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Abstract

Resectable oesophagogastric cancer typically requires neoadjuvant chemoradiation therapy followed by surgical
resection of the primary tumour. Consideration for surgery is on the basis of the risk—benefit profile of the expected
surgical and cancer survival outcomes. Major surgery such as oesophagectomy is associated with a high
incidence of postoperative complications, which in turn impacts long-term survival and healthcare expenditure.
A clear need exists for an objective and reliable preoperative risk assessment and perioperative optimisation
strategies to improve surgical outcomes. We discuss two key preoperative risk factors — nutritional status and
fitness (physiologic capacity) — that may be optimised to improve the surgical outcome in this cancer population.

Resectable oesophagogastric cancer typically requires
preoperative  chemotherapy or chemoradiotherapy
followed by surgical resection of the primary tumour four
to eight weeks later. Consideration for surgery is based on
the risk-benefit profile of the expected surgical and cancer
survival outcomes. The greatest surgical risk is associated
with major intra-abdominal and thoracic procedures,
with an estimated 10-40% of the patients experiencing
major postoperative complications after major abdominal
surgery.! This impacts long-term survival and healthcare
expenditure. A United States Department of Veterans
Affairs study reported that postoperative complications
independently reduced the 30-day and long-term survival
by 69% and increased cost five-fold.? A clear need exists
for an objective and reliable preoperative risk assessment
and optimisation strategies. This paper discusses two
important risk factors: nutritional status and fitness
(physiologic capacity) that may be optimised to improve
the surgical outcome in this cancer population.

The prevalence of malnutrition in patients with cancer varies
according to the tumour type but is generally reported
to be as high as 20-80%.° It has a negative impact on
immunocompetence, treatment tolerance and wound
healing, and as such is associated with increased adverse
clinical outcomes, hospital length of stay and healthcare
costs.* Patients with tumours of the upper gastrointestinal
tract are at particularly high risk and are frequently
malnourished on presentation.® Poor baseline diet, obesity
and high alcohol intake are known nutritional risk factors for
developing cancers of the gastrointestinal tract.®

Nutritional status can be further significantly compromised
due to the dysphagia arising from mechanical obstruction,
metabolic sequalae of the disease burden itself and
severe nutrition-impact symptoms associated with
multi-modal treatment regimens such as neoadjuvant
chemoradiotherapy.  Likewise, physical conditioning
(fitness) correlates with physiological capacity and is
associated with improved longevity in both the surgical

and non-surgical populations.”° Lifestyle behaviours
(dietary intake and physical activity), co-morbid conditions,
disease state and associated multi-modal treatment
regimens (eg. neoadjuvant chemoradiotherapy) can
significantly impair the functional capacity (deconditioning)
and have a negative physiological impact, leading to an
inability to meet the metabolic demands of surgical stress.

Increasing evidence supports the role of a screening
tool that identifies patients at high risk of nutritional and
functional deficits who may benefit from interventional
strategies for optimisation. For example, nutritional
intervention may improve the recovery of functional
capacity after radiotherapy," and improve postoperative
outcome after surgery,’>'® while acute exercise therapy
may also improve surgical outcome. 16

Nutritional status: malnutrition screening
and nutrition assessment

Malnutrition screening is a simple process used to identify
patients at nutritional risk who require a more detailed
nutrition assessment and is considered an important
adjunct in modern surgical care. Current dietetic best
practice guidelines recommend that all oncology patients
be screened for malnutrition and that nutrition assessment
is performed on high risk patients using tools validated
in the oncology population.*"” One such tool is the
Malnutrition Screening Tool that can be easily implemented
to identify patients at nutritional risk.’® Subsequent detailed
assessment of nutritional status is important because
malnutrition is not always obvious in this patient group; for
example, an obese patient may have severely depleted lean-
tissue stores and poor micronutrient status. It has become
more widely appreciated that in isolation, proxy measures or
biochemical indices are inadequate to accurately determine
nutritional status.’”® A more comprehensive approach,
including the scored Patient-Generated Subjective Global
Assessment?®® or Subjective Global Assessment,?' both
validated for oncology patient populations, is recommmended
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by the current guidelines. These tools are used to categorise
nutritional status as either well-nourished (Subjective Global
Assessment A), moderate or suspected malnutrition
(Subjective Global Assessment B), or severely malnourished
(Subjective Global Assessment C). Importantly, nutritional
status should be differentiated from nutritional risk, as even
individuals who are assessed as well-nourished at diagnosis
are at high risk of decline in nutritional status during the
course of treatment.

Fitness: screening and physiologic capacity
assessment

Consensus is lacking as to the credibility of the traditional
static (performed at rest) preoperative diagnostic
pulmonary or cardiac function tests as risk predictors in
patients undergoing major abdominal surgery. Dynamic
testing to assess functional capacity is increasingly
recognised as an important adjunct in modern surgical
care. Cardiopulmonary exercise testing (CPET) is
a dynamic test and provides the gold standard for
evaluating an individual’s functional/physiologic capacity
(fitness level).?2 CPET-derived respiratory gas exchange
analysis provides a uniquely individual and objective
phenotypic assessment of the metabolic response to
the stress of exercise by evaluating the coupling, by the
cardiovascular system, of pulmonary respiration to the
end-organ cellular (mitochondrial) respiration.?? Whether a
patient is deconditioned due to behavioural choice, organ
disease, or associated therapy eg. chemoradiotherapy,
such a reduction in physiologic capacity is increasingly
recognised to represent the inability to physiologically
meet the metabolic demands of perioperative stress with
increased risk of postoperative morbidity and mortality.23-%

Physiologic capacity and preoperative risk
stratification

A number of CPET-derived variables allow the objective
grading of physiologic dysfunction.?*3" Of these, anaerobic
threshold (AT) and peak oxygen uptake have been studied
as markers of physiologic capacity and as risk predictors
for adverse postoperative outcomes, and are used to
guide perioperative decision-making. Such decision-
making includes determining suitability and timing for
major surgeries, postponement of surgery for optimisation
strategies, and for triage of the postoperative destination
e.g. postoperative care in the ICU, for high-risk patients.

Investigators identified risk prediction value in CPET-derived
anaerobic threshold, with an AT value less than 11 mL/min/
kg as a critical level of physiologic capacity that predisposed
elderly patients undergoing major abdominal surgeries to be
at an increased risk for postoperative cardiac mortality.?+25
Patients with an AT less than 11 mL/kg/min had an 18%
in-hospital cardiac mortality rate, whereas patients with a
higher AT value had 0.8% mortality rate. The value of AT as
an objective assessment of physiologic capacity in improved
risk prediction of adverse surgical outcomes has been
confirmed by additional studies: Snowden et al reported that
AT values <10 mL/kg/min were associated with increased
postoperative complications and length of hospital stay;?®
Smith et al confirmed that peak oxygen uptake and possibly
AT, were valid predictors of postoperative morbidity and

mortality after thoraco-abdominal surgery;?” and Hightower
et al reported an improved risk prediction using a composite
measure of heart rate variability and AT (area under
curve = 0.826, sensitivity = 81%, and specificity = 69%,
p= 0.023) for adverse surgical outcome after major
abdominal cancer surgeries.?® More specific to patients
requiring  oesophagectomy,  investigators  reported
the usefulness of CPET-derived peak oxygen uptake
as a predictor of postoperative morbidity,?® including
cardiorespiratory complications.*®

These data strongly suggest the following: (1) Cancer
patients can complete a maximal effort, symptom-
limited cardiopulmonary exercise test prior to undergoing
major cancer surgery; and (2) preoperative parameters
of physiologic capacity (AT, peak oxygen uptake and
heart rate parameters during exercise) associate with
postoperative complications.

Declining physiologic capacity after neoadjuvant
chemoradiotherapy

For oesophagogastric cancer patients having neoadjuvant
chemoradiotherapy, a finite window of time exists wherein
surgery should be performed so that physiologic recovery
from neoadjuvant chemoradiotherapy occurs without
the unfavourable radiation-induced tissue changes
seen if surgery is performed too early or too late. The
timing of the surgery is largely empirical and not based
on an objective assessment of recovery of physical
function after neoadjuvant chemoradiotherapy. Accurate
determination of the time to return to optimal baseline
fitness would potentially have a major impact on the timing
of surgery, postoperative outcome and timing of adjuvant
chemoradiotherapy. This could have potentially wider
implications for any cancer surgery that follow neoadjuvant
chemoradiotherapy. The ability to utilise CPET to
objectively evaluate recovery and interventional strategies
(eg. nutrition) to expedite recovery such that physiologic
function after neoadjuvant chemoradiotherapy is optimal
would ensure that definitive cancer resection occurs within
the most optimal timeframe.

Preliminary data demonstrate that physiologic capacity may
deteriorate by as much as 20-30% following neoadjuvant
chemoradiotherapy.®23® Given the increased risk of adverse
postoperative outcome with poor physiologic capacity
(eg. AT < 11 ml/kg/min), such a decline in physiologic
capacity after neoadjuvant chemoradiotherapy suggests
that the previously “fit” patients may now fall below this
threshold and potentially are at an increased risk of
adverse postoperative outcomes. Presently, the ability to
credibly identify adequate recovery from deconditioning
that follows neoadjuvant chemoradiotherapy is lacking,
and further studies are needed to determine if patients
would benefit from postponement of surgery until they
have recovered such that they are above the threshold of
physiologic capacity. Whether such a waiting period would
adversely impact long-term cancer outcomes and whether
acute preoperative optimisation (eg. nutritional or exercise
intervention) will accelerate recovery such that patients
cross this threshold and thereby show lower postoperative
risk is unknown.

CancerForum Volume 35 Number 3 November 2011



Nutrition intervention - the evidence

There is a paucity of high-quality nutrition intervention
studies specific to the upper gastrointestinal cancer
population having neoadjuvant chemoradiotherapy. A
prospective randomised control trial in 60 patients with
gastrointestinal or head and neck cancers undergoing
radiation therapy, demonstrated the benefits of early
and intensive nutritional intervention in minimising weight
loss and deterioration in nutritional status, with improved
measures of physical function and global quality of
life.3* A study of 24 patients who underwent definitive
chemoradiotherapy for oesophageal cancer and received
nutrition intervention, demonstrated improved weight
maintenance and treatment tolerance, reduced unplanned
hospital admissions and better radiation-dose completion
rates than historical controls.®

The timeframe between completing neoadjuvant
chemoradiotherapy and undergoing surgery is a period
when patients are at a significant risk of rapid nutritional
decline. The inflammatory state, as well as the marked
nutrition-impact symptoms, related to the accumulated
acute toxicities of chemoradiotherapy, predisposes
patients to severe catabolism, which is of particular clinical
significance in the perioperative period. Preoperative
malnutrition and weight loss is associated with an
increased risk of complications following major abdominal
surgeries.®?” Postoperative complications may consist of
delayed wound healing, increased infection risk, wound
dehiscence and development of fistulae.

Nutrition support options

Early identification and management of patients
demonstratingacompromised nutritional statusis paramount
for patients undergoing major upper gastrointestinal cancer
surgeries. In recent years, there has been an increasing
body of evidence suggesting that perioperative nutrition
support improves the clinical outcomes for these patients.
The European Society of Parenteral and Enteral Nutrition
guidelines on enteral nutrition in surgery recommend
nutritional support in patients with severe nutritional risk
for 10-14 days prior to major surgery, even if surgery has
to be delayed.®® These guidelines define severe nutritional
risk using parameters that are associated with increased
complications: weight loss of more than 10-15% in the six
months prior to surgery; body mass index of less than 18.5
kg/m?; and Subjective Global Assessment score C (severely
malnourished). Similarly, the United Kingdom’s National
Institute for Clinical Excellence commissioned guidance
document on nutrition support recommends preoperative
enteral tube feeding in those patients scheduled for major
abdominal procedures who are identified as malnourished
and are unable to meet their nutritional requirements orally.
The appropriate method of nutrition support may change
according to where the patient is on the care pathway and
is best determined on an individualised basis by a specialist
dietitian in consultation with the patient, family and treating
team. These options usually include food fortification, oral
nutrition support with specialised medical nutrition therapy
formula and/or initiating supplementary tube feeding when
appropriate. Total parenteral nutrition is indicated only in
rare cases.

Patients undergoing neoadjuvant chemoradiotherapy
raise particular issues regarding supplemental tube
feeding. In definitive chemoradiotherapy, the option of
prophylactic gastrostomy placement in suitable patients
allows the provision of supplemental enteral nutrition to
be titrated according to the level of oral intake achieved
as the patient progresses throughout treatment. In the
case of neoadjuvant chemoradiotherapy, this option
may not be compatible with the surgical plan due to the
alteration in the gastric anatomy. In these circumstances,
consideration should be given to alternative supplemental
tube feeding methods eg. removable naso-enteric feeding
tube or surgical jejunostomy. Compared to relying on
oral intake alone, this will improve both preoperative and
postoperative nutritional status of the patient.®-4'

Immunonutrition

More recently the benefits of oral and enteral nutritional
formulae enriched with conditionally essential amino
acids (arginine and/or glutamine), omega-3 fatty acids
and ribonucleic acids have been investigated. These
substrates are proposed to play a role in modulating the
immune system, leading to improved clinical outcomes
such as reduced rate of infection, wound complications
and duration of hospital stay.

The impact of immunonutrition on postoperative morbidity
and mortality has been evaluated in numerous studies
with varying and sometimes contradictory results. Earlier
meta-analyses of randomised control trials suggested
that perioperative immunonutrition, used for patients
undergoing major abdominal surgeries, significantly
reduced postoperative hospital acquired infections,
length of stay,>%® and wound healing.** The use of
immunonutrition for all high-risk patients undergoing major
abdominal surgeries was subsequently recommended.
A more recent meta-analysis acknowledges that
interpretation of these earlier reviews was confounded by
factors such as variation in patient populations, diverse
control groups and the differences in nutritional formulae
and their administration protocols.*® This meta-analysis
was undertaken to specifically target the gastrointestinal
surgical population and concluded, on the basis of data
from 2730 patients, that the use of perioperative enteral
immunonutrition decreases morbidity and length of
hospital stay, but not mortality, in patients undergoing major
gastrointestinal surgeries, and recommended its routine
use. Of the 21 studies included, only 12 were considered
to be of high quality, however, the beneficial effects
remained with the exclusion of low-quality studies. The use
of preoperative enteral nutrition, preferably with immune-
modulating substrates, in patients undergoing major
abdominal cancer surgeries, including oesophagectomy
and gastrectomy, is likewise supported by the European
Society of Parenteral and Enteral Nutrition guidelines on
enteral nutrition.®®

International  disease management guidelines  for
oesophageal and gastric cancer recommend nutritional
support for both radical and palliative management.
Therefore, it is essential to ensure that patients have
ready access to appropriate dietary advice.*® The
Australian best practice nutritional management guidelines
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recommend early screening and referral to and monitoring
by a dietitian for patients undergoing gastrointestinal
chemoradiotherapy. "

Exercise capacity intervention - the
evidence

Feeney et al showed that patients who developed
postoperative  pulmonary  complications  following
oesophagectomy engaged in less physical activity in
the pre-operative period.*” This suggests that there is a
potential for pre-surgical exercise training to improve
cardiorespiratory fitness and to potentially improve
postsurgical recovery. Mechanisms whereby exercise
training may vyield benefit as an effective therapy include
improved endothelial function and reduced inflammatory
status — factors central to postoperative morbidity.*®

Although exercise regimens may be logistically harder
to administer, studies have shown improved functional
capacity associates with improved surgical outcomes. In
patients who attended more than 80% of the prescribed
exercise sessions, the training increased preoperative
peak oxygen uptake by 3.3ml/kg/min.4® Similarly,
in a small randomised study of 30 patients awaiting
abdominal aortic surgery, AT increased by 2ml/kg/min
after intervention with a six week, bi-weekly, 30 min
aerobic exercise program.'? Greatest increase in AT can
be expected in patients with poor baseline AT."® In a
prospective randomised trial, Arthur et al demonstrated
that a CPET-based exercise intervention eight weeks
prior to cardiac surgery resulted in significant reductions
in postoperative intensive care unit and hospital length
of stay.™ In a meta-analysis of 12 studies, preoperative
exercise therapy consisting of inspiratory muscle training
or exercise training, reduced hospital length of stay and
complication rates in patients undergoing cardiac or
abdominal surgery, but not in patients undergoing joint
replacement surgery.'® Specific to the cancer surgery
population, a pilot study of an individually designed
preoperative therapeutic exercise program in patients
awaiting elective abdominal/thoracic surgery showed
84% attendance of sessions, with significant increase in
cardiorespiratory fitness and muscle strength despite a
relatively short period (five weeks) of training.'®

It is likely that home-based programs of moderate
exercise may be safe, readily administered (eg. using the
Borg scale 12-14; or keeping heart rate to that below
AT) and that patients will be readily motivated to exercise
when they understand it may reduce their perioperative
risk. As such, larger studies are required to evaluate if
preoperative (prehabilitation) with exercise therapy is a
logistically feasible and cost-effective strategy to reduce
postoperative morbidity and mortality.

Summary

The link connecting poor nutritional status and poor
functional capacity with adverse surgical outcome and
a reduction in quality of life is well recognised for the
surgical population. Adequate assessment of nutritional
status and physiological capacity (fitness) with appropriate
interventional strategies could modify this relationship. The

use of CPET as an adjunct to assessment before high-risk
surgery is gaining increasing acceptance. Importantly, data
indicates the greatest improvement in physical function
occurs when nutrition intervention and exercise therapy
are combined than through either intervention alone.*® This
may be equally applicable to the surgical population albeit
more challenging. As such multidisciplinary care in surgical
oncology should include specialist anaesthesia and dietetic
services to promote the assessment of functional capacity
and nutritional status. Implementation of interventional
strategies during neoadjuvant therapy and during the
perioperative period should be considered to ensure optimal
postoperative outcomes for this patient population.
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