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Background and purpose: Coronavirus disease 2019 (COVID-19) caused a need for reorganization in the Received 20 August 2024
healthcare systems. First, we aimed to determine the impact of the COVID-19 pandemic on time to treat- Accepted 14 November

2024

ment in head and neck cancer (HNC) patients. Second, we aimed to determine the impact of COVID-19 on '
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tumor stage and changes in treatment regimens used.
Material and methods: A systematic search in PubMed and Embase was conducted according to the KEYWORDS
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Inclusion criteria were: Time to treatment

(1) Studies including patients with head and neck squamous cell carcinomas; (2) Studies containing a com- initiation; tumor stage;
parison of time to treatment; (3) Studies containing a well-defined time interval with restrictions on health delay; waiting time
care due to COVID-19 and a well-defined time interval without restrictions.

Results: A total of 19 studies were included comprising 24,898 patients treated for HNC cancer. Six studies

(10.1% of the patients) reported an increase in waiting time within at least one interval, while seven studies

reported a decrease (83.2% of the patients), and six studies found no significant effect. No changes in treat-

ment modalities were observed. Seven of 15 studies (12.7% of the patients) observed an increase in either

overall stage, size, or tumor node and metastasis classification during the COVID-19 pandemic. Among

these, two studies reported increased waiting times as well.

Interpretation: The impact of the COIVD-19 pandemic on time to treatment was heterogenous and sub-

ject to considerable intercountry and interregional variations. A tendency toward a higher T-classification

was observed. In conclusion, otorhinolaryngology departments demonstrated resilience, as the pandemic

led to only slight alterations in time to treatment.

Introduction and the increased risk of exposure to COVID-19 for patients
seeking medical care raised concerns of increases in time to
treatment in HNC[8, 12].

Studies indicate that increases in time to the treatment of
HNC patients are associated with a higher tumor stage and

Coronavirus disease 2019 (COVID-19) caused a profound need
for reorganization in the healthcare systems worldwide. The
prompt global spread led to the World Health Organization
(WHO) declaring the virus a pandemic on the 11™ of March 2020 < syrvival, although the results have been inconsistent,
[1]. Globally, resources were reallocated toward the prevention possibly due to large heterogeneities in study designs and
and care of COVID-19 patients, potentially impacting the availa-  yofinitions of treatment delay [13, 141.
bility of diagnostics and treatment of other diseases [2-5]. The aim of this systematic review was to determine the
The management of head and neck cancer (HNC) patients  jmpact of the COVID-19 pandemic on time to treatment in HNC
underwent comprehensive evaluation, given the transmission  patients as well as to elucidate the impact of COVID-19 on tumor
of COVID-19 primarily through the nasal and respiratory stage and treatment regimens used.
pathways [6]. Guidelines regarding medical care of HNC patients
were made, including recommendations for the management
of potential treatment delays [7, 8]. Along with the reduction in
elective procedures on medical care centers [9, 10], many dental  This systematic review followed the 2020 Preferred Reporting
clinics closed during the early stages of the pandemic, removing  Items for Systematic Reviews and Meta-Analyses (PRISMA)
an important healthcare provider [11]. Diversion of resources guidelines [15].

Methods and materials
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Search strategy

A systematic search was conducted in PubMed and Embase
with the final search being on 13th of October 2023.Two authors
(MG and ALFC) independently screened the studies eligible for
inclusion.

The following keywords were identified: ‘Time to treatment’
and ‘head and neck squamous cell carcinomas; and they were
subsequently assigned to their corresponding MeSH-term
(PubMed) or emtree-term (Embase). For completeness, synonyms
of the keywords were also included in the final search. With the
exposure of the study being the COVID-19 pandemic, publication
year was set to be not earlier than January 2020. The full search
can be found in the supplementary material.

Eligibility criteria

Full-text studies were included according to the following crite-
ria: (1) Studies including patients with head and neck squamous
cell carcinomas (HNSCC), (2) Studies containing a comparison of
time to treatment, and (3) Studies containing a well-defined
time interval with restrictions on health care due to COVID-19
and a well-defined time interval without.

Studies were excluded if there was no measurement of time
to treatment, no comparison between a COVID-19 and a non-
COVID-19 group, less than 10 participants, no data specifically
on HNC, and no full-text was available. Studies not published in
Danish, Norwegian, Swedish, or English were also excluded.

Identification of studies via databases and registers

Data items

The subsequent data were retrieved: Author, publication year,
geographical location of study population, study period, age,
number of patients, definition of time to treatment, tumor sites,
treatment modality used, oncological outcome (Tumor Node
and Metastasis [TNM] classification, changes in Union for
International Cancer Control (UICC) stage grouping or changes
in mean tumor size), and time to treatment including a defini-
tion of the time interval measured.

In this review, the term ‘time to treatment’ was used to
describe any interval from the debut of symptoms until the
beginning of therapy. ‘'Symptom’ was defined as the first day of
symptoms, as reported by the patient.’Specialist’was defined as
the first visit to the respective healthcare center, which
determines diagnosis and initiates treatment.

Assessment of outcomes

Reporting quality and risk of bias was assessed using the 20 com-
ponent AXIS-tool for cross sectional studies [16]. Appraisal was
done by one researcher (MGS) (Supplementary material for details).

Results

Study selection

The literature search yielded 578 results after removal of dupli-
cates. A total of 36 full texts were assessed for eligibility, with 14

Identification of studies via other methods '

Records identified from:
Citation searching (n =5)

‘_=3 Records :g:tr:ggsdegm;l]—619 Records removed before
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow of study selection.
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studies meeting the inclusion criteria [17-30]. Additionally, five
studies were identified through screening of references [31-35].
A total of 19 studies were enrolled [17-35] (see Figure 1).

Study characteristics

A total of 24,898 patients were included. Median number of
patients in the study was 265 (range: 49-10,880). The types of
HNCs assessed were: Ten studies reported on all the HNCs
[18, 19, 20, 23, 25, 27-30, 33], three studies looked at specifically
HNSCC [24, 32, 35], while six studies only assessed either sinon-
asal, nasopharyngeal, oral, or laryngeal cancer [17, 21, 22, 26, 31,
34]. Twelve studies analyzed data from a single tertiary center
[17-19, 21, 22, 24, 26, 30, 31, 32, 33, 35], while seven studies
obtained data from a register [20, 23, 25, 27-29, 34]. Geographic
locations included: Croatia [17], Germany [25, 26, 34, 35],
England [18], Italy [19], the Netherlands [20], Scotland [29],
Switzerland [21], Turkey [22], Wales [27], Canada [23], the United
States [24, 28, 30, 32, 33], and China [31]. Median age of the
patients was 64.5 years (range: 50.5-72.5 years). Median male to
female ratio was 2.4 (range: 1.2-10.2). Periods defined as ‘non-
COVID-19" and ‘COVID-19’ varied between studies, with some
[19, 20, 22-24, 27-35] choosing an interval within a lockdown
period from the respective country as a marker of the COVID-19
period, and others [17, 18, 21, 25, 26, 28] defining January 2020
as the beginning of the COVID-19 period. Treatment was either
surgery, radiotherapy, chemotherapy, chemoradiotherapy, or a
combination. A full overview of study characteristics is shown in
Table 1.

Time to treatment intervals

A total of 13 different time intervals were reported, encompass-
ing the period from onset of symptoms to initiation of treat-
ment, see Figure 2. Five studies [24, 30, 31, 33, 34] used intervals
that did not fit in the intervals mentioned in the figure. Heimes
et al. analyzed ‘time to intervention’ [34], Yao et al. reported on
intervals starting from initial documented suspicion of cancer
[30], Yang et al. analyzed time to treatment in each step in a
pathway from diagnosis to treatment [31], and Kiong [33] and
Solis [24] included the interval between the patient’s initial diag-
nosis at another medical center and their first appointment at
Kiong and Solis’ respective centers.

Time to treatment

Six studies found no significant difference in time to treatment
across all intervals investigated (n = 1,616) [19, 24, 29, 33-35].
Six studies found a significant increase in time to treatment
in the COVID-19 group within at least one interval (n = 2,503)
[17, 18, 22, 26, 30, 31]. Increases in days from specialist to
initiation of treatment were observed in two studies [17, 26].
Grsic et al. observed an average increase of 11 days (26 days vs
37 days, p=0.006) and 10 days (21.5 days vs 31.5 days, p = 0.001)
for patients with oral and laryngeal cancer, respectively (n =691)
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[17]. Similarly, Metzger et al. identified an average increase of 10
days (35 days vs 45 days, p = 0.04) across all HNCs (n = 624) [26].
Additionally, both Grsi¢ et al. and Tevetoglu et al. (n = 116) found
an increase in the symptom to specialist interval for oral cancer
of 22.5 days (37.5 days vs 60 days, p = 0.019) [17] and 2.4 days
(16.6 days vs 19.0 days, p = 0.02), respectively [22].

Zubair et al. investigated the interval from referral to initiation
of treatment and found an increase of 23.3 days in the COVID-19
group compared to the non-COVID-19 group (49.2 days vs 72.5
days, p = 0.027) (n = 104) [18]. Yao et al. reported, among other
intervals, on the time from first documentation of cancer
suspicion to diagnosis and observed that patients in the
COVID-19 group had a significantly longer time to diagnosis
than the non-COVID-19 group (hazard ratio: 0.54, p = 0.02)
(n=94) [30]. Yang et al. identified significant increases in days in
the COVID-19 group regarding waiting time for: pathological
biopsy (5 days vs 15 days, p=0.012), radiotherapy immobilization
and simulation (3.5 days vs 16.5 days, p < 0.001), validation of
position and plan (20 days vs 61 days, p < 0.001), and initiation of
radiotherapy (28 days vs 36 days, p = 0.005) (n = 874) [31]. The
median duration of increased time to treatment across studies
was 11 days, with intervals ranging from 7 to 41 days. In total,
increased time to treatment was observed in Croatia [17],
Germany [26], England [18], Turkey [22], the United States [30],
and China [31].

Seven studies found a significant decrease in time to
treatment in the COVID-19 group within at least one interval
(n=20,779) [20, 21, 23, 25, 27, 28, 32]. A decrease of 5 days from
specialist to treatment was observed by Schoonbeek et al. (31
days vs 26 days, p < 0.001) (n = 8468) [20]. In addition, a decrease
in time from the date of biopsy to treatment was also found (37
days vs 30 days, p < 0.01) [20]. Psychiaris et al. found a decrease
of 27.9 days from specialist to treatment (76.6 days vs 48.7 days,
p > 0.01) (n = 265) [23]. They also found a decrease of 12.9 days
in the interval from specialist to presentation at multidisciplinary
team (MDT) conference in the COVID-19 group compared to the
non-COVID-19 group (38 days vs 25.1 days, p = 0.0001) [23].

Two studies found a decrease in the interval from diagnosis
to initiation of treatment [25, 28]. Heckel et al. found a decrease
of 3.5 days in the COVID-19 group (23 days vs 19.5 days,
p = 0.013) [25], while Tasoulas et al. found a decrease of 3 days
decrease (46 days [95% Cl: 46-47] days vs 43 [95% Cl: 42-43])
(n=10,880) [28].

Two studies found a decrease in the period from referral to
specialist. Abelardo et al. found a decrease of one and a half days
in the COVID-19 group (9.5 days vs 8 days, p > 0.01) (n = 143)
[27]. Stevens et al. found a decrease of 3 days (11 days vs 8 days,
p=0.008) [32], and Meerwein et al. found a 7-day decrease from
referral to initiation of treatment (18 days vs 11 days, p = 0.02,
n=49)[21].The median duration of decreased time to treatment
across studies was 5 days, with intervals ranging from 1.5 to 28
days. In total, decreased time to treatment was found in the
Netherlands [20], Germany [25], Switzerland [21], Wales [27],
Canada [23], and the United States [28, 32]. A full overview is
presented in Table 2.



159 M. G. SIMONSEN ET AL.

JUSW)ea} O} |elId)aY

%xx020C pieog
1AW 03 |elisjay I9qWISAON 020Z  YieaH Ausisaiun
jusWeas} 0} dwi| JNH T STl £l 1s1jedads 0y [esasRy 0} Judy ‘4Iaquianop o3 [udy epg amAH 2202 's9[eM ‘opielaqy
%xx020C
uonesyissep N pue | usWIeal) 0} Isjedads Jaquwimrdas 610z “19quaidas |nquess| ‘Aynoe4
juswjeasyo}awl]  xukie]’leiQ 9!Gy €v9 €09 91l 1s1jedads 01 woydwiAs 0} yosepy 0} ydiely |edIpay eseydenia) LZ0z ‘Aoxun] ‘niborans)
abejs [|esano DDIN jusW]ea.} 0} |elId)Y
uonesyIssed WNL [edul)  xukieydoseN juswiealy 0} woldwAs younz 1202
US4} 0} dWIl | |eseuouls ol 99 61 Asdoiq 01 woydwAs 0202 6107 + 8107 ‘|eudsoH Ausianiun ‘PUBJIDZIMS ‘UIDMIDD|N
usuieal} 03 [eLSjeY ##x0C0C 610 pueo3s jo
Juswijeal) 0} swl] ONH VELT £'€9:9°1L9 9¢€¢C sisoubelp 0} |el1a)eY ‘Key 03 Yosey ‘Ke|\ 03 Yyoaepy 359 wody ezep 1N 7T0¢ ‘puepods ‘seiq
610¢C
‘[aunf 03 Yauep
abejs [|esan0 DDIN juswiealy o) Asdoig 4220202 8107 £nsiBay 1202
1UsWeal} 0} SWI| JNH 6L:/1 99! 1°99 8018 juswieal} 03 isijerdads ‘[unf 0y yaie ‘SuUN( 0} YdJe\ J3dURD SPUBIBYISON  ‘SPUBISYISN @9quooyds
2DEIS[E19A0 1N #:x0C0C 6107 Aley "euspop jo
JUsWIeal) 0} W] ONH ‘¥'N 5’89 799 S9T JusWiea1} 03 3s1jeads 43g03Id0 03 YdIe 4390320 O3 YdJely  [eNdsoH AsIaAlun 720z ‘Aley iponi
610¢C
abess |[esar0 DDIN ‘ISQWISAON 01 3UN[  yjjuag pue ‘zule|y
URRIEEER N (U3 4L #2x020C 8L0T ‘]9 J0 syudawiiedap
JusWeal} 0} SWl| Jadued jelo V'N V'N €59 UOIJUDAIDIUI 03 BWI|  ‘Bunf 01 ydJely “49QUISAON 01 dunf |e1dejo||IXeA 120z ‘Auewan) ‘sowisHy
1dap A19buns |NJ
uonesylissepd IANL[e31uld juswieal) o3 sisoubeiq 2% LZ0T Y2IB 0Z0Z Y21e ullisg
JusWieal} 0} W] JDSNH SEYT 69 ¥°/9 ¥6 sisoubelp 03 woldwAs 0} 0Z0Z YoIe 016107 Y2Ie ‘lendsoH 9yueyD 70T ‘AuewIaD ‘SIpI3NoY
abeis [|esano DDIN
uoledyissepd
WNL [ed1Bojoyied |eudsoH Ausianiun
JusWeal} 0} SWI| Jadued el vl 59 29 juswWieal} 0} isijedads 020T 6L02-0L0C biaq|opIaH 120z ‘Auewian) 196z301\
abejs [|esano DN
uonedyissed N1 [ed1bojoyred
uonedyIsse|d IANL [ed1ulD (eueneg jo
juswijesly 0} swi| ONH 8T'€T 0'€9 90L juawiealy o3 sisoubelq 0coc 6107 Med uisises) Y-d0N €20t “Auewnsn ‘|34
1uswieal} o} sisoubeiq
abess |[esar0 DDIN juswijesi} 0} [ell9)oy 020 199010 6107 1990120 |endsoH
jusWeal} 0} Swl| JONH V'N ¥'N 0L 1sije1dads o) [esasay 0} Aienuer 0} Alenuer uopuoT |ekoy Z20z ‘pue|bug aregqnz
abejs [|esano DDIN
uonesyisse|d ANL [e31ul]D |enudsoH
swieas oyawll  xukie‘jelo zoLisL ¥'99!1°19 169 151[e123ds 01 swoydwiAs 1Z0Z + 0202 6L0Z+8L0z  Ausisnun gaibez 7707 ‘e1neold 21s1o
adoing
syuaned s|eAsdiul (61-AINOD)  (61-AINOD-UOU) J1eak uonedijgnd ‘Apnis
S9W0dINO dUS  .x(S)ones 4/ 290y J0 'ON JUsW)eal} 0} dWil | pouad Apnis pouad Apnis aseqejep/aijuad) 9y} Jo A13unod ‘sioyiny

's213s1330RIRYD APNIS JO MBIAISAQ °L d|qeL

[cOV]



*A13unod aAdadsal ay3 woiy poad uMOopP 0| e ulylM St polad 6| -AIAODxxx

‘dnoJb 6-AIAOD Y3 03 aN|eA puodas ay} pue ‘dnolb 6 -qIAOQD-UOU 2y} 0} SpuU0dsaiod paiedipul an|eA 3siy 3y "paiuasald Sl 013l 4/|A U0 UeY} 210W USYM ., B YHM pa3esedss 218 SOIlel 4/ xx
‘dnoub 6 -AIAOD Y3 01 dN|eA puodas 3y} pue ‘dnoib 61-IAQD-UOU 2y} 0} Spuodsaiiod paiedipul anjeA 3siy ay] "pajuasaid si abe abeiane dUo UeY) 210W USYM /e UM pajeiedas aie abe uo eyeq,
'610T 9SBISIP SNIIARUOIOD 16 | -IAQD {[042U0D) JDURD) [BUOIRUISIU| JO) UOIUN DD ‘SISeISLIDN

pue Spop ‘Jown] (AN 22uaia5u0d wed} AteuldRsIpRNW QA B]BWS)/3[_W /A 49N (0N ‘SeWOUIDIRD [|9 snowenbs 329U pue peay :DISNH ‘SI95ued 3dau pue peay |je :DNH ‘3|ge|ieA. Jou eyep “y'N

"PapN[dUL SIIPNIS DY} JO SIISIDIDRIRYD DUI[3SR] DY} SMOYS 3|qey iYL

ACTA ONCOLOGICA 160

abe3s |[e1aA0 DDIN
JUSW]ea1} 0 SWI|

(d >>) buibeysdn

uonesyissed WNL [ed160joyied

uonedyIsse|d WNL [ed1uD
Jjuswileal} O} oWl |

jusWieal] 01 dwll|
abejs [|esan0 DDIN
9IS JoWwNn} UBIPIN
uonedyissed AINL
jusWieal] 01 S|

jusW)eal} 01 dWi|

9IS Jowny uelpay
uonedyIsse] WNL
JUSWIILaI} 0} WL

uonedyIssed WNL
juswW}eal} 01 dWi|

JUdW}eal} JO UolenIu|
ueld

pue uonisod jo uonepijep
uonenwis

pue uonezijiqowwi
Adeiayjoipey
uoljeujwexs buibew|
sa1sdoiq wouy yyoday
uodal

uol3e}NSU0d [es160joYyied

1s1jeads 01 woydwAs
1sijenads o} [eiasay

juswiesal} O} m_mocmm_ﬁ_

1AW 031 JISIA 3si4

JISIA 3s1y 0} sisoubelq
1s1jenads 01 woydwAs
1uawWjieas} 03 sisoubeiq
buisbeys 03 uopidsng
sisoubelp 03 uoidsng
1SIA 351y 01 sisoubelg
JUsWeal} 0} uedS
K196ins 013s1jedads
Ki1abins 0} Asdoig
1s1jeads 03 woydwAs

sisoubelp 03 Asdoig
juswieasy 03 3sijedads
1AW 011sljeads

#x020C 'A1eniga4 0z0z Atenuer
0} Kienuer 03 610z J2qwadaQg

%%x0C0C

‘AInf 03 y21e 6102 “AIn[ 03 ydlep

0c0c 610¢C

610z 'aunr o} ke 60T ‘aunr o3 ey

*xxx0C0T 020z Asenuer

‘AInf 03 YdIe 03 6107 12quiaidas

%xx0C0C

‘1aqui21das 020¢T Ya1e
0} YdJe|\ 03 6107 J2quiaidas

#xx0C0C 020z Areniga

190120 0} Yoy 01610z AInf

JEIUED)
J95uUe) leybueys
Ayjisisniun uepn4

JEIVED}
1ed1p3aN ANsIaAlun
JiquspueA

(9A@DN) aseqelep
Jadued |euoneN

191Ud) Jadue)
uosIapuy ‘q'

sexa] Jo Aysianlun

A2 Y10A MON

ul [e3dsoH [edIpaly

J1wapedy Aleisl

juswiiedaq
K1961ns IN3
‘sine ‘eluiojied
40 AjsIaniun
A1s16ay 1adued)
211U Y1jeaH
Ausiaaun 19N
9y} Jo aseqeiep
S2911LW0d
sisoubelp

pue Jadued

020 "euly) ‘buex
pbIsy

TTOT 'YSN 'suaAa1s

€20T 'v¥SN ‘sejnosey

720z 'vsSn ‘Buory

LZ0T VSN ‘oeA

L0z '¥sn ‘sllos

€707 'epeue) ‘sueydAsy
DILI3WY UIdYLION

SowodINnQ

SESE
1USW]eal] 0 SWI|

(61-AINOD)  (61-AINOD-UOU)
pouad Apnis pouad Apnis

aseqeiep/aua)

1eak uonedijgnd ‘Apnis
ay3 Jo A13unod ‘sioyiny

‘(panunuod) L 3jqeL



161 M. G. SIMONSEN ET AL.
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Figure 2. Intervals investigated in included studies from the onset of symptoms to initiation of treatment. Each study is referenced with their corresponding
reference number. The length of each bar represents a specific interval, and each bar corresponds to only one interval.

Changes in treatment regimens

Six studies reported on treatment regimens, and none found
chances in treatment regimens used in the COVID-19 groups
[19, 20, 23, 25, 26, 32].

Stage, TNM classification, and tumor size

Fifteen studies [17-26, 31-35] reported on oncologic outcomes
(n = 13,625), and none found a decrease in oncologic burden
during the COVID-19 period. Eight studies found no significant
difference in oncologic outcomes (n=11,890) [17, 18, 20, 21, 23,
25, 31, 34], and seven studies observed an increase in at least
one of the oncologic parameters (n=1735) [19, 22, 24, 26,
32-35].

Ten studies reported on UICC stage [17-26, 31, 33, 34], and
nine found no significant differences [17, 18, 20, 21, 25, 26, 31—
34]. Lucidi et al. found that average UICC stage was higher in the
COVID-19 group compared to the non-COVID-19 group
(n=265). They did not further assess T-, N-, and M-stage [19].

T-classification was assessed in 11 studies [17-26, 32-35],
and seven found no significant relation [17, 21, 23, 25, 32, 34,
35]. Four studies found an increased prevalence of T3/T4 tumors
in the COVID-19 group [22, 24, 26, 33]. Tevetoglu et al. observed
an increase from 28 to 53% in the COVID-19 period (p =0.02, n =
116) [22]. Similar increases were found by Metzger et al. (36—
52%, p = 0.046, n = 624) [26], Solis et al. (40.3-61.7%, p = 0.02,
n =137) [24], and Kiong et al. (39.4-52%, p = 0.03, n = 231) [33].
Two of the studies further investigated primary tumor size; Solis
et al. found an increased median tumor size from 3.0 cm in the
non-COVID-19 group compared to 4.5 cm in the COVID-19
group [24]. Similarly, Kiong et al. found an increased mean
tumor size from 2.5 cm in the non-COVID-19 group to 2.9 cm in
the COVID-19 group [33]. N-classification was assessed in the
same 11 studies as T-classification [17, 21-26, 32-35], and 10
found no significant relation [17, 21-26, 33-35]. Stevens et al.
identified an increased risk for patients presenting with nodal
metastases in the COVID-19 group (adjusted odds ratio 1.8,
p =0.03) (n = 268) [32]. The presence of patients with metastatic
disease at time of diagnosis was assessed in eight studies [17,
21,23-25,32,33,35],and seven found no relation [17, 21, 23-25,
32, 33]. Kourtidis et al. observed an increased frequency of
metastatic disease (0% vs 10%, p = 0.022) in the COVID-19 group
compared to the non-COVID-19 group (n = 94) [35]. Among the

six studies that found increases in T, N, or M classification [22, 24,
26, 32, 33, 35], two further investigated the impact on UICC
stage, and both found no significant effect [26, 33]. In total,
increases in at least one oncologic parameter were observed in
Germany [26, 35], Italy [19], Turkey [22], and the United States
[24, 32, 33]. A full overview is presented in Table 3.

Discussion

This systematic review investigating the impact of the COVID-19
pandemic on time to treatment intervals, treatment regimens,
and tumor stage or size for HNC patients found modest varia-
tions in time to treatment, no effect on treatment regimens used,
and a tendency toward presentation at a higher T-classification
[22, 24, 26, 33]. To our knowledge, this is the first systematic
review assessing the impact of COVID-19 on time to treatment.

The effect of COVID-19 on the time to treatment in HNC was
divergent. Six studies reported an increase in waiting time
within at least one interval [17, 18, 22, 26, 30, 31], while seven
studies reported a decrease [20, 21, 23, 25, 27, 28, 32]. Across the
examined intervals, on specific trends were noted. No
relationship was observed between increased time to treatment
and an increase in tumor stage, TNM classification, or size.

Most of the included patients found a decrease in time to
treatment, which accounts for 20,779 out of 24,898 (83.5%),
primarily due to the inclusion of the two largest studies [20, 28].
Overall, the pandemic resulted in marginal changes in time to
treatment; among the studies that found increased time to
treatment, the median increase was only 11 days across all
intervals, suggesting that otorhinolaryngology and head & neck
departments prioritized HNC care during the pandemic.

The heterogeneity of the results may be due in part to the
differing impacts of the COVID-19 pandemic on various
countries as well as disparities in healthcare organization and
accessibility across nations [36, 37]. Furthermore, studies from
Germany [25, 26] and the United States [28, 30, 32] showed
opposing results, suggesting not only intercountry but also
interregional differences.

Different factors could be associated with the increases in
time to treatment observed [38]. First, the risk of viral exposure
associated with visiting a medical facility may affect the time
from onset of symptoms to seeking medical attention [39], and
fear of overloading an already overwhelmed medical sector
might contribute [38]. In this study, we found a tendency to
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increased T-classification [22, 24, 26, 33], which could indicate a
delay in the pre-hospital phase, with patients presenting with
symptoms later than optimal. Second, reallocation of resources
might limit access to specialist consultations and diagnostic
biopsies, thus increasing the time to diagnosis [38]. Third,
anticipation of or actual shortage of critical care might lead to a

Change in treatment modality
No change in treatment modality

E E reduction in surgical capacity, increasing the time to initiation of
q% ?} surgery [38]. While there have been indications of radiotherapy
5 5 compensating for decreased surgical activity within other
= . = cancers [40], we did not observe any changes in the treatment
@ modalities used during the COVID-19 pandemic [19, 20, 23, 25,
g 26, 32].
k?: On the other hand, the COVID-19 pandemic could also be
) P E £ PR Loy associated with the decreases in time to treatment observed
TMER 28 =5 § § § S) [8-10, 41, 42]. Some hospitals experienced reductions in routine
S Lf S S S AR N and elective procedures [8-10], and care could be diverted to
S treatments, which could not be postponed such as cancer
g treatment. Additionally, patients’ initial reluctance to seek
K medical attention might result in subsequent presentation at a

more advanced T-stage, as indicated in the studies [22, 24, 26,
33], thus requiring more urgent and rapid treatment. Since only
five studies assessed pre-hospital time to treatment intervals
[17,22, 24, 32, 33], we were not able to draw further conclusions
on the potential impact of pre-hospital delay. The two largest
studies [20, 28] encompassing a total of 19,348 patients
collectively (77.4% of all patients included) were both registry-
based and showed a small reduction in time to treatment.
However, neither of these included time intervals starting from
the onset of symptoms.

Moreover, during the initial phases of the pandemic,
incidence rates of numerous cancers, including HNC, declined in
several countries — possibly due to the above-mentioned factors
influencing patients’ healthcare-seeking behavior, reducing
cancer patient volume [41-43].

While results on time to treatment were inconsistent, a
tendency was observed with respect to oncologic outcomes.
Seven of 15 studies observed an increase in at least one
oncologic parameter during the COVID-19 pandemic [19, 22, 24,
26, 32, 33, 35]. However, only one study [19] observed an
increase in overall stage, while nine studies did not find an effect
on overall stage [17, 18, 20, 21, 25, 26, 31, 33, 34]. Four of 11
studies observed increased T-classification [22, 24, 26, 33]. Two
studies assessed primary tumor size, and both found an increase
during the COVID-19 pandemic [24, 33]. Only two studies
observed an increase in an oncologic parameter and a
simultaneous increase in time to treatment [22, 26], indicating
that other factors may have played a role, e.g. delay in the pre-
hospital phase.

Considering the close relationship between T-classification
and disease prognosis [44], these results suggest worsened
prognosis among patients diagnosed with HNC during the
pandemic in some regions. However, we were not able to
include survival outcomes in this study due to the recency of the
pandemic. Nonetheless, a higher T-classification has other
implications such as more extensive surgery, wider radiation
fields, and increasing patient morbidity [45, 46].

12 weeks vs 12 weeks (difference: 0 weeks)
20 days vs 25 days (difference: +5 days)
6.82 weeks vs 6.54 weeks (difference: —0.28 weeks)

2 days vs 2 days (difference: 0 days)
3.5 days vs 16.5 days (difference: +13 days)

Relation Quantity (non-COVID-19 vs COVID-19)
46 days vs 43 days (difference: -3 days)
11 days vs 8 days (difference: -3 days)
3 days vs 2 days (difference: -1 day)
5 days vs 15 days (difference: +10 days)
1 day vs 8 days (difference: +7 days)
20 days vs 61 days (difference: +41 days)
28 days vs 36 days (difference: +8 days)

NR
NR
PR
PR
PR
PR

IR
IR
NR
NR

Radiotherapy immobilization. and PR

Diagnosis (elsewhere) to first visit NR
simulation

Symptom to specialist

First visit to MDT

Diagnosis to treatment
Referral to specialist

Symptom to specialist

Report from biopsies

Imaging examination
Validation of position and plan
Initiation of treatment

Interval
Nasopharynx Pathological consultation report

Site
HNC
HNC
HNSCC

(Continued).

Kiong et al.
Tasoulas et al.
Stevens et al.

Yang et al.
positive relation (significant increase in time to treatment during COVID-19 period); IR: inverse relation (significant decrease in time to treatment during the COVID-19 period); MDT: multidisciplinary team

conference; COVID-19: coronavirus disease 2019.

HNC: all head and neck cancers; HNSCC: head and neck squamous cell carcinomas; NR: no relation (neither significant increase nor decrease in time to treatment during the COVID-19 period); HR: hazard ratio; PR:
*Significant value.

This table shows the difference in time to treatment when comparing the non-COVID-19 group with the COVID-19 group across each examined interval.

Asian studies

Table 2.
Study



Table 3. Oncologic outcomes in the COVID-19 group compared to the non-COVID-19 group.
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Study Site Oncologic outcome Relation Quantity (non-COVID-19 vs COVID-19) P-value
Eastern European studies
Grsi¢ et al. Oral + Larynx Clinical TNM classification NR
UICC numerical stage NR
Tevetoglu et al. Oral + Larynx T classification PR Proportion of T3/T4 tumors: 28% vs 53%  0.049%
N classification NR
Western European studies
Zubair et al. HNC UICC numerical stage NR
Heckel et al. HNC Clinical TNM classification NR
Pathologic TNM classification NR
UICC numerical stage NR
Metzger et al. Oral Pathologic T-classification PR Proportion of T3/T4 tumors: 36% vs 52%  0.046*
Pathologic N-classification NR
UICC numerical stage NR
Kourtidis et al. HNSCC T classification NR
N classification NR
M classification PR 0 (0%) vs 5 (10%) 0.022*
Heimes et al. Oral Tand N classification NR
UICC numerical stage NR
Schoonbeek et al. HNC UICC numerical stage NR
Drake et al. HNC No data with statistical testing
Meerwein et al. Sinonasal + Clinical TNM classification NR
nasopharynx UICC numerical stage NR
Abelardo et al. HNC No data
Southern European studies
Lucidi et al. HNC UICC numerical stage PR Average UICC stage higherin COVID-19  0.023*
period
Northern American studies
Psycharis et al. HNC TNM classification NR
Solis et al. HNSCC T classification PR Proportion of T3/T4 tumors: 40.3% vs 0.0244*
61.7%
N classification NR
M classification NR
Median tumor size PR 3.0cmvs4.5cm 0.0002*
Yao et al. HNC No data
Kiong et al. HNC TNM classification NR
HNC UICC numerical stage NR
HNC Mean size of tumor PR 25cmvs29cm 0.042*
HNSCC only T classification PR Proportion of T3/T4 tumors: vs 39.4% vs ~ 0.025%
52.0%
HNSCC only N classification NR
HNSCC only UICC numerical stage NR
HNSCC only Mean tumor size NR
Tasoulas et al. HNC No data with statistical testing
Stevens et al. HNSCC Clinical T classification NR
Clinical N classification PR 0.028*
Clinical M classification NR Patients in COVID-period more likely to
present with nodal metastases compared
to non-COVID-19 (adjusted OR: 1.846)
Pathologic TNM classification NR
Upstaging (C < P) NR
Asian studies
Yang et al. Nasopharynx UICC numerical stage NR

This table shows the differences in oncologic outcomes (tumor stage, TNM classification, size, etc.), when comparing the non-COVID-19 group with the
COVID-19 group. Quantity and p-values are indicated when there is a significant difference.
HNC: all head and neck cancers; HNSCC: head and neck squamous cell carcinomas; NR: no relation (neither significant increase nor decrease in oncologic
outcome during the COVID-19 period); PR: positive relation (significant increase in oncologic outcome during the COVID-19 period); MDT: multidisciplinary
team conference; TNM: Tumor Node and Metastasis; UICC: Union for International Cancer Control; COVID-19: coronavirus disease 2019.

*Significant value.
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This study is limited by the studies selected for analysis
containing considerable variation in definitions of time to
treatment intervals. This highlights the importance of more
standardized definitions of time to treatment to increase
comparability and generalizability. Also, the definition of
COVID-19 periods as well as the subtypes of HNCs analyzed
varied. Due to the recency of the pandemic, studies lack
important clinical endpoints like 5-year survival rates, and
comparison of COVID-19 and non-COVID-19 periods that are
not analogous might be subject to seasonal variance of patient
flow. Individual studies suffering from limitations including the
inherent retrospective design with studies assessing time
intervals beginning from the onset of symptoms might be
subjected to recall bias. Also, the study by Tasoulas et al. [28]
used the National Cancer Database, which might have
incorporated patients from the four other American studies [24,
30, 32, 33]. Finally, variations in healthcare structures, the
prevalence and severity of COVID-19 as well as discrepancies in
restrictions imposed by distinct government authorities may
influence medical systems differently. This complexity hinders
broad conclusions applicable across diverse geographical areas.

In conclusion, this systematic review found that the impact of
the COIVD-19 pandemic on time to treatment was heterogenous
and subject to considerable intercountry and interregional
variations. No change in treatment modalities used was
observed. Consensus on definitions on time to treatment is
required to enhance the overall generalizability. No significant
impact on overall stage was observed, but a tendency toward a
higher T-classification was observed in both Europe and the
United States. In conclusion, otorhinolaryngology and head &
neck departments seemed to have prioritized HNC care during
the pandemic.
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