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Abstract

Introduction

Survival rates of cancer patients have generally improved in recent years. However, chil-
dren and older adults seem to have experienced more significant clinical benefits than ado-
lescents and young adults (AYAs). Previous studies suggest a prolonged diagnostic
pathway in AYAs, but little is known about their pre-diagnostic healthcare use. This study
investigates the use of primary care among AYAs during the two years preceding a cancer
diagnosis.

Methods

The study is a retrospective population-based matched cohort study using Danish nation-
wide registry data. All persons diagnosed with cancer during 2002—-2011 in the age group
15—-39 years were included (N = 12,306); each participant was matched on gender, age and
general practice with 10 randomly selected references (N = 123,060). The use of primary
healthcare services (face-to-face contacts, blood tests and psychometric tests) was mea-
sured during the two years preceding the diagnosis (index date), and collected data were
analysed in a negative binomial regression model.

Results

The cases generally increased their use of primary care already from 8 months before a
cancer diagnosis, whereas a similar trend was not found for controls. The increase was
observed for all cancer types, but it started at different times: 17 months before a diagnosis
of CNS tumour, 12 months before a diagnosis of soft tissue sarcoma, 9 months before a
diagnosis of lymphoma, 5-6 months before a diagnosis of leukaemia, bone tumour or GCT,
and 3 months before a diagnosis of malignant melanoma.

Conclusion

The use of primary care among AYAs increase several months before a cancer diagnosis.
The diagnostic intervals are generally short for malignant melanomas and long for brain
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tumours. A prolonged diagnostic pathway may indicate non-specific or vague symptomatol-
ogy and low awareness of cancer among AYAs primary-care personnel. The findings sug-
gest potential of faster cancer diagnosis in AYAs.

Introduction

Cancer is the second-leading cause of non-accidental death in adolescents and young adults
(AYAs) in the western world[1]. The disease accounts for significant morbidity and extensive
long-term effects, including increased risk of serious chronic health conditions, hospitalization
[2] and impaired mental health[3]. The prognosis has been markedly improved over the past
several decades, but some cancer types (e.g. leukaemia) have witnessed more dramatic
advances than others (e.g. bone tumour). AYAs have experienced only modest improvements
in cancer survival and mortality rates compared with children and older adults, both in general
and for most common cancer types[4-6]. Yet, little is known about the reasons for the poorer
outcome in AYAs.

Primary care is the first line of contact in many healthcare systems. The general practitioner
(GP) plays a central role in preventive healthcare, including screening, diagnosis and treat-
ment. The GP also acts as a gatekeeper between the primary and the secondary healthcare sys-
tems and is the first person to turn to for medical assistance.

Rapid diagnosis enables appropriate and timely cancer therapy and increases the chances of
cure[7], but prompt diagnosis of cancer remains a substantial challenge. Low incidence,
uncharacteristic symptoms, lack of cancer awareness and low healthcare seeking may prevent
early detection of cancer in children and AYAs[8]. The GP has a unique role in early cancer
diagnosis and must be able to select patients with suspected cancer symptoms for further inves-
tigation. Consequently, national fast-track pathways for cancer suspicion have been adopted in
several countries, including the UK[9] and Denmark[10]. These initiatives are intended to
reduce the time interval from referral to diagnosis and treatment initiation.

The rarity of cancer in young people and the low predictive values of symptoms[8] imply
that suspicion of severe illness is sometimes raised exclusively because of changes in the health-
care-seeking behaviour or from clinical intuition[11]. Evidence suggests that AYAs may experi-
ence a prolonged diagnostic journey[12,13], but little is known about how and when AYAs
start to seek healthcare before a diagnosis of malignant disease. Healthcare-seeking behaviour
patterns prior to a cancer diagnosis may provide new knowledge on the ‘diagnostic window’,
i.e. the time from first symptom presentation to actual diagnosis[14]. Increased healthcare use
can thus be seen as a proxy variable for symptom presentation[15,16]. Previous register studies
on healthcare utilisation have shown higher consultation rates for children with cancer. Chil-
dren who were later diagnosed with a tumour in the central nervous system (CNS) had more
consultations during the entire year before the diagnosis[15], sometimes even several years
before the diagnosis[17]. The consultation rates also increased from 3 months before a diagno-
sis of leukaemia and from 5 months before a diagnosis of lymphoma, bone tumour and other
solid tumour[15]. These findings suggest potential for reducing the time interval before the
diagnosis.

Delay in the diagnosis may have several important consequences for the patient. First,
higher mortality, more advanced stages at treatment initiation and stage progression have been
reported[17-20]. Second, delays might generate sub-optimal trajectories and low patient satis-
faction. Thus, it seems important to explore whether earlier and more expedient diagnosis
could be provided. In this study, we aimed to describe the primary healthcare utilisation
among AYAs two years before a cancer diagnosis.
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Methods
Study design and study population

This is a retrospective population-based matched cohort study using information from the
Danish Cancer Registry (DCR), the Danish Civil Registration System (CRS) and the Danish
National Health Insurance Service Registry (NHSR). We used the civil registration number
(CRN), a unique 10-digit personal identification number assigned to every Danish citizen at
birth (or immigration), to link information at the individual level in the registers. All included
cases and references had a valid CRN, were resident in Denmark and were registered with a
general practice in the two-year period leading up to the date of the diagnosis (for cases) or the
pseudo-diagnosis (for references), i.e. the date of the cancer diagnosis of their matched case
(Fig 1).

All individuals aged 15-39 years with a first-time registration in the DCR during 2002-2011
were included if diagnosed with a malignant ICD-10 code, C00-C97 (except C44 = other cancer
in skin), or with an ICD-10 code for a benign tumour in the CNS, D32-33, D35.2-5, D42-43 or
D44.3-5 (N =12,306). The diagnoses were classified according to the Danish version of the
International Classification of Diseases (ICD-10)[21] (Fig 1).

In accordance with the ICD-10 codes, all cases were divided into the following nine cancer
subtypes: lymphoma (C81-85, C88, C90, C96); germ cell tumour (GCT) (C56, C62); CNS
tumour (C70-72, C75.1-3, D32-33, D35.2-4, D42-43, D44.3-5); malignant melanoma (C43);
leukaemia (C91-C95); bone tumour (C40-41); soft tissue tumour (C45-C49); unspecified
tumour (C76-C80) and carcinoma (all remaining codes of Chapter II in the ICD-10).

Ten references matched on age (+/- 1 year), gender and general practice were randomly
selected from the CRS for comparison by using incidence density sampling. A pseudo-diagno-
sis (index) date was assigned to each of the references. To be eligible for inclusion, matched ref-
erences were required to be alive and without a history of cancer on the index day.

Patients from the DCR with incident,
first-time cancer diagnosis (C00-D48)
(N=24,300)

Exclusion criteria I:

Incorrect CRN (121), living outside
Denmark at diagnosis or in the two years
leading up to diagnosis (916), not in the
NHSR at diagnosis or in the two years
leading up to diagnosis (214) (N=1,251)

Patients eligible for sampling
(N=23,049)

Exclusion criteria II:

Other cancer in skin (3,695), benign
cancer not included (7,044), double
diagnosis (4) (N=10,743)

4

Patients eligible for
inclusion (N=12,306)

Civil registration number (CRN)
Danish Cancer Registry (DCR)
National Health Insurance Service Registry (NHSR)

Fig 1. The sampling of patients with incident and primary cancer.

doi:10.1371/journal.pone.0155933.g001

PLOS ONE | DOI:10.1371/journal.pone.0155933 May 20, 2016 3/13



@’PLOS ‘ ONE

Primary-Care Attendance before Cancer Diagnosis

Primary healthcare services

The main outcome of the study was consultation rates and diagnostic tests performed in pri-
mary care. Information on healthcare utilisation during the 24 months before the diagnosis
(index date) was obtained from the NHSR for both cases and references. All primary healthcare
services provided to citizens in Denmark are registered prospectively in the NHSR with specific
codes, and these data can be linked (through the unique CRN of each individual) to the identi-
fication number of the general practice at which the patient is listed. All registrations are based
on a fee-for-service remuneration of the health-care provider, and registered records are virtu-
ally complete[22]. The NHSR provided data for all consultations and diagnostic tests per-
formed in general practice during the two years before the diagnosis (index date) for all study
participants. All daytime face-to-face consultations in primary care (also home visits) were
included, except for consultations relating to screening for cervical cancer (smear), pregnancy
care and prenatal blood tests. The performed diagnostic procedures comprised both blood tests
and psychometric tests. The blood tests included point of care tests performed in primary care
(e.g. C-reactive protein, sedimentation rate, differential blood count, haemoglobin and glucose)
and tests analysed in hospital laboratories. Examples of psychometric tests were the Major
Depression Inventory (MDI) and the Anxiety Symptom Scale (ASS).

Statistical analyses

For both cases and references, monthly and quarterly (mean) rates with corresponding 95%
confidence intervals (CIs) and incidence rate ratios (IRRs) were calculated for face-to-face con-
sultations and diagnostic tests performed in primary care. The 95% Cls were assessed using a
negative binomial regression model[23] and applying cluster robust variance estimation to
account for dependence between repeated observations on the same subjects. A two-group
effect of gender and a linear effect of age (on the implied log scale) were included in the models.
Stated rates for consultations and diagnostic tests corresponded to the mean value of the covar-
iates. A priori decided subgroup analyses on face-to-face consultations were performed for
each of the nine cancer subtypes: lymphoma, GCT, CNS tumour, malignant melanoma, leu-
kaemia, bone tumour, soft tissue tumour, carcinoma and unspecified tumour. IRRs for blood
tests were calculated for the total group of cancer patients, and subgroup analyses were made
for haematological cancer (lymphoma and leukaemia), CNS tumour and malignant melanoma.
IRRs for the use of psychometric tests were calculated for the total group of cancer patients,
and subgroup analyses were made for presence of CNS tumour.

A p-value of 0.05 or less was defined as statistically significant. Data were analysed using
Stata 12.0 statistical software (StataCorp LP, TX, USA).

Ethics statement

The study was approved by the Danish Data Protection Agency (J.no. 2008-41-2956). Accord-
ing to the Committee on Health Research Ethics in the Central Denmark Region, no ethical
approval was needed for this study.

Results
Characteristics of study participants and reference population

The characteristics of the 12,306 included AYAs diagnosed with cancer and their matched refer-
ences are shown in Table 1. The mean age of the population was 31.5 years (standard deviation:
6.3 years); 67.7% were aged 30-39 years, and 59.1% were females. In general, men had almost half
as many consultations as women (men versus women: 0.49 (95% CI: 0.49-0.50)). The number of
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Table 1. Characteristics of the 12,306 adolescents and young adult cancer patients.

Carcinoma Lymphoma Germ cell Central Melanoma Leukaemia Bone Soft tissue Unspecified Total
tumour nervous
system
tumour
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
All 4537 (36.9) 765 (6.2) 1837 (14.9) 1569 (12.8) 2501 (20.3) 386 (3.1) 144 (1.2) 315 (2.6) 252 (2.1) 12306 (100.0)
Gender
Male 834 (16.6) 425 (8.5) 1669 (33.2) 717 (14.3) 785 (15.6) 233 (4.6) 81 (1.6) 143 (2.8) 143 (2.8) 5030 (100.0)
Female 3703 (50.9) 340 (4.7) 168 (2.3) 852 (11.7) 1716 (23.6) 153 (2.1) 63 (0.9) 172 (2.4) 109 (1.5) 7276 (100.0)
Age
15-19 years 94 (11.8) 136 (17.0) 97 (12.2) 184 (23.1) 93 (11.6) 85 (10.7) 40 (5.0) 36 (4.5) 33 (4.1) 798 (100.0)
20-24 years 205 (17.9) 104 9.1) 233 (20.4) 165  (14.4) 273  (23.8) 57 (5.0) 43  (3.8) 35  (3.1) 30 (26) 1145  (100.0)
25-29 years 542 (26.7) 137 (6.8) 423 (20.9) 277 (13.7) 488 (24.1) 45 (2.2) 22 (1.1) 51 (2.5) 42 (2.1) 2027 (100.0)
30-34 years 1290 (38.5) 161 (4.8) 531 (15.9) 389 (11.6) 718 (21.5) 88 (2.6) 21 (0.6) 80 (2.4) 69 (2.1) 3347 (100.0)
35-39years 2406 (48.2) 227 (4.6) 553 (11.1) 554 (11.1) 929 (18.6) 111 (2.2) 18 (0.4) 113 (2.3) 78 (1.6) 4989 (100.0)

For each cancer patient, ten references (matched on age, gender and GP) were included.

doi:10.1371/journal.pone.0155933.1001

consultations rose among women until the age of 30-34 years, whereas consultation rates were
more constant among men and showed only minor increase with age (data not shown).

In the reference population, blood tests were performed twice as often among females than
males (Table 2). The use of blood tests was stable among genders; we observed a low tendency
towards increased blood test use with age for both genders (men IRR: 1.03, 95% CI: 1.02-1.03,
p<0.001); women IRR: 1.02 95% CI: 1.01-1.02, p<0.001) (data not shown).

Face-to-face consultations in general practice
Cases and references of both genders had very similar numbers of consultations in primary

care until 8 months before the date of diagnosis (index date). A progressive increase in

Table 2. Mean rates and corresponding incidence rate ratios (IRR) for consultations and blood tests performed in 3-month intervals in the two
years before diagnosis (index date) for AYAs with cancer (cases) and their references (controls).

Women Men
Consultations Cases References IRR (95% ClI) Cases References IRR (95% ClI)
22—-24 months 1.04 1.01 1.04 (1.00-1.07) 0.50 0.48 1.04 (0.98-1.11)
19-21 months 1.02 1.00 1.02 (0.99-1.05) 0.50 0.48 1.04 (0.98-1.10)
16—18 months 1.04 1.00 1.04 (1.01-1.07) 0.52 0.48 1.08 (1.02—1.15)
13-15 months 1.06 1.00 1.06 (1.02—1.09) 0.56 0.49 1.14 (1.08-1.21)
10-12 months 1.07 1.00 1.07 (1.04-1.11) 0.56 0.48 1.16 (1.10-1.23)
7-9 months 1.10 1.00 1.09 (1.06-1.13) 0.59 0.49 1.21 (1.14-1.27)
4—6 months 1.22 1.00 1.22 (1.18-1.26) 0.70 0.49 1.44 (1.37-1.52)
1-3 months 2.04 1.00 2.02 (2.00-2.07) 1.80 0.49 3.70 (3.58-3.81)
Blood tests Cases References IRR (95% ClI) Cases References IRR (95% ClI)
22-24 months 0.20 0.20 1.02 (0.93-1.12) 0.09 0.08 1.04 (0.89-1.22)
19-21 months 0.22 0.20 1.13 (1.03-1.22) 0.09 0.08 1.14 (0.97-1.33)
16—18 months 0.22 0.20 1.06 (0.98-1.16) 0.10 0.09 1,10 (0.95-1.28)
13-15 months 0.23 0.21 1.12 (1.03-1.22) 0.11 0.09 1.23 (1.06-1.42)
10-12 months 0.23 0.21 1.12 (1.03-1.21) 0.11 0.09 1.20 (1.03-1.40)
7-9 months 0.25 0.21 1.18 (1.08-1.28) 0.15 0.09 1.58 (1.37-1.82)
4—6 months 0.29 0.21 1.37 (1.26-1.48) 0.16 0.10 1.71 (1.50-1.96)
1-3 months 0.52 0.21 2.34 (2.19-2.51) 0.61 0.10 6.35 (5.82—6.93)

doi:10.1371/journal.pone.0155933.t002
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Fig 2. Upper part: Mean rates for consultations and blood tests in primary care for cases and
references two years before the diagnosis (index date). Note the difference in the Y-axis range. Lower
part: incidence rate ratios (IRR) for consultations with 95% confidence intervals.

doi:10.1371/journal.pone.0155933.g002

consultations was then observed for the cases (Fig 2), especially during the last three months
prior to cancer diagnosis (women: IRR: 2.02, 95% CI: 2.00-2.07, p<0.001; men: IRR: 3.70, 95%
CI: 3.58-3.81, p<0.001) (Table 2).

A minor increase in consultations among AYAs who were subsequently diagnosed with can-
cer was observed already from 16 months before the diagnosis (IRR: 1.08, 95% CI: 1.03-1.12,
P<0.001) (data in S1 Table). The increase in GP attendance was seen for all cancer types, but it
started at different time points before the diagnosis: 17 months for CNS tumours, 12 months for
soft tissue sarcomas, 9 months for lymphomas, 5-6 months for leukaemia, bone tumours and
GCT, and 3 months before diagnosis for malignant melanomas (Fig 3) (data in S1 Table).

In total, 14.9% (1,831) of all included cases (12,306) had more than three consultations dur-
ing the 1-3 months before diagnosis, whereas the corresponding percentage was 4.0% (4,911)
for the included references (123,060).

Diagnostic tests in primary care

The AYAs who were subsequently diagnosed with cancer had more blood tests performed in
primary care than the references from 11 months before the diagnosis (Fig 2) (data in S2
Table). This tendency was particularly marked for males in the last 3 months before a cancer
diagnosis (IRR: 6.35, 95% CI: 5.82-6.93) (P<0.001). The relative increase was less substantial
for women; no more than 2.34 (IRR: 2.34, 95% CI: 2.19-2.51, p<0.001) in the last 1-3 months
prior to a cancer diagnosis (Table 2).

The increase in blood tests was observed at different time points before the diagnosis,
depending on cancer type; 7 months before a diagnosis of haematological cancer (leukaemia
and lymphoma), 9 months before a CNS tumour and 2 months before a diagnosis of malignant
melanoma (Fig 4) (data in S2 Table).
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Fig 3. Incidence rate ratios (IRR) for consultations in primary care with 95% confidence intervals for
carcinoma, lymphoma, germ cell tumour, central nervous system tumour, malignant melanoma, leukaemia
bone tumour, soft tissue tumour and unspecified neoplasm two years before diagnosis (index date).

doi:10.1371/journal.pone.0155933.g003
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Fig 4. Incidence rate ratios (IRR) for blood tests in primary care with 95% confidence intervals for
haematological cancer (lymphoma and leukaemia), malignant melanoma and central nervous system
tumour two years before diagnosis (index date).

doi:10.1371/journal.pone.0155933.g004
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Except for a minor increase (IRR: 1.49, 95% CI: 1.05-2.10, p = 0.024) in the last month
before the date of the diagnosis, no significant general increase was observed in the use of psy-
chometric tests for AYAs (data in S3 Table). However, AYAs who were subsequently diagnosed
with a brain tumour had more tests performed than their references in the last 6 months before
the diagnosis; twice as many tests were performed in the 4-6 months before the diagnosis
(IRR: 2.57,95% CI: 1.45-4.54, p = 0.001), and three times as many tests were performed in the
1-3 months before the diagnosis (IRR: 3.14, 95% CI: 1.75-5.64, p<0.001).

Discussion
Main findings

This large population-based study showed an increased use of healthcare services in primary
care in the time period leading up to the cancer diagnosis in AYAs. More consultations were
observed already from 16 months before a cancer diagnosis, but the healthcare-seeking rates
increased exponentially from 8 months before the final diagnosis. The increase was observed
for all cancer types, but the timing of onset depended on cancer type. AYAs with leukaemia, a
bone tumour or a GCT had more frequent healthcare requests from 6 months before the diag-
nosis, whereas the corresponding time point for AYAs with a brain tumour was 17 months
before the diagnosis. AYAs with malignant melanoma had more consultations from 3 months
before the diagnosis.

Primary healthcare services can be seen as a proxy for symptom presentation, including an
indicator of a patient s degree of discomfort or concern. The identified healthcare seeking pat-
terns suggest that some cancer types in AYAs are difficult to diagnose and that the diagnostic
window for some tumours, e.g. brain tumours and soft tissue sarcomas, is relatively broad.

Our study shows an increase in performed blood tests in primary care already from 11
months before a cancer diagnosis. These results indicate that diagnostic workup is performed
in primary care although the patient-reported symptoms may not directly point towards malig-
nant disease. Further, we found that more psychometric tests were performed during the 6
months prior to the diagnosis of a CNS tumour. This may suggest that some young cancer
patients present with cognitive symptoms; a finding which is in line with a previous Danish
study[24].

Strengths and weaknesses

Information on cancer diagnosis in AYAs was registered prospectively in the Danish Cancer
Registry. All recorded diagnoses were based on the WHO International Classification of Dis-
eases (ICD) and coded by the physician responsible for the discharge. The diagnostic records
in the register have formerly been shown to be accurate and complete[25]. References were
randomly selected among all individuals in Denmark, and these were matched on age, gender
and GP with the included cases. We obtained complete information on prospectively recorded
primary healthcare use for all AYAs diagnosed with cancer in Denmark during a ten-year
period and for a random sample of references of the same age and gender. As the provided con-
sultations and the diagnostic procedures are coded for remuneration purposes, both the accu-
racy and the completeness of data in the NHSR are high. Selection and information bias in
relation to classification of diagnosis and healthcare services are unlikely to explain the results
in our study.

In a previous study on childhood cancer patients, we found increased utilisation of primary
care services from six months before diagnosis[15]. However, for children with CNS tumours,
a higher consultation rate was seen in all 12 months before the diagnosis[15]. Consequently,
we considered a 2-year period appropriate in this study of AYAs.
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Although cancer in AYAs is rare, we obtained sufficient data to ensure relatively high statis-
tical precision. This allowed us to detect small, but clinically relevant, differences between the
groups. We eliminated potential confounding effects of age and gender by matching included
cases with references. Consultations related to pregnancy care, cancer screening and healthcare
control for chronical disease have specific codes, which were not included in the study.
Increased number of visits among cases was considered to be symptom-related, but a few of
the included consultations might not have been entirely problem-oriented. This potential con-
founding was reduced by using a large dataset and matching cases on age, gender and GP. By
matching on GP, we reduced the area-specific social differences in the population. However,
we cannot exclude that residual confounding by other factors, such as ethnicity, might have
played a role. Nevertheless, the vast majority of the Danish population is Caucasians, and eth-
nicity is rarely among the main concerns in Danish studies. We had no information on pre-
existing comorbidity, but this is considered of little importance as comorbidity is relatively
infrequent in young people.

The nationwide approach allows us to consider the results as generalizable. Our findings are
likely to be applicable in countries with similar healthcare systems providing access for patients
through primary care.

Comparison with other studies

A key area for improving cancer care in several countries has been reducing the time to diagno-
sis[10,26]. Cancer care in Denmark and the UK has received increased attention in recent
years because of low survival rates and advanced tumour stages at treatment initiation com-
pared to the rest of Western Europe[27]. Consultation requests among children with a brain
tumour has previously shown to increase 1-2 years before the diagnosis[15,17]. Furthermore,
long intervals with symptoms (up to 60 months) are generally reported before a diagnosis of
soft tissue sarcomas in children and adolescents[28]. Nevertheless, only few studies have
focused on delays in the diagnosis and the pre-diagnostic healthcare utilisation among AYAs.

A large British study showed that cancer patients aged 16-25 years were twice as likely as
older adults to have three or more GP consultations before referral for further diagnostic pro-
cedures[29]. Additionally, a survey among teenagers and young adults treated for cancer
showed that 57% visited their GP three times or more before being referred to a hospital in the
time leading up to the diagnosis. Of these, 29% visited their GP more than five times before
referral[12]; this suggests a prolonged diagnostic pathway among AYAs.

Several studies have explored the time intervals between diagnosis and treatment of child-
hood or adult cancer. Our study indicates a longer overall delay among AYAs than observed
among children[15,30], but the intervals tend to vary among different cancer types and age
groups at diagnosis[13]. Younger adults with bone cancer were more likely to have prolonged
symptomatic intervals and more patient delays than children[31]. AYAs also seem to have a
prolonged diagnostic pathway compared to older adults. In a large population-based Danish
study[14], a modest rise in primary care consultations was observed five to six months before
diagnosis, which is two to three months closer to the diagnosis than seen in our study.

In line with previous studies, we observed patterns indicating a relatively broad diagnostic
window for some groups of cancer patients. For example, such window was found for AYAs
who were subsequently diagnosed with a brain tumour or soft tissue sarcoma, whereas other
cancer patients (e.g. patients with malignant melanoma) are generally referred and diagnosed
shortly after symptom presentation. Our findings demonstrate that the diagnosis of certain
types of cancer, specifically in the group of AYAs, is extremely complex as the ‘symptom signa-
ture’ tends to be unspecific. In line with our findings, the odds ratio for experiencing a long
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diagnostic interval (from first clinical presentation until diagnosis) has been reported to be
four times higher in adult cancer patients presenting with vague and uncharacteristic symp-
toms than in patients presenting with ‘alarm’ or ‘serious’ symptoms[18].

In our study, almost twice as many consultations were seen among young women than
among young men. This is not surprising as the consultation pattern among women generally
seems to increase until the age of the mid-30s. This pattern is generally known and corresponds
very well the general picture in Denmark[32].

Conclusion and implications

Cancer survival has increased in recent years. However, AYAs do not seem to have benefitted
from this development as much as other patient groups. Although cancer is relatively uncom-
mon among AYAs, it is crucial to ensure that the most prevalent cancer types in this patient
group are diagnosed without delay.

This study demonstrates a marked increase in both health-care seeking and clinical activity
in primary care several months before a cancer diagnosis. This finding indicates that the symp-
tom interpretation starts long before the diagnosis, specifically some types of cancer, in AYAs.
The study also stresses the importance of recognising even vague symptoms or minor changes
in the help-seeking patterns seen in primary care.

Identifying the few patients with malignant cancer disease is a major challenge in primary
care, and the knowledge of symptoms that may indicate early signs of cancer seems to remain
sparse in clinical practice. These issues must be addressed if we aim to reduce the diagnostic
delays.

Diagnosing cancer in this age group may be particularly difficult because of vague symp-
toms, but also because of their physical, emotional, cognitive and social development. Further-
more, the cancer incidence is low, and most symptomatic patients have non-malignant
illnesses. In addition, low awareness of cancer in this age group may also partly explain the
complexity of this field.

Further research is needed to identify the characteristics of early symptoms and optimal
diagnostic pathways for AYAs, particularly for the groups with the longest pre-diagnostic
interval. Such knowledge may facilitate early identification of patients at increased risk of
experiencing a prolonged diagnostic delay.

Supporting Information

S1 Table. Incidence rate ratios (IRR) for consultations in primary care with 95% confidence
intervals for carcinoma, lymphoma, germ cell tumour, central nervous system tumour,
malignant melanoma, leukaemia bone tumour, soft tissue tumour, unspecified neoplasm
and the total group two years before diagnosis (index date).

(DOCX)

$2 Table. Incidence rate ratios (IRR) for blood tests in primary care with 95% confidence
intervals for haematological cancer (lymphoma and leukaemia), malignant melanoma, cen-
tral nervous system tumour and the total group two years before diagnosis (index date).
(DOCX)

$3 Table. Incidence rate ratios (IRR) for psychometric tests in primary care with 95% confi-
dence intervals for central nervous system tumour and the total group two years before
diagnosis (index date).

(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0155933 May 20, 2016 11/183


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0155933.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0155933.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0155933.s003

@’PLOS ‘ ONE

Primary-Care Attendance before Cancer Diagnosis

Acknowledgments

The study was supported by an unrestricted grant from the Novo Nordisk Foundation. The
authors would like to thank data manager Kaare Rud Flarup for his assistance with the data
retrieval from the Danish national registries and statistician Anders Helles Carlsen for his assis-
tance with statistics and graphical presentation of data.

Author Contributions

Conceived and designed the experiments: JMA MFG PV. Performed the experiments: JMA
MFG. Analyzed the data: JMA MFG. Wrote the paper: JMA MFG PV. Interpretation of data/
statistics: JMA MFG PV.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Bleyer A, Budd T, Montello M. Adolescents and young adults with cancer: the scope of the problem and
criticality of clinical trials. Cancer. 2006; 107: 1645—-1655. doi: 10.1002/cncr.22102 PMID: 16906507

Rugbjerg K, Olsen JH. Long-term Risk of Hospitalization for Somatic Diseases in Survivors of Adoles-
cent or Young Adult Cancer. JAMA Oncol. 2015: 1-9. doi: 10.1001/jamaoncol.2015.4393

Oeffinger KC, Tonorezos ES. The cancer is over, now what?: Understanding risk, changing outcomes.
Cancer. 2011; 117: 2250-2257. doi: 10.1002/cncr.26051 PMID: 21523742

Bleyer A, Choi M, Fuller CD, Thomas CR Jr., Wang SJ. Relative lack of conditional survival improve-
ment in young adults with cancer. Semin Oncol. 2009; 36: 460—467. doi: 10.1053/j.seminoncol.2009.
07.004 PMID: 19835741

Bleyer A, Viny A, Barr R. Cancer in 15- to 29-year-olds by primary site. Oncologist. 2006; 11: 590—601.
PMID: 16794238

Albritton K, Barr R, Bleyer A. The adolescence of young adult oncology. Semin Oncol. 2009; 36: 478—
488. doi: 10.1053/j.seminoncol.2009.07.007 PMID: 19835743

Weller D, Vedsted P, Rubin G, Walter FM, Emery J, Scott S, et al. The Aarhus statement: improving
design and reporting of studies on early cancer diagnosis. Br J Cancer. 2012: 10.

Rubin G, Berendsen A, Crawford SM, Dommett R, Earle C, Emery J, et al. The expanding role of pri-
mary care in cancer control. Lancet Oncol. 2015; 16: 1231-1272. doi: 10.1016/S1470-2045(15)00205-
3 PMID: 26431866

National Institute for Health and Clinical Excellence. Suspected cancer: recognition and referral. 2015.
Available: http://www.nice.org.uk/guidance/ng12. Updated 2015. Accessed 19 December 2015.

National Board of Health. National Cancer Plan || Denmark. National Board of Health recommendations
for improving cancer healthcare services. 2005.

Van den Bruel A, Thompson M, Buntinx F, Mant D. Clinicians' gut feeling about serious infections in
children: observational study. BMJ. 2012; 345: e6144. doi: 10.1136/bmj.e6144 PMID: 23015034

Smith S, Davies S, Wright D, Chapman C, Whiteson M. The experiences of teenagers and young adults
with cancer—results of 2004 conference survey. Eur J Oncol Nurs. 2007; 11: 362—-368. PMID:
17287143

Lethaby CD, Picton S, Kinsey SE, Phillips R, van LM, Feltbower RG. A systematic review of time to
diagnosis in children and young adults with cancer. Arch Dis Child. 2013; 98: 349-355. doi: 10.1136/
archdischild-2012-303034 PMID: 23476000

Christensen KG, Fenger-Gron M, Flarup KR, Vedsted P. Use of general practice, diagnostic investiga-
tions and hospital services before and after cancer diagnosis—a population-based nationwide registry
study of 127,000 incident adult cancer patients. BMC Health Serv Res. 2012; 12:224. doi: 10.1186/
1472-6963-12-224: 224-12. PMID: 22838741

Ahrensberg JM, Fenger-Gron M, Vedsted P. Use of primary care during the year before childhood can-
cer diagnosis: a nationwide population-based matched comparative study. PLoS One. 2013; 8:
€59098. doi: 10.1371/journal.pone.0059098 PMID: 23554980

Dommett RM, Redaniel MT, Stevens MC, Hamilton W, Martin RM. Features of childhood cancer in pri-
mary care: a population-based nested case-control study. Br J Cancer. 2012: 10.

Ansell P, Johnston T, Simpson J, Crouch S, Roman E, Picton S. Brain tumor signs and symptoms:
analysis of primary health care records from the UKCCS. Pediatrics. 2010; 125: 112—119. doi: 10.1542/
peds.2009-0254 PMID: 20026498

PLOS ONE | DOI:10.1371/journal.pone.0155933 May 20, 2016 12/13


http://dx.doi.org/10.1002/cncr.22102
http://www.ncbi.nlm.nih.gov/pubmed/16906507
http://dx.doi.org/10.1001/jamaoncol.2015.4393
http://dx.doi.org/10.1002/cncr.26051
http://www.ncbi.nlm.nih.gov/pubmed/21523742
http://dx.doi.org/10.1053/j.seminoncol.2009.07.004
http://dx.doi.org/10.1053/j.seminoncol.2009.07.004
http://www.ncbi.nlm.nih.gov/pubmed/19835741
http://www.ncbi.nlm.nih.gov/pubmed/16794238
http://dx.doi.org/10.1053/j.seminoncol.2009.07.007
http://www.ncbi.nlm.nih.gov/pubmed/19835743
http://dx.doi.org/10.1016/S1470-2045(15)00205-3
http://dx.doi.org/10.1016/S1470-2045(15)00205-3
http://www.ncbi.nlm.nih.gov/pubmed/26431866
http://www.nice.org.uk/guidance/ng12
http://dx.doi.org/10.1136/bmj.e6144
http://www.ncbi.nlm.nih.gov/pubmed/23015034
http://www.ncbi.nlm.nih.gov/pubmed/17287143
http://dx.doi.org/10.1136/archdischild-2012-303034
http://dx.doi.org/10.1136/archdischild-2012-303034
http://www.ncbi.nlm.nih.gov/pubmed/23476000
http://dx.doi.org/10.1186/1472-6963-12-224
http://dx.doi.org/10.1186/1472-6963-12-224
http://www.ncbi.nlm.nih.gov/pubmed/22838741
http://dx.doi.org/10.1371/journal.pone.0059098
http://www.ncbi.nlm.nih.gov/pubmed/23554980
http://dx.doi.org/10.1542/peds.2009-0254
http://dx.doi.org/10.1542/peds.2009-0254
http://www.ncbi.nlm.nih.gov/pubmed/20026498

@’PLOS ‘ ONE

Primary-Care Attendance before Cancer Diagnosis

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Torring ML, Frydenberg M, Hansen RP, Olesen F, Hamilton W, Vedsted P. Time to diagnosis and mor-
tality in colorectal cancer: a cohort study in primary care. BrJ Cancer. 2011.

Richards MA, Westcombe AM, Love SB, Littlejohns P, Ramirez AJ. Influence of delay on survival in
patients with breast cancer: a systematic review. Lancet. 1999; 353: 1119-1126. PMID: 10209974

Dang-Tan T, Franco EL. Diagnosis delays in childhood cancer: a review. Cancer. 2007; 110: 703-713.
PMID: 17620277

World Health Organization. International Classification of Diseases (ICD). 2015. Available: http://www.
who.int/classifications/icd/en/. Updated 2015. Accessed 23 September 2015.

Olivarius NF, Hollnagel H, Krasnik A, Pedersen PA, Thorsen H. The Danish National Health Service
Register. A tool for primary health care research. Dan Med Bull. 1997; 44: 449-453. PMID: 9377908

Thomsen JL, Parner ET. Methods for analysing recurrent events in health care data. Examples from
admissions in Ebeltoft Health Promotion Project. Fam Pract. 2006; 23: 407—413. PMID: 16595540

Benros ME, Laursen TM, Dalton SO, Mortensen PB. Psychiatric disorder as a first manifestation of can-
cer: a 10-year population-based study. Int J Cancer. 2009; 124: 2917-2922. doi: 10.1002/ijc.24274
PMID: 19330831

Gijerstorff ML. The Danish Cancer Registry. Scand J Public Health. 2011; 39: 42—45. doi: 10.1177/
1403494810393562 PMID: 21775350

National Institute for Health and,Clinical Excellence. Referral guidelines for sucpected cancer in adults
and children; 2005.

Allemani C, Weir HK, Carreira H, Harewood R, Spika D, Wang XS, et al. Global surveillance of cancer
survival 1995-2009: analysis of individual data for 25 676 887 patients from 279 population-based reg-
istries in 67 countries (CONCORD-2). Lancet. 2014. doi: S0140-6736(14)62038-9 [pii].

Ferrari A, Miceli R, Casanova M, Meazza C, Favini F, Luksch R, et al. The symptom interval in children
and adolescents with soft tissue sarcomas. Cancer. 2010; 116: 177—-183. doi: 10.1002/cncr.24695
PMID: 19862818

Lyratzopoulos G, Neal RD, Barbiere JM, Rubin GP, Abel GA. Variation in number of general practitioner
consultations before hospital referral for cancer: findings from the 2010 National Cancer Patient Experi-
ence Survey in England. Lancet Oncol. 2012; 13: 353—-365. doi: 10.1016/S1470-2045(12)70041-4
PMID: 22365494

Veneroni L, Mariani L, Lo VS, Favini F, Catania S, de Pava MV, et al. Symptom interval in pediatric
patients with solid tumors: Adolescents are at greater risk of late diagnosis. Pediatr Blood Cancer.
2013; 60: 605-610. doi: 10.1002/pbc.24312 PMID: 23034970

Goyal S, Roscoe J, Ryder WD, Gattamaneni HR, Eden TO. Symptom interval in young people with
bone cancer. Eur J Cancer. 2004; 40: 2280-2286. PMID: 15454254

Statbank Denmark. Statbank Denmark. 2015.

PLOS ONE | DOI:10.1371/journal.pone.0155933 May 20, 2016 13/13


http://www.ncbi.nlm.nih.gov/pubmed/10209974
http://www.ncbi.nlm.nih.gov/pubmed/17620277
http://www.who.int/classifications/icd/en/
http://www.who.int/classifications/icd/en/
http://www.ncbi.nlm.nih.gov/pubmed/9377908
http://www.ncbi.nlm.nih.gov/pubmed/16595540
http://dx.doi.org/10.1002/ijc.24274
http://www.ncbi.nlm.nih.gov/pubmed/19330831
http://dx.doi.org/10.1177/1403494810393562
http://dx.doi.org/10.1177/1403494810393562
http://www.ncbi.nlm.nih.gov/pubmed/21775350
http://dx.doi.org/10.1002/cncr.24695
http://www.ncbi.nlm.nih.gov/pubmed/19862818
http://dx.doi.org/10.1016/S1470-2045(12)70041-4
http://www.ncbi.nlm.nih.gov/pubmed/22365494
http://dx.doi.org/10.1002/pbc.24312
http://www.ncbi.nlm.nih.gov/pubmed/23034970
http://www.ncbi.nlm.nih.gov/pubmed/15454254

