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Abstract
Background For the elderly patients with gastric cancer, it may be more challenging to tolerate complete neoadjuvant 
therapy (NAT). The impact of discontinued NAT on the surgical safety and pathological outcomes of elderly patients with 
poor tolerance remains poorly understood.
Methods Gastric cancer patients received gastrectomy with curative intent from the Dutch upper GI cancer audit (DUCA) 
database were included in this study. The independent association of age with not initiating and discontinuation of NAT was 
assessed with restricted cubic splines (RCS). According to the RCS results, age ≥ 70 years was defined as elderly. Short-term 
postoperative outcomes and pathological results were compared between elderly patients who completed and discontinued 
NAT.
Results Between 2011- 2021, total of 3049 patients were included. The risk of not initiating NAT increased from 70 years. In 
1954 (64%) patients receiving NAT, the risk of discontinuation increased from 55 years, reaching the peak around 74 years. 
In the elderly, discontinued NAT was not independently associated with worse 30-day mortality, overall complications, 
anastomotic leakage, re-intervention, and pathologic complete response, but was associated with a higher risk of R1/2 resec-
tion (p-value = 0.001), higher ypT stage (p-value = 0.004), ypN + (p-value = 0.008), and non-response ( p-value = 0.012).
Conclusion A decreased utilization of NAT has been observed in Dutch gastric cancer patients from 70 years due to old age 
considerations, possibly because of their high risk of discontinuation. Increasing the utilization of NAT may not adversely 
impact the surgical safety of gastric cancer population ≥ 70 years and may contribute to better pathological results.
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Introduction

Gastric cancer is the fifth most common cancer worldwide 
[1]. Gastrectomy is the primary curative treatment for gastric 
cancer patients [2, 3]. Numerous studies have demonstrated 
that multimodality treatment, which includes neoadjuvant 
therapy (NAT) or perioperative therapy plus surgery, can 
provide a better survival for patients with gastric cancer than 
surgery alone [4–7]. As most elderly patients have more 
comorbidities, worse physical performance, and a shorter 
life expectancy, there are concerns about the effectiveness 
and safety of NAT for these patients [8].

Due to the lack of substantial evidence to support the 
application of NAT in the elderly gastric cancer population 
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that are not frail, the current medical field is inclined towards 
withholding this potentially effective treatment. On the other 
hand, aging may contribute to a portion of elderly gastric 
cancer patients having significantly declining organ function 
which might limit the ability to complete NAT. Whether dis-
continued NAT can still improve the pathological outcomes 
without adversely affecting the postoperative short-term out-
comes in elderly patients with poor tolerance to NAT remain 
unclear. Some studies have shown that the toxicity of NAT 
was significantly associated with worse short-term post-
operative outcomes in patients with gastric cancer [9–11]. 
Therefore, establishing evidence to guide the appropriate 
initiation of NAT is imperative to optimize patient outcomes 
and reduce avoidable adverse effects.

This study therefore aims to evaluate the current status of 
clinical application of NAT in patients with gastric cancer 
in the Netherlands by analyzing the association between age 
and the risk of not initiating and discontinuation of NAT. 
Also, the impact of discontinued NAT on short-term post-
operative outcomes and pathological results in the elderly 
patients was investigated.

Methods

The data of this population-based study were extracted from 
the DUCA database. DUCA is a mandatory national audit-
ing registry for all hospitals performing esophageal and 
gastric cancer surgery in the Netherlands since 2011 [12, 
13]. The DUCA includes patient and tumor characteristics, 
treatment details, short-term postoperative outcomes (up to 
30 days after surgery), and histopathologic results [13–15]. 
In addition, multiple quality control measures are applied to 
verify and maintain quality of data in the database [15–18]. 
The scientific committee of DUCA approved this study, no 
further ethical approval or patient informed consent was 
required in accordance with Dutch laws.

Patient selection

Gastric cancer patients who underwent surgery between 
2011 and 2021 were included in this study. The exclusion 
criteria were defined as follows: Patients (1) with recurrent 
tumors; (2) younger than 18 years old; (3) without cT1-
4aM0 tumors or cT stage; (4) underwent emergency surgery; 
(5) without curative gastrectomy; (6) without information on 
NAT; (7) without complication records.

Variables

The variables extracted from DUCA database include sex, 
age, Charlson score, history of malignancy, history of tho-
racic or abdominal surgery, BMI, weight loss, type of NAT, 

80% completion of planned NAT, year of surgery, emer-
gency surgery, Lauren type, tumour location, cT stage, cN 
stage, ASA score, type of resection, curative intent, hospital 
volume, pT stage, pN stage, R0 resection, overall compli-
cations, anastomotic leakage, re-intervention (radiological/ 
endoscopic/ surgical), and 30-day mortality.

Outcome measures

The primary outcome measure was 30-day mortality, and 
the secondary outcome measures included not initiating and 
discontinuation of NAT, overall complications, anastomotic 
leakage, re-intervention (radiological/ endoscopic/ surgical), 
R1/2 resection, ypT stage, ypN stage, and pathological com-
plete response (pCR, defined as ypT0N0).

Statistical analysis

The clinical characteristics of the included patients were 
described by using mean ± standard deviation (SD) or fre-
quencies and percentages. The independent association 
between age and the risk of not initiating NAT in patients 
who received gastrectomy were described using multivari-
able logistic regression with visual 4-knots restricted cubic 
splines (RCS) model. In addition, the independent relation-
ship between age and the risk of discontinued NAT (discon-
tinued NAT was defined as completion of planned NAT less 
than 80%) in patients who underwent NAT plus gastrectomy 
was also described by using the multivariable logistic regres-
sion with visual 4-knots RCS model. Based on the results 
of the RCS models, patients beyond a specific age (with a 
reduction in the application of NAT from that age onward in 
the Netherlands) were defined as elderly patients, and only 
the elderly patients who underwent NAT plus gastrectomy 
were included in the following analyses. All the elderly gas-
tric cancer patients were divided into discontinued NAT plus 
surgery (DNS) group and complete NAT plus surgery (CNS) 
group according to the completion of NAT (< 80% in DNS 
group, and ≥ 80% in CNS group). The clinical characteristics 
of the two groups were described by using mean ± stand-
ard deviation (SD) or frequencies and percentages and were 
compared using chi-square and ANOVA tests. Multiple 
imputation was used to impute missing values and generate 
20 new datasets. Percentages and chi-square tests were used 
to describe and compare the 30-day mortality, postopera-
tive morbidity, and re-intervention rates between the two 
groups. Multivariate logistic regression was used to com-
pare the short-term postoperative outcomes and pathological 
results between the two groups, with the CNS group as the 
reference. A two-sided p < 0.05 was considered statistically 
significant. All statistical analyses were performed by using 
SPSS version 25.0 software (SPSS, Chicago, IL), R software 
version 4.1.3 and Graph Pad Prism version 8.0.
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Results

Patient population

Between 2011 and 2021, 5057 gastric cancer patients were 
registered in the DUCA database, of whom 2008 patients 
were excluded. A total of 3049 patients who underwent 
gastrectomy for gastric cancer were included in this study 
(Fig. 1). The clinical characteristics of the included patients 
are shown in Table  1. Among the 3049 gastric cancer 
patients, 1095 (35.9%) underwent gastrectomy alone, while 
1954 (64.1%) received NAT followed by gastrectomy. Of 
those who received NAT, 1858 (95.1%) received neoadju-
vant chemotherapy, 87 (4.4%) received neoadjuvant chemo-
radiotherapy, and 9 (0.5%) were unknown. In addition, in 
306 (15.7%) patients NAT was discontinued, 1606 (82.2%) 
completed NAT, and of 42 (2.1%) it was unknown.

The association between age and not initiating NAT

Trends in the proportion of patients who received NAT for 
different age groups are shown in Fig. 2A. The proportion 
of gastric cancer patients who received NAT decreased with 
age from < 65 years (802/945, 84.9%) to ≥ 85 years (3/131, 
2.3%). The independent association between age and the 
risk of not initiating NAT in patients with gastric cancer is 
shown in Fig. 2B. The non-linear test showed a non-linear 
relationship between age and the risk of not initiating NAT 
(p-value: < 0.001), so that structural breakpoints could be 
identified from the RCS curve. From the age of 70 onwards, 
a decreased utilization of NAT has been observed in patients 
in the Netherlands, due to old age considerations. Therefore, 
patients ≥ 70 years old were defined as elderly patients in 
this study.

The association between age 
and the discontinuation of NAT

The trend of the proportion of discontinued NAT with 
increasing age in patients with resectable gastric can-
cer receiving NAT plus gastrectomy is shown in Fig. 3A. 
The proportion of discontinued NAT gradually increased 
from < 50  years (14/176, 8.0%), reaching a maximum 
(72/293, 24.6%) at the age of 75–79  years, and then 
decreased. The independent association between the risk of 
discontinued NAT and age is shown in Fig. 3B. The result of 
the non-linear test showed a non-linear relationship between 
the risk of discontinued NAT and age (p-value: 0.032), 
implying that the structural breakpoints could be identified 
from the RCS curve. The RCS analysis showed that the risk 
of discontinued NAT in gastric cancer patients receiving 

NAT plus gastrectomy was relatively stable before the age of 
55, but started to increase from 55 years, reaching the peak 
around 74 years old.

The impact of discontinued NAT on short‑term 
outcomes in elderly gastric cancer patients 
(≥ 70 years)

Due to the fact that only three of the gastric cancer 
patients ≥ 85 years old received NAT plus gastrectomy, 
they were excluded. Ultimately, 768 elderly gastric cancer 
patients aged 70–84 who either completed or discontinued 
NAT were included in the following analyses. Out of them, 
599(78.0%) patients completed NAT and in 169(22.0%) 
patients NAT was discontinued, the clinical character-
istics of the two groups are shown in Table 2. Compared 
with the CNS group, the DNS group had more female 
(p-value = 0.049), worse ASA score (p-value = 0.038), and a 
higher proportion of hospital volume ≥ 40 (p-value = 0.049). 
There was no significant difference between the CNS group 
and DNS group in terms of 30-day mortality (3.5% vs. 
3.6%, p-value = 0.958), the incidence of overall compli-
cations (37.2% vs. 34.9%, p-value = 0.224), anastomotic 
leakage (1.9% vs. 2.4%, p-value = 0.603), re-intervention 
rate (16.7% vs. 15.4%, p-value = 0.958), and pCR rate 
(9.0% vs. 4.8%, p-value = 0.079). However, the R1/2 rate 
(7.0% vs. 15.7%, p-value < 0.001) and the non-response 
rate (30.2% vs. 41.8%, p-value = 0.010) were higher in the 
DNS group. Multivariable logistic regression also demon-
strated that there was no significant difference between the 
CNS group and DNS group in the risk of 30-day mortal-
ity, overall complications, anastomotic leakage, and re-
interventions (Table 3). The multivariable logistic regres-
sion analysis based on pathological results showed that 
compared to the CNS group, the DNS group was associ-
ated with higher risk of R1/2 resection (OR: 2.90; 95%CI 
1.54–5.45; p-value = 0.001), higher ypT stage (OR:1.85; 
95%CI 1.22–2.80; p-value = 0.004), ypN + stage (OR:1.70; 
95%CI 1.15–2.51; p-value = 0.008), and non-response 
(OR:1.69; 95%CI 1.12–2.56; p-value = 0.012), while there 
was no significant difference in the risk of pCR (OR:0.50; 
95%CI 0.23–1.09; p-value = 0.080) between the two groups 
(Table 4).

Discussion

This population-based study showed that the risk of not initi-
ating NAT due to old age increased after the age of 70 years 
in the Netherlands. A high risk of discontinued NAT was 
also observed after the age of 70 years. The discontinua-
tion of NAT prior to gastrectomy in patients ≥ 70 years was 
not associated with higher risk of 30-day mortality, overall 
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Fig. 1  Patient selection process. 
DUCA, the Dutch upper GI 
cancer audit; NAT, neoadjuvant 
therapy
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complications, anastomotic leakage, and re-intervention, but 
were associated with higher risk of R1/2 resections, higher 
ypT / N stage, and non-response compared with those who 
completed NAT plus gastrectomy. There was no significant 
difference in the risk of pCR between the two groups.

Results of this study showed that patients with resectable 
gastric cancer in the Netherlands were less frequently offered 
NAT due to old age considerations once they reached the age 
of 70. One of the reasons for this result might be the notion 
among healthcare providers that old age contributed to a 
decline in tolerability of NAT. The analysis of the associa-
tion between the risk of discontinued NAT and age in this 
study supports this hypothesis, revealing a high proportion 
of discontinuation (169/768, 22.0%) even in selected patients 
older than 70 years. The decline in the functions of tissues 
and organs, particularly the hematopoietic function, caused 
by aging, may be a primary factor [19]. The results showed 
that the DNS group had worse ASA scores in the elderly, 
suggesting that worse ASA scores may be also associated 
with poorer organ or tissue function. Interestingly, the risk 
of discontinued NAT decreased after reaching a maximum 
at around 74 years old, which may be due to the fact that 
patients older than 75 years experienced even more stringent 
screening before NAT because of old age considerations.

Whether the increased risk of being unable to tolerate 
complete NAT should be a reason for reducing the applica-
tion of NAT in the elderly is still unclear. First and foremost, 
it is essential to clarify whether NAT adversely affects the 
short-term postoperative outcomes of elderly patients who 
have difficulty tolerating NAT, although multiple published 
clinical trials have already demonstrated that NAT does not 

Table 1  Clinical characteristics of all included resectable gastric can-
cer patients

Variables All (3049)

Age
 18–64 945(31.0%)
 65–69 462(15.2%)
 70–74 543(17.8%)
 75–79 562(18.4%)
 80–84 406(13.3%)
 85- 131(4.3%)

BMI 25.4 ± 4.4
Weight loss 4.9 ± 5.9
Sex
 Male 1903(62.4%)
 Female 1146(37.6%)

Charlson score
 0 1308(42.9%)
 1 729(23.9%)
 2 + 1012(33.2%)

History of malignancy
 No 2552(83.7%)
 Yes 480(15.7%)
 Unknown 17(0.6%)

History of thoracic and abdominal surgery
 No 1842(60.4%)
 Yes 1203(39.5%)
 Unknown 4(0.1%)

Year of diagnosis
 2011–2013 642(21.1%)
 2014–2017 1256(41.2%)
 2018–2021 1151(37.8%)

Lauren type
 Intestinal type 1346(44.1%)
 Diffuse type 898(29.5%)
 Mixed type 179(5.9%)
 Unknown 626(20.5%)

Tumor location
 Proximal 1 / 3 256(8.4%)
 Middle 1/3 1013(33.2%)
 Distal 1 / 3 1526(50.0%)
 Whole stomach 140(4.6%)
 Unknown 114(3.7%)

cT stage
 T1 217(7.1%)
 T2 873(28.6%)
 T3 1740(57.1%)
 T4a 219(7.2%)

cN stage
 N0 1708(56.0%)
 N1 842(27.6%)
 N2 323(10.6%)
 N3 59(1.9%)

Table 1  (continued)

Variables All (3049)

 Unknown 117(3.8%)
ASA score
 1 317(10.4%)
 2 1671(54.8%)
 3 998(32.7%)
 4 45(1.5%)
 Unknown 18(0.6%)

Neoadjuvant therapy
 No 1095(35.9%)
 Yes 1954(64.1%)

Type of resection
 Total gastrectomy 1327(43.5%)
 Partial gastrectomy 1722(56.5%)

Hospital volume
  < 20 826(27.1%)
 20–40 1808(59.3%)
  ≥ 40 415(13.6%)
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adversely affect the short-term postoperative outcomes of 
gastric cancer patients [4, 20–23]. In this study, a consider-
able proportion (169/768, 22.0%) of elderly patients were 
unable to complete NAT. The analysis of clinical charac-
teristics showed that they had worse ASA scores compared 
with those who completed NAT. The worse ASA score 
may be an inherent feature of patients who cannot toler-
ate complete NAT, but as the ASA score was performed 
after NAT, it cannot be ruled out that it was caused by NAT. 
Therefore, the ASA score was not adjusted in the multivari-
ate logistic regression. Nevertheless, the results indicated 
that the elderly patients who discontinued NAT could still 
achieve similar short-term postoperative outcomes as those 

who completed NAT. This seems to, to some extent, demon-
strate that NAT does not impact the surgical safety of elderly 
patients with different tolerances. However, it is worth not-
ing that the discontinuation of NAT may occur for various 
reasons, such as drug allergies, bone marrow suppression, 
patient willingness, etc. Whether different reasons for dis-
continuation will lead to a change in the conclusion is cur-
rently unclear.

As previously mentioned, NAT may not adversely affect 
the surgical safety of elderly patients with poor tolerance. 
However, analyzing the effectiveness of incomplete NAT in 
improving pathological results is equally crucial for refin-
ing the application strategy of NAT in elderly gastric cancer 

Fig. 2  Number and proportion of patients with resectable gastric can-
cer treated with neoadjuvant therapy plus surgery for different age 
groups (A), and the independent association of age with the risk of 
not initiating neoadjuvant therapy (B). Adjusted variables included: 

sex, Charlson score, history of malignancy, history of thoracic or 
abdominal surgery, BMI, weight loss, year of surgery, Lauren type, 
tumor location, cT stage, cN stage, ASA score, and hospital volume. 
NAT, neoadjuvant therapy.

Fig. 3  Number and proportion of patients in whom neoadjuvant 
therapy was discontinued among patients with gastric cancer who 
received neoadjuvant therapy plus surgery for different age groups 
(A), and the independent association of age with the risk of neoad-
juvant therapy discontinuation (B). Adjusted variables included: sex, 

Charlson score, history of malignancy, history of thoracic or abdom-
inal surgery, BMI, weight loss, year of surgery, Lauren type, tumor 
location, cT stage, cN stage, type of neoadjuvant therapy, ASA score, 
and hospital volume. NAT, neoadjuvant therapy
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Table 2  Clinical characteristics 
of patients aged 70–84 years 
with resectable gastric cancer 
(cT1-4a N0-3 M0) who 
underwent complete and 
discontinued neoadjuvant 
therapy plus surgery

Variables All (768) CNS group (599) DNS group (169) P-value

Age 0.103
 70–74 388(50.5%) 303(50.6%) 85(50.3%)
 75–79 293(38.2%) 221(36.9%) 72(42.6)
 80–84 87(11.3%) 75(12.5%) 12(7.1%)

BMI 25.4 ± 4.0 25.5 ± 4.0 25.2 ± 4.0 0.35
Weight loss 5.0 ± 5.5 4.8 ± 5.5 5.5 ± 5.2 0.207
Sex 0.049
 Male 512(66.7%) 410(68.4%) 102(60.4%)
 Female 256(33.3%) 189(31.6%) 67(39.6%)

Charlson score 0.96
 0 302(39.3%) 234(39.1%) 68(40.2%)
 1 200(26.0%) 157(26.2%) 43(25.4%)
 2 + 266(34.6%) 208(34.7%) 58(34.3%)

History of malignancy 0.088
 No 625(81.4%) 483(80.6%) 142(84.0%)
 Yes 142(18.5%) 116(19.4%) 26(15.4%)
 Unknown 1(0.1%) 0(0%) 1(0.6%)

History of thoracic and 
abdominal surgery

0.084

 No 440(57.3%) 353(58.9%) 87(51.5%)
 Yes 328(42.7%) 246(41.1%) 82(48.5%)

Year of diagnosis 0.491
 2011–2013 121(15.8%) 90(15.0%) 31(18.3%)
 2014–2017 300(39.1%) 233(38.9%) 67(39.6%)
 2018–2021 347(45.2%) 276(46.1%) 71(42.0%)

Lauren type 0.676
 Intestinal type 382(49.7%) 291(48.6%) 91(53.8%)
 Diffuse type 190(24.7%) 152(25.4%) 38(22.5%)
 Mixed type 51(6.6%) 40(6.7%) 11(6.5%)
 Unknown 145(18.9%) 116(19.4%) 29(17.2%)

Tumor location 0.419
 Proximal 1 / 3 71(9.2%) 57(9.5%) 14(8.3%)
 Middle 1/3 290(37.8%) 231(38.6%) 59(34.9%)
 Distal 1 / 3 340(44.3%) 257(42.9%) 83(49.1%)
 Whole stomach 40(5.2%) 30(5.0%) 10(5.9%)
 Unknown 27(3.5%) 24(4.0%) 3(1.8%)

cT stage 0.535
 T1 14(1.8%) 10(1.7%) 4(2.4%)
 T2 211(27.5%) 167(27.9%) 44(26.0%)
 T3 476(62.0%) 374(62.4%) 102(60.4%)
 T4a 67(8.7%) 48(8.0%) 19(11.2%)

cN stage 0.777
 N0 400(52.1%) 311(51.9%) 89(52.7%)
 N1 233(30.3%) 181(30.2%) 52(30.8%)
 N2 97(12.6%) 75(12.5%) 22(13.0%)
 N3 12(1.6%) 9(1.5%) 3(1.8%)
 Unknown 26(3.4%) 23(3.8%) 3(1.8%)

ASA score 0.038
 1 45(5.9%) 36(6.0%) 9(5.3%)
 2 439(57.2%) 353(58.9%) 86(50.9%)
 3 272(35.4%) 203(33.9%) 69(40.8%)
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patients. The pathological results showed that the elderly 
patients who discontinued NAT had higher risk of higher 
ypT and ypN stage, R1/2 resection and non-response, which 
seems to be logical. These patients received fewer courses 
of NAT, so the effect of NAT on tumor downstaging likely 
became more limited. The higher risk of R1/2 resection of 
the elderly patients with discontinued NAT cannot rule out 
the possibility that more severe side effects restricted the 
extent of resection, but this cannot be proven based on the 
current data. Nevertheless, patients with gastric cancer who 
discontinued NAT still achieved a pCR rate similar to that 

of patients who completed NAT. This may be attributed to 
the limited impact of radiation or chemotherapy dosage on 
the treatment efficacy for gastric tumors that are sensitive to 
these therapies.

Based on the current evidence, it appears that utilizing 
NAT in elderly patients aged ≥ 70 years with gastric can-
cer does not adversely affect surgical safety, despite these 
patients’ generally poor tolerance to NAT. Additionally, as 
more elderly patients can receive complete or incomplete 

CNS complete neoadjuvant therapy plus surgery, DNS discontinued neoadjuvant therapy plus surgery

Table 2  (continued) Variables All (768) CNS group (599) DNS group (169) P-value

 4 9(1.2%) 4(0.7%) 5(3.0%)
 Unknown 3(0.4%) 3(0.5%) 0(0%)

Type of NAT 0.003
 Chemotherapy 719(93.6%) 552(92.2%) 167(98.8%)
 Chemoradiotherapy 46(6.0%) 45(7.5%) 1(0.6%)
 Unknown 3(0.4%) 2(0.3%) 1(0.6%)

Type of resection 0.343
 Total gastrectomy 361(47.0%) 287(47.9%) 74(43.8%)
 Partial gastrectomy 407(53.0%) 312(52.1%) 95(56.2%)

Hospital volume 0.049
  < 20 174(22.7%) 140(23.4%) 34(20.1%)
 20–40 480(62.5%) 380(63.4%) 100(59.2%)
  ≥ 40 114(14.8%) 79(13.2%) 35(20.7%)

Table 3  Comparison of short-term postoperative outcomes between 
CNS group and DNS group in elderly patients (70–84  years) with 
resectable gastric cancer (cT1-4a N0-3 M0)

Adjusted variables included: age, sex, Charlson score, history of 
malignancy, history of thoracic or abdominal surgery, BMI, weight 
loss, year of surgery, Lauren type, tumor location, cT stage, cN stage, 
type of neoadjuvant therapy, type of resection, hospital volume. CNS, 
complete neoadjuvant therapy plus surgery; DNS, discontinued neo-
adjuvant therapy plus surgery

Group OR (95%CI) p value

30-day mortality
 CNS group (599) Reference
 DNS group (169) 1.171 (0.422,3.250) 0.761

Overall complications
 CNS group (599) Reference
 DNS group (169) 0.912 (0.624,1.333) 0.634

Anastomotic leakage
 CNS group (572) Reference
 DNS group (166) 1.612 (0.450,5.768) 0.463

Re-intervention
 CNS group (599) Reference
 DNS group (169) 0.996 (0.606,1.635) 0.986

Table 4  Comparison of pathological results between CNS group and 
DNS group in elderly patients (70–84 years) with resectable gastric 
cancer (cT1-4a N0-3 M0)

Adjusted variables included: history of malignancy, year of surgery, 
Lauren type, tumor location, cT stage, cN stage, type of neoadjuvant 
therapy, type of resection, hospital volume. CNS, complete neoadju-
vant therapy plus surgery; DNS, discontinued neoadjuvant therapy 
plus surgery; pCR, pathological complete response

Group OR(95%CI) p value

R1/2 resection
 CNS (529) Reference
 DNS (159) 2.895 (1.535,5.448) 0.001

Higher ypT stage (T0-2 Vs. T3-4)
 CNS (586) Reference
 DNS (165) 1.851 (1.224,2.800) 0.004

Higher ypN stage (N0 Vs. N +)
 CNS (587) Reference
 DNS (165) 1.697 (1.147,2.509) 0.008

Non-response
 CNS (546) Reference
 DNS (134) 1.693 (1.122,2.555) 0.012

pCR
 CNS (587) Reference
 DNS (166) 0.495 (0.225,1.087) 0.08
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NAT, it may lead to improvement of pathological out-
comes in the entire elderly surgical population, especially 
in terms of pCR. But caution should still be exercised in 
the application of NAT in the elderly. The results indi-
cated that discontinuation of NAT was associated with a 
higher risk of non-response in elderly patients. For non-
responders, NAT may not only fail to improve pathologi-
cal outcomes but also cause toxic side effects and disease 
progression. Increasing the use of NAT in the elderly may 
raise the proportion of non-responders. Furthermore, as 
elderly patients with gastric cancer have a high risk of 
discontinuing NAT, and these frail patients have also been 
shown to have a high risk of losing surgical opportunities 
after NAT [24]. A study based on the Dutch population 
showed no difference in overall survival between gastric 
cancer patients ≥ 75 years who were treated with or with-
out neoadjuvant chemotherapy [24]. One possible reason 
could be the inclusion of a considerable proportion of 
patients with limited life expectancy within the ≥ 75 years 
population. Limited life expectancy renders them less 
likely to benefit from more curative-intent cancer treat-
ments in terms of survival. The elderly patients comprise 
a highly heterogeneous population. Therefore, pre-NAT 
comprehensive health assessment may be crucial for clini-
cal decision-making regarding NAT in the elderly. It is not 
only necessary to identify patients who may lose the sur-
gical opportunity after NAT, but also important to effec-
tively identify patients with limited life expectancy who 
may not benefit from NAT on survival, thereby avoiding 
inappropriate use of NAT.

This study contains the following limitations: First, the 
number of gastric cancer patients older than 85 years who 
received NAT was quite limited, so they were not included 
in the primary analyses; Second, the patients who did not 
undergo surgery after NAT were not registered in the DUCA 
database. Third, the lack of long-term survival and quality 
of life has led to the inability to compare the effects of dif-
ferent treatment modalities on these measurements; Fourth, 
the data provided by DUCA lacks variables on the reasons 
for discontinued NAT and the number of courses and regi-
men of NAT received.

Conclusion

A decreased utilization of NAT has been observed in 
patients aged 70 and older in the Netherlands due to old age 
considerations, possibly because of their high risk of NAT 
discontinuation. However, results of this study suggest that 
increasing the utilization of NAT may not compromise sur-
gical safety. It could even potentially improve pathological 

outcomes in surgical gastric cancer patients aged 70 years 
and older.

Acknowledgements The authors would like to express gratitude to all 
the surgeons and staff who participated in the registration and mainte-
nance of the DUCA database, as well as the approval of this research 
by scientific committees of DUCA.

Funding This study was supported by the China Scholarship Council 
(202007040025).

Declarations 

Conflict of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References:

 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN Esti-
mates of Incidence and Mortality Worldwide for 36 Cancers in 
185 Countries. CA. 2021;71(3):209–49. https:// doi. org/ 10. 3322/ 
caac. 21660.

 2. van der Veen A, Brenkman HJF, Seesing MFJ, Haverkamp L, 
Luyer MDP, Nieuwenhuijzen GAP, et al. Laparoscopic Versus 
Open Gastrectomy for Gastric Cancer (LOGICA): A Multicenter 
Randomized Clinical Trial. J Clin Oncol. 2021;39(9):978–89.

 3. Haverkamp L, Brenkman HJ, Seesing MF, Gisbertz SS, van 
Berge Henegouwen MI, Luyer MD, et al. Laparoscopic versus 
open gastrectomy for gastric cancer, a multicenter prospectively 
randomized controlled trial (LOGICA-trial). BMC Cancer. 
2015;15:556. https:// doi. org/ 10. 1186/ s12885- 015- 1551-z.

 4. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de 
Velde CJ, Nicolson M, et al. Perioperative chemotherapy versus 
surgery alone for resectable gastroesophageal cancer. N Engl J 
Med. 2006;355(1):11–20.

 5. Al-Batran SE, Homann N, Pauligk C, Goetze TO, Meiler J, 
Kasper S, et al. Perioperative chemotherapy with fluorouracil 
plus leucovorin, oxaliplatin, and docetaxel versus fluorouracil or 
capecitabine plus cisplatin and epirubicin for locally advanced, 
resectable gastric or gastro-oesophageal junction adenocarcinoma 
(FLOT4): a randomised, phase 2/3 trial. Lancet (London, Eng-
land). 2019;393(10184):1948–57.

 6. Ychou M, Boige V, Pignon JP, Conroy T, Bouché O, Lebre-
ton G, et al. Perioperative chemotherapy compared with sur-
gery alone for resectable gastroesophageal adenocarcinoma: an 
FNCLCC and FFCD multicenter phase III trial. J Clin Oncol. 
2011;29(13):1715–21. https:// doi. org/ 10. 1200/ jco. 2010. 33. 0597.

 7. Coccolini F, Nardi M, Montori G, Ceresoli M, Celotti A, Cas-
cinu S, et al. Neoadjuvant chemotherapy in advanced gastric and 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s12885-015-1551-z
https://doi.org/10.1200/jco.2010.33.0597


1123Discontinuation of neoadjuvant therapy does not influence postoperative short‑term outcomes…

esophago gastric cancer Meta analysis of randomized trials. Int J 
Surg. 2018. https:// doi. org/ 10. 1016/j. ijsu. 2018. 01. 008.

 8. Joharatnam-Hogan N, Shiu KK, Khan K. Challenges in the treat-
ment of gastric cancer in the older patient. Cancer Treatment Rev. 
2020;85:101980. https:// doi. org/ 10. 1016/j. ctrv. 2020. 101980.

 9. Wu C, Wang N, Zhou H, Wang T, Mao Q, Zhang X, et  al. 
Effects of Neoadjuvant Chemotherapy Toxicity and Postop-
erative Complications on Short-term and Long-term Outcomes 
After Curative Resection of Gastric Cancer. J Gastrointest Surg. 
2020;24(6):1278–89.

 10. Robb WB, Messager M, Goere D, Pichot-Delahaye V, Lefevre JH, 
Louis D, et al. Predictive factors of postoperative mortality after 
junctional and gastric adenocarcinoma resection. JAMA Surg. 
2013;148(7):624–31.

 11. Robb WB, Messager M, Gronnier C, Tessier W, Hec F, Piessen G, 
et al. High-Grade Toxicity to Neoadjuvant Treatment for Upper 
Gastrointestinal Carcinomas: What is the Impact on Perioperative 
and Oncologic Outcomes? Ann Surg Oncol. 2015;22(11):3632–9.

 12. Busweiler LA, Wijnhoven BP, van Berge Henegouwen MI, 
Henneman D, van Grieken NC, Wouters MW, et al. Early out-
comes from the Dutch Upper Gastrointestinal Cancer Audit. Br J 
Surg. 2016;103(13):1855–63.

 13. Voeten DM, Busweiler LAD, van der Werf LR, Wijnhoven BPL, 
Verhoeven RHA, van Sandick JW, et al. Outcomes of Esophago-
gastric Cancer Surgery During Eight Years of Surgical Auditing 
by the Dutch Upper Gastrointestinal Cancer Audit (DUCA). Ann 
Surg. 2021;274(5):866–73.

 14. Borggreve AS, Kingma BF, Ruurda JP, van Hillegersberg R, 
Dutch Upper GICA. Safety and feasibility of minimally inva-
sive surgical interventions for esophageal and gastric cancer in 
the acute setting: a nationwide cohort study. Surg Endoscopy. 
2021;35(3):1219–29.

 15. Wu Z, Yan S, Liu Z, Jing C, Liu F, Yu J, et al. Postoperative 
abdominal complications of gastric and colorectal cancer surger-
ies in China: a multicentered prospective registry-based cohort 
study. Science bulletin. 2022;67(24):2517–21.

 16. van der Werf LR, Voeten SC, van Loe CMM, Karthaus EG, Wout-
ers M, Prins HA. Data verification of nationwide clinical quality 
registries. BJS open. 2019;3(6):857–64.

 17. Wang JP, E MG, M RV, M DPL, J PR, van Hillegersberg R. Scien-
tific and rigorous data registration of patients with gastric cancer 
is the cornerstone of high-quality surgical research on gastric can-
cer: lessons learned from the Dutch upper gastrointestinal cancer 
audit (DUCA). Chin J Gastrointest Surg. 2023;26(2):148–53.

 18. Wang Q, Wu ZQ, Liu ZN, Li ZY, Ji JF. Establishment and data 
quality control of a multicenter prospective database for preva-
lence of abdominal complications after gastroenterological sur-
gery. Chin J Gastrointest Surg. 2023;26(2):154–9.

 19. Cai Y, Song W, Li J, Jing Y, Liang C, Zhang L, et al. The landscape 
of aging. Science China Life sciences. 2022;65(12):2354–454.

 20. Tu RH, Lin JX, Xie JW, Wang JB, Lu J, Chen QY, et al. Assess-
ment of the short-term outcomes of laparoscopic gastrectomy 
after neoadjuvant chemotherapy for locally advanced gastric 
cancer: A prospective single-armed clinical trial. Surgery. 
2022;172(1):160–8.

 21. Terashima M, Iwasaki Y, Mizusawa J, Katayama H, Nakamura 
K, Katai H, et al. Randomized phase III trial of gastrectomy with 
or without neoadjuvant S-1 plus cisplatin for type 4 or large type 
3 gastric cancer, the short-term safety and surgical results: Japan 
Clinical Oncology Group Study (JCOG0501). Gastric Cancer. 
2019;22(5):1044–52.

 22. Liao Y, Yang ZL, Peng JS, Xiang J, Wang JP. Neoadjuvant chemo-
therapy for gastric cancer: a meta-analysis of randomized, con-
trolled trials. J Gastroenterol Hepatol. 2013;28(5):777–82.

 23. Wang X, Zhao DB, Yang L, Chi Y, Zhao H, Jiang LM, et al. 
Preoperative Concurrent Chemoradiotherapy Versus Neoadjuvant 
Chemotherapy for Locally Advanced Gastric Cancer: Phase II 
Randomized Study. Front Oncol. 2022;12:870741.

 24. Keywani K, Borgstein ABJ, Eshuis WJ, Pape M, Versteeg KS, 
Derks S, et al. Neoadjuvant chemotherapy in older patients with 
gastric cancer undergoing surgery: a population-based cohort 
study. Gastric Cancer. 2023;26(5):763–74.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.ijsu.2018.01.008
https://doi.org/10.1016/j.ctrv.2020.101980

	Discontinuation of neoadjuvant therapy does not influence postoperative short-term outcomes in elderly patients (≥ 70 years) with resectable gastric cancer: a population-based study from the dutch upper gastrointestinal cancer audit (DUCA) data
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient selection
	Variables
	Outcome measures
	Statistical analysis

	Results
	Patient population
	The association between age and not initiating NAT
	The association between age and the discontinuation of NAT
	The impact of discontinued NAT on short-term outcomes in elderly gastric cancer patients (≥ 70 years)

	Discussion
	Conclusion
	Acknowledgements 
	References




