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Abstract

Background: Stage is a key predictor of cancer survival. Complete cancer staging is vital for understanding outcomes
at population level and monitoring the efficacy of early diagnosis initiatives. Cancer registries usually collect details of
the disease extent but staging information may be missing because a stage was never assigned to a patient or
because it was not included in cancer registration records. Missing stage information introduce methodological
difficulties for analysis and interpretation of results. We describe the associations between missing stage and
socio-demographic and clinical characteristics of patients diagnosed with colon, lung or breast cancer in England
in 2013. We assess how these associations change when completeness is high, and administrative issues are
assumed to be minimal. We estimate the amount of avoidable missing stage data if high levels of completeness
reached by some Clinical Commissioning Groups (CCGs), were achieved nationally.

Methods: Individual cancer records were retrieved from the National Cancer Registration and linked to the
Routes to Diagnosis and Hospital Episode Statistics datasets to obtain additional clinical information. We used
multivariable beta binomial regression models to estimate the strength of the association between socio-
demographic and clinical characteristics of patients and missing stage and to derive the amount of avoidable
missing stage.

Results: Multivariable modelling showed that old age was associated with missing stage irrespective of the
cancer site and independent of comorbidity score, short-term mortality and patient characteristics. This
remained true for patients in the CCGs with high completeness. Applying the results from these CCGs to the
whole cohort showed that approximately 70% of missing stage information was potentially avoidable.

Conclusions: Missing stage was more frequent in older patients, including those residing in CCGs with high
completeness. This disadvantage for older patients was not explained fully by the presence of comorbidity. A
substantial gain in completeness could have been achieved if administrative practices were improved to the
level of the highest performing areas. Reasons for missing stage information should be carefully assessed
before any study, and potential distortions introduced by how missing stage is handled should be considered
in order to draw the most correct inference from available statistics.
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Background
Stage at diagnosis is a key predictor of cancer survival: a
higher stage is associated with lower survival. Besides its
relevance for the clinical management of individual pa-
tients, good quality and complete cancer staging is vital
for understanding outcomes at population level and moni-
toring the efficacy of early diagnosis initiatives [1–3].
Tumour staging is usually done through clinical inves-

tigations, such as imaging, and/or diagnostic or surgical
procedures aimed at determining the pathological exten-
sion of the tumour.
The Tumour Node Metastasis (TNM) classification

[4], maintained and periodically updated by the Inter-
national Union for Cancer Control (UICC), is an inter-
national standard for determining disease extension and,
ultimately, treatment options. It is based on the combin-
ation of three components: size and extent of the pri-
mary tumour (T), nodal involvement (N) and presence
or absence of distant metastasis (M). Population-based
cancer registries usually collect these details of the
disease extent to derive a TNM stage grouping, however
the completeness of this stage information may vary by
cancer site and by registry.
Missing stage information introduces methodological

difficulties for analysis, and for interpretation of results.
Understanding the characteristics of patients with miss-
ing stage and the mechanisms behind missing data is
crucial to evaluating the potential extent of bias and to
reaching sensible conclusions.
Stage information may be missing either because it

was never assigned or because it was not documented in
cancer registration records. In the first case, the lack of
stage may result from an incomplete staging assessment
that in turn may be associated with socio-demographic
and clinical characteristics of the patient. Previous re-
search carried out in England, Europe, and the United
States has reported that the proportion of unstaged
cancers is higher in certain subgroups of the population
such as the elderly [5–8], those with high levels of
comorbidity or complex care needs, and those in institu-
tionalised settings [9–12]. Race, gender, marital status,
place of residence, and receipt of surgical treatment have
also been associated with missing stage [5, 13, 14].
Patients’ refusals to undergo staging investigation proce-
dures may also contribute to missing information. In
certain settings such as England, patients diagnosed and/
or treated exclusively in private hospitals are also less
likely to have their data captured by the national registry
system. Under all of these scenarios, stage information is
plausibly missing at random (MAR): that is, the probability
for the stage to be missing is not related to the stage itself
(e.g. advanced stage), but conditional on other characteris-
tics of the patients (e.g. age, comorbidity, deprivation) [15].
Instead, if the only cause for missing stage were the

presence of obvious metastatic disease or direct referral to
palliative care, it would be more likely that stage data are
missing not at random (MNAR). This means that, even
after accounting for observed patients’ characteristics,
there will still be systematic differences in the stage
distribution between those with complete and missing
stage information.
In some instances, although stage may have been

known to the clinician or recorded in the clinical notes,
it was not reported to the cancer registry. Errors in cod-
ing of the data or failures in the recording system can
contribute to lack of stage reporting. When administra-
tive or communication issues are the cause of missing
data, the stage information is likely to be missing com-
pletely at random (MCAR) at regional and national level,
meaning that the missing data can be considered to be a
random subset of the data. In these cases, the exclusion
of the records with missing values from the analysis
(complete case analysis) would still produce unbiased
estimates, but it would lead to a loss of statistical
power and to a corresponding increase in variance.
Improving stage completeness has been a priority in

recent years in England, with financial and human re-
sources being invested to increase stage reporting to the
cancer registry. Actions have included the improvement
of the IT systems at hospitals and registries, the assign-
ment of data liaison teams to go into hospitals to investi-
gate and improve data collection practices, and the
introduction of standardised collection and recording
procedures. As an illustration, completeness of stage was
about 70% for patients diagnosed with non-small cell
lung cancer between 2004 and 2007 [16]. In 2012, stage
completeness reached 80–90% for patients diagnosed
with one of the four major cancers (colorectal, lung,
breast, and prostate) [17]. Since 2014, the percentage of
newly diagnosed cancers recorded with a valid stage has
been a quality indicator for Clinical Commissioning
Groups (CCGs), the National Health Service (NHS)
units in which cancer services are budgeted and planned
in England [18]. Although CCGs are not directly respon-
sible for collecting cancer data, they can be considered
as proxies for the registration practices of the hospital
trusts in the areas for which they commission services.
Despite recent improvements, there remains a propor-

tion of patients for whom there is no valid stage infor-
mation in the cancer registration data. In this study, we
aim to describe the socio-demographic and clinical char-
acteristics of patients diagnosed with colon cancer, non-
small cell lung cancer or breast cancer in England in
2013, for whom stage information was not available in
the cancer registration data. We describe geographical
patterns of completeness, and investigate whether the
association between patients’ characteristics and missing
stage information differs when completeness is high. We
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also estimate the number of patients who might have
been assigned a stage if the highest levels of complete-
ness were achieved throughout the country. Finally, we
use multiple imputation to estimate the likely stage
distribution of patients with missing stage.

Methods
All patients aged 15–99 years diagnosed with a primary,
invasive, malignant colon cancer (International Classifi-
cation of Diseases, ICD-10 C18), non-small cell lung
cancer (ICD-10 C34, lung cancer hereafter), and all
women diagnosed with breast cancer (ICD-10 C50) in
England in 2013 were identified in the national cancer
registration system [19]. These three cancer sites were
chosen as they are among the most common malignan-
cies, but have different prognosis, age and stage distribu-
tions at presentation.

Data sources and specification
Individual cancer records were retrieved from the Na-
tional Cancer Registration and Analysis Service (NCRAS)
through the Cancer Analysis System (CAS). This database
collates multiple cancer sources and contains various
pieces of information about the tumour stage. In the
present study, we used the ‘registry-derived stage’, a TNM
stage grouping variable derived by NCRAS using internal
procedures from available pathological and clinical
information. This variable is generally used in institu-
tional reporting in England. Whether or not a patient
had a valid registry-derived stage in their record was
the outcome of interest.
National cancer registration data in England include

quality-checked information on each patient’s date of
birth, gender, vital status, follow-up dates, tumour
morphology, the former regional registry under which
the cancer case was registered (the eight former regional
registries merged into a single national one in 2013), and
the postcode of residence at the time of diagnosis. Post-
code was used to map patients to a small geographical
region, the Lower layer Super Output Area (LSOA), and
to assign them to a CCG and to one of the five eco-
logical deprivation quintiles, derived from the income
domain of the Index of Multiple Deprivation for England
[20]. The least deprived quintile is coded to 1, and the
most deprived to 5. As there were no clear or consistent
gradients across these five categories and numbers in
some categories were small in some CCGs, we further
grouped patients into two categories: more affluent
(quintiles 1 and 2), and more deprived (quintiles 3, 4
and 5). We derived a variable as an indicator of short-
term mortality based on the vital status of each patient
at 30 days after diagnosis.
Individual tumour observations were linked to the

Routes to Diagnosis (RtD) dataset [21] in order to classify

patients into two groups according to whether they were
diagnosed through an emergency admission or not, and to
the Hospital Episode Statistics (HES) dataset in order to
acquire additional clinical information. We applied an
algorithm developed by Maringe et al. [22] to the HES
dataset to obtain information on prevalent comorbidities
diagnosed up to six years before the cancer diagnosis (ex-
cluding the six months preceding the cancer diagnosis as
they might have been a consequence of the tumour itself)
which were then summarised into the Charlson Comorbid-
ity Index (CCI). This index assigns patients an overall score
composed of a sum of severity-weighted values given to 17
specific chronic conditions [23]. We defined three
levels of comorbidity according to the overall score
(low = 0; medium = 1–2; high ≥3). Patients were classi-
fied as having received surgery if they were recorded in
HES as having undergone a cancer-related procedure
up to six months after the cancer diagnosis.

Statistical analyses
In the descriptive analyses, a chi-squared test was used
to test for significant differences between patients with
and without stage information for each of the inde-
pendent variables.
One-year stage-specific net survival was calculated

using the Pohar-Perme estimator, which accounts for
competing risks of death from other causes with increas-
ing age via inverse probability weighting [24], using the
standard cohort approach and follow-up to 31/12/2014
[25]. Mortality from other causes by age and sex was
drawn from region- and deprivation-specific life tables
for England for 2013 and 2014 [26]. An additional miss-
ing stage category was included in the stratified analysis.
In order to enable comparison between stages, estimates
were age-standardised using the International Cancer
Survival Standards (ICSS) weights, for which age at diag-
nosis was categorised into five groups (15–44, 45–54,
55–64, 65–74, and 75–99 years) [27].
In order to account for the potential variability in the

outcome between the 209 CCGs, we used multivariable
beta binomial regression models [28, 29] to estimate the
odds ratios (OR) for the association between socio-
demographic and clinical characteristics of patients and
missing stage. Two sets of models, each containing all
the socio-demographic and clinical variables available,
were built. Firstly, models included all patients diag-
nosed in 2013 in order to understand what factors were
associated with missing stage (Model 1). Secondly, ana-
lyses were restricted to CCGs with a low proportion of
missing stage data amongst their patients, to allow fur-
ther investigation of which patient factors remained as-
sociated with missing stage in areas with high
completeness (Model 2). In these areas we assumed that
patient characteristics were the main determinants of
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missing data, while administrative or communication is-
sues played a marginal role. These were the CCGs for
which the percentage of missing stage data was below
the 10th percentile of the distribution across all CCGs
(8.2% for colon, 5.2% for lung, and 4.7% for breast can-
cer). We tested for interactions between various patient
characteristics and we did not find any statistically sig-
nificant interaction apart from an effect modification be-
tween age and comorbidities among women diagnosed
with breast cancer. Since this interaction only slightly
changed the estimates and was non-significant in the
model restricted to CCGs with high completeness
(Model 2), we only reported the results from the main
models (without interactions).
A question of interest was whether the proportion of

missing stage would have changed if the missingness
patterns of the areas with high completeness were
applied. To achieve that, the parameter estimates from
the Model 2 for the restricted sample of CCGs with high
completeness of stage data were applied to the various
covariate patterns on the full cohort in order to calculate
the number of patients who might have been expected
to have valid data on stage. The expected number of
patients with missing stage data was then subtracted
from the observed number to provide an estimate of the
number and proportion of patients for whom missing
data on stage was potentially avoidable, if they had had
the same chance of being staged as the patients in CCGs
with high completeness where administrative issues were
assumed to be minimal.
Under the assumption that stage was missing at ran-

dom, we estimated the likely stage distribution of pa-
tients with missing stage using multiple imputation. As
the proportion of missing stage was never above 20%, 20
imputed datasets for each cancer site were produced
using the mi impute Stata command and a multinomial
logistic modelling approach that included all the vari-
ables used in the analysis as well as the morphological
subtype (for breast cancer), the former regional cancer
registry, the event indicator and the Nelson-Aalen esti-
mator of the cumulative hazard of death [15]. Analyses
were conducted using Stata 14 [30].

Results
The study population consisted of 21,522 colon can-
cer patients, 31,188 lung cancer patients, and 41,657
women with breast cancer diagnosed in England in
2013. The proportion of patients with missing stage
information was 18.5% for colon, 12.6% for lung and
15.6% for breast cancer.
For each cancer, data on stage were more often missing

for older patients (youngest versus oldest age group: 15%
vs 32% for colon, 10% vs 22% for lung, 13% vs 38% for
breast cancer), for those who were diagnosed through an

emergency route, who died within 30 days of diagnosis
(patients who survived more than 30 days versus patients
who died within 30 days: 17% vs 37% for colon, 10% vs
25% for lung, 15% vs 48% for breast cancer), those who
did not have record of cancer-directed surgery, or who
had concomitant chronic conditions (Table 1). For pa-
tients with cancers of the lung or breast, the proportion
with missing stage was significantly higher among more
deprived patients. For colon cancer, the proportion was
higher among women than men.
Age-standardised one-year net survival among patients

without a valid stage was 72% for colon, 36% for lung
and 92% for breast cancer (Table 1). For colon and lung
cancer patients, survival estimates of these were between
those of patients diagnosed with stage III and stage IV
tumours. Survival of women diagnosed with breast can-
cer and with missing stage was closer to that seen in pa-
tients with stage III breast cancer.
There was substantial variation in the proportion of

patients with missing stage between the 209 CCGs: the
range was 0–63% for colon, 2–62% for lung, and 2–58%
for breast cancer (Fig. 1).
For each cancer site, findings for the whole cohort

(Model 1, point estimates mutually adjusted for all the
other covariates) indicate that increasing age was associ-
ated with missing stage information: patients aged 85 or
older had approximately twice the odds of missing stage
compared with patients aged 15–64 (colon cancer: OR =
1.8, 95%CI 1.6–2.1; lung cancer: OR = 2.1, 95%CI 1.4–2.
4; breast cancer: OR = 2.2, 95%CI 1.8–2.6). Additionally,
patients who died shortly after diagnosis and those who
had a high Charlson comorbidity score were less likely
to have stage information, while those who underwent a
surgical procedure were more likely to have been staged.
Among women with breast cancer, being diagnosed
through an emergency admission was associated with a
24% increase in the odds of missing stage (OR = 1.24,
95%CI 1.1–1.5) compared with patients admitted by
other routes. The odds of having missing stage infor-
mation were 20% lower among more deprived women
with breast cancer than among more affluent women
(OR = 0.8, 95%CI 0.7–0.9) (Table 2).
In CCGs with high stage completeness (Model 2, point

estimates mutually adjusted for all the other covariates),
the association between missing stage information and
older age of patients remained significant and increased
in strength for all three cancers (colon: OR = 2.8, 95%CI
1.4–5.5; lung: OR = 2.8, 95%CI 1.5–5.2; breast: OR = 3.7,
95%CI 2.1–6.5). Undergoing a surgical procedure
remained negatively associated with missing stage
among colon and breast cancer patients. Conversely,
short-term mortality almost doubled the odds of having
missing stage for lung and breast cancer patients, but
did not have a significant effect for colon cancer.
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If the whole cohort had had the probability of missing
stage seen in CCGs with high completeness (low admin-
istrative issues), an additional 64, 71 and 74% of patients
with missing stage for colon, lung and breast cancer, re-
spectively, could potentially have been staged in 2013 in
England (Table 3). That equates to over 10,000 out of
95,000 patients diagnosed with one of these cancers.
Figure 2 shows the stage distribution under different

scenarios, before and after multiple imputation. For each
cancer, the stage distribution after imputation among
patients with missing stage (third bar) was slightly more
advanced (lower average proportion of cases in stage I and
higher proportion of cases in stage IV) in comparison to

the stage distribution for patients with known stage (first
bar), and to the stage distribution after imputation of all
patients in the cohort (second bar). The imputed stage
distribution for patients with missing stage tended to-
wards even later stages among the patients in the CCGs
with high completeness (fourth bar), especially for colon
and to a lesser extent for lung and breast cancer.

Discussion
The proportion of missing stage information for colon,
lung and breast cancer patients diagnosed in England in
2013 varied by socio-demographic and clinical character-
istics and by geography. Multivariable modelling showed

Table 1 Distribution of patients with missing stage information, and net survival by stage, England, 2013

Colon cancer Non-small cell lung cancer Breast cancer

No. Missing stage (%) No. Missing stage (%) No. Missing stage (%)

All patients 21,522 18.5 31,188 12.6 41,657 15.6

Age at diagnosis

15–64 5566 15.1 * 6890 9.7 * 22,611 12.7 *

65–74 6024 14.5 10,161 9.9 9376 11.5

75–84 6798 18.6 10,008 13.4 6393 20.4

85+ 3134 32.1 4129 22.4 3277 38.3

Sex

Male 11,316 17.6 * 17,004 12.3

Female 10,206 19.6 14,184 13.0

Income deprivation group

More affluent 9489 18.7 9769 13.5 * 18,771 16.9 *

More deprived 12,033 18.4 21,419 12.2 22,886 14.6

Emergency presentation

No 15,248 17.3 * 20,549 10.8 * 40,137 15.1 *

Yes 6274 21.5 10,639 16.0 1520 31.1

Death within 30 days of diagnosis

No 19,973 17.1 * 25,919 10.1 * 41,273 15.3 *

Yes 1549 36.5 5269 24.8 384 48.4

Surgical procedure

No 3403 35.7 * 26,410 13.7 * 9450 37.4 *

Yes 18,119 15.3 4778 6.8 32,207 9.3

Charlson comorbidity index

0 15,913 17.1 * 19,398 12.1 * 34,782 14.6 *

1–2 4009 21.3 8478 12.7 5376 18.9

> =3 1600 25.6 3312 15.7 1499 28.2

One-year net survival (NS %, 95% CI)

Stage I 0.98 (0.98–0.99) 0.88 (0.87–0.89) 1.00 (1.00–1.01)

Stage II 0.95 (0.94–0.96) 0.73 (0.71–0.75) 1.00 (0.99–1.00)

Stage III 0.89 (0.89–0.90) 0.48 (0.47–0.50) 0.96 (0.95–0.97)

Stage IV 0.44 (0.42–0.45) 0.20 (0.19–0.20) 0.67 (0.65–0.67)

Missing stage 0.72 (0.70–0.74) 0.36 (0.34–0.37) 0.92 (0.92–0.93)
*p-value from chi-squared test ≤0.05
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that old age was associated with missing stage irrespect-
ive of the cancer site and independent of comorbidity
score, short-term mortality and patient characteristics.
This remained true for patients in the CCGs with high
completeness, where administrative issues were likely to
be minimal. Approximately 70% of the missing data was
potentially avoidable if all patients had had the same
chance of being staged as the patients in those CCGs.
A strength of this study is that it draws upon a

population-based, high-quality cancer registration sys-
tem that covers the entire English population, minimis-
ing the risk of selection bias. Furthermore, we were able
to control for receipt of surgery and for comorbidity
through linkage with secondary care data (HES) data.
The latter is particularly relevant for elderly patients as
it allows to distinguish between clinical decisions based
on the presence of concurrent chronic conditions (that
may contraindicate staging investigations), and decisions

Fig. 1 Distribution of the proportion of missing stage by Clinical
Commissioning Group, England, 2013

Table 2 Adjusted Odds Ratios with 95% Confidence Intervals for missing stage by patient characteristics, England, 2013

Cancer patients

Colon cancer Non-small cell lung cancer Breast cancer

Model 1a Model 2 b Model 1a Model 2 b Model 1 a Model 2 b

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age at diagnosis

15–64 1 1 1 1 1 1

65–74 0.91 (0.80–1.03) 0.78 (0.36–1.71) 0.98 (0.85–1.12) 0.88 (0.48–1.62) 1.13 (0.93–1.36) 1.05 (0.55–2.03)

75–84 1.13 (1.01–1.28) 1.61 (0.84–3.11) 1.21 (1.05–1.38) 1.10 (0.60–2.01) 1.46 (1.23–1.74) 1.85 (1.06–3.24)

85+ 1.84 (1.63–2.09) 2.80 (1.43–5.49) 2.08 (1.80–2.39) 2.77 (1.48–5.19) 2.15 (1.80–2.56) 3.71 (2.11–6.49)

Sex

Male 1 1 1 1

Female 1.09 (1.00–1.18) 1.49 (0.97–2.29) 1.05 (0.96–1.15) 1.11 (0.75–1.63)

Income deprivation group

More affluent 1 1 1 1 1 1

More deprived 0.98 (0.90–1.06) 1.07 (0.70–1.66) 0.91 (0.83–1.00) 1.06 (0.68–1.65) 0.81 (0.72–0.91) 0.92 (0.63–1.35)

Emergency presentation

No 1 1 1 1 1 1

Yes 0.93 (0.84–1.02) 1.01 (0.65–1.57) 0.97 (0.89–1.07) 0.50 (0.31–0.78) 1.24 (1.07–1.45) 1.23 (0.71–2.14)

Death within 30 days of diagnosis

No 1 1 1 1 1 1

Yes 1.63 (1.44–1.85) 1.26 (0.70–2.27) 2.62 (2.37–2.89) 4.91 (3.14–7.69) 1.87 (1.47–2.38) 2.55 (1.14–5.68)

Surgical procedure

No 1 1 1 1 1 1

Yes 0.44 (0.40–0.48) 0.30 (0.19–0.48) 0.68 (0.58–0.79) 0.95 (0.47–1.90) 0.23 (0.20–0.28) 0.31 (0.20–0.49)

Charlson comorbidity index

0 1 1 1 1 1 1

1–2 1.16 (1.05–1.28) 1.40 (0.86–2.29) 1.00 (0.91–1.11) 1.07 (0.69–1.67) 1.08 (0.95–1.24) 0.95 (0.61–1.46)

> =3 1.34 (1.17–1.53) 1.26 (0.65–2.42) 1.17 (1.03–1.32) 1.01 (0.55–1.84) 1.24 (1.05–1.46) 1.72 (0.98–3.03)

OR odds ratio, 95% CI 95% confidence interval
a Model including the whole sample of patients b Model including only patients in the Clinical Commissioning Groups with high stage completeness
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based solely on chronological age. Nonetheless, we ac-
knowledge that the Charlson Comorbidity Index only
captures the clinical dimension of the frailty in the
elderly [31] and does not encompass other factors (e.g.
level of disability or of health care needs) which may
also contribute to the absence of tumour stage.
The lack of publicly-available information on how

NCRAS handled missing individual T, N, and M compo-
nents in deriving the grouped stage variable used in the
analysis limited some of our interpretation. The process
of defining the grouped stage variable has a crucial
impact on the definition of stage categories and on
stage-specific survival [32]. We assumed that the derived
stage reflected the true extent of the disease, that a sys-
tematic and consistent approach was used to summarise
individual information on the extent of the tumour into
a single variable, and that the staging classification for
specific cancer sites was consistent between hospitals.
However, we could not appraise directly the possibility
of misclassification or inconsistencies.
The independent association between old age and

missing stage that was evident in our study, has also
been extensively documented by US studies using the
Surveillance, Epidemiology, and End Results database,
where completeness has been reported to be generally
high [5, 13], and in European studies based on national
or regional cancer registries with lower levels of com-
pleteness (for example, around 70% among colon cancer
patients in Denmark [9] and around 50% among lung
and colon patients in Mallorca [8]). Having accounted
for comorbidity in our study, this result may be partially
explained by the fact that elderly patients are more likely
to be cared for in institutions and, in such settings, there
may be sub-optimal provision of and access to cancer
care which could interfere with the comprehensiveness
of diagnostic and staging investigations [11]. However, a
study carried out in the United States [10] reported that
older patients were less likely to have missing stage re-
gardless of the level of care needs, measured by use of
home health care and nursing home care. Our finding
implies inequalities in comprehensive cancer care for the
elderly, which is a growing concern in the England [33].

We noted a consistent association between short-term
mortality and missing stage for lung and breast cancer
patients. Patients with poor prognosis may die before
any diagnostic investigation can be planned and/or
conducted or they may be considered to be too frail to
undergo staging investigations which require a surgical
procedure in many cases. In disentangling the relation-
ship between receipt of surgical procedures and a re-
duced likelihood of missing stage for colon and breast
cancer patients, an issue of reverse causality arises be-
cause some of these procedures had a diagnostic pur-
pose and those with a therapeutic purpose would have
been guided by stage at diagnosis.
After examining different cut-offs, we defined the

threshold of high completeness at the 10th percentile of
the distribution of missing stage across all CCGs because
it assured both a reasonable sample size and a better
than average level of completeness. This cut-off is simi-
lar to the level of completeness reached at national level
in the most recent years so the results we obtained from
our restricted analyses remain valid for the whole coun-
try [34]. The substantial gain in stage completeness we
estimated at national level (nearly 10% for the studied
cancers) represented the avoidable share of missing stage
data had all CCGs performed as well as those with the
most efficient registration practices in their correspond-
ing hospital trusts in 2013. This also suggests that the
administrative issues can be feasibly overcome and that
strengthening registration practices (e.g. improvement
of the IT systems at hospitals and registries, assign-
ment of data liaison teams and standardisation of pro-
cedures) has been effective in enhancing the stage data
completeness.
In our cohort of cancer patients, missing information

followed a pattern, whereby the probability of missing
stage was associated with certain socio-demographic and
clinical characteristics of the patients. In addition, we
observed that survival of patients with missing stage was
between the survival of patients with stage III and IV tu-
mours, and nearer to those diagnosed at stage III for
breast cancer, implying a mixture of stages and not only
late stage. In other words, at national level, missing stage

Table 3 Number (%) of observed, expected and potentially avoidable patients with missing stage information, England, 2013

Patients with missing information on stage at diagnosis

Observed Expected a Potentially avoidable a

Patients No. % No. 95% CI % No. 95% CI %

Colon cancer 21,522 3990 18.5 1433 578.7–2287.6 6.7 2557 470.2–1838.0 64.1

Non-small cell lung cancer 31,188 3935 12.6 1154 470.2–1838.0 3.7 2781 2096.9–3464.8 70.7

Breast cancer 41,657 6515 15.6 1689 838.2–2539.7 4.1 4826 3975.3–5676.8 74.1

95% CI 95% confidence interval
a The expected number are those patients for whom stage would still be missing if all patients had had the same probability of being staged as the patients in
the CCGs with the highest stage completeness. The difference between the observed and expected numbers is then the number of patients for whom missing
data on stage was potentially avoidable. Numbers are rounded up to the integer
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Fig. 2 Registry stage distribution in patients with known stage, and after multiple imputation, England, 2013. Note: percentages after multiple
imputation refer to the proportional distribution across all of the imputed datasets
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was plausibly missing at random. In such a situation,
multiple imputation represents a valid approach to han-
dle missing data in the analytical phase [35].
However, multiple imputation is computationally in-

tense and theoretically challenging therefore it may not
be extensively applied by data analysts. Alternative tech-
niques, such as single imputation or complete case
analysis are often used, especially when easy-to-interpret
routine statistics are needed in a timely and recurring
fashion. Yet, depending on the reasons for the missing
data, such or similar approaches may introduce bias or
lead to inefficient analyses [36]. For example in England,
the “missing-is-late” assumption underpins the computa-
tion of the ‘cancer diagnosed at early stage’ indicator by
CCG [37] which is reported quarterly in the cancer
dashboard, an online collection of cancer indicators
designed to support performance monitoring and im-
provement [38]. According to the likely distribution we
observed in our data, this strategy, which corresponds to
single imputation, may be a fairer approximation in
those CCGs with high completeness, where the stage
distribution was more skewed towards late stages, but it
may distort the results in the CCGs with lower com-
pleteness (survival is likely to be inflated because those
with missing information on stage who fall into the late
stage category are less likely to have late stage, in fact,
than those assigned to late stage in CCGs with high
completeness). Therefore, evaluating the ‘cancer diag-
nosed at early stage’ indicator together with a second in-
dicator reported on the dashboard, the ‘record of cancer
stage at diagnosis’, is necessary to demonstrate the extent
of the potential bias and enable correct interpretations.

Conclusions
Analyses of English population-based cancer registry
data from 2013 showed that the disadvantage in stage
completeness for the oldest patients persists even when
completeness is generally high. This does not appear to
be well determined by the presence of comorbidity. It
may be due to other issues of frailty that we were unable
to measure, or due to clinical decisions about diagnostic
procedures being based solely on the patient’s chrono-
logical age. Given that survival of the oldest cancer
patients tends to be worse in England than in other
countries [1, 39], the lack of stage data should be exam-
ined in relation to poorer outcomes among the elderly.
In 2013 there remained a substantial proportion of

‘avoidable’ missing data: we estimated that 70% of pa-
tients with missing information on stage could have had
complete data if administrative practices were improved
to the level of the highest performing areas. These
improvements have been borne out in recent years, but
researchers are still using earlier data especially where
they are looking at longer-term follow-up and therefore

they should be aware what the characteristics of patients
with missing information on stage are.
The non-random distribution of missing stage across

population strata and health geographies means that
handling missing stage in the analysis of population-
based cancer registry data sets needs careful consider-
ation to reduce the risk of bias. Possible reasons for
missing data on stage should be carefully assessed before
any study, and potential bias and distortions introduced
by how missing stage is handled should be considered
and acknowledged. In this way, the most appropriate
analyses can be chosen and the best inferences drawn
from available statistics.

Abbreviations
CAS: Cancer Analysis System; CCG: Clinical Commissioning Group; CCI: Charlson
Comorbidity Index; HES: Hospital Episode Statistics; ICD: International Classification
of Diseases; ICSS: International Cancer Survival Standards; LSOA: Lower layer Super
Output Areas; MAR: Missing at random; MCAR: Missing completely at random;
MNAR: Missing not at random; NCRAS: National Cancer Registration and Analysis
Service; NHS: National Health Service; RtD: Routes to diagnosis; TNM: Tumour
Node Metastasis; UICC: International Union for Cancer Control

Acknowledgements
We thank Camille Maringe, Helen Fowler, Patrick Muller and Adrian Turculet
(Cancer Survival Group, London School of Hygiene and Tropical Medicine,
UK) for their advice. We are grateful to Sally Vernon (National Cancer
Registration and Analysis Service, Public Health England) for her insights on
the data sets, as well as the other members of the CRUK Scientific Advisory
Group for their insights in the project.

Funding
CDG, SW, SBM and MM are funded by an Early Diagnosis Policy Research
Grant from Cancer Research UK to the Cancer Policy Programme at the
London School of Hygiene and Tropical Medicine (award number C7923/
A18348). The funding body collaborated in the design of the study but had
no role in the collection and analysis of data, interpretation of results, or in
writing the manuscript.

Availability of data and materials
The data were obtained from Public Health England. They were used
under licence for this study, and are not publicly available nor available
from the authors.

Authors’ contributions
CDG, SW, SBM, MM and BR developed and planned the study. CDG analysed
the data and drafted the first and successive versions of the manuscript. SBM
analysed and interpreted the data. ENN contributed to the analyses and
interpretation of the results. SW, MM, BR, MPC contributed to the
interpretation of the results. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
The Cancer Survival Group obtained ethical and statutory approvals from the
National Research Ethics Service Committee London – Camden & Islington
on 28 May 2013 (Research Ethics Committee reference 13/LO/0610,
confirmed on 29 January 2015).

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Di Girolamo et al. BMC Cancer  (2018) 18:492 Page 9 of 10



Received: 14 September 2017 Accepted: 20 April 2018

References
1. Coleman MP, Forman D, Bryant H, Butler J, Rachet B, Maringe C, Nur U,

Tracey E, Coory M, Hatcher J, et al. Cancer survival in Australia, Canada,
Denmark, Norway, Sweden, and the UK, 1995-2007 (the international Cancer
benchmarking partnership): an analysis of population-based cancer registry
data. Lancet. 2011;377:127–38.

2. Søgaard M, Olsen M. Quality of cancer registry data: completeness of TNM
staging and potential implications. Clin Epidemiol. 2012;4(Suppl 2):1–3.

3. Walters S, Maringe C, Butler J, Brierley JD, Rachet B, Coleman MP. Comparability
of stage data in cancer registries in six countries: lessons from the international
Cancer benchmarking partnership. Int J Cancer. 2013;132:676–85.

4. Sobin LH, Gospodarowicz M, Wittekind C. TNM classification of malignant
Tumours. 7th ed. New York: Wiley; 2009.

5. Worthington JL, Koroukian SM, Cooper GS. Examining the characteristics of
unstaged colon and rectal cancer cases. Cancer Detect Prev. 2008;32(3):251–8.

6. Adams J, Audisio RA, White M, Forman D. Age-related variations in
progression of cancer at diagnosis and completeness of cancer registry
data. Surg Oncol. 2004;13(4):175–9.

7. de Camargo CM, Chapuis F, Curado MP. Abstracting stage in population-
based cancer registries: the example of oral cavity and oropharynx cancers.
Cancer Epidemiol. 2010;34(4):501–6.

8. Ramos M, Franch P, Zaforteza M, Artero J, Durán M. Completeness of T, N,
M and stage grouping for all cancers in the Mallorca Cancer registry. BMC
Cancer. 2015;15:847.

9. Ostenfeld EB, Froslev T, Friis S, Gandrup P, Madsen MR, Sogaard M.
Completeness of colon and rectal cancer staging in the Danish Cancer
registry, 2004-2009. Clin Epidemiol. 2012;4(Suppl 2):33–8.

10. Koroukian SM, Xu F, Beaird H, Diaz M, Murray P, Rose JH. Complexity of care
needs and unstaged cancer in elders: a population-based study. Cancer
Detect Prev. 2007;31(3):199–206.

11. Bradley CJ, Clement JP, Lin C. Absence of cancer diagnosis and treatment in
elderly Medicaid-insured nursing home residents. J Natl Cancer Inst. 2008;
100(1):21–31.

12. Yancik R, Wesley MN, Ries LA, Havlik RJ, Edwards BK, Yates JW. Effect of age
and comorbidity in postmenopausal breast cancer patients aged 55 years
and older. J Am Med Assoc. 2001;285(7):885–92.

13. Merrill RM, Sloan A, Anderson AE, Ryker K. Unstaged cancer in the United
States: a population-based study. BMC Cancer. 2011;11:402–2.

14. Seneviratne S, Campbell I, Scott N, Shirley R, Peni T, Lawrenson R. Accuracy
and completeness of the New Zealand Cancer registry for staging of
invasive breast cancer. Cancer Epidemiol. 2014;38(5):638–44.

15. Falcaro M, Nur U, Rachet B, Carpenter JR. Estimating excess hazard ratios
and net survival when covariate data are missing: strategies for multiple
imputation. Epidemiology. 2015;26(3):421–8.

16. Walters S, Maringe C, Coleman MP, Peake MD, Butler J, Young N, Bergström
S, Hanna L, Jakobsen E, Kölbeck K, et al. Lung cancer survival and stage at
diagnosis in Australia, Canada, Denmark, Norway, Sweden and the United
Kingdom: a population-based study, 2004-2007. Thorax. 2013;68:551–64.

17. McPhail S, Johnson S, Greenberg D, Peake M, Rous B. Stage at diagnosis and
early mortality from cancer in England. Br J Cancer. 2015;112(s1):S108–15.

18. Health and Social Care Information Centre. Indicator quality statement: CCG
Indicator 1.17 record of stage of cancer at diagnosis. Leeds: Health & Social
Care Information Centre; 2014.

19. World Health Organisation. International statistical classification of diseases
and related health problems. Tenth revision. Geneva: WHO; 1994.

20. Department for Communities and Local Government. The English indices of
deprivation 2007. London; 2008.

21. Elliss-Brookes L, McPhail S, Ives A, Greenslade M, Shelton J, Hiom S, Richards
M. Routes to diagnosis for cancer - determining the patient journey using
multiple routine data sets. Br J Cancer. 2012;107(8):1220–6.

22. Maringe C, Fowler H, Rachet B, Luque-Fernández MA. Reproducibility,
reliability and validity of population-based administrative health data for the
assessment of cancer non-related comorbidities. PLoS One. 2017;12(3):
e0172814.

23. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40(5):373–83.

24. Pohar Perme M, Stare J, Estève J. On estimation in relative survival.
Biometrics. 2012;68:113–20.

25. Bannon F, Poole J, McPhail S, Barclay M, Coleman MP, Emmett M, Evans T,
Greenberg D, Nur U, Ormiston-Smith N et al. Standard operating procedure:
guidelines on population-based cancer survival analysis. 2016. http://www.
ukiacr.org/publication/guidelines-population-based-cancer-survival-analysis.
Accessed 10 Sept 2017.

26. Cancer Survival Group UK life tables [http://csg.lshtm.ac.uk/tools-analysis/uk-
life-tables/]. Accessed 10 Sept 2017.

27. Corazziari I, Quinn MJ, Capocaccia R. Standard cancer patient population for
age standardising survival ratios. Eur J Cancer. 2004;40:2307–16.

28. Hardin JW, Hilbe JM. Estimation and testing of binomial and beta-binomial
regression models with and without zero inflation. Stata J. 2014;14(2):292–303.

29. Agresti A. Categorical data analysis. 3rd ed. New York: Wiley Press; 2013.
30. StataCorp STATA statistical software [program]. Version 14. College Station

TX: Stata Corporation; 2015.
31. Extermann M. Measuring comorbidity in older cancer patients. Eur J Cancer.

2000;36(4):453–71.
32. Benitez-Majano S, Fowler H, Maringe C, Di Girolamo C, Rachet B. Deriving

stage at diagnosis from multiple population-based sources: colorectal and
lung cancer in England. Br J Cancer. 2016;115(3):391–400.

33. Lawler M, Selby P, Aapro M, Duffy S. Ageism in cancer care. BMJ. 2014;
348:g1614.

34. Survival by stage [http://www.ncin.org.uk/publications/survival_by_stage].
Accessed 10 Sept 2017.

35. White IR, Royston P, Wood AM. Multiple imputation using chained
equations: issues and guidance for practice. Stat Med. 2011;30(4):377–99.

36. Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, Wood AM,
Carpenter JR. Multiple imputation for missing data in epidemiological and
clinical research: potential and pitfalls. BMJ. 2009;338:b2393.

37. Health and Social Care Information Centre. CCG indicator 1.18. Percentage
of cancers detected at stage 1 and 2. Leeds: Health & Social Care
Information Centre; 2014.

38. Cancer Data Dashboard [https://www.cancerdata.nhs.uk/dashboard#?tab=
Overview]. Accessed 10 Sept 2017.

39. De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, Pierannunzio D,
Trama A, Visser O, Brenner H, Ardanaz E, et al. Cancer survival in Europe
1999-2007 by country and age: results of EUROCARE-5 – a population-
based study. Lancet Oncol. 2014;15:23–34.

Di Girolamo et al. BMC Cancer  (2018) 18:492 Page 10 of 10

http://www.ukiacr.org/publication/guidelines-population-based-cancer-survival-analysis
http://www.ukiacr.org/publication/guidelines-population-based-cancer-survival-analysis
http://csg.lshtm.ac.uk/tools-analysis/uk-life-tables
http://csg.lshtm.ac.uk/tools-analysis/uk-life-tables
http://www.ncin.org.uk/publications/survival_by_stage
https://www.cancerdata.nhs.uk/dashboard#?tab=Overview
https://www.cancerdata.nhs.uk/dashboard#?tab=Overview

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources and specification
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	References

