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Abstract 

Background  The COVID-19 pandemic exerted unprecedented pressure on healthcare systems worldwide, leading 
governments and hospitals to postpone elective procedures to prioritize care for COVID-19 patients. Cancer patients, 
who often require frequent interactions with hospital services, may have been disproportionately affected by these 
disuptions in healthcare delivery. This study aimed to analyze and compare hospital care provided to cancer and non-
cancer inpatients during the lockdown and post-lockdown periods in Switzerland.

Methods  This study analyzed comprehensive adult acute care inpatient records from national administrative hospital data 
spanning 2017 to 2021. Using monthly patient-level data, comparative interrupted time series and difference-in-differences 
analysis were conducted to assess changes in hospital care between patients with and without an ICD-10 cancer diagnosis. 
Changes in admission volumes, hospital outcomes (length of stay, mortality), and cancer-specific treatments (chemother‑
apy, radiation therapy, and palliative care) during the lockdown and post-lockdown phases of the pandemic were analyzed.

Results  Hospital admissions decreased substantially during the lockdown period. From March to May 2020, non-can‑
cer patients experienced a reduction of 17′368 admissions (-18%) (95% CI [-24′333, -10′402]), compared with a reduc‑
tion of 966 admissions (-9%) (95% CI [-1′636, -296]) for cancer patients. However, despite reduction in admissions, 
cancer inpatients received critical treatments at rates that were no lower for chemotherapy, and 6% (95% CI [1, 12]) 
and 15.2% (95% CI [10; 20]) higher for radiation therapy and palliative care, respectively, during the lockdown period 
compared to pre-pandemic levels. The mortality rate for both groups increased during the lockdown, but the rise 
was 22% (95% CI [8, 32]) smaller for cancer patients compared to non-cancer patients. The length of stay increased 
for both groups during the lockdown. However, the difference in length of stay between cancer and non-cancer 
patients vanished during the lockdown, with a higher length of stay of only 0.06 days (95% CI [-0.05, 0.18]) for cancer 
patients, compared to 0.40 days (95% CI [0.37, 0.43]) before the lockdown.
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Conclusion  Swiss hospitals were able to maintain access to cancer services during the pandemic, mitigat‑
ing the impact of the COVID-19 crisis for cancer population. These findings contribute to highlight the resilience 
of healthcare systems and understand decision-making processes during public health emergencies. However, long-
term consequences of reduced care for cancer patients warrants further investigation.

Keywords  Cancer, Administrative data, ICD-10, Routinely-Collected Health Data, Chemotherapy, Radiation therapy, 
Hospital, Covid-19, Lockdown, Interrupted Time Series Analysis, Comparative Time Series, Switzerland

Background
N early 2020, the COVID-19 pandemic posed unprec-
edented challenges for healthcare systems. The surge in 
critically ill patients, combined with more than 44′677 
deaths and nearly 4′210′645 potential years of life lost 
in only 17 countries by August [1], forced healthcare 
providers to divert resources to COVID-19 care. To 
prevent health systems from collapsing, many coun-
tries, including Switzerland, implemented emergency 
measures such as cancelling or postponing non-urgent 
procedures [2–6]. While these measures were neces-
sary, they had a significant impact on vulnerable popu-
lations, particularly cancer patients, whose care often 
requires time-sensitive interventions such as surgery, 
chemotherapy, and radiation therapy.

In Switzerland, between 2013 and 2017, an average of 
42′750 new cases of cancer were diagnosed each year 
[7]. Cancer remained the second leading cause of death 
in Switzerland, accounting for 30% of deaths in men 
and 23% in women during this 5  years period. Most 
cancer diagnoses occurred in people over the age of 
50, and the incidence of cancer is expected to increase 
by 15% in the next 7 years [8]. Cancer patients in Swit-
zerland benefited from integrated care pathways that 
ensured timely diagnosis, treatment, and follow-up, 
although regional disparities were noted [9, 10].

In several countries, the COVID-19 pandemic 
affected cancer care, with a reduction in inpatient 
admissions during that period [11–16]. In Switzerland, 
hospitals faced significant pressure during the COVID-
19 pandemic, as they played a crucial role in meeting 
the complex demands of cancer care. The federal ban 
on non-urgent medical procedures, imposed in March 
2020 [17], could have led to delays in both cancer diag-
nosis and treatment, raising concerns about the poten-
tial long-term impact on cancer outcomes. Previous 
international studies have shown that disruptions in 
cancer care during the pandemic could increase can-
cer-related mortality. For example, the United King-
dom and the United States documented significant 
reductions in cancer screening and delays in treatment 
[18–21], while an increase in cancer mortality due to 
pandemic-related disruptions was projected in Eng-
land, Canada, and Austria [21–23].

The specific impact of the COVID-19 pandemic on 
cancer care remains rather underexplored in Switzer-
land, especially compared to non-cancer patients where 
it is also underexplored worldwide. In a qualitative study 
examining the experiences of cancer patients during the 
pandemic, patients in five Swiss hospitals were inter-
viewed and surveyed about their care during the COVID-
19 period. [24]. Most patients did not report significant 
unmet needs or disruptions in their care, and most of 
them did not express particular distress related to their 
cancer diagnosis or fear of disease progression. This 
study found that the lockdown period led to a greater 
thickness in newly diagnosed melanomas, particularly 
in elderly women, and a proportional shift towards stage 
IV melanoma compared to the pre-lockdown [25]. This 
study also highlighted an increase in melanoma diag-
noses immediately following the lockdown, suggesting 
a possible change in preventive behaviors during this 
period. Reversely, during the first year of the pandemic, 
a recent study based on cancer registry data found a 
decrease in all types of cancer diagnosis in the Swiss can-
tons of Zurich and Zug [26]. At the national level, a study 
focusing on a selection of inpatients procedures found a 
decline in elective surgeries for all types of patients dur-
ing the lockdown that had not been compensated for 
by the end of 2020 [27]. This downward trend was also 
observed for elective cancer-related procedures such as 
mastectomies, prostatectomies, lobectomies, and colo-
rectal resections, although the decrease was not statisti-
cally significant. Comparing the impact between hospital 
types, the decrease was highest for specialized hospitals 
and the smallest for regional hospitals. However, none of 
these Swiss studies compared the relative changes of the 
lockdown period on cancer surgery versus other proce-
dures. The absence of national-level comparative studies 
between cancer care trends and other types of medical 
care has created a knowledge gap in the understanding 
of how the COVID-19 pandemic affected both cancer 
patients and non-cancer patients.

This study aimed to address this gap by analyzing com-
prehensive nationwide inpatient data from Swiss hos-
pitals to examine the impact of containment measures 
undertaken during the early phases of the pandemic on 
the care provided to cancer and non-cancer patients. By 
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evaluating changes in hospital admission volumes, length 
of stay, mortality rates, and cancer-specific treatments, 
this study provides insights into Swiss hospitals adap-
tation to the crisis and into the impact of public health 
measures on maintaining oncology services, and ulti-
mately sheds light on the resilience of the healthcare sys-
tem during a public health emergency.

Methods
Study design
This study used a comparative interrupted time series 
(CITS) and cross-sectional design analyzing nationwide 
hospital discharge data from Switzerland to assess the 
impact of the lockdown on key trends and outcomes 
before and after the COVID-19 lockdown. A before-after 
case–control design was used for most outcomes, with 
cancer patients as interests and non-cancer patients as 
controls, while a before-after approach was used specifi-
cally for cancer-related treatments.

Data source
This study used national administrative hospital data 
from across Switzerland, provided by the Swiss Federal 
Statistical Office (FSO). The FSO collects standardized 
patient-level administrative hospital data annually, pri-
marily for reporting, financing, and cost control purposes 
[28]. For the analysis, all acute care adult inpatient cases 
(excluding psychiatry and rehabilitation cases), with 
somatic stays between January 2017 and December 2021 
were selected. No other selection criteria were applied.

The data included the following hospitalization infor-
mation: the month of admission, 5-year age categories, 
sex, diagnosis according to 10th revision of the Inter-
national Classification of Diseases (ICD-10) [29], treat-
ments (chemotherapy, radiation therapy, and palliative 
care), length of stay (LOS) expressed in number of days, 
discharge mortality, readmission within 18  days of dis-
charge, and whether the hospitalization was a planned 
admission. In addition, the data included information 
on whether intensive care was provided during the stay, 
and whether the stay took place at one of the five uni-
versity hospitals. The primary period of interest was the 
COVID-19 pandemic years (2020–2021), with data from 
previous years (2017–2019) serving as a comparative 
baseline for the analysis. Reliable and complete data on 
COVID-19 diagnoses were not available.

Outcomes and variables of interest
First, the study focused on the volume of hospital admis-
sions, aggregated monthly, which provides insight into 
temporal patterns of hospital use. Second, it examined 
key outcomes, such as LOS in days, readmission rates, 
planned admission rates, and in-hospital deaths. Third, 

the analysis focused on cancer-specific treatments, 
examining the probability of cancer patients receiving 
palliative care, chemotherapy, or radiation therapy, thus 
highlighting patterns of specialized care.

Statistical analyses
Data were categorized based on the COVID-19 outbreak 
time periods: pre-lockdown (January 2017 to February 
2020), lockdown (March 2020 to May 2020), and post-
lockdown (June 2020 to February 2021). Patients were 
further divided into adult cancer patients (aged 18 years 
and older) and adult non-cancer patients (aged 18 years 
and older). Admissions were classified as cancer-related 
if they contained at least one ICD-10 diagnosis code 
for cancer (as detailed in supplementary material 1.1), 
regardless of whether the code was listed as a primary 
or secondary diagnosis. Admissions with cancer-related 
ICD-10 codes were classified as cancer admissions, while 
those without any cancer-related codes were classified 
as non-cancer admissions. Cancer patients often require 
a range of treatments and care that go beyond cancer-
specific interventions, such as management of comor-
bid conditions, non-cancer surgery or emergency care. 
By including all admissions with a cancer diagnosis—
whether primary or secondary—this approach ensured 
that the healthcare utilization associated with their full 
range of needs was captured, rather than focusing only 
on cancer-specific admissions. This broader perspec-
tive helps to better understand the healthcare burden 
and resource use for cancer patients. Age was divided 
into three categories: under 65  years, between 65 and 
80  years, and over 80  years (Supplementary material 
1.1). Descriptive analyses were performed using t-tests to 
compare the mean differences in key variables between 
the pre-lockdown and lockdown or post-lockdown 
periods.

The main statistical analyses were carried out in three 
steps. First, a CITS approach was used to assess differ-
ences in the volume of hospital admissions between 
cancer and non-cancer patients. CITS is a well-estab-
lished quasi-experimental method often used to evaluate 
health policies or interventions when randomization is 
not feasible [30]. In this study, CITS was used to exam-
ine monthly changes in admissions for cancer and non-
cancer patients. The model was applied twice: first, to 
compare inpatient admissions between the lockdown and 
pre-lockdown periods, and second, to compare admis-
sions between the post-lockdown and pre-lockdown peri-
ods. As a subgroup analysis, the CITS was also applied to 
older patients, female patients, patients with comorbidi-
ties (Charlson Comorbidity Index), and patients admit-
ted to university hospitals to check for the stability of 
the results within subgroups of the population. Further 
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details on the application of the model can be found in 
supplementary material 2.1.

Next, the impact of the pandemic and cancer status 
were analyzed on four outcomes: LOS, the probability of 
readmission within 18 days, the probability of a planned 
admission, and the probability of in-hospital mortal-
ity. For LOS, a negative binomial regression model was 
used to account for the continuous nature of the out-
come. Logistic regression models were used for the 
binary outcomes (readmission and in-hospital death). A 
difference-in-differences approach was used to estimate 
the interaction effects of pandemic periods (lockdown 
and post-lockdown) and cancer status on these outcomes 
(Supplementary material 2.2). This method assumes par-
allel pre-intervention trends and allows for the estima-
tion of multiple group-time treatment effects, providing 
causal estimates across both time periods [31]. Models 
were adjusted for time, comorbidities, age, sex, inten-
sive care admission, and whether the admission was to 
a university hospital. To examine potential differences 
in effects by cancer stage, subgroup analyses were per-
formed within the cancer patient group, distinguishing 
between metastatic and non-metastatic patients. The 
average of the individual marginal effects for each obser-
vation (average marginal effects), were calculated to help 
in the interpretation of the results. Average marginal 
effects show how much, on average, a one-unit change in 
a covariate affects the predicted dependent variable (Sup-
plementary material 2.2).

Finally, this study focused on cancer patients to assess 
the impact of the lockdown on the probability of receiv-
ing specific treatments (chemotherapy, radiation ther-
apy, and palliative care) during hospitalization. Logistic 
regression models were used for these binary outcomes, 
(Supplementary material 2.3) [32].

Statistical significance was set at p < 0.05 for all analy-
ses. All analyses were carried out using the STATA soft-
ware (Stata/SE 18.0 for Windows (64 bit × 86–64)).

Results
Descriptive statistics
A total of 3′958′526 hospital admissions were recorded 
during the study period, with a monthly average of 
104′171 admissions. Among these, 92′852 were attrib-
uted to non-cancer patients and 11′319 to cancer 
patients. During the pre-lockdown period, the monthly 
average of admissions was 106′326, with 10.7% of them 
reporting a cancer diagnosis. During the lockdown, the 
percentage of cancer patients increased to 11.8%, then 
decreased to 11.0% in the post-lockdown period. The 
profiles of the cancer and non-cancer patient groups dif-
fered in terms of age, comorbidities, gender, death, LOS, 
planned admissions, admissions to university hospitals 

and use of intensive care (Table 1), and most of the differ-
ences between pre-lockdown period and the periods of 
interest (lockdown, from March 2020 to May 2020, and 
post-lockdown, from June 2020 to February 2021) were 
statistically significant. Generally, during the lockdown, 
all types of admissions decreased. However, there was a 
smaller decrease of cancer admissions (−966 (−9%), 95% 
CI [−1′636, −296]) compared to non-cancer admissions 
(−17′368 (−18%), 95% CI (−24′333, −10′402)). Similarly, 
the decrease in planned admissions was less pronounced 
for cancer patients (−644 (−9%); 95% CI (−1′165, 123)), 
than for non-cancer patients (−12′019 (−25%), 95% 
CI [−18′041, −5′997]). The decrease in admissions did 
not persist in the 9-month period after the lockdown 
(Table 1).

Volume of admissions
The volume of admissions decreased during the lock-
down (Fig. 1) and remained lower in the post-lockdown 
period, than in the pre-lockdown period. We observed a 
statistically significant greater decrease in admissions for 
non-cancer patients compared to cancer patients (Sup-
plementary material 3.1). A greater decrease in admis-
sions was also observed for non-cancer patients with 
no or one comorbidity (< 2) than for those with several 
comorbidities (> = 2) (Supplementary material 3.3). 
An additional analysis accounting for cancer case indi-
cated no statistically significant difference in admissions 
between metastatic and non-metastatic patients (Supple-
mentary material 3.4).

Length of stay, readmission, planned admissions, 
and in‑hospital death
Cancer patients differed significantly from non-can-
cer patients in all outcomes. They had longer hospital 
stays (IRR = 1.03, 95% CI [1.03, 1.04]), lower probability 
of readmission (OR = 0.66, 95% CI [0.63, 0.69]), more 
planned admissions (OR = 2.37, 95% CI [2.34, 2.41]), and 
higher probability of in-hospital death (OR = 22.42, 95% 
CI [21.50, 23.39]).

The lockdown variable shows a significant effect across 
all four outcomes compared to the pre-lockdown period: 
an increase in LOS (IRR = 1.03, 95% CI [1.02, 1.03]), an 
increase in the probability of readmission (OR = 1.13, 
95% CI [1.08, 1.17]), a decrease in planned admissions 
(OR = 0.87, 95% CI: (0.86;0.88)), and an increase in 
the probability of death (OR: 1.26, 95% CI [1.12, 1.41]) 
(Table 2).

The post-lockdown variable indicates a significant 
increase in LOS (IRR: 1.02, 95% CI [1.01, 1.02]) and in the 
probability of death (OR = 1.15, 95% CI [1.07, 1.42]) when 
compared to the pre-lockdown period. Additionally, sig-
nificant usual differences between cancer and non-cancer 
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patients were observed before the lockdown: cancer 
patients had a longer LOS (IRR: 1.03, 95% CI [1.03, 1.04]), 
a lower probability of readmission (OR: 0.660, 95% CI 
[0.63, 0.96]), a higher probability of planned admission 

(OR: 2.37, 95% CI [2.34, 2.41]), and a higher probability of 
death (OR: 22.42, 95% CI [21.50, 23.39]) (Table 2).

The interaction terms showed that the observed out-
come differences were not homogenous across patient 
groups, highlighting the nuanced impact of the lockdown 

Table 1  Descriptive statistics of hospital admissions overall, cancer admissions and non-cancer admissions comparing the lockdown 
and post-lockdown periods with the pre-lockdown period

The table shows the averages for all outcomes for the pre-lockdown, lockdown and post-lockdown periods. The second and third parts of the table show the same 
averages for cancer admissions and non-cancer admissions, respectively. The 95% confidence intervals were calculated using t-tests. Prelock: pre-lockdown period, 
Postlock: post-lockdown period, CI 95%: 95% confidence intervals

Pre-lockdown
(26 months)

Lockdown
(3 months)

Post-lockdown
(9 months)

Monthly average Mean Difference
(Lock—Prelock)

CI 95% Difference
(Postlock—
Prelock)

CI 95%

Admissions (N) 106′326 −18′334 −17% [−25′764, −10′904] −2′427 −2% [−5′735; −882]
Cancer (N) 11′319 −966 −9% [−1′636, −296] 95 1% [−273, 463]

Comorbidity > = 1 (N) 33′151 −3′411 −10% [−6′384, −439] 1′833 6% [483, 3′183]

Female (N) 57′337 −10′522 −18% [−14′489, 6′555] −1′795 −3% [−3′622, 33]

Age > = 65 and < 80 (N) 28′061 −5′127 −18% [−7′639, −2′616] −675 −2% [−1′767, 418]

Age > = 80 (N) 28′428 −4′621 −16% [−6′849, −2′393] 385 1% [−645, 1′414]

Intensive care (N) 6′250 −1′025 −16% [−1′375, −675] −868 −14% [−1′117, −620]

Admissions within a university hospital (N) 16′868 −3′146 −19% [−4′099, −2′193] −566 −3% [−1′062, −70]

Length of stay(days) 8.55 0.14 −2% [−0.11, 0.39] −0.45 −5% [−0.76, −0.14]

In-hospital Death (N) 2′151 −3 −0% [−239, 233] 102 5% [−57, 260]

Readmissions (N) 2′929 −191 −7% [−701, 320] 63 2% [−194, 322]

Planned (N) 54′971 −12′663 −23% [−19′026, −6′300] −1′953 −4% [−4′757, 852]

Cancer admissions (N) 11′320 −966 −9% [−1′636, −296] 95 1% [−273, 463]
Metastasis (N) 3531 −216 −6% [−425, −7] 87 2% [−35, 209]

Comorbidity > = 1 (N) 4′532 −173 −4% [−561, 215] 326 7% [13, 518]

Female (N) 5′103 −555 −11% [−867, −244] 14 0% [−156, 184]

Age > = 65 and < 80 (N) 4′738 −495 −10% [−789, −200] −66 −1% [−221, 88]

Age > = 80 (N) 3′610 −320 −9% [−592, −48) 259 7% [120, 398]

Intensive care (N) 934 −138 −15% [−204, −72] −151 −16% [−202, −100]

Admissions within a University hospital (N) 2′598 −333 −13% [−523, −142] 7 0% [−91, 106]

Length of stay (days) 9.40 −0.24 −3% [−0.49, 0.02] −0.62 −7% [−0.89, −0.35]

In-hospital Death (N) 858 −75 −9% [−131, −20] −57 −7% [−86, −29]

Readmissions (N) 251 15 6% [−34, 64] 25 10% [0, 50]

Planned (N) 6′869 −644 −9% [−1′165, 123] 22 0% [−242, 287]

Non-Cancer admissions (N) 95′007 −17′368 −18% [−24′333, −10′402] −2′521 −3% [−5′537, 495]
Comorbidity > = 1 (N) 28′619 −3′238 −11% [−5′893, −583] 1′507 5% [320, −2′695]

Female (N) 52′234 −9′966 −19% [−13′746, −6′187] −1′809 −3% [−3′504, −114]

Age > = 65 and < 80 (N) 23′322 −4′633 −20% [−6′949, −2′317] −608 −3% [−1′585, 368]

Age > = 80 (N) 24′818 −4′300 −17% [−6′329, −2′272] 126 1% [−794, 1′045]

Intensive care (N) 5′316 −887 −17% [−1′193, 581] −718 −14% [−920, 515]

Admissions within a University hospital (N) 14′270 −2′814 −19% [−3′621, −2′006] −574 −4% [−986, −162]

Length of stay (days) 8.45 0.18 2% [−0.07, 0.43] −0.43 −5% [−0.74, −0.12]

In-hospital Death (N) 1′293 72 6% [−135, 279] 159 12% [16, 302]

Readmissions (N) 2′678 −206 −8% [−681, 270] 39 1% [−199, 276]

Planned (N) 48′103 −12′019 −25% [−18′041, −5′997] −1′975 −4% [−4′574, 624]
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(or post-lockdown), once controlled for comorbidity 
and age. They showed that cancer patients had a shorter 
LOS (IRR:0.96, 95% CI [0.93, 0.98] and IRR: 0.97, 95% CI 
[0.95, 0.98]), an increased probability of planned admis-
sion (OR:1.20, 95% CI [1.14, 1.27] and OR: 1.09, 95% CI 
[1.05, 1.12]), and a lower probability of in-hospital death 
(OR:0.78, 95% CI [0.67, 0.92] and OR: 0.85, 95% CI [0.77, 
0.93]) in the lockdown and post-lockdown period respec-
tively, compared with non-cancer patients and pre-lock-
down period (Table 2). However, there was no significant 
difference between cancer and non-cancer patients in the 
probability of being readmitted within18 days during the 
lockdown period.

The subgroup analyses found no significant differ-
ence in LOS, readmissions, and probability of in-hospi-
tal death differ between metastatic and non-metastatic 
patients. However, it revealed a significant increase in 
planned admissions among metastatic patients during 
the post-lockdown period (Supplementary Material 3.4).

The interpretation of the effect magnitude (on average) 
was presented as the average marginal effects (Table  3). 
Compared to non-cancer patients, cancer patients stayed 
in the hospital 0.40 (95% CI [0.37, 0.43]) day longer in 
the pre-lockdown period, no statistically significant dif-
ference in the lockdown period, and 0.16 (95% CI [0.10, 
0.22]) day longer in the post-lockdown period. Similarly, 
compared to non-cancer patients, cancer patients were 
5.02% (95% CI [4.94, 5.10]) more likely to die during their 

hospitalization in the pre-lockdown period.This average 
probability decreased to 4.84% (95% CI [4.57, 5.11]) in 
the lockdown period and to 4.71% (95% CI [4.55, 4.87]) 
in the post-lockdown period. In contrast, cancer patients 
had 14.34% (95% CI [14.18, 14.50]) more planned admis-
sions than non-cancer patients in the pre-lockdown 
period. this difference increased to 17.73% (95% CI 
[17.16, 18.30]) in the lockdown and 15.38% (95% CI 
[15.07, 15.69]) in the post-lockdown period (Table 3).

Chemotherapy, radiation therapy, and palliative care
For cancer patients, the lockdown and post-lockdown 
periods were associated with an increased probability of 
receiving palliative care (OR = 1.15 (95% CI [1.10, 1.20]) 
and OR = 1.06, (95% CI [1.03, 1.09]), for both periods, 
respectively) and radiation therapy (OR = 1.06 (95% CI 
[1.01, 1.12]) for lockdown period) compared with the 
pre-lockdown period (Table 4). However, the probability 
of receiving chemotherapy did not change significantly.

Discussion
This study provides new insights into how Swiss hospitals 
managed cancer care during the COVID-19 pandemic. 
Specifically, it shows that cancer patients were prioritized 
over non-cancer patients since hospitals admissions of 
cancer patients decreased to a lesser extent than overall 
hospital admissions during the lockdown. In addition, 
once admitted during the lockdown, cancer patients had 

Fig. 1  Monthly hospital admissions for cancer and non-cancer patients in Switzerland between January 2017 and February 2021. During 
the lockdown period, the differences in admission volumes between cancer and non-cancer patients were similarly observed within subgroups 
of older patients, female patients, patients with comorbidities, and those admitted to university hospitals as shown by subgroup explorations 
(Supplementary material 3.2). In the post-lockdown period, the difference in the reduction in admissions between cancer and non-cancer patients 
persisted in these subgroups but became smaller, except in the middle-aged group (65–80 years) for which no statistically significant difference 
in admission volume was observed between cancer and non-cancer patients
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shorter LOS, were more likely to have planned admis-
sions, and were less likely to die during their stay. They 
also appeared to receive more palliative care and radia-
tion therapy when admitted during the COVID period.

The observed 17% reduction in total cancer hospital 
admissions was lower than estimates of the pandem-
ic’s impact on healthcare from other countries, which 
reported reductions in hospital admissions ranging from 
20 to 35% in Germany, England, Scotland, Wales and New 
Zealand [14, 33, 34]. This difference highlights the resil-
ience of the Swiss healthcare system. In several countries, 

elective procedures and non-urgent care were postponed 
to accommodate the surge in COVID-19 cases [11–16]. 
However, our study highlights a significant difference in 
the management of cancer versus non-cancer patients. 
This shows that Swiss hospitals took deliberate measures 
to ensure continuity of care for cancer patients, a vulner-
able group of patients requiring time-sensitive treatment 
and care. The differences observed between cancer and 
non-cancer patients, showing a prioritization of care for 
cancer patients, were however consistent with the find-
ings among non-cancer patients for which hospitals 

Table 2  Effect of lockdown and post-lockdown periods on LOS, probability of readmission, probability of admission and in-hospital 
mortality for cancer patients compared with non-cancer patients

The table shows the results of the different regressions conducted: negative binomial regression for the length of stay (LOS) and logit regression for the other 
outcomes. CI 95%: 95% confidence interval. IRR: incidence rate ratio, OR: odd ratio, lnalpha: the estimate of the log of the dispersion parameter of the negative 
binomial model, alpha. P-values: *** p < 0.01, ** p < 0.05, * p < 0.1

Length of stay (LOS) Probability of 
readmission

Probability of 
planned admission

Probability of 
in-hospital death

IRR CI 95% OR CI 95% OR CI 95% OR CI 95%

Cancer 1.03*** [1.03, 1.04] 0.66*** [0.63, 0.69] 2.37*** [2.34, 2.41] 22.42*** [21.50, 23.39]

Lockdown 1.03*** [1.02, 1.03] 1.13*** [1.08, 1.17] 0.87*** [0.86, 0.88] 1.26*** [1.12, 1.41]

Post lockdown 1.02*** [1.01, 1.02] 1.01 [0.98, 1.03] 1.00 [0.99, 1.01] 1.15*** [1.07, 1.24]

Cancer X Lockdown 0.96*** [0.93, 0.98] 1.04 [0.88, 1.22] 1.20*** [1.14, 1.27] 0.78*** [0.67, 0.92]

Cancer X Post-lockdown 0.97*** [0.95, 0.98] 1.08 [0.98, 1.20] 1.09*** [1.05, 1.12] 0.85*** [0.77, 0.93]

Age 65–80 1.02*** [1.02, 1.03] 0.96*** [0.95, 0.98] 1.24*** [1.24, 1.25] 3.09*** [2.98, 3.21]

Age > 80 1.21*** [1.21, 1.22] 0.95*** [0.94, 0.97] 0.60*** [0.60, 0.61] 9.75*** [9.43, 10.07]

Comorbidities > = 1 1.35*** [1.35, 1.36] 1.90*** [1.87, 1.92] 0.59*** [0.59, 0.60] 2.63*** [2.57, 2.68]

Age 65–80 X Cancer 1.00*** [1.03, 1.05] 1.12*** [1.06, 1.19] 0.63*** [0.62, 0.64] 0.46*** [0.44, 0.48]

Age 80 X Cancer 0.958*** [0.95, 0.97] 1.26*** [1.19, 1.34] 0.83*** [0.81, 0.84] 0.20*** [0.19, 0.21]

Comorbidities > = 1 X Cancer 1.041*** [1.03, 1.05] 0.89*** [0.85, 0.93] 0.86*** [0.84, 0.87] 0.54*** [0.52, 0.55]

Age 65–80 X Lockdown 0.967*** [0.96, 0.98] 0.89*** [0.84, 0.95] 0.94*** [0.92, 0.96] 1.14* [1.00, 1.31]

Age > 80 X Lockdown 0.901*** [0.89, 0.91] 0.88*** [0.83, 0.94] 1.04*** [1.02, 1.06] 1.084 [0.96, 1.23]

Comorbidities > = 1 X Lockdown 1.079*** [1.07, 1.09] 0.91*** [0.86, 0.96] 1.06*** [1.04, 1.08] 0.961 [0.89, 1.04]

Age 65–80 X Cancer X Lockdown 1.009 [0.98, 1.04] 0.99 [0.81, 1.21] 1.02 [0.96, 1.09] 0.89 [0.74, 1.08]

Age > 80 X Cancer X Lockdown 1.051*** [1.02, 1.09] 0.90*** [0.87, 0.93] 0.91*** [0.85, 0.97] 1.05 [0.88, 1.27]

Comorbidities > = 1 X Cancer X Lockdown 0.971** [0.95, 1.00] 1.13 [0.96, 1.33] 0.95** [0.90, 1.00] 1.05 [0.93, 1.18]

Age 65–80 X Post-lockdown 0.945*** [0.94, 0.95] 0.90*** [0.87, 0.93] 0.96*** [0.95, 0.97] 1.20*** [1.11, 1.31]

Age > 80 X Post-Lockdown 0.900*** [0.89, 0.91] 0.89*** [0.86, 0.93] 1.00 [0.99, 1.02] 1.164*** [1.080, 1.26]

Comorbidities > = 1 X Post-lockdown 1.076*** [1.07, 1.08] 0.93*** [0.99, 0.96] 1.05*** [1.04, 1.06] 0.98 [0.94, 1.02]

Age 65–80 X Cancer X Post-lockdown 1.030*** [1.01, 1.05] 1.05 [0.93, 1.20] 1.01 [0.97, 1.05] 0.78*** [0.70, 0.87]

Age > 80 X Cancer X Post-lockdown 1.074*** [1.05, 1.10] 0.89* [0.78, 1.02] 0.96* [0.92, 1.00] 0.88** [0.79, 0.99]

Comorbidities > = 1 X Cancer X Post-
lockdown

0.943*** [0.93, 0.96] 1.01 [0.92, 1.12] 0.93*** [0.90, 0.96] 1.13*** [1.05, 1.21]

Time 1.00*** [1.00, 1.00] 1.01*** [1.00, 1.01] 1.00*** [1.00, 1.00] 1.00*** [1.00, 1.00]

Female 0.992*** [0.99, 0.99] 0.77*** [0.76, 0.78] 1.00 [1.00, 1.01] 0.85*** [0.84, 0.86]

Intensive care 1.328*** [1.32, 1.33] 1.90*** [1.87, 1.93] 0.42*** [0.41, 0.42] 4.36*** [4.30, 4.43]

University hospital 0.951*** [0.95, 0.95] 0.95*** [0.94, 0.97] 0.66*** [0.66, 0.67] 1.16*** [1.14, 1.18]

lnalpha −0.02*** [−0.02, −0.02]

Constant 9.267*** [8.68, 9.89] 0.00*** [0.00, 0.00] 4.22*** [3.72, 4.80] 0.01*** [0.01, 0.01]

Observations 5′228′411 5′228′411 5′228′411 5′228′411
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similarly prioritized patients with a higher number of 
comorbidities, underlying an emphasis on treating cases 
with greater medical complexity. In addition, the absence 
of significant differences in admission patterns between 
patients with and without metastases suggests that can-
cer cases were prioritized regardless of their cancer stage 
of disease.

The increase in LOS during the lockdown period, 
which is in line with the international literature [35], 
could reflect increased complexity of cases admitted 
during the pandemic [36–39]. Hospitals implemented 

stricter protocols to reduce the risk of in-hospital 
COVID-19 transmission, which may have contributed to 
increased LOS. COVID-19 may also have increased case 
complexity during this period, contributing to the higher 
average LOS. Further, the postponement of non-urgent 
usual procedures, which is supported by the observed 
higher increase in planned admission probability for can-
cer patients than for non-cancer patients [40], may also 
be a driver of the increased LOS during the lockdown 
period. This is further supported among cancer patients 
by the a higher probability of planned admission for those 
with metastatic disease. In addition, while overall mortal-
ity rates increased during the lockdown for both cancer 
and non-cancer patients, cancer patients had a relatively 
smaller increase in mortality, suggesting an effective 
management of their care, and/or a better protection of 
these patients from COVID-19 infection during the pan-
demic [41]. However, some cancer admissions were still 
delayed. Although these delays were less frequent than in 
the non-cancer population, the reduced care for cancer 
patients could have potentially serious long-term conse-
quences [18–23, 42, 43].

The observed reduction in the volume of surgery, 
chemotherapy, and radiation therapy during the early 
phases of the pandemic corroborated the literature 
[44–50]. However, this analysis found that, once admit-
ted, cancer patients were more likely to receive palliative 
care and radiation therapy than those admitted during 
the pre-lockdown period. The increase in the provision 
of palliative care and radiation therapy to cancer patients 
during the lockdown suggests that Swiss hospitals con-
tinued to meet the critical needs of cancer patients, 
particularly those requiring urgent and life-prolonging 
interventions.

Table 3  Average marginal effects of having cancer diagnosis on 
Length of stay, Probability of readmission, Probability of planned 
admission and Probability of in-hospital death across the three 
COVID-related time periods

dxdy: average difference in outcome between cancer and non-cancer patients. 
CI 95%: 95% confidence interval

Outcome Period Cancer, dydx CI 95%

Length of stay Pre-lockdown 0.40 [0.37, 0.43]

Lockdown 0.06 [−0.05, 0.18]

Post-lockdown 0.16 [0.10, 0.22]

Probability of readmis‑
sion

Pre-lockdown −0.88% [−0.92, −0.84]

Lockdown −0.75% [−0.93, −0.57%]

Post-lockdown −0.69% [−0.79, −0.59]

Probability of planned 
admission

Pre-lockdown 14.34% [14.18, 14.50]

Lockdown 17.73% [17.16, 18.30]

Post-lockdown 15.38% [15.07, 15.69]

Probability of in-hospi‑
tal death

Pre-lockdown 5.02% [4.94, 5.10]

Lockdown 4.84% [4.57, 5.11]

Post-lockdown 4.71% [4.55, 4.87]

Table 4  Effect of the lockdown-related periods (compared to pre-lockdown) on the probability of receiving palliative care, 
chemotherapy, or radiation therapy for cancer patients

This table shows the results of the logit regression. OR: odd ratio, CI 95%: 95% confidence interval. p-values: *** p < 0.01, ** p < 0.05, * p < 0.1

Probability of receiving 
Chemotherapy

Probability of receiving Radiation 
therapy

Probability of receiving 
Palliative care

OR CI 95% OR CI 95% OR CI 95%

Lockdown 1.00 [0.96, 1.04] 1.06** [1.01, 1.12] 1.15*** [1.10, 1.20]

Post-Lockdown 1.00 [0.98, 1.03] 1.02 [0.98, 1.05] 1.06*** [1.03, 1.09]

Comorbidity (> = 1) 1.12*** [1.10, 1.14] 0.99 [0.96, 1.01] 1.53*** [1.50, 1.56]

Time 0.99*** [0.99, 1.00] 1.00 [1.00, 1.00] 1.01*** [1.00, 1.01]

Female 0.85*** [0.84, 0.86] 0.98 [0.96, 1.01] 1.27*** [1.25, 1.30]

Age > = 65 & < 80 0.67*** [0.66, 0.68] 0.90*** [0.88, 0.92] 1.09*** [1.06, 1.12]

Age > = 80 0.35*** [0.34, 0.36] 0.69*** [0.67, 0.72] 1.11*** [1.08, 1.15]

Big Hospital 1.62*** [1.59, 1.64] 2.56*** [2.50, 2.62] 0.79*** [0.77, 0.81]

Constant 1.40** [1.00, 1.96] 0.03*** [0.02, 0.05] 0.00*** [0.00, 0.00]

Observations 678′061 678′061 678′061
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However, despite these positive aspects, the impact of 
the pandemic on the wider healthcare system cannot be 
ignored. The large reduction in admissions of non-cancer 
patients and the postponement of non-urgent care are 
likely to bear long-term health consequences. While can-
cer care was prioritized, the overall burden on the health-
care system may have contributed to indirect negative 
outcomes for non-prioritized populations. The lasting 
effects of interruptions in care for other conditions have 
been evidenced [51, 52]. In addition, the prioritization 
of cancer patients may have exacerbated delays in new 
cancer diagnoses, potentially increasing the incidence of 
late-stage cancer diagnoses [53].

Strengths and avenues for future work
This study has limitations. First, the definition of cancer 
patients was broad, including any patient with a can-
cer diagnosis according to ICD-10 codes, regardless of 
whether they were in active cancer treatment during the 
stay. This may lead to an overestimation of the number of 
cancer patients. Future studies may benefit from distin-
guishing between actively treated patients and those who 
have a prior history of cancer. Second, COVID-19 diag-
nostic data could not be analyzed, because of uncertain-
ties about the accuracy and completeness of these data 
during the early phase of the pandemic. COVID-19 cases 
were often reported retrospectively, without systematic 
testing, and with no ICD-10 code for COVID-19 avail-
able in the early months of the pandemic. As a result, we 
were unable to distinguish the effect of the disease from 
the effect of the lockdown policy, as they are interrelated. 
Third, the study did not use a standardized comorbid-
ity index, such as the Charlson Comorbidity Index, to 
account for patient health complexity. Instead, it relied 
on the presence of comorbidities reported during the 
hospital stay (Supplementary material 1.1). This approach 
may underestimate the burden of comorbid conditions, 
particularly if some relevant comorbidities are not docu-
mented. Fourth, the definition of readmission used in this 
study was more restrictive than in other studies that used 
a 30-day window instead of 18 days. Unfortunately, this 
was the only definition available in the dataset. It was not 
possible to calculate an alternative readmission indica-
tor as the monthly data lacked the precision required to 
define 30-day readmissions. This shorter time frame may 
result in underreporting of readmissions and limits the 
comparability with other studies. Fifth, this study focused 
on inpatient care and did not include outpatient services 
which are critical to examine continuity of care during 
the lockdown, especially for chemotherapies Many out-
patient services were likely postponed or shifted to tel-
emedicine, when possible. To assess the overall impact 
of the lockdown, future studies should consider both 

inpatient and outpatient care in parallel. Future work 
should also aim to replicate this methodology for other 
types of treatments, including targeted therapies and 
immunotherapies. Sixth, this work compares cancer 
patients with non-cancer patients, without any restric-
tion on the reason of hospitalization of non-cancer 
patients. The analysis was also performed within cancer 
patients by considering metastatic and non-metastatic 
patients. Results confirmed that the effects of pandemic 
found for metastatic and non-metastatic cancer patients 
were similar as those found for cancer patients versus 
non-cancer patients. The methodology used in the pre-
sent study paves the way for future work to compare the 
impact of the pandemic between groups of patients with 
other chronic diseases that require continuous care and 
complex follow-up.

However, this study has several strengths. It uses com-
prehensive, nationwide data over an extended period of 
time, allowing for a robust analysis of the impact of the 
first phase of the COVID-19 pandemic on inpatient can-
cer care. The application of advanced statistical tech-
niques to multiple outcomes and the use of subgroup 
analysis increased the reliability of the results. By exam-
ining both the lockdown and post-lockdown periods, 
this study provides a clearer understanding of how hos-
pital practices evolved during different phases of the 
pandemic. The inclusion of non-cancer patients as a 
comparison group provides valuable context and high-
lights contrasts in the observed effects. Finally, this study 
contributes to the growing body of international evidence 
highlighting the importance of cross-country compari-
sons, as health systems have responded differently to the 
COVID-19 pandemic due to political and policy-related 
factors.

Policy implications
This study shows how the pandemic affected cancer care 
and how the system adapted during an unprecedented 
public health emergency [54]. The results underscore the 
resilience of the Swiss healthcare system in meeting the 
needs of a vulnerable population during a global health 
crisis. In crisis such as COVID-19, hospitals play a key 
role in responding to rapid change, managing resource 
allocation challenges, and coping with limited capacity. 
As a result, hospitals should be seen as the foundation 
of health system resilience. Further comparative studies 
across regions and countries should help identify best 
practices for resource allocation and healthcare system 
flexibility to ensure effective care for both cancer and 
non-cancer patients in future crisis situations.

In addition, while cancer patients were prioritized 
during the pandemic, improved monitoring of resource 
allocation is essential to inform public debate on patient 
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prioritization. Future policy should focus on improved 
monitoring of the adverse health outcomes associated 
with postponed or cancelled treatments to ensure a 
more equitable resource allocation and patient care. This 
includes assessing the long-term health effects on both 
cancer and non-cancer patients affected by delayed care.

To strengthen the resilience of cancer care in case of 
future disruptions, healthcare systems should invest in 
the development of guidelines and risk mitigation strat-
egies. This could include expanding the role of health-
care professionals, such as advanced practice nurses, to 
mitigate potential service gaps [55]. In addition, improv-
ing communication and coordination between hospital 
care, primary care, and treatment services could improve 
the adaptability of care pathways and prioritization of 
patients in the future. In particular, it is important to 
assess the critical role of outpatient and telemedicine ser-
vices during a pandemic.

Conclusion
This study provides a comprehensive analysis of inpa-
tient cancer care in Switzerland using administrative data 
from all hospitals, and valuable insights into the trade-
offs between cancer and non-cancer patient care during 
the COVID-19 pandemic lockdown. While a decrease 
in cancer care was observed, it was less pronounced 
than for other patient groups, underscoring that Swiss 
hospitals successfully prioritized cancer patients during 
the pandemic and mitigated its most severe impacts on 
cancer patients. However, the reduction in non-cancer 
patient care admissions reflects a significant strain on the 
healthcare system, with potential adverse long-term con-
sequences. It highlights the need for continued research 
on healthcare disruptions during crises and the impor-
tance of building resilient systems capable of managing 
both pandemic and routine care.
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