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1 | INTRODUCTION
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of the 11.4 million of patients referred to the Greater Paris University Hospitals (AP-
HP). We identified new CRC cases between 1 January 2018 and 31 December 2020,
and compared indicators for 2018-2019 to 2020. pTNM tumor stage was extracted
from postoperative pathology reports for localized colon cancer, and metastatic sta-
tus was extracted from CT-scan baseline text reports. Between 2018 and 2020, 3602
and 1083 new colon and rectal cancers were referred to the AP-HP, respectively.
The 1-year OS rates reached 94%, 93% and 76% for new CRC patients undergoing a
resection of the primary tumor, in 2018-2019, in 2020 without any Sars-Cov2 infec-
tion and in 2020 with a Sars-Cov2 infection, respectively (HR 3.78, 95% Cl 2.1-7.1).
For patients undergoing other kind of anticancer treatment, the percentages are 64%,
66% and 27% (HR 2.1, 95% CI 1.4-3.3). Tumor stage at initial presentation, emer-
gency level of primary tumor resection, delays between the first multidisciplinary
meeting and the first anticancer treatment did not differ over time. The SARS-Cov2
pandemic has been associated with less newly diagnosed CRC patients and worse
1-year OS rates attributable to the infection itself rather than to its impact on hospital
care delivery or tumor stage at initial presentation.

KEYWORDS

colorectal neoplasms, COVID-19, delivery of health care, health services research, quality of
health care

What's new?

The SARS-CoV-2 pandemic caused reallocation of healthcare resources that led to delays in
diagnosis and treatment of cancer. Here, the authors conducted a retrospective cohort to assess
how the pandemic affected care trajectories for colorectal cancer (CRC) cases. They assessed
overall survival and tumor stage at initial presentation for patients diagnosed between January
2018 and December 2020. The results show a lower overall survival rate for CRC patients diag-
nosed in 2020, and that decrease is a result of SARS-CoV-2 infection itself rather than lack of

access to treatment.

the outbreak-related policies have induced delays in CRC diagnostic
procedures, but these policies may have also increased time-to-

Since the start of the Sars-Cov2 pandemic, iterative campaigns of
social distancing occurred worldwide to limit the spread of the virus
and hospital crowding. Following guidelines from scientific societies,
policymakers interrupted national cancer screening programs during
the first lockdown in 2020, including those related to colorectal can-
cer (CRC).}? Several studies have shown a significant decrease in both
the number of CRC cases newly referred to tertiary hospitals and
related colectomy procedures performed during national lockdowns
with no sequential catching-up.3® Infection waves led to three lock-
down periods in France (17 March to 11 May 2020; 30 October to
15 December 2020 and 3 April to 3 May 2021). Scientific societies
issued guidelines for adapting care strategies to the situation of the
pandemic.”® The reallocation of doctors from various specialties to
temporary units dedicated to Sars-Cov2 patients and the modifica-
tions to treatment pathways could have disrupted the timelines of
cancer care and the course of treatment chosen for patients.‘?'11

This situation raised multiple hypotheses about the impact of
the Sars Cov2 pandemic on CRC care. Previous evidence shows that

treatment after diagnosis. Patients with a new CRC diagnosed after
the beginning of the Sars-Cov2 outbreak period may be more likely
to suffer from more advanced tumors at the initial clinical presenta-
tion, and to experience poorer outcomes.'?*¢ Local extension of
CRC may induce life-threatening complications such as bowel
obstruction, intestinal perforation and/or digestive hemorrhage
requiring high-risk surgical procedures being performed with no
delay. Diagnosis delays for new CRC cases may also have increased
the rate of unresectable tumors.” This may decrease patients' over-
all survival (OS) rates as the complete resection of tumor sites,
including metastases, is the gold standard of CRC management.®
Modeling studies anticipate increased mortality but little empirical
evidence is available to assess standards of CRC care and patient
outcomes during the pandemic.1%2°

This study aimed at assessing the impact of the Sars-Cov2 pan-
demic and related public health policies on patient OS, initial tumor stage
and hospital care trajectories of new CRC cases, in the Paris region dur-

ing and after the outbreak of the Sars Cov2 epidemic in early 2020.
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2 | MATERIALS AND METHODS
We reported the study according to the REporting of studies Conducted
using Observational Routinely-collected health Data (RECORD) state-
ment, the STrengthening the Reporting of OBservational studies in Epi-
demiology (STROBE) statement and to the Minimum Information about
Clinical Artificial Intelligence Modeling checklist (MI-CLAIM).2Y2 The
completed checklists are available in the Supplementary Methods.

We conducted a retrospective cohort study using the Greater
Paris University Hospitals (AP-HP) Clinical Data Warehouse (CDW)
integrating routinely collected medical and administrative data of 11.4

million patients.?*

21 | Study participants

We included the 27 AP-HP teaching hospitals for which data were
available since 2016 (Supplementary Methods). We selected the study
participants using diagnoses recorded during the hospital stay
according to the 10th Edition of the International Classification of
Diseases (ICD-10) for billing purposes (PMSI-MCO: Programme de
Meédicalisation des Systémes d'Information en Médecine, Chirurgie,
Obstétrique et Odontologie). We focused on patients with a CRC iden-
tified using the following list of ICD-10 codes: C18, C19, D01.0,
DO01.1, D37.3, and D37.4 for colon; C20, D01.2, and D37.5 for rectal
cancers, respectively. A patient was considered to have a newly
diagnosed CRC if having a CRC-related ICD-10 code and no
recorded CRC-related ICD-10 code in her discharge summaries
within the 2 previous years. We excluded the patients having a
medical history of a previous cancer in the two previous years
before CRC diagnosis, except for patients coded for both an upper
rectal cancer and a colon cancer, which we classified as patients

having a colon cancer.

2.2 | Data collection and analysis

Tumor stage of the CRC cases is available in patients' unstructured
electronic health records (EHRs) only. We estimated the rates of miss-
ing text reports (CT scans and pathology) within patients' EHRs which
were stable over time (Supplementary Methods and Figures S4 and
S5). We extracted the pathological tumor stage (according to the
AJCC 8th edition) for cases with upfront resection of a primary local-
ized colon cancer.?®> To do so, we developed and implemented a regu-
lar expression algorithm on the first related postoperative pathology
report within the EHR of each patient. We classified the tumor stage
according to the risk of relapse: low and high risk defined as
pTO-T4NO and pTxN1-2, respectively.

We extracted the metastatic status of CRC cases at initial presenta-
tion from the available imaging text reports within the EHRs of each
patient. To that aim, we identified CT-scans between 90 days before and
45 days after the CRC diagnosis date. Among them, staging CT-scans
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were identified using machine learning algorithms. We developed and
implemented another regular expression algorithm to assess the tumor
metastatic status on these selected reports. The development (training
set) and validation (test set) steps of the implemented algorithms are
described in the Supplementary Methods and Figures S7 and S8.

We identified the surgical resections of primary and secondary
tumors, and the local liver destruction with radiofrequency ablation
and intraarterial anticancer procedures through the CCAM Medical
Procedures catalog (Appendix S1). Systemic anticancer chemotherapy
and radiation therapy sessions were identified using the Z51.1 and
Z51.01 ICD-10 codes, respectively.

For patients resected from their primary CRC tumor, we defined
three healthcare trajectories according to the level of emergency of
the surgical procedure: (a) “major emergency”: patients operated with-
out any preoperative referral to hospital (ie, no cancer-related
encounter before emergency CRC surgery); (b) “minor emergency’:
patients operated on promptly after a visit to the emergency depart-
ment (ED), but with previous CRC-related encounters at hospital;
(c) “no emergency”: patients operated in an preplanned context, that
is, a surgical procedure being performed with no immediately preced-
ing visit to an ED.

A positive PCR, serologic test, or one of the U071 ICD-10 codes
within 1 year from the date of cancer diagnosis defined Sars-Cov2
infection.

2.3 | Statistical methods

We modeled the number of prepandemics annual new CRC cases
with Poisson distributions (1, = 1274 for colon cancer and 1, = 378
for rectal cancers). The parameter of each distribution was calculated
using the average of 2018-2019 and 95% confidence intervals (Cls)
were assessed with a y2-based method. One-year OS rates were cal-
culated for patients diagnosed with a CRC between 1 January 2018
and 31 December 2019, and between 1 January and 31 December
2020, from the date of CRC diagnosis to the date of patients' death or
last follow-up up to 31 May 2021. Kaplan-Meier curves were
implemented, and a log-rank test was performed between both
groups (2018-19 vs 2020). Hazard ratios (HR) for OS probability were
assessed with 95% Cls. A »? test was performed to test the difference
in the repartition of low- vs high-risk tumors.

We identified the dates of multidisciplinary meetings (MDMs)
within patients' EHRs using the structured information of MDMs'
reports and assessed the delay between MDMs and first CRC-related
therapeutic strategy. We estimated the consistency of available MDM
reports within the CDW which was stable over time (Supplementary
Methods and Figure Sé).

We compared the indicators in 2020 with those recorded in 2018
and in 2019 and with the average number recorded between 2018
and 2019, and we performed aggregated comparisons between those
periods. The analyses were performed with the 3.7 version of Python

on JupyterLab.
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3 | RESULTS
3.1 | Characteristics of the patient population and
clinical outcomes over time

Between 1 January 2018 and 31 December 2020, 4685 patients with
a unique new diagnosis of CRC were referred to the Greater Paris AP-
HP, 3602 with a colon cancer and 1083 with a rectal cancer (Table 1
and Figure S2). Figures 1AB, and S3A,B summarize the cumulative
monthly number of new cases. Compared to the average of
2018-2019, 220 (95% Cl [151-292]) and 52 (95% CI [15-92]) new
cases were missing in 2021. Between January and May 2021, there
was no catching up in the number of new cases (data not shown). The
median duration of patients' follow-up reached 16.3 months (inter-
quartile 6.3-26.0).

Colon cancer

Overall population (N) 3602
New cases with anticancer treatment (N) 2908
Female, N (%) 1339 (46%)
Age (y, median, IQR) 69 (58-78)
Primary tumor resection, N (%) 1906 (65%)
Exclusive primary tumor resection 1325
With perioperative chemotherapy 359
Secondary tumor resection, N (%) 265 (9%)
Exclusive palliative chemotherapy 497 (17%)
(excluding primary and/or secondary
tumor resection), N (%)
Intraarterial anticancer treatment, N (%) 8 (<1%)
Radiofrequency ablation, N (%) 83 (2%)
Abbreviation: IQR, interquartile range.
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Among the 2463 cases with a primary tumor resection, 1740 and
723 patients were diagnosed in 2018-2019 and 2020. Among the
1181 cases with any other kind of anticancer treatment, 833 and
348 patients were diagnosed in 2018-2019 and 2020, respectively.
The Sars-Cov2 infection rates in patients diagnosed in 2018-2019 vs
patients diagnosed in 2020 were 1% vs 13% and 1% vs 15% across
those categories, respectively.

The 1-year OS rates reached 94%, 93% and 76% for new CRC
patients undergoing a resection of the primary tumor, in 2018-2019,
in 2020 without any Sars-Cov2 infection and in 2020 with a Sars-
Cov2 infection, respectively. For patients diagnosed in 2020, an infec-
tion related to the Sars-Cov2 virus was associated with a worse OS
rate (HR 3.78, 95% Cl 2.1-7.1) (Figure 2A). For new CRC patients
undergoing other kind of anticancer treatment, the corresponding
percentages are 64%, 66% and 27%. For patients diagnosed in 2020,

TABLE 1 Characteristics of the
patient' population undergoing an
1083 anticancer therapeutic strategy between
737 2018 and 2020, at the Greater Paris
284 (38%) University Hospitals teaching hospital
65 (56-73)
557 (75%)
394
56
71 (9%)
97 (13%)

Rectal cancer

3 (<1%)
21 (2%)
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Evolution of the cumulative monthly number of new cancer cases of colon (A) and rectum (B), primary tumor resections for colon

(C) and rectum (D) over time referred to Greater Paris University Hospitals teaching hospital, in 2018-2019 and 2020, respectively [Color figure

can be viewed at wileyonlinelibrary.com]
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FIGURE 2 One-year overall survival rates of patients undergoing an anticancer treatment at the AP-HP hospital for a CRC between 2018
and 2019 (blue), and in 2020 (orange) with a resection of the primary tumor (A) and without any tumor resection (B), according to the occurrence
of a Sars Cov2 infection [Color figure can be viewed at wileyonlinelibrary.com]

an infection related to the Sars-Cov2 virus was associated with a
worse OS rate (HR 2.1, 95% Cl 1.4-3.3) (Figure 2B).

3.2 | Tumor stage at the time of diagnosis
The algorithm of pTNM identification resulted in a sensitivity and a
positive predictive value of 98% and 96% on the test set computed
on the available text reports. Table 2 summarizes the pathological
tumor stage of 929 localized colon cancers after initial primary tumor
resection. No statistical difference was observed between both risk
classes, including in 2021 (data not shown).

The identification algorithm of staging CT-scans among the initial

imaging reports resulted in a sensitivity and a positive predictive value

of 73% and 89% on the test set. The algorithm of metastatic status
assessed resulted in a sensitivity and a positive predictive value of
73% and 73% on the test set. Table 2 summarizes the initial meta-
static tumor status of 597 CRC cases, according to the year of CRC
diagnosis. No statistical difference was observed between both risk
classes, including in 2021 (data not shown).

Additional performance measures of the algorithms are described

in the Supplementary Results.

3.3 | Care trajectories

Among the overall population, 3645 patients underwent an anticancer

treatment for their CRC, and 2463 patients underwent a surgical
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TABLE 2 Pathological tumor stage

4685 patients with a new case of colorectal cancer between January 1st 2018 and December 31st 2020

(3602 patients with a colon cancer and 1083 patients a rectum cancer)

i

| 3645 patients have a cancer treatment |

v

| 2463 patients have at least one primary tumour resection |

— T

Year of diagnosis 2018 2019 2020 . . S
after initial primary tumor resection in
Pathological tumor stage after initial primary tumor resection the first available related postoperative
Low risk, N (%): pTO/T1/T2/T3 and pNO 122 (53%) 132 (49%) 156 (53%) pathology report for 929 localized colon
High risk, N (%): pT4 or pN1/N2 107 (47%) 137 (51%) 136 (47%) cancers, and metastatic status at initial
Bl o P p— % diagnosis on available CT-scan text
“values vs the average o ) : reports for 782 CRC cases, according to
Metastatic status at initial diagnosis the year of referral to Greater Paris
Colon cancers University Hospitals
Stade I-11l, N (%) 122 (74%) 104 (63%) 98 (68%)
Stade IV, N (%) 43 (26%) 62 (37%) 47 (33%)
P-values vs the average of 2018-2019 .97
Rectal cancers
Stade I-I1I, N (%) 31 (74%) 32 (80%) 24 (77%)
Stade IV, N (%) 11 (26%) 8 (20%) 7 (23%)
P-values vs the average of 2018-2019 .85

1713 patients have at least one visit in a
department of digestive surgery before
their tumour resection

—

! 1656 patients have a surgery without any [

I visit to the emergency room between the first ‘

I contact with the hospital and the surgery ! i
-l

No emergency
1656 patients (including 448 rectal cancer)

57 patients have a surgery right !
after a visit to the emergency |
room

Minor emergency
57 patients (including 4 rectal cancer)

750 patients do not have any visit in a
department of digestive surgery before their
tumour resection

! 750 patients do not have any visitina |
| department of digestive surgery before their |
[ | tumour resection I

Major emergency
750 patients (including 105 rectal cancer)

FIGURE 3 Flowchart of care trajectories for patients with a surgical resection of their colorectal primary tumor, according to the level of
surgery emergency between 2018 and 2020 at the Greater Paris University Hospitals teaching hospital [Color figure can be viewed at

wileyonlinelibrary.com]

resection of the primary tumor (Table 1, Figures 1C,D and S3C,D). For
those patients, the first therapeutic strategy was tumor resection, sec-
ondary tumor resection, chemotherapy, and radiation therapy for
2157,49, 185, and 72 patients, respectively.

Figure 3 summarizes the care pathways of 2463 patients newly
referred for a CRC according to the level of primary tumor re-
section emergency. Overall, 750 (31%), 57 (2%) and 1656 (67%)
patients were operated in a context of “major emergency,” “minor

emergency” and “no emergency,” respectively. This repartition did

not appear to differ significantly over time, including during lockdown

periods (Figure 4).

3.4 | Delays between MDMs and tumor resections

Among the 2572 CRC cases with a tumor resection (primary or sec-
ondary), 2289 (89%) were associated with an MDM report: 1331
cases had at least one MDM report before any therapeutic procedure
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FIGURE 4 The rate of patients operated from their colorectal primary tumor, according to the level of surgery emergency between 2018 and
2020 at the Greater Paris University Hospitals (gray zones refer to the French lockdowns time periods) [Color figure can be viewed at

wileyonlinelibrary.com]

while 958 cases had no MDM report before the first anticancer treat-
ment. For both patient populations, the median delay between the
MDM report and the first anticancer therapeutic strategy did not dif-
fer over time, including during the lockdown-related time periods
(Figure S1A-D).

4 | DISCUSSION

Less patients were diagnosed and treated for newly detected CRC at
AP-HP after the outbreak of Sars Cov2 in 2020. The poorer OS rates
for patients diagnosed in 2020 compared to 2018-2019 were related
to the Sars Cov2 infection itself. Our study did not show significant
changes in tumor stage at initial presentation, nor did it reveal signifi-
cant changes in treatment trajectories (rate of emergency surgeries,
MDM-to-treatment delays). Poorer outcomes are attributable to the
pandemic itself rather than to its impact on hospital cancer care
delivery.

We found that the backlog of patients not seen during the pan-
demic had not been compensated at the end of year 2020, along with
other studies.*¢2427 The study results do not show difference in OS
rates for patients newly referred for a CRC in 2020 without any Sars
Cov2 infection compared to 2018-2019. Among the new cases of
2020, a Sars Cov2 infection impaired significantly the OS rates for
patients undergoing any kind of anticancer treatment. Evidence has
shown that active cancer has been a poor prognostic factor for the
evolution of Sars Cov2 infections, especially for the postoperative set-
tings of CRC resections.?®2? What remains unknown is other factors
such as the organization of care delivery and delays in diagnosis and
treatment, affecting patient outcomes. In this study, there was no
increase in the percentage of patients presenting with more advanced

tumor stages at initial presentation after the outbreak of the pan-
demic. Studies elsewhere have yielded contrasted results. Single site
studies in Romania and Brazil and a larger studies in France, Australia
and New Zealand found significantly more advanced new CRC cases
after the pandemic broke out, but a single-site South-Korean study
found no statistically significant difference in pTNM stage distribution
after Covid19.1314163031 gjngla_site studies cannot exclude the fact
that patients could have gone to another provider for treatment,
whereas our study includes the AP-HP teaching hospitals in Paris
region.

The carcinogenesis steps of the CRC development are long-term
events, and the timeline of social distancing may not be significant
compared to the timescale of the natural evolution of CRC, despite
evidence suggesting that delays to treatment negatively affect out-
comes.'?32 A case-control study on 10 000 patients showed that a
delay reaching up to 1 year between the first CRC-related symptom
onset and the initial medical visit did not impair the subsequent
patient' CRC-related mortality rates.®3 Other observational published
data showed no statistical relationship between delays between diag-
nosis and treatment of CRC, and patient' clinical outcomes—excluding
emergency cases.>* The pattern of carcinogenesis and metastasis evo-
lution in CRC is also still under debate, some authors arguing for a
metastatic stage occurring before any tumor detection.>®> On the
other hand, the present study may have been conducted too soon to
identify any impact of the CRC diagnosis delays on the initial tumor
stage of patients with a new CRC.

Aside from initial tumor stage, the emergency with which primary
tumor is resected could be a factor to explain the lower OS. Published
studies demonstrated that elective surgeries were associated with
better patient' clinical outcomes than emergency CRC primary tumor
resections, even with local complications.3¢3® Our results showed
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that the rate of elective primary tumor resections reached around
70% over time and did not decrease after 2020. A study in Australia
and New Zealand and a single-site Japanese study found a signifi-
cantly larger share of urgent CRC cases during the pandemic.3*%? The
different definitions of “urgent” or “emergency” cases used between
studies do not allow direct comparisons.

Another possible cause for the higher mortality could be a change
in treatment pathways, with changes in treatment strategies or longer
time-to-treatment. The optimal care trajectory of a patient newly
diagnosed with a CRC starts with a MDM, by law in France since
2007.%° In the present study, almost half of CRC new cases were
operated before the first MDM and this rate did not vary across time
(data not shown). The clinical added value of MDMs in cancer path-
ways in under debate in the literature.** MDMs may benefit more to
advanced stage CRCs to improve late-stage tumor resectability. 184243
Interestingly, the delays between MDMs and first anticancer thera-
peutic procedure did not vary over time in the present study, showing
that potential hospital resource reallocations did not impact the qual-
ity of CRC-oriented routine practices for new cases.

These results suggest that the statistically significant decrease in
OS noticed between new CRC patients undergoing any kind of anti-
cancer treatment in 2020 compared to the two previous years is
explained by Sars Cov2 infection more than by the impact of the pan-
demic on CRC care delivery. This is consistent with English data show-
ing no significant difference in mortality risk after major surgeries
between 2019 and 2020, but a significantly higher risk of mortality
for patients with Sars Cov2 infection.** Previous modeling studies
focusing on CRC-related mortality have anticipated a 15 000 quality-
adjusted life years loss in the UK and between 1445 and 1563 extra
deaths due to the pandemic restrictions in the 5 years after
diagnosis.2%4°

Among the study strengths, this is the largest published study
showing the clinical impact of the Sars Cov2 outbreak on patients
newly referred for a CRC. From this database of 11.4 million patients
sharing a common unique identifier, we included solely the care sites
for which the clinical data were available over time. The use of natural
language processing algorithms on patient text reports extracted key
clinical patient characteristics such as tumor stage at initial
presentation.

Among the study weaknesses, most of patients reside in Paris'
region. Nonetheless, our results on new cancer cases in Paris region
mirror a national independent analysis of CRC care during the pan-
demic.* Those results should be interpreted in the context of routinely
collected medical data with relevant information being missing such

as the surgery quality assessment.*¢

We included tertiary care centers
with high-volume cancer surgeries which is associated with better
patients' outcomes.*” No particular method was implemented to
account for missing textual data. Yet, the rates of missing text reports
were stable over time. Records were frequently reviewed manually to
ensure that the data were complete and that their treatment was reli-
able, according to existing guidelines.*® When automated data extrac-

tion from free-text records was used, algorithms were carefully

validated. Although coding errors may be prevalent, their incidence is
unlikely to have changed significantly over the period of study and to

have affected the longitudinal analysis of data.*’

5 | CONCLUSION

In France, patients undergoing an anticancer treatment of any kind for
a new CRC after 2020 were less likely to survive due to the Sars Cov2
infection itself. The Sars Cov2 outbreak and related disruptions in care
practices does not seem to have impaired the quality of hospital care
trajectories for the management of patients newly referred for a CRC,
neither the tumor stage at initial presentation. Additional data on pre-
hospital patient care trajectories would inform the diminution of

newly referred CRC cases during the lockdown.
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