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aBstraCt

Background: Mortality following severe complications (failure to 
rescue, FTR) is targeted in surgical quality improvement projects. 
Rates may differ between colon- and rectal cancer resections.

Methods: Analysis of patients undergoing elective colon and rectal 
cancer resections registered in the Dutch Surgical Colorectal Audit 
in 2011 – 2012. Severe complication- and FTR rates were compared 
between the groups in univariate and multivariate analysis.

Results: Colon cancer (CC) patients (n=10184) were older and had 
more comorbidity. Rectal cancer (RC) patients (n=4906) less often 
received an anastomosis and had more diverting stomas. Complica-
tion rates were higher in RC patients (24.8% vs. 18.3%, P<0.001). 
However, FTR rates were higher in CC patients (18.6% vs 9.4% 
p<0.001). Particularly, FTR associated with anastomotic leakage, 
postoperative bleeding and infections was higher in CC patients. 
Adjusted for casemix, CC patients had a two-fold risk of FTR com-
pared to RC patients (OR 1.89, 95% CI 1.06-3.37).

Conclusions: Severe complication rates were lower in CC patients 
than in RC patients; however, the risk of dying following a severe 
complication was twice as high in CC patients, regardless of dif-
ferences in characteristics between the groups. Efforts should be 
made to improve recognition and management of postoperative 
(non-)surgical complications, especially in colon cancer surgery. 
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IntroduCtIon

Ever since the Institute of Medicines report ‘to err is human’, patient 
safety is a number one priority in many western health care systems. 
Colorectal cancer surgery is performed commonly, though it remains 
associated with relatively high morbidity and mortality rates1,2, in 
part because colorectal cancer patients often have a high age and 
comorbid illnesses3. As a result, colorectal cancer surgery is the 
subject of many national quality improvement programs in Europe4 
and the United States5, with complication- and mortality rates being 
widely used outcomes for comparisons of quality of surgical care. 
Failure to rescue (FTR) - the mortality rate in patients with a severe 
complication - is another outcome measure that indicates the ability 
of a surgical team to keep patients alive when severe complications 
occur6-8. FTR is seen as a good quality indicator as it evaluates both 
complication recognition and treatment.

Following the example of audits in other European countries, the 
nationwide Dutch Surgical Colorectal Audit (DSCA) was introduced 
in the Netherlands in 20099. One of the main objectives of these audit 
programs is to reduce morbidity and mortality after colorectal sur-
gery. To reach this objective, it is important to understand the mecha-
nisms behind the development of adverse events and the way they 
lead to fatal outcomes. In the DSCA, postoperative mortality appears 
to be higher after colon cancer resections than after rectal cancer 
resections, despite higher complication rates in the latter9, suggest-
ing higher FTR rates in colon cancer surgery. These differences in 
FTR may be partly due to a higher proportion of non-elective sur-
gery in colon cancer patients, which carries a higher risk of adverse 
events10, though may also exist in elective cases. A similar pattern 
was observed in the British National Bowel Cancer Audit Program, 
with higher postoperative mortality rates after colon resections than 
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after rectal cancer resections, both in elective and non-elective cases, 
despite higher reoperation rates in rectal cancer patients11. 

Differences in patient characteristics, such as age, comorbidity, and 
tumor stage between colon and rectal cancer patients may also play 
a role in the differences in outcomes between the two patient groups. 
Moreover, possible differences in treatment characteristics, such as 
neoadjuvant therapy, fecal diversion and minimally invasive surgery 
may play a role.  

The purpose of this study was to evaluate differences in FTR rates 
between elective colon and rectal cancer resections in relation to the 
characteristics of these patient groups and differences in treatment 
patterns between colon and rectal cancer patients. 

patIentsandMethods

datasource
A retrospective review of prospectively collected clinical data was 
undertaken. Data were provided by the DSCA, a national quality 
improvement project in which all hospitals performing colorectal 
cancer surgery participate and in which a variety of characteristics 
concerning patient demographics, comorbidity, diagnostics, disease-
specific details, treatment and outcomes are collected prospectively. 
Inclusion criteria for registration are patients undergoing a resection 
for primary colorectal cancer. External data verification with the 
dataset of the Netherlands Cancer Registry (NCR), showed a 95% 
case-ascertainment of the DSCA in 20119 which increased to 97% in 
201212.
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patients
For this study, no ethical approval was required under Dutch law. 
Patients undergoing any surgical resection for primary colorectal 
cancer between the 1st of January 2011 and 31st of December 2012, 
and registered in the DSCA before March 15th 2013, were evaluated. 
Minimal data requirements to consider a patient eligible for analyses 
were information on tumor location, date of surgery, complications 
and mortality. Patients undergoing non-elective surgery were ex-
cluded since these patients represent a subgroup of patients with 
other treatment perspectives and subsequent different expected out-
comes13. Finally, patients treated for multiple synchronous colorectal 
tumors were excluded to make sure a clear distinction between colon 
and rectal cancer patients could be made.

outcomes
Postoperative complications were defined as all surgical or non-
surgical postoperative complications. In the DSCA, surgical complica-
tions (e.g. anastomotic leak, hemorrhage) are only registered when a 
reintervention was performed.

Failure to rescue was, in accordance with previous publications, 
defined as the mortality rate among patients with a severe com-
plication8,14. Severe complications were defined as complications 
leading to ICU admission (longer than 2 days), to a reintervention, to 
a prolonged hospital stay of more than 14 days, or to postoperative 
mortality. This is consistent with previous publications in which data 
from the DSCA were analyzed8,15, except for the ICU criterion which 
was added for a more precise characterization of severe complica-
tions. The reason this criterion was not used in previous publications 
is that data on ICU admission were lacking from the DSCA database 
before 2011. Patients with a prolonged hospital stay, in which no 
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complication was registered, were not included in the definition of a 
severe complication.

Anastomotic leakage was defined as clinically apparent leakage or 
an abscess in the proximity of the anastomosis. Intra-abdominal ab-
scesses were registered as such when not evidently associated with 
anastomotic leakage. Infectious/septic complications were all infec-
tions not meeting other (pulmonary, urinary tract, intra-abdominal 
etc.) criteria, for instance central venous catheter related infections, 
or wound infections.

Postoperative mortality was defined as death within 30 days from 
surgery or within the same hospital admission as the resection.

statisticalanalysis
Categorical variables were compared between colon cancer and rec-
tal cancer patients by Chi-square tests, while 2-sample t tests were 
used for continuous variables.

The risk of FTR after severe complications, adjusted for patient- and 
tumor related risk factors, was calculated with multivariable logistic 
regression with addition of patient category (colon or rectal cancer 
patients) as a variable in the model. A random effects model adjusted 
for the presence of variability in outcomes between hospitals.

To assess whether differences in hospital characteristics of hospi-
tals treating colon- and rectal cancer patients influenced differences 
in outcomes between colon- and rectal cancer patients, we repeated 
our analysis in a fixed effects model with the addition of the variables 
teaching status, hospital volume, and level of ICU facilities according 
to a previous study14.

A 2-sided P ≤ 0.05 was considered statistically significant. Statis-
tical analyses were performed in PASW Statistics version 20 (SPSS 
inc., Chicago, Il, USA) and R 2-14 (The R Project for Statistical Com-
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puting and The Comprehensive R Archive Network; http://cran.r-
project.org/).

results

patients
A total of 15,090 patients undergoing elective colon or rectal cancer 
resections in 92 hospitals were included. Patient characteristics are 
displayed in table 1. 

Colon cancer patients were less often male, were older and had 
higher Charlson comorbidity scores and ASA classifications com-
pared to rectal cancer patients. TNM stage was also higher in colon 
cancer patients. A primary anastomosis was constructed less often 
in rectal cancer patients, with more often fecal diversion in case of 
an anastomosis, compared to colon cancer patients. Laparoscopic 
resection rates were quite similar in both patient groups.

outcomes
The overall postoperative complication and reintervention rates 
were lower in colon cancer patients than in rectal cancer patients. 
Median length of stay was one day longer in rectal cancer patients 
with a higher proportion of patients with a length of stay longer than 
14 days compared to colon cancer patients. Duration of postoperative 
ICU admission did not differ much between colon and rectal cancer 
patients.

Severe complication (see definitions in the methods section) rates 
were higher in rectal cancer patients than in colon cancer patients 
(p<0.001) (table 2). Colon cancer patients with a severe complication 
met the ICU criterion more often. The majority of colon and rectal 
cancer patients with a severe complication had a prolonged hospital 
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table2:Outcomes in colon and rectal cancer aatients.

 olon cancer Rectal cancer

 n (aatients) % n (aatients) %

Any comalication 2760 27.4%*  775 36.5%*

Reintervention  075  0.6%* 687  4.0%*

LengtC of stay   

   Median 7 days 8 days  

   > 4 days  553  5.4%*  075 22. %*

IU admission   

   0-  day 8624 84.7%* 4 2 84.0%*

   2 days 328 3.2%* 2 3 4.3%*

   3-7 days 405 4.0%*  96 4.0%*

   8- 4 days  50  .5%* 58  .2%*

   >  4 days  38  .4%* 53  . %*

   unknown 539 5.3%* 265 5.4%*

   

Severe comalication  863  8,3%*          2 8 24,8%*

   Reason:   

   Postoaerative mortality 347  8,6%**   4 9,4%**

   IU admission > 2 d 693 37,2%** 307 25,2%**

   Reintervention  075 57,7%** 687 56,4%**

   omalication + Cosaital stay > 4 d  268 68,8%** 834 68,5%**

   

Number of severe comalications   

  2 7  2.0%* 902  8.4%*

2 437 4.3%* 22 4.5%*

3  64  .6%* 73  .5%*

4 or more 44 0.4%* 22 0.4%*

   

Failure to rescue
347

 8,6%**
  4

9,4%**

Postoaerative mortality 3,4%* 2,3%*

 *aercentage  of all aatients ** aercentage of all aatients witC a severe comalication. Note tCat 
aatients may Cave met multiale criteria for a severe comalication
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stay but only in 20 and 27% of patients with a severe complication, 
respectively, a prolonged hospital stay following a complication was 
the sole reason for inclusion in the severe complication group.

FTR from severe complications – the mortality rate among the pa-
tients defined as having a severe complication – was higher in colon 
cancer patients, resulting in a higher overall postoperative mortality 
rate in colon cancer patients (p<0.001 for both outcomes).

Table 3 shows the most important severe complications for colon 
and rectal cancer patients. In colon cancer patients, the most frequent 
complications were anastomotic leakage (5.6% of all colon cancer 
patients and 6.1% of colon cancer patients with an anastomosis), 
pulmonary complications (4.8%) and cardiac complications (2.6%). 
In rectal cancer patients, the most common severe complications 
were anastomotic leak (4.4% of all rectal cancer patients and 8.7% of 
rectal cancer patients with anastomosis), pulmonary complications 
(4.1%) and infections/septic complications (2.9%).

table3:incidence of and failure to rescue (FTR) from serious comalications, disalayed aer 
comalication tyae. Note tCat aatients may Cave Cad more tCan one comalication and tCat 
numbers add ua to more tCan tCe total.

 coloncancer rectalcancer

pfor
difference

severe
complication

ftr(%)
severe
complication

ftr(%)

anastomotic leakage 576 72 ( 2,5%) 2 5    (5, %) a=0.003

intra-abdominal abscess  6 2 ( 2,5%) 80 3 (3,8%) n.s.

aostoaerative bleeding 5    (2 ,6%) 35   (2,9%) a=0.0 4

ileus 84 9 ( 0,7%) 84 3 (3,6%) n.s.

fascial deCiscence  05 7 (6,7%) 59 4 (6,8%) n.s.

aulmonary comalication 448   5 (25,7%)  99 45 (22,6%) n.s.

cardiac comalication 262 97 (37%)    3  (27,9%) n.s.

infection/seatic 
comalication

235 49 (20,9%)  40  4 ( 0%) a=0.007



safety of elective colorectal surgery

185

Overall, FTR from severe complications was highest in both patient 
groups when associated with pulmonary and cardiac complications. 
FTR was higher in colon cancer patients than in rectal cancer patients 
when associated with anastomotic leakage (12.5% vs 5.1% p=0.003), 
postoperative bleeding (21.6% vs. 2.9%, p=0.014) and infections/
septic complications (20.9% vs. 10.0%, p=0.007). FTR rates associ-
ated with other complication types were not significantly different 
between the two patient groups.  

Most patients had one severe complication, but some had several 
(table 2). FTR rates increased with the number of severe complica-
tions that a patient experienced postoperatively. In colon cancer 
patients this increased from 15.7% in patients that had one severe 
complication to 36.4% in patients that experienced four or more 
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figure1:Failure to rescue rates according to tCe number of severe comalications 
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table4:Multivariate analysis for tCe risk of failure to rescue in aatients witC a severe 
comalication. 

Variable   oddsratio 95%CI

Gender male  ref

female 0.84 0.66- .08

Age <=70 years  ref

>70years 2.86 2.09-3.89

Body mass index <20  .06 0.64 - .74

20-24.9  ref

25-29.9 0.75 0.57-0.98

30orhigher 0.71 0.50-0.99

Carlson comorbidity 
score

0  ref

1 1.42 1.03-1.95

2  .03 0.7 - .48

3orhigher 1.97 1.38-2.82

ASA classification I  ref

II 1.97 1.51-2.58

IIIorhigher 4.07 2.26-7.32

TNM stage I  ref

II 0.87 0.64- . 9

III 0.94 0.86- .3 

IV  .23 0.79- .92

Neoadjuvant tCeraay none  ref

sCort course RT  .28 0.7 -2.3 

cCemoradiotCeraay 0.80 0.40 - .60

AaaroacC oaen  ref

laaaroscoaic  .04 0.80 - .36

Additional resections none  ref

limited* 0.89 0.50 –  .58

extensive** 0.94 0.56 –  .58

Anastomosis arimary anastomosis  ref

anastomosis witC defunctioning 
stoma

0.74 0.47 - . 7

no anastomosis  .07 0.74- .55

Resection tyae rectal cancer resection  ref

coloncancerresection 1.89 1.06-3.37

ASA=American Society of AnestCesiologists I=confidence interval. Bold arinted numbers are 
significant associations (P<0.05). *abdominal wall, omentum, aosterior  vaginal  wall, ovaries. 
**organ resection  (aancreas, small bowel, saleen, kidney, liver, stomacC, sacrum, bladder/ure-
tCra/ureters/arostate, uterus)
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severe complications. In rectal cancer patients this increased from 
6.8% to 41% (figure 1).

riskfactors
Table 4 displays the results of the multivariable regression analysis 
for the association between patient-, tumor-, and treatment factors 
and the association with FTR in patients who had a severe complica-
tion. Adjusted for these variables, colon cancer patients had an almost 
two-fold higher risk of dying secondary to a severe complication than 
rectal cancer patients.

Other independent predictors of FTR were advanced age and 
higher Charlson comorbidity and ASA scores. Higher body mass 
index was associated with a lower risk of FTR. Gender, neoadjuvant 
therapy, additional organ resections, laparoscopic resections and 
stoma construction were not significantly associated with outcome. 

In a repeated analysis with adjustment for the hospital character-
istics in the model, the difference in FTR between colon and rectal 
cancer patients remained the same (colon vs. rectal cancer resection: 
adjusted OR 1.88; 95% CI 1.04 – 3.39). There was no significant effect 
of volume or teaching status on FTR rates but better ICU facilities 
were associated with better FTR rates (level 2 vs. level 1; OR 0.54, 
95% CI 0.35 – 0. 84 and level 3 vs. level 1; OR 0.83, 95% CI 0.53 – 
1.31). 

dIsCussIon

This is the first study comparing FTR rates between patients under-
going a resection for colon cancer and rectal cancer. FTR was higher 
in colon cancer patients than in rectal cancer patients. This was partly 
because colon cancer patients were older, and had more comorbidity 
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and higher ASA classifications; although adjusted for the differences 
in patient- and treatment characteristics, the risk of FTR remained 
twice as high in colon cancer patients.

Schilling et al. described that colectomies account for a dispropor-
tionate share of morbidity, mortality and excess length of stay among 
all general surgical procedures. Colectomies account for 24% of all 
adverse events in general surgery with an adverse event rate of 29%1. 
In a Dutch study with data from the Eindhoven Cancer registry, it was 
shown that patient characteristics differ between colon- and rectal 
cancer patients, and that rectal cancer patients have a higher risk of 
postoperative complications, even though they are younger and less 
often have comorbid diseases than colon cancer patients3. Our study 
confirms the relatively high adverse event rate in colorectal surgery, 
and confirms that this rate is higher in rectal cancer surgery than in 
colon cancer surgery. Our study adds that the risk of dying given a 
severe complication is higher following a colon cancer resection than 
after a rectal cancer resection, even after adjustment for other rel-
evant factors. Due to the nature of the database, our study provides a 
realistic image of outcomes of everyday practice in elective colorectal 
cancer surgery in the Netherlands.

Our study has some limitations. Firstly, as data are self-reported, 
registration bias cannot be excluded. However the dataset is validated 
against the independently collected data of the Netherlands Cancer 
Registry, showing a high rate of case-ascertainment, completeness 
and accuracy12. The direct involvement of clinicians in the registra-
tion leads to a robust database and avoids coding problems that may 
occur when using an administrative database. Secondly, although the 
definition of a severe complication we used is arbitrary, it excludes 
the less severe complications that did not hinder the postoperative 
course. Since ICU admission, reinterventions and prolonged hospital 
stay are objective criteria, FTR rates are not influenced by differences 



safety of elective colorectal surgery

189

in the way hospitals register minor complications. However, it cannot 
be excluded that some patients with a serious complication were not 
included in the definition. All (complications leading to) mortality 
cases were considered severe complications, regardless of reinter-
ventions, ICU admission or prolonged hospital stay. We performed a 
sub analysis in only those patients who underwent a reintervention, 
had ICU admission or a complication with a prolonged hospital stay, 
and the difference in FTR rates between rectal and colon cancer 
patients remained the same (adjusted OR 2.1; 95% CI 1.06-4.37).  
Finally, with regards to the analysis of FTR rates associated with dif-
ferent complication types, we cannot exclude that patients who were 
registered as having experienced non-surgical complications might 
also have had undiscovered underlying surgical complications. 

Anastomotic leakage is considered the most dreadful complication 
in colorectal surgery and accounts for a large proportion of overall 
postoperative mortality16. Indeed, in our study anastomotic leak was 
the most common severe complication. The proportion of leaks that 
lead to mortality was significantly higher in colon cancer patients, 
although the anastomotic leak rate was higher in rectal cancer pa-
tients (given an anastomosis was constructed). A part of the expla-
nation may be found in the larger proportion of anastomoses with 
a defunctioning stoma in rectal cancer patients compared to colon 
cancer patients. Also, a large proportion of rectal cancer patients 
did not receive a primary anastomosis, and therefore the group of 
colon cancer patients was a priori more susceptible for mortality fol-
lowing anastomotic leak as well as possible associated non-surgical 
complications.  However, diverting stomas and end-colostomies were 
not significantly associated with FTR. Moreover, adjusted for stoma 
rates, FTR remained higher in colon cancer patients. Early recogni-
tion and treatment of anastomotic leak may be associated with lower 
mortality associated with leakage17. Arguably, as the anastomosis 
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following rectal resections lies in the pelvic region, anastomotic leaks 
following rectal cancer resections often will have a more chronic 
course, developing a presacral sinus or pelvic abscess18, whereas 
colonic anastomotic leaks might have a higher risk of fecal peritonitis 
due to the intra-abdominal location. Whether a longer delay or a 
more fulminant course of anastomotic leak in colon cancer patients 
has contributed to the differences in FTR between the two patients 
groups cannot be retrieved from the DSCA dataset, but should be the 
focus of future in-depth studies as a reduction in delay of diagnosing 
anastomotic leak may prove a potential target for improvement19.

Cone et al. reported a high risk of mortality following postoperative 
non-surgical complications such as pneumonia and renal insufficiency 
in colorectal surgery patients20. Friese et al. described mortality rates 
and their relation with complications in 25,957 patients that under-
went a surgical resection for colorectal- and other types of cancer21. 
Mortality was most frequently secondary to respiratory compromise 
(37% of postoperative mortality) and pneumonia (26%). Our study 
confirms that cardiopulmonary complications are often associated 
with postoperative mortality, although it is not possible to make a 
clear distinction between surgical and non-surgical complications 
as surgical complications may start a chain of non-surgical adverse 
events, leading to clinical deterioration and eventually death. It does 
however underline the importance of a high postoperative vigilance 
for non-surgical complications besides the intuitively important sur-
gical complications such as anastomotic leak. Aggressive, multidisci-
plinary treatment of complications such as pneumonia, arrhythmias 
or central venous catheter sepsis may prevent postoperative death 
from non-surgical complications. Arguably, adequate preoperative 
optimization of the patient’s condition may be an even more im-
portant step in reducing mortality from non-surgical complications. 
Fuchshuber et al. describe how a hospital drastically improved the 
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number of patients on a ventilator for >48 hours, and achieved a 
zero postoperative pneumonia rate in patients undergoing thora-
coabdominal surgery during seven months by strictly adhering to a 
few perioperative steps22. Similar achievements have been published 
about reducing the number of acute bloodstream infections related 
to central venous catheters23. A recent meta-analysis showed that 
measuring the C-reactive protein on postoperative day 4 has a pooled 
negative predictive value of 89% for predicting postoperative infec-
tious complications after colorectal surgery, allowing safe discharge 
of patients not at risk24.

In the last decade, improvement of clinical outcomes for complex, 
low-volume gastrointestinal cancer surgery such as pancreatic, 
esophageal and rectal cancer resections has received much atten-
tion in the western world25-30. In the Netherlands, specialization of 
caregivers, focused improvements to infrastructure, specific inter-
ventions to perioperative management and selective referral have 
led to dramatic improvements in outcomes of patients undergoing 
these particular procedures31-35. In contrast, CC surgery received 
less attention and is, as a result, often performed in a non-focused 
setting. In a previous study, we found no association between FTR 
and hospital volume or teaching status in colorectal cancer patients, 
but better FTR rates in patients operated in hospitals with better 
ICU facilities14. We therefore repeated our analyses including these 
hospital characteristics, confirming the association between ICU fa-
cilities and FTR rates. However, the difference in FTR between colon 
and rectal cancer patients remained the same in this second analysis 
and we cannot conclude that the difference in FTR between colon 
and rectal cancer patients can be attributed to differences in hospital 
characteristics in which colon- and rectal cancer patients are treated. 
Surgeons’ differentiation may play a role- rectal cancer resections 
are usually performed by specialized gastrointestinal surgeons, 
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whereas colon cancer resections are often performed by surgeons 
without gastrointestinal specialization- but our study has no data on 
a surgeon level to support this. Recently, the Association of Surgeons 
of the Netherlands started with certification of surgeons performing 
colon cancer procedures.

In conclusion, the incidence of severe postoperative complications 
was lower in colon cancer patients than in rectal cancer patients; 
however, the risk of dying when a severe complication had occurred 
(FTR) was twice as high in colon cancer patients, even after adjust-
ment for differences in patient-, tumor-, and treatment characteristics 
between the two patient groups. In particular, FTR associated with 
anastomotic leak, postoperative bleeding and non-surgical infectious 
complications was higher in colon cancer patients than in rectal can-
cer patients. Given the results of our study, efforts should be made to 
improve recognition and management of postoperative surgical and 
non-surgical complications in order to reduce postoperative mor-
tality. Especially patients undergoing colon cancer surgery should 
receive full attention. 
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