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Abstract
Background
The purpose of this study was to provide more insight in the course of cytokine concentrations related
to pathological response (pR) and complications after neoadjuvant chemoradiotherapy (NCRT) and
esophagectomy in esophageal cancer patients.

Methods
Patients treated with NCRT followed by transthoracic esophagectomy (TTE; N=35) or TTE alone (N=8)
were included. Eight different cytokine concentrations were determined during NCRT, esophagectomy
and the first postoperative week.

Results
Platelet activating factor (PAF) before NCRT was associated with pR (p=0.011) and remained elevated
in patients with a better response. Concentrations of intestinal fatty acid binding protein and angiopoietin 1 (Ang-1) were different between patients with and without NCRT. Decreased concentrations
of Ang-1 on the third postoperative day were associated with postoperative complications (p=0.046).
Conclusion: In this observational study, elevated PAF concentrations before NCRT were associated
with pR. NCRT is associated with low Ang-1 concentrations, while decreased Ang-1 concentrations
were associated with postoperative complications.
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Introduction
In esophageal cancer (EC) patients, neoadjuvant chemoradiotherapy (NCRT) followed by esophagectomy with curative intent is standard treatment of care. The beneficial effect of preoperative NCRT
leads to an improved resectability due to the radio-sensitizing effect of chemotherapy and pathological
complete responses (pR) of 15-30% (1,2).

Induced immune response by NCRT has been demonstrated to change the levels of several soluble
mediators, including interleukin (IL) 6 and inflammatory lipid metabolites such as platelet activating
factor (PAF), which might be related with both tumor response and tumor progression (3-5). Moreover,
cytokine concentrations throughout all phases of the multimodal treatment might be correlated with
complications caused by either NCRT or subsequent surgery (6).

Esophageal resection is generally associated with an enhanced expression and release of pro- and anti-inflammatory cytokines due to the surgical trauma and prolonged one-lung ventilation (OLV) (7,8).
Patients with high systemic inflammation markers have an increased risk for postoperative complications (9). Although reported toxicity in the CROSS treated EC patients was acceptable during NCRT,
the association of patient’s immunologic response to multimodality treatment with early complications

6

after subsequent surgery is not clear yet (1).

A better understanding of patient’s immune response with improved view on pathophysiological mechanism would be helpful to assess patient’s ongoing pR while undergoing NCRT as well as to potentially
stratify patients who are at risk for surgery. To provide prognostic value for cytokines on the occurrence
of pR and complications caused by either NCRT or subsequent surgery we conducted a longitudinal
observational study at different time points during a multimodality treatment of EC patients according
to the CROSS regiment.

Patients and Methods
Patients
Between 2011 and 2013, we prospectively included 51 consecutive patients with histologically prov109
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en EC who underwent a transthoracic esophagectomy (TTE) with curative intent after approval by
the multidisciplinary tumor board. Patient’s characteristics are described in Table 1. Patients received
routine clinical care without any extra study-based intervention. All patients, regardless of NCRT, had
an identical preoperative workup and were seen by a dietitian. In the case of cardiopulmonary history,
patients were referred to a cardiologist or pulmonologist for preoperative workup and postoperative
recommendations were given. Patients with unforeseen early progression or discontinuation of neoadjuvant treatment and those treated with a transhiatal approach were excluded (N=8). Of the remaining 43 patients, 35 patients underwent NCRT (adenocarcinoma: N=32 and squamous cell carcinoma:
N=3) and eight patients underwent transthoracic esophagectomy alone (adenocarcinoma: N=7 and
squamous cell carcinoma: N=1). In total, 278 blood samples were collected during the entire treatment
period, with 50 (15%) missing values hazardly divided over different time points. Approval by the institutional review board (METC 2010.374) was obtained and all patients provided written informed
consent.

Study design
The primary objective of this observational study included concentrations of pro- and anti-inflammatory cytokines throughout all phases of multimodal treatment. We included (interleukins (IL) 1β, IL-6,
IL-8, IL-10, and tumor necrosis factor alpha (TNF-α)) to compare immune response between patients
with and without NCRT. In an attempt to monitor vascular permeability, an important determinant of
systemic inflammatory response syndrome (SIRS), we included two cytokines reflecting the endothelial
function (angiopoietin 1 (Ang-1) and platelet activating factor (PAF)). Since NCRT might influence
intestinal integrity, we also measured the intestinal fatty acid binding protein (I-FABP). All selected cytokines are associated with inflammatory response, but with different pathophysiological mechanism.
EDTA-serum samples were obtained at eight predetermined time (P) points and were identical for
all patients (Figure 1); before NCRT (P1), 7 days later (P2), end of NCRT/before surgery (P3), during
two lung ventilation (P4), during one lung ventilation (P5), at the first (P6), third (P7), and seventh
(P8) postoperative day. By choosing these time points, we provided a complete overview of immune
responses on the most important moments at different interventions during EC treatment. Cytokine
concentrations were determined by means of sandwich ELISA (Enzyme-Linked Immunosorbent As-
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say) based on capture and biotin-labelled detection antibodies. D Streptavidin-HRP and OPD substrate
were used to quantify the amount of cytokines. Samples were diluted 1:1 in 0.1% BSA/PBS buffer,
except for PAF, which was diluted 1:1000 in 0.1% BSA/PBS buffer. All cytokines were analyzed on the
same moment in a specialized laboratory.

Figure 1: Timeline of sampling throughout different phases of treatment.

Neoadjuvant chemoradiotherapy
All included patients received the full NCRT doses, without any delay. NCRT consisted of Carboplatin
(AUC 2) and paclitaxel 50 mg/m2 weekly with concurrent radiotherapy of 41.4 Gy in daily fractions
of 1.8 Gy, five times per week according to the CROSS scheme (Chemoradiotherapy for Oesophageal
Cancer Followed by Surgery Study (1). All included patients had clinical tumor stages cT1N1-3 or cT2T4aN0-3 without distant metastases (M0), according to the 7th TNM AJCC edition. Surgical resection
was planned 4-8 weeks after NCRT.

6

Surgery
All patients underwent a TTE with two-field lymphadenectomy (mediastinal and upper abdomen) by
two experienced surgeons. All patients had a double lumen intubation for selective one-lung ventilation, which was based on pressure-controlled ventilation with low tidal volumes (6-8 ml/kg) and low
PEEP (5-8 cm H2O).

Definitions of outcome
The primary endpoints consisted of cytokine levels throughout the whole multimodality treatment. The
secondary endpoints were correlated to cytokine concentrations and included: complications caused by
NCRT. All complications were scored prospectively before the surgical procedure according to the National Cancer Institute common toxicity criteria for adverse events (CTCAE version 4.03). Pathologic
response after NCRT, which was classified according to the Mandard classification varying from major
111
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(Mandard 1), moderate (Mandard 2 and 3) to minor (Mandard 4 and 5) pathological response. Complications after esophagectomy were scored prospectively according to Clavien-Dindo classification.

Statistics
Results were presented as frequencies with percentages, means or medians. To determine the effect of
different interventions on cytokine concentrations, changes after NCRT (P1 vs. P3), during surgery
(P3 vs. P6) and in the postoperative course (P6 vs. P8) were analyzed with a paired sample t-test or
Wilcoxon signed rank test. Cytokine concentrations on P1, P2, and P3 were related to complications
after NCRT and pathological response defined by major, moderate and minor response (Mandard
classification) by using a Kruskal-Wallis test. Furthermore, all time points were assessed whether they
were associated with postoperative complications according to the Clavien-Dindo classification by a
Kruskal-Wallis test. Differences in cytokine concentrations between patients with or without NCRT
were analyzed by independent sample t-test or Mann-Whitney test. For statistical analyses we used the
Statistical Package for Social Sciences: SPSS version 20.0.0 (SPSS Inc., Chicago, IL USA).

112
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Table 1: Patient characteristics

Variable

N=43 (%)

Age in years (median)

66.0

Sex (M/F)
NCRT (Y/N)

35/8
35/8

Histology
Adenocarcinoma
Squamous CC

39 (90.7)
4 (9.3)

cTNM classification
T1

3 (7.0)

T2
T3

6 (14.0)
34 (79.0)

N0
N1
N2
N3

11 (25.6)
16 (37.2)
15 (35.9)
1 (2.3)

M0
M1a

42 (97.7)
1 (2.3)

ASA classification
ASA I
ASA II
ASA III

5 (11.6)
29 (67.4)
9 (20.9)

6

Surgery
TTE right sided
TTE left sided

25 (58.1)
18 (41.9)

Complications after neoadjuvant CRT
No complications
Minor complications
Moderate complications

18 (51.4)
15 (42.9)
2 (5.7)

Complications after surgery
No
Clavien Dindo I
Clavien Dindo II
Clavien Dindo III
Clavien Dindo IV
Clavien Dindo V

12 (27.9)
1 (2.3)
21 (48.8)
0 (0.0)
5 (11.6)
4 (9.3)

Postoperative course
Reoperation
OR-time including anesthetic time (mean)
ICU-stay (median)
Hospital stay (median)
ASA: American Society of Anesthesiologists.

3 (7.0)
8.46 hrs
1.0 day
14.0 days
113
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Results
More than half of this cohort had no complications caused by NCRT (51.4%), while fifteen patients
(42.9%) suffered from mild complications and two patients (5.7%) had moderate complications (both
with thromboembolic disease) after NCRT. Almost three-quarters of this cohort had one or more postoperative complications (72.1%; Table 1) ranked according to the Clavien-Dindo classification, with
pneumonia (44.2%) and arrhythmias (32.6%) as most frequently observed.
Cytokine concentrations during NCRT

Enhanced I-FABP concentrations were observed after NCRT (36.1 pg/ml vs. 352.2 pg/ml; p<0.001,
Table 2). However, despite of this massive increase, concentrations of I-FABP were not correlated to
complications after NCRT. Instead concentrations of TNF-α on P3 (end of NCRT) were related to complications caused by NCRT (without complications 33.5 pg/ml vs. 86.5 pg/ml with mild complications
and 71.8 pg/ml with moderate complications; p=0.019). None of the remaining preoperative cytokine
concentrations were significantly different or associated with complications after NCRT or subsequent
surgery.

114
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Table 2: Paired sample analysis in cytokine concentrations on different time points (mean)

Pre-NCRT

Post-NCRT

p-value

Ang-1 (ng/ml)

3.4

3.9

0.101

I-FABP (pg/ml)

36.1

352.2

0.001

IL-1β (pg/ml)

14.5

13.9

0.702

IL-6 (pg/ml)

20.3

15.5

0.687

IL-8 (pg/ml)

7.7

12.0

0.055

IL-10 (pg/ml)

32.8

46.0

0.555

PAF (ug/ml)

4.8

5.1

0.219

TNF-α (pg/ml)

62.8

58.6

0.989

Preoperative

Postoperative

p-value

Ang-1 (ng/ml)

4.6

5.1

0.561

I-FABP (pg/ml)

309.4

50.3

0.001

IL-1β (pg/ml)

16.6

14.5

0.654

IL-6 (pg/ml)

23.3

452.9

0.001

IL-8 (pg/ml)

11.3

7.0

0.262

IL-10 (pg/ml)

46.5

61.6

0.002

PAF (ug/ml)

5.3

4.7

0.011

TNF-α (pg/ml)

62.7

64.3

0.539

1st postoperative

7th postoperative

p-value

Day

day

Ang-1 (ng/ml)

5.0

4.9

0.860

I-FABP (pg/ml)

51.1

33.0

0.626

IL-1β (pg/ml)

26.4

23.3

0.035

IL-6 (pg/ml)

344.3

169.5

0.003

IL-8 (pg/ml)

10.4

8.4

0.308

IL-10 (pg/ml)

60.2

35.7

0.012

PAF (ug/ml)

4.6

5.3

0.029

TNF-α (pg/ml)

75.9

51.2

0.039

6
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Cytokine concentrations related to pathological response
Only PAF concentrations obtained before NCRT were statistically associated with the Mandard classification on the resected specimen (p=0.011). Nevertheless, throughout all time points during NCRT,
patients with high or elevated concentrations of PAF showed better pathological responses (Table 3).
Other cytokines could not be related to pathological response.

Table 3: Pathologic response according to the Mandard classification and PAF concentrations during NCRT.

Pre-NCRT

Day 7 NCRT

Post-NCRT

7,43

5,65

9,07

4,72

4,67

5,44

4,1

4,52

4,82

Major
Response
(N=4)
Moderate
Response
(N=19)
Minor
Response
(N=12)

Cytokine concentrations in patients with or without NCRT
Preoperative concentrations of Ang-1 and I-FABP were significantly different in patients who underwent NCRT before esophagectomy (Table 4). Decreased concentrations of Ang-1 were also observed in
all the subsequent postoperative measurements, but only significantly lower after the third postoperative day (p=0.047). Although not significant, mean concentrations of the majority of pro-inflammatory
cytokines throughout the pre- and postoperative course were elevated in patients with NCRT.

116
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Table 4: Preoperative and postoperative cytokine concentrations in EC patients with or without NCRT (mean)

Preoperative

1st postoperative day

Without
NCRT

With
NCRT

p-value

Without
NCRT

With
NCRT

p-value

Ang-1 (ng/ml)

6.5

4.2

0.027

7.5

4.4

0.179

I-FABP (pg/ml)

74.9

362.7

0.025

1.7

58.5

0.069

IL-1β (pg/ml)

19.9

15.0

0.055

15.2

27.2

0.667

IL-6 (pg/ml)

22.6

23.8

0.473

330.0

498.9

0.496

IL-8 (pg/ml)

7.0

11.7

0.903

7.9

9.7

0.609

IL-10 (pg/ml)

32.3

48.6

0.519

59.6

65.7

0.604

PAF (ug/ml)

5.6

5.2

0.714

5.1

4.6

0.739

TNF-α (pg/ml)

62.2

62.5

0.230

56.2

77.0

0.775

3th postoperative day

7th postoperative day

Without
NCRT

With
NCRT

p-value

Without
NCRT

With
NCRT

p-value

Ang-1 (ng/ml)

5.5

3.6

0.047

6.8

4.4

0.078

I-FABP (pg/ml)

2.3

4.5

0.911

23.0

36.3

0.596

IL-1β (pg/ml)

13.8

23.5

0.706

12.8

24.8

0.744

IL-6 (pg/ml)

78.4

103.6

0.960

28.2

199.2

0.252

IL-8 (pg/ml)

4.7

6.5

0.380

2.3

9.2

0.391

IL-10 (pg/ml)

56.8

43.1

0.514

24.1

37.4

0.454

PAF (ug/ml)

6.5

4.3

0.319

5.4

5.2

0.707

TNF-α (pg/ml)

64.3

63.5

0.269

50.4

50.5

0.999

6

Cytokine concentrations during surgery
A total of 43 patients underwent surgical resection with curative intent. Surgical insult was responsible
for large variations in most cytokines. Significantly elevated concentrations after surgery (P3 vs. P6)
were observed for IL-6 and IL-10, while PAF and I-FABP were significantly decreased after surgery (Table 2). There were no differences in cytokine concentrations between the NCRT and surgery only group
and none of the examined cytokines were correlated to postoperative complications.
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Cytokine concentrations in the postoperative period
Many of the deviating concentrations after surgical resection returned to normal in the first postoperative week. Concentrations of IL-1β, IL-6, IL-10, and TNF-α decreased significantly between P6 and P8,
while PAF concentrations were rising (Table 2). Ang-1 concentrations on P7 were correlated to postoperative complications according to the Clavien-Dindo classification (p=0.046). Comparing patients
with or without complications, concentrations of Ang-1 were consequently decreased in patients with
postoperative complications (Figure 2).

Figure 2: Ang-1 concentrations (mean) related to postoperative complications throughout all phases during multimodal
treatment of EC patients.

Discussion
Both neoadjuvant chemoradiotherapy (NCRT) and transthoracic esophagectomy (TTE) were responsible for fluctuations in cytokine concentrations in current study. During NCRT we observed rapidly
increased concentrations of I-FABP, suggesting intestinal damage. Besides I-FABP, also Ang-1 concentrations showed to be different between patients with and without NCRT. These decreased concentrations of Ang-1 seemed to be related to postoperative complications. Finally, we observed that elevated
PAF concentrations were associated with a better pathological response to NCRT.

Systemic effects of both chemotherapy and radiotherapy induce pro-inflammatory responses through
IL-1β, IL-6, IL-8, and TNF-α within few hours after exposure (4, 10, 11, 12). With present data, we
were not able to confirm these statements; instead we observed significant elevated concentrations of
118
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I-FABP after NCRT. In a study of Derikx et al, a similar increase of I-FABP was associated with early
damage of the mucosal cell integrity and related to chemotherapy-induced gastrointestinal (GI) mucositis. Moreover, a rapid decrease in the postoperative phase even suggests that the esophagus seem to be
the source of elevated I-FABP concentrations. However despite this plausible theory, elevated I-FABP
concentrations after NCRT had no clinical relevance in our study population.

Predicting pathological response (pR) before, during or after NRCT would be of great interest and
would add to the possibility of individualizing treatment strategies. These decisions however should
be based on objective and reliable measurements. In the current study, concentrations of PAF before
NCRT were significant associated with the pR assessment according to the Mandard classification.
High concentrations of PAF were associated with better pathological response. In comparison with
PAF concentrations in healthy volunteers (3,50 pg/ml), we observed concentrations that were twice
as high in patients with major pR. PAF is produced by various tissues and cell types in response to
different stimuli, including oxidative stress(13, 14). Both chemo – and radiotherapy are potent pro-oxidative stressors and lead to apoptotic or necrotic cells. Furthermore, PAF is known to activate several
pathways such as nuclear factor-kappa B (NF-κB) and is responsible for augmentation of chemotherapy-induced effects by releasing cytokines (5, 13). To date, there are no remarkable useful biomarkers
available related to the degree of tumor response, although some pro-inflammatory cytokines seems to

6

plays an active role (15, 16, 17). We suggest that the value of PAF as a possible marker of tumor-necrosis
deserves further evaluation in a large prospective cohort.

Both in the preoperative and postoperative phase, Ang-1 concentrations were different between patients with and without NCRT. Moreover, Ang-1 was also associated with postoperative complications.
Although Ang-1 concentrations were not significantly different after NCRT, extensive apoptosis of vascular endothelial cells affects endothelial function, including promotion of vessel maturation through
angiogenesis (18). The endothelial barrier, as an important regulator of homeostasis, seems to play a
crucial role in the pathogenesis of (infectious) complications. Angiopoietin (1 and 2) as a growth factor
is mainly restricted to endothelial regulation of fluid, electrolyte and protein transport. Disturbance of
homeostasis due to increased microvascular permeability is related to the Ang/Tie pathway. Angiopoietin specifically binds to the endothelial receptor tyrosine kinase Tie-2. Ang-1 mediated Tie2 signaling
will lead to the maintenance of cellular integrity and quiescence of the endothelial barrier by covering
119
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vessels with periendothelial cells, whereas Ang-2 mediated Tie2 signaling will lead to the removal of
these cells (19-21). A decreased concentration of Ang-1 is by various authors related to infectious complications (19, 20, 22). NCRT might negatively interact with the endothelial function of Ang-1 whereas
surgery is associated with inflammatory response resulting in increased vascular permeability and inflammation.

However, there are also some limitations in this study. Firstly, there were some missing values (15%),
which were spread hazardly over the time points so we do not expect any significant impact on the results. Secondly, in this observational study with a rather small study population (N=43), only eight patients who underwent esophagectomy alone were included. However, in this prospective study all consecutive patients were included according to common practice. Despite a small sample size, we believe
that this data contribute to our knowledge regarding differences in immunological response between
patients with or without NCRT. Nevertheless, present data of this potential novel concept of cytokine
evaluation, in which we included a total of 278 blood samples, gives a reliable impression of cytokine
alterations throughout a multimodal treatment in EC patients. A possible confounding effect may exist
due to the diversity of this population containing both adenocarcinomas and squamous cell carcinoma
with a different underlying etiology of the disease. However, the effect on neoadjuvant chemoradiation
according to the CROSS regiment were significant in both groups. With respect to our small study
population, we should keep in mind that other possible confounding factors, including medical history,
age, smoking and nutritional status may also play a role.

In conclusion, cytokine alterations throughout a multimodality treatment in esophageal cancer patients
could be of additional value in clinical practice. PAF concentrations before neoadjuvant treatment
might be related to pathological response whereas low Ang-1 concentrations are potentially important
in the development of postoperative complications. NCRT might be the cause of decreased concentrations of Ang-1, since this was more frequently observed in patients who underwent NCRT. As potentially confounding factors might interfere with our results, larger prospective studies are necessary to
confirm our conclusions.
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