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Review

Introduction

For decades, surgery has been known to induce signifi-
cant postoperative inflammatory responses and immuno-
suppression, which are closely interrelated. The degree
of access trauma relating to the surgical procedure is con-
sidered to be the most important factor in determining
the degree of inflammation and immunosuppression.1)

Inflammatory response and immune dysfunction follow-
ing surgery can also be affected by the type and duration
of procedure, and whether blood transfusion was admin-
istered.1) In the past, most clinicians have been concerned
about the effects of postoperative immunosuppression on
the incidence of wound or prosthesis infection, recovery

following surgery, and hospital stay. Recent evidence sug-
gests that minimal access approach may be associated
with improved patient survival after oncological surgery,
such as major lung resection for early stage non-small
cell lung carcinoma (NSCLC) and colonic resection for
colorectal carcinoma.2,3) In this article, we explore the
recent evidence on immunological advantages following
video-assisted thoracic surgery (VATS) for lung cancer,
and its potential impact on long-term survival.

Does VATS Carry a Short-Term Immunological
Advantage?

Plasma composition
Surgical trauma has a negative impact on the immune
function, physiology, and serum protein composition, to
create a postoperative immunocompromising environment
that may influence tumor biology.1) It is well known that
surgical trauma induces the release of acute-phase re-
sponse mediators including C-reactive protein (CRP),
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interleukin (IL)-1, IL-6 and tumour necrosis factor-�
(TNF-�).4) Serum IL-6 concentration, an early marker of
surgical or other trauma, can rise as early as 1 hour after
the start of surgery, and peaks between 2 to 4 hours post-
operatively.5,6) Moreover, serum IL-6 levels may remain
elevated above baseline for several days postoperatively.5,6)

The reduced access trauma associated with VATS has been
shown to attenuate the postoperative inflammatory
cytokine response compared with open thoracotomy. Sev-
eral clinical trials have detected lower postoperative lev-
els of CRP,6) IL-6,5–7) IL-8,5) and IL-10 following VATS
lobectomy when compared with that accomplished
through a thoracotomy. However, no differences in post-
operative TNF-� or IL-1� levels were found between the
two approaches.5)

Part of the interest in the production of IL-6, apart from
its value as a surgical trauma marker, lies in its role on
postoperative immunosuppression. IL-6 impacts upon the
immune system via its effects on IL-1� and TNF-� pro-
duction which are necessary for effective cellular immu-
nity and immunosurveillance.8) In addition, recent stud-
ies have shown that elevated plasma levels of IL-6 may
encourage cell proliferation in certain subtypes of NSCLC,9)

and contribute to an environment favouring tumor growth
by promoting the activity of insulin growth factor (IGF)
and inhibiting IGF binding protein (IGFBP)-3.1)

High IGF-1 has been implicated in the progression
of numerous cancers due to its ability to stimulate tu-
mour proliferation and reduce tumour cell apoptosis.10)

IGFBP-3 is the natural antagonist protein that binds and
attenuates the activity of IGF-1, thereby inhibiting
tumourogenesis. Low circulating levels of IGFBP-3 have
been linked to advanced prostate carcinoma1,11) and in-

crease risk of developing colonic carcinoma.10) IGFBP-3
was also shown to have independent apoptosis inducing
effect on all colon carcinoma cell lines,12) as well as many
NSCLC cell lines.13) In addition, IGFBP-3 can impair
DNA synthesis in poorly differentiated tumor cells.1)

These anti-oncogenic properties of IGFBP-312,13) may be
even more important given that lung resection surgery is
known to be associated with postoperative seeding of tu-
mor cells into the circulation.14) Recently, we found in a
prospective study that circulating levels of IGFBP-3 were
higher on postoperative day 3 following VATS major lung
resection for NSCLC compared with the open approach.15)

Furthermore, the circulating levels of MMP-9 (which can
cleave and deactivate IGFBP-3) were reciprocally lower
in the VATS lung resection group during the same pe-
riod. Elevated levels of MMP-9 have also been implicated
in facilitating tumor invasion and metastasis in various
tissues through its proteolytic properties against type IV
collagen within the basement membrane.16,17) These ob-
servations may have important implications for post-
operative tumor cell behavior.

Cellular immunity
Major surgery is immunosuppressive and causes alter-
ations in multiple immune parameters, including changes
in the circulating blood lymphocyte subsets, and modu-
lation of cell-mediated immunity.8) Most of the studies
on postoperative cell-mediated immunosuppression were
based on open and laparoscopic abdominal surgery.1,8)

Only limited studies have been conducted so far on ef-
fects of thoracic surgery on postoperative cellular immu-
nity (Table 1). Recently, VATS has been shown to pro-
duce less immunosuppression of lymphocyte activity, and

VATS, video-assisted thoracic surgery; CA, carcinoma; POD, postoperative day; NK, natural killer; ROS, reactive oxygen species.

Study No. Surgical procedure
 Immune cell response:

   minimal access versus open

Leaver et al.18) 41 Lobectomy by VATS or POD2: less suppression of CD4 cell number &
  thoracotomy for bronchogenic CA lymphocyte oxidation activity in VATS
   POD7: less suppression of NK cell in VATS

Craig et al.6)  35 Lobectomy by VATS or POD2 & POD7: more neutrophil ROS 
  thoracotomy for bronchogenic CA production in open

Ng et al.8) 21 Lobectomy by VATS or POD1: total T cell, T4 cell & lymphocyte 
  thoracotomy for bronchogenic CA numbers reduced in open
   POD7: NK cell numbers lower in open

Table 1.  Some recently published clinical studies on postoperative immune cell response after lung cancer resection: minimal
access versus open surgery
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less suppression of lymphocyte, total T cells and CD4 T
cells numbers in the early postoperative period, when
compared with thoracotomy in patients undergoing lobec-
tomy for NSCLC.8,18) Another interesting aspect of im-
munity is the natural killer (NK) cell response to VATS
and open surgery. NK cells are well known to be essen-
tial in tumour immunosurveillance although its ability to
recognize, target and directly kill tumor cells without prior
sensitization was found to be significantly lower on post-
operative day 7 following open lobectomy when com-
pared with VATS approach. This suggests that the VATS
method is associated with a quicker NK cell recovery than
conventional thoracotomy.8,18) The higher plasma IL-10
levels detected following open lobectomy,5) in addition
to being a T-helper type 2 (Th-2) type cytokine which, in
general, suppress cell mediated immunity, they can also
help tumor cells escape from the host immune system by
directly inhibiting NK-cell-mediated cytotoxicity, and in-
crease resistance of certain tumor cell lines to NK cell
destruction in experimental setting.8,19) Furthermore, post-
operative neutrophil phagocytic activity, in terms of re-
active oxygen species (ROS) production was less affected
following VATS lung resection than after thoracotomy.6)

The relationship between cellular immunity, cytokines and
plasma immunomodulatory mediators is a complex one
and will require further evaluation. However, it should be
noted that the differences for almost all of the immune
parameters tested thus far are short lived, in order of hours
or days. The clinical importance of better preserved im-
mune function following VATS has yet to be proven in
the setting of a generally healthy patient population that
is immunocompetent preoperatively.

It is also worth noting that in addition to IL-6, IL-10
and IGFBP-3, there are other plasma mediators of inter-
est including IL-12, IL-17 and IL-23 which are critical in
T cell-dependent immune responses, including mobili-
zation of NK cells and neutrophils.20) It is highly likely
that many more immune mediators are involved in alter-
ing the composition of plasma following VATS and open
surgery. Using lymphocyte oligonucleotide microarrays
to study circulating lymphocyte gene activation in a clini-
cal pilot study, we were able to detect changes in expres-
sion of over 100 genes following VATS or open major
lung resection (unpublished data). Identifying these gene
products may hold the key to our understanding of sur-
gery-related cell-mediated immune dysfunction, and its
effects on tumor biology. Furthermore, future novel phar-
macologic strategies to limit the immunologic adverse
effects of surgery may be devised.

Can Surgical Access Impact on Survival?

In a non-randomized prospective study in patients under-
going stage I lung cancer resection, a significant 5-year
survival benefit was reported in the VATS group (97%)
compared to the thoracotomy group (78.5%).2) Other clini-
cal series from numerous VATS centres have also shown
survival following VATS for early stage lung cancer, are
at least equivalent to, if not better than, those after the
open procedure.21,22) However, there remains significant
controversy over improved survival following VATS re-
section for early lung cancer. Recently, Yamashita et al.14)

reported shorter survival in patients undergoing VATS lung
cancer resection compared with their historical thorac-
otomy results, which the authors attributed to increased
postoperative seeding of tumor cells into the circulation
during the VATS procedure. Interestingly, it has been
shown in other tumors, such as colonic carcinoma, that
detection of circulating tumor cells following surgical
resection with curative intent have had no prognostic sig-
nificance.23) Discrepancies in survival data may be ex-
plained by reporting bias, technical differences in VATS,
pathological staging (variations in mediastinal lymph node
sampling) and patient selection. Nevertheless, there are
several proposed mechanisms behind the possible sur-
vival advantages associated with minimal access tech-
niques which include decreased alterations in serum pro-
tein composition, attenuated cytokine-acute phase re-
sponses, and better preserved postoperative immune func-
tion leading to improved tumor immunosurveillance as
described (Fig. 1).3,8,21) Future large randomized prospec-
tive studies with longer follow-up are needed before con-
clusions can be drawn.

Summary

VATS lung resection for early stage NSCLC is known to
be associated with clinical benefits including less post-
operative pain and quicker recovery following surgery.
In the past few years, long term follow up data have shown
comparable, and in some series improved survival fol-
lowing VATS lung cancer resection. The mechanisms
behind such differences are likely multi-factorial. Recent
observations indicated that VATS is associated with bet-
ter preserved cellular immunity and less immunosuppres-
sion when compared with conventional thoracotomy dur-
ing the immediate postoperative period. Less disturbance
of inflammatory and immunomodulatory mediators fol-
lowing VATS may have additional impact upon tumor bio-
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logical behavior. Potential clinical benefits relating to
these differences warrant further confirmation.
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