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1 | INTRODUCTION

Albeit recent advancements in surgical techniques and perioperative
care, the postoperative morbidity rate is as high as approximately
40% after esophageal cancer surgery,“? and 20-30% after both

| Takeo Fukagawa? | Yoshio Haga®* | Koji Oba®®

Abstract

Purpose: The impact of postoperative complications on survival after radical surgery
for esophageal, gastric, and colorectal cancers remains controversial. We conducted
a systematic review of recent publications to examine the effect of postoperative
complications on oncological outcome.

Methods: A literature search of PubMed/MEDLINE was performed using the key-

» o«

words “esophageal cancer,” “gastric cancer,” and “colorectal cancer,” obtaining 27
reports published online up until the end of April 2016. Articles focusing on (i) post-
operative morbidity and oncological outcome; and (ii) body mass index (BMI), post-
operative morbidity, and oncological outcome, were selected. Univariate and
multivariate analyses (Cox proportional hazards model) were performed.

Results: Patients with postoperative complications had significantly poorer long-
term survival than those without complications. Complications were associated with
impaired oncological outcomes. The hazard ratios for overall survival were 1.67
(95% confidence interval [Cl], 1.31-2.12), 1.59 (95% Cl, 1.13-2.24), and 1.55 (95%
Cl, 1.28-1.87) in esophageal, gastric, and colorectal cancers, respectively. High BMI
was associated with postoperative morbidity rate but not with poor oncological out-
come. Low BMI was significantly associated with inferior oncological outcome.
Conclusions: Complications after radical surgery for esophageal, gastric, and col-
orectal cancers are associated with patient prognosis. Avoiding such complications

might improve the outcomes.

KEYWORDS
colorectal cancer, esophageal cancer, gastric cancer, oncological outcome, postoperative
complication

gastric cancer surgery®> and colorectal surgery.®® Various reports
have shown that such postoperative complications frequently reduce
the overall survival (OS) as well as cancer-specific survival after
major surgery for cancer.’ In particular, severe postoperative compli-

cations are associated with impaired long-term survival after
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gastroesophageal and pancreatic cancer surgery.’® One possible
explanation for this phenomenon is that the changes in patient
immunological responses trigger the progression of residual disease
into a clinically manifest recurrence.*' Some research has shown a
negative impact of postoperative complications on survival out-
comes. However, several other studies have concluded that surgical
complications have no negative effect on survival rates and that
these rates depend exclusively on the pathological stage of the
tumor.?? Lerut et al.*® have reported that the modified Clavien clas-
sification, in addition to the microscopic residual tumor and extra-
capsular lymph node involvement, is a useful prognostic indicator of
early recurrence and its timing. They have noted that achieving
esophagectomy without postoperative complications is of utmost
importance because of their potential negative effect on early onco-
logical outcomes.’® Recent advances in endoscopic diagnosis and
clinical radiology in Japan allow early detection of gastric cancer, and
therapeutic strategies have been established in some clinical trials.
D2 lymph node dissection is safely carried out with low mortality
and morbidity and provides favorable oncological outcomes. 1?12
However, in clinical practice, postoperative complications do occur,
causing some practical problems including longer hospital stay,
excessive weight loss with sarcopenia, psychological damage, and
delay of adjuvant chemotherapy in advanced cases. The incidence of
postoperative complications as a detrimental prognostic factor has
recently attracted considerable attention. The impact of postopera-
tive complications on oncological outcomes has also been investi-
gated in patients undergoing colorectal cancer resection. However,

the results have been inconsistent. In 2011, Mirnezami et al.**

pub-
lished a meta-analysis of the effects of anastomotic leakage on
oncological outcomes. They concluded that anastomotic leakage has
a negative prognostic impact on local recurrence and cancer-specific
survival.

Acute lung injury induced by the overproduction of inflamma-
tory cytokines can lead to pneumonia after esophageal surgery.>1¢
For the improvement of long-term survival, it is essential to mini-
mize mortality by optimizing surgical techniques and perioperative
care.t’ "% |n addition, severe infections, pulmonary complications,
and liver dysfunction require extended intensive care and long hos-
pital stays for some patients.”?® A history of such postoperative
complications increases the likelihood of poor survival. The effect
of body mass index (BMI) on oncological outcomes after major
resection for cancer has also been investigated.?Y 2% Although the
majority of the studies show a significant association between high
BMI and postoperative morbidity, the association of BMI with long-
term oncological outcomes is still controversial. The effects of BMI
and postoperative complications might differ depending on the type
of operation and/or the type of cancer. Esophageal cancer surgery
is probably one of the most stressful types of surgery. Moreover,
postoperative complications after esophagectomy can sometimes be
fatal.

In the present study, we re-evaluated the clinical impact of post-
operative morbidity on oncological outcome by systematically

reviewing recent publications (from 2011 onward), mainly focusing

on long-term patient survival. In addition, we discuss possible mech-
anisms of this phenomenon. With the present review, we hope to
develop a foundation for future guidelines of Japanese Association
of Gastroenterological Surgery for perioperative care and postopera-

tive complication management.

2 | METHODS

2.1 | Research themes and study selection criteria

The present review was based on three types of surgery: (i) esopha-
geal cancer surgery; (ii) gastric cancer surgery; and (iii) colorectal can-
cer surgery. Articles including information related to these research
themes were searched by H.S., Y.H., T.F., and K.O. independently
using PubMed and MEDLINE in December 2015. In PubMed, ‘eso-
phageal cancer’, ‘gastric cancer’, ‘colorectal cancer’, and ‘postopera-
tive complication’ were used as search terms. In MEDLINE, the
following search terms were used (advanced search system): 1. inci-
dence.sh.; 2. Mortality.sh.; 3. Follow-Up Studies.sh.; 4. “prog-
nos*."tw.; 5. “predict*."tw.; 6. 2 or 3 or 4 or 5; 7. “esophag*.”ab. (or
“gastric."ab. or “colorectal.”ab.); 8. “postoperative complication*."ab.;
9. “postoperative morbid*."ab.; 10. 8 or 9; 11. “esophag*."ti. (or “gas-
tric."ab. or “colorectal.”ab.); 12. 10 and 11; 13. 6 and 12. Authors
(H.S., Y.H., and T.F.) evaluated the relevance of each article and cate-
gorized it as relevant or irrelevant. Irrelevant articles were excluded

from the review.

2.2 | Data extraction

Key messages and information were extracted from each article and
organized by the authors. In order to evaluate the impact of postop-
erative complications on long-term survival, we conducted a publica-
tion-based meta-analysis. The following information from the eligible
articles was used: authors, title, countries of origin, publication year,
total sample size, study design, study period, variables used for the
statistical adjustment, definition of complication, conclusion, and the
summary statistics (hazard ratios and their 95% confidence intervals
[CI]) for outcomes. Primary outcome measure of the meta-analysis
was OS. Postoperative complications were evaluated using the Cla-
vien-Dindo classification.?* Complications with Clavien-Dindo grade

Il or higher were defined as severe complications.

2.3 | Statistical analysis

For the meta-analysis, quantitative data were pooled using the ran-
dom effects inverse variance weighted meta-analysis in STATA 13
(StataCorp, College Station, TX, USA). If the adjusted hazard ratio
was not reported or it was missing, we treated it as missing and did
not include it in the summary statistics calculations. The hazard ratio
and the corresponding 95% Cl for OS were calculated for each study
to compare patients with and without postoperative complications.
Heterogeneity between the trials and groups of studies was mea-
sured using the [? statistics, which indicate the percentage of
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variance in a meta-analysis that is attributable to the study hetero-
geneity.?> All reported P-values are two-tailed and P-values <0.05

were considered statistically significant.

3 | RESULTS

3.1 | Studies included in the present review

Our systematic search identified 372 articles using PubMed and
871 articles using MEDLINE. We manually found one additional eli-
gible paper and included it in our analysis. We considered 80 stud-
ies (41 studies of esophageal cancer, 21 studies of gastric cancer,
and 18 studies of colorectal cancer) that were eligible based on
title and abstract. After a full-text search, a final set of 23 studies
(six studies of esophageal cancer, six studies of gastric cancer, and
11 studies of colorectal cancer) was used for the meta-analysis of
the impact of postoperative complications on long-term patient sur-
vival. The PRISMA flow diagram26 for the present study is shown
in Figure S1.

3.2 | Prognostic impact of postoperative
complications after esophageal cancer surgery

Ten studies evaluated the prognostic impact of postoperative com-
plications on long-term survival. Four out of the 10 eligible studies
did not report the hazard ratios of postoperative complications
because it was not a statistically significant factor (based on univari-
ate analysis using a variable selection process).?”2° Thus, we com-
bined the hazard ratios of six remaining studies which adjusted for
several confounders in the multivariate model. The overall hazard
ratio for postoperative OS was 1.67 (95% Cl = 1.31-2.12), as illus-
trated in Figure 1 (statistically significant heterogeneity among the
studies is shown [P = 0.001]). The information found in each study
is listed in Table 1.

D’Annoville et al.®°

reported that when postoperative mortality
is excluded, postoperative complications did not affect disease-free
survival in patients with complete resection. This deserves sub-
stantial information regarding the prognosis of a subgroup of
patients in critical situations where incrementing intensive care is
debated. In addition, Xia et al.?’ have reported that major periop-
erative morbidity does not have a negative impact on long-term
survival and that tumor characteristics at the time of resection are
the most important determinants of long-term survival. Based on
the patient population at a center with a long experience of eso-
phageal cancer surgery, Lindner et al. examined the occurrence of
general and esophageal cancer surgery-specific perioperative com-
plications.?® Their results have demonstrated that these complica-
tions did not affect the long-term survival of esophageal cancer
patients.

On the basis of the data from a Swedish national database
cohort study, Rutegard et al. have concluded that surgical complica-
tions might be independent predictors of poor long-term survival in

patients undergoing esophageal cancer resection, including patients
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who survived the postoperative period.>*3? This large, population-
based, nationwide cohort study has shown that re-operation within
30 days of primary esophageal resection is associated with increased
mortality, even when the initial 3 months after surgery is excluded.
Similarly, three independent single institutes in high-volume centers
of Japan have shown that pneumonia has a negative impact on OS
after esophagectomy. The incidence of postoperative infectious
complications and, in particular, pulmonary infections, is associated
with unfavorable prognosis in patients with esophageal cancer
undergoing preoperative chemotherapy.®?33

Intense postoperative inflammatory response frequently observed
in patients with severe postoperative pneumonia is significantly cor-
related with poor postoperative survival. Therefore, the oncological
benefit of reducing postoperative inflammation in esophageal cancer
should be investigated.?” Based on risk stratification for esophagec-
tomy using a Japanese nationwide database, Takeuchi et al.®*
observed that the 30-day and operative mortality rates were lower
than those in previously published reports. The risk models devel-
oped in their study might contribute to improvements in procedure

quality control and the establishment of a novel scoring system.3

3.3 | Prognostic impact of postoperative morbidity
after gastric cancer surgery

Several studies have reported a negative impact of postoperative
complications on patient prognosis after gastric cancer surgery using
multivariate analysis.*>>? Table 2 and Figure 2 show the summa-
rized results of studies evaluating the prognostic impact of postoper-
ative complications. All eligible studies reported adjusted hazard
ratios obtained using multivariate analysis; the overall hazard ratio
was 1.59 (95% Cl, 1.13-2.24), with a statistically significant hetero-
geneity (P < 0.0001). In each study, postoperative complications
were defined by a Clavien-Dindo grade higher than 11,*>%7 which
was observed in 10.3-14.5% of the studied patients. There were no
apparent differences between the incidences of postoperative com-
plications among large-volume institutions in Japan. It is not clear
from these reports if the occurrence of such complications was lim-
ited to Clavien-Dindo grades Ill or higher (more severe complica-
tions). The prognoses of 0S,%>%? relapse-free survival (RFS)3¢ both
OS and oncological outcome,®” and both OS and RFS%® were evalu-
ated. We found reports on the negative impact of postoperative
complications on patient prognosis for every stage of gastric can-
cer,¢ stage Il gastric cancer,?” and stages Il and Il gastric cancers.®®
Cancer-related death is not commonly observed in the early stages
of gastric cancer; thus, its negative impact on RFS might be charac-
teristic of stage Ill gastric cancer patients.

However, some studies have found that postoperative complica-
tions do not always have a negative impact on prognosis.*®>? Migita
et al. have focused on the prognostic nutritional index, and found
that a reduction in the value of this index had a negative impact on
the long-term outcomes of gastric cancer patients. Climent et al.
have analyzed the impact of postoperative complications on recur-
rence and survival after gastric cancer resection. In this study
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Study

Hazard
ratio on overall %

D survival (95% Cl) Weight
:

Yamashita K, Ann Surg Oncol 2016 _ 164 (1.10, 2.46) 1410
'

Aahlin EK, BMC Surg 2016 —_— 150 (1.26, 1.79) 2089
'

Booka E, Medicine 2015 ——— 146 (1.02, 2.08) 1551
:

Baba Y, Ann Surg 2015 _— 1,60 (1.05, 2.44) 13.66
'
'

van der Schaaf M, BMJ Open 2014 ' —_— 3.05(2.22,4.19) 16.66
i
'

Rutegard M, Eur J Surg Oncol 2012 ——— 129 (1.02, 1.63) 19.18
'

Overall (17 =74.9%, P=.001) <> 167 (1.31,2.12) 100.00
v
'
'

NOTE: Weights are from random effects analysis !

T T T T T T
0125 0.25 05 1 2 4 8

Complication better

Complication worse

FIGURE 1 Postoperative morbidity and long-term survival after radical surgery for esophageal cancer. BMI, body mass index.

conducted in Spain, the incidence of postoperative complications
(Clavien-Dindo grade Il or higher) was reported as 59.8%, which is
somewhat higher than that reported elsewhere.®4=8 They have con-
cluded that these complications do not have a negative impact on
oncological outcome. However, regional differences and patient
background might be important in the interpretation of the incidence
of postoperative complications.

In some reports, the incidence of postoperative complications is
evaluated as a negative prognostic factor that affects not only the
OS, but also the RFS of gastric cancer patients after curative surgery.
In gastric cancer surgery, the major postoperative complications are
anastomotic leakage and intra-abdominal abscess as a result of pan-
creatic fistula and pneumonia. Adverse effects of postoperative com-
plications on patient survival might be a result of excessive
inflammation caused by the complications, stimulating the growth of
residual cancer cells through some soluble factors. They might also
be caused by reduced immune reaction against cancer cells. Pre-
sently, these speculations have not been confirmed. Saito et al.*?

suggested that the actual event that affects patient survival might

not be postoperative complications, but excessive inflammation after
surgery. They have reported that a high level of postoperative C-
reactive protein is a more reliable indicator of survival after surgery
than postoperative complications.

Another hypothesis must also be considered. If particularly frail
patients with potentially poor prognoses easily develop postopera-
tive complications, the incidence of these complications might not
be an independent negative prognostic factor. Preoperative nutri-
tional statuses of patients might contribute to this ‘frailty’. Prognos-
tic nutritional index | has been evaluated as a predictor of
postoperative complications and poor prognosis.>’ The hazard ratio
of preoperative nutritional index for prognosis might be offset by
the hazard ratio of postoperative complications. Jiang et al. have
reported that postoperative complications are significant negative
prognostic factors despite the negative impact of prognostic nutri-
tional index shown in a multivariate analysis.3? In order to elucidate
this phenomenon, the effect of prognostic nutritional index on the
incidence of postoperative complications and patient survival should

be studied in a large-scale prospective setting.

TABLE 1 Multivariate analyses of prognostic factors for patients after esophageal cancer surgery

Author Year No. patients Definition of complication

Yamashita et al.* 2016 255 Infectious complication

Aahlin et al.*® 2016 1965 Deep infection, deep hemorrhage,
anastomotic dehiscence, reoperation
for other causes

Booka et al.>® 2015 402 Increased Clavien-Dindo classification
2, pneumonia

Baba et al.? 2015 502 Increased Clavien-Dindo classification
2, pneumonia

van der Schaaf et al.3> 2014 1822 Re-operation within 30 days

Rutegard et al.3* 2012 567 Respiratory complication

Conclusion
Pulmonary infection is associated with unfavorable prognosis.

Major postoperative complications are associated with
impaired long-term survival.

Pneumonia has a negative impact on overall survival after
esophagectomy.

Postoperative pulmonary complications might be an
independent predictor of poor long-term survival in patients
undergoing resection of esophageal squamous cell carcinoma.

Re-operation within 30 days of primary esophageal resection
is associated with increased mortality.

Occurrence of surgical complications might be an independent
predictor of poor long-term survival.
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Li, World J Gastroenterol 2013
Kubota, Ann Surg Oncol 2014
Tokunaga, Ann Surg Oncol 2013a
Migita, Ann Surg Oncol 2013b
Jiang, W J Gastroenterol 2014
Climent, Eur J Surg Oncol 2015

Overall (/2 = 80.2%, P=.000)

NOTE: Weights are from random effects analysis

Hazard

ratio on overall %
survival (95% Cl) Weight
i
| ——— 2.50 (1.80, 3.47) 17.70
i
i
—_—— 1.88 (1.26, 2.81) 16.42
i
i
_— 2.45 (1.48, 4.06) 14.50
i
——— 1.31(0.89, 1.93) 16.67
i
—_— 1.45 (1.08, 1.95) 18.27
i
— ! 0.76 (0.51, 1.13) 16.45
i
<> 159 (1.18, 2.24) 100.00

T T T
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Complication better

Complication worse

FIGURE 2 Postoperative morbidity and long-term survival after radical surgery for gastric cancer.

The popularity of minimally invasive surgery for gastric cancer
has been growing. The feasibility and non-inferiority of laparo-
scopic gastrectomy have been compared with those of conven-
tional open surgery. A phase-ll clinical trial of early-stage gastric
cancer (JCOG 0703% has shown that the incidences of anasto-
motic leakage and pancreatic fistula formation were acceptably
low. Kim et al. have reported a decrease in morbidity after laparo-
scopic distal gastrectomy for stage | gastric cancer.*> However,
the only significant factor was wound complication. Minimally
invasive surgery might confer a benefit of low surgical stress (a
small wound). However, the superiority of minimally invasive sur-
gery is not definitively proven by a low incidence of postoperative
complications correlating with good oncological outcomes. Suffi-
cient level of surgical intervention, including appropriate extent of
dissection, should be maintained. Robot-assisted gastrectomy, an
alternative to minimally invasive surgery, might reduce the inci-
dence of postoperative complications;** however, the benefits of
this procedure, including its effect on oncological outcomes, has
not been established to date.

3.4 | Prognostic impact of postoperative morbidity
after colorectal cancer surgery

Selected papers, published between 2011 and 2016, are summa-
rized in Table 3*>°. These studies were cohort studies that con-
ducted risk adjustment using multivariate analysis. Overall hazard
ratio for postoperative OS was 1.55 (95% Cl, 1.28-1.87) with a
statistically significant heterogeneity (P = 0.0001) as shown in Fig-
ure 3. These results are consistent with those reported in a previ-
ous systematic review by Mirnezami et al.'* Mirnezami et al. have
examined the effects of anastomotic leakage, obtaining odds ratios
of 2.9 (95% Cl, 1.78-4.71) for local recurrence, 1.38 (95% ClI,
0.96-1.99) for distant recurrence, and 1.75 (95% Cl, 1.47-2.1) for
cancer-specific survival. As the papers used in the two reviews do

not overlap, these results might be reproducible.

There are several speculations that could explain the negative
impact of postoperative complications on survival outcome. One of
the most popular theories is that inflammatory cytokines, including
interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF), might pro-
mote tumor proliferation, survival, avoidance of apoptosis, progres-
sion of metastasis, and resistance to drug therapy. For example, Miki
et al.>® have demonstrated that intense surgical stress and presence
of an acute-phase reactant were independently associated with the
overexpression of IL-6 in tumors. Another possible mechanism might
be impairment in cell-mediated immunity by systemic inflammation,
resulting in the proliferation of metastatic tumor cells.>” It has also
been proposed that intraluminal neoplastic cells might escape into
the extraluminal space during an anastomotic leak, leading to implan-
tation and local recurrence. Salvans et al.>® have conducted an inter-
esting in vitro study using a colon cancer cell line to determine the
effects of infected peritoneal fluid on migration and invasion of
tumor cells. They have demonstrated that the fluid enhanced both
cell migration and cell invasion compared with the non-infected
control.

3.5 | Prognostic impact of BMI on postoperative
morbidity and long-term survival (Table 4)

Multivariate analyses carried out in various studies have shown that
preoperative BMI is an independent prognostic factor for reduced
survival, and that it is strongly associated with postoperative compli-
cations in esophageal cancer.>® Wang et al.®° have reported that
preoperative BMI is an independent prognostic factor for OS and
disease-free survival (DFS). Their proposed new prognostic model
with the pN classification supplemented by BMI might improve the
ability to predict outcomes for esophageal squamous cell carcinoma
patients.

However, we identified several studies showing that high BMI
does not worsen the long-term oncological outcome. Grotenhuis

et al.%! reported that BMI was not of prognostic value for short- and
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long-term outcomes in patients who underwent esophagectomy for
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TABLE 4 Prognostic impact of body mass index in gastroenterological cancer surgery

Author
Wang et al.¢°

Zogg et al.®?

Melis et al.?

Chen et al.®

Levolger et al.”®

Pan et al.*

Miao et al.%®

Ida et al.®®

Eom et al.%®

Bickenbach
et al.%”

Zhang et al.>’

Hayashi Y?*

Year
2015

2015

2015

2015

2015

2015

2015

2015

2014

2013

2013

2010 Cancer.
116(24):5619-27,
2010 Dec 15.

Type of cancer

Esophageal SCC

Various types of
cancer

Esophageal cancer

Gastric cancer

Gastrointestinal cancer
and hepatobiliary
cancer

Esophageal cancer
and gastric cancer

Esophageal cancer

Esophageal cancer

Gastric cancer

Gastric cancer

Esophageal cancer

Esophageal cancer

No. patients
424

529 955

510

1249

2884

4823

1342

138

4813

1853

2031

301

Conclusion

Preoperative BMI was an independent prognostic factor for
OS and DFS. The proposed new prognostic model with the
pN classification supplemented by BMI might improve the
ability to predict ESCC patient outcome.

Obese patients should be treated following the optimal
oncological standards without being hindered by a
misleading perception of prohibitively increased perioperative

risk. Underweight and certain types of morbidly obese
patients require targeted provision of appropriate care.

BMI did not affect the number of harvested lymph nodes,
rates of negative margins, or morbidity and mortality after
esophagectomy for cancer. Esophagectomy can be carried
out safely and efficiently in mildly obese patients.

Despite an increased risk of mild postoperative complications,
the high-BMI patients exhibited paradoxically ‘superior’
survival outcomes in comparison with the normal-BMI
patients. These findings confirm the ‘obesity paradox’ in GC
patients undergoing gastrectomy.

Sarcopenia identified before surgery is associated with
impaired overall survival in gastrointestinal and
hepatopancreatobiliary malignancies, and increases
postoperative morbidity in patients with colorectal cancer
with or without hepatic metastases.

H-BMI has distinctly different effects on the postoperative
survival of EAC and ESCC patients. H-BMI is a potential
predictor for improved prognosis in EC patients overall, and
particularly in EAC patients, treated with curative
esophagectomy. However, in ESCC patients, H-BMl is a
potential predictor for a poor prognosis of postoperative
survival.

A high BMI is not associated with increased overall morbidity
following esophagectomy; moreover, it is associated with a
decreased incidence of chylothorax. The improved overall
survival of patients with high BMI in comparison with those
with low BMI might be as a result of a relatively low
pathological stage. A high BMI should not be a relative
contraindication for esophagectomy.

Sarcopenia might be a predictor of pulmonary complications
after esophagectomy. Further analysis is needed to clarify
whether nutritional intervention improves skeletal muscle
mass and thus contributes to reduction in postoperative
respiratory complications in sarcopenic patients.

ABSI shows a good correlation with surgical complications in
patients with gastric cancer. Further studies are needed to
clarify the clinical significance of ABSI, and the results could
help to determine the effect of abdominal obesity on gastric
cancer surgery and the clinical usefulness of ABSI.

Increased BMl is a predictor of increased postoperative
complications, including anastomotic leak, but it is not a
predictor of survival in gastric cancer.

Preoperative BMI is an independent prognostic factor for
survival, strongly associated with postoperative complications
in esophageal cancer.

High BMI is common in EC patients. The improved OS/DFS
noted in patients with high BMI might be a result of a low
baseline clinical stage. Confirmation of these findings is
warranted.

(Continues)
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TABLE 4 (Continued)
Author Year Type of cancer
Grotenhuis 2010 Esophageal cancer
et al.%t

No. patients

Conclusion
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BMI has no prognostic value for short-term and long-term
outcome in patients who undergo esophagectomy for
cancer. It is not an independent predictor for radical RO
resection. Patients oncologically eligible for esophagectomy
should not be denied surgery on the basis of their BMI class.

ABSI, A Body Shape Index; BMI, body mass index; DFS, disease-free survival; EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; GC,
gastric cancer; H-BMI, high BMI; OS, overall survival; SCC, squamous cell carcinoma.

Hazard

Stud
Y ratio on overall %
ID survival (95% Cl) ~ Weight
Artinyan A, Ann Surg 2015 1.24 (1.14,1.35) 18.52
Odermatt M, Colorectal Disease 2014 —_— 2.42(1.41,4.15) 7.58
!
Xia X, PLoS ONE 2014 —_— 274 (1.51,4.97)  6.70
i
Nachiappan S, World J Surg 2015 ——— 2.74 (1.66, 4.52) 8.28
'
Krarup P, Ann Surg 2014 i 1.20 (1.01, 1.43) 16.61
i
'
Lin JK, J Gastrointestl Surg 2011 —T—O— 2.14 (1.32, 3.47) 8.63
'
Smith JD, Ann Surg 2012 —_— 0.89 (0.46, 1.72) 5.84
'
Espin E, BrJ Surg 2015 —_— 1.10(0.73, 1.66) 10.20
i
Kang J, Medicine 2015 —10— 2.10(1.00, 4.41) 4.94
'
Park EJ, Medicine 2016 : 1.28 (0.50, 3.28) 3.4
Jorgren F, Colorectal Disease 2011 —— 1.46 (0.93, 2.29) 9.29
Overall (/2 = 66.1%, P=.001) <> 1.55(1.28,1.87)  100.00
|
NOTE: Weights are from random effects analysis |
T T T T T T
0.125 0.25 0.5 2 4 8

Complication better

Complication worse

FIGURE 3 Postoperative morbidity and long-term survival after radical surgery for colorectal cancer

studied stage I|-lll patients undergoing laparoscopic resection and
found that a BMI <20 is correlated with reduced DFS and OS. Dole-
man et al. have recently conducted a meta-analysis on the effects of
BMI following the diagnosis of colorectal cancer. They have reported
that a low BMI is associated with increased all-cause mortality and
cancer-specific mortality.”? This suggests that underweight patients
might have lower nutritional statuses and lower body muscle content
than individuals with normal bodyweight.

In addition to the low BMI, sarcopenia, defined as decreased
muscle content, also has a negative impact on oncological outcome.
Levolger et al.”® have reported that sarcopenia identified before sur-
gery using single-slice computed tomography, is associated with
impaired OS in gastrointestinal and hepatopancreatobiliary malignan-
cies. Sarcopenia also increases postoperative morbidity in patients
with colorectal cancer with or without hepatic metastases.”®

3.6 | Strategy for reducing the morbidity rate for
improved oncological outcome

We found that postoperative sepsis was the only major postopera-
tive event associated with long-term mortality. Postoperative sepsis
might reflect a deep impairment in the immune response, which
might increase cancer recurrence and mortality.?° Therefore, mini-

mizing surgical stress and/or levels of inflammatory mediators might

reduce postoperative complications and improve oncological out-
come. Following this working hypothesis, perioperative steroid ther-
who had

esophagectomy. Perioperative steroid therapy reduces postoperative

apy has been evaluated in patients undergone
morbidity but does not improve long-term survival in patients with
thoracic esophageal cancer.?>1¢74 Early administration of sivelestat
in patients receiving radical surgery for esophageal cancer can inhibit
postoperative systemic inflammatory reactions, and it might also
have a beneficial effect on prognosis.”>”® Some of the examined fac-
tors did not differ between the treated and control groups, including
IL-8 on postoperative day 1, IL-6 before the surgery and on postop-
erative day 5, PaO,/FiO, following the surgery, mortality, anasto-
motic leakage, severe infection, and renal and hepatic failure. Giving
prophylactic methylprednisolone during the perioperative period
might reduce the incidence of specific types of postoperative com-
plications and inhibit the postoperative inflammatory reaction. How-
ever, additional randomized controlled trials should be done to
evaluate this strategy.”” Ulinastatin prevents postoperative complica-
tions and immunosuppression in esophagectomy patients, thereby
prolonging RFS.”® Yamana et al.”’ have shown that an intensive pre-
operative respiratory rehabilitation program can reduce postopera-
tive pulmonary complications in esophageal cancer patients. Giving
postoperative ghrelin can effectively inhibit the activity of inflamma-

tory mediators and improve postoperative clinical course in patients
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with esophageal cancer.’® Furthermore, treatment with IL-18 or
lipopolysaccharide enhances the expression of IL-6 protein in a
human colonic cancer cell line, Caco-2. This overexpression is abro-
gated by additional presupplementation of IL-1RA. Moreover, Elaraj
et al.®! have demonstrated that IL-1RA inhibits the growth of colonic
adenocarcinoma cell line xenografts in nude mice. Application of
anti-inflammatory therapy as described above is one of the promis-
ing strategies for future cancer treatment, with a likelihood of reduc-

ing morbidity rates and improving oncological outcomes.

3.7 | Future perspectives

Although postoperative complications have been associated with
impaired long-term survival after gastrointestinal cancer resections,
we must also consider their indirect effects. Adjuvant chemother-
apy might sometimes be terminated or delayed in patients who
develop postoperative complications. Furthermore, patients with
multiple comorbidities or with poor nutritional statuses might have
a tendency to develop postoperative complications as well as late
mortality. Therefore, the preoperative physiological status can be a
confounding factor in the evaluation of postoperative complica-
tions and late mortality. Richards et al.®? have analyzed the effects
of various perioperative factors on disease recurrence in patients
with colorectal cancer. In their prediction model of postoperative
complications, they used the Physiological and Operative Severity
Score for the enUmeration of Mortality and morbidity (POSSUM)
system and the modified Glasgow Prognostic Score for systemic
inflammatory response markers.2® POSSUM comprises a physiolog-
ical score and an operative score. The physiological score includes
11 variables of vital signs and laboratory data. The operative score
includes six variables of the operation and tumor stage. The modi-
fied Glasgow Prognostic Score ranges from O to 2 depending on
the abnormality of preoperative C-reactive protein and serum
albumin levels. The authors found that the POSSUM physiological
score and the modified Glasgow Prognostic Score, but not postop-
erative complications, are the independent predictors of DFS. In
patients with gastric cancer, the Glasgow Prognostic Score has
also been associated with long-term survival.®” Similarly, the Esti-
mation of Physiological Ability and Surgical Stress scores®* were
associated with OS following gastrointestinal cancer resection.8>7

The association between postoperative complications and reduced
long-term survival in gastrointestinal cancer patients, whether or not
these complications are detrimental for long-term survival, remains to
be established owing to unmeasured confounders. It is possible that
compromised statuses (potential confounders) simply cause postoper-
ative complications as well as late mortality (Fig. 4). For example, a dia-
betes mellitus patient with interstitial pneumonitis will have an
increased chance of postoperative complications and a higher risk of
tumor-related and unrelated death. To clarify the doubts persisting in
this field, a large-scale prospective cohort study should be conducted.
Such a study should use a statistical method (e.g. propensity score
adjustment) accounting for preoperative physiological status as well as
systemic inflammatory response. As shown in Figure 4, scanty

Potential Confounders

| Stage || BMI H Nutritional status |

| Performance status | | Comorbidities ‘

| Systemic inflammation | ‘ Age |

i

Postoperative
complications

Overall survival

Scanty adjuvant therapy

FIGURE 4 Relationship between postoperative complications and
long-term survival following gastrointestinal cancer resection

adjuvant therapy is also considered one of the key intermediate fac-
tors affecting postoperative complications and long-term prognosis.
Greenleaf et al. have found that adjuvant therapy improves patient
survival compared with patients not undergoing such therapy. How-
ever, the period before the initiation of adjuvant therapy did not affect
survival among the treated patients.®® Adjustments of intermediate
variables in the standard statistical models should be conducted with
caution because of a potential over-adjustment bias.®? Recently, we
carried out a mediation analysis to establish whether the effect of
exposure on a particular outcome is mediated by a hypothesized inter-
mediate variable.”® Using such methods might shed some light on the
causal relationship between postoperative complications and reduced
long-term survival.

In conclusion, our literature review suggests that severe postop-
erative morbidities are associated with impaired long-term prognosis.
Avoiding such complications after radical surgery might improve
oncological outcomes. Because there are no large-scale prospective
cohort studies in this field, further multi-institutional prospective

studies should be carried out.
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