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Immune responses and cancer prognosis 

ABSTRACT 

Background. Adequate patient selection for different treatment modalities remains 

a major challenge in the management of patients with cancer of the oesophagus or 

oesophagogastric junction (OGJ). In this process, pretreatment determination of 

prognosis is essential. To date, the implementation of immunological parameters 

in oncological decision-making remains uncertain. 

Aim. To evaluate lymphocyte phenotypes and Thl- and Th2-type cytokine 

production in relation to long-term survival in a uniform group of cancer patients. 

Methods. Prior to surgery, peripheral blood samples were collected from 32 

patients with a potentially curable adenocarcinoma of the oesophagus or OGJ. Ten 

matched healthy volunteers served as controls. Lymphocyte populations were 

determined using flow cytometry. Furthermore, in whole blood cultures, 

monocyte-, Thl-, and Th2-derived cytokine production was assessed after 

stimulation. The prognostic significance of these immunological parameters was 

evaluated in univariate and multivariate survival analyses. 

Results. IFN-Y production was significantly higher in patients compared to 

volunteers (p=0.01). The production of the Th2-type cytokines IL-4 and IL-13 was 

similar among patients and volunteers. Although patients and volunteers had 

comparable median CD4+/CD8+ ratios, CD4+/CD8+ ratios in the patient group 

were inversely correlated with pathological tumour stage (pTNM, p=0.025). Using 

the median value of each parameter as a cut-off value, none of the immunological 

parameters showed a significant impact on overall survival. Of all measured 

immunological parameters, only CD4+/CD8+ ratio was associated with disease-

free survival: 81% at 1.5 years for patients with a high CD4+/CD8+ ratio and 40% 

at 1.5 years for those with a low CD4+/CD8+ ratio (p=0.03). None of the 

measured immunological parameters proved to be an independent predictor of 

tumour recurrence or survival. 

Conclusions. In all stages of adenocarcinoma of the oesophagus or OGJ, an 

upregulated Thl-type cytokine (IFN-y) production was found compared to normal 

values. A favoured Thl-type immune response was not associated with tumour 

stage or prognosis. T cell CD4+/CD8+ ratio was inversely correlated with tumour 

stage and disease-free survival, but was not an independent prognostic factor. In 

patients with advanced oesophageal or OGJ adenocarcinoma, deficient anti-

tumour response may be due to either a relative deficit in antigen-specific CD8+ 

CTL in relation to tumour load or to an increased CD8+ T suppressor population. 
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INTRODUCTION 

The incidence of adenocarcinoma of the oesophagus and of the oesophagogastric 

junction (OGJ) has risen rapidly in Western countries over the past few decades. 

Following a diagnosis of oesophageal or OGJ cancer without distant metastases, 

surgical resection has potential for long-term survival provided that locoregional 

disease can be removed completely. It is well documented that postoperative 

survival rates significantly worsen with advancement of pathological tumour 

stage.1'2 Clinical assessment of tumour invasion and lymphatic spread has long 

been difficult in patients presenting with these malignancies. The introduction of 

endoscopic ultrasonography and diagnostic laparoscopy with laparoscopic 

ultrasonography has overcome some of the difficulties in the past. Nevertheless, 

adequate patient selection for different treatment modalities remains a major 

challenge in the management of patients with cancer of the oesophagus or OGJ. In 

this process, pretreatment determination of prognosis is essential. 

Presumably, prognosis of patients with cancer is affected not only by the primary 

biological behaviour of the malignancy and the extent of the disease itself, but also 

by host defense mechanisms. There is considerable evidence that, in the presence 

of cancer, immune responses are altered. Impaired cell-mediated immunity tends 

to become more pronounced as the stage of cancer advances.3"7 Several studies 

have shown an association between cancer patients' immune status and their 

prognosis,8"11 although other studies could not confirm any prognostic significance 

of immunological parameters in patients with malignant disease.7,12 Little is known 

on the prognostic impact of immune responses or lymphocyte phenotyping in 

patients with oesophageal adenocarcinoma.3 Moreover, the implementation of 

immunological parameters in selecting the appropriate oncological therapy is at 

present times uncertain. 

Recent studies have indicated that the CD4+ T helper (Th) cell population in 

cancer patients comprises a changed functioning of Thl and Th2 subsets or a shift 

in the Thl/Th2 balance.5,1315 Optimal systemic anti-tumour immunity involves the 

priming of both CD4+ and CD8+ T cells specific for tumour antigens. CD8+ 

cytotoxic T lymphocytes (CTL) are considered dominant effector cells mediating 

killing of tumour cells. Cytokines produced by Thl and Th2 cells are required for 

the priming of CTL.16 In particular, IFN-y and IL-2 contribute to the development 
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of tumour-reactive CTL.17 Suppressor T cells are predominantly CD8+ and are 

able to inhibit the proliferative response of CD4+ T cells.18 The immune response 

is regulated by several factors, including the presence of foreign antigen, the 

membrane make-up of antigen presenting cells such as major histocompatibility 

complex (MHC) and accessory molecules, the absolute and relative proportions of 

CD4+ and CD8+ T cells, and by the balance between Thl and Th2 cytokines. 

Evolving perceptions on disregulation of T cell subsets in cancer patients 

encouraged us to evaluate lymphocyte phenotyping and ex vivo production of 

monocyte, Thl- and Th2-derived cytokines before surgical intervention in relation 

to (disease-free) survival in patients undergoing surgery for oesophageal or OGJ 

adenocarcinoma. 

PATIENTS AND METHODS 

Patients. Between July 1997 and July 1998, 32 consecutive patients with 

adenocarcinoma of the oesophagus or OGJ consented to participate in the present 

study. All patients were scheduled for surgical resection with curative intent. 

Inclusion criteria were (1) age > 18 years, (2) invasive adenocarcinoma of the 

middle or distal oesophagus or OGJ, and (3) locally resectable disease without 

distant metastases on preoperative investigations. 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),19 (3) impossibility to 

construct a gastric tube, (4) chemotherapy, radiation therapy or immunotherapy 

within 30 days prior to surgery, and (5) chronic treatment with glucocorticoids. 

Oesophageal resection was performed by a transhiatal approach without 

thoracotomy or via a right-sided thoracotomy in combination with a laparotomy. 

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. 

Clinical monitoring. Routine preoperative evaluation involved upper 

gastrointestinal endoscopy with biopsy, endoscopic ultrasonography, external 

ultrasonography of the neck and upper abdomen (with puncture of suspected 

lymph nodes and/or liver lesions), indirect laryngoscopy and chest radiography. 

Operative risk analysis routinely included standard blood examination, 
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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 (%). Documentation of 

peroperative indices included duration of anaesthesia, duration of the operation, 

peroperative complications, peroperative blood loss (ml) and peroperative blood 

transfusion (units of packed cells). Postoperative complications were scored using 

standard criteria. Postsurgical staging of tumours was done according to the 

revised pathological TNM-classification of oesophageal carcinoma.20 To avoid 

potential differences by stage migration, nodal metastases in the extended lymph 

node dissection fields were not considered when staging tumours in patients who 

underwent a two-field lymph node dissection. After discharge additional 

diagnostic procedures were only performed if indicated. Patients were routinely 

seen in the outpatient clinic 3 weeks after discharge, at 3-month intervals for two 

years and at 6-month intervals thereafter. For the study, a final evaluation of 

surviving patients was performed in August 1999. 

Blood sampling. Two days prior to surgery, 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 put into culture as quick as possible, 

routinely within one hour after withdrawal. 

Phenotyping. For flow cytometry, 5 ul of monoclonal antibody (LeucoGATE, 

CD3, CD4, CD8, CD14, CD16, CD56, CD25, HLA-DR; Becton Dickinson, San 

Jose, CA, USA) were placed in tubes with 100 ul of heparinized whole blood. 

With these antibodies the following lymphocyte subsets were measured: 

CD3+CD4+ (helper/inducer T lymphocytes), CD3+CD8+ (suppressor/cytotoxic T 

lymphocytes), CD3+HLA-DR+ (T cells expressing class II MHC antigens), and 

CD3+CD25+ (activated T lymphocytes). Natural killer (NK) cells were recognized 

as CD 16+ and/or CD56+ cells. Monocytes (CD 14+) expressing class II MHC 

antigens were identified with anti-CD 14 in combination with anti-HLA-DR. 

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, 
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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 IL 12 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.21'22 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 

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

IL-12 p70 was measured as described previously.21,22 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-
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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.23 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, USA). 

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

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

between groups were made using the Mann-Whitney U (MWU) test or the 

Kruskal-Wallis test (for continuous variables), or the chi-square or Fisher's exact 

test (for categorical variables). Pearson's correlation coefficient was used as a 

measure of linear association. Survival was estimated according to the method of 

Kaplan and Meier. In univariate analysis, the log-rank test was used for 

comparison of survival curves. Multivariate analysis was performed by stepwise 

regression analysis. Statistical significance was defined as p < 0.05 (two-tailed). 

RESULTS 

Clinical characteristics. Patient characteristics, pathological features, peroperative 

indices and postoperative data are given in Table 1. All but two patients actually 

underwent oesophageal resection. In 13 patients, the oesophagus was resected via 

a transhiatal approach, 16 patients underwent a transthoracic oesophagectomy with 

two-fields lymph node dissection and, in one patient, tracheal laceration 

necessitated conversion to a transthoracic procedure after transhiatal exploration. 

In two patients, the surgeons refrained from oesophageal resection: one patient, in 
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whom the tumour was largely confined to the proximal stomach, underwent a total 

gastrectomy with splenectomy; another patient appeared to have liver metastases 

at laparotomy. There were no significant age differences among patients and 

volunteers (64.1 [43.5-78.2] and 67.1 [44.6-72.6] years, respectively; p=1.0). Also, 

men and women were equally represented (m : f, 28 : 4 among patients versus 8 : 2 

among volunteers, p=0.6). 

Table 1. Clinical characteristics of 32 patients undergoing surgery for adenocarcinoma of 

the oesophagus or oesophgogastric junction (OGJ). 

age (years) 64.1(43.5-78.2) 

gender (m : f) 28 : 4 

clinical tumour stage, cTNM (I : II : III : IV) 7 : 1 1 : 1 1 : 3 

pathological tumour stage, pTNM (I : II : III : IV) 7 : 4 : 1 3 : 8 

percentage weight loss (%) by pTNM (I/II : III/IV) 0 (0-9) : 4 (0-20) 

tumour differentiation (good/moderate : poor) 12 : 20 

tumour size (cm) 4.3 (0.5-11.0) 

location of tumour (oesophagus : OGJ) 9 : 23 

radicality of the resection (R0 : Rl : R2) 23 : 5 : 4 

operative procedure (THO : TTO : other) 13 : 16 : 3 

operation time (hours) 5.3 (1.0 - 9.3) 

peroperative blood loss (ml) 1075 (300 - 4000) 

duration of ICU stay (days) 3.5 (0 - 77) 

duration of hospital stay (days) 22.0 (11 - 105) 

major infectious complication (yes : no) 15 : 17  

TNM = tumour node metastasis; R0 = microscopically radical resection; 

Rl = microscopically irradical resection; R2 = macroscopically irradical resection; 

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

Continuous variables are expressed as medians and ranges. 

Postoperative follow-up. After a median follow-up period of 16.0 (0.1-25.9) 

months, 20 patients had no evidence of (recurrent) disease. Eleven patients were 

found to have locoregional and/or systemic tumour recurrence after a median 

time-interval of 7.6 (0.3-14.5) months. In one patient, as mentioned, liver 
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metastases were detected at time of the operation. At final evaluation, 9 patients 

had died from (recurrent) disease after a median postoperative duration of 10.9 

(0.1-16.4) months. No deaths from other causes were encountered. Overall 

survival for all 32 patients was 84% at 1 year and 67% at 1.5 years. Disease-free 

survival was 78% at 1 year and 61% at 1.5 years. 

White blood cell counts and lymphocyte subsets. White blood cell counts (WBC) 

were significantly higher in the patient group compared to those in the control 

group, although for both groups median WBC counts were within normal ranges 

(6.9 [4.3-13.3] and 5.1 [3.2-6.9] x 109 cell/1, respectively; p=0.001). Patients and 

volunteers had similar absolute T lymphocyte counts (1.52 [0.84-2.81] and 1.49 

[0.83-2.11] x 109 cell/1, respectively) and number of natural killer cells (0.19 

[0.03-0.46] and 0.20 [0.04-0.55] x 10" cell/1, respectively). CD4+ and CD8+ T 

lymphocyte counts, monocyte - and HLA-DR+ monocyte counts were not 

significantly different between patients and healthy volunteers (Table 2). 

Table 2. Lymphocyte and monocyte subsets. 

patients volunteers p value* 

(ii = 32) (n=10) 

CD3+ 1.52(0.84-2.81) 1.49(0.83-2.11) n.s. 

CD3+CD4+ 0.64(0.13-1.63) 0.57 (0.33-0.96) n.s. 

CD3+CD8+ 0.36(0.03-1.10) 0.26 (0.08-0.66) n.s. 

CD47CD8+ ratio 1.90(0.71-5.46) 2.07(0.94-4.31) n.s. 

CD3+ CD25+ 0.50(0.16-1.28) 0.44 (0.22-0.85) n.s. 

CD3+ HLA-DR+ 0.19(0.04-0.54) 0.16(0.07-0.49) n.s. 

CD14+ 0.54(0.34-1.08) 0.47 (0.26-0.68) n.s. 

CD14+HLA-DR+ 0.52 (0.28-0.89) 0.46 (0.26-0.67) n.s. 

Variables (except CD47CD8+ ratio) represent absolute numbers of positively stained cells 

(x 109 cells/1). 
Data are expressed as medians and ranges. * Mann-Whitney t/test; n.s. = not significant. 
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Monocyte-derived cytokine production. The production of the IL-12 p40 subunit 

and IL-12 p70 (the bioactive heterodimer) by monocytes was similar among 

patients and volunteers {Table 3). Supernatant levels of IL-12 p40 correlated well 

with measurable levels of IL-12 p70 (R=0.73, pO.0001 for 42 measured samples), 

indicating that p40 measurement reflected the production of bioactive IL-12. Also, 

the production of IL-10, a known inhibitor of IL-12, and of IL-6 did not differ 

between patients and healthy volunteers (Table 3). 

Table 3. Monocyte-, Thl- and Th2-derived cytokines. 

patients volunteers p value* 

(n = 32) (n=10) 

IL-12p40 481 (57-2487) 421 (122-2863) 0.7 

IL-12p70 1.3(0.1-8.5) 0.6(0.1-61.6) 1.0 

IL-10 263 (149-492) 289 (122-371) 0.5 

IL-6 750 (324-7802) 677 (385-1779) 0.8 

IFN-Y 28006 (306-242499) 5756 (605-80615) 0.01 

IL-2 2816(281-15828) 1963 (63-3919) 0.05 

IL-4 47 (3-200) 73 (1-206) 0.5 

IL-13 851 (60-4819) 603 (36-2991) 0.3 

IL-12/IFN-Y ratio 1.2(0.1-16.1) 10.2 (0.5-58.7) 0.02 

IFN-Y/IL-4 ratio 6.4(0.7-143.2) 1.0(0.3-16.7) 0.02 

Cytokine levels are given in pg/ml. IL-12/IFN-Y ratio (x 100) reflects the balance between 
Thl-type stimulation (IL-12) and Thl-type cytokine production (IFN-Y). IFN-Y/IL-4 ratio 
(x 0.01) reflects the balance between Thl-type (IFN-Y)

 and Th2-type (IL-4) responses. 
Data are expressed as medians and ranges. * Mann-Whitney U test. 

Thl-type and Th2-type cytokine production. Patients demonstrated a higher 

production of the Thl-type cytokines IFN-Y
 a nd IL-2 compared to volunteers 

{Table 3). For each individual, we calculated the IL-12 p40/IFN-y ratio, reflecting 

the balance between the production of the major IFN-y-inducing cytokine IL-12 

and the capacity of T cells to respond with IFN-Y production.24 This ratio was 
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significantly lower in patients compared to volunteers. These data suggest a 

triggered IFN-y production of Thl cells - in the presence of a normal stimulus 

from monocytes - in patients with oesophageal or OGJ adenocarcinoma. In 

contrast, the production of the Th2-type cytokines IL-4 and IL-13 was similar 

among patients and volunteers. The balance between a Thl-type response (IFN-y) 

and a Th2-type response (IL-4) is reflected in the IFN-y/IL-4 ratio. In patients, we 

found a clearly increased IFN-y/IL-4 ratio compared to volunteers, illustrating a 

favoured Thl-type response in the patient group {Table 3). 

Figure 1. CD4+/CD8+ ratios (A), 

CD4+ T lymphocyte subsets (B), and 

CD8+ T lymphocyte subsets (C) of 

healthy volunteers and patients with 

oesophageal or OGJ adenocarcinoma 

subdivided by tumour stage. 

(A) CD4+/CD8+ ratio: stage I/II 

versus stage III/IV, p=0.01 (MWU); 

between all four stages, p=0.02 

(Kruskal-Wallis test); stage IV versus 

volunteers, p=0.02 (MWU). 

(B) CD4+ subset: no significant 

differences among tumour stages or 

between tumour stages and volunteers. 

(C) CD8+ subset: stage I/II versus 

stage III/IV, p=0.06 (MWU); stage IV 

versus any other stage or volunteers, 

p<0.05 (MWU). 
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Immunological parameters and tumour characteristics. Of all measured 

immunological parameters, only CD4+/CD8+ ratio correlated with pathological 

tumour staging. CD4+/CD8+ values were inversely related to pTNM classification 

(p=0.025; Figure 1Ä). This relationship appeared predominantly the effect of an 

increase in CD8+ cells with advancement of tumour stage as the CD4+ cell 

population remained relatively stable {Figures IB and 1C). Patients and volunteers 

had comparable median CD4+/CD8+ ratios (Table 2). Nevertheless, all patients 

with a stage IV tumour had a CD4+/CD8+ ratio below the median CD4+/CD8+ 

ratio of volunteers. 

Figure 2. (A) IFN-y cytokine 

production of healthy volunteers and 

patients with oesophageal or OGJ 

adenocarcinoma subdivided by tumour 

stage. All tumour stages except stage 

III: p<0.05 compared to volunteers. 

(B) IFN-y/IL-4 ratio (x 0.01) reflects 

the balance between Thl-type (IFN-y) 

and Th2-type (IL-4) responses. All 

tumour stages except stage III: p<0.05 

compared to volunteers. 

(C) IL-12/IFN-y ratio (x 100) reflects 

the balance between Thl-type 

stimulation (IL-12) and Thl-type 

cytokine production (IFN-y). All 

tumour stages except stage III: p<0.05 

compared to volunteers. 
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The parameters which were significantly different between patients and 

volunteers, i.e., IFN-y, IFN-y/IL-4 ratio and IL-12/IFN-y ratio {Table 3) did not 

correlate with pathological tumour staging {Figures 2 A-Q. In all stages of 

oesophageal or OGJ cancer, IFN-y production and IFN-y/IL-4 ratio were higher 

compared to volunteers, whereas IL-12/IFN-y ratio was lower. 

Particularly IFN-y and IL-2 are involved in the development of tumour-reactive 

CTL.17 The production of these cytokines was not significantly different between 

stage I/II and stage III/IV patients (p=0.5 for IFN-y and p=0.06 for IL-2). Thus, 

we found no clear differences in the major stimuli of CTL between early and 

advanced oesophageal or OGJ adenocarcinoma. 

Clinical and immunological parameters in relation to prognosis. In this group of 

32 patients with oesophageal or OGJ adenocarcinoma, neither patient 

characteristics such as age and gender nor peroperative indices such as type of 

procedure, blood loss, and operation time were associated with tumour recurrence 

or patient survival. As expected, pathological stage of disease correlated well with 

both tumour recurrence and survival. Overall survival of patients with stage III or 

IV tumours was 51% at 1.5 years; disease-free survival was 42% at 1.5 years 

{Figure 3A). None of the patients with stage I or II tumours developed tumour 

recurrence or died within the follow-up period (stage I/II versus III/IV: p=0.02 and 

p=0.003 in survival and disease-free survival analyses, respectively). 

To examine whether any of the immunological parameters could be implicated in 

determining prognosis of patients with oesophageal or OGJ adenocarcinoma, 

subsequent survival analyses were performed using the median value of each 

parameter as a cut-off value. For example, the median IFN-y level of all patients 

was 28,000 pg/ml {Table 3); survival times were then compared between patients 

with IFN-y > 28,000 pg/ml and patients with IFN-y < 28,000 pg/ml. In Kaplan-

Meier survival analyses, none of the immunological parameters showed a 

significant difference in overall survival distribution. Of all immunological 

parameters, only CD4+/CD8+ ratio was associated with disease-free survival. 

When performing survival analysis at a cut-off value of 1.9 {Table 2), disease-free 

survival at 1.5 years was 81% for patients with a CD4+/CD8+ ratio > 1.9 and 40% 

for those with a ratio < 1.9 (p=0.03; Figure 3B). In multivariate analyses, none of 

the measured immunological parameters proved to be an independent predictor of 

tumour recurrence or survival. 
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Figure 3. Disease-free survival after surgery for oesophageal or OGJ adenocarcinoma (A) 

by pathological tumour stage (stage I/II versus stage III/IV; p=0.003; log-rank test) and 

(B) by CD4+/CD8+ ratio (CD4+/CD8+ ratio ± 1.9 versus CD4+/CD8+ ratio < 1.9; 

p=0.03; log-rank test). 
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DISCUSSION 

Preoperative evaluation of cellular immune responses in patients undergoing 

surgery for oesophageal or OGJ adenocarcinoma provided no clinically useful 

parameter with respect to prognostic assessment. In agreement with previous 

reports,4"7,25'26 this study showed that changes in T lymphocyte subsets and T helper 

cytokine production occur in patients with solid tumours compared to healthy 

volunteers. In contrast to others,5,1315 we found a Thl predominance in both early 

and advanced cancer, i.e., an increased IFN-y/IL-4 ratio, as a result of an increased 

IFN-y production was observed in cancer patients. An increased IFN-y/IL-4 ratio 

indicates a favoured Thl-type response. In all stages of disease, IFN-y and IL-2 

production were elevated compared to volunteers, suggesting a tumour-induced 

upregulation of Thl-type cytokine production. Levels of monocyte-derived IL-12 

were similar in both groups. However, the IL-12/IFN-y ratio was significantly 

lower in patients compared to healthy volunteers, reflecting an increased capacity 

of patients to produce IFN-y without upregulation of the major IFN-y inducer IL-

12. This could imply a better response to IL-12, or other cytokines acting in 

concert with IL-12 to induce IFN-y production (IL-15, IL-18) are playing a more 

important role in these cancer patients. 

Few studies have investigated the balance between Thl- and Th2-type cytokine 

production in cancer patients. Although some have found a Th2 predominance,1315 

others have shown that favourable stages of cancer are associated with increased 

Thl immune responses.5 Our study demonstrated a Thl predominance for all 

stages of oesophageal and OGJ adenocarcinoma. Although we cannot explain 

these discrepancies, there are some essential differences between the present study 

and other previous studies.5,13"15 In this study, the cytokine-producing capacity of T 

lymphocytes was assessed in response to cross-linking of CD3 and CD28 

receptors in whole blood cultures. This design may reflect a more physiological 

situation when assessing functional capacity, in contrast to measurements in 

PBMC cultures stimulated by specific cytokines or anti-CD3 only. Other authors 

have determined the Thl/Th2 balance using flow cytometric analysis of 

intracellular cytokine production.5,15 It can be expected that such methodological 

variation may lead to some differences in outcome. To gain insight in various 

interacting immune responses, we assessed lymphocyte phenotyping as well as ex 
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vivo monocyte and lymphocyte functioning in each individual simultanuously. A 

uniform study group was included, i.e., all patients had oesophageal or OGJ 

adenocarcinoma and all were scheduled for potentially curative surgery. 

It is known that T lymphocytes are intimately involved in anti-tumour immune 

responses. T cells can have a direct effect on tumour cells, or they can act 

indirectly via production of cytokines that amplify CTL responses or activate NK 

cells and macrophages. In cancer patients, suppression of the (CD4+)T helper cell 

population has been found.3'25'26 In contrast, we observed no overall differences in 

the numbers of CD4+ and CD8+ T cells between healthy volunteers and patients 

with cancer. However, an inverse relation between CD4+/CD8+ ratios and 

pathological tumour stage was identified. CD4+/CD8+ ratios were significantly 

decreased in more advanced stages of disease, predominantly due to an increased 

number of CD8+ T cells. 

For an anti-tumour response to ensue, at least in mice, cytokines derived from 

CD4+ T helper cells are required to prime CD8+ cytotoxic T lymphocytes (CTL), 

the dominant effector cells mediating killing of tumour cells. Especially IFN-y and 

IL-2 are involved in the development of tumour-reactive CTL.16,17 In the present 

study, the production of IFN-y and IL-2 was similar in patients with early (stage I 

or II) and advanced (stage III and IV) adenocarcinoma, suggesting a similar drive 

towards tumour-reactive CD8+ CTL in all stages. Nevertheless, the number of 

CD8+ T cells was increased in patients with a high tumour load. The question 

whether this increase was due to an increased population of CD8+ cytotoxic T 

cells or CD8+ suppressor T cells cannot be answered based upon these data. The 

CD 8+ cytotoxic population may be compensatory increased in the presence of a 

high tumour load in a final attempt to attack the tumour mass. Alternatively, a 

higher number of suppressor T cells may be present. Although the concept that T 

suppressor cells downregulate immune responses has long been accepted, the 

existence of a distinct population of lymphocytes that mediates suppression has 

not been demonstrated convincingly.27"29 

Numerous studies have focussed on various cytokines or their receptors in serum 

or culture, in search for a strong prognostic indicator. Parameters that have been 

described to correlate with cancer prognosis include, for example, reduced IL-2 

levels, reduced CD4+/CD8+ ratio, or elevated levels of IL-12, IL-6, or soluble IL-

2 receptor.3'8"11 For clinical implementation of a prognostic parameter, its positive 
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or negative predictive value must be high. In clinical practice, levels of such 

parameter ideally discriminate between good and poor prognosis in the individual 

patient, and might indicate the need for adjuvant therapy. For oesophageal and 

OGJ cancer, pathological staging provides strong prognostic information.1,2 In the 

present study, of all measured immunological parameters, only the CD4+/CD8+ 

ratio was associated with disease-free survival; it also correlated with pathological 

tumour staging. In multivariate analysis, the CD4+/CD8+ ratio was not an 

independent prognostic factor. Whether any of these parameters are of value for 

biological monitoring of the response to immunotherapy regimens remains to be 

determined. 

In a recent study, preoperative IFN-y production showed a significant correlation 

with the occurrence of postoperative infectious complications following 

oesophagectomy for cancer. IFN-y levels prior to surgery were higher in patients 

with an uneventful postoperative recovery, compared to preoperative levels in 

patients who experienced a major infectious complication postoperatively as well 

as compared to healthy volunteers' values (JW van Sandick et al., unpublished 

data). In the present study, we demonstrated that survival curves were unaffected 

by the level of IFN-y production. Thus, it appears that IFN-y is associated with 

postoperative morbidity (i.e., infectious complications) but not with survival in 

patients undergoing surgery for oesophageal or OGJ adenocarcinoma. 

In conclusion, an upregulated Thl-type cytokine production was found in all 

stages of adenocarcinoma of the oesophagus or OGJ, compared to values of 

matched healthy volunteers. Although this suggests a tumour-related process, the 

involved factors are presently unknown and are beyond the scope of this study. A 

favoured Thl-type immune response was not associated with tumour stage or 

prognosis. T cell CD4+/CD8+ ratio was inversely related to tumour stage. In 

patients with advanced adenocarcinoma, deficient anti-tumour response may be 

due either to a relative deficit in antigen-specific CD8+ CTL in relation to tumour 

load, or to an increased CD8+ T suppressor population. These challenging issues 

require further research and gained insights may lead to improved patient selection 

for different treatment modalities. As for now, the impact of preoperative 

immunological parameters on oncological decision-making in the individual 

patient with oesophageal or OGJ adenocarcinoma seems to be limited. 
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