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Abstract

Background The COVID-19 pandemic might have delayed cancer diagnosis and management. The aim of this sys-
tematic review was to compare the initial tumor stage of new cancer diagnoses before and after the pandemic.

Methods We systematically reviewed articles that compared the tumor stage of new solid cancer diagnoses
before and after the initial pandemic waves. We conducted a random-effects meta-analysis to compare the rate
of metastatic tumors and the distribution of stages at diagnosis. Subgroup analyses were performed by primary
tumor site and by country.

Results From 2,013 studies published between January 2020 and April 2022, we included 58 studies with 109,996
patients. The rate of metastatic tumors was higher after the COVID-19 outbreak than before (pooled OR: 1.29 (95% Cl,
1.06-1.57), - 89% (95% Cl, 86-91)). For specific cancers, common ORs reached statistical significance for breast (OR:
1.51 (95% Cl 1.07-2.12)) and gynecologic (OR: 1.51 (95% Cl 1.04-2.18)) cancers, but not for other cancer types. Accord-
ing to countries, common OR (95% Cl) reached statistical significance only for Italy: 1.55 (1.01-2.39) and Spain:1.14
(1.02-1.29). Rates were comparable for stage I-ll versus llI-IV in studies for which that information was available,

and for stages |-l versus stage Il in studies that did not include metastatic patients.

Conclusions Despite inter-study heterogeneity, our meta-analysis showed a higher rate of metastatic tumors at diag-
nosis after the pandemic. The burden of social distancing policies might explain those results, as patients may have
delayed seeking care.
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Background

In 2020, the COVID-19 pandemic disrupted healthcare
systems worldwide. In cancer care, screening programs
were suspended in many countries, and care strategies
were sometimes adapted to avoid exposing patients
to COVID-19 infection, and to reduce the burden on
intensive care units. Patients may also have avoided
consulting for fear of being contaminated. As a result,
screening decreased by 40 to 50%, and cancer diagno-
ses fell by 27% in January-October 2020 compared to
the pre-COVID-19 period [1, 2].

Although recovery plans have been implemented in
many countries, it is possible that patients with new
cancers whose initial care was delayed could present
more advanced tumors, with poorer prognosis. Indeed,
modeling studies have anticipated thousands of addi-
tional cancer-related deaths in the coming years due to
delays in diagnosis and treatment, resulting in tens of
thousands of total years of life lost compared with pre-
pandemic setting [3].

The aim of this systematic review of the literature
with meta-analysis was to compare the proportion of
metastatic presentations, and the distribution of initial
tumor stage at diagnosis, before and after the COVID-
19 outbreak, for patients with solid cancers.

Materials and methods

This systematic review was reported in accordance with
the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA 2020) and the Meta-
Analysis of Observational Studies in Epidemiology
(MOOSE) guidelines ([4, 5]).

Data sources, literature searches and eligibility criteria

We searched PubMed and Embase databases for Eng-
lish-language original articles published between Janu-
ary 2020 and April 2022 that included information
on the impact of the COVID-19 pandemic on solid
malignant tumor stage, using Medical Subject Head-
ings (MeSH) terms and free words. The complete
search equation is available in Supplementary materi-
als, Appendix S1. We screened the list of retrieved arti-
cles by evaluating titles first, then abstracts, and finally
full texts. At each step, two independent investigators
evaluated each article. A third independent investigator
settled disagreements. We included articles in English
that compared cancer stages at diagnosis before versus
after the Covid-19 outbreak, using any relevant cancer
staging guideline. We included only studies of adult
patients, with solid malignant tumors. We excluded
reviews, editorials, posters, letters, and guidelines. A
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reminder list of inclusion and exclusion criteria are
available in Appendix S2.

Data collection and risk of bias assessment

For each article, two independent investigators collected
items of interest which are summarized in Appendix S3. In
the event of a discrepancy, a third independent investiga-
tor settled the issue. We did not contact any study author.
We classified primary tumor types as displayed in Appen-
dix S4. We assessed the risk of bias of the included studies
with the NIH Quality Assessment Tool for Observational
Cohort and Cross-sectional Studies (https://www.nhlbi.
nih.gov/health-topics/study-quality-assessment-tools).

Data analysis

We used the rate of metastatic tumors for comparing
cancer presentation before and after the initial COVID-
19 pandemic waves. We calculated odds ratio (OR)
and 95% confidence intervals (CI) for each study, and
we then pooled these individual ORs using a random-
effects meta-analysis. Subgroup analyses were performed
according to the primary tumor site (when this informa-
tion was available), and to the study country.

We conducted meta-analysis across all studies and at
the subgroup level using the Mantel-Haenszel method.
Because we expected heterogeneity between studies, we
used the Hartung-Knapp method to calculate CIs on the
main effect estimate, with a variance correction [6, 7]. We
computed prediction intervals for exposure effect based
on Hartung and Knapp’s method [8]. Results were graph-
ically represented in forest plots. The extent of interstudy
heterogeneity and subgroup differences were assessed
with the Cochran I? statistics and X tests, respectively.
Between-study variance Tau2 was assessed using the
Sidik and Jonkman’s approach and the Q-Profile method
for Tau2’s CI [9, 10]. We applied a continuity correction
of 0.5 in studies with zero events in one arm.

When articles mentioned missing data or unknown
status for some patients, we ignored those patients.
When studies overlapped, we only included the study
with the broadest inclusion criteria [11]. In situ tumors
were excluded from the analysis.

For analyses where more than ten studies could be
included, we plotted funnel plots and conducted Thomp-
son and Sharp’s arcsine test to assess the presence of
small study effects [12, 13].

Using the same methods, we performed meta-analysis
on the rate of stage I-II versus III-IV for the studies where
this information was available. When studies mentioned
‘advanced stages’ with no more detailed information, we
counted the ‘advanced’ patients as stage IV when a sepa-
rate ‘locally advanced’ category was also available. These
data were then included in the first analysis of metastatic
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vs non-metastatic status. If no separate ‘locally advanced’
category was available alongside ‘advanced; we could not
know if these ‘advanced’ patients were stage III or IV, and
these data were included in the ‘stage I-1I vs III-IV” analysis.

Finally, for studies that did not include metastatic
patients (e.g., studies that focused on patients under-
going surgery), we performed a separate meta-analysis
comparing stage I-II versus stage III.

All analyses were conducted using R v.2.2.2 (The R pro-
ject for statistical computing, www.r-project.org) and
the meta package (v6.2.1.) [14]. No ethics committee
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approval and no patient consent were necessary because
the study was restricted to publicly available data.

Results

Study characteristics

We identified 2,013 studies published between Janu-
ary 2020 and April 2022, and included 58 studies in our
meta-analysis ([15-72], Fig. 1, Supplementary Table S1).
These articles covered Europe, Asia, North and South
America (Supplementary Figure S1). The quality assess-
ment of included studies is presented in Supplementary

Screened documents from
PubMed: 1206
Screened documents from
Embase: 897 Total: N= 2013
articles

Documents after exclusion of
duplicates: N= 1557 articles

Full-text articles assessed for
eligibility: N = 126

Articles included for final
analysis:

1431 records removed for title

and abstract

68 articles excluded

@ Metastatic stages only:
N=17

@ Localized stages only: N=
28

@ Staging not applicable:
N=19

@ Data not applicable:
N=2

N= 58

@ Overlapping studies
N

Studies analyzing Metastatic
versus Non Metastatic status
(M+ VS M-):

N= 45

Fig. 1 Study selection flowchart

Studies analyzing stages |-l
versus stages IlI-1V:
N=9 (7 + 2 studies already
included in M+ VS M- analysis)

Studies analyzing stages I-lI
versus Il (NO VS N+):
N=6
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Table S2. For each study location, lockdowns and cancer sy Eroma ol Evets ol OdsRatio R ot et
screenlng pOStponement Were summarlzed ln supple- ligiin and Ozmen 2021 (B) 19 176 8 206 - 3.00 [1.28 7.02] 20%
Isiklar et al. 2021 (B) 5 36 7 42 - 081 [0.23; 280] 14%
mentary Table SB). Breast cancer was the most I'epre- Guvenetal. 2021 (B,C,L,G, M) 188 383 208 539 153 [1.18; 200] 3.1%
595 787 - 1.65 [0,3.7; 7.32] 6.5%
sented cancer type. foans zi7s4
Forty-five studies (98,307 patients) compared meta-

. . . Tang et al. 2022 (B) 18 247 17 703 = 317 161, 626 23%
static stages IV versus non-metastatic stages I-II-I1I. Nine Daws etal 2022 () s 4o - o o7 S22 oo
studies (7316 patients) compared stages I-1I versus III-IV Kangot a1 221 (0) TEON R x 15 s e i

Stevens et al. 2022 (O) 6 134 3 134 bl 205 [0.50: 8.36] 1.2%
(some articles contributed to both the first and the sec- 108 e = Rl vdiee- Bl
ond analyses) and six (4,373 patients) compared stages
I-II versus III without including metastatic patients. The iy N o B H e BRI i
. . 6410 14789 114 [0.46;  2.84] 6.1%
number of patients included per study ranged from 44 to : :
54,828 (Supplementary Table S1).
Two instances of overlapping studies were identified. In et NN - B T 0 Do 2 1o
h ft Dutch register-based studies e kept the Ve ol 20 &) o N - T Do sran aer
t € case o WO u g u 4 w K p Bogani et al. 2022 (Gy) 167 2446 129 2718 147 1 16; 1.86] 31“/:
stu at included all patients over the one that focuse Pepe st al 2021 () s e 1 i = T2 65 405 1%
t dy th t l d d ll p t t th th t f d Bertol: t al. 2022 (L) 5 255 0 122 4}'—# 538 [0.30; 98.07] 0.4%
3662 3763 155 [1.01; 239] 13.5%

on screening and included only patients aged 50-74 [15, fore; a4
73]. In the case of two Italian studies, one monocentric

B . . . Chou and Lin 2021 (B) 89 128 94 115 = 0.51 [0.28; 093] 25%
and one multicentric that included the previous center,
we kept the multicentric Study [16, 17] Meerwein et al. 2021 (0) 2 19 2 3 —— 165 [021; 1280 07%
Heimes et al. 2021 (O) 66 205 192 425 | 0.58 [0.41; 0.82] 3.0%
. . Knoll et al. 2022 (Gy) 134 371 64 240 i 1.55 [1.09; 222] 29:/n
Metastatic versus non-metastatic Kalofenetel 2022 7o P e z S
. . . . ——— [0.00; 992.95]
In the 45 studies that contained information on meta-
static stage shift, the OR (95% CI) on metastatic stage
Siméo et al. 2021 (B) 28 97 22 162 = 258 [1.38; 4.84] 24%
after vs before the COVID-19 outbreak reached 1.29 Morais ot 3 2024 (Al 217 o 206 1204 ;> 1% {1z 1es o
. . . . . . 877 1554 1.36 [0.26; 7.20] 8.1%
(1.06-1.57), indicating a higher probability of patients f0.00;15109.35
being metastatic after the outbreak (Fig. 2). Heterogene-
ity between studies was high, with a P of 89% (95% CI, Carerm 2020 . om = w5 N 2 23 loon oan e
Zhang et al. 2021 (L) 9 231 8 156 - 0.75 [0.28; 1.99] 1.8%
86-91) and ORs varying from 0.14 to 12.07. Funnel plot 696 we_ = o8 foas ssloex
showed uneven distribution of small studies (Fig. 3), but
the arCSine test was not Signiﬁcant (p = 025) Kempf et al. 2022 (C) 54 176 124 413 103 [070; 151] 29%

Linck et al. 2022 (B) 10 134 3 120 <; 3.15 [08.4. 1711 1.3%
In subgroup analysis per country, results reached sta- e = 140 foon vizmen a2
tistical significance for Italy (seven studies) and Spain
(One Study)’ Wlth ORS Of 1.55 (101_239) and 1.14 (102_ Kasymjanova et al. 2021 (L) 11103 59 130 = 014 007, 029] 23%
1.29) respectively (Fig. 3). In other countries with more
Davies et al. 2022 (Gy) 21 152 26 208 L J 1.12 (061, 208] 25%
than one study, ORs were 1.65 (0.37-7.32) for Turkey, oy et o 2023 8) 5 e e e e 351 Dose a3 2%
Shinkwin et al. 2021 (C) 85 267 145 539 127 [0.92; 1.75] 3.0%
1.14 (0.46-2.84) for the Netherlands, 1.88 (0.78-4.53) for Kusktal 2021 ©1) NI T o one wee e
—— [0.25; 12.28]
the US, 1.48 (0.00-1,135.67) for France, 0.96 (0.26-3.53)
for Germany, 1.36 (0.26-7.20) for Portugal, 0.91 (0.15-
A . . Lim et al. 2021 (C) 134 715 419 2514 | 1.15 [033: 1.43] 31:/9
5.57) for China, 1.77 (0.76-4.10) for the United Kingdom, Kang et s, 2021 &) B 1025 e tou ‘ Too [o72 res 2a%
1907 4001 124 [0.75; 2.04] 8.9%

and 1.24 (0.75-2.04) for South Korea. - a7, s2e1
In subgroup analysis per location, the related OR

reached statistical significance for breast and gynecologic Vet o o 2055 (0o ERCI: E Wb
cancers: 1.51 (1.07-2.12) and 1.51 (1.04-2.18) respec-
tively (Fig. 4). ORs for other cancer types did not reach

Donadio et al. 2021 (B, Gy) 61 312 77 517 139 [0.96; 201] 29%

statistical significance: 0.79 (0.18-3.52) for lung cancer,
1.15 (089—1.4'9) fOr COlOreCtal cancer, 1.45 (0.62—342) Ruiz-Medina et al. 2021 (NA) 855 2186 939 2611 114 (102 129] 32%
for other types of digestive cancers, 2.26 (0.51-10.05) for

. . Lee et al. 2022 (C) 6 53 4 38 - 109 [0.28; 4.14] 1.3%
prostate cancer, 12.07 (0.57-253.68) for genito-urinary
Rand_ovr_\ e"_eCls model 36152 62155 i 129 [1,065 1.57] 100.0%
cancer (one study only), 2.49 (0.00-84,469.69) for mela; s s -y T F T b 31
nomas, and 1'01 (0‘59_1‘75) for Other types OfCanCerS (X Test for subgroup differences: i3 = 52.35, df = 16 (p <0.01) 0001 01 1 10 1000

Fig. 2 Metastatic tumor rates before and after the Sars Cov2

= 24.60, p<0.01) (Fig. 4a). The funnel plot for breast can- outbreak, according to study country

cer (the only cancer type with more than ten studies) is
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Fig. 3 Funnel plot for assessment of study bias

available in Supplementary material (Figure S2). Arcsine
test was non-significant (p = 0.76).

Localized versus advanced cancer (Stages I-1l vs 11I-1V)

In the analysis of localized versus advanced cancer stages
(i.e., stages I-1I vs III-IV), the pooled OR was 1.48 (0.84-
2.62) (Fig. 5). None of the subgroup analyses per location
or per country reached statistical significance (Figs. 5 and
6). Heterogeneity was high, with I = 51% (0-77) and ORs
varying between 0.13 and 10.67

Studies with no metastatic patients (Stages I-1l vs lll)

In the analysis of Stages I-II vs III, in studies that did
not include metastatic patients, the pooled OR was 1.32
(0.92-1.89) (Figs. 7 and 8).

Discussion

We have reviewed published evidence on the impact of the
Covid19 outbreak on cancer stages at diagnosis. The results
of the main analysis (45 studies) showed an increased rate
of metastatic stages at initial clinical presentation, for new
solid cancer cases, after compared to before the COVID-
19 outbreak. Subgroup analyses yielded significant results
for breast and gynecologic cancers, and for Italy and Spain.
Secondary analyses on Stages I-II vs III-IV (nine studies)
and Stages I-1I vs III (for the six studies that excluded meta-
static patients) yielded non-significant results.

Based on these results, one may conclude that the pan-
demic has been associated with more severe forms of
cancer at diagnosis. However, we noticed large variations
between countries, as well as between tumor locations.

05 10 20 5.0

I I I I I
20.0

Odds Ratio

This heterogeneity is still present in more recent obser-
vational studies. For example, studies found significant
stage shifts for melanomas in the US and Greece, for lung
cancer in the UK, for breast cancer in Brazil and for gen-
ito-urinary cancers in Iran [74-78]. For colorectal cancer,
stage shifts were absent in Canada and the US but notice-
able in Italy and South Korea [79-82]. In a systematic
review, Pararas et al. analyzed stage shifting for colorectal
cancer. They noted a significant increase in the number
of patients presenting with de novo metastatic neoplasms
during the pandemic (OR 1.65, 95% CI 1.02-2.67) [83].
We found a positive but non-significant association
between the Covid19 pandemic and de novo metastatic
colorectal cancer, but our analysis included less patients
for this location, which may explain the difference in
findings.

In our study, Italy and Spain were associated with sig-
nificant increase of de novo metastatic tumor stages.
In the case of Italy, this might be due to the number of
studies included (seven studies including 7,423 patients,
versus five for the UK, six for the US and one to three
for other countries). Interruptions to national screening
programs could partly explain the excess of metastatic
cases observed in Italy [84—86]. We also observed a sig-
nificant increase in metastatic stages in Spain. However,
we included only one Spanish study, limited to Malaga’s
region, and more recent Spanish studies have obtained
contrasting results [87, 88].

We found a significantly lower presence of metastatic
stages at diagnosis after the COVID-19 outbreak in
Taiwan and Canada. We included only one small study
from each of these countries, so the results should be
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Experimental Control

Study Events Total Events Total Odds Ratio OR 95%-Cl
ilgiin and OGzmen 2021 (Turkey) 19 176 8 206 — 300 [1.28 7.02]
Tang et al. 2022 (USA) 18 247 17 703 - 317 [1.61, 6.26]
ij etal. 2021 (| ds) 261 4769 555 11502 1.14  [0.98; 1.33]
Toss et al. 2021 (ltaly) 8 164 10 183 - 089 [0.34; 230]
Isiklar et al. 2021 (Turkey) 5 36 7 42 — 0.81 [0.23; 2.80]
Chou and Lin 2021 (Taiwan) 89 128 94 115 b | 051 [0.28; 0.93]
Guven et al. 2021 (Turkey) 25 119 21 218 + 249 [1.33; 4.68]
Simao et al. 2021 (Portugal) 28 97 22 162 - 258 [1.38; 4.84]
Vanni et al. 2020 (Italy) 4 203 1 174 T 3.48 [0.39; 31.41]
Hawrot et al. 2021 (USA) 12 162 10 198 = 150 [0.63; 3.58]
Borsky et al. 2022 (UK) 13 163 10 276 el 231 [0.99; 5.38]
Linck et al. 2022 (France) 10 134 3 120 — 3.15 [0.84; 11.71]
Donadio et al. 2021 (Brazil) 42 268 59 457 r 125 [0.82; 1.92]
Kaltofen et al. 2022 (Germany) 17 150 19 170 T 1.02 [0.51; 2.03]
Kang et al. 2021 (South Korea) 49 1023 46 1044 T 1.09 [0.72; 1.65]
7839 15570 151 [1.07; 212]
-— [0.51; 4.45]
Dauvis et al. 2022 (USA) 5 313 1 375 = 6.07 [0.71; 52.24]
Guven et al. 2021 (Turkey) 4 10 5 15 —E— 1.33  [0.25; 7.01]
323 390 —_— 2.49 [0.00; 84469.69]
Meerwein et al. 2021 (Switzerland) 2 19 2 30 - 1.65 [0.21; 12.80]
Lucidi et al. 2022 (ltaly) 61 125 48 139 [* 1.81  [1.10; 2.96]
Heimes et al. 2021 (Germany) 66 205 192 425 0.58 [0.41; 0.82]
Zhang et al. 2021 (China) 293 328 685 731 * 056 [0.35; 0.89]
Kiong et al. 2021 (USA) 4 117 3 156 o 181 [0.40; 823]
Stevens et al. 2022 (USA) 6 134 3 134 T 205 [0.50; 8.36]
Schoonbeek et al. 2022 (Netherlands) 44 1641 77 3287 * 115 [0.79; 1.67]
2569 4902 1.01  [0.59; 1.75]
- [0.29; 3.57]
Dolan et al. 2022 (USA) 3 32 1" 67 - 0.53 [0.14; 2.04]
Kuzuu et al. 2021 (Japan) 156 589 497 2637 1.55 [1.26; 1.91]
Brito et al. 2021 (Portugal) 12 29 17 41 - 100 [0.38; 262
Cai et al. 2020 (China) 4 51 3 150 417 [0.90; 19.31]
Miyawaki et al. 2022 (Japan) 30 168 40 378 e 184 [1.10; 3.07]
869 3273 > 145 [0.62; 3.42]
—— [0.22; 9.73]
Guven et al. 2021 (Turkey) 67 121 62 155 = 1.86 [1.15; 3.01]
Kempf et al. 2022 (France) 54 176 124 413 1.03  [0.70; 1.51]
Lim et al. 2021 (South Korea) 134 715 419 2514 115 [0.93; 1.43]
Kuzuu et al. 2021 (Japan) 53 360 238 1581 097 [0.71; 1.34]
Brito et al. 2021 (Portugal) 13 62 22 77 1 0.66 [0.30; 1.46]
Shinkwin et al. 2021 (UK) 85 267 145 539 E 127 [0.92; 1.75]
Cai et al. 2020 (China) 3 86 5 201 - 142 [0.33; 6.07]
Lee et al. 2022 (Singapore) 6 53 4 38 -1 1.09 [0.28; 4.14]
1840 5518 115 [0.89; 1.49]
- [0.68; 1.95]
Guven et al. 2021 (Turkey) 88 120 115 159 il 1.05 [0.62; 1.79]
Kasymjanova et al. 2021 (Canada) 11 103 59 130 - 0.14 [0.07; 0.29]
Park et al. 2020 (South Korea) 81 169 165 443 155 [1.08; 222]
Bertolaccini et al. 2022 (Italy) 5 255 0 122 +— 5.38 [0.30; 98.07]
Zhang et al. 2021 (China) 9 231 8 156 - 075 [0.28; 1.99]
878 1010 0.79 [0.18; 3.52]
[0.02; 35.26]
Guven et al. 2021 (Turkey) 4 13 5 25 1.78 [0.38; 8.23]
Bogani et al. 2022 (ltaly) 167 2446 129 2718 147 [1.16; 1.86]
Davies et al. 2022 (UK) 21 152 26 208 4 112  [0.61; 2.08]
Knoll et al. 2022 (Germany) 134 371 64 240 155 [1.09; 2.22]
Donadio et al. 2021 (Brazil) 19 37 18 60 | 246 [1.05; 5.76]
3019 3251 151 [1.04; 2.18]
= [0.84; 2.71]
Nossiter et al. 2022 (UK) 4132 15360 3263 23715 231 [219; 243]
Pepe et al. 2021 (ltaly) 9 98 1 187 il 162 [0.65; 4.05]
15458 23902 < 226 [0.51; 10.05]
Kuusk et al. 2021 (UK) 2 104 0 247 T 12.07 [0.57; 253.68]

| I I R B

Heterogeneity: 1 = 86% [83%; 89%), 1* = 0.2879 [0.1032; 0.4197], p < 0.01
Test for subgroup differences: x§ =24.60,df =8 (p <0.01) 0.001 0.1 1 10 1000

Fig. 4 Metastatic tumor rates before and after the pandemic, according to cancer type
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Control

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Wai et al. 2021 (O) 16 22 6 30 —— 10.67 [2.92; 39.00] 7.3%
Riju et al. 2021 (O) 21 26 117 192 —'— 269 [097; 745] 9.1%
Goenka et al. 2021 (Gy) 33 39 37 43 —— 0.89 [0.26; 3.04] 7.7%

65 235 <:>— 1.64 [0.00; 1902.97] 16.9%
Purushotham et al. 2021 (B, C, L, P) 273 559 466 1038 1.17 [0.95; 1.44] 14.9%
Ruiz-Medina et al. 2021 (B, C, L, P, M, O, Ga, Gy, G-U) 1309 2079 1471 2480 117  [1.03; 1.31] 15.2%
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Prediction interval —— [0.30; 7.24]
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Test for subgroup differences: x? =13.83,df =7 (p = 0.05)
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Fig. 5 Rates of stage Il versus IIl-IV before and after the pandemic according to study country

interpreted with caution. Taiwan drew on its experi-
ence of the 2003 SARS pandemic, and applied early
policies of travel regulation, testing, and prevention,
avoiding lockdowns and screening postponoments [89,
90]. We included a single Canadian study about lung
cancer in Quebec. In the same province, Ramanakumar
et al. did not find any significant difference in Stage IV
for lung cancer before and after the pandemic [91].

We found significantly more metastatic stages at diag-
nosis after the Covid-19 outbreak for breast and gyneco-
logical cancers. In both cases, we included multiple large
studies (15 studies with 23,409 patients for breast cancer,
5 studies with 6,270 patients for gynecological cancers).
In both cases, interruptions of screening programs may
have contributed to the result.

From a general point of view, our results suggest that
cancer care disruptions such as national lockdowns
and national screening programs postponement led to
more severe cancer cases with more metastasis at diag-
nosis. Unfortunately, these findings only give weight
to the dark projections obtained in modelling studies,
which anticipate an increase in cancer-related deaths
[92-94]. Lockdowns and interruptions to screening
programs were probably only one factor contributing
to the decrease in diagnoses. Patients feared Covid-19

infection, sometimes more than cancer [95, 96], which
can explain the prolonged impact on care seeking
behaviors.

We conducted a systematic review of the academic
literature, with dual, blinded study selection and data
extraction. We covered all cancer types and regions. We
also analyzed studies per cancer type and per country, to
account for the possibility of different impacts of the pan-
demic. We included a large number of studies, covering
109,996 patients over 19 countries. However, some limi-
tations must be taken into consideration when consider-
ing our findings.

Many studies in our review were small and monocenter.
Researchers in areas most affected by the pandemic may
have been more prone to report observational data, gen-
erating a publication bias (although this was not detected
in our analyses). Monocentric studies also cannot
account for potential reconfigurations in care trajecto-
ries, with some hospitals attracting more cancer patients
during the pandemic while others focused on Covid-19
care. Only a minority of studies were population-based,
which is the only way to mitigate these issues. When ana-
lyzing studies by country, we could not account for vari-
ations between regions, including the level of restrictions
imposed (e.g., between American states).
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Experimental Control

Study Events Total Events Total Odds Ratio OR 95%-Cl
Purushotham et al. 2021 (UK) 54 175 71 233 ; 1.02 [0.67; 1.56]
Ruiz-Medina et al. 2021 (Spain) 125 535 144 731 1.24 [0.95; 1.63]
710 964 < 117  [0.23; 5.89]

Purushotham et al. 2021 (UK) 57 77 116 169 & 1.30 [0.71; 2.38]
Ruiz-Medina et al. 2021 (Spain) 292 392 339 474 1.16 [0.86; 1.57]
469 643 < 119  [0.20; 6.93]

Ruiz-Medina et al. 2021 (Spain) 43 97 62 126 0.82 [0.48; 1.40]
Ruiz-Medina et al. 2021 (Spain) 83 136 91 142 i 0.88 [0.54; 1.43]
Kaltofen et al. 2022 (Germany) 49 86 40 91 " 1.69 [0.93; 3.06]
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261 276 J> 113  [0.39; 3.27]

— [0.02; 84.75]
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Ruiz-Medina et al. 2021 (Spain) 131 151 132 167 =
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174 095 3.17]
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Ruiz-Medina et al. 2021 (Spain) 30 35 51 55 é 047 [0.12; 1.89]
167 453 0.89 [0.01; 93.51]

Heterogeneity: 12 = 48% [12%; 69%], t° = 0.3864 [0.0220; 0.9633], p < 0.01
Test for subgroup differences: X; =17.47,df =9 (p = 0.04) 0.001 0.11 10 1000

Fig. 6 Rates of stage I-ll versus lIl-IV before and after the pandemic according to cancer type
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Fig. 7 Rates of stage Il versus IIl before and after the pandemic according to study country
Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-ClI
Vanni et al. 2021 (Italy) 9 37 7 46 TE— 1.79 [0.60; 5.38]
Romics et al. 2021 (UK) 41 168 265 1390 | 1.37 [0.94; 2.00]
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157 126 1.60 [0.01; 235.37]
Choi et al. 2021 (South Korea) 256 643 556 1413 1.02 [0.84; 1.23]
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Heterogeneity: 12 = 33% [0%; 73%], 12 = 0.0462 [0.0000; 0.5080], p = 0.19 ! ‘ '
Test for subgroup differences: X?, =5.29,df =3 (p =0.15) 0.01 041 1 10 100

Fig. 8 Rates of stage I-Il versus lIl before and after the pandemic, according to cancer type

We also noticed methodological differences. The way at the apex of the pandemic, when screening programs
pre- and post-Covid time periods were defined varied stopped, and their area was under lockdown. It is likely
between studies. Some studies focused on a short period  that only the most serious patients presented to hospital
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at these times, increasing the rate of advanced tumors
while the absolute number of patients decreased. Other
studies defined the COVID-19 period more broadly. Data
sources were also heterogeneous in our sample. A few
studies were based on registries, which normally guaran-
tee good data completeness and reliability. Other studies
mixed data sources, used EHRs or claims data. This may
have affected both completeness and quality of the data.

Finally, we only included English sources, and focused
on full articles. Data may also have been shared in other
languages, and studies presented as conference abstracts
may not have been published as full articles.

Despite these limitations, our results suggest that
national cancer screening programs should be main-
tained in high-risk populations even during infectious
outbreak waves. After the disruptions, platforms of rapid
cancer diagnosis might compensate the interruptions of
screening programs and clear diagnosis backlogs. The
issue of how cancer care recovers from the pandemic
would require population-based studies. Such studies
are likely to be available only once registries have been
updated, which may take some time [97]. These studies
should also look at the evolution of patient survival, given
the dark picture painted by modeling studies. Finally,
the data we analyzed comes overwhelmingly from high-
income countries. Analyzing outcomes in low- and mid-
dle-income countries is important to understand how
their healthcare systems have worked to mitigate the
pandemic impact.

Conclusion

The COVID-19 outbreak has affected cancer manage-
ment around the world. This meta-analysis of 58 articles
from 19 countries showed an increased rate of metastatic
stages at initial clinical presentation for new solid can-
cer cases diagnosed after the COVID-19 outbreak, with
variations between cancer types and between countries.
Future studies on the long-term consequences of the pan-
demic should also assess the impact on patient survival.
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