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ABSTRACT. Curative esophageal resection is usually performed using either a transthoracic (TT) or transhiatal
(TH) approach. Forty patients with esophageal squamous cell carcinoma who underwent esophagectomies (24 TT
and 16 TH), 12 patients who underwent surgery for gastric cancer, and 16 healthy individuals were enrolled in
this study. Blood samples were taken from the patients, pre- and post-surgery. The levels of synthesis of T-helper
1 and 2 cytokines were assessed in vitro in the presence of mitogen. Our initial data indicated that at admission,
24 h before surgery, blood cells from both groups of esophageal cancer patients produced significantly lower levels
of the Th1 cytokines, IFN-c and IL-2 than those from cells of healthy donors. Cells collected from gastric cancer
patients prior to surgery produced intermediate levels of IFN-c and IL-2: significantly lower than healthy donors,
and slightly more (non-significant) than esophageal cancer patients. These results contrast with those for the
production of Th2 cytokines prior to surgery, which did not differ significantly between any groups: either the
esophageal or gastric cancer patients, or healthy donors. Th1 and Th2 cytokine production was then studied using
blood cells collected seven days after surgery. Cells from both groups of esophageal cancer patients, undergoing
either TT or TH surgery, produced significantly lower levels of the Th1 cytokines, IFN-c and IL-2 than those from
cells of gastric cancer patients who had undergone surgery. Postoperative and preoperative production was
compared. For patients who had undergone TT esophageal resection, we observed that the post-operative
production of IL-2, IL-5 and IL-13 was significantly lower than the pre-operative production of those cytokines.
Such reduced post-operative compared to pre-operative production was only significant in patients who had
undergone TT esophagectomy. A similar, but non-significant trend was observed in patients who had undergone
either TH esophagectomy, or gastrectomy. The results indicate that digestive tract cancer patients, both
esophageal and gastric, have (prior to surgery), a significantly reduced, basal, mitogen-induced production of Th1
but not of Th2 cytokine. Post-operatively, a significantly reduced production of Th1 and Th2 cytokines, except for
IFN-c, was observed only in patients who had undergone surgical esophageal resection using the TT method.
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Esophageal cancer is a serious malignancy of the digestive
tract with a fatal outcome in a majority of cases [1].
Surgical treatment, plus chemotherapy, is considered to
provide one of the best chances for cure in these patients.
Curative esophageal resection may be performed using a
transthoracic (TT) or transhiatal (TH) approach [2]. The
first strategy is aimed at optimising the cure rate through
extensive mediastinal and abdominal lymph node dissec-
tion. The other strategy, where the esophagus is resected
using a cervico-abdominal approach, without formal tho-
racotomy, is intended to decrease early postoperative risk
of morbidity and mortality [2, 3]. There has been much
controversy about the appropriateness and long-term sur-
vival rates with TT and TH resection in esophageal cancer

patients [4-6]. In fact, it is unclear which approach has the
greater benefit in terms of patient survival. As regards
postoperative mortality or morbidity rates, a few studies
indicate that the outcomes following the TT and TH ap-
proach are equivalent [7, 8].
After surgical trauma, an appropriate T helper (Th) cell
response is critically important in the immune reaction [9,
10]. Th lymphocytes are functionally subdivided into Th1
and Th2 cells. Th1 cell response is further characterized by
the production of cytokines such as IFN-c, IL-2 and
TNF-b (lymphotoxin), and Th2 cell response is primarily
characterized by secretion of IL-4, IL-5, IL-10 and IL-13
[11, 12]. In experimental studies, both Th1 and Th2 cells
have a role in orchestrating the host immune response to
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tumor [13]. IFN-c and IL-2 are involved in host defense
against bacteria, viruses and fungi; these cytokines activate
monocyte/macrophages, natural killer cells and cytotoxic
T lymphocytes [12, 14]. Experimental and clinical studies
indicate that surgical or traumatic injury alter immune
reactions including monocyte functions and the ability of
T-lymphocytes to proliferate in response to mitogenic acti-
vation, i.e. concanavalinA (Con-A) or PHA [15-18]. These
studies have shown the postoperative depression of the
mitogenic response of lymphocytes in patients and ani-
mals, and that the extent of the immunosuppressive effects
is correlated with the complexity of the surgery [16-18].
The purpose of the present study was to investigate the
differences between TT and TH esophagectomies with
respect to Th1 and Th2 cytokine production. We conducted
a prospective study involving 40 patients who underwent
elective esophageal surgery (transthoracic or transhiatal).
The levels of cytokines measured for these groups were
compared with those of a group of patients undergoing
gastrectomy and a group of healthy individuals.

PATIENTS AND METHODS

Subjects

Between March 2006 and June 2007, 74 consecutive,
esophageal squamous cell carcinoma (ESCC) patients
were admitted for elective surgery to the Division of Sur-
gery, Cancer Institute, Medical Sciences/University of Te-
hran. After excluding those patients who did not match the
criteria for this study, 40 ESCC patients who subsequently
underwent esophagectomies were prospectively recruited
into the study. These patients were assigned to undergo
esophagectomy using either a transthoracic technique
(group 1; 24 patients) or a transhiatal approach (group 2;
16 patients). Meanwhile, in order to rule out the effects of
surgical injury and the malignancy, we selected a group of
patients with gastric cancer undergoing surgery; this group
of 12 patients, undergoing surgical gastrectomy with
lymph node dissection, was prospectively entered into the
study (group 3). Moreover 16, age- and sex-matched,
healthy individuals were also enrolled this study (group 4).
Written informed consent was obtained from each patient
before surgery and the study was approved by the Hospi-
tal’s Ethics Committee. The eligible cases had histologi-
cally confirmed, squamous cell carcinoma of the mid-to-
distal esophagus, and had no evidence of distant
metastases. Exclusion criteria for all patients, including
control groups, were previous gastric or esophageal sur-
gery, previous chronic organ insufficiency as defined by
ASA III or IV (American Society of Anaesthesiology)
[19], neoadjuvant radio- or chemotherapy, and if it were
not possible to construct a gastric tube. Patients with im-
mune or central nervous system dysfunction or patients
with congestive heart failure, malnutrition, diabetes, infec-
tion, or inflammation were also excluded. Similarly, pa-
tients who developed postoperative complications were
not included in the study. All patients received general
anesthesia during surgery using a standardized, analgesic
regime. Tumors were removed using either a TT or TH
approach, which was decided by the attending surgeon on

an individual basis. Postoperatively, patients were placed
under intensive care unit surveillance for 24 to 48 h.

Blood sampling

Venous peripheral blood samples were obtained from all
subjects, and blood was collected in polystyrene, round-
bottomed, sterile tubes with caps, containing lithium-
heparin (15 IU Li-heparin/ml blood, Leo Pharmaceutical
Products, Eeesp, The Netherlands). Blood samples were
taken 24 hours before surgery and seven days after. Blood
sampling was performed for all patients between 8 and
10 a.m., and blood cultures were started within 1 h of
collection.

Whole blood cell culture

Whole blood was diluted 1:10 in culture medium consisting
of RPMI-1640 (Gibco Life Technologies, Paisly, UK),
2 mM L-glutamine, penicillin (100 IU/mL) and streptomy-
cin (100 lg/mL). The diluted blood was placed in 24-well
culture plates, 1 ml/well. The cells of diluted whole blood
were either cultured alone as control or stimulated with
Phytohemagglutinin (PHA, 5 lg/mL) (L9017, Sigma,
Sweden). Mitogen was used at the optimal stimulatory
concentration as described elsewhere [20]. Both mitogen-
stimulated and control cultures were run in duplicate wells.
The plates were incubated in a humidified air atmosphere at
37˚C with 5% CO2 for 72 hours. After incubation, superna-
tants were removed, centrifuged at 300 × g and kept frozen
at -20˚C until assayed for cytokine concentrations.

Cytokine measurements

The frozen culture supernatant fluids were thawed at room
temperature and cytokines, IFN-c, IL-2, IL-5, IL-13 levels
were measured by enzyme-linked immunosorbant assay
(ELISA) using commercial assay kits supplied by
U-CyTech Biosciences (The Netherlands), according to
the manufacturer’s instructions. The assays were per-
formed identically except that different coating and detec-
tor antibodies were used. The absorbance of each well was
read at 450 nm and cytokine concentrations in the samples
were calculated with a standard curve generated from
recombinant cytokines. Cytokine values were expressed as
picograms/milliliter (pg/mL). Cytokine levels in the super-
natants of all stimulated cells from diluted whole blood
were above the lower detection limit of the measured
cytokines (> 8 pg/mL). While there was no measurable
levels (> 1 pg/mL) of any of the determined cytokines in
the supernatants of unstimulated cultures, the results of
this study are presented based on stimulated cells.

Statistical analysis

Statistical analysis of data was performed using SPSS,
version 15. The results were presented as the
mean ± standard deviation. Comparison of means before
and after surgery was performed by the paired-samples
t-test. The one-way ANOVA test was performed to com-
pare the means among the groups. P-values of less
than 0.05 were considered statistically significant.
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RESULTS

Patient characteristics

Detailed information about the patient groups who under-
went esophagectomy either using the transthoracic surgi-
cal approach or the transhiatal procedure, and the group of
patients undergoing gastric surgery is provided in table 1.
The patient groups were comparable in age, sex and pre-
operative tumor staging (table 1).Although the mean oper-
ating time in group 1 was significantly higher than group 2
(357 versus 223 minutes, p < 0.01), there was no differ-
ence in mean hospital stay between the two groups. There
was no 30-day mortality in the patients studied.

Preoperative cytokine production

Data for Th1- and Th2-type cytokines in the patient groups
are presented in table 2. There was no significant differ-
ence between preoperative levels of any of the cytokines
measured (IFN-c, IL-2, IL-5, and IL-13) among the patient
groups. However, Th1 cytokine levels in the control group
(group 4) were significantly higher than in the patient
groups (143.56 ± 35.92 versus 54.58 ± 33.93 pg/mL for
IFN-c, p < 0.001; 241.63 ± 27.68 versus 160.42 ± 21.08
pg/mL for IL-2, p < 0.001), but there was no significant
difference in Th2 cytokine levels (figure 1). Although the
preoperative levels of Th1 cytokines in group 3 were
higher than in groups 1 and 2, these differences were not

significant (p = 0.258 for IFN-c and p = 0.134 for IL-2)
(figure 2). Moreover, there was no difference between Th2
cytokine levels among these groups (p = 0.696 for IL-5
and P = 0.304 for IL-13) (figure 3).

Postoperative cytokine production

There was significantly lower, postoperative production of
IFN-c and IL-2 in esophagectomy patients (groups 1 and
2), compared with patients who had undergone gastrec-
tomy (table 2, figure 2).Although the production of IL-5 in
mitogen-induced, culture supernatants in esophagectomy
patients (groups 1 and 2) was lower than in the gastrectomy
subjects (group 3), the difference was not significant
(table 2, figure 3).

Pre- and post-surgical comparison of cytokine
production

The Th1 cytokine (IFN-c) levels in mitogen-induced cul-
ture supernatants were very simiar to preoperative levels in
group 2, but this value decreased in group 1 (table 2,
figure 2). IL-2 levels were reduced significantly in patients
who underwent the transthoracic procedure (group 1)
compared with preoperative levels; however, the reduction
in IL-2 levels compared with preoperative levels in group 2
was not significant (table 2). Levels of IL-5 in patients
from both groups 1 and 2 were significantly lower than the
preoperative levels, whereas in group 3, the reduction in

Table 1
Characteristics of patients who underwent esophageal resection using a transthoracic

or a transhiatal approach, and patients undergoing gastrectomy

Characteristics Transthoracic
(n = 24)

Transhiatal
(n = 16)

Surgical gastrectomy
(n = 12)

Age (years)
Mean 58 65 62
Range 38-82 43-82 45-70
Sex (male/female) 13/11 9/7 7/5
Hospital stay (days)*

Mean 20 19 15
Range 6-34 8-29 10-29
Duration of surgery (minutes)
Mean 357 223 172
Range 300-455 180-280 120-240
Duration of Anesthesia
(minutes)
Mean 427 279 214
Range 360-515 225-330 160-280

* “Hospital stay” was defined as the number of days from the day of surgery to discharge.

Table 2
In vitro cytokine levels (pg/mL) of PHA-induced whole blood cells from patients who underwent esophageal resection using either a

transthoracic or transhiatal approach, and patients undergoing gastrectomy, prior to surgery and on the 7th postoperative day

Cytokines Transthoracic
(n = 24)

Transhiatal
(n = 16)

Gastrectomy
(n = 12)

P-value**

Before After p* Before After p* Before After p*

IFN-c 54.29 ± 48.33 38.25 ± 23.80 0.147 45.63 ± 10.04 46.19 ± 13.21 0.871 67.08 ± 5.14 75.00 ± 12.43 0.014 < 0.001
IL-2 160.29 ± 17.26 145.71 ± 20.23 0.002 153.62 ± 22.74 146.06 ± 22.87 0.162 169.75 ± 23.86 166.75 ± 28.69 0.477 0.030
IL-5 22.58 ± 6.88 19.63 ± 4.58 0.002 21.31 ± 5.15 17.81 ± 2.32 0.009 23.33 ± 6.99 21.08 ± 5.43 0.166 0.135
IL-13 45.92 ± 12.13 37.38 ± 9.53 0.012 46.56 ± 15.14 39.31 ± 9.17 0.124 39.33 ± 13.24 34.42 ± 10.82 0.240 0.425

* P-value between before and after surgical resection.
** P-value among groups after surgical resection.
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IL-5 levels compared with the preoperative levels was not
significant (table 2). There was a significant decrease in
the levels of IL-13 in group 1 compared with preoperative
levels, while in group 2, the reduction in IL-13 compared
with preoperative levels was not significant (table 2).

DISCUSSION

There are a number of studies on lymphocyte subsets or
Th1/Th2 immune responses in patients with esophageal
carcinoma with conflicting results [21-24]. Most of these
studies were concerned with preoperative levels in order to
be able to define surgical resectability, and predict clinical
outcome and immune function [21, 24]. Few reports have
documented postoperative Th1/Th2 immune function

[22, 23]. The current study was performed to see if there
were any differences between the two major approaches
for esophageal resection in cancer patients, with regard to
Th1- and Th2-type cytokine production by induced lym-
phocytes. The results clearly demonstrate that surgical
esophageal resection, by either of the two approaches,
causes suppression of CD4+ T helper cell proliferation and
secretion of both Th1- and Th2-type cytokines, including
IFN-c, IL-2, IL-5 and IL-13.
Contradictory reports exist on the cytokine response of
Th1/Th2 cells in patients following major surgery.A report
from Berguer and coworkers indicates a postoperative
reduction in Th1 cytokine secretion without a shift in the
balance toward Th2 cytokine predominance [18]. Some
other authors have noted a deficiency of the Th1 cytokine
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response, associated with increased production of Th2
cytokines, in patients exposed to surgical trauma [25].
Similar, postoperative immune function alterations have
been reported in a series of patients, including esophageal
cancer cases, by Hensler et al. who demonstrated a very
marked defect in the T-cell cytokine production response,
for both Th1 and Th2 cells, during the postoperative period
[17].Also, the current results are consistent with the results
of Koenig and coworkers, who showed that cell-mediated
immunity (investigated by in vitro mitogen/antigen-
induced lymphocyte proliferation) was depressed for
3-10 days postoperatively in healthy patients (without
trauma) who underwent major surgery, but not following
minor surgery [26]. In this study, the esophagectomy pa-
tients in both groups had lowered secretion of induced
IFN-c and IL-2. These cytokines are involved in the devel-

opment of the Th1 subset of lymphocytes, and are respon-
sible for cell-mediated immunity. Likewise, as described
by Faist et al., immunosuppression after major trauma
results mainly from T-cell dysfunction and is characterized
by impaired synthesis of IL-2 and IFN-c [27]. The postop-
erative reduction in Th1-type cytokine secretion was also
demonstrated by van Sandick and colleagues who found
that the two major surgical procedures, TT and TH, had a
similar suppressive effect on Th1-type responses. In addi-
tion, they found that Th2-type responses were less affected
by the TH procedure than by the TT technique [22]. The
findings of our study also indicated that post-operative
IFN-c production in those patients who underwent TH
resection, was similar to the preoperative rate, and that the
reduction in IL-2 secretion was not significant in this
group. However, we observed a significant reduction in
IL-2 in the TT esophagectomy group and a decline in
IFN-c production. Thus, the TH esophagectomy procedure
seemed to have a less suppressive effect on the Th1 cell
response than the TT approach.
The results of the current study are consistent with those of
Ogawa et al., who found that in patients exposed to surgi-
cal stress, peripheral blood lymphocyte numbers and func-
tion were suppressed until at least two weeks postopera-
tively, and that this immunosuppression was mainly due to
a decrease in helper/inducer T cells, cytotoxic T cells,
interlukin-2 receptor-positive cells, and an increase in sup-
pressor T cells [25]. These investigators concluded that,
with the decrease in the lymphocyte count and the changes
in peripheral blood lymphocyte subsets, immunocompe-
tent cell function decreases and cellular immunity is sup-
pressed [25].
The data in the present study show that the duration of
anesthesia and the length of surgery are significantly
longer in the TT approach than the TH approach. While the
duration of anesthesia in these two approaches could affect
cytokine production, some previous studies that investi-
gated the effect of the general anesthesia on the in vitro
production of proinflammatory cytokines [28, 29], indi-
cated that anesthesia promotes production of proinflam-
matory cytokins such as IFN-c, TNF-a and IL-1 b, en-
hances the percentage of T and B cells, and that opioid-
based anesthesia can increase the gene expression of
proinflammatory cytokines in alveolar macrophages.
Our findings indicate that the PHA-induced cytokine pro-
duction in esophagectomy patients decreased by the
7th postoperative day compared with patients who had
undergone gastrectomy. Similarly, Tashiro and colleagues,
who investigated the immune function of patients follow-
ing surgery for esophageal carcinoma in comparison with
immune function following gastric surgery, found that in
the patient group undergoing esophagectomy, PHA-
stimulated lymphocyte proliferation had decreased signifi-
cantly by the 7th postoperative day, and remained at low
levels until three weeks after surgery. However, in the
patient group that underwent gastric surgery, lymphocyte
proliferation decreased but not significantly by the 7th

postoperative day, and then returned to normal by three
weeks post-surgery [30]. These authors suggest that sev-
eral factors may account for the decreased lymphocyte
proliferation in esophagectomy patients, such as the dura-
tion of surgery and anesthesia, the extent of tissue injury
and blood loss, which are obviously far greater in patients
undergoing esophagectomy [30].
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The data in this study indicate that the preoperative levels
of induced cytokines, apart from IL-13, are lower than
those in healthy individuals. This state is presumably in-
dicative of a severe, host immune suppression in esoph-
ageal cancer patients. Published data on the immune status
prior to surgery are also conflicting. A published report
indicates that prior to surgery, patients with adenocarci-
noma of the esophagus or esophagogastric junction have
an up-regulated Th1 response compared with healthy vol-
unteers [21]. Another report suggests that a Th2-dominant
immune state may occur in cancer patients, based on the
findings that the proportions of CD4+ T-cells that produce
cytokines such as IL-4, IL-6, and IL-10, are significantly
higher in peripheral blood from patients with digestive
cancer than that from healthy controls, but without a de-
creased secretion of Th1-type cytokines such as IFN-c
[31]. An additional study has indicated the suppression of
immune function in cancer patients [32]. These observa-
tions in cancer patients may be due to the heterogeneity of
the patient groups and the extent or the stage of the disease.
The differences in mortality or morbidity, and postopera-
tive complications between these two approaches for
esophagectomy, are contradictory. Hulscher and cowork-
ers randomly assigned 220 patients with adenocarcinoma
of the esophagus or adenocarcinoma of the gastric cardia
involving the distal esophagus, either to TT esophagec-
tomy with extended en bloc lymphadenectomy or to the
TH approach. They concluded that TH esophagectomy
was associated with lower morbidity than the TT approach.
However, overall disease-free, and quality-adjusted sur-
vival did not differ statistically between these two groups
of patients [33]. Orringer et al. retrospectively reviewed
1 085 patients with intrathoracic esophageal disease, and
concluded that TH resection has less morbidity than TT
resection [34]. Some other authors found no significant
differences in postoperative mortality or morbidity be-
tween TT and TH esophagectomies [7, 8, 35].
In conclusion, the results of the present study indicate
suppression of T-cell function following surgical resection
of the esophagus in cancer patients, and in terms of in-
duced cytokine production by Th1/Th2 cells, of the two
surgical approaches for esophagectomy, the transthoracic
procedure is associated with a more severe reduction in
Th1-type cytokines following surgery, than the transhiatal
approach.

Acknowledgments. This research was supported by Tehran
University of Medical Sciences & Health Services grant No.
2889. The authors are grateful to Dr. Ali Khamesipour at the
Center for Research and Training in Skin Diseases and Leprosy,
Medical Sciences/University of Tehran for providing us with the
laboratory equipment.

REFERENCES

1. Ferguson MK, Martin TR, Reeder LB, et al. Mortality after esoph-
agectomy: risk factor analysis. World J Surg 1997; 21: 599-603.

2. Müller JM, Erasmi H, Stelzner M, et al. Surgical therapy of oe-
sophageal carcinoma. Br J Surg 1990; 77: 845-57.

3. Orringer MD. Transhiatal oesophagectomy. In: Jamieson GG, De-
bas HT, eds. Surgery of the upper gastrointestinal tract. London:
Chapman & Hall, 1994: 136-211.

4. Rüdiger J, Siewert MD, Hubert J, et al. Surgical approach to inva-
sive adenocarcinoma of the distal esophagus (Barrett’s cancer).
World J Surg 2003; 27: 1058-61.

5. Chu KM, Law SY, Fok M, et al. A prospective randomized com-
parison of transhiatal and transthoracic resection for lower-third
esophageal carcinoma. Am J Surg 1997; 174: 320-4.

6. Bartels H, Thorban S, Siewert JR. Anterior versus posterior recon-
struction after transhiatal oesophagectomy: a randomized con-
trolled trial. Br J Surg 1993; 80: 1141-4.

7. Goan YG, Chang HC, Hsu HK, et al. An audit of surgical out-
comes of esophageal squamous cell carcinoma. Eur J Cardiotho-
rac Surg 2007; 31: 536-44.

8. Connors RC, Reuben BC, Neumayer LA, et al. Comparing out-
comes after transthoracic and transhiatal esophagectomy: a 5-year
prospective cohort of 17,395 patients. J Am Coll Surg 2007; 205:
735-40.

9. Markewitz A, Faist E, Lang S, et al. An imbalance in T-helper cell
subsets alters immune response after cardiac surgery. Eur J Car-
diothorac Surg 1996; 10: 61-7.

10. Markewitz A, Lante W, Franke A, et al. Alterations of cell-
mediated immunity following cardiac operations: clinical implica-
tions and open questions. Shock 2001; 16: 10-5.

11. Powrie F, Coffman RL. Cytokine regulation of T-cell function:
potential for therapeutic intervention. Immunol Today 1993; 14:
270-4.

12. Mosmann TR, Sad S. The expanding universe of T-cell subsets:
Th1, Th2 and more. Immunol Today 1996; 17: 138-46.

13. Hung K, Hayashi R, Lafond-Walker A, et al. The central role of
CD+ T cells in the antitumor immune response. J Exp Med 1998;
188: 2357-68.

14. McAdam A, Pulaski B, Harkins S, et al. Coexpression of IL-2 and
gamma-IFN enhances tumor immunity. Ann N Y Acad Sci 1993;
690: 349-51.

15. Faist E, Storck M, Hültner L, et al. Functional analysis of mono-
cyte activity through synthesis patterns of proinflammatory cytok-
ines and neopterin in patients in surgical intensive care. Surgery
1992; 112: 562-72.

16. Abraham E. Chang Y-H. The effects of hemorrhage on mitogen-
induced lymphocyte proliferation. Circ Shock 1985; 15: 141-9.

17. Hensler T, Hecker H, Heeg K, et al. Distinct mechanisms of im-
munosuppression as a consequence of major surgery. Infect Immun
1997; 65: 2283-91.

18. Berguer R, Bravo N, Bowyer M, et al. Major surgery suppresses
maximal production of helper T-cell type 1 cytokines without
potentiating the release of helper T-cell type 2 cytokines. Arch Surg
1999; 134: 540-4.

19. Owens WD, Felts JA, Spitznagel Jr. EL. ASA physical status clas-
sification: a study of consistency of ratings. Anesthesiology 1978;
49: 239-43.

20. Miles EA, Bakewell L, Calder PC. Production of lymphocyte-
derived cytokines by whole umbilical cord blood cultures stimu-
lated with mitogens and allergens. Cytokine 2003; 21: 74-83.

21. van Sandick JW, Boermeester MA, Gisbertz SS, et al. Lympho-
cyte subsets and T(h)1/T(h)2 immune responses in patients with
adenocarcinoma of the oesophagus or oesophagogastric junction:
relation to pTNM stage and clinical outcome. Cancer Immunol
Immunother 2003; 52: 617-24.

22. van Sandick JW, Gisbertz SS, ten Berge IJ, et al. Immune re-
sponses and prediction of major infection in patients undergoing
transhiatal or transthoracic esophagectomy for cancer. Ann Surg
2003; 237: 35-43.

23. Tsutsui S, Sonoda K, Sumiyoshi K, et al. Prognostic significance
of immunological parameters in patients with esophageal cancer.
Hepatogastroenterology 1996; 43: 501-9.

Cytokine response in esophageal cancer surgery 97



24. Bentdal OH, Frøland SS, Bosnes V, et al. Alterations in lympho-
cyte subsets in blood may predict resectability in carcinoma of
cardia or oesophagus. Cancer Lett 1996; 100: 133-8.

25. Ogawa K, Hirai M, Katsube T, et al. Suppression of cellular im-
munity by surgical stress. Surgery 2000; 127: 329-36.

26. Koenig A, Koenig UD, Heicappel R, Stoeckel H. Differences in
lymphocyte mitogenic stimulation pattern depending on anaesthe-
sia and operative trauma: I. Halothane-nitrous oxide anaesthesia.
Eur J Anaesthesiol 1987; 4: 17-24.

27. Faist E, Ertel W, Mewes A, et al. Trauma-induced alterations of
lymphokine cascade. In: Faist E, Ninnemann JL, Green D, eds.
The Immune Consequences of Trauma, Shock and Sepsis. Berlin:
Springer-Verlag, 1989: 79-94.

28. Brand JM, Frohn C, Luhm J, et al. Early alterations in the number
of circulating lymphocyte subpopulations and enhanced proin-
flammatory immune response during opioid-based general anes-
thesia. Shock 2003; 20: 213-7.

29. Kotani N, Hashimoto H, Sessler DI, et al. Expression of genes for
proinflammatory cytokines in alveolar macrophages during propo-
fol and isoflurane anesthesia. Anesth Analg 1999; 89: 1250-6.

30. Tashiro T,Yamamori H, Takagi K, et al. Changes in immune func-
tion following surgery for esophageal carcinoma. Nutrition 1999;
15: 760-6.

31. Tabata T, Hazama S, Yoshino S, Oka M. Th2 subset dominance
among peripheral blood T lymphocytes in patients with digestive
cancers. Am J Surg 1999; 177: 203-8.

32. Heriot AG, Marriott JB, Cookson S, et al. Reduction in cytokine
production in colorectal cancer patients: association with stage and
reversal by resection. Br J Cancer 2000; 82: 1009-12.

33. Hulscher JB, van Sandick JW, de Boer AG, et al. Extended tran-
sthoracic resection compared with limited transhiatal resection for
adenocarcinoma of the esophagus. N Engl J Med 2002; 347:
1662-9.

34. Orringer MB, Marshall B, Iannettoni MD. Transhiatal esophagec-
tomy for treatment of benign and malignant esophageal disease.
World J Surg 2001; 25: 196-203.

35. Rentz J, Bull D, Harpole D, et al. Transthoracic versus transhiatal
esophagectomy: a prospective study of 945 patients. J Thorac
Cardiovasc Surg 2003; 125: 1114-20.

98 M. Mahmoodi, et al.


