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Background: The COVID-19 pandemic has likely affected the most vulnerable groups of

patients and those requiring time-critical access to healthcare services, such as patients

with cancer. The aim of this study was to use time trend data to assess the impact of

COVID-19 on timely diagnosis and treatment of head and neck cancer (HNC) in the Italian

Piedmont region.

Methods: This study was based on two different data sources. First, regional hospital

discharge register data were used to identify incident HNC in patients ≥18 years

old during the period from January 1, 2015, to December 31, 2020. Interrupted

time-series analysis was used to model the long-time trends in monthly incident HNC

before COVID-19 while accounting for holiday-related seasonal fluctuations in the HNC

admissions. Second, in a population of incident HNC patients eligible for recruitment in an

ongoing clinical cohort study (HEADSpAcE) that started before the COVID-19 pandemic,

we compared the distribution of early-stage and late-stage diagnoses between the

pre-COVID-19 and the COVID-19 period.

Results: There were 4,811 incident HNC admissions in the 5-year period before

the COVID-19 outbreak and 832 admissions in 2020, of which 689 occurred after

the COVID-19 outbreak in Italy. An initial reduction of 28% in admissions during

the first wave of the COVID-19 pandemic (RR 0.72, 95% CI 0.62–0.84) was largely

addressed by the end of 2020 (RR 0.96, 95% CI 0.89–1.03) when considering the

whole population, although there were some heterogeneities. The gap between observed

and expected admissions was particularly evident and had not completely recovered by

the end of the year in older (≥75 years) patients (RR: 0.88, 0.76–1.01), patients with a
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FIGURE 2 | Temporal trends in incident HNC in the Piedmont Region, Italy. (A) Temporal trends in observed monthly HNC cases in Piedmont (red line) and the

predicted number of cases estimated on the data from the pre-pandemic period (green solid and gray dashed line). (B) Cumulative observed and predicted HNC

cases in 2020. Cumulative predicted HNC cases for 2020 are estimated on the data from the pre-pandemic period (2015–2019).

using the Byar’s approximation (20). These analyses were further
stratified by the age at diagnosis (<65, 65–75, and ≥75 years
of age), tumor subsite (oral cavity, oropharynx, larynx, other
HNC subsites), CCI (<2 and ≥2) and type of treatment
(surgical and non-surgical treatments, including palliative and
no treatment at all). As one does not expect clinical or biological
seasonal effects in HNC occurrence (any seasonal variations are
likely to capture lower diagnostic intensity during holidays), we
performed sensitivity analysis for the main non-stratified model
by including linear term for long-term time trend only (without
modeling seasonal trends).

To compare the disease stage distribution, the percentage
of late-stage HNC diagnoses during the pre-pandemic period
of the HEADSpAcE recruitment (September 1, 2019–February
29, 2020) was compared, using the chi-squared test, with
the percentage of late-stage diagnoses during the periods
following the COVID-19 outbreak: (i) the first pandemic
wave (March 1, 2020–May 31, 2020), (ii) re-opening period
(June 1, 2020–September 30, 2020), and (iii) the second
pandemic wave (October 1, 2020–December 31, 2020). The
analyzed periods were defined a priori based on the pandemic
dynamics and the number of new confirmed COVID-19 cases in
Piedmont (Figure 1).

Data management was performed using SASTM engine V9.4
(SAS Institute Inc., Cary, NC, USA), while the statistical analyses
were performed using STATA version 15 (StataCorp, College
Station, TX, USA).

RESULTS

Interrupted Time-Series Analyses
During the 5-year period before the COVID-19 outbreak (2015–
2019) there were 4,811 admissions for incident HNC in Piedmont
(Table 1). Apart from the year 2016, when the yearly number
of patients increased by 2.9% compared with 2015, there had
been a continuous annual decrease by 4.4, 7.3, and 3.4% in 2017,
2018, and 2019, respectively. During this period the incident

HNC admissions decreased by 3.6% per year (95% CI: 1.6–5.6%).
There were 832 admissions in 2020, of which 689 occurred after
the COVID-19 outbreak in Italy (March 2020). In the months
of April and May 2020, the period of the complete lockdown in
Italy, there was an abrupt decline in the incident HNC admissions
in Piedmont (Figure 2A). The months following June 2020 have
seen a gradual increase in the number of admissions, with the
cumulative number of admissions for 2020 reaching, but never
surpassing the expected numbers (Figure 2B).

Overall, there was no evidence of a large change in the
cumulative yearly HNC admissions after the COVID-19 outbreak
(RR 0.96, 95% CI: 0.89–1.03; Table 2). However, in the analysis
restricted to first pandemic wave only (March–May 2020), there
was a decrease of 28% in incident HNC admissions (RR 0.72, 95%
CI: 0.62–0.84). Similar estimates, slightly lower in magnitude,
were found in the models unadjusted for seasonal fluctuations.
During the first pandemic wave, observed admissions for incident
HNC were lower than expected for all age groups (Table 2).
While the gap between the cumulative observed and expected
totals for patients <75 years was recovered in the first 10 months
of the pandemic, the admissions of patients ≥75 years remained
lower than the expected by the end of 2020 (RR 0.88; 95% CI:
0.76–1.01, Table 2; Figure 3). Further stratification revealed RRs
of 0.89 (95% CI: 0.75–1.04) and 0.84 (95% CI: 0.63–1.10) for
patients 75–85 years and≥85 years, respectively.

Admissions for HNC subsites were similarly affected by
the COVID-19 pandemic, with no clear evidence of a
yearly reduction in any of the subsites in 2020 (Table 2;
Supplementary Figure 1). Specifically, the first lockdown period
was associated with a reduction in admissions for incident
oropharyngeal (RR 0.60, 95% CI: 0.39–0.88) and laryngeal
tumors (RR 0.68, 95%CI: 0.50–0.90), but with a subsequent
substantial catch up by the end of the year.

Despite no evidence of the large reduction in the cumulative
incident HNC admissions in 2020, there was a decline in
the admission of patients with less comorbidities (CCI score
< 2, RR 0.91, 95% CI: 0.84–1.00), and patients undergoing
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TABLE 2 | Observed and expected numbers and rate ratio (RR) with 95% confidence intervals (CI) of incident HNC in the total COVID-19 period and in the first pandemic

wave, specifically.

Models Total COVID-19 period First pandemic wave

March 1, 2020–December 31, 2020 March 1, 2020–May 31, 2020

Observed Expected RR (95% CI) Observed Expected RR (95% CI)

Main model* 689 719 0.96 (0.89–1.03) 167 232 0.72 (0.62–0.84)

Sensitivity analysis
†

689 713 0.97 (0.90–1.04) 167 216 0.77 (0.66–0.90)

Stratified models

Age group

<65 years 270 271 1.00 (0.88–1.12) 73 89 0.82 (0.64–1.03)

65–75 years 211 212 1.00 (0.87–1.14) 45 66 0.68 (0.50–0.91)

≥75 years 208 237 0.88 (0.76–1.01) 49 76 0.64 (0.48–0.85)

Tumor subsite

Oral cavity 182 187 0.97 (0.84–1.13) 47 60 0.78 (0.58–1.04)

Oropharynx 128 134 0.96 (0.80–1.14) 25 42 0.60 (0.39–0.88)

Larynx 210 225 0.93 (0.81–1.07) 49 72 0.68 (0.50–0.90)

Other HNC sites 169 174 0.99 (0.83–1.13) 46 59 0.78 (0.57–1.04)

Comorbidity index

<2 492 538 0.91 (0.84–1.00) 117 175 0.67 (0.55–0.80)

≥2 197 181 1.09 (0.94–1.25) 50 57 0.88 (0.65–1.16)

Primary treatment

Surgical 431 491 0.88 (0.80–0.97) 109 160 0.68 (0.56–0.82)

Non-surgical 258 228 1.13 (1.00–1.28) 58 72 0.81 (0.61–1.04)

*Expected events are estimated from the pre-COVID-19 period, with a linear term for time and Fourier terms to model holiday-related seasonality in the HNC detection.
†
Expected events are estimated from the pre-COVID-19 period, with a linear term for time.

Romano-Charlson comorbidity index.

FIGURE 3 | Temporal trends in incident HNC in the Piedmont Region, Italy, by age group. Temporal trends in observed monthly and cumulative HNC cases in

Piedmont (red line) and the predicted number of cases estimated on the data from the pre-pandemic period with a linear term for time and Fourier terms to model

holiday-related seasonality in the HNC detection (green line upper panel; blue line lower panel). Vertical red dashed line indicates the start of the COVID-19 outbreak in

Italy with national restrictions.
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TABLE 3 | Baseline characteristics of patients with HNC eligible for the HEADSpAcE study recruitment in the Turin center.

Baseline characteristics Period of recruitment

Total Pre-COVID-19 First pandemic wave Re-opening Second pandemic wave

(September

2019–February 2020)

(March 2020–May 2020) (June 2020–September

2020)

(October 2020–December

2020)

N (%) or mean (SD)

Total 135 53 17 43 22

Tumor subsite

Oral cavity 75 (55.6) 34 (64.1) 7 (41.2) 24 (55.8) 10 (45.4)

Oropharynx 27 (20.0) 7 (13.2) 3 (17.6) 11 (25.6) 6 (27.3)

Larynx 29 (21.5) 10 (18.9) 5 (29.4) 8 (18.6) 6 (27.3)

Other HNC sites 4 (2.9) 2 (3.8) 2 (11.8) 0 (0) 0 (0)

Age at diagnosis (years) 69.4 (12.4) 69.6 (14.8) 70.0 (10.3) 69.5 (11.6) 68.5 (9.7)

Stage at diagnosis*

Early (I–II) 66 (48.9) 23 (43.4) 10 (58.8) 21 (48.8) 12 (54.6)

Late (III–IV) 69 (51.1) 30 (56.6) 7 (41.2) 22 (51.2) 10 (45.4)

p-value
†

/ Reference 0.268 0.595 0.378

*AJCC Cancer staging Manual, VIII edition.
†
Chi-squared test.

primary surgical treatment (RR 0.88, 95% CI: 0.80–0.97, Table 2;
Supplementary Figures S2, S3). This reduction was greater
during the first pandemic wave, with a reduction of 33% (95%
CI 25–45%) compared with the expected for patients with low
CCI, and a reduction of 32% (95% CI 18–44%) for surgically
treated patients.

Assessment of Disease Stage at Diagnosis
From September 1, 2019 to December 31, 2020, there were 135
incident HNC patients eligible for the ongoing HEADSpAcE
study recruitment. Overall, approximately half of the patients
were diagnosed at early and half at late stage (Table 3). Temporal
trends in HNC diagnosed at late and early stage are shown in
Figure 4. We observed no clear stage migration between the
pre-pandemic period and the periods following the COVID-19
outbreak. The proportion of patients diagnosed at late stage in the
6 months prior to the pandemic was 56.6%, and it fell to 41.2 and
45.5% during the first (p-value= 0.268) and the second pandemic
wave (p-value = 0.378), respectively, while it remained similar
during the first post-COVID-19 re-opening period in summer
2020 (p-value= 0.595).

DISCUSSION

The COVID-19 pandemic has hampered healthcare systems
in many countries with significant effects on the management
of patients with cancer (21). Using an interrupted time-series
analysis, we showed that the initial reduction of 28% in
admissions for incident HNCs in the Italian region Piedmont,
during the first wave of the COVID-19 pandemic, was almost
completely addressed by the end of 2020. The overall trend
with a sharp decline during the first pandemic wave and the
subsequent increase with the cumulative numbers reaching those
expected for 2020 were also observed in the analyses stratified

by tumor subsites and in patients <75 years. Our findings also
indicate that the pandemic has affected certain groups of patients
differentially. In particular, COVID-19 caused a notable decline
in diagnosis of older patients (≥75 years), patients with less
comorbidities, and those treated surgically. This gap between
observed and expected numbers was only partially addressed by
the end of 2020, likely due to the emerging second pandemic
wave in autumn 2020. During the first pandemic wave people
were generally advised to stay at home and avoid presenting
at their physicians and emergency departments for non-urgent
conditions. It is possible that patients with generally good health
status (less comorbidities) sustained ignoring initial warning
cancer signs and that the created backlog in the detection of
HNC in these patients will be addressed only subsequently. An
observed decline in patients with primary surgical treatment
can, at least partially, be explained by the reduced hospital
activity and the guidelines that recommended avoidance of
clinical examinations and procedures presumed to be high-
risk by potentially aerosolizing the virus, such as endoscopic
procedures and tracheostomy (22–24).

Delayed HNC diagnosis is generally driven by patient-
related factors (low educational attainment, low socioeconomic
position, fear), healthcare system factors, and disease-related
factors (length of the asymptomatic period, tumor subsite, HPV
status) (25–28). The crisis that COVID-19 imposed on healthcare
systems and individual changes in healthcare utilization and
health-seeking behaviors have likely enhanced most of the
existing barriers to timely diagnosis. Moreover, the increased
overall mortality due to COVID-19 that was experienced by
the Piedmont population (29), especially by older and the
most vulnerable individuals, such as patients with cancer, may
have acted as a competing phenomenon, preventing either the
diagnosis or the first hospital admission of some patients. This is
further supported by our finding of a particularly strong decline
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FIGURE 4 | Temporal trends in HNC diagnosed at late and early stage among patients eligible for the HEADSpAcE study recruitment. Disease stage at diagnosis

(TNM Classification of Malignant Tumors, AJCC cancer staging manual, VIII ed): early-stage (I and II) and late-stage (III and IV).

in diagnosis of patients ≥75 years, which was not completely
recovered by the end of 2020.

In the secondary analysis of patients eligible for recruitment
in an ongoing study, there was no evidence of an increase
in diagnoses at advanced stage in the periods following the
first pandemic wave. This is in line with a recent finding of
no increased total laryngectomy volume, reserved for advanced
cases, during the COVID-19 pandemic (30). Although these
findings indicate no evident stage migration, it should be
considered that the 10-month period after the start of the
pandemic may still be limited to observe any change in the
distribution of stages at diagnosis.

Several previous studies that reported COVID-19-related
reductions in HNC admissions and diagnoses (12–16, 31, 32)
were hospital-based studies, conducted on a relatively limited
population, focused on the first pandemic wave only, and
did not account for temporal trends in HNC detection. The
reported reductions in HNC referrals and diagnoses in the
first pandemic months varied from 12% to up to 60% in
different contexts and populations (13, 15, 16, 30, 31). In
this study, accounting for temporal trends over a relatively
long period and seasonal (likely holiday-related) fluctuations in
HNC admissions, we found a decline of 28% in incident HNC
admissions during the first pandemic wave, which was almost
completely recovered in 2020. The analysis on the subgroup

of patients with information on stage at diagnosis supports
these findings, as we did not find evidence of a shift toward
more advanced diseases at diagnosis in the months after the
first pandemic wave. Our findings are based on HDRs from a
population of more than 4 million inhabitants, which is one of
the largest studies so far assessing the impact of COVID-19 on
HNC admissions/diagnoses. These findings also demonstrate a
resilience of the Piedmont healthcare system showing that the
very difficult experiences of the first pandemic wave were not
protracted and that there was a bounce back recovery in the
management of patients with HNC.

Limitations of the current study include common flaws
of studies using routinely collected administrative data, such
as accuracy of data coding and limited clinical information.
In particular, we had no data on the stage at diagnosis for
the analysis on all incident HNC admissions in Piedmont.
For this reason, we complemented the analysis with the
results of a subgroup of patients undergoing an active
recruitment for whom this information was available. Even
if this group was relatively small, information on stage was
of high quality as each patient was staged specifically for
this study based on available pathological and clinical data.
Another point to consider is the possible misclassification
of the tumor subsites within the broader HNC category.
Although we believe that our algorithm identified almost
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all HNC admissions, it is possible that a definite ICD-9
diagnosis was not established during the first HNC admission.
Nevertheless, any such misclassification would only influence
our null results of the analysis stratified by tumor subsite
and would not affect the overall study findings. Finally, we
believe that HNC diagnoses outside hospitals, potentially not
captured by HDRs, are minor, as in case of a suspicion of HNC,
general practitioners and dentists (both public and private) refer
patients, almost exclusively, toward specialized hospitals, where
both the biopsy and the pathologic report can be performed
at one place.

CONCLUSIONS

Here, we report the temporal trends in the incident HNCs in
the first 10 months of the COVID-19 pandemic, in one of the
largest Italian regions. Although an initial drop in the HNC
admissions has been mostly recovered in this period, we found
substantial differences in some patient subgroups. The impact
of the COVID-19 on HNC observed in this study is potentially
only the tip of the iceberg—the long-term effects of the pandemic
on oncological outcomes and healthcare systems remain to
be determined.
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