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ABSTRACT 
Background: The socioeconomic differences in survival are pronounced for patients diagnosed with 
head and neck cancer; disease stage at diagnosis is suggested to be a main driver of this association. 
This nationwide, population-based study investigates socioeconomic differences in the pre-diagnostic 
interval and disease stage at diagnosis.
Material and Methods: Information on patient-reported symptoms, symptom onset and disease-spe
cific factors was obtained from the nationwide population-based Danish Head and Neck Cancer Group 
(DAHANCA) database for patients diagnosed with head and neck squamous cell carcinoma between 
2008 and 2019 in Denmark. Socioeconomic position (SEP) was measured by individual-level education, 
income and cohabitation status obtained from administrative registers. Socioeconomic differences in 
the interval from symptom onset to diagnosis were investigated in general linear models with 95% 
confidence intervals (CIs); overall and by subsite, symptom and comorbidity score. Consultation pat
terns prior to diagnosis were examined using methods for change-point detection. Associations with 
advanced-stage disease were estimated in logistic regression models.
Results: Patients with low, medium and high SEP had a similar interval from patient-reported symp
tom onset to diagnosis of 10 weeks. Although this interval varied according to primary symptom and 
anatomical subsite, no apparent socioeconomic differences were observed within these subgroups. 
Aligned with the patient-reported symptom onset, a distinct increase in consultation rates was 
observed at 9 weeks (95% CI [7.3; 10.7]) for patients with low SEP and 7 weeks (95% CI [4.8; 9.2]) for 
patients with high SEP, with overlapping CIs. Patients with low compared to high SEP had increased 
odds for advanced-stage glottic and oral cavity squamous cell carcinoma. For the remaining subsites 
the association varied according to SEP-indicator and TNM-edition.
Conclusion: The interval from symptom onset to diagnosis and consultation patterns were similar 
across SEP groups. Still, socioeconomic differences in stage at diagnosis were observed for some – but 
not all – subsites.
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Background

Across countries and health care systems, a higher socioeco
nomic position (SEP) is associated with improved survival 
after cancer and the socioeconomic gap in survival is pro
nounced for patients diagnosed with head and neck cancer 
[1–4]. Differences in disease stage at the time of diagnosis 
have been identified as a potential main driver of the associ
ation between SEP and cancer survival, suggesting timely 
diagnosis as a potential target for interventions [4–6]. In 

Denmark, a cancer patient pathway (CPP) for head and neck 
cancer was implemented in October 2007. This entailed a 
standardized and expedited strategy for cancer diagnosing, 
with specified time limits from suspicion of cancer in primary 
or secondary care to final diagnosis and onset of treatment 
[7]. Considering the patient interval (from first noticed symp
tom to first contact with medical care) or the primary care 
interval (from symptom presentation in primary care to refer
ral to a CPP), this may to a larger degree rely on patient 
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characteristics such as health literacy, comorbidity, use of 
health care system and communication with health-care pro
fessionals [8–12]. These parameters have been observed to 
differ by socioeconomic position and thus may cause differ
ences in the pre-diagnostic interval [8–11,13,14]. A previous 
study found that patients diagnosed with laryngeal or oro
pharyngeal cancer had the longest patient interval compared 
to other investigated cancer sites [15] and extended time to 
treatment has been associated with poorer prognosis [16]. 
Information on symptoms and symptom onset are, however, 
rarely systematically collected and the impact of socioeco
nomic differences taking place in the pre-diagnostic interval 
has primarily been studied for other cancer sites with large 
variations in methodology (eFigure 1) [8,17–28].

Rather uniquely, the nationwide, population-based clinical 
database Danish Head and Neck Cancer Group (DAHANCA) 
routinely registers information on patient-reported symptom 
onset and primary symptoms at diagnosis of head and neck 
squamous cell carcinoma (HNSCC). By linking information 
from nationwide, population-based administrative registers 
this study investigates the association between SEP and the 
interval from patient-reported symptom onset to diagnosis. 
Further, this interval is compared to objectively measured 
consultation patterns observed in primary health care prior 
to the HNSCC diagnosis. Finally, the association between SEP 
and disease stage at diagnosis is examined.

Material and methods

Study design and setting

This nationwide, population-based cohort study is based on 
the Danish population (5.8 M citizens). The Danish social wel
fare system provides free tuition from primary to higher edu
cation [29]. Health care is tax-funded with no co-payments 
for diagnostic procedures in e.g., general practice (GP) and 
ear-nose-throat specialist (ENT), while co-payment exists for 
all dental procedures in citizens older than 18 years [29]. 
General practitioners act as gatekeepers to specialized pri
mary and secondary health care services, except for ENT, 
ophthalmologists and dental care, that can be accessed with
out a referral [29].

Materials

Denmark has a longstanding tradition of maintaining nation
wide, population-based clinical databases and administrative 
registers [29]. Information between these data sources can 
be linked using the unique personal identification number, 
which is assigned to all residents and contains information 
on e.g., the date of birth and legal gender [29]. In the Danish 
Head and Neck Cancer Group (DAHANCA) database, we iden
tified all patients diagnosed and registered with HNSCC in 
Denmark between 2008–2019 (eFigure 2) [30]. From this 
database, we obtained prospectively collected information 
on the date of diagnosis (date of first appointment at the 
oncological center), anatomical subsite, clinical stage (UICC 
TNM-7 and TNM-8), human papillomavirus (HPV) status (clas
sified as positive in case of a strong and diffuse nuclear or 

cytoplasmatic p16 immunohistochemistry staining in more 
than 70% of tumor cells, else negative), presenting main 
symptoms (according to a pre-specified list (eTable 1)) and 
date of first noticed symptom onset, which patients report at 
the first appointment at the oncological center [30].

In Statistics Denmark, we obtained information on three 
different individual-level indicators for SEP: educational level 
[31], disposable income [32] and cohabitation status [33]. 
These indicators have previously been observed to be indi
vidually related to cancer outcomes [34–36]. Despite being 
highly correlated they reflect different aspects of SEP [37] and 
were analyzed separately. Educational level reflects e.g., a per
son’s cognitive function and attained knowledge and is highly 
associated with understanding of health information and 
health care utilization and is considered as a proxy for health 
literacy [37]. Income reflects material resources, while cohabit
ation status reflects social, emotional and practical support 
[37]. Education was defined as short (mandatory education), 
medium (secondary or vocational education) and long (higher 
education) as registered the year before diagnosis [31]. 
Disposable income for the calendar year before diagnosis was 
categorized as low (1st quintile), medium (2nd and 3rd quintile) 
or high (4th and 5th quintile), according to that of the entire 
Danish population with the same legal gender and birth year 
[32]. Cohabitation status by 1 January of the year of diagnosis 
was defined as living alone or cohabiting (married, registered 
partner or residing at the same address with a person: of the 
opposite legal gender, above age 16 years and with an age 
difference of �15 years, with no kinship relations, and with no 
other adults, except for own children, in residence) [33]. For 
easy reading, when similar results are observed, low SEP refers 
to: short education, low income or living alone; medium SEP 
refers to: medium education or income; and high SEP refers 
to: long education, high income or living with a partner.

From the Danish National Health Service Register [38], we 
obtained information on all primary care daytime and out-of- 
hours face-to-face contacts in GP, ENT and dental care. From 
the Danish National Patient Register [39] we obtained infor
mation on hospitalizations and outpatient visits in the period 
between 10 years and 30 days prior to HNSCC diagnosis. 
Comorbidity was defined according to the revised Charlson 
Comorbidity Index for Head and Neck Cancer (HN-CCI) [40] 
and categorized as no versus prior hospitalization or out
patient visit with: congestive heart failure, cerebrovascular 
disease, chronic pulmonary disease, gastric ulcer disease, 
liver disease or diabetes [40].

Study population

In the DAHANCA database, we identified 11 922 patients 
diagnosed with: laryngeal (glottic and non-glottic), oropha
ryngeal (HPVþ and HPV� ), hypopharyngeal or oral cavity 
squamous cell carcinoma (SCC) between 2008 and 2019. A 
total of 11 609 patients fulfilled the inclusion criteria of 
being: 40 years or older at the date of diagnosis, born after 
1920 and residing in Denmark within the year prior to diag
nosis (eFigure 2). These criteria were chosen to ensure that 
included patients had established their socioeconomic 
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position, to avoid fluctuations in consultation patterns for 
women during pregnancy, and because information on edu
cational attainment is not available for patients born before 
1921. The main analyses were based on complete cases, 
excluding 585 (5%) with either missing information on edu
cational level or HPV status for oropharyngeal SCC (eFigure 
2). A further 1,910 (17%) with missing information on the 
date of symptom onset were excluded in analyses of this 
parameter (eFigure 2).

Statistical analyses

Initially, directed acyclic graphs were used to identify con
founding variables (age, gender and calendar year) of the 
association between SEP and the pre-diagnostic interval 
(eFigure 3). Several mediators were identified (e.g., health liter
acy, health behavior, comorbidity, symptom perception and 
health care utilization) as being part of the causal pathway 
between SEP and the pre-diagnostic interval and were there
fore not adjusted for (eFigure 3). Socioeconomic differences in 
the interval from the reported date of first noticed symptom 
onset to diagnosis were analyzed in general linear models 
with 95% confidence intervals (CIs), adjusting for age, gender 
and calendar year of diagnosis. The calculated interval was 
log-transformed to follow a normal distribution and the slope 
parameter b was reported as eb – 1. Due to presumed regis
tration errors, intervals smaller than 0 were coded as 1 day 
and intervals longer than 548 days as 548 days. In sub-analyses 
different criteria for the maximum number of days were 
applied. The change in consultation patterns was estimated as 
the week for which the weekly mean number of consultations 
for the analyzed group changed, using the R package change
point. The 95% CIs were estimated based on 300 bootstraps. 
In the logistic regression models adjusted for age, gender and 
calendar year of diagnosis, we estimated odds ratios (ORs) 
with 95% CIs for presenting with advanced disease (TNM-7: III- 
IV versus I-II). In sub-analyses, we defined stage according to 
the TNM-8 edition, which has been applied in recent years to 
better reflect prognostic outcomes for patients diagnosed 
with HPVþ oropharyngeal SCC. All analyses were stratified by 
anatomical subsite as well as HPV status for oropharyngeal 
SCC, to account for differences in symptom signature and epi
demiology. In sub-analyses, the analyses were further stratified 
by gender, age, year of diagnosis, HN-CCI and type of symp
tom to examine potential effect modification. Following 
Danish legislation, strata containing micro-data (less than 5 
observations) were replaced with NA. For stage, specifically, 
missing values (n¼ 126) were imputed according to the distri
bution for each subsite in Table 1, but omitted in analyses 
including this parameter.

Results

Descriptive characteristics of the analyzed cohort

The main analyzed cohort included 11 024 patients (eFigure 
1). Patient characteristics varied considerably across the 
investigated subsites (Table 1). The median age ranged from 

60 years (IQR, [54;67]) for patients with HPVþ oropharyngeal 
SCC to 68 years (IQR, [61;74]) for patients with glottic laryn
geal SCC. The proportion of females ranged from 13% for 
glottic laryngeal SCC to 39% for oral cavity SCC. A higher 
proportion of HPVþ oropharyngeal SCC was diagnosed in 
more recent years, reflecting the well-known epidemiology 
of the disease (Table 1). Particularly in comparison with HPV- 
oropharyngeal SCC, a higher proportion of patients with 
HPVþ oropharyngeal SCC had long education (25% vs. 14%), 
high income (41% vs. 19%), a cohabiting partner (68% vs. 
45%) and no comorbidity (HNSCC ¼0) (83% vs 63%) (Table 
1). Finally, the proportion diagnosed with advanced-stage 
disease (TNM-7) ranged from 19% for glottic laryngeal SCC 
to 90% for HPVþ oropharyngeal and hypopharyngeal SCC 
(Table 1).

Symptoms

In all 10 000(91%) of the included patients had information on 
primary symptoms (Table 1), with missing information ranging 
from 5% for patients diagnosed with HPVþ oropharyngeal SCC 
to 15% for patients diagnosed with oral cavity SCC. The symp
tom signature varied substantially across subsites. For instance, 
the proportion of patients reporting neck lymph node as a pri
mary symptom ranged from 1% among patients diagnosed 
with glottic laryngeal SCC to 55% among patients diagnosed 
with HPVþoropharyngeal SCC. In contrast, nearly all patients 
diagnosed with glottic laryngeal SCC (95%) reported hoarse
ness as a primary symptom compared to 1% among patients 
diagnosed with HPVþ oropharyngeal SCC (Table 1).

Interval from reported symptom onset to diagnosis

The median interval from patient-reported symptom onset to 
diagnosis differed according to primary symptom and subsite 
(eTable 2). Patients with neck lymph node as a primary 
symptom had the shortest interval (7 weeks (IQR, [4;13])), 
whereas patients reporting hoarseness as a primary symptom 
had the longest interval (14 weeks (IQR, [8;27])) (eTable 2). 
Aligning the distribution of these symptoms across subsites, 
the interval was shortest for HPVþ oropharyngeal SCC 
(8 weeks (IQR, [4;16]) and longest for glottic SCC (15 weeks 
(IQR, [8;29]) (eTable 2).

The presence of comorbidity was associated with a longer 
interval for patients with glottic laryngeal SCC (1.16 
[1.01;1.32]), but a shorter interval for patients with non-glot
tic laryngeal SCC (0.78 [0.68;0.91]) (Table 2). Regarding socio
economic position, the interval from symptom onset to 
diagnosis was similar for patients with short, medium and 
long education; low, medium and high income; and among 
patients living alone compared to cohabiting (Table 2). 
Further, the interval was similar for patients with short com
pared to long education across strata of age, gender, calen
dar year, comorbidity, anatomical subsite and presenting 
symptom (eFigure 4). However, for glottic laryngeal SCC, 
patients with short compared to long education had a 
shorter interval (0.80 [0.67;0.96]) (Table 2, eFigure 4). This 
was primarily observed for older patients, males and for 
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patients with no comorbidity (eFigure 5), and no differences 
were observed when using income or cohabitation status as 
SEP indicator.

Consultation patterns prior to diagnosis

A distinct increase in the average weekly number of consul
tations was observed two to three months prior to diagnosis 
(Figure 1). The interval from this increase to diagnosis was 
slightly longer for patients with short education (9 weeks, CI 
[7.3;10.7]) than long education (7 weeks, CI [4.8;9.2]), but the 
confidence intervals overlapped (Figures 1, 2). For non-glottic 
laryngeal SCC, the reverse association was observed, with a 
shorter interval for patients with short education (11 weeks, 
CI [4.9;17.1]) than long education (14 weeks, CI [-0.6;28.6]) 
(Figure 2), but the confidence intervals were wide and 
overlapping.

The observed increase in consultation rates prior to diag
nosis was aligned with the patient-reported median time of 

symptom onset (Figure 2), also across strata of age, gender 
and presenting symptom (eFigure 6). Furthermore, patients 
reporting a long interval from symptom onset to diagnosis 
tended to have a more extended period with an increased 
number of consultations (eFigure 7). This trend differed, 
however, for patients with a reported interval from symptom 
to diagnosis above the 80% percentile (> 5.7 months), for 
which the interval with increased consultation rates was con
siderable shorter (< 3 months) (eFigure 7).

Stage at time of diagnosis

Across subsites, patients living alone had increased odds for 
advanced disease stage at diagnosis than patients living with 
a partner (Table 3). In case of glottic laryngeal and oral cavity 
SCC, the odds of advanced-stage disease were also increased 
for patients with short compared to long education (OR: 1.51 
[1.01;2.25]) and low (OR: 1.67 [1.18;2.38]) and medium (OR: 
1.66 [1.21;2.27]) compared to high income (Table 3). For 

Table 1. Descriptive characteristics of patients in the analyzed cohort.

All sites Glottic larynx Non-glottic larynx HPVþ oropharynx HPV- oropharynx Hypopharynx Oral cavity
(n¼ 11 024) (n¼ 1 722) (n¼ 968) (n¼ 2 626) (n¼ 1 557) (n¼ 1 035) (n¼ 3 116)

Characteristics N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Age
Median [IQR] 64 [57;71] 68 [61;74] 66 [58;72] 60 [54;67] 63 [57;69] 64 [58;70] 65 [58;73]
Gender
Female 2 958 (27) 227 (13) 266 (27) 612 (23) 468 (30) 184 (18) 1 201 (39)
Male 8 066 (73) 1 495 (87) 702 (73) 2 014 (77) 1 089 (70) 851 (82) 1 915 (61)
Year of diagnosis
2008–2010 2 353 (21) 443 (26) 276 (29) 415 (16) 303 (19) 208 (20) 708 (23)
2011–2013 2 801 (25) 450 (26) 276 (29) 639 (24) 416 (27) 276 (27) 744 (24)
2014–2016 2 941 (27) 427 (25) 227 (23) 746 (28) 439 (28) 268 (26) 834 (27)
2017–2019 2 929 (27) 402 (23) 189 (20) 826 (31) 399 (26) 283 (27) 830 (27)
Education
Short 2 934 (27) 537 (31) 355 (37) 487 (19) 398 (26) 280 (27) 877 (28)
Medium 6 141 (56) 927 (54) 490 (51) 1 474 (56) 938 (60) 610 (59) 1 702 (55)
Long 1 949 (18) 258 (15) 123 (13) 665 (25) 221 (14) 145 (14) 537 (17)
Income
Low 3 009 (27) 448 (26) 315 (33) 492 (19) 545 (35) 329 (32) 880 (28)
Medium 4 873 (44) 790 (46) 443 (46) 1 070 (41) 711 (46) 496 (48) 1 363 (44)
High 3 142 (29) 484 (28) 210 (22) 1 064 (41) 301 (19) 210 (20) 873 (28)
Cohabitation status
Living alone 4 958 (45) 685 (40) 496 (51) 842 (32) 854 (55) 553 (53) 1 528 (49)
Cohabiting 6 066 (55) 1 037 (60) 472 (49) 1 784 (68) 703 (45) 482 (47) 1 588 (51)
Pre-diagnostic interval
Median [IQR], weeks 10 [5;21] 15 [8;29] 12 [7;21] 8 [4;16] 9 [5;17] 11 [6;21] 10 [5;21]
Missing information 1 910 (17) 300 (17) 165 (17) 313 (12) 207 (13) 139 (13) 786 (25)
Primary symptomsa

Missing information 1024 (9) 143 (8) 99 (10) 143 (5) 103 (7) 64 (6) 472 (15)
Reported symptoms� 10 000 (91) 1 579 (92) 869 (90) 2 483 (95) 1 454 (93) 971 (94) 2 644 (85)
Pain (% of�) 4 125 (41) 98 (6) 403 (46) 858 (35) 868 (60) 480 (49) 1 418 (54)
Neck lymph node (% of�) 2 166 (22) 11 (1) 90 (10) 1 378 (55) 324 (22) 252 (26) 111 (4)
Hoarseness (% of�) 2 153 (22) 1 493 (95) 405 (47) 34 (1) 34 (2) 176 (18) 11 ()
Dysphagia (% of�) 1 417 (14) 30 (2) 192 (22) 259 (10) 369 (25) 382 (39) 185 (7)
Lump in throat (% of�) 1 273 (13) 7 () 59 (7) 341 (14) 169 (12) 79 (8) 618 (23)
Otalgia (% of�) 192 (11) 35 (2) 129 (15) 327 (13) 275 (19) 180 (19) 146 (6)
Ulceration (% of�) 931 (9) NA NA 26 (1) 73 (5) NA 825 (31)
Weight loss (% of�) 793 (8) 27 (2) 104 (12) 111 (4) 186 (13) 154 (16) 211 (8)
Comorbidity score
HN-CCI ¼ 0 7 833 (71) 1 231 (71) 606 (63) 2 172 (83) 979 (63) 664 (64) 2 181 (70)
HN-CCI � 1 3 191 (29) 491 (29) 362 (37) 454 (17) 578 (37) 371 (36) 935 (30)
Stage (TNM-7)b

Early 3 965 (36) 1 402 (81) 326 (34) 259 (10) 333 (21) 107 (10) 1 538 (49)
Advanced 7 059 (64) 320 (19) 642 (66) 2 367 (90) 1 224 (79) 928 (90) 1 578 (51)

HPV¼ human papillomavirus, IQR¼ Interquartile range, HN-CCI¼ Revised Charlson Comorbidity Index for Head and Neck Cancer, NA: Not applicable because of 
micro data (n< 5 observations).
aFrequently reported symptoms according to the predefined list provided in eTable 1 (not all symptoms are applied because of micro-data in strata).
bMissing information on stage (n¼ 126) are imputed according to the proportion in each stratum for complete cases to avoid micro-data (n< 5 observations).
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HPVþ oropharyngeal specifically, the proportion diagnosed 
with advanced stage was 88% using the TNM-7 edition and 
10% using the TNM-8 edition. For this subsite, patients with 
low compared to high income had decreased odds for 
advanced stage when applying TNM-7 (OR: 0.64 [0.46;0.90]) 
(Table 3), but increased odds when applying TNM-8 (OR: 1.78 
[1.31;2.42]) (eTable 3). No consistent differences for education 
and income were observed for the remaining subsites.

Regarding the interval from symptom onset to 
diagnosis, a long (4th quartile) compared to short (1st quar
tile) interval was associated with increased odds for 
advanced stage for glottic laryngeal SCC (Table 3) as well as 
HPVþ oropharyngeal SCC for the TNM-8 edition (eTable 3), 
while no clear patterns were observed for the remaining 
subsites.

Discussion

Despite large variations in the interval from patient-reported 
symptom onset to HNSCC diagnosis according to primary 
symptom and across subsites, no consistent socioeconomic 
differences were observed. This finding aligned with object
ively observed trends in consultation patterns. Still, patients 
living alone, and patients diagnosed with glottic laryngeal or 
oral cavity SCC with short education or low income, had 
increased odds for being diagnosed with advanced-stage dis
ease compared to patients with high SEP.

Previous studies of socioeconomic differences in the inter
val between symptom onset and cancer diagnosis have pri
marily included other cancer sites (eFigure 1) [8,17–28]. In 
line with our results, the observed socioeconomic differences 
were small and ambiguous with overlapping confidence 

Table 2. Adjusted estimates with 95% confidence intervals for the interval from reported symptom onset to diagnosis.

All included sites Glottic larynx Non-glottic larynx HPVþ oropharynx HPV- oropharynx Hypopharynx Oral cavity
(n¼ 9 114) (n¼ 1 422) (n¼ 803) (n¼ 2 313) (n¼ 1 350) (n¼ 896) (n¼ 2 330)

Parameter
Estimatea  

[95% CI]
Estimatea  

[95% CI]
Estimatea  

[95% CI]
Estimatea  

[95% CI]
Estimatea  

[95% CI]
Estimatea  

[95% CI]
Estimatea  

[95% CI]

Age
Q1: 40-56 0.95 [0.89;1.02] 1.03 [0.86;1.23] 1.24 [1.00;1.53] 0.89 [0.76;1.04] 1.00 [0.83;1.20] 1.18 [0.93;1.48] 1.24 [1.08;1.43]
Q2: 57-63 0.99 [0.92;1.05] 1.08 [0.92;1.28] 1.05 [0.86;1.29] 0.98 [0.84;1.15] 1.05 [0.88;1.25] 1.33 [1.08;1.65] 1.09 [0.95;1.25]
Q3: 64-70 0.99 [0.92;1.05] 1.06 [0.92;1.23] 1.06 [0.88;1.28] 0.95 [0.81;1.12] 0.92 [0.77;1.09] 1.23 [1.00;1.52] 1.04 [0.91;1.19]
Q4: 71-96 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Gender
Female 1.07 [1.01;1.12] 0.93 [0.78;1.10] 1.11 [0.95;1.30] 1.21 [1.08;1.35] 1.05 [0.92;1.20] 1.17 [0.95;1.42] 1.16 [1.05;1.28]
Male 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Period of diagnosis
2008– 2010 1.22 [1.14;1.31] 1.15 [0.97;1.37] 1.09 [0.89;1.35] 1.38 [1.19;1.60] 1.07 [0.90;1.28] 1.03 [0.82;1.29] 1.02 [0.89;1.17]
2011– 2013 1.07 [1.01;1.15] 1.02 [0.86;1.21] 1.00 [0.82;1.23] 1.29 [1.14;1.47] 1.08 [0.92;1.28] 0.88 [0.72;1.08] 0.82 [0.71;0.93]
2014– 2016 1.01 [0.95;1.08] 0.98 [0.83;1.16] 1.10 [0.89;1.36] 1.06 [0.93;1.19] 1.09 [0.93;1.28] 0.86 [0.70;1.05] 0.85 [0.74;0.96]
2017– 2019 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Education
Short 0.97 [0.90;1.05] 0.80 [0.67;0.96] 0.84 [0.67;1.05] 1.00 [0.86;1.16] 0.82 [0.67;1.00] 0.99 [0.77;1.28] 0.94 [0.81;1.09]
Medium 0.97 [0.91;1.03] 0.78 [0.66;0.92] 0.81 [0.65;1.00] 0.98 [0.87;1.10] 0.98 [0.82;1.18] 0.98 [0.78;1.23] 0.94 [0.82;1.08]
Long 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Income
Low 1.07 [1.01;1.15] 0.94 [0.80;1.10] 0.88 [0.72;1.08] 1.16 [1.01;1.33] 0.94 [0.79;1.12] 0.99 [0.80;1.23] 1.00 [0.88;1.14]
Medium 0.99 [0.94;1.05] 0.94 [0.81;1.08] 0.95 [0.79;1.15] 1.03 [0.93;1.15] 0.89 [0.75;1.05] 0.87 [0.71;1.06] 0.97 [0.86;1.09]
High 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Cohabiting status
Living alone 1.02 [0.98;1.07] 0.96 [0.85;1.08] 0.96 [0.84;1.11] 0.96 [0.87;1.07] 1.02 [0.91;1.15] 1.07 [0.93;1.25] 1.06 [0.96;1.16]
Cohabiting 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Comorbidity
HN-CCI >¼ 1 0.95 [0.90;1.00] 1.16 [1.01;1.32] 0.78 [0.68;0.91] 0.92 [0.81;1.05] 0.95 [0.84;1.07] 0.87 [0.74;1.02] 0.90 [0.81;1.00]
HN-CCI ¼ 0 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Primary symptomsb

Pain 1.11 [1.06;1.16] 1.04 [0.81;1.32] 1.02 [0.88;1.18] 1.36 [1.23;1.50] 1.37 [1.22;1.55] 1.17 [1.01;1.36] 1.20 [1.09;1.32]
No Pain 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Neck lymph node 0.65 [0.61;0.69] 0.39 [0.20;0.79] 0.66 [0.53;0.84] 0.73 [0.67;0.81] 0.71 [0.61;0.81] 0.66 [0.56;0.78] 0.77 [0.61;0.98]
No neck lymph node 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Hoarseness 1.61 [1.52;1.70] 1.71 [1.32;2.22] 1.17 [1.02;1.35] 1.38 [0.90;2.11] 0.78 [0.52;1.17] 1.38 [1.14;1.68] 1.51 [0.72;3.15]
No hoarseness 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Dysphagia 1.22 [1.14;1.31] 1.10 [0.72;1.70] 1.03 [0.87;1.22] 1.34 [1.14;1.57] 1.41 [1.23;1.61] 1.44 [1.24;1.67] 1.20 [0.99;1.44]
No dysphagia 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Lump in throat 0.94 [0.87;1.01] 0.88 [0.36;2.19] 1.09 [0.81;1.45] 1.18 [1.03;1.36] 0.98 [0.81;1.18] 1.02 [0.77;1.34] 0.97 [0.87;1.09]
No lump in throat 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Otalgia 1.17 [1.08;1.01] 1.45 [0.99;2.11] 1.13 [0.93;1.38] 1.46 [1.27;1.68] 1.22 [1.05;1.41] 1.08 [0.89;1.31] 1.15 [0.94;1.41]
No otalgia 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]
Ulceration 0.97 [0.90;1.06] NA NA 1.40 [0.87;2.25] 0.80 [0.60;1.05] NA 1.02. [0.92;1.13]
No ulceration 1.00 [ref.] NA NA 1.00 [ref.] 1.00 [ref.] NA 1.00 [ref.]
Weight loss 1.25 [1.14;1.36] 0.74 [0.47;1.16] 1.23 [0.99;1.52] 1.48 [1.17;1.87] 1.28 [1.07;1.53] 1.35 [1.11;1.65] 1.27 [1.06;1.52]
No weight loss 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.] 1.00 [ref.]

HPV¼ human papillomavirus, HN-CCI¼ Revised Charlson Comorbidity Index for Head and Neck Cancer, NA: Not applicable because of micro data (n< 5 
observations).
aEstimate (eb-1) with 95% confidence intervals in brackets adjusted for age (cont.), gender, calendar year (cont.).
bFrequently reported symptoms according to the predefined list provided in eTable 1 (not all symptoms are applied because of few events in strata).
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intervals; however, with a tendency towards a longer interval 
for patients with a low compared to a high socioeconomic 
position (eFigure 1) [8,17–28]. Based on the observed large 
differences in the interval from symptom onset to diagnosis 
according to symptom and subsites, direct comparison of 
results on the pre-diagnostic interval across cancer sites 
appear challenging [41]. Even within subsites we observed 
large variability in this interval. This may reflect a complex 
relationship between tumor-specific factors (i.e., symptom 
signature and progression of the disease), individual 

characteristics (i.e., symptom appraisal, health literacy, comor
bidity, health care seeking behavior and communication with 
health care professionals) and contextual factors (i.e., the 
selection of patients to referral and the following diagnostic 
process) [42]. For instance, the shortest interval was observed 
for patients diagnosed with HPVþ oropharyngeal SCC, for 
which the majority (55%) reported swollen lymph node as a 
primary symptom; a well-established and apparent cancer 
alarm symptom. In contrast, the longest interval was 
observed for patients diagnosed with glottic laryngeal SCC, 

Figure 1. Average weekly number of contacts prior to diagnosis and change-point for which the average weekly number of contacts changed, with 95% confi
dence intervals, for patients with short (A) and long (B) education.

Figure 2. Median interval and IQR between patient-reported symptom onset and diagnosis and change-point for which the average weekly number of consulta
tions changed, by subsite and educational level. IQR: Interquartile range. CI: confidence intervals.
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for which hoarseness is the primary symptom and likely 
requires laryngoscopy by ENT specialist to detect. Although a 
referral to ENT specialist is not required, there may be differ
ential knowledge about this by SEP, which the socioeco
nomic differences in advanced stage glottic laryngeal SCC 
may reflect. Particularly the patient-related interval appears 
extended for glottic laryngeal SCC, compared to the other 
subsites, suggesting that hoarseness may be considered a 
less severe symptom or ascribed other illnesses. In this 
regard, it is interesting that for glottic laryngeal SCC, patients 
with comorbidity have a longer interval, whereas having 
comorbidity for the remaining subsites is associated with a 
shorter interval. For HPVþ oropharyngeal SCC, the interval 
decreased over time, which may reflect increased awareness 
of cancer alarm symptoms in this increasing and distinct 
patient group in Denmark.

Owing the detailed information from the DAHANCA 
database and administrative registries, we were able to 
investigate individual-level socioeconomic differences in both 
self-reported and objectively measured proxy indicators for 
the pre-diagnostic interval. The date of symptom onset was 
patient-reported and reported retrospectively at the date of 
diagnosis. This may have introduced bias due to difficulties 
in recalling the specific time of symptom onset and the 
reported data do not take into account potential differences 
in symptom appraisal [42]. Across strata, the observed trends 
in patient-reported interval from symptom onset to diagnosis 
aligned, however, with the observed objectively measured 
trends in consultation patterns, which may be taken as a val
idation of the patient-reported symptom onset. This align
ment was, however, less good for patients with a long 
interval (> 5.7 months) from symptom onset to diagnosis. 
Patients with a long interval may be a distinct patient group 
with diverging consultation patterns. It may, however, also 
indicate misclassification or reporting errors. If the latter is 
the case, this calls for careful interpretation of results based 
on the frequently used method in other studies comparing 
patients with an interval above or below the 75% percentile 
[8,17,18,24,28]. Nevertheless, in this study, we observed simi
lar results on the association with education in sub-analyses 

when applying different maximum limits to the self-reported 
interval.

The nationwide design is another major strength, particularly 
when investigating socioeconomic differences, as information 
obtained from smaller, selected cohorts may underestimate 
socioeconomic differences. Further, the proportion of patients 
with missing values was substantially lower compared to previ
ous studies (eTable 1). Still, missing values were not conclu
sively non-differential, with a lower proportion of missing 
values for HPVþ oropharyngeal SCC, for patients cohabiting or 
those diagnosed in later calendar year (eTable 4). Despite the 
nationwide design, sub-analyses included a relatively low num
ber of patients with less robust estimates. To validate the 
observed null-finding, we conducted a large number of sub- 
analyses which may have introduced chance findings. Finally, 
as no other studies of this association exist for the HNSCC 
population, the lack of an association between socioeconomic 
position and the pre-diagnostic interval may be exclusive for 
Denmark or other countries with universal access to health care 
and standardized cancer patient pathways. Still, for some ana
tomical subsites patients with low compared to high SEP had 
increased odds for being diagnosed with advanced-stage dis
ease. The poor alignment between the interval from symptom 
to diagnosis and stage at diagnosis, may be due to the wait
ing-time paradox, for which some patients with more progres
sive or advanced cancer may have more apparent symptoms 
initiating a short time from symptom to diagnosis. For glottic 
laryngeal SCC, patients with short compared to long education 
had e.g., a shorter interval from symptom onset to diagnosis, 
but a higher risk of advanced-stage diseases.

Summarizing previous findings (eFigure 1) and the find
ings from this large nationwide, population-based study, 
with unique information on symptom onset, primary symp
toms and consultations patterns, there is only weak evidence 
for an association between SEP and the pre-diagnostic inter
val. This may be because other factors drive the association 
between SEP and stage at diagnosis or that the associations 
cannot be identified with the data available or the chosen 
methodologies. A recent Danish study of multiple cancer 
sites observed delayed referral for patients with low 

Table 3. Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for advanced disease stage (TNM-7: III-IV vs. I-II), by subsite.

All included sites Glottic larynx Non-glottic larynx HPVþ oropharynx HPV- oropharynx Hypopharynx Oral cavity
ORa [95% CI] ORa [95% CI] ORa [95% CI] ORa [95% CI] ORa [95% CI] ORa [95% CI] ORa [95% CI]

Educational level
Short 0.99 [0.88;1.12] 1.51 [1.01;2.25] 0.82 [0.53;1.28] 1.01 [0.68;1.50] 1.22 [0.82;1.82] 0.97 [0.45;2.07] 1.72 [1.38;2.15]
Medium 0.95 [0.85;1.06] 1.18 [0.81;1.73] 0.91 [0.59;1.39] 0.98 [0.72;1.33] 1.12 [0.79;1.58] 0.55 [0.28;1.08] 1.21 [0.99;1.48]
Long 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref]
Income
Low 0.99 [0.89;1.11] 1.67 [1.18;2.38] 1.38 [0.94;2.03] 0.64 [0.46;0.90] 0.98 [0.69;1.40] 0.77 [0.41;1.46] 1.57 [1.28;1.91]
Medium 0.99 [0.90;1.09] 1.66 [1.21;2.27] 1.08 [0.76;1.52] 0.96 [0.71;1.29] 0.95 [0.68;1.32] 0.68 [0.38;1.20] 1.20 [1.00;1.42]
High 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref]
Cohabitation status
Living alone 1.32 [1.22;1.43] 1.88 [1.47;2.41] 1.33 [1.01;1.75] 1.39 [1.04;1.86] 1.17 [0.92;1.50] 1.17 [0.78;1.75] 1.60 [1.38;1.84]
Cohabiting 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref]
Interval from reported symptom onset to diagnosis
Q1: 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref]
Q2: 1.05 [0.93;1.19] 0.82 [0.55;1.22] 0.89 [0.58;1.37] 1.41 [0.91;2.17] 0.98 [0.67;1.42] 0.91 [0.49;1.66] 1.30 [1.03;1.64]
Q3: 1.10 [0.98;1.25] 1.22 [0.84;1.79] 0.90 [0.59;1.38] 0.99 [0.67;1.47] 0.99 [0.68;1.46] 1.36 [0.70;2.65] 1.40 [1.11;1.76]
Q4: 0.97 [0.86;1.10] 1.52 [1.05;2.20] 0.65 [0.43;0.98] 0.89 [0.61;1.32] 0.85 [0.58;1.22] 0.78 [0.43;1.41] 1.12 [0.89;1.41]
aAdjusted for age (cont.), gender, calendar year (cont.), patients with missing information on stage (n¼ 126) are excluded from the numbers provided in 
Table 1.

HPV ¼ human papillomavirus, HN-CCI¼ Revised Charlson Comorbidity Index for Head and Neck Cancer.
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compared to high health literacy specifically [8]. Future stud
ies could further study such specific mediating factors or 
investigate more distinct socioeconomic vulnerable groups 
or geographical differences in the pre-diagnostic interval. 
However, to diminish the pronounced socioeconomic differen
ces in outcomes among patients diagnosed with head and 
neck SCC other mediating factors [4] e.g., smoking behavior 
and comorbidity [34] appear as more relevant targets [1–4,34].

Conclusion

Despite large differences in the interval from symptom onset to 
HNSCC diagnosis across subsites and symptoms, this interval 
was similar across SEP groups and aligned with objectively 
observed trends in consultation patterns prior to diagnosis. Still, 
for some – but not all – subsites, patients with low compared 
to high SEP had increased odds for being diagnosed with 
advanced-stage disease. Acknowledging the complex mecha
nisms involved in the pre-diagnostic interval and the methodo
logical challenges in measuring this interval, other identified 
drivers behind the socioeconomic differences in HNSCC out
comes i.e., lifestyle factors, comorbidity, and treatment may be 
more relevant targets for intervention. Increased awareness of 
persistent hoarseness as a potential cancer alarm symptom may, 
however, reduce the longer interval observed for glottic SCC.
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