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Abstract

Objectives

Cancer can be diagnosed in the absence of relevant symptoms, but little is known about the
frequency and circumstances preceding such diagnoses outside participation in screening
programmes. We aimed to examine incidentally diagnosed cancer among a cohort of cancer patients
diagnosed in England.

Design
Cross-sectional study of incident cancer patients.

Setting

We analysed free-text information on cancer patients aged 15 or older included in the English
National Audit of Cancer Diagnosis in Primary Care (NACDPC) (2009-10). Patients with screen-
detected cancers and those diagnosed with prostate cancer were excluded. We examined the odds
of incidental cancer diagnosis by patient characteristic and cancer site using logistic regression, and
described clinical scenarios leading to incidental diagnosis.

Results

Among the studied cancer patient population (n=13,810), 520 (4%) patients were diagnosed
incidentally. The odds of incidental cancer diagnosis increased with age (p<0.001), without a
difference between men and women after adjustment. Incidental diagnosis was most common
among patients with leukaemia (23%), renal (13%) and thyroid cancer (12%), and least common
among patients with brain (0.9%), oesophageal (0.5%), and cervical cancer (no cases). Variation in
odds of incidental diagnosis by cancer site remained after adjusting for age group and sex.

Incidental diagnoses were commonly preceded by a range of clinical scenarios across primary and
secondary care. These included the monitoring or management of pre-existing conditions, routine
testing before or after elective surgery, and the investigation of unrelated acute or new conditions.

Conclusions

One in 25 patients with cancer in our population-based cohort were diagnosed incidentally. The
epidemiological, clinical, psychological, and economic implications of this diagnostic route merit
further investigation.
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Strengths and limitations of this study

e The findings are based on a large population-based cohort of individuals diagnosed with a
range of cancers

e Diagnostic status (incidental or non-incidental) was identified using free-text information
provided by primary care physicians based on primary care records

10 e We describe common mechanisms of incidental diagnosis beyond a single modality with a

1 high level of detail

12 e We were unable to examine differences in clinical outcome between incidental and non-

13 incidentally diagnosed cancer patients
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INTRODUCTION

Cancer is most often diagnosed following presentation with symptoms caused by the malignancy
[1,2]. However, some patients are diagnosed with cancer incidentally, in the absence of symptoms
that could not plausibly be related to the tumour and outside formal cancer screening or
surveillance activity. The use of imaging technologies (including x-ray, CT, MRI, and PET scans) is one
of the commonly described routes to incidental diagnosis of different diseases, including cancer [3—
6]. Chronic disease management involving periodic routine blood or urine testing may represent
another common pathway to incidental diagnosis and are increasingly used in primary care [7-10].
Nonetheless, evidence regarding the frequency of such incidental diagnoses is currently limited.

Since incidental diagnoses are characterised by the absence of tumour related symptoms, it is
plausible that some patients with incidentally detected cancer could be overdiagnosed, whereby the
detected cancer would not have otherwise caused symptoms in the patient’s lifetime [11]. Concerns
about overdiagnosis thus far have largely focused on screening-detected cancers (e.g. breast
cancer), but it may be also occurring in other contexts [12,13]. Empirical evidence about the
frequency and predictors of incidental diagnosis of cancer is needed alongside the consideration of
potential overdiagnosis and subsequent clinical, psychological, or economic consequences of this
phenomenon.

We therefore aimed to examine the frequency of incidental diagnosis among an incident cohort of
cancer patients; identify patient groups at higher risk of incidental diagnosis; and examine common
pathways and mechanisms likely to lead to incidental diagnosis of cancer.
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METHODS

Study design and population

We analysed cross-sectional data collected as part of the English National Audit of Cancer Diagnosis
in Primary Care (NACDPC) [14]. Briefly, health professionals from 1,170 participating general
practices (representing 14% of practices in England) provided information on the diagnostic pathway
for a consecutive sample of patients diagnosed with cancer during April 2009-2010. Participating
practices were comparable to non-participating practices in (former) respective Cancer Networks,
and the patient population was broadly representative of the contemporary national incident cancer
patient cohort [14,15]. Clinicians participating in the NACDPC provided information regarding the
main presenting symptoms, cancer diagnosis, demographic characteristics, and route of diagnosis
based on primary care records.

Definition and identification of cases

Informed by previous literature, we defined the incidental diagnosis of cancer as the diagnosis of
cancer in individuals who were either asymptomatic (and not participating in population-based
screening programmes), or if symptomatic, with presenting symptoms that could not plausibly be
related to their subsequent diagnosis [5,16,17].

The nature of cancer diagnosis (incidental or non-incidental), was ascertained by examination of the
free-text information included in the presenting symptoms data field (answering the audit question
“what were the main presenting symptom [of the patient]?”). We identified 520 cases where there

was an explicit mention of the incidental nature of diagnosis (e.g. by use of phrases including

“accidental finding”; “chance finding”; “incidental”; “opportunistic” or other details regarding
circumstances indicating an incidental diagnosis).

Patients diagnosed with prostate cancer were excluded a priori, given the difficulties in reliably
distinguishing reasons for Prostate Specific Antigen testing [18]. Patients with screen-detected
breast, colorectal, and cervical cancer, and those diagnosed through surveillance for pre-malignant
or high-risk conditions were also excluded. Therefore, the study population comprised 13,810
patients aged 15 or older with sufficient information to determine incidental/non-incidental status,
and complete information on cancer diagnosis, age group, and sex (see Figure S1 for sample
derivation).

Data analysis

Firstly, we compared the demographic and clinical characteristics of incidentally and non-incidentally
diagnosed patients. Logistic regression was used to calculate crude and adjusted odds ratios of
incidental diagnosis by sex, age group, and cancer site. We also examined the ‘cancer site signature’
of the incidentally diagnosed population, i.e. the relatively frequency of each cancer site among
incidentally diagnosed patients. Colorectal cancer was used as the reference category for cancer site,
as the most common non-gender specific cancer in our population. All statistical analyses were
conducted in STATA SE v.15 (StataCorp, College Station, TX, USA).

Subsequently, we identified common clinical scenarios leading to incidental diagnosis based on a
subgroup of patients with relevant information (n=345, 66% of all incidental diagnoses). These
findings were synthesised narratively.
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Sensitivity analysis

The definition of incidentally diagnosed cancer used in the main analysis was based on explicit
reference to the incidental nature of cancer diagnosis (see dark blue shaded area in Figure 1). We
performed sensitivity analyses expanding the definition of incidental cancer to include an additional
272 patients who were described as having had no symptoms (not otherwise specified), or an
abnormal clinical findings (not otherwise specified), or both no symptoms and abnormal clinical
findings to the same audit question “what were the main presenting symptom [of the patient]?”
(indicated by the light blue shaded area in Figure 1).

Abnormal test result

Figure 1 Visualisation of characteristics used to identify cases of incidentally diagnosed cancer.
Areas shaded dark blue represent cases included in the main analysis, while areas in light blue
indicate additional cases included in the sensitivity analysis.

Ethical approval
Ethical approval was not required given the anonymous nature of these data.
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RESULTS

Incidentally diagnosed cancer patients

A total of 520/13,810 (4%) patients aged 15+ years were diagnosed incidentally with one of 25
cancer sites (other than prostate cancer). Men were more likely to be diagnosed incidentally than
9 women (5% of men vs 3% of women), although there was no evidence to support this after

10 adjustment for age and cancer site (see Table 1). The odds of being diagnosed incidentally with
cancer generally increased with age (joint Wald test p-value = <0.001).

oNOYTULT D WN =

Crude and adjusted odds ratios indicated substantial variation in the odds of incidental diagnosis
between cancer sites (see Figure 2 and Table 1). Almost a quarter (23%) of leukaemia patients and
16 over a tenth (13%) of all renal cancer patients were diagnosed incidentally. More than a tenth of

17 patients with thyroid (12%) and liver cancer (11%) were also diagnosed incidentally. In contrast, less
18 than 1% of patients with endometrial, testicular, breast, sarcoma, brain, oesophageal and cervical
cancers were diagnosed incidentally.

w
N
Adjusted Odds Ratio
I
I

38 .05 _|

46 Figure 2 Odds ratios of incidental versus symptomatic diagnosis of cancer by cancer site (n=13,810;
47 reference group: colorectal cancer). NB there is no odds ratio for ovarian cancer as there were no
48 incidentally diagnosed cases of cervical cancer.
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Table 1 Characteristics of incidental cancer patients versus non-incidental cancer patients, and crude/adjusted odds ratios
of incidental status (n=13,810)

BMJ Open

Total Incidental Crude Adjusted?

N n % (95% Cl) OR (95% Cl) OR (95% Cl)
Total 13810 520 4% (3-4%) - -
Sex 0.001° 0.204"
Men 5839 278 5% (4—5%) Ref. Ref.
Women 7971 242 3% (3-3%) 0.63 (0.53-0.75) 0.88 (0.72-1.07)
Age group <0.001° <0.001°
15-49 years 2072 31 1% (1-2%) 0.40 (0.27-0.59) 0.39 (0.26-0.60)
50-59 years 2050 65 3% (2-4%) 0.86 (0.63-1.17) 0.88 (0.64-1.21)
60—-69 years 3181 117 4% (3—4%) Ref. Ref.
70-79 years 3656 170 5% (4-5%) 1.28 (1.00-1.62) 1.28 (1.00-1.64)
80+ years 2851 137 5% (4-6%) 1.32 (1.03-1.70) 1.45 (1.12-1.89)
Cancer site <0.001° <0.001°
Leukaemia 450 103 23%(19-27%) | 10.49 (7.55-14.58) 11.84 (8.49-16.51)
Renal 356 46 13% (10-17%) | 5.25 (3.53-7.78) 5.60 (3.77-8.33)
Thyroid 110 13 12% (7-19%) 4.74 (2.53-8.88) 7.25 (3.80-13.82)
Liver 103 11 11% (6-18%) 4.23(2.16-8.27) 4.42 (2.24-8.68)
Myeloma 228 20 9% (6-13%) 3.40 (2.02-5.72) 3.39 (2.01-5.70)
Gallbladder 68 7% (3-16%) 2.81(1.09-7.20) 2.96 (1.15-7.62)
Mesothelioma | 75 5% (2-13%) 1.99 (0.71-5.61) 1.88 (0.66-5.31)
Lymphoma 698 33 5% (3-7%) 1.75 (1.14-2.69) 2.10 (1.37-3.23)
Vulval 73 3 4% (1-11%) 1.51 (0.46—4.94) 1.70 (0.52-5.60)
Lung 1875 77 4% (3-5%) 1.51 (1.08-2.12) 1.49 (1.07-2.09)
Melanoma 834 30 4% (3-5%) 1.32 (0.85-2.05) 1.69 (1.09-2.64)
Bladder 842 28 3% (2-5%) 1.22 (0.78-1.91) 1.16 (0.74-1.82)
Colorectal 2399 66 3% (2-3%) Ref. Ref.
Stomach 302 8 3% (1-5%) 0.96 (0.46-2.02) 0.94 (0.45-1.99)
Ovarian 394 10 3% (1-5%) 0.92 (0.47-1.81) 1.11 (0.56-2.20)
Laryngeal 121 3 2% (1-7%) 0.90 (0.28-2.90) 0.96 (0.30-3.12)
Oropharyngeal | 213 5 2% (1-5%) 0.85 (0.34-2.13) 1.05 (0.42-2.64)
Small Intestine | 53 1 2% (0.3-10%) 0.68 (0.09-4.99) 0.72 (0.10-5.28)
Pancreatic 370 6 2% (1-3%) 0.58 (0.25-1.35) 0.59 (0.26-1.38)
Endometrial 410 6 1% (1-3%) 0.52 (0.23-1.22) 0.61 (0.26-1.43)
Testicular 149 2 1% (0.4-5%) 0.48 (0.12-1.98) 1.05 (0.25-4.43)
Breast 2675 34 1% (1-2%) 0.46 (0.30-0.69) 0.59 (0.38-0.91)
Sarcoma 106 1 0.9% (0.2-5%) | 0.34 (0.05-2.45) 0.43 (0.06-3.14)
Brain 215 2 0.9% (0.3-3%) | 0.33 (0.08-1.36) 0.37 (0.09-1.54)
Oesophageal 566 3 0.5% (0.2-2%) | 0.19 (0.06-0.60) 0.19 (0.06-0.60)
Cervical 125 0 0% (0-3%) N/A N/A

3 adjusted for sex, age group, and cancer site
bjoint Wald test p-value
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Among the 520 incidentally diagnosed patients, a fifth (20%, 95% Cl: 17-23%) were diagnosed with
leukaemia, while other common cancer sites included lung (15%, 12-18%), colorectal (13%, 10—
16%), and renal cancers (9%, 7-12%) (see Figure 3 and Table S2). There were 9 other cancer sites
represented amongst the incidentally diagnosed cancer patient population with 10 or more patients
each.

0 10 20 30 40 50 60 70 80 90 100

. Leukaemia . Lung . Colorectal Renal . Breast
. Lymphoma . Melanoma . Bladder Myeloma . Thyroid
Liver Ovarian . Any other cancer site

Figure 3 Commonly diagnosed cancer sites among the incidental cancer patient population; see Table S2 for frequencies

Sensitivity analyses (using a broader definition of incidental diagnosis) identified a further 272 cases,
increasing the overall estimate of incidental diagnosis to 6% (see Table S3.1 and Figure S3.2). There
was weak evidence to support greater odds of incidental diagnosis among men versus women
(adjusted OR (95% Cl): 0.84 (0.71-1.00)), with otherwise similar patterns of variation by age group
and cancer site as in the main analysis.
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Routes to incidental cancer diagnosis

We identified several clinical scenarios preceding an incidental diagnosis of cancer based on
information available for 345 patients (66% of all incidentally diagnosed patients). These are
outlined in Table 2 and discussed in further detail below.

Many patients received an incidental cancer diagnosis as a result of a clinical encounter for a pre-
existing chronic disease in primary or secondary care. This included routine blood or urine testing, as
part of chronic disease (or related risk factor) management and monitoring, which revealed
abnormalities that led to the diagnosis of unsuspected cancer. Some patients were diagnosed
following blood or imaging investigations before/after elective surgery for unrelated indications with
a small number of patients where tumours were identified during surgery. A small number of
patients were diagnosed after blood or imaging investigations conducted as part of follow up for a
pre-existing cancer (e.g. scans to ascertain stage at diagnosis of prostate cancer led to the diagnosis
of a renal cancer).

Other cancer patients were diagnosed following the investigation of unrelated acute conditions or
presenting symptom(s) unlikely to be related to the subsequent cancer diagnosis. Several of these
cases were being investigated for another suspected cancer (e.g. a CT scan for a suspected pelvic
cancer leading to the diagnosis of colorectal cancer) but in others the diagnosis was more
serendipitous (e.g. breast lump found on examination for chest infection).

Table 2 Clinical scenarios preceding the incidental diagnosis of cancer

Clinical scenario Description and examples
Monitoring or managing Blood or imaging investigations as part of monitoring or management of a chronic
pre-existing chronic morbidity
morbidity E.g. haematuria on dipstick urine testing led to diagnosis of bladder cancer

E.g. annual blood tests for hypertension led to diagnosis of leukaemia
Before/after surgery Blood or imaging investigations conducted before or after surgery, or more rarely,

tumours identified during elective surgery for unrelated condition

E.g. pre-operative chest x-ray leading to diagnosis of lung cancer

E.g. microscopic haematuria pre-cataract operation leading to diagnosis of a
urological cancer

Follow up of a pre-existing Blood or imaging investigations conducted as part of follow up for a pre-existing
cancer cancer

E.g. scans to ascertain stage at diagnosis of prostate cancer leading to the diagnosis of
a urological cancer

Investigation of unrelated Blood or imaging investigations for a new symptom or otherwise acute condition
acute or new condition or E.g. an abdominal ultrasound scan for dyspepsia leading to the diagnosis of a
symptoms urological cancer

E.g. abnormal result or irregular mole noted during health check
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DISCUSSION

Principal findings

Around 1 in 25 cancer patients in our study population were diagnosed incidentally, with a
preponderance among older patients, and patients with leukaemia, renal cancer, thyroid cancer,
liver cancer, and multiple myeloma. Several clinical scenarios that preceded incidental diagnosis
include healthcare encounters due to previously known conditions, and the investigation of acute or
new conditions unrelated to cancer.

Strengths and limitations

Information on incidental status at diagnosis is not routinely recorded as part of cancer registration,
healthcare records, or other administrative databases. A strength of our study is that it provides
unique evidence about this less well documented diagnostic pathway of cancer, among a large and
representative incident cohort of cancer patients. Furthermore, we have identified incidentally
diagnosed patients using a novel approach, based on the triangulation of information regarding
symptom status, test results, and explicit mention of incidental diagnosis (Figure 1).

Nevertheless, interpretation of the findings should be mindful of the secondary nature of our
analysis. Our definition of incidentally diagnosed cancer was deliberately conservative, designed to
maximise specificity and reduce the likelihood of patients being mistakenly identified as incidental
diagnoses. However, this may have led to the under-estimation of cases, which motivated our
sensitivity analysis.

Comparison with existing literature

Literature examining incidentally diagnosed cancer is limited, although some evidence may be
gleaned from studies on incidental findings detected in the context of research studies. Estimates of
clinically important incidental findings (including cancer but also other diseases) vary substantially
depending on imaging field (whole body, or specific organ) and modality however, and participants
of research studies are unlikely to be representative of the general population [19,20].

Though we were unable to examine potential overdiagnosis, we identified notable proportions of
incidentally diagnosed patients with thyroid and renal cancer, and melanoma patients. This is
consistent with prior evidence indicating potential over-diagnosis of these cancers [21-24]. A few
studies have examined clinical scenarios that result in incidental diagnosis of individual cancer sites
such as melanoma, lung cancer, and renal cancer [17,25-27]. A study examining self-reported
symptoms of haematological cancer patients found that a third of patients did not report any
symptoms before diagnosis, with chronic lymphocytic leukaemia patients being particularly prone to
being diagnosed incidentally, for example through blood tests at routine healthcare encounters [28].
Our findings are consistent with the findings of these studies, but additionally suggest that incidental
diagnosis occurs across a range of common and rarer cancers.

Implications

Our findings indicate that a substantial proportion of cancer patients are diagnosed with cancer
incidentally, without having presented with symptoms related to the subsequent diagnosis. An
incidental cancer diagnosis could represent fortuitous early diagnosis of an invasive tumour, and
therefore be of clinical benefit for a proportion of patients. However it could also represent
overdiagnosis, which could lead to considerable psychological morbidity and unnecessary treatment.

We identified several clinical scenarios that resulted in the incidental diagnosis of cancer; their
frequency is likely to be affected by system level factors such as approaches to chronic disease
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monitoring, incentives and thresholds for investigation, availability of imaging services, and rates of
elective surgery [29,30]. Given increasing levels of multi-morbidity and an ageing population, there is
progressively greater use of blood-based testing and imaging studies, which could lead to a greater
proportion of cancer patients being diagnosed incidentally [10]. Relatedly, incidental diagnosis of
cancer occurred during investigation or follow up of a pre-existing (unrelated) tumour in a small
number of patients. As the survival of patients with cancer continues to improve, this could also
become a more prevalent route to incidental diagnosis [31].

Conclusions

In conclusion, we have provided evidence about the frequency and common scenarios leading to
incidental diagnosis of cancer. Our findings indicate that this is likely to affect around one in 25
cancer patients. Establishing the prognostic, psychosocial and economic implications of incidental
diagnosis of cancer is necessary, given the increasing availability of preventive healthcare services
for chronic diseases, and ageing populations.
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Abnormal test result

Figure 1: Visualisation of characteristics used to identify cases of incidentally diagnosed cancer. Areas
shaded dark blue represent cases included in the main analysis, while areas in light blue indicate additional
cases included in the sensitivity analysis.
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27 Figure 2: Odds ratios of incidental versus symptomatic diagnosis of cancer by cancer site (n=13,810;
28 reference group: colorectal cancer). NB there is no odds ratio for ovarian cancer as there were no
29 incidentally diagnosed cases of cervical cancer.
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Figure S1: Flow chart describing sample derivation for main analysis
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1

2

2 Table S2: Cancer site case-mix of incidentally diagnosed cancer patients
5 Cancer N % (95% Cl)

6 Leukaemia 103 20% (17-23%)
; Lung 77 15% (12-18%)
9 Colorectal 66 13% (10-16%)
10 Renal 46 9% (7-12%)

1 Breast 34 7% (5-9%)

g Lymphoma 33 6% (5-9%)

14 Melanoma 30 6% (4—-8%)

15 Bladder 28 5% (4-8%)

16 Myeloma 20 4% (3-6%)

1; Thyroid 13 3% (1-4%)

19 Liver 11 2.1% (1.2-3.7%)
20 Ovarian 10 1.9% (1.0-3.5%)
21 Stomach 8 1.5% (0.8-3.0%)
;g Endometrial 6 1.2% (0.5-2.5%)
24 Pancreatic 6 1.2% (0.5-2.5%)
25 Gallbladder 5 1.0% (0.4-2.2%)
26 Oropharyngeal 5 1.0% (0.4-2.2%)
;; Mesothelioma 4 0.8% (0.3-2.0%)
29 Laryngeal 3 0.6% (0.2—-1.7%)
30 Oesophageal 3 0.6% (0.2-1.7%)
31 Vulval 3 0.6% (0.2-1.7%)
gg Brain 2 0.4% (0.1-1.4%)
34 Testicular 2 0.4% (0.1-1.4%)
35 Sarcoma 1 0.2% (0.03-1.1%)
36 Small Intestine 1 0.2% (0.03-1.1%)
;73 Total 520  100%

39 * Proportion of patients with each cancer site, of the total incidentally diagnosed population (n=520)
40
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S3: Sensitivity analysis with broader definition of incidental diagnosis

Table S3.1 Characteristics of incidental cancer patients versus non-incidental cancer patients, and

crude/adjusted odds ratios of incidental status (n=14,082)

Total Incidental Crude Adjusted?

N n % (95% Cl) OR (95% Cl) OR (95% Cl)
Total 14082 792 6% (5—6%) - -
Sex 0.001° 0.045°
Men 5983 422 7% (6—8%) Ref. Ref.
Women 8099 370 5% (4-5%) 0.63 (0.55-0.73) 0.84 (0.71-1.00)
Age group <0.001° <0.001°
15-49 years 2089 48 2% (2-3%) 0.36 (0.26-0.50) 0.36 (0.26-0.51)
50-59 years 2080 95 5% (4—6%) 0.73 (0.57-0.94) 0.75 (0.58-0.98)
60-69 years 3264 200 6% (5-7%) Ref. Ref.
70-79 years 3739 253 7% (6—-8%) 1.11 (0.92-1.35) 1.08 (0.89-1.33)
80+ years 2910 196 7% (6-8%) 1.11 (0.90-1.36) 1.17 (0.94-1.45)
Cancer site <0.001° <0.001°
Leukaemia 511 164 32% (28—-36%) 11.25 (8.55-14.81) 12.48 (9.46-16.48)
Liver 116 24 21% (14-29%) | 6.21(3.79-10.16)  6.28 (3.82-10.32)
Renal 373 63 17% (13-21%) | 4.84 (3.45-6.78) 5.12 (3.64-7.19)
Thyroid 113 16 14% (9-22%) 3.93 (2.23-6.92) 5.93 (3.31-10.60)
Myeloma 241 33 14% (10-19%) | 3.78 (2.48-5.74) 3.74 (2.46-5.69)
Gallbladder 68 5 7% (3—-16%) 1.89 (0.74-4.80) 2.00 (0.78-5.09)
Bladder 869 55 6% (5-8%) 1.61 (1.15-2.26) 1.52 (1.08-2.14)
Lung 1913 115 6% (5-7%) 1.52 (1.15-2.01) 1.50 (1.14-1.97)
Lymphoma 704 39 6% (4-7%) 1.40 (0.95-2.04) 1.64 (1.12-2.41)
Mesothelioma 75 4 5% (2—13%) 1.34 (0.48-3.75) 1.23 (0.44-3.45)
Melanoma 839 35 4% (3-6%) 1.04 (0.70-1.54) 1.30 (0.88-1.94)
Vulval 73 3 4% (1-11%) 1.02 (0.32-3.30) 1.19 (0.37-3.87)
Colorectal 2431 98 4% (3—5%) Ref. Ref.
Ovarian 398 14 4% (2—6%) 0.87 (0.49-1.54) 1.05 (0.59-1.88)
Stomach 303 9 3% (2-6%) 0.73 (0.36-1.46) 0.72 (0.36-1.44)
Breast 2717 76 3% (2—-3%) 0.69 (0.51-0.93) 0.91 (0.66-1.25)
Pancreatic 374 10 3% (1-5%) 0.65 (0.34-1.27) 0.66 (0.34-1.28)
Laryngeal 121 3 2% (1-7%) 0.61 (0.19-1.94) 0.62 (0.19-1.98)
Oropharyngeal | 213 5 2% (1-5%) 0.57 (0.23-1.42) 0.68 (0.27-1.69)
Endometrial 413 9 2% (1-4%) 0.53 (0.27-1.06) 0.62 (0.31-1.24)
Small Intestine | 53 1 2% (-10%) 0.46 (0.06-3.35) 0.48 (0.07-3.55)
Sarcoma 107 2 2% (1-7%) 0.45 (0.11-1.86) 0.57 (0.14-2.36)
Testicular 149 2 1% (—5%) 0.32 (0.08-1.33) 0.66 (0.16-2.76)
Brain 215 2 1% (—3%) 0.22 (0.05-0.91) 0.25 (0.06-1.02)
Cervical 126 1 1% (—4%) 0.19 (0.03-1.38) 0.29 (0.04-2.09)
Oesophageal 567 4 1% (—2%) 0.17 (0.06—0.46) 0.17 (0.06-0.45)

3 adjusted for sex, age group, and cancer site
bjoint Wald test p-value
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i Figure S3.2 Odds ratios of incidental versus symptomatic diagnosis of cancer by cancer site
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ABSTRACT

Objectives

Cancer can be diagnosed in the absence of tumour-related symptoms, but little is known about the
frequency and circumstances preceding such diagnoses outside participation in screening
programmes. We aimed to examine incidentally diagnosed cancer among a cohort of cancer patients
diagnosed in England.

Design

Cross-sectional study of national primary care audit data on incident cancer patients.

Setting

We analysed free-text information on cancer patients aged 15 or older included in the English
National Audit of Cancer Diagnosis in Primary Care (NACDPC) (2009-10). Patients with screen-
detected cancers and those diagnosed with prostate cancer were excluded. We examined the odds
of incidental cancer diagnosis by patient characteristics and cancer site using logistic regression, and
described clinical scenarios leading to incidental diagnosis.

Results

Among the studied cancer patient population (n=13,810), 520 (4%) patients were diagnosed
incidentally. The odds of incidental cancer diagnosis increased with age (p<0.001), without a
difference between men and women after adjustment. Incidental diagnosis was most common
among patients with leukaemia (23%), renal (13%) and thyroid cancer (12%), and least common
among patients with brain (0.9%), oesophageal (0.5%), and cervical cancer (no cases). Variation in
odds of incidental diagnosis by cancer site remained after adjusting for age group and sex.

Incidental diagnoses were commonly preceded by a range of clinical scenarios across primary and
secondary care. These included the monitoring or management of pre-existing conditions, routine
testing before or after elective surgery, and the investigation of unrelated acute or new conditions.

Conclusions

One in 25 patients with cancer in our population-based cohort were diagnosed incidentally. The
epidemiological, clinical, psychological, and economic implications of this diagnostic route merit
further investigation.
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Strengths and limitations of this study

e The findings are based on a large population-based cohort of individuals diagnosed with a
range of cancers

e Diagnostic status (incidental or non-incidental) was identified using free-text information

9 provided by primary care physicians based on primary care records

e We describe common mechanisms of incidental diagnosis beyond a single modality or
cancer site with a high level of detail

13 e We were unable to examine differences in clinical outcome between incidental and non-

14 incidentally diagnosed cancer patients
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INTRODUCTION

Cancer is most often diagnosed following presentation with symptoms caused by the malignancy
[1,2]. However, some patients are diagnosed with cancer incidentally, in the absence of symptoms
that could not plausibly be related to the tumour and outside formal cancer screening or
surveillance activity. The use of imaging technologies (including x-ray, CT, MRI, and PET scans) is one
of the commonly described routes to incidental diagnosis of different diseases, including cancer [3—
6]. Chronic disease management involving periodic routine blood or urine testing may represent
another common pathway to incidental diagnosis and are increasingly used in primary care [7-10].
Nonetheless, evidence regarding the frequency of such incidental diagnoses is currently limited.

Since incidental diagnoses are characterised by the absence of tumour related symptoms, it is
plausible that some patients with incidentally detected cancer could be overdiagnosed, whereby the
detected cancer would not have otherwise caused symptoms in the patient’s lifetime [11]. Concerns
about overdiagnosis thus far have largely focused on screening-detected cancers (e.g. breast
cancer), but it may be also occurring in other contexts [12,13]. Ahead of considering the clinical,
psychological, or economic consequences associated with incidental diagnosis (including the
potential for overdiagnosis), we need to address gaps in our knowledge about the frequency and
characteristics of incidentally diagnosed cancer.

We therefore aimed to examine the frequency of incidental diagnosis among an incident cohort of
cancer patients; compare the characteristics of incidentally vs non-incidentally diagnosed patients;
and examine common pathways and mechanisms likely to lead to incidental diagnosis of cancer.
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METHODS
Study design and population

We analysed cross-sectional data collected as part of the English National Audit of Cancer Diagnosis
in Primary Care (NACDPC) [14]. Briefly, health professionals from 1,170 participating general
practices (representing 14% of practices in England) provided information on the diagnostic pathway
for a consecutive sample of patients diagnosed with cancer during April 2009-2010. Participating
practices were comparable to non-participating practices in (former) respective Cancer Networks,
and the patient population was broadly representative of the contemporary national incident cancer
patient cohort [14,15]. Clinicians participating in the NACDPC provided information regarding the
main presenting symptoms, cancer diagnosis, demographic characteristics, and route of diagnosis
based on primary care records.

Definition and identification of cases

The nature of cancer diagnosis (incidental or non-incidental), was ascertained by examination of the
free-text information included in the presenting symptoms data field (answering the audit question
“what were the main presenting symptom(s) [of the patient]?”).

Informed by previous literature, we defined the incidental diagnosis of cancer as the diagnosis of
cancer in individuals declared as asymptomatic outside the context of population-based screening
participation by NACDPC auditors, or individuals noted to have symptoms or clinical signs at
presentation that had not been the initial reason for encounter [5,16,17]. Cases were initially
identified by MMK, and subsequently reviewed and validated by GL and GPR; disagreements were
resolved by discussion. Additionally, we identified 520 cases where there was an explicit mention of
the incidental nature of diagnosis (e.g. by use of phrases including “accidental finding”; “chance
finding”; “incidental”; “opportunistic” or other details regarding circumstances indicating an

incidental diagnosis).

”, u
”;

Patients diagnosed with prostate cancer were excluded a priori, given the difficulties in reliably
distinguishing reasons for Prostate Specific Antigen testing [18]. Patients with screen-detected
breast, colorectal, and cervical cancer, and those diagnosed through surveillance for pre-malignant
or high-risk conditions were also excluded. Therefore, the study population comprised 13,810
patients aged 15 or older with sufficient information to determine incidental/non-incidental status,
and complete information on cancer diagnosis, age group, and sex (see Supplementary Figure 1 for
sample derivation).

Data analysis

Firstly, we compared the demographic and clinical characteristics of incidentally and non-incidentally
diagnosed patients. Logistic regression was used to calculate crude and adjusted odds ratios of
incidental diagnosis by sex, age group, and cancer site. We also examined the cancer site case-mix
(“‘cancer site signature’) of the incidentally diagnosed population, i.e. the relatively frequency of each
cancer site among incidentally diagnosed patients. Colorectal cancer was used as the reference
category for cancer site, as the most common non-gender specific cancer in our population. All
statistical analyses were conducted in STATA SE v.15 (StataCorp, College Station, TX, USA).

Subsequently, we identified common clinical scenarios leading to incidental diagnosis based on a
subgroup of patients with relevant information (n=345, 66% of all incidental diagnoses). These
findings were synthesised narratively.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 6 of 28

Sensitivity analysis

The definition of incidentally diagnosed cancer used in the main analysis was based on explicit
reference to the incidental nature of cancer diagnosis (see dark blue shaded area in Figure 1). We
performed sensitivity analyses expanding the definition of incidental cancer to include an additional
272 patients who were described as having had no symptoms (not otherwise specified), or an
abnormal clinical findings (not otherwise specified), or both no symptoms and abnormal clinical
findings to the same audit question “what were the main presenting symptom [of the patient]?”
(indicated by the light blue shaded area in Figure 1).

Ethical approval

Ethical approval was not required given the anonymous nature of these data.

Patient and public involvement

Patients and members of the public were not involved in the design of this study.
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RESULTS

Incidentally diagnosed cancer patients

A total of 520/13,810 (4%) patients aged 15+ years were diagnosed incidentally with one of 25

9 cancer sites (other than prostate cancer). Men were more likely to be diagnosed incidentally than
women (5% of men vs 3% of women), although there was no evidence to support this after

12 adjustment for age and cancer site (see Table 1). The odds of being diagnosed incidentally with
13 cancer generally increased with age (joint Wald test p-value = <0.001).

oNOYTULT D WN =

15 Crude and adjusted odds ratios indicated substantial variation in the odds of incidental diagnosis

16 between cancer sites (see Figure 2 and Table 1). Almost a quarter (23%) of leukaemia patients and
17 over a tenth (13%) of all renal cancer patients were diagnosed incidentally. More than a tenth of
patients with thyroid (12%) and liver cancer (11%) were also diagnosed incidentally. In contrast, less
than 1% of patients with endometrial, testicular, breast, sarcoma, brain, oesophageal and cervical
21 cancers were diagnosed incidentally.
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Table 1 Characteristics of incidental cancer patients versus non-incidental cancer patients, and crude/adjusted odds ratios
of incidental status (n=13,810)

BMJ Open

Total Incidental Crude Adjusted?

N n % (95% Cl) OR (95% Cl) OR (95% Cl)
Total 13810 520 4% (3-4%) - -
Sex 0.001° 0.204"
Men 5839 278 5% (4—5%) Ref. Ref.
Women 7971 242 3% (3-3%) 0.63 (0.53-0.75) 0.88 (0.72-1.07)
Age group <0.001° <0.001°
15-49 years 2072 31 1% (1-2%) 0.40 (0.27-0.59) 0.39 (0.26-0.60)
50-59 years 2050 65 3% (2-4%) 0.86 (0.63-1.17) 0.88 (0.64-1.21)
60—-69 years 3181 117 4% (3—4%) Ref. Ref.
70-79 years 3656 170 5% (4-5%) 1.28 (1.00-1.62) 1.28 (1.00-1.64)
80+ years 2851 137 5% (4-6%) 1.32 (1.03-1.70) 1.45 (1.12-1.89)
Cancer site <0.001° <0.001°
Leukaemia 450 103 23%(19-27%) | 10.49 (7.55-14.58) 11.84 (8.49-16.51)
Renal 356 46 13% (10-17%) | 5.25 (3.53-7.78) 5.60 (3.77-8.33)
Thyroid 110 13 12% (7-19%) 4.74 (2.53-8.88) 7.25 (3.80-13.82)
Liver 103 11 11% (6-18%) 4.23(2.16-8.27) 4.42 (2.24-8.68)
Myeloma 228 20 9% (6-13%) 3.40 (2.02-5.72) 3.39 (2.01-5.70)
Gallbladder 68 7% (3-16%) 2.81(1.09-7.20) 2.96 (1.15-7.62)
Mesothelioma | 75 5% (2-13%) 1.99 (0.71-5.61) 1.88 (0.66-5.31)
Lymphoma 698 33 5% (3-7%) 1.75 (1.14-2.69) 2.10 (1.37-3.23)
Vulval 73 3 4% (1-11%) 1.51 (0.46—4.94) 1.70 (0.52-5.60)
Lung 1875 77 4% (3-5%) 1.51 (1.08-2.12) 1.49 (1.07-2.09)
Melanoma 834 30 4% (3-5%) 1.32 (0.85-2.05) 1.69 (1.09-2.64)
Bladder 842 28 3% (2-5%) 1.22 (0.78-1.91) 1.16 (0.74-1.82)
Colorectal 2399 66 3% (2-3%) Ref. Ref.
Stomach 302 8 3% (1-5%) 0.96 (0.46-2.02) 0.94 (0.45-1.99)
Ovarian 394 10 3% (1-5%) 0.92 (0.47-1.81) 1.11 (0.56-2.20)
Laryngeal 121 3 2% (1-7%) 0.90 (0.28-2.90) 0.96 (0.30-3.12)
Oropharyngeal | 213 5 2% (1-5%) 0.85 (0.34-2.13) 1.05 (0.42-2.64)
Small Intestine | 53 1 2% (0.3-10%) 0.68 (0.09-4.99) 0.72 (0.10-5.28)
Pancreatic 370 6 2% (1-3%) 0.58 (0.25-1.35) 0.59 (0.26-1.38)
Endometrial 410 6 1% (1-3%) 0.52 (0.23-1.22) 0.61 (0.26-1.43)
Testicular 149 2 1% (0.4-5%) 0.48 (0.12-1.98) 1.05 (0.25-4.43)
Breast 2675 34 1% (1-2%) 0.46 (0.30-0.69) 0.59 (0.38-0.91)
Sarcoma 106 1 0.9% (0.2-5%) | 0.34 (0.05-2.45) 0.43 (0.06-3.14)
Brain 215 2 0.9% (0.3-3%) | 0.33 (0.08-1.36) 0.37 (0.09-1.54)
Oesophageal 566 3 0.5% (0.2-2%) | 0.19 (0.06-0.60) 0.19 (0.06-0.60)
Cervical 125 0 0% (0-3%) N/A N/A

3 adjusted for sex, age group, and cancer site
bjoint Wald test p-value
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Among the 520 incidentally diagnosed patients, a fifth (20%, 95% Cl: 17-23%) were diagnosed with
leukaemia, while other common cancer sites included lung (15%, 12-18%), colorectal (13%, 10—
16%), and renal cancers (9%, 7-12%) (see Figure 3 and Supplementary Table 1). There were 9 other
cancer sites represented amongst the incidentally diagnosed cancer patient population with 10 or
more patients each.

Sensitivity analyses (using a broader definition of incidental diagnosis) identified a further 272 cases,
increasing the overall estimate of incidental diagnosis to 6% (see Supplementary Table 2 and
Supplementary Figure 2). There was weak evidence to support greater odds of incidental diagnosis
among men versus women (adjusted OR (95% Cl): 0.84 (0.71-1.00)), with otherwise similar patterns
of variation by age group and cancer site as in the main analysis.

Routes to incidental cancer diagnosis

We identified several clinical scenarios preceding an incidental diagnosis of cancer based on
information available for 345 patients (66% of all incidentally diagnosed patients). These are
outlined in Table 2 and discussed in further detail below.

Many patients received an incidental cancer diagnosis as a result of a clinical encounter for a pre-
existing chronic disease in primary or secondary care. This included routine blood or urine testing, as
part of chronic disease (or related risk factor) management and monitoring, which revealed
abnormalities that led to the diagnosis of unsuspected cancer. Some patients were diagnosed
following blood or imaging investigations before/after elective surgery for unrelated indications with
a small number of patients where tumours were identified during surgery. A small number of
patients were diagnosed after blood or imaging investigations conducted as part of follow up for a
pre-existing cancer (e.g. scans to ascertain stage at diagnosis of prostate cancer led to the diagnosis
of a renal cancer).

Other cancer patients were diagnosed following the investigation of unrelated acute conditions or
presenting symptom(s) unlikely to be related to the subsequent cancer diagnosis. Several of these
cases were being investigated for another suspected cancer (e.g. a CT scan for a suspected pelvic
cancer leading to the diagnosis of colorectal cancer) but in others the diagnosis was more
serendipitous (e.g. breast lump found on examination for chest infection).

Table 2 Clinical scenarios preceding the incidental diagnosis of cancer

Clinical scenario Description and examples

Monitoring or managing Blood or imaging investigations as part of monitoring or management of a chronic
pre-existing chronic morbidity

morbidity E.g. haematuria on dipstick urine testing [for diabetes] led to diagnosis of bladder

cancer
E.g. annual blood tests for hypertension led to diagnosis of leukaemia

Before/after surgery Blood or imaging investigations conducted before or after surgery, or more rarely,
tumours identified during elective surgery for unrelated condition

E.g. pre-operative chest x-ray leading to diagnosis of lung cancer

E.g. microscopic haematuria noted pre-cataract operation leading to diagnosis of a
urological cancer

Follow up of a pre-existing Blood or imaging investigations conducted as part of follow up for a pre-existing
cancer cancer
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E.g. scans to ascertain stage at diagnosis of prostate cancer leading to the diagnosis of
a urological cancer

Investigation of unrelated Blood or imaging investigations for a new symptom or otherwise acute condition
acute or new condition or E.g. an abdominal ultrasound scan for dyspepsia leading to the diagnosis of a
symptoms urological cancer

E.g. abnormal result or irregular mole noted during health check
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DISCUSSION

Principal findings

Around 1 in 25 cancer patients in our study population were diagnosed incidentally, with a
preponderance among older patients, and patients with leukaemia, renal cancer, thyroid cancer,
liver cancer, and multiple myeloma. Several clinical scenarios preceded incidental diagnosis including
healthcare encounters due to previously known conditions and the investigation of acute or new
conditions unrelated to cancer.

Strengths and limitations

Information on incidental status at diagnosis is not routinely recorded as part of cancer registration,
healthcare records, other administrative databases, or patient experience surveys. A strength of our
study is that it provides unique evidence about this less well documented diagnostic pathway of
cancer, among a large and representative incident cohort of cancer patients. Furthermore, we have
identified incidentally diagnosed patients using a novel approach, based on the triangulation of
information regarding symptom status, test results, and explicit mention of incidental diagnosis
(Figure 1).

Nevertheless, interpretation of the findings should be mindful of the secondary nature of our
analysis, and the period of data collection. Information on symptoms (or their absence) was based
on those recorded in primary care; patients found to be asymptomatic by auditors may have had
symptoms that were either not declared during the consultation, or else not recorded in their
records [19,20]. In order to reduce the risk of the resulting bias on analyses, our definition of
incidentally diagnosed cancer was deliberately conservative, designed to maximise specificity and
reduce the likelihood of patients being mistakenly identified as incidental diagnoses. However, this
may have led to the under-estimation of cases; our sensitivity analysis (based on a less conservative
definition, see Figure 1) indicates that an additional 2% of the study population may have been
incidentally diagnosed (Supplementary Table 2). Although the true estimates of incidental diagnosis
may be higher than those reported, this is unlikely to have biased patterns of variation by cancer site
and patient characteristics.

Comparison with existing literature

Literature examining incidentally diagnosed cancer is limited, although some evidence may be
gleaned from studies on incidental findings detected in the context of research studies. Estimates of
clinically important incidental findings (including cancer but also other diseases) vary substantially
depending on imaging field (whole body, or specific organ) and modality however, and participants
of research studies are unlikely to be representative of the general population [21,22].

Though we were unable to examine potential overdiagnosis, we identified notable proportions of
incidentally diagnosed patients with thyroid and renal cancer, and melanoma patients. This is
consistent with prior evidence indicating potential overdiagnosis of these cancers [23-26]. A few
studies have examined clinical scenarios that result in incidental diagnosis of individual cancer sites
such as melanoma, lung cancer, and renal cancer [17,27-29]. A study examining self-reported
symptoms of haematological cancer patients found that a third of patients did not report any
symptoms before diagnosis, with chronic lymphocytic leukaemia patients being particularly prone to
being diagnosed incidentally, for example through blood tests at routine healthcare encounters [30].
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Our findings are in agreement with these studies, but additionally suggest that incidental diagnosis
occurs across a range of common and rarer cancers.

Implications

Our findings indicate that a substantial proportion of cancer patients are diagnosed with cancer
incidentally, without having presented with symptoms related to the subsequent diagnosis. An
incidental cancer diagnosis could represent fortuitous early diagnosis of an invasive tumour, and
therefore be of clinical benefit for a proportion of patients. However it could also represent
overdiagnosis, which could lead to considerable psychological morbidity and unnecessary treatment.

We identified several clinical scenarios that resulted in the incidental diagnosis of cancer; their
frequency is likely to be affected by system level factors such as approaches to chronic disease
monitoring, incentives and thresholds for investigation, availability of imaging services, and rates of
elective surgery [31,32]. Given increasing levels of multi-morbidity and an ageing population, there is
progressively greater use of blood-based testing and imaging studies, which could lead to a greater
proportion of patients being diagnosed incidentally particularly for certain cancer types such as
leukaemia [10]. Relatedly, incidental diagnosis of cancer occurred during investigation or follow up
of a pre-existing (unrelated) tumour in a small number of patients. As the survival of patients with
cancer continues to improve, this could also become a more prevalent route to incidental diagnosis
[33]. Further examination of incidentally diagnosed cancer among more contemporary populations
would be helpful in this regard.

Conclusions

In conclusion, we have provided evidence about the frequency and common scenarios leading to
incidental diagnosis of cancer. Our findings indicate that this is likely to affect around one in 25
cancer patients and calls for further research establishing the prognostic, psychosocial and economic
implications of incidentally diagnosed cancer.
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Figure/Table legends

Figure 1 Visualisation of characteristics used to identify cases of incidentally diagnosed cancer. Areas
shaded dark blue represent cases included in the main analysis, while areas in light blue indicate
additional cases included in the sensitivity analysis.

Figure 2 Odds ratios of incidental versus symptomatic diagnosis of cancer by cancer site (n=13,810;
reference group: colorectal cancer). NB there is no odds ratio for ovarian cervical cancer as there
were no incidentally diagnosed cases of cervical cancer.

Figure 3 Commonly diagnosed cancer sites among the incidental cancer patient population; see
Supplementary Table 1 for frequencies
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Table 1 Characteristics of incidental cancer patients versus non-incidental cancer patients, and
crude/adjusted odds ratios of incidental status (n=13,810)

Table 2 Clinical scenarios preceding the incidental diagnosis of cancer
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Abnormal test result

Figure 1: Visualisation of characteristics used to identify cases of incidentally diagnosed cancer. Areas
shaded dark blue represent cases included in the main analysis, while areas in light blue indicate additional
cases included in the sensitivity analysis.
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Supplementary Figure 1: Flow chart describing sample derivation for main analysis

17,852 patients with one of 27
cancer diagnoses in the NACDPC
2009/10

BMJ Open

y

14,994 patients

A4

Excluded 2858 (16.0%) patients
diagnosed with prostate cancer

A

14,548 patients

Excluded 446 (3.0%) patients with
invalid information on presenting
symptom(s)

A

14,470 patients

A 4

Excluded 78 (0.5%) screen-detected
cases

A

14,136 patients

A 4

Excluded 388 (2.7%) patients
missing age or sex (n=334) or
patients aged <15 years (n=54)

A

13,810 patients

Excluded 272 (1.9%) patients for
whom information on incidental
status was not explicit (included in
sensitivity analyses; see S3)

A

A

520 incidentally diagnosed cancer
patients

13,290 non-incidentally diagnosed
cancer patients
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1

2

2 Supplementary Table 1: Cancer site case-mix of incidentally diagnosed cancer patients
5 Cancer N % (95% Cl)

6 Leukaemia 103 20% (17-23%)

; Lung 77 15% (12-18%)

9 Colorectal 66 13% (10-16%)
10 Renal 46 9% (7-12%)

1 Breast 34 7% (5-9%)

:g Lymphoma 33 6% (5-9%)

14 Melanoma 30 6% (4—-8%)

15 Bladder 28 5% (4—-8%)

16 Myeloma 20 4% (3-6%)

1{73 Thyroid 13 3% (1-4%)

19 Liver 11 2.1% (1.2-3.7%)
20 Ovarian 10 1.9% (1.0-3.5%)
21 Stomach 8 1.5% (0.8-3.0%)
;g Endometrial 6 1.2% (0.5-2.5%)
24 Pancreatic 6 1.2% (0.5-2.5%)
25 Gallbladder 5 1.0% (0.4-2.2%)
26 Oropharyngeal 5 1.0% (0.4-2.2%)
;; Mesothelioma 4 0.8% (0.3-2.0%)
29 Laryngeal 3 0.6% (0.2-1.7%)
30 Oesophageal 3 0.6% (0.2-1.7%)
31 Vulval 3 0.6% (0.2-1.7%)
gg Brain 2 0.4% (0.1-1.4%)
34 Testicular 2 0.4% (0.1-1.4%)
35 Sarcoma 1 0.2% (0.03-1.1%)
36 Small Intestine 1 0.2% (0.03-1.1%)
g; Total 520  100%

39 * Proportion of patients with each cancer site, of the total incidentally diagnosed population (n=520)
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Supplementary Table 2 [Sensitivity analysis]: Characteristics of incidental cancer
patients versus non-incidental cancer patients, and crude/adjusted odds ratios of
incidental status (n=14,082)

BMJ Open

Total Incidental Crude Adjusted?

N n % (95% Cl) OR (95% Cl) OR (95% Cl)
Total 14082 792 6% (5—6%) - -
Sex 0.001° 0.045°
Men 5983 422 7% (6—8%) Ref. Ref.
Women 8099 370 5% (4-5%) 0.63 (0.55-0.73) 0.84 (0.71-1.00)
Age group <0.001° <0.001°
15-49 years 2089 48 2% (2-3%) 0.36 (0.26-0.50) 0.36 (0.26-0.51)
50-59 years 2080 95 5% (4-6%) 0.73 (0.57-0.94) 0.75 (0.58-0.98)
60-69 years 3264 200 6% (5-7%) Ref. Ref.
70-79 years 3739 253 7% (6—8%) 1.11 (0.92-1.35) 1.08 (0.89-1.33)
80+ years 2910 196 7% (6-8%) 1.11 (0.90-1.36) 1.17 (0.94-1.45)
Cancer site <0.001° <0.001°
Leukaemia 511 164 32% (28-36%) 11.25(8.55-14.81) 12.48 (9.46-16.48)
Liver 116 24 21% (14-29%) | 6.21(3.79-10.16)  6.28 (3.82-10.32)
Renal 373 63 17% (13-21%) | 4.84 (3.45-6.78) 5.12 (3.64-7.19)
Thyroid 113 16 14% (9-22%) 3.93(2.23-6.92) 5.93 (3.31-10.60)
Myeloma 241 33 14% (10-19%) | 3.78 (2.48-5.74) 3.74 (2.46-5.69)
Gallbladder 68 5 7% (3—16%) 1.89 (0.74-4.80) 2.00 (0.78-5.09)
Bladder 869 55 6% (5-8%) 1.61 (1.15-2.26) 1.52 (1.08-2.14)
Lung 1913 115 6% (5-7%) 1.52 (1.15-2.01) 1.50 (1.14-1.97)
Lymphoma 704 39 6% (4—7%) 1.40 (0.95-2.04) 1.64 (1.12-2.41)
Mesothelioma 75 4 5% (2-13%) 1.34 (0.48-3.75) 1.23 (0.44-3.45)
Melanoma 839 35 4% (3-6%) 1.04 (0.70-1.54) 1.30 (0.88-1.94)
Vulval 73 3 4% (1-11%) 1.02 (0.32-3.30) 1.19 (0.37-3.87)
Colorectal 2431 98 4% (3—5%) Ref. Ref.
Ovarian 398 14 4% (2—6%) 0.87 (0.49-1.54) 1.05 (0.59-1.88)
Stomach 303 9 3% (2-6%) 0.73 (0.36-1.46) 0.72 (0.36-1.44)
Breast 2717 76 3% (2—3%) 0.69 (0.51-0.93) 0.91 (0.66-1.25)
Pancreatic 374 10 3% (1-5%) 0.65 (0.34-1.27) 0.66 (0.34-1.28)
Laryngeal 121 3 2% (1-7%) 0.61 (0.19-1.94) 0.62 (0.19-1.98)
Oropharyngeal 213 5 2% (1-5%) 0.57 (0.23-1.42) 0.68 (0.27-1.69)
Endometrial 413 9 2% (1-4%) 0.53 (0.27-1.06) 0.62 (0.31-1.24)
Small Intestine | 53 1 2% (-10%) 0.46 (0.06-3.35) 0.48 (0.07-3.55)
Sarcoma 107 2 2% (1-7%) 0.45 (0.11-1.86) 0.57 (0.14-2.36)
Testicular 149 2 1% (-5%) 0.32 (0.08-1.33) 0.66 (0.16-2.76)
Brain 215 2 1% (—3%) 0.22 (0.05-0.91) 0.25 (0.06-1.02)
Cervical 126 1 1% (—4%) 0.19 (0.03-1.38) 0.29 (0.04-2.09)
Oesophageal 567 4 1% (—2%) 0.17 (0.06-0.46) 0.17 (0.06-0.45)

a adjusted for sex, age group, and cancer site
bjoint Wald test p-value
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Supplementary Figure 2 [Sensitivity analysis]: Odds ratios of incidental versus
symptomatic diagnosis of cancer by cancer site (n=14,082; reference group: colorectal
cancer)
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ABSTRACT

Objectives

Cancer can be diagnosed in the absence of tumour-related symptoms, but little is known about the
frequency and circumstances preceding such diagnoses outside participation in screening
programmes. We aimed to examine incidentally diagnosed cancer among a cohort of cancer patients
diagnosed in England.

Design

Cross-sectional study of national primary care audit data on incident cancer patients.

Setting

We analysed free-text information on the presenting features of cancer patients aged 15 or older
included in the English National Audit of Cancer Diagnosis in Primary Care (NACDPC) (2009-10).
Patients with screen-detected cancers and those diagnosed with prostate cancer were excluded. We
examined the odds of incidental cancer diagnosis by patient characteristics and cancer site using
logistic regression, and described clinical scenarios leading to incidental diagnosis.

Results

Among the studied cancer patient population (n=13,810), 520 (4%) patients were diagnosed
incidentally. The odds of incidental cancer diagnosis increased with age (p<0.001), with no difference
between men and women after adjustment. Incidental diagnosis was most common among patients
with leukaemia (23%), renal (13%) and thyroid cancer (12%), and least common among patients with
brain (0.9%), oesophageal (0.5%), and cervical cancer (no cases diagnosed incidentally). Variation in
odds of incidental diagnosis by cancer site remained after adjusting for age group and sex.

Incidental diagnoses were commonly preceded by a range of clinical scenarios across primary and
secondary care. These included the monitoring or management of pre-existing conditions, routine
testing before or after elective surgery, and the investigation of unrelated acute or new conditions.

Conclusions

One in 25 patients with cancer in our population-based cohort were diagnosed incidentally, through
different mechanisms across primary and secondary care settings. The epidemiological, clinical,
psychological, and economic implications of this diagnostic phenomenon merit further investigation.
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Strengths and limitations of this study

e The findings are based on a unique large population-based cohort of individuals diagnosed
with a range of cancers with detailed characterisation of their presenting features

e Diagnostic status (incidental or non-incidental) was identified using free-text information

9 provided by primary care physicians based on primary care records

e We describe common mechanisms of incidental diagnosis beyond a single modality or
cancer site with a high level of detail

13 e We were unable to examine differences in clinical outcome between incidental and non-

14 incidentally diagnosed cancer patients

oNOYTULT D WN =
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INTRODUCTION

Cancer is most often diagnosed following presentation with symptoms likely caused by the
malignancy [1,2]. However, some patients are diagnosed with cancer incidentally, in the absence of
symptoms that could not plausibly be related to the tumour and outside formal cancer screening or
surveillance activity. The use of imaging technologies (including x-ray, CT, MRI, and PET scans) is one
of the commonly described routes to incidental diagnosis of different diseases, including cancer [3—
6]. Chronic disease management involving periodic routine blood or urine testing are increasingly
used in primary care and may represent another common pathway to incidental diagnosis [7-10].
Nonetheless, evidence regarding the frequency of such incidental diagnoses is currently limited.

Since incidental cancer diagnoses are characterised by the absence of tumour related symptoms, it is
plausible that this may represent overdiagnosis in some patients, whereby the detected cancer
would not have otherwise caused symptoms in the patient’s lifetime [11]. Concerns about
overdiagnosis thus far have largely focused on screening-detected cancers (e.g. breast cancer), but it
may be also occurring in other contexts [12,13]. Ahead of considering the clinical, psychological, or
economic consequences associated with incidental diagnosis (including the potential for
overdiagnosis), we need to address gaps in knowledge about the frequency and characteristics of
incidentally diagnosed cancer.

We therefore aimed to examine the frequency of incidental diagnosis among an incident cohort of
cancer patients; compare the characteristics of incidentally vs non-incidentally diagnosed patients;
and examine common pathways and mechanisms likely to lead to incidental diagnosis of cancer
using a unique data source relating to a national quality improvement initiative in England.
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METHODS
Study design and population

We analysed cross-sectional data collected as part of the English National Audit of Cancer Diagnosis
in Primary Care (NACDPC) [14]. Briefly, health professionals from 1,170 participating general
practices (representing 14% of practices in England) provided information on the diagnostic pathway
for a consecutive sample of patients diagnosed with cancer during April 2009-2010. Participating
practices were comparable to non-participating practices in (former) respective Cancer Networks,
and the patient population was broadly representative of the contemporary national incident cancer
patient cohort [14,15]. Unique to this audit, clinicians participating in the NACDPC provided
extensive information regarding the main presenting symptoms, cancer diagnosis, demographic
characteristics, and route of diagnosis for each patient based on primary care records.

Definition and identification of cases

The nature of cancer diagnosis (incidental or non-incidental), was ascertained by examination of the
free-text information included in the presenting symptoms data field (answering the audit question
“what were the main presenting symptom(s) [of the patient]?”).

Tumours were deemed to have been diagnosed incidentally if the incidental nature of diagnosis was
explicitly recorded by the participating healthcare professional (indicated by phrases including
“accidental finding”; “chance finding”; “incidental”; “opportunistic”), or if the clinical circumstances
described were consistent with incidental identification based on clinical knowledge (GL and GPR)
and prior literature [5,16,17]. Cases were initially identified by MMK, and subsequently reviewed

and validated by GL and GPR; disagreements were resolved by discussion.

Information was available on the patient’s sex and age group, and cancer site (categorised as
Bladder, Brain, Cervical, Colorectal, Endometrial, Gallbladder, Leukaemia (of any type), Laryngeal,
Liver, Lung, Lymphoma, Melanoma, Mesothelioma, Multiple Myeloma, Oesophageal,
Oropharyngeal, Ovarian, Pancreatic, Renal, Sarcoma (of any type), Small Intestine, Stomach,
Testicular, Thyroid and Vulval) [14]. Patients diagnosed with prostate cancer were excluded a priori,
given the difficulties in reliably distinguishing reasons for Prostate Specific Antigen testing [18].
Patients with screen-detected breast, colorectal, and cervical cancer, and those diagnosed through
surveillance for pre-malignant or high-risk conditions were also excluded. Therefore, the study
population comprised 13,810 patients aged 15 or older with sufficient information to determine
incidental/non-incidental status, and complete information on cancer diagnosis, age group, and sex
(see Supplementary Figure 1 for sample derivation).

Data analysis

Firstly, we compared the demographic and clinical characteristics of incidentally and non-incidentally
diagnosed patients. Logistic regression was used to calculate crude and adjusted odds ratios of
incidental diagnosis by sex, age group, and cancer site. We also examined the cancer site case-mix
(‘cancer site signature’) of the incidentally diagnosed population, i.e. the relatively frequency of each
cancer site among incidentally diagnosed patients. Colorectal cancer was used as the reference
category for cancer site, as the most common non-sex specific cancer in our population. All

statistical analyses were conducted in STATA SE v.15 (StataCorp, College Station, TX, USA).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Subsequently, we identified common clinical scenarios leading to incidental diagnosis based on a
subgroup of patients with relevant information (n=345, 66% of all incidental diagnoses). These
findings were synthesised narratively.

Sensitivity analysis

We performed sensitivity analyses expanding the definition of incidental diagnosis of cancer to
include an additional 272 patients without registered presenting symptoms, and/or with abnormal
clinical findings to the audit question “what were the main presenting symptom [of the patient]?”.

Ethical approval

Ethical approval was not required given the anonymous nature of these data.

Patient and public involvement

Patients and members of the public were not involved in the design of this study.
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RESULTS

Incidentally diagnosed cancer patients

A total of 520/13,810 (4%) patients aged 15+ years were diagnosed incidentally with one of 25

9 cancer sites (other than prostate cancer). Men were more likely to be diagnosed incidentally than
women (5% of men vs 3% of women), although there was no evidence to support this after

12 adjustment for age and cancer site (see Table 1). The odds of being diagnosed incidentally with
13 cancer generally increased with age (joint Wald test p-value = <0.001).

oNOYTULT D WN =

15 Crude and adjusted odds ratios indicated substantial variation in the odds of incidental diagnosis

16 between cancer sites (see Figure 1 and Table 1). Almost a quarter (23%) of leukaemia patients and
17 over a tenth (13%) of all renal cancer patients were diagnosed incidentally. More than a tenth of
patients with thyroid (12%) and liver cancer (11%) were also diagnosed incidentally. In contrast, less
than 1% of patients with endometrial, testicular, breast, sarcoma, brain, oesophageal and cervical
21 cancers were diagnosed incidentally.
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Table 1 Characteristics of incidental cancer patients versus non-incidental cancer patients, and crude/adjusted odds ratios
of incidental status (n=13,810)

BMJ Open

Total Incidental Crude Adjusted?

N n % (95% Cl) OR (95% Cl) OR (95% Cl)
Total 13810 520 4% (3-4%) - -
Sex 0.001° 0.204"
Men 5839 278 5% (4—5%) Ref. Ref.
Women 7971 242 3% (3-3%) 0.63 (0.53-0.75) 0.88 (0.72-1.07)
Age group <0.001° <0.001°
15-49 years 2072 31 1% (1-2%) 0.40 (0.27-0.59) 0.39 (0.26-0.60)
50-59 years 2050 65 3% (2-4%) 0.86 (0.63-1.17) 0.88 (0.64-1.21)
60—-69 years 3181 117 4% (3—4%) Ref. Ref.
70-79 years 3656 170 5% (4-5%) 1.28 (1.00-1.62) 1.28 (1.00-1.64)
80+ years 2851 137 5% (4-6%) 1.32 (1.03-1.70) 1.45 (1.12-1.89)
Cancer site <0.001° <0.001°
Leukaemia* 450 103 23%(19-27%) | 10.49 (7.55-14.58) 11.84 (8.49-16.51)
Renal 356 46 13% (10-17%) | 5.25 (3.53-7.78) 5.60 (3.77-8.33)
Thyroid 110 13 12% (7-19%) 4.74 (2.53-8.88) 7.25 (3.80-13.82)
Liver 103 11 11% (6-18%) 4.23(2.16-8.27) 4.42 (2.24-8.68)
Myeloma 228 20 9% (6-13%) 3.40 (2.02-5.72) 3.39 (2.01-5.70)
Gallbladder 68 7% (3-16%) 2.81(1.09-7.20) 2.96 (1.15-7.62)
Mesothelioma | 75 5% (2-13%) 1.99 (0.71-5.61) 1.88 (0.66-5.31)
Lymphoma 698 33 5% (3-7%) 1.75 (1.14-2.69) 2.10 (1.37-3.23)
Vulval 73 3 4% (1-11%) 1.51 (0.46—4.94) 1.70 (0.52-5.60)
Lung 1875 77 4% (3-5%) 1.51 (1.08-2.12) 1.49 (1.07-2.09)
Melanoma 834 30 4% (3-5%) 1.32 (0.85-2.05) 1.69 (1.09-2.64)
Bladder 842 28 3% (2-5%) 1.22 (0.78-1.91) 1.16 (0.74-1.82)
Colorectal 2399 66 3% (2-3%) Ref. Ref.
Stomach 302 8 3% (1-5%) 0.96 (0.46-2.02) 0.94 (0.45-1.99)
Ovarian 394 10 3% (1-5%) 0.92 (0.47-1.81) 1.11 (0.56-2.20)
Laryngeal 121 3 2% (1-7%) 0.90 (0.28-2.90) 0.96 (0.30-3.12)
Oropharyngeal | 213 5 2% (1-5%) 0.85 (0.34-2.13) 1.05 (0.42-2.64)
Small Intestine | 53 1 2% (0.3-10%) 0.68 (0.09-4.99) 0.72 (0.10-5.28)
Pancreatic 370 6 2% (1-3%) 0.58 (0.25-1.35) 0.59 (0.26-1.38)
Endometrial 410 6 1% (1-3%) 0.52 (0.23-1.22) 0.61 (0.26-1.43)
Testicular 149 2 1% (0.4-5%) 0.48 (0.12-1.98) 1.05 (0.25-4.43)
Breast 2675 34 1% (1-2%) 0.46 (0.30-0.69) 0.59 (0.38-0.91)
Sarcoma* 106 1 0.9% (0.2-5%) | 0.34 (0.05-2.45) 0.43 (0.06-3.14)
Brain 215 2 0.9% (0.3-3%) | 0.33 (0.08-1.36) 0.37 (0.09-1.54)
Oesophageal 566 3 0.5% (0.2-2%) | 0.19 (0.06-0.60) 0.19 (0.06-0.60)
Cervical 125 0 0% (0-3%) N/A N/A

3 adjusted for sex, age group, and cancer site
bjoint Wald test p-value

*No information was available on leukaemia or sarcoma type.
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Among the 520 incidentally diagnosed patients, a fifth (20%, 95% Cl: 17-23%) were diagnosed with
leukaemia, while other common cancer sites included lung (15%, 12—18%), colorectal (13%, 10—
16%), and renal cancers (9%, 7-12%) (see Figure 2 and Supplementary Table 1). There were 9 other
cancer sites represented amongst the incidentally diagnosed cancer patient population with 10 or
more patients each.

Sensitivity analyses (using a broader definition of incidental diagnosis) identified a further 272 cases,
increasing the overall estimate of incidental diagnosis to 6% (see Supplementary Table 2 and
Supplementary Figure 2). There was weak evidence to support greater odds of incidental diagnosis
among men versus women (adjusted OR (95% Cl): 0.84 (0.71-1.00)), with otherwise similar patterns
of variation by age group and cancer site as in the main analysis.

Routes to incidental cancer diagnosis

We identified several clinical scenarios preceding an incidental diagnosis of cancer based on
information available for 345 patients (66% of all incidentally diagnosed patients). These are
outlined in Table 2 and discussed in further detail below.

Many patients received an incidental cancer diagnosis as a result of a clinical encounter for a pre-
existing chronic disease in primary or secondary care. This included routine blood or urine testing, as
part of chronic disease (or related risk factor) management and monitoring, which revealed
abnormalities that led to the diagnosis of unsuspected cancer. Some patients were diagnosed
following blood or imaging investigations before/after elective surgery for unrelated indications with
a small number of patients where tumours were identified during surgery. A small number of
patients were diagnosed after blood or imaging investigations conducted as part of follow up for a
pre-existing cancer (e.g. scans to ascertain stage at diagnosis of prostate cancer led to the diagnosis
of a renal cancer).

Other cancer patients were diagnosed following the investigation of unrelated acute conditions or
presenting symptom(s) unlikely to be related to the subsequent cancer diagnosis. Several of these
cases were being investigated for another suspected cancer (e.g. a CT scan for a suspected pelvic
cancer leading to the diagnosis of colorectal cancer) but in others the diagnosis was more
serendipitous (e.g. breast lump found on examination for chest infection).

Table 2 Clinical scenarios preceding the incidental diagnosis of cancer

Clinical scenario Description and examples
Monitoring or managing Blood or imaging investigations as part of monitoring or management of a chronic
pre-existing chronic morbidity
morbidity E.g. haematuria on dipstick urine testing [for diabetes] led to diagnosis of bladder
cancer
E.g. annual blood tests for hypertension led to diagnosis of leukaemia
Before/after surgery Blood or imaging investigations conducted before or after surgery, or more rarely,

tumours identified during elective surgery for unrelated condition

E.g. pre-operative chest x-ray leading to diagnosis of lung cancer

E.g. microscopic haematuria noted pre-cataract operation leading to diagnosis of a
urological cancer

Follow up of a pre-existing Blood or imaging investigations conducted as part of follow up for a pre-existing
cancer cancer

E.g. scans to ascertain stage at diagnosis of prostate cancer leading to the diagnosis of
a urological cancer

Investigation of unrelated Blood or imaging investigations for a new symptom or otherwise acute condition
acute or new condition or E.g. an abdominal ultrasound scan for dyspepsia leading to the diagnosis of a
symptoms urological cancer

E.g. abnormal result or irregular mole noted during health check
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DISCUSSION

Principal findings

Around 1 in 25 cancer patients in our study population were diagnosed incidentally, with a
preponderance among older patients, and patients with leukaemia, renal cancer, thyroid cancer,
liver cancer, and multiple myeloma. Several clinical scenarios preceded incidental diagnosis including
healthcare encounters due to previously known conditions and the investigation of acute or new
conditions unrelated to cancer.

Strengths and limitations

Our study is based on a cohort of cancer patients (diagnosed 2009-10) and is therefore limited by
temporality of the data. However, thus far there have been no subsequent population-based data
collections that could enable the detailed examination of the context of presentation in patients
subsequently diagnosed with cancer in England. Information on incidental status at diagnosis is not
routinely recorded as part of cancer registration data, nor coded as such in administrative databases
or patient experience surveys. A strength of our study is that it provides unique evidence about this
less well documented diagnostic pathway of cancer, among a large and representative incident
cohort characterised by healthcare professionals.

Nevertheless, interpretation of the findings should be mindful of the secondary nature of our
analysis. Information on symptoms (or their absence) was based on those recorded in primary care;
patients found to be asymptomatic by auditors may have had symptoms that were either not
declared during the consultation, or else not recorded in their records [19,20]. In order to reduce the
risk of the resulting bias on analyses, our definition of incidentally diagnosed cancer was deliberately
conservative, designed to maximise specificity and reduce the likelihood of patients being mistakenly
identified as incidental diagnoses. However, this may have led to the under-estimation of cases; our
sensitivity analysis (based on a less conservative definition) indicates that an additional 2% of the
study population may have been incidentally diagnosed (Supplementary Table 2). Although the true
estimates of incidental diagnosis may be higher than those reported, this is unlikely to have biased
patterns of variation by cancer site and patient characteristics.

Comparison with existing literature

Literature examining incidentally diagnosed cancer is limited, although some evidence may be
gleaned from studies on incidental findings detected in the context of research studies. Estimates of
clinically important incidental findings (including cancer but also other diseases) vary substantially
depending on imaging field (whole body, or specific organ) and modality however, and participants
of research studies are unlikely to be representative of the general population [21,22].

Though we were unable to examine potential overdiagnosis, we identified notable proportions of
incidentally diagnosed patients with thyroid and renal cancer, and melanoma patients. This is
consistent with prior evidence indicating potential overdiagnosis of these cancers [23-26]. A few
studies have examined clinical scenarios that result in incidental diagnosis of individual cancer sites
such as melanoma, lung cancer, and renal cancer [17,27-29]. A study examining self-reported
symptoms of haematological cancer patients found that a third of patients did not report any
symptoms before diagnosis, with chronic lymphocytic leukaemia patients being particularly prone to
being diagnosed incidentally, for example through blood tests at routine healthcare encounters [30].
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Our findings are in agreement with these studies, but additionally suggest that incidental diagnosis
occurs across a range of common and rarer cancers.

Implications

Currently, there is sparse evidence regarding the prevalence or incidence of incidentally diagnosed
cancer, likely due to the challenges in identifying such cases using large administrative healthcare
data. Using unique data from an audit initiative, we were able to identify several clinical scenarios
resulting in incidental diagnosis of cancer. This study provides important epidemiological evidence
qguantifying the frequency of such cases, and characterising the different mechanisms that can lead
to an incidental cancer diagnosis.

Our findings indicate that a substantial proportion of cancer patients are diagnosed with cancer
incidentally, without having presented with symptoms related to the subsequent diagnosis. An
incidental cancer diagnosis could represent fortuitous early diagnosis of an invasive tumour, and
therefore be of clinical benefit for a proportion of patients. However it could also represent
overdiagnosis, which could lead to considerable psychological morbidity and unnecessary treatment.

The frequency of incidental diagnosis, and the relative frequency of the scenarios preceding
incidental diagnosis are likely to be affected by system level factors such as approaches to chronic
disease monitoring, incentives and thresholds for investigation, availability of imaging services, and
rates of elective surgery [31,32]. Given increasing levels of multi-morbidity and an ageing
population, there is progressively greater use of blood-based testing and imaging studies, which
could lead to a greater proportion of patients being diagnosed incidentally particularly for certain
cancer types such as leukaemia [10]. Relatedly, incidental diagnosis of cancer occurred during
investigation or follow up of a pre-existing (unrelated) tumour in a small number of patients. As the
survival of patients with cancer continues to improve, this could also become a more prevalent route
to incidental diagnosis [33]. Further examination of incidentally diagnosed cancer among more
contemporary populations, and incidence trends of such diagnoses would be helpful in this regard,
particularly given that it may represent overdiagnosis.

Conclusions

In conclusion, we have provided evidence about the frequency and common scenarios leading to
incidental diagnosis of cancer. Our findings indicate that this is likely to affect around one in 25
cancer patients and calls for further research establishing the prognostic, psychosocial and economic
implications of incidentally diagnosed cancer.
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Figure/Table legends

Figure 1 Odds ratios of incidental versus symptomatic diagnosis of cancer by cancer site (n=13,810;
reference group: colorectal cancer). NB there is no odds ratio for cervical cancer as there were no
incidentally diagnosed cases of cervical cancer.

Figure 2 Commonly diagnosed cancer sites among the incidental cancer patient population; see
Supplementary Table 1 for frequencies

Table 1 Characteristics of incidental cancer patients versus non-incidental cancer patients, and
crude/adjusted odds ratios of incidental status (n=13,810)

Table 2 Clinical scenarios preceding the incidental diagnosis of cancer

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:odr@phe.gov.uk

Page 17 of 27 BMJ Open

oNOYTULT D WN =

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

154
104
5 { } _
o |
g 2 }
nd
R B e — -0 —tH=t=—t-F--
= L
N i
b= [ ]
B
0
=
2
<
14 1
05 B
T N \1 T T (I T T T T J T k[ \1 \[ \1 \[ T T \l T \l T T \1
FFLECE LG S P PP PSP P
&N FF S Ve o S S g O
N o,g\ \;‘6‘ aox“ & K@ (3:@ P N & Qqﬁ‘ & a,PQ
Q@ © o (o

Figure 1: Odds ratios of incidental versus symptomatic diagnosis of cancer by cancer site (n=13,810;
reference group: colorectal cancer). NB there is no odds ratio for cervical cancer as there were no
incidentally diagnosed cases of cervical cancer.
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Supplementary files for Koo et al., 2019

Supplementary information for “Incidentally diagnosed cancer and commonly preceding clinical
scenarios: a cross-sectional descriptive analysis of English audit data” Koo et al., 2019

Table of contents
e Supplementary Figure 1: Flow chart describing sample derivation for main analysis
e Supplementary Table 1: Cancer site case-mix of incidentally diagnosed cancer patients
e Sensitivity analysis using a broader definition of incidental diagnosis
o Supplementary Table 2: Characteristics of incidental cancer patients versus non-incidental
cancer patients, and crude/adjusted odds ratios of incidental status (n=14,082)
o Supplementary Figure 2: Odds ratios of incidental versus symptomatic diagnosis of cancer
by cancer site (n=14,082; reference group: colorectal cancer)
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Supplementary Figure 1: Flow chart describing sample derivation for main analysis
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Supplementary Table 1: Cancer site case-mix of incidentally diagnosed cancer patients

Cancer N % (95% CI)*
Leukaemia* 103 20% (17-23%)
Lung 77 15% (12-18%)
Colorectal 66 13% (10-16%)
Renal 46 9% (7-12%)
Breast 34 7% (5-9%)
Lymphoma 33 6% (5-9%)
Melanoma 30 6% (4—-8%)
Bladder 28 5% (4—8%)
Myeloma 20 4% (3-6%)
Thyroid 13 3% (1-4%)

Liver 11 2.1% (1.2-3.7%)
Ovarian 10 1.9% (1.0-3.5%)
Stomach 8 1.5% (0.8-3.0%)
Endometrial 6 1.2% (0.5-2.5%)
Pancreatic 6 1.2% (0.5-2.5%)
Gallbladder 5 1.0% (0.4-2.2%)
Oropharyngeal 5 1.0% (0.4-2.2%)
Mesothelioma 4 0.8% (0.3-2.0%)
Laryngeal 3 0.6% (0.2-1.7%)
Oesophageal 3 0.6% (0.2-1.7%)
Vulval 3 0.6% (0.2-1.7%)
Brain 2 0.4% (0.1-1.4%)
Testicular 2 0.4% (0.1-1.4%)
Sarcoma* 1 0.2% (0.03-1.1%)
Small Intestine 1 0.2% (0.03-1.1%)
Total 520 100%

" Proportion of patients with each cancer site, of the total incidentally diagnosed population (n=520)
*No information was available on leukaemia or sarcoma type.
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1
2

2 Supplementary Table 2: Characteristics of incidental cancer patients versus non-
5 incidental cancer patients, and crude/adjusted odds ratios of incidental status
j (n=14,082)

8 Total Incidental Crude Adjusted?

9 N n % (95% Cl) OR (95% Cl) OR (95% Cl)

10 Total 14082 792 6% (5-6%) - -

1 ; Sex 0.001° 0.045°

13 Men 5983 422 7% (6-8%) Ref. Ref.

14 Women 8099 370 5% (4-5%) 0.63 (0.55-0.73) 0.84 (0.71-1.00)
15 Age group <0.001° <0.001°

1? 15-49 years 2089 48 2% (2-3%) 0.36 (0.26-0.50) 0.36 (0.26-0.51)
18 50-59 years 2080 95 5% (4—6%) 0.73 (0.57-0.94) 0.75 (0.58-0.98)
19 60-69 years 3264 200 6% (5-7%) Ref. Ref.

20 70-79 years 3739 253 7% (6-8%) 1.11 (0.92-1.35) 1.08 (0.89-1.33)
;; 80+ years 2910 196 7% (6-8%) 1.11 (0.90-1.36) 1.17 (0.94-1.45)
23 Cancer site <0.001° <0.001°

24 Leukaemia* 511 164  32%(28-36%) | 11.25(8.55-14.81) 12.48 (9.46-16.48)
25 Liver 116 24 21% (14-29%) | 6.21(3.79-10.16)  6.28 (3.82-10.32)
;? Renal 373 63 17% (13-21%) | 4.84 (3.45-6.78) 5.12 (3.64-7.19)
28 Thyroid 113 16 14% (9-22%) 3.93(2.23-6.92) 5.93 (3.31-10.60)
29 Myeloma 241 33 14% (10-19%) | 3.78 (2.48-5.74) 3.74 (2.46-5.69)
30 Gallbladder 68 5 7% (3-16%) 1.89 (0.74-4.80) 2.00 (0.78-5.09)
g; Bladder 869 55 6% (5-8%) 1.61 (1.15-2.26) 1.52 (1.08-2.14)
33 Lung 1913 115 6% (5-7%) 1.52 (1.15-2.01) 1.50 (1.14-1.97)
34 Lymphoma 704 39 6% (4-7%) 1.40 (0.95-2.04) 1.64 (1.12-2.41)
35 Mesothelioma | 75 4 5% (2-13%) 1.34 (0.48-3.75) 1.23 (0.44-3.45)
g? Melanoma 839 35 4% (3-6%) 1.04 (0.70-1.54) 1.30 (0.88-1.94)
38 Vulval 73 3 4% (1-11%) 1.02 (0.32-3.30) 1.19 (0.37-3.87)
39 Colorectal 2431 98 4% (3—5%) Ref. Ref.

40 Ovarian 398 14 4% (2-6%) 0.87 (0.49-1.54) 1.05 (0.59-1.88)
j; Stomach 303 9 3% (2-6%) 0.73 (0.36-1.46) 0.72 (0.36-1.44)
43 Breast 2717 76 3% (2-3%) 0.69 (0.51-0.93) 0.91 (0.66-1.25)
44 Pancreatic 374 10 3% (1-5%) 0.65 (0.34-1.27) 0.66 (0.34-1.28)
22 Laryngeal 121 3 2% (1-7%) 0.61 (0.19-1.94) 0.62 (0.19-1.98)
47 Oropharyngeal 213 5 2% (1-5%) 0.57 (0.23-1.42) 0.68 (0.27-1.69)
48 Endometrial 413 9 2% (1-4%) 0.53 (0.27-1.06) 0.62 (0.31-1.24)
49 Small Intestine | 53 1 2% (-10%) 0.46 (0.06-3.35) 0.48 (0.07-3.55)
50 Sarcoma* 107 2 2% (1-7%) 0.45 (0.11-1.86) 0.57 (0.14-2.36)
g; Testicular 149 2 1% (-5%) 0.32 (0.08-1.33) 0.66 (0.16-2.76)
53 Brain 215 2 1% (-3%) 0.22 (0.05-0.91) 0.25 (0.06-1.02)
54 Cervical 126 1 1% (—4%) 0.19 (0.03-1.38) 0.29 (0.04-2.09)
55 Oesophageal 567 4 1% (—2%) 0.17 (0.06-0.46) 0.17 (0.06-0.45)
56 a adjusted for sex, age group, and cancer site

7 bjoint Wald test p-value

gg *No information was available on leukaemia or sarcoma type.
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Supplementary Figure 2: Odds ratios of incidental versus symptomatic diagnosis of
cancer by cancer site (n=14,082; reference group: colorectal cancer)
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NB we have added bold text to the “Recommendation” column indicating the presence of each item
recommended by the STROBE statement in the submitted BMJ Open manuscript ID bmjopen-2018-

028362
Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
See title, first page
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found
See Abstract

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
See Introduction, first/second paragraphs

Objectives 3 State specific objectives, including any prespecified hypotheses
See Introduction, last paragraph

Methods

Study design 4 Present key elements of study design early in the paper
See Methods: Study design and population subsection

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection
See Methods: Study design and population subsection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants
See Methods: Study design and population subsection

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable
See Methods: Definition and identification of cases, and Data analysis
subsections

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group
See Methods: Study design and population; and Methods: Definition and
identification of cases subsections

Bias 9 Describe any efforts to address potential sources of bias
See Methods: Data analysis subsection

Study size 10 Explain how the study size was arrived at
See Methods: Definition and identification of cases subsection, last sentence,
and Figure S1 in Supplementary materials

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
See Methods: Data analysis subsection

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

See Methods: Data analysis subsection

(b) Describe any methods used to examine subgroups and interactions
N/A

(¢) Explain how missing data were addressed
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See Discussion: Strengths and limitations subsection

(d) If applicable, describe analytical methods taking account of sampling strategy
N/A

(e) Describe any sensitivity analyses
See Methods: Sensitivity analysis subsection

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
See Methods: Definition and identification of cases subsection and Figure S1 in
Supplementary materials
(b) Give reasons for non-participation at each stage
See Methods: Definition and identification of cases subsection
(c) Consider use of a flow diagram
See Figure S1 in Supplementary materials

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
See Results: Incidentally diagnosed cancer patients subsection and Table 1, first
3 columns excluding the left-most column
(b) Indicate number of participants with missing data for each variable of interest
N/A

Outcome data 15*  Report numbers of outcome events or summary measures
See Results: Incidentally diagnosed cancer patients subsection and Table 1, first
3 columns excluding the left-most column

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
See Results: Incidentally diagnosed cancer patients subsection, Table 1, Figure
3, Table S2
(b) Report category boundaries when continuous variables were categorized
N/A
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses
See Results: Incidentally diagnosed cancer patients subsection paragraph 3 for
details of the sensitivity analysis

Discussion

Key results 18 Summarise key results with reference to study objectives
See Discussion: Principal findings subsection

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias
See Discussion: strengths and limitations subsection

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence

See Discussion: strengths and limitations and Discussion: comparison with
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existing literature subsections

Generalisability 21

Discuss the generalisability (external validity) of the study results
See Discussion: strengths and limitations subsection

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

See Additional information: Funding statement subsection

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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