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Chapter 1

ESOPHAGEAL CANCER

cancer-related death worldwide, with an estimated 442 000 new cases and 440 000 deaths 
annually1. The two main histological subtypes of esophageal cancer are squamous cell 
carcinoma (SCC) and adenocarcinoma. Globally, esophageal squamous cell carcinoma is 

2,3

in the last two decades there has been a dramatic increase in the incidence of esophageal 

4. This ominous 

esophageal adenocarcinoma5

6,7.

the surrounding lymph nodes (lymphadenectomy) has been the cornerstone of treatment with 
curative intent for patients with early and locally advanced esophageal cancer. The relatively 

strategies during the last decades to improve survival8

in staging and treatment techniques, patients with esophageal cancer can now be cured by 
various treatment strategies which requires a multidisciplinary approach. Neoadjuvant therapy 
with chemotherapy or chemoradiotherapy has supplemented surgery and is now a generally 
recommended treatment strategy for patients with locally advanced esophageal cancer9,10. 

survival is well-recognized, the optimal treatment algorithm to achieve most optimal outcomes 

The currently available multimodality treatment strategies have been associated with an 
increase in morbidity resulting in a persistent reduction in health related quality of life, and 
yet still a relatively poor prognosis11. Furthermore, while the “average patient” may respond 

can be attributed to high inter-patient variability in response to such treatment. Factors that 
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of disease, underlying physical conditions and social circumstances12,13

single course of treatment that will meet the need of every patient.

staging (Part 1), treatment response prediction (Part 2), and in postoperative complication 
management (Part 3) of patients with esophageal cancer.

STAGING
Clinical staging

gastrointestinal endoscopy with biopsy to verify diagnosis, endoscopic ultrasonography 
to obtain information on the depth of tumor invasion and loco-regional nodal disease, and 

loco-regional spread and distant metastases14

to the 7th

15.

staging modalities is recommended in order to assess the involvement of cervical lymph 
node metastases16,17

modality during the last decade – has shown to be superior to conventional imaging modalities 
in the preoperative staging of esophageal cancer18,19. Therefore, the additional diagnostic value 

may be limited. As such, it would be of interest to investigate the additional value of cervical 

Currently there is disagreement between national guidelines whether all patients should be 
17,20,21. Detection of metastasis in 

this phase of treatment would probably prevent a futile attempt at curative esophagectomy. 

1
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the diagnostic accuracy of this modality for the detection of interval metastasis remains 

Although a multimodality treatment approach is increasingly recommended for patients with 

strategy for patients with clinical T2N0 tumors. As T2N0 disease represents an anticipated 
early stage disease, a surgery alone approach may be regarded as appropriate treatment for 
these tumors22,23

studies recommend a multimodality treatment approach for these patients24,25

available studies on this topic are equivocal, it would be of interest to assess the current status 
of clinical staging and determine whether the addition of neoadjuvant chemoradiotherapy to 
surgery is associated with improved outcomes in a large population-based cohort of patients 
with clinical T2N0 esophageal tumors (Chapter 4).

Detection of disease recurrence
The relatively poor survival of esophageal cancer patients is partially attributable to the high 

26

shown to possess the ability to detect recurrent esophageal cancer in a pre-symptomatic phase 
after treatment27

develop recurrent disease are detected by the onset of symptoms between apparently normal 
surveillance scans28. As such there is need for accurate prediction of disease recurrence after 

strategies and prompt earlier initiation of interventions to improve survival.

TREATMENT RESPONSE PREDICTION
Through tumor downsizing and downstaging, the use of neoadjuvant chemoradiotherapy 
improves locoregional control and overall survival rates compared to surgery alone8,9

studies have reported that the degree of tumor regression in response to chemoradiotherapy 
is directly related to long-term survival, with pathologic complete responders having 
the most favorable long-term prognosis29,30. Accurate prediction of pathologic complete 
responders before surgery would enable investigators to study the feasibility and outcome 
of an organ-preserving strategy (i.e. omission of surgery and close clinical follow-up) after 
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chemoradiotherapy31

poor responders early during treatment would enable investigators to study the feasibility 

of research with the aim to tailor treatment to the individual patient.

Various opportunities for improvement in treatment response prediction are currently under 

microstructural characterization of tumors and visualization of treatment-induced changes 

of response to treatment in esophageal cancer32–34

32–34

predictive ability to accurately predict treatment response (Chapters 8 and 9). At the same 

to improve patient-friendliness of restaging procedures, it is necessary to evaluate the burden 
of these diagnostic procedures from the perspective of the patient (Chapter 10).

POSTOPERATIVE COMPLICATION MANAGEMENT

35. Reported overall frequency rates of complications after 

being the most common complications36,37

38. Although advances in surgical 
techniques and perioperative care have reduced the frequency of complications over the years, 
postoperative morbidity remains high39

initiatives, complications that have the greatest overall impact on costs (Chapter 11) and patient 

1
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Currently, accurate prediction of postoperative complications based on standard patient 

40

in clinical practice it is necessary to assess its generalizability in an independent cohort 

for postoperative complications, it is of interest to assess whether the association between 

the prediction of postoperative complication include intraoperative and postoperative vital 
parameters (Chapter 15).

chemoradiotherapy have demonstrated a survival advantage over surgery alone8,9,41

after the introduction of neoadjuvant chemoradiotherapy in clinical practice, several hospitals 
reported a vast increase in their postoperative complication rate42,43. Therefore, it is of interest 

neoadjuvant chemoradiotherapy (Chapter 16). Furthermore, it was hypothesized that radiation 

used for constructing the esophagogastric anastomosis44

gastric fundus in radiation treatment planning, the potential association between radiation 

of the esophagogastric anastomosis (i.e. intrathoracic versus cervical) after esophagectomy is 
45,46, 

while other studies did not47,48
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49. Currently, CT 

to use in critically ill patients50

RESEARCH OBJECTIVE PER CHAPTER
Part 1. Staging

diagnosing cervical lymph node metastases in patients with newly diagnosed 
esophageal cancer

Chapter 3 
metastasis after neoadjuvant chemoradiotherapy and to identify predictors of 
interval metastases

Chapter 4 To evaluate current clinical staging and determine whether the addition of 
neoadjuvant chemoradiotherapy to surgery is associated with improved survival 

esophageal cancer after initial treatment with curative intent

Chapter 6 To develop a preoperative prediction model for early recurrence after 
neoadjuvant chemoradiotherapy and surgery for esophageal adenocarcinoma

neoadjuvant chemoradiotherapy and surgery for esophageal cancer

Part 2. Treatment response prediction

1
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and after neoadjuvant chemoradiotherapy to predict pathologic response

the patient

Part 3. Postoperative complication management
Chapter 11 To determine the economic burden of postoperative complications after 

esophagectomy

Chapter 12 To identify which postoperative complications after esophagectomy have the 
greatest impact on clinical outcomes

esophagectomy

Chapter 15 To assess the relationship of intraoperative and postoperative vital parameters 

perioperative chemotherapy and neoadjuvant chemoradiotherapy followed by 
surgery for patients with esophageal adenocarcinoma

followed by esophagectomy

Chapter 18 To compare clinical outcome after esophagectomy in patients with an 
intrathoracic or cervical anastomosis, and to identify predictors of anastomotic 
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esophagectomy and compare it to subjective CT interpretation

1
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ABSTRACT
Objective
To investigate the additional value of cervical ultrasonography over 18

diagnosing cervical lymph node metastases in patients with newly diagnosed esophageal 
cancer.

Methods

underwent both cervical ultrasonography and 18

the Netherlands. Retrospective clinical data analysis was performed to assess the diagnostic 
value of cervical ultrasonography and 18

node metastases. Fine needle aspiration or clinical follow-up was used as reference standard.

Results

of 18

18

Conclusion
Cervical ultrasonography has no additional diagnostic value to a negative integrated 18F-FDG 

esophageal cancer.
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INTRODUCTION

of cancer-related death worldwide1. Surgical resection of the esophagus with en-bloc 
lymphadenectomy remains the cornerstone treatment with curative intent for patients with non-
metastatic esophageal cancer2, 3. Currently, a multimodal treatment approach is increasingly 

over surgery alone for patients with resectable esophageal cancer4-6.

Accurate staging of esophageal cancer is essential to select patients that are eligible for 
treatment with curative intent, and to identify patients with distant metastases to prevent 
a non-curative surgical procedure. Currently recommended staging techniques include 

18 18F-

7

guidelines the use of cervical ultrasonography is recommended since this is considered an 
7, 8

introduction of integrated 18

staging by providing both anatomical and metabolic information9. Therefore, the additional 
role of cervical ultrasonography for the detection of cervical lymph node metastases in the 
current era of routine diagnostic 18

Accordingly, the aim of this study was to investigate the additional value of cervical 
ultrasonography over 18

patients with newly diagnosed esophageal cancer.

METHODS

Center Utrecht with newly diagnosed esophageal cancer, between January 2013 and January 

who were evaluated with both integrated 18

were included. The two investigations of interest were performed in random order. Cervical 
18F-FDG 

patients were collected to identify cervical metastases that were potentially undetected during 
clinical staging. Therewith, the composite reference standard of the current study included 

2
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either positive cytopathology of the aspirated material from a suspicious cervical lymph node 
during initial staging, or the occurrence of a new cervical lymph node metastasis that were 
detected within 12 months of clinical follow-up after initial staging and proven malignant with 
cytology. Cervical lymph node metastases were group into levels corresponding with upper, 

(level V). After completion of staging all patients with a clinical stage T1N1-3 or T2-4aN0-3, 

Cervical ultrasonography with FNA

loss of fatty hilum, [focal] low echogenicity, or an eccentric mass), and grouped nodes with 

Integrated 18

18F-FDG, and blood glucose 

intravenously administered 18

administration of 18

18

All 18

non-physiological 18

Additional FNA was performed in case of suspicious lymph nodes.
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Follow-up

(18

metastases, last visit at the outpatient clinic or death. The median follow-up of all eligible 

of follow-up of patients without lymph node metastases that were still alive during follow up 
was at least 12 months.

Statistical analysis

(NPV) of 18

test, and PVV and NPV using the Chi-square test, between 18

ultrasonography, respectively. The additional value of cervical ultrasonography to 18F-FDG 

18F-

RESULTS

because 18

both cervical ultrasonography and 18

18

of the study period. These patients underwent a CT scan only. A total of 163 patients underwent 
both cervical ultrasonography and 18

patient and treatment-related characteristics. The overall incidence of patients with cervical 

2
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Cervical ultrasonography and 18F-FDG PET/CT non-suspected nodes
Cervical ultrasonography and 18

During clinical follow-up 4 of these 121 initially non-suspected patients developed cervical 

respectively.

Cervical ultrasonography and 18F-FDG PET/CT suspected nodes
Cervical ultrasonography and 18

two patients it appeared impossible to perform FNA due to small size and inaccessibility 

lymphadenectomy and had no signs of cervical metastases after 12 and 19 months of clinical 

Cervical ultrasonography suspected nodes

nodes, while 18

had an inconclusive FNA. The patients with inconclusive FNA underwent surgery and had 
no signs of cervical metastases after 29 and 30 months of clinical follow-up, respectively.

18F-FDG PET/CT suspected nodes
18

scan showed enlargement of the cervical lymph node 3 months after initial diagnostic 

chemoradiotherapy and died a few months after diagnosis of the cervical metastasis. The 

of clinical follow-up.
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Diagnostic performance
The comparison of diagnostic performance between, 18

ultrasonography to detect malignant lymph nodes and subsequent subgroup analysis are 
18

of 18

18

not outperform 18

18

TABLE 1. 
Characteristic n (%)

114 (70)
Age (years)* 67.2 (±8.6)
Tumor location

21 (13)
45 (28)

 Distal esophagus 74 (45)
23 (14)

 Adenocarcinoma 94 (58)
 Squamous cell carcinoma 66 (40)

3 (2)
Clinical T-stage
 T1 16 (10)
 T2 25 (15)
 T3 102 (63)
 T4 18 (11)

 2 (1)

Clinical N-stage
 N0 28 (17)
 N1 59 (36)
 N2 42 (26)
 N3 34 (21)

2
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TABLE 1 (continued). 
Characteristic n (%)

143 (88)
 20 (12)

TABLE 2. Comparison of diagnostic parameters of 18 -
cluding subgroup analysis

18F-FDG PET/CT Cervical ultrasonography P-value

0.012
0.013
0.222
0.675

Squamous cell carcinoma
0.289
0.063
0.477
0.929

0.008
0.012
0.185
0.932

1.000
1.000
0.852
0.995
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Figure 1. 18

and cervical ultrasonography between January 2014 and January 2016.

2
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Figure 2. A.

tumor (arrow). B. Cervical ultrasonography image in the same patient, demonstrating a 10 mm cervical 

with FNA (arrow).

DISCUSSION

18

with newly diagnosed esophageal cancer was evaluated. Results from the current cohort of 
patients demonstrated no additional value of cervical ultrasonography to integrated 18F-FDG 
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Several studies suggest that in case of cervical lymph node involvement an aggressive approach 
10. 

node metastases is still considered as systemic disease. Therefore, it is argued that survival will 

are applied for patients with cervical lymph node metastases11, 12

decisions, accurate diagnosis of cervical lymph node metastasis is crucial.

18

13. Therefore, the use of 
integrated 18

staging13. Due to the improvement in esophageal cancer staging by 18

it has been suggested that the additional role of cervical ultrasonography for the detection 
of cervical lymph node metastasis may be limited14

current cohort of patients in which no additional value of cervical ultrasonography was found 
to integrated 18

18

value over 18

which ultrasonography outperformed 18

18F-FDG 

value of cervical ultrasonography to integrated 18

respectively)14, 15

16. 

15, 16. This may have 

result in lower diagnostic accuracies compared to integrated 18

this regard, the only study so far that used integrated 18

2
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no additional value of cervical ultrasonography for the detection of cervical lymph node 

for positive cervical lymph nodes on both 18

14-16. 

cervical lymph node staging in daily practice14-16.

cervical ultrasonography, which reported incidences of cervical lymph node metastases 
14-16

have a higher incidence of cervical lymph node metastases17

lymph node dissection18, 19.

Potential limitations apply to this study. First, in our cohort study the image analysts were 

been missed by both imaging modalities, as no pathological evaluation was available for 
patients with a negative test. These patients were evaluated by clinical follow-up, which is 

of cervical lymph nodes20. Third, the time interval (e.g. 6 or 12 months) in which positive 

18

diagnostic value over a negative 18

introduction of integrated 18
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cervical lesions on 18

because of possible false-positive results.

2
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Assessment of cervical lymph node metastasis 
in esophageal carcinoma using ultrasonography. 

node metastasis along the recurrent nerve chain is 
an indication for cervical lymph node dissection 

1066.

2
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ABSTRACT
Objective
During neoadjuvant chemoradiotherapy for esophageal cancer or in the interval prior to 
surgery some patients develop systemic metastasis. This study aimed to evaluate the diagnostic 
performance of 18

predictors of interval metastases in a large cohort of esophageal cancer patients.

Methods

chemoradiotherapy and pre- and post-treatment 18

were analyzed from a prospectively maintained database. Diagnostic accuracy measures 

pre-treatment predictors of interval metastasis. A prediction score was developed to predict 
the probability of interval metastasis.

Results
18

tumor histology, and baseline SUV

that demonstrated accurate calibration.

Conclusion
18

developing interval metastasis, and could be used to prioritize additional restaging modalities 
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INTRODUCTION

leading cause of cancer-related mortality worldwide1. Currently, surgical resection of the 
esophagus preceded by neoadjuvant chemoradiotherapy is the standard of care for patients 
with non-metastasized esophageal cancer1–3

approach for inoperable locally advanced esophageal cancer4,5

of chemoradiotherapy and subsequent waiting time to surgery, systemic interval metastases 
may develop that were not visible during baseline staging6–8

treatment is no longer possible9.

Currently there is disagreement between guidelines whether all patients should be restaged 
after chemoradiotherapy10–12

computed tomography and integrated 18

(18 11, or partially recommended for patients with cT3-4 
or cN1-3 tumors12

restaging for all patients who receive preoperative chemoradiotherapy10. At present little is 

Several small studies have assessed the role of 18

after neoadjuvant therapy, with reported incidence rates of interval metastases varying from 
13,14

6–8. Also, studies that have 
assessed clinical predictors for interval metastases are scarce15. Accurate prediction of disease 
progression during and shortly after chemoradiotherapy would enable surveillance tailored 

The aim of the current study was two-fold. First, to quantify the incidence of interval 
metastases after chemoradiotherapy, and evaluate the diagnostic performance of 18F-FDG 

identify pre-treatment clinical predictors for interval metastases.

METHODS

Anderson Cancer Centre and the requirement to obtain informed consent was waived. The 

3
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16, and the 

17.

Study population
Data from consecutive patients with biopsy-proven adenocarcinoma or squamous cell 
carcinoma of the esophagus that received chemoradiotherapy (with or without surgery) at 

or 50.4 Gy with concurrent chemotherapy, staging with 18

chemoradiotherapy and 18

patient selection is summarized in Fig. 1. Disease was staged in accordance with the 7th edition 
18

if indicated), and 18

Treatment protocol

all patients underwent re-staging procedures and were discussed in multidisciplinary 
tumor conference. Patients that were deemed eligible for surgical treatment proceeded to 
esophagectomy. Surgical treatment consisted of transthoracic esophagectomy combined with 
lymphadenectomy.

Image acquisition and analysis
Patients were scanned with before and after completion of chemoradiotherapy on a dedicated 

After fasting for at least 6 hours patients were injected with 18

scans were acquired 60-90 minutes after administration of 18F-FDG in either two-dimensional 
(2-D) or three-dimensional (3D) acquisition mode.



45

Detection of interval metastasis

18

images were evaluated for the presence of new lesions with non-physiological 18F-FDG 
accumulation. Suspicious lesions on CT scans with increased focal 18

indicated as malignant. 18

metastasis when new malignant lesions were found outside the anatomic dissection plane of 

Reference standard

18

18

subsequent radiological follow-up were considered as true-positive (TP). Clinical follow-up 
was used as reference standard for patients with a negative 18

18 18

was considered false negative (FN) in case patients developed new metastatic disease within 3 
months after the initial restaging 18

disease progression during follow up were considered as true-negative (TN).

Pre-treatment predictors
All patient, tumor, and treatment-related characteristics as reported in Table 1 were derived 

metastasis detected by 18

gender19 20

cell carcinoma3,20 20,21, signet ring 
cell adenocarcinoma22,23 24,25, 

15,24

junction)18, clinical T-status (T1b-2 versus T3-4)19,20, clinical N status (N0 versus N1-3)20,21, 
26,27, and 

3
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18 15 ) of 

Statistics
Patient and treatment-related characteristics were described as frequencies with percentages for 
categorical variables, mean with standard deviation (SD) for normally distributed variables and 

(PPV), negative predictive value (NPV) and accuracy of 18

p

Model development
The association between clinical characteristics and interval metastasis was studied using the 

multivariable logistic regression model. The initial logistic regression model was reduced using 

providing the concordance statistic (C-statistic). For internal validation the model was 

system was developed using the beta

probability of interval metastasis versus the observed percentage of interval metastasis for 
each level of the prediction score.

RESULTS

18

characteristic are summarized in Table 1. The study population had a mean age of 62.5 years 

18
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patients underwent esophageal resection.

Diagnostic accuracy

of new metastatic lesions are presented in Table 2, and the location of false-positives in Fig. 

months) compared to 59 months for patients without metastatic disease at restaging (47-70 
months).

18

of 18

Pre-treatment prediction of interval metastasis
The univariable association of clinical factors with interval metastasis after chemoradiotherapy 
are summarized in Table 1. After multivariable analysis, clinical nodal involvement (odds 

 

A practical prediction tool for the development of interval metastasis was developed based 

each variable was converted into a corresponding number of points (multiplied by 2) rounded 

3
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+ baseline SUV

18

TABLE 1. Patient and treatment-related characteristics and their association with interval metastasis de-
tected by 18

Characteristic All Patients Potentially 
resectable 
disease

Systemic 
interval 
metastases

p value

n n n
Gender 675 619 56 0.990

Female 108 99 9
Age at diagnosis <65 Years 425 386 39 0.334

358 332 26
2 390 351 39 0.086
2 393 367 26

status
0 283 262 21 0.501
1-2 500 456 44

Weight loss 615 570 45 0.056
168 148 20

AC 672 621 51 0.076
SCC 111 97 14

-
tion gradea

-
erate

363 339 24 0.111

Poor 420 379 41
Signet ring cell adeno-
carcinoma

No 671 617 54 0.529
Yes 112 101 11

length
<4.0 cm 210 204 6 0.001

573 514 59
Nontraversability by No 645 595 50 0.228

Yes 138 123 15
Tumour Location Upper or 

middle
103 93 10 0.309

680 625 55
SUV  primary tumor 
at baseline

<9.6 410 389 21 0.001
373 329 44
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TABLE 1 (continued). Patient and treatment-related characteristics and their association with interval 
metastasis detected by 18

Characteristic All Patients Potentially 
resectable 
disease

Systemic 
interval 
metastases

p value

n n n
Clinical T status (sev-
enth)b

90 86 4 0.159
693 632 61

Clinical N status 
(seventh)b

cN0 268 260 8 <0.001
cN+ 515 458 57

diameterc

<1.0 cm 542 507 35 0.005
241 211 30

baseline
mN0 480 448 32 0.037
mN1 303 270 33

Total radiation dose 
(Gy)

45.0 49 43 6 0.301
50.4 734 675 59

Radiation treatment 
modality

3-D CRT 6 5 1 0.492
505 460 45

Proton Ther-
apy

272 253 19

Chemotherapy regimen
5-FU

236 223 13 0.286

5-FU
265 238 27

5-FU
167 152 15

115 105 10
Determined in pre-treatment biopsy

18; Lymph node diameter was mea-

3
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TABLE 2. Location and treatment of interval metastasis, and false positives on 18

neoadjuvant chemoradiotherapy
n (%)

Location of interval metastasis
 Lung
 Liver
 Retroperitoneal

 Supraclavicular LN

18 (22)
17 (21)
16 (20)
16 (20)
 7 (8)
 7 (8)

Number of locations with recurrence
 1
 >1

49 (75)
16 (25)

Type of management
Treatment focused on tumor reduction
 Chemotherapy
 Radiotherapy
 Chemoradiation

 Best supportive care

40 (62)
31 (78)
5 (12)
4 (10)

25 (38)

TABLE 3. Diagnostic parameters of 18

Parameter 18F-FDG PET/CT

Diagnostic accuracy
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TABLE 4. 
Characteristic Odds-ratio Original 

regression 
Adjusted 
regression

p-value points

Clinical nodal stage
(N+ vs. N0 ) 2.91 (1.34-6.32) 1.069 0.940 0.007 2

2.68 (1.11-6.52) 0.988 0.869 0.029 2
Tumor histology
(squamous cell vs. adeno-
carcinoma) 1.65 (0.86-3.17) 0.501 0.440 0.132 1
SUV  primary tumor at 
baseline

1.66 (0.94-2.93) 0.509 0.448 0.078 1
Total number of points: 0 1 2 3  4 5 6
Number of patients at 

81 31 140 94 165 225 47
-

3
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Figure 1. Flowchart of the study.
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Figure 2. 18 (a/c): 80-year-

(b)

esophagus who had undergone chemoradiotherapy. 18F-FDG accumulation in the 

liver and in the thoracic spine at T5. Follow-up CT showed disease progression.

3
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Figure 3. 18F-FDG avid lesions detected by 18 (a): 

CT image shows new opacities within the left lower with corresponding areas of 18F-FDG activity. The new 

(b) and the appearance was most compatible with radiation-

(c): 42-year-old female 

with adenocarcinoma of the distal esophagus who had undergone chemoradiotherapy. 

show linear 18F-FDG accumulation within the lateral aspect of the left hepatic lobe. The new lesion was 

(d) and was thought to be related to radiation therapy changes, which 
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Figure 4. 

versus the observed frequency of interval metastasis.

Figure 5. 

metastasis after 18

3
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DISCUSSION
Findings in the current study demonstrate that 18

Accurate preoperative detection of (interval) metastasis of esophageal cancer is crucial for 

quality of life due to highly morbid surgery with subsequent recovery time28

as a result of our routine 18

guideline recommendations on restaging patients after neoadjuvant chemoradiotherapy for 
esophageal cancer remain contradictory10–12.

The incidence of interval metastasis in the current study is consistent with the results of 
previous reports6–8, however, there are some important other aspects of 18

lesion will be detected during restaging after chemoradiotherapy, implicating that limited 

29.

Consequently, a more individualized application of 18

mentioned studies precludes assessment of predictors for interval metastasis after neoadjuvant 
therapy6–8,15

metastases, that may guide a more targeted application of 18
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implemented 18

costs.

3,20,21,24,25,30 – has 

a restaging 18

18F-FDG 

additional scans and biopsies (false positives), however, at the potential cost of missing interval 
metastasis (false negatives). Determining an appropriate threshold to initiate restaging will 
depend on patients’ and physicians’ judgments about the harm of missed interval metastasis 
versus unnecessary diagnostic tests and available resources.

restaging (Fig. 1) suggests that small distant metastases, which are not detected by 18F-FDG 
31. This indicates that while 18F-

to detect all early disease progression. Therefore, one may consider close monitoring of high-

response to neoadjuvant therapy may be another motivation to perform 18

complete response – aided by information derived from 18

and-see approach with omission of surgery19,32

18

33–35

18

6,36 and liver and 
29,37

3
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may falsely indicate disease progression (Fig. 2 and 3). Previous studies evaluating new FDG-

metastatic disease37–39

restaging 18 37.

Potential limitations of this study are that it used follow-up information as reference standard, 
which is challenging because follow-up should be long enough to allow hidden cases of disease 
to progress to a detectable stage, while it should be short enough to prevent new cases that 

up lengths. Second, histological biopsy was not performed in all patients with suspected 
interval metastasis, which may have introduced reference test bias. Third, quantitative imaging 

system settings, many of which are center or manufacturer depended. Therefore, future studies 
that use quantitative imaging for prognostic modeling are encouraged to control biases through 
standardization of imaging procedures by using harmonization programs (e.g. Quantitative 

40. Furthermore, the current study represents a single-institution 

generalizability41.

Despite the aforementioned limitations, major strengths of this study include that it is the 
largest study so far to assess the diagnostic performance of 18

score for interval metastasis after chemoradiotherapy for esophageal cancer.
18

developing interval metastasis, and could be used to prioritize additional restaging modalities 
18
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ABSTRACT
Objective
The aim of this population-based cohort study was to determine whether the addition of 
neoadjuvant chemoradiotherapy (nCRT) to surgery is associated with improved pathologic 

Methods

of clinical staging was assessed using the resection specimen as gold standard. After propensity 

overall survival were compared.

Results

matching resulted in 78 patients who underwent nCRT plus surgery versus 78 who underwent 

p

Conclusion

inaccurate. Compared to surgery alone, neoadjuvant chemoradiotherapy was associated with 
higher radical resection rates and improved overall survival.
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INTRODUCTION

the incidence of esophageal carcinoma is increasing1,2. For patients with locally advanced non-
metastatic esophageal cancer, multimodality treatment with neoadjuvant chemoradiotherapy 

surgery alone approach3, 4

of nodal disease during clinical staging, a surgery alone approach may be regarded as the 
designated treatment for these tumors5,6. Unfortunately, current preoperative staging of patients 

5-11.

Due to the limitations of the current clinical staging techniques, a multimodality treatment 
7, 8, 10, 

12

5,6,11,13-15

postoperative complications16-19.

esophageal cancer are equivocal. Therefore, the aim of the present nation-wide multi-centre 
study was to determine whether the addition of nCRT to surgery is associated with improved 
pathologic outcomes, postoperative mortality, and survival in a large cohort of patients with 

METHODS
Data collection and study population
This nation-wide population-based cohort study was conducted with data from the Netherlands 
Cancer Registry (NCR). This registry serves the total Dutch population of 16.8 million 

treatment-related characteristics such as gender, date of birth, tumor histology, tumor stage, 

4
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and primary treatment are routinely obtained from medical records by trained data managers 

emigrated persons in the Netherlands are registered. According to the Central Committee on 

from an ethics committee in the Netherlands. This study was approved by the Privacy Review 

Patients diagnosed with clinical T2 and N0 histologically proven primary esophageal 
adenocarcinoma or squamous cell carcinoma, who underwent esophagectomy with curative 

consisted of patients who received nCRT followed by esophagectomy or esophagectomy alone.

Clinical and pathological staging
After initial diagnosis of esophageal cancer, each patient underwent further investigations 

18

of diagnosis. Patients diagnosed between 2005 and 2009 were staged using the 6th edition, 
and those diagnosed between 2010 and 2014 according to the 7th edition20. Clinical and 
pathological T and N stage were translated according to the 7th edition for this study for 
uniformity purposes.

Treatment

23 fractions of 1.8 Gy]) became standard of care for patients with locally advanced esophageal 

or transhiatal esophagectomy with lymphadenectomy and gastric tube reconstruction with 
cervical or intrathoracic anastomosis.
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Statistical analyses and outcome measures
To estimate the accuracy of clinical staging in the surgery alone group, pathologic staging data 
were used to calculate the respective rates of clinical T- and N- understaging and overstaging. 
Due to the use of induction therapy in the nCRT group clinical T- and N- underderstaging or 
overstaging could not be truly assessed. The postoperative pathological stages were reported.

two treatment groups regarding baseline characteristics and outcomes (i.e. surgical radicality 
and 90-day mortality) the Chi square test was used for categorical variables, and Student’s 

U-test for parametric and non-parametric continuous variables, 

patients in the surgery alone group with a pT2N0-stage versus >pT2N0-stage and for patients 
in the nCRT group with a pT2N0-stage, <pT2N0-stage or >pT2N0-stage.

between the two study groups (nCRT versus surgery alone), propensity score matching 
was performed to create comparable groups. First, a propensity score was calculated for 
each patient using logistic regression, based on available patient and treatment-related 

histology, surgical approach, referral for esophagectomy, year of diagnosis, hospital volume; 

a caliper of 0.25 of the standard deviation of the logit of the propensity score. All analyses 

manage missing data, a complete case analysis was carried out. A p-value of less than 0.05 

RESULTS
Study population and characteristics

or squamous cell carcinoma, who underwent esophagectomy with curative intent in The 

4
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patients received nCRT, and 180 patients underwent surgery alone (Table 1).

in the nCRT group (mean 66.0 vs. 63.5 years, p
diagnosed in more recent years compared to patients in the surgery alone group (2011-2014; 

matching was performed. After propensity score matching 78 versus 78 patients remained, 
and all baseline variables were equally balanced (Table 1).

T- and N- staging

overstaging was reported.

Pathologic T- and N-stage after propensity score matching are presented in Table 3. Pathologic 
downstaging was more frequently observed in patients who underwent nCRT compared to 
surgery alone ( p<0.001).

Radicality

p<0.001). 

understaged (>(y)pT2N0). After propensity score matching nCRT remained associated with 
p

respectively) (Table 3).
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Postoperative mortality
Postoperative 30-day and 90-day mortality before and after propensity score matching are 

p

p

Overall survival

p
curves showed that in the surgery alone group clinically understaged patients (>pT2N0) had 

p

test p<0.001, Figure 1).

After propensity score matching, median follow-up of all patients was 40.4 months [range 

p

p

TABLE 1. Comparison of baseline characteristics of 533 patients who underwent neoadjuvant chemora-

Original cohort Propensity score matched cohort
nCRT + 
surgery

Surgery nCRT + 
surgery

Surgery

n=353 (%) n=180 (%) p-value n=78 (%) n=78 (%) p-value
Age [mean ± SD] * 63.5 ±9.4 66.0 ±9.7 0.005 65.1 ±9.0 67.0 ±10.0 0.205
Gender* 0.409 1.000

259 (73) 138 (77) 63 (81) 63 (81)
 Female 94 (27) 42 (23) 15 (19) 15 (19)

0.184 0.556
 No 295 (84) 142 (79) 60 (77) 63 (81)
 Yes 58 (16) 38 (21) 18 (23) 15 (19)

0.575 0.525
Squamous cell 
carcinoma 76 (22) 35 (19) 15 (19) 12 (15)
 Adenocarcinoma 277 (79) 145 (81) 63 (81) 66 (85)

4
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TABLE 1 (continued). Comparison of baseline characteristics of 533 patients who underwent neoadjuvant 

matching
Original cohort Propensity score matched cohort
nCRT + 
surgery

Surgery nCRT + 
surgery

Surgery

n=353 (%) n=180 (%) p-value n=78 (%) n=78 (%) p-value
Surgical approach* <0.001 1.000
 Transhiatal 147 (42) 116 (64) 47 (60) 47 (60)
 Transthoracal 206 (58) 64 (36) 31 (40) 31 (40)
Referral for 
esophagectomy* 0.004 0.326
 No 119 (34) 84 (47) 34 (44) 28 (36)
 Yes 234 (66) 96 (53) 44 (56) 50 (64)
Year of diagnosis* <0.001 0.814
 2005-2007 9 (3) 70 (39) 9 (12) 8 (10)
 2008-2010 67 (19) 82 (46) 38 (49) 42 (54)
 2011-2014 277 (79) 28 (16) 31 (40) 28 (36)

<0.001 0.931
46 (13) 53 (29) 12 (15) 11 (14)

 11-20 114 (32) 51 (28) 22 (28) 24 (31)
 >20 193 (55) 76 (42) 44 (56) 43 (55)
Note. Data are numbers of patients with percentages in parentheses. *Variables used for propensity score 

TABLE 2. Pathological TN-stage of 533 patients who underwent neoadjuvant chemoradiotherapy or 

nCRT + surgery Surgery
n=353 (%) n=180 (%)

(y)pTN stage
 T0N0 113 (32) n.a. -
 T1N0 0 (0) 0 (0)
 T2N0 131 (37) 69 (38)
 T3-4N0 44 (12) 30 (17)
 T0N+ 9 (3) 0 (0)
 T1N+ 0 (0) 0 (0)
 T2N+ 28 (8) 26 (14)
 T3-4N+ 28 (8) 55 (31)
(y)pTN stage grouped
 <T2N0 113 (32) 0 (0)
 T2N0 131 (37) 69 (38)
 >T2N0 109 (31) 111 (62)
Note. Data are numbers of patients with percentages in parentheses.



71

Treatment of T2N0 esophageal cancer

TABLE 3. Comparison of outcomes after treatment of 533 patients who underwent neoadjuvant chemora-

Original cohort Propensity score matched cohort
nCRT + 
surgery

Surgery nCRT + 
surgery

Surgery

n=353 n=180 p-
value

n=78 n=78 p-
value

* <0.001 <0.001
 (y)pT0 122 (35) 0 (0) 28 (36) 0 (0)
 (yp)T1 0 (0) 0 (0) 0 (0) 0 (0)
 (y)pT2 159 (45) 95 (53) 31 (39) 39 (50)
 (y)pT3 71 (20) 82 (46) 19 (24) 37 (47)
 (y)pT4 1 (.3) 3 (2) 0 0 2 (3)
Pathologic N-stage * <0.001 <0.001
 (y)pN0 288 (82) 99 (55) 66 (85) 39 (50)
 (y)pN1 49 (14) 47 (26) 9 (12) 23 (30)
 (y)pN2 13 (4) 25 (14) 2 (3) 12 (15)
 (y)pN3 3 (1) 9 (9) 1 (1) 4 (5)
Lymph node yield, median 
(range) 16 (1-46) 13 (0-47) <0.001 13 (1-33) 14 (3-47) 0.807

<0.001 0.031
 R1 9 (2) 22 (12) 1 (1) 9 (11)
 R0 344 (98) 158 (88) 77 (99) 69 (89)

 30-day mortality 7 (2) 11 (6) 0.013 3 (4) 6 (8) 0.303
 90-day mortality 7 (2) 17 (9) <0.001 3 (4) 8 0.132

<0.001 0.017
 1-year
 3-year
 5-year
Note. Data are numbers of patients with percentages in parentheses unless indicated otherwise. *Patho-

th -

4
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Figure 1. 

alone group whom were clinically understaged (>pT2N0, red line) versus patients with a clinical true stage 

p

p p<0.001).

Figure 2. 

esophageal cancer.
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DISCUSSION

R0 resection rates and increased overall survival in favor of the nCRT group.

Accurate staging of esophageal cancer is essential to select patients for an appropriate treatment 

5-11. Furthermore, the current 
study found that clinically understaged patients in the surgery alone group had worse overall 
survival compared to patients with accurate clinical staging in the surgery alone group. Due 

locally advanced esophageal cancer4,21, a multimodality treatment approach appears preferable 

and can result in increased postoperative morbidity and mortality10,14,22,23. Therefore, it has 

the argument of clinical understaging alone is not the rightful treatment strategy for these 
patients5

mortality between patients treated with nCRT and surgery alone21. Unfortunately, the current 
study could not asses postoperative morbidity, as data regarding postoperative outcomes were 
not available in the Netherlands Cancer Registry database.

p

nCRT and centralization of esophagectomies in the Netherlands occurred simultaneously, 
which may have improved postoperative mortality rates in favor of the nCRT group. Also, 

for multimodality treatment. These patients represent those in whom there may have been a 

4
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postoperative mortality, because patients who were treated with nCRT and did not proceed 
to surgery were not included in this analysis. Therefore, this study could not assess mortality 

21.

of a recent large population based study that found a worse overall survival for understaged 

chemo(radio)therapy12.

5,6,11,13-15. 

studies only included a small number of patients (between 27 up to 71 patients)7,8,10,11,13 resulting 

treatment-related characteristics10,11. Third, one larger study corrected for pathological tumor 

the relationship between downsizing (lower pTN stage) and survival6. Fourth, many studies 
used second-best neoadjuvant therapies such as radiotherapy alone15, or nCRT including the 

5,14 which may be inferior with regard to 
safety and postoperative mortality in comparison with the chemotherapeutic regimen used in 

21,24.

the comparability between the two groups. Propensity score matching is considered as a high 
25
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Strengths of this study include the relatively large sample size compared to many previous 

of this study suggest that neoadjuvant chemoradiotherapy may be preferable as treatment 

4
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ABSTRACT
Objective
The aim of this study was to assess the diagnostic performance of 18

(18 18

tomography (CT) for diagnosing recurrent esophageal cancer after initial treatment with 
curative intent.

Methods

18

18 18

routine clinical follow-up or in symptomatic patients suspected of recurrent esophageal cancer 
were deemed eligible for inclusion. The primary outcome was the presence of recurrent 

bias and applicability concerns were assessed using the QUADAS-2 tool. Sensitivities and 

Results

with esophageal cancer that underwent 18

with curative intent. The quality of the included studies assessed by the QUADAS-2 tool was 

18 18

18

test was performed on indication during clinical follow-up. Pooled estimates of sensitivity 
18

Conclusion
18

intent. The use of 18

18

remains required, since a considerable false positive rate is noticed.
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INTRODUCTION
Surgical resection of the esophagus with en-bloc lymphadenectomy remains the cornerstone 
of treatment with curative intent for patients with localized esophageal cancer1. A multimodal 

with neoadjuvant chemo(radio)therapy over surgery alone2,3

patients with esophageal cancer who are treated with curative intent remain relatively poor 
3,4. This is mainly attributable to the high incidence of recurrent disease early after 

5-7

surgery with median time to recurrence of 10 to 12 months6,7. About half of these patients 

mainly5-7. Locoregional recurrence or a combination of locoregional and distant recurrence 
7. After diagnosing recurrent esophageal cancer 

poor median survival rates of 3 to 8 months have been reported8.

Currently, most institutes use conventional imaging modalities such as computed tomography 

9

distant recurrent esophageal cancer may be radiological occult on CT or may occur in unusual 
10.

Whole-body 18 18

integrated 18

18F-FDG 

metastases11. Accordingly, 18

detecting recurrent disease in the post-operative follow-up of esophageal cancer patients as 
recurrences predominantly tend to occur at distant sites7

have been published on the utility of 18

study design and patient populations may cause heterogeneity in reported outcomes.

this study was to systematically review and meta-analyze the diagnostic performance of 18

5
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METHODS

Search strategy
th

Study selection
After removing duplicates of the retrieved articles, titles and abstracts were screened for 

relevant articles was retrieved and independently assessed by two authors for inclusion (L.G. 
and P.S.N.v.R.).

18 18

in symptomatic patients suspected of recurrent esophageal cancer were deemed eligible for 

intent for esophageal cancer, and that reported on the diagnostic accuracy of 18

intent should have had at least included surgery, either or not combined with (neo)adjuvant 

by histopathological biopsy or clinical follow-up.

Case reports, studies with less than 10 included patients, reviews, poster abstracts and animal studies 

authors. References of the included studies and of related review studies were also screened for 
inclusion. Disagreements regarding the eligibility of a study were resolved by consensus.

Study and patient characteristics along with 18

two authors independently (L.G. and P.S.N.v.R.), according to the revised Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS-2) tool12
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Statistical analysis
The target condition consisted of the presence of recurrent esophageal cancer as determined 
by histopathological biopsy or clinical follow-up. From each included study the number of 
true positives (TP), false positives (FP), true negatives (TN) and false negatives (FN) were 

leading to these estimates according to the total number of patients with and without recurrent 
disease were recalculated to prevent overestimation of the weight of the results. Subsequently, 

were calculated and depicted in Forest plots.

13. The bivariate model also 

18

14.

Subgroup analyses were performed by adding the following study characteristics (covariates) 
18 18

N.C., USA) was used to estimate the parameters of the bivariate model.

RESULTS
Eligible Studies

the Cochrane library (Table 1). After removing duplicates, 1867 articles remained of which 

5
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title and abstract were reviewed. Forty-three articles were deemed potentially relevant for this 

result15,16. Screening of references of these eligible articles and related review studies did 
not yield additional relevant publications. Consequently, eight studies met our inclusion and 

18

of study selection is summarized in Figure 1.

The general characteristics of the included studies are presented in Table 217-24. Table 3 outlines 
the used 18

studies was prospectively designed to answer this research question22. The duration of clinical 
follow-up after acquisition of a 18

the included studies 23 17,18,20,21,24, and not described in 
two other studies19,22 18

analyzed17,18,20,21 and three studies analyzed the diagnostic value of standalone 18 22-

24 18 18

19 19,21-23, 
whereas in the other studies the diagnostic test was performed on indication during clinical 
follow-up17,18,20,24 18

17 
24 basis.

Quality assessment
The results of the quality assessment using the QUADAS-2 tool are presented in Table 4. 

20
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studies because the study population consisted of patients that underwent a variety of treatment 

applicability, the quality of the currently available literature was considered reasonable.

Diagnostic accuracy
The results of two studies that assessed the diagnostic value of 18

17,24. The paired 

the calculation of the overall pooled estimates only the data of Roedl [1] - and not of Roedl 
[2] - was used to prevent using the data from this study twice19. Sensitivity was eventually 

of origin (Asian versus non-Asian) (Table 5).

TABLE 1.
No. Search query Pubmed Embase Cochrane

1 - 73.205 94.057 3.121

2 - 128.173 127.316 8.707

3 2.206.283 2.270.954 90.252

4 #1 AND #2 AND #3 948 1.684 60

5
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TABLE 4. Quality assessment of included studies
First author, year Risk of bias Applicability concerns

Patient 
selection test

Reference 
standard

Flow 
and 
timing

Patient 
selection test

Reference 
standard

Sharma, 2014 L L U L L L
Sun, 2009 L L U L L L
Roedl, 2008 L L U U L L L
Guo, 2007 L U L L L
Jadvar, 2006 U L U L L
Teyton, 2008 L L U U L L L
Kato, 2004 L L U L L L
Flamen, 2000 L L U L L L L

TABLE 5.
Factor No. of studies p-value
Type of scan
 18 5 0.213
 18 4

 Routine imaging 4 0.748
 Clinical suspicion 4
Country of origin
 Asian 4 0.099
 Non-Asian 4

sensitivity.
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Figure 1. Flowchart summarizing search results and study selection.

5
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Figure 2. A: Forest plot of sensitivity of integrated 18-

number of FN. 
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Figure 2. B: 18

+ number of FP.

5
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Figure 3.

DISCUSSION

evidence on the accuracy of 18

cancer after primary treatment with curative intent. The methodological quality of the eight 

studies. Pooled estimates for 18

18

with esophageal cancer after primary treatment.

the reference test, and inclusion of heterogeneous treatment modalities among individual 
studies. Another limitation is the limited number of included studies in this meta-analysis. 
Also, in this meta-analysis three of eight studies only included patients with a clinical suspicion 
of recurrence. This may have led to an overestimation of the diagnostic value of 18F-FDG 

18
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18

reliable and second best reference test (clinical follow-up instead of histopathological biopsy), 
which may have resulted in a slight overestimation of sensitivity and underestimation of 

25. None of the included studies applied a correction method to their results for this 
potential bias.

Conventional imaging modalities for recurrent esophageal cancer include, endoscopy with 

detect distant metastases26. Currently, distant metastases are of particular interest since the 
incidence of locoregional recurrence is substantially reduced by new treatment algorithms, 
including neoadjuvant chemo(radio)therapy7. CT scans are commonly used for detection of 
distant metastases, although the diagnostic value of CT for local recurrence is limited at the 
site of resection due to anatomic distortion caused by surgery and radiotherapy9. Furthermore, 
only limited data on the diagnostic value of CT for detecting recurrent esophageal cancer is 

22,23. The pooled sensitivity 
estimate for 18 18F-

comparison in two studies22,23.

18 18

22,23

18

pneumonitis or dilation of anastomotic strictures20,27,28. A combination of metabolic imaging 
(18

15,17,19. To this regard, 
the only direct comparative study in esophageal cancer recurrence diagnosis found a higher 

19. 
18 18

5
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18F-FDG 

were reported on a per-lesion basis in 5 of 8 studies17,19,20,23,24

18 17, 19, 20 compared with 18 19,23,24. 

17,19,20 19,23,24

dependency on the pre-test probability (e.g. prevalence of true recurrences), which varies 

of note is the continuous technological progress of 18

reconstruction algorithms, and 18

29. These developments may prove to further increase the 
accuracy in diagnosing recurrent esophageal cancer.

endoscopy with biopsies after initial treatment for esophageal cancer30,31

refrain from routine imaging is the limited amount of adequate therapeutic options when 
recurrence is detected. Current treatment options for recurrent disease consist of salvage 
chemo(radio)therapy which is associated with symptomatic relief and improved survival 
rates32,33

for selected cases of localized recurrence or solitary recurrence in lymph nodes, lungs and 
subcutaneous lesions is safe and may improve survival34-38. This is supported by a recent 

lymphadenectomy compared to chemo(radio)therapy in patients with cervical lymph node 
recurrence37.

been shown to possess the ability to detect recurrent esophageal cancer in a pre-symptomatic 
phase39,40
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and gain of quality of life after early detection of recurrent esophageal disease. Therefore, 
with the limited evidence available for routine imaging in recurrent esophageal cancer, at this 

the method of choice is 18

This meta-analysis demonstrates that 18

cancer. The use of 18

18

18F-FDG 

improving clinical outcome, remains subject of debate. Future studies are warranted to 
analyze whether earlier detection of recurrent esophageal cancer along with more aggressive 
therapeutic approaches will improve survival and quality of life.

5
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ABSTRACT
Objective
To develop a nomogram that estimates 1-year recurrence free survival (RFS) after trimodality 

Methods

who underwent CRT were included for analysis, including 373 patients who underwent 
esophagectomy after CRT (trimodality therapy), and 195 who did not underwent surgery 

respectively.

Results

included male gender, poor histologic grade, signet ring cell adenocarcinoma, cN1, cN2-3, and 
baseline SUV

p
p

Conclusion

is less pronounced.
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INTRODUCTION
Neoadjuvant chemoradiotherapy (CRT) combined with surgical resection of the esophagus 
(trimodality therapy) is a generally recommended treatment strategy with curative intent for 
patients with locally advanced esophageal cancer1,2

is an alternative approach for patients with a poor performance status or inoperable locally 
advanced esophageal cancer3,4. Despite recent improvement in multimodality treatment and 
perioperative care, esophageal cancer remains a devastating condition for the patient with an 

5–7.

8

this setting is generally poor9

health-related quality of life10. Despite improvements in (minimally invasive) surgical 

mortality11,12. Furthermore, esophagectomy has been associated with a reduction in health-
related quality of life up to 3-12 months following surgery13–15. As such, in the group of patients 

13–15. Some suggest 
that consideration should therefore be given to less invasive treatment strategies in patients 

10

Currently most available studies assessing prognosis after trimodality therapy rely on the 
postoperative available pathology results of the resection specimen, limiting their practical 

10,16,17. Additionally, no single clinicopathological 
characteristic in esophageal cancer can yet optimally predict prognosis preoperatively. 

1-year recurrence free survival (RFS) after trimodality therapy for esophageal adenocarcinoma 
– incorporating multiple clinicopathological characteristics and 18

early disease recurrence.

6
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METHODS
Study population
From a prospectively acquired database, all patients with locally advanced potentially 
resectable adenocarcinoma of the esophagus (cT1N+ or cT2-4aNany) considered eligible for 
curative resection after initial staging who underwent trimodality therapy or bimodality 

18

was not performed, or if restaging after CRT discovered distant metastases. Staging was 
performed in accordance with the 7th

18

18

and cN-status reported in this study were determined before the start of CRT. This study 

Treatment protocol

compound with concurrent radiotherapy (45 or 50.4 Gy in fractions of 1.8 Gy) (Table 1). 
Patients were considered to have received trimodality therapy if esophagectomy was performed 
within 4 months after completion of CRT. Reasons to refrain from surgery (bimodality 
therapy) included patient and physician choice (e.g. physician preference for observation), 
or a decline in performance status secondary to CRT. Surgical treatment consisted of either 

with abdominal and thoracic lymphadenectomy. The choice of technique was at the discretion 
of the treating surgeon.

Follow-up

6 months during the second and third year, and 12 months until 5 years after treatment or 

18

RFS after trimodality therapy and was calculated from the day of surgery to either the date 
of recurrence or end of follow-up (censored at 12 months in case of >12 months follow-up). 

5 years in case of >5-year follow-up).
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Preoperative predictors
Clinical characteristics were derived from the prospective collected departmental registry. 

points (Table 1)10,19–21.

Statistical analysis

22

p-value of 

Model development

r

23. For internal validation the model was subjected to 
200 bootstrap resamples to calculate the optimism of the model, after which the C-statistic 

used to construct a nomogram.

Propensity score matching

strata. A propensity score was generated using logistic regression, based on all covariates 

24

groups, respectively.

6
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RESULTS
Patient and treatment-related characteristics

criteria, 373 underwent trimodality therapy and 195 underwent bimodality therapy (Figure 1). 

Preoperative prediction model for early disease recurrence

6.6-11.6). A detailed description of the location and treatment of 1-year disease recurrence is 

The association of clinical characteristics with 1-year RFS in univariable analysis are presented 

SUV

constructed (Figure 2). The discriminative ability of the nomogram was reasonable with an 
apparent C-statistic of 0.67, and 0.66 after adjustment for optimism. Calibration was accurate, 
with predictions corresponding closely with the actual observed 1-year RFS probability 
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p<0.001). After applying the 

p

Survival comparison between trimodality and bimodality therapy in low- and high-
risk patients
After propensity score matching, balance in patient and tumor characteristics between the 

p

p

TABLE 1. Patient, tumor, re-staging, and treatment-related characteristics of patients treated with trimo-
dality or bimodality therapy
Characteristic Trimodality therapy 

(n= 373)
Bimodality therapy
(n= 195)

p-value Missing, 
nd

Baseline staging Value Value
Gender 0.229 0
 Female 36 13

337 182
Age (years)a 60 ± 10 68 ±9 0

2)a 25.9 ± 5.04 27.9 ±6.04 0
<0.001 0

 0 160 49
 1-2 213 146
Weight loss 0.810 0

294 152
79 43

0.232 0
164 96

 Poor 209 99
Signet ring cell adenocarcinoma 0.453 0
 No 317 161
 Yes 56 34

6
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TABLE 1 (continued). Patient, tumor, re-staging, and treatment-related characteristics of patients treated 
with trimodality or bimodality therapy
Characteristic Trimodality therapy 

(n= 373)
Bimodality therapy
(n= 195)

p-value Missing, 
nd

Baseline staging Value Value
0.087 0

 <4cm 150 93
223 102

0.751 0
 No 310 160
 Yes 63 35
Clinical T status (seventh)b 0.920 0

47 24
326 171

Clinical N status (seventh)b 0.111 0
 cN0 133 80
 cN1 138 77
 cN2-3 102 38

c 0.676 0
 <1cm 259 139

114 56
0.138 0

 mN0 225 130
 mN+ 148 65
Celiac lymph node involvement 0.155 0
 No 354 190
 Yes 19 5

0.006 0
 No 235 145
 Yes 138 50
Chemotherapy regimen <0.001 0

150 42
104 81

-
abine

81 44

38 28
Total Radiation dose (Gy) 0.192 0
 45.0 17 14
 50.4 356 181
Postchemoradiation staging
Subjective assessment 18 0.001 0
 No complete 
response

251 103

 Clinical complete 
response

122 92
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TABLE 1 (continued). Patient, tumor, re-staging, and treatment-related characteristics of patients treated 
with trimodality or bimodality therapy
Characteristic Trimodality therapy 

(n= 373)
Bimodality therapy
(n= 195)

p-value Missing, 
nd

Postchemoradiation 
staging Value Value

Postchemoradiation endoscopic biopsy 0.066
 No residual cancer 319 174
 Residual cancer 49 16
Days from comple-
tion CRT to surgerya

60 ± 19
0

Data are numbers, with percentages in parentheses. 
-

cation18; 
CT images; 

TABLE 2. Patient, tumor, re-staging, and treatment-related characteristics of patients low- and high
of 1-year disease recurrence according to nomogram after propensity score matching

Propensity score matched
low-risk patients

Propensity score matched
high-risk patients

Characteristics TMT
(n= 118)

BMT 
(n=118)

p-value TMT
(n= 54)

BMT 
(n=54)

p-value

value value value value
Gender (male) 108 109 0.811 52 52 0.497
Age (years)a 65 7 67 9 0.153 65 8 66 10 0.400

status (1-2) 71 79 0.279 41 44 0.481
22 24 0.742 15 14 0.828

(Poor) 35 36 0.887 54 54 1.000
Signet ring cell adeno-
carcinoma (Yes) 7 9 0.156 16 19 0.537

49 52 0.693 41 41 1.000
Nontraversability by 

16 22 0.288 14 10 0.355

b 95 99 0.496 53 52 0.558
Clinical N status 
(cN1)b 37 35 0.926 31 33 0.890
(cN2-3) 18 17 19 18
FDG avid nodes at 
baseline (mN+) 31 32 0.883 30 29 0.847
Celiac lymph node 
involvement (Yes) 4 1 0.175 5 4 0.728

64 64 1.000 53 53 1.000
 

therapy (Yes) 34 33 0.885 19 16 0.537

6
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TABLE 2 (continued). Patient, tumor, re-staging, and treatment-related characteristics of patients low- 
and high

Propensity score matched
low-risk patients

Propensity score matched
high-risk patients

Characteristics TMT
(n= 118)

BMT 
(n=118) p-value TMT

(n= 54)
BMT 
(n=54) p-value

value value value value
Postchemoradiation staging
Assessment 18F-FDG 

49 55 0.431 17 21 0.420

(RC) 14 11 0.526 5 5 1.000
Data are numbers, with percentages in parentheses; b

-
tion18

residual cancer.

Figure 1: 

Patients with esophageal
adenocarcinoma that meet in- and

exclusion criteria (n=568)

Received trimodality therapy
(n=373)

Received bimodality therapy
(n=195)

Nomogram development for early
disease recurrence (n=373)

Low-risk early disease recurrence:
Trimodality therapy (n=256)
Bimodality therapy (n=135)

Low-risk early disease recurrence:
Trimodality therapy (n=118)
Bimodality therapy (n=118)

High-risk early disease recurrence:
Trimodality therapy (n=117)
Bimodality therapy (n=60)

High-risk early disease recurrence:
Trimodality therapy (n=54)
Bimodality therapy (n=54)

Propensity score matching Propensity score matching
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Figure 2

Figure 3: A) 

B) groups after propensity score matching, respectively.
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DISCUSSION

this easy-to-use scoring system treating physicians could generate individualized predictions 
on early disease recurrence after surgery. As such, identifying subgroups of patients with 

of care.

Currently the NCCN guideline recommends preoperative chemoradiation with subsequent 
2

7. The location of 

months8,9,25

with a median post-recurrence survival of 9 months.

The relatively high incidence of early disease recurrence after trimodality therapy suggests 
that small distant metastases, which are not detected by currently available staging techniques, 
may already have occurred at the time of esophagectomy20. Until clinical staging improves 

CRT (with 50.4 Gy) and closely monitor patients for systemic disease. Salvage surgery could 

within one year26,27. Another option would be to avoid chemoradiation due to its considerable 
morbidity and directly move to esophagectomy28
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adenocarcinoma, baseline cN1, cN2-3, and baseline SUV

10,19–21,28

compared to patients treated with bimodality therapy.

considerably less pronounced, an argument could therefore be made to refrain from surgery 

patient with an otherwise resectable tumor based on the predicted outcomes of a nomogram. 

29. Furthermore, potential advances that could improve patient 

magnetic resonance imaging30–32. The latter has shown to have a role in the prediction of 
pathologic complete response to neoadjuvant CRT31,32.

the developed nomogram is warranted to determine generalizability33. Second, although 
propensity score matching was performed to improve the comparability between the two 

6
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population. Despite these limitations, the major strengths of this study include that it is the 

RFS after esophagectomy, providing detailed analyses of handling variables, model building, 
validation and calibration according to a standardized template for conducting and reporting 
of prognostic studies34. This will facilitate validation in other populations and incorporation 

distinction between 1-year RFS in another patient group (i.e. the bimodality group) suggests 
generalizability of the model.

This study demonstrates a novel nomogram that predicts the preoperative probability of 
early disease recurrence after trimodality therapy for patients with esophageal cancer. The 



115

Prediction of early recurrence

REFERENCES

Guidelines for diagnosis, treatment and follow-

January 1, 2017.

Standard of Care in Patients with Non-metastatic 

188.

chemoradiation versus surgery in patients with 

results from a randomized controlled trial. Ann 

et al. Preoperative chemoradiotherapy for 

al. Survival after neoadjuvant chemotherapy or 
chemoradiotherapy for resectable oesophageal 

et al. Neoadjuvant chemoradiotherapy plus 
surgery versus surgery alone for oesophageal 

Diagnostic Performance of 18

Prognosis and Treatment After Diagnosis of 

10. Davies AR, Pillai A, Sinha P, et al. Factors 
associated with early recurrence and death 

oesophagectomy for patients with oesophageal 

oesophagectomy on major postoperative 

of neoadjuvant chemoradiotherapy followed by 
surgical intervention. J Thorac Cardiovasc Surg. 

cured by surgery for esophageal cancer. Cancer. 

JW, et al. Quality of life after transhiatal 

for adenocarcinoma of the esophagus. J Clin 

on Long-term Survival and Recurrence Rates 

6



116

Chapter 6

Prognostic Value of Pretreatment Pathological 

Neoadjuvant Chemoradiotherapy Plus Surgery 

Clinical predictors of early cancer-related 
mortality following neoadjuvant therapy and 

Squamous Cell Carcinoma. Ann Thorac Surg. 

Prior to Neoadjuvant Chemoradiotherapy 

imputation for missing data in epidemiological 

models, evaluating assumptions and adequacy, 

24. Austin PC. A comparison of 12 algorithms for 

Survival after recurrent esophageal carcinoma 
has not improved over the past 18 years. Ann 

Surveillance and Success of Salvage Strategies 

3405.

Surgery After Chemoradiotherapy in the 

3873.

179.

et al. Validation of a Nomogram Predicting 

Circulating Cell-Free DNA Levels Could Predict 

imaging for the prediction of pathologic response 
to neoadjuvant chemoradiotherapy in esophageal 

response assessment in patients with oesophageal 
cancer receiving neoadjuvant chemoradiotherapy. 

to build and interpret a nomogram for cancer 

Transparent Reporting of a multivariable 



117

Prediction of early recurrence

6





7Preoperative nomogram to predict early 
disease recurrence after neoadjuvant 

chemoradiotherapy and surgery for 
esophageal adenocarcinoma

Lucas Goense  

Peter S.N. van Rossum 

 

 

 

 

 

 

 

Annals of Surgical Oncology. 2018;25:1598–1607

predicting overall survival in patients after 
neoadjuvant chemoradiotherapy and  

surgery for esophageal cancer

Lucas Goense 

 

Andrea L. Arnett 

 

 

Jelle P. Ruurda 

 

 

Annals of Thoracic Surgery. 2018



120

Chapter 7

ABSTRACT
Objective

with neoadjuvant chemoradiotherapy (nCRT) combined with surgery for esophageal or 
junctional cancer. The nomogram included clinical nodal category (cN), pathological tumour 
category (ypT) and number of positive lymph nodes in the resection specimen (ypN). The aim 

progression-free survival (PFS) after nCRT followed by surgery.

Methods
Patients with potentially resectable esophageal or junctional carcinoma that underwent nCRT 
plus surgery between 1998 and 2015 at 3 academic centers were included. The discriminative 

PFS probabilities against predicted probabilities.

Results

nomogram was also useful for the prediction of PFS (C-statistic of 0.64). Calibration of the 

with the actual observed estimates.

Conclusion

independent international cohort of esophageal cancer patients. The current validated model 

surveillance after treatment.
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INTRODUCTION

worldwide1,2. For patients with locally advanced non-metastatic esophageal cancer neoadjuvant 
chemoradiotherapy (nCRT) combined with surgical resection of the esophagus is regarded 
as standard of care in many countries3,4

treatment with curative intent5,6. Timely and accurate prediction of disease progression and 

to improve survival.

Previous prediction models and staging tools were mainly based on pathologic data from 
esophageal cancer patients treated with surgery alone. Therefore, Shapiro and colleagues 

with nCRT followed by surgery for esophageal or junctional cancer7. This prediction model 
is of special interest as it was constructed in a prospectively collectedmulticenter cohort of 

6,7. 

recommendations on model development. The proposed model relies on clinicopathologic 

of positive lymph nodes in the resection specimen (ypN)7. Although the nomogram was 

8,9.

The aim of this study was to investigate whether the recently introduced nomogram is 

model for the prediction of progression-free survival (PFS) after nCRT followed by surgery in 
patients with esophageal or junctional cancer, respectively. An international multi-institutional 

METHODS
This retrospective study has been approved by the institutional review boards of each 
participating institution and the requirement to obtain informed consent was waived. The 

10.

7
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Consecutive patients with locally advanced non-metastatic resectable esophageal or 
gastro-esophageal junction carcinoma (cT1N+ or cT2-4aNany) who underwent neoadjuvant 
chemoradiotherapy followed by esophagectomy at 3 major academic institutions were selected 

accordance with the initial published nomogram patients with an incomplete resection (R1) 
7.

that was valid at the time of diagnosis. Staging variables were translated according to the 
7th edition for this study – based on the data available in the prospective databases - for 
uniformity purposes11

if indicated), and either standalone computed tomography with contrast (CT) or integrated 
18 18

staging. Pre-treatment staging was reasonably comparable to that of the initial nomogram 
study7.

Treatment protocol
All patients were discussed in a multidisciplinary conference before initiation of treatment. 

6

12, with concurrent radiotherapy (41.4, 45 
or 50.4 Gy in fractions of 1.8 Gy). After completion of neoadjuvant treatment patients were 
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Follow-up
After treatment the most common follow-up schedule included outpatient follow-up visits 

was only performed in case of a clinical indication and in two centers during every follow-

esophagectomy to either the date of death or last follow-up, or the date of disease progression 

initial prediction model. Death from non-disease-related causes (e.g. myocardial infarction) 
were censored in the PFS analysis.

Pathological analysis
The resected specimens were processed according to standardized institutional protocols 

11. The (circumferential) resection margin was evaluated using 
the College of American Pathologist criteria13. The degree of histopathologic tumor regression 
was graded according to the system proposed by Chirieac and colleagues14,15.

Statistical analysis
Patient and treatment-related characteristics were described as count with percentages 
for categorical variables and mean with standard deviation (SD) or median with range 

according to the previously published nomogram (Figure 1)7. The discriminative ability of 

16. The cohort was categorized into 5 
groups based on the nomogram score in ascending order. For each group the observed 1-year 

to how closely the predicted probabilities by the nomogram agree with the observed survival 
probabilities, was visually assessed by plotting actual survival probabilities against predicted 

assessed by adding an interaction-term between the nomogram score and type of treatment 
or hospital.

7
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model was used with the nomogram points as independent variable. The discriminative ability 
16. For the purpose of PFS prediction, 

the nomogram score was internally validated using 200 bootstrap resamples, after which the 
C-statistic was adjusted. The accuracy of the nomogram to predict 1-year and 5-year PFS was 

p-value 

RESULTS
Patient and treatment-related characteristics

treatment-related characteristic are shown in Table 1. The study population had a mean age 

A nomogram was previously published to predict 1-year and 5-year survival after neoadjuvant 
chemoradiotherapy followed by esophagectomy (Figure 1). The variables included in the 
nomogram were cN, ypT and ypN-category. The discriminative ability of the nomogram 

rates at 1-year and 5-year, are presented in Figure 2. The dotted line represents the optimal line 
in case of complete concordance between predicted and observed PFS. The correspondence 

or 50.4 Gy [p= p=0.358], and transhiatal 
versus transthoracic surgery [p=
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Prediction of progression-free survival
The discriminative ability of nomogram to predict PFS was reasonable with a C-statistic 

predictions corresponding closely with the actual observed 1-year and 5-year PFS probabilities 
(Figure 2). The predicted 1-year and 5-year PFS estimations, based on the points provided by 
the nomogram are presented in Figure 1. The individual clinical variables constituting the 3 

prognostic factors of PFS in univariable and multivariable analysis the current cohort of 
patients (Table 2).

TABLE 1. Patient, tumor, staging, and treatment-related characteristics of patients treated with neoadjuvant 
chemoradiotherapy followed by surgery for esophageal cancer
Characteristic nCRT and surgery

(n=975)
Missing, n

Value
Gender 0
 Female 136

839
Age (years)a 60.42 ±9.88 0

0
 0 513
 1-2 428
Weight loss 0

775
200

0
 Squamous cell carcinoma 121
 Adenocarcinoma 854
Tumor Location 0

14
81
880

b

339
 Poor 565

5.28 ±2.72
Clinical T category (seventh)c 0
 T1 14
 T2 141
 T3 797
 T4 23

7
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TABLE 1 (continued). Patient, tumor, staging, and treatment-related characteristics of patients treated 
with neoadjuvant chemoradiotherapy followed by surgery for esophageal cancer
Characteristic nCRT and surgery

(n=975)
Missing, n

Value
Clinical N category (seventh)c 0
 cN0 305
 cN1 439
 cN2-3 231
Total Radiation dose (Gy) 0
 41.4 161
 45.0 124
 50.4 690
Chemotherapy regimen

351
624

Surgical approach 0
 Transhiatal 49
 Transthoracic 926
Number of resected lymphnodesd 20 14-26 0
Pathological T-category (seventh)c 0
 ypT0 304
 ypT1 190
 ypT2 173
 ypT3 302
 ypT4 6
Pathological N-category (seventh)c 0
 ypN0 642
 ypN1 210
 ypN2 88
 ypN3 35
Time to surgery from CRT 54 ±18
Data are numbers, with percentages in parentheses unless indicated otherwise; 

Determined in pretreatment biopsy. 
d: Data are depicted as median (in-

terquartile range) 
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TABLE 2. 
survival in patients treated with neoadjuvant chemoradiotherapy followed by surgery for esophageal cancer
Characteristic 1-year 

PFS 
estimatea

5-year 
PFS 
estimatea

p-valuea Hazard ratiob

-
dence interval)

p-valueb Points 
according to 
nomogram

cN-category <0.001
 cN0 reference - 0
 cN+ 1.29 (1.03-1.62) 0.030 2
pT-category <0.001
 ypT0 reference - 0

1.41 (1.06-1.86) 0.017 2
 ypT3 1.90 (1.43-2.54) 0.000 4
pN-category <0.001
 ypN0 reference - 0
 ypN1 1.55 (1.22-1.97) <0.001 4
 ypN2 2.07 (1.51-2.84) <0.001 5
 ypN3 3.75 (2.45-5.74) <0.001 10

7

survival.

Points 0  2  4 6 8 10 

             
Clinical nodal category cN0   cN1          

             
Pathological tumor category ypT0  ypT1/2 ypT3       

            

Pathological nodal category ypN0     ypN1 ypN2     ypN3 

            
Total points 0 2 4 6 8 10 12 14 16 

           
5-year survival  (%)a 70 62 53 43 33 23 14 7 3 

           
1-year survival  (%)a 91 88 85 81 75 68 60 51 41 

           
5-year disease-free survival (%)b 73 66 58 48 38 28 19 11 5 

         
1-year disease-free survival (%)b 86 82 77 71 64 55 45 35 25 

Figure 1. Nomogram for overall survival and disease-free survival in patients with esophageal or esophagogastric 

junction carcinoma treated with neoadjuvant chemoradiotherapy plus surgery. Figure is adapted from Shapiro et 

al.7. 

7
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Figure 2. Calibration plot showing the predicted versus the observed probability of 1-year and 5-year 

overall survival and progression-free survival. The grey line represents the optimal line in case of complete 

concordance between predicted and observed progression-free survival.
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DISCUSSION

cancer patients in an independent international cohort of 975 patients. The nomogram showed 
reasonable discrimination – comparable to the initial publication – and calibration showed 

prediction of PFS based on the nomogram score showed reasonable discrimination and 
accurate calibration.

types of cancer17. Unfortunately, many nomograms show decreased performance when 

validation)16. Reasons for this loss in performance include; optimism of the initial model due 
18), 

18,19. 

is therefore essential to assess their actual performance and to enhance their widespread use 
in clinical practice9. To this regard, the results of the current study ensure the reproducibility 
and reliability of the previously published nomogram to other hospitals and geographical 
areas, and therewith support its use in clinical practice.

surveillance strategies and prompt earlier initiation of interventions to improve survival. Given 
5,12

disease progression after treatment with curative intent, there is currently interest in adjuvant 
20–22. 

21,22. The current NCCN and 

of their clinicopahtological characteristics3,4

shown that adjuvant chemotherapy after nCRT and surgery may improve survival in patients 
with residual nodal disease21,22

a validated nomogram for treatment selection may increase the precision of patient selection 
because it incorporates multiple clinicopathological features into one PFS estimation. As such 

7
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of disease progression after nCRT combined with surgery, as there is currently limited 
evidence that routine follow-up will impact outcome3,4

routine imaging is that early detection of disease progression may improve quality of life and 
survival23

main challenge for the present clinical practice is that currently available routine follow-up 

detected by the onset of symptoms between apparently normal surveillance scans23

given that half of the patients will not develop disease progression after treatment5,12, it could 

imaging. For this reason one may suggest that surveillance should be tailored to each patients 

present study indicates that cN-category holds independent prognostic information beyond 
ypN-category in patients treated with nCRT followed by esohpagectomy7

of chemoradiotherapy, cN-category does not necessarily estimate the same disease category as 
ypN-category. Although initial clinical staging is notoriously imprecise24,25, the current study 

determined in the resection specimen after nCRT, and had better prognostic strength compared 
to cN-category26

determined in the resection specimen could be a useful novel prognostic factor that bypasses 

patients in the future. Furthermore, well recognized prognostic factors, such as involvement 
of signet ring cells in adenocarcinoma27,28 29,30, and 

31,32 may have additional independent prognostic value beyond the current 
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primary aim was to validate the nomogram as initially described.

As the current nomogram relies on the postoperative available pathology results of the 
resection specimen to predict prognosis after trimodality therapy, it has limited practicality 
prior to surgery or for patients who do not undergo surgery at al. A previous study has shown 

33. These patients in 

patients do not proceed to surgery either because they do not have the physiologic capability 
34

characteristics that are available prior to surgery have to be used to predict their prognosis. A 
recent study showed that gender, histologic grade, signet ring cell adenocarcinoma, clinical 
nodal stage, and baseline SUV can be used as surrogates for prognosis in case no resection 
specimen is available34.

Several limitations of the current study must be considered. First, the time span for inclusion 
of patients was relatively long. Therefore clinical and pathological staging approaches may 

the incorporation of novel prognostic variables. Rather than developing new models from 
scratch, researchers should consider improving the current validated model by adding novel 
predictors35. Despite these limitations, strengths of this study include its relatively large 
number of patients derived from prospective data registries at 3 academic centers to validate 
an easy to use nomogram for the prediction of survival after nCRT followed by surgery for 
patients with esophageal cancer.

7
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ABSTRACT
Objective

18 18

CT), are well-established functional parameters in cancer imaging. Currently it is unclear 

esophageal cancer. The aim of this study was to evaluate the correlation between ADC and 
SUV in patients with esophageal cancer.

Methods
This prospective study included 76 patients with histologically proven esophageal cancer who 

18

and mean ADC values (ADCmin and ADCmean

 
and SUVmean) in the same lesions on 18

Results
The tumor ADC and SUV values as measures of cell density and glucose metabolism, 

min versus SUV r
0.087, p min versus SUVmean r p mean versus SUV r
p mean versus SUVmean r p

grades.

Conclusion

measured by 18

esophageal cancer. Therefore, tumor ADC and SUV values may have complementary roles 

esophageal cancer.
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INTRODUCTION

cause of cancer-related mortality worldwide1. Currently, surgical resection of the esophagus 
combined with neoadjuvant therapy is the cornerstone of curative treatment for patients 
with non-metastasized esophageal cancer1–3

preferred approach for inoperable locally advanced esophageal cancer4,5.

multimodality imaging is applied for staging. Since its clinical introduction, whole-body 

18

(18

modalities for esophageal cancer6. The use of the 18F-FDG tracer allows for quantitative 
assessment of increased cellular glucose metabolism in tumors by measuring the standardized 

18F-FDG 

mean

setting the most important value of 18

lies in its ability to detect distant metastases and regional lymphadenopathy7–9

18

of response to treatment10,11.

advanced imaging technique in esophageal cancer imaging12–16

for tissue density17

this variation and inversely correlates with tumor cellularity in various tumors17, including 
esophageal cancer18

appears to provide valuable information regarding the assessment of response to treatment in 
esophageal cancer and in several other malignancies19–22.

and evaluation of response to treatment in esophageal cancer. Therefore, the purpose of this 
prospective study was to assess the correlation between SUV and ADC values in order to 

newly diagnosed esophageal cancer.

8
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METHODS
Data were gathered from a multicenter prospective study in which three international 

each center separately and written informed consent was provided by all patients. The study 

Study population

with newly diagnosed biopsy-proven esophageal cancer planned to receive neoadjuvant 

18

an endoscopy with biopsy for diagnosis, endoscopic ultrasound, and integrated 18

CT scan for clinical staging.

MR image acquisition

Tesla scanner equipped with a 16 or 28-element phased-array receive coil for thoracic 

Netherlands) or on a 3.0 Tesla scanner equipped with a 32-channel torso phased array coil 

participating centers prior to initiation of the current study13. Patients were scanned in supine 
position without administration of anti-peristaltic agents. Transverse DW-images were 

23.
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18F-FDG PET/CT image acquisition
The 18

underwent injection of 18

of intravenously administered 18

60-90 minutes after administration of 18F-FDG with a CT for attenuation correction with the 

were reconstructed using iterative 3D-reconstruction.

Image analysis

18

data, histopathologic results and the ADC maps when measuring 18

24. The primary tumor was delineated 
2 using automatic contouring, based on 2 

b 0)-
b*ADC, where S0

2, 17,20

mean

min

18

delineated using a semi-automatic gradient-based delineation method followed by manual 

USA). This method has been validated in a multi-observer study reporting superior accuracy, 
consistency and robustness compared with manual and threshold methods25. The 18F-FDG 

8
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calculated the metabolic tumor volume (in cm3  and 
SUVmean

Statistical analysis

min, 
ADCmean) and 18 , SUVmean) values Pearson and Spearman correlation 

high; 0.40–0.69, moderate; 0.30–0.49, low; and 0–0.29, negligible26

images and 18 27. Also, the tumor ADC and SUV were compared 
between squamous cell carcinomas and adenocarcinomas, between moderately and poorly 

U test, for parametric and non-parametric variables, respectively. Statistical 

Prism 6.07 software (GraphPad Software, La Jolla California USA). A p-value of <0.05 was 

RESULTS
Patient and tumor characteristics

 and 18

18

population comprised of 76 patients with a mean age of 61.4 years (standard deviation [SD], 

of the esophageal tumor types corresponds with those of western populations. Patient and 
tumor-related characteristics are presented in Table 1.

Tumor ADC and SUV values
The mean ±SD of the ADCmean and ADCmin obtained from the 76 esophageal tumors were 

-3mm2 -3 mm2

3 (range, 7.2-85cm3). 



143

Functional imaging markers of DW-MRI and PET/CT

The mean ±SD of the SUVmean and SUV from 18

respectively. Average metabolic tumor volume measured by semi-automatic 18

CT contouring was 25.2 ±21.7 cm3

18

Correlation analysis of ADC and SUV values

min 
versus SUV r p min versus SUVmean r p mean versus 
SUV r p mean vs. SUVmean r p

Comparison between tumor volumes
18F-FDG 

3 (-26.9 

delineation were larger compared to the volumes determined during semi-automatic 
contouring on 18

Association of tumor ADC and SUV with clinical tumor characteristics

mean 

and ADCmin 

T-stage and clinical N-stage. Although a trend towards higher SUV values in esophageal 
squamous cell carcinoma’s was observed, SUVmean and SUV
with tumor characteristics.

8
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TABLE 1. Patient and tumor-related characteristics
Characteristic n (%)
Gender

 Female
Age (years)a 61.4 ± 9.4

 Adenocarcinoma
 Squamous cell carcinoma

Tumor location

 Distal third
 Gastro-esophageal junction
Clinical T-stage
 cT2
 cT3
 cT4
Clinical N-stage
 cN0
 cN1
 cN2
 cN3

b 17 (0-30)
ADCmean (10-3 mm2 a 2.05 ± 0.6
ADCmin (10-3 mm2 a 0.75 ± 0.4
SUVmean

 a 0.77 ± 0.4
SUV  a 1.60 ± 1.0
a Data presented as mean ± standard deviation. b Data presented as median with range
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Figure 1. A) demonstrates a 
18 C) and the fused images (E). Corresponding 

tumor on T2-weighted imaging (B 2) (D) and corresponding ADC 

map (F
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Figure 3. 18

3

DISCUSSION

18

current study show that it was feasible to obtain complete data sets of both imaging modalities 
from most patients with newly diagnosed resectable esophageal cancer. No correlations were 
found between tumor ADC and SUV, regardless of the underlying histological subtype. Also, 

prediction of survival or evaluation of response to treatment in esophageal cancer, the current 
study investigated the correlation between these two parameters. Assessment of treatment 
response is an important new determinant of prognosis, and guide towards more individualized 
treatment decisions for patients with locally advanced esophageal cancer28,29. Due to the 
unsatisfactory results in treatment response assessment of currently available diagnostic 
techniques (i.e. endoscopic ultrasonography30, endoscopy with biopsy30, and 18

CT10,11,31

of high clinical interest. Although sequential 18

moderately predictive for treatment response10,11, ADC changes have shown great potential 
20. The combination 
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of these two functional imaging techniques may provide additional information with regard 
to tumor characterization.

between pretreatment tumor ADC and SUV values32–36. These results suggest that increased 

metabolic information derived from 18

information33,36.

 correlation between tumor ADC and SUV values37–43

0.40)39,42,43.

SUV values36

40. Second, several studies calculated the ADCmean by 

sectional size of the tumor on each slice37–39

mean ADC of the whole tumor.

evaluation on the ADC maps. Although in general T2-weighted images provide more 
anatomical details, this method ensured that the calculation of ADC was solely based on 

18

3 larger than those measured on 
18

37,44,45. For the delineations 

methods was used25
. 

8
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Previous studies have reported associations between pre-treatment tumor ADC or SUV values, 
and histologic tumor characteristics (i.e. adenocarcinoma versus squamous cell carcinoma, 

16,20,46,47. The current study found a 
trend towards higher SUV values in esophageal squamous cell carcinoma’s, which is supported 
by previous studies46,47

studies. Concerning ADC values, previous reports so far reported equivocal results, but were 
20,45.

analysis of ADC tumor delineation with a semi-automatic approach were not part of this 

(tumor ADC and SUV) and tumor characteristics (i.e. T-stage and histology) was based on 
small numbers which may have resulted in type 2 errors. Finally, pretreatment ADC, SUV 
and volume measurements could not be correlated to surgical pathology parameters, as the 
surgical specimens were obtained after neoadjuvant treatment in the current study. With 
respect to the aforementioned limitations, future comparative studies are needed to elucidate 

18

points during treatment.

metabolism by 18

esophageal cancer. Therefore, ADC and SUV values may have complementary roles as 

esophageal cancer.
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ABSTRACT
Objective

esophageal cancer.

Methods

Subsequently, histopathologic tumor regression grade (TRG) was assessed. Tumor apparent 

Results

75th
post-pre 

per-pre

Conclusion

cancer. Combining both modalities provides complementary information, resulting in a higher 
predictive value.
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INTRODUCTION

1–3. Currently, neoadjuvant 
chemoradiotherapy (nCRT) followed by surgery is considered standard of care for patients with 

response to neoadjuvant therapy is associated with patient prognosis, with pathologic complete 
response (pCR) having the most favorable long-term prognosis1,4–7. Accurate prediction of 
good response to nCRT potentially allows a wait-and-see approach, with omission of surgery 

Unfortunately, diagnostic modalities – including endoscopic biopsy, endoscopic 
ultrasonography and computed tomography (CT) – that are currently used to identify 
pathologic response yield unsatisfactory results8,9

18

10,11

12–15. With dynamic contrast-enhanced 

allowing it to distinguish neoplastic changes in tissue16. Two recent pilot studies reported that 

for esophageal cancer are highly predictive for pCR17,18

The purpose of the current study was to evaluate, in a multicenter setting, whether combining 

yields complementary information for response prediction, and may therefore increase 

9
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METHODS
Study population

consent was obtained from all patients and this study was approved by the institutional review 

contrast agent were not eligible for inclusion. All 46 patients with biopsy-proven esophageal 

Treatment protocol

m2

of 1.8 Gy 1

completion of neoadjuvant treatment, all patients underwent a transhiatal or transthoracic 
esophagectomy.

Histopathologic assessment

1 (pCR) to 5 (absence of regressive changes)19. Two approaches were applied to discriminate 

MRI acquisition
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2

with a temporal resolution of 3 seconds. After the 10th scan the contrast agent was injected 

2-weighted scan was 

navigator for respiratory triggering17,18. Detailed scanning parameters are presented in Table 2.

Image analysis

0
20 and 

according to a previously reported protocol18. Rigid registration was performed to account for 

1 time which is required to quantify the contrast agent 
concentration after injection21. The area-under-the-concentration versus time curve (AUC), 

T2

in Figure 1. To minimize inter-observer variability, the primary tumor was automatically 

with 2 clusters in pre-segmentation mode and default evolution parameters22. As a result, a 

inclusion of lymph nodes), using both the ADC-map and T2-weighted scan in Volumetool, 
an in-house developed image software tool23

the delineations remained constant over the three time points. All adjustments were performed 

9
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Data analysis
17,18

larger patient cohort.

were visually of poor quality. Scans with poor quality typically showed high noise levels in 

delineated and mean signal values were divided to reach a quantitative quality measure 

than mean minus standard deviation (SD) of the whole patient group.

Statistical analysis
Patient and treatment-related characteristics were described as count with percentages or 

24. Predictive values 

(output of logistic regression) based on a the imaging modalities can then be calculated with 

(1)

constants calculated by the logistic regression model. A p-value of <0.05 was considered 
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software (GraphPad Software, La Jolla, CA, USA).

TABLE 1
from the combined analysis are summarized in the third column

Study population
UMCU 

Study population
NKI 

Combined analysis 
DCE/DWI UMCU 
+ NKI 

Gender
27 11 29

 Female 4 3 5
Age, years (at start nCRT)* 64.5 ± 7.6 58.6 ± 13.0 62.4 ± 10.1
Clinical T-stage
 T2
 T3
Clinical N-stage
 N0
 N1
 N2
 N3
Type
 SCC
 AC
 ASC
Location

 Distal third of esophagus
 Gastroesophageal junction
Acquisition, nr of days
 Pre (before start nCRT)* 6 (2-14) 5 (-1-11) 6 (-1-14)
 Per (after start nCRT)* 10 (8-17) 15 (9-16) 10 (8-17)
 Post (after completion nCRT)* 41 (17-62) 39 (31-65) 40.5 (17-57)
 Post scan - surgery interval* 10 (5-48) 11.5 (4-19) 11.5 (4-48)

* Data presented as median (range)

9
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TABLE 2
DWI EPI 
(STIR)

DCE 
(3D – FFE T1W)

T2W 
(MS-TSE)

B0 
(Dual acquisition)

Scan plane transverse coronal transverse Transverse
4.00 3.00 4.00
3.25 1.18 or 1.98* 0.67 4.06

TR (ms) 7241 3.43 1604 630.4

2) 76.2 1.53 100 4.6 (9.2)
90 20 90 30

Temporal resolution (sec) N.A. 3 N.A. N.A.
Number of time frames N.A. 62 N.A. N.A.

2) 0,200,800 N.A. N.A. N.A.

Figure 1. 2W scan 

th

Corresponding calculated AUC-map is found in (f).

RESULTS
For the total group of 45 patients, assessment of the histopathologic tumor type revealed 
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per 90th

pCR from no-pCR (p
found when comparing the three time points. AUC P90 showed for pCR values of 34.0 ± 9.4 
mmol·L-1s [mean ± SD], 36.8 ± 8.3 mmol·L-1s and 29.5 ± 13.9 mmol·L-1s for pre, per and post, 
respectively. Similarly, AUC P90 for no-pCR was 34.3 ± 9.5 mmol·L-1s, 48.9 ± 16.1 mmol·L-

1s and 32.0 ± 9.6 mmol·L-1

per-pre

below mean-SD, with a large overlap within the same patients for the three time points. This 

(Table 1, 3rd

and treatment-related characteristics (e.g. TN-stage, tumor location). For the remaining 34 

per P90 
(p post P90 (p
ADC over time was found for both good and poor responders (median ADC for GR 1.87 ± 
0.41*10-3 mm2 -3 mm2 -3 mm2

and post, respectively, and for noGR 1.96 ± 0.32*10-3 mm2 -3 mm2

0.51*10-3 mm2

per-pre

post-pre

9
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per-pre post-pre is presented in Figure 3 
in which threshold lines of both univariable models as well as the multivariable model are 

Figure 1a for both GR and pCR, in which the chosen threshold for the complementary model 

per-pre and 

post-pre

no complementary value.

 
TABLE 3

n Thresh-
old

Sensi-
tivity 
(%)

Spec-

(%)

PPV 
(%)

NPV 
(%)

c-in- p-value

GR vs. noGR

per-pre 45 68.2 56.5 60 65 0.64 0.261

post-pre 34 86.7 57.9 61.9 84.6 0.75 0.031
pCR vs. no-pCR

per-pre 45 90 62.9 40.9 95.7 0.79 0.028

post-pre 34 83.3 53.6 27.8 93.8 0.76 0.050
 Combined 34 0.138* 100 75 46 100 0.89

th and 75th percentiles, respectively
AUC ADC

per-pre post-pre respectively in multivariable analysis
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Figure 2. th
per-pre is presented as a function of response and in (c) and (d) 

75th
post-pre

represents the median. Threshold lines are indicated for which predictive values are calculated for separation 

based on response.

9
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Figure 3. 90th
per-pre is plotted as function of 75th

post-pre

The solid line represents the threshold line (separating pCR from no-pCR) from the multivariable logistic 

regression model, for which the probability equals 0.138.

DISCUSSION

complementary information for predicting response to nCRT in patients with esophageal 

17,18.

25

other tumor sites multiple studies have reported superior descriptive accuracies of combined 
analyses compared to separate analyses26,27.

publications concerning other tumor sites17,18,28,29. Compared to predictive values found for 
18 10,11
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17

a post-treatment scan can guide the choice to omit surgery and possibly use a wait-and-see 
approach30,31.

Combining both modalities increased predictive values and showed that they complement 

to predict response to nCRT in patients with esophageal cancer. To further optimize the 

other models (e.g. machine-learning methods)32,33.

contouring software22, which was then transformed to the following time point. Adjustments 
for possible anatomical changes in esophageal circumference were made using both the 
ADC-map and anatomical T2-weighted images. This method is less user-dependent and more 

is thus not solely based on the high b800 signal intensity of each time point separately. This 

post-pre was found to be more sensitive to response prediction 
compared to our previous study17

AUC resulted in higher predictive values compared to our previous results, what may be 

18.

NPV when the goal is to justify therapy discontinuation in poor responders.

9
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Some limitations apply to this study. First, the reproducibility within patients of the researched 

regression analyses, therefore leading to limited clinical impact. Although poor scan quality 
was found to be patient dependent (i.e. the same patients showed poor scan quality at multiple 

After the current study, adjustments to the imaging protocol were made. Promising results 

study. A multicenter prospective validation study in a large cohort of patients is currently 
underway, which should resolve the limitations in the current literature (ClinicalTrials.gov 

showed to be of complementary value. Third, the timing of the second scan was based on 
11,17,18

our institute is assessing the optimal time point for response prediction during the course of 
nCRT, which could further improve the reported predictive values. The timing of surgery 

Due to logistic reasons this date varied. Variations in time between neoadjuvant therapy and 
34,35.

nCRT in patients with esophageal cancer. Furthermore, both modalities provide distinct 
predictive information about the tumor, resulting in increased accuracy when using a 
multiparametric response prediction model.
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ABSTRACT
Objective
The perceived burden of diagnostic tests by patients during the assessment of esophageal 
cancer warrants attention with the current increase in repeated imaging for purposes of disease 
monitoring during and after treatment. The purpose of this prospective study was to evaluate 

neoadjuvant treatment for esophageal cancer from the perspective of the patient.

Methods

Results

p
p

p
p

p
p

p

Conclusion
Repeated imaging with both 
of response to treatment in esophageal cancer patients. Shorter acquisition times and altered 
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INTRODUCTION

cause of cancer-related deaths worldwide1

endoscopy with biopsy combined with multimodality imaging for staging. Since its clinical 
introduction, whole-body 18 18F-FDG) positron emission tomography 

2,3. Currently, high-resolution magnetic resonance 

types of cancer, including esophageal cancer4–8.

test, however, acceptability to patients is also an essential consideration. This is particularly 
relevant in esophageal cancer, given the increase in diagnostic testing for purposes of disease 
monitoring during and after treatment (e.g. response assessment, restaging, and recurrence 
detection)4,9,10

diagnostic accuracy11–14.

and (re)staging procedures, it is necessary to evaluate diagnostic procedures from the 
perspective of the patient. For this reason the imaging community recently emphasized that 

15. Therefore, the purpose of this prospective 

 scanning during preoperative treatment for esophageal cancer, as determined by a 
questionnaire.

METHODS
Data were collected in a prospective study evaluating the distinct and combined value of 

in patients with esophageal cancer. This prospective study was approved by the institutional 
review board and written informed consent was provided by all patients. The study was 
registered with ClinicalTrials.gov, number NCT02125448. The current study concerns an 

10
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Study population
Patients with newly diagnosed biopsy-proven esophageal cancer planned to receive neoadjuvant 

16 followed by surgery were eligible for 

Diagnostic procedures

Magnetic resonance imaging

performed on a 1.5 Tesla scanner equipped with a 16 or 28-element phased-array receive coil 

2. Patients 
were scanned in supine position with arms parallel to the body without administration of anti-
peristaltic agents. Sagittal and transverse T2-weighted images were obtained with a navigator 

17
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Positron emission tomography
The 18

18

hyperglycemia. The dose of intravenously administered 18F-FDG ranged between 190-370 
18F-FDG with a CT for attenuation 

acquisition mode with 2-5 minutes per bed position. Patients were scanned in radiation 

Data collection

module18

1)11–14

Statistical analysis

as counts with percentages, mean with standard deviation (SD) or median with range as 

of patient preferences the non-parametric sign test was used. A p-value of less than 0.05 was 

10
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TABLE 1. 
embarrassment and repeated tests, as well as reported willingness to undergo similar tests in the future
Item MRI PET/CT

(±SD)
Range

(±SD)
Range p-value

Discomfort * 1.9 (1.0) 2 1-5 2.0 (1.0) 2 1-5 0.586
Pain * 1.1 (0.4) 1 1-3 1.3 (0.7) 1 1-4 0.059

1.0 (0.2) 1 1-2 1.0 (0.2) 1 1-2 1.000
1.0 (0.0) 1 1 1.0 (0.2) 1 1-2 0.317

Additional burden of tests * 1.3 (0.5) 1 1-3 1.4 (0.6) 1 1-3 0.132
Willingness to undergo 
similar tests in the future † 4.3 (0.7) 4 3-5 4.2 (0.8) 4 2-5 0.317

†

RESULTS

27 patients were performed without the occurrence of an adverse event.

p

p
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patients reported that the main cause of discomfort was the body position in the scanner 

very uncomfortable while losing weight due to disease and treatment burden. Another patient 

p

p

a preference (p

being acceptable and comparable between the two modalities (p

p

10
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TABLE 2. Part of test procedure that caused most discomfort
Item MRI PET/CT

n n

1 4 1 4
0 0 0 0

 -Waiting time before scanning NA NA 5 19
 -Scan time 6 22 4 15

6 22 14 52
 -Noise of the scanner 7 26 0 0

1 4 1 4
6 22 2 7

TABLE 3. Characteristics of the three diagnostic tests

Procedure Fasting IV line Seda-
tion

Pharmaceutical Duration (min)

No Yes No Gadobutrol (Gadovist)  30

Yes Yes No 18F-FDG  90-120
(of which 30 minutes 
actual scanning time)

Yes Yes* Yes* 45

0 1 2 3 4 5

Willingness to undergo 
similar tests in the future†

Additional burden of tests*

Embarrassment*

Anxiety*

Pain*

Discomfort*

Score MRI

PET/CT
*: 1= none ~ 5= very much
†: 1= absolutely not ~ 5= absolutely yes.

=0.586

=0.059

=1.000

=0.317

=0.132

=0.317

Figure 1.



181

Burden of MRI and PET/CT examinations

Figure 2. 

DISCUSSION

scanning during preoperative treatment for esophageal cancer was evaluated. The results of 

and is a promising tool for response to treatment assessment4,6–8

unsatisfactory results in treatment response assessment of conventional diagnostic techniques 
(i.e. endoscopic ultrasonography19, endoscopy with biopsy19 20–22), the results 

of treatment and follow-up in esophageal cancer2,4,5.

10
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indicates that a more comfortable position and faster scanning may improve the acceptance 

– despite measures to reduce the noise levels – has been previously noted by several studies 
23,24. To this regard, more noise reduction than provided 

in the current study should be made available, which may be a simple measure to improve 
patient perception. Third, careful patient preparation, including detailed verbal information 

compliance required for recording adequate images25.

which has shown to improve the acceptance of gastrointestinal endoscopy26. Furthermore, 

27

future endeavors to compare patient preferences between endoscopy and imaging modalities, 

Several limitations of the current study must be considered. First, patients did not receive 

to treatment in esophageal cancer. Previous studies on patient perception of diagnostic 
modalities, however, have shown that diagnostic performance is a major aspect of overall 
patient preference28. Second, it has been indicated that patients that volunteer to participate 

29

the burden of the additional scans may be underestimated by the current study, as patients who 
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were informed about the study and found the additional scans too burdensome have probably 

which may have biased the results when considering the total duration of both procedures 

generally well-tolerated for the assessment of response to treatment in esophageal cancer 

10
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ABSTRACT
Objective
The purpose of this study was to estimate the economic burden of postoperative complications 
after esophagectomy for cancer, in order to optimally allocate resources for quality 
improvement initiatives in the future.

Methods

esophageal cancer surgery in a tertiary referral center in the Netherlands was performed. 

multiple linear regression models.

Results
The average total cost for one patient after esophagectomy was €37,581 (±31,372). The 

p<0.001).

Conclusion
Complications and severity of complications after esophageal surgery are associated with a 
substantial increase in costs. Although not all postoperative complications can be prevented, 
implementation of preventive measures to reduce complications could result in a considerable 
cost reduction and quality improvement.
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INTRODUCTION

rate has been rising over the past decades1

cancer, surgical resection of the esophagus with en-bloc lymphadenectomy combined with 
induction therapy is the recommended treatment strategy2-4. Survival following esophageal 
resection for cancer has improved considerably over the past decades due to advances in 
surgical treatment and perioperative care5

6.

to place emphasis on both improving quality of (cancer) care and reducing costs7,8

recognized that complications after esophageal surgery are associated with increased length 
of hospital stay, long-term morbidity and mortality9. Recent studies analyzing hospital costs 

with increased resource utilization10, 11

detailed data regarding the clinical and economic burden of postoperative complications, 
independent of other baseline co-morbidities, particularly after esophagectomy, remains 
limited. A clear understanding of the clinical and economic impact of postoperative 
complications after esophagectomy would allow development of further quality improvement 
and cost-reduction initiatives, which may improve patient outcomes and reduce hospital costs 
in an era when cost-reduction is at the foreground of healthcare initiatives.

Therefore, the purpose of this study was to evaluate the economic burden of postoperative 
complications after esophagectomy, in order to optimally allocate resources for quality 
improvement initiatives in the future.

METHODS
Study population

consent was waived for this study. All consecutive patients who underwent an elective 
esophagectomy for esophageal or gastro-esophageal junction cancer, between January 1st 
2011 and December 31st 2014, at our tertiary referral center were prospectively registered in 

12. Surgical treatment 
consisted of transthoracic or transhiatal esophagectomy with en-bloc lymphadenectomy 
followed by gastric tube reconstruction with cervical anastomosis end-to-side with hand-
sewn continuous sutures in monolayer13.

11
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Data collection

database (Table 1). Patient and treatment-related parameters included gender, age, body 

open or minimally invasive), surgical approach (i.e. transhiatal or transthoracic resection), 

comorbidities are presented in Table 1. All clinical outcomes during admission or readmissions 
after surgery were prospectively registered in the DUCA. Postoperative complications 

14, 15

one patient, the level of severity of the most severe complication was decisive. Patients without 

Cost analysis

costs were assessed from the day of primary surgery until discharge, and 90 days thereafter. 
Resource utilization at patient level (e.g. laboratory costs, operation room time, ward days, 

understanding hospitals costs16

equipment) and indirect costs (e.g. cleaning, catering, and utilization of the hospital building) 
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Statistical analysis
Descriptive analysis of patient and treatment-related characteristics, and postoperative 
complications were performed using summary statistics. The association of patient and 
treatment-related characteristics and complications was studied univariably. Continuous 
variables were summarized as mean with standard deviation (SD) or median with interquartile 
range, and categorical variables were presented as frequencies with percentages. Categorical 

and non-parametric continuous parameters, respectively.

The association of patient and treatment-related characteristics and complications with total 
costs was studied using univariable and multivariable linear regression. Regression models 

p-values. Logarithmic transformation was applied of the dependent variable (total costs) 
because of its non-linear distribution. Possible predictors were entered in the multivariable 

p
univariable linear regression analysis. Statistical analysis was performed using SPSS version 

p

RESULTS

transthoracic approach.

of patient and treatment-related characteristics with hospital costs are presented in Table 1. 
Patient characteristics associated with additional costs in univariable analysis included female 

and treatment-related factors (e.g. type of surgery and the use of induction therapy) were not 

11
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Postoperative complications

more complications had a longer postoperative length of hospital stay (median 11 [range 

complications was €23,476 (± 6,496), compared to €31,529 (±23,359) and €59,167 (±42,615) 

was caused in particular by higher costs in ward care and intensive care (Table 2). Using 

severe complications was caused in particular by higher costs for intensive care, ward care, 
blood products and use of laboratory and radiology (Table 2).

Complications associated with additional costs in univariable analysis included anastomotic 

and cardiac complications) were associated with an increase in both hospital costs and length 

Adjusted analysis of factors associated with hospital costs
Patient and treatment-related characteristics, and complications that showed a potential 
association with hospital costs in univariable analysis (p
linear regression analysis using the logarithm of the total costs (Table 4). Patient related factors 
that remained independently associated with an increase in hospital costs included age >70 

(31,567, p<0.001).
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TABLE 1. -
tics and postoperative complications after esophagectomy
Characteristic n (%) Average costs* p value
No. of patients 201 (100) 37,581 ± 31,372
Gender 0.014

150 (75.6) 34,823 ± 26,579
 Female  51 (25.4) 45,693 ± 41,733
Age at time of surgery <0.001
 <70 Years 117 (58.2) 31,126 ± 16,182
 >70 years  84 (41.8) 46,572 ± 43,187

0.388
2 174 (86.6) 38,470 ± 33,134
2  27 (13.4) 31,849 ± 15,049

ASA score
 43 (21.4)
123 (61.2)
 35 (17.4)

29,382 ± 16,057
37,890 ± 33,813
46,570 ± 34,642

0.003

Cardiac co-morbidity† 0.330
 No 148 (71.1) 36,361 ± 29,392
 Yes  53 (28.9) 40,987 ± 36,431
Vascular co-morbidity 0.023
 No 125 (62.2) 34,511 ± 27,223
 Yes  76 (37.8) 42,629 ± 36,848
Diabetes mellitus 0.528
 No 173 (86.1) 37,758 ± 32,948
 Yes  28 (13.9) 36,486 ± 19,326

<0.001
 No 160 (80.1) 33,991 ± 29,218
 Yes  41 (19.9) 51,590 ± 35,717

events
0.072

No 188 (93.5) 36,394 ± 27,403
Yes  13 ( 7.5) 54,737 ± 66,033
Urological co-morbidity 0.161
No 182 (90.5) 36,984 ± 31,770
Yes  19 ( 9.5) 27,361 ± 27,360
Any co-morbidity <0.001
 No  60 (29.9) 27,375 ± 12,108
 Yes 141 (70.1) 41,923 ± 35,785
Surgical approach 0.876
 Transhiatal  42 (20.9) 36,275 ± 23,407
 Transthoracic 159 (79.1) 37,926 ± 33,213

11
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TABLE 1 (continued). 
characteristics and postoperative complications after esophagectomy
Characteristic n (%) Average costs* p value
Neoadjuvant therapy 0.862
 No therapy  37 (18.4) 38,109 ± 29,722
 Chemotherapy  55 (27.4) 38,945 ± 36,854
 Chemoradiotherapy 109 (54.2) 36,713 ± 29,108
Complications
Complication grade <0.001
 No complication  48 (23.9) 23,476 ± 6,496

 95 (47.3) 31,529 ± 23,359
 58 (28.8) 59,167 ± 42,615

Pneumonia§ 0.098
 No 123 (61.2) 35,777 ± 33,702
 Yes  78 (38.8) 40,426 ± 27,264

0.001
 No 147 (73.1) 35,125 ± 31,355
 Yes  54 (26.9) 44,268 ± 30,716

# <0.001
 No 165 (82.1) 34,446 ± 25,919
 Yes  36 (17.9) 51,949 ± 47,090
Cardiac complications¶ 0.004
 No 171 (85.1) 35,995 ± 31,790
 Yes  30 (14.9) 46,618 ± 27,643
Wound infection 0.936
 No 184 (91.5) 37,817 ± 32,295
 Yes  17 ( 8.5) 35,015 ± 19,121
Laryngeal nerve paresis 0.463
 No 188 (93.5) 36,756 ± 27,421
 Yes  13 ( 6.5) 49,501 ± 67,238
Postoperative bleeding <0.001
 No 196 (97.5) 35,982 ± 29,458
 Yes  5 ( 2.5) 100,232 ± 43,297
Thromboembolic event 0.779
 No 196 (97.5) 37,531 ± 31,484
 Yes  5 ( 2.5) 39,503 ± 29,713
Data presented as numbers of patients with percentages in parentheses. *Data presented as mean ± stan-
dard deviation. †Any record of historical treatment of any cardiac disorder at a cardiology department. 

with or without repair. § 36

#

¶Any new cardiac disorder 
requiring direct treatment (e.g. cardiac arrhythmia). Data presented as median with interquartile range 
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TABLE 2. Detailed analysis of costs for patients without and with minor or major complications
No complication minor complications major complications

Surgical costs 5,374  5,239  5,552
1,569  1,901  2,542

Ward care 8,524 11,734 19,008
2,524  5,101 18,860

Laboratory costs 1,974  2,518  5,048
Radiology 1,164  1,480  2,577

 301  410  579
 103  272  2,126
1,316  1,438  1,215
 627  1,436  1,660

Total 23,476 31,529 59,167**

TABLE 3. Univariable cost analysis of complications according to severity
Total group
n

Costs (€)* Median length of stay 
in days

Complication grade
 No complication 48 23,476 11

95 31,529 15
58 59,167 35

 Total 201 37,581 16
Anastomotic leakage

25 43,292 20
29 45,108 29

 Total 54 44,268 26.5
Pneumonia

57 31,058 17
21 65,851 39

 Total 78 40,425 20
Chyle leakage

29 39,858 14
7 102,040 35

 Total 36 51,949 26
Cardiac complications

28 44,943 25
2 70,080 38

 Total 30 46,618 25.5

11
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TABLE 4.  with postoperative hospital 
costs after esophagectomy*

Characteristic B# (95%CI) Attributable costs (€)* p value

Gender

Reference

 Female 0.205 ( 0.061-0.349) 4,357 0.005

Age at time of surgery

 <70 Years Reference

 >70 years 0.142 ( 0.100-0.274) 2,922 0.036

ASA score
Reference
0.093 (-0.710-0.257)
0.126 (-0.870-0.338)

1,866
2,571

0.265
0.246

Vascular co-morbidity 0.083 (-0.048-0.213) 1,657 0.214

Pulmonary co-morbidity 0.249 ( 0.091-0.407) 5,415 0.002

0.281 ( 0.030-0.532) 6,213 0.028

Complications

Pneumonia 0.087 (-0.041-0.214) 1,741 0.184

0.195 ( 0.052-0.339) 4,123 0.008

0.280 ( 0.115-0.446) 6,188 <0.001

Cardiac complications 0.261 ( 0.087-0.436) 5,711 0.003

Postoperative bleeding 0.974 ( 0.573-1.376) 31,567 <0.001

* Adjusted for patient and treatment-related characteristics (i.e. gender, age, ASA score, vascular co-mor-
bidity, pulmonary co-morbidity, history of thromboembolic events) and complications (i.e. pneumonia, 

# B
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Figure 1. A:

of the total hospital costs in this study. B: Figure illustrates the increase in costs for patients with minor and 

DISCUSSION
This study demonstrates that postoperative complications after esophagectomy are common, 
and associated with worse clinical outcomes and higher costs. Not only the type of complication 

hospital costs. The results of this study emphasizes the need for detailed cost information 

11



200

Chapter 11

of (surgical) treatments in order to optimally allocate resources for quality improvement 
initiatives in the future.

Postoperative complications

17,18, and emphasizes that despite its 

increase in total hospital costs. This increase in costs is similar to other studies analyzing 
gastro-intestinal surgical procedures (i.e. liver, pancreas gastric, bypass and colorectal surgery) 
that also found an increase in hospital costs in case of major complications 19-21.

Complications that were independently contributing to higher costs after esophagectomy 

attribution to the total hospital costs was highest for the complications with a high incidence 

esophagectomy22. Although not all (surgical) complications can be prevented, the results of 

postoperative complications may hold the potential to improve clinical outcomes and minimize 
hospital costs22.

esophagectomy, yet the occurrence of pneumonia alone was not independently associated 

for patients diagnosed with pneumonia resulting in respiratory failure and sepsis requiring 
prolonged ventilator support, increasing the mean costs per patient by a factor 2 (Table 3). 
Therefore, the prevention of invasive procedures or organ system failure due to pneumonia 
is obviously crucial. This is supported by a previous study that did not identify pneumonia 
as independent contributor to increased hospital costs, but did report an increase in costs and 
length of hospital stay for patients with respiratory failure due to pneumonia22. These results 
underline the importance of recording complications by severity, and not only as binary 
occurrences (i.e. yes or no)14,15,20.
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length of hospital stay and less postoperative morbidity by averting a thoracotomy23. 
Therefore, the transhiatal approach has been associated with lower hospital costs as compared 
to a transthoracic approach24

of complications associated with single lung ventilation during transthoracic resection was 
considered too high. Although the initial surgical costs were €2077 lower for patients treated 
with transhiatal esophagectomy, they had a longer length of hospital stay (18 versus 15 days) 

does not allow - to answer the question whether surgical approach per se is associated with 
hospital costs, but rather to determine costs of complications independent of treatment and 
patient-related factors.

Patient characteristics
Analysis of patient demographics demonstrated that a substantial number of patients 
presenting for esophageal surgery had considerable comorbidities, which was similar 

undergoing esophagectomy25. The importance of preoperative management of comorbidities 
is demonstrated by the observation that several of the patient characteristics (e.g. older patients, 

costs after esophagectomy. This is also suggested by a previous study demonstrating that 

costs after surgery26.

whether a postoperative complication occurred26

state of patients could result in cost savings and quality improvement.

Understanding the costs associated with complications may provide the business case for 

reduce the incidence of complications but also focus on reducing severity of complications, as 

11
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hospital costs mainly depend on severe complications resulting in a longer length of hospital 
stay. Proposed opportunities to improve the preoperative physical state of patients include 
physical therapy to increase cardiorespiratory function27,28, improve nutritional status29,30, and 

31

enables fast postoperative mobilization has an important role in recovery after esophagectomy. 
Previous studies have suggested that paravertebral and thoracic epidural analgesia after 

32. 

33, 34

needed to elucidate which interventions may result in a lower incidence of complications and 
reduce costs after esophagectomy.

Strengths and limitations

claims or hospital records16. As a result, a detailed overview of costs for every aspect of a 
patient’s hospitalization was available. As shown in Table 2, for instance, the overall increment 
in costs associated with severe complications depended in particular on ward care and 

colorectal surgery (from the Dutch Surgical Colorectal Audit) with direct costs from all 29 
participating hospitals 19, 35. This methodology is important as it provides relevant information 

A few study limitations warrant attention. First, this study was based on single center data. 

costs up to 90 days after discharge. Consequently, costs such as outpatient care and loss of 
income have not been assessed.

esophagectomy are associated with a substantial increase in hospital costs. Anastomotic 

postoperative complications can be prevented, implementation of preventive measures to 
reduce complications could result in quality improvement and a considerable cost reduction.
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ABSTRACT
Objective

should target those complications that have the greatest overall impact on outcomes after 
surgery. The aim of this study was to identify the most clinically relevant complications 
following oesophagectomy for cancer in a nationwide cohort study.

Methods
Consecutive patients who underwent oesophagectomy for cancer between January 2011 and 

postoperative complications on the clinical outcomes postoperative mortality, reoperation, 
prolonged hospitalization and hospital readmission in the study population. The PAF represents 
the percentage reduction in the frequency of a given outcome (e.g. mortality)  that would occur 

be completely prevented in our study population.

Results

Conclusion

greatest clinical impact on outcomes after oesophagectomy.



209

Impact of complications

12

INTRODUCTION

1. Reported overall frequency rates of complications 
after oesophagectomy range from 40 to 60 per cent, with pulmonary and anastomotic 
complications being the most common complications2–5. These postoperative complications 

6–9. 
Although advances in surgical techniques and perioperative care have reduced the frequency 
of complications over the years, postoperative morbidity remains high10,11. Therefore, further 

surgery and the associations between these complications and subsequent outcomes6,7,12,13. 

overall impact on a patient population.

The population-attributable fraction (PAF) is a parameter that has traditionally been used in 
epidemiologic literature to determine the burden of a given disease (e.g. cancer) that is caused 

14–16. This parameter is also an attractive measure to 

a given outcome in the presence of that complication16

present study the PAF represents the percentage reduction in the frequency of a given outcome 

17–20. For this reason 

surgical quality improvement programs17,18. Accordingly, the aim of this study was to use 
the PAF to identify the most clinically relevant complications following oesophagectomy 
for cancer.
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METHODS
Patient data were obtained from the Dutch Upper Gastrointestinal Cancer Audit (DUCA). 
The DUCA, founded in 2011, is a nationwide registration of all patients undergoing surgery 
with curative intent for oesophageal or gastric cancer in the Netherlands21,22. The DUCA 
collects preoperative, intraoperative as well as postoperative data to provide surgical teams 

may improve the quality of cancer care by stimulating quality improvements. Participation 
is mandatory for all Dutch hospitals performing oesophagectomies and gastrectomies. Data 
are registered during hospitalization until 30 days after initial discharge in the online registry 

An independent monitoring team audits the data to evaluate completeness and concordance. 

not require approval from an ethics committee in the Netherlands.

Study population and treatment
All consecutive patients that underwent an elective resection for primary oesophageal cancer 
(cT1N+ or cT2-4aNany

DUCA. Surgical treatment consisted of an open (both abdomen and chest), hybrid (abdomen 
minimally invasive and open chest), or totally minimally invasive transthoracic or transhiatal 
oesophagectomy followed by gastric-tube reconstruction with a cervical or intrathoracic 
anastomosis. Patients received neoadjuvant treatment according to national guidelines.

Patient and treatment-related characteristics, complications and study outcomes

American Society of Anaesthesiologists (ASA) score, comorbidity, previous abdominal 
or thoracic surgery, steroid use, surgical approach, conversion during surgery, location of 

therapy (Table 1).

The most common postoperative complications that occurred during hospital admission 
or readmission (within 30 days) were retrieved from the DUCA. Selected complications 
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or deep venous thrombosis) and postoperative bleeding (Table 2).

The study outcomes included postoperative mortality during initial hospital admission or 

general anaesthesia), prolonged hospitalization, and hospital readmission within 30 days after 

equal to the 75th

Statistical analysis
Patient and treatment-related characteristics were described as count with percentages, 

23. The frequency of missing values per variable before 

p-value of <0.05 was 

The frequency of complications and of the 4 outcome measures were calculated. Prior 
to analysis, a directed acyclic graph (DAG) was created to visualize the  potential causal 
pathways from postoperative complications to the study outcomes, and to identify potential 

24. The pathways displayed in the graph 
25–29

plausible assumptions30. The DAGitty web-based software interface (version 2.3) was used  to 
31. The selected confounders 

of the comorbidities presented in Table 1 (binary), previous abdominal or thoracic surgery 
(binary), steroid usage (binary), conversion during surgery (binary), location of anastomosis 
(binary), surgical approach (open transthoracic, minimally invasive transthoracic, hybrid, 
open transhiatal, minimally invasive transhiatal), neoadjuvant therapy (none, neoadjuvant 
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confounders and for the presence of other complications. The PAF calculations were performed 

for cohort studies32.

complications had on each of the study 

(i.e. postoperative mortality, prolonged hospitalization, reoperation and hospital readmission) 

prevented in the present study population.

RESULTS
Patient and treatment characteristics
A total of 4096 patients with oesophageal cancer that underwent transthoracic or transhiatal 

patients, 3168 (77.3 per cent) patients were male and the mean age was 65 years (s.d. 8.8). 
Patient and treatment characteristics are shown in Table 1.

Complications and study outcomes
Postoperative complications and outcome data are shown in Table 2. The most common 
postoperative complications were pulmonary complications that occurred in 1257 of 4096 (30.7 

in 555 of 4096 (13.5 per cent). Postoperative mortality occurred in 142 of 4096 of the patients 
(3.5 per cent), prolonged hospitalization in 1057 of 4096 (25.8 per cent), reoperation in 576 
of 4096 (14.1 per cent) and hospital readmission in 546 of 4096 patients(13.3 per cent). The 

in Table 3.
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Apart from recurrent nerve paresis, all of the postoperative complications were statistically 

to 2.46], respectively).

Table 4 and summarized 
in Figure 1.

these complications in the present  study population would result in an anticipated reduction 
of 44.1 per cent (95 per cent c.i. 30.9 to 57.2) and 30.4 per cent (19.2 to 41.7) in postoperative 

the selected study outcomes was relatively small.
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TABLE 1.  Patient and treatment-related characteristics of 4096 patients that underwent oesophagectomy 
for cancer.
Characteristic No. (%) Initial missing values§

3168 (77.3) 1
Age (years)* 65±8.8 9

2)* 26±4.4 38
24

710 (17.3)
2490 (60.8)
881 (21.5)
15 (0.4)

587 (14.3) 0
    Coronary artery disease† 257 (6.3) 0

260 (6.3) 0
329 (8.0) 0
1345 (32.8) 0

    Peripheral vascular disease 157 (3.8) 0
    Diabetes mellitus 619 (15.1) 0

122 (3.0) 0
168 (4.1) 0
162 (4.0) 0

Previous abdominal or thoracic surgery 1238 (30.2) 0
Steroid use 104 (2.5) 34

0
    Transthoracic

636 (15.5)
1981 (48.4)
130 (3.2)

    Transhiatal
962 (23.5)
387 (9.4)

Conversion during surgery 104 (2.5) 0
63

    Cervical 2744 (67.0)
1352 (33.0)

24
42 (1.0)
496 (12.1)

    Distal oesophagus 2603 (63.5)
    Gastro-oesophageal junction 955 (23.3)

29
    Adenocarcinoma 3201 (78.1)
    Squamous cell carcinoma 811 (19.8)

84 (2.1)
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TABLE 1 (continued).  Patient and treatment-related characteristics of 4096 patients that underwent oe-
sophagectomy for cancer.
Characteristic No. (%) Initial missing values§

175
    T1 225 (5.5)
    T2 794 (19.4)
    T3 2947 (71.9)
    T4 109 (2.7)

172
    N0 1486 (36.3)
    N1 1729 (42.2)
    N2 761 (18.6)
    N3 120 (2.9)

21
    Chemoradiotherapy 3478 (84.9)
    Chemotherapy 282 (6.9)
    No therapy 336 (8.2)
Values in parentheses are percentages unless indicated otherwise. Data shown in Table represent the data 

-

32-40 cm from teeth. §Number of missing values for each variable before imputation.
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TABLE 2.  Postoperative complications and clinical outcomes after oesophagectomy in 4096 patients. 

Outcome No. (%) Initial missing values¶¶
Postoperative complications
    Pulmonary * 1257 (30.7) 0

807 (19.7) 0
555 (13.5) 0
313 (7.6) 0

    Acute delirium 212 (5.2) 0
    Recurrent nerve paresis§ 201 (4.9) 0
    Wound infection 180 (4.4) 0
    Thromboembolic ¶ 94 (2.3) 0
    Post-operative bleeding 46 (1.1) 0
Clinical outcomes
    Postoperative mortality# 142 (3.5) 0
    Duration of hospital stay (days)** 12 (9.0-20.0) 46
    Prolonged hospitalization†† 1057 (25.8) 46

576 (14.1) 0
546 (13.3) 0

Values in parentheses are percentages unless indicated otherwise. Data shown in Table represent the data set 

-

th percentile (for each 
-

pital within 30 days after initial discharge. ¶¶Number of missing values for each variable before imputation.
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TABLE 4. -
tion-outcome *.

%PAF (95%CI)
Postoperative complication Postoperative 

mortality**
p-value Prolonged hospi-

talization††
p-value

Pulmonary † 44.1 (30.9-57.2) <0.001 31.4 (28.2-34.6) <0.001
30.4 (19.2-41.7) <0.001 30.9 (27.1-34.8) <0.001

Cardiac § 8.6 (-0.7-17.9) 0.070 4.0 (1.9-5.9) <0.001
- - 5.2 (3.6-6.8) <0.001

Acute delirium - - 2.3 (0.9-3.7) <0.001
Recurrent nerve paresis¶ - - 0.4 (-0.7-1.5) 0.496
Wound infection - - 1.7 (0.6-2.7) 0.002
Thromboembolic # 3.7 (-0.4-8.0) 0.077 1.6 (0.9-2.4) <0.001
Post-operative bleeding 2.8 (0.7-4.8) 0.008 1.2 (0.5-1.8) <0.001

%PAF (95%CI)
Postoperative complication p-value -

sion§§
p-value

Pulmonary # 17.7 (11.8-23.6) <0.001 7.3 (1.2-13.4) 0.017
47.1 (42.2-51.9) <0.001 14.7 (9.9-19.5) <0.001

Cardiac †† 3.1 (-0.1-6.3) 0.054 - -
5.7 (3.2-8.2) <0.001 - -

Acute delirium 1.7 (-0.4-3.9) 0.114 - -
- - - -

Wound infection 2.8 (0.9-4.6) 0.003 2.8 (0.7-4.8) 0.009
Thromboembolic §§ 0.9 (-0.6-2.4) 0.260 - -
Post-operative bleeding 4.6 (2.9-6.2) <0.001 - -
*PAF represents the percentage reduction in the frequency of a given outcome that would occur in a theo-

th percentile  of length of hospital stay. 

after initial discharge.
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each outcome.   

DISCUSSION

the greatest overall impact on postoperative mortality, prolonged hospitalization, reoperations 
and hospital readmissions.

14–16. The advantage of using 

complication may have a small population-level impact if it occurs rarely or vice versa. 
Accordingly, assessing the impact of postoperative complications by using the PAF may 
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postoperative complications on outcomes after elective colon surgery17. The authors concluded 

underlines the importance of gaining insight into nationwide outcomes after (oesophageal) 
surgery by using the PAF as parameter. Not only to stress the negative impact of postoperative 
complications but also to identify opportunities for improvement.

reoperation and hospital readmission would decrease by 31, 47 and 15 per cent, respectively. 
Pulmonary complications also had a large impact on these outcomes, and had the largest 

both highly associated with postoperative mortality, reoperation and prolonged hospital stay. 

Thus, even if it would be possible to reduce the incidence of postoperative bleeding and 

as targets of complication-related quality improvement initiatives in patients undergoing 

necessary to determine which outcomes deserve the greatest attention since the impact of a 

2–5,8,9. Several strategies have been shown to 
33,34

this includes a precise suturing techniques with the prevention of tension and the avoidance 
of reduction of perfusion of the conduit, reinforcement of the anastomosis with omentoplasty, 

35–37. Pulmonary complications can be prevented 

34,35,38,39,40. Furthermore, it has been shown that 
in high-volume centres complication rates after oesophagectomy are lower and that the use of 

22,36-38.
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can be prevented, even a small reduction in these complications could potentially result in 
large hospital cost savings9

for such initiatives. Furthermore, monitoring and (publically) reporting of outcomes after 
oesophagectomy in audits may provide healthcare providers with a very direct and tangible 

41 market-
based health care system, hospitals that provide optimal quality of care will increase patient 
satisfaction and desirability with health care payers (e.g. insurance companies) resulting in 

outcomes, patient dissatisfaction and loss of future patient referrals42.

patients remains high compared to other international cohort studies43,44. Some centres in the 
Netherlands have moved from a cervical to an intrathoracic anastomosis45

46, the 

47.

complete and validated prospective data collection and large sample size21. To correct for 
potential confounders, adjustments were made for selected patient and treatment-related 
characteristics. Furthermore, some patients in our study population had more than one type 
of complication, and therefore all 9 complications were included in our adjusted PAF analysis. 
Possible limitations apply to this study. First, it was not possible to specify all pulmonary and 
cardiac complications because the DUCA did not discriminate between pneumonia, pleural 

complications 6,33,38. Second, it is 
not always clear whether a postoperative complication (e.g. pulmonary complications) caused 
a given outcome (e.g. prolonged hospitalization) or conversely the complication occurred as a 
result of the outcome. Third, there is a possibility that the associations between postoperative 

Finally, perioperative care and management of postoperative complications change overtime 
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ABSTRACT
Objective

Methods
Consecutive patients who underwent minimally invasive esophagectomy for cancer at two 
institutes were analyzed. Diagnostic computed tomography images were used to detect 

logistic regression analysis was used to determine the relationship between vascular 

Results

p

Conclusion

system may aid in patient selection and lead to earlier diagnosis of this potentially fatal 
complication.
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INTRODUCTION
Surgical resection of the esophagus combined with neoadjuvant chemoradiation or 
perioperative chemotherapy is the cornerstone of treatment with curative intent for patients 
with resectable non-metastatic esophageal cancer1-3

encountered complication after esophagectomy that is associated with increased postoperative 
morbidity, length of hospital stay and mortality4-7

8. Despite 
advances in surgical treatment and improvement in perioperative care, incidence rates of up 

3,9.

characteristics only. Tissue ischemia and a compromised perfusion of the gastric tube are 
4,10. As an important contributor 

healing11

the gastric tube as determined by routine diagnostic computed tomography (CT) scans was 

esophagectomy12.

after esophagectomy with an intrathoracic anastomosis has not been elucidated. The shorter 
length of the gastric tube in case of an intrathoracic anastomosis may cause relatively less 
ischemia compared to a cervical anastomosis5. Accordingly, the aim of this study was to 

METHODS
Study population
The institutional review board approved this retrospective study and the requirement to obtain 
informed consent was waived. All consecutive patients who underwent an elective, minimally 

from prospectively collected institutional databases. Within these databases, patients with 

13
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an available preoperative thoraco-abdominal contrast-enhanced CT scan were included. All 
patients underwent a total minimally invasive esophagectomy with gastric tube reconstruction 
using an intracorporal anastomosis. The intrathoracic anastomosis was created using a side-
to-side linear stapling technique or end-to-side hand-sewn technique at the level of the carina. 
Patients who underwent preoperative vascular conditioning (e.g. stenting of the celiac artery) 

treatment and anastomotic technique.

Image acquisition and evaluation
Thoraco-abdominal CT images were acquired using commercially available 16- or 64-section 
CT scanners at our own or referring centers. All contrast-enhanced routine CT protocols 

an iodinated contrast bolus was administered intravenously. The CT images were acquired 
during either the arterial phase or the portal venous phase.

The CT images were retrospectively reviewed and scored for location and amount of 

12 by the authors 
that proposed the system using a training set of 25 randomly selected patients who were not 

and intraobserver reproducibility12. The reader was blinded to patient and treatment-related 
characteristics and surgical outcome.
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The right postceliac arteries and left postceliac arteries were scored according to the absence 

Statistical analysis

or endoscopy was performed; no routine diagnostic tests were performed13.

parametric and non-parametric continuous parameters, respectively. Subsequently, variables 
with p
to evaluate whether these factors were independently associated with the occurrence of 

p-value 

RESULTS

13
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or necrosis of the gastric conduit during postoperative endoscopy. Treatment of anastomotic 

66.5 versus 63.5 years, respectively; p

p

p

aorta and left postceliac arteries were selected for multivariable logistic regression analysis 
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TABLE 1.
Characteristic No anastomotic 

leakage
n=127

Anastomotic 
leakage
n=40

p 
value

105 (82.7) 34 (85.0) 0.732
Age (years)* 63.5 ± 8.8 66.5 ± 9.2 0.053

2)* 26.3 ± 4.4 26.8 ± 5.9 0.893
ASA score

 9 ( 7.1)
86 (67.7)
32 (25.2)

 4 (10.0)
29 (72.5)
 7 (17.5)

0.548

20 (15.7)  7 (17.5) 0.793
Coronary artery disease† 14 (11.0)  8 (20.0) 0.143

12 ( 9.4)  4 (10.0) 0.564
§ 40 (31.5) 13 (32.5) 0.443

 9 ( 7.1)  2 ( 2.0) 0.643
Diabetes mellitus 22 (17.3)  6 (15.0) 0.732

 7 ( 5.5)  2 ( 5.0) 1.000
24 (18.9)  8 (20.0) 0.520

Neoadjuvant therapy
 No therapy
 Chemotherapy
 Chemoradiotherapy

 10 ( 7.9)
110 (86.6)
 7 ( 5.5)

 4 (10.0)
 35 (87.5)
 1 ( 2.5)

0.776

Anastomotic technique
 Side-to-side stapling 96 (75.6)

31 (24.4)
30 (75.0)
10 (25.0)

0.940

*Data are depicted as mean ± standard deviation.†Requiring percutaneous coronary intervention or coronary 
artery bypass graft. A record of historical treatment of any cardiac disorder at a cardiology department 
(other than coronary artery disease).b§

2.

13
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TABLE 2. -

Artery n Anastomotic leakage p value

Thoracic aorta <0.001
0  68 (40.7)  6 (8.8)
1  56 (33.5) 18 (32.1)
2  43 (25.7) 16 (37.2)

0.496
0  95 (56.9) 22 (23.2)
1  39 (23.4)  7 (17.9)
2  33 (19.8) 11 (33.3)
Right postceliac arteries 0.393
0 162 (97.0) 38 (23.5)
1  5 (3.0)  2 (40.0)
Left postceliac arteries 0.180
0 126 (75.0) 27 (21.4)
1  42 (25.0) 13 (31.7)
Data represent amount of patients with percentages.

TABLE 3. -

Variable Odds ratio 95% CI p value
Thoracic aorta

1 vs. 0 5.35 1.73 - 16.55 0.004
2 vs. 0 7.01 1.86 - 26.44 0.004

Left postceliac arteries
1 vs. 0 0.92 0.38 - 2.16 0.855

Age 0.99 0.94 - 1.04 0.669
Coronary artery disease 1.55 0.56 - 4.33 0.402
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Figure 1. A: 

arrow  B: 

arrow . C: 

arrow  

D: arrow), yielding a left postceliac artery score of 1.

DISCUSSION

13
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reproducibility12

prediction of cardiovascular events14,15

12. Similarly, another 

colorectal surgery16. Therefore, the current study adds to the increasing body of evidence on the 

by both compromised local perfusion and generalized vascular disease (indicated by aortic 
11,12,17,18. During mobilization of the stomach, the left and right gastric artery, 

short gastric arteries, and left gastroepiploic artery are ligated, causing the blood supply of the 
19. This procedure results in 

and renal dysfunction6

20,21. Gastric ischemic preconditioning 

arterial embolization of the left gastric artery prior to surgery22,23. Furthermore, recent 

arterial arcade by leaving the collaterals of the left gastro-epiploic artery in situ (ligating it 
at the splenic hilus24, by transient bloodletting of the short gastric vein25, or by microvascular 
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26

is no strong evidence to implement ischemic conditioning and surgical revascularization 
procedures, which may be due to the inability to adequately identify the patients who may 

27

from drain amylase assessment28

29,30. Selecting 

unnecessary and invasive endoscopy for a substantial proportion of patients. Therefore, a 
routine comment on the thoracic aortic calcium burden in the radiology report of the diagnostic 
thoraco-abdominal CT scan in all patients evaluated for esophageal cancer could in aid pre- 

3.

13
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of morbidity reduction. Third, a visual grading system may not be the most accurate method 

used in the current study is easy to use, can be applied on routine diagnostic CT scans, and 
12.

scoring system may aid in patient selection for interventions that optimize the condition of 
the anastomosis and lead to earlier diagnosis of this potentially fatal complication.
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ABSTRACT
Objective

Methods
Consecutive patients who underwent an esophagectomy with gastric tube reconstruction and 
cervical anastomosis for esophageal cancer were analyzed. Diagnostic CT images were scored 

Results
A total of 406 patients were included for analysis of whom 104 developed anastomotic 

p
p p<.001, respectively) 

p

p
p p

Conclusions
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INTRODUCTION

morbidity and mortality1-9

2,10,11. Patient-related factors associated with 

2. The 

microvascular perfusion and thus compromise anastomotic healing2,4.

into prediction strategies11.

events12-14

11,15. 

the entire cardiovascular system as determined on routine CT images is associated with 

METHODS

Study population
All consecutive patients who underwent elective esophagectomy for cancer with gastric tube 

14
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Patient and treatment-related characteristics, and surgical outcome data (e.g. anastomotic 

soluble contrast material during a contrast swallow study or CT scan, or visualization of 

Image acquisition

to 280 days, with a median of 114 days.

Image evaluation
A detailed visual grading system was developed in order to consistently score CT images 

subclavian artery), coronary arteries, aortic valve, thoracic aorta (with special attention to a 

Scores of 0, 1 or 2 were assigned, corresponding with absence, minor presence or major 

presented in Figure 1.
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as scored independently by a second reader (L.G.) to determine intra- and interobserver 

and agreement12,15,16. The readers were blinded for patient and treatment-related factors, and 

Statistical analyses

2

in an univariable and multivariable logistic regression model. Variables to be entered into 

19.

Some CT scans did not include all regions of interest, so not all sites could be assessed for 

missing sites was applied to replace these missing values for logistic regression analysis, using 
20 imputed datasets20,21.

22

14
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poor reliability23.

Anatomical location
0 1 2

Coronary arteries absent multiple foci or
segment of a coronary branch

Supra-aortic arteries absent -
tic artery artery

Aortic valve absent

Thoracic aorta
(heart – celiac axis)

absent or >9 foci or

slices
absent

or
 or

or in-

distal (hepatosplenic) parts
Abdominal aorta
(celiac axis – bifurcation)

absent or >9 foci or

slices
Common iliac arteries absent or >5 foci or

slices
absent or >5 foci or

slices
MCSD: 

RESULTS
A total of 497 patients underwent esophagectomy during the study period, of which 91 
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(chemotherapy or concurrent chemoradiotherapy) followed by thoracolaparoscopic 
esophagectomy.

(range, 1 to 26 days) postoperatively. Patient and treatment-related characteristics and their 

p  (p

older (mean 65.5 versus 63.7 years, p ) and more frequently had a history of diabetes 
p

p

p p<0.001, respectively), and thoracic aorta 

p

14
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p p

p

Reproducibility between and within observers was assessed in 30 randomly selected patients 
that appeared to be representative of the whole study group. The randomly selected patients 

and from 0.85 to 0.94, respectively (Table 4).
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TABLE 2.

Characteristic Anastomotic leakage No anastomotic leakage
p-value

Patient-related
Age at diagnosis (years) 65.5 ± 8.8 63.7 ± 9.1 .082

82 (78.8) 218 (72.2) .182
2) 25.8 ± 4.3 25.5 ± 4.3 .538

ASA score .156
    1 23 (22.1) 66 (21.9)
    2 55 (52.9) 193 (63.9)
    3 26 (25.0) 42 (13.9)
    4 0 (0.0) 1 (0.3)
Comorbidities

24 (23.1) 37 (12.3) .008*
    Diabetes mellitus 20 (19.2) 37 (12.3) .077
    Cardiovasculara 46 (44.2) 110 (36.4) .158

.653
    Current 22 (21.2) 73 (24.2)
    Former 44 (42.3) 113 (37.4)
    Never 38 (36.5) 116 (38.4)
Tumor histology .742
    Adenocarcinoma 82 (78.8) 227 (75.2)
    Squamous cell carcinoma 21 (20.2) 71 (23.5)

b 1 (1.0) 4 (1.3)
Treatment-related
Neoadjuvant treatment .368
    None 38 (36.5) 93 (30.8)
    Chemotherapy 26 (25.0) 96 (31.8)
    Chemoradiotherapy 40 (38.5) 113 (37.4)
Surgical approach .024*
    Thoracolaparoscopic 59 (56.7) 186 (61.6)
    Laparoscopic transhiatal 24 (23.1) 42 (13.9)
    Thoracolaparotomic 6 (5.8) 42 (13.9)

12 (11.5) 20 (6.6)
    Thoracoscopic-laparotomic 3 (2.9) 12 (4.0)

.649
102 (98.1) 298 (98.7)
2 (1.9) 4 (1.3)

Duration of surgery (minutes) 343 ± 115 361 ± 100 .121
Values are numbers of patients, with column-based percentages in parentheses or mean ± SD. * 

2 test. a

or hypertension.b

14
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Figure 1.

A:

the supra-aortic arteries. B:

C:

D:
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Figure 2. Flowchart of study design

DISCUSSION

after esophagectomy, and has an adverse impact on prognosis1-6,9

2,15. 

11

14
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be more fully optimized before surgery by means of preventive measures to reduce their 

outcome may include physical therapy to increase cardiorespiratory function and improvement 
of nutritional status24-26.

of the current study demonstrate that, not only locoregional vascular disease as demonstrated 
in previous studies11,15

which is presumably based on ischemia of the anastomosis11,15,27-30.

vascular status could be included in ischemic conditioning trials10,11

increases perfusion of the gastric tube by partial gastric devascularization through arterial 
embolization or laparoscopic arterial ligation, followed by esophagectomy and anastomosis 
at a second stage10

widespread implementation of ischemic conditioning of the stomach in order to decrease 
10,31

10,11.

Various limitations apply to this study. First, no internal validation of our results was 

surgical techniques). Second, there are some potential limitations of the visual grading system. 
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Despite these potential limitations, several advantages apply to this approach. The grading 

studies12,15,16. Furthermore, for the prediction of cardiovascular events this grading system has 

irregularities of the vascular wall12. Second, the scoring system does not require any special CT 
protocol or calcium-scoring software. Last, a CT or a combined positron emission tomography 

after esophagectomy may be used in future prediction models, and eventually aid to a more 

14
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ABSTRACT
Objective

pneumonia. This study aimed to assess the relationship of intraoperative and postoperative 

Methods
Consecutive patients who underwent transthoracic esophagectomy with cervical anastomosis 
for esophageal cancer from January 2012 to December 2013 were analyzed. Univariable and 
multivariable logistic regression analyses were used to determine potential associations of 

Results

Conclusion

pneumonia. These parameters indicate the importance of setting strict perioperative goals to 
be protected intensively.
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INTRODUCTION
Surgical resection of the esophagus with en-bloc lymphadenectomy is the cornerstone of 
curative treatment for patients with esophageal cancer1-3

are the most frequently encountered complications after esophagectomy4,5

are associated with increased postoperative morbidity, length of hospital stay and mortality6-10. 

11,12. Despite improvement in surgical 

4,5,13.

Several factors, such as neoadjuvant chemoradiotherapy, anatomic site of the anastomosis, 

or pneumonia after esophagectomy5,7,9,14. A reduction in tissue perfusion and subsequent 

anastomotic healing6,14

15,16. Also, 

17. Perioperative 

protection intraoperatively and during the early postoperative phase at the intensive care unit 

the current study was to evaluate associations of intraoperative and postoperative clinical 

esophagectomy in patients with esophageal cancer.

METHODS
Study population

consent was waived for this study. All patients who underwent elective esophagectomy at 

15
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our tertiary referral center from January 2012 to December 2013 were included. Data on 

Anesthetic procedure and postoperative analgesia

or T6-7 to provide adequate intraoperative and postoperative analgesia. Pre-procedural 
medication consisted of prophylactic antibiotics (cefazolin 2.000 mg, metronidazole 500 mg) 

18. 
Anesthesia was performed using intravenously administered propofol, sufentanil and a muscle 

2

2 between 40 and 45 

were provided with patient-controlled opioid analgesia.

Surgical procedure

Robot-assisted minimally invasive thoraco-laparoscopic esophagectomy was the standard 
procedure for patients with esophageal cancer of all stages in our institute19

were benign disease and combined laryngeal resection. For the construction of the gastric tube 
of 4 cm wide, a linear stapling device was used and the staple line was manually oversewn 

After completion of the anastomosis the surplus of the gastric conduit was removed with a 
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and intubation. The perfusion status of patients was routinely assessed based on the urine 

complications after esophageal surgery20

to the surgical ward was deemed appropriate.

Variables and risk factors

retrieved intraoperative and postoperative factors consisted of hemodynamic characteristics, 

detailed description of studied factors is provided in Table 1.

including gastrointestinal defects involving the esophagus, anastomosis, staple line or gastric 
tube21,22

endoscopy, visible loss of saliva through the cervical wound, or sepsis caused by mediastinal 

Utrecht Pneumonia Score (UPS)23

15
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Statistical analysis

intraoperative and postoperative clinical parameters, using 20 imputed datasets24. The 

was studied univariably. Categorical parameters were compared using the Chi-square test or 

transformations were applied for several parameters to achieve improved linearity on the log 
odds scale. Also, for several parameters the values were multiplied by 100 to facilitate an 

Subsequently, parameters with a p 
logistic regression model to evaluate whether these factors were independently associated 

2

r p-value in univariable 
analysis was pre-selected for the multivariable model. For parameters that remained 

p-value of <0.05 was considered 
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TABLE 1. Studied intraoperative and clinical parameters
Intraoperative factors
Hemodynamic factors
Duration of surgery (minutes) First postoperative systolic RR† 

First postoperative diastolic RR†

† 

imputed)
Number of blood transfusions

Total duration systolic RR < 90 (minutes)

Time in minutes of inotrope admission
Total duration inotrope requirement (minutes)

Time in minutes that systolic RR was <90
†

First measured postoperative hemoglobin
Fluid balance (mL) 0-6, 0-12,0-18 hours after sur-
gery† 

Average heart rate

Respiratory factors
Duration one-lung ventilation (minutes)
Average saturation Average saturation

2 2 2 ratio

2
†

2
† 

2
† 

2
† 

†

2
†

2
† 

2
†

†

† 

Other factors
Average temperature measured First postoperative temperature measured

†

15
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RESULTS

time of 8 days (range 3-17) after esophagectomy, whereas pneumonia was diagnosed after 

encountered for 15 variables, but the percentage of missing values per variable was limited 

highlighted in Table 1.

days [11-18], respectively; p<0.001). Also, in patients with pneumonia the length of hospital 

versus 13 days [10-18], respectively; p

 p ).

Patient and treatment-related characteristics and their univariable association with anastomotic 

p

Anastomotic leakage

p

2 2
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2 in the 

p

p 2 did not 

Pneumonia
Parameters that showed a potential association with the development of pneumonia in 
univariable analysis (p

2 

hours postoperatively and postoperative urine production of <30 mL during at least one hour 

p

15
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p

p

esophagectomy.

TABLE 2 Patient and treatment-related characteristics in relation to postoperative complications

Characteristic

No anastomotic 
leakage
(n=63)

Anastomotic 
leakage
(n=19)

p 
value

No pneumonia
(n=51)

Pneumonia
(n=31)

p 
value

50 (79.4) 14 (73.7) 0.752 39 (76.5)  25 (80.6) 0.658
Age (years)* 63.0 ± 9.0 63.9 ± 6.8 0.813 63.6± 8.4 62.5 ± 8.8 0.569

2)* 25.1 ± 3.3 25.4 ± 5.3 0.987 25.3 ± 3.9 24.9 ± 3.5 0.382
ASA score

17 (27.0)
34 (54.0)
12 (19.0)

 3 (15.8)
13 (68.4)
 3 (15.8)

0.505
 9 (17.6)
33 (64.7)
 9 (17.6)

 11 (35.5)
 14 (45.2)
 6 (19.4)

0.147

 1 ( 1.6)  3 (15.8) 0.037  1 ( 2.0)  3 ( 9.7) 0.116

1 predicted 102.7 ± 16.1 99.7 ± 22.0 0.286 103.5 ± 17.4  99.6 ± 17.8 0.840
Cardiac co-morbidity 20 (31.7)  5 (26.3) 0.652 12 (23.5)  13 (41.9) 0.079
Vascular co-morbidity 24 (38.7)  8 (41.1) 0.791 19 (38.0)  13 (41.9) 0.725
Diabetes mellitus  6 ( 9.5)  3 (15.8) 0.426  3 ( 5.9)  6 (19.4) 0.076

15 (23.8)  1 ( 5.3) 0.101  8 (15.7)  8 (25.8) 0.262
Neoadjuvant therapy
 No therapy
 Chemotherapy
 Chemoradiotherapy

 8 (12.7)
12 (19.0)
43 (68.3)

 1 ( 5.3)
 5 (26.3)
13 (68.4)

0.314
 4 ( 7.8)
13 (25.5)
34 (66.7)

 5 (16.1)
 4 (12.9)
 22 (71.0)

0.225

Data presented as numbers of patients with percentages in parentheses. *Data presented as mean ± standard 
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TABLE 3 Univariable analyses of intraoperative and postoperative clinical parameters potentially asso-
p 

Parameter No anastomotic 
leakage

Anastomotic 
leakage

OR 95% CI p value

Intraoperative

7.36 [7.32-7.39] 7.33 [7.27-7.36] 0.880 0.789 - 0.980 0.020

7.30 [7.27-7.35] 7.22 [7.15-7.30] 0.847 0.767 - 0.934 0.001

2 in 
52.0 [46.0-56.0] 65.0 [50.0-76.0] 1.091 1.032 - 1.125 0.002

2 in 
43.0 [39.3-46.0] 46.0 [40.0-53.0] 1.112 1.024 - 1.206 0.011

Postoperative
-

7.38 [7.35-7.41] 7.35 [7.33-7.38] 0.907 0.818 - 1.006 0.063

2 -
41.0 [36.0-46.0] 44.0 [38.0-52.0] 1.100 1.006 - 1.203 0.036

Note

TABLE 4 Results of multivariable logistic regression analysis
Parameter OR 95% CI p value
Anastomotic leakage

0.848 0.766 - 0.939 0.001

2 1.091 0.989 - 1.204 0.083
Pneumonia

0.927 0.864 - 0.995 0.035
1.136 1.017 - 1.269 0.024
1.931 0.584 - 6.384 0.281

† 1.000 0.999 - 1.000 0.362
-

liliter. †

15
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TABLE 5 Univariable analyses of intraoperative and postoperative clinical parameters potentially asso-
ciated with pneumonia (p )
Parameter No pneumonia Pneumonia OR 95% CI p value
Intraoperative

† 360 [200-580] 460 [340-810] 1.672 0.939 - 2.977 0.081
7.34 (7.30-7.37) 7.37 (7.34-7.40) 1.152 1.034 - 1.283 0.010

2 45.0 (42.0-49.0) 39.0 (39.0-45.0) 0.919 0.845 - 1.000 0.050
Postoperative

79.1 (75.0-86.7) 77.4 (71.7-80.3) 0.941 0.889 - 0.997 0.039
78.4 (71.5-92.1) 74.5 (68.7-81.1) 0.936 0.887 - 0.986 0.013
83.2 (74.2-95.2) 80.0 (71.8-82.8) 0.961 0.924 - 1.000 0.050
81.4 (72.3-97.2) 82.7 (72.6-88-2) 0.966 0.927 - 1.006 0.092
77.5 (73.6-87.8) 75.8 (72.8-78.5) 0.917 0.858 - 0.980 0.011
79.3 (75.7-90.6) 77.8 (70.9-81.8) 0.938 0.888 - 0.992 0.025

3.215 1.070 - 9.660 0.037

†

TABLE 6 Diagnostic performance of vital parameters resulting from multivariable analysis for predict-
ing the postoperative complications

Outcome
Parameter SE(%) SP(%) PPV(%) NPV(%)
Anastomotic leakage

7.25 63.9 81.4 51.0 88.1
Pneumonia

83.21 93.5 41.1 49.1 91.3
7.34 70.0 59.9 51.5 76.7

-
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Figure 1.

DISCUSSION

occurrence of the two most frequently encountered complications after esophagectomy for 
cancer could contribute to the improvement of intraoperative and postoperative decision-

hemodynamic and respiratory factors during and early after esophagectomy were performed 

complications.

25, hypotensive events25

26 and the need for inotropic support27

intraoperative blood loss and the need for inotropic support between patients with and 

15
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frequently be attributed to hypovolemia and tissue hypoperfusion28. Tissue hypoperfusion 

6,14,26. The current 

the results of a previous study that found an association between hypotension and respiratory 
complications after esophagectomy17

17,29

response can cause lung injury by damaging the endothelial and epithelial cells, which 
predicted the occurrence of pulmonary complications in another study30. The development 
of lung injury caused by the described chain of events may contribute to the development of 

2 values in these patients, which may suggest ventilation-
induced hypocapnia. This might in turn be a consequence of relatively high ventilation 
frequency or high tidal volumes applied during intraoperative ventilation which can cause 
ventilation-induced lung injury31,32

previous studies include increased infusion of crystalloid and colloids, the use of inotropics 

2 2
17,29,30

and pneumonia is of importance, since this may lead to prevention and earlier diagnosis 
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of hemodynamic and respiratory interventions, during and after esophagectomy on the 
postoperative course.

4.

Certain limitations apply to this study. First, the study was single centered and included a 
relatively small sample size. Second, this is a hypothesis-generating observational study, and 

better perioperative cardiorespiratory management reducing postoperative complications. 

pneumonia and elucidate causality and non-causality of the found associations.

15
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ABSTRACT
Objective

compared to neoadjuvant chemoradiotherapy (nCRT) followed by surgery for patients with 

Methods

by surgery in a tertiary referral center in the Netherlands were compared. Propensity score 
matching was applied to create comparable groups.

Results

p
p

regarding postoperative morbidity and mortality were found. Pathologic complete response 
p

p
p

p
p

Conclusion
Compared to perioperative chemotherapy, neoadjuvant chemoradiotherapy achieves higher 

improving survival.
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INTRODUCTION

and the incidence of esophageal adenocarcinoma is rapidly increasing1,2. Resection of the 
esophagus with en-bloc lymphadenectomy is the mainstay of curative treatment for patients 
with esophageal cancer3

since both perioperative chemotherapy (pCT) and neoadjuvant chemoradiotherapy (nCRT) 
4-7. Response to neoadjuvant treatment has 

been associated with a higher percentage of radical surgical resection rates (R0), a reduced 
8-10. Currently, the optimal 

adenocarcinoma has not been established5,11.

The use of perioperative chemotherapy for esophageal cancer has yielded varying outcomes 
12-14

surgery alone with regard to R0 resection rates and survival4. Consecutive studies found that 
15,16. Nevertheless, 

thromboembolic events4,17

was compared to surgery alone for patients with resectable esophageal cancer10. This trial 

pathologic complete response (pathCR), favoring the multimodality group. This improvement 
was found to be clinically relevant for both squamous cell carcinoma and adenocarcinoma6. 
Due to the relatively low percentage of adverse events in combination with improved 
oncologic results, neoadjuvant chemoradiotherapy followed by surgery is now the preferred 

18. 

guidelines19.

Currently, direct comparisons between perioperative chemotherapy with epirubicin, cisplatin 

adenocarcinoma are limited. Therefore, the current study aimed to compare these two 

16
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METHODS
Patient population

the standard treatment with curative intent was switched from perioperative chemotherapy 

tomography (CT) or integrated 18 18F-

0-2 and biopsy-proven resectable adenocarcinoma (clinical stage T1N1-3 or T2-4aN0-3) with 
no evidence of distant metastases at initial staging.

Treatment protocols

2 2 2 of capecitabine 
twice daily for 21 days17. The chemoradiotherapy regimen consisted of a total radiation dose 

m2 of body-surface area)10. After completion of neoadjuvant treatment, patients were scheduled 

conduit reconstruction with cervical anastomosis end-to-side with hand-sewn continuous 
sutures in monolayer20. Patients with severe cardiopulmonary co-morbidity were scheduled 

resection was considered too high.

Data collection and follow-up
Clinical patient characteristics, treatment details (e.g. chemotherapy regimens, surgical 

21. After esophagectomy, patients were 

year, and 12 months until 5 years after surgery. Diagnostic imaging was only performed in 
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follow-up, or the date of death or last follow-up, respectively. Death from non-disease-related 
causes (e.g. myocardial infarction) were censored in the PFS analysis.

Postoperative course
22, 23. 

Pathological analysis
The resected specimens were processed according to a standardized protocol in accordance 
with the 7th 24. The 
(circumferential) resection margin was evaluated using the College of American Pathologist 
criteria25. The degree of histopathologic tumor regression was graded according to the system 

26.

Statistical analysis

the two study groups (pCT versus nCRT), propensity score matching was used to build 
comparable groups. First, a propensity score (the probability [ranging from 0 to 1] that a 
patient was assigned to the chemotherapy or chemoradiotherapy group given the individual 

16
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27. Patients who fell outside the joint 
range of propensity scores (i.e. range of common support) were discarded.

RESULTS
Patient characteristics

characteristics. Using propensity score matching, 86 chemotherapy and 86 chemoradiotherapy 
patients could be matched without large imbalances of the used covariates. After propensity 
score matching balance among the two treatment arms improved substantially (Table 1). The 
results of the propensity score-matched cohort will be discussed here in further detail as this 
cohort consisted of groups with improved comparability.

preoperative chemotherapy cycles. Postoperative continuation of chemotherapy was 

radiotherapy. The main reason for not completing all chemotherapy cycles in the nCRT group 

relevant thromboembolic events, which occurred only in the pCT group and not in the nCRT 
p<0.001), 9 of which were symptomatic pulmonary emboli. The remaining 

7 thromboembolic evens were asymptomatic (aortic or pulmonary emboli) and were detected 

p

and chemoradiotherapy group (Table 2).

preoperative patient-related characteristics, and tumor characteristics between patients who 
did and did not undergo postoperative chemotherapy.
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Postoperative course

disease progression during therapy (1 patient in the pCT group) and diagnosis of metastatic 
disease during surgery (1 patient in the pCT group and 2 patients in the nCRT group). Surgical 

(p

the nCRT group all 6 patients died due to severe postoperative complications.

Pathological assessment
Pathologic results are presented in Table 4. A pathCR was more frequently observed in patients 

p<0.001). Also a good 

group (p

Survival

resection after propensity score matching), median follow-up was 34 months (range 2-97) 
in the pCT group and 21 months (range 3-47) in the nCRT group, respectively. At 3 years 

p
p
analysis showed that at 3 years follow-up, locoregional disease progression occurred less 

test p

respectively.

16
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TABLE 1. Comparison of baseline characteristics according to neoadjuvant treatment protocol, before 
and after propensity score matching

Original cohort Propensity score matched 
cohort

Variables pCT
(n=106)

nCRT 
(n=87)

p value pCT
(n=86)

nCRT 
(n=86)

p value

87 (82.1) 77 (88.5) 0.214 73 (84.9) 76 (88.4) 0.502
Age (years)* 62.5 ± 8.8 64.6 ± 8.1 0.099 62.9 ± 8.9 64.5 ± 8.1 0.232

2)*† 26.3 ± 3.8 26.3 ± 4.1 0.873 26.4 ± 3.9 26.2 ± 4.1 0.744
ASA score*

30 (28.3)
68 (64.2)
 8 ( 7.5)

16 (18.4)
60 (69.0)
11 (12.6)

0.183
21 (24.4)
58 (67.4)
 7 ( 8.1)

16 (18.6)
59 (68.6)
11 (12.8)

0.445

 0
 1

57 (53.8)
49 (46.2)

36 (41.4)
51 (58.6)

0.086
45 (52.3)
41 (47.7)

36 (41.9)
50 (58.1)

0.169

11 (10.4) 10 (11.5) 0.804  8 ( 9.3) 10 (11.6) 0.618
Cardiac co-morbidity 25 (23.6) 30 (34.5) 0.095 20 (23.3) 30 (34.9) 0.093
Diabetes mellitus 11 (10.4) 13 (14.9) 0.339 10 (11.6) 13 (15.1) 0.502

59 (55.7) 60 (69.0) 0.059 47 (54.7) 59 (68.6) 0.060
Surgical approach*
 Transhiatal
 Transthoracic

23 (21.7)
83 (78.3)

 9 (10.3)
76 (89.7)

0.035
12 (14.0)
74 (86.0)

 9 (10.5)
77 (89.5)

0.485

Tumor length on endoscopy (cm)† 5.3 ± 2.5 4.8 ± 2.3 0.219 5.3 ± 2.6 4.8 ± 2.3 0.191
Clinical T-stage*
 T1
 T2
 T3
 T4

 2 ( 1.9)
 9 ( 8.5)
91 (85.8)
 4 ( 3.8)

 2 ( 2.3)
15 (17.2)
68 (78.2)
 2 ( 2.3)

0.301
 1 ( 1.2)
 9 (10.5)
73 (84.9)
 3 ( 3.5)

 2 ( 2.3)
15 (17.4)
67 (77.9)
 2 ( 2.3)

0.514

Clinical N-stage*§

 N0
 N+

25 (23.6)
81 (76.4)

26 (29.9)
61 (70.1)

0.323
24 (27.9)
62 (72.1)

25 (29.1)
61 (70.9)

0.866

Note. Data are numbers of patients with percentages in parentheses.*Variables used for propensity matching.
†Data are mean ± standard deviation. th edition of 

24. §Clinical 
th 24
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TABLE 2.
pCT
(n=86)

nCRT
(n=86)

p value

16 (18.6)  0 ( 0.0) <0.001
 2 ( 2.3)  7 ( 8.1) 0.168
 5 ( 5.8)  2 ( 2.3) 0.443
 3 ( 3.5) 12 (14.0) 0.015
 1 ( 1.2)  5 ( 5.8) 0.210
 1 ( 1.2)  0 ( 0.0) 1.000
 7 ( 8.1)  5 ( 5.8) 0.549
 8 ( 9.3)  3 ( 3.5) 0.119
 7 ( 8.1)  0 ( 0.0) 0.014
 2 ( 2.3)  3 ( 3.5) 0.650
 1 ( 1.2)  0 ( 0.0) 1.000
 0 ( 0.0)  1 ( 1.2) 1.000
 0 ( 0.0)  1 ( 1.2) 1.000
 0 ( 0.0)  1 ( 1.2) 1.000
 1 ( 1.2)  1 ( 1.2) 1.000
 1 ( 1.2)  0 ( 0.0) 1.000
 39 (45.3)  34 (39.8) 0.440

Premature discontinuation  20 (23.3)  23 (26.7) 0.597
Post-operative continuation  34 (39.5)  NA  NA
Note. Data are numbers of patients with percentages in parentheses.*Adverse events graded according to 

21
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TABLE 3. Comparative analysis of postoperative course*
Outcome measure pCT

(n=84)
nCRT
(n=84)

p value

Complicated postoperative course 58 (69.0) 61 (72.6) 0.661
† 20 (23.8) 24 (28.6) 0.483

 Pneumonia 29 (34.5) 29 (34.5) 1.000
 Cardiac arrhythmia§ 11 (12.6) 20 (23.8) 0.058

14 (16.7) 12 (14.3) 0.870
 Recurrent nerve paresis  6 ( 7.1)  8 (9.5) 0.577
 Wound infection  3 ( 3.6)  5 ( 6.0) 0.469
 Postoperative bleeding  2 ( 1.2)  2 ( 2.4) 1.000
 Thromboembolic event  5 ( 6.0)  5 ( 6.0) 1.000
Clavien-Dindo grade¶ 0.334

 7 ( 8.3)  8 ( 9.5)
28 (33.3) 19 (22.6)
 0 ( 0.0)  3 ( 3.6)
 6 ( 7.1) 14 (16.7)
15 (17.9) 11 (13.1)

 V  3 ( 3.6)  6 ( 7.1)
23 (27.4) 31 (36.9) 0.186

Duration of hospital stay (days)# 15 [11-23] 16 [11-27] 0.465
#  1 [1-4]  1 [1-4] 0.563

30-day mortality  1 ( 1.2)  2 ( 2.4) 1.000
90-day mortality  5 ( 6.0)  6 ( 7.1) 0.755
Note. 
neoadjuvant chemotherapy and chemoradiotherapy, 84 and 84 underwent surgery, respectively. †Anastomotic 

Pneumonia was 
40. §

on an electrocardiogram requiring treatment. 
¶

system22,23. #
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TABLE 4. Comparative analysis of postoperative histopathology*
Outcome pCT

(n=84)
nCRT
(n=84)

p value

Pathologic T-stage†

 ypT0
 ypT1b
 ypT2
 ypT3
 ypT4

 9 (10.7)
12 (14.3)
12 (14.3)
48 (57.1)
 3 ( 3.6)

15 (17.9)
10 (11.9)
19 (22.6)
38 (45.2)
 2 ( 2.4)

0.131

Pathologic N-stage
 ypN0
 ypN1

36 (42.9)
48 (57.1)

42 (50.0)
42 (50.0)

0.353

Tumor regression grade§

 V

 9 (10.7)
 5 ( 6.0)
17 (20.2)
18 (21.4)
35 (41.7)

 15 (17.9)
 16 (19.0)
 27 (32.1)
 22 (26.2)
 4 ( 4.8)

<0.001

Radicality of resection
 R0
 R1

 75 (89.3)
 9 (10.7)

 80 (95.2)
 4 ( 4.8)

0.149

Note. 
neoadjuvant chemotherapy and chemoradiotherapy, 84 and 84 underwent surgery, respectively. †Pathological 

th

24. 
the 7th 24. The (circumferential) resection margin was evaluated using 
the College of American Pathologist (CAP) criteria. §

The (circumferential) resection margin was evaluated using the 
College of American Pathologist criteria25

Figure 1.

perioperative chemotherapy and neoadjuvant chemoradiotherapy followed by esophagectomy groups.

16
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DISCUSSION

nCRT was associated with improved tumor downstaging and a higher pathCR rate compared 

disease progression in the nCRT group.

According to recent literature, pCT and nCRT both improve survival compared to surgery 
4,6

5,7. 

Until now, three randomized trials have made a similar attempt to directly compare nCRT with 
28-30. Stahl et al., randomly allocated 

119 patients to either chemotherapy (cisplatin, 5-FU, leucovorin) or chemoradiotherapy 
(cisplatin, 5-FU, leucovorin, 30 and Gy) both followed by surgery28. The chemoradiotherapy 

p
p

p

receive either preoperative chemotherapy (cisplatin, 5-FU) or preoperative chemoradiotherapy 
(cisplatin, 5-FU, and 35 Gy)29. This study showed a higher histopathological complete response 

29. A 
recent randomized controlled trial of 181 patients by Klevebro et al., again showed a higher 

p
compared to neoadjuvant chemotherapy (platin, 5-FU), with comparable survival between 
the two groups30.
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tumor progression and a trend towards a higher R0 resection rate was found after nCRT. 

after neoadjuvant treatment is a major determinant of survival in patients with esophageal 
cancer8,26,31-33

nCRT or pCT will have distant disease progression, there is need for feasible (adjuvant) 

control after nCRT is reasonable, currently the interest in adjuvant chemotherapy in these 
patients to increase systemic control is increasing. A recent cohort study has shown that this 
approach may improve survival in patients with residual nodal disease34. Future trials are 
underway and should answer whether the addition of new adjuvant therapies will improve 
survival by reducing distant disease progression35,36.

established limitations of perioperative chemotherapy regimens is that adjuvant chemotherapy 
is less feasible than preoperative chemotherapy4,13,37

4,13. Also in the current study a limited number of patients 

chemotherapy over surgery alone has been well established4,13. The role of postoperative 

between treatment with perioperative chemotherapy and preoperative chemotherapy only38. 
The feasibility problems of the currently available perioperative chemotherapy regimens favor 
the use of neoadjuvant treatment.

contribute to an increase in postoperative morbidity and mortality39

with earlier reports10,15,17

of postoperative morbidity or perioperative mortality between the pCT and nCRT groups 
were observed. These results are consistent with two recent meta-analyses that compared 
postoperative morbidity and mortality between patients treated with pCT or nCRT for 

16
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40,41

randomized controlled trial more severe postoperative complications were observed after 
nCRT compared to chemotherapy42.

to other studies40,43,44

10.

Strengths of this study include the use of predominantly prospective collected data. 
Furthermore, the sample size of this study is relatively large compared to previous comparative 

esophageal adenocarcinoma upon recurrence. Recent studies have demonstrated that treatment 

45,46. Therefore, treatment 
of recurrent disease may not have been the same throughout the whole study period, which may 
have improved the prognosis of the nCRT patients that were included later in this study. Also, 
the addition of a diagnostic 18

selection for treatment with curative intent. Furthermore, the median-follow up in the nCRT 

and nCRT regimens are underway and should resolve the limitations in the current literature 
47

trial [NCT01924819]48).
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Neoadjuvant chemoradiotherapy achieves higher pathologic complete response rates and a 

chemotherapy.

16
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ABSTRACT
Objective

transthoracic esophagectomy.

Methods

by transthoracic esophagectomy were included in this single-center cohort study. The gastric 
fundus was contoured on the pre-treatment planning CT. Within this contour, dose-volume 
histogram parameters were calculated and logistic regression analysis was used to determine 

Results

35.6Gy versus 24.9Gy, respectively; p

clinical T-stage, and radiation modality, the mean radiation dose to the gastric fundus remained 

p

Conclusion

nCRT for esophageal cancer, since higher dose levels to the gastric fundus are associated 

and cervical anastomosis.

Chapter 17
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INTRODUCTION

1-3

past decades, a steady decrease in postoperative mortality has been achieved by improvements 
of surgical techniques and perioperative management4

the esophagogastrostomy remains one of the major complications negatively impacting 
surgical and oncologic outcomes4,5

2, 6-10.

increase in surgical morbidity in patients that underwent nCRT11-14. Postoperative pulmonary 
complications have convincingly been related to neoadjuvant radiation dose to the lungs15-17. 

as this part of the stomach is used for the esophagogastric anastomosis.

The available evidence on the potential association between neoadjuvant radiation dose to 
18,19. 

the gastric fundus when planning neoadjuvant radiation treatment for esophageal cancer. 

patients with esophageal cancer undergoing nCRT followed by transthoracic esophagectomy 
and cervical anastomosis.

METHODS
Study population
This study was approved by our institutional review board, and the informed consent 
requirement was waived. From a prospectively acquired database, consecutive patients with 

followed by transthoracic esophagectomy between January 2012 and July 2015 at our tertiary 
referral center. All patients had biopsy-proven resectable carcinoma with no evidence of distant 
metastases. Patients who underwent transhiatal esophagectomy, salvage esophagectomy or 
non-elective surgery and patients in whom no gastric conduit reconstruction was performed 

17
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Treatment protocol
The nCRT regimen consisted of a total radiation dose of 41.4 Gy in 23 fractions of 1.8 Gy in 

2. Some 
patients (with a clinical T4b tumor) received a total radiation dose of 50.4 Gy in 28 fractions 

any suspicious regional lymph nodes as determined by all available information (endoscopy, 
18

as the CTV plus a margin of 1 cm in all directions. Patients were treated by either three-

 80, 3.8 mm, 

gastric conduit staple line was oversewn by hand. A cervical esophagogastric anastomosis 
was performed end-to-side with hand-sewn continuous sutures (3-0 PDS) in monolayer. 

 80, 3.8 mm, 

Data collection
Clinical patient characteristics, treatment details, and surgical outcome data were collected 

during a contrast swallow study or CT scan, or visualization of anastomotic dehiscence or 
8.

Image analysis
The gastric fundus was retrospectively contoured on the pre-treatment planning CT (section 

20. After consultation with the authors of a 
previous study18, the boundaries of the delineated gastric fundus were standardized in 

located within the diaphragmatic dome was determined in the transverse plane. From that 
point, four consecutive transverse sections in caudal direction were delineated following 

Chapter 17
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percentage of the volume that received at least 20, 25, 30, and 35 Gy, respectively).

Statistical analysis

compare parametric and non-parametric continuous parameters, respectively. Univariable 

Three baseline characteristics including tumor location, clinical T-stage and radiation 
modality, were thought to potentially confound the association between radiation dose to the 

fundus was entered in a multivariable logistic regression model together with the three 

dose), resulting in the statistical problem of (multi)collinearity. Therefore, from these highly 
correlated pairs of parameters only the mean dose was pre-selected for the multivariable 

p

RESULTS

17
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 p ).

A comparison of gastric fundus radiation dose characteristics for patients with versus without 

39.9] versus 24.9 Gy [11.9-35.1], respectively; p

p
addition, univariable analysis showed that percentages of the gastric fundus volume receiving 

determined at 31.4 Gy. Patients with a mean dose above versus below this threshold developed 

junction tumors were 0.95 Gy ± 1.5, 15.6 Gy ± 13.9, 28.9 Gy ± 10.7, and 34.4 Gy ± 6.7 

Chapter 17
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confounded by tumor location, clinical T-stage or radiation modality (Table 4). Adjusted 

p

17
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TABLE 1.
Characteristic Anastomotic leakage

(n = 25)
No anastomotic leakage
(n = 72)

p value

19 (76.0) 53 (73.6) 0.814
Age (years)* 64.9 ± 7.6 66.3 ± 7.3 0.414

2)* 25.6 ± 4.6 25.5 ± 4.7 0.947
ASA score

5 (20.0)
12 (48.0)
8 (32.0)

14 (19.4)
48 (66.7)
10 (13.9)

0.262

6 (24.0) 9 (12.5) 0.203
Cardiac co-morbidity 7 (28.0) 25 (34.7) 0.538
Vascular co-morbidity 12 (48.0) 33 (45.8) 0.852
Diabetes mellitus 4 (16.0) 10 (13.9) 0.751

17 (68.0) 52 (72.2) 0.688
Clinical T-stage
 cT1
 cT2
 cT3
 cT4

0 (0.0)
3 (12.0)
19 (76.0)
3 (12.0)

1 ( 1.4)
19 (26.4)
47 (65.3)
5 ( 6.9)

0.104

Clinical N-stage
 cN0
 cN1
 cN2
 cN3

5 (20.0)
12 (48.0)
7 (28.0)
1 ( 4.0)

19 (26.4)
34 (47.2)
15 (20.8)
4 ( 5.6)

0.529

Tumor histology
 Adenocarcinoma
 Squamous cell carcinoma

17 (68.0)
8 (32.0)
0 ( 0.0)

43 (59.7)
27 (37.5)
2 ( 2.8)

0.799

Tumor location

 Distal third of esophagus
 Gastro-esophageal junction

2 ( 8.0)
5 (20.0)
15 (60.0)
3 (12.0)

6 ( 8.3)
18 (25.0)
41 (56.9)
7 ( 9.7)

0.629

Radiation modality
 3D-CRT 11 (44.0)

14 (56.0)
24 (33.3)
48 (66.7)

0.339

Radiation planning modality
 CT
 18

7 (28.0)
18 (72.0)

19 (26.4)
53 (73.6)

0.576

Total radiation dose
23 (92.0)
2 ( 8.0)

67 (93.1)
5 ( 6.9)

1.000

500 ± 295 502 ± 336 0.985
Note. Data are numbers of patients with percentages in parentheses.*Data are mean ± standard devia-
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TABLE 2. Univariable logistic regression analysis of gastric fundus dose characteristics among patients 

Characteristic Anastomotic leakage
(n = 25)

No anastomotic leakage
(n = 72)

OR (95% CI) p 
value

Volume (mL) 11.1 [ 8.1-12.8] 11.8 [ 8.3-15.9] 0.92 (0.83-1.02) 0.121
35.6 [20.2-39.9] 24.9 [11.9-35.1] 1.04 (1.00-1.08) 0.047
15.1 [11.9-26.1]  8.9 [ 2.8-16.9] 1.06 (1.02-1.11) 0.006

D50 (Gy) 39.0 [16.7-41.2] 21.8 [11.7-38.9] 1.03 (1.00-1.07) 0.054
42.5 [40.9-43.0] 41.9 [23.2-42.7] 1.02 (0.98-1.05) 0.328
94.5 [27.5-100] 60.0 [ 2.6-93.9] 1.12 (0.99-1.27)† 0.066
90.1 [22.3-99.8] 38.3 [ 0.0-81.3] 1.15 (1.02-1.30)† 0.025
73.1 [17.9-96.1] 26.2 [ 0.0-76.5] 1.16 (1.02-1.31)† 0.021
63.4 [13.2-93.3] 17.4 [ 0.0-65.2] 1.16 (1.03-1.32)† 0.018

 †

in volume-percentage.

TABLE 3. Receiver operating characteristics analysis of gastric fundus dose characteristics among 

Characteristic AUC SE (%) SP (%) PPV (%) NPV (%)

0.66 31.4 Gy 64.0 70.8 43.2 85.0

0.65 10.9 Gy 84.0 54.2 38.9 90.7

V25 0.65 52.0 80.6 48.1 82.9

V30 0.65 60.0 70.8 41.7 83.6

V35 0.65 60.0 72.2 42.9 83.9

TABLE 4.
parameter
Characteristic OR (95% CI) p value
Tumor location

1.00 (ref)
0.60 (0.16-2.17) 0.432

Clinical T-stage
 cT1-2
 cT3-4

1.00 (ref)
2.81 (0.73-10.77) 0.132

Radiation modality
 3D-CRT 1.00 (ref)

0.65 (0.25-1.74) 0.398
1.05 (1.002-1.10) 0.043

-
ty-modulated radiotherapy.
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DISCUSSION
This study demonstrates that the neoadjuvant radiation dose to the gastric fundus in patients 

transthoracic esophagectomy with cervical anastomosis. Several radiation dose characteristics 

to the gastric fundus when planning neoadjuvant radiation for esophageal cancer with planned 

series. According to the results of this study, limiting the mean dose to 31 Gy could decrease 

Two previous studies have reported on the relationship between neoadjuvant radiation dose 
18,19. Similar to the 

esophagectomy with intrathoracic anastomosis reported that the radiation dose to the gastric 
18

were applied18

the present study is currently regarded as the standard of care in many countries worldwide 
for patients with resectable locally advanced esophageal cancer3.

19. That study applied a similar neoadjuvant 
treatment regimen to the current series, but the surgical procedure (transhiatal esophagectomy 

19

bloc radical lymphadenectomy as was performed in the present study is currently considered 
the preferred approach of oncological esophagectomy21,22. Therefore, in contrast to other 

was analyzed under the circumstances of present-day standardized radical surgery and 

across the two previous reports18,19

conclusions. This may be the reason for the more nuanced discriminatory ability of the mean 

17
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found in the other two studies (AUC 0.7718 19).

rates remains equivocal. A recent meta-analysis including 11 randomized controlled trials 
(RCTs) comparing outcomes of patients undergoing nCRT followed by surgery with patients 

p 10

surgical morbidity, but that surgical morbidity was inconsistently reported across trials which 
impeded direct comparisons1. A recent retrospective analysis of 686 patients reported that 

p<0.01)
(14). The current study was not designed - and hence does not allow - to answer the question 
whether nCRT per se
to determine whether the variability of radiation doses to the gastric fundus relates to the 

after esophagectomy.

6,7,9, 10

2 which used the same nCRT regimen as the current study. Also, in accordance 
2
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Sparing of the gastric fundus in radiation treatment planning for esophageal cancer could 

conformal radiation therapy technique providing greater target volume conformity, greater 
dose homogeneity, and an increased ability to control dose to adjacent normal structures 
including the gastric fundus if desired. To this regard, it could be helpful if the radiation 

in the neoadjuvant setting to spare the gastric fundus, as the microscopic spread beyond the 

2, mostly involves 
microscopically positive surgical margins at the lateral (circumferential) borders rather than 
the caudal border23

negatively impact survival24. Finally, assessment of radiation dose to the gastric fundus could 

study is limited by the retrospective nature of the analysis, which impedes adjustment for all 

breathing-induced organ motion, which could have altered radiation dose calculations. Since 
no daily imaging information was available the authors were not able to compensate for 

studies18,19

gastric fundus doses across patients, which increases the statistical power and precision of 

multivariable analysis.

cancer treated with neoadjuvant chemoradiotherapy followed by transthoracic esophagectomy 
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ABSTRACT
Objective

versus a cervical 
anastomosis after esophagectomy are equivocal. The aim of this study was to compare clinical 
outcome after esophagectomy in patients with an intrathoracic or cervical anastomosis, and 

Methods

Audit. For the comparison between an intrathoracic and cervical anastomosis, propensity 

Results
Some 3348 patients were included. After propensity score matching, 654 patients were included 
in both the cervical and intrathoracic anastomosis groups. An intrathoracic anastomosis was 

versus 21.9 per cent; P = 
0.025). The percentage of patients with recurrent nerve paresis was also lower (0.6 versus 7.0 
per cent; P < 0.001) and an intrathoracic anastomosis was associated with a shorter median 
hospital stay (12 versus 14 days; P = 

Conclusion
An intrathoracic esophagogastric anastomosis was associated with a lower anastomotic 
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INTRODUCTION

continues to increase every year1. According to international guidelines2, esophagectomy is 
the cornerstone of curative treatment for non-metastasized esophageal cancer, often combined 

perioperative management and patient selection have resulted in a reduction in postoperative 
mortality after esophagectomy3

and is a major cause of morbidity and mortality. The percentage of patients with anastomotic 
4–8.

patient-related characteristics5,9,10, intraoperative factors11–13, postoperative factors and 
surgical technique14–16. Controversy remains about the optimal anatomical location of the 
esophagogastric anastomosis (intrathoracic versus cervical) after esophagectomy. Several 

anastomosis9,17,18 19–21, did not show a statistically 

with a cervical anastomosis, because a wider oncological resection margin can be achieved. 

anastomosis than for an intrathoracic anastomosis22

vascularized9.

after esophagectomy is equivocal. Therefore, the primary aim of this study was to assess 

resection with either an intrathoracic or cervical esophagogastric anastomosis. A secondary 

METHODS
All patient data were obtained from the Dutch Upper Gastrointestinal Cancer Audit (DUCA), a 
registry of all patients undergoing surgery with curative intent for esophageal or gastric cancer 

founded in 2011, with the objective to facilitate and organize the initiation of nationwide 
auditing in a uniform format. The DUCA collects data to monitor national guideline adherence 

18
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and to provide surgical teams with reliable information on outcome measures. Participation is 
mandatory for all Dutch hospitals performing esophageal resections, and data are registered for 
each patient during the hospital stay and until 30 days after discharge. Detailed descriptions 

uniform data registration. An independent monitoring team audits the data to evaluate 
completeness and concordance. The organization of the DUCA has been described in more 
detail previously23.

Patients
All patients undergoing esophagectomy for esophageal cancer with gastric tube reconstruction 
between January 2011 and December 2015 were included. For the comparison between 

Treatment
Surgical treatment consisted of an open (both abdomen and chest), hybrid (abdomen minimally 
invasive and open chest) or totally minimally invasive transthoracic esophagectomy followed 
by gastric tube construction with a cervical or intrathoracic anastomosis. The location and 
technique of the anastomosis (stapled versus handsewn, end-to-side versus side-to-side) are 

guidelines.

Outcome measures

surgical and short-term oncological outcomes were analyzed. Surgical outcome parameters 

days after discharge, positive resection margin and number of retrieved lymph nodes.

Statistical analysis
Patient and treatment-related characteristics are described as count with percentages, 

for eight variables; the percentage of missing values per variable was limited (range 0.0 to 4.9 
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24.

was performed for the analysis of intrathoracic versus cervical anastomosis. First, propensity 
scores (the probability, ranging from 0 to 1, that a patient was assigned to an intrathoracic 
or cervical anastomosis) were derived using a logistic regression model, which included all 
patient and treatment-related characteristics presented in Table 1
matching was performed with nearest-neighbor matching without replacement, using a caliper 
width of 0.25 multiplied by the standard deviation of the estimated propensity score25

in measured patient and treatment-related characteristics of the matched cohort was assessed 

26

the two treatment groups, the c2 test was used for categorical variables, and the Student’s t test 
U 

respectively. Logistic regression analysis was used to stratify by type of surgery (open versus 
total minimally invasive approach) in the propensity-matched cohort by adding an interaction 
term between surgical approach and anastomotic location for each outcome. For this analysis, 
hybrid procedures were added to the minimally invasive group.

patients who underwent a transhiatal resections). Variables with P < 0.250 in univariable 

®

www.R-project.org). P

RESULTS

intrathoracic anastomosis (928) and a cervical anastomosis (1158) (Fig. 1). Patients were 
predominantly men (77.4 per cent), and the mean age was 64.6 (s.d. 9.0) years. The percentage 
of patients with an intrathoracic anastomosis increased during the study interval from 20.6 per 
cent in 2011 to 59.3 per cent in 2015. Patient and treatment-related characteristics according 
to location of the anastomosis are shown in Table 1. After propensity matching, 654 patients 

18
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were included in both groups and all baseline variables including year of surgery were equally 

Intrathoracic versus cervical anastomoses
Postoperative complications and pathological data are shown in Table 2
was less frequent in patients who underwent an intrathoracic anastomosis than in those with a 

versus 143 of 654 (21.9 per cent) respectively 
(P = 0.025). Recurrent nerve paresis occurred less often in patients with an intrathoracic 

versus 46 of 654 (7.0 per cent) respectively (P < 0.001). 

12 (range 3–145) versus 14 (range 4–386) days (P < 0.001). Surgical reinterventions, duration 

two groups. The associations between location of the anastomosis and outcome parameters 
P for interaction 

> 0.050) (Table 2).

anastomosis groups in the percentage of patients who had a surgical reintervention (53.2 
per cent of patients with an intrathoracic anastomosis versus 44.8 per cent with a cervical 
anastomosis; P = 0.184) or in-hospital mortality (8.1 versus 10.5 per cent respectively; P = 
0.520). Duration of hospital stay (median 40 (range 9–132) versus 28 (4–132) days; P < 0.001) 

versus 4 (1–155) days; P 

Predictors of anastomotic leakage
Table 3, Fig. 1). The median 

P 
rates were 9.1 and 2.7 per cent respectively (P = 0.001).

Table 
3

Chapter 18
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P = P = 0.026), 
P = 0.031), 

history of cardiac arrhythmia (RR 1.25, 1.01 to 1.55, P = 0.044), diabetes mellitus (RR 1.26, 
1.06 to 1.49; P = P = 
0.022) (Table 4).

18
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TABLE 4. 

P

1.00 (reference)
0.99 (0.77, 1.30) 0.990
1.31 (1.09, 1.78) 0.009
1.98 (1.27, 3.64) 0.026
1.21 (1.02, 1.45) 0.031
1.25 (1.01, 1.55) 0.044

Diabetes mellitus 1.26 (1.06, 1.49) 0.009
Tumor location

1.86 (1.25, 2.77) 0.022
1.07 (0.87, 1.32) 0.514

Distal 1.00 (reference)
-

ease.

All oesophageal resections for cancer

n = 3348

Eligible for identification of preoperative predictors 

of anastomotic leakage

n = 3348

Excluded n = 1262

 All transhiatal resections n =1224

 All proximal oesophageal

 tumours n = 38

Eligible for inclusion and propensity matching

n = 2086

Intrathoracic anastomosis

(before matching)

n = 928

Intrathoracic anastomosis

(after matching)

n = 654

Cervical anastomosis

(before matching)

n = 1158

Cervical anastomosis

(after matching)

n = 654

Figure 1. 
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DISCUSSION
This nationwide multicenter cohort study compared clinical outcome in patients with an 
intrathoracic versus cervical anastomosis following esophagectomy. An intrathoracic 

tumors.

Four RCTS18–21 have investigated clinical outcome in patients with an intrathoracic or 
cervical anastomosis. The results of these studies are equivocal regarding which anastomotic 

study)18–21

in stapled and hand-sutured anastomosis. Two meta-analyses15,27, including 298 patients, found 

anastomosis. The present results are in line with these analyses.

in the present study are high compared with those in other studies5,9

intrathoracic and cervical anastomosis range from 9 to 21 per cent9,17,28,29 and 8 to 35 per 
cent9,17,28,30 respectively. Some studies included only clinically relevant or radiologically 

31

20.6 per cent of anastomoses were intrathoracic in 2011 and 59.3 per cent in 2015. The 
introduction of an intrathoracic anastomosis is associated with a learning curve32,33. 
Furthermore, the proportion of minimally invasive procedures increased from 53.1 to 85.4 per 
cent during the study period. The introduction of minimally invasive esophagectomy is also 

18
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34,35. 

present study.

some surgeons prefer a cervical anastomosis. The possibility of a wider resection margin and 

anastomosis36

intrathoracic anastomosis led to a longer intensive care and hospital stay. This suggests that 
37. 

mortality between intrathoracic and cervical anastomoses. The safety of the intrathoracic 
technique is supported by a recent meta-analysis27

mortality between intrathoracic and cervical anastomoses.

Previous studies9,15,27,38

intrathoracic anastomosis. Factors resulting in poor tissue perfusion and vascular impairment 
are considered important5,9,10,39

Strengths of this study include the population-based design, the adjustment for important 
confounders, and the relatively large sample size. Furthermore, data from the DUCA are 
collected prospectively, and controlled for completeness and validity by an independent 
monitoring team. There are also limitations to this study, including its retrospective design 

the anastomosis are not recorded in 

for the individual centers. At present, a randomized trial40 comparing the intrathoracic and 
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contribution to the current literature.
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ABSTRACT
Objective

compare it to subjective CT interpretation.

Methods

after esophagectomy with cervical anastomosis between 2003 and 2014 were analyzed. The 

Results

The original interpretation and the systematic subjective CT assessment by two radiologists 

Conclusion
This CT-based score may provide improved diagnostic performance for diagnosis of 

Chapter 19



339

INTRODUCTION

the incidence rate is rapidly increasing1. Surgical resection of the esophagus with en-bloc 
lymphadenectomy combined with neoadjuvant chemoradiation or perioperative chemotherapy 
is the cornerstone of treatment for patients with locally advanced non-metastatic esophageal 
cancer2-4. Despite advances in surgical treatment and improvement in perioperative care 

2,5

stay, and mortality6-9.

10-13

and provide information on the condition of the gastric tube14,15

procedure may damage the anastomosis.

CT scanning is commonly performed for diagnosis of postoperative complications, since 
it is non-invasive and safe to use in critically ill patients. Previously, several studies have 

esophagectomy13,16-18

during postoperative routine screening and included only a small number of patients13,16,17. 
Also a wide range of diagnostic accuracies has been reported, suggesting that the association 

16-18. 

19,20.
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radiologists and that of the original CT interpretation.

METHODS
Study population
This retrospective cohort study was approved by a institutional review board and the 
requirement to obtain informed consent was waived. The study was designed and conducted 
according to Standards for Reporting of Diagnostic Accuracy21. From a prospectively acquired 
database, all consecutive patients with esophageal or gastro-esophageal junction cancer 
who underwent an elective esophagectomy, between 2003 and 2014, at our tertiary referral 

Surgical treatment consisted of a transthoracic or transhiatal esophagectomy with en-bloc 
lymphadenectomy and gastric tube reconstruction22. A cervical esophagogastric anastomosis 
was performed end-to-side with hand-sewn continuous sutures (3-0 PDS) in monolayer. After 
surgery two chest tubes were routinely placed, and removed during the following days in case 

Data collection

postoperative demonstration of saliva through the cervical wound, or visualization of 

up time was truncated to 30 days for all patients. All postoperative complications, including 

Image acquisition
Thoraco-abdominal CT images were acquired using commercially available 16- or 64-section 

with 64×0.625 millimeter section collimation, a tube rotation time of 500 milliseconds, a tube 

13.
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Variable selection

esophageal surgery and variables described previously in the literature were included for 

discernible wall), and mediastinal induration (whenever the mediastinal fat showed non-

collection, and the anatomical region (i.e. above the manubrium, between the manubrium and 

Image evaluation
All CT scans were retrospectively reviewed together by two radiologists in consensus ( 

esophagectomy, but were blinded for the patients’ detailed clinical information. The presence 
or absence of the various selected CT variables were systematically assessed and recorded. 

Also, all the original CT interpretations rendered as part of the clinical care were reviewed. 

Statistical analysis and development of a practical scoring system

19
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Subsequently, parameters with a p-value below 0.05 in univariable logistic regression analysis 

to evaluate whether these factors were independently associated with the occurrence of 
beta-regression 

23. Statistical analysis 
p-value of <0.05 was 

RESULTS
Demographics

Clinical and treatment-related patient characteristics and their univariable association with 
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Predictors of anastomotic leakage

 
p

p<

independent its size, anatomic location within the mediastinum, and the number of days 

p
th postoperative day 

p
p p

1.3–9.4, p p
p p
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Systematic subjective CT assessment

Original clinical CT interpretation

Risk scoring system

beta-

analysis. To this regard it proved feasible to assign one point for the presence of each predictive 

(Table 3). Therefore, the cumulative amount of points of the ALP score ranges from 0 to 4. 

presented in Table 5.
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to the systematic subjective CT assessment and original CT interpretation, respectively 

respectively.

TABLE 1.
Characteristic Anastomotic leakage

(n = 54)
No anastomotic leakage
(n = 68)

p value

41 (75.9) 56 (82.4) 0.382
Age (years)* 65.2 ± 9.0 65.8 ± 8.9 0.708

2)* 25.7 ± 4.4 26.8 ± 4.3 0.158
ASA score 12 (22.2)

28 (51.9)
14 (25.9)
 0 ( 0.0)

12 (17.6)
40 (58.8)
15 (22.1)
 1 ( 1.5)

0.841

13 (24.1) 10 (14.7) 0.189
Cardiac co-morbidity 15 (27.8) 23 (33.8) 0.474
Diabetes mellitus  9 (16.7) 15 (22.1) 0.457

17 (31.5) 21 (30.9) 0.898
Neoadjuvant therapy
 None
 Chemotherapy
 Chemoradiotherapy

16 (30.9)
12 (22.6)
26 (49.1)

21 (29.6)
14 (21.2)
33 (50.0)

0.973

†  103 ± 22  96 ± 19 0.085
Temperature*  37.7 ± 0.8 37.7 ± 0.8 0.950

§  16.2 ± 7.1 15.6 ± 7.3 0.385
C-reactive protein*  224 ± 104  194 ± 96 0.110
Note. Data are numbers of patients with percentages in parentheses.*Data are mean ± standard deviation. 
† Temperature in Celcius (°C). §  9 CRP in 
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TABLE 2.

Characteristic Anastomotic leakage
(n=54)

No anastomotic leakage
(n = 68)

OR (95% CI) p value

 7 (13.0)  6 ( 8.8)  1.5 ( 0.49-4.88) 0.464
 Fluid collection 23 (42.6) 13 (19.1)  3.1 ( 1.40-7.06) 0.006*
 Abscess  7 (13.0)  4 ( 5.9)  2.4 ( 0.66-8.61) 0.185
 Air 50 (92.6) 36 (52.9) 11.1 (3.61-34.20) <0.001*
Wall discontinuity 27 (50.0)  5 ( 7.4) 12.6 (4.39-36.20) <0.001*
Fistula 15 (27.8)  2 ( 2.9) 12.7 (2.76-58.47) <0.001*

46 (85.2) 58 (85.3)  1.0 ( 0.36-2.71) 0.987
11 (20.4)  1 ( 1.5) 17.1 ( 2.1-137.6) 0.007*

Atelectasis 50 (92.6) 59 (86.8)  1.9 ( 0.55-6.57) 0.306
11 (20.4) 19 (27.9)  0.7 ( 0.28-1.54) 0.336

p

TABLE 3. -

Characteristic OR (95% CI) p value Points†

Fluid collection 1.233 3.43 ( 1.26-9.34) 0.016* 1
Air cavity 1.882 6.57 (1.86-23.21) 0.003* 1
Wall discontinuity 1.591 4.91 (1.52-15.88) 0.008* 1
Fistula 1.973 7.19 (1.18-43.84) 0.032* 1

1.987 7.29 (0.72-74.30) 0.093 NA
p

†
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TABLE 5.
n

Anastomotic leakage prediction score
ALP score 0 27 100 0
ALP score 1 41 96.3 36.8
ALP score 2 29 79.6 83.8
ALP score 3 17 40.7 95.6
ALP score 4  8 14.8 100
Systematic subjective assessment

53 100 0
20 81.5 63.2
49 68.5 82.4

Original CT interpretation
83 100 0
14 51.9 83.8
25 35.2 91.2

Figure 1. 

(AL).
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Figure 2.

Figure 3. 

A: arrow). B: 

collection (arrow) in the mediastinum. C: 

(arrow). D: arrow) after esophagectomy.

19

CT-based assessment of anastomotic leakage



350

DISCUSSION

diagnostic performance. This study demonstrates superior diagnostic accuracy of a CT-based 

easy to use point-based ALP score may provide radiologists and surgeons a tool to objectively 

of such complication.

esophagectomy, since it is non-invasive, safe in critically ill patients, and aids in the detection 
16,17

13,16-18

16,17

16,17

after esophagectomy.

13,18

13. Another study that included 54 patients found mediastinal air and 
18. These observations partially 

Chapter 19



351

uncertainty of estimates13,18

and consequently a low sensitivity 13

13, 18

could be used to overcome these limitations and improve diagnostic accuracy of CT scanning 
after esophagectomy.

The developed ALP score has a good predictive value and includes well-recognized CT 

whether to start treatment could be made quite reliably, without true additional value of other 
diagnostic tests. This could lead to a reduction in treatment delay that is associated with 

regard, endoscopy after esophagectomy may be useful in cases where the results of the CT-

14,15.

variables (CT parameters). This method allows us to assess the impact of multiple predictor 

value of empyema - over the other predictor variables - for the prediction of anastomotic 

fact remains that in clinical practice the presence of empyema on a postoperative CT scan is 

Various limitations apply to this study. First, this study is limited by its retrospective nature. 
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techniques).

systematic subjective CT assessment and original CT interpretation for the detection of 
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At present, the incidence of esophageal adenocarcinoma continues to rise and will form 
an increasingly large health burden in the years ahead. Action is needed to curb this “quiet 

available treatment regimens can be attributed to high inter-patient variability in response 

treatment plan. The studies presented in this thesis aimed to reduce treatment related morbidity 

with regard to staging (Part 1), treatment response prediction (Part 2), and in the management 

in this thesis are summarized.

PART I. STAGING
Chapter 2. Cervical lymph node imaging

metastases was evaluated in a cohort of esophageal cancer patients treated in the University 

unnecessary.

Chapter 3. Detection of interval metastasis
Accurate preoperative detection of interval metastasis of esophageal cancer is crucial for 
optimal selection of patients suitable for surgery. Findings in the current cohort study 

metastases were clinical nodal involvement, tumor length, tumor histology, and baseline 
SUV
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Chapter 4. Treatment of clinical T2N0 tumors

multi-center cohort study current clinical staging was evaluated and outcomes of neoadjuvant 
chemoradiotherapy were compared to a surgery alone approach for patients with clinical T2N0 
esophageal cancer. Compared to surgery alone, neoadjuvant chemoradiotherapy achieved 
higher radical resection rates and improved survival. At the same time clinical staging 
proved to be highly inaccurate. These results indicate that – until clinical staging improves 

treatment strategy for patients with clinical T2N0 esophageal cancer.

Chapter 5. PET/CT for the detection of recurrent esophageal cancer
The interpretation of conventional diagnostic modalities such as CT and endoscopy for the 

information. Therefore, this study systematically reviewed and meta-analyzed the diagnostic 

remains required, since a considerable false positive rate was noticed.

Chapter 6. Prediction of early recurrence

Therefore, in this chapter a preoperative prediction model was developed – based on gender, 
histologic grade, signet ring cell adenocarcinoma, clinical tumor stage, and baseline SUV

predictors is warranted.
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Chapter 7. Prediction of overall survival

nomogram for the prediction of 5-year overall survival after neoadjuvant chemoradiotherapy 
with subsequent surgery in an independent international cohort of 975 esophageal cancer 
patients. The nomogram showed reasonable discrimination – comparable to the initial 

observed overall survival estimates. Therefore, the current validated model can be used to 

after treatment.

PART 2. TREATMENT RESPONSE PREDICTION
Chapter 8. Correlation between functional imaging markers of DW-MRI and PET/CT

prognostic and predictive information in esophageal cancer. Therefore, in this prospective 
study of 76 patients, correlation between tumor ADC and SUV values as measures of cell 

cancer.

Chapter 9. Multimodality MRI for treatment response prediction

highly predictive for pathologic tumor response to neoadjuvant treatment. This study 

neoadjuvant chemoradiotherapy for esophageal cancer yields complementary information for 
response prediction, and may therefore increase predictive power compared to single modality 
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poor scan quality. Therefore, our research group recently invested in improving scan quality 

of both modalities in this setting.

With the current increase in repeated imaging strategies for disease monitoring during 

during neoadjuvant treatment was evaluated with a self-report questionnaire. Few patients 

respectively, p  
generally well-tolerated and could both be used for the assessment of response to treatment 
in esophageal cancer patients.

PART 3. POSTOPERATIVE COMPLICATION MANAGEMENT
Chapter 11. Costs of complications

revealed that the average total cost for one esophagectomy was €37,581. The estimated 
costs of an esophagectomy without complications were €23,476, whereas those with severe 

prevented, these results indicate that the implementation of preventive measures to reduce 
complications could also result in a considerable cost reduction.

Chapter 12. Clinical impact of complications

should target those complications that have the greatest overall impact on outcomes after 

esophagectomy were assessed in all patients that underwent esophageal surgery in the 

mortality, prolonged hospitalization, reoperations, and hospital readmission. As such, 
complication-related quality initiatives that can successfully reduce the incidence of these 

20
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leakage

lead to earlier diagnosis of this potentially fatal complication.

the gastric tube. These results suggest that generalized vascular disease is more indicative for 

Chapter 15. Perioperative risk factors for anastomotic leakage and pneumonia

occurrence of the two most frequently encountered complications after esophagectomy (i.e. 

and respiratory factors during and early after esophagectomy were performed. A lower 

that may lead to a reduction in postoperative complications.
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Chapter 16. Perioperative chemotherapy versus neoadjuvant chemoradiotherapy
After the introduction of neoadjuvant chemoradiotherapy in clinical practice, several 
hospitals reported a vast increase in their postoperative complication rate. Therefore, this 
study compared the two most frequently applied multimodality treatment strategies in locally 

regarding postoperative morbidity and mortality were found. Although neoadjuvant 

Chapter 17. Radiation dose to the gastric fundus and the risk of anastomotic leakage
As mentioned in the summary of the previous chapter, concerns have been raised that 

complications. The current Chapter indeed demonstrated that neoadjuvant radiation dose to 

radiation dose to the gastric fundus when planning neoadjuvant chemoradiotherapy for 
esophageal cancer.

Chapter 18. Cervical versus intrathoracic anastomosis
 a cervical 

anastomosis after esophagectomy are equivocal. Accordingly, outcomes after esophagectomy 
in patients with an intrathoracic or cervical anastomosis were compared in patients that 

Propensity score matching was used to adjust for potential confounders. An intrathoracic 

of patients with recurrent nerve paresis was also lower and an intrathoracic anastomosis was 
associated with a shorter median hospital stay.

Chapter 19. Diagnosis of anastomotic leakage with CT
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compared to conventional interpretation methods.
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The aim of this thesis was to contribute to the improvement of staging (Part 1), treatment 
response prediction (Part 2) and complication management (Part 3) for patients with 

STAGING
Clinical staging

a futile attempt at curative esophagectomy by detecting interval metastasis, has made other 
diagnostic tests redundant (i.e. cervical ultrasonography), provides prognostic information, 
and improves detection of disease recurrence. At the same time, however, research in Chapter 
4 demonstrated that staging of esophageal cancer patients in current clinical practice remains 

current available staging techniques will in part result in under- and over-treatment of patients. 
This emphasizes that improving outcomes for esophageal cancer patients will begin with 
improving and optimizing staging of esophageal cancer.

and improvement in image quality1. Consequently, the diagnostic and prognostic information 

2,3

4,5.

because they are all related to the same underlying disease. At the same time, each test 
6. For 

independent predictive or diagnostic value in the staging of esophageal cancer patients. 
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Accordingly, in future research novel staging techniques should demonstrate added value, 
beyond the test results readily available in clinical practice, for determining the presence or 
absence of a particular stage or subtype of disease. Furthermore, the burden that novel staging 
techniques may cause to our patients should always be considered before they are implemented 
in clinical practice (Chapter 10).

Detection of disease recurrence

are treated with curative intent remains dismal, is that almost half of patients develop recurrent 
disease early after treatment7

test during follow-up is that early detection of recurrence allows for timely salvage therapy 
with improved quality of life and survival8

support routine surveillance for the detection of recurrent disease, as the evidence that routine 
follow-up will lead to favorable results is yet too limited9,10

as shown in Chapter 6 and 7, is notoriously poor. Nevertheless, recent studies have shown that 

distant recurrent disease11,12. This considerable improvement in survival by salvage treatment 
suggests that the early detection of recurrences is becoming more important.

fortunately – do not develop disease recurrence after treatment13,14. Consequently, this group 

strategy.

The current availability of a good diagnostic test for the detection of recurrent disease (Chapter 

21
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strategies11,12

in combination with improvement of prognostication by novel predictors, will contribute to 

TREATMENT RESPONSE PREDICTION

chance for cure, patients can now be cured by multiple treatment strategies9,10. An important 

powerful tools that can accurately determine the residual cancer status after neoadjuvant 
chemoradiotherapy. Accurate prediction of pathologic complete response before surgery would 
enable investigators to study the feasibility and outcome of an organ-preserving strategy 

discontinuation of neoadjuvant chemoradiotherapy.

Unfortunately, most previously studied modalities – including endoscopic biopsy, endoscopic 
ultrasonography – yield unsatisfactory results for the evaluation of response to neoadjuvant 
chemoradiotherapy15. The promising results of two previously conducted prospective pilot 

pathologic response16,17

can be implemented in clinical practice, there are some challenges that need to be overcome. 

of these scans for the purpose of response assessment deserve improvement. Furthermore, 
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by our research group.

A second challenge lies in increasing the reproducibility and practical applicability of this 
technique in clinical practice. The current manual segmentation procedure of esophageal 

time-consuming process. Thus, the development of a fully-automated segmentation method 

to autonomously learn from data and information) the development of such methods is now 
possible18.

more accurate results than any single modality alone6

complementary information, resulting in higher predictive value for response assessment 
compared with single modalities. At the same time, several other novel modalities have 

previously mentioned poor accuracy of endoscopic biopsy for response prediction can be 

to complement response prediction18. Although this phenomenon has been recognized for 
years, accurate techniques to detect circulating tumor DNA have only become available 

a multi-center observational study that aims to develop a model that predicts the probability 

to, during and after administration of neoadjuvant chemoradiotherapy (ClinicalTrials.gov 

Active surveillance vs. standard esophagectomy
Accurate prediction of patients with a pathologic complete response to neoadjuvant 
chemoradiotherapy would provide the rationale to analyze an organ-sparing active surveillance 
approach as, possibly, surgical resection of the esophagus in patients with no residual tumor 
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of diagnostic re-evaluations after therapy18

the absence of distant metastases, surgical therapy will be performed (i.e. salvage surgery).

An important caveat of an organ-sparing active surveillance approach will be the ability 

resectable stage, even in the situation where there is no evidence of distant metastases18

as the ultimate failure of therapy. Therefore, in the assessment of future active surveillance 
strategies a very important questions is how many patients will require salvage surgery, and 
how many will have missed an opportunity for cure because surgery was initially avoided. The 
latter will also be highly dependent on the accuracy of response prediction after neoadjuvant 
chemoradiotherapy. As such, there is currently some understandable controversy about 
trials that are assessing organ-sparing active surveillance strategies with insecure response 
prediction methods.

considering that even in patients with a pathologic complete response who are directly 
19. Patients who 

eventually develop locoregional recurrence in an active surveillance program are confronted 
with limited curative treatment options, and should absolutely be reviewed by an esophageal 

18. With this 
in mind, the current seemingly inventible movement towards active surveillance approaches 

dedicated cancer centers19.

be to perform surgery in order to achieve curative control of disease. Unfortunately, however, 

Chapter 6 we have shown that a group of patients has disease (i.e. occult micrometastsis) that 
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is much to be gained by investing in novel research that aims to identify these patients.

could be considered.

decade multiple initiatives have been employed to reduce the morbidity associated with 
esophageal resections. The implementation of minimally invasive (robotic) esophagectomy 
is at an advanced stage, and has shown to reduce postoperative morbidity, shorten length 
of hospital stay and improve postoperative quality of life20,21. Furthermore, the increasing 

22,23. All these advances in surgical 
treatment will increase the percentage of patients who are eligible for surgical resection. 
Thus, in the decision to initiate either direct surgery or active surveillance, the invasiveness 
of esophagectomy should be evaluated and re-considered from time to time.

POSTOPERATIVE COMPLICATION MANAGEMENT
Complications after esophageal resection remain common and problematic with all their 
potential consequences24. The research in Chapters 11 and 12 demonstrates that pulmonary 

receive priority as targets of complication-related quality improvement initiatives. The 
approaches outlined below may be of use in reducing postoperative complications after 
esophagectomy.

Risk assessment

patients’ perioperative care pathway to be optimized with the aim of reducing morbidity and 
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transhiatal esophagectomy). Chapters 13 through 18 made an important contribution, for that 

all these novel prognostic factors within a prognostic model to improve patient selection based 

Radiation treatment planning
As shown in chapter 16 and 17, the current radiotherapy of esophageal tumors is not 

lungs, fundus). Radiation induced adverse events (e.g. radiation pneumonitis, anastomotic 

to these tissues25–27. The recent introduction of improved radiotherapy techniques such as 

28. Yet, there is still room for improvement. The recent 

28

radiotherapy is another technologically advanced radiation technique of growing interest. 
The distinct physical characteristics of charged particles in proton beam radiotherapy have the 

conventional photon therapy29

protons might have the potential to further improve response to treatment30. Despite theoretical 

with esophageal cancer remains to be determined.

Surgical techniques

with the aim to reduce the relatively high morbidity associated with esophagectomy, while 
enabling a safe and radical oncologic resection31,32

lies in its ability of easy manipulation and high three-dimensional quality visualization 
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compared to the conventional minimally invasive approach. These adjustments increase 

of esophagectomy33. Yet, robotics for surgery will soon bring more to the table than just 
improving manipulation and visualization. Robotic systems allow for the collection of data and 
videos that are generated during surgical procedures. Analyzing all these data from massive 
databases with machine-learning algorithms may enable robotic systems to aid surgeons 

techniques can be correlated with an outcome (e.g. a complication or irradical resection), they 
can inform the surgeon on their technique and provide suggestions for improvement. With 
this in mind, the combination of robotic systems and machine learning has the potential bring 

LAST REMARKS

or assessment of a particular outcome (e.g. interval metastasis, tumor response, anastomotic 

hand, if we really want to support physicians in treating their patients it is desirable to generate 

of life. Nevertheless, the research in this thesis contributes to this development by pointing 

estimation, and remaining gaps in esophageal cancer research.
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CONCLUSIONS
Part 1. Staging

CT for the detection of cervical lymph node metastases in patients with newly 
diagnosed esophageal cancer

Chapter 3 A restaging 

metastasis

Chapter 4 Compared to surgery alone, neoadjuvant chemoradiotherapy followed by 
surgery is associated with higher radical resection rates and improves overall 
survival for patients with clinical T2N0 esophageal cancer

curative intent

Chapter 6 A nomogram based on gender, poor histologic grade, signet ring cell 
adenocarcinoma, clinical nodal stage, and baseline SUV is predictive for 
early disease recurrence after neoadjuvant chemoradiotherapy followed by 
surgery for patients with esophageal cancer

Chapter 7 A nomogram based on clinical nodal stage, pathological tumour stage and 
number of positive lymph nodes in the resection specimen can accurately 
predict overall survival after neoadjuvant chemoradiotherapy followed by 
surgery for patients with esophageal cancer

Part 2. Treatment response prediction

cancer, and may therefore have complementary value in the prediction of 
treatment response

of treatment response to neoadjuvant chemoradiotherapy in esophageal cancer
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Chapter 10 Repeated imaging with both 
patients for the assessment of response to neoadjuvant chemoradiotherapy for 
esophageal cancer

Part 3. Postoperative complication management
Chapter 11 Complications and severity of complications after esophageal surgery are 

associated with a substantial increase in healthcare costs

complications have the greatest overall impact on postoperative mortality, 
prolonged hospitalization, reoperations, and hospital readmission after 
esophagectomy for cancer

Chapter 16 Compared to perioperative chemotherapy, neoadjuvant chemoradiotherapy 

disease progression, without increasing postoperative complications.

Chapter 18 Compared to a cervical esophagogastric anastomosis, an intrathoracic 

recurrent nerve paresis and a shorter hospital stay
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SUMMARY IN DUTCH – NEDERLANDSE SAMENVATTING
De incidentie van het oesophaguscarcinoom is de afgelopen decennia gestegen, waardoor 
het oesophaguscarcinoom een toenemend gezondheidsprobleem vormt. Ruim de helft van 

Neoadjuvante chemoradiotherapie in combinatie met chirurgische resectie van de oesophagus 

behandelingen, terwijl deze wel beduidende risico’s op morbiditeit en zelfs sterfte met zich 

2) en preventie en detectie van postoperatieve complicaties (deel 3). 
worden 

DEEL 1. STADIËRING

huidige stadiëring van het oesophaguscarcinoom onderzocht om daarmee accuraat de optimale 
behandeling voor de individuele patiënt te selecteren.

Hoofdstuk 2. Beeldvorming van cervicale lymfklieren
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Hoofdstuk 3. Detectie van interval metastasen

voor het selecteren van patiënten die baat zullen hebben van een oesophagusresectie. De 

waarde, 
en het plaveiselcelcarcinoom risicofactoren zijn voor het ontstaan van interval metastasen. 

risico patiënten.

Hoofdstuk 4. Stadiëring en behandeling van klinische T2N0 tumoren

behandeling van het potentieel resectabel oesophaguscarcinoom. De rol van chemoradiotherapie 

gestadieerd T2N0 oesophaguscarcinoom.

Hoofdstuk 5. Detectie van het recidief oesophaguscarcinoom middels PET/CT

A
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opzet curatieve behandeling. Door het hoge aantal vals-positieven blijft histopathologische 

aantonen of vroege detectie van een recidief, samen met agressieve therapeutische strategieën, 

Hoofdstuk 6. Predictie van een vroeg recidief na een oesophagusresectie
 neoadjuvante chemoradiotherapie gevolgd 

 

,
N-stadium en de baseline SUV
artsen in staat om vóór de chirurgie een geïndividualiseerde voorspelling te genereren over het 

Hoofdstuk 7. Predictie van overleving na oesophagusresectie

basis van cN, pT en pN-status – van patiënten met een oesophaguscarcinoom na behandeling 
middels neoadjuvante chemoradiotherapie gevolgd door een oesophagusresectie. 

oesophaguscarcinoom die behandeld worden middels neoadjuvante chemoradiotherapie 
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DEEL 2. PREDICTIE VAN RESPONS OP CHEMORADIOTHERAPIE

respons op de neoadjuvante behandeling.

werd bij patiënten met een oesophaguscarcinoom de correlatie tussen tumor ADC en SUV 

neoadjuvante behandeling voor het oesophaguscarcinoom.

Hoofdstuk 9. Predictie van tumor respons middels MRI

 Derhalve 

Hoofdstuk 10. Patiëntperspectieven op herhaalde MRI en PET/CT onderzoeken A
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neoadjuvante chemoradiotherapie.

DEEL 3. POSTOPERATIEVE COMPLICATIES

met een oesophaguscarcinoom. Door de nauwe anatomische relatie van de oesophagus met 
omliggende vitale organen, zoals het hart en de longen, gaat deze procedure gepaard met een 
hoog risico op postoperatieve complicaties. De gerapporteerde frequentie van postoperatieve 

oesophagusresectie onderzocht.

Hoofdstuk 11. Kosten van postoperatieve complicaties

geven aan dat implementatie van preventieve maatregelen voor postoperatieve complicaties 

Hoofdstuk 12. Klinische gevolgen van postoperatieve complicaties

die de zorg rond oesophagusresecties willen verbeteren zich richten op de complicaties 

Appendices



389

frequentie van deze complicaties verminderen, de grootste bijdrage leveren aan de verbetering 

anastomose te optimaliseren.

Hoofdstuk 14. Gegeneraliseerde atherosclerose en naadlekkage

Hoofdstuk 15. Perioperatieve risicofactoren voor naadlekkage en pneumonie

een electieve oesophagusresectie ondergingen uitgebreide metingen van hemodynamische en 

pneumonie. Deze parameters laten een toestand van cardiorespiratoire instabiliteit zien. Uit 

A
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Hoofdstuk 16. Perioperatieve chemotherapie versus chemoradiotherapie

perioperatieve chemotherapie zorgt voor een toename in de overleving van patiënten met een 

met een hogere pathologisch complete respons van de tumor, vertaalde dit resultaat zich niet 
in een betere algehele overleving.

Hoofdstuk 17. Bestralingsdosis op de maagfundus en naadlekkage

later de anastomose van wordt geconstrueerd, de maagfundus, tijdens de neoadjuvante 

suggereert dat de stralingsdosis op de maagfundus tijdens het plannen van de neoadjuvante 
chemoradiotherapie moet worden geminimaliseerd.

Hoofdstuk 18. Cervicale versus intrathoracale anastomose

tussen patiënten met een cervicale anastomose en een intrathoracale anastomose. Propensity 

Hoofdstuk 19. Diagnose van naadlekkage middels een CT
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werd aangetoond dat vocht in het mediastinum, lucht in het mediastinum, wanddiscontinuïteit 

de conventionele huidige radiologische beoordeling, heeft de nieuwe diagnostische score een 
beter detecterend vermogen.
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