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Abstract

Despite extensive research on cancer care during the COVID-19 pandemic, evidence
on the impact on prediagnostic time intervals is lacking. To better understand how
COVID-19 changed the pathway to diagnosis of cancer, we examined the length of
intervals from symptom onset to diagnosis for 13 common cancer types with known
clinical stage over 1-year nonpandemic period (March 2019 to March 2020;
N = 844) and three biannual COVID periods (March 2020 to September 2021;
N = 1172). We analyzed the patient interval (from first symptoms to presentation to
a physician), the primary care/emergency department interval (from presentation
with relevant symptoms to a primary care or emergency department physician to
referral to a hospital-based diagnosis center) and the hospital interval (from referral
to diagnosis). Compared to nonpandemic data, there were significant changes across
COVID periods. The pandemic mostly impacted patient intervals for cancers diag-
nosed over the first 6 months after onset in March 2020. Overall median patient
intervals were longest in the early COVID period (39 [IQR 22-64] days) and shortest
in the nonpandemic period (20 [IQR 13-30] days; Kruskal-Wallis test [;?], P < .0001).
Differences in clinical stage between periods were relevant, with cancers from the
mid-period (September 2020 to March 2021) showing the most advanced stage.
A shift to later stage was plausibly a result of delayed intervals in the early COVID
period. Since intervals are eventually relevant to prognosis, our results provide a
baseline against which the impact of improvement strategies to minimize the nega-
tive outcomes of COVID-19-associated cancer delays can be assessed and

implemented.
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What's new?

The time interval from symptom onset to cancer diagnosis is shaped by multiple factors,
including access to healthcare. During the ongoing COVID-19 pandemic, healthcare access has
at times been severely restricted. How this has affected time to cancer diagnosis remains

Abbreviations: COVID-19, coronavirus disease 2019; ED, emergency department; IQR, interquartile range; PC, primary care.
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unknown. Here, time intervals from symptom onset to diagnosis were analyzed for 13 cancer

types from March 2019 through September 2021. Median intervals increased markedly over

the first six months of the pandemic. Cancers from the mid-period, September 2020 to March

2021, were diagnosed at more advanced stages, a shift likely related to delayed diagnosis in the

early pandemic period.

1 | INTRODUCTION
In contrast to asymptomatic detection via screening interventions or
detection as an incidental finding during an unrelated procedure,
patients are most commonly diagnosed with cancer after presenting
with suspected symptoms to physicians at primary care (PC).}?
Research on suspected cancers has expanded since 1999/2000 when,
in the United Kingdom, concerns about delays in diagnosis prompted
the implementation of urgent referral pathways.>* Studies have
shown that increased use of urgent referrals from PC is associated
with a reduction in late-stage disease and mortality for most cancer
types.>” Aware of the prognostic relevance of earlier-stage diagnosis,
the international research community created standards that could be
examined and compared between healthcare systems. The result was
the publication in 2012 of the Aarhus statement, which provides defi-
nitions for time points and intervals in the route to diagnosis of can-
cer.2 With the date of first symptom as the first individual time point
in the pathway and the date of diagnosis as the last, three main inter-
vals were defined: the patient interval, from first symptom to first pre-
sentation to a physician, the PC interval, from first presentation to a
PC physician to first referral to another physician (typically, at second-
ary care) for further diagnostic activity and management and the
secondary care interval, from first referral to treatment start. Additionally,
the time elapsed between first presentation and date of diagnosis makes
the commonly used diagnostic interval 8

The intervals in the patient journey from symptom onset to
diagnosis can be shaped by patient-, physician- and healthcare
system-related factors,” with implications for clinical outcomes.'® For
example, longer intervals to care-seeking for cancer symptoms are
associated with advanced stage at diagnosis, particularly in low-
resource communities with psychological, social and cultural barriers
for contacting healthcare providers.}**2 To date, however, high-
quality evidence on the association between intervals and outcomes
is limited. A challenge in such evaluation is the waiting-time paradox,
by which shorter diagnostic intervals in more unwell patients with
aggressive disease are associated with poorer outcomes compared to
those experiencing longer intervals.?° This phenomenon was consid-
ered in a systematic review in 2015 that examined the association
between time to diagnosis or treatment and outcomes across a wide
range of cancer types.'® A total of 209 studies were analyzed includ-
ing those accounting for the waiting-time paradox, and results were
arranged according to the type of association, namely, positive (evi-
dence of shorter/longer intervals being associated with more/less
favorable outcomes), negative or no association. Despite data hetero-

geneity, there were more reports of a positive association between

shorter times to diagnosis and more favorable outcomes (improved
earlier-stage diagnosis, survival and quality of life) for colorectal,
breast, head and neck, melanoma and testicular cancers. Whereas a
more limited number of studies showed a positive association for
prostate, pancreatic and bladder cancers, there was no association or
it was negative for others, including lung cancer.’®* More recently, a
systematic review evaluating the secondary care interval for non-small
cell lung cancer (from referral to first treatment receipt) suggested an
association between shorter times to treatment and improved out-
comes in early-stage disease, mostly in patients having surgery.'*
Against this background, it must be stressed that diagnosing can-
cer at a treatable stage will be feasible as long as a number of investi-
gative tests are available to clinicians evaluating suspected patients.*®
However, owing to well-known overshadowing, lack of access to
healthcare facilities during the ongoing coronavirus disease 2019
(COVID-19) pandemic meant that key investigations were delayed or
canceled even for patients with cancer symptoms who were subse-
quently diagnosed with cancer.® By monitoring the weekly diagnostic
activity of a quick diagnosis center at a tertiary hospital during the
pandemic and comparing it with nonpandemic data, we reported that,
as volumes declined, waiting times to endoscopic, imaging and
biopsy/cytology procedures increased significantly. As a result, both
for cancer and noncancer patients, diagnosis was markedly delayed.?”
Although changes in referral patterns and cancer detection rates fol-
lowing the pandemic declaration are well documented, evidence on
its impact on Aarhus statement-defined time intervals from symptom
onset to diagnosis is lacking. We therefore set out to examine differ-
ences in the length of intervals in the diagnostic pathway for a range
of common cancers in patients presenting with suspected symptoms

before and during the course of the pandemic.

2 | METHODS

21 | Design and setting

For this retrospective study, we included patients with a new diagno-
sis of cancer who had been consecutively referred to a quick diagnosis
center at an academic hospital in Barcelona between 1 March 2019
and 1 September 2021. This tertiary public hospital provides complex
healthcare services for patients attended at PC centers, the emer-
gency department (ED) and others referred from secondary-level hos-
pitals. Based on a daycare facility, the diagnosis center evaluates
patients with symptoms potentially indicative of cancer. Primary care

constitutes the referral source for 40% to 45% of patients and 20% to
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25% of them are diagnosed with cancer.?” Further, up to 30% of
patients referred from the ED, the main source for referral, have a
diagnosis of cancer.'® The operating procedures, staffing and referral

criteria have been described elsewhere.?

2.2 | Patient population

The study population involved individuals aged 18 years and older
from the catchment area of the hospital (“Example” borough; popula-
tion 540 000) who were diagnosed with one of the following solid
tumor sites: pancreas, colon, rectum, lung, esophagus, stomach,
breast, head and neck, kidney, urinary tract and bladder, ovary, endo-
metrium and liver. Kidney, urinary tract and bladder cancers were con-
sidered jointly as were colorectal cancers. These cancers were
selected as they are the most common nonhematologic cancers with
symptomatic presentation in Spain, representing 65.8% of all incident
cancers globally,?° they span a broad range of clinical aggressiveness,
and they are managed and treated in most qualified institutions and

departments.

2.3 | Study periods

The first COVID-19 case in Spain was detected on 31 January 2020
(25 February 2020 in Catalonia). By the spring of 2020, the country
was one of the most severely affected in Europe.?! The pandemic
periods of the study were established considering the timeline of the
COVID-19 pandemic in Barcelona and Spain and the ongoing situa-
tion at the hospital.?? The early period (March to September 2020)
paralleled the first pandemic wave in Catalonia, characterized by the
extreme pressure on the healthcare system and the first lockdown on
14 March 2020.2° The mid-period (September 2020 to March 2021)
concurred with the second (October to December 2020) and third
(January to March 2021) pandemic waves, with different levels of
restrictions and delivery, as of 27 December 2020, of the first
COVID-19 vaccines for specific population groups. The late period
(March to September 2021) correlated with the fourth (March to July
2021) and fifth (July to October 2021) pandemic waves, characterized
by an overall decline in the number of new cases but emergence, as of
early July 2021, of the COVID-19 delta variant, which mostly affected
youngsters and young people with a low vaccination coverage.?22*
We also defined a nonpandemic or pre-COVID period, running from
March 2019 to March 2020.

24 | Time intervals

The primary outcome was the length of time spent within time points
recognized as significant markers on the prediagnostic pathway of
cancer from first symptoms to diagnosis.® The study intervals were
defined considering the waiting-time targets set in the Strategy on

Cancer of the National Health System.?®> These targets are based on
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information collected by the own public body through nationwide
audits and available evidence. Three intervals were analyzed: the
patient interval, from first recorded symptom (see below) to presenta-
tion to a healthcare provider; the PC/ED interval, from presentation
to PC or ED to referral to the diagnosis center and the hospital inter-
val, from referral to date of diagnosis (first confirmatory histology
report).

2.5 | Database

Information on the variables of interest was extracted from the
e-health records of the hospital and PC centers and a deidentified
database was created. Data quality was assessed through external
audits, which validated the variables in the e-health record system. In
addition to the patient, PC/ED and hospital interval, audited variables
included tumor-specific, demographic and clinical variables. Stage at
diagnosis was categorized according to the Union for International
Cancer Control TNM classification (I, Il, 1l and stage IV or meta-
static).2® Demographic variables were abstracted and included age at
diagnosis (continuous variable with age groups: 18-49 years,
50-59 years, 60-69 years, 70-79 years, 80-89, 290 years); sex (male,
female); ethnicity (White, non-White); household income (median
income in patient's zip code: highest, intermediate-high, intermediate-
low, lowest) and median education level (highest, intermediate-high,
intermediate-low, lowest). Clinical variables were abstracted and
included previous history of cancer and any evidence of relapse at
follow-up; Charlson's comorbidity score (0, 1, 2, 23)27; alcohol con-
sumption (none, excessive, normal limits); smoking status (none, cur-
rent smoker, former smoker) and presenting symptoms. Information
on new-onset symptoms was captured from e-health records and
referral letters sent by PC and ED physicians, and were elicited pro-
spectively (before diagnosis) during healthcare encounters using a list
of 17 symptoms and signs (or abnormal findings), namely, dysphagia,
rectal bleeding, palpable abdominal mass, abdominal pain, hepatomeg-
aly/liver mass, change in bowel habit, exudative ascites, hemoptysis,
dyspnea, cough, lump/lymphadenopathy, breast lump/mass, hematu-
ria, metrorrhagia, weight loss, iron-deficiency anemia and suspected
cancer in imaging investigation (related to presenting symptoms or as

an incidental finding).

2.6 | Inclusion and exclusion criteria

Only patients with a histologically confirmed diagnosis of cancer were
eligible. Screen-detected cases, patients not fulfilling the original
referral criteria for evaluation and those with an overall performance
status precluding proper management at an ambulatory diagnosis cen-
ter were excluded.?® Exclusion criteria also applied to cancers with
missing or unknown intervals, histology and staging in e-health
records, stage O cancers, patients with severe acute respiratory syn-
drome coronavirus 2 infection and those who died or were lost to

follow-up before diagnosis.
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2.7 | Statistical analyses

For all cancer types, time intervals were computed from March 2019
to March 2020 and for each COVID period from March 2020 to
September 2021. Since the graphical analysis of intervals revealed
skewed distributions (confirmed with the Kolmogorov-Smirnov test),
medians with interquartile ranges (IQR 25-75) are reported. Overall
and for each cancer site, differences in intervals between periods
were determined with the Kruskal-Wallis nonparametric analysis of
variance test and, when such test revealed significant differences at
the 0.05 level, both the Dunn's test and the Wilcoxon rank-sum test
were run to determine exactly which groups were different. Differ-
ences in demographics, clinical variables and stage at diagnosis were
assessed with t-tests or the Mann-Whitney U test for continuous data
and the Fisher's exact test or the 42 test for categorical data and fre-
guencies. A two-sided P-value of .05 or less was characterized as sta-
tistically significant. Statistical analyses were done using OriginPro
2022 (OriginLab, Northampton, Massachusetts) and GraphPad Prism
v9.3.0 (GraphPad Software, San Diego, California).

3 | RESULTS

The flow of patient selection by study period is outlined in Figure 1.
There were 909 patients who were initially eligible in the nonpan-
demic period, 332 in the early period, 387 in the mid-period and
562 in the late period. After applying the exclusion criteria, a total of
844, 306, 351 and 515 patients with solid tumors, respectively, were

selected for definitive analysis.

Nonpandemic period
March 2019 to March 2020
Initially eligible N =909

Early period
March to September 2020

3.1 | Cancer sites

The number of cancers diagnosed in each period can be seen in
Figure 2 and Table S1. Although for each tumor site, numbers
decreased appreciably in the early and mid-period and rebounded in
the late period, percentages showed little variation throughout the
duration of the study. Most common cancers across periods were
pancreatic, colorectal and lung cancer. Of 844 pre-COVID patients,
130 (15.4%) were diagnosed with pancreatic cancer, 125 (14.8%) with
colorectal cancer and 121 (14.3%) with lung cancer. Across COVID
periods, the percentage of pancreatic cancers ranged from 16.3%
(50/306) in the early to 17.1% (88/515) in the late period. For colo-
rectal cancer, it ranged from 14.4% in the early to 15.9% in the late
period and, for lung cancer, from 16.3% to 17.3%, respectively. The
number and percentages of less common cancers is shown in Figure 2
and Table S1. Gastric and esophageal cancer were relatively common,
being diagnosed in 8.1% and 7.1% of nonpandemic patients, respec-
tively. Across COVID periods, 7.2% to 7.4% of patients were diag-
nosed with gastric cancer and 6.5% to 6.8% with esophageal cancer.
Liver cancers were the least common of the study and showed similar

percentages across periods.

3.2 | Patient characteristics

The general characteristics of patient cohorts are shown in Table 1.
The ED was the main referral source over the four periods, most nota-
bly in the mid-period (58.1% of referrals). Mean age ranged from 66.8
(SD 12.7) years in the nonpandemic to 69.1 (14) years in the late

COVID-19 pandemic
March 2020 to September 2021

Mid-period Late period
September 2020 to March March to September 2021

2021

Excluded
n =24 improper referral criteria

Initially eligible N =332

Initially eligible N = 387 Initially eligible N = 562

n =15 no primary referralsources
n =10 improper performance/multimorbidity
n=9 missing intervals/staging

n=4 |ost/dead before diagnosis
n=3 screening/stage 0

353 333335
L | T B T
AT\ IR 6 R (e]

Excluded
wrong referral criteria
other referral sources
multimorbidity/poor perf.
missing intervalshistol.
dead before diagnosis
SARS-CoV-2 infection

Excluded
1 wrong referral criteria
other referral sources
missing staging/histol.
poor performance
lost/dead before diag.
screen-detected

Excluded
4 referral criteria not met
1 other referral sources
1 miss. intervals/histology
multimorbidity/poor perf.
SARS-CoV-2 infection

3 33335
[ | | S | A
N © = = =

3333353
o oo

NWoO NN =

Final sample N = 844 |

| Final sample N = 306

| | Final sample N = 351 | | Final sample N =515

FIGURE 1

Flowchart of patient selection by study period. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
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FIGURE 2

Liver cancer All cancers

Layout of multiple plots representing the 11 cancers types of the study and their number (blue symbols) over 1-year nonpandemic

and three COVID periods. The red dotted lines in each plot connect the number of cases in the 6-month nonpandemic period (March to
September 2019) to the number in the early pandemic period. EP, early pandemic period; LP, late pandemic period; MP, mid-pandemic period;

NP, nonpandemic period; UT, urinary tract

period. Nonpandemic patients had significantly lower income and
education levels and less comorbidities than late period patients.
There were fewer smokers among nonpandemic and mid-period
patients than among those from the late period. Weight loss was the
main presenting symptom in each period, ranging from 33.6% in the
nonpandemic to 37.9% in the mid-period. Common clinical manifesta-
tions across periods also included abdominal pain, suspected cancer in
imaging investigation and change in bowel habit. Exudative ascites
and respiratory symptoms including hemoptysis, dyspnea and cough

were more common among late period patients (Table 1).

3.3 | Time intervals

Median intervals differed by cancer type and by study period. Across
periods, gastric, lung and pancreatic cancers had the longest intervals,
whereas kidney/urinary tract/bladder, endometrial, head/neck and
esophageal cancers had the shortest. While median intervals for non-
pandemic cancers were shorter than in any other COVID period, early

period cancers had the longest (Tables 2, S2 and S3).

At the 0.05 level, overall median patient intervals were longest in
the early (39 [IQR 22-64] days) and shortest in the nonpandemic
period (20 [IQR 13-30] days; Kruskal-Wallis, y? test, P <.0001;
Figure 3). For each cancer type, median patient intervals in the early
period were significantly longer than in the nonpandemic period, most
notably for gastric (66 [IQR 28-100] vs 24 [IQR 15-36.5] days, respec-
tively; P = .0002), lung (60 [IQR 31-84] vs 23 [IQR 18-38] days,
respectively; P <.0001) and pancreatic cancer (52 [IQR 26-72] vs
18 [IQR 11-27] days, respectively; P < .0001; Table 2).

Statistical differences were also observed in overall median
PC/ED intervals, which were longer in early and late periods (46 [IQR
19-72] and 40 [IQR 20-63] days, respectively) and shortest in the
nonpandemic period (34 [IQR 16-51] days; Kruskal-Wallis, ;{2 test,
P < .0001; Figure 4). For five cancer types (pancreatic, colorectal, gas-
tric, ovarian and liver), median PC/ED intervals in the early period
were significantly longer than in the nonpandemic period. Unlike
patient intervals, however, differences for other cancers were modest
(Table S2, Figure S1).

Analysis of hospital intervals revealed significant differences

between periods, both overall (P < .0001 on Kruskal-Wallis test) and
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TABLE 1 Patient characteristics by study period
Pre-COVID period, Early period, Mid-period, Late period,
N =844 N = 306 N =351 N =515

Sex, n (%) 674 245 288 422

Females 328 (48.7) 116 (47.4) 138 (47.9) 198 (46.9)

Males 346 (51.3) 129 (52.7) 150 (52.1) 224 (53.1)
Age at diagnosis, years [mean (SD)] 66.8 (12.7) 68.4 (11.2) 67.7 (13.3) 69.1 (14)

40-49 10.1 2 10 9.7

50-59 241 24.8 21.9 204

60-69 21.6 26.1 20.8 227

70-79 22.9 25.2 24.8 18.5

80-89 214 21.9 18.5 20.6

290 0 0 4 8.2
Median age, years (IQR) 67 (55-78) 69 (59-78) 68 (55-78) 68 (57-81)
Referral pathway, n (%)

Emergency department 466 (55.2) 176 (57.5) 204 (58.1) 290 (56.3)

Primary care 378 (44.8) 130 (42.5) 147 (41.9) 225 (43.7)
Household income, n (%)

Highest 150(17.8) 62 (20.3) 67 (19.1) 109 (21.2)

Intermediate-high 245 (29) 98 (32) 109 (31.1) 175 (34)

Intermediate-low 279 (33.1) 90(29.4) 108 (30.8) 143 (27.8)

Lowest 170 (20.1) 56 (18.3) 67 (19.1) 88(17.1)
Education level, n (%)

Highest 80 (9.5) 34(11.1) 36 (10.3) 62 (12)

Intermediate-high 195 (23.1) 77 (25.2) 85(24.2) 140 (27.2)

Intermediate-low 357 (42.3) 127 (41.5) 147 (41.9) 204 (39.6)

Lowest 212 (25.1) 68 (22.2) 83(23.7) 109 (21.2)
Ethnic origin, n (%)

White 789 (93.5) 290 (94.8) 330 (94) 490 (95.2)

Non-White 55 (6.5) 16 (5.2) 21 (6) 25 (4.9)
Previous history of cancer, n (%)

Yes 89 (10.5) 41 (13.4) 39 (11.1) 73 (14.2)

Relapse 6(6.7) 3(4.9) 0(0) 4 (5.5)

Median follow-up, months (IQR) 44 (36-53) 39 (33-46) 46 (41-51) 43 (35-51)
Charlson's index, n (%)

0-1 624 (73.9) 215 (70.3) 255(72.7) 356 (69.1)

2 183(21.7) 70(22.9) 78(22.2) 119 (23.1)

23 37 (4.4) 21(6.9) 18(5.1) 40(7.8)
Alcohol intake, n (%)

Normal limits 222 (26.3) 88 (28.8) 93 (26.5) 147 (28.5)

Excessive 64 (7.6) 28(9.2) 30 (8.6) 49 (9.5)

None 558 (66.1) 190 (62.1) 228 (65) 319 (61.2)
Smoking, n (%)

None 399 (47.3) 128 (41.8) 158 (45) 198 (38.5)

Current smoker 240 (28.4) 95 (31.1) 103 (29.3) 170 (33)

Former smoker 205 (24.3) 83(27.1) 90 (25.6) 147 (28.5)
Presenting symptoms/signs, n (%)

Dysphagia 56 (6.6) 18 (5.9) 25(7.1) 33(6.4)

Rectal bleeding 43(5.1) 12 (3.9) 26 (7.4) 28 (5.4)
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(Continued)

Pre-COVID period,
N = 844

Palpable abdominal mass 30 (3.6)
Abdominal pain 193 (22.9)
Hepatomegaly/liver mass 57 (6.8)
Change in bowel habit 86 (10.2)
Exudative ascites 41 (4.9)
Hemoptysis 45 (5.3)
Dyspnea 43(5.1)
Cough 74 (8.8)
Lump/lymphadenopathy 68 (8.1)
Breast lump/mass 46 (5.5)
Hematuria 27 (3.2)
Metrorrhagia 52 (6.2)
Weight loss 284 (33.6)
Iron-deficiency anemia 43 (5.1)
Suspected cancer in imaging investigation 78(9.2)

Early period, Mid-period, Late period,
N = 306 N =351 N =515
9(2.9) 9 (2.6) 20(3.9)
79 (25.8) 96 (27.4) 145 (28.2)
24 (7.8) 28 (8) 34 (6.6)
26 (8.5) 39 (11.1) 5(10.7)
11 (3.6) 14 (4) 34(6.6)
20 (6.5) 17 (4.8) 37(7.2)
19 (6.2) 23 (6.6) 39 (7.6)
36(11.8) 34(9.7) 67 (13)
24 (7.8) 24 (6.8) 45 (8.7)
15 (4.9) 14 (4) 26 (5.1)
9(2.9) 15 (4.3) 7(3.3)
22 (7.2) 20(5.7) 25(4.9)
114 (37.3) 133(37.9) 183 (35.5)
14 (4.6) 22 (6.3) 30(5.8)
31(10.1) 30(8.6) 57 (11.1)

?n italics, number of females and males in each period after excluding breast, ovarian and endometrial cancers.

TABLE 2 Distribution of median patient intervals for each cancer type over 1-year nonpandemic and three biannual COVID periods

Patient interval (days)

Nonpandemic period Early period Mid-period Late period
Cancer site N Median IQR N Median IQR N Median IQR N Median IQR
Pancreatic 130 18 11-27 50 52 26-72 58 45 29-63 88 38 17-50.5
Colorectal 125 25 16-36 44 48 21.5-67.5 57 42 24-65 82 37 24-46
Lung 121 23 18-38 50 60 31-84 55 52 31-69 89 46 25-59
Esophageal 60 20 8.5-23 20 28 17.5-44 24 25 15-38 35 22 9-31
Gastric 68 24 15-36.5 22 66 28-100 26 57 29-81 37 53 36-74
Breast 56 22 16.5-32 18 31 26-39 20 27 15-39.5 32 25 16.5-36
Head/neck 60 215 10-30.5 21 28 18-38 22 24 17-40 33 22 13-26
KUB 58 16 11-24 18 25 11-46 23 22 18-43 30 17 14-28
Ovarian 59 21 16-29 22 50 26-54 21 43 35-77 32 37 23.5-47.5
Endometrial 55 15 9-20 21 22 17-30 22 18 14-30 29 17 12-25
Liver 52 19 8.5-23.5 20 43 28.5-54 23 39 29-48 28 34 22-48.5

Abbreviations: IQR, interquartile range; KUB, kidney, urinary tract and blad

by cancer type, with longest median intervals for early period cancers
and shortest for nonpandemic cancers (Figure S2). Early period can-
cers with longest hospital intervals were gastric (25 [IQR 15-38] vs
15 [IQR 9-20] days in nonpandemic; P = .0002), pancreatic (24 [IQR
12-32] vs 16 [IQR 10-22] days in nonpandemic; P = .001) and lung
cancer (23 [IQR 14-26] vs 15 [IQR 10-20] days,

P = .003; Table S3). Hospital intervals for ovarian and liver cancers

respectively;

were also significantly longer in the early compared to the nonpan-

demic period.

der.

3.4 | Presenting symptoms and intervals

The nature and relative frequency of presenting symptoms of each
cancer type in each period are displayed as two-dimensional heat
maps (Figure S3). For some cancers, most patients presented with one
alarm symptom, without relevant differences between periods. Alarm
symptoms across periods included metrorrhagia (85%-100% of endo-
metrial cancer patients), hematuria (85%-100% of kidney/urinary

tract/bladder cancer patients), dysphagia (83%-94% of esophageal
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cancer patients) and breast lump/mass and neck lump/lymph node for
breast and head/neck cancer patients, respectively. In contrast, can-
cers with a broader range of presenting symptoms, mostly nona-
larm symptoms, across periods included pancreatic cancer
[abdominal pain (range 48%-58%); weight loss (30%-34%); change
in bowel habit (12%-20%)], gastric cancer [iron-deficiency anemia
(17%-21%); weight loss (15%-18%); exudative ascites (22% of
mid-period cases)] and ovarian cancer. Other cancers presented
with a combination of nonspecific and one or two alarm symptoms

including colorectal and lung cancer (Figure S3). As shown in

Tables 2, S2 and S3, median patient, PC/ED and hospital intervals
for cancers with broader symptom signatures were in general lon-
ger, especially in the early COVID period, than those with narrow
signatures.

3.5 | Stage at diagnosis

Investigation of clinical stage uncovered significant differences

between periods. Figure S4 is a visual representation of differences in
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stage between periods for each cancer type taking as baseline the
6-month nonpandemic period March to September 2019 (ie, away
from pandemic onset; N = 449). Table S4 shows the number and pro-
portion of tumors by stage at diagnosis over the four study periods
(March 2019 to September 2021). Compared to nonpandemic, mid-
period cancers had the most advanced stage. In particular, 84.5% of
pancreatic, 70.9% of lung and 69.2% of gastric cancers were diag-
nosed at stage IV in the mid-period, from 68.5%, 51.2% and 50%,
respectively, in the nonpandemic period. Overall, 51.3% of mid-period
cancers were diagnosed at stage IV, from 38.4% and 41.8% in the
nonpandemic and early COVID periods, respectively. Although late
period cancers were less advanced than those from the mid-period,
47% were still diagnosed with stage IV disease. For some cancers, dif-
ferences between periods were notable for both stage Il and
IV. Specifically, 36.8% and 38.6% of colorectal cancers from the mid-
period were diagnosed at stage Il and IV, respectively, compared to
27.2% and 24.8% from the nonpandemic period. Similar differences
were observed for ovarian and liver cancers but were less pronounced
for other cancers (Table S4, Figure S4).

Clinical stage was examined according to referral pathways (ie,
mode of presentation). Table S5 shows the distribution of cancers
from each period broken down by referral pathway and stage at diag-
nosis. Throughout March 2019 to September 2021, patients present-
ing as emergencies had more advanced stages than those referred
from PC, with significant differences between them. Considering only
stage Il to IV disease, ovarian, colorectal, gastric, lung and pancreatic
cancers had the highest rate of emergency diagnosis. Notably, there
were no differences in referral pathways between periods. For stage
Il to IV disease, ED referrals ranged from 62.6% in the nonpandemic
to 65.2% in the mid-period, and PC referrals ranged from 34.8% in the
mid-period to 37.4% in the nonpandemic period (Table S5).

4 | DISCUSSION

41 | Principal findings

This investigation provides insights into how COVID-19 changed time
intervals in the pathway from symptom onset to diagnosis across
13 major cancer types over three biannual COVID periods extending
from March 2020 up until September 2021. Despite the study popu-
lation was relatively heterogeneous, our data indicate that prediag-
nostic intervals across pandemic periods were longer than over 1-year
nonpandemic period. Although significant changes occurred through
all COVID periods, the impact was more marked for patient intervals
for cancers diagnosed over the first 6 months of the pandemic. For all
cancers combined, median patient intervals in the early pandemic
period were 95% longer than in the nonpandemic period. Though
PC/ED and hospital intervals were also significantly longer in the early
compared to the nonpandemic period, relative percent changes were
smaller. Combined with the fact that mid-period cancers had the most
advanced stage at diagnosis, these results suggest a shift to later-

stage disease from delayed intervals in the earlier period.
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4.2 | Findings in context

The present findings add to prior evidence about prediagnostic cancer
care during the pandemic by describing and comparing the length of
time intervals across a range of common cancers. This fills an impor-
tant gap in the literature, which has primarily focused on trends in
new cancer diagnosis. As reported by authors from different countries
and by our group, declining trends have been attributed to a combina-
tion of patient and health system factors, most notably a decrease in
the number of patients presenting in PC, a decrease in the number of
early referrals from primary to secondary care, and major setbacks at
secondary care with hospitals reassigning healthcare resources to
pandemic preparedness.}”182934 Consistent with reported findings,
the number of cancers in our study decreased from an average of
70 per month in the pre-COVID period to 51 per month in the early
period, or a relative reduction of 27.1%. An upward trend was
observed afterwards into the mid-period, in which the monthly aver-
age was 59, representing a 15.7% reduction compared to the nonpan-
demic average.

Our results suggest an impact of COVID-19 on stage at diagnosis,
with significant differences between periods. Some evidence exists on
stage-shift to later-stage disease due to the pandemic. By investigat-
ing the stage distribution of lung cancer in 554 patients between
1 July 2019 and 31 March 2021, a retrospective study at a large hos-
pital in New York found that, in comparison with the distribution in
nonpandemic months and the second quarter of 2020, which included
the lockdown period, the proportion of stage IV cancers diagnosed
during the quarters succeeding gradual resumption (October 2020 to
March 2021) increased significantly.>®> Arguably, an apparent stage-
shift was a consequence of lockdown-related delays and the reported
exponential nature of lung cancer growth and time to progression.
Interestingly, a recent study analyzing circulating concentrations of
tumor DNA in newly diagnosed metastatic colorectal cancer before vs
after lockdown in France found that patients diagnosed after it had a
greater tumor burden (defined as statistically higher concentrations of
tumor DNA) than those diagnosed before, and that the median sur-
vival of patients with high tumor DNA concentrations was lower than
of those with lower concentrations.?¢ Throughout the duration of our
study, cancer patients were more likely to be diagnosed at stage Ill to
IV, which is consistent with previous publications of the diagnosis
center of our institution. Of note, cancers from the mid-period were
more likely to be diagnosed at stage Ill to IV than nonpandemic and
early period cancers (80% vs 61% and 67%, respectively). Since the
overall median length of patient, PC/ED and hospital intervals was
longest in the early pandemic period, such delays could be a relevant
factor in why stage at diagnosis differed between periods.

While diagnostic delays in cancer have come sharply into focus
during the pandemic, this is, as far as we know, the first report to
assess the impact on time points and intervals in the pathway to diag-
nosis. Building on previous research about the relative contribution of
the patient and PC interval in the overall length of the pre-referral
interval (from symptom onset to referral),%” we found that, though dif-

fering by cancer type, overall median PC/ED intervals in the
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nonpandemic period were 70% longer than median patient intervals.
Specifically, the PC/ED interval was nearly 3-fold greater than the
patient interval for pancreatic cancer and 2-fold greater for gastric,
lung, kidney/urinary tract/bladder and endometrial cancers. However,
owing to the length of patient intervals in the early COVID period, the
relative increase of PC/ED intervals during this period was only 18%.
On closer examination of nonpandemic data, it became apparent that
median PC/ED intervals contrasted sharply with median PC intervals
reported in other world regions.®”-*° By analyzing nearly 11 000
patients aged at least 15 years who presented with symptoms to PC
in England and were subsequently diagnosed with one of 28 common
and less common cancers, data from a national audit showed that,
while varying by cancer type, median patient intervals were signifi-
cantly longer than PC intervals for 18 of 28 cancer types, which
included those analyzed here.®” More recent evidence on lung cancer
patients from 10 states in Australia, Canada and Europe showed
median patient intervals which, in four states (Wales, Scotland,
Sweden and Canada), were similar to the median patient interval of
the pre-COVID period of our study. However, the median PC/ED
interval for our lung cancer patients (46 days) compares unfavorably
with PC intervals reported elsewhere, with Canadian cancer patients

having the longest (29 and 30 days in two jurisdictions).*®

A similar
pattern was reported for esophageal and gastric cancers in a retro-
spective cohort study from the Netherlands. Whereas patient and
secondary care intervals were similar or longer than patient and hospi-
tal intervals for our nonpandemic esophageal and gastric cancers,
median PC intervals of the Dutch study were substantially shorter
than PC/ED intervals reported here.’

Consistent with the Spanish Strategy on Cancer, most patients
from the nonpandemic period met the target for the maximum time
between first appointment at secondary care and a histological diag-
nosis (<15 days). However, observed PC/ED intervals are not nearly
the target time between PC suspicion and first hospital visit
(s7 days).2> Possible explanations for the excessive length of PC/ED
intervals across periods and their substantial dilation during the early
pandemic period should be sought at the own particularities of the
Spanish health system and its debilitated response to cope with
COVID-19 when the burden was among the greatest worldwide.*°
Notwithstanding a relatively high level of efficiency, with health indi-
cators better than predicted according to the country's socio-
demographic index, the healthcare system's workforce and capacity
have been reduced as a result of a decade of underinvestment that
followed the 2008 financial crisis.?* An overly hospital-centered
healthcare model and a weak coordination between primary and spe-
cialized care are additional shortcomings that have negatively
impacted the continuity of care.*

In our study, intervals for cancers presenting with alarm symp-
toms were substantially shorter, most notably in the early pandemic
period, that those presenting with a broader range of symptoms,
either nonspecific or with a few alarm symptoms. Nicholson et al
recently investigated whether the decline in urgent referrals for
suspected cancer during the first pandemic wave in England was a

result of fewer patients consulting with PC vs fewer PC referrals.>*

Twenty-eight clinical features of cancer were matched with eight
cancer-specific urgent referral pathways. While overall consultations
decreased by 24.2%, urgent referrals for the selected clinical features
decreased only by 10.5%. Interestingly, consultations rates for alarm
symptoms such as hematuria, dysphagia or breast lumps were the
first to return to expected rates in the period following lockdown.
In contrast, with some exception, consultations for nonspecific clinical
features such as abdominal pain or change in bowel habit recovered
much slower.3*

A salient finding was the stage distribution of cancers by mode of
presentation. While such distribution across periods was similar,
emergency presenters were significantly more likely than those
referred from PC to be diagnosed at a later stage, mainly stage
IV. This finding is consistent with published data showing that diagno-
sis of cancer as an emergency is associated with poorer outcomes
including advanced-stage disease.*? In an analysis of routes to diagno-
sis by stage for 10 cancer sites in England, the proportion of stage IV
cancers among patients with an emergency diagnosis was 30%,
whereas it was 17% among those diagnosed via fast-track referrals,

and 14% for nonurgent referrals.*®

4.3 | Strengths and limitations

In the interest of evaluating the impact of COVID-19 on time intervals
from symptom onset to diagnosis, our study used real-time evidence
mapped according to a published framework and compared four
cohorts of cancer patients over 12 months before and 18 months
after onset of pandemic. As such, this is the main strength of the
study. Aspects unique to the analysis are the eligibility criteria, with a
study population restricted to adults with 13 types of common can-
cers, and a sufficiently detailed dataset to enable intervals to be ana-
lyzed as a continuous variable in compliance with recommendations in
the Aarhus statement.2 Whereas studies on cancer staging and inter-
vals abound in missing information that may confound and bias the
results, only patients with a full degree of stage completeness were
included, which is an additional strength.

Several limitations must be acknowledged, however. First, we
examined data at one tertiary academic institution in an area of
Northeastern Spain which was heavily impacted by COVID-19. To
learn whether the results are generalizable, the investigation should
be replicated in multiple centers, both nationally in Spain and interna-
tionally. Such replication might address the impact of local factors and
strengthen the quality of data. Second, patient changes in health-
seeking behavior during the pandemic were not examined. While we
have previously reported about how the number of patients seeking
healthcare for suspected symptoms declined massively during Spanish

lockdown,”:18

a population-based survey of the Spanish population
shed light on anticipated help-seeking attitudes for cancer symptoms
before and after the pandemic.** Third, although investigating possi-
ble changes on treatment due to the pandemic and survival rates
would have enriched the study, its focus was on how COVID-19

affected prediagnostic pathways and intervals. Similarly, it was not
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designed to explain the relationship between symptom appearance
and outcomes.

44 | Implications

For patients presenting with symptoms, timeliness of cancer diagnosis
is determined by the length of the patient and PC interval.’ Although
in Spain evidence about such intervals across the range of cancers
reported is lacking, clarifying how they were adversely shaped by the
pandemic can inform priorities for future research and policy strate-
gies to enable timely access to diagnosis as healthcare services are
further protected from COVID-19. Beyond national boundaries, our
results are timely in light of ongoing pandemic and may act as a proof
of concept for the association between time intervals and stage at
diagnosis, relatively unexplored so far. Considering that intervals are
eventually relevant to prognosis,*> the study provides a baseline
against which the impact of subsequent initiatives to counteract the
adverse outcomes of pandemic-associated cancer delays can be eval-

uated and implemented.

5 | CONCLUSION

The COVID-19 pandemic provided an unusual opportunity to examine
the impact on key time components of the patient route from first
symptoms to diagnosis of cancer. This research showed that the
length of patient, PC/ED and hospital intervals across 13 cancer sites
increased over a period of 18 months following the start of pandemic
in March 2020. COVID-19 mostly impacted patient intervals, both
overall and by cancer type, over the first 6 months. When comparing
stage at diagnosis between periods, we found that mid-period cancers
were most advanced. Plausibly, a shift from earlier to later stage was a
result of delayed intervals in the early pandemic period on top of a
weakened response of the system.

Added to the body of research showing that reducing intervals
improves outcomes including survival and clinical stage, these results
justify improvement efforts in the early diagnosis of symptom-
detected cancers and provide pointers to where strategies for imple-

mentation of change might be best targeted as the pandemic goes on.
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