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Immune responses and oesophagectomy 

ABSTRACT 

Background. Impaired cellular immunity is associated with an increased incidence 

of infectious complications. Polarization of the specific immune response, 

reflected in the T helper (Th) typel/type2 balance, appears crucial for effective 

elimination of certain invading micro-organisms. Patients undergoing oesophageal 

resection via a transhiatal or transthoracic approach are prone to develop 

infectious complications. There are no randomized data on immune responses after 

two major surgical interventions. 

Aim. To investigate cellular immune responses following transhiatal versus 

transthoracic oesophageal resection, and to evaluate the relation between 

preoperative immune responses and development of postoperative infectious 

complications. 

Methods. The study group consisted of 20 patients with adenocarcinoma of the 

oesophagus or oesophagogastric junction who were randomly allocated to a 

transhiatal or extended transthoracic oesophagectomy. Blood samples were taken 

before the operation and at regular intervals thereafter up to 6 weeks 

postoperatively. Monocyte as well as Thl- and Th2-type T lymphocyte functions 

were assessed in stimulated whole blood cultures. 

Results. Both surgical groups had severely depressed in vitro production of IL-12, 

IL-10, IFN-y, IL-2, IL-4, and IL-13 at the first postoperative day. Depression of 

Th2-type cytokine production lasted significantly longer after transthoracic 

oesophagectomy than after transhiatal resection (IL-4, p=0.002; IL-13, p=0.025). 

Irrespective of the surgical procedure, IFN-y and IL-4 cytokine production was 

significantly lower over the course of time in patients who encountered 

postoperative infectious complications than in those who had an uneventful 

recovery (IFN-y, p=0.005; IL-4, p=0.034). Preoperative IFN-y production, 

duration of anaesthesia and operation time were predictive variables for the 

development of major infectious complications in the postoperative period. 

Conclusions. Depression of cellular immunity after oesophagectomy is related to 

the extent of the procedure. The preoperative T helper response profile is 

indicative for a postoperative course with or without major infectious 

complications, and its effect is presumably superimposed on surgery-related 

changes in cellular immune responses. In particular, high preoperative levels of 

the Thl-type cytokine IFN-y seem to be protective for the development of 

postoperative major infectious complications. 
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INTRODUCTION 

Various alterations in immune responses have been described following minor or 

major surgical trauma, usually consisting of various degrees of down-regulated 

cellular immunity.1"3 Clinical and experimental data suggest that an increased 

susceptibility to infectious complications after host injury, such as surgical or non

surgical trauma, may be caused by impaired cellular immunity.48 In the past few 

years, it has become clear that the cytokine profile of the specific immune 

response plays a central role in the ability of a host to eliminate effectively certain 

invading organisms. Functionally polarized responses by the CD4+ T helper (Th)-

and the CD8+ T cytotoxic-cell subsets are discerned on the basis of the cytokines 

they produce. Immune responses dominated by either Thl-type or Th2-type 

cytokines provide different modalities of protection against infection.9,10 

In patients with oesophageal carcinoma, data on cellular immune responses in 

relation to (potentially) curative surgery or to postoperative infectious 

complication rates are scarce. Three major factors that largely determine the 

immunocompetence in these patients may be distinguished: (1) the presence of 

cancer, (2) malnutrition, and (3) immune responses to surgical trauma when 

undergoing resection. Although postoperative morbidity rates of oesophageal 

resection for cancer have decreased over the last decades,11'12 they continue to be 

substantial. No previous studies were specifically devoted to determine the 

contribution of immunological impairment to postoperative infectious 

complications after oesophagectomy. In our institution, interim results of an 

ongoing randomized trial comparing the transhiatal approach versus a 

transthoracic approach with two-fields lymph node dissection for oesophageal 

adenocarcinoma indicated that the transthoracic procedure is associated with 

increased infectious complications compared to the transhiatal approach.13 In the 

present study, we investigated postoperative cellular immune responsiveness 

following transhiatal versus transthoracic oesophageal resection for cancer. The 

random allocation of the surgical procedure minimized the potential impact of any 

confounders such as tumour stage and nutritional status. We examined the effects 

of oesophageal surgery on monocyte, Thl-type and Th2-type T cell functions 

during a 6-week postoperative period, and compared the immune responses 

between the two surgical procedures. In addition, the study aimed to investigate 
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whether preoperative cellular immune responsiveness is predictive for the 

development of postoperative infectious complications. Therefore, irrespective of 

the surgical approach, preoperative immunological parameters of patients who 

encountered major infectious complications after surgery were compared to those 

of patients who had a relatively uneventful recovery. 

PATIENTS AND METHODS 

Patients. Between July 1997 and June 1998, 29 consecutive randomized patients 

with adenocarcinoma of the oesophagus or oesophagogastric junction (OGJ) 

consented to participate in the present study. All patients were scheduled for a 

potentially curative oesophagectomy by either a transhiatal or extended 

transthoracic approach following the result of randomization. Inclusion criteria 

were (1) age s 18 years, (2) invasive adenocarcinoma of the middle or distal 

oesophagus or OGJ, (3) locally resectable tumour without distant metastases, (4) 

Karnovsky score ^ 80 (normal activity with effort), (5) weight loss < 10% in the 

last 3 months, (6) good cardiac function (no cardiac chest pain, congestive heart 

failure, hypertension or arrhythmia after medical treatment), (7) good pulmonary 

function (FEV1 > 1.6 litres), (8) good renal function (creatinine < 160 umol/1), (9) 

no liver cirrhosis (no Child classification B or C), portal hypertension or ascites, 

and (10) no haemorrhagic diathesis. Exclusion criteria were (1) a previous 

diagnosis of other malignant disease, (2) organ insufficiency as defined by ASA 

III or IV (American Society of Anaesthesiology),14 (3) impossibility to construct a 

gastric tube, (4) chemotherapy, radiation therapy or immunotherapy within 30 

days prior to surgery, (5) perioperative administration of glucocorticoids 

(including 24-hour pulmonary prophylaxis), (6) splenectomy, (7) limited 

transthoracic resection, and (8) macroscopically irradical resection as assessed by 

the surgeon during the operation. 

Based on these criteria, 9 patients were excluded for the following reasons: 

postoperative treatment with glucocorticoids (n=2), iatrogenic injury of the spleen 

requiring its resection (n=2), conversion to a limited transthoracic resection after 

initial transhiatal exploration (n=l), macroscopically irradical resection (n=l), 

peroperative finding of liver metastasis (n=l), total gastric resection (n=l), and no 

operation due to massive preoperative aspiration (n=l). 
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Twenty patients were prospectively analysed, i.e., 10 patients undergoing 

transhiatal oesophageal resection without thoracotomy (THO) and 10 patients 

undergoing transthoracic oesophagectomy with extended lymph node dissection 

(TTO). At the end of the study, the 20 patients were also subdivided in a group 

with major infectious complications (COM) and a group without major infectious 

complications (NOCOM), irrespective of the operative procedure. Ten healthy 

volunteers, matched for age and gender, served as normal controls. The study was 

approved by the institutional medical ethical committee, and all participants 

enrolled into the study gave written informed consent. 

Operative procedures. Transhiatal oesophagectomy was performed by a combined 

abdomino-cervical approach. Transthoracic oesophagectomy involved a right-

sided thoracotomy followed by an abdominal and cervical phase. Both procedures 

involved dissection of the peri-oesophageal lymph nodes in the lower 

mediastinum, the paracardial lymph nodes and the perigastric lymph nodes along 

the lesser curvature of the stomach (including the lymph nodes at the origin of the 

left gastric artery). In addition, the transthoracic procedure involved an extended 

lymph node dissection both in the chest (i.e. including the right paratracheal, infra-

aortic arch, and subcarinal lymph nodes) and in the abdomen (i.e. along the 

common hepatic artery, splenic artery and coeliac trunc). In all patients, a gastric 

tube was constructed from the greater curvature of the stomach, receiving its blood 

supply from the right gastroepiploic artery, and gastrointestinal continuity was 

restored by a cervical anastomosis. 

Clinical monitoring. Clinical data of each patient were registered at preoperative 

assessment, during the operation, and in the period thereafter up to 6 weeks 

postoperatively. Preoperative risk analysis routinely included standard blood 

examination, chest radiography, electrocardiography, pulmonary function tests (if 

indicated) and anaesthesiological consultation. The patients' nutritional status was 

assessed on admission to the hospital (2-3 days prior to surgery) by body weight 

(kg), absolute weight loss (kg), and percentage weight loss during the previous 

year. Standard clinical staging of the tumour was done by endoscopic 

ultrasonography and external ultrasonography of the neck and upper abdomen.15 

Documentation of peroperative indices included type of anaesthetic agents, 

duration of anaesthesia, duration of the operation, peroperative complications, 

peroperative blood loss (ml), and peroperative blood transfusion (units of packed 
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cells). The postoperative course was monitored for 6 weeks in the hospital, or until 

discharge from the hospital with a final evaluation 6 weeks after surgery at the 

outpatient clinic. 

Postoperative complications were scored using standard criteria as defined in the 

study protocol. Definitions for major infectious complications were (a) 

pneumonia: isolation of pathogen from sputum culture and a new or progressive 

infiltrate on chest radiography, (b) anastomotic leakage with clinical 

manifestations of infection, (c) thoracic empyema: isolation of pathogen from one 

intrathoracic fluid culture or two cultures in case of normal skin flora, (d) 

abdominal abscess: isolation of pathogen from one intra-abdominal fluid culture 

needing percutaneous drainage or relaparotomy, (e) ARDS: bilateral infiltrates on 

chest radiography, Pa02/Fi02 < 26.6 kPa, and PAWP < 18 mmHg, (f) bacteraemia: 

isolation of pathogen from one blood culture or two cultures in case of normal skin 

flora, (g) systemic inflammatory response syndrome (SIRS), manifested by two or 

more of the following conditions: temperature > 38 °C or < 36° C, heart rate > 90 

beats/min, respiratory rate > 20/min or Pa02 < 8 kPa, white blood cell count > 

12,000 or < 4,000 cells/mm3 or > 10% immature forms, (h) sepsis: systemic 

inflammatory response to infection, manifested by two or more of the conditions 

mentioned for SIRS, (i) acute respiratory failure due to infection (any of the 

above): Pa02 < 8 kPa and respiratory rate > 30/min or < 16/min requiring 

intubation and mechanical ventilation. Postsurgical staging of tumours was done 

according to the revised pathological TNM-classification of oesophageal 

carcinoma.15 To avoid potential differences by stage migration, nodal metastases 

in the extended lymph node dissection fields were not considered when staging 

tumours in the TTO group. 

Blood sampling. Two days prior to surgery and on postoperative day 1, 3, 5, 7, 10 

and 42, blood samples were taken and transported at room temperature. Peripheral 

blood was obtained in EDTA-tubes for white blood cell count (WBC) and 

differentiation, and in sterile sodium-heparinized tubes for whole blood cultures 

and automated flow cytometry. Whole blood was handled in a flow chamber and 

was routinely put into culture within one hour after withdrawal. 

Phenotyping. For flow cytometry, according to the manufacturers' instructions, 5 

jul of monoclonal antibody (CD3; CD4; CD8; Becton Dickinson, San Jose, CA, 

USA) were placed in tubes with 100 ul of heparinized whole blood. With these 
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antibodies CD3+CD4+ (helper/inducer) and CD3+CD8+ (suppressor/cytotoxic) T 

lymphocyte subsets were measured. Mouse IgG, (Becton Dickinson) was used to 

estimate the amount of nonspecific binding. The tubes were left on ice in the dark 

for 30 minutes. FACS lysing solution (Becton Dickinson) was diluted 1:10 and 

added to each tube, vortexed, and left to lyse for exactly 10 minutes. This 

procedure was repeated twice. Between steps and after the last period, the tubes 

were centrifuged at 4000 rpm for 1 minute at 4 °C, the supernatant was aspirated, 

and the pellet resuspended in phosphate-buffered saline (PBS) with bovine serum 

albumine (BSA; 5 gr/1) and 0.1% azide. The tubes were then placed on ice in the 

dark for 30 minutes until analysed using an automated flow cytometer (Becton 

Dickinson, San Jose, CA, USA). White blood cell counts were used to convert 

percentages of positively stained cells to absolute numbers of cells. 

Whole blood cultures: monocyte and T lymphocyte stimulation. Whole blood 

was 1:10 diluted in Iscove's Modified Dulbecco's Medium (IMDM; Boehringer 

Ingelheim, Alkmaar, The Netherlands), supplemented with 0.1% fetal calf serum 

(FCS), penicillin (100 IU/ml), streptomycin (100 ug/ml) and 15 IU/ml 

sodiumheparin (Leo Pharmaceutical Products BV, Weesp, The Netherlands). 

Diluted whole blood was cultured in triplicate in 200-ul flat-bottomed culture 

plates (Nunc, Roskilde, Denmark) and stimulated with Staphylococcus aureus 

Cowan I (SAC, 0.05% w/v) for IL-6 and IL12 determination or with Neisseria 

meningitidis-derived LPS (1000 pg/ml; a gift from Dr. J. Poolman, RIVM, 

Bilthoven, The Netherlands) for IL-10 determination. Supernatants were harvested 

after 24 hours of culture and stored at -20 °C until tested. In addition, for cross-

linking of CD3 and CD28 receptors, diluted whole blood was stimulated with anti-

CD3 (CLB-T3/4.E, 100 ng/ml; CLB, Amsterdam, The Netherlands) and anti-

CD28 (CLB-CD28/1, 1 ug/ml). Supernatants were harvested after 24 hours for IL-

2 determination and after 72 hours for IL-4, IL-13 and IFN-y determination, and 

stored at -20 °C until tested. 

Assays for cytokines. IL-12 p40 was measured with an enzyme-linked 

immunosorbent assay (ELISA) as described previously.16'17 Briefly, MoAb CI 1.79 

and biotinylated MoAb C8.6, both directed against the IL-12 p40 subunit, were 

used as coating and detecting antibodies, respectively. Streptavidin-polymerized 

horseradish peroxidase (poly-HRP; CLB) was used to quantify bound antigen. 

Recombinant human p40 was used as a standard. This ELISA recognizes p40 and 

185 



Immune responses and oesophagectomy 

p70 equally well. The lower detection limit was 4 pg/ml. 

IL-12 p70 was measured as described previously.16'17 The assay was performed 

identically to the p40 ELISA, except that MoAb 20C2, which exhibits relative 

specificity for the p70 dimer (a kind gift from Dr. M.K. Gately, Hoffmann-

LaRoche, Nutley, NJ), was used as a coating antibody. The ELISA did not 

measure free human p40 unless concentrations of >20 ng/ml were tested. In 

contrast, recombinant human p70 (provided by Dr. S.F. Wolf, Genetics Institute, 

Inc), which was used as a standard, could be detected at concentrations as low as 

0.3 pg/ml. After correcting for the dilution of plasma, the detection limit of the 

assay was 1 pg/ml. 

IFN-y was measured as described previously.18 MoAbs MD2 and biotinylated 

MD1 were used as capture antibody and detecting antibody, respectively. To allow 

the antibodies to absorb to the well, the plate was incubated overnight at 4 °C. 

After washing, wells were post-coated with PBS containing 4% BSA. Increasing 

concentrations of human IFN-y were used as a standard. The assay had a lower 

detection limit of 50 pg/ml. 

IL-4, IL-6, IL-10 and IL-13 were measured using commercially available enzyme 

immunoassays (CLB). IL-2 was measured using a commercial ELISA from 

Genzyme (Cambridge, MA). 

Statistical analysis. The data were analysed using SPSS 7.5 for Windows 95. 

Results are expressed as medians and ranges unless stated otherwise. Postoperative 

values were calculated as percentages of preoperative values for each individual 

patient, i.e., each patient acted as his own control. Absolute preoperative values 

were compared between THO and TTO groups as well as between COM and 

NOCOM groups. ANOVA repeated measures were used to compare differences 

between groups in the course of the observation period. For those parameters that 

showed overall significance by ANOVA repeated measures, the nonparametric 

Mann-Whitney U (MWU) test was used to assess significant differences between 

groups at various time points. The Wilcoxon Rank test was used to identify 

significant differences within groups between various time points. Chi-square, 

Fisher's exact and Pearson's correlation coefficient tests were used when 

appropriate. Statistical significance was defined as p < 0.05 (two-tailed). 
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Table 1. Clinical characteristics. 

age (years) 

gender (m : f) 

absolute weight loss (kg) 

percentage weight loss in previous year (%) 

clinical tumour stage, cTNM (I/II : HI/TV) 

pathologic tumour stage, pTNM (I/II : III/IV) 

tumour differentiation (good/moderate : poor) 

tumour size (cm) 

duration of anaesthesia (hours) 

operation time (hours) 

peroperative blood loss (ml) 

packed cells during operation (units) 

packed cells during hospital stay (units) 

duration of ICU stay (days) 

duration of mechanical ventilation (days) 

duration of hospital stay (days) 

major infectious complication (yes : no) 

time until first major infectious complication 

(days) 

THO TTO P 
(n=10) (n=10) value* 

.4 (45.8-78.2) 64.0 (45.4-77.6) ns 

9 : 1 10:0 ns 

2.9 (0-12) 4.2 (0-12) ns 

3.0 (0-10) 4.5(0-11) ns 

6 : 4 7 : 3 ns 

4 : 6 3 : 7 ns 

4 : 6 3 : 7 ns 

ns 3.35(0.5-11.0) 4.65(1.0-7.0) 

4.40 (3.75-5.25) 7.77 (6.30-10.25) 0.0001 

3.47(1.75-4.15) 6.47(5.00-9.25) 0.0001 

1000(300-1700) 1157(500-3120) ns 

0 (0-2) 

0 (0-4) 

1.5(1-5) 

0.5 (0.5-1) 

15(11-64) 

2:8 

6.0 (3-9) 

1 (0-4) 

2.5 (0-20) 

7.5 (2-77) 

5.5 (1-58) 

22 (13-105) 

6:4 

4.5 (2-6) 

0.03 

0.005 

0.001 

0.0001 

ns 

ns 

THO = transhiatal oesophageal resection; TTO = transthoracic oesophageal resection. 

* Mann-Whitney U test (continuous variables) or Fisher's exact test (categorical variables). 

Continuous variables are expressed as medians and ranges; ns = not significant. 
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RESULTS 

Clinical characteristics. 

Preoperative characteristics such as age, gender, weight loss and clinical tumour 

stage were equally distributed among THO and TTO patients {Table 1). Also, 

surgical pathology revealed no significant differences between the two groups. 

This comparison included localization of tumours (oesophagus or OGJ) and 

frequency of intestinal metaplasia (data not shown). In contrast, most operative 

and postoperative parameters were signicantly different between the THO and 

TTO group. Duration of anaesthesia, surgery, ICU stay, and mechanical 

ventilation were all significantly longer in TTO patients than in THO patients. 

TTO patients required increased numbers of blood transfusions, especially in the 

postoperative period. 

White blood cell and lymphocyte counts. 

In both groups, postoperative WBC were increased as compared to baseline values 

(7.1 [5.4-9.9] and 6.5 [6.0-13.3] x 109 cells/1 for THO and TTO, respectively) with 

significant differences up to postoperative day 10. Between the two groups, there 

was no significant difference over time. In the early postoperative period (day 1 to 

7), there was a profound decrease in absolute lymphocyte counts in both groups. 

No significant differences were observed between groups in the course of the 

observation period. A small nonsignificant postoperative increase in absolute 

monocyte counts was detected in both groups (data not shown). 

T cell phenotypes. 

Preoperative values of CD4+ and CD8+ T lymphocytes were similar in THO and 

TTO patients. Postoperative levels of CD4+ cells were depressed relative to 

preoperative values in both groups. In the THO group, the levels recovered within 

the first postoperative week. In contrast, CD4+ T cell levels in the TTO group 

were significantly lower during the course of the study period (p=0.025). 

Postoperative numbers of CD8+ T cells were also depressed, lasting for almost a 

week, but differences over time after THO versus TTO failed to reach statistical 

significance (p=0.067). 
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Production of monocyte-derived cytokines after oesophageal surgery. 

In both groups, SAC-induced IL-12 p40 production was profoundly reduced 

immediately after surgery (p=0.001 for THO and p=0.0001 for TTO at day 1). 

This reduction lasted for more than 10 days postoperatively. A greater reduction in 

IL-12 in the TTO group compared to the THO group was observed over the course 

of the study period {Figure 1; p=0.022). The low levels of p70, ranging from the 

detection limit of 1 pg/ml to 20 pg/ml, contrasted higher levels of p40 up to 1000 

pg/ml. However, supernatant levels of the IL-12 p40 subunit correlated well with 

measurable levels of the IL-12 p70 dimer (R=0.61, pO.0001 for 105 measured 

samples), indicating that p40 measurement reflected the production of bioactive 

heterodimeric IL-12. 
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Figure 1. IL-12 p40 supernatant levels of whole blood cultures from blood samples taken 

during a 6-week study period expressed as percentages from baseline in patients 

undergoing transhiatal (THO) versus transthoracic (TTO) oesophagectomy. 

Median (range) preoperative values were 529 (57-893) and 588 (180-2487) pg/ml for THO 

and TTO, respectively (p=0.4, MWUtest). THO versus TTO, p=0.022 by AN OVA repeated 

measures. Closed circles, THO; open circles, TTO. 
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Because IL-10 is a known inhibitor of IL-12, we examined whether the production 

of IL-10 was enhanced after surgery. After stimulation with LOS, a strong 

stimulator of IL-10 production by monocytes, a clear reduction in secretion of IL

IO was found (p=0.001 for THO and p=0.0001 for TTO at day 1), which lasted 5 

days in the THO group and at least 10 days in the TTO group. Although IL-10 

levels were consistently lower after TTO than after THO, changes in IL-10 levels 

over time did not reach statistical significance between groups {Figure 2; 

p=0.078). 

Preoperative levels of IL-6 production from SAC-stimulated whole blood were 

similar in the THO and TTO groups (700 [381-2715] and 750 [324-4117] pg/ml, 

respectively). A small nonsignificant increase in IL-6 levels was found over time 

in both groups (data not shown). 

"05 
in 

.O 

140 

120 • 

T3 T5 T7 

Time point (days) 

no T42 

Figure 2. IL-10 supernatant levels of whole blood cultures from blood samples taken 
during a 6-week study period expressed as percentages from baseline. 
Median (range) preoperative values were 231 (151-430) and 356 (207-492) pg/ml for THO 
and TTO, respectively (p=0.1, MWU test). THO versus TTO, p=0.078 by ANOVA repeated 
measures. Closed circles, THO; open circles, TTO. 
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Production ofThl-type cytokines IFN-yandIL-2 after oesophageal surgery. 

T cell cytokine production was measured in supernatants of whole blood cultures 

after stimulation of T cells by cross-linking of their CD3 and CD28 receptors. In 

both groups, significantly lower levels of IFN-y were observed in the early 

postoperative period compared to baseline values (p=0.0001 for THO and p=0.015 

for TTO at day 1). Although levels tended to be lower in the TTO group compared 

to the THO group throughout the study period, this difference was not significant 

{Figure 3A; p=0.15). Similar observations were documented regarding IL-2 

production {Figure 3B; p=0.09). 

Production ofTh2-type cytokines IL-4 andIL-13 after oesophageal surgery. 

An initial significant decline of IL-4 and IL-13 at the first postoperative day was 

seen in both groups (p=0.015 and p=0.001, respectively, for THO; p=0.001 and 

p=0.0001, respectively, for TTO). IL-4 and IL-13 production recovered earlier in 

THO patients than in TTO patients. For both IL-4 and IL-13, a significant 

difference between the two groups was found over the course of the observation 

period {Figures 4A and 4B\ p=0.002 and p=0.025, respectively). 

Major infectious complications: comparison ofThl and Th2 cytokines. 

Irrespective of the surgical procedure, the study patients were regrouped in a group 

with major infectious complications (COM) and a group without major infectious 

complications (NOCOM). Among the 20 randomized patients, there were 8 

patients with a major infectious complication during the study period (two THO 

and six TTO patients) and 12 patients with a relatively uneventful recovery. Major 

infectious complications, as defined in the Methods section, usually occurred 

between the fourth and sixth postoperative day {Table 1). Patient characteristics 

such as age, gender, and stage of disease were equally distributed among the COM 

and the NOCOM group. Their cytokine levels (IFN-y and IL-4) prior to surgery 

(TO) and postoperatively are depicted in Figures 5A and 5B. 

Levels of IFN-y at baseline and over the course of time after surgery were 

significantly lower in the COM group compared to the NOCOM group {Figure 

5A\ p=0.005 by ANOVA repeated measures). The COM group also had 

significantly lower levels of IL-4 during the postoperative period {Figure 5B; 
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Figure 3. IFN-y (A) and IL-2 (B) supernatant levels of whole blood cultures from blood 

samples taken during a 6-week study period expressed as percentages from baseline. 

Median (range) preoperative values were 22912 (3542-122998) versus 22964 (306-

149566) pg/ml IFN- y and 2427 (1355-10206) versus 2430 (281-6540) pg/ml IL-2 for THO 

and TTO, respectively (p=0.5 andp=l, MWU). THO versus TTO, p=0.15 for IFN-y and 

p=0.09 for IL-2 by AN OVA repeated measures. Closed circles, THO; open circles, TTO. 
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p=0.034 by ANOVA repeated measures). For IL-2, IL-10, and IL-13, preoperative 

levels were not significantly different between the COM and NOCOM group. 

Major infectious complications: preoperative monocyte-T cell interaction. 

The ratio of IL-12p40/IFN-y reflects the balance between the production of the 

major IFNy-inducer IL-12 and the capacity of T cells to respond with IFN-y 

production.19 The ability of monocytes to produce IL-12 and of T cells to produce 

IFN-y was measured after an appropriate stimulus in culture. Thereafter, the IL-

12p40/IFN-y ratio was calculated for each individual. Preoperatively, the median 

(range) IL-12/IFN-y ratio was 4.8 (1.2-162.7) and 1.0 (0.1-6.0) for COM and 

NOCOM groups, respectively (p=0.02 by MWU test). Preoperative IL-12 p40 

levels were similar in both groups (588 [315-2487] pg/ml and 529 [57-831] pg/ml 

for COM and NOCOM, respectively; p=0.2). This suggests a compromised IFN-y 
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Figure 6. IL-12/IFN-y ratio (x 100) in patients with (COM) versus without (NOCOM) 

major infectious complications. COM versus NOCOM, p=0.001 by ANOVA repeated 

measures. Closed triangles, COM; open triangles, NOCOM. 
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production of Th-1 cells in the presence of an intact Thl-type stimulus of 

monocytes in the COM group. Over the course of the study period the NOCOM 

group consistently produced more IFN-y in relation to IL-12 than the COM group 

{Figure 6; p=0.001). 

The transthoracic procedure was accompanied with more infectious complications 

than the transhiatal procedure {Table 1). To examine whether the preoperative 

differences in cytokine profiles between COM and NOCOM patients were merely 

due to differences between the THO and TTO groups, we calculated the median 

(range) IL-12/IFN-y ratio of each operation group. IL-12/IFN-y ratio of the THO 

and TTO groups were similar at baseline (1.4 [0.3-5.8] and 2.7 [0.1-12.6], 

respectively; p=0.4 by MWU test). In addition, we found similar preoperative 

levels of IL-12 p40 and IFN-y m the THO and TTO groups (Legends to Figures 1 

and 3A). 

Tcell responses in volunteers and preoperative cancer patients: 

relation to postoperative infectious complications and tumour characteristics. 

Preoperative values of the 20 study patients were compared to values of 10 

matched healthy volunteers to assess whether baseline values were different in the 

presence versus absence of oesophageal cancer. There were no significant age 

differences among patients and volunteers (64.1 [45.4-78.2] and 67.1 [44.6-72.6] 

years, respectively; p=1.0). Also, men and women were equally represented (m : f, 

19 : 1 among patients versus 8 : 2 among volunteers). Compared to healthy 

volunteers, patients with resectable adenocarcinoma of the oesophagus or OGJ had 

a significantly higher IFN-y response and IFN-y/IL-4 ratio, and a significantly 

lower IL-12/IFN-Y ratio {Table 2), indicating a favoured Th-1 response. 

Remarkably, the monocyte-derived cytokines IL-12 and IL-10 were similar in 

patients and volunteers, suggesting a normal monocyte function. 

We separately compared the preoperative response-types of the NOCOM and 

COM groups with those of healthy volunteers. The patients in the NOCOM group 

had an increased preoperative IFN-y response and a reduced IL-12/IFN-y ratio 

compared to both volunteers and the COM group, indicating a triggered IFN-y 

production. In contrast, in the COM group, these parameters were not significantly 

different from the volunteers. Furthermore, we investigated whether these 

preoperative differences between the NOCOM and COM groups could be 
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explained by differences in tumour characteristics. Tumour stage did not correlate 

with the development of infectious complications. However, there were significant 

correlations between the degree of tumour differentiation and preoperative T cell 

cytokine production {Table 2). A striking resemblance was noted between patients 

with well/moderately differentiated tumours and patients in the NOCOM group 

regarding their preoperative IFN-y levels, IL-4 levels as well as IL-12/IFN-y 

ratios. Similarly, these parameters were comparable between patients with poorly 

differentiated tumours and patients in the COM group. Such correlation was not 

observed between tumour stage and T cell cytokine production. 

Regression analysis showed that, of all investigated parameters at baseline and 

during the operation, only preoperative IFN-y levels (p=0.04), duration of 

anaesthesia (p=0.02) and operation time (p=0.02) were predictive variables for the 

occurrence of major infectious complications. 

DISCUSSION 

It is known that major surgery is accompanied by a depression in cellular immune 

responses.3,20,21 Several studies have linked these changes to the occurrence of 

postoperative infectious complications.4"8 Oesophageal resection, via either a 

transthoracic or a transhiatal approach, is associated with a substantial risk of 

infectious complications.11'12 Interim results of an ongoing randomized trial 

indicate that patients undergoing TTO are more likely to develop postoperative 

infectious complications than patients undergoing THO.13 To date, no randomized 

comparison of immune responses between two standardized major surgical 

interventions has been performed. 

The prospective randomized design of our study enabled us to evaluate the 

exclusive influence of the extent of the operative procedure (including anaesthesia 

and blood transfusion) on monocyte and T cell responses. Possible confounders 

such as age, tumour stage, and nutritional status were comparable among groups. 

Thus, the observed differences between groups are likely to be related to the extent 

of the surgical procedure. 

Remarkably, even though both surgical groups underwent major surgery with a 

considerable impact on immune functions, postoperative changes in 

immunological parameters were distinct between the two groups. Overall, 
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cytokine levels of stimulated whole blood cultures were lower after TTO than after 

THO, with significant differences over the course of time for IL-12, IL-4 and IL-

13 production. After the initial postoperative decline, an earlier recovery to 

preoperative levels was encountered in the THO group. In addition, the numbers of 

CD4+ and CD8+ T cells were lower in the TTO group than in the THO group, 

with a significant difference for the subset of (CD4+) T helper cells. Differential 

changes in IL-4 and IL-13 production (Th2-type cytokines) compared to IFN-y 

and IL-2 production (Thl-type cytokines) were observed. This indicates that lower 

cytokine levels in TTO patients are not merely due to a decreased number of 

CD4+ T cells but rather to specific functional differences of these cells as 

compared to those in THO patients. 

Postoperative IL-12 production was lower in the TTO group, while absolute 

numbers of monocytes were equal to those in the THO group. From this, one 

might suggest that TTO patients also had a specific functional deficit of 

monocytes. However, SAC-stimulated IL-6 release was not affected by either type 

of surgery. This may indicate that reduced IL-12 release did not reflect a general 

defect in monocyte cytokine production. The postoperative decline in IL-12 

production was not related to an increased production of IL-10, a known inhibitor 

of IL-12 production. Instead, IL-10 levels were equally decreased for several days 

after surgery. Others have found an increased LPS-stimulated IL-10 production by 

isolated monocytes of surgical patients on the second postoperative day.22 There 

are some methodological differences between our series and their series which 

may explain the postoperative differences. Hensler et al. measured cytokine 

production in a miscellaneous group of surgical patients.22 Furthermore, results 

from isolated monocytes may be different from whole blood cultures. The 

purification process of monocytes may well have a stimulatory effect in itself. 

Moreover, in contrast to whole blood cultures, isolated monocytes are deprived of 

regulatory stimuli from other blood cells. Whole blood cultures may reflect a more 

physiological situation when assessing functional capacity. Consistent with our 

findings, Lemaire et al. found in whole blood cultures a reduced LPS-stimulated 

IL-10 production after surgery.23 It remains to be clarified which mechanism 

underlies this IL-10 independent decrease in IL-12 production. 

The data indicate that oesophageal surgery was associated with a severe general 

defect of T cell cytokine secretion. Importantly, although this T cell functional 
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defect was more prolonged after TTO, this was not expressed by a polarized 

differentiation to a Thl or Th2 phenotype. Recent studies suggest that moderate 

surgical trauma may induce polarization of T helper cells to the Th2 phenotype 

rather than causing a generalized T cell suppression.h2A After minimal invasive 

surgery by laparoscopy, only minor changes in T cell cytokine production have 

been found.2 After conventional cholecystectomy, a downregulated Thl-type 

response was found.1'2 Others have found a depression of both Thl- and Th2-type 

cytokines after major trauma.3 These data from the literature suggest that minor or 

moderate trauma causes only a deficient Thl-type response, whereas major trauma 

potentially leads to an overall deficient T cell function. The concept that the 

severity of T cell depression is related to the extent of host injury is supported by 

the present findings. Differences in the extent of host injury between THO and 

TTO patients were clinically reflected by significant differences in duration of 

anaesthesia, operation time, and blood transfusion. It has been described that 

anaesthesia and blood transfusion compromise cellular immune functions by 

themselves.2426 Thus, the observed differences in postoperative immune 

responsiveness after THO versus TTO may have been the result of a cumulative 

effect of surgery-related factors. 

One of the most challenging issues refers to the question whether changes in 

immune responses in surgical patients are clinically relevant. In line with the 

assumption that suppressed host defense mechanisms after major surgery 

contribute to postoperative infectious complications,4"8 we consistently found that 

the observed nadir in immunoresponsiveness preceded infectious complications. 

This sequence of events may seem supportive of a causative relation, but a similar 

nadir was also seen in patients without infectious complications. There are data to 

suggest that the development of infectious complications may not only be related 

to surgery-induced phenomena but also to the patients' immune status before 

surgery. For instance, a critical role for the extent of preoperative supernatant IL-

12 release in the early resistance to postoperative infection has been found.5 We 

found that patients with a relatively uneventful recovery had a significantly higher 

IFN-Y production and lower IL-12/IFN-y ratio before surgery compared to both 

patients with postoperative infections and healthy volunteers. Monocyte-derived 

IL-12 and IL-10 were similar among all three groups, suggesting a normal 

monocyte function. IFN-y is the hallmark for a Thl response and its production 
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has been shown to be induced by IL-12.10 After stimulation of T cells by cross-

linking of their CD3 and CD28 receptors, IFN-y production is 80-90% dependent 

on endogenous IL-12 production (Van der Pouw Kraan TCMC, personal 

communication). In view of this, our results indicate that patients without 

postoperative infectious complications display an elevated Thl-type response in 

the presence of an otherwise normal monocyte-derived Thl-type stimulus before 

surgery. Irrespective of the surgical procedure, IFN-y and IL-4 cytokine 

production was significantly lower over the course of time in patients who 

encountered postoperative infectious complications than in those who had an 

uneventful recovery. The study data strongly suggest that the preoperative Thl-

and Th2- T cell response profile is related to future infectious complications. 

IFN-y is an important macrophage activating factor and has demonstrated 

antimicrobial benefits in humans. The vast majority of Thl cells but only a few 

Th2 cells exhibit cytolytic activity for antigen-presenting cells. IL-12 sets the stage 

for an ensuing adaptive immune response by stimulating a Thl-type response with 

the release of IFN-y. IL-4 directs Th2 development and has been shown to 

facilitate B-cell antibody secretion. In addition, IL-4 counterregulates Thl-

dominated responses.9'27,28 However, recent studies in IL-4 knockout mice have 

demonstrated a previously unappreciated role of IL-4 for the generation of Thl -

associated cytotoxic T cell activity,29 and for the induction of Thl-type protective 

antifungal responses.30 In our study, of all parameters examined, only preoperative 

IFN-y production as well as duration of anaesthesia and operation time were 

predictive variables for the occurrence of postoperative infectious complications. 

We, therefore, postulate that preoperative low Thl-type responses, superimposed 

on surgery-related impaired responsiveness, increase the risk for major infectious 

complications. 

Previous studies have shown that favourable stages of cancer are associated with 

increased Thl immune responses,31 whereas in unfavourable tumour stages Thl 

responses are decreased.31,32 Similarly, in the present study, patients with well or 

moderately differentiated oesophageal adenocarcinomas had a significantly higher 

IFN-y production and lower IL-12/IFN-y ratio compared to patients with poorly 

differentiated tumours. A difference in these parameters was not observed between 

early and advanced tumour stages. No direct association between tumour 

characteristics and postoperative morbidity was found. Nevertheless, the absolute 
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preoperative values were strikingly similar between patients with relatively 

favourable degree of tumour differentiation and those without infectious 

complications, and both were significantly different compared to healthy 

volunteers' values. Possibly, a pre-existing tumour-related upregulation of the Thl 

response may be involved in controlled host defense mechanisms against infection 

after surgical trauma. 

In conclusion, these data underline that the postoperative depression of monocyte 

and T-cell immune responses is related to the extent of the surgical trauma. It is 

however not marked by a polarized differentiation to a Thl- or Th2-type response. 

Although these changes precede postoperative infectious complications, based 

upon the present data, a causative relation between postoperative changes in 

cellular immune responses and infectious complications can not be concluded. 

Alternatively, the preoperative T helper response profile is indicative for a 

postoperative course with or without major infectious complications, and its effect 

is presumably superimposed on surgery-related changes in immuno-

responsiveness. In particular, high preoperative levels of T helper cytokines such 

as IFN-Y seem to be protective for the development of postoperative major 

infectious complications. 
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