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SYNOPSIS

This study aimed to assess the association between timing of adjuvant chemotherapy and overall survival in patients receiving perioperative chemotherapy for gastric cancer. 


ABSTRACT

Background: For patients who qualify for perioperative chemotherapy and gastrectomy, the optimal timing of adjuvant chemotherapy (aCTx) seems equivocal. The aim of this study was to assess the association between timing of aCTx and overall survival (OS) in patients receiving perioperative chemotherapy for gastric cancer. 

Methods: Data from patients undergoing perioperative chemotherapy and gastrectomy for gastric adenocarcinoma with curative intent (2010-2014) were extracted from the nationwide population-based Netherlands Cancer Registry. Timing of aCTx was analyzed as a linear and categorical variable (<6 weeks, 6-8 weeks, and >8 weeks). Multivariable regression was performed to identify risk factors for a late start of aCTx (≥6 weeks), and to assess the association between timing of aCTx and OS.

Results: Among 1.066 patients who underwent neoadjuvant chemotherapy and gastrectomy, 463 (43%) patients started aCTx. aCTx was administered within 6 weeks in 208 (45%) patients, within 6-8 weeks in 155 (33%) patients, and after 8 weeks in 100 (22%) patients. A total of 419 (91%) and 351 (76%) patients finished all cycles of neoadjuvant and aCTx, respectively. A late start of aCTx was associated with a longer hospital stay (+1 hospital day: OR1.15, 95%CI[1.08-1.23], p<0.001). Timing of aCTx was not associated with OS (6-8 weeks vs. <6 weeks, HR1.14, 95%CI[0.79-1.65], p=0.471; >8 weeks vs. <6 weeks, HR1.04, 95%CI[0.79-1.65], p=0.872). 

Conclusion: This nationwide study demonstrates that timing of aCTx is not associated with OS. The results suggest that the early postoperative period may be safely used for recovery and optimizing patients for the start of aCTx.


INTRODUCTION

In most European countries, the preferred treatment for patients with potentially curable gastric cancer is gastrectomy with perioperative chemotherapy1-3. Unfortunately, only 23%-42% of the patients complete the total multimodality treatment regimen of gastrectomy and perioperative chemotherapy according to results from randomized controlled trials1,3. Discontinuation of treatment is mostly observed after gastrectomy; patients do not start with the adjuvant chemotherapy component of perioperative chemotherapy  (aCTx), frequently due to gastrectomy related complications1,4. 

For patients who are candidates for aCTx, optimal timing of aCTx seems equivocal. Initially, patients need time to recover from surgery, which can take up to several months depending on the postoperative course5. On the other hand, an early start of aCTx seems rational to achieve an optimal oncological result. For other cancer types, such as colon and breast cancer, studies indeed demonstrated that an early start of aCTx is associated with a better survival6-8. 

Current studies on the association between timing of aCTx and survival for gastric cancer specifically are inconclusive9-11. However, these studies included patients receiving aCTx only, whereas perioperative chemotherapy is standard of care in most European countries. Moreover, (inter)national guidelines are lacking1. Therefore, the primary aim of this study was to assess the association between timing of aCTx and overall survival (OS) in a population of patients receiving perioperative chemotherapy and gastrectomy for cancer. Second, we aimed to identify risk factors for a late start of aCTx. 


METHODS

Study design
This study was conducted with data from the Netherlands Cancer Registry (NCR), which includes all newly diagnosed cancers in the Netherlands. The NCR is based on notification of all newly diagnosed malignancies by the national automated pathological archive (PALGA). Additional sources are the national registry of hospital discharge and radiotherapy institutions. Specifically trained data managers of the NCR extract information on diagnosis, staging and treatment from the medical records.  This study was approved by the Privacy Review Board of the NCR.

Patient population 
Patients who underwent neoadjuvant chemotherapy and gastrectomy for non-cardia gastric adenocarcinoma with curative intent based on clinical staging (cT1-4a-x, any cN, cM0-x) between 2010 and 2014 were selected from the NCR. Patients were not included if they had distant metastases (pM1) or infiltration into surrounding organs (pT4b), as these patients could most likely no longer receive aCTx with curative intent. Moreover, patients with cT1N0 tumors were not included, as guidelines do not recommend neoadjuvant chemotherapy for these patients. The study period was chosen as data on timing of aCTx before 2010 was not routinely registered. Patients who did not undergo aCTx, who underwent (neo)adjuvant (chemo)radiotherapy, or who had incomplete data on timing of aCTx or OS were excluded (Figure 1). Furthermore, patients who started more than 12 weeks after surgery were excluded from the statistical analysis to ensure that treatment had an adjuvant and not a palliative intention, and since the MAGIC trial performed aCTx within 12 weeks after surgery1. 

Tumor staging and treatment
According to the nationwide guidelines for patients with gastric cancer, tumor staging consists of gastroscopy and computed tomography in all patients12. Tumor staging was based on the American Joint Committee on Cancer TNM staging system (7th edition)13 The guideline recommends perioperative chemotherapy (including epirubicin, cisplatin or oxalipatin, and capecitibine or fluorouracil)1,14, and a (sub)total gastrectomy along with a D2 lymphadenectomy15,16. Topography and morphology were coded according to the International Classification of Diseases for Oncology (ICD-O-3)17.

Definitions
Perioperative treatment was defined as neoadjuvant chemotherapy followed by a surgical resection and aCTx. As information on the number of received cycles was not available in the NCR, the number of days between start of chemotherapy and end of chemotherapy was used to determine by proxy the number of cycles received, based on the MAGIC regimen1. A treatment duration of 1-20 days was defined as 1 cycle, 21-41 days as 2 cycles, and 42-70 days as 3 cycles. All other treatment durations were defined as unknown. Timing of aCTx was defined as the interval between surgery and the start of aCTx. Patients were a priori divided into 3 groups according to the timing of aCTx (<6 weeks, 6-8 weeks, and >8 weeks). These groups were chosen based on consensus among the co-authors about clinically relevant groups and by evaluation of the dataset (to make the groups more or less equal in numbers). 

Statistical analyses
[bookmark: OLE_LINK2]Differences between groups were compared by using the Chi-square or Fisher’s exact test for categorical variables, and the one-way ANOVA or Kruskal-Wallis for continuous variables. Missing values for duration of hospital stay (7%), and duration of neoadjuvant treatment (14%) were considered at random and imputed by the median value. Missing categorical variables – most importantly tumor differentiation – were included in the analyses by creation of a dummy variable. Multivariable logistic regression was performed to identify risk factors associated with a late start (≥6 weeks) of aCTx. Kaplan-Meier curves were generated to examine OS according to timing of aCTx and were compared with the log-rank test. The association between timing of aCTx and OS was assessed using uni- and multivariable Cox regression analysis, providing hazard ratios (HRs) with 95% confidence intervals (CIs). To adjust for possible confounders, all baseline variables were entered in multivariable analysis. OS was defined as time from 5 months after surgery to death or until February 1st 2017 for patients who were still alive. This landmark at 5 months after surgery was chosen to address immortal time bias of patients receiving aCTx during the total period of the start (maximum of 12 weeks after surgery) and completion of all cycles of aCTx (9 weeks). The proportional hazard assumption was evaluated by constructing log minus log survival plots, and the assumption was met. Sensitivity analyses were performed to evaluate the association between timing of aCTx and OS for both early (pTNM-stage 0-I) and advanced tumors (pTNM-stage II-III). All statistical analyses were performed using IBM SPSS version 21. A p-value <0.05 was considered statistically significant.
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Figure 1. Study flowchart


RESULTS

Study population
A total of 1.066 patients underwent neoadjuvant chemotherapy and gastrectomy for non-cardia gastric adenocarcinoma with curative intent. After excluding patients who underwent (neo)adjuvant (chemo)radiotherapy (n=146), with incomplete data (n=15), or who did not undergo aCTx (n=341), 474 patients remained. Of these 474 patients, 463 (98%) patients started aCTx within 12 weeks and were included for the analysis (Figure 1).

Patient characteristics 
The majority of the 463 patients completed all 3 cycles of neoadjuvant chemotherapy (91%), and had an advanced tumor (69%). The median hospital stay was 8 days (interquartile range (IQR) 7-11 days), and all patients had a hospital stay ≤30 days. Some 351 patients (76%) who started with aCTx completed all 3 cycles. More patient characteristics are presented in Table 1.

Timing of adjuvant chemotherapy
The median timing of start of aCTx was 6.1 weeks after gastrectomy (IQR 4.9-7.7 weeks) (Figure 2). The groups of timing of aCTx (<6 weeks, 6-8 weeks, and >8 weeks) consisted of 208 (45%), 155 (33%), and 100 (22%) patients, respectively (Table 2). Patients in the early timing groups more frequently underwent a partial gastrectomy (p=0.006), and had a shorter hospital stay (p<0.001). Furthermore, patients in the earlier timing groups more frequently completed all 3 cycles of aCTx (81% <6 weeks, 73% 6-8 weeks, 69% >8 weeks, p=0.007) (Table 3). In multivariable analysis, a longer hospital stay was an independent predictor of late start of aCTx (each additional day OR 1.15, 95% CI [1.08-1.23], p<0.001) (Table 3).
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Figure 2. Histogram of the timing of aCTx in weeks

Overall survival
Median follow-up length after gastrectomy of all patients treated with aCTx was 34.1 months (IQR 20.9 – 53.0 months), and the 1- and 3-year survival rates were 80% and 62%, respectively. The landmark at 5 months after surgery to compare OS between different timing of aCTx, excluded 4 patients (aCTx <6 weeks n=3, aCTx 6-8 weeks n=1). Kaplan-Meier survival curves demonstrate that timing of aCTx was not associated with OS (p=0.199, Figure 3). In multivariable survival analysis, timing of aCTx did not significantly influence OS using both timing as categorized variable (6-8 weeks vs. <6 weeks, HR 1.14, 95% CI [0.79-1.65], p=0.471; >8 weeks vs. <6 weeks, HR 1.04, 95% CI [0.68-1.57], p=0.872) and as linear variable (per additional week of timing, HR 1.02, 95% CI [0.95-1.11], p=0.549) (Table 4). Sensitivity analyses demonstrated that the association between timing of aCTx and OS was non-significant for both early gastric cancer and advanced gastric cancer (data not shown).


[image: G:\CGO\UPPERGI\Maag\Adjuvante therapie\Surg Oncol\Fig 2.png]Figure 3. Kaplan-Meier curves of the timing of aCTx

DISCUSSION

This population-based study among patients with gastric cancer who received perioperative chemotherapy and gastrectomy with curative intent demonstrated that the timing of aCTx was not associated with overall survival. Patients who started within 6 weeks had a comparable survival compared to patients who started between 6-8 weeks and >8 weeks after surgery. Furthermore, a later start of aCTx was associated with a longer hospital stay and completion of less aCTx cycles. 

Value of adjuvant therapy 
Only 76% of patients who started aCTx were able to complete all 3 cycles in the present study. These numbers are similar to the MAGIC-trial1. In the MAGIC-trial, discontinuation of perioperative chemotherapy was mostly observed after surgery, indicating that patients do not start with aCTx. This led to a discussion about the relevance of aCTx in the perioperative chemotherapy regimen. Although there is evidence that omitting aCTx impairs oncologic outcomes in patients receiving aCTx after gastrectomy without neoadjuvant chemotherapy18, there is limited evidence in patients who received neoadjuvant chemotherapy. In a recent study from our group, a propensity score matched analysis was performed to compare patients who received the complete perioperative chemotherapy and patients who received only the neoadjuvant component (van Putten et al., submitted). This study demonstrated that patients who received perioperative chemotherapy had a better OS compared to patients who only received neoadjuvant chemotherapy. However, even after propensity score matching it is still possible that patient groups were not completely comparable due to selection bias. In continuation of this study, the question raised whether the timing of aCTx was of importance for oncological outcomes.

Optimal timing of adjuvant therapy
For patients who qualify for aCTx after gastrectomy, the optimal timing of aCTx is under debate. On the one hand, it seems rational to start with aCTx as early as possible for an optimal oncological result. The goal of aCTx is to eradicate microscopic disease that may exist after neoadjuvant treatment and gastrectomy. Previous translational research has demonstrated that surgical resection may enhance growth of remaining tumor cells, thus early start of treatment may be favorable19,20. For colon and breast cancer, early timing of aCTx has indeed proven to benefit oncological outcomes6-8. However, these tumors have a relatively higher response rate to chemotherapy than gastric cancer, which may increase the importance for early timing of aCTx20-22. Moreover, these tumors generally only receive aCTx, whereas patients in this study already received neoadjuvant treatment. 
On the other hand, late start of aCTx might even be favorable. Gastrectomy is considered as a major surgical procedure, and patients need time to recover from surgery, which may take up to several months depending on the postoperative course5. Indeed, the present study found a longer hospital stay to be an independent factor associated with a late start of aCTx. Hospital stay was used as a proxy for a complicated postoperative course, indicating that patients who experience complications have a higher risk for later start of aCTx. There may be more factors related to a late start of aCTx, which were not taken into account in this study, such as dietary problems after surgery23,24. Furthermore, patients need to be fit for the start of aCTx, since the chemotherapy regimen is associated with considerable toxicity1. Last, it is questionable whether the time frames (weeks) of the delay in start of aCTx are relevant for oncologic outcomes. Cancer development generally involves months to years, which are longer than the time frames that delay the start of aCTx.

Comparison to other studies 
To our knowledge, no studies evaluated the impact of timing of aCTx on OS in patients who received perioperative chemotherapy and gastrectomy for cancer. Our group previously demonstrated that the time between diagnosis and start of neoadjuvant treatment was not associated with worse OS for gastric cancer 25. Other studies have focused on the timing of aCTx in patients receiving gastrectomy and aCTx only9-11. Two Korean studies demonstrated that OS of patients was impaired if aCTx was not started within 4 and 8 weeks after surgery9,10. On the contrary, a more recent American study found no relation between timing of aCTx and OS in patients starting aCTx up to 6 months after surgery11. These studies differed from each other and the present study. The Korean studies included only stage 2-3 tumors, and the American study also included stage 1 tumors. The present study included all tumor stages and performed sensitivity analyses in order to detect a difference between early and advanced tumors. As no difference was seen between tumor stages, taking the American study into account, it seems that in Western countries timing of aCTx does not impair survival for any tumor stage, and in any chemotherapeutic setting.

Guidelines
[bookmark: OLE_LINK1]Dutch guidelines advise to start treatment within 5-6 weeks after diagnosis, but there is no advice for the start of adjuvant therapy for gastric cancer26,27. In the MAGIC-trial however, which led to the introduction of perioperative treatment in most European countries, aCTx was administered within 12 weeks after surgery1. The present study demonstrates that in the Netherlands only 45% of the patients received aCTx within 6 weeks, and in 98% of the patients aCTx was administered within 12 weeks after surgery. Possibly, physicians may have omitted aCTx in patients who were unable to start aCTx within 12 weeks after surgery due to limited evidence of the effect on survival1. The results of this study are therefore restricted to the time frame of 12 weeks after gastrectomy. 

Limitations
This study has some limitations that need to be addressed. First, performance status, comorbidities and data on postoperative complications and recurrence patterns were not available in the NCR. However, age and duration of postoperative hospital stay may be proxies for comorbidities and postoperative complications, respectively. The use of hospital stay as a proxy for complications has probably worked well, since including this variable in multivariable analysis affected the association between timing of aCTx and OS demonstrated in univariable analysis, indicating that it is a confounder. Secondly, the study is limited by its observational design; the results may be highly susceptible to selection bias, e.g. fragile patients receiving aCTx later. Although we adjusted for several confounding factors, results may be subjected to residual confounding. Nevertheless, a strong bias most likely would have led to significant differences in OS between the groups. As this was not the case, the data used for this study is probably of high quality. Moreover, the current study may have used the best available methodology, as a randomized trial for this type of research would face ethical problems. 
Strengths of this study include its large nationwide population-based design and being the first study to examine the effect of timing of adjuvant chemotherapy on survival in patients treated with perioperative chemotherapy and gastrectomy for gastric cancer. 

Conclusion
If started within 12 weeks after surgery, timing of aCTx is not associated with overall survival in patients undergoing perioperative chemotherapy and gastrectomy for gastric cancer. These results suggest that the early period after surgery may be safely used for recovery and optimizing patients for the start of aCTx.
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	Table 1. Baseline characteristics of 463 patients with gastric cancer who underwent perioperative chemotherapy and gastrectomy in the period 2010-2014. 

	
	All patients
n = 463

	
	n
	(%)

	Age [mean, ±SD]
	61.5
	±10.4

	Gender
	
	

	Male
	302
	(65)

	Female
	161
	(35)

	Year of diagnosis
	
	

	2010
	81
	(17)

	2011
	94
	(20)

	2012
	91
	(20)

	2013
	111
	(24)

	2014
	87
	(19)

	cT stage
	
	

	T1  
	4
	(1)

	T2
	140
	(30)

	T3
	99
	(21)

	T4a
	17
	(3)

	Tx
	203
	(44)

	cN stage
	
	

	N0
	280
	(60)

	N1
	100
	(22)

	N2
	55
	(12)

	N3
	3
	(1)

	Nx
	25
	(5)

	Cycles of neoadjuvant CTx
	
	

	1 cycle 
	3
	(1)

	2 cycles 
	31
	(7)

	3 cycles 
	419
	(90)

	Unknown
	10
	(2)

	Surgical type
	
	

	Partial gastrectomy
	257
	(55)

	Total gastrectomy
	203
	(44)

	Multi-organ surgery
	3
	(1)

	Surgical approach
	
	

	Open
	360
	(78)

	Laparoscopic
	94
	(20)

	Unknown
	9
	(2)

	Radicality
	
	

	R0
	417
	(90)

	R+
	31
	(7)

	Unknown
	15
	(3)

	ypT stage
	
	

	T0
	32
	(7)

	T1  
	65
	(14)

	T2
	79
	(17)

	T3
	223
	(48)

	T4a
	59
	(13)

	Tx
	5
	(1)

	ypN stage
	
	

	N0
	211
	(46)

	N1
	99
	(21)

	N2
	68
	(15)

	N3
	83
	(18)

	Nx
	2
	(<1)

	Tumor stage
	
	

	0
	31
	(7)

	I
	103
	(22)

	II
	177
	(38)

	III
	145
	(31)

	Unknown
	7
	(2)

	Tumor location
	
	

	Proximal/middle (fundus/corpus/curvatures)
	182
	(39)

	Antrum
	144
	(31)

	Pyloric
	29
	(6)

	Overlapping or not otherwise specified
	108
	(23)

	Tumor differentiation
	
	

	Well
	4
	(1)

	Moderate
	50
	(11)

	Poor
	196
	(42)

	Unknown
	213
	(46)

	Duration of hospital stay (median, IQR)
	8
	(7-11)

	Cycles of aCTx
	
	

	1 cycle 
	30
	(7)

	2 cycles 
	71
	(15)

	3 cycles 
	351
	(76)

	Unknown
	11
	(2)

	Referral for aCTx to other hospital as surgical hospital
	324
	(70)







	Table 2. Baseline characteristics of 463 patients according to timing of aCTx 

	
	< 6 weeks 
   n = 208
	6 – 8 weeks 
   n = 155
	> 8 weeks
   n = 100
	


	
	n
	(%)
	n
	(%)
	n
	(%)
	p-value

	Age [mean, ±SD]
	61.0
	±10.0
	62.0
	±11.0
	61.8
	±10.3
	0.616

	Gender
	
	
	
	
	
	
	0.494

	Male
	130
	(63)
	103
	(66)
	69
	(69)
	

	Female
	78
	(37)
	52
	(44)
	31
	(31)
	

	Year of diagnosis
	
	
	
	
	
	
	0.061

	2010
	41
	(20)
	18
	(12)
	22
	(22)
	

	2011
	44
	(21)
	34
	(22)
	16
	(16)
	

	2012
	44
	(21)
	29
	(19)
	18
	(18)
	

	2013
	46
	(22)
	36
	(23)
	28
	(28)
	

	2014
	33
	(16)
	38
	(24)
	16
	(16)
	

	cT stage
	
	
	
	
	
	
	0.433

	T1  
	3
	(2)
	0
	(0)
	1
	(1)
	

	T2
	57
	(27)
	52
	(33)
	31
	(31)
	

	T3
	44
	(21)
	31
	(20)
	24
	(24)
	

	T4a
	4
	(2)
	7
	(5)
	6
	(6)
	

	Tx
	100
	(48)
	65
	(42)
	38
	(38)
	

	cN stage
	
	
	
	
	
	
	0.823

	N0
	126
	(61)
	96
	(62)
	58
	(58)
	

	N1
	40
	(19)
	37
	(24)
	23
	(23)
	

	N2
	20
	(10)
	19
	(12)
	16
	(16)
	

	N3
	1
	(<1)
	1
	(1)
	1
	(1)
	

	Nx
	21
	(10)
	2
	(1)
	2
	(2)
	

	Cycles of neoadjuvant CTx
	
	
	
	
	
	
	0.259

	1 cycle 
	0
	(0)
	0
	(0)
	3
	(3)
	

	2 cycles 
	19
	(9)
	7
	(5)
	5
	(5)
	

	3 cycles 
	187
	(90)
	143
	(92)
	89
	(89)
	

	Unknown*
	2
	(1)
	5
	(315)
	3
	(3)
	

	Surgical type
	
	
	
	
	
	
	0.006

	Partial gastrectomy
	133
	(64)
	77
	(50)
	47
	(47)
	

	Total gastrectomy
	75
	(36)
	77
	(50)
	51
	(51)
	

	Multi-organ surgery*
	0
	(0)
	1
	(<1)
	2
	(2)
	

	Surgical approach
	
	
	
	
	
	
	0.108

	Open
	171
	(82)
	117
	(75)
	72
	(72)
	

	Laparoscopic
	34
	(16)
	34
	(22)
	26
	(26)
	

	Unknown*
	3
	(1)
	4
	(3)
	2
	(2)
	

	Radicality
	
	
	
	
	
	
	0.616

	R0
	184
	(89)
	143
	(92)
	90
	(90)
	

	R+
	15
	(7)
	8
	(5)
	8
	(8)
	

	Unknown*
	9
	(4)
	4
	(3)
	2
	(2)
	

	ypT stage
	
	
	
	
	
	
	0.164

	T0
	15
	(7)
	16
	(10)
	1
	(1)
	

	T1  
	28
	(14)
	20
	(13)
	17
	(17)
	

	T2
	39
	(19)
	25
	(16)
	15
	(15)
	

	T3
	102
	(49)
	70
	(45)
	51
	(51)
	

	T4a
	21
	(10)
	23
	(15)
	15
	(15)
	

	Tx*
	3
	(1)
	1
	(1)
	1
	(1)
	

	ypN stage
	
	
	
	
	
	
	0.414

	N0
	94
	(45)
	76
	(49)
	41
	(41)
	

	N1
	47
	(23)
	33
	(21)
	19
	(19)
	

	N2
	27
	(13)
	22
	(14)
	19
	(19)
	

	N3
	39
	(19)
	23
	(15)
	21
	(21)
	

	Nx*
	1
	(<1)
	1
	(1)
	0
	(0)
	

	Tumor stage
	
	
	
	
	
	
	0.191

	0
	15
	(7)
	15
	(10)
	1
	(1)
	

	I
	48
	(23)
	33
	(21)
	22
	(22)
	

	II
	77
	(37)
	61
	(39)
	39
	(39)
	

	III
	64
	(31)
	44
	(28)
	37
	(37)
	

	Unknown*
	4
	(2)
	2
	(1)
	1
	(1)
	

	Tumor location
	
	
	
	
	
	
	0.760

	Proximal/middle
	80
	(38)
	59
	(38)
	43
	(43)
	

	Antrum
	68
	(33)
	46
	(30)
	30
	(30)
	

	Pyloric
	16
	(8)
	9
	(6)
	4
	(4)
	

	Overlapping or not otherwise specified
	44
	(21)
	41
	(26)
	23
	(23)
	

	Tumor differentiation
	
	
	
	
	
	
	0.287

	Well
	1
	(1)
	2
	(1)
	1
	(2)
	

	Moderate
	29
	(14)
	13
	(8)
	8
	(8)
	

	Poor
	82
	(39)
	67
	(43)
	47
	(47)
	

	Unknown*
	96
	(46)
	73
	(47)
	44
	(44)
	

	Hospital stay (median, IQR)
	8
	(6-10)
	9
	(7-12)
	9
	(7-14)
	<0.001

	Cycles of aCTx
	
	
	
	
	
	
	0.007

	1 cycle 
	11
	(5)
	11
	(7)
	8
	(8)
	

	2 cycles 
	20
	(10)
	28
	(18)
	23
	(23)
	

	3 cycles 
	169
	(81)
	113
	(73)
	69
	(69)
	

	Unknown*
	8
	(4)
	3 
	(2)
	0
	(0)
	

	Referral for aCTx to other hospital as surgical hospital 
	147
	(71)
	106
	(68)
	71
	(71)
	0.747


*Excluded from statistical analysis in this table. Percentages may not add up to 100 due to rounding.


	Table 3. Uni- and multivariable logistic regression analyses on risk factors for late start 6 weeks) of adjuvant chemotherapy (n=463)

	
	
	Univariable
	
	Multivariable*

	
	OR
	[95% CI]
	p-value
	OR
	[95% CI]
	p-value

	Gender
Male 
Female 
	
Ref
0.80
	
-
[0.55-1.18]
	
-
0.266
	
Ref
0.72
	
-
[0.48-1.10]
	
-
0.131

	Additional year of age
	1.01
	[0.99-1.03]
	0.328
	1.01
	[0.99-1.03]
	0.520

	Additional year of diagnosis
	1.13
	[0.99-1.29]
	0.071
	1.15
	[0.98-1.36]
	0.087

	Surgical approach
Open 
Minimally invasive 
	
Ref
1.60
	
-
[1.00-2.55]
	
-
0.050
	
Ref
1.40
	
-
[0.82-2.40]
	
-
0.221

	Surgical extent
Partial gastrectomy 
Total gastrectomy
	
Ref
1.91
	
-
[1.32-2.75]
	
-
0.001
	
Ref
1.40
	
-
[0.91-2.15]
	
-
0.123

	Tumor differentiation
	
	
	
	
	
	

	Well-moderate
	Ref
	-
	-
	Ref
	-
	-

	Poor-undifferentiated
	1.74
	[0.95-3.19]
	0.074
	1.80
	[0.93-3.35]
	0.082

	ypT-stage
	
	
	
	
	
	

	T0-2
	Ref
	-
	-
	Ref
	-
	-

	T3-4
	1.13
	[0.77-1.65]
	0.534
	1.02
	[0.66-1.59]
	0.929

	ypN-stage
	
	
	
	
	
	

	N0
	Ref
	-
	-
	Ref
	-
	-

	N+
	0.97
	[0.67-1.41]
	0.889
	0.81
	[0.53-1.25]
	0.347

	Radicality
R0
R+
	
Ref
0.84
	
-
[0.41-1.75]
	
-
0.645
	
Ref
0.80
	
-
[0.36-1.78]
	
-
0.585

	Additional day of hospital stay
	1.15
	[1.09-1.22]
	<0.001
	1.15
	[1.08-1.23]
	<0.001

	Referral for aCTx
Surgical hospital
Other hospital 
	
Ref
0.94
	
-
[0.62-1.40]
	
-
0.744
	
Ref
0.95
	
-
[0.63-1.56]
	
-
0.954

	HR: Hazard ratio, CI: confidence interval 




	Table 4. Uni- and multivariable Cox regression analyses on the influence of timing of aCTx on overall survival in patients treated with gastrectomy for cancer (n=463)

	
	
	Univariable
	
	Multivariable*

	
	HR
	[95% CI]
	p-value
	HR
	[95% CI]
	p-value

	Each additional week
	1.06
	[0.99 – 1.13]
	0.114
	1.02
	[0.95 – 1.11]
	0.549

	
	
	
	
	
	
	

	<6 weeks (n = 214)
	Ref
	-
	-
	Ref
	-
	-

	6-8 weeks (n = 160)
	1.02
	[0.73 – 1.43] 
	0.914
	1.14
	[0.79 – 1.65]
	0.471

	>8 weeks (n = 101)
	1.36
	[0.95 – 1.94]
	0.092
	1.04
	[0.68 – 1.57]
	0.872

	*Adjusted for age, gender, year of diagnosis, number of neoadjuvant CTx cycles, type of surgery, surgical approach, tumor differentiation, radicality, ypT-stage, ypN-stage, length of hospital stay, and number of aCTx cycles. HR: Hazard ratio, CI: confidence interval 
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