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Abstract
Background: No clear evidence exists regarding the effects of the different pe-
riods and magnitude of spread of the COVID- 19 infection on cancer treatments. 
This study investigated the effects of the different periods and magnitude of 
COVID- 19 infection spread on in- hospital cancer operations.
Methods: Medical claims data from 17 hospitals where in- hospital operations for 
patients with malignant neoplasms were performed between 1 April 2017 and 31 
March 2021 in Yamagata were extracted and analyzed. The critical time points 
as exposure used to evaluate the impact of different COVID- 19 infection spread 
periods on cancer operations were (1) April 2020 (emergency declaration intro-
duced by the government) and (2) December 2020 (the second wave). From April 
to November 2020 and December 2020 to March 21, the number of confirmed 
COVID- 19 cases was 130 and 840, respectively. The 17 hospitals were classified 
into intervention or control groups based on whether in- hospital treatments for 
patients with COVID- 19 were provided.
Results: The interrupted time series analysis reported that the difference in the 
trend of pre- COVID- 19 and postsecond wave (March 2020 to December 2020) 
periods was statistically significant between groups, with 50.67 fewer operations 
(95% confidence interval [CI] = 12.19– 89.15) performed per month in the inter-
vention group compared with the control group. Moreover, the immediate change 
in the number of operations in April 2020 (beginning of the first wave) was statis-
tically significant between groups, with 80.14 operations (95% CI = 39.62– 120.67) 
less immediately after the first wave in the intervention group compared with the 
control group.
Conclusion: Our findings suggest that a statement of emergency by the govern-
ment and the COVID- 19 infection spread are both associated with the number of 
cancer operations performed in the Yamagata prefecture during the COVID- 19 
pandemic.
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1  |  INTRODUCTION

The global outbreak of the novel coronavirus, known as 
severe acute respiratory syndrome coronavirus- 2 (SARS- 
CoV- 2), has caused devastating effects on healthcare sys-
tems worldwide.1– 10 Several medical resources, such as 
intensive care units and medical professionals, had been 
diverted toward coronavirus disease- 2019 (COVID- 19) 
treatment and prevention.11 Consequently, several sched-
uled treatments for various diseases, including in- hospital 
operations for patients with cancer, were disrupted.6– 10

To date, numerous studies have reported on cancer 
treatment disruption due to the COVID- 19 pandemic. 
However, they were based on a small number of patients,8 
affected by the recall bias because of self- reported data,12 
or did not investigate other possible factors of treatment 
delays (e.g. seasonality) due to the absence of a control 
group.6,7 Furthermore, the abovementioned studies were 
conducted during the early COVID- 19 pandemic period 
and in countries where COVID- 19 rapidly spread follow-
ing the first confirmed case.13 Therefore, the effects of dif-
ferent periods and the magnitude of COVID- 19 spread on 
cancer treatments had not been clarified.

The present study applied a “natural experiment de-
sign”14 that enabled the distinction between the different 
COVID- 19 periods, including the first confirmed infection 
in the local community and the period during which the 
infection spread. This retrospective observational study 
was conducted using medical claims data collected from 
multiple hospitals in Yamagata prefecture, one of the pre-
fectures (states) of Japan, to investigate the effect of dif-
ferent COVID- 19 periods and magnitudes of spread on 
scheduled in- hospital operations for patients with cancer.

2  |  MATERIALS AND METHODS

2.1 | Data source and study population

The diagnosis procedure combination (DPC) data were 
obtained from all hospitals in Yamagata prefecture. The 
hospitals where in- hospital operations for patients with 
malignant neoplasms (ICD- 10 codes C00– C97) were re-
corded were eligible for the study (N  =  28). The DPC 
system is a scheme for bundled payment for acute- phase 
inpatient hospital for profiling healthcare services, which 
included clinical information of each patient, such as their 

age, sex, primary diagnosis (by ICD- 10 codes), comorbidi-
ties at admission, emergency or scheduled hospitalization, 
concomitant chemotherapy, and cancer recurrence. The 
details regarding the DPC system have been described else-
where.15,16 The data regarding discharged patients from 1 
April 2017 to 31 March 2021 were analyzed in this study. We 
excluded 11 hospitals with <100 cases during the observa-
tion periods, and the remaining 17 hospitals were included 
in the main analysis. Overall, 97% of patients in Yamagata 
receive medical care services within Yamagata,17 and the 
DPC data cover 98% of all operations in the Yamagata 
prefecture.18 Therefore, the data in the present study are 
highly comprehensive in terms of Yamagata.18

2.2 | Exposure

Figure 1 summarizes the number of confirmed COVID- 19 
cases in Japan and Yamagata prefecture. Yamagata prefec-
ture is located in the northern district of Japan and has a 
population of approximately 1 million residents. In Japan, 
the first COVID- 19 patient was confirmed on 16 January 
2020.19 Meanwhile, in Yamagata, the first COVID- 19 pa-
tient was identified on 31 March 2020, and by the end of 
May 2020, a total of 69 patients were confirmed to be posi-
tive for COVID- 19 infection (the first wave).20 At the same 
time, on 16 April 2020, the government issued a nation-
wide state of emergency, requesting that residents refrain 
from nonessential activities and maintain physical dis-
tance.19 The state of emergency throughout Japan was re-
moved on 31 May 2020, and the declaration in Yamagata 
has not been issued since then.19 Thus, the first wave of in-
fections in Yamagata and the government's declaration of 
a state of emergency occurred at approximately the same 
time, and no rapid spread of infection was confirmed in 
the first wave. No cases were confirmed in June 2020. After 
October 2020, the number of confirmed COVID- 19 cases 
gradually increased and reached its peak in December 
2020, when 253 infected people were confirmed, and the 
number of infected people expanded rapidly in Yamagata 
(the second wave).20

We used the following critical time points to evalu-
ate the impact of the different periods and magnitude of 
COVID- 19 infection spread on scheduled cancer opera-
tions: (1) April 2020 (the first COVID- 19 case confirmed 
in Yamagata; the initial wave of COVID- 19 cases, and 
the nationwide state of emergency was declared) and (2) 
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December 2020 (the peak of the second wave of confirmed 
COVID- 19 cases) (Figure 1). Because the first COVID- 19 
patient in Yamagata was confirmed on 31 March 2020, we 
considered April 2020 as the first time point.

2.3 | Intervention and control groups

In Japan, medical systems have been established on a 
prefectural basis, and Yamagata prefecture designated 
hospitals to provide inpatient treatment for patients with 
COVID- 19. Consequently, these hospitals were prioritiz-
ing restrictions on accepting inpatients to establish a med-
ical system that includes infection prevention measures 
and securing hospital beds.

The 17 hospitals were first classified into two groups 
based on whether in- hospital treatments for patients with 
COVID- 19 were provided. To ensure that patients with 
COVID- 19 were not admitted to a hospital not designated 
by the local government, we used the ICD- 10 code of  
U- 071. Nine hospitals (the number of hospital beds in the 
hospitals was ≥400) provided in- hospital treatments for 
patients with COVID- 19 during the study period (all the 
hospitals were the designated to provide inpatient treat-
ment for patients with COVID- 19 by the local govern-
ment). Thus, those hospitals where in- hospital treatments 
for patients with COVID- 19 were provided were classified 
into an intervention group, whereas those that did not 
provide were classified into a control group.

2.4 | Outcome

The outcome of this study was the number of monthly 
cancer operations performed according to the interven-
tion and control groups. We determined those cases who 

underwent cancer operations using the Japanese original 
operation code. The included procedures are summarized 
in Table S1.

2.5 | Control variables

The following data were used as control variables and 
adjusted in our regression analyses: age, sex, Charlson 
Comorbidity Index (0, 1, and ≥2),21 concomitant chemo-
therapy, cancer recurrence, and population density of 
hospital location. Age and population density22,23 were 
calculated as the mean age of the intervention and control 
groups by month. Other covariates were calculated as the 
monthly proportion by two groups. The variable concern-
ing whether patients had undergone concomitant chemo-
therapy was included as a control variable to consider the 
severity of cancer as concomitant chemotherapy is recom-
mended for patients in stages II and III in various cancer 
treatments.24

2.6 | Data analyses

After descriptive analysis according to the control and in-
tervention groups, an interrupted time series (ITS) analy-
sis was applied to investigate the effects of the different 
periods of COVID- 19 infection spread on in- hospital can-
cer operations.25– 27 The seasonality was adjusted using a 
Fourier term in addition to the aforementioned control 
variables in the ITS model.28 The ITS analysis enables us 
to measure two potential changes that could occur due 
to the exposure via an immediate change in the number 
of operations performed and a change in the number of 
operations per month. Our ITS analysis comprised the 
following three periods: (1) pre- COVID- 19 period (April 

F I G U R E  1  Number of confirmed COVID- 19 cases per 100,000 population according to Japan and Yamagata.
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2017 to March 2020), (2) the first wave period (during 
which inpatient treatment of patients with COVID- 19 was 
started but not spread too far; April 2020 to November 
2020; this period also included the government's emer-
gency declaration [16 April 2020 to 31 May 2020]), and (3) 
the second wave period (during which infection spread; 
December 2020 to March 2021). Therefore, for instance, 
we statistically compared the intervention group with the 
control group to assess whether a rapid change in cases 
was observed after the declaration of emergency state by 
the government. Two types of sensitivity analyses were 
also performed by changing the time point of the second 
wave of the infection spread: November 2020 and October 
2020.

All analyses were conducted using Stata, version 17.0 
(Stata Corp LLC). This study was approved by the ethics 
committee of Yamagata University (approval no. 2021– 
115). The requirement for informed consent was waived 
because of the anonymous nature of the data.

3  |  RESULTS

The characteristics of the study patients stratified by the 
intervention and control groups are shown in Table  1. 
Overall, the number of cases was approximately nine 
times greater in hospitals where in- hospital treatments for 
patients with COVID- 19 were provided (control, n = 2679; 
intervention, n = 22,395). Moreover, patients who under-
went operations for cancer in hospitals that provided in-
patient COVID- 19 treatments were more likely to have 
comorbidity.

Figure 2 and Table 2 show the results of our ITS anal-
ysis. First, before March 2020 (the pre- COVID- 19 period), 
there was a statistically significant difference in the inter-
cept/trend of the number of cases as well as between the 
intervention and control groups (coefficient [95% CI] was 
381.74 [345.49– 418.00] and 1.33 [0.55– 2.11], respectively). 
Second, in April 2020 (the beginning of the first wave pe-
riod), the difference in the rapid change in the levels be-
tween groups was statistically significant; 80.14 operations 
(95% CI = 39.62– 120.67) were reduced immediately after 
the first wave in the intervention group compared with 
control group. Third, between December 2020 and March 
2021 (the second wave period), the difference in the rapid 
change in the levels between the groups was not statisti-
cally significant; coefficient (95% CI) was −8.96 (−106.12 
to 88.20). This result indicated that no significant imme-
diate change in the number of operations performed was 
observed between the intervention and control groups. 

T A B L E  1  Patients' characteristics stratified by intervention and 
control groups, April 2017 to March 2021

Control Intervention

n = 2679 n = 22,395

Age (mean, standard 
deviation)

70.8 11.4 69.2 12.1

Women 1140 42.6 9497 42.4

Charlson Comorbidity Index

0 2003 74.8 11,951 53.4

1 345 12.9 5106 22.9

≥2 331 12.4 5338 23.8

Concomitant 
chemotherapy

97 3.6 1172 5.2

Whether cancer 
recurrence

200 7.5 1997 8.9

Note: Control: hospitals where in- hospital treatments for patients with 
COVID- 19 were not provided (N = 8). Intervention: hospitals where  
in- hospital treatments for patients with COVID- 19 were provided (N = 9). 
Values are presented as numbers and percentages, unless otherwise noted.

F I G U R E  2  Total number of monthly 
operations performed for patients with 
malignant neoplasms, April 2017 to 
March 2021. The model was adjusted for 
age, sex, Charlson Comorbidity Index, 
concomitant chemotherapy, cancer 
recurrence, population density of hospital 
location, and seasonality.
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However, there was statistical significance for the differ-
ence in trends between the groups during this period; 
50.67 fewer operations (95% CI = 12.19– 89.15) were per-
formed per month in the intervention group compared 
with control group.

Table 2 also presents the difference between the inter-
vention and control groups when comparing the differ-
ences in trends of the pre-  and post- COVID- 19 periods. 
There was statistical significance for the difference be-
tween the groups in the trends of pre- COVID- 19 and the 
first and second wave periods; the coefficients (95% CI) 
were 12.11 (1.19– 23.04) and −50.67 (−89.15 to −12.19), re-
spectively. The results indicate that 12.11 more operations 
(95% CI = 1.19– 23.04) were performed per month in the 
intervention group compared with the control group when 
comparing the differences in pre- COVID- 19 and postfirst 
wave period trends. Meanwhile, 50.67 fewer operations 
(95% CI = 12.19– 89.15) were performed per month in the 
intervention group compared with the control group when 
comparing the differences in pre- COVID- 19 and postsec-
ond wave period trends. Similar results were observed for 
our sensitivity analyses wherein we altered the time point 
of the second wave of the infection spread (Table S2).

4  |  DISCUSSION

This study investigated the effects of the different peri-
ods of COVID- 19 infection spread on cancer operations 
using medical claims data in Yamagata. Overall, we con-
firmed that cancer operations were significantly reduced 
in hospitals where in- hospital treatments for patients 
with COVID- 19 were provided during the COVID- 19 
era. However, no significant difference was confirmed in 
hospitals where in- hospital treatments for patients with 
COVID- 19 were not provided.

Two nationwide observational studies from Canada 
and the United Kingdom reported that the number of 
treatments for patients with cancer immediately de-
creased after the first wave of the pandemic (March 
2020).6,7 Additionally, the number of cancer treatments 
increased in the UK after the first wave.7 Another observa-
tional study from 61 countries reported that the lockdown 
measure was associated with reduced elective cancer sur-
geries.29 These findings were similar to that observed in 
our study, wherein we found that scheduled operations for 
patients with cancer immediately decreased in hospitals 
where in- hospital treatment for patients with COVID- 19 
was provided during the first wave period. The number of 
cases increased after the first wave until the second wave 
of the pandemic.

Additionally, we confirmed that the second wave of the 
pandemic affected cancer operations, although the effect 

was somewhat different from that in the first wave. Thus, 
an immediate change in the number of cases was not ob-
served; however, the number of cases dramatically de-
creased monthly after the second wave in hospitals where 
in- hospital treatments for patients with COVID- 19 were 
provided. The difference between waves is, first, caused 
by the difference in the number of COVID- 19 cases. The 
number of COVID- 19 cases rapidly decreased during the 
first wave of the pandemic; hence, the operations for pa-
tients with cancer were assumed to resume. Contrastingly, 
the number of COVID- 19 cases was relatively larger 
during the second wave than in the first wave; thus, the 
number of operations for patients with cancer decreased 
due to the need to prioritize treatment for patients with 
COVID- 19. Second, a nationwide state of emergency by 
the government was only implemented from April 2020 
to May 2020 in Yamagata; this state of emergency was 
a moderate lockdown measure29 across all the prefec-
tures of Japan, although the number of COVID- 19 cases 
in Yamagata was relatively smaller compared with the 
other prefectures of Japan and other countries.13 Thus, 
the immediate reduction in operations in the first wave in 
Yamagata might also be due to a nationwide state of emer-
gency by the government rather than the infection spread 
itself. Therefore, our results underscored the importance 
of reducing the number of COVID- 19 cases and limiting 
the spread of COVID- 19 to avoid cancer treatment disrup-
tion. Third, there is a difference in patients' reluctance to 
visit outpatient clinics or hospitals. Patients might refrain 
from visiting clinics and hospitals amid concerns regard-
ing COVID- 19 transmission, which might consequently 
influence the number of cancer operations as observed 
in this study.30,31 However, this information was not in-
vestigated in the present study; hence, future studies are 
warranted.

In contrast to the intervention group, neither immedi-
ate change in level nor change in trend was statistically 
significant between the pre-  and post- COVID- 19 periods 
in the control group. The results potentially indicated 
policymaking for the medical care system of differenti-
ating between hospitals centralized to the treatment of 
infectious diseases and those centralized to planned treat-
ments, such as cancer operations, in the situations of new 
infectious diseases epidemic. However, the centralization 
of cancer treatments may result in inequalities in access 
to healthcare services. A previous simulation study con-
ducted in Japan reported that centralizing inpatient and 
outpatient health care services for ischemic heart disease 
and breast cancer resulted in reduced travel times and 
improved access inequalities, except those for outpatients 
with breast cancer.32 Therefore, during an infectious dis-
ease pandemic, it may be essential to introduce public 
subsidies to ensure transportation when concentrating 
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medical services for scheduled treatments, such as cancer 
operations.

In our study, all hospitals that provided in- hospital 
treatments for patients with COVID- 19 had a larger num-
ber of hospital beds than those that did not provide in- 
hospital treatments for patients with COVID- 19. Hospitals 
with a large number of beds are generally required to pro-
vide a high level of multidisciplinary specialist treatment 
for patients with multiple comorbidities. This is in fact 
supported by our study findings that cancer patients with 
several comorbidities were more likely to admit to the hos-
pitals in the intervention group (Table 1). Therefore, rather 
than transferring these patients with advanced treatment 
needs to hospitals with fewer beds and facilities, it might 
be necessary to provide infectious disease and cancer 
treatments separately in similar hospitals in terms of the 
size and necessary facilities required to provide advanced 
treatments. Conversely, careful consideration should be 
given to cancer treatments that can be provided by gen-
eral hospitals, as treatments can be provided even without 
hospitals that provide advanced medical care and may not 
need to be centralized.

To our knowledge, this is the first study to investigate 
the impact of the different periods of COVID- 19 infection 

spread on cancer operations with intervention and con-
trol groups. Hence, we could add to the evidence that the 
COVID- 19 pandemic influenced the disruption of cancer 
operations. Moreover, in Yamagata prefecture, it was pos-
sible to monitor the changes in the number of COVID- 19 
cases over time and periods when the number of infected 
people was low. Therefore, this research was the so- called 
“natural experimental design” that allowed us to investi-
gate the effects of the different periods of COVID- 19 infec-
tion spread on cancer operations.

Nevertheless, the present study had several limita-
tions. First, the generalizability of our study findings may 
be limited to areas with large population density where 
the number of infected people rapidly increases. In Japan, 
COVID- 19 cases were more likely to be confirmed in pre-
fectures with larger population densities than in those 
with smaller population densities. Additionally, we only 
focused on those inpatients who underwent cancer oper-
ations. Therefore, our findings might not be generalized 
to nonoperation cancer treatments. Amid the pandemic, 
there may be an increasing number of patients who under-
went nonoperation treatments, depending on cancer type 
and location.33,34 However, the impact of such alternative 
treatments on the operation is unclear and was therefore 

T A B L E  2  Interrupted time series analysis estimates by different time point, April 2017 to March 2021

Periods Terms Coefficient p value
95% confidence 
interval

Pre- COVID- 19 (April 2017 to 
March 2020)

Difference in level: intervention versus control 381.74 <0.01 345.49 418.00

Difference in trend: intervention versus control 1.33 <0.01 0.55 2.11

The first wave perioda (not 
spread too far; April 2020 to 
November 2020)

Change in level: control 6.44 0.54 −14.58 27.45

Change in level: intervention −73.71 <0.01 −111.85 −35.57

Difference in level: intervention versus control −80.14 <0.01 −120.67 −39.62

Trend: control −3.65 0.16 −8.74 1.44

Trend: intervention 7.13 0.19 −3.57 17.82

Difference in trend: intervention versus control 10.78 0.06 −0.23 21.79

The second wave period 
(infection spread; December 
2020 to March 2021)

Change in level: control 16.15 0.21 −9.23 41.53

Change in level: intervention 7.19 0.88 −91.01 105.39

Difference in level: intervention versus control −8.96 0.86 −106.12 88.20

Trend: control 9.54 0.17 −4.14 23.22

Trend: intervention −42.47 0.03 −81.54 −3.40

Difference in trend: intervention versus control −52.01 0.01 −90.44 −13.57

Difference pre- COVID- 19 versus 
the first wave period

Difference in trend: intervention versus control 12.11 0.03 1.19 23.04

Difference pre- COVID- 19 versus 
the second wave period

Difference in trend: intervention versus control −50.67 0.01 −89.15 −12.19

Note: Statistical significance at p < 0.05 is indicated in bold. Durbin- Watson statistic = 2.27. The model was adjusted for age, sex, Charlson Comorbidity Index, 
concomitant chemotherapy, cancer recurrence, population density of hospital location, and seasonality. Control: hospitals where in- hospital treatments for 
patients with COVID- 19 were not provided (N = 8). Intervention: hospitals where in- hospital treatments for patients with COVID- 19 were provided (N = 9).
aThe first wave period included the periods during which inpatient treatment for patients with COVID- 19 was started in Yamagata; this period also included 
the government's emergency declaration period (16 April 2020, to 31 May 2020).



   | 7KASHIWAGURA et al.

excluded from this study.33,34 Second, our findings might 
not be generalizable depending on the cancer site or op-
eration type. Therefore, future studies with larger sample 
size data with separate cancer sites and operation types 
are warranted. Third, the DPC data used in this study are 
routinely collected every year according to the fiscal year 
(i.e. April– March). Therefore, the available data at the 
time the study was conducted were till March 2021, and 
exploring the impact of the COVID- 19 pandemic on can-
cer operations was not possible after the third wave (i.e. 
March 2021 to June 2021) when the number of confirmed 
COVID- 19 cases showed a greater increase than that in 
the previous waves. Hence, future studies with longer 
time periods are warranted. Fourth, our data might be af-
fected by confounders, such as bed occupancy for patients 
with COVID- 19 infection, although we used a “natural ex-
periment design” using the induced exogenous variation 
by the COVID- 19 infection spread. Fifth, we did not con-
sider the timing of the designation of hospitals to provide 
inpatient treatment for patients with COVID- 19. Three 
out of the nine hospitals in the intervention group did not 
provide inpatient treatment for patients with COVID- 19 
during the first wave, and thus, our estimates for the first 
wave might have included biased results.

5  |  CONCLUSIONS

We investigated the effects of the different periods of 
COVID- 19 infection spread on scheduled operations for 
patients with cancer using routinely collected medical 
claims data from multiple hospitals in Yamagata. Our 
findings suggest that a statement of emergency by the gov-
ernment and the COVID- 19 infection spread are both as-
sociated with the number of cancer operations performed 
in Yamagata prefecture during the COVID- 19 pandemic.
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