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ABSTRACT
Background: Complete macroscopic resection without any residual tumour after completion of surgery
is a strong prognostic factor in advanced epithelial ovarian cancer (EOC). It has previously been
reported that surgery performed later in the week is associated with failure to achieve complete macro-
scopic resection. Our objective was to examine if weekday of surgery influences oncologic outcome.
Materials and Methods: This population-based observational study included 100% of all women diag-
nosed with advanced-stage invasive epithelial ovarian cancer between 2009–2011 and 2014–2016 in
the Stockholm/Gotland County of Sweden. The association between weekday of surgery and survival
was analysed with proportional hazards regression yielding hazard ratios (HR) with 95% confidence
intervals (CI), adjusted for predefined confounders.
Results: Out of 1066 identified women, 524 with advanced stage EOC treated with surgery were
included in the final analysis. Surgery performed Wednesday to Thursday was associated with an
increased hazard of death (HR 1.28, 95% CI 1.04–1.58, p-value 0.02). The trend of the hazard of surgery
performed throughout the week from Monday through Thursday was also significant (p¼ 0.01).
Conclusion: The increased mortality associated with surgery that is performed later in the week sug-
gests that surgery for advanced ovarian cancer is best conducted early in the week.
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Introduction

The hallmark of epithelial ovarian cancer (EOC) is exfoliation
to the peritoneal cavity with extensive shedding of the
tumour to the peritoneum. For this reason, the majority of
patients with EOC are diagnosed at an advanced stage with
a dismal prognosis [1,2]. It is well-established that cytoreduc-
tive surgery followed by adjuvant platinum-based chemo-
therapy offers the best chance of prolonged survival [3–6].
Complete macroscopic resection without any remaining
residual tumour after completion of surgery is the strongest
prognostic factor associated with favourable survival [3,7–10].
To achieve complete macroscopic resection, extensive sur-
gery including multiple organ resections and large resections
of the peritoneum is often required [11–14]. Accordingly, a
proficient surgical team with high endurance is imperative. It
has been suggested that high-volume surgeons and centres
increase the chance of favourable oncologic outcomes
[15–17]. Consequently, structural efforts have been made
including policy changes to centralise complex cancer sur-
gery and to increase surgical proficiency [4,18].

To assess oncologic outcome after any type of oncologic
treatment is an essential and instinctive ascertainment of the
quality or improvement of care. In contrast, when treatment
is provided has not been evaluated to the same extent.

The “weekday effect” with higher morbidity and mortality
when surgery is performed later in the week, particularly in
complex and advanced procedures has been reported previ-
ously [19–25]. Similarly, in advanced EOC, it has been sug-
gested that cytoreductive surgery performed later in the
week is associated with failure to achieve complete macro-
scopic resection [26]. Nevertheless, if this association remains
with survival as the outcome is yet to be investigated.

For this reason, our objective was to investigate the associ-
ation between weekday of surgery and survival in women with
advanced EOC with the hypothesis that surgery performed ear-
lier in the week is associated with a better prognosis.

Patients and methods

This was an observational cohort study. Since 2004, all
women with suspected EOC in the Stockholm–Gotland
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region in Sweden (2.4 million inhabitants), irrespective of
which primary treatment is eligible for the individual patient,
are referred to Karolinska University Hospital (KUH).
Moreover, cancer care is publicly accessible for all residents
in Sweden and no privately funded cancer care, by insurance
or else, is available. The study was regarded as quality assur-
ance and deemed exempt from review by the Regional
Ethics Committee at Karolinska Institutet.

Patients

The included patients of this study were identified through
the Stockholm Ovarian Cancer Project (STOOVCA), a registry-
based observational cohort study to examine the effect on
survival when abruptly changing surgical treatment algo-
rithm in a population to upfront and ultra-radical surgery
[27]. Women with International Federation of Obstetrics and
Gynaecology (FIGO) stages III and IV epithelial ovarian/fallo-
pian tube/peritoneal cancer and cancer in the abdomen of
unknown origin (epithelial ovarian cancer without a biopsy
specifically from the adnexa) diagnosed between 2009–2011
and 2014–2016 and reported to the Swedish Quality Registry
of Gynaecologic Cancer (SQRGC) were identified (2012–2013
were excluded and considered a washout period for surgical
proficiency) and women scheduled for elective surgery
were selected.

Women registered with invasive ovarian cancer in the
National Cancer Registry (NCR) were cross-checked to the
SQRGC with 100% coverage. Details on the registries, topo-
graphic and morphological ICD codes, validation of data, and
how the final dataset was established are presented in con-
siderable detail in the previous publication [27]. The date of
diagnosis was retrieved from the NCR and the status of sur-
vival was controlled against the Swedish Population Registry.

Exposure variable

The explanatory variable investigated was weekday of sur-
gery categorised as early- (Monday to Tuesday) or late
(Wednesday to Thursday) in the week or per weekday except
for Friday (Monday, Tuesday, Wednesday, Thursday).

Outcome variable

Overall survival, collected from the Swedish Population
Registry until 30 October 2020

Co-variables

Confounding variables were predefined and chosen based
on known clinical association with survival; age in years,
FIGO stage, the timing of surgery (upfront or after neoadju-
vant chemotherapy), complete macroscopic resection, adju-
vant chemotherapy, histologic subtype, operation time,
Charlson comorbidity Index, Surgical Complexity Score (SCS)
according to the Mayo clinic nomenclature and American
Society of Anaesthesiologists physical status classification
(ASA-score) [28–30].

Statistical analyses

Descriptive statistics are presented with numbers and pro-
portions, medians, and interquartile ranges (IQR) as appropri-
ate. Distributional differences in clinical factors between
women in whom surgery was performed early vs. late in the
week were tested with Fisher’s exact test for categorical vari-
ables and Mann–Whitney U test for continuous variables.

The basic clinical model of the association between the
predefined clinical factors and outcome consists of age (<60
vs. 60–69 and > 70), FIGO stage (IV vs. III), the timing of sur-
gery (upfront vs. interval), complete macroscopic resection
(yes vs. no), adjuvant chemotherapy (yes vs. no), histologic
subtype (serous adenocarcinoma vs. other histologic sub-
types), operation time (< 2.5 h vs. 2.5–4.5h and > 4.5 h),
Charlson comorbidity index (0 vs. � 1), SCS (continuous),
ASA score (I-II vs. III-IV). Uni- and multivariable modelling of
time to death was performed with proportional hazards
regression. The proportional hazards assumption was tested
in all included clinical variables, if the assumption was not
met, the variable was included as strata in the final model.
The reference categories for the exposure were set to
Monday–Tuesday or Monday. The results from the models
are presented as hazard ratios (HR) with associated 95% con-
fidence intervals (CI) and Wald p-values. The median follow-
up time was estimated with the reversed Kaplan–Meier
method. The significance level was set to 5% and all
reported p-values are two-sided. All statistical analysis was
performed using the statistical software Stata version 16.

Results

Between 2009–2011 and 2014–2016, 1066 women diagnosed
with invasive EOC were assessed for inclusion and 752
women with FIGO stages III and IV were included, see Figure
1. Of these women, 224 received non-surgical treatment and
were excluded. Of the 528 women receiving surgical treat-
ment, one duplicate registration was excluded and three
women with surgery performed on a Friday were excluded,
leaving 524 women for the final analysis (Figure 1).

Surgery was performed on Monday to Tuesday in 270
women whereas 254 women had surgery on a Wednesday
to Thursday. A larger proportion of women subjected to sur-
gery early in the week received adjuvant chemotherapy (99%
vs. 95%), see Table 1. In the early-week group, three women
did not receive adjuvant chemotherapy owing to; the
patient’s own wish (n¼ 2) and postoperative deterioration/
comorbidities deemed not compatible with adjuvant chemo-
therapy (n¼ 1). The corresponding number for the late week
group was 13, reasons being; patient’s own wish (n¼ 4),
postoperative deterioration/comorbidities deemed not com-
patible with adjuvant chemotherapy (n¼ 5), postoperative
severe complications (n¼ 2) postoperative death (n¼ 1),
moreover, in one patient it was decided that treatment for
synchronous lung cancer should be prioritised after surgery
for advanced ovarian cancer (n¼ 1).
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There were no other distributional differences in clinical
characteristics between the groups (Table 1). The Median fol-
low-up time was 6.2 years (minimum 3.7, maximum 11.8).

Crude survival for surgery performed early and late in the
week and for each weekday separately is presented in Figure
2. The 5-year overall survival (OS) was 34% (95% CI: 29–40)
when surgery was performed early in the week (Monday to
Tuesday) as compared to 29% (95% CI: 22–34) later in the
week (Wednesday to Thursday), yielding an absolute differ-
ence in survival at 5 years of �7% (Figure 2). For each week-
day the 5-year OS was: Monday 42% (95% CI: 31–52),
Tuesday 31% (95% CI: 24–38), Wednesday 28% (95% CI:
21–36), Thursday 26% (95% CI: 18–34), yielding an absolute
difference in survival at 5 years between surgery performed
Monday vs. Thursday of �16% (Figure 2).

The uni- and multivariable regression analyses are pre-
sented in Table 2. In the adjusted analysis, the hazard of
death increased by 28% (Hazard Ratio (HR) 1.28, 95% CI
1.04–1.58, p-value 0.02) if surgery was performed on a
Wednesday to Thursday compared with Monday to Tuesday.
When examining each weekday separately, surgery per-
formed on Thursday as compared to Monday increased the
adjusted hazard for death close to significantly (HR 1.42. 95%
CI 0.98–2.06, p¼ 0.06). However, the trend of weekday of

surgery from Monday through Thursday increased the
adjusted hazard of death significantly (p¼ 0.01).

Discussion

Our results indicate an independent association between
weekday of surgery and hazard of death, where surgery per-
formed early in the week confers the best survival.

It has previously been suggested that elective surgery
performed later in the week or on the weekend is associated
with an increased risk of short-term mortality and that cancer
surgery performed later in the week may have a detrimental
effect on prognosis [19,21,23].

A previous population-based report investigated the asso-
ciation between weekday of surgery and survival in 10 differ-
ently categorised cancers including “ovary/uterus” [24]. No
“weekday effect” for cancer of the “ovary/uterus” was evident
in contrast to cancer with origin in the gastrointestinal tract.
However, it is highly invalid to group cancer of the ovary
and uterus into one category, where the latter is often diag-
nosed at an early stage and requires much less complex sur-
gical procedures, contrasting advanced EOC [31]. On the
other hand, Njølstad et al. investigated the “weekday effect”
in a prospective cohort of >1000 women with endometrial

Figure 1. Selection of women for analysis from the Swedish Quality Registry of Gynaecologic Cancer. n: number; FIGO: International Federation of Gynaecology
and Obstetrics. FIGO stage X refers to women in which stage has not been reported to the Swedish Quality registry of Gynaecologic Cancer.
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cancer from 10 different countries and found an increased
hazard of death, especially in advanced stages or with more
complex surgery [25].

The reasons behind the adverse outcomes associated with
the “weekday effect” remain unknown. However, speculative
explanations include reduced alertness of the surgeon during

Table 1. Characteristics of 524 women subjected to surgery for advanced epithelial ovarian cancer between 2009–2011 and
2014–2016 in the Stockholm/Gotland region of Sweden.

Characteristics, no. (%)
Monday-Tuesday

n¼ 270
Wednesday-Thursday

n¼ 254 p-valuea

Age (years) 0.78
< 60 87 (32) 79 (31)
60–69 93 (34) 83 (33)
> 70 90 (33) 92 (36)

Charlson comorbidity index 0.39
0 223 (83) 202 (80)
1–4 37 (14) 42 (16)
Missing 10 (4) 10 (4)

ASA score 0.93
I–II 153 (57) 144 (57)
III–IV 107 (40) 87 (39)
Missing 10 (4) 11 (4)

FIGO stage 0.85
III 185 (69) 176 (69)
IV 85 (32) 78 (31)

Timing of surgery 0.09
Upfront 189 (70) 195 (77)
Interval 81 (30) 59 (23)

Complete macroscopic resection 0.29
Yes 146 (54) 125 (49)
No 124 (46) 129 (51)

Adjuvant chemotherapy 0.01
Yes 267 (99) 241 (95)
No 3 (1) 13 (5)

Histologic subtype 0.44
Serous adenocarcinoma� 222 (82) 202 (80)
Other histologic subtype 48 (18) 52 (20)

Operation time (hours) 0.10
<2.5 h 75 (28) 93 (37)
2.5–4.5 h 93 (34) 78 (31)
>4.5 h 96 (36) 78 (31)
Missing 6 (2) 5 (2)

Surgical complexity scorec, median (IQR) 4 (2–7) 3 (2–7) 0.20b

no. and n: number; IQR: Inter Quartile Range; FIGO: International Federation of Gynaecology and Obstetrics; ASA: American
Society of Anaesthesiologists. aFisher’s exact test if not stated otherwise. bMann–Whitney U test. cMissing values: Two women
with missing data in each group (Monday-Tuesday and Wednesday-Thursday). �Refers to both low- and high-grade serous
adenocarcinoma.

No. at risk No. at risk

A B

Figure 2. Kaplan–Meier curves of crude survival of 524 women after surgery for advanced epithelial ovarian cancer between 2009–2011 and 2014–2016 in
Stockholm/Gotland County in Sweden. (A) Surgery performed Monday to Tuesday compared with Wednesday to Thursday (B) Surgery performed each weekday
(Monday through Thursday).
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the week, that serious postoperative complications most
often occur within 48 h (i.e., during the weekend if surgery is
performed later in the week with a poorer availability of ser-
vice and reduced staffing) or clinical selection bias with more
frail patients scheduled for surgery later in the week
[21,32,33]. Data on postoperative complications is lacking in
our study, however, the previously presented very low short-
term mortality (1< 30 days, 1< 60 days, 2< 90days) may
serve as a proxy for severe postoperative complications [27].

The present study included only women with advanced
stages of EOC where surgery is complex, unstandardised,
and physically demanding. In addition, there is a need for
continuous risk-benefit considerations during the course of
the surgical procedure requiring both a high mental and
physical stamina. Decreased surgeon alertness or exhaustion
during the course of the week is therefore expected.
Moreover, our study corroborates a previous report suggest-
ing an association between the “weekday effect” and failure
to achieve complete macroscopic resection [26]. In the set-
ting of the present study, the surgical team comprises few
surgeons who perform surgeries from two to all days of the

week and randomly without any defined weekdays for any
surgeon. However, the workload of a surgeon does not only
include surgeries, in fact, all other aspects included in caring
for women with malignancies (in-patient care, out-patient
care, multidisciplinary decisions, emergency complications
and administration) may be even more strenuous. These fac-
tors combined are difficult to quantify. For these reasons, our
findings may not be applicable to other organisational set-
tings. Furthermore, the perioperative team also include staff
in the operating theatre, postoperative- and in-patient ward,
including anaesthesiologist. Their workload and experience
may also affect the outcome, as recently suggested [34]. In
any case, a well-rested state with a balanced distribution of
the workload during the course of the week should be a pri-
ority in all health care settings.

It may not feasible to conduct a randomised controlled
trial to investigate the “weekday effect” and there are cer-
tainly limitations to our study mainly about its observational
and retrospective design, leaving possibilities for selection
bias, confounding and loss to follow-up. However, these con-
cerns have been addressed to the best of our ability.

Table 2. Association between weekday of surgery and hazard of death in women with advanced epithelial ovarian cancer in the Stockholm/Gotland Region
of Sweden.

Univariatea Multivariate model 1a,b,c Multivariate model 2a,b,c

Variable HR (95% CI) p-valued HR (95% CI) p-valued HR (95% CI) p-valued

Weekday of surgery
Monday and Tuesday 1 1
Wednesday and Thursday 1.20 (0.99–1.46) 0.07 1.28 (1.04–1.58) 0.02
Monday 1 0.07 1 0.95
Tuesday 1.34 (0.97–1.84) 0.10 0.99 (0.69–1.41) 0.42
Wednesday 1.33 (0.95–1.86) <0.01 1.16 (0.81–1.67) 0.06
Thursday 1.70 (1.21–2.40) <0.01e 1.42 (0.98–2.06) 0.01e

Age (years)
<60 1 1 1
60–69 1.13 (0.88–1.44) 1.00 (0.77–1.29) 1.00 (0.77–1.31)
>70 1.23 (0.97–1.56) 0.24 1.11 (0.85–1.42) 0.63 1.13 (0.87–1.47) 0.54

FIGO stage
III 1 1 1
IV 1.73 (1.40–2.12) <0.001 1.42 (1.14–1.78) 0.002 1.45 (1.16–1.81) 0.001

Timing of surgery
Interval 1 1 1
Upfront 0.63 (0.51–0.78) <0.001 0.67 (0.53–0.85) 0.001 0.66 (0.52–0.84) 0.001

Histologic subtype
Non-serous adenocarcinoma 1 1 1
Serous adenocarcinoma 0.92 (0.72–1.17) 0.51 0.84 (0.64–1.10) 0.19 0.84 (0.65–1.10) 0.20

Operation time
< 2.5 h 1 1 1
2.5–4.5 h 0.68 (0.53–0.87) 0.83 (0.63–1.10) 0.82 (0.62–1.08)
> 4.5 h 0.86 (0.68–1.09) 0.01 1.12 (0.75–1.65) 0.14 1.09 (0.73–1.63) 0.14

Charlson comorbidity index
0 1 1 1
�1 0.72 (0.52–0.98) 0.04 1.05 (0.75–1.47) 0.77 1.05 (0.75–1.48) 0.76

Surgical complexity scoref 0.98 (0.95–1.01) 0.18 1.00 (0.96–1.05) 0.87 1.01 (0.96–1.06) 0.71
ASA score
I–II 1 1 1
III–IV 1.53 (1.25–1.87) <0.001 1.18 (0.95–1.47) 0.13 1.17 (0.94–1.45) 0.17

HR: Hazard Ratio; CI: Confidence Interval; FIGO: International Federation of Gynaecology and Obstetrics; ASA: American Society of Anaesthesiologists.
aThe variables Complete macroscopic resection and Adjuvant chemotherapy did not meet the proportional hazards assumption and were included as strata why
not reported separately neither in the uni- nor multivariable analyses.
bMultivariate model 1 shows the adjusted results when investigating the early-week (Monday-Tuesday) vs. late-week (Wednesday-Thursday) effect on survival.
Multivariate model 2 shows the adjusted results when investigating each weekday’s effect on survival.
cAdjusted for: Age, FIGO stage, Timing of surgery, Complete macroscopic resection, Adjuvant chemotherapy, Histologic subtype, Operation time, Charlson comor-
bidity index, Surgical complexity score, ASA score.
dWalds test of significance.
eTest for trend.
fHazard ratio corresponding to one unit increase in the surgical complexity score.
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Selection bias has been minimised by the population-based
design accounting for all women with advanced EOC in the
population in contrast to a sample of the population. By uti-
lising the Swedish population-based registries and unique
personal identification numbers to cross-check the registries,
there was no loss to follow-up. Moreover, the exposure vari-
able investigated (weekday of surgery) and outcome (death/
survival) are accurate. In addition, all known potential con-
founders were controlled for with few missing data. In com-
bination with the unique setting where the entire population
was treated at one tertiary referral centre by the same team
of surgeons, a high internal validity must be expected.
Nonetheless, the generalisability may only extend to similar
surgeon workload, health care systems, and settings.

In conclusion, our results indicate that surgery for
advanced EOC conducted later in the week is associated
with a detrimental effect on survival and for this reason sug-
gests that women would benefit from surgery scheduled
early in the week. Before any definitive clinical recommenda-
tion to reschedule surgery, our results need to be confirmed
in a similar setting. At the same time, rescheduling should
not be a demanding task with any associated health care
costs or need of structural changes in any health
care system.
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