L))

Check for
updat

Review Article

Page 1 of 10
Risk stratification of the cancer patient: a narrative review
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Abstract: Major cancer surgery is associated with significant morbidity and, given the several management
options that may be available, preoperative assessment should include an estimate of the potential
postoperative complications that can significantly affect quality of life and disease progression. That will
enable direct patient involvement in decision making and disease management, encourage preoperative
optimisation and allow planning of postoperative care and allocation of resources. This review article aims
to describe the preoperative tools that may be used to estimate the risk of postoperative complications.
Risk stratification includes perioperative risk scoring systems, commonly used ones being the POSSUM
(Physiological and Operative Severity Score for the enumeration of Mortality and morbidity) and ACS
NSQIP (American College of Surgeons National Surgical Quality Improvement Project) risk calculators.
Given the ageing population of the cancer patients, assessment of frailty, fitness and cardiorespiratory reserve
are also relevant and particularly important prior to major surgery. Comparison of individual achievements
on cardiopulmonary exercise testing (CPET) with specific thresholds allows risk stratification into high,
intermediate or low risk categories for the development of postoperative complications. Additionally,
biomarkers are increasingly being used as an adjunct to the assessment of postoperative risk, particularly
troponin and brain natriuretic peptide (BNP). Postoperative complications are the major determinant of
survival following major surgery, more so than preoperative characteristics and intraoperative factors and,
therefore, perioperative care should be directed at their prevention. Preoperative risk stratification may assist
in this way by personalising patient care and allowing for the best management choice given the patient’s
wishes, comorbidities and level of fitness.
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Cancer morbidity outcomes but there is evidence, for example in colorectal

and pancreatic cancer, that morbidity following surgery

Cancer surgery carries significant morbidity risk, especially may be associated with reduced long term survival

given the mcreasing age of patients undergomg treatment. and increased disease recurrence (5,6) The reason for

Colorectal cancer, one of the commonest malignancies in the the association between postoperative morbidity and

UK, has a reported morbidity rate in the range of 15-25%
with some centres reporting rates over 50% (1-3). This is
significant as 25% of all colorectal cancer deaths in the first
year are attributed to postoperative complications (4).
Postoperative complications not only affect short term
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long-term outcomes is not well understood. Plausible
explanations would include: postoperative complications
alter the behaviour of the cancer, that they are both a
result of inadequate surgery, or postoperative morbidity
delays adjuvant therapy (5). Where infective complications

Dig Med Res 2020;3:27 | http://dx.doi.org/10.21037/dmr-20-69


https://crossmark.crossref.org/dialog/?doi=10.21037/dmr-20-69

Page 2 of 10

occur, the associated systemic inflammatory response
may suppress cell-mediated immunity and promote
tumour progression (7). Regardless of the aetiology, the
development of postoperative complications has been
shown to be more predictive of survival following major
surgery than baseline characteristics and intraoperative
events, and therefore efforts should be directed towards
minimisation of postoperative morbidity by appropriate
choice of cancer treatment, preoperative optimisation and
postoperative destination (8).

Preoperative risk stratification

Preoperative risk stratification supports clearer
communication between clinicians as well as better
allocation of resources and planning of postoperative care.
It enables patient understanding of postoperative morbidity
and promotes discussions between patients and clinicians to
aid shared decision making.

The “Choosing Wisely” Initiative is a global initiative
that promotes shared decision making, whereby doctors
and patients work together to select a management plan
based on the patient’s informed preferences (9). Several
cancer treatment options may be available. For example
in gastrointestinal cancer surgery: local resection, radical
resection with anastomosis or resection with stoma,
or chemoradiotherapy. All carry different risks, and an
accurate description of the estimated risks and benefits of
potential management options allows informed decision
making. That further helps the patients take ownership of
their treatment, engage actively in optimisation and better
tolerate potential postoperative complications.

Preoperative risk stratification needs to assess more than
just the predicted mortality, as the threat of prolonged
postoperative disability may have a far greater influence
on a patient’s treatment preferences than dying itself.
Objective risk stratification prior to elective surgery
provides a baseline assessment that can be repeated over
time, for example in order to evaluate deconditioning often
associated with chemotherapy or response to an exercise
programme. It is particularly important for cancer patients
due to the comorbidity burden associated with certain types
of malignancy as well as the effects of either the treatment
or the cancer itself.

The objective of this article is to review the tools that
may be used to assist the risk stratification of patients
undergoing cancer surgery. PubMed was searched using
combinations of the terms ‘preoperative assessment,’
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‘cancer’, ‘risk tool’, ‘frailty’, ‘cardiopulmonary exercise
test’ and ‘biomarkers’ from 1990 through March 2020.
References of selected articles were also searched. We
present the following article in accordance with the
Narrative Review reporting Checklist (available at http://
dx.doi.org/10.21037/dmr-20-69).

Risk scoring systems

Several preoperative risk assessment tools have been
described. The Surgical Outcome Risk Tool (SORT)
was developed by analysis of data from the NCEPOD
database. It requires input of 6 variables and predicts
30-day mortality. Lee’s revised cardiac index also includes
6 variables and estimates the risk of 30-day mortality, MI
or cardiac arrest (10,11). Both tools are quick and simple
to use, however, they do not predict morbidity and are,
therefore, of limited value to patients’ decision making.

Postoperative morbidity prediction tools include the
POSSUM (Physiological and Operative Severity Score
for the enumeration of Mortality and morbidity) and ACS
NSQIP (American College of Surgeons National Surgical
Quality Improvement Project) risk calculators (12,13).

The POSSUM score gives an estimated risk of mortality
and morbidity following the input of 12 physiological
and 6 surgical parameters. It was originally developed by
Copeland et 4/. in 1991 based on data obtained from 1,372
patients who underwent elective or emergency surgery
between 1988 and 1989 at Walton Hospital in Liverpool,
UK and was later modified to Portsmouth POSSUM or
P-POSSUM by Prytherch et /. in 1998 to give a more
accurate prediction of mortality (12,14). The surgical
parameters required include some intraoperative data
and, therefore, it can only be reliably used retrospectively.
The score has been modified and validated for numerous
subtypes of surgery including colorectal, oncologic
gastric and hepatectomy. However, it may significantly
overpredict morbidity and mortality, particularly in low
risk patients (15). Wakabayashi ez 4/. found a ratio of
observed to predicted morbidity for patients undergoing
gastrointestinal cancer surgery of 0.23. The observed
to predicted mortality ratios from the POSSUM and
P-POSSUM scores were 0.15 and 0.38 respectively (16).
Moreover, the score’s validity in abdominal surgery
for malignant disease may be less than that for benign
disease (17).

The ACS NSQIP risk calculator is an online tool that
uses an algorithm and validated data derived from over
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500 hospitals and 2.7 million operations performed in the
United States to predict the likelihood of 12 postoperative
outcomes. It requires the input of a surgery-specific
Current Procedure Terminology code along with 20
demographic and comorbidity variables in order to predict
the risk of the 12 postoperative outcomes within 30 days
after surgery (Figure 1) (18). Large internal studies have
shown that the risk calculator is accurate at predicting
postoperative complications, however external validation
in several surgical subspecialties, including cancer surgery,
has yielded variable results. As described by Rivard for
gynaecological oncology laparotomy, the calculator
performed well for predicting death, renal failure and
cardiac complications, but did not accurately predict most
other complications (19). Similarly, following surgery for
gastrointestinal neuroendocrine tumour, Armstrong et 4/.
showed that the calculator provided reasonable estimates
of the risks for pneumonia, cardiac complication, urinary
tract infection and discharge to nursing/rehabilitation
facility [area under the curve (AUC) >0.7], but performed
poorly (AUC <0.7) for other complications such as surgical
site infection, return to theatre and readmission (20).

The Oncology NSQIP National Cancer Centre
Collaborative in 2016 attempted to add oncology related
variables (previous surgery in the operative region, previous
radiotherapy and previous chemotherapy) to assess whether
that would improve the accuracy of the ACS NSQIP risk
prediction tool. However, the added variables failed to
improve the modelling (21).

It is important to note that attempts at external
validation of the risk calculator are usually limited to
a single centre and a single surgical subspecialty; they
suffer therefore, from high case-mix homogeneity and in
combination with a relatively small number of cases, it is
not surprising that they have shown poor discrimination
of the ACS NSQIP calculator (22). The risk prediction
model is a useful tool that can be used as an aid in
preoperative assessment to support shared decision making
across different specialties but should not be the only
method employed.

Frailty indices

Frailty is a distinctive health state related to the ageing
process in which multiple body systems gradually lose their
in-built reserves. Around 10% of people aged over 65 years
have frailty, rising to 25-50% of those aged over 85 (23).
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Particularly prevalent in patients with cancer, the median
reported incidence being 42%, it is associated with both
increased morbidity and mortality (24). Frailty is potentially
reversible, and an objective measure of frailty is a useful tool
that can be used in the decision-making process as well as to
guide prehabilitation programmes.

The modified frailty index (mFI-11) was initially
developed by Obeid ez 4/. in 2012 and assessed 11 variables
identified from the NSQIP database (25). The index is
equal to the (number of variables present)/(number of
variables assessed) and takes a value from 0 to 1 with
values >0.36 indicating frailty. In 2015 it was simplified to
a 5-factor predictive index (mFI-5) by Chimukangara et a/.
that has been shown to be equally predictive of mortality
and postoperative complications within all surgical
specialties (26). The five factors assessed are: functional
status, diabetes, hypertension, history of cardiac failure
and history of COPD. The index is calculated by adding
the variables present for each patient with 0-5 points
possible.

Using the mFI-11, frail patients demonstrated higher
30-day mortality rates compared with non-frail patients
undergoing surgery for pancreatic (6.3% wvs. 2.7%), head
and neck (11.9% vs. 0.2%), and bladder cancers (3.5%
vs. 1.8%) (27). This was echoed in a meta-analysis by
Handforth ez 4/. in 2015 looking at outcomes of older
cancer patients; frail patients had over double the risk of
death at 30 days postoperatively compared to the non-frail
patients (28).

Frailty has also been associated with higher complication
rates. Using the mFI-11, Vermillion ez a/. showed that
patients with mFI-11 >0.27 undergoing surgery for
gastrointestinal cancer had a 29% incidence of major
complications versus 18% for those with mFI-11 <0.27 (29).
Mogal et al. showed that frailty, as assessed by mFI-11, is an
independent predictor of postoperative morbidity (OR 1.54;
95% CI: 1.29-1.85) and mortality (OR 1.54; 95% CI: 1.05-
2.25) in patients undergoing pancreaticoduodenectomy
for cancer. The incidence of a major complication was
approximately 41% for those with mFI-11 >0.27 and 28%
for those with mFI-11 <0.27 (30).

Using the simpler mFI-5, Hodari et 4/. and showed that
patients undergoing oesophagectomy with frailty scores of 0,
1,2,3,4and 5 had associated morbidity of 18%, 25%, 31%,
34%, 44% and 62% respectively (31). Increased morbidity
has also been shown for frail patients undergoing surgery for
colorectal, head and neck, and bladder cancer (32-34).

Dig Med Res 2020;3:27 | http://dx.doi.org/10.21037/dmr-20-69



Page 4 of 10 Digestive Medicine Research, 2020

AMERICAN COLLEGE OF SURGEONS

Csy1° | Surgical Risk
NS J _I_P C a I cu I at o r R Inspiring Quality: Highest Standards, Better Outcomes

Home About FAQ ACS Website QIP Website

Procedure: 48150 - Pancreatectomy, proximal subtotal with total duodenectomny, partial gastrectorny, 5 <
choledochoenterostomny and gastrojejunostomy (Whipple-type procedure); with Change Patient Risk Factors

pancreatojejunostomny
Risk Factors: 65-74 years, Male, Mild systemic disease, Diabetes (Oral), HTN

Note: Your Risk has been rounded to one decimal point.
Your Average Chance of

Outcomes € Risk Risk Outcome
Serious Complication _ I3F' a0 50 o ™ 20 0 101?% 227% 28.0% Below Average
Any Complication _;I R e 105% 26.3% 327%  Below Average
Pneumonia !I 1.0 2P —3‘0 49 ?.U q:u 10 : ?P 1#% 3.1% 4.1% Below Average
Cardiac Complication [I 1.0 2.0 BP A‘D 59 EP 7P BP 9.0 1 D‘P o 1.7% 1.8% Average
Surgical Site Infection - I’“ w w m @ m m w e 152% 19.0%  Below Average
Urinary Tract Infection . 1P QF' SP 4‘0 5.0 EP 7‘0 BP 9‘0 1‘1:}% 22% 2.5% Below Average
Yenous Thromboembolism .I 10 20 a0 a0 50 @ m a0 90 10‘3% 24% 3.1% Below Average
Renal Failure I b = @ P 50 o ™ e 50 1%]% 13% 1.5% Below Average
Readmission I i o o o = ) 3 o0 10’30/ 12.8% 16.0% Below Average
Return to OR -I . o0 5 40 50 & — o o0 1 0”\3% 4.7% 5.5% Below Average
Death II 19 2P SP 4P 5.0 EFJ 7P ‘ 9.0 10%% 05% 1.4% Below Average
Discharge to Nursing or Rehab Facility - {j 20 a0 40 =0 @ 0 a0 a0 1‘1‘]% 8.3% 9.9% Below Average
- f i f L h L i ]
Sepsis - |IP 2 ® P 50 @ ™ & o0 1013 o 7.4% 8.9% Below Average
T Pancreatectomy Delayed Gastric _I 20 20 40 50 o ™ 2 o 913% 13.9% 15.9% Below Average

| Predicted Length of Hospital Stay: 8.5 days

How to Interpret the Graph Above: Surgeon Adjustment of Risks €}
Your Risk Your% Risk | This will need to be used infrequently, but surgeons may adjust the estimated risks
'- Average Patient Risk if they feel the calculated risks are underestimated. This should only be done if the
[ 1 reason for the increased risks was NOT already entered into the risk calculator.
I— m— l X% \l1 - No adjustment necessary %]

: Step 3 of 4 I
Back Continue

© 2007 - 2020, American College of Surgeons National Surgical Quality Improvement Program. All Rights Reservered.

Figure 1 Postoperative morbidity as estimated by the ACS NSQIP risk calculator for a 70-year-old male with hypertension and diabetes
undergoing a Whipple’s type procedure (18). ACS NSQIP, American College of Surgeons National Surgical Quality Improvement Project.
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Functional assessment and cardiopulmonary
exercise test

The development of complications following surgery is
closely related to the physiological impact of the surgical
insult. Major surgery triggers a systemic inflammatory
response that results in a rise in oxygen requirements
from approximately 3.5 mL/kg/min in the resting state (1
metabolic equivalent or MET) to 5 mL/kg/min following
body cavity surgery. If this increased oxygen demand cannot
be met, an inevitable oxygen supply and demand imbalance
will result in tissue ischaemia and a consequent rise in
complication rates (35).

The ability to increase oxygen delivery to match
demand is described by the term functional capacity.
Cardiopulmonary exercise testing (CPET) represents
an objective measurement of functional capacity and
is considered the gold standard in this regard. It is a
comprehensive preoperative assessment tool that allows
for identification of undiagnosed respiratory and/or
cardiac disease, and can direct patients to further specialist
investigation or intervention. It is, therefore, increasingly
being used preoperatively with approximately 30,000 tests
being performed annually in surgical patients within the
UK (36).

Anaerobic threshold (AT) describes the point at which
energy requirements can no longer be sustained with aerobic
respiration alone. It is the point at which the rate of change
in arterial lactate and ventilation rapidly increase and usually
occurs at about 50-60% of maximum predicted oxygen
consumption (37). In 1993, Older ez a/. first identified
an AT of <11 mL/kg/min as predictive for high risk of
postoperative cardiovascular mortality in elderly patients
undergoing major abdominal surgery. Patients with AT
<11 mL/kg/min had over 20 times the risk of postoperative
cardiovascular death compared to patients with AT
>11 mL/kg/min (38). Specifically, the mortality risk for
patients with AT of 11 to less than 14, 8 to less than 11 and
<8 was approximately 1%, 16% and 50% respectively, these
thresholds corresponding to low, intermediate and high risk
for postoperative mortality (38).

Nagamatsu et 4/ later investigated the CPET outcomes
of 91 patients undergoing oesophageal resection for
cancer. They identified a peak oxygen consumption (peak
Vo) value <800 mL/min/m’ as high risk for significant
cardiopulmonary morbidity following oesophagectomy.
Peak V,, is the highest oxygen uptake attained at end-
exercise, averaged over about a 20-second period and is

© Digestive Medicine Research. All rights reserved.

Page 5 of 10

reflective of the patient’s best effort (37). Patients with
peak Vi, >800 mL/min/m’ had less than 10% risk of
cardiopulmonary complications and were considered to
belong in the low risk group. Peak V,, of 700 to less than
800 mL/min/m’ was associated with a 44% incidence
of cardiopulmonary complications and was classified
as intermediate risk, whereas the rate of complications
for peak Vo, <700 mL/min/m’ was over 80% and
this threshold was considered to be predictive of high
postoperative risk (39).

In 2014, West et al. investigated the association between
CPET variables and postoperative outcomes in 136
patients undergoing elective colorectal surgery, mostly for
cancer (40). AT, peak Vy, and ventilatory equivalent for CO2
(Ve/Vco,) were associated with day 5 morbidity. The
cut-off points identified were 10.1 mL/kg/min for AT,
16.7 mL/kg/min for peak Vg, and 32.9 for Vi/Vp, at AT
(40). V/V o, describes the patient’s ventilatory efficiency,
i.e., the volume of air that needs to be ventilated in order
to exhale a total of 1 L of carbon dioxide. A high Vi/Vp,
indicates the presence of ventilation perfusion mismatch, for
example in heart failure, chronic lung disease or pulmonary
hypertension (37).

In 2013, Chandrabalan et 4/. studied the CPET
outcomes of 100 patients that underwent pancreatectomy.
The median AT was 10.3 mL/kg/min (IQR, 8.8-
11.6). They identified an AT of <10 mL/kg/min
as predictive of high risk for the development of
postoperative surgical complications (pancreatic
fistula and major intra-abdominal abscesses) as well as
prolonged hospital stay and lower likelihood of receiving
adjuvant therapy. AT, however, was not predictive
of mortality or cardiopulmonary complications (41).
More recently, Patel et al. investigated the association
between CPET outcomes and prospectively collected
postoperative morbidity data in 120 patients undergoing
oesophagectomy within an enhanced recovery
programme (42). Patients with peak Vg, and AT less than
17 and 10.5 mL/kg/min respectively, were twice as likely
to develop major morbidity compared to the patients
with values above these cut-offs.

Assessment of cardiopulmonary reserve in 105 patients
undergoing radical cystectomy by Tolchard er 4/. in 2015
concluded that values of AT <11 mL/kg/min and/or
Vi/Veo, 233 had a greater than fivefold increase in the risk
of postoperative all-cause morbidity and prolonged length
of stay (43).

The METS study by Wijeysundera er al. assessed
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the prognostic accuracy of CPET in a multicentre
international cohort study (44). They showed that a
subjective assessment of fitness has a very poor sensitivity
for identifying the unfit patient. It correctly identified
only 19% of patients who achieved a peak V, less than
14 mL/kg/min, which is consistent with less than 4 MET';
its specificity, however, was higher at 94.7 %. The authors
also found that the addition of peak Vg,, but not AT, to
a baseline model that included age, sex and high-risk
surgery, increased the model’s ability to predict moderate
to severe postoperative complications: respiratory, surgical
site infection, intensive care admission and re-operation.
However, neither peak Vi, nor AT were predictive of
postoperative myocardial infarction (MI), myocardial
injury or death.

The Duke Activity Status Index (DASI) questionnaire,
on the other hand, a simple assessment tool for functional
capacity, improved prediction of postoperative myocardial
injury or infarction and death within 30 days after surgery.
The DASI questionnaire was initially developed by Hlatky
et al. in 1989 and includes 12 self-administered questions,
each of which carries a specific weight, resulting in a total
score of between zero and 58.2 (45). The mean DASI scores
in the METS study were 36.9+14.5 vs. 41.6£14.8 in the
patients that suffered myocardial injury or death vs. those
that did not (44).

The reason for the lack of association between CPET
and myocardial injury is not clear. Similar to other recent
studies, the incidence of postoperative MI and 30-day
death were low at 2% and <1% respectively. It is possible
that peak Vi, and AT failed to show a significant predictive
ability due to the low incidence of the outcomes of interest.
However, that does not explain the lack of association
with the development of myocardial injury as that had an
incidence of 13%, again similar to other recent studies. The
authors speculated that other CPET variables may be better
predictors of postoperative outcomes, such as the heart rate
(HR) response to exercise.

Indeed, a secondary analysis of two prospective
multicentre studies investigating the association between
impaired HR recovery after exercise (HR at peak exercise
— HR 1 min later) and postoperative morbidity, concluded
that HR recovery <12 beats/min at 1 minute post-
cessation of CPET was independently associated with
higher morbidity within 5 days of surgery with a relative
risk of 1.38 (95% CI: 1.14-1.67). This was independent
of resting heart rate, and included not only cardiovascular
but also pulmonary, infective, renal, neurological and pain
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morbidity (46).

Cardiac biomarkers
Troponin

Cardiac troponins are released by cardiomyocytes into
the bloodstream following injury to the myocardium. The
VISION study published in 2012, was a large international
cohort study that measured postoperative troponin levels
in approximately 15,000 patients undergoing non-cardiac
surgery. It showed that even slightly raised troponin
levels are associated with higher mortality, and the risk
increases as the level of troponin increases (47). The same
investigators repeated the study with 5" generation high
sensitivity troponin T (hsTropT) measurements, the latest
available troponin assays that carry the least imprecision,
in over 21,000 patients from 13 countries undergoing
elective or emergency non-cardiac surgery and found the
same association. Bloods for hsTropT were collected at
6-12 h postoperatively and on days 1, 2 and 3. Over 75%
of the patients had a hsTropT value over 5 ng/L (the
lowest reading of the assay) whereas over 35% had a value
over 14 ng/L (considered abnormal by the manufacturer).
Even peak levels of hsTropT less than the manufacturer’s
normal cut-off value were associated with at least 3 times
increased risk of 30-day mortality and the risk increased as
the level of troponin increased. The presence of a clinical
ischaemic feature such as clinical symptoms, ECG changes
or imaging findings further increased the risk to fivefold.
Any change in perioperative hsTropT values of at least
5 ng/L was also associated with over 3 times the risk of
30-day mortality (48).

In 2019, Humble et /. published a meta-analysis
of the prognostic value of preoperative troponin for
adverse postoperative outcome, defined as major adverse
cardiovascular events or all-cause mortality in patients
undergoing non-cardiac surgery. They included 20 studies
with a total sample size of 13,386 patients and concluded
that preoperative troponin was a significant predictor of
short-term (OR 5.87, 95% CI: 3.24-10.65, adjusted for
cardiovascular morbidity) and long-term adverse outcome
(adjusted hazards ratio 2.0, 95% CI: 1.4-3.0) (49).

We did not identify any studies evaluating the association
between preoperative troponin and postoperative non-
cardiac morbidity in non-cardiac surgery. There is some
evidence, however, that such an association exists with
postoperative troponin. Noordzij et a/. investigated the
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significance of elevated high sensitivity troponin values in
200 patients undergoing elective major abdominal surgery
and found that postoperative troponin increases >100%
compared to baseline, in addition to its association with
increased mortality, also had a four-fold increased risk of
non-cardiac complications such as sepsis, anastomotic leak,
respiratory insufficiency and wound infection (50). Similarly,
there is evidence in cardiac surgery that preoperative
troponin is associated with postoperative non-cardiac
morbidity. Beller er a/. showed that patients with positive
preoperative troponin had higher risk of major morbidity
(such as pneumonia, acute kidney injury), increased length
of intensive care and hospital stay, and both operative and
long term mortality. It is important to note, however, that,
despite the described positive association, risk adjustment
with clinical risk scoring systems failed to show preoperative
troponin as an independent predictor of postoperative
morbidity in this study and, therefore, whether it adds
significantly to preoperative risk assessment in cardiac
surgery is uncertain (51).

Brain natriuretic peptide (BNP)

Preoperative measurement of BNP or N-terminal fragment
of proBNP (NT-proBNP) is included in the 2017 Canadian
Cardiovascular Society Guidelines on Perioperative Cardiac
Risk assessment prior to non-cardiac surgery. The authors
recommend measuring BNP or NT-proBNP before surgery to
enhance perioperative cardiac risk estimation in patients who
are >65 or >45 years old and have significant cardiovascular
disease or a Revised Cardiac Risk Index score >1 (52).

A cumulative meta-analysis involving 28 studies and over
9,000 patients undergoing non-cardiac surgery by Ryan
et al. in 2015 concluded that an elevated preoperative BNP,
as defined by the authors of the included studies using a
variety of assays, was associated with increased all-cause
mortality and adverse cardiac events with a cumulative OR
of 5.66 (53). Similarly, Ma et al. in 2015, in a study group
of over 2,500 patients undergoing emergency non-cardiac
surgery, showed that preoperative NT-proBNP level
>917 pg/mL was significantly and independently associated
with major adverse cardiovascular events (OR 4.81, 95%
CI: 3.446-6.722, P<0.001) after adjustment for confounding
factors (54).

Duceppe et al. recently published an international
cohort study including over 10,000 patients undergoing
non-cardiac surgery and found that increased preoperative
NT-proBNP levels were associated with increased risk
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of vascular death and myocardial injury following non-
cardiac surgery, and that adding N'T-proBNP thresholds to
the Revised Cardiac Risk Index resulted in a net absolute
reclassification improvement of 258 per 1,000 patients.
The authors found that preoperative N'T-proBNP levels of
100 pg/mL to less than 200 pg/mL, 200 pg/mL to less than
1,500 pg/mL and 1,500 pg/mL or greater were associated
with adjusted hazard ratios of 2.27 (95% CI: 1.9-2.7),
3.63 (95% CI: 3.13-4.21) and 5.82 (95% CI: 4.81-7.05)
respectively (55).

The authors of the METS study found only a slight to
fair correlation between N'T-proBNP and other measures
of exercise capacity (Spearman correlation coefficient
between N'T' pro-BNP and DASI of -0.25), which suggests
that NT-proBNP is a distinct entity and, as such, may
enhance preoperative assessment when used in conjunction
with other measures of functional capacity (44).

Conclusions

Prevention of complications following cancer surgery
is likely to reduce disease recurrence and optimise
both duration and quality of survival. Preoperative risk
stratification will add to this aim by allowing patient
optimisation and better planning of care. It is also vital for
decision making and informed consent prior to a major
surgery that may significantly impact on postoperative
quality of life. CPET is still considered the gold standard
for patients undergoing high-risk surgery or those with
significant comorbidities. In the absence of resources or
lower risk surgery, the DASI questionnaire may be a suitable
alternative and can be used alongside clinical risk scoring
systems. The ACS-NSQIP risk calculator is freely available
and can be used preoperatively to give an estimate of
postoperative morbidity including length of stay and risk of
discharge to nursing/rehabilitation facility. Given the ageing
population of the patients with cancer, consideration should
be given to routine objective assessment of frailty and, in
cases where cardiac morbidity is of particular concern,
cardiac biomarkers may offer additional information.
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