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Abstract

Objective. This study investigates the impact of primary care utilisation of a symptom-based
head and neck cancer risk calculator (Head and Neck Cancer Risk Calculator version 2) in the
post-coronavirus disease 2019 period on the number of primary care referrals and cancer
diagnoses.
Methods. The number of referrals from April 2019 to August 2019 and from April 2020 to
July 2020 (pre-calculator) was compared with the number from the period January 2021 to
August 2022 (post-calculator) using the chi-square test. The patients’ characteristics, referral
urgency, triage outcome, Head and Neck Cancer Risk Calculator version 2 score and cancer
diagnosis were recorded.
Results. In total, 1110 referrals from the pre-calculator period were compared with 1559 from
the post-calculator period. Patient characteristics were comparable for both cohorts. More
patients were referred on the cancer pathway in the post-calculator cohort (pre-calculator
patients 51.1 per cent vs post-calculator 64.0 per cent). The cancer diagnosis rate increased
from 2.7 per cent in the pre-calculator cohort to 3.3 per cent in the post-calculator cohort.
A lower rate of cancer diagnosis in the non-cancer pathway occurred in the cohort managed
using the Head and Neck Cancer Risk Calculator version 2 (10 per cent vs 23 per cent,
p = 0.10).
Conclusion. Head and Neck Cancer Risk Calculator version 2 demonstrated high sensitivity
in cancer diagnosis. Further studies are required to improve the predictive strength of the
calculator.

Introduction

Head and neck cancer accounts for 3 per cent of all cancer diagnoses in the UK and
approximately 2 per cent of all cancer-related deaths.1 Early diagnosis is well recognised
as a key principle in improving outcomes in cancer care. As a result, various ‘fast track’
referral pathways have been devised to get patients with potential malignancy into special-
ist services as soon as possible. Between 1999 and 2000, the Department of Health devel-
oped a series of National Guidelines that implemented a fast-track referral pathway that
recommended all suspected cancer patients in England should be seen by a hospital spe-
cialist within 14 days.2,3 Similarly, the Scottish Referral Guidelines for Suspected Cancer
were first published in 2002 and required a diagnosis of cancer within 31 days and treat-
ment to commence within 62 days of referral.4

Several guidelines containing important red-flag features for head and neck cancer,
such as persistent unexplained lumps, oral ulceration, hoarseness or odynophagia, have
been published to help assist general practitioners utilise urgent referral pathways for
head and neck cancer.4–6 However, despite these developments, several studies have
indicated that a low percentage of those referred via the fast-track pathway are diagnosed
with head and neck cancer and that many new patients present outwith the cancer path-
way.7–11 This may be due to the low incidence of head and neck cancer compared with
other cancers, limiting general practitioners’ familiarity with these red-flag symptoms
and patients’ reluctance to seek medical attention.12 It also may be attributed to the
fact many head and neck cancer symptoms are non-specific and accompany common
benign conditions, such as upper respiratory tract infections.12 One effort to address
this discrepancy in service delivery and increase the efficacy of cancer detection was
the development of a symptom-based head and neck cancer risk calculator.
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The head and neck cancer risk calculator is a statistical
model designed to help predict an individual’s risk of head
and neck cancer by generating a percentage risk score based
on symptoms, demographics and lifestyle factors. The score
can be used to assist allocation to appropriate referral path-
ways, for example urgent suspicion of cancer more than 7.1
per cent predicted risk, urgent 7.1–2.2 per cent, routine less
than 2.2 per cent. Clinic appointments offered with urgent
referral pathway have a target a waiting time of 4 weeks,
while routine referral pathway has a waiting time of 12
weeks. This can help to target patients appropriately to special-
ist assessment, rapid diagnosis and early management.8 Whilst
such calculators are well established in many common cancers,
statistical model of risk stratification (Head and Neck Cancer
Risk Calculator) was first designed in 2016 in two tertiary
head and neck cancer centres in England, where
it demonstrated high specificity and sensitivity.7,8,13 The calcu-
lator was later externally validated in a Scottish population,
where it demonstrated a predictive power of 77 per cent.8

The model was subsequently refined in 2019 (Head and
Neck Cancer Risk Calculator version 2) to include social his-
tory, further head and neck cancer symptoms, such as unin-
tentional weight loss, as well as symptom duration and
laterality.8 This more recent version of the calculator was
shown to have better predictive power, sensitivity and specifi-
city than the original model.13 The risk calculator has proven
useful when applied by secondary care surgeons, with several
studies reflecting its use in reducing inappropriate referrals
and facilitating urgent investigations in high-risk
patients.7,14–16

In July 2020, in an attempt to improve referral pathways,
the Head and Neck Cancer Risk Calculator version 2 was
introduced as a triage aid to primary care in NHS Lothian.
The impact of the calculator in primary care triage was
assessed in a study by Li et al.7 This study analysed the risk
calculator score, referral urgency category and cancer yield
from a sample of 1110 referrals from the pre-calculator period
and 913 referrals from the post-calculator period. This prelim-
inary analysis proved the calculator had a high sensitivity and
showed a correlation between predicted and actual risk of can-
cer in those patients with a calculated risk of more than 70 per
cent. However, this preliminary study also demonstrated the
calculator typically inflated the predicted risk of cancer,
which was thought to encourage primary care physicians to

upgrade the urgency of referral. This resulted in a 30 per
cent increase in patients referred with suspected cancer,
which has the potential to overwhelm secondary care services.7

The conclusions from the results of the study by Li et al.
were limited by the impact the coronavirus disease 2019
(Covid-19) pandemic had on primary care and cancer service
delivery of discouraging patients from accessing medical
assessment and skewing secondary care services towards
urgent appointments. The primary aim of this study was to
re-analyse the impact and efficacy of the Head and Neck
Cancer Risk Calculator version 2 and to assess its utility in pri-
mary care triage in the post-Covid-19 period where services
are less restricted than during the pandemic. The secondary
aim of this study was to collect general practitioners’ feedback
regarding the risk calculator after two years of its
implementation.

Methods

The current primary care throat referral pathway within NHS
Lothian is shown in Figure 1. At the point of referral, general
practitioners are prompted to complete the risk calculator via
an external website. Based on clinical judgement and the risk
calculator score, which is entered on the e-referral, general
practitioners are asked to select the appropriate referral cat-
egory (routine or urgent or urgent suspicion of cancer).
Head and neck consultants then evaluate all the referrals
and re-triage them accordingly.

Data from patients who were seen following referral
between January 2021 and August 2022 (post-calculator per-
iod) were collected using the NHS Lothian clinical electronic
system. The data collected were referrer’s urgency, re-triage
category, Head and Neck Cancer Risk Calculator version 2
score, cancer diagnosis, any further investigation and types
of cancer. Data were compared with the results from the pre-
calculator period data (April–August 2019 and April–July
2020). Statistical analysis was performed using the chi-square
test to compare categorical variables. Results were considered
statistically significant if the p value was less than 0.05.
Sensitivity, specificity, positive predictive value and negative
predictive value were calculated by re-categorising data into
two-by-two tables based on the authors’ recommended cut-off
score as urgent suspicion of cancer or non-cancer and cancer
diagnosed versus no cancer diagnosed.

Figure 1. NHS Lothian head and neck referral pathway.
GP = general practitioner
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Only patients referred by primary care were included in the
study. Exclusion criteria were non-primary care referrals,
patients with missing records, referrals without an exact risk
calculator score and consultation of patients carried out
based on referrals from the pre-calculator cohort (Figure 2).

General practitioner feedback
An online questionnaire was made available to all general
practitioners in NHS Lothian. The questionnaire consisted of
five questions to investigate the usefulness of the risk calcula-
tor, the influence of the risk calculator in decision making, and
the impact of the risk calculator score on anxiety and
reassurance.

Results

A total of 1110 and 1559 referrals from the pre- and post-Head
and Neck Cancer Risk Calculator version 2 periods, respect-
ively, were analysed. The age and sex distributions

were comparable between both cohorts (age, p = 0.10; sex, p
= 0.42) (Table 1).

Overall, there was a statistically significant increase in
urgent suspicion of cancer referrals in the post-calculator per-
iod from 51.1 per cent to 64.0 per cent ( p < 0.01) (Table 2).
Urgent suspicion of cancer referrals further increased by 5.9
per cent after being re-triaged by secondary care specialists,
with all cancers diagnosed were in the post-triaged urgent sus-
picion of cancer category (Table 3). The rate of cancer diagno-
sis was slightly increased in the post-calculator cohorts, but
this failed to reach statistical significance (2.7 per cent vs 3.3
per cent, p = 0.41). There was no significant difference in the
rate of cancer diagnosis between the pre- and post-calculator
urgent suspicion of cancer referrals (4.1 per cent vs 4.6 per
cent, p = 0.62) (Table 2).

The Head and Neck Cancer Risk Calculator version 2 usage
rate in the post-calculator period was 89.7 per cent (1398
cases), with 10.3 per cent of referrals (161 cases) lacking a
score in the period after the calculator was introduced.
There was no difference between the rate of cancer diagnosed
with or without the calculator being used (3.3 per cent vs 3.1
per cent). However, there was a significant difference in the
rate of cancer diagnosis within the urgent suspicion of cancer
referrals category with and without using the calculator (4.3
per cent vs 15.2 per cent, p = 0.008) (Table 4).

All post-calculator data were re-categorised using the cut-
off scores proposed by the authors (urgent cut-off, ≥2.2 per
cent, urgent suspicion of cancer cut-off, >7.1 per cent). It
was found that 63.7 per cent of referrals were within the urgent
suspicion of cancer category, with 96 per cent of all cancers
diagnosed in this category (Table 5). There was also a positive
correlation between a higher risk calculator score and a higher
likelihood of head and neck cancer diagnosis. This was espe-
cially true for risk calculator scores of more than 70 per cent
(Figures 3 and 4). However, across all deciles of cancer risk
predicted, the calculator overestimated the risk of malignancy
significantly.

Figure 2. Data exclusion pathway. GP = general
practitioner

Table 1. Comparison of age and sex in the pre- and post-Head and Neck Cancer
Risk Calculator version 2 cohorts

Parameter
Pre-calculator
cohort (%)

Post-calculator
cohort (%)

p
value

Age (n (%);
years)

– <40 206 (18.6) 311 (19.9) 0.10

– 40–60 369 (33.2) 562 (36.0)

– >60 535 (48.2) 686 (44.0)

Sex* (n (%);
years)

– Male 503 (45.3) 733 (47.0) 0.40

– Female 606 (54.6) 826 (53.0)

*One patient from the pre-calculator cohort did not specify sex

Table 2. Comparison of referral categories and cancer diagnoses between pre- and post-Head and Neck Cancer Risk Calculator version 2 cohorts

Referral pathway

Pre-calculator cohort Post-calculator cohort

p value of head and neck cancer diagnosis
between pre- and post-calculator cohortn

Patients with head and
neck cancer (n (%)) n

Patients with head and
neck cancer (n (%))

Routine 345 1 (0.3) 427 3 (0.7) –

Urgent 198 6 (3.0) 115 2 (1.7) –

Urgent suspicion
of cancer

567 23 (4.1) 997 46 (4.6) 0.62

Advise 0 0 (0) 20 0 (0) –

Total 1110 30 (2.7) 1559 51 (3.3) 0.41
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When referrals were stratified using the risk score to over
and under 7.1 per cent (urgent suspicion of cancer threshold
recommended) and by the presence or absence of cancer fol-
lowing review, the sensitivity of the risk calculator was 95.7 per
cent and specificity was 37.4 per cent. The positive predictive
value and negative predictive value were 4.9 per cent and 99.6
per cent, respectively (Table 6).

The risk calculator received positive feedback from primary
care providers. The response rate to the survey was low. There
was a total of 38 responses out of about 1130 general practi-
tioners working in NHS Lothian. Overall, 82 per cent of
responding general practitioners agreed that the risk calculator
was a useful tool, with 63 per cent stating that the risk calcu-
lator had had an influence on their decision making and 53
per cent reporting avoidance of referrals with low-risk calcula-
tor scores. In addition, 43 per cent of general practitioners fed
back that a high-risk calculator score did not impact patients’
anxiety levels (Figure 5).

Discussion

Since the development of the Head and Neck Cancer Risk
Calculator in 2016, studies have shown that it has proved use-
ful in re-triaging referrals at a secondary care level.14–17 This
was especially true during the Covid-19 pandemic period,
which significantly restricted consultations in secondary care.
Multiple groups have suggested incorporating the Head and
Neck Cancer Risk Calculator in the secondary care cancer
triaging pathway,14–17 but our project is the first to investigate
the performance of the Head and Neck Cancer Risk
Calculator version 2 in the primary care setting.7

Interpretation of our initial findings was hampered by the
impact of the pandemic, which prompted this updated analysis
in the post-pandemic era.

The age and sex distributions, and head and neck cancer
diagnosis rates post introduction of Head and Neck Cancer

Risk Calculator version 2 were comparable to the
data obtained from the pre-calculator cohort, suggesting over-
all similarity between the two cohorts. However, a significant
increase in the urgent suspicion of cancer referral rate was
observed following the introduction of the Head and Neck
Cancer Risk Calculator version 2 (51.1 per cent vs 64.0 per
cent, p < 0.01), with a further 5.9 per cent increase in urgent
suspicion of cancer referrals post-triage by secondary care spe-
cialists. This could be explained by significant overestimation
of cancer risk.

Five per cent of patients with a score over 7.1 were ultim-
ately diagnosed with cancer, slightly higher than the score
recommended in the National Institute for Health and Care
Excellence and Scottish guidelines, which recommend a 3
per cent threshold on cancer pathways.6 Indeed, the rate of
cancer in the cohort did not exceed 10 per cent until the cal-
culator score predicted a risk of over 80 per cent. Inflated risk
prediction seems likely to encourage general practitioners to
refer patients as urgent suspicion of cancer, increasing the bur-
den on secondary care to meet government timelines. This
result is similar to that found in our previous study, which
was conducted during the Covid-19 pandemic.7

All studies of the risk calculator to date have involved sec-
ondary care physicians. These studies confirm the benefits of
the calculator in screening patients and avoiding unnecessary
appointments.14–17 Our group is the first to report its use in
the primary care setting.

Interestingly, in our user survey, general practitioners
reported avoidance of referrals with low-risk calculator scores.
From our data, it may seem unlikely that a significant number
of low-risk patients were not referred as an explanation for the
higher percentage of urgent suspicion of cancer referrals
because the number of referrals per month was higher in the
post-calculator cohort (pre-calculator, 123 referrals per
month vs post-calculator, 187 referrals per month). However,
it is difficult to draw a conclusion from the available data as
there are no formal data on the number of patients who

Table 3. Referrals re-triaged by head and neck consultants in secondary care

Referral pathway
Referral priority (n

(%))

Priority after
re-triage
(n (%))

Routine 427 (27.4) 452 (29.0)

Urgent 115 (7.4) 16 (1.0)

Urgent suspicion of
cancer

997 (64.0) 1090 (69.9)

Advise 20 (1.3) 0 (0)

Total 1559 1558 + 1 not triaged

Table 4. Referral categories and head and neck cancer diagnosis between referrals in post-Head and Neck Cancer Risk Calculator version 2 cohort with and without
risk calculator score

Referral pathway

Used calculator Did not use calculator

p value of head and neck cancer
diagnosisn

Patients with head and neck
cancer (n (%)) n

Patients with head and neck
cancer (n (%))

Routine 332 3 (0.9) 95 0 (0) –

Urgent 99 2 (2.0) 16 0 (0) –

Urgent suspicion of
cancer

964 41 (4.3) 33 5 (15.2) 0.007

Advice 3 0 (0) 17 0 (0) –

Total 1398 46 (3.3) 161 5 (3.1) –

Table 5. Referral categories for the post-Head and Neck Cancer Risk Calculator
version 2 cohort based on cut-offs proposed by the authors

Referral pathway
Patients

(n)
Patients with head and neck

cancer (n (%))

Routine 360 1 (0.3)

Urgent 148 1 (0.7)

Urgent suspicion of
cancer

890 44 (4.9)

Total 1398 46 (3.3)
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were presented with relevant symptoms and were not referred
by primary care.

From our experience, there was an overall significant
increase in urgent suspicion of cancer referrals for all cancer
types compared with the pre-Covid-19 period. It could also
be possible that the primary care clinicians who completed
the questionnaire are not representative of referring clinicians.
A further potential reason to explain the increase in urgent
referrals is that general practitioners were reviewing more
patients with Covid-19-related symptoms, which may overlap
with red-flag symptoms for head and neck cancer.18,19

Despite the overestimation of risk, the Head and Neck
Cancer Risk Calculator version 2 demonstrated a good diag-
nostic efficacy profile when recommended cut-offs are applied:
high sensitivity (95.7 per cent) and negative predictive value
(99.6 per cent). This is comparable to the sensitivity and nega-
tive predictive value when the calculator was used in secondary
care triage.8,13,20 Hence, when a patient has a risk calculator

score of less than or equal to 7.1, general practitioners should
be able to safely refer patients on a non-urgent suspicion of
cancer pathway, unless there are obvious clinical concerns.
Our study showed that only 0.4 per cent of patients with a
risk calculator score less than or equal to 7.1 were diagnosed
with cancer as compared with a 5 per cent actual cancer risk
when the score exceeds 7.1 per cent.

Our study also suggests that the Head and Neck Cancer
Risk Calculator version 2 does have efficacy in predicting
head and neck cancer risk. There was a positive correlation
between predicted and actual risk of cancer, particularly after
the 70 per cent predictive risk level, where the actual cancer
detection rate increased from 5 per cent to 50 per cent. This
trend is similar to that found in our previous study,7 although
in both studies risk was overestimated. We therefore suggest
that there may still be a role for the Head and Neck Cancer
Risk Calculator version 2 in a primary care head and neck can-
cer referral pathway, since it performs differently from
its application in the secondary care setting. Not only is
there some correlation between predicted and actual risk, but
in addition the tool encourages general practitioners to take
a targeted clinical history. This is especially crucial if general
practitioners are less familiar with head and neck cancer-
related symptoms than head and neck specialists in secondary
care due to the relative rarity of head and neck cancer.1,3

Our study demonstrated that there was a high cancer diag-
nosis rate (15 per cent) in the cohort where the referrals did
not include the calculator score. The reason for this requires fur-
ther study, but it is likely to be because this cohort included
patients who were considered to have an obvious malignancy
and as a result the referring clinician felt no risk calculator score
would influence referral urgency. This indicates the importance
of the clinical judgement made from correlation with the clinical
picture rather than full reliance on the risk calculator score.

Overall, the Head and Neck Cancer Risk Calculator version
2 was well received by the surveyed general practitioners and
the majority reported the calculator was a useful tool.
However, the general practitioner sample size was small and
thus subject to sampling bias. It was also noted in the feedback
survey that some general practitioners were not aware of the
calculator. More education sessions about the Head and

Figure 3. Distribution of the post-Head and Neck Cancer Risk Calculator version 2
score based on author suggested cut-off scores.

Figure 4. Head and neck cancer diagnosis distribution by Head and Neck Cancer Risk
Calculator version 2 score.

Figure 5. General practitioner feedback for the Head and Neck Cancer Risk
Calculator version 2: (a) usefulness, (b) influence on decision making, (c) avoid refer-
ral with low score and (d) rising anxiety with high score.

Table 6. Sensitivity, specificity, positive predictive value and negative predictive
value based on cut-offs proposed by authors

Number

True positive (cancer in USOC) 44

True negative (non-USOC without cancer) 506

False positive (USOC without cancer 846

False negative (non-USOC with cancer) 2

USOC = urgent suspicion of cancer
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Neck Cancer Risk Calculator version 2 could therefore be use-
ful in the primary care setting.

Limitations

Despite including over 2500 patients in this study, the number
of cancers (n = 81) was low. This limits the conclusions that
can be drawn. In addition, because of local limitations related
to automated referral systems, we were unable to capture spe-
cific symptomatology but simply recorded an overall risk score
for each patient. We are therefore unable to refine the risk cal-
culator based on specific symptoms at the current time.

Future directions

Given the repeated evidence that primary care application of
the Head and Neck Cancer Risk Calculator version 2 leads
to an overestimation of cancer risk and is associated with an
increase in the number of patients referred on the urgent sus-
picion of cancer pathway, we now plan to move away from
requiring general practitioners to provide a score. Although
we plan to signpost general practitioners to the tool, we also
plan to capture symptoms from the Head and Neck Cancer
Risk Calculator version 2 electronically within the referral tem-
plate to try and optimise its use in primary care referral.

• Although it may not be the only contributing factor, the integration of the
Head and Neck Cancer Risk Calculator version 2 in the primary care
referral pathway for head and neck cancers appeared to increase the
referrals of urgent suspicion of cancer after the coronavirus disease 19
pandemic

• The use of the Head and Neck Cancer Risk Calculator version 2 in primary
care shows similar high sensitivity and negative predictive values to those
found for its use in secondary care, indicating the possibility of using it in
primary care in a wider setting

• The Head and Neck Cancer Risk Calculator version 2 overestimates the
actual risk of cancer

• There is a positive correlation between predicted and actual cancer risk,
particularly after the 70 per cent predictive risk.

• More work is required to optimise the gap between predictive and actual
risk before the Head and Neck Cancer Risk Calculator version 2 can be
adopted more widely in primary care referral pathways

Conclusion

This study demonstrates that the introduction of Head and
Neck Cancer Risk Calculator version 2 into primary care refer-
ral pathways leads to a significant overestimation of the risk of
cancer, which may be associated with an increased percentage
of urgent suspicion of cancer referrals in the post-pandemic
era. The positive correlation of predictive and actual cancer
risk shown by our study suggests there may be a future role
for the calculator in the primary referral pathway. However,
further work is required to improve the gap between predictive
and actual cancer risk before full adoption of the calculator in
the primary care setting. Although it is apparent the calculator
was well received by general practitioners, more work is
needed to refine this tool with the aim of improving its per-
formance at the interface between primary and secondary care.
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