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Abstract

Purpose Patient-reported outcomes (PROs) are used

increasingly for individual patient management. Identify-

ing which PRO scores require a clinician’s attention is an

ongoing challenge. Previous research used a needs

assessment to identify EORTC-QLQ-C30 cutoff scores

representing unmet needs. This analysis attempted to rep-

licate the previous findings in a new and larger sample.

Methods This analysis used data from 408 Japanese

ambulatory breast cancer patients who completed the

QLQ-C30 and Supportive Care Needs Survey-Short Form-

34 (SCNS-SF34). Applying the methods used previously,

SCNS-SF34 item/domain scores were dichotomized as no

versus some unmet need. We calculated area under the

receiver operating characteristic curve (AUC) to evaluate

QLQ-C30 scores’ ability to discriminate between patients

with no versus some unmet need based on SCNS-SF34

items/domains. For QLQ-C30 domains with AUC C 0.70,

we calculated the sensitivity, specificity, and predictive

value of various cutoffs for identifying unmet needs. We

hypothesized that compared to our original analysis, (1) the

same six QLQ-C30 domains would have AUC C 0.70, (2)

the same SCNS-SF34 items would be best discriminated by

QLQ-C30 scores, and (3) the sensitivity and specificity of

our original cutoff scores would be supported.

Results The findings from our original analysis were

supported. The same six domains with AUC C 0.70 in the

original analysis had AUC C 0.70 in this new sample, and

the same SCNS-SF34 item was best discriminated by

QLQ-C30 scores. Cutoff scores were identified with sen-

sitivity C0.84 and specificity C0.54.

Conclusion Given these findings’ concordance with our

previous analysis, these QLQ-C30 cutoffs could be

implemented in clinical practice and their usefulness

evaluated.
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Abbreviations

AUC Area under the curve

ECOG Eastern Cooperative Oncology

Group

EORTC-QLQ-C30 European Organization for the

Research and Treatment of Cancer

Quality of Life Questionnaire

Core 30

NPV Negative predictive value

PPV Positive predictive value

PRO Patient-reported outcome

ROC Receiver operating characteristic

SCNS-SF34 Supportive Care Needs Survey-Short

Form-34

Introduction

The use of patient-reported outcome (PRO) measures in

clinical practice for individual patient management

involves having a patient complete a questionnaire about

his/her functioning and well-being and providing that

patient’s scores to his/her clinician to inform care and

management [1, 2]. The procedure is analogous to labo-

ratory tests that inform the clinician about the patient’s

health—the difference being that PROs are based on scores

from patient-reported questionnaires rather than values

from chemical or microscopic analyses. The use of PROs

for individual patient management has been consistently

shown to improve clinician–patient communication [3–6].

It has also been shown to improve detection of problems

[6–9], affect management [5], and improve patient out-

comes, such as symptom control, health-related quality-of-

life, and functioning [3, 10, 11].

Although we have demonstrated that PROs can effec-

tively identify the issues that are bothering patients the

most [12], an ongoing challenge to the use of PROs in

clinical practice is determining which scores require a

clinician’s attention. That is, after patients complete the

PRO questionnaire, their responses are scored and a score

report is generated. However, for clinicians reviewing the

scores, it is not intuitive which scores represent a problem

that should motivate action. Various methods have been

applied to assist with score interpretation, including pro-

viding the mean score for the general population for

comparison [3] or highlighting scores using the lowest

quartile from the general population as a cutoff [13].

However, these methods do not actually reflect whether a

score represents an unmet need from the perspective of the

patient, which would require a clinician’s attention.

To address this issue, in a previous study, we used the

Supportive Care Needs Survey-Short Form (SCNS-SF34)

to determine cutoff scores on the European Organization

for Research and Treatment of Cancer (EORTC) Quality of

Life Questionnaire-Core 30 (QLQ-C30) that identify unmet

needs [14]. We demonstrated that QLQ-C30 scores can

discriminate between patients with and without unmet

needs; however, the study was conducted in a limited

sample (n = 117) of breast, prostate, and lung cancer

patients from a single institution. The present analysis was

undertaken to attempt to replicate the findings using a new

and larger sample.

Patients and methods

Research design and data source

The objective of this study was to test the replicability of

the QLQ-C30 cutoff scores from our previous study. To

address this objective, we conducted a secondary analysis

of data originally collected in the validation study of the

Japanese version of the Supportive Care Needs Survey-

Short Form (SCNS-SF34-J). The methods of this Japanese

study have been reported previously [15]. Briefly, ambu-

latory breast cancer patients were recruited from the

Oncology, Immunology and Surgery outpatient clinic of

Nagoya City University Hospital. Inclusion criteria inclu-

ded diagnosis of breast cancer, age at least 20 years,

awareness of cancer diagnosis, and Eastern Cooperative

Oncology Group (ECOG) performance status of 0–3.

Exclusion criteria were severe mental or cognitive disor-

ders or inability to understand Japanese. Participants were

selected at random using a list of visits and a random

number table to limit the number of patients enrolled each

day.

After providing written consent, subjects completed a

paper survey that included the SCNS-SF34-J (validated in

the parent study [15]) and the Japanese version of the

EORTC-QLQ-C30 (described below). In addition to these

PRO questionnaires, the survey included basic sociode-

mographic questions. Patients were instructed to return the

completed survey to the clinic the following day, and fol-

low-up by telephone was used to clarify inadequate

answers. The attending physician provided ECOG perfor-

mance status, and information on cancer stage and treat-

ments was abstracted from the patients’ medical records.

The SCNS-SF34 was originally developed by investi-

gators in Australia to identify unmet needs cancer patients

have in five domains: physical and daily living, psycho-

logical, patient care and support, health system and infor-

mation, and sexual [16, 17]. The 34-item questionnaire

uses five response options: 1 = not applicable, 2 = satis-

fied, 3 = low unmet need, 4 = moderate unmet need, and

5 = high unmet need and a recall period of the ‘‘last

month.’’ To calculate domain scores, we averaged the
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scores of the items within the domain; thus, domain scores

[2.0 reflected some level of unmet need.

The QLQ-C30 [18] is a cancer health-related quality-of-

life questionnaire that has been widely used in clinical

trials and investigations using PROs for individual patient

management [3, 6, 11, 19]. It includes five function

domains (physical, emotional, social, role, and cognitive),

eight symptoms (fatigue, pain, nausea/vomiting, constipa-

tion, diarrhea, insomnia, dyspnea, and appetite loss), as

well as global health/quality-of-life and financial impact.

Subjects respond on a four-point scale from ‘‘not at all’’ to

‘‘very much’’ for most items. Most items use a ‘‘past week’’

recall period. Raw scores are linearly converted to a 0–100

scale with higher scores reflecting higher levels of function

and higher levels of symptom burden. The Japanese ver-

sion of the QLQ-C30 has been validated previously [20].

The Japanese study was approved by the Institutional

Review Board and Ethics Committee of Nagoya City

University Graduate School of Medical Sciences [15]. A

de-identified dataset was provided to the Johns Hopkins

investigators for this analysis, which was exempted for

review by the Johns Hopkins School of Medicine Institu-

tional Review Board.

Analyses

The data were analyzed using the methods applied in the

original study using the SCNS-SF34 to identify cutoff scores

on the QLQ-C30 that represent unmet need [14]. First, we

dichotomized the SCNS-SF34 item and domain scores into

no unmet need (scores B 2.0) versus some unmet need

(scores [ 2.0). We then tested the ability of QLQ-C30

domain scores to discriminate between patients with and

without an unmet need using the SCNS-SF34 domains and

items we tested in our previous analysis (see Table 1 for a

summary of the SCNS-SF34 items/domains tested for each

QLQ-C30 domain). Variables for the discriminant analysis

were selected to correspond as closely as possible to the

content of the QLQ-C30 domains. In some cases, the content

was quite similar (e.g., pain on the QLQ-C30 and pain on the

SCNS-SF34). For a few QLQ-C30 domains, there was no

SCNS-SF34 item or domain with similar content. In these

cases we used a generic SCNS-SF34 item such as ‘‘feeling

unwell a lot of the time.’’

The discriminative ability of each QLQ-C30 domain

score was summarized using the area under the receiver

operating characteristic (ROC) curve (AUC). The AUC

summarizes the ability of QLQ-C30 scores to discriminate

between patients with and without a reported unmet need.

Higher AUCs indicate better discriminative ability. For the

domains with AUC C 0.70, we then calculated the sensi-

tivity and specificity, as well as the positive and negative

predictive values, associated with various QLQ-C30 cutoff

scores. We used a threshold of AUC C 0.70 because

Hosmer and Lemeshow suggest that values below 0.70

represent poor discrimination, between 0.70 and 0.80 rep-

resent acceptable discrimination, and above 0.80 represent

excellent discrimination [21]. It was also the standard used

for our previous analysis [14]. We hypothesized that

compared to our original analysis, (1) the same QLQ-C30

domains would have AUC C 0.70, (2) the same SCNS-

SF34 items would be best discriminated by the QLQ-C30

and thus provide the highest AUC, and (3) the sensitivity

and specificity of our original cutoff scores would be

supported. Analyses were performed using statistical free-

ware R version 2.15.1.

Results

The sample has been described previously [15]. Briefly,

from a pool of 420 potential participants, 12 were excluded

due to declining participation (n = 7), cognitive deficits

(n = 2), advanced disease (n = 1), and failure to respond

after consenting (n = 2). The study sample included 408

subjects with a mean age of 56 years, 100 % female, 76 %

married, and 45 % employed full- or part-time. The ECOG

performance status was 0 for 90 % of the sample; the

clinical stage was I or II for 71 %; 93 % had received

surgery, 44 % chemotherapy, and 39 % radiation; and the

median time from diagnosis was 701 days (range

11–17,915 days). Complete data were available for all 408

subjects, with the exception of one participant who was

missing a single SCNS-SF34 item. That observation was

excluded from analyses that required that item.

Table 1 shows which SCNS-SF34 items/domains were

used to evaluate the discriminative ability for each QLQ-C30

domain, as well as the resulting AUCs both from our original

analysis [14] and from this replication analysis. The AUCs

were largely similar between studies. As hypothesized, the

same six QLQ-C30 domains with AUCs C 0.70 in the ori-

ginal analysis had AUCs C 0.70 in the replication sample.

Further, the SCNS-SF34 item that was best discriminated by

the QLQ-C30 with the highest AUC in the original analysis

also had the highest AUC in the replication sample. The

following QLQ-C30 domain–SCNS-SF34 item pairings

were used: physical function–work around the home

(AUC = 0.74), role function–work around the home

(AUC = 0.70), emotional function–feelings of sadness

(AUC = 0.75), pain–pain (AUC = 0.74), fatigue–lack of

energy/tiredness (AUC = 0.75), and global health/QOL–

feeling unwell a lot of the time (AUC = 0.76).

Using these pairings, we evaluated the sensitivity,

specificity, and predictive value of various cutoff scores on

the QLQ-C30 (Table 2). Again, the results were largely

similar between the original analysis and this replication
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sample. Examples of cutoff scores (sensitivity, specificity)

from the replication sample are as follows: physical func-

tion \90 (0.85, 0.65); role function \90 (0.85, 0.62);

emotional function \90 (0.84, 0.60); global health/

QOL \ 70 (0.86, 0.56); pain [10 (0.93, 0.54); and fatigue

[30 (0.86, 0.62). Thus, each domain had at least one cutoff

score with sensitivity C0.84 and specificity C0.54. This

means that patients who reported unmet needs in a domain

were identified correctly at least 84 % of the time and that

patients who reported no unmet needs in a domain were

identified correctly at least 54 % of the time using these

cutoffs. In general, the negative predictive values (NPVs)

associated with these cutoffs were higher than the positive

predictive values (PPVs), with the NPVs ranging from 0.86

to 0.94 and PPVs ranging from 0.33 to 0.58. This means

that if a patient was identified by the cutoff as not having

an unmet need in a domain, 86–94 % of the time they did

not report an unmet need and that if a patient was identified

by the cutoff as having an unmet need, 33–58 % of the

time they actually did report an unmet need. While we

describe these cutoff scores for illustrative purposes, the

specific cutoff scores used in a given application should be

determined based on the relative importance of sensitivity

and specificity.

Discussion

This analysis was undertaken to test the generalizability of

the findings from our previous study which evaluated the

ability of different cutoff scores on the QLQ-C30 to

identify patients with an unmet need in a given domain.

Such cutoff scores facilitate the interpretation of PROs

used clinically for individual patient management by

helping clinicians determine which scores deserve further

attention. Currently, there are few guides available to help

clinicians determine which PRO scores represent a prob-

lem. For example, in PatientViewpoint, the PRO webtool

used at Johns Hopkins [13, 22], we highlight in yellow

QLQ-C30 domain scores representing the lowest quartile

based on published general population norms [23] as an

indication to the clinician reviewing the report that the

patient may be having a problem in this area. However,

these cutoff scores using distributions of the data are not

empirically based on whether the score is likely to repre-

sent a problem from the patient’s perspective. For example,

the results from this analysis suggest that domain scores

\90 on role or emotional function likely represent a

patient-reported unmet need. However, at our institution,

we are currently using cutoff scores \66.7 for these two

Table 1 Hypothesized relationship between QLQ-C30 and SCNS-SF34 domains and resulting areas under the curve (AUC): original and

replication analysis

CUA)s(metI/niamoD43FS-SNCSniamoD03C-QLQ

Original Analysis [14] Replication 
Analysis 

Hypothesized AUC≥0.70 

Physical Function 
Physical & daily living needs 
(overall score and individual items) 

0.69–0.81 0.69–0.74 

Role Function 
Work around the home 
Not being able to do the things you used to 

0.71–0.73 0.70–0.70 

Emotional Function 
Psychological needs  
(overall score and individual items) 

0.56–0.74 0.61–0.75 

niaPniaP 0.78 0.74 

ssenderit/ygrenefokcaLeugitaF 0.74 0.75 

Global Health /QOL Feeling unwell a lot of the time 0.73 0.76 

Hypothesized AUC <0.70

Social Function Not being able to do the things you used to 0.64 0.68 

Sleep

Lack of energy/tiredness 
Feeling unwell a lot of the time 
Being given information about aspects of managing 
your illness and side effects at home 

0.41–0.51 0.39–0.55 

Cognitive Function 

Feeling unwell a lot of the time 
Being given information about aspects of managing 
your illness and side effects at home 

0.54–0.60 0.53–0.63 

Nausea/vomiting 0.19–0.36 0.22–0.27 

Dyspnea 0.37–0.48 0.32–0.48 

Appetite Loss 0.47–0.49 0.32–0.49 

Constipation 0.31–0.37 0.32–0.40 

Diarrhea 0.34–0.34 0.18–0.21 
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domains, based on the population distribution of scores.

This means that our current cutoffs are missing patients

with unmet needs with scores between 67 and 90. Based on

the results of this analysis, we will explore changing the

cutoffs to those presented here to highlight QLQ-C30

scores for the clinician’s attention.

Our findings should be interpreted in the context of the

study’s strengths and limitations. First, the approach of

using the SCNS-SF34 to identify QLQ-C30 cutoff scores

only works well for the six QLQ-C30 domains where there

is content overlap between the SCNS-SF34 and QLQ-C30.

For the domains without a corresponding SCNS-SF34 item

to use for comparison, we do not have indicators of

appropriate cutoffs. Future research could address this

issue by using items similar in format to the SCNS-SF34

but covering the content of the relevant QLQ-C30 domains

for which no data are currently available. Also, the SCNS-

SF34 uses a recall period of the ‘‘past month,’’ whereas the

QLQ-C30 generally uses a recall period of the ‘‘past

week.’’ Ideally, the comparison between scores would be

made with questionnaires that use the same recall period.

The study design used in both the current sample and the

original analysis was cross-sectional, so while absolute

cutoff scores can be identified, important changes in scores

are not addressed. Research from longitudinal studies using

both the QLQ-C30 and SCNS-SF34 could explore changes

in scores representing an unmet need.

Notably, this validation sample used QLQ-C30 and

SCNS-SF34 data collected using the Japanese versions of the

questionnaires. That we found such similarity between our

original analysis and the current sample, despite differences

in language and culture, suggests that these findings are

robust. While the Japanese study provided a new sample to

test our original cutoffs, and almost four times as many

patients, only breast cancer patients were enrolled in the

Japanese study, whereas our original analysis included three

different cancer types (breast, prostate, and lung). Also, the

Japanese sample included women with a wide range of time

since diagnosis (11–17,915 days). The symptom burden for

women who had completed treatment years previously may

be lower than for women in active treatment. Nevertheless,

given the substantial concordance between this replication

sample and our original sample, we believe there is adequate

evidence to support implementing these cutoffs in Patient-

Viewpoint and other applications of the QLQ-C30 being

used in clinical practice.

The next important step will be to evaluate whether

clinicians and patients find these cutoffs helpful. A key

Table 2 Sensitivity and specificity of example cutoff scores: original and replication analysis

QLQ-C30 Domain SCNS-SF34 Item Cutoff Cohort Sensitivity Specificity 
Positive
Predictive Value 

Negative 
Predictive Value 

Physical Function Work around the 
home 80

Original [14] 0.65 0.83 0.55 0.89 

Replication 0.40 0.92 0.63 0.82 

90
Original [14] 0.85 0.58 0.39 0.92 

Replication 0.85 0.65 0.45 0.93 

Role Function Work around the 
home 80

Original [14] 0.69 0.79 0.50 0.89 

Replication 0.69 0.79 0.52 0.88 

90
Original [14] 0.85 0.69 0.46 .94 

Replication 0.85 0.62 0.43 0.93 

Emotional Function Feelings of sadness 
90

Original [14] 0.89 0.53 0.48 0.91 

Replication 0.84 0.60 0.58 0.86 

100 
Original [14] 0.94 0.35 0.41 0.93 

Replication 0.92 0.42 0.51 0.89 

Global Health/QOL Feeling unwell a lot 
of the time 70

Original [14] 0.71 0.69 0.52 0.84 

Replication 0.86 0.56 0.33 0.94 

80
Original [14] 0.89 0.58 0.50 0.91 

Replication 0.89 0.45 0.29 0.94 

Pain Pain 
20

Original [14] 0.66 0.84 0.64 0.85 

Replication 0.70 0.81 0.62 0.86 

10
Original [14] 0.91 0.66 0.54 0.95 

Replication 0.93 0.54 0.47 0.94 

Fatigue Lack of energy/ 
tiredness 30

Original [14] 0.77 0.71 0.73 0.75 

Replication 0.86 0.62 0.54 0.90 

20
Original [14] 0.91 0.55 0.68 0.86 

Replication 0.97 0.42 0.46 0.97 
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consideration is which cutoff to use. We presented several

example cutoff scores for illustrative purposes here, but the

cutoff scores appropriate for a specific application depend

on the relative importance between sensitivity and speci-

ficity. That is, the more likely a cutoff score is to identify

patients with unmet needs (true positives), the more likely

it will also identify patients without an unmet need (false

positives). Thus, it is important to consider the implications

of false positives versus false negatives.

In general, the use of PROs for individual patient man-

agement involves helping the clinician identify problems the

patient may be experiencing and facilitating a focused dis-

cussion of PRO topics that might otherwise go unaddressed.

This is essentially a screening function. We therefore expect

follow-up of a ‘‘positive’’ score based on the cutoff to involve

the clinician simply asking the patient about the issue and

determining whether there is something that can and should

be done to address any unmet needs. Given that this requires

a minimal effort, it may be appropriate to favor high sensi-

tivity over high specificity. However, it is also important to

avoid alert fatigue, a phenomenon that leads to clinician

inattention to potential problems and resistance to the tools in

general. In addition, if the cutoff scores were to be applied

by, for example, generating an automatic page to the clini-

cian, then false positives would be much more problematic.

Another issue is how to address PRO scores representing an

unmet need. In previous research, we developed a range of

suggestions for how to address issues identified by PRO

questionnaires [24]. However, it is important to consider

resource and reimbursement limitations for certain services

(e.g., psychosocial services, home care), as well as their

effectiveness, before implementing them as part of care

pathways. Consideration of how these cutoff scores will be

applied in practice will help determine the appropriate

compromise between sensitivity and specificity.

In summary, this analysis was conducted to replicate our

original analysis to determine whether specific cutoff scores

effectively identify patients with unmet needs. For the QLQ-

C30 domains with appropriate SCNS-SF34 content matches,

our findings from the original analysis were largely sup-

ported. This suggests that these cutoff scores could be

applied in practice, with an evaluation of their effectiveness

from the clinician and patient perspectives. Specifically, it

will be important to see how clinicians actually respond

when presented with information from PROs using these (or

other appropriate) cutoffs and whether the information helps

increase clinicians’ awareness of unmet needs. Further

research is also needed to identify cutoff scores for QLQ-C30

domains without SCNS-SF34 content matches, as well as to

identify changes in scores that represent unmet need. In the

meantime, the results for these six domains provide critical

guidance to clinicians interpreting PRO reports on which

scores require their attention.
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