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Assessment of the quality of surgery within randomised 
controlled trials for the treatment of gastro-oesophageal 
cancer: a systematic review
Sheraz R Markar, Tom Wiggins, Melody Ni, Ewout W Steyerberg, J Jan B Van Lanschot, Mitsuru Sasako, George B Hanna

Multicentre, randomised, controlled trials (RCTs) provide level 1 evidence for surgery in the treatment of gastro-
oesophageal cancer. This systematic review investigated whether standardisation of surgical techniques in RCTs 
reduces the variation in lymph-node harvest, in-hospital mortality, and locoregional cancer recurrence. The range in 
the coeffi  cients of variation for lymph-node harvest (0·07–0·61), proportion of patients with locoregional cancer 
recurrence (1·1–46·2%), and in-hospital mortality (0–10%) was wide. Credentialing of surgeons through assessment 
of operative reports and monitoring of their performance through data collection were important factors that reduced 
the variation in lymph-node harvest. Factors that reduced adjusted in-hospital mortality included credentialing 
surgeons through procedural volume and operative reports, and standardisation of surgical techniques. Future RCTs 
should include an assessment of surgical performance as an important aspect of study design to reduce variation in 
clinical outcomes.

Introduction
An estimated 482 300 new cases of oesophageal cancer 
and 406 800 oesophageal cancer deaths occur worldwide 
every year.1 Gastric cancer aff ects nearly 1 million people 
globally every year and causes around 10% of all cancer 
deaths.1 The mainstay of curative treatment for gastro-
oesophageal cancer is surgery with resection of the 
tumour  and relevant lymph nodes. However, during 
the past two decades, controversy has arisen regarding 
the management of gastro-oesophageal cancer, includ ing 
the use of chemo therapy and radiotherapy, the extent of 
lympha denectomy, and the eff ect of various surgical 
approaches. To investigate these areas, a large series of 
randomised controlled trials (RCTs) has been under taken 
in several centres and international col laborations. These 
trials have provided level 1 quality evidence for clinical 
practice.

The frameworks for the assessment of any risk of 
potential bias within RCTs have been generated mainly 
for pharmacological trials2–4 and are therefore not 
applicable for surgical trials with variability in technical 
performance. Currently, no defi nitive system is available 
to standardise and assess surgical performance within 
RCTs. Variation in surgical technique and performance 
within an RCT is likely to be equally distributed and 
might therefore not aff ect the overall conclusion of the 
investigation. This concept compromises the conclusion 
of such studies for two main reasons. First, if the inter-
vention is the surgical technique, non-standardisation 
will lead to partial homogenisation of both arms of the 
study and will undermine the randomisation. The best 
example of such a situation is the Dutch D1 versus D2 
gastrectomy trial,5 in which 52% of operations in the D1 
resection group had more widespread dissection than 
specifi ed, and 84% of operations in the D2 gastrectomy 
group had less dissection than specifi ed, which led to 
partial homo genisation of both groups, and reduced the 
probability of detecting any potential advantage to D2 

dissection. Second, if the intervention is an oncological 
method, non-standard surgical techniques will change 
the eff ect of the intervention, leading to variable outcomes 
in diff erent groups. For instance, in a subgroup analysis 
of an RCT by MacDonald and colleagues6 comparing 
post operative chemo radiotherapy versus surgery alone, 
adjuvant chemo radiotherapy was needed after D0–1 
resection, but it had no added value after D2 gastrectomy.

Reported RCTs investigating oesophageal and gastric 
cancer surgery have used variable methods or no methods 
at all to ensure the quality of surgical performance. No 
work has been done to examine the eff ect of variability in 
technical performance on the outcomes of RCTs. 
Therefore, in this Review, we aimed to identify important 
factors in the design of surgical RCTs that could reduce 
any bias in trial results. These factors will provide the 
basis for a proposed method to assure the quality of 
surgical RCTs. This Review investigated whether 
standardisation of surgical techniques in RCTs would 
fi rst, produce more reliable results than non-standardised 
techniques, as measured by a reduction in the variation of 
lymph-node harvest, and, second, improve post operative 
outcomes as shown by a reduction in in-hospital mortality 
and locoregional cancer recurrence.

Data collection
Search strategy and selection criteria
We did a systematic literature search of the Medline, 
Embase, Web of Science, and Cochrane Library 2014 
(issue 5) databases for articles published between 
Jan 1, 1990, and June 30, 2014 containing the terms 
“(o)esophagectomy”, “gastrectomy”, “(o)esophageal 
cancer”, “gastric cancer”, “surgery”, “laparoscopy”, 
“thoracoscopy”, and the medical subject headings “(o)
esophagectomy”, “gastrectomy”, “stomach neoplasms”, 
“(o)esophageal neoplasms”, “surgical procedures”, 
“operative”, “evidence-based medicine”, “evidence-based 
surgery”, and “evidence-based practice”. The electronic 
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search was supplemented by a manual search of 
published abstracts from relevant conference 
proceedings (2010–13). Reference lists of all relevant 
studies and the search included the Current Controlled 
Trials Register.

Two independent observers (SRM and TW) scrutinised 
all the citation abstracts identifi ed by the search to 
determine eligibility for inclusion in this study. 
Publications in any language were included if they met 
all the following criteria (fi gure): the study was a 
multicentre RCT; the study only focused on patients 
undergoing treatment for oesophageal or gastric cancer; 
the study had to have been published after 1990 (to 
ensure that the studies included showed the present 
surgical and peri operative management strategies); and 
the study had to include at least one group in which the 
patients underwent surgery alone without chemotherapy 
or radiotherapy. For these studies, only the surgery-alone 
group was included in the analysis to avoid the 
introduction of an additional confounding variable with 
the use of chemotherapy and radiotherapy. For RCTs 
with patients randomly assigned to various surgical 
techniques, both groups were included in the analysis. 
The study also had to report either an average lymph-
node harvest with SD or range, or the proportion of 
patients with a locoregional cancer recurrence with a 
median of at least 5 years’ follow-up or quotation of 
5 year survival to be eligible for inclusion.

Outcomes and analysis
The outcome measures assessed in this Review were 
variation in lymph-node harvest, percentage of adjusted 

in-hospital mortality and locoregional cancer 
recurrence. The coeffi  cient of variation for lymph-node 
harvest was used to assess variation in lymph-node 
resection. We calculated the coeffi  cient of variation by 
dividing the SD by the mean. Adjusted percentage in-
hospital mortality and locoregional cancer recurrence 
were calculated for each study by division of the 
absolute percentage values of these outcomes by their 
respective median values for all studies included in the 
analysis.

A ten-point checklist was used to assess the design and 
quality of surgery undertaken in each RCT (panel). This 
checklist was broadly divided into three main areas: 
standardisation of surgical technique, credentialing of 
surgeons, and monitoring of perfor mance during the 
trial.7 Each RCT was assessed by two independent 
investigators (SRM and TW), and then discussed to 
ensure agreement. The study quality of RCTs was also 
assessed with the Jadad criteria.2 Regression modelling 
was used to identify the most important factors in 
surgical study design that are associated with the 
dependent variables of variation in lymph-node harvest 
(coeffi  cient of variation), percentage in-hospital mortality 
and locoregional cancer recurrence. The independent 
variables that were included in the linear regression 
analyses included the number of patients and centres, 
the patient-to-centre ratio, the country (east Asian vs 
European and North American countries and Australia), 
the Jadad score, and study start date. Education, surgical 
standardisation, and standardisation of the extent of 
lymphadenectomy were variables included within the 
domain of standardising surgical technique, and case 
volume, operative reports, assessment videos, and live 
operating room assessments were variables included in 
the credentialing of surgeons. Monitoring of performance 

8799 studies identified from the
initial search 

247 studies selected based on 
abstract and title search for 
full-text article assesment

49 full-text articles reviewed

33 studies were included in the
final pooled analysis

8552 studies excluded because they were not 
randomised controlled trials

198 full-text articles excluded because they were not 
multicentre studies with a surgery-alone group, 
and had no report of variation in lymph-node 
harvest or proportion of loco-regional cancer 
recurrence

   16 studies excluded because a previous report of 
an updated series was already included

Panel: Ten-point checklist used to assess the study design 
for each surgical randomised controlled trial included

Identifi cation of the importance of standardisation of 
surgical techniques:
1 Pretrial education through written information, videos, 

or demonstration
2 Standardisation of surgical approach
3 Standardisation of the extent of lymphadenectomy

Method used to credential surgeons:
4 Case or procedural volume
5 Operative reports
6 Video assessment
7 Live operating room assessment

Method of monitoring performance during the randomised 
controlled trial:
8 Video submission and assessment
9 Monitoring of data including clinical outcome measures
10 Centralised assessment of pathological changes

Figure: Systematic search and selection strategy
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Recruitment Location Oesophageal 
or gastric 
cancer

Study focus Number 
of surgery 
patients

Centres Patient-
to centre-
ratio

Jadad 
score2

Ando8 1993–97 Japan Oesophageal Adjuvant chemotherapy 122 17 7·18 2

Ando9 1988–91 Japan Oesophageal Adjuvant chemotherapy 100 12 8·33 2

Bajetta10 1992–97 Italy Gastric Adjuvant chemotherapy 136 32 4·25 3

Bang11 2006–09 China, South 
Korea, Taiwan

Gastric Adjuvant chemotherapy 515 37 13·92 2

Bouche12 1989–97 France Gastric Adjuvant chemotherapy 133 64 2·08 2

Di Constanzo13 1995–2000 Italy Gastric Adjuvant chemotherapy 128 33 3·88 3

Macdonald14 1991–98 USA Gastric/GOJ Adjuvant chemoradiotherapy 275 9 30·56 1

Miyashiro15 1993–98 Japan Gastric Adjuvant chemotherapy 133 11 12·09 3

Nakajima16 1988–92 Japan Gastric Adjuvant chemotherapy 285 7 40·71 3

Nakajima17 1997–2001 Japan Gastric Adjuvant chemotherapy 95 7 13·57 2

Nashimoto18 1993–94 Japan Gastric Adjuvant chemotherapy 123 13 9·46 2

Nitti (FAMTX)19 1991–98 Europe Gastric/GOJ Adjuvant chemotherapy 103 23 4·48 2

Nitti (FEMTX)19 1990–98 International Gastric Adjuvant chemotherapy 100 16 6·25 2

Sasako20 2001–04 Japan Gastric Adjuvant chemotherapy 519 109 4·76 3

Teoh/Chiu21,22 2000–04 Hong Kong Oesophageal Defi nitive chemoradiotherapy vs 
surgery

44 5 8·8 2

Cunningham23 1994–2002 UK Gastro-
oesophageal

Perioperative chemotherapy 253 50 5·06 3

Allum24 1992–98 UK Oesophageal Neaodjuvant chemotherapy 402 42 9·57 3

Boonstra25 1989–96 Netherlands Oesophageal Neoadjuvant chemotherapy 84 6 14 3

Burmeister26 1994–2000 Australia Oesophageal Neoadjuvant 
chemoradiotherapy

128 25 5·12 3

Kelsen27 1990–95 USA Oesophageal Neoadjuvant chemotherapy 129 123 1·05 3

Schuhmacher28 1999–2004 Germany Gastric Neoadjuvant chemotherapy 68 14 4·86 2

Ychou29 1995–2003 France Gastro-
oesophageal

Perioperative chemotherapy 111 28 3·96 2

Tepper30 1997–2000 USA Oesophageal Neoadjuvant 
chemoradiotherapy

26 18 1·44 1

van Hagen31 2004–08 Netherlands Oesophageal Neoadjuvant 
chemoradiotherapy

188 6 31·33 3

Bonenkamp_D132 1989–93 Netherlands Gastric D1 vs D2 lymphadenectomy 380 80 4·75 2

Bonenkamp_D232 1989–93 Netherlands Gastric D1 vs D2 lymphadenectomy 331 80 4·14 2

Sasako_D233 1995–2001 Japan Gastric D2 vs D2 with para-aortic nodal 
dissection

263 24 10·96 3

Sasako_D2PAN33 1995–2001 Japan Gastric D2 vs D2 with para-aortic nodal 
dissection

260 24 10·83 3

Degiuli_D134 1999–2002 Italy Gastric D1 vs D2 lymphadenectomy 133 5 26·6 3

Degiuli_D234 1999–2002 Italy Gastric D1 vs D2 lymphadenectomy 134 5 26·8 3

Yonemura_D235 1995–2002 Japan, South 
Korea & Taiwan

Gastric D2 vs D4 lymphadenectomy 135 13 10·38 1

Yonemura_D435 1995–2002 Japan, South 
Korea & Taiwan

Gastric D2 vs D4 lymphadenectomy 134 13 10·31 1

Kulig_D236 1999–2003 Poland Gastric D2 vs D2+ lymphadenectomy 141 10 14·1 3

Kulig_D2+36 1999–2003 Poland Gastric D2 vs D2+ lymphadenectomy 134 10 13·4 3

Imamura_Burs37 2002–07 Japan Gastric Bursectomy vs non-bursectomy 104 11 9·45 3

Imamura_non Burs37 2002–07 Japan Gastric Bursectomy vs non-bursectomy 106 11 9·64 3

Omloo_TH38 1994–2000 Netherlands Oesophageal Transhiatal vs transthoracic 
oesophagectomy

95 2 47·5 3

Omloo_TT38 1994–2000 Netherlands Oesophageal Transhiatal vs transthoracic 
oesophagectomy

110 2 55 3

Sasako_LTA39 1995–2003 Japan Gastric Left thoracoabdominal vs 
transhiatal

85 27 3·15 3

(Table 1 continues on next page)
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included the variables video assessments, data 
monitoring, and pathology. Surgical standardisation 
refers to the steps needed to maintain surgical approaches 
that do not diff er between oesophageal or gastric 
resections (eg, left thoraco abdominal, transhiatal, Ivor 
Lewis or cervical or thoracic anasto mosis, the use of 
drains, etc). Extent of lympha denectomy refers to a 
similar approach used for a lympha denectomy as part of 
the surgical procedure (eg, D1 or D2 lymphadenectomy, 
or two-fi eld or three-fi eld lymphadenectomy). A negative 
β coeffi  cient suggests that the independent variable is 
associated with low variability in lymph-node harvest, 
and a reduced percentage of in-hospital mortality and 
locoregional cancer recurrence in the regression model.

Findings
Selected studies
From the scientifi c literature, 33 RCTs8–40 consisting of 
42 surgery-alone groups met the inclusion criteria and 
were included in this Review (fi gure). 20 studies10–20,28,32–37,39 
mainly focused on the treatment of gastric cancer, 11 on 
the treatment of oesophageal cancer;8,9,21,22,24–27,30,31,38,40 and 
two included both gastric and oesophageal cancer.23,29 
24 studies8–31 compared surgery alone versus surgery 
combined with neoadjuvant or adjuvant chemotherapy 
or radiotherapy, and fi ve studies32–36 investigated the 
extent of lymphadenectomy (D level) during gastrectomy. 
Other studies compared bursectomy versus non-
bursectomy gastrectomy,37 trans hiatal versus trans-
thoracic oesopha gectomy,38 transhiatal versus left 
thoraco abdominal oesopha gec tomy,39 and minimal 
invasive versus open oesophagectomy40 (table 1). 
7045 patients were included from 1086 centres, and a 
median of 9·5 (range 1·1–55) resections were done in 
each centre. The median Jadad score for the studies 
included was 3 (range 1–3); most studies lost points from 
the Jadad score because their design did not include 
masking.

Assessment of surgical quality
The assessment of surgical quality by the ten-point 
checklist is described in table 2 for each RCT included in 

this Review. 19 (45%) of the 42 surgical groups had some 
form of pretrial education (visits, videos, or manuals) 
about the standard of surgery needed for participation in 
the investigation. 34 (81%) surgical groups attempted to 
standardise surgical techniques, and 29 (69%) attempted 
to standardise the extent of lymphadenectomy. Surgical 
case volume (17 of 42; 41% was the most widely used 
method to credential the participating surgeons before 
entry to the study. Other methods included assessment 
of operative reports (six of 42; 14%), live operating-room 
assessment (six of 42; 14%), and video assessment (one of 
42; 2%). The most common methods of monitoring of 
surgical performance during the trial period were data 
monitoring (20 of 42; 48%), assessment of pathological 
changes (14 of 42; 33%), and video assessment (eight of 
42; 19%).

Variation in lymph-node harvest
3917 patients were included in this analysis, with a 
median lymph-node harvest of 30·5 (range 12·2–103·3) 
for the six oesophagectomy groups, and 34·8 (12·1–103·3) 
for the 23 gastrectomy groups that measured this 
outcome (table 3). The coeffi  cient of variation for lymph-
node harvest also varied between the surgical groups 
with a median of 0·30 (range 0·10–0·56) for the 
oesophagectomy studies and 0·15 (range 0·07–0·61) for 
the gastrectomy studies. Regression modelling (table 4) 
showed that the number of centres (β=0·01; p=0·04) and 
the patient-to-centre ratio (β=0·01; p=0·01) were 
associated with a slight rise in the coeffi  cient of variation 
for lymph-node harvest. An increased Jadad score 
(β=–0·18; p=0·01), credentialing of a surgeon through 
operative reports (β=–0·18; p=0·04), and assessment of 
performance through data monitoring (β=–0·2; p=0·03) 
were associated with a reduced coeffi  cient of variation for 
lymph-node harvest.

In-hospital mortality
Median in-hospital mortality for the 25 of 42 surgical 
groups that reported this outcome (3807 patients) was 
3% (range 0–10). The results of regression modelling 
(table 4) showed that credentialing of surgeons by case 

Recruitment Location Oesophageal 
or gastric 
cancer

Study focus Number 
of surgery 
patients

Centres Patient-
to centre-
ratio

Jadad 
score2

(Continued from previous page)

Sasako_TH39 1995–2003 Japan Gastric Left thoracoabdominal vs 
transhiatal

82 27 3·04 3

Biere_Open40 2009–11 Netherlands Oesophageal Minimally invasive vs open 
oesophagectomy

56 5 11·2 3

Biere_MIO40 2009–11 Netherlands Oesophageal Minimally invasive vs open 
oesophagectomy

59 5 11·8 3

GOJ=gastro-oesophageal junction. FAMTX=fl uorouracil, doxorubicin, and methotrexate chemotherapy. FEMTX=fl uorouracil, epirubicin, and methotrexate. 
Burs=bursectomy.TH=transhiatal. TT=transthoracic. LTA=left thoracoabdominal. MIO=minimally invasive oesophagectomy.

Table 1: Randomised controlled trials with a description of the focus of the study and the number of participants undergoing surgery alone
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volume (β=–3·31; p=0·04), assessment of operative 
reports (β=–2·32; p=0·03), and standardisation of 
surgical techniques (β=–7·97; p=0·01) were associated 
with a reduction in percentage-adjusted in-hospital 
mortality.

Locoregional cancer recurrence
Median locoregional cancer recurrence for 28 of the 
42 surgical groups (5048 patients) was 12·9% (range 
1·1–46·2). The appendix describes the defi nition and 
reporting of locoregional cancer recurrence by the 

Education Surgical 
standard-
isation

Extent of 
lympha-
denectomy

Case 
volume

Operative 
reports

Videos Operating 
room 
evaluation

Videos Data 
monitoring

Pathology 
review

Ando8 N Y N N N N N N Y N

Ando9 N Y N N N N N N N N

Bajetta10 N Y Y N Y N N N Y Y

Bang11 Y Y Y Y N N N N N N

Bouche12 N Y Y N N N N N N N

Di Constanzo13 N N N N N N N N N N

Macdonald14 N N N N N N N N Y Y

Miyashiro15 N Y Y N N N N N N N

Nakajima16 N N N N N N N N Y N

Nakajima17 N N N N N N N N Y N

Nashimoto18 N N N N N N N N N N

Nitti (FAMTX)19 N Y Y N N N N N Y N

Nitti (FEMTX)19 N Y N N N N N N Y N

Sasako20 N Y Y N N N N N N N

Teoh/Chiu21,22 N Y Y N N N N N N N

Cunningham23 N Y N N N N N N Y N

Allum24 N N N N N N N N N N

Boonstra25 Y Y Y N N N N N N N

Burmeister26 N N N N N N N N Y N

Kelsen27 Y N N N N N N N N N

Schuhmacher28 N Y Y N Y N N N Y Y

Ychou29 N Y Y N N N N N N N

Tepper30 N Y N N N N N N N N

van Hagen31 N Y Y N N N N N N Y

Bonenkamp_D132 Y Y Y N N N Y N Y Y

Bonenkamp_D232 Y Y Y N N N Y N Y Y

Sasako_D233 Y Y Y Y N N N Y Y Y

Sasako_D2PAN33 Y Y Y Y N N N Y Y Y

Degiuli_D134 Y Y Y Y Y N N N Y Y

Degiuli_D234 Y Y Y Y Y N N N Y Y

Yonemura_D235 Y Y Y Y N N N Y N N

Yonemura_D435 Y Y Y Y N N N Y N N

Kulig_D236 Y Y Y Y N N N N Y Y

Kulig_D2+36 Y Y Y Y N N N N Y Y

Imamura_Burs37 Y Y Y Y N N N N N N

Imamura_non Burs37 Y Y Y Y N N N N N N

Omloo_TH38 N Y Y Y N N Y N N Y

Omloo_TT38 N Y Y Y N N Y N N Y

Sasako_LTA39 Y Y Y Y Y N N Y Y N

Sasako_TH39 Y Y Y Y Y N N Y Y N

Biere_Open40 Y Y Y Y N N Y Y N N

Biere_MIO40 Y Y Y Y N Y Y Y N N

Y=yes. N=no. FAMTX=fl uorouracil, doxorubicin, and methotrexate chemotherapy. FEMTX=fl uorouracil, epirubicin, and methotrexate. Burs=bursectomy.TH=transhiatal. 
TT=transthoracic. LTA=left thoracoabdominal. MIO=minimally invasive oesophagectomy.

 Table 2: Assessment of surgery design in randomised controlled trials (see panel)
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individual studies included. Credentialing of surgeons 
through operating room assessments (β=–2·47; p=0·07) 
and video monitoring of surgical performance (β=–4·20; 

p=0·07) was associated with a reduction in adjusted 
locoregional cancer recurrence, although this was not 
signifi cant (table 4).

Conclusions
The results of this Review suggest a large amount of 
heterogeneity in study design and surgical-quality 
assessments in multicentre RCTs for the treatment of 
gastro-oesophageal cancer. A similar degree of 
heterogeneity of study design and surgical quality 
assessment was present in trials from diff erent countries 
and in trials with a diff erent primary aim (eg, investi-
gation of the extent of lymphadenectomy or the use of 
chemotherapy or radiotherapy). Additionally, the 
coeffi  cient of variation for lymph-node harvest (range 
0·07–0·61), percentage of in-hospital mortality (0–10%) 
and locoregional cancer recurrence (1·1–46·2%) in those 
trials showed wide variation. Important factors that were 
associated with variation in lymph-node harvest were the 
number of centres included in the study and the patient-
to-centre ratio. Credentialing of surgeons before 
enrolment in the study through assessment of operative 
reports and monitoring of performance through data 
checking were important factors in the study design that 
reduced the variation in lymph-node harvest in those 
individual trials. Some factors in the study design that 
helped to reduce in-hospital mortality included 
credentialing surgeons through assessment of procedural 
volume and operative reports, and standardisation of 
surgical techniques. Credentialing of surgeons through 
operating-room assess ments and monitoring of 
performance during the trial by video assessment was 
associated with a non-signifi cant reduction in adjusted 
locoregional cancer recurrence.

Although the Jadad system is often used in the 
assessment of surgical RCTs, the present analysis 
suggests that it is of little use in assessing the quality of 
surgery because the score did not correlate with in-
hospital mortality or locoregional cancer recurrence. This 
Review identifi ed three areas that provide the basis for 
surgical quality assurance programmes in multicentre 
RCTs because of their potential eff ect on the variability of 
outcomes. First, pretrial standardisation of surgical 
techniques can take the form of practical or video demon-
strations or written information, dependent on the 
complexity of surgical interventions and the familiarity of 
surgeons with the intervention techniques. Second, 
credentialing of a surgeon can be done through a 
combined assessment of procedural volume and direct 
observation of operative performances via live operating-
room assessments or unedited video assessments. Trials 
should only start recruitment in a specifi c centre when 
appropriate surgical standards are achieved by most 
participating surgeons in that centre.5 Third, monitoring 
of performance during the trial can be obtained through 
video or photo assessments of the operative fi eld to 
ensure adherence to standard techniques. Regular audits 

Lymph-node harvest 
(range orSD)

Coeffi  cient of 
variation in lymph-
node harvest

Perioperative 
mortality (%)*

Locoregional 
recurrence 
(%)

Ando8 ·· ·· ·· 30 (30%)

Ando9 ·· ·· ·· 56 (45·9%)

Bajetta10 25 (2–87) 0·13 ·· 23 (18%)

Bang11 43·6 (16·7) 0·38 ·· ··

Bouche12 17·5 (1·2) 0·57 ·· 15 (11·3%)

Di Constanzo13 18 (2–68) 0·15 ·· 20 (16%)

Macdonald14 ·· ·· ·· 127 (46·2%)

Miyashiro15† ·· ·· ·· 4 (3%)

Nakajima16† ·· ·· ·· 3 (1·1%)

Nakajima17† ·· ·· ·· 4 (4·2%)

Nashimoto18† 12·12 (6·7) 0·55 ·· 2 (1·6%)

Nitti (FAMTX)19† 23 (4–74) 0·14 ·· 12 (11·7%)

Nitti (FEMTX)19† 13·5 (0 –47) 0·16 ·· 3 (3%)

Sasako20 ·· ·· ·· 71 (13·7%)

Teoh/Chiu21,22 12·2 (6·7) 0·55 3 (6·8%) 14 (31·8%)

Cunningham23† ·· ·· 15 (5·9%) 52 (20·6%)

Allum24† ·· ·· 40 (10%) 49 (12·2%)

Boonstra25 ·· ·· 3 (4%) 21 (25%)

Burmeister26 ·· ·· ·· 19 (14·8%)

Kelsen27 ·· ·· ·· 27 (20·9%)

Schuhmacher28 33 (10–88) 0·11 1 (1·5%) ··

Ychou29 19 (2–82) 0·15 ·· 9 (8·1%)

Tepper30† ·· ·· 1 (2·1%) 3 (11·5%)

Van Hagen31 18 (IQR 12·5 –27) 0·10 8 (4%) 17 (9·3%)

Bonenkamp_D132 18·4 (0 –73) 0·61 15 (4%) 56 (14·7%)

Bonenkamp_D232 31·5 (0 –106) 0·6 32 (10%) 40 (12·1%)

Sasako_D233 54 (14–161) 0·44 2 (0·8%) 24 (9·1%)

Sasako_D2PAN33 74 (30–235) 0·48 2 (0·8%) 23 (8·8%)

Degiuli_D134 28·2 (2–104) 0·18 4 (3%) ··

Degiuli_D234 37·3 (11–124) 0·14 3 (2·2%) ··

Yonemura_D235 42·7 (18·7) 0·09 1 (0·8%) ··

Yonemura_D435 68·7 (33) 0·07 5 (3·9%) ··

Kulig_D236 23 (95% CI 21·2 –24) 0·38 7 (4·9%) ··

Kulig_D2+36 28 (95% CI 25·1 –31) 0·61 3 (2·2%) ··

Imamura_Burs37 38 (11–98) 0·1 1 (1%) ··

Imamura_non Burs37 37 (7–97) 0·11 1 (0·9%) ··

Omloo_TH38 16 (9) 0·56 2 (2%) 13 (13·7%)

Omloo_TT38 31 (14) 0·45 5 (4%) 16 (14·5%)

Sasako_LTA39 68 (14–147) 0·08 3 (4%) ··

Sasako_TH39 60 (16–160) 0·08 0 (0%) ··

Biere_Open40 21 (7–47) 0·13 1 (2%) ··

Biere_MIO40 20 (3–44) 0·15 2 (3%) ··

FAMTX=fl uorouracil, doxorubicin, and methotrexate chemotherapy. FEMTX=fl uorouracil, epirubicin, and 
methotrexate. Burs=bursectomy.TH=transhiatal. TT=transthoracic. LTA=left thoracoabdominal. MIO=minimally 
invasive oesophagectomy. *In-hospital and 30 day mortality grouped together. †Reports of these studies describe 
local versus distant recurrence, with no defi nition of local recurrence. No description of regional cancer recurrences—
for the purposes of analyses these were treated as locoregional recurrences.

Table 3: Surgical outcomes from randomised controlled trials
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through data monitoring provide feedback to participating 
surgeons to further standardise surgical approach.41 The 
use of pathological assessment of the resected specimen 
as a measure of surgical quality needs standardised 
techniques for lymph-node retrieval to eliminate the 
pathologist’s judgment as a potential source of bias.42 
Educational research showed that assessment of operative 
performance in live operating rooms or via unedited 
videos should be undertaken with valid and reliable 
competency assessment methods. The laparoscopic 
colorectal national training programme in England43 
showed that the assessment of specialists with objective 
assessment methods is achievable at a national level.

These trials have limitations that need to be considered 
during interpretation of results from this Review. The 
protocols of the RCTs were only available in fi ve of the 
studies included in this study, and might have, therefore, 
received a lower score than others in the ten-point 
checklist because of insuffi  cient information. Similarly, 
the prevalence of video-assessment methods to 
credential surgeons before enrolment in the trial was 
low, which suggests that the analysis was underpowered 
to show a signifi cant diff erence in this variable. Further-
more, although some surgical trials described methods 
to standardise surgery and monitor perfor mance, few of 
the studies reported rates of adherence to the study 
design protocol with standard isation of surgery and 
monitoring of performance, and the outcome of these 
assessments. Additionally, the variation noted in clinical 

outcomes could have been aff ected by other confounding 
variables (eg, age, tumour status, medical comorbidities, 
post operative problems, and the overall quality of care 
including recovery). The inclusion criteria for tumour 
stages studied varied within the RCTs (eg, in the trial by 
Tepper and colleagues,30 T1–3NX including regional 
thoracic lymph-node [N1] metastases were included), 
and tumour stages can vary between countries (eg, in 
Japan, many patients with gastric cancer are diagnosed 
early because the risk of developing this type of cancer is 
widely known).44 Surgery-alone groups were only studied 
in this review to reduce the eff ect of other confounding 
variables, such as standardising chemo therapy or 
radiotherapy procedures.

The number of centres taking part in each trial was well 
described; however, the number of surgeons included 
was described in less than 10% of the trials. Therefore, we 
were not able to examine the eff ect that surgeons’ skills 
and experience had on this study. However, recruitment 
for RCTs is most usually done on a centre-specifi c rather 
than a surgeon-specifi c basis. This investigation provides 
evidence that credentialing of individual surgeons within 
centres taking part in RCTs is an important factor that 
aff ects clinical outcome.

The median lymph-node yield range was high (30–35) 
both for patients who had had an oesophagectomy or a 
gastrectomy—perhaps because 17 Asian studies (41%) 
were included in this Review, and that the early, large 
studies23,24 did not report a lymph-node yield. 

Coeffi  cient of variance in lymph-node 
harvest

Adjusted in-hospital mortality Adjusted locoregional cancer 
recurrence

β 95% CI p value β 95% CI p value β 95% CI p value

Number of patients <0·001 −0·001 to 0·001 0·40 0·01 −0·01 to 0·01 0·40 <0·01 −0·01 to 0·01 0·81

Number of centres 0·01 0·001 to 0·01 0·04 0·01 −0·03 to 0·04 0·72 0·01 −0·02 to 0·02 0·89

Patient-to-centre ratio 0·01 0·003 to 0·02 0·01 −0·01 −0·04 to 0·04 0·88 0·01 −0·03 to 0·04 0·71

Country: east Asian countries vs 
European and North American 
countries, and Australia

0·03 −0·13 to 0·19 0·68 −0·59 −1·39 to 0·20 0·13 0·01 −0·85 to 0·87 0·98

Jadad score −0·18 −0·30 to −0·06 0·01 −0·08 −0·64 to 0·47 0·76 −0·45 −1·10 to 0·20 0·16

Study start date 0·01 −0·01 to 0·02 0·59 −0·02 −0·11 to 0·08 0·74 −0·03 −0·13 to 0·08 0·61

SST education 0·01 −0·17 to 0·19 0·90 2·48 −0·42 to 5·37 0·09 1·05 −0·66 to 2·76 0·21

SST surgical −0·25 −0·77 to 0·28 0·34 −7·97 −13·66 to −2·29 0·01 0·89 −0·27 to 2·05 0·13

SST extent of lymphadenectomy 0·22 −0·24 to 0·67 0·34 −0·31 −3·08 to 2·46 0·81 −0·70 −1·89 to 0·48 0·23

CSE case volume 0·02 −0·15 to 0·18 0·85 −3·31 −6·57 to −0·43 0·04 1·45 −1·44 to 4·34 0·31

CSE operative reports −0·18 −0·36 to −0·004 0·04 −2·32 −4·41 to −0·22 0·03 −1·03 −3·68 to 1·61 0·42

CSE videos −0·16 −0·62 to 0·30 0·47 0·46 −1·69 to 2·61 0·64 ·· ·· ··

CSE operative room assessment 0·15 −0·04 to 0·35 0·11 −1·24 −4·05 to 1·56 0·34 −2·47 −5·28 to 0·35 0·07

MP videos −0·1 −0·23 to 0·12 0·52 0·59 −0·79 to 1·97 0·36 −4·20 −9·18 to 0·78 0·07

MP data monitoring −0·2 −0·39 to −0·02 0·03 2·50 −0·20 to 5·21 0·10 0·29 −0·76 to 1·35 0·57

MP pathological changes 0·11 −0·07 to 0·28 0·22 ·· ·· ·· 1·34 −0·23 to 2·9 0·10

SST=standardisation of surgical technique. CSE=credentialing of surgical experience before enrolment. MP=monitoring of performance during the trial. Adjusted in-hospital 
mortality=% in-hospital mortality (individual study)/median % in-hospital mortality for all studies. Monitoring of pathology excluded from inhospital mortality assessment 
because it does not aff ect this variable. Adjusted locoregional cancer recurrence (LCR) score=% LCR (individual study)/median % LCR (all studies). 

Table 4: Regression analysis for coeffi  cient of variance in lymph-node harvest, adjusted in-hospital mortality, and adjusted locoregional cancer recurrence



e30 www.thelancet.com/oncology   Vol 16   January 2015

Review

Nevertheless, the coeffi  cient of variation in lymph-node 
harvest for each surgical group was analysed, not the 
absolute lymph-node yield.

The implementation of and adherence to robust, 
surgical-standardisation protocols within RCTs needs 
participating surgeons to commit to a high quality of 
surgery. Surgeons with a high volume of procedures in 
specialised units have previously used video 
assessments to monitor their performance and have 
been able to attribute credit to this approach.33,35,39,40 
Attempts to standardise surgery that are not routinely 
done by participating surgeons could introduce another 
variable to performance as surgeons climb the learning 
curve for the new technique. Credentialing of surgeons 
by procedural volume before enrolment in the trial 
ensures that surgeons have reached an adequate level 
in their surgical ability. Monitoring of performance 
allows for the assessment of any evolution in surgical 
profi ciency during the trial. Investigators in oncological 
trials should be aware that the outcomes might be 
aff ected by surgical technique, enforcing the principle 
that surgery needs to be standardised. However, if 
standardisation is not possible, skill-based studies 
could have a role in determining where surgeons are 
allowed to do the procedure according to their 
preference and experience.

Multicentre RCTs represent the highest level of 
evidence for any surgical intervention, and are used as 
the basis of meta-analyses that often change surgical 
practice and health-care policy. These analyses often use 
Cochrane Q or I² statistics to quantify heterogeneity and 
Egger tests to establish any bias between the studies. 
However, these statistical tests do not reliably measure 
the variation within and between studies, which has been 
described in this Review. Therefore, the variation in 
clinical outcomes within and between multicentre RCTs, 
and the strength of their previous recommendations, 
should be viewed with caution. This issue is underlined 
in a communication by the principal investigator of the 
Medical Research Council D1 versus D2 gastrectomy 
RCT:45 “The surgical community needs to address quality 
issues required for optimum surgical performance in 
oncological randomised controlled trials”.

In conclusion, credentialing of surgeons before enrol-
ment in a study, standardisation of surgical techniques, 
and monitoring of surgical performances during a trial 
have a positive eff ect on the quality of RCTs. Future 
studies should include methods to assure surgical 
quality, to reduce variation in clinical outcome and 
improve the reliability of trial fi ndings.
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