		
Long term trends at a comprehensive cancer center during the COVID‐19 pandemic.
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Precis: The COVID-19 pandemic has affected multiple facets of cancer care including outcomes and practice of care, such as telehealth. The data present examines change in care at a comprehensive cancer center due to the COVID-19 pandemic. 






Abstract
Background: As the ongoing public health crisis from Coronavirus Disease 2019 (COVID-19) pandemic puts strains on current models of cancer care, many health care centers had to adapt to minimize the risk of exposure and infection. The effects of the COVID-19 pandemic in a comprehensive cancer center were determined.
Purpose: To measure the impact of the COVID-19 pandemic on care delivery at a comprehensive cancer center. 
Methods: The number of on-site and telehealth visits (TH) were obtained from scheduling software. Multiple factors including total visits, telehealth visits, screenings for cancer diagnosis, and cancer treatments were tracked from two years before the pandemic onset through 2022. The length of stay (LOS) and Case Mix Index (CMI) were calculated using hospital database.
Results: In the third quarter of FY 2020, telehealth visits (TH) represented a fifth of total patient encounters. Cancer treatments, such as chemotherapy, radiation therapy, and surgery, decreased during the pandemic with number of surgeries being most affected (23% decrease in 2020 compared to the previous fiscal year). The average length of stay (LOS) was also longer with less discharges per given time during the pandemic. The increased LOS was related to increased severity of patient illnesses since CMI was higher.  Screening mammograms decreased to a nadir of 58% in 2021 as compared to those screened in pre-pandemic fiscal years.
Conclusions: The COVID-19 pandemic impacted many aspects of care, such as treatment and screenings. Many of these factors had to be postponed due to the fear of acquiring COVID-19 and access to care. The findings presented implicate that the delays and changes in cancer care during the pandemic resulted in less screening and treatment of more advanced disease. 
  

Introduction

In late 2019, China had reported rapidly emerging clusters of pneumonia cases caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), prompting the World Health Organization to declare Coronavirus disease (COVID-19) a global pandemic (Zhang, et al. 1). Before the distribution of COVID-19 vaccinations became commonplace, great effort and focus was placed on preventing the spread of infection, especially in the context of treating cancer patients. The Center of Disease Control issued mandates urging mask wearing and the practice of social distancing to deter the spread of infection. 

Many patients avoided hospitals and healthcare settings where many cases were documented, thus risking delayed detection of cancer diagnoses and treatment. This general avoidance of healthcare ultimately places patients at a greater risk for receiving an overall poorer prognosis due to the likeliness of them presenting with a more advanced cancer stage 3. While the associated risks stemming from a worldwide pandemic are still being evaluated, we sought to further elucidate how the COVID-19 pandemic affected cancer screening and treatment at a comprehensive cancer center in southeast Michigan. 
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Materials and Methods

During the COVID-19 pandemic, the total visits and telehealth visits (TH) in a comprehensive cancer center clinic were measured. A visit was a TH if video conferencing or audio call were used to complete and document a patient interaction. The number of on-site and telehealth visits were obtained using the scheduling software. The number of radiology visits, discharges, screening mammograms, surgical cases, chemotherapy, and radiation treatments during this timeframe were also measured. 

The length of stay (LOS) was calculated by total hospital days divided by the number of discharges for the time period. The Case Mix Index (CMI) is a measure to determine the complexity and severity of patient illnesses that is weighted for each type of discharge. The average data for FY 2017, 2018 and 2019 were measured and compared as a ratio to FY 2020, 2021 and 2022. These data were organized by fiscal year (FY) which is October through September and further subdivided by quarter (Q1. October-December; Q2. January-March; Q3. April-June; Q4. July-September).







Results

In the beginning months of the pandemic, cases and deaths from COVID-19 began to skyrocket, prompting the Karmanos Cancer Center to allow only essential visits, such as cancer treatments and diagnosis 4. Many other visits, such as those for cancer surveillance, had to be delayed or converted to telehealth to reduce the risk of viral transmission. The largest drop in the number of total clinic visits (TV) at the Karmanos Cancer was observed from the second quarter of FY 2020 to the third quarter of FY 2020, resulting in a loss of 1,988 total visits (Figure 1). This drop correlates with the timeline in which the state of Michigan declared a state of emergency at the end of March 2020 and is reflected in the lowest recorded total number of visits at 12,606 visits from March to May of 2020. Telehealth visits (TH) were first introduced in April 2020 with a peak of 2,291 visits in the third quarter of FY 2020. This represented 18.2% of all total visits, thus telehealth visits composed of nearly a fifth of all total visits at the Karmanos Center. The number of telehealth visits recorded for the subsequent quarters (2020-4, FY 2021, 2022-1, 2022-2) declined dramatically to an average of 987 telehealth visits, which is a decrease of 57% from the third quarter of FY 2020. A rise in total number of visits from the third quarter to the fourth quarter of FY 2020 was witnessed at an increase of 2,722 total visits, and the subsequent total visits remained steady at an average of 16,151 total visits (FY 2021, 2022-1, 2022-2). Telehealth visits during this time were still conducted, although they only made up 6.1% of all total visits in the second quarter of 2022. The number of telehealth visits peaked when first introduced in FY 2020 (N = 1,704) and declined in subsequent years (Table 1). In FY 2021 and FY 2022, the total number of visits and telehealth visits remained steady (Table 1). 
The pandemic effects on cancer treatments were compared to pre-pandemic levels. Compared to the FY 2017-2019 averages, chemotherapy treatments were slight lower; ratios of 0.96, 0.89, and 0.92 in FY 2020, FY 2021, and FY 2022, respectively, while radiation therapy and surgery had more dramatic initial declines. Radiation therapies saw a decline at ratios of 0.83, 0.90, and 0.78 in FY 2020, FY 2021, and FY 2022, respectively. The ratios of surgery followed a very similar pattern with ratios of 0.77, 0.92, 0.80 in FY 2020, FY 2021, and FY 2022. All three treatment regimens did not return to the FY 2017-19 averages. Since surgery and radiation are used in early-stage disease and chemotherapy is added for advanced disease, one assumption is that patients with more advanced disease are being treated in this time frame.

During the pandemic, inpatient length of stay (LOS) increased from FY 2017-19 (Figure 3). The number of discharges from FY 2020, 2021, and 2022 declined from the FY 2017-19 with ratios of 0.85, 0.86, and 0.74. Since the LOS/CMI remained relatively unchanged in FY 2020, 2021, and 2022 from FY 2017-19, the increased LOS is related to higher CMI. In terms of the ratio of LOS/CMI, in FY 2020, the ratio of LOS/CMI decreased by 7% compared to FY 2017-2019. In the background of LOS increasing by 10% during this same time-period, the increase in ratio can be explained by an even greater increase in CMI, denoting an increase in disease and diagnosis severity. A similar trend is seen in FY 2021, even if the average LOS decreased slightly by 7% and the CMI decreasing by 3% compared to FY 2020. This may be attributed to there being overall sicker patients who required more intense and comprehensive care due to possible COVID-19 infection.
The number of radiology studies (excluding breast screening) were identical in FY 2020 and increased in FY 2021 to FY 2022 (Figure 4). The number of screening mammograms drastically decreased in FY 2020 and FY 2021 by 9% and 42%, respectively, and remained lower in FY 2022 (Figure 4).  The new patients declined 13% in FY 2020 from FY 2017-19; however, new patients rebounded to normal levels in FY 2021 and FY 2022 (Figure 4).  






Discussion

With the COVID-19 pandemic came many concerns regarding its impact on patients with cancer. This concern stems from the fact that many cancer patients delayed consultations for initial diagnosis and treatment, perhaps due to reluctance from many primary care services to make referrals during the height of the pandemic 6. These findings are reflected in the decrease in the number of new patients during FY 2020 compared to FY 2017-19 at this cancer center (Figure 4). The COVID-19 pandemic also evoked a substantial amount of fear and anxiety in patients that lead them to delay treatment which jeopardized adherence to therapy 7. Based off these findings, it may be inferred that delays in care could lead to worse outcomes in terms of mortality and treatment options, especially in a complex patient population where timing of treatment is of utmost importance. 

To balance on-time care with the risk of exposure to COVID-19, many institutions established the use of telehealth medicine, which consisted of nearly one fifth of total clinic visits at the Karmanos Cancer Center at the pandemic onset (Figure 1). Its main purpose was to provide a feasible alternative to reduce chances for contact and spread of the virus, and its use in the cancer care setting allowed for surveillance and follow-up in this population 8. The decline in telehealth usage, however, in subsequent years compared to when it was first introduced may be attributed to it not having yet entered a mature phase of integration into cancer care 9. Even so, the use of telehealth medicine was adopted into an even more integral role in the cancer care journey in many institutions given its many advantages, such as cost savings, decreased travel time, and easy access 10. This is perhaps why, even if there was an appreciable decline in the percentage of telehealth encounters that made up total clinic visits at the Karmanos Center, many institutions still offered this alternative platform to continue giving much needed healthcare to their patients. 

Given the significance of increased mortality associated with cancer and COVID-19 infection and the consequence of delayed cancer diagnosis, screenings for these malignancies should have theoretically increased, but its exact opposite was observed (Figure 4). Specifically, the numbers of screening mammograms for detecting breast cancer have dropped nearly 40% from FY 2017-19 averages to FY 2021, reflecting a risk for missing many early-stage breast cancers that are more easily treatable than later-stage, potentially disseminated, cancers. This begs an even larger question of what could have been done differently from a public health standpoint in balancing continued screening services amidst a dangerous, high-risk environment that the pandemic posed. This persistent decline in mammograms raises many concerns because late detection and treatment of breast cancer leads to more advanced stages that are more difficult to treat and are associated with higher mortality 5.  

In the context of this study, overall declining trends in all cancer therapies were noted, although these treatment modalities were not all affected equally. Compared to radiation therapy and chemotherapy, the pandemic onset impacted surgery the most, with a decline of 23% in FY 2020 compared to FY 2017-19. One possible explanation is that some surgeons delayed excisional surgery in less aggressive cancers compared to those with highly aggressive malignancies 15. Another, perhaps more likely, explanation is that the benefit of postponing surgical therapy to reduce likely infection outweighed the benefit of excising the cancer itself. Regardless of the reasons, surgeries continued to decline and never made it back to pre-pandemic numbers. More advanced cancers tend to utilize more inpatient hospital stays because of complications of cancer treatment and tumor progression. These data show that LOS increased during the pandemic which was correlated to sicker patients, higher CMI.







Conclusion

The COVID-19 pandemic impacted many aspects of care, such as treatment and screenings. Many of these factors had to be postponed due to the fear of acquiring COVID-19 and access to care. The findings presented implicate that the delays and changes in cancer care during the pandemic resulted in less screening and treatment of more advanced disease.  




[bookmark: RMRefList_Ad_p53_preneop_HPV_8_01_Cancer][bookmark: RMRefList_TAX_HNC_Mechanism][bookmark: RMRefList_Ad_p53_preneop_HPV]
References
1.	Zhang H, Han H, He T, et al. Clinical Characteristics and Outcomes of COVID-19-Infected Cancer Patients: A Systematic Review and Meta-Analysis. J Natl Cancer Inst. Apr 6 2021;113(4):371-380. doi:10.1093/jnci/djaa168
2.	Ozer M, Goksu SY, Mahdi M, Gandhi N. Characteristics and outcomes of cancer patients with covid-19 at a safety-net hospital. Cancer Treat Res Commun. 2021;28:100418. doi:10.1016/j.ctarc.2021.100418
3.	Lee AJX, Purshouse K. COVID-19 and cancer registries: learning from the first peak of the SARS-CoV-2 pandemic. Br J Cancer. May 2021;124(11):1777-1784. doi:10.1038/s41416-021-01324-x
4.	Moentmann MR, Johnson J, Chung MT, Yoo OE, Lin HS, Yoo GH. Telemedicine trends at a comprehensive cancer center during the first wave of the COVID-19 pandemic. J Surg Oncol. Feb 2022;125(2):101-106. doi:10.1002/jso.26681
5.	Hanna TP, King WD, Thibodeau S, et al. Mortality due to cancer treatment delay: systematic review and meta-analysis. BMJ. Nov 4 2020;371:m4087. doi:10.1136/bmj.m4087
6.	Greenwood E, Swanton C. Consequences of COVID-19 for cancer care - a CRUK perspective. Nat Rev Clin Oncol. Jan 2021;18(1):3-4. doi:10.1038/s41571-020-00446-0
7.	Karacin C, Acar R, Bal O, et al. "Swords and Shields" against COVID-19 for patients with cancer at "clean" and "pandemic" hospitals: are we ready for the second wave? Support Care Cancer. Aug 2021;29(8):4587-4593. doi:10.1007/s00520-021-06001-6
8.	Sonagli M, Cagnacci Neto R, Leite FPM, Makdissi FBA. The use of telemedicine to maintain breast cancer follow-up and surveillance during the COVID-19 pandemic. J Surg Oncol. Feb 2021;123(2):371-374. doi:10.1002/jso.26327
9.	Grewal US, Shankar A, Saini D, et al. Tele-health and cancer care in the era of COVID-19: New opportunities in low and middle income countries (LMICs). Cancer Treat Res Commun. 2021;27:100313. doi:10.1016/j.ctarc.2021.100313
10.	Jiang CY, El-Kouri NT, Elliot D, et al. Telehealth for Cancer Care in Veterans: Opportunities and Challenges Revealed by COVID. JCO Oncol Pract. Jan 2021;17(1):22-29. doi:10.1200/OP.20.00520
11.	Pathania AS, Prathipati P, Abdul BA, et al. COVID-19 and Cancer Comorbidity: Therapeutic Opportunities and Challenges. Theranostics. 2021;11(2):731-753. doi:10.7150/thno.51471
12.	Basse C, Diakite S, Servois V, et al. Characteristics and Outcome of SARS-CoV-2 Infection in Cancer Patients. JNCI Cancer Spectr. Feb 2021;5(1):pkaa090. doi:10.1093/jncics/pkaa090
13.	Amjad MT, Chidharla A, Kasi A. Cancer Chemotherapy. StatPearls. 2022.
14.	Mehta SR, Suhag V, Semwal M, Sharma N. Radiotherapy: Basic Concepts and Recent Advances. Med J Armed Forces India. Apr 2010;66(2):158-62. doi:10.1016/S0377-1237(10)80132-7
15.	Gosain R, Abdou Y, Singh A, Rana N, Puzanov I, Ernstoff MS. COVID-19 and Cancer: a Comprehensive Review. Curr Oncol Rep. May 8 2020;22(5):53. doi:10.1007/s11912-020-00934-7

[bookmark: _Hlk109380054]
Figure with Legends


[image: Chart, bar chart

Description automatically generated]
Figure 1. Total clinic visits (TV) and telehealth visits (TH) across all specialties for fiscal years (FY) 2020, 2021 and 2022 [YTD] by quarters.  Fiscal year starts on October and ends in September.  TH were first offered in April 2020. 

[image: ]
Figure 2. The ratios of chemotherapy (Chemo), radiation treatments (RT) and surgery for fiscal years (FY) 2020, 2021 and 2022 [YTD] as compared to FY 2017 –2019 averages.  Fiscal year starts on October and ends in September.  
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Figure 3. The ratios of number of discharges (DC), length of stay (LOS) and LOS/case mix index (LOS/CMI) for fiscal years (FY) 2020, 2021 and 2022 [YTD] as compared to FY 2017 –2019 averages.  Fiscal year starts on October and ends in September.  
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Figure 4.  The ratios of number of screening mammograms, radiology visits and new patients (NP) for fiscal years (FY) 2020, 2021 and 2022 [YTD] as compared to FY 2017 –2019 averages.  Fiscal year starts on October and ends in September.  





Table with Legends


Table 1. In fiscal years (FY) 2020, 2021 and 2022 [YTD], quarterly average total clinic visits (TV) and telehealth visits (TH).  Fiscal year starts on October and ends in September.  TH were first offered in April 2020.

	
	FY19
	FY20
	FY21
	FY22

	TH
	
	1,704 
	990 
	918 

	TV
	15,998 
	14,552 
	16,080 
	16,291 

	TH/TV
	
	11.7%
	6.2%
	5.6%
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