28) 35 (20) 11 (23) 0

medium (11-20 mm) 140 (29) 53 (22) 58 (32) 22 (47) 7 (47)

Moderately large (21-30 mm) 62 (13) 5 (2) 41 (23) 10 (21) 6 (40)

Large (31-40 mm) 25 (5) 1 (\1) 23 (13) 0 1 (7)

Giant (.40 mm) 9 (2) 0 8 (4) 0 1 (7)

Missing 1 (\1) 1 (\1) 0 0 0

Decision Regret Scale

Median (IQR) 10 (0-25) 0 (0-20) 15 (5-25) 10 (0-30) 25 (18-35)

Abbreviation: IQR, interquartile range; —, active surveillance time since treatment = time since diagnosis.
aFor active surveillance tumor size in 2014 is used.
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Figure 2. Paired unadjusted mean Penn Acoustic Neuroma Quality of Life (PANQOL) scores 2014 and 2020 per treatment modality. Error
bars indicate 95% CIs of the means. Higher scores indicate better quality of life. The total score is the arithmetic mean of the subdomains.
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Decision regret was analyzed per treatment modality

(Table 1 and Supplemental Table A in the online version of

the article). In the active surveillance group, 52% scored 0,

indicating no regret at all, and 2% scored.50, indicating con-

siderable regret. After surgery, the median score was 15 (IQR,

5-25), while 23% had no regret and 7% had considerable

regret. After radiotherapy, the median score was 5 (IQR, 0-

20), 49% had no regret, and 6% had considerable regret.

Patients in the surgery 1 radiotherapy group had the highest

DRS scores, with a median of 25 (IQR, 18-35). Only 7% had

no regret in this patient group, while 20% had considerable

regret. Compared to active surveillance, surgery (P\ .0001)

and surgery 1 radiotherapy (P = .002) scored significantly

worse. The difference between surgery and radiotherapy was

not statistically significant.

Between the 2 measurements, 36 patients were actively

treated, of whom 28 completed all PANQOL questions in

2014 and 2020. Of the patients receiving surgery (n = 9), the

QoL of 1 patient deteriorated (11%), and the other patients

remained stable (ie, within the MCID limits) over time. In the

radiotherapy group, 7 (36.8%) deteriorated, 3 (15.8%) improved,

and 9 (47.4%) remained stable. Median DRSs in the groups

were 10 and 20 for surgery and radiotherapy, respectively.

Discussion

This longitudinal study showed that although the individual

variation is considerable, on average, the QoL of patients with

VS remains stable over time and is comparable for all treat-

ment modalities, except for patients requiring salvage therapy

after initial therapy failure. These patients seemed to have a

lower QoL that declined over time. This group also has the

highest decision regret, while in other groups, decision regret

is low.

Although the disease-specific QoL remained stable on

average, a minority of the patients with VS reported changing

PANQOL scores over time. There were no significant

Table 2. Linear Mixed Model.a

Characteristic

Dependent variable: PANQOL total score

(1) Univariate (2) Multivariate

Estimated means (95% CI) Estimated means (95% CI) Marginal means (95% CI)

Time since treatment

0-1 years 70.0 (66.4 to 73.7) 66.5 (62.4 to 70.7) Reference

2-4 years 71.4 (69.2 to 73.7) 68.4 (65.4 to 71.4) 1.8 (–3.5 to 7.2)

5-7 years 69.2 (67.0 to 71.4) 65.8 (62.8 to 68.9) –0.7 (–5.1 to 3.7)

�8 years 69.8 (68.1 to 71.5) 66.9 (64.2 to 69.9) 0.4 (–4.5 to 5.2)

Sex

Men 73.7 (71.8 to 75.6) 69.9 (66.9 to 72.9) Reference

Women 65.7 (63.4 to 68.0) 63.9 (60.8 to 67.0) –6.0 (–8.9 to –3.1)

Education

Low 67.1 (64.5 to 69.7) 64.1 (60.6 to 67.7) Reference

Middle 68.1 (65.5 to 70.8) 65.4 (62.1 to 68.8) 1.3 (–3.1 to 5.7)

High 74.5 (72.1 to 76.9) 71.2 (67.9 to 74.4) 7.0 (2.7 to 11.3)

Treatment modality

Active surveillance 73.4 (71.3 to 75.5) 73.3 (70.5 to 76.1) Reference

Surgery 65.7 (63.3 to 68.2) 65.8 (63.2 to 68.4) –7.5 (–12.4 to –2.6)

Radiotherapy 71.9 (67.1 to 76.6) 68.8 (63.8 to 73.7) –4.5 (–11.5 to 2.4)

Surgery 1 radiotherapy 61.0 (52.6 to 69.3) 59.8 (51.7 to 68.0) –13.4 (–24.8 to –2.1)

Kanzaki at treatment

Intrameatal 71.7 (68.9 to 74.6) 65.7 (61.8 to 69.6) Reference

Small (0-10 mm) 69.4 (66.4 to 72.4) 65.3 (61.6 to 69.0) –0.4 (–5.8 to 5.1)

Medium (11-20 mm) 70.1 (67.5 to 72.8) 68.2 (65.0 to 71.3) 2.5 (–3.1 to 8.0)

Moderately large (21-30 mm) 69.9 (66.0 to 73.8) 70.4 (66.3 to 74.6) 4.8 (–2.5 to 12.0)

Large 1 giant (.30 mm) 64.0 (58.5 to 69.6) 65.0 (59.1 to 70.9) –0.7 (–9.9 to 8.5)

Observations — 868

Log-likelihood — –3.5249

Akaike information criterion — 7.132

Abbreviations: PANQOL, Penn Acoustic Neuroma Quality of Life; —, No model statistics.
aLinear mixed model with total PANQOL total score as dependent variable. Model 1 shows the estimated means of univariate analyses for every variable,

with random intercepts. Model 2 shows estimated means of multivariate analysis in which all variables were included, with random intercepts. In the right

column, the marginal means are shown compared to the reference category. Significant differences are shown in bold. In both models, age in 2020 was a

covariate.
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differences in the proportion of patients experiencing

decreased or increased QoL between treatment modalities. In

addition, we could not find reliable predictors for either

improvement or deterioration of QoL over time.

Since the development of the disease-specific PANQOL,

several large cross-sectional studies have been performed

assessing QoL in patients with VS.4-8,24 None have shown

clinically relevant differences between treatment modalities.

In agreement with the current study, McLaughlin et al24 and

Carlson et al5 reported a slightly lower QoL after surgery that

did not exceed the MCID. Previous short-term longitudinal

studies that used the PANQOL showed no differences in QoL

outcomes per treatment modality and no differences over

time, as was observed in this study.14,15

A clinically relevant lower QoL was found in patients

requiring multiple treatments (ie, salvage therapy by radio-

therapy or surgery after initial therapy failure). Although the

group size was limited, the differences were statistically sig-

nificant. In addition, this group seemed to have a declining

trend over time in all PANQOL subdomains. This finding is

in agreement with the study by Carlson et al,6 who reported a

statistically significant difference between active surveillance

and multimodality treatment.

Importantly, as in previous studies, treatment groups were

not similar at baseline in this study. For example, patients

undergoing surgery tended to be younger and had larger

tumors, and patients requiring both radiotherapy and surgery

had failed initial treatment. These differences reflect the indi-

cations for specific treatment modalities at our center.

Although preservation of QoL is an important goal of VS

management, other factors (eg, tumor progression) usually

determine the necessity for active intervention. The choice

of treatment modality is also not determined by its intrinsic

contribution to a patient’s QoL. Moreover, the finding that

long-term QoL is comparable for all 3 management strategies

does not mean that treatments are interchangeable from a

QoL perspective or that the choice or timing of treatment is of

little relevance. Rather, the comparability of long-term quality

life after different VS treatment strategies in retrospect can be

viewed as the result of personalized treatment decisions,

deploying a specific therapy in a specific patient at a specific

moment in the course of the disease.

The current study shows that even .10 years after treat-

ment, QoL is stable across modalities, which supports the

results of 2 cross-sectional studies on long-term QoL.5,8

Patients in the active surveillance and surgery group had a

minor deterioration of the balance subdomain, however not

exceeding the MCID. This minor decline was not observed in

2 short-term longitudinal studies.14,15 The deterioration could

be due to an aging effect, which might cause increased bal-

ance problems combined with the VS. Other longitudinal

studies have reported contradicting changes in anxiety, espe-

cially in patients undergoing surgery.14,15 In the current study,

no changes in anxiety were observed. It might be possible that

anxiety is affected shortly after diagnosis and/or treatment

and remains stable over time afterward.

The current study identified several factors associated with

worse long-term QoL in patients with VS besides the require-

ment of salvage treatment: female sex and disability pension.

Sex-related differences in QoL were observed, with lower

QoL in women specifically for the balance and anxiety subdo-

mains. To our knowledge, the difference in QoL between

male and female patients has not been described before in VS.

The PANQOL validation study identified no sex-related dif-

ferences.10 Many studies have corrected for sex but did not

report the effect of sex on the QoL.4,6-8,14,15 However, this sex

difference has been reported in other diseases and in the

general population too, which can only be partly explained by

differences in social-economic status.25-27 Other possible

explanations might be sex-related differences in reporting

symptoms or an actual difference in the disease-related QoL.28

Decision regret was low in the active surveillance group

and slightly higher in radiotherapy and surgery groups. One

previous study in patients with VS supported the findings in

this study, albeit using nonvalidated questions, reporting

97%, 96%, and 85% satisfaction for active surveillance, radio-

therapy, and surgery, respectively.29 A systematic review in

various diseases (mainly oncology) showed a mean DRS

score of 16.5.30 In the current study, only patients requiring

salvage therapy, and thus receiving both surgery and radio-

therapy during the course of the disease, had a higher decisio-

nal regret. This is not surprising as in these patients, initial

treatment had failed.

This study has some limitations. The retrospective design

carries an inherent risk of selection bias, although this design

was inevitable for gathering long-term longitudinal results of

patients diagnosed before the development of the disease-

specific questionnaire. It is possible that a certain selection of

patients was more likely to participate, for example, patients

with sequelae. The first survey was performed after diagnosis

and treatment in most patients, and the results therefore
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Figure 3. Estimated means of the Penn Acoustic Neuroma Quality
of Life (PANQOL). Results of the linear mixed model of the total
PANQOL score per treatment modality corrected for confounding
factors (age, sex, education level, time since treatment, tumor size at
treatment) per treatment.
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represent the longitudinal QoL after different treatment strate-

gies, rather than the effect of treatment on QoL. Furthermore,

the group of nonresponders might introduce selection bias

since this group had different demographic characteristics.31

In addition, the patient group requiring salvage therapy was

small because recurrences are relatively rare.

Conclusion

This longitudinal study shows that QoL in patients with VS is

stable over time and that different management strategies

(surgery, radiotherapy, and active surveillance) result in com-

parable long-term QoL outcomes. There is, however, consid-

erable individual variation. Factors associated with a

decreased long-term QoL in patients with VS are female sex,

receiving a disability pension, and the need for salvage treat-

ment after initial therapy failure.
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