Impact of timing of adjuvant chemotherapy following radical cystectomy for bladder cancer on patient survival
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Summary
Background: Trials of adjuvant chemotherapy following radical cystectomy generally require chemotherapy to start within 90 days postoperatively. However, it is unclear, whether the interval between surgery and start of adjuvant therapy (S-AC-interval) impacts the oncological outcome. Methods: Using the Retrospective International Study of Invasive/Advanced Cancer of the Urothelium (RISC) data base, we identified patients who underwent radical cystectomy for muscle invasive bladder cancer and subsequent adjuvant chemotherapy. Univariate analysis of patient characteristics, surgical factors and tumor characteristics regarding their impact on S-AC-interval was performed using Kruskal-Wallis testing and Fisher’s exact test. Uni- and multivariate analysis of progression-free and overall survival (starting from day 1 of adjuvant chemotherapy) was analyzed in relation to S-AC-interval (continuous and dichotomous with a cut-off at 90 days) using Kaplan-Meier method and COX regression analysis. Results: We identified 238 eligible patients (83.5% male, mean age: 63.4 years, 76.1% T3/T4, 66.4% pN+, 14.7% R+, 70.6% urothelial carcinoma, 71% cisplatin-based adjuvant chemotherapy). Median S-AC-interval was 57 days (IQR 32.8). S-AC-interval did not have consistent association with any patient/tumor characteristics or surgery related factors (type of surgery, urinary diversion). Survival analysis using continuous S-AC-interval revealed a trend towards an impact of S-AC-interval on OS (HR 1.004, 95% CI 0.9997-1.0084, p=.071). With regards to PFS, that impact was shown to be statistically significant (HR: 1.004, 95% CI: 1.0003-1.0075, p=.032). In multivariate analysis, however, S-AC-interval was negated by tumor and patient related factors (pathological T-stage, N-stage, ECOG performance status). Accounting for eligibility criteria defined in some clinical trials, we extended our analysis dividing S-AC-interval in  90 and > 90 days. Although we could confirm the trend towards better outcome in patients with a shorter S-AC interval in dichotomous analysis, neither differences in OS nor in PFS reached statistical significance (p=.438 and p=.056). Conclusions: Our data supports that adjuvant chemotherapy should generally be applied when clinically reasonable rather than at a fixed time point. There seems to be an advantage for adjuvant chemotherapy to be applied within a certain time frame without being able to define a precise cut-off. Regarding prognosis, tumor related pathological factors abrogated the importance of the S-AC-interval in our analysis.
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1. Introduction
Several phase III trials on Cisplatin-based neoadjuvant chemotherapy (NAC) have been shown to improve overall survival (OS) of patients undergoing radical cystectomy for advanced urothelial carcinoma [1-4]. For those patients who undergo primary surgery without prior NAC, there is supportive data for the use of adjuvant chemotherapy (AC) [5-8]. A major concern regarding AC following radical cystectomy, however, may be delayed delivery of chemotherapy due to perioperative complications and/or prolonged convalescence. Up to 60% of patients undergo complications following radical cystectomy including a considerable risk of high-grade complications (13–40%) [9-12]. Complication rates depending on type of surgery (open vs. robotic/laparoscopic) are comparable [13-15]. Most trials investigating AC following radical cystectomy defined a time-frame of about 3 months postoperatively for patients to be eligible. However, this time-frame is chosen rather arbitrarily than based on a biological context determining the “optimal” time-point for an adjuvant chemotherapy. In this context, we sought to evaluate the interval length between surgery and start of adjuvant chemotherapy in a “real-world” cohort. We evaluated surgery-dependent (e.g. diversion type) and surgery-independent factors (age, comorbidities, tumor-stage) which have an impact on timing of adjuvant chemotherapy. Our intention was to elucidate the impact of timing of adjuvant chemotherapy on patients´ outcome.



2. Patients and Methods
2.1 Data acquisition
The Retrospective International Study of Cancers of the Urothelial Tract (RISC) is a retrospective database which was created to collect management and outcomes data on patients with urothelial carcinoma (cT2 or greater). RISC consists of consecutive patient series from 28 international centers compiled between 2005 and 2012. Patient baseline characteristics, laboratory and pathology information as well as treatment outcomes were collected. The RISC database was approved by the ethics committees at each participating institution and the design of this study was approved by the RISC consortium.
For the current analysis, patients with adjuvant systemic therapy following surgical resection of the primary tumor (muscle invasive bladder cancer (MIBC) of any histology, any pN, M0) with curative intent were included. Patients with prior neoadjuvant therapy were excluded, as well as those who received adjuvant therapy after more  than 1 year from surgery. 

2.2 Endpoints
The primary endpoint of this study was to determine the impact of the interval between surgery and start of adjuvant therapy (S-AC-interval) on progression-free (PFS) and overall survival (OS). Additional key secondary endpoints included the interval length between surgery and start of adjuvant chemotherapy according to surgery-dependent (e.g. diversion type) and surgery-independent factors (age, comorbidities, tumor-stage) which may impact timing of adjuvant chemotherapy.



2.3 Statistical analysis
Univariate analysis of patient characteristics, surgical factors and tumor characteristics regarding their impact on S-AC-interval was performed. S-AC-interval was assessed both continuously and dichotomously. For continuous analysis, we used Kruskal-Wallis testing. For dichotomous analysis, S-AC-interval was divided into ≤ 90 and > 90 days and Fisher’s exact test was performed. 
Uni- and multivariate analyses of PFS and OS were performed in relation to S-AC-interval, patient characteristics, surgical factors and tumor characteristics. For this purpose, PFS and OS were assessed with S-AC-interval as a continuous variable as well as a dichotomous variable with a cut-off at 90 days. PFS and OS were calculated with 95% confidence intervals from day 1 of adjuvant therapy. Survival analysis was performed using Kaplan-Meier method and COX regression analysis, comparison between survival curves was performed using the log rank test. 
As for multivariate analysis only patients with complete documented datasets for all examined variables can be included, our analysis was hampered due to missing data values. Depending on the chosen multivariate model a varying number of patients was either in- or excluded. For this reason, for variables with n ≥ 10 missing values (more than 4%), a separate factor level called “unknown” was incorporated in the analysis. The analysis was then done consistently with a number of 228 patients.



3. Results
3.1 Patient selection
From 2005 to 2012 a total of 3024 patients with muscle invasive bladder cancer (MIBC) or upper urinary tract carcinoma (UTUC) were included in the RISC database. Of those, 355 patients underwent adjuvant systemic therapy without prior neoadjuvant therapy within 1 year following surgical resection of primary tumor (nephroureterectomy, nephrectomy, ureterectomy, radical cystectomy, urethrectomy) with curative intent. Of these, patients were excluded due to missing surgery date (n=20), missing start date of adjuvant chemotherapy (n=34), missing data on adjuvant chemotherapy (n=14), and primary upper tract disease (n=49). After these exclusions, 238 patients with MIBC were eligible for analysis. (Figure 1).



[image: ]
Figure 1: Consort diagram showing patients selected from the RISC database. MIBC, Muscle invasive bladder cancer. UTUC, Upper urinary tract carcinoma. 


3.2 Patient characteristics
Patient characteristics are detailed in Table 1. For MIBC, 83.5% of the population was male with a mean age of 63.4 years (SD 9.5 years). More than 70% of patients presented with a Charlson Comorbidity Index (CCI) of ≤ 2 and an ECOG performance Status (ECOG) of ≤ 1. The majority of patients were smokers or former smokers (65.1%). 181 patients (76.1%) were diagnosed with ≥ pT3 with 158 patients (66.4%) presenting nodal disease and 35 patients (14.7%) with positive margins. Predominant histology was urothelial carcinoma (n=168, 70.6%).  Other histology mainly consisting of mixed histology (i.e. urothelial with other features) was observed in 23.1% of patients (n=55) with missing histologic data in 15 patients (6.3%). Cisplatin-based adjuvant chemotherapy was administered in 71% (n=169) with the majority of patients receiving up to 4 cycles of adjuvant chemotherapy (median 4, IQR 1).
The median S-AC-interval was 57 days (IQR 32.8). The majority of patients started chemotherapy within 90 days (n=207, 87%) after surgery. The distribution of S-AC-interval is presented in Figure 2. 
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Figure 2: Distribution of S-AC-interval for patients with muscle invasive bladder cancer. 



3.3. Factors associated with timing of adjuvant chemotherapy
When considering S-AC-interval continuously, univariable analysis revealed CCI, smoking history, surgery and diversion type to have a significant impact on timing of adjuvant chemotherapy (p=.042, p=.037, p=.001 and p.003 respectively) (Table 1). However, for CCI and diversion type, analysis should be considered with caution as the statistically significant difference was only seen for the factor level “unknown” compared to all other factor levels (see section 2.3 for further information).
	
	Number of patients (%)
	S-AC-Interval in days
	p - value

	
	
	Mean
	SD
	

	Total 
	238 (100)
	65.3
	38.2
	

	Sex
	
	
	
	0.584

	Male
	197 (83.5)
	64.5 
	35.6
	

	Female
	39 (16.5)
	63.2
	25.9
	

	Missing
	2 
	n.a.
	n.a.
	

	Age
	
	
	
	0.182

	< 65
	123 (52.1)
	68.5
	44.3
	

	≥ 65
	113 (47.9)
	61.9
	30.2
	

	Missing 
	2 
	n.a.
	n.a.
	

	Charlson Comorbidity Index
	
	
	
	0.042*

	0 = no comorbidities
	95 (39.9)
	63.5
	47.1
	

	1-2 = mild comorbidities
	77 (32.4)
	64.3
	27.9
	

	≥3 = moderate to severe comorbidities
	46 (19.3)
	66.7
	36.9
	

	Unknown
	20 (8.4)
	73.8
	27.8
	

	ECOG Performance Status 
	
	
	
	0.197

	0 = Fully active
	111 (46.6)
	62.4
	34.5
	

	1 = Ambulatory strenuous activity restricted
	67 (28.2)
	62.4
	29.3
	

	2 = Can walk and take care of self; up >50% day
	11 (4.6)
	52.3
	18.5
	

	Unknown
	49 (20.6)
	78.7
	54.5
	

	Smoking History
	
	
	
	0.037

	Current
	60 (25.2)
	59.3
	25.5
	

	Former
	95 (39.9)
	68.1
	35.0
	

	Never
	57 (23.9)
	61.0
	46.9
	

	Unknown
	26 (10.9)
	77.8
	49.4
	

	AC Regimen
	
	
	
	0.239

	Gem + Cis
	131 (55)
	65.8
	41.2
	

	Gem + Carbo
	44 (18.5)
	73.8
	42.5
	

	MVAC
	38 (16.0)
	56.9
	16.5
	

	Other
	25 (10.5)
	60.3
	35.7
	

	Number of cycles
	
	
	
	0.505

	≤  2
	34 (14.3)
	73.5
	56.5
	

	3-4
	138 (58)
	63.6
	25.9
	

	> 4
	52 (21.8)
	61.5
	44.5
	

	Unknown
	14 (5.9)
	75.2
	57.0
	

	pT
	
	
	
	0.676

	< T2
	6 (2.5)
	52.5
	36.8
	

	T2
	41 (17.2)
	62.0
	30.1
	

	T3
	121 (50.8)
	64.2
	27.3
	

	T4	
	60 (25.2)
	65.5
	45.3
	

	Unknown
	10 (4.2)
	97.2
	94.4
	

	pN
	
	
	
	0.412

	0
	56 (23.5)
	59.9
	23.8
	

	+
	158 (66.4)
	65.8
	36.1
	

	x
	12 (5.0)
	60.2
	39.2
	

	Unknown
	12 (5.0)
	87.9
	88.1
	

	Histology
	
	
	
	0.774

	Transitional Cell Carcinoma
	168 (70.6)
	66.0
	40.1
	

	Mixed/Other
	55 (23.1)
	61.9
	27.5
	

	Unknown
	15 (6.3)
	69.5
	50.3
	

	Surgical Margins
	
	
	
	0.225

	Negative
	172 (72.3)
	66.4
	39.4
	

	Positive
	35 (14.7)
	63.5
	28.3
	

	Unknown
	31 (13)
	60.7
	41.7
	

	Surgery Type
	
	
	
	0.001

	Open radical cystectomy
	194 (82.6)
	67.1
	39.8
	

	Laparoscopic cystectomy
	12 (5.1)
	73.4
	21.3
	

	Robotic cystectomy
	17 (7.2)
	63.2
	33.9
	

	Partial cystectomy	
	12 (5.1)
	39.7
	14.7
	

	Missing
	3 
	n.a.
	n.a.
	

	Diversion Type
	
	
	
	0.003*

	Ileal conduit
	134 (56.3)
	63.6
	28.5
	

	Neobladder
	63 (26.5)
	70.7
	44.6
	

	Other
	9 (3.8)
	77.2
	28.6
	

	Unknown
	32 (13.4)
	58.4
	57.5
	


Table 1: Patient characteristics according to S-AC-interval for patients with muscle invasive bladder cancer. * p<.05 due to inclusion of factor level “unknown”  

Accounting for the cut-off value of 90 days used in several studies analyzing adjuvant treatment in bladder cancer, correlation between the independent variables and the dependent variable (S-AC-interval) was further investigated by dividing S-AC-interval into previously defined categories (≤ 90 and > 90 days) thereby extending the exploratory investigation to test the independence by performing the Fisher’s Exact Test with simulated p-value (based on 2000 replicates). In univariable analysis, ECOG performance status, smoking history and AC regimen showed a significant impact on S-AC-interval (p=.002, p=.005 and p<.001 respectively). However, again, when considering the impact of missing values, only AC regimen remained statistically significant (Table 2). Due to a rather unstable data set it was not possible to build an appropriate multivariate model for neither of both analyses.

	
	S-AC-Interval in days
	p - value

	
	≤ 90 
	> 90 
	

	Total (%)
	n= 207 
	n= 31 
	

	Gender
	
	
	0.600

	Male
	173 (84)
	24 (80)
	

	Female
	33 (16.0)
	6 (20)
	

	Missing
	1 
	1 
	

	Age
	
	
	1.000

	< 65
	107 (52.2)
	16 (51.6)
	

	≥ 65
	98 (47.8)
	15 (48.4)
	

	Missing 
	2 
	0
	

	Charlson Comorbidity Index
	
	
	0.734

	0
	84 (40.6)
	11 (35.5)
	

	1-2
	67 (32.4)
	10 (32.3)
	

	≥3
	40 (19.3)
	6 (19.4)
	

	Unknown
	16 (7.7)
	4 (12.8)
	

	ECOG Performance Status 
	
	
	0.002*

	0 = Fully active
	101 (48.8)
	10 (32.3)
	

	1 = Ambulatory strenuous activity restricted
	61 (29.5)
	6 (19.4)
	

	2 = Can walk and take care of self; up >50% day
	11 (5.3)
	0 (0.0)
	

	Unknown
	34 (16.4)
	15 (48.4)
	

	Smoking History
	
	
	0.005*

	Current
	57 (27.5)
	3 (9.7)
	

	Former
	82 (39.6)
	13 (41.9)
	

	Never
	51 (24.6)
	6 (19.4)
	

	Unknown
	17 (8.3)
	9 (29.0)
	

	AC Regimen
	
	
	< 0.001

	Gem + Cis
	116 (56.0)
	15 (48.4)
	

	Gem + Carbo
	31 (15.0)
	13 (41.9)
	

	MVAC
	38 (18.4)
	0 (0.0)
	

	Other
	22 (10.6)
	3 (9.7)
	

	Number of cycles
	
	
	0.138

	≤  2
	28 (13.5)
	6 (19.4)
	

	3-4
	121 (58.5)
	17 (54.8)
	

	> 4
	48 (23.2)
	4 (12.9)
	

	Unknown
	10 (4.8)
	4 (12.9)
	

	pT
	
	
	0.215

	< T2
	4 (1.9)
	2 (6.5)
	

	T2
	36 (17.4)
	5 (16.1)
	

	T3
	108 (52.2)
	13 (41.9)
	

	T4	
	52 (25.1)
	8 (25.8)
	

	Unknown
	7 (3.4)
	3 (9.7)
	

	pN
	
	
	0.107

	0
	53 (25.6)
	3 (9.7)
	

	+
	135 (65.2)
	23 (74.2)
	

	x
	10 (4.8)
	2 (6.5)
	

	Unknown
	9 (4.4)
	3 (9.6)
	

	Histology
	
	
	0.558

	Transitional Cell Carcinoma
	146 (70.5)
	22 (71.0)
	

	Mixed/Other
	49 (23.7)
	6 (19.4)
	

	Unknown
	12 (5.8)
	3 (9.6)
	

	Surgical Margins
	
	
	0.749

	Negative
	151 (72.9)
	21 (67.7)
	

	Positive
	30 (14.5)
	5 (16.1)
	

	Unknown
	26 (12.6)
	5 (16.1)
	

	Surgery Type
	
	
	0.081

	Open radical cystectomy
	170 (83.3)
	24 (77.4)
	

	Laparoscopic cystectomy
	8 (3.9)
	4 (12.9)
	

	Robotic cystectomy
	14 (6.9)
	3 (9.7)
	

	Partial cystectomy	
	12 (5.9)
	0 (0)
	

	Missing
	3 
	0
	

	Diversion Type
	
	
	0.489

	Ileal conduit
	116 (56.0)
	18 (58.1)
	

	Neobladder
	54 (26.1)
	9 (29.0)
	

	Other
	7 (3.4)
	2 (6.5)
	

	Unknown
	30 (14.5)
	2 (6.5)
	


Table 2: Patient characteristics according to S-AC-interval ≤ 90 and > 90 days for patients with muscle invasive bladder cancer.* p<.05 due to inclusion of factor level “unknown”  




3.4 Timing of adjuvant chemotherapy and survival
When S-AC-interval was analyzed as a continuous variable, it correlated with OS (HR 1.004, 95% CI 0.9997-1.0084, p=.071). With regards to PFS, a shorter S-AC-interval correlated with a statistically longer PFS (HR: 1.004, 95% CI: 1.0003-1.0075, p=.032). However, when analyzed by different multivariate models, the impact of S-AC-interval on PFS was negated by tumor and patient related factors (pathological T-stage, N-stage, ECOG performance status). 
On binary analysis, median OS in patients with an S-AC-interval of  90 days compared to patients with an S-AC-interval of > 90 days was 73 months (95% CI 45-87) vs 48 months (95% CI 15-n.a.), respectively but was not statistically significant (HR 1.285, 95% CI .682-2.418, p=.438). Median PFS with an S-AC-interval of  90 days was 35 months (95% CI 27-50) vs 24 months (95% CI 8-48) in patients with an S-AC-interval of > 90 days (Figure 3). PFS in patients starting AC earlier failed to reach statistical significance in dichotomous analysis. (HR 1.591, 95% CI .988-2.561, p=.056). 
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Figure 3: Progression-free survival of patients with S-AC-interval of  90 days (blue) compared to patients with S-AC-interval of > 90 days (red) for patients with muscle invasive bladder cancer. 




4. Discussion
Neoadjuvant cisplatin-based chemotherapy (NAC) is the gold standard in patients when eligible [1-4]. However, in patients, who undergo primary surgery without NAC, subsequent adjuvant cisplatin-based chemotherapy (AC) should be considered as there is data supporting enhanced outcomes not only for high risk patients (i.e. ≥pT3 or N+)  [5-8, 16]. In the EORTC data set, in fact, the largest published adjuvant study to date, those who benefitted most were node negative [6]. Major advantages of AC are the avoidance of delayed cystectomy as well as overtreatment of patients who prove to have disease confined to the bladder (<=pT2) at resection. On the other hand, adjuvant chemotherapy may lead to treatment delay in patients harboring micrometastases. Most AC trials have therefore defined a time-frame of about 3 months postoperatively for patients to be eligible for chemotherapy. In a study from 2009 evaluating surgical complications after radical cystectomy, however, the authors stated that 30% of patients undergoing surgery experienced grade 2-5 complications between discharge and day 90, suggesting that those patients might not have been able to receive AC within 90 days due to surgical complications [17]. Yet, there is no clear evidence if receiving AC beyond 90 days postoperatively may still be beneficial from an oncological perspective in terms of survival or whether by that time chemotherapy is either unnecessary due to absence of disease or too late due to spread of micrometastases that have already occurred.
In our study, we evaluated the interval length between surgery and start of adjuvant chemotherapy (S-AC-interval) in a “real-world” cohort. The majority of patients started AC within 90 days post-surgery (n=207, 87%) with a median S-AC-interval of 57 days which is in line with other studies analyzing AC [6, 8, 18]. 
S-AC-interval was analyzed continuously as well as dichotomously (≤90 vs. >90).
In continuous analysis, risk factors for a prolonged S-AC interval were smoking history and surgery type. Current smokers and never smokers received AC earlier than former smokers (p=.037). Patients undergoing open or robotic cystectomy received AC earlier as compared to patients who underwent laparoscopic surgery (p=.001). However, the reasons for these findings and the according clinical significance of these finding could not be elucidated by the available data. In dichotomous analysis, patients receiving AC greater than 90 days from surgery tended to fulfil more high-risk criteria (i.e. N+ disease) compared to those patients receiving AC within 90 days. At the same time, statistically significantly more patients received inferior carboplatin-based chemotherapy in the S-AC-interval > 90 day group (p<.001). Together, our data suggests that these patients receiving delayed chemotherapy had a strong indication for AC whilst being in worse physical condition post operatively. The statistical significance seen for ECOG performance status or smoking history on S-AC-interval when analyzed dichotomously may be artificially significant due to a high proportion of patients with unknown.  

The timing of AC had no statistically significant effect on OS in either the continuous or dichotomous analyses. However, there appeared to be a trend in both analyses with numerically longer OS in patients receiving AC ≤ 90 days post-surgery with a median OS of 73 months (95% CI 45-87) vs. 48 months (95% CI 15-n.a.) in patients receiving AC > 90 days (p=.438). Tendency towards longer OS for patients with comparatively shorter S-AC-interval aligns with the data of a National Cancer Database review by Jue et al. [19]. In this study, the authors found that an S-AC-interval of < 45 days was associated with a significant overall survival benefit compared to patients with MIBC who received adjuvant chemotherapy after 45 days or no adjuvant chemotherapy. When considering the cut-off value of 45 days employed by Jue et al, we did not observe any statistically significant difference in OS. For our data set the best OS was observed when AC was given 57 days after surgery, again without statistical significance (p=.105). Correlation between S-AC-interval and OS with the exact cut off for optimum S-AC-interval may vary on the underlying data set/clinical conditions. Regarding PFS, there was a statistically significant impact of S-AC-interval when performing continuous analysis (HR: 1.004, 95% CI: 1.0003-1.0075, p=.032), and supported by a similar trend in the additional dichotomous analysis (35 months PFS (95% CI 27-50) for S-AC-interval  90 days vs. 24 months PFS (95% CI 8-48) for S-AC-interval > 90 days). 

There are some obvious limitations to this study. One major limitation is the retrospective nature of this analysis resulting in missing values due to imprecise or misleading documentation. Moreover, the group size in general was very heterogeneous with only 13% of patients receiving AC beyond 90 days post-surgery, making a comparison even more difficult. 
The better outcome in patients with a shorter S-AC-interval could be influenced by a slightly lower proportion of patients with positive lymph nodes at the time of surgery in this group (65% vs. 74% in the S-AC-interval > 90 days group). In our analysis, patients with lymph node involvement generally showed a significant shorter PFS (HR: 1.796, 95% CI: 1.146-2.815, p=.011), whereas the effect on OS was not statistically significant (HR: 1.330, 95% CI: 0.800-2.213, p=.272). In agreement with this, the impact of S-AC-interval on PFS was negated by adjusting for N-stage on multivariate analysis. Addition of T-stage and ECOG performance status led to an even more precise model predicting PFS. The heterogeneity of chemotherapy regimens with approximately 25% of patients being treated without cisplatin may have also introduced bias. In the S-AC-interval > 90 days group, more than half of patients received non-cisplatin regimens, possibly driving the small benefit we saw to earlier treatment. To evaluate this possibility, we performed a subgroup analysis including only patients who received cisplatin-containing chemotherapy (n=166). In this subgroup analysis, there was again no statistically significant influence of the S-AC interval on OS (HR 1.003, 95% CI 0.997-1.009, p=.290). In addition, prior significance for PFS could not be confirmed (HR 1.002, 95% CI 0.998-1.007, p=.314) which could be due to the substantially reduced cohort size in this subgroup analysis. The trend towards better outcome with shorter S-AC-interval was maintained. 

Conclusion
[bookmark: __DdeLink__4076_848011786][bookmark: _GoBack]In summary, our data supports that adjuvant chemotherapy should generally be applied when clinically reasonable rather than at a fixed time point. There seems to be an advantage for AC to be applied within a certain time frame after surgery without being able to define a precise cut-off. From our point of view, preliminary chosen cut-off values (e.g. ≤ 90 and > 90 days) seem rather arbitrarily being especially dependent on the underlying data set which may explain discrepancies compared to other studies. Generally, tumor related pathological factors still remain more important than the S-AC-interval. For high risk patients who are unable to initiate chemotherapy within 90 days after surgery due to e.g. surgical complications, AC should still be considered. 
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