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Abstract Health-related quality of life (QOL) outcomes are
frequently used by clinicians, patients, and researchers for
assessing the effectiveness of an intervention. Small differ-
ences in QOL may be statistically significant but their
clinical relevance remains undefined. The smallest changes
in QOL scores of the anterior skull base surgery question-
naire (ASBS-Q) which could be considered clinically sig-
nificant have not been delineated. Here we present a meta
analysis and review of the literature of 273 patients under-
going skull base tumor resection. The minimal clinically
important difference (MCID), defined as “the smallest
change in QOL which patients perceive as beneficial”, was
calculated using several statistical approaches. The MCID
of the ASBS-Q was 0.4 (8%, score range 1–5). Various
other instruments for QOL estimations revealed a larger
range of MCID score (between 6.2%–17.5%) for the differ-
ent QOL domains. The statistical analyses reveal that his-
tology (benign vs malignant), time elapsed from surgery (<
or ≥6 months), and surgical approach (open vs endoscopic)
have significant clinical impact on different QOL domains.
This paper brings level 1b evidence which demonstrates the
importance of MCID as an adjunct for estimation of QOL in
patients undergoing skull base surgery.
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Introduction

Around one decade ago, investigators began to appreciate the
importance of quality of life (QOL) outcomes. This is partic-
ularly relevant for patients with skull base tumors (SBTs)
because the treatments of these tumors typically involve ex-
tensive surgery and adjuvant radiation therapy, which have
serious morbidity and toxicity. QOL studies are particularly
challenging in these patients for several reasons: 1) many of
them are elderly and havemultiple comorbidities, 2) the short-
term survival and deteriorated general status complicates data
collection, and 3) the small number of patients and histolog-
ical variability of the lesions make QOL analysis more diffi-
cult than in other head and neck cancers. It is critical to bear in
mind that patients’ perspectives on QOL issues cannot be
assessed without direct questioning of the patients themselves
[1] and that validated disease-specific instruments addressing
multiple QOL domains need to be utilized for adequate as-
sessment [2•]. Moreover, outcomes derived at by the extrap-
olation of numbers based on statistical significance may not
reflect clinical realities.

Guyatt and colleagues [3] suggested a new index of
responsiveness to assess the utility of instruments designed
to measure QOL, the Minimal Clinically Important Differ-
ence (MCID) measurement. MCID is “the smallest differ-
ence in score which patients perceive as beneficial and
which would, therefore, mandate a change in the patient’s
management” [4]. MCID was confirmed as being a useful
benchmark for assessing the effectiveness of a health care
intervention as well as for determining an acceptable sample
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size in a clinical trial [5]. Osoba and colleagues [6] first
suggested the term “subjective significance” to give mean-
ing to QOL assessments for breast and small cell lung
cancer patients receiving chemotherapy. This was followed
by studies that used QOL measures to evaluate outcome and
costs in women receiving chemotherapy for advanced ovar-
ian cancer [7•]. The MCID assists clinicians in evaluating
changes in QOL over time and determine appropriate
sample sizes when designing clinical trials [8, 9].

There are two general approaches for establishing an
MCID: one is anchor-based and the other is distribution-
based [10•]. Anchor-based methods use known indicators
(eg, the patient’s own assessment of change, performance
status, disease stage) for changes in QOL scores.
Distribution-based approaches use commonly accepted de-
scriptive statistical measures to generate the MCID (eg,
fractions of the standard deviation [SD], effect size, and
standard error of measurement [SEM]) [11–13].

Valid interpretation and application of QOL data require
disease-specific instruments that assess morbidity associated
with a particular diagnosis or treatment. We recently reported
the development and validation of the Anterior Skull Base
Surgery Questionnaire (ASBS-Q) for estimating a patient’s
QOL after extirpation of anterior skull base tumors [2•]. This
questionnaire assesses patient function and vitality, side-
effects of treatment, disease symptoms, and psychosocial
issues using six scales. The ASBS-Qwas validated by various
authors and in different languages. However, the MCID for
anterior skull base QOL instruments and for the ASBS-Q has
not yet been established. Furthermore, whether the scores of
QOL domains reliably reflect variations among different
subgroups of patients remain unanswered.

This article attempted to determine the clinical signifi-
cance of QOL scores assessed by the ASBS-Q. We also
aimed to identify patients at high risk for clinically signifi-
cant deterioration of their QOL scores. Towards these ends,
we performed a meta-analysis of data derived from six
publications and two disease-specific instruments. This is
the first study to describe the MCID of QOL instruments in
the field of skull base surgery.

Methods for Evaluation of MCID

Study and Patient Selection Criteria for the Meta-Analysis

All clinical studies evaluating QOL using the ASBS-Q were
considered for inclusion. Suitable study populations were
those comprised of patients who underwent either endo-
scopic or open extirpation of anterior skull base malignant
or benign tumors and whose preoperative and/or postoperative
QOL scores were available for assessment.

Search Strategy

During June 2011, we conducted a systematic electronic liter-
ature database search of PubMed, CINAHL, Cochrane Central
Register of Clinical Trials, Cochrane Database of Systematic
Reviews, and Google from 1975 to 2010. The searches were
conducted using the Medical Subject Heading (MeSH) terms
(skull base) AND (quality of life OR QOL OR HRQOL) and
limited to “Human.” Reference lists of retrieved manuscripts
were hand-searched for additional publications. Two publica-
tions in a language other than English that could not be
translated because of resource constraints were excluded.
Two reviewers (M.A. and Z.G.) independently screened all
available article and abstract titles generated by the electronic
search strategies. Articles were rejected at the initial screening
if their titles or abstracts indicated that they were irrelevant.
The full text of potentially relevant articles was reviewed to
assess their suitability for inclusion in this meta-analysis.

The ASBS-Q

The development of the questionnaire, including its reliability
and validity, is described elsewhere [2•, 14]. The questions are
divided into six domains that were found relevant by factor
analysis: role of performance (6 items), physical function (7
items), vitality (7 items), pain (3 items), specific symptoms (7
items: appetite, taste, smell, appearance, epiphora, nasal secre-
tions, and visual disturbances), and impact on emotions (5
items). The internal reliability score of the questionnaire is 0.8
and the test–retest reliability score is 0.902. The answers are
given on an ordinal scale with 5 levels (35 specific questions)
that indicate a change in QOL within the past month. All
questions have an identical level of importance. A higher
score represents better QOL for all these scales.

Description of Data Collection

Three ASBS-Q cohorts with a total of 118 patients were
jointly analyzed. Table 1 summarizes patients’ demographic
and clinical data. The first study was based on a retrospective
cohort of 35 patients operated between 1994 and 2002 for
extirpation of anterior skull base tumors via the subcranial
approach to the anterior skull base [14]. All patients were at
least 3 months after surgery when asked to fill in the ASBS-Q.
The second was a prospective study that included 39 patients
who underwent extirpation of anterior skull base tumors be-
tween 2002 and 2007 by means of the subcranial approach to
the anterior skull base [15•]. These 39 patients were assessed
with the ASBS-Q and an additional general 3-level anchor
question for assessing postoperative overall QOL as being
better, same, or worse. The questionnaires were completed
by the patient at two time points: 1 week before the operation,
12 months after surgery. The third study was a retrospective
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review of 44 patients operated between 2008 and 2011 for
extirpation of anterior skull base tumors via the expanded
endoscopic approach (EEA) to the anterior skull base [16].
All these patients were at least 6 months after surgery when
asked to fill in the ASBS-Q. Descriptions of these studies and
the approach to MCID calculation are summarized in Table 1.
All 118 patients were at least 18 years old, were able to read
and write, and none had any severe psychopathological or
cognitive impairment. All patients had given their informed
consent for their data to be used in future surveys, and the
three studies were approved by the institutional review board.

Selecting the Anchors

The anchor-based approach to establish MCID requires an
independent interpretable standard that correlates with the
instrument being explored. We used the patient-reported out-
come, which is a widely used and accepted method for as-
sessment of clinically important differences based on patient
perception [4, 17]. Patients were requested to globally rate the
change in their QOL compared with their preoperative QOL.
The anchor question read as follows: “Please indicate whether
there has been any overall change in your quality of life since
the surgery.” We used a scale of 00no change, 10better, and

20worse, which is equivalent to Juniper and Jaeschke scale of
change on the global score [4, 17].

Statistical Analysis and Calculation
of the Distribution-Based and Anchor-Based MCID

Distribution-based and anchor-based methods were used to
estimate the minimal clinically important difference [18].
First, we used half SD as the statistically derived MCID for
overall QOL. Then, we did a subgroup analysis to establish
population-based MCIDs [19]. Patients were categorized by
three parameters of time elapsed from surgery, surgical
approach, and histology. One-half of the SD, the SEM,
and the effect size were calculated for each subgroup in
every domain. The standard error of measurement was cal-
culated using the following formula: SD times the square
root of [2×(1−r)] where r is the test-retest reliability coeffi-
cient previously mentioned. Effect size was defined as the
average difference divided by the baseline SD and a small,
medium, or large effect size was considered at 0.2, 0.5, or
0.8, respectively [11]. A medium change was considered as
a minimal clinically important difference.

In the study with the prospective cohort [14], we ana-
lyzed changes in the QOL scores at two time points for each
patient. We used one-half of the SD as the statistically
driven MCID and calculated the effect size. Then the
anchor-based MCID was established using the patient re-
sponse anchor. Each patient’s response was matched to that
individual’s calculated change in the relevant QOL score. In
an attempt to reduce bias derived from patients on each of
the extremes of changes in health, the patients were catego-
rized into two groups: “responders” were patients reporting
improvement, and “nonresponders” were patients who
reported “no change” or “worsening” of their QOL.

Results

Characteristics of the Study Patients

A total of 118 eligible patients participating in three studies
were included. The rate of malignancy and adjuvant radio-
therapy treatment was similar in the prospective and retro-
spective groups and in the open and endoscopic groups
(P>0.1). Preoperatively, 91% of patients had WHO
performance scores of 1 or 2 reflecting independency.

Anchor-Based MCID Threshold

We used the anchor-based method to determine the MCID in
our prospective cohort. Of 39 patients, 31 completed the
questionnaire including anchor question. The difference be-
tween the overall preoperative and postoperative QOL

Table 1 Demographics of the study participants

Retrospective
studies n079

Prospective
studies n039

Gender

Males 45 21

Females 34 18

Age, y (mean ± SD)a 48±19 46±20

Pathology

Malignant 18 14

Benign 61 25

Surgical approach

Open 35 39

Endoscopic 44 –

Adjuvant radiotherapy (%)b 15 (19%) 12 (30%)

Time elapsed from surgery

< 6 mo 17

> 6 mo 62

WHO performance statusc

1 55

2 17

3 4

4 3

a Age at operation.
b Preoperative or postoperative.
c Preoperative status.
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scores was calculated for all patients who were divided
according to whether they were responders (improved
scores), or nonresponders (no change/deteriorated scores).
There were 15/31 (48%) responders (mean change 2.01±
0.33, range 1.59–2.67) and 16/31 (52%) nonresponders
(mean change 1.17±0.76, range 0.1–2.34). The difference
between the two groups was statistically significant (P<
0.03; 95% CI 0.8–1.54). Figure 1 shows the change in
scores of patients reporting improvement, no change, or
deterioration of their QOL. The figure demonstrates that
nonresponders (either those reporting no change or deterio-
ration in QOL) had symmetrical distribution of QOL
scores (range 0–2.37), while those reporting improve-
ment in QOL had positively skewed distribution (range
1.59–1.9, P<0.05).

Distribution-Based MCID Threshold

Next we calculated the distribution-based MCID by analyz-
ing the SEM and half SDs for the different QOL domains.
Based on half SD, the MCID threshold for the ASBS-Q was
0.4 (8%) and ranged from 0.2–0.52, reflecting a 5–10%
change in QOL score. Similar results were found when the
SEM was used as the MCID threshold (mean 0.27,
range 0.1–0.48). Data analysis of the Pittsburgh QOL
study, which used the ASBS-Q for patients undergoing
endoscopic skull base surgery, showed MCID threshold
of 0.39 (7.8%), a similar threshold as found in the other
cohorts [20].

Longitudinal Assessment of MCID Threshold

We performed a longitudinal-based statistical analysis using a
prospective cohort in order to obtain an independent estimate
of the MCID scores. The magnitude of change of every QOL
domain score between two time points (before surgery and
12 months after the operation) was calculated for each patient.
The statistically derived baseline (preoperative) MCID thresh-
old range was 0.43–0.64, reflecting an 8.6–12.8% change for
the different domains. A significant clinical improvement was
demonstrated in the domains of physical function and specific
symptoms (a difference of 0.64 and 0.55, respectively) with an
effect size of 0.7 and 0.62, respectively. All other domains
(performance, vitality, pain, and role on emotions) did not
change significantly over time (difference range of 0.04–0.26,
effect size range of 0.07–0.34, P>0.1).

Subgroup Analysis

The study population was divided into subgroups based on
pathology, surgical approach, and the time that elapsed from
surgery. A cross-sectional analysis of the patients in these
subgroups was performed in order to identify clinical and
demographic predictors of QOL. First, we investigated
whether the time that elapsed from surgery significantly
affected the QOL scores of the patients using the MCID as
threshold. Differences between early (< 6 months) and late
(≥ 6 months) postoperative scores reached the MCID
threshold in the performance domain (difference00.33),

Fig. 1 Change in overall QOL
score in patients reporting
improvement (top), no change
(middle), or no change
(bottom). Median value of
change was 1.58; intervals
represent half SD. The figure
demonstrates that patients
reporting no change or
deterioration in their QOL had
evenly distributed QOL scores,
while those reporting
improvement in QOL had
positively skewed distribution
(towards the right)
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and correlated well with effect size (≥ 0.5) and P values (<
0.05). Differences in all other domains did not reach either
statistical or clinical significance (Table 2).

We then determined whether the surgical approach had
significant clinical impact on QOL scores. We compared the
QOL domain score of patients undergoing subcranial surgery
with those undergoing the EEA. This analysis involved 79
patients, 44 of whom were operated via the subcranial ap-
proach and 35 through the EEA. There were no significant
clinical or demographic differences between the two groups.

Table 2 indicates that the differences in QOL scores
between the open and endonasal approaches were clinically
significant. There were significant differences in the
domains of physical function and emotional status (0.41
and 0.37, respectively) and both had medium to large effect
sizes (1.04 and 0.49, respectively). Interestingly, the differ-
ence in the performance domain (difference00.26) failed to
reach the threshold for clinical importance, although it
was statistically significant (P00.01).

The pathology-based difference analysis (malignant vs
benign tumors) revealed a statistically and clinically signif-
icant difference in the performance domain (0.47, P00.01).
Differences were above the MCID threshold in the domains
of emotional status and specific symptoms (effect sizes of
0.47 and 0.54, respectively), but did not reach statistical
significance (P00.09 and 0.08, respectively). The data are
found in Table 2.

Evaluating the MCIDs of Other Instruments

Our search of the literature yielded five clinical studies that
evaluated the QOL of patients undergoing skull base tumor
extirpation. Two studies were not in English and were
excluded. A total of 158 patients were studied and different
tools for QOL assessment had been used [20–22]. The first

published study used the general SF-36 questionnaire on
skull base tumor patients and its distribution-based MCID
analysis showed a significant difference that ranged between
6.2% and 17.5% in different QOL domains [21]. Analysis of
the Toronto study by Palme and colleagues which used
several questionnaires to assess QOL (EORTC, emotional
status, and midface dysfunction) in patients undergoing
skull base surgery revealed MCID threshold of 8.5% (range
8.5%–11.8%) [22].

Discussion and Review of the Literature

QOL instruments play an increasing role in evaluating the
efficacy of treatment for cancer. The QOL scores between
different subgroups can be statistically significant; however,
the interpretation of these data remains unclear because of
the lack of any explanation of what defines their clinical
importance. The evaluation of QOL in patients with anterior
skull base tumors is particularly challenging since many of
these patients are at risk for postoperative cognitive dys-
function, prolonged hospitalization, and long periods of
rehabilitation [23]. Issues that may influence the functional
outcome of patients are directly related to surgery, and they
include anosmia, hearing loss, meningitis, cerebrospinal
fluid leak, osteoradionecrosis and fistula, impaired nasal
function, cosmesis, and visual disturbances. In an early
study, Janecka and colleagues [24] used the Karnofsky
performance score to evaluate the effect of cranial base
surgery on patients’ QOL. They showed that 83% of these
patients had improved or unchanged scores after surgery. In
another cohort of patients with esthesioneuroblastoma who
were undergoing the subcranial approach, the Karnofsky
score was not sensitive enough to record changes in
patients’ clinical status following resection [25]. There

Table 2 Subgroup analysis of QOL scores

QOL domain (test-
retest reliability
factor00.902)

Patient response time (6-mo cutoff) Surgical approach (subcranial vs
endoscopic)

Pathology (malignant vs benign)

Δ SD0.5 SEM ES P Δ SD0.5 SEM ES P Δ SD0.5 SEM ES P

Performance 0.33 0.26 0.22 0.65 0.04 0.26 0.33 0.29 0.39 0.01 0.47 0.34 0.29 0.7 0.01

Physical function 0.04 0.5 0.36 0.04 0.89 0.41 0.2 0.14 1.04 0.02 0.13 0.39 0.28 0.17 0.55

Vitality 0.05 0.5 0.28 0.05 0.82 0.19 0.35 0.2 0.27 0.29 0.24 0.38 0.22 0.31 0.28

Pain 0.01 0.49 0.29 0.01 0.97 0.04 0.17 0.1 0.11 0.85 0.03 0.42 0.25 0.04 0.9

Emotional status 0.07 0.52 0.48 0.07 0.78 0.37 0.37 0.35 0.49 0.05 0.39 0.42 0.39 0.47 0.09

Specific symptom 0.27 0.46 0.32 0.3 0.18 0.14 0.35 0.24 0.21 0.38 0.34 0.32 0.22 0.54 0.08

Δ, change in mean QOL score; ES, Cohen’s effect size (range between 0 and 1; 0.20small effect, 0.50medium effect, and 0.80 large effect; a larger
effect reflects an actual change which is significant); P, statistical significance value (calculated by student t-test P value; in bold are the values
which were statistically significant and above the MCID [using the SEM, ES, or SD0.5 as threshold]); SD0.5, minimal clinically important difference
calculated by half standard deviation; SEM, minimal clinically important difference calculated standard error of measurement (using internal
reliability factor, α).
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was, therefore, a need for disease-specific instruments
designed to evaluate health-related QOL issues of these
patients [26]. Such an instrument became available in
2003 by the Tel Aviv group [14].

The current study was designed to address an important
question in QOL research—the clinical significance of
change in QOL scores. To achieve this goal we first quantify
the smallest difference in ASBS-Q scores required for an
individual patient undergoing anterior skull base tumor re-
section to experience a noticeable difference in his subjec-
tive level of QOL. Since there is no consensus over a single
method for assessing the power of an instrument to capture
an MCID, we used several commonly accepted methods.
Our analysis of the ASBS-Q data revealed an MCID of 0.4,
reflecting an 8% change in QOL score. In accordance with
this threshold, our analysis of several studies using the
ASBS-Q revealed similar MCID scores [20–22]. In one
study which used several other instruments on a similar
population of skull base patients, Palme and colleagues
[22] reported an MCID threshold equal to 8–12%, again
similar to that of the ASBS-Q. These data further support
the utility of the ASBS-Q, as a single disease-specific in-
strument for estimating clinically relevant QOL issues in
patients undergoing open or endoscopic surgeries.

The long-term QOL of patients undergoing anterior skull
base tumor resection was previously assessed by a number
of studies that used the ASBS-Q [2•, 14, 27, 28]. Their
results showed that 38% of the patients reported a signifi-
cant improvement in overall QOL, 36% reported no change,
and 26% reported that the surgical procedure worsened their
QOL. In the current paper, we found a significant difference
of 20% in the median change in scores between patients
who reported improvement (responders) and those who
reported no change (non-responders) in their overall QOL,
1 year after surgery. Interestingly non-responders had a
mean positive QOL score change. This exemplifies the
significance of a multidimensional QOL questionnaire
which gives better perception of the true impact of surgery
on daily function [28]. In addition, our results exemplify
previous findings showing that the direction of change in
QOL scores is more important than its absolute value [29].

Studies on patients with malignant intracranial tumors have
demonstrated severely deteriorating QOL measures, with
marked decline in cognitive, physical, emotional, and social
functioning after surgery [30]. Similarly, one QOL analysis of
patients with carcinomas of the paranasal sinuses showed that
the worst affected domains were mood, anxiety, and activity
[31]. Our study further demonstrates that differences in the
QOL between patients with benign and malignant histology
are clinically significant. This could be expected not only
because of general cancer-related influences on different
aspects of QOL but also due to the impact of early and long-
termmorbidity related to the adjuvant radiotherapy [14, 22, 32].

The type of surgical approach also showed clinically
significant difference in QOL scores. Our analysis showed
that the EEA to the skull base was associated with better
QOL scores than open surgery, especially in the domains of
physical function and impact on emotions. The differences
in QOL scores were larger than the MCIDs, suggesting that
they were clinically important. These findings support a
potential advantage for minimally invasive surgery on the
psychosocial and emotional status of patients. Interestingly,
the scores for sinonasal morbidity (specific symptoms do-
main) were similar in both groups, suggesting that the
influence of the surgical approach on QOL may be related
to other factors, such as skin incisions, craniotomy, visual
function, osteonecrosis or encephalomalacia, as well as on
psychological issues, which are associated with open sur-
gery [33, 34]. Estimation of the influence of surgical proce-
dures on QOL can serve as a means by which the most
appropriate surgical approach can be selected for a given
patient [35]. For example, information on QOL could assist
in deciding whether a specific treatment is associated with a
better impact on patients’ well being than other procedures.
A main question in skull base surgery is whether endoscopic
approaches, with their potential for causing permanent nasal
morbidity, are advantageous over frontal craniotomy, which
is associated with a different kind of morbidity. Our QOL
findings support a clinical benefit for minimally invasive
techniques over traditional approaches. Further studies of
QOL scores using MCID thresholds among skull base
patients are needed to establish superiority of one surgical
procedure over the other.

Conclusions

This study demonstrates the role of MCID analysis in esti-
mating the clinical significance of QOL scores. The MCID
of the ASBS-Q is 0.4, reflecting an 8% difference in thresh-
old. Any change above this score can be considered as being
clinically significant. Histology, length of the follow-up
period, and surgical approach have significant clinical im-
pact on different QOL domains. The endoscopic approach is
preferred in terms of physical function and emotional status.
Malignancy and < 6 months since surgery are associated
with worse scores.
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