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Abstract 

Objective 

The COVID-19 pandemic has had an impact on health care. In the Netherlands, hospital capacity for non-

covid care was limited and population screening for cancer was temporarily halted. The aim of this study 

was to investigate the impact of the pandemic on the in hospital diagnostic pathway of patients with 

breast or colorectal cancer. 

Methods 

In this study, 48,425 patients with breast cancer and 27,810 patients with colorectal cancer with a primary 

tumor were selected from the Netherlands Cancer Registry and the Dutch Hospital Data. Patients 

diagnosed between January 2020 and July 2021 were divided into six periods, based on the number of 

hospitalizations due to COVID-19, and compared to the same periods in 2017-2019. A t-test was 

performed to compare the number of diagnosed patients per period. Patient characteristics were 

compared using chi-squared tests. The impact on the diagnostic procedures performed was analysed 

using logistic regression. The median time between pathologically confirmed diagnosis and therapy and 

the median time between first diagnostic procedure and therapy were analysed using Cox Proportional 

Hazards Regression. Analyses were stratified for cancer type and corrected for age, gender (only for 

colorectal cancer), stage and region. 

Results 

During the first peak of the pandemic in 2020, significantly fewer patients were diagnosed with breast and 

colorectal cancer, respectively -48% and -35%. This decrease was mainly seen in lower stage tumors. 

Mammography and echography were performed significantly less for patients with breast cancer during 

the first recovery period in 2020 (OR=0.83 and 0.85 respectively) compared to 2017-2019. PET-CT was 

performed significantly more often during the first recovery period (OR=1.39). For patients with colorectal 

cancer, echography, endoscopy and radiologic imaging were performed significantly less during the first 

peak in 2020 (OR=0.75, 0.82 and 0.71 respectively). CT and MRI were performed significantly more 

during the first COVID-19 peak in 2020 (OR=1.55 and 1.39 respectively). The median time between 

pathologically confirmed breast cancer diagnosis and start of therapy and the median time between first 

diagnostic procedure and start of therapy significantly decreased during all covid periods in 2020. The 
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largest decrease for patients with breast cancer was observed during the first peak in 2020 with 3 and 4 

days (HR=1.26 and HR=1.25) respectively. For colorectal cancer, the largest decrease was observed in 

the same period by 8 and 7 days (HR=1.42 and HR=1.34) respectively. 

Conclusion 

Significant differences were found in the procedures performed, but these differences do not seem to have 

had a major impact on the in hospital diagnostic pathway. The decreased number of diagnoses was related 

to the temporary halt of the national screening programs. Breast cancer procedure PET-CT was performed 

more often during the COVID-19 period, possibly reflecting the increased proportion of patients diagnosed 

at a higher stage. The number of breast and colorectal cancer diagnoses for early stage tumors was limited. 

A reduced time of the diagnostic pathway may be the result of fewer referred patients with cancer and the 

large effort on keeping the oncology care in place. In conclusion, throughout the Netherlands good cancer 

care was performed during COVID-19. 

Keywords 

COVID-19, breast cancer, colorectal cancer, diagnostic pathway, diagnosis, lead time, diagnostic 

procedures, population based  
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Introduction 

Late 2019, a new infection known as COVID-19 disease, was identified in Wuhan, China [1]. The 

coronavirus spread quickly, became a worldwide problem and impacted cancer care. Delays in screening, 

diagnosis and treatment were observed which may result in an increase in cancer deaths in the future 

[2,3,4]. March 2020, the first measures against the coronavirus were taken in the Netherlands [5]. The 

Dutch government announced general measures to combat the coronavirus such as keeping a minimum 

distance of 1.5 meter of each other, washing hands, sneezing in the elbow and no more shaking hands 

[6]. In March 2020, an ‘intelligent lockdown’ was implemented to reduce the number of infected people 

[5]. The intelligent lockdown was a partial lockdown; hotels, restaurants, schools, and childcare facilities 

were closed [6]. People were advised to visit the general practitioner (GP) only in case of severe 

complaints and referrals to the hospital were postponed [5]. In addition, surgeries were postponed [7], 

population screening for breast and colorectal cancer was temporarily halted [8] and fewer diagnoses and 

treatments were performed [9,10]. The number of infections were not equally spread over the 

Netherlands, most infections were in the south of the Netherlands. Patients were transferred to other 

hospitals when there were no hospital beds left [6]. After temporarily halting population screening from 

mid-March 2020 to mid-May 2020, screening was restarted gradually. Mid 2021, breast cancer screening 

capacity was 85% and colorectal cancer screening had the same capacity in October 2021 as in the 

years before the pandemic [11]. By the end of 2020, measures were less stringent but there were still 

fewer patients with cancer referred to the hospital by their GP [12]. Fewer and delayed referrals possibly 

influenced the diagnostic pathway in the hospital [13].  

In this study, the impact of COVID-19 on the diagnostic pathway of cancer in hospitals throughout the 

Netherlands was investigated. The period until mid-2021 was selected to investigate the impact during 

the first wave and the short-term impact after the first wave. Two types of cancer with population 

screening, breast and colorectal cancer [14,15], were investigated. Up to now, studies focused on the first 

months of the pandemic or focused on treatment, follow-up and the predicted long-term impact. Few 

studies focused on the impact of the COVID-19 pandemic on cancer diagnosis. Some studies revealed 

an enormous impact on cancer care [4] or colorectal cancer specifically [16]. Another study revealed 
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postponed cancer care and patients with poorer patient and tumor characteristics during the pandemic 

[17]. 

No studies were found focussing on the total diagnostic pathway, therefore the objective of this study was 

to investigate the impact of the COVID-19 pandemic on the in hospital diagnostic pathway until start of 

therapy by analysing the diagnostic procedures performed per patient and the diagnostic time to start of 

therapy.  
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Method 

Data collection 

This study is a retrospective cohort study, based on data from the Netherlands Cancer Registry (NCR) 

and Dutch Hospital Data (DHD). Data was retrieved from 69 Dutch hospitals. The data set consists of 

data on patient and tumor characteristics (e.g., age, gender, type of cancer, stage of disease, region in 

the Netherlands) and the diagnostic pathway (e.g., diagnostic procedure performed, date of diagnosis, 

date of first diagnostic procedure, date of start therapy). Only primary cancer diagnoses were included in 

this study. 

Patients 

Patients aged 18 years or older diagnosed with primary breast or colorectal cancer during the period from 

January 2017 to July 2021 were included in this study. Data from DHD and the NCR were probabilistic 

merged on patient level using patient number, date of birth, gender and postal code. The maximum time 

allowed between first cancer related appointment in a hospital and start of therapy is six weeks according 

to the SONCOS-norm [18]. Therefore, diagnostic procedures more than six months prior to diagnosis 

date were removed to avoid including non-cancer related diagnostic procedures in the analysis. Patients 

without known hospital diagnostic procedures, an unknown start date of therapy or a start date of therapy 

before diagnosis date were excluded from the dataset. 

Definitions 

Periods 

The study period between January 2017 to July 2021 was divided in six periods based on hospitalizations 

due to COVID-19 in the Netherlands. Period A covers weeks 1-11 of 2020 (i.e., pre-COVID); period B 

weeks 12-20 of 2020 (i.e., first peak); period C weeks 21-41 of 2020 (i.e., first recovery); period D weeks 

42-53 of 2020 (i.e., second peak); period E weeks 1-20 of 2021 (i.e., third peak) and period F weeks 21-

30 of 2021 (i.e., second recovery). 

Age categories 

Patients with breast and colorectal cancer were categorized in age categories, based on the age 

categories for population screening for breast and colorectal cancer: 50 to 75 [14] and 55 to 75 [15], 
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respectively. Therefore, patients with breast cancer were grouped into ages <50, 50-75 and >75 years 

and patients with colorectal cancer were grouped into ages <55, 55-75 and >75 years. 

Gender 

For breast cancer, only females were included. For colorectal cancer, males and females were included. 

Stage of disease 

Stage of disease was divided into stage 1 to 4 for both breast cancer and colorectal cancer, based on the 

TNM classification (18th edition) [19]. Pathological stage was used if available. When pathological stage 

was unknown, clinical stage was used. Any remaining unknown stage was classified as stage “X”. 

Region 

Patients were categorized into a region, based on the hospital where a patient was diagnosed. In total, 

the Netherlands was divided into five regions [20], these are the north (Friesland, Groningen, Drenthe), 

the middle east (Overijssel, Flevoland), the middle (Utrecht, Gelderland), the west (Noord-Holland, Zuid-

Holland, Zeeland) and the south (Noord-Brabant, Limburg). 

Lead times 

The lead time of the diagnostic pathway per patient was calculated for the time between pathologically 

confirmed diagnosis and start of therapy and the time between first diagnostic procedure and start of 

therapy. The date of diagnosis is registered by data managers of the NCR with different registration rules 

and the date of first procedure was not registered consequently, therefore both were included to 

investigate if there were differences in outcome. 

Diagnostic procedures 

Per type of cancer, different diagnostic procedures were analyzed based on common diagnostic 

procedures per type of cancer [21]. Diagnostic procedures were divided into mammography, echography, 

PET-CT and CT for breast cancer and echography, endoscopy, CT, MRI, PET-CT and radiology imaging 

for colorectal cancer. 

Statistical analysis 

The data was analysed to determine the impact of the COVID-19 pandemic on the diagnostic pathway of 

cancer in the Netherlands. The years 2017 to 2019 were the period before the COVID-19 pandemic and 

was used as control group. Periods during COVID-19 were compared to the same period in 2017 to 2019 
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to determine differences between periods during the pandemic. The diagnostic procedures performed 

and the lead times of the diagnostic pathway were investigated. Breast and colorectal cancer were 

analysed separately. Patient and tumor characteristics (i.e., type of cancer, age, gender, stage of 

disease, region, period) were described at the time of diagnosis. Patient characteristics of the study 

population were investigated using Chi-squared test. An unpaired t-test was performed to analyze the 

number of diagnosed patients per period. Possible confounders were based on available data and 

literature and included in the regression analysis. For breast cancer, confounding variables in the 

regression models were age, stage of disease and region. For colorectal cancer, confounding variables 

were age, gender, stage of disease and region. In addition, confounders during the first wave were 

investigated. During this period, population screening was temporarily halted and the number of infections 

were not equally spread over the Netherlands. Therefore, confounders were investigated to determine the 

impact of confounders separately. 

The diagnostic procedures performed per patient during the COVID-19 periods were compared to the 

same period before the pandemic (2017 to 2019). The diagnostic procedures performed per patient were 

analyzed as 1 (performed) or 0 (not performed) using logistic regression. The median time to therapy 

during the COVID-19 periods was compared to the same period before the pandemic (2017 to 2019) and 

analyzed using Cox Proportional Hazards Regression. 

Data were analyzed using Stata version 17.0. A two-sided p-value of <0.05 was considered statistically 

significant.   
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Results 

Research population 

In total, 48,425 patients with breast cancer and 27,810 patients with colorectal cancer were included. 

During the pandemic, proportionally fewer patients in the screening age were diagnosed and patients 

were diagnosed at a higher stage. The baseline characteristics of patients with breast and colorectal 

cancer were shown in table 1a and 1b respectively. The number of diagnosed patients with breast cancer 

significantly decreased during the first peak, first recovery, third peak and second recovery. Colorectal 

cancer diagnoses significantly decreased during all periods excluding the second peak. The number of 

diagnosed patients had the largest decrease during the first peak in 2020, -48% and -35% for breast 

cancer (figure 1a) and colorectal cancer (figure 1b) respectively. 

Diagnostic procedures 

Breast cancer 

Breast cancer diagnostic procedures performed per patient were shown in table 2a. Adjusted for age, 

stage and region, the percentage of patients who received mammography was significantly decreased 

during the first recovery (from 86% to 84%, OR=0.83). The percentage of patients who received 

echography was significantly decreased during the first recovery (from 93% to 92%, OR=0.85). The 

percentage of patients who received PET-CT was significantly increased during the first peak (from 2% to 

5%, OR=1.94) and first recovery (from 2% to 3%, OR=1.39) and the percentage of patients who received 

CT was significantly decreased in the pre-COVID period (from 4% to 3%, OR=0.69), third peak (from 

4.5% to 3.6%, OR=0.83) and second recovery (from 4% to 3%, OR=0.68). 

Colorectal cancer 

Colorectal cancer diagnostic procedures performed per patient were shown in table 2b. After adjusting for 

age, gender, stage and region, the percentage of patients who received echography was significantly 

decreased during the first peak (from 16% to 13%, OR=0.75) and second recovery (from 15% to 12%, 

OR=0.59). The percentage of patients who received endoscopy was significantly decreased during the 

first peak, first recovery, second peak and third peak. The percentage of patients who received CT was 

significantly increased during the first peak (from 39% to 52%, OR=1.55), first recovery (from 41% to 

47%, OR=1.25) and third peak (from 38% to 43%, OR=1.25). The percentage of patients who received 
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MRI was significantly increased during the first peak (from 7% to 10%, OR=1.39), first recovery (from 7% 

to 9%, OR=0.67) and third peak (from 7% to 9%, OR=1.33) and the percentage of patients who received 

radiology imaging was significantly decreased in all periods. 

Lead times 

Breast cancer 

The median time of the diagnostic pathway of breast cancer was shown in figure 2a. The hazard ratios 

and p-values were shown in table 3. After adjustment for age, stage and region, the time between breast 

cancer diagnosis and start of therapy significantly increased during the pre-COVID period and the second 

recovery with 2 days (HR =0.82 and HR=0.88 respectively) and during the third peak with 1 day 

(HR=0.90). This median lead time significantly decreased during the first peak with 3 days (HR=1.26) and 

first recovery and second peak with 1 day (HR=1.04 and HR=1.16 respectively). The time between first 

diagnostic procedure and start of therapy significantly increased during the pre-COVID period with 4 days 

(HR=0.79) and third peak and second recovery with 2 days (HR=0.89 and HR=0.85 respectively.) This 

median lead time significantly decreased during the first peak with 4 days (HR=1.25), first recovery with 1 

day (HR=1.04) and second peak with 2 days (HR=1.13).  

Colorectal cancer 

The median time of the diagnostic pathway of colorectal cancer was shown in figure 2b. The hazard ratios 

and p-values were shown in table 3. After adjustment for age, gender, stage and region, the time between 

colorectal cancer diagnosis and start of therapy significantly increased during the second peak with 2 

days (HR=0.90). This lead time significantly decreased during the first peak with 8 days (HR=1.42), first 

recovery with 3 days (HR=1.09) and second peak with 2 days (HR=1.07). The time between first 

diagnostic procedure and start of therapy significantly increased during the second recovery with 3 days 

(HR=0.82). This lead time significantly decreased during the first peak with 7 days (HR=1.34) and first 

recovery with 3.5 days (HR=1.08). 

Confounders 

During the first peak, the median time to therapy increased for patients in the age group >75 compared to 

the population in the screening age. There were no notable differences for gender, stage, and region in 

terms of the lead time of the diagnostic pathway for both breast (figure 4a) and colorectal cancer (figure 

4b).  
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Discussion 

In this study, the impact of the COVID-19 pandemic on the in hospital diagnostic pathway of cancer in the 

Netherlands was investigated. Related to the measures taken, i.e., the temporary halt of the national 

screening program, the number of breast and colorectal cancer diagnoses decreased, as shown in 

previous studies [22,23]. Compared to the years 2017 to 2019, the frequency of hospital diagnostic 

procedures decreased for both tumor types. In addition, the diagnostic procedures were performed within 

a shorter time interval.  

The revealed lower number of breast and colorectal cancer diagnoses during the pandemic was to be 

expected and was mainly seen in lower stage tumors. Patients without cancer-related symptoms were not 

diagnosed during the temporary halt of screening. In addition, a decreasing trend in the number of 

colorectal cancer diagnoses has been present for the past years [24]. However, during the first peak of 

the pandemic, there was a lower number in diagnoses compared to the other periods. 

There were significant differences found in the diagnostic procedures performed per patient. For breast 

cancer, the percentage of patients who received mammography, echography and a CT-scan significantly 

decreased during the COVID-19 period and the percentage of patients who received PET-CT significantly 

increased. The percentage of patients with colorectal cancer who received echography, endoscopy and 

radiology imaging significantly decreased during the pandemic and the percentage of patients who 

received CT and MRI significantly increased. This decrease in the percentage of patients who received 

PET-CT, CT and MRI during the pandemic may be due to the fact that patients were diagnosed at a 

higher stage, which is associated with more symptoms, therefore other diagnostic procedures were 

performed compared to people without symptoms. 

Time between date of diagnoses to start of therapy and first diagnostic procedure and start of therapy 

were both included in the analysis, due to differences in date of first diagnostic procedure and date of 

diagnosis. However, the results of both are comparable. This study revealed that significant shorter lead 

times of the diagnostic pathway of breast and colorectal cancer existed during the pandemic, which was 

consistent with other studies [13,20,25]. This decrease may be due to the fact that fewer patients were 

referred to the hospital, which allowed diagnostics to be performed more quickly. Secondly, the decrease 

may be due to the actively postponement of surgeries [7] and hormonal treatment or radiotherapy was 
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given first or earlier, which led to an earlier start of therapy. Thirdly, the decrease may be due to the fact 

that patients were diagnosed at a higher stage, therefore diagnosis is easier and treatment can start 

earlier. Comparing the first peak in the pandemic with the years 2017 to 2019, the confounders of lead 

times showed minor differences in terms of stage of disease and region. Differences in age categories 

were found, the time to therapy for the elderly was longer in comparison with younger patients. This may 

be due to the fact elderly people had a fear of visiting the GP and the hospital, because of a higher risk of 

a large impact of a COVID-19 infection. 

There were some limitations in this study. In total, data was available from 69 of the 76 hospitals in the 

Netherlands and not all patients had sufficient available data to be merged. The percentage of patients 

with breast and colorectal cancer who received biopsy and the percentage of patients with breast cancer 

who received MRI were not representative and therefore not included. In a follow-up study, the impact of 

COVID-19 on biopsy and MRI should be examined.  

Conclusion 

In conclusion, throughout the Netherlands good cancer care was performed during COVID-19. Significant 

differences were found in the diagnostic pathway of cancer, but these differences do not seem to have 

had a major impact. The impact of the pandemic was mainly seen in 2020, particularly during the first 

peak. Diagnostics of breast and colorectal cancer in 2021 were comparable with the pre-covid period 

(period A). The impact of the pandemic on breast and colorectal cancer was comparable. There was a 

drop in number of diagnoses related to the temporary halt of population screening, the percentage of 

patients who received diagnostic procedures for early stage tumors decreased (i.e., less mammography 

for breast cancer, less endoscopy for colorectal cancer), and a shortened time to therapy was seen, 

probably as a result of less hospitalized patients with cancer and the effort on keeping the oncology care 

in place. A follow-up study is needed to examine the impact on biopsy, MRI and the long-term influence of 

the differences aforementioned and found in this study. 
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 Appendix 1 

Table 1a: Patient characteristics of the included patients with breast cancer  2 
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Table 1b: Patient characteristics of the included patients with colorectal cancer 3 
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Figure 1a: Breast cancer diagnoses (average diagnoses per year in period 2017-2019) 4 

*Period A (pre covid), week 1-11 (2020); Period B (peak 1), week 12-20 (2020); Period C (recovery 1), week 21-41 (2020); Period D (peak 2), week 42-53 (2020); 5 

Period E (peak 3), week 1-20 (2021); Period F (recovery 2), week 21-30 (2021); All periods were significantly different. 6 
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Figure 1b: Colorectal cancer diagnoses (average of diagnoses per year in period 2017-2019) 8 

*Period A (pre covid), week 1-11 (2020); Period B (peak 1), week 12-20 (2020); Period C (recovery 1), week 21-41 (2020); Period D (peak 2), week 42-53 (2020); 9 

Period E (peak 3), week 1-20 (2021); Period F (recovery 2), week 21-30 (2021); All periods were significantly different. 10 
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Table 2a: Breast cancer diagnostic procedures performed per patient  12 
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Table 2b: Colorectal cancer diagnostic procedures performed per patient  13 



20 
 

Figure 2a: Lead times of the diagnostic pathway of breast cancer 14 

*Period A (pre covid), week 1-11 (2020); Period B (peak 1), week 12-20 (2020); Period C (recovery 1), week 21-41 (2020); Period D (peak 2), week 42-53 (2020); 15 

Period E (peak 3), week 1-20 (2021); Period F (recovery 2), week 21-30 (2021). 16 
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Figure 2b: Lead times of the diagnostic pathway of colorectal cancer 17 

*Period A (pre covid), week 1-11 (2020); Period B (peak 1), week 12-20 (2020); Period C (recovery 1), week 21-41 (2020); Period D (peak 2), week 42-53 (2020); 18 

Period E (peak 3), week 1-20 (2021); Period F (recovery 2), week 21-30 (2021).  19 
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Table 3: Time to therapy of diagnostic pathway  20 
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Table 4a: Breast cancer lead times of diagnostic pathway confounders during the first peak  21 
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Table 4b: Colorectal cancer lead times of diagnostic pathway confounders during the first peak 22 

23 
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