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Abstract

Purpose Patient-reported outomes (PRO) may facilitate prompt treatment. We describe the development and psychometric
properties of the first instrument to monitor for symptoms of breast cancer (BC) recurrence.

Methods This study is nested in the MyHealth randomized trial of nurse-led follow-up based on electronically-collected
PROs. We constructed items assessing symptoms of potential recurrence through expert interviews with six BC specialists
in Denmark. Semi-structured cognitive interviews were carried out with a patient panel to assess acceptability and compre-
hensibility. Items were subsequently tested in a population of 1170 women 1-10 years after completing BC treatment. We
carried out multiple-groups confirmatory factor analysis (CFA) and Rasch analysis to test dimensionality, local dependence
(LD) and differential item functioning (DIF) according to sociodemographic and treatment-related factors. Clinical data was
obtained from the Danish Breast Cancer Group registry.

Results Twenty-two items were generated for the Breast Cancer Recurrence instrument (BreastCaRe). Cognitive testing
resulted in clearer items. Seven subscales based on general, bone, liver, lung, brain, locoregional and contralateral recur-
rence symptoms were proposed. Both CFA and Rasch models confirmed the factor structure. No DIF was identified. Five
item pairs showed LD but all items were retained to avoid loss of clinical information. Rasch models taking LD into account
were used to generate a standardized scoring table for each subscale.

Conclusions The BreastCaRe has good content and structural validity, patient acceptability and measurement invariance.
We are preparing to examine the predictive validity of this new instrument.

Keywords Breast cancer follow-up - Multiple groups factor analysis - Patient-reported outcome - Recurrence - Rasch
models
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Plain English summary

Patient-reported outcomes (PRO) are symptoms that
are reported directly by the patient, e.g. through a ques-
tionnaire, and may help doctors give prompt treatment.
Identification of symptoms of recurrence are important
during cancer follow-up, but there are currently no PRO
questionnaires that assess symptoms of a potential breast
cancer recurrence (the cancer returning). We developed a
questionnaire of 22 items asking patients about a range of
symptoms that may indicate a recurrence. We also inter-
viewed patients to make sure the items were understood
as intended. We then analyzed these items using mod-
ern psychometric analyses and created the Breast Can-
cer Recurrence instrument (BreastCaRe) where different
groups of items may be used to indicate potential recur-
rence according to different organ sites. We are currently
testing whether the BreastCaRe can be used as a simple
cost-effective tool to predict and identify cancer recur-
rence during cancer follow-up.

Background

Patient-reported outcomes (PRO) are increasingly being
used as a clinical tool to improve the treatment and
quality-of-life of cancer patients through cost-effective
symptom monitoring and prompt intervention [1-3]. This
suggests the potential of utilizing PROs not only during
treatment, but also in cancer follow-up after completion
of treatment. The primary aims of cancer follow-up are
the detection of recurrence or new cancers, as well as
management of physical and psychosocial late effects [4].
However, although two reviews on PRO measures (PROM)
used in cancer clinical practice identified more than 30
measures that were routinely used, these measures either
assessed quality of life dimensions or treatment-related
effects [5, 6], and none assessed the use of PROs specifi-
cally in cancer follow-up.

The utilization of PROs in cancer follow-up may be
especially relevant for breast cancer, due to the high sur-
vival rates and burgeoning population of breast cancer
survivors needing follow-up care [7]. Women with breast
cancer have been shown to have a risk ranging from 10%
to over 40% of developing a recurrence up to 20 years
after completion of treatment [8, 9]. Recurrence can occur
as either locoregional recurrence (in the treated breast or
lymph nodes), contralateral recurrence (opposite breast),
or distant recurrence or metastasis (in other organs) [10,
11]. Previous studies have shown that about 60% of breast
cancer recurrences are symptomatic and about 30-40% of

recurrences are detected by the woman herself [12-14],
suggesting the potential of organizing breast cancer fol-
low-up based on patient-reported symptoms for the detec-
tion of possible cancer recurrence.

We identified only one recurrence-related symptom-rat-
ing form developed for lung cancer patients. A pilot study
(n=42) and subsequently, a randomized trial (n=121),
showed earlier detection of disease progression or recur-
rence and improved survival in patients who filled out the
form weekly, when compared to patients who only received
planned scans [15, 16]. Although the symptoms and prog-
nosis for lung cancer differ greatly from breast cancer, these
results indicate that patient-reported outcomes may poten-
tially be a cost-effective tool for the detection of breast can-
cer recurrence. However, to our knowledge, there are cur-
rently no validated self-reported measures for the detection
of symptoms of recurrence in breast cancer survivors.

Depending on the organ site, common symptoms often
reported upon suspicion of breast cancer recurrence include
lumps or any changes in the feel or appearance of the skin
around the breast, pain, dyspnea, weight loss, fatigue, and
swelling of lymph nodes [11, 13, 14] which can be oper-
ationalized as items in a patient-reported measurement
instrument. COSMIN (COnsensus-based Standards for the
selection of health status Measurement INstruments) guide-
lines suggests that the extent to which a new instrument can
provide meaningful data for analysis depends on its devel-
opment and core measurement properties, such as content
validity, structural validity and internal consistency [17, 18].

The purpose of this study was to describe the develop-
ment and psychometric properties of the items developed
for a breast cancer recurrence instrument (BreastCaRe). We
wished to maximize content validity and patient acceptabil-
ity through the involvement of relevant stakeholders, i.e.
clinical experts and patients. We further wished to assess
structural validity (i.e. dimensionality based on items assess-
ing symptoms of recurrence indicative of different organ
sites), internal consistency, local independence and measure-
ment invariance (absence of differential item functioning,
DIF) to create a final measure that is suitable for further
testing. A pair of items show local dependence (LD) if they
are correlated beyond what the underlying latent variable
can account for. This is important to evaluate as it may cause
biased estimates of reliability. An item shows DIF when a
variable systematically impacts responses in subgroups
(e.g. when older women systematically score lower on the
item than younger women who experience the same level of
symptoms). This property is important to evaluate as it may
cause biased results when comparing subgroups [17, 18].
Finally, we aimed to develop a scoring table to facilitate
interpretation and potential implementation in the breast
cancer follow-up clinic. Since the raw score metric is not in
general equal to the latent variable metric, we used scoring



from Rasch analysis, which estimates item and person meas-
ures on the same scale.

Materials and methods
Context

This study is nested in the MyHealth randomized trial test-
ing a nurse-led breast cancer follow-up program utilizing
the systematic online collection of PRO in women who had
completed curatively-intended primary breast cancer treat-
ment [19]. The trial is ongoing and the items are used indi-
vidually as part of a web-based screening tool, whereby a
predefined algorithm alerts the nurse to contact a patient
who has high scores on symptoms of late-effects or potential
recurrence requiring attention [20]. The MyHealth trial was
approved by the Ethics Committee of the Capital Region of
Denmark (H-L6035885) and is registered on ClinicalTrials.
gov (NCT02949167).

Development of items

We used current medical and clinical knowledge regarding
the symptoms of recurrent breast cancer and how they vary
depending on organ site [21]. We also reviewed the literature
for available instruments used for the assessment of symp-
toms in cancer patients and noted the linguistic structure of
the instructions and items. Based on this, we constructed dif-
ferent items that could potentially be relevant for the detec-
tion of symptoms of recurrence after breast cancer. These
items were subsequently sent to six breast cancer specialists
from the major oncology and breast cancer surgery depart-
ments in Denmark, who all accepted to participate in sev-
eral rounds of semi-structured telephone-interviews with
a researcher (LS).The most important symptoms and their
relation to breast cancer recurrence sites were then selected
and verified, and items were revised for clinical accuracy.

Scoring and hypothesized dimensions
of the BreastCaRe

Based on a consensus from these interviews, 23 items were
selected that assessed symptoms associated with recurrences
in different organ sites. Instructions ask patients about any
changes in physical symptoms within the past month. The
first 22 items are answered on a four-point scale (0: Not at
all; 1: A little; 2: Quite a bit; 3: Very much), while the final
item was open-ended and allowed the patient to write down
any other symptom causing her to worry about recurrent
disease. Seven subscales were proposed based on clinical
knowledge of symptoms that might indicate recurrence in
general or in different organ sites: general symptoms (G: 5

items), bone recurrence (BO: 5 items), liver recurrence (LI:
4 items), lung recurrence (LU: 2 items), brain recurrence
(BR: 5 items), locoregional recurrence (LO: 4 items) and
contralateral recurrence (CO: 1 item). Three items (items 7,
13 and 14) were initially placed in more than one subscale,
as the same symptom could be a sign of more than one type
of recurrence (Table A).

Cognitive testing and patient involvement

In the MyHealth trial, a patient panel consisting of seven
women who had completed primary treatment for breast
cancer was established as part of efforts to involve patient
representatives in the development of the trial. Procedures
for the selection and involvement of patients in the develop-
ment of the MyHealth trial have been reported elsewhere
[22]. The panel was specially recruited such that half of the
women did not have more than compulsory school educa-
tion. The preliminary BreastCaRe items were tested by this
panel of women and individual cognitive interviews were
carried out based on an interview guide to assess acceptabil-
ity and comprehensibility, item responses and instructions.

Test population

The BreastCaRe items were tested among breast cancer
survivors. Between January and August 2017, 1773 breast
cancer survivors affected by changes in routine follow-up
after treatment for breast cancer were invited to participate
in a questionnaire study. Invited patients had completed pri-
mary treatment between 2007 and 2015 at the Department of
Clinical Oncology and Palliative Care, Zealand University
Hospital, Denmark. They had attended routine specialist-
led follow-up for 1-10 years, but were now being switched
to either nurse-led or patient-initiated follow-up. Upon
informed consent, a questionnaire was sent out at baseline
and again after one year, including sociodemographic infor-
mation and validated scales measuring other outcomes such
as the European Organization for Research and Treatment
of Cancer quality of life questionnaire (EORTC QLQ-C30)
[23] in addition to the BreastCaRe items. This study is based
on data from the baseline questionnaire. We further obtained
information on vital status from The Danish Civil Registra-
tion System (CPR) [24] and on tumor characteristics and
treatment from The Danish Breast Cancer Group (DBCG)
[25].

Statistical analyses

Descriptive statistics were computed to examine the soci-
odemographic and clinical characteristics of both respond-
ers (defined as women who returned the questionnaire with
informed consent) and non-responders in the study sample,



and the two groups were compared using chi-square tests.
To obtain more robust and theory-driven results, we split
the sample randomly into two subsets that were both suffi-
ciently large for analysis. Measurement models were derived
using CFA in the first randomly chosen subset and were
then evaluated using Rasch analysis in the second subset.
This permits investigation of the characteristics of items and
persons, and allows the creation of a conversion table that
translates ordinal observed scores to linear, interval-level
estimates. Combining item pairs with LD into “single com-
bination items” was used as a straightforward way of includ-
ing LD in the model. This approach yielded the highest test
information in a comparison with other methods [26 p.188].

Differential item functioning was assessed according
to age group (£60,> 60), education (low, medium, high),
time since diagnosis (<5 years, > 5 years), type of surgery
(lumpectomy, mastectomy), lymph node dissection (yes, no),
chemotherapy (yes, no), endocrine therapy (yes, no) and cur-
rent health status (high/low). The Global Health Status score
of the EORTC-C30 was used as a measure of health status
[27]. The score was dichotomized into high versus low using
a threshold of 66.7, which is the normative median score
from the general population [27].

CFA models were fitted using complete cases, and both
a six-dimensional CFA and a bifactor model were fitted.
CFA for ordinal items based on polychoric correlations was
done using the R package lavaan [28, 29]. The factors were
derived theoretically, but to assess over-fitting the data, we
also computed the empirical Kaiser criterion [30]. We report
standardized factor loadings and associated standard errors
together with the following fit statistics: Chi-square, Root
Mean Square Error of Approximation (RMSEA), Compara-
tive Fit Index (CFI) and the Tucker Lewis Index (TLI). Items
hypothesized to be on the same subscale should have similar
and high loadings on that factor. Threshold levels for a good
fit for a scale are indicated by chi-square p-value > 0.05,
RMSEA <0.05 and CFI/TLI>0.95 [31]. Modification indi-
ces are used to improve the model by indicating items with
local dependence. We report (i) CFA models without LD
and (ii) CFA models where LD is included using latent vari-
ables, thus retaining the independence of error terms. In the
CFA models DIF was evaluated using chi-square difference
tests for nested models.

We used graphical Rasch models that can incorporate
local dependence and DIF [32, 33] (details on the parametri-
zation inference provided in supplementary materials). The
similarity between the observed and expected responses to
any item is reported through two fit statistics: (1) the out-
lier- sensitive fit statistic (OUTFIT) and (2) the information-
weighted fit statistic (INFIT). Traditionally a fit value of
1.0 indicates perfect fit to model expectations and item fit
values in the range between 0.7 and 1.3 are an acceptable
indication of item fit [34, 35]. We used a conditional version

of the fit statistics with known asymptotic properties [36]
which makes it possible to compute P-values. Local depend-
ence and DIF were evaluated using conditional likelihood
ratio tests [37] and item screening [38]. We also evaluated
the overall model fit for each subscales using Andersens
conditional likelihood ratio test [39]. Furthermore, we did
additional tests of DIF in the graphical Rasch model because
this model is used to produce the scoring. A histogram of the
item and person measure distributions plotted against each
other (a Wright map) was created to evaluate if the items
were well-targeted to the intended patient population. This
was done for the total BreastCare scale and we also generate
Wright maps for each of the six subscales based on the items
in the subscale only.

The conversion table developed to convert the raw scores
of each subscale to the metric of the latent variable was oper-
ationalized using Warms weighted likelihood estimates [40].
For ease of interpretation we also present a linear rescaling
of these person measures to a zero to 100 scale. We do this
for the total BreastCare scale and also generate conversion
tables for each of the six subscales based on the items in
the subscale only. The single-item contralateral recurrence
subscale and the final item with the written response format
were not included in the psychometric analyses. Analyses
were carried out using SAS [41, 42] and DIGRAM [43].
All P-values were adjusted for multiple testing using the
Benjamini-Hochberg correction.

Results
Content validity and cognitive testing

An initial list of twenty-two items was developed and sent
to five clinical oncologists and one breast cancer surgeon
from the main oncology/surgery departments in Denmark.
Through telephone interviews and discussion, all the items
were revised for clinical accuracy, while several items were
deleted and replaced with new ones that were judged to
be more relevant and comprehensive (Table 1). Individual
cognitive interviews with the patient panel resulted in only
minor adjustments in the wording of the instructions and
individual items were made to make sure that they could be
more accurately understood by patients (Table 1).

Test population

A total of 1178 (66.4%) questionnaires were returned with
written informed consent and were included for analysis.
Only small differences were seen between the two groups
representing women included for analysis and those not
included on clinical characteristics except for radiotherapy,
where the study sample included a significantly higher



Table 1 Examples of revisions based on expert and patient feedback

Initial version example Feedback Revision example
Expert feedback
Tiredness “Unspecific,” “too general,” Items revised to include the phrases “more than
Need to rest “Only important if it’s new onset or persistent.”  usual” or “persistent”
Dizziness

Pain in breast area
tive of recurrence.”

Difficulty with controlling bowels/urinating

“Most likely a late-effect,” ’not usually indica-

“A late symptom of spinal cord compression

Item deleted

Item deleted

(due to recurrence), ought to be detected
earlier by symptoms of radiating pain and

sensations in legs.”

Pain in upper abdomen
sia.”
Patient feedback

Instructions requested patients to focus on
health changes “since the last visit.”
focus on
Radiating pain
Changes in sensations in legs

“Too general, will catch patients with dyspep-
Patients found it difficult to remember when
the last visit was and were not sure what to

Patients had difficulty understanding what type
of pain or sensation were relevant

Item replaced with “new pain and pressure in
upper abdomen”

Instructions rephrased to “within the past
month.”

The examples “radiating from your back to your
leg” and “tingling or numbness” were added to
this items to aid patient understanding

percentage of women who received radiotherapy (Table 2).
Responses to the BreastCaRe items were all right-skewed
and the extent of missingness was low, ranging from
19 missing responses for item 15 (1.6%) to 33 missing
responses for item 22 (2.8%) (Table 3).

Confirmatory factor analysis

We used information from the factor loadings to identify the
best placement for the items that were initially placed on
more than one subscale (Q7, Q13 and Q14). Item Q7 (‘Lost
weight without effort”) was removed from the general symp-
toms of recurrence subscale and retained on the liver recur-
rence subscale. Item Q13 (‘Reduced ability to lift your arm
or leg’) and Q14 (‘Difficulty controlling the movement of
arm or leg’) were retained on the bone recurrence subscale
and removed from the brain recurrence subscale.

For the six-dimensional CFA model (Fig. 1, panel (a))
the fit was adequate: chi-square =278.7, df =174, p <0.001,
RMSEA 0.031, (90% CI 0.024 to 0.038), CFI 0.988 and
TLI 0.985. For the bi-factor model (Fig. 1, panel (b)) the fit
was similar: chi-square=306.3, df=183, p <0.001, RMSEA
0.033, (90% CI 0.026-0.039), CFI 0.986 and TLI 0.984.
The six-dimensional CFA confirmed the hypothesized
structure, but since the empirical Kaiser criterion suggested
three factors the more parsimonious bi-factor model may
be preferable.

Modification indices indicated the presence of five
locally dependent item pairs: Q1 (‘Felt more tired than
usual’) and Q2 (‘Had to rest more than usual’); Q3 (‘Felt
sick or unwell’) and Q6 (‘Nausea’); Q4 (‘Newly developed

bone pain’) and Q11 (‘Experienced pain that radiates’); Q5
(‘Appetite decreased’) and Q7 (‘Lost weight without effort’);
and Q13 (‘Reduced ability to lift arm or leg”) and Q14 (‘Dif-
ficulty controlling movement of arm or leg’). A clinical deci-
sion was made to retain all the items. Adding additional
latent variables to the model to account for the additional
correlation yielded a six-dimensional CFA model with better
fit: chi-square =185.7, df =169, p=0.180, RMSEA 0.013,
(90% CI 0.000 to 0.023), CFI 0.998 and TLI 0.998. The fit of
the bi-factor CFA model also improved (chi-square =200.0,
df=178, p=0.124, RMSEA 0.014, (90% CI 0.000 to 0.023),
CFI 0.997 and TLI 0.997). The factor structure of the models
with additional latent variables to the model to account for
the additional correlation is reported in Fig. 1. No evidence
of DIF was identified by the multiple groups CFA (Table 4).

Rasch analysis

For all six subscales, the models derived using CFA were
confirmed using graphical Rasch models and indicated
acceptable item fit. Table 3 contains the estimated item
threshold parameters, and the conditional infit and outfit
item fit statistics. The item fit statistics evaluate item fit in
the six subscales. For the general symptoms of recurrence
subscale, the bone recurrence subscale, and the liver recur-
rence subscale, fit to graphical Rasch models taking into
account item local dependence was confirmed. For the lung,
brain and locoregional recurrence subscales, fit to Rasch
models without item local dependence was confirmed.
Overall Rasch model fit was acceptable for all subscales
(Table 5).



Table 2 Characteristics of

. Respondents n=1178 Non-respondents p-value
the test population of breast n=595
cancer survivors in this study
comparing respondents and Age, N (%) 267 (22.7) 154 (25.9) 0.13
non-respondents <60 years 911 (77.3) 441 (74.1)
> 60 years
Education, N (%) 456 (38.7) N/A
Short 227 (19.3)
Medium 422 (36.0)
Long 73 (6.2)
Unknown
Time since diagnosis, N (%) 510 (43.3) 307 (51.6) 0.20
<5 years 654 (55.5) 283 (47.6)
>5 years 14 (1.2) 5(0.8)
Unknown
Type of surgery, N (%) 900 (76.4) 425 (71.4) 0.07
Lumpectomy 242 (20.5) 145 (24.4)
Mastectomy 36 (3.1) 25 4.2)
Unknown
Axillary dissection, N (%) 487 (41.3) 233 (39.1) 0.68
Yes 689 (58.5) 361 (60.7)
No 2(0.2) 1(0.2)
Unknown
Trastuzumab, N (%) 100 (8.5) 48 (8.1) 0.88
Yes 986 (83.7) 497 (83.5)
No 92 (7.8) 50 (8.4)
Unknown
Chemotherapy, N (%) 443 (37.6) 208 (35.0) 0.45
Yes 580 (49.2) 299 (50.3)
No 155 (13.2) 88 (14.8)
Unknown
Radiotherapy, N (%) 974 (82.7) 451 (75.8) 0.003*
Yes 15 (1.3) 11 (1.8)
No 189 (16.0) 133 (22.4)
Unknown
Endocrine therapy, N (%) 885 (75.1) 426 (71.6) 0.23
Yes 158 (13.4) 86 (14.5)
No 135 (11.5) 83 (13.9)
Unknown
Global health status, N (%) 445 (37.8) N/A
Low 720 (61.1)
High 13 (1.1)
Unknown

Histograms of item and person measures (Wright maps)
illustrate that the measure has a floor effect, but that items
are located throughout the range of person measure estimate
values, indicating that item set is well-targeted to the high
end of the intended patient population (Fig. 2). This means
person measures can be estimated with reasonable preci-
sion towards the high end of the scale. The same is true for
Wright maps for the six subscales (included in the supple-
mentary material), but of course the precision is smaller in
shorter subscale. The conversion tables illustrate that differ-
ences between consecutive raw scores do not represent equal
intervals on the latent variable axis (Table 6; conversion
tables for the six subscales included in the supplementary
material).

Although CFA indicated no evidence of DIF, analyses
using graphical Rasch models indicated some evidence
of DIF for the items Q3 (‘Felt sick or unwell’) and Q15
(‘Strong, persistent headaches’) with respect to global
health status, and item Q22 (‘Swelling in arm’) with
respect to axillary dissection. None of these findings were
significant after adjustment for multiple testing and the
magnitude of DIF was quite small (results available upon
request). For this reason, they were not incorporated into
the current conversion tables.
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Fig.1 The factor structure of the BreastCaRe instrument taking
local dependence into account. Panel (a) shows the six-dimensional
CFA model, panel (b) show the bifactor model. BC BreastCare total
symptom, G general symptoms of recurrence, BO bone recurrence, LI/

Table 4 Tests of Measurement invariance (absence of DIF)
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Table 5 Evaluation of over-all Rasch model fit for the BreastCare
subscales

Variable Chi-square difference

test Domain Andersens conditional likeli-

for nested models hood ratio test

x> df p X2 df »
Age (<60 years, > 60 years) 16.6 15 0.34 G: general symptoms 8.6 14 0.86
Education (Short, Medium, Long) 37.8 30 0.16 BO: bone recurrence 16.6 24 0.87
Time since diagnosis (<5 years,> 5 years) 17.3 15 0.30 LI: liver recurrence 2.4 16 1.00
Type of surgery (Lumpectom; Mastectomy) 18.1 15 0.26 LU: lung recurrence 8.2 0.14
Axillary dissection (yes; no) 19.6 15 0.19 BR: brain recurrence 1.2 8 1.00
Chemotherapy (yes; no) 14.6 15 0.48 LO: loco-regional recurrence 14.7 0.10
Endocrine therapy (yes; no) 17.0 15 0.32
Global health status, (high; low) 18.9 15 0.22

Discussion

We aimed for the first time to develop and investigate
the psychometric properties of a new PRO instrument
to screen for symptoms of recurrence after breast cancer
(BreastCaRe). We involved clinical experts and patients
to maximize the instrument’s content validity, patient
acceptability and comprehension, and tested structural

validity, internal consistency and measurement invari-
ance. We ended with 22 multiple-choice items falling on
seven distinct subscales, with one subscale consisting of
a single item. One free-text item was included to create
a final 23-item instrument and a scoring table based on
Rasch analysis was developed for further measurement
evaluation. We are now preparing to examine the pre-
dictive validity of this instrument using recurrence data
from the study population as the next step in validating
the BreastCaRe.
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Fig.2 Wright maps for the BreastCare instrument. Person measures
above the vertical axis and item measures below the vertical axis

In the currently proposed factor structure, three items
originally repeated on more than one subscale based on
clinical knowledge were placed on the subscales based
on psychometric fit. A bi-factor model also fitted the data
adequately. Both models also required local dependence for
five item pairs to get optimal fit. This indicates potential
redundancy and a possible solution is to remove items to
create a more parsimonious measure [17]. However, we kept
all the items as the clinical experts judged them to provide
different and important clinical information. Rasch models
taking local dependence into account were used to develop
a conversion scoring table where the raw ordinal scores of
each subscale are converted to standardized interval scores

ranging from zero to 100. We present these for the total
BreastCare scale and for each of the six subscales to help
clinicians interpret scores and changes in scores over time,
but stress that (i) a score of zero (or 100) indicates that a
patient has scored in the lowest (highest) category on all
items in the scale or subscale, but that it is possible to be
located lower (higher) and that (ii) these conversion tables
are only relevant in populations where the item calibrations
presented here are deemed relevant.

The Wright maps illustrate that items are well-targeted
to the intended patient population and that person measures
can also be estimated towards the high end of the scales.
However for the short subscales the measurement precision
may not be sufficient. The conversion tables illustrate that
differences between consecutive raw scores do not corre-
spond to equal intervals on the latent variable axis, which is
why raw scores should not be used in parametric analyses.
This is rectified using Rasch analysis which estimates item
and person measures on the same scale. Simple conversion
tables result from using Rasch analysis, where the total score
is sufficient and the ability of the graphical Rasch model of
incorporating local dependence makes it a natural choice in
this setting.

We also investigated DIF with regards to age, overall
health status, surgery and adjuvant treatments received,
which is important if the instrument is used for comparisons
because DIF can bias comparisons of groups or individu-
als [44]. DIF was assessed by evaluating the fit of multiple
groups CFA models and this is only feasible when the groups
are large enough. Thus the potential effects of two adjuvant
treatment modalities (Trastuzumab and radiotherapy) on DIF

Table 6 Conversion table

. Sumscore® 0 S Sumscore 0 S Sumscore 0 S Sumscore 0 S

for scoring the BreastCaRe

instrument 0 —-1.884 0.0 16 1.765 40.7 32 2.674 509 48 3.568 60.9
1 -0.774 124 17 1.834 41.5 33 2.724 51.5 49 3.639 617
2 —-0.253 182 18 1.901 423 34 2.774 52.0 50 3715 625
3 0.093 22.1 19 1.966 43.0 35 2.825 52.6 51 3795 634
4 0.353 25.0 20 2.028 43.7 36 2.876 532 52 3880 644
5 0.562 273 21 2.088 444 37 2927 537 53 3973 654
6 0.738 29.3 22 2.146 450 38 2979 543 54 4.074 66.5
7 0.889  31.0 23 2203 45.6 39 3.031 549 55 4.185 67.8
8 1.023 325 24 2259 46.3 40 3.085 555 56 4310 69.2
9 1.144 338 25 2313 469 41 3.139 56.1 57 4452 70.8
10 1.253 350 26 2367 475 42 3.195 56.7 58 4.619 72.6
11 1.353 36.2 27 2419 48.1 43 3252 574 59 4.820 749
12 1.447 37.2 28 2471 48.6 44 3311 58.0 60 5.075 777
13 1.533 382 29 2.522 492 45 3372 587 61 5419 81.6
14 1.615 39.1 30 2.573 49.8 46 3434 594 62 5946 874
15 1.692 399 31 2.624 50.3 47 3.500 60.1 63 7.070 100.0

2Sum of the raw scores of all the items on the instrument

Estimated person measure (0), Standardized scores (S)



were not studied, as very few patients received Trastuzumab
and almost all received radiotherapy. We found no evidence
of DIF in the CFA analysis, but Rasch analysis indicated
that: (i) the items Q3 (‘Have you felt sick or unwell?’) and
Q17 (‘strong persistent headaches’) could potentially be
biased in comparisons of respondents with different levels
of global health status, and that (ii) the item Q22 (‘Swelling
in arm’) could potentially be biased in comparisons between
respondents who received axillary dissection and respond-
ents who did not. However, these findings were not signifi-
cant after adjustment for multiple testing. This potential
presence of DIF should be investigated further and perhaps
be incorporated into conversion tables.

Strengths and limitations

The involvement of clinical experts and patients maximized
content validity, acceptability and comprehensibility of this
instrument, thus enhancing future uptake and applicability.
A further strength of this study is the large size of the test
population, which allowed us to use two methods to inves-
tigate the psychometric properties by splitting our sample
randomly in two. The Rasch analysis confirmed the results
of the factor analysis, producing a final instrument with good
psychometric properties. We also identified items that were
associated with each other (local dependence) and incorpo-
rated this information in a conversion table for use in further
validation analyses and potential clinical application.

As items were developed based on clinical consensus,
we cannot rule out the possibility that other symptoms rel-
evant for the detection of breast cancer recurrence may have
been overlooked. However, BreastCaRe items capture the
most common symptoms presented at the time of recurrence
detection, as reported in a recent cross-sectional study of
310 breast cancer patients [14]. The response rate of 66.4%
means that we cannot exclude problems with the generaliz-
ability of the study population, although differences between
the respondents and non-respondents were generally small.
Also, the low levels of symptoms in this population and
lack of variability in the data can be a challenge for statisti-
cal models, but the CFA for ordinal items based on poly-
choric correlations converged without problems. Finally, a
drawback of using polytomous Rasch models is that they are
logically inconsistent with the assumption that a rating scale
with ordered thresholds is used to rate items. The method
of successive dichotomizations (MSD) [45] or the graded
response model [46] might be a better choice for a scoring
algorithm, but taking local dependence into account is not
straight-forward in these models. Where results were found
to differ between the CFA and Rasch analysis this is likely
due to the differences in the way these two approaches mod-
els means (locations) vs variances (discriminations). How-
ever, a major strength of the Rasch models is that item fit

statistics with known asymptotic distributions can be used
[36, 47].

Early detection and improved treatment of breast cancer
have led to a tremendous increase in the number of breast
cancer survivors and the subsequent challenge of allocating
resources for follow-up in this group of patients [48, 49].
The fact that breast cancer may relapse many years after pri-
mary treatment points to the need for more cost-effective and
convenient surveillance methods such as the use of PROMs.
To our knowledge, no trial has yet investigated the effect of
a follow-up program based on PRO monitoring of symp-
toms of recurrence on the outcomes of survival or detection
of recurrence after primary breast cancer treatment and we
lack a PRO measure for detection of recurrence. Items that
make up the BreastCaRe are currently being used in the
MyHealth randomized trial investigating a nurse-led breast
cancer follow-up program based on systematic PRO moni-
toring, [20] and results from this trial will inform the future
investigation of this instrument.

Conclusion

The BreastCaRe is a psychometrically sound, recurrence-
specific PROM developed for monitoring women who have
completed primary breast cancer treatment. If the predictive
validity of the BreastCaRe is confirmed in our next step anal-
yses, it has the potential to be a valuable and cost-effective
tool in the organization of future breast cancer follow-up.
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