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ABSTRACT 
Background.  The role of neoadjuvant treatment and its 
modalities in the risk of complications after esophagec-
tomy in national practice is unclear. The aim of this study 
was to compare postoperative complications after neoadju-
vant treatment (nT) and upfront surgery (US), neoadjuvant 
chemoradiotherapy (nCRT) and neoadjuvant chemotherapy 
(nCT), and to assess the effect of complications from neo-
adjuvant treatment in surgical risk.
Patients and Methods.  All patients undergoing esophagec-
tomy for esophageal cancer in Finland in 2005–2016 were 

included. Incidences of all postoperative complications 
defined by the Esophagectomy Complications Consensus 
Group as well as major complications, 90-day mortality, and 
hospital and ICU stay were reported stratified by treatment 
strategy (nT versus US, nCRT versus nCT, nT-complication 
versus no complication). Primary outcomes were compared 
using logistic regression in these patient groups.
Results.  Out of 774 patients, 423 (55%) had nT and 351 
(45%) had US. Of the 423 patients undergoing nT, 249 (59%) 
had nCT, 3 (1%) had radiotherapy only, and 171 (40%) had 
nCRT. After adjusting for relevant confounders, there were 
no increases in pneumonia, anastomotic leak, major compli-
cations, overall complications, or 90-day mortality with nT 
compared with US, nCRT compared with nCT, or in patients 
with nT complications compared with those without.
Conclusions.  This nationwide, population-based study 
reports no difference in postoperative complications or 
mortality after nT compared with US or nCRT compared 
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with nCT. Patients with neoadjuvant treatment complica-
tions were not at higher risk of postoperative complications.
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Esophageal cancer is the sixth most common cause of 
cancer death worldwide.1 Curative-intent treatment of 
locally advanced esophageal cancer consists of neoadju-
vant treatment followed by esophagectomy, associated with 
a high risk of surgical complications and postoperative 
morbidity.2

Long-term survival benefits for both neoadjuvant 
chemotherapy (nCT) and neoadjuvant chemoradiother-
apy (nCRT) have been well established.3–5 In some rand-
omized studies, nCRT has been associated with increased 
short-term mortality or morbidity compared with surgery 
alone, which has not been seen with nCT.6–8 For patients 
undergoing neoadjuvant treatment (nT), current treatment 
guidelines2,9 recommend perioperative chemotherapy or 
the carboplatin, paclitaxel, radiotherapy (CROSS) pro-
tocol for locally advanced disease, however, evidence 
supporting the superiority of either approach in terms of 
operative safety has been scarce. Randomized studies10,11 
as well as the only existing larger observational studies 
have had contradicting results on the matter.12,13 The 
role of nT and its modalities in surgical risk, therefore, 
remains unclear in daily clinical practice.

Another concern in surgical safety is toxic complica-
tions from chemo(radio)therapy, due to which patients 
might be considered as of higher operative risk, or even 
have surgery withheld as a treatment option. There are 
currently no larger studies investigating differences in 
postoperative complications in patients forced to abort 
neoadjuvant treatment or proceed treatment with a 
reduced dosage, compared with patients tolerating full 
intended neoadjuvant treatment.

Further nationwide reports using standardized outcome 
definitions are needed to determine the risks of the treat-
ment provided to patients in everyday care, and to allow 
for international comparison in an effort to maximize 
patient safety.

The aim of this population-based, nationwide study 
was to assess the incidence of surgical complications in 
patients undergoing nT compared with those undergo-
ing US, and in patients undergoing nCRT compared with 
those undergoing nCT. A secondary aim was to compare 
surgical complications after esophagectomy between 
patients with aborted or dose-reduced neoadjuvant treat-
ment (A/R) and patients receiving full intended neoadju-
vant treatment.

PATIENTS AND METHODS

Study Design

This study was a nationwide Finnish, population-based, 
retrospective cohort study.

Data Sources

The Finnish National Esophago-Gastric Cancer Cohort 
(FINEGO), including all patients undergoing esophagec-
tomy for esophageal cancer in Finland during the years 
1987–2016, was used as the data source for this study.14 
Patient identification for the cohort was carried out by 
searching for diagnosis and operation codes from previ-
ously validated and complete national registries.15–17 Iden-
tified patients were screened by expert surgeons before 
final inclusion. Detailed clinical variables such as comor-
bidity, tumor histology, tumor stage, neoadjuvant treat-
ment status, surgical technique, anastomosis location, and 
resection radicality were retrieved from patient records by 
expert thoracic and upper-gastrointestinal surgeons, and 
basic patient information such as age, sex, and year of 
diagnosis were provided by the national registries. Sur-
gical complications were retrieved and classified by the 
Esophagectomy Complications Consensus Group (ECCG) 
criteria18 and graded for severity according to the Cla-
vien–Dindo (CD) classification.19

Inclusion Criteria

Patients in the FINEGO-database identified through 
either the Finnish Cancer Registry or the Finnish Patient 
Registry and undergoing esophagectomy for esopha-
geal cancer during the years 2005–2016 in Finland were 
included.

Exposure

The primary exposures were neoadjuvant treatment 
compared with upfront surgery and neoadjuvant chemora-
diotherapy compared with neoadjuvant chemotherapy. The 
secondary exposure was aborted or dose-reduced neoad-
juvant treatment compared with full intended neoadjuvant 
treatment.

Outcomes

Outcomes were recorded for 90 days after esophagec-
tomy. The primary outcomes were surgical complications 
defined by ECCG, major complications, pneumonia, 
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anastomotic leakage, and 90-day mortality. Secondary 
outcomes were complication categories defined by ECCG, 
length of ICU stay, and length of hospital stay.

Complications and complication categories were defined 
as per the ECCG framework. Major complications were 
defined as CD IIIa or higher. Reoperations were defined as 
surgical interventions done in the OR with or without gen-
eral anesthesia, excluding endoscopic interventions; 90-day 
mortality was defined as all-cause mortality during 90 days 
from surgery.

Statistical Analysis

Patient and tumor characteristics were presented as fre-
quencies and percentages stratified by treatment strategy. 
Differences in patient and tumor characteristics between 
treatment groups were assessed using chi-squared test and 
t-test.

Postoperative outcomes, entailing all unique complica-
tions defined in the ECCG framework, complication catego-
ries defined by ECCG, major complications, reoperations, 
lengths of ICU and hospital stay, and 90-day mortality were 
presented as frequencies and percentages. Outcomes were 
stratified by treatment strategy (nT versus US), neoadjuvant 
treatment modality (nCRT versus nCT), and finally by the 
completement status of neoadjuvant treatment (A/R versus 
full).

Logistic regression provided ORs with 95% confidence 
intervals (CI), and survival outcomes were analyzed with 
Cox regression providing HRs with 95% CI. The first model 
was a crude model not adjusted for other variables. The main 
model was adjusted for relevant confounders: year of sur-
gery (continuous), age (continuous), sex (male or female), 
tumor stage (0–I, II, III, or IV), comorbidity (CCI 0, 1, or 2 
or more), histology (adenocarcinoma or squamous cell car-
cinoma), and surgical strategy (minimally invasive or open 
resection).

Firstly, the outcomes in nT were compared with US. 
Secondly, an analysis including patients receiving neoad-
juvant treatment was conducted, comparing nCRT with 
nCT. Lastly, patients receiving neoadjuvant treatment were 
included, and those with aborted or dose-reduced neoadju-
vant treatment were compared with those undergoing full 
intended treatment.

RESULTS

A total of 774 patients undergoing esophagectomy for 
esophageal cancer in Finland from 1 January 2005 to 31 
December 2016 were identified in national registries for 
inclusion in the FINEGO database. Of these, 423 (55%) 
had preoperative neoadjuvant treatment and 351 (45%) had 
upfront surgery. Of all patients, 78% were men, median age 

was 64 years, and most patients had no comorbidities (54%). 
The distributions of patient sex, CCI, histology, and tumor 
location were similar between groups, while there were sta-
tistically significant differences in age, clinical and patho-
logical stage, mode of surgery, and lymph node yield. The 
preferred surgical approach was Ivor–Lewis esophagectomy, 
however, there were significantly more transhiatal proce-
dures in the US group. Minimally invasive esophagectomies 
were performed in 38% of patients in the nT group and 18% 
in the US group (Table 1).

Of the 423 patients undergoing nT, 249 (59%) had nCT, 
3 (1%) had radiotherapy only, and 171 (40%) had nCRT. 
EOX-derived therapies using three agents (EOX, EOF, 
ECX or ECF, i.e., epirubicin-oxali-/carboplatinum-capecit-
abine/fluorouracil) were the most used protocols at 55% of 
patients, followed by 16% of patients with platinum-fluo-
rouracil/capecitabine (with PF/XELOX), 9% with carbo-
platin-paclitaxel and radiotherapy (CROSS), and 9% with 
taxane-platinum (TP). Neoadjuvant treatment complications 
resulting in treatment discontinuation or dose-reduction 
occurred in 96 (23%) of patients (Table 1).

Neoadjuvant Treatment versus Upfront Surgery

Major complications occurred in 41.8% of patients under-
going nT and in 48.1% of those undergoing US; 18.7% of 
patients undergoing nT and 19.1% of patients undergoing 
US underwent reoperations. The 90-day mortality rate was 
slightly higher in patients undergoing US (4.0% nT versus 
6.6% US). Lengths of ICU and hospital stay were similar 
(Table 2).

For specific complications, the rate of pneumonia was 
similar between groups (21.3% nT versus 21.7% US). Anas-
tomotic leak occurred in 11.1% of patients undergoing nT 
and in 12.3% of patients undergoing US, with slightly more 
type III leakage needing surgical intervention in the US 
group. The rate of conduit necrosis was similar (3.8% nT 
versus 3.1% US). Recurrent nerve injury was more com-
mon in the US group at 8.8% compared with 4.0% in the nT 
group. No significant differences were seen in the rates of 
other specific complications (Table 2).

Incidence rates were similar in cardiac, gastrointestinal, 
urologic, thromboembolic, wound/diaphragm, and other 
complications. Minor differences were seen in pulmonary 
(40.2% nT versus 44.4% US), neurologic (11.1% nT versus 
15.1% US), and infectious complications (15.4% nT versus 
19.1% US) (Table 2).

In regression analyses, nT was associated with a higher 
risk of overall complications [OR 0.72 (0.53–0.97)] in the 
crude model. After adjusting for confounding, the difference 
was attenuated [OR 0.86 (0.61–1.21)]. Neoadjuvant treat-
ment was not associated with higher risk of overall com-
plications, major complications, pneumonia, anastomotic 
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TABLE 1   Characteristics of 
patients undergoing neoadjuvant 
treatment and upfront surgery in 
Finland in 2005–2016

nT US Total
n (%) n (%) n (%) p-Value

Total 423 (100.0) 351 (100.0) 774 (100.0)
Sex 0.220
Male 335 (79.2) 265 (75.5) 600 (77.5)
Female 88 (20.8) 86 (24.5%) 174 (22.5)
Age < 0.001
Median (IQR) 63 (57–69) 66 (59–72) 64 (58–71)
Clinical stage < 0.001
0 0 (0.0) 17 (4.9) 17 (2.2)
I 1 (0.2) 83 (23.9) 84 (10.9)
II 46 (10.9) 96 (27.7) 142 (18.4)
III 297 (70.2) 136 (39.2) 433 (56.2)
IV 79 (18.7) 15 (4.3) 94 (12.2)
Pathological stage < 0.001
0 37 (8.9) 11 (3.1) 48 (6.3)
I 87 (20.9) 125 (35.7) 212 (27.6)
II 76 (18.2) 54 (15.4) 130 (16.9)
III 171 (41.0) 124 (35.4) 295 (38.5)
IV 46 (11.0) 36 (10.3) 82 (10.7)
CCI 0.380
0 232 (54.8) 184 (52.4) 416 (53.7)
1 128 (30.3) 100 (28.5) 228 (29.5)
2 40 (9.5) 47 (13.4) 87 (11.2)
≥ 3 23 (5.4) 20 (5.7) 43 (5.6)
Histology 0.447
Adenocarcinoma 321 (75.9) 258 (73.5) 579 (74.8)
Squamous cell carcinoma 102 (24.1) 93 (26.5) 195 (25.2)
Tumor location 0.539
Upper 8 (1.9) 8 (2.3) 16 (2.1)
Middle 56 (13.2) 51 (14.5) 107 (13.8)
Lower 208 (49.2) 184 (52.4) 392 (50.6)
GO-junction 151 (35.7) 108 (30.8) 259 (33.5)
Mode of surgery < 0.001
Open 223 (52.7) 275 (78.3) 498 (64.3)
Hybrid 40 (9.5) 14 (4.0) 54 (7.0)
tMIO 160 (37.8) 62 (17.7) 222 (28.7)
Type of resection < 0.001
Ivor–Lewis 318 (75.2) 183 (52.1) 501 (64.7)
McKeown 81 (19.1) 64 (18.2) 145 (18.7)
Transhiatal 14 (3.3) 93 (26.5) 107 (13.8)
Left thoracoabdominal 1 (0.2) 1 (0.3) 2 (0.3)
Proximal gastrectomy 1 (0.2) 2 (0.6) 3 (0.4)
Combined gastro-esophagectomy 8 (1.9) 8 (2.3) 16 (2.1)
Conduit material 0.011
Stomach 413 (97.6) 326 (92.9) 739 (95.5)
Small intestine 3 (0.7) 10 (2.8) 13 (1.7)
Colon 6 (1.4) 10 (2.8) 16 (2.1)
Unclear or other 1 (0.2) 5 (1.4) 6 (0.8)
Location of anastomosis < 0.001
Neck 91 (21.5) 147 (41.9) 238 (30.7)
Thorax 331 (78.3) 202 (57.5) 533 (68.9)
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leak, 90-day mortality, or any of the complication categories 
(Table 5).

Neoadjuvant Chemoradiotherapy versus Neoadjuvant 
Chemotherapy

Major complications occurred in 44.4% of patients under-
going nCRT and 40.2% of patients undergoing nCT. Reop-
eration rates were similar at 19.6% for nCRT and 18.5% 
for nCT; 90-day mortality was lower in patients undergoing 
nCRT (2.9% nCRT versus 4.8% nCT). Lengths of ICU and 
hospital stay were similar (Table 3).

Pneumonia was more common in patients undergoing 
nCRT (27.5% nCRT versus 17.3% nCT). There were also 
more atelectasis and respiratory failures in patients under-
going nCRT. Rates of anastomotic leakage were similar, 
whereas conduit necrosis was more common with nCRT 
(6.6% nCRT versus 2.4% nCT). Patients undergoing nCRT 

also had more recurrent nerve injury compared with nCT 
(7.9% nCRT versus 1.6% nCT) (Table 3).

In complication categories, pulmonary (43.3% nCRT ver-
sus 38.2% nCT) and neurologic (14.6% nCRT) versus 8.4% 
nCT) complications were more common with nCRT. There 
were more cardiac, gastrointestinal, and other complications 
in the nCRT group, whereas urologic and thromboembolic 
complications were slightly more common with nCT. Rates 
of infectious and wound/diaphragm complications were 
similar (Table 3).

In regression analyses, nCRT was associated with a 
higher risk of pneumonia (OR 1.82 (1.14–2.91) and neu-
rological complications [OR 1.86 (1.00–3.44)] in the 
crude model. After adjusting for confounding, these differ-
ences were attenuated [OR 1.23 (0.68–2.23) and OR 1.15 
(0.52–2.56), respectively], and there were no statistically 
significant associations between nCRT and any of the pri-
mary outcome measures compared with nCT (Table 5).

Statistical significance indicated by bold font
nT Neoadjuvant treatment, US Upfront surgery, IQR Interquartile range, CCI Charlson comorbidity index, 
tMIO Totally minimally invasive esophagectomy, nCT Neoadjuvant chemotherapy, nCRT​ Neoadjuvant 
chemoradiotherapy, CROSS Carboplatin-paclitaxel and radiotherapy, EOX Epirubicin-platinum-capecit-
abine/fluorouracil, PF/XELOX Platinum-fluorouracil/capecitabine, TP Taxane-platinum, TPF Taxane-plati-
num-fluorouracil/capecitabine, A/R Aborted or dose-reduced neoadjuvant treatment

Table 1   (continued) nT US Total
n (%) n (%) n (%) p-Value

Unclear or no anastomosis 1 (0.2) 2 (0.6) 3 (0.4)
Resection radicality 0.152
R0 383 (91.0) 310 (88.6) 23 (3.0)
R1 30 (7.1) 25 (7.1) 55 (7.1)
R2 8 (1.9) 15 (4.3) 693 (89.9)
Lymph node yield < 0.001
0–16 174 (41.6) 200 (57.8) 374 (49.0)
≥ 17 244 (58.4) 146 (42.2) 390 (51.0)
Neoadjuvant type
nCT 249 (58.9) – –
Radiotherapy 3 (0.7) – –
nCRT​ 171 (40.4) – –
Neoadjuvant protocol
EOX or derivative 232 (55.2) – –
TP (other than cross) 38 (9.0) – –
CROSS 39 (9.3) – –
PF/XELOX 69 (16.4) – –
TPF 9 (2.1) – –
Single agent 29 (6.9) – –
Unknown 4 (1.0) – –
Completion of neoadjuvant treatment
Full 305 (72.6) – –
A/R 96 (22.7) – –
Missing 19 (4.5) – –
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TABLE 2   The 90-day outcomes of patients undergoing neoadjuvant treatment and upfront surgery for esophageal cancer

nT US
n (%) n (%)

Patients 423 (100.0) 351 (100.0)
Complications defined by ECCG​
Pulmonary 170 (40.2) 156 (44.4)
Pneumonia 90 (21.3) 76 (21.7)
Pleural effusion requiring additional drainage procedure 91 (21.5) 85 (24.2)
Pneumothorax requiring treatment 12 (2.8) 16 (4.6)
Atelectasis mucous plugging requiring bronchoscopy 32 (7.6) 16 (4.6)
Respiratory failure requiring reintubation 28 (6.6) 36 (10.3)
Acute aspiration 17 (4.0) 9 (2.6)
Acute respiratory distress syndrome 13 (3.1) 10 (2.8)
Tracheobronchial injury 2 (0.5) 0 (0.0)
Chest tube maintenance for air leak for > 10 days postoperatively 3 (0.7) 3 (0.9)
Cardiac 70 (16.5) 61 (17.4)
Cardiac arrest requiring CPR 2 (0.5) 7 (2.0)
Myocardial infarction 0 (0.0) 3 (0.9)
Dysrhythmia atrial requiring treatment 65 (15.4) 52 (14.8)
Dysrhythmia ventricular requiring treatment 1 (0.2) 1 (0.3)
Congestive heart failure requiring treatment 6 (1.4) 8 (2.3)
Pericarditis requiring treatment 0 (0.0) 0 (0.0)
Gastrointestinal 98 (23.2) 75 (21.4)
Anastomotic leak 47 (11.1) 35 (12.3)
Type 1 5 (1.2) 8 (2.3)
Type 2 25 (5.9) 15 (4.3)
Type 3 17 (4.0) 20 (5.7)
Conduit necrosis 16 (3.8) 11 (3.1)
Type 1 6 (1.4) 3 (0.9)
Type 2 1 (0.2) 0 (0.0)
Type 3 9 (2.1) 8 (2.3)
Ileus defined as small bowel dysfunction preventing or delaying enteral feeding 8 (1.9) 4 (1.1)
Small bowel obstruction 2 (0.5) 0 (0.0)
Feeding J-tube complication 12 (2.8) 8 (2.3)
Pyloromyotomy/pyloroplasty complication 4 (0.9) 4 (1.1)
Clostridium difficile infection 4 (0.9) 4 (1.1)
Gastrointestinal bleeding requiring intervention or transfusion 5 (1.2) 6 (1.7)
Delayed conduit emptying requiring intervention or delaying discharge or requiring maintenance of NG drainage 

> 7 days postoperatively
5 (1.2) 8 (2.3)

Pancreatitis 1 (0.2) 0 (0.0)
Pancreatic fistula 2 (0.5) 0 (0.0)
Liver dysfunction 0 (0.0) 1 (0.3)
Biliary leakage 2 (0.5) 0 (0.0)
Urologic 14 (3.3) 11 (3.1)
Acute renal insufficiency (defined as doubling of baseline creatinine) 11 (2.6) 6 (1.7)
Acute renal failure requiring dialysis 2 (0.5) 1 (0.3)
Urinary tract infection 3 (0.7) 2 (0.6)
Urinary retention requiring reinsertion of urinary catheter, delaying discharge, or discharge with urinary catheter 0 (0.0) 3 (0.9)
Thromboembolic 16 (3.8) 14 (4.0)
Deep venous thrombosis 1 (0.2) 1 (0.3)
Pulmonary embolus 14 (3.3) 11 (3.1)
Stroke (CVA) 1 (0.2) 3 (0.9)
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Aborted or Dose‑Reduced Neoadjuvant Treatment 
versus Full Intended Treatment

Rates of major complications were similar between 

groups (43.8% A/R versus 42.6% full). The reoperation 
rate was 21.9% in the A/R group and 18.4% in patients 
undergoing full treatment; 90-day mortality was 5.2% 

* No follow-up information available
nT Neoadjuvant treatment, US Upfront surgery, ECCG​ Esophagectomy Complications Consensus Group, CPR Cardiopulmonary resuscitation, 
NG Nasogastric, CVA Cerebrovascular accident, IV Intravenous, ICU Intensive care unit, IQR Interquartile range

Table 2   (continued)

nT US
n (%) n (%)

Peripheral thrombophlebitis 1 (0.2) 0 (0.0)
Neurologic 47 (11.1) 53 (15.1)
Recurrent nerve injury 17 (4.0) 31 (8.8)
Type 1 16 (3.8) 30 (8.5)
Type 2 1 (0.2) 0 (0.0)
Type 3 0 (0.0) 1 (0.3)
Other neurologic injury 6 (1.4) 9 (2.6)
Acute delirium 25 (5.9) 13 (3.7)
Delirium due to alcohol withdrawal 1 (0.2) 2 (0.6)
Infectious 65 (15.4) 67 (19.1)
Wound infection requiring opening wound or antibiotics 13 (3.1) 21 (6.0)
Central IV-line infection requiring removal or antibiotics 5 (1.2) 6 (1.7)
Intraabdominal abscess 7 (1.7) 7 (2.0)
Intrathoracic abscess 24 (5.7) 21 (6.0)
Sepsis defined as positive blood culture 15 (3.5) 17 (4.8)
Other infections requiring antibiotics 21 (5.0) 16 (4.6)
Wound/diaphragm 13 (3.1) 12 (3.4)
Thoracic wound dehiscence 3 (0.7) 4 (1.1)
Abdominal wall wound dehiscence 10 (2.4) 7 (2.0)
Acute abdominal wall hernia 0 (0.0) 3 (0.9)
Acute diaphragmatic hernia 0 (0.0) 0 (0.0)
Other 74 (17.5) 58 (16.5)
Chyle leak
Type 1 2 (0.5) 3 (0.9)
Type 2 16 (3.8) 2 (0.6)
Type 3 9 (2.1) 10 (2.8)
Reoperation for other reasons than bleeding, anastomotic leak, or conduit necrosis 51 (12.1) 43 (12.3)
Multiple organ dysfunction syndrome 3 (0.7) 4 (1.1)
Major complications 177 (41.8) 169 (48.1)
Reoperations 79 (18.7) 67 (19.1)
ICU stay (IQR) 2 (1–4) 2 (1–4)
Hospital stay (IQR) 14 (11.75–21) 15 (12–22.25)
90-day mortality 17 (4.0) 23 (6.6)
Patients receiving adjuvant therapy
Not planned 171 (40.4) 206 (58.9)
Planned but not started 7 (1.7) 5 (1.4)
Planned and started, but terminated 18 (4.3) 6 (1.7)
Completed 113 (26.7) 73 (20.9)
*Planned to be done in another hospital 28 (6.6) 20 (5.7)
Unclear 86 (20.3) 40 (11.4)
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TABLE 3   The 90-day outcomes of patients undergoing neoadjuvant chemoradiotherapy and neoadjuvant chemotherapy prior to esophagec-
tomy for esophageal cancer

nCRT​ nCT
n (%) n (%)

Patients 171 (100.0) 249 (100.0)
Complications defined by ECCG​
Pulmonary 74 (43.3) 95 (38.2)
Pneumonia 47 (27.5) 43 (17.3)
Pleural effusion requiring additional drainage procedure 37 (21.6) 53 (21.3)
Pneumothorax requiring treatment 6 (3.5) 6 (2.4)
Atelectasis mucous plugging requiring bronchoscopy 18 (10.5) 14 (5.6)
Respiratory failure requiring reintubation 16 (9.4) 12 (4.8)
Acute aspiration 9 (5.3) 8 (3.2)
Acute respiratory distress syndrome 7 (4.1) 6 (2.4)
Tracheobronchial injury 1 (0.6) 1 (0.4)
Chest tube maintenance for air leak for > 10 days postoperatively 1 (0.6) 2 (0.8)
Cardiac 31 (18.1) 39 (15.7)
Cardiac arrest requiring CPR 1 (0.6) 1 (0.4)
Myocardial infarction 0 (0.0) 0 (0.0)
Dysrhythmia atrial requiring treatment 28 (16.4) 37 (14.9)
Dysrhythmia ventricular requiring treatment 0 (0.0) 1 (0.4)
Congestive heart failure requiring treatment 3 (1.8) 3 (1.2)
Pericarditis requiring treatment 0 (0.0) 0 (0.0)
Gastrointestinal 43 (25.1) 54 (21.7)
Anastomotic leak 19 (12.6) 28 (11.2)
Type 1 3 (1.8) 2 (0.8)
Type 2 10 (5.8) 15 (6.0)
Type 3 6 (3.5) 11 (4.4)
Conduit necrosis 10 (6.6) 6 (2.4)
Type 1 4 (2.3) 2 (0.8)
Type 2 0 (0.0) 1 (0.4)
Type 3 6 (3.5) 3 (1.2)
Ileus defined as small bowel dysfunction preventing or delaying enteral feeding 4 (2.3) 4 (1.6)
Small bowel obstruction 2 (1.2) 0 (0.0)
Feeding J-tube complication 4 (2.3) 8 (3.2)
Pyloromyotomy/pyloroplasty complication 3 (1.8) 1 (0.4)
Clostridium difficile infection 1 (0.6) 3 (1.2)
Gastrointestinal bleeding requiring intervention or transfusion 2 (1.2) 2 (0.8)
Delayed conduit emptying requiring intervention or delaying discharge or requiring maintenance of NG drainage > 

7 days postoperatively
3 (1.8) 2 (0.8)

Pancreatitis 1 (0.6) 0 (0.0)
Pancreatic fistula 0 (0.0) 2 (0.8)
Liver dysfunction 0 (0.0) 0 (0.0)
Biliary leakage 1 (0.6) 1 (0.4)
Urologic 2 (1.2) 12 (4.8)
Acute renal insufficiency (defined as doubling of baseline creatinine) 2 (1.2) 9 (3.6)
Acute renal failure requiring dialysis 0 (0.0) 2 (0.8)
Urinary tract infection 0 (0.0) 3 (1.2)
Urinary retention requiring reinsertion of urinary catheter, delaying discharge, or discharge with urinary catheter 0 (0.0) 0 (0.0)
Thromboembolic 4 (2.3) 12 (4.8)
Deep venous thrombosis 0 (0.0) 1 (0.4)
Pulmonary embolus 3 (1.8) 11 (4.4)
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* No follow-up information available
nCRT​ Neoadjuvant chemoradiotherapy, nCT Neoadjuvant chemotherapy, ECCG​ Esophagectomy Complications Consensus Group, CPR Cardio-
pulmonary resuscitation, NG Nasogastric, CVA Cerebrovascular accident, IV Intravenous, ICU Intensive care unit, IQR Interquartile range

Table 3   (continued)

nCRT​ nCT
n (%) n (%)

Stroke (CVA) 1 (0.6) 0 (0.0)
Peripheral thrombophlebitis 0 (0.0) 1 (0.4)
Neurologic 25 (14.6) 12 (8.4)
Recurrent nerve injury 12 (7.9) 4 (1.6)
Type 1 11 (6.4) 4 (1.6)
Type 2 1 (0.6) 0 (0.0)
Type 3 0 (0.0) 0 (0.0)
Other neurologic injury 2 (1.2) 4 (1.6)
Acute delirium 12 (7.0) 13 (5.2)
Delirium due to alcohol withdrawal 1 (0.6) 0 (0.0)
Infectious 26 (15.2) 39 (15.7)
Wound infection requiring opening wound or antibiotics 7 (4.1) 6 (2.4)
Central IV-line infection requiring removal or antibiotics 2 (1.2) 3 (1.2)
Intraabdominal abscess 4 (2.3) 3 (1.2)
Intrathoracic abscess 7 (4.1) 17 (6.8)
Sepsis defined as positive blood culture 5 (2.9) 10 (4.0)
Other infections requiring antibiotics 7 (4.1) 14 (5.6)
Wound/diaphragm 6 (3.5) 7 (2.8)
Thoracic wound dehiscence 1 (0.6) 2 (0.8)
Abdominal wall wound dehiscence 5 (2.9) 5 (2.0)
Acute abdominal wall hernia 0 (0.0) 0 (0.0)
Acute diaphragmatic hernia 0 (0.0) 0 (0.0)
Other 34 (19.9) 40 (16.1)
Chyle leak
Type 1 1 (0.6) 1 (0.4)
Type 2 7 (4.1) 9 (3.6)
Type 3 3 (1.8) 6 (2.4)
Reoperation for other reasons than bleeding, anastomotic leak, or conduit necrosis 24 (14.0) 27 (10.8)
Multiple organ dysfunction syndrome 2 (1.2) 1 (0.4)
Major complications 76 (44.4) 100 (40.2)
Reoperations 33 (19.6) 46 (18.5)
ICU stay (IQR) 2 (1–4) 2 (1–3)
Hospital stay (IQR) 15 (12–22) 14 (11–19)
90-day mortality 5 (2.9) 12 (4.8)
Patients receiving adjuvant therapy
Not planned 108 (63.2) 61 (24.4)
Planned but not started 1 (0.6) 6 (2.4)
Planned and started, but terminated 5 (2.9) 13 (5.2)
Completed 16 (9.4) 97 (38.8)
*Planned to be done in another hospital 8 (4.7) 20 (8.0)
Unclear 33 (19.3) 53 (21.2)
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TABLE 4   The 90-day outcomes of patients having aborted or dose-reduced neoadjuvant treatment or full intended neoadjuvant treatment prior 
to esophagectomy for esophageal cancer

A/R Full
n (%) n (%)

Patients 96 (100.0) 305 (100.0)
Complications defined by ECCG​
Pulmonary 41 (42.7) 122 (40.0)
Pneumonia 25 (26.0) 62 (20.3)
Pleural effusion requiring additional drainage procedure 18 (18.8) 70 (23.0)
Pneumothorax requiring treatment 1 (1.0) 11 (3.6)
Atelectasis mucous plugging requiring bronchoscopy 10 (10.4) 22 (7.2)
Respiratory failure requiring reintubation 10 (10.4) 18 (5.9)
Acute aspiration 5 (5.2) 11 (3.6)
Acute respiratory distress syndrome 2 (2.1) 11 (3.6)
Tracheobronchial injury 1 (1.0) 1 (0.3)
Chest tube maintenance for air leak for > 10 days postoperatively 1 (1.0) 2 (0.7)
Cardiac 13 (13.5) 51 (16.7)
Cardiac arrest requiring CPR 2 (2.1) 0 (0.0)
Myocardial infarction 0 (0.0) 0 (0.0)
Dysrhythmia atrial requiring treatment 12 (12.5) 47 (15.4)
Dysrhythmia ventricular requiring treatment 0 (0.0) 1 (0.3)
Congestive heart failure requiring treatment 0 (0.0) 6 (2.0)
Pericarditis requiring treatment 0 (0.0) 0 (0.0)
Gastrointestinal 21 (21.9) 73 (23.9)
Anastomotic leak 11 (11.5) 34 (11.1)
Type 1 1 (1.0) 4 (1.3)
Type 2 7 (7.3) 18 (5.9)
Type 3 3 (3.1) 12 (3.9)
Conduit necrosis 1 (1.0) 14 (4.6)
Type 1 1 (1.0) 4 (1.3)
Type 2 0 (0.0) 1 (0.3)
Type 3 0 (0.0) 9 (3.0)
Ileus defined as small bowel dysfunction preventing or delaying enteral feeding 2 (2.1) 6 (2.0)
Small bowel obstruction 0 (0.0) 2 (0.7)
Feeding J-tube complication 3 (3.1) 7 (2.3)
Pyloromyotomy/pyloroplasty complication 1 (1.0) 3 (1.0)
Clostridium difficile infection 0 (0.0) 4 (1.3)
Gastrointestinal bleeding requiring intervention or transfusion 1 (1.0) 4 (1.3)
Delayed conduit emptying requiring intervention or delaying discharge or requiring maintenance of NG drainage 

> 7 days postoperatively
1 (1.0) 4 (1.3)

Pancreatitis 0 (0.0) 1 (0.3)
Pancreatic fistula 0 (0.0) 2 (0.7)
Liver dysfunction 0 (0.0) 0 (0.0)
Biliary leakage 0 (0.0) 2 (0.7)
Urologic 3 (3.1) 11 (3.6)
Acute renal insufficiency (defined as doubling of baseline creatinine) 1 (1.0) 10 (3.3)
Acute renal failure requiring dialysis 2 (2.1) 0 (0.0)
Urinary tract infection 1 (1.0) 2 (0.7)
Urinary retention requiring reinsertion of urinary catheter, delaying discharge, or discharge with urinary catheter 0 (0.0) 0 (0.0)
Thromboembolic 2 (2.1) 13 (4.3)
Deep venous thrombosis 0 (0.0) 1 (0.3)
Pulmonary embolus 2 (2.1) 11 (3.6)
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in the A/R group and 3.9% in the full treatment group. 
Lengths of ICU and hospital stays were similar (Table 4).

Pneumonia was more common in the A/R group (26.0% 
A/R versus 20.3% full). Rates of anastomotic leakage were 
similar (11.5% A/R versus 11.1% full), while conduit necro-
sis was more common in the full treatment group (1.0% A/R 
versus 4.6% full) (Table 4).

In complication categories, neurologic complications 
were slightly more common in the A/R group mainly due to 
a higher occurrence of delirium, while rates of other compli-
cation categories were roughly similar. (Table 4).

In multivariable analysis, aborted or dose-reduced neo-
adjuvant treatment was not associated with any adverse out-
comes compared with full intended neoadjuvant treatment 
(Table 5).

DISCUSSION

The present study reports similar rates of overall post-
operative complications, major complications, pneumo-
nia, anastomotic leakage, and 90-day mortality in patients 
undergoing neoadjuvant treatment compared with those 

A/R Aborted or dose-reduced neoadjuvant treatment, full Full neoadjuvant treatment, ECCG​ Esophagectomy Complications Consensus Group, 
CPR Cardiopulmonary resuscitation, NG Nasogastric, CVA Cerebrovascular accident, IV Intravenous, ICU Intensive care unit, IQR Interquartile 
range

Table 4   (continued)

A/R Full
n (%) n (%)

Stroke (CVA) 0 (0.0) 1 (0.3)
Peripheral thrombophlebitis 0 (0.0) 1 (0.3)
Neurologic 14 (14.6) 32 (10.5)
Recurrent nerve injury 4 (4.2) 14 (4.6)
Type 1 3 (3.1) 13 (4.3)
Type 2 0 (0.0) 1 (0.3)
Type 3 0 (0.0) 0 (0.0)
Other neurologic injury 1 (1.0) 4 (1.3)
Acute delirium 9 (9.4) 16 (5.2)
Delirium due to alcohol withdrawal 1 (1.0) 0 (0.0)
Infectious 14 (14.6) 51 (16.7)
Wound infection requiring opening wound or antibiotics 1 (1.0) 12 (3.9)
Central IV-line infection requiring removal or antibiotics 0 (0.0) 5 (1.6)
Intraabdominal abscess 2 (2.1) 5 (1.6)
Intrathoracic abscess 3 (3.1) 21 (6.9)
Sepsis defined as positive blood culture 2 (2.1) 13 (4.3)
Other infections requiring antibiotics 7 (7.3) 14 (4.6)
Wound/diaphragm 1 (1.0) 12 (3.9)
Thoracic wound dehiscence 0 (0.0) 3 (1.0)
Abdominal wall wound dehiscence 1 (1.0) 9 (3.0)
Acute abdominal wall hernia 0 (0.0) 0 (0.0)
Acute diaphragmatic hernia 0 (0.0) 0 (0.0)
Other 18 (18.8) 55 (18.0)
Chyle leak
Type 1 1 (1.0) 1 (0.3)
Type 2 3 (3.1) 13 (4.3)
Type 3 3 (3.1) 6 (2.0)
Reoperation for other reasons than bleeding, anastomotic leak, or conduit necrosis 12 (12.5) 38 (12.5)
Multiple organ dysfunction syndrome 0 (0.0) 3 (1.0)
Major complications 42 (43.8) 130 (42.6)
Reoperations 21 (21.9) 56 (18.4)
ICU stay (IQR) 2 (1–4) 2 (1–4)
Hospital stay (IQR) 15 (12–24) 14 (12–19.75)
90-day mortality 5 (5.2) 12 (3.9)
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TABLE 5   Logistic and Cox regression analyses of 90-day outcomes 
in patients undergoing neoadjuvant treatment compared with upfront 
surgery, neoadjuvant chemoradiotherapy compared with neoadjuvant 

chemotherapy, and in patients with aborted or dose-reduced neoadju-
vant treatment compared with patients undergoing full intended neo-
adjuvant treatment

* Adjusted for year of surgery, age, sex, tumor stage, comorbidity, histology, and surgical strategy.
Statistical significance indicated by bold font.
nT Neoadjuvant treatment, US Upfront surgery, nCRT​ Neoadjuvant chemoradiotherapy, nCT Neoadjuvant chemotherapy, A/R Aborted or dose-
reduced neoadjuvant treatment, full Full neoadjuvant treatment, OR Odds ratio, CI Confidence interval, HR Hazard ratio, ref. Reference

nT US nCRT​ nCT A/R Full

n = 423 n = 351 n = 171 n = 249 n = 96 n = 305

OR (95% CI) OR (95% CI) OR (95% CI) 

Individual complications
Any complication
Crude 0.72 (0.53-0.97) 1.00 (ref.) 1.13 (0.76–1.69) 1.00 (ref.) 0.82 (0.52–1.32) 1.00 (ref.)
Adjusted* 0.86 (0.61–1.21) 1.00 (ref.) 0.66 (0.39–1.11) 1.00 (ref.) 0.90 (0.54–1.49) 1.00 (ref.)
Major complication
Crude 0.78 (0.58–1.03) 1.00 (ref.) 1.19 (0.80–1.77) 1.00 (ref.) 1.05 (0.66–1.66) 1.00 (ref.)
Adjusted* 0.87 (0.63–1.20) 1.00 (ref.) 0.75 (0.45–1.24) 1.00 (ref.) 1.09 (0.67–1.78) 1.00 (ref.)
Pneumonia
Crude 0.98 (0.69–1.38) 1.00 (ref.) 1.82 (1.14–2.91) 1.00 (ref.) 1.38 (0.81–2.36) 1.00 (ref.)
Adjusted* 0.94 (0.64–1.40) 1.00 (ref.) 1.23 (0.68–2.23) 1.00 (ref.) 1.57 (0.88–2.78) 1.00 (ref.)
Anastomotic leak
Crude 0.99 (0.65–1.50) 1.00 (ref.) 1.20 (0.68–2.12) 1.00 (ref.) 0.92 (0.46–1.83) 1.00 (ref.)
Adjusted* 0.84 (0.52–1.35) 1.00 (ref.) 0.93 (0.44–1.99) 1.00 (ref.) 0.89 (0.43–1.85) 1.00 (ref.)
Complication categories
Pulmonary
Crude 0.84 (0.64–1.12) 1.00 (ref.) 1.24 (0.83–1.84) 1.00 (ref.) 1.12 (0.70–1.78) 1.00 (ref.)
Adjusted* 0.89 (0.65–1.24) 1.00 (ref.) 0.77 (0.46–1.29) 1.00 (ref.) 1.37 (0.84–2.25) 1.00 (ref.)
Cardiac
Crude 0.94 (0.65–1.37) 1.00 (ref.) 1.19 (0.71–2.00) 1.00 (ref.) 0.78 (0.40–1.51) 1.00 (ref.)
Adjusted* 0.95 (0.62–1.46) 1.00 (ref.) 0.62 (0.30–1.25) 1.00 (ref.) 0.77 (0.38–1.58) 1.00 (ref.)
Gastrointestinal
Crude 1.11 (0.79–1.56) 1.00 (ref.) 1.21 (0.77–1.92) 1.00 (ref.) 0.89 (0.51–1.54) 1.00 (ref.)
Adjusted* 0.94 (0.64–1.39) 1.00 (ref.) 1.17 (0.65–2.11) 1.00 (ref.) 0.91 (0.51–1.63) 1.00 (ref.)
Urologic
Crude 1.06 (0.47–2.36) 1.00 (ref.) 0.23 (0.05–1.06) 1.00 (ref.) 0.86 (0.24–3.16) 1.00 (ref.)
Adjusted* 1.38 (0.55–3.43) 1.00 (ref.) 0.28 (0.05–1.59) 1.00 (ref.) 1.25 (0.30–5.27) 1.00 (ref.)
Thromboembolic
Crude 0.95 (0.46–1.97) 1.00 (ref.) 0.47 (0.15–1.49) 1.00 (ref.) 0.48 (0.11–2.16) 1.00 (ref.)
Adjusted* 1.14 (0.50–2.62) 1.00 (ref.) 0.63 (0.17–2.40) 1.00 (ref.) 0.48 (0.10–2.22) 1.00 (ref.)
Neurological
Crude 0.70 (0.46–1.07) 1.00 (ref.) 1.86 (1.00–3.44) 1.00 (ref.) 1.46 (0.74–2.86) 1.00 (ref.)
Adjusted* 0.87 (0.54–1.41) 1.00 (ref.) 1.15 (0.52–2.56) 1.00 (ref.) 1.80 (0.87–3.74) 1.00 (ref.)
Infectious
Crude 0.77 (0.53–1.12) 1.00 (ref.) 0.97 (0.56–1.66) 1.00 (ref.) 0.85 (0.45–1.62) 1.00 (ref.)
Adjusted* 0.83 (0.54–1.27) 1.00 (ref.) 0.76 (0.39–1.49) 1.00 (ref.) 0.95 (0.49–1.85) 1.00 (ref.)
Wound/diaphragm
Crude 0.90 (0.40–1.99) 1.00 (ref.) 1.26 (0.42–3.81) 1.00 (ref.) 0.26 (0.03–2.00) 1.00 (ref.)
Adjusted* 1.03 (0.41–2.60) 1.00 (ref.) 0.72 (0.16–3.17) 1.00 (ref.) 0.28 (0.03–2.30) 1.00 (ref.)
Other
Crude 1.07 (0.74–1.56) 1.00 (ref.) 1.30 (0.78–2.15) 1.00 (ref.) 1.05 (0.58–1.89) 1.00 (ref.)
Adjusted* 1.22 (0.79–1.88) 1.00 (ref.) 0.84 (0.44–1.61) 1.00 (ref.) 1.14 (0.60–2.15) 1.00 (ref.)

HR (95% CI) HR (95% CI) HR (95% CI)
n = 423 n = 351 n = 171 n = 249 n = 96 n = 305

90-day mortality
Crude 0.60 (0.32–1.13) 1.00 (ref.) 0.61 (0.21–1.72) 1.00 (ref.) 1.32 (0.47–3.75) 1.00 (ref.)
Adjusted* 0.68 (0.33–1.40) 1.00 (ref.) 0.44 (0.12–1.70) 1.00 (ref.) 1.57 (0.52–4.74) 1.00 (ref.)
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undergoing upfront surgery. These outcomes were also simi-
lar in patients undergoing neoadjuvant chemoradiotherapy 
compared with those undergoing neoadjuvant chemotherapy. 
Patients with aborted or dose-reduced neoadjuvant treatment 
had similar outcomes to patients undergoing full intended 
neoadjuvant treatment.

The landmark OE02, MAGIC, and CROSS trials, revo-
lutionizing esophageal cancer management, did not report 
increased postoperative complications or mortality after 
neoadjuvant chemo(radio)therapy compared with surgery 
alone.3,4,20 However, these studies did not report complica-
tions according to ECCG or similar comprehensive report-
ing framework. Only one nationwide report (a Swedish 
study)12 has since been published, and experiences from 
actual clinical practice outside of strict clinical trial frame-
works are therefore scarce. A meta-analysis of nine cohort 
studies found no differences in perioperative complications 
or mortality, however, the authors stated poor reporting on 
complications and a high risk of bias in several of the stud-
ies included.21 A meta-analysis on 12 trials found similar 
results, however, the generalizability to population level is 
questionable with trial-data only.22 Several studies com-
paring nCRT with surgery alone, however, have reported 
increased short-term mortality and cardiopulmonary mor-
bidity, suggesting radiation adding to operative risk. A 
recent meta-analysis of 17 trials found a significant increase 
in postoperative morbidity but not mortality in patients 
undergoing nCRT.8 The aforementioned nationwide study 
from Sweden suggested an increased risk of complications 
after both nCT and nCRT compared with surgery alone, and 
higher postoperative mortality after nCRT compared with 
surgery alone.12 In the present study, there were some dif-
ferences in the incidences of major complications and some 
of the complication categories, which were attenuated after 
adjusting for confounding, and nT was not associated with 
any adverse outcomes compared with US. These results are 
contrary to the Swedish nationwide results, albeit the Swed-
ish study assessed nCRT and nCT separately. According to 
the authors, nCT mostly followed the MAGIC protocol in 
Sweden at the time of the study, however, they did not have 
detailed neoadjuvant treatment information available. In our 
study, nCT protocols were mostly EOX-derivatives.23 Poten-
tial differences in the heterogeneity of treatment protocols 
might explain differences in the outcomes of these studies. 
Other explaining factors could be differences in treatment 
indications between the countries in the early implementa-
tion of neoadjuvant treatment, invisible to analyses.

A clinical equipoise continuing for years has been the 
preferable approach to perioperative oncological treatment: 
nCT or nCRT? Current treatment guidelines do not recom-
mend one over the other for esophageal adenocarcinoma.2,9 
A few trials have investigated the matter. The Neo-AEGIS 
trial found no differences in mortality or major morbidity 

in patients with adenocarcinoma, suggesting continued 
clinical equipoise.11 The NeoRes trial, investigating both 
adenocarcinoma and squamous cell carcinoma, conversely 
found a higher comprehensive complications index and a 
higher 1-year mortality in nCRT compared with nCT.10 The 
recent ESOPEC trial comparing perioperative 5-FU, leuco-
vorin, oxaliplatin, and docetaxel (FLOT) with CROSS for 
adenocarcinoma reported an increase in 90-day mortality 
in patients undergoing CROSS (3.1% versus 5.6%), with no 
difference in complications.24 An international study by the 
OGAA comparing FLOT and CROSS had similar results 
prior to the ESOPEC trial, with no difference in overall com-
plications, but a significant increase in 90-day mortality with 
CROSS, likely mediated by cardiopulmonary complica-
tions.13 A European propensity-matched analysis of patients 
from ten expert centers found no significant difference in 
complications apart from a higher rate of anastomotic leak-
age in patients undergoing nCRT compared with nCT, which 
most likely was due to difference in surgical technique not 
taken into account in the matching process.25 The Swed-
ish nationwide study found no differences in outcomes after 
nCRT compared with nCT.12 In the current study, nCRT was 
not associated with any adverse outcomes compared with 
nCT. The initial difference in the rate of pneumonia, most 
likely resulting from a more frequent use of tMIO in the 
nCT group (Supplementary Table 1), was attenuated after 
adjusting for surgical approach.26 Similarly, the difference 
in neurological complications (mediated by the higher inci-
dence of recurrent nerve injury with nCRT), was attenuated 
after adjusting for confounding. The difference in mortality 
outcomes of the current study compared with the ESOPEC 
trial and the study by OGAA might be explained by the fact 
that only 9% of patients in the current study received CROSS 
as it was introduced in 2012, and other patients in the nCRT 
group received varying doses of radiation. Dose-dependent 
decreases in diffusion capacity have been reported in some 
studies, possibly mediating an increased risk of postopera-
tive morbidity.27 On the contrary, nCT protocols were less 
severe than FLOT in the current study.

Patients having neoadjuvant treatment complications 
might be treated as “high-risk” patients in surgery. In the 
present study, rates of major complications were similar 
between the A/R and full treatment groups, while pneumo-
nia was slightly more common in the A/R group; 90-day 
mortality was slightly higher in the A/R group. However, 
in multivariable analysis, these differences were attenuated. 
These results suggest that patients having neoadjuvant treat-
ment complications leading to aborting treatment or a dose-
reduction might not be at greater operative risk, and most 
importantly, that surgery should not be withheld solely due 
to neoadjuvant treatment complications in otherwise eligible 
patients. This analysis was somewhat limited since patients 
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with neoadjuvant treatment complications who did not ulti-
mately undergo surgery were not available.

The strengths of this study include the population-based, 
nationwide design and an unselected cohort, reducing selec-
tion bias and providing a real-world setting for analyses lack-
ing from most previous studies. Sample sizes were large 
enough for adequate statistical power. Another strength 
is the comprehensive assessment of complications and 
adherence to a standardized framework in recording of out-
comes, allowing adequate comparison with future studies. 
The main limitation of this study is its retrospective design. 
Even though patient records were meticulously assessed by 
experts, complication data could have been missed or never 
documented. Patient selection for treatment modality in the 
early implementation of neoadjuvant treatment was not ran-
dom. Even though patient characteristics were largely simi-
lar between groups and adjustments for confounding were 
made, some bias could remain in the analyses. The relatively 
long study period could introduce era effects, as treatment 
outcomes have improved following an overall secular trend. 
This was taken into account by adjusting for the year of 
surgery. Information on perioperative care and the use of 
Enhanced Recovery After Surgery (ERAS) protocols were 
not available and could not be accounted for in the analy-
ses. Another limitation is the heterogeneity in the neoadju-
vant treatment protocols used during the study period. As a 
majority of the patients received EOX-derived neoadjuvant 
therapies, the results of the current study might not be appli-
cable to those receiving FLOT, which has replaced these 
therapies in current practice for patients able to tolerate it. 
The results are, however, still relevant, as a significant por-
tion of patients are not able to tolerate a full FLOT-protocol, 
and EOX-derived therapies are still in wide use.

To conclude, this nationwide, population-based study 
reports no increase in postoperative morbidity or mortality 
in patients undergoing neoadjuvant treatment compared with 
those undergoing upfront surgery, nor in patients undergo-
ing nCRT compared with nCT. These results suggest that 
the choice of pre- or perioperative oncological treatment 
could be made with long-term survival outcomes in mind 
without said choice affecting surgical risk. Patients having 
neoadjuvant treatment complications were not at greater risk 
of surgical complications compared with patients undergo-
ing full dose neoadjuvant treatment, suggesting that these 
patients should not be withheld from surgery if otherwise 
eligible. Future studies should monitor the use of FLOT in 
nationwide practice in terms of postoperative morbidity and 
mortality.
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