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Abstract
Key issues of treatment for patients with breast cancer such as patient satisfaction with treatments, compliance, and some side
effects are essential for evaluating quality of life by patient-reported outcomes in clinical trials. The study aimed to develop and
evaluate a specific patient-reported measure which included physical, psychological, social, and therapeutic domain for assessing
the survival of patients with breast cancer.
The pool of items was drafted after a theoretical revision and cognitive interviews with women with breast cancer. The draft scale

was formed after the adjustment of the items and dimensions, and the selected items were submitted to expert’s judgments. Five
statistical methods were used to select these items by 2 validation samples. The final scale was administered to a sample of 417
patients from 8 hospitals and 135 controls for reliability, validity, and responsive analyses.
The final BC-PROM consisted of 52 items, 13 subdomains, and 4 domains, being developed after preexamination and formal

examination. Cronbach alpha coefficient was 0.902 and 0.712 for the full scale and therapeutic domain. The structural validity results
showed that the multidimensional measurement of the scale fulfilled expectations. Differences in the BC-PROM mean scores were
significant between cancer patients and healthy participants in 13 subdomains (P< .05), indicating good responsiveness. Among the
sample survey of patients, the scale copy acceptance rate was 98.2%, completion rate 94.6%, and average filling time 10 minutes.
The new and reliable BC-PROM was developed in patients with breast cancer and applied to clinical treatment evaluation and

clinical trials for such patients.

Abbreviations: BC-PROM = patient-reported outcomes measure for breast cancer, CFA = confirmatory factor analysis, CTT =
classical test theory, ICC = item characteristic curve, IRT = item response theory, PRO = patient-reported outcome, PROM =
patient-reported outcomes measure, QOL = quality of life.
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1. Introduction

Breast cancer is one of themost important female cancers inmany
countries, and its incidence has increased in recent decades.[1]

That rise is attributed to the more widespread use of
mammography and a consequent earlier detection of the disease.
Earlier detection—and therefore earlier treatment—is expected to
result in improved survival rates.[2] The improvement in survival
rates has been related to the concern with quality of life (QOL)
among the surviving breast cancer patients.[3] With advanced
treatment, the role of the patient shifts to that of survivor, and
there is a need for continued focus on overall QOL issues.[4]
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Generally, the evaluating indices of QOL mainly include 2
aspects: information from physician and patient-rated indices.
There is some difference between physician and patient-rated
indices in survival status of patient with breast cancer. The
patient rating is viewed as more useful because it includes
subjective information only patients can provide. There is a
paradigm shift in evaluating the outcomes of medical care in the
past years. The outcome assessment has a more focus on the
patients’ perception of their health than clinical indexes of disease
activity. The term “patient-reported outcome” (PRO) has been
used to denote the inclusion of the patient’s viewpoint in medical
care.[5] The US Food and Drug Administration (FDA) 2006 draft
guidance “Patient-Reported Outcome Measures: Use in Medical
Product Development to Support Labeling Claims” has engen-
dered wide discussion about PRO domains that should be taken
as the end points in clinical trials.[6] PRO refers to outcomes that
arise directly from patients’ perceptions of their own health
conditions.[7] In the case of cancer, PRO is used to assess the
overall burden of the disease and the effectiveness of inter-
ventions.
There has been increased the use of outcome measures in both

clinical practice and research to capture data regarding a patient’s
self-reported level of disability and determine the relative
effectiveness of interventions.[8] The European Organization
for Research and Treatment of Cancer-Breast Module and
Functional Assessment of Cancer Therapy-Breast (FACT-B) were
widely translated and used bymany countries to measure QOL in
breast cancer population.[9]

Due to the number of items and domains, scoring, and
psychometric properties, there are great differences in these
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instruments. These items of QOL are more important in breast
cancer survivors. Apart from some clinical symptoms, patients
with breast cancer experience a series of nonclinical symptoms.
Feelings of depression and isolation are mostly experienced.
Additionally, patients with breast cancer are so fatigue that they
have difficulty in daily life. The research findings have indicated
that such factors as fatigue, anxiety, body image, and sexuality
strongly affect QOL following breast cancer diagnosis and
treatment.[10] Developments in therapeutic interventions and
humanistic concerns have transformed the prospects for breast
cancer patients. PRO for a patient with a history of breast cancer
assess the impacts of disease, treatment, and side effects related to
different treatment modalities on various aspects of a patient’s
outcomes.[11] The interventions of providing social support could
improve QOL.[9]

Such patient-reported outcomes measure for breast cancer
(BC-PROM) includes the following: measures of physical
functioning, emotional functioning, social functioning, and
therapeutic aspects.[12] The most indexes of patient-reported
outcomes measure (PROM) are subjective indicators, and
strongly influenced by the regional economic and cultural
background in the evaluation of health status. Under the
circumstance, there is no recognized and accurate scale of
patients with breast cancer. So development and validation of a
new specific BC-PROM which suit regional economic and
cultural background is indispensable. The information collected
from the scale is used to evaluate the effect of cancer therapy, and
screening the best choices of treatment and new anticancer drugs
in clinical oncology.

2. Methods

2.1. Ethics statement

The study protocol (No.2013098) received medical and ethical
approval from the Shanxi Medical University. We obtained
written informed consent from all participants.
2.2. Study population

We enrolled patients from 8 different hospitals in Shanxi
Province, China. The investigators had studied training manuals
and acquired investigative techniques through unified training.
All participants were requested to complete the scale indepen-
dently after receiving a brief introduction about the BC-PROM
from one of the investigators. If a patient was unable to complete
the questionnaires by themselves, they received assistance from
an individual who had a proper understanding of the patient’s
condition. If the patients or their assistants encountered any
problems with the questions, investigators were able to provide a
detailed explanation. The questionnaires were filled in so as to
reflect the patient’s current situation. If the patients or their
assistants were illiterate or had a low educational level, an
investigator read out the questions and options, though without
providing any actual guidance. Depending on the patient’s own
wishes, they could receive the assistance of an investigator or an
assistant in completing the questionnaire.
Prior to the study, the investigators received relevant medical

knowledge about general surgery and oncology. Furthermore,
the authors made every effort to ensure that the investigators
adopted a serious, responsible attitude so as to maintain
the quality of this study. To minimize any missing data, the
investigators checked the questionnaires immediately after
completion.
2

The inclusion criteria for the breast cancer patients were as
follows: having a definite diagnosis of breast cancer; being over
18 years of age; and being willing to undergo the investigation.
The exclusion criteria were as follows: a patient with mental
illness or disturbance of consciousness; inability to understand or
complete the scale owing to deficiencies of language or cognitive
ability; and being unwilling to undertake the investigation.
Control participants were collected to meet the following criteria:
not suffering from breast cancer, cancer, and mental illness; the
overall age of healthy people was similar with that of patients
with breast cancer; and being a volunteer to join in the research of
this subject. Health controls also provided informed consent and
got some rewards.
We tested the missing data in the questionnaires using Little

missing completely at random test, and set a P value of <.001. If
the data were being missing at random, we replaced them based
on the expectation-maximization algorithm.[13]
2.3. Sample size

In order to obtain stable and reliable analysis results and accurate
parameter estimates, some scholars have suggested that the actual
survey data sample should be 5 to 10 times of the observed
variables. Nunnally[14] suggested that the number of subjects was
at least 10 times that of the study variables in factor analysis. For
the first item-selection process, we recruited 149 breast cancer
patients; valid data were obtained from 137 participants. We
selected 102 patients and 35 controls, who participated in the
presurvey. For the 2nd item-selection process and validation of
the BC-PROM, we recruited 446 breast cancer patients and
141 controls from the same 8 regions. Of those, 417 patients and
135 controls were able to complete the final scale.
2.4. Scale scoring

For each item, patients responded using a 5-point Likert scale to
reflect how often they experienced the issues in past2 weeks. We
assigned initial values to each category, ranging from 0 to 4. The
responses were 0=never, 1=occasionally, 2=about half of the
time, 3=often, and 4=almost every day. Scores of positively
worded items were recoded as the original score plus 1; scores of
negatively worded items were recoded as 5 minus the original
response. This recoding produced a score range for each item of
1 to , with a higher score reflecting a more positive PROM.
2.5. Development and formation of BC-PROM

The PROM for breast cancer was developed in 4 phases:
conceptual framework construction and preliminary item
generation; development of the initial scale by the 1st item-
selection process; formation of the final scale based on the 2nd
item-selection process; and validation of the PRO measure. A
flowchart of this 4-phase developmental process appears in Fig. 1.
We mainly used the methods of classical test theory (CTT) and
item response theory (IRT) in the 2 item-selection processes.

2.6. Conceptual framework construction

Following the principles for PROmeasurement tools provided by
the FDA, we conducted a literature search of academic databases
for PRO instruments and available Net resources for breast
cancer. We then formed a conceptual framework for the new
instrument. We developed 4 domains and 13 subdomains as



Figure 1. Flowchart of the patient-reported outcomes measures for breast
cancer developmental process. CITC=corrected item-total correlation, CTT=
classical test theory, IRT= item response theory, SD=standard deviation.
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follows: physical domain (subdomains: breast symptom, chest
symptom, systemic symptom, unique reaction, and indepen-
dence), psychological domain (subdomains: anxiety and depres-
sion, self-abasement, and despair), social domain (subdomains:
social support and social adaptation), and therapeutic domain
(subdomains: satisfaction, compliance, and drug side effects).
2.7. Item generation

We conducted in-depth open-ended interviews of 10 breast
cancer patients to identify potential items for the BC-PROM
using the selected conceptual framework.[15] Patients were
interviewed to discuss their main physical feelings and symptoms,
psychological and social burden, and satisfaction with treatment.
We recorded the main points of information from those
interviews.
We selected 10 patients to take a cognitive test. Those patients

were requested to indicate items that they found vague or difficult to
understand. Based on the patients’ suggestions, we added or
removed some items. As a result, we generated a bank of some
potential items.Wemade revisions to the scale following interviews
with these experts, and the preliminary scale was formed.
2.8. Statistical analysis
2.8.1. Item selection. We used the methods of CTT and IRT to
evaluate the items. An item was considered for selection when it
was retained by 4 or more methods. However, the evaluation also
included a consideration of each item’s practical significance.
Together, the statistical results and practical significance of the
items contributed to improvements of the scale.[16]

2.8.2. Classical test theory (CTT). We used 4 methods to
evaluate the items in the CTT analyses.We assessed the sensitivity
of items using the standard deviation (SD): an item was deleted if
its standard deviation was �1. We employed factor analysis to
assess the subdomains. Items with low factor loading (<0.40) and
3

with factor loading close to other factors were deleted. An item
was considered for deletion when the Pearson correlation
between the item and its superior factor was <0.50. Internal
consistency was assessed with Cronbach alpha coefficient and the
corrected item-total correlation. An item was considered for
deletion when the corrected item-total correlation was<0.50 and
the item’s deletion increased the Cronbach alpha coefficient.[17]

2.8.3. Item response theory (IRT). IRT models have been the
preferred methodology for statistically analyzing survey
responses and patients’ latent traits.[18] We assessed items using
MultiLog 7.03 with Samejima graded response model to
investigate the measurement properties. The graded response
model is suitable for analyzing ordered response categories, such
as Likert-type rating scales.[19] We used plots of an item’s
characteristic curves to demonstrate efficiency. Each item was
characterized by 2 parameters, namely discrimination parameter
and difficulty parameter. We determined these with maximum
likelihood estimation. The practical values of the item parameters
for deletion were as follows: a<0.4; b (–3, 3).[20]

2.8.4. Validation of final scale. We evaluated the final BC-
PROM for validity, reliability, and responsiveness using the data
obtained from those 417 patients as well as the 135 control
participants.

2.8.5. Reliability.We calculated Cronbach alpha coefficients for
4 domains and the total scale to measure the internal consistency
of the BC-PROM. Generally, a value of more than 0.70 indicates
that individual items provide an adequate contribution to the
overall scale.[21]

2.8.6. Validity. Content validity. The relevant literatures and
subject patients’ opinions were typically consulted in validating
content validity which how well these items met the empirical
indexes of interest.[5]

Construct validity. We subjected the factor structure of the
scale to confirmatory factor analysis (CFA). The model was
contrasted for relative goodness-of-fit statistics, such as the
following: root mean square error approximation (values<0.08
indicate adequate fit and values<0.05 indicate a close fit of the
data to the model); [22] normed fit index (values ≥0.90);
nonnormed fit index (values ≥0.90); incremental fit index (values
≥0.90); comparative fit index (values ≥0.90); and root mean
square residual (values<0.09).[23] Using LISREL 8.70, we
assessed construct validity with CFA.
Discriminant validity. We determined discriminant validity by

comparing the mean scores for every subdomain of the BC-
PROM among control participants and the groups of breast
cancer patients. We compared the differences using analysis of
variance, with the significance level set at P< .05.[21]

2.8.7. Feasibility.We evaluated the feasibility of the BC-PROM
by examining the response rate, completion rate, and response
time to completion. We considered response and return rates of
less than 95% inadequate and completion times of 8 to 13
minutes acceptable.
3. Results

3.1. Participant characteristics

In the 1st item-selection phase, 102 from breast cancer patients
and 35 from control participants were returned. The subjects of
breast cancer were 18 to 68 years old, with an average of 45.12±
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12.04 years (see Appendix 1, Supplemental Content, http://links.
lww.com/MD/B680, which described demographic characteristic
of patients and controls in the 1st item-selection phase). In the
2nd item-selection phase, 417 breast cancer patients and 135
controls agreed to participate. The subjects of breast cancer were
20 to 73 years old, with an average age of 47.97±10.31 years.
We calculated and compared demographic information using the
Z-test for continuous variables and chi-square test for categorical
variables (see Appendix 2, Supplemental Content, http://links.
lww.com/MD/B680, which described demographic characteristic
of patients and controls in the 2nd item-selection phase).
3.2. Generation of item pool and matrix plot of item
characteristic curves

We undertook a comprehensive review to form 4 domains, 13
subdomains, and 53 potential items. Then we made an interview
Figure 2. Item-characteristic curves and information functions using the grade
corresponding to a different response category; the dashed lines are item inform

4

with some experts to revise the various fields of the scale. We
finally created a preliminary scale of 58 items. The matrix plot of
item characteristic curves (ICCs) with IRT for each item is
showed in Fig. 2. Each item of the BC-PROM had 5 response
categories. For each item in ICCs, each response category was
represented by 1 curve. Ideally, the 1st and last curve of ICCs
should be monotonic for each item. And the remaining 3 curves
(ie, curves of blue, magenta, and green) should be approximately
normal distribution. As shown in Fig. 2, the ICCs were closer to
the ideal case for a majority of items.

3.3. Item selection
3.3.1. The 1st item-selection phase. In our study, the
Kaiser–Meyer–Olkin statistic was 0.706, which was larger
than the gold criteria of Kaiser–Meyer–Olkin (0.7). Meanwhile
the P value was <.001 in Bartlett test of sphericity. These
2 statistics indicated the factor analysis was right for the
d-response model. The colored curves are item-characteristic curves, each
ation functions. Five curves from left to right correspond to options 1 to 5.
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Table 1

Summary of the 1st item-selection phase using classical test theory and item response theory.

IRT

Item SD Factor analysis Correlation coefficient CITC a b1 b2 b3 b4 Outcome

PHD1 1.47 0.691 0.812 0.674 1.07 –1.00 –0.12 0.28 1.65
p

PHD2 1.42 0.738 0.824 0.699 1.16 –1.43 –0.66 –0.25 0.51
p

PHD3 1.33 0.743 0.828 0.715 1.11 –1.20 0.04 0.82 2.16
p

PHD4 1.24 0701 0.770 0.642 1.16 –1.99 –0.78 0.25 1.25
p

PHD5 1.13 0.705 0.738 0.612 1.45 –2.11 –0.70 0.12 1.18
p

PHD6 1.49 0.730 0.833 0.580 0.28 –5.25 –2.98 –0.89 2.65
p

PHD7 1.26 0.900 0.934 0.843 0.43 –5.18 –3.55 –2.31 0.45
p

PHD8 1.10 0.848 0.882 0.764 0.42 –6.69 –4.51 –2.21 0.62
p

PHD9 1.14 0.791 0.854 0.766 1.37 –2.03 –0.96 –0.33 0.69
p

PHD10 0.97 0.625 0.587 0.432 0.54 –10.31 –3.99 –1.14 1.29 �
PHD11 1.30 0.771 0.841 0.728 1.31 –1.55 –0.49 0.14 1.20

p
PHD12 1.25 0.829 0.886 0.805 1.25 –1.61 –0.77 –0.39 1.10

p
PHD13 1.29 0.866 0.874 0.782 0.64 –3.42 –1.69 –0.80 1.36

p
PHD14 1.77 0.760 0.850 0.641 0.84 –0.14 0.27 0.53 1.40

p
PHD15 1.63 0.853 0.878 0.723 0.56 –1.60 –0.96 –0.46 1.19

p
PHD16 1.53 0.820 0.895 0.771 0.77 –1.56 –0.85 –0.39 0.99

p
PHD17 1.30 0.793 0.898 0.745 1.00 –2.57 –0.71 –0.39 0.83

p
PHD18 1.24 0.831 0.932 0.833 1.09 –2.17 –1.11 –0.49 0.67

p
PHD19 0.94 0.872 0.931 0.868 0.86 –4.92 –2.56 –1.28 0.53

p
PSD1 1.30 0.737 0.803 0.748 2.99 –0.63 0.00 0.23 1.28

p
PSD2 1.19 0.568 0.700 0.630 2.20 –0.99 –0.39 0.05 1.13

p
PSD3 1.10 0.632 0.642 0.569 1.92 –1.31 –0.74 –0.25 0.99

p
PSD4 1.20 0.878 0.884 0.852 3.66 –0.74 –0.28 0.15 0.98

p
PSD5 1.22 0.791 0.845 0.804 4.14 –0.83 –0.01 0.35 1.10

p
PSD6 1.29 0.857 0.857 0.816 4.23 –0.82 –0.11 0.19 0.67

p
PSD7 1.10 0.852 0.855 0.820 3.87 –1.22 –0.38 0.10 0.73

p
PSD8 1.15 0.722 0.787 0.736 2.98 –1.26 –0.46 0.05 0.69

p
PSD9 1.18 0.627 0.734 0.671 2.52 –1.08 –0.39 –0.10 0.71

p
PSD10 1.22 0.436 0.611 0.524 1.65 –1.55 –0.56 –0.11 0.84

p
PSD11 1.06 0.542 0.601 0.525 1.84 –1.49 –0.84 –0.45 0.84

p
PSD12 1.03 0.768 0.862 0.705 0.69 –6.24 –2.14 –0.41 2.05

p
PSD13 1.11 0.908 0.930 0.828 0.52 –7.10 –3.37 –0.59 1.32

p
PSD14 1.05 0.881 0.908 0.791 0.60 –5.38 –3.19 –0.97 1.53

p
PSD15 0.84 0.430 0.611 0.477 1.13 –6.40 –2.24 –0.46 1.45 �
PSD16 1.10 0.777 0.743 0.602 0.64 –4.96 –0.91 0.87 3.49

p
PSD17 1.30 0.805 0.878 0.782 1.31 –1.37 –0.18 0.22 1.78

p
PSD18 1.28 0.828 0.891 0.806 1.44 –1.33 –0.18 0.26 1.71

p
PSD19 1.35 0.694 0.783 0.622 0.89 –1.54 –0.23 0.39 2.50

p
SOD1 0.85 0.728 0.835 0.725 1.01 –6.58 –2.75 –0.75 1.10

p
SOD2 0.89 0.710 0.896 0.817 1.54 –4.84 –1.77 –0.30 0.82

p
SOD3 0.94 0.665 0.694 0.492 0.96 –4.39 –2.12 –0.42 1.55 �
SOD4 1.31 0.612 0.883 0.720 2.33 –1.15 –0.17 0.27 0.75

p
SOD5 1.24 0.865 0.868 0.818 0.33 –6.11 –4.02 –1.01 2.59

p
SOD6 1.36 0.930 0.935 0.905 0.29 –5.53 –3.46 –1.97 2.47

p
SOD7 1.11 0.642 0.688 0.601 0.39 –7.79 –3.58 –1.80 2.51

p
SOD8 1.44 0.696 0.755 0.655 0.31 –5.02 –2.36 –1.20 2.76

p
SOD9 0.92 0.608 0.621 0.539 0.45 –7.88 –5.18 –2.18 2.41

p
SOD10 0.90 0.822 0.811 0.765 0.36 –8.61 –6.71 –2.70 2.41 �
SOD11 1.23 0.885 0.889 0.847 0.32 –6.41 –4.22 –2.76 2.05

p
SOD12 0.97 0.891 0.888 0.845 0.32 –6.06 –4.02 –2.92 2.06 �
TRD1 0.97 0.901 0.927 0.847 0.55 –7.23 –4.05 –1.28 1.28

p
TRD2 1.05 0.908 0.928 0.836 0.46 –8.83 –3.93 –0.85 1.64

p
TRD3 1.14 0.865 0.923 0.811 0.39 –6.73 3.57 –0.44 3.06

p
TRD4 0.97 0.777 0.833 0.632 0.91 –3.89 –2.13 –1.08 1.25

p
TRD5 1.09 0.823 0.899 0.730 0.91 –2.82 –1.99 –0.53 1.28

p
TRD6 0.95 0.700 0.794 0.569 0.65 –8.77 –3.23 –1.18 1.17

p
TRD7 1.27 0.674 0.830 0.431 0.51 –4.33 –1.88 –0.99 2.28

p
TRD8 1.39 0.658 0.861 0.431 0.54 –3.56 –0.07 0.97 2.56

p

CITC= corrected item-total correlation, IRT= item response theory, PHD=physical domain, PSD=psychological domain, SD= standard deviation, SOD= social domain, TRD= therapeutic domain.
The significance of bold values in tables as per style indicated the statistical results do not meet the corresponding criteria of methods of CTT and IRT.

Hu et al. Medicine (2017) 96:17 www.md-journal.com
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data. The cumulative variance contribution rate of the first
13 factors was up to 75.145%. Therefore, we selected 13
factors and assigned each item to the corresponding factors.
For CTT and IRT in the 1st item-selection phase, the selection
and some statistical results of the items appear in Table 1. The
Table 2

Summary of the 2nd item-selection phase using classical test theory

Item SD Factor analysis Correlation coefficient CITC

PHD1 1.55 0.758 0.825 0.731
PHD2 1.54 0.861 0.884 0.819
PHD3 1.68 0.823 0.864 0.779
PHD4 1.66 0.883 0.908 0.848
PHD5 1.59 0.872 0.907 0.851
PHD6 1.49 0.808 0.855 0.661
PHD7 1.45 0.830 0.875 0.710
PHD8 1.48 0.708 0.816 0.588
PHD9 1.31 0.759 0.803 0.635
PHD10 1.20 0.733 0.835 0.705
PHD11 1.27 0.843 0.855 0.727
PHD12 1.29 0.689 0.799 0.631
PHD13 1.33 0.681 0.817 0.589
PHD14 1.32 0.820 0.894 0.751
PHD15 1.36 0.746 0.872 0.699
PHD16 0.99 0.765 0.862 0.700
PHD17 1.05 0.750 0.873 0.705
PHD18 1.06 0.785 0.893 0.745
PSD1 1.36 0.734 0.757 0.692
PSD2 1.26 0.802 0.814 0.767
PSD3 1.24 0.917 0.908 0.884
PSD4 1.34 0.661 0.726 0.655
PSD5 1.26 0.670 0.747 0.686
PSD6 1.20 0.621 0.704 0.639
PSD7 1.20 0.685 0.753 0.696
PSD8 1.20 0.700 0.720 0.656
PSD9 1.22 0.904 0.887 0.858
PSD10 0.91 0.577 0.547 0.481
PSD11 1.21 0.892 0.893 0.865
PSD12 1.57 0.772 0.885 0.702
PSD13 1.23 0.805 0.780 0.581
PSD14 1.52 0.821 0.878 0.696
PSD15 0.97 0.636 0.659 0.463
PSD16 1.19 0.750 0.905 0.807
PSD17 1.14 0.717 0.834 0.687
PSD18 1.17 0.686 0.844 0.698
SOD1 1.33 0.862 0.910 0.798
SOD2 1.28 0.873 0.921 0.826
SOD3 1.46 0.769 0.881 0.715
SOD4 1.05 0.812 0.807 0.729
SOD5 1.09 0.764 0.795 0.709
SOD6 1.02 0.625 0.618 0.492
SOD7 1.10 0.750 0.759 0.660
SOD8 1.05 0.856 0.852 0.790
SOD9 1.09 0.796 0.806 0.724
SOD10 1.22 0.714 0.766 0.657
TRD1 1.32 0.640 0.804 0.532
TRD2 1.19 0.754 0.818 0.597
TRD3 1.29 0.677 0.800 0.534
TRD4 0.88 0.796 0.788 0.516
TRD5 1.02 0.766 0.818 0.502
TRD6 0.77 0.788 0.752 0.504
TRD7 1.09 0.878 0.898 0.592
TRD8 1.04 0.883 0.887 0.592

CITC= corrected item-total correlation, IRT= item response theory, PHD=physical domain, PSD=psyc
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items PHD10, PSD15, SOD3, SOD10, and SOD12 should have
been removed in the results. However, many patients and
experts agreed that there is a need to ask and investigate with
regard to item SOD12 (Do you take an active part in beneficial
social activities?), and so we decided to retain it. Therefore,
and item response theory.

IRT
Outcomea b1 b2 b3 b4

0.60 –2.17 –1.18 –0.43 0.94
p

0.54 –2.36 –1.31 –0.21 1.33
p

0.52 –1.15 –0.05 0.68 1.92
p

0.58 –1.29 –0.35 0.29 1.57
p

0.71 –1.48 –0.48 0.11 1.35
p

0.38 –3.73 –1.64 –0.20 2.27
p

0.39 –4.30 –1.75 –0.38 2.15
p

0.51 –2.16 –0.35 0.92 2.91
p

0.71 –2.92 –1.49 –0.29 1.43
p

1.02 –2.81 1.40 –0.50 0.56
p

O.76 –3.12 –1.53 –0.37 1.15
p

0.98 –2.58 –1.22 –0.32 0.50
p

0.53 –3.91 –1.54 –0.24 2.08
p

0.49 –4.50 –2.49 –1.00 1.25
p

0.54 –3.42 –2.49 –1.42 0.74
p

1.07 –5.50 –1.75 –0.57 1.16
p

0.94 –6.18 –1.58 –0.58 1.15
p

1.00 –4.71 –1.69 –0.76 0.70
p

2.35 –0.84 –0.21 0.17 1.11
p

2.96 –1.01 –0.24 0.17 0.99
p

10.27 –0.70 –0.20 0.15 0.80
p

1.88 0.93 –0.06 0.38 1.54
p

2.07 –1.26 –0.30 0.17 1.15
p

2.18 –1.45 –0.56 –0.05 0.81
p

2.66 –1.22 –0.42 0.08 0.90
p

2.00 –1.59 –0.35 0.19 1.20
p

8.48 –0.77 –0.22 0.14 0.80
p

1.48 –4.06 –1.44 –0.34 1.21 �
9.38 –0.76 –0.23 0.15 0.81

p
0.22 –4.93 –2.74 –1.69 2.89

p
0.37 –6.59 –3.15 –1.86 2.09

p
0.25 –5.13 –2.26 –1.21 3.11

p
1.28 –2.50 –1.11 –0.41 0.92 �
1.62 –1.85 –0.79 –0.08 0.90

p
0.77 –5.23 –2.69 –0.81 1.51

p
1.47 –1.90 –0.90 –0.19 1.07

p
0.80 –3.17 –1.01 0.06 1.41

p
0.81 –3.17 –1.01 0.06 1.41

p
0.79 –2.26 –0.25 0.37 1.41

p
0.30 –9.90 –4.05 0.25 6.77

p
0.23 –9.90 –5.52 0.93 8.77

p
0.36 –7.36 –2.21 1.77 7.69

p
0.17 14.40 6.45 0.96 12.40

p
0.29 –10.38 –4.83 0.31 6.72

p
0.31 –8.34 –3.47 1.05 6.70

p
0.35 –5.95 –2.39 0.46 4.75

p
0.67 –3.34 –1.97 –0.99 0.29

p
0.67 –4.07 –2.32 –0.97 0.74

p
0.80 –2.93 –1.67 –0.46 0.62

p
0.48 –7.79 –5.18 –2.15 2.17

p
0.38 –8.60 –4.52 –1.54 3.13

p
0.37 –11.63 –8.86 –4.04 1.91

p
0.26 –8.50 –2.62 2.17 9.31

p
0.24 –8.73 –1.86 4.06 13.34

p

hological domain, SD= standard deviation, SOD= social domain, TRD= therapeutic domain.



Table 3

Scale structure of the bank of 52 items of the final scale.

Domain Subdomain Item

PHD BRS 1–, 2–, 3–, 4–, 5–
CHS 6–, 7–, 8–
SYS 9–, 10–, 11–, 12–,
UNR 13–, 14–, 15–
IND 16+, 17+, 18+

PSD AND 1–, 2–, 3–, 4–, 5–, 6–, 7–, 8–, 9–, 10–
SEA 11–, 12–, 13–
DES 14–, 15–, 16–

SOD SOS 1+, 2+, 3+
SOA 4–, 5–, 6–, 7–, 8+, 9–, 10+

TRD SAT 1+, 2+, 3+
COM 4+, 5+, 6+–
DSE 7–, 8–

“�” indicates a reverse-scored item. AND=anxiety depression, BRS=breast symptom, CHS= chest
symptom, COM= compliance, DES=despair, DSE=drug side effects, ND= independence, PHD=
physical domain, PSD=psychological domain, SAT= satisfaction, SEA= self-abased, SOA= social
adaptation, SOD= social domain, SOS= social support, SYS= systemic symptom, TRD= therapeutic
domain, UNR=unique reaction.
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we deleted 4 items from the initial scale. The scale was left with
4 domains, 13 subdomains, and 54 items.

3.3.2. The 2nd item-selection phase.With CTT and IRT in the
2nd item-selection phase, the selection and some statistical results
of the items appear in Table 2. Items PSD10 (Have you changed
your understanding and pursue of life?) and PSD15 (Are you
worried about that you will die?) had to be removed according to
the above criteria. Therefore, 2 items were deleted from the final
scale, which consisted of 4 domains, 13 subdomains, and 52
items (see Table 3).

3.3.3. Validation of the scale. Additional analyses focused on
examining the reliability and validity of the BC-PROM (ie, 52
items, 4 domains) using classical measurement techniques.

3.3.4. Reliability. Cronbach alpha coefficients for the 4 domains
and overall scale appear in Table 4. As evident in that table,
Cronbach alpha coefficients are 0.867, 0.884, 0.826, 0.712, and
0.902 for physical domain, psychological domain, social domain,
therapeutic domain, and total scale, respectively. The 52-item
BC-PROM demonstrated a high degree of internal consistency
reliability.

3.3.5. Content validity. We achieved content validity by
referring to the relevant literature. To ensure that all the items
were appropriate and relevant, we consulted questionnaires from
China and other countries. We also interviewed 10 patients to
identify potential items; we consulted with 5 patients, 3 physician
experts, and 1 psychometric expert for item revision and
refinement.
Table 4

Reliability of the 4 domains and the whole scale.

Domain Cronbach a coefficients

Physical domain 0.867
Psychological domain 0.884
Social domain 0.826
Therapeutic domain 0.712
Total 0.902
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3.3.6. Construct validity. The indexes of fit for 4 domains are
mostly presented in following. Indicators of model fitness used
include the root-mean-square error approximation (0.079 for
PHD, 0.13 for PSD, 0.079 for SOD, and 0.007 for TRD), normed
fit index (0.94 for PHD, 0.92 for PSD, 0.96 for SOD, and 0.97 for
TRD), nonnormed fit index (0.95 for PHD, 0.92 for PSD,
0.96 for SOD, and 0.98 for TRD), the comparative fit index (0.96
for PHD, 0.93 for PSD, 0.97 for SOD, and 0.99 for TRD), and
incremental fit index (0.96 for PHD, 0.93 for PSD, 0.97 for SOD,
and 0.99 for TRD). The fit statistics met the defined criteria,
which was strongly suggested by the high factor loadings. The
results of CFA appear in Table 5. The standardized factor
loadings for most of the items were >0.5; construct validity was
therefore deemed satisfactory.

3.3.7. Discriminant validity. As shown in Table 6, the
discriminant validity of each subdomain was examined by
comparing mean scores in the 2nd validation samples (417
patients, 135 controls). Based on t tests, the rejection of the null
hypothesis of each subdomain indicated that the scale had the
ability to differentiate between controls and patients.

3.3.8. Feasibility. The response rate of the BC-PROM was
90.31%. The effective rate of return of the scale was 94.04%. The
majority of participants were able to complete the scale within 10
minutes.
4. Discussion

With the number of women with breast cancer increasing
annually among many countries, breast cancer is one of the
leading causes of death in women. In such an environment, it is
really essential to get more acquainted with the information of
one’s health-related QOL.[24] Currently, more and more patients
are involved in evaluations of health-care quality using PRO.[21]

The purpose of this study was to establish a reliable and valid
patient-reported scale for assessing the QOL of breast cancer
patients. The BC-PROM which had validated by 2 samples from
8 hospitals included areas of QOL and broader concepts, such as
patient satisfaction with care and some side effects. The results of
our study indicated that the BC-PROM is a valid instrument for
measuring survival state for women with breast cancer.
We evaluated 4 aspects of our scale: reliability, validity,

responsiveness, and feasibility. To decrease the study burden and
funding, we did not evaluate test–retest reliability. We used
Cronbach alpha coefficient to examine reliability. We employed
the CFA method to assess construct validity. Responsiveness was
evidenced by the score differences between controls and breast
cancer patients. Finally, we evaluated feasibility on the basis of
the effective rate of return and the time required to complete the
scale. The Cronbach alpha coefficient for the breast subscale was
0.59 in Wan study on the Chinese version of FACT-B scale.[25]

But the findings of this study show that the reliability is
appropriate. Cronbach alpha reliability coefficient for total scale
is 0.902.
During the item-selection phase, we combined CTT and IRT.

CTT is easy to implement in the software of SPSS. Cronbach
alpha of 4 subdomains and the whole scale was calculated which
described the reliability of BC-PROM. However, CTT was item-
sample dependent,[26] and its application was restricted in the
development and validation of the scale. The analyses based on
IRT can increase the accuracy and efficiency of the BC-PROM.
Results through IRT provided much richer information on the
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Table 5

Results of the confirmatory factor analysis.

Subdomain Items
Nonstandardized
factor loading

Standard
error t

Standardized
factor loading

BRS PHD1 1.17 0.07 17.80 0.75
PHD2 1.28 0.06 20.61 0.83
PHD3 1.37 0.07 20.11 0.82
PHD4 1.50 0.06 23.51 0.90
PHD5 1.44 0.06 23.80 0.91

CHS PHD6 1.15 0.07 16.42 0.77
PHD7 1.24 0.07 18.37 0.85
PHD8 0.99 0.07 14.01 0.67

SYS PHD9 0.93 0.06 15.72 0.72
PHD10 0.93 0.05 17.70 0.78
PHD11 1.02 0.06 18.43 0.80
PHD12 0.94 0.06 16.03 0.73

UNR PHD13 0.89 0.06 14.51 0.67
PHD14 1.14 0.06 20.10 0.86
PHD15 1.13 0.06 19.10 0.83

IND PHD16 0.77 0.05 17.98 0.78
PHD17 0.83 0.04 17.49 0.79
PHD18 0.90 0.05 19.70 0.85

AND PSD1 0.89 0.06 15.01 0.66
PSD2 0.92 0.05 17.26 0.73
PSD3 1.22 0.04 27.68 0.98
PSD4 0.81 0.06 13.51 0.60
PSD5 0.76 0.05 13.50 0.60
PSD6 0.72 0.05 13.47 0.60
PSD7 0.80 0.05 15.35 0.67
PSD8 0.73 0.05 13.64 0.61
PSD9 1.17 0.05 26.65 0.96
PSD10 1.17 0.04 26.71 0.96

SEA PSD11 1.31 0.07 17.73 0.83
PSD12 0.79 0.06 13.51 0.65
PSD13 1.24 0.07 17.32 0.81

DES PSD14 1.11 0.05 23.60 0.94
PSD15 0.88 0.05 17.99 0.78
PSD16 0.90 0.05 17.76 0.77

SOS SOD1 1.17 0.05 21.68 0.88
SOD2 1.19 0.05 23.33 0.93
SOD3 1.10 0.06 17.51 0.75

SOA SOD4 0.81 0.04 18.15 0.77
SOD5 0.81 0.05 17.18 0.75
SOD6 0.54 0.05 11.06 0.53
SOD7 0.79 0.05 16.25 0.72
SOD8 0.89 0.04 20.94 0.85
SOD9 0.86 0.05 18.65 0.79
SOD10 0.85 0.05 15.69 0.70

SAT TRD1 0.85 0.07 12.16 0.65
TRD2 0.93 0.07 14.19 0.78
TRD3 0.84 0.07 12.27 0.65

COM TRD4 0.59 0.05 11.73 0.67
TRD5 0.65 0.06 11.34 0.64
TRD6 0.50 0.04 11.46 0.65

DSE TRD7 1.05 0.49 2.13 0.96
TRD8 0.64 0.30 2.11 0.62

AND= anxiety depression, BRS=breast symptom, CHS=chest symptom, COM=compliance,
DES=despair, DSE=drug side effects, ND= independence, SAT= satisfaction, SEA= self-abased,
SOA= social adaptation, SOS= social support, SYS= systemic symptom, UNR=unique reaction.

Table 6

Scores comparisons between control participants and patients
with breast cancer.

Subdomain Case (n=417) Control (n=135) T P

BRS 16.73±7.04 23.07±3.20 10.118 <.001
CHS 9.96±3.76 13.01±2.78 8.698 <.001
SYS 15.40±4.17 18.60±2.66 8.392 <.001
UNR 11.25±3.45 14.51±1.02 10.841 <.001
IND 11.96±2.71 13.84±2.28 7.268 <.001
AND 36.33±9.90 45.44±6.07 10.092 <.001
SEA 10.77±3.68 14.33±1.37 10.980 <.001
DES 11.57±3.10 14.28±1.29 9.901 <.001
SOS 10.63±3.68 13.19±2.38 7.580 <.001
SOA 23.20±5.89 29.29±3.75 11.287 <.001
SAT 11.89±3.07 12.56±1.84 2.379 .018
COM 12.05±2.10 12.68±1.42 3.239 .001
DSE 5.96±1.90 8.18±1.33 12.557 <.001

AND= anxiety depression, BRS=breast symptom, CHS= chest symptom, COM= compliance,
DES=despair, DSE=drug side effects, IND= independence, SAT= satisfaction, SEA= self-abased,
SOA= social adaptation, SOS= social support, SYS= systemic symptom, UNR=unique reaction.

Hu et al. Medicine (2017) 96:17 Medicine
performance of each item. It is useful during the development
or refinement of our scale. ICCs provided through IRT reflected
the accuracy of measurement at different values of the latent
trait.[28] By examining the probability of endorsing response
categories for each item, it ensured that the best items are
8

remained. Graded response theory was one of several models in
IRT. It was used on the characteristics of ordered polytomous
categories in our paper.
Many existing instruments measuring QOL have undergone

development and validation among patients.[12] Referring to the
pros and cons of those currently available PRO instruments, we
developed a PROM to assess the survival of breast cancer
patients. This study examined measurement properties, such as
the reliability, validity, and responsiveness of the instrument.
Finally, we developed a scale that consisted of 4 domains and 13
subdomains as follows: physiology, psychology, society, and
treatment. The helpful information gathered by this instrument is
used to be as prognostic and medical factors. Studies of BC-
PROM can further indicate the directions needed for more
efficient treatment of cancer patients. The scientific evidence from
QOL data can be used to assist in clinical decision making during
the phase of diagnosis and treatment for breast cancer.[29]

The BC-PROM coveredmore symptoms and treatment-related
side effects than the Functional Assessment of Cancer Therapy–
Breast Symptom Index. In the present study, the questionnaires
were validated in the breast cancer population of community
health centers in 3 Chinese cities. However, owing to the
difficulties in following up patients and the desire not to impose
an excessive burden on patients, we did not measure the
test–retest reliability in the validation process of the BC-PROM.
Thus, internal consistency was used only to illustrate the
reliability of this scale. However, we did conduct reliability
evaluation of the items with respect to both item selection and
evaluation of the scale.
In 1st item-selection phase of this study, the sample size was

less than 5-fold the number of selected items, and so factor
analysis could not be used to explore the 4 subdomains. We need
to explore this problem in future studies.
The study participants were female breast cancer patients.

Because of the special symptoms of this disease, the items we
assessed were related to the physiological characteristics of
women. There are thus limits to the application of our scale.
Owing to limited funds and other resources, our study population
was restricted to Shanxi Province in northern China. Further
development and wider application of the BC-PROM should be
validated using nationwide or non-Chinese samples in future
studies.[12]



[10] Chopra I, Kamal KM. A systematic review of quality of life instruments
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5. Conclusion

This study makes an important contribution to the treatment of
breast cancer and the wider health-measurement fields. We used
mixed methods (CCT, IRT, and CFA) to identify beneficial items
in the BC-PROM, which may be widely applied in other health
areas. The validated BC-PROM could be applied to evaluate
clinical treatment and clinical trials of new medicines for breast
cancer patients.
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