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Introduction
Of the patients who are cured of cancer, 
60% are cured by surgery alone; more
over, surgery has a major therapeutic role 
in curing the majority of the remaining 
40%.1,2 Another important consideration is 
the adoption of multidisciplinary manage
ment and populationbased screening 
programmes. For example, if we consider 
breast cancer, 5year survival rates have 
doubled from only 40% 50 years ago3 to 
87% today.4 Likewise, 5year survival rates 
for colo rectal cancer (CRC), have more 
than doubled, from 23% 50  years ago 
to 57% at the present time.5 Evidence to 
support the effectiveness of any given sur
gical procedure is nowhere near as strong 
as that for other parameters, such as overall 
survival and cure rates. Furthermore, out
comes from large prospective randomized 
trials rarely reflect surgical effectiveness,6 
and as such, provide a limited evidence 
base for such interventions; as a result, few 
patients are recruited into surgical trials. As 
a consequence of this situation, this weak 
evidence base impedes the adoption of new 
surgical procedures into clinical practice. 
A further problem is defining the research 
question and remit of a trial in surgical 

oncology: are such trials those that simply 
evaluate a single procedure—which might 
be considered too restrictive; or does this 
term encompass all cancer trials organized 
by a surgeon, such as those conducted by 
large consortia, for example, the National 
Surgical Adjuvant Breast and Bowel Project 
(NSABP)—which might be too expansive 
insofar as they address all aspects of treat
ment, other than just the surgical aspects. 
In reality, the majority of surgical trials 
examine the interface between a stan
dardized procedure with or without a new 
intervention of potential benefit. What is 
important, however, is that, regardless of 
whether the trial addresses a comparison 
of two different surgical techniques or 
examines whether the addition of another 
treatment to the operation leads to better 
outcomes, it is essential that the trial design 
specifically standardizes the oper ative 
technique in order to be reproducible at all 
centres recruiting into the study.

A further problem that can affect the 
surgical quality control, which in turn can 
influence how patients are evaluated in trials 
of adjuvant therapy, is surgical specialty 
bias. One of the first published studies on 
this subject identified a common situation 
in which a ‘nonspecialty’ surgeon biopsied 
a metastatic lymph node and then immedi
ately referred the patient into a randomized 

adjuvant therapy trial without completion 
lymphadenectomy.7 When these patients 
had disease recurrence in the nodal basin 
within a few months, they were taken off 
the study as they were deemed a ‘treatment 
failure’, whereas their disease relapse could, 
in fact, have been avoided altogether if they 
had undergone a standardized surgical pro
cedure (completion lymphadenectomy) at 
the time of initial lymphnode biopsy.7

Many of the challenges associated with 
conducting surgical trials include the 
need for a pragmatic study design, as well 
as the complexity of the interventions and 
the relative lack of experience among sur
geons involved in clinical trials.6 Many 
of these challenges have been addressed 
by the Balliol Collaboration, which led to 
the formation of the Idea, Development, 
Exploration, Assessment, Longterm study 
(IDEAL) framework.8,9 Applying strict 
research methodology to clinical research 
that involves surgery is difficult, and many 
obstacles to trial design and execution are 
inherent to surgery.6,10 Tumour hetero
geneity and disease complexities make 
surgical procedures more difficult to study 
than patients enrolled in nonsurgical trials; 
this is because whereas drug dosage and 
timing can be titrated and adjusted accord
ing to patient circumstance in pharmaco
logical studies, operative techniques and 
procedures, by definition, should be 
standardized, regardless of differences in 
patientrelated factors.10 As a result, the 
quality of reporting in the surgical literature 
is low compared with the available data for 
other medical specialties.11,12 Thus, relevant 
research methodologies reside somewhere 
on the continuum between retrospective 
studies and randomized controlled trials 
(RCTs); as a consequence, RCTs are seri
ously underused.12 In contrast to chemo
therapy trials in oncology, where the 
intervention tested can be controlled to the 
precise details of dosage and timing, surgery 
is not a regimen containing a precise quan
tity of a specific treatment, but a set of acts 
performed in a (hopefully) predetermined 
sequence. Many studies outline the fact that 
one of the main prognostic factors regard
ing success of a surgical intervention is the 
decisionmaking process of the individual 
surgeon.13 Completing a surgical procedure 
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is consequently something that cannot be 
standardized: it depends on the skill of 
the surgeon, decisions that will be made 
perioperatively, as well as the character
istics and preferences of the patient, such as 
anato mical variation, bodymass index, age, 
fitness, and so on. Each surgical procedure 
is thus unique.

The experience and technical ability 
of the surgeon is of great importance.12 
In 1991, McArdle and Hole14 commented 
following an audit of CRC surgery among 
13 surgeons in Glasgow, Scotland, that 
showed wide variations in all metrics of 
outcome. They commented that “some sur
geons perform less than optimal surgery. 
Some surgeons are less competent techni
cally than their colleagues; and some fail 
to supervise surgeons adequately during 
training. If by more meticulous atten
tion to detail, the results of surgery could 
be improved, and our results suggest that 
this would not be difficult, the impact on 
survival might be greater than that of any 
of the adjuvant therapies currently under 
study”.14 Therefore, maintaining quality 
assurance, which is defined as the complete 
set of systematic actions that is required 
to achieve a treatment result that meets a 
certain standard agreed at the outset by the 
investigators (published within the study 
registration), is essential when designing 
trials in surgical oncology, and adjust
ing for confounding variables, such as 
the quality of operative surgery between 
recruiting centres and individual surgeons, 
and accounting for the possibility of a new 
procedure emerging during the duration of 
the study is critical.

Surgical trials are different 
The application of evidencebased care to 
surgery has, in general, improved over the 
past decade,5,15 but surgical interventions 
remain less likely to be investigated using 
fullscale and welldesigned RCTs than 
other therapies.5,15 A number of obstacles 
to conducting RCTs and other forms of 
clinical research in operative surgery exist. 
Firstly, the difficulties in standardization 
of the procedures and quality assurance 
can hinder reproducibility and external 
validity. The term ‘surgery’ comes from the 
Greek word kheirourgía, meaning manual 
activities. Surgery is a set of manual acts 
performed, ideally under the same circum
stances, to treat each patient with a particu
lar condition. The successful completion of 
a surgical procedure is consequently some
thing that cannot be easily standardized. 

Moreover, the definition and the execution 
of a procedure can vary between centres: an 
example is the Dutch trial of D1 (removal 
of regional perigastric nodes) versus D2 
(extended lymphadenectomy to include 
level 1 and level 2 regional nodes) lymph
adenectomy during gastrectomy for gastric 
cancer;16 a qualitycontrol review by an 
expert Japanese surgeon of the procedures 
revealed that some socalled D2 proce
dures performed in the Dutch trial were 
actually closer to a D1 procedure.17 This 
inability to define the types of surgery can 
confound results and hinder interpretation 
of outcome data.

Achieving good quality control for a pro
cedure in a surgical study is a real challenge 
that greatly affects the quality of the conclu
sions that can be drawn. An example is the 
trial comparing postoperative chemoradio
therapy to surgery alone for gastric cancer, 
on the basis of the results of this study it 
was concluded that postoperative chemo
radiotherapy after gastrectomy produced 
better results than gastrectomy alone.18 
In reality, the quality of the surgery was 
so poor (D0 and D1 lymphadenectomies) 
that postoperative chemoradiotherapy was 
simply c ompensating for poor surgery.19,20

Difficulties in patient accrual are a 
further obstacle to clinical trials in operative 
surgery; at least one in five surgical RCTs is 
discontinued early, mostly because of poor 
recruitment.21 Accrual to surgical trials 
is more difficult than for other medical 
special ties because surgeons’ reputations 
are difficult to establish and can be chal
lenged by the methods of randomization. 
Although not unique to surgical oncology, 
surgical reputations in this setting might be 
harder to establish than in other surgical 
specialties (such as orthopaedics or cardio
vascular surgery), the outcomes of which 
can be more predictable. In addition, most 
surgical trials address specific questions: the 
more specific the question, the more restric
tive the criteria for inclusion, and thus fewer 
patients are eligible to be recruited to the 
study. The specificity of the issue addressed 
inversely affects the feasibility of the study. 
This fact can mean that clinical trials never 
get underway due to foreseen accrual dif
ficulties, or other challenges that can be 
encountered during the study, resulting 
in trials being stopped early or down
graded—in the case of a recent intended 
randomized controlled trials with an enroll
ment target of more than 500 patients, to 
a ‘pilot’ r andomized trial comprising only 
100 patients.22

Another example of accrual and recruit
ment problems is illustrated by the conver
sion of the CLOCC Trial (EORTC 40004), 
which was initially designed as a phase III 
trial, into a randomized phase II trial.23 The 
CLOCC trial was an interventional study that 
had difficulties in adequate patient recruit
ment and changes in clinical practice during 
recruitment that hindered the trial analysis. 
The study was designed in the late 1990s to 
test the hypothesis that addition of radio
frequency ablation (RFA) to systemic chemo
therapy (FOLFOX4 or FOLFOX6 regi mens, 
comprising 5 fluorouracil, folinic acid and 
oxaliplatin) would increase overall survival 
from 15 months (the median overall sur
vival for FOLFOX therapy) to 30 months 
in patients with non resectable liver limited 
colorectal liver metastases (CRLM). The 
trial intended to recruit 400 patients from 
across Europe; however, radiofrequency 
ablation was widely available, which 
restricted the ability to recruit patients on to 
the trial, therefore, the trial was closed with 
only 119 patients enrolled. The time inter
val between the firstpatient recruitment 
and trial reporting was almost 10 years, and 
during this time, the standardofcare 
for CRLM changed from single firstline 
FOLFOX therapy to multiple lines of therapy 
after each instance of disease progression, 
with the addition of biologic agents, such as 
bevacizumab. The interim analysis at 1 year 
demonstrated a significant 20% (P = 0.027) 
improvement in progression free survival 
(PFS), the secondary end point of the study, 
in the experimental RFA arm compared with 
the standardofcare.23 As a result of the evo
lution of the standardofcare, the median 
overall survival in both arms was similar at 
30 months, which was the final followup 
duration of the trial. Despite a trend towards 
an overall survival benefit in the experimen
tal arm after 5 years, the number of patients 
alive beyond 5 years (less than 10 patients in 
total at the time of reporting) was not suffi
cient to make meaningful statistical inter
pretation.23 Nevertheless, the authors have 
now reported a significant improvement 
in overall survival for the experimental 
arm (32% overall survival for the addition 
of RFA compared to 5% for the chemo
therapy arm, P = 0.01) at a median of 10 years 
after randomization.24

A further challenge to trial accrual is the 
physical and financial costs to the patient 
of travelling to a tertiary medical centre 
where a trial involving complex surgery 
might be conducted. This situation can 
also affect patient amenability to accepting 
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subsequent therapy, and lead to ‘referral 
bias’ in the recruitment process.25 The lack of 
clinical equipoise can be another o bstacle to 
random ization. Surgeons are often convinced 
that what they do is the best for their patients, 
when other ways to achieve similar or better 
outcomes might actually exist. Awareness of 
this observation is the foundation for surgi
cal equipoise; however, the lack of equipoise 
might also come from the patient, who comes 
to the surgeon with their own ideas about the 
best technique, and so refuses randomization 
to a trial. As such, prospective evaluation of 
emerging techniques can be influenced and 
perverted by popularization in the internet 
and media.8 An example of the problems 
posed by perceived equipoise was patient 
recruitment to the UK FACS study, which 
examined the benefits of different intensi
ties of follow up following a pparently cura
tive resection of primary CRC, essentially 
examining the cost effectiveness of minimal 
primarycare review through to intensive 
hospitalbased follow up.26 Recruitment to 
this trial required investi gators and patients 
to accept the equipoise that all methods of 
follow up were equal; however, the study 
successfully recruited and demonstrated the 
survival benefits and costeffectiveness of 
moreintensive follow up. As a result, more 
patients who developed disease recurrence 
were detected at an earlier stage of recur
rence when undergoing moreintensive 
follow up, and were, therefore, more amen
able to moreeffective therapeutic interven
tions at an earlier stage, when their disease 
was moreeffectively treatable.

Administration associated with carrying 
out cancer surgery trials can be challeng
ing. The American College of Surgeons 
created an oncology group (ACOSOG) 
with the intention of performing RCTs 
for surgical oncology procedures. The 
ACOSOG Z0011 study, although under
powered, was ultimately practice changing 
for breast surgeons.27–29 This study com
pared immediate versus delayed axillary
lymphnode clearance in women found to 
have a tumourpositive sentinel lymph node 
during breastcancer surgery. All oncologi
cal outcomes (diseasefree and overall sur
vival) were not dissimilar between the two 
groups, whereas operative complications 
and postoperative morbidity were higher 
following immediate axillary clearance.27–29 
Unfortunately, the ACOSOG no longer 
exists. This group essentially disbanded 
during further consolidation of larger onco
logy groups, although all current ACOSOG 
protocols and documents remain available 

via the Alliance for Clinical Trials website.30 
Surgeons continue to be well represented 
within the Alliance, and one ongoing study, 
Z4099, has a surgeon credentialing checklist 
that is an example of the goals that pervaded 
ACOSOG (Box 1).30,31

Finally, funding issues often confound 
research objectives. Surgical endeavours in 
modern medicine are often not sufficiently 
recognized by funding agencies.11 The pro
portion of public funding devoted to sur
gically oriented clinical research is very 
small (<5%) compared with that allocated 
to ‘medical’ trials.32,33 The study design in 
RCTs of surgical intervention is described 
insufficiently in more than 60% of published 
papers;34 thus, efforts are required to improve 
study design, as well as reporting methods. 
Pharmaceutical companies do support 
trials addressing the addition of periopera
tive systemic therapies to improve (mostly 
progression free) survival after apparent 
curative cancer surgery, and increasingly 
trials address converting unresectable 
tumours to resectable tumours with cura
tive intent. An example of how the quality of 
the outcome of such an intervention can be 
calculated lies within the outcome of NICE 
Technology Appraisal (TA) 176, which rec
ommends the use of the antiEGFR antibody 
cetuximab with systemic chemotherapy to 
treat patients with unresectable KRASwild
type CRLM, with the intention of conver
sion to resectability with curative intent.35 
The healtheconomics modelling showed 
that, if this end point could be achieved, the 

incremental costeffectiveness ratio (ICER) 
per qualityadjusted life year (QALY) fell 
dramatically from over £50,000 to under 
£30,000, and so the intervention was con
sidered costeffective. In general, however, 
companies are not interested in support
ing phase I trials examining a new surgical 
innovation, and unfortunately, most of the 
instrument manufacturers have little history 
of bringing such products to market through 
a rigorous clinical trial methodology.

A pragmatic approach
The future perspectives for trials in surgical 
oncology have been recently reviewed in this 
journal,36 although we propose a pragmatic 
approach to addressing the deficiencies in 
our current approach to conducting trials 
in this field. Various classification hierar
chies of levels of evidence have been pro
posed with the best evidence derived from 
the highest levels leading to enhanced care 
for patients, and improved standards for 
surgeons and healthcare institutions. The 
Canadian Task Force on the Periodic Health 
Examination proposed a classification 
system from I to III in 1979.37 This levelsof
evidence system was further developed and 
expanded upon by Sackett in 1989 for anti
thrombotic agents (Box 2).38 Both classifi
cations agree that for therapeutic studies, 
only RCTs can provide level I evidence. 
However, some of the most important pub
lished surgical research is based on retro
spective studies, including studies reported 
in high impactfactor journals,39–41 often 

Box 1 | Surgeon credentialing for the ACOSOG Z4099/RTOG 1021 trial31

The ACOSOG Z4099/RTOG 1021 trial is a randomized phase III study that is comparing 
sublobar resection (± brachytherapy) and stereotactic body radiation therapy in the treatment 
of patients with high-risk stage I NSCLC.30

 ■ In this trial, credentialing of all surgeons will be conducted by the study chair or designee
 ■ Participating surgeons must complete and submit the Z4099 Surgeon Credentialing 

Checklist available on the Z4099 page of the ACOSOG website30 before registering a patient
Surgeons must be either a member of the General Thoracic Surgery Club or a board-certified 
cardiothoracic surgeon with >50% of surgery practice devoted to general thoracic surgery. 
Criteria for membership of the General Thoracic Surgery Club include:
 ■ Surgeons who have obtained specialty certification in thoracic surgery by the American Board 

of Thoracic Surgery or the Royal College of Surgeons, or other official certifying organization
 ■ Surgeons who have been in practice for a minimum of 2 years beyond the completion of 

formal training in thoracic surgery, and devote at least 50% of their practice to general 
thoracic surgery

 ■ Surgeons whose list of all operations performed in the year before application has been 
certified by the chief(s) of surgery at their institution(s)

Surgeons who do not meet the above criteria must submit the following for review by the 
study chair:
 ■ Case list of operative experience for the previous year
 ■ Operative and pathology reports for five sublobar resection procedures done during the 

previous year
Abbreviations: ACOSOG, American College of Surgeons Oncology Group; NSCLC, non-small-cell lung cancer; 
RTOG, Radiation Therapy Oncology Group.
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because randomizing patients between two 
very diverse treatment arms is impossible, 
although this limitation is not always expli
citly stated as the reason for not u ndertaking 
a prospective RCT.40,42

The IDEAL recommendations6,9,43 for the 
assessment of surgical outcomes, based on a 
fivestage description of the surgical develop
ment process, are a good inventory of the dif
ficulties of managing and organ izing clinical 
research in surgery. These recommendations 
include registration as a professional duty 
(anonymously, if necessary, when outcomes 
are adverse) of reports of new techniques, 
and caseseries studies to be replaced by 
prospective development studies for early 
technical modifications and by prospective 
research databases for later pretrial evalu
ation.44,45 Much can be learnt from the use of 
prospective registries for the introduction 
of innovative procedures in other aspects of 
surgery, such as the introduction of natural 
orifice transluminal endoscopic surgery 
(NOTES) for benign intraabdominal con
ditions,44 and in oncology, the introduction 
of associating liver partition and portal vein 
ligation (the ALPPS procedure), the modi
fied 2stage hepatectomy procedure for liver 
tumours—for which the registry demon
strated increased perioperative morbidity 
and mortality in older patients compared 
to conventional liver resection procedures.45 
Protocols for surgical studies should be regis
tered publicly, and the statistical process to 
control for the techniques considered in both 
early and late assessment. Lastly, randomized 
trials should be used whenever possible to 
investigate efficacy, but adequate pretrial 
data are essential to enable power calcula
tions, to clarify the definition and indications 
of the intervention, and to develop quality 
m easures. However, the scope for such ran
domized trials remains fairly theoretical, and 
the principals are difficult to apply within the 
time and funding constraints of applying 
s urgical research within real practice.

Critique of surgical RCTs
Surgical innovation—initially reported 
mainly through case studies, small retro
spective series, or the media—sometimes 
seems to be so ‘obviously’ relevant that such 
innovations are adopted into routine prac
tice without comment, before finally being 
undermined years later by an RCT. One 
such example is coronaryartery stenting for 
stable coronaryartery disease.46 Phase III 
trials are rare in all aspects of surgery, rep
resenting only 8% of publications relating 
to this modality in 2006.47 Retrospective 
studies, which are cheaper, faster and easier 
to carry out, have a role in clinical research 
in surgery, but RCTs are the ideal approach, 
and clear and accurate reporting of RCT 
results is needed to guide evidencebased 
medicine. Despite being the ‘gold standard’, 
the RCT is not the only valid method to 
evaluate a new treatment. Some experi
mental studies that compare estimations 
of treatment effects using either an RCT 
or nonrandomized trials have not shown a 
definitive superiority of RCTs.47,48 RCTs are 
limited by their lack of generalizability: they 
require strict inclusion and exclusion cri
teria, and major difficulties in trial accrual 
can hinder surgical RCTs owing to the 
rarity of patients meeting inclusion criteria. 
Furthermore, selection and publication bias 
can influence the study conclusions. This 
situation highlights the issue that outcomes 
for patients recruited into RCTs are not rep
resentative of those for patients receiving 
surgical care in the ‘real’ world. Patients not 
on RCTs might be better assessed by pro
spective populationbased research, which 
would ideally include the total population 
under study, an example of which is the 
European Registration of Cancer Care com
parative outcome audit (EURECCA).49 RCTs 
are necessary, however, and they should be 
preceded by other trial phases, to firmly 
establish criteria for s amplesize calculation 
and expected outcomes.

The Consolidated Standards of Reporting 
Trials (CONSORT) statement 50,51 was 
extended in 2008 to randomized trials of 
nonpharmacologic treatment (CONSORT
NPT, Consolidated Standards of Reporting 
Trials for Non Pharmacological Trials),52 
and incorporated elements such as the com
plexity of the intervention, expertise of the 
care provider, and difficulties of blinding. 
Nagendran and colleagues53 have reported 
worse adherence to the CONSORTNPT 
extension than to the original general 
CONSORT recommendations, possibly 
because there has been less time to adapt 
reporting practices and journal policy to the 
CONSORTNPT guidelines published in 
2008—more than 10 years after the original 
CONSORT statement. Indeed, the investi
gators reported limited awareness of the 
CONSORTNPT statement by authors, peer
reviewers, and editors. In a recent effort to 
increase adherence to these guidelines, 
the checklist was simplified to a 10item 
reduced checklist.54

The major risk of fewer and poorer quality 
surgical RCTs is to impinge on quality assur
ance. For example, in 2002, a randomized 
trial of laparoscopyassisted colectomy 
(LAC) versus open colectomy for the treat
ment of nonmetastatic colon cancer was 
reported.55 The investigators concluded that 
LAC was more effective than open colectomy 
in this setting, in terms of morbidity, dura
tion of hospital stay, tumour recurrence, and 
also cancerrelated survival. This trial was 
the first randomized study published on this 
topic, and the remit of LAC at that time was 
a pressing healtheconomics issue; thus, the 
result was considered practice changing. 
All the requirements for publication were 
met except one, the quality assurance of the 
methodology. Briefly, the trial was under
powered and multibiased, and whether the 
randomization design was written before 
or after completion of patient accrual was 
not clear.56 To prevent such criticism, future 
trials should only be considered prospective 
if the study is registered before starting the 
first inclusion. These results of this LAC trial 
were never confirmed in subsequent publi
cations, and the two methods of colectomy 
are now considered to be equivalent.57 It is 
easy to understand the danger of publish
ing such a ‘randomized trial’ that does not 
adhere to the CONSORT criteria. As pro
spective RCTs are rare, successful completion 
is a major achievement, and consequently 
rigor ous control of quality assurance of such 
trials is mandatory. Nonetheless, the reason 
why surgical RCTs often do not conform 

Box 2 | Levels and types of evidence from the Canadian Task Force*

Canadian Task Force on the Periodic Health Examination
 ■ Level I: At least one randomized controlled trial with proper randomization
 ■ Level II.1: Well-designed cohort or case-control study
 ■ Level II.2: Time series comparisons or dramatic results from uncontrolled studies
 ■ Level III: Expert opinions

Sackett levels of evidence
 ■ Level I: Large randomized controlled trials with clear-cut results
 ■ Level II: Small randomized controlled trials with unclear results
 ■ Level III: Cohort and case–control studies
 ■ Level IV: Historical cohort or case–control studies
 ■ Level V: Case series, studies with no controls

*Based on information from the Canadian Task Force on the Periodic Health Examination37 and Sackett (1989).38
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to CONSORT criteria is mainly because 
phase III frameworks are not designed for 
evaluation of nonpharmacological interven
tions. Indeed, all the reasons why such pro
spective clinical research is more difficult in 
surgery than in medicine are present and 
exacerbated in the phase III trial concept: 
lack of equipoise; difficulty in patient accrual; 
standardization and control of quality of 
the procedures; and finally the cost and the 
time required (usually in years) to recruit 
and reach the primary end point (usually at 
least 3year diseasefree survival). Such an 
example is the Dutch D1 versus D2 lympha
denectomy trial in patients with gastric 
cancer, in which the real oncological benefit 
of the moreradical lympha denectomy wasn’t 
demonstrated until analysis of the 15year 
overall survival followup data.17

Moreover, as surgical randomized 
trials have difficulties in adhering to the 
CONSORT criteria; the risk is that after 
several years of efforts, they will be criti
cized on publication, considered as biased, 
and finally discarded. A good example 
of such criticism followed the publication of 
the ASTEC (A Study in the Treatment 
of Endometrial Cancer) surgical trial,58 which 
investigated whether pelvic lymphadenec
tomy could improve the survival of women 
with grade 1 endometrial cancer. In total, 
85 centres in four countries and 1,408 women 
participated. The results showed no evidence 
of benefit in terms of overall survival or 
recurrencefree survival. Some of the authors 
of the trial publication subsequently criti
cized the study, outlining that the number 
of the retrieved lymph nodes was too small, 
the inclusion rate of lowrisk patients was too 
high, and periaortic lymph nodes were left 
in situ.59 Ultimately, all authors concluded, 
more or less, that they would continue to 
undertake such l ymphadenectomies for 
women with this condition.

A similar controversy60 arose following 
the publication of the New EPOC trial that 
randomized patients with resectable CRLM 
to perioperative systemic (FOLFOX) chemo
therapy with or without cetuximab.60 This 
trial was a UKbased study in which any 
liver surgery centre could participate, but no 
realtime quality assurance mechanism was 
in place to assess the standard of surgery per
formed. Ultimately, the trial was closed early 
because of what seemed to be a reduction 
in progressionfree survival (PFS) among 
patients receiving FOLFOX plus cetuximab. 
The trial investigators intended to recruit 
patients with easily resectable metastases, but 
only 33% of patients were reported to have 

R0 (curative) resections. The remaining two
third of patients had either positive resection 
margins or no trace of tumour in the opera
tive specimen, because the trial was designed 
to achieve R0 resection, and if this is not 
achieved, this reflects on surgical quality.61 
When surprising effects are observed in 
clini cal trials, with no clear underlying bio
logical explanation, the quality of the inter
vention across participating centres is of 
paramount importance to enable the correct 
interpretation of the c linical findings.

In summary, two major potential draw
backs face phase  III trials that test the 
benefit of a surgical intervention: the first 
is the risk of a high level of investment of 
time and effort required in a study, which 
several years later will be judged as having 
failed to demonstrate anything; the second 
possible drawback is the moreserious risk 
of establishing a flawed hypothesis as the 
truth. Other alternative prospective designs 
are often more feasible, for which compliance 
with statistical principles, such as minimum 
sample size, is more likely. These study 
designs have a crucial role in clinical research 
in surgical oncology.

Alternative prospective designs
If conducting prospective phase III trials is 
difficult in surgical oncology, what are the 
possible alternatives? A number of pos
sible prospective nonrandomized evalu
ation frameworks are available that might be 
appropriate to enhance the scientific level of 
reporting in surgical oncology. We discuss 
these alternatives in the next sections and 
provide a framework for improved surgical 
trial outcomes.

Phase 0
Phase 0 trials are also referred to as explora tory 
investigational newdrug studies, or explor
atory trials. The aim of these very early phase 
trials is to demonstrate biological efficacy 
of the agent before the first phase I trial. In 
general, these trials are used to help speed up 
and streamline the drugapproval process by  
establishing very early on in this process 
whether the agent behaves in human subjects 
as was expected from preclinical studies. The 
principle is to give a small quantity of a new 
drug (1/100 of the proposed effective dose) to 
a small group of patients (fewer than 10) over 
a short period (over fewer than 7 days).

These studies are relatively difficult to 
organize, as they have provide no individual 
benefit to patients and usually require inva
sive biopsies, which is why surgeons have 
a major role in such trials. One possibility 

is to take advantage of routine surgery 
to provide tumour tissue to assess drug 
response without the need for additional 
invasive biopsies. For example, early stage 
colon cancer that is histologically confirmed 
by colonoscopy is usually treated by surgical 
resection after a short interval of 2–3 weeks, 
during which a new pharmacological agent 
can be administered and its effect on the 
tumour thereby evaluated. Phase 0 trials, 
therefore, offer an excellent link between 
surgeons and translational biologists. 
The surgeon should take the initiative in 
identify ing suitable procedures (a standard 
elective cancer operation that can be organ
ized without being disturbed by a short 
period of drug administration) and collabor
ate with the translational biologist in prelimi
nary testing of a new agent for the first time 
outside of an animal model.

Phase I
Phase I trials are designed to assess the safety 
of a new intervention in a small group of 
patients; however, these trials do not exist for 
surgical procedures, and no framework exists 
for surgical innovation. For example, manda
tory CE marking (CE mark, or formerly EC 
mark, is a mandatory conformity marking for 
certain products sold within the European 
Economic Area (EEA) since 1985. The CE 
marking is also found on products sold 
outside the EEA that are manufactured in, 
or designed to be sold in, the EEA, for a new 
surgical device can attest to the quality and 
safety of the device production, and compli
ance with industry standards, but cannot 
guarantee the legitimacy of indications for 
its use in humans. All these requirements 
have to be established after the device has 
reached the market. For example, when the 
first radiofrequency tumour ablation gener
ators for liver tumours were implemented 
in practice at the end of the 20th century, no 
recog nized guidelines were available on how 
to use radiofrequency for this indication—
for which lesions, which size, and so on—and 
the first prospective e valuations were not 
published until 2012.23,62

Even greater concern surrounds the adop
tion of new procedures. A major issue in  
surgical research is innovation that seems 
so obvious that the approach is adopted 
immedi ately as a validated practice, although, 
strictly, it has never passed the experi
mental and validation phases of develop
ment. What official regulatory authority is 
needed for firstinhuman procedures? The 
IDEAL recommendations advocate open
access registries that record technical details 
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and pitfalls.63 As such, health regulatory 
authorities need to establish a methodologi
cal framework for evaluating new surgical 
devices and techniques, and their indica
tions, before widespread adoption—similar 
to the market approval of new drugs.

Phase II
Phase II trials are intended to establish the 
potential efficacy of a new treatment. The 
phase II framework is quite easily adaptable 
for surgery, but is largely underused in surgi
cal trials. The principle is to define a priori 
a threshold for efficacy and nonefficacy. As 
shortterm efficacy is often the focus of the 
primary end point, in the surgical setting, 
it will favour the effectiveness of response 
to the intervention rather than overall sur
vival. If an immediate response rate cannot 
be used, it can be replaced by diseasefree 
survival. The number of patients required is 
based on power calculations, but is usually 
around 30–50, with the possibility of using 
several optimal designs, and potentially 
reducing the required number of patients 
by introducing an intermediate level of 
analysis.64 Twin phase II trials (concurrent 
linked trials) can be run by randomization, 
such as conducted for the CLOCC trial23,24 
or in parallel without randomization, such 
as the ongoing Cascador study involving 
delayed coloanal anastomosis for medium 
and lower rectal cancer treatment.65 This 

corresponds to the IDEAL stage 3 evalu
ation or nonrandomized controlled trials 
(Box 3).42 In this setting, which differs from 
RCTs only by the absence of randomization 
and blinding, comparisons between the two 
arms are not possible; however, twin phase II 
trials enable the assessment of treatment 
effect simultaneously in both groups. The 
phase II design is generally associated with 
a high falsepositive rate (often around 10% 
or more), which is responsible for its poor 
reputation in medical oncology. However, 
a wellconducted phase II trial has more 
value in surgery than in medicine, owing 
to the inherent difficulties of a ccumulating 
highquality prospective data.

Phase IV
Phase IV trials are usually designed as post
marketing surveillance studies to monitor 
the risks, benefits, and optimal use of a treat
ment once it has been approved for use. The 
problem with respect to surgical practice 
is that the preliminary phases in the intro
duction of a new surgical strategy are often 
skipped, and so phase IV studies become the 
first attempt at a prospective methodological 
evaluation. As an example, CRLM involving 
both lobes of the liver has been routinely 
resected all over the world for more than 
30 years using onestage or twostage pro
cedures, with or without portal vein embo
lization and tumour ablation, without any 

prospective evaluation until 2012, when two 
phase II trials where published to evaluate 
the use of combined resection and a blation 
for advancedstage cancers.23,62

When a procedure has been accepted as 
routine clinical practice and it is too late for 
phase II or III trials to be conducted, carry
ing out a phase IV study is always possible, 
e specially when healtheconomics con
cerns exist. One such proposed outcome 
study follows the recent strategic collabor
ation between the European Society of 
Surgical Oncology (ESSO) and the EORTC: 
the CLIMB (Colorectal Liver Metastasis 
Database) study (NCT02218801),66 which is 
a prospective multicentre database record
ing advanced cases of CRLM that are con
sidered initially unresectable and require 
chemo therapy with the intention to convert 
to resectability, or are operable upfront 
(by combined resection and ablation). 
The primary end points will be operative 
morbid ity and diseasefree survival, but a 
programme to improve the quality of surgery 
is also scheduled. After the first 100 cases, 
further specific metrics will be identified 
to become targets to define a policy for 
outcome improvement.

Quality assurance—assessing benefits
Many trials of adjuvant and neoadjuvant 
systemic therapies have been conducted 
by medical oncologists preceding or fol
lowing apparently curative resections of 
primary solid cancers. Few of these trials 
have been surgically driven, however, an 
example of one such surgically driven study 
that confirmed the improvement possible in 
reduced local recurrence rates by the addi
tion of neo adjuvant therapy, is the Swedish 
radiotherapy trial for rectal cancer surgery.67 
However, contrary to the Swedish trial,66 the 
Dutch total mesorectal excision (TME) trial67 
standardized the surgical procedure of TME 
and randomized patients to either surgery 
alone or preoperative 25 Gy radiotherapy 
(delivered as 5 × 5 Gy fractions) followed by 
surgery. The addition of the preoperative 
radiotherapy reduced 5year local recurrence 
rates following TME surgery from 10.9% 
to 5.6% in the Dutch trial.68 This improve
ment was also noted when the data from 
this study were subsequently pooled with 
similar studies conducted in the Netherlands, 
Poland, and by the EORTC.69

Another such surgically driven trial was 
the EPOC study (EORTC 40983), which 
tested the hypothesis that the addition 
of perioperative systemic chemotherapy 
(FOLFOX4) to surgery would improve 

Box 3 | The IDEAL recommendations for surgical trial design6,43

Assessment of surgical innovations depend on the following factors:
 ■ Operator
 ■ Team
 ■ Setting
 ■ Learning curves
 ■ Quality variation
 ■ Perception of equipoise

Reports of new techniques should be registered as a professional duty, anonymously if 
necessary, when outcomes are adverse
Encourage the widespread use of prospective databases and registries
Case series studies replaced by either prospective development studies for early technical 
modifications or prospective research databases for later pre-trial evaluation
Study protocols should be publicly registered
Statistical process for the control techniques useful in both early and late assessment
Randomized trials should be used whenever possible to investigate efficacy, but adequate 
pre-trial data are essential to allow power calculations, and clarify the definition and indications 
for the intervention as well as develop quality measures
Difficulties in doing randomized trials addressed by measures to evaluate learning curves, 
and alleviate equipoise problems
Alternative prospective designs (e.g. interrupted time series studies) should be used when 
randomized trials not feasible
Established procedures should be monitored with prospective databases to analyse outcome 
variations, and identify late and rare events
Achievement of improved design, conduct, and reporting of surgical research will need 
concerted action by: editors, funders of healthcare and research, regulatory bodies, 
and professional societies
Abbreviation: IDEAL, Idea, Development, Exploration, Assessment, Long-term study framework.
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3year PFS, compared with surgery alone, 
in patients with easily resectable CRLM.70 
In retrospect, the study suffered a number 
of flaws that included recruiting 60 of 360 
patients into the randomization who were 
subsequently found to be ineligible (under
staged inoperable disease, unresectable 
extrahepatic disease, or didn’t actually 
have CRLM). As such, the intentionto
treat final analysis showed the difference 
in PFS at 3 years was not significant, but 
a subset analy sis of those patients who 
did have CRLM and were resected (300 
of those random ized), showed a statisti
cally signifi cant benefit (9% improve
ment in PFS, P = 0.035) that favoured the 
chemotherapy arm.70

Outcome improvements?
Good data demonstrate that in the aftermath 
of largescale national studies testing more
appropriate surgical strategies compared 
to conventional techniques, if the newer 
technique achieves better overall onco
logical outcomes in terms of local disease 
control and overall survival, then they are 
rapidly taken up by the surgical community. 
Examples include the Dutch trial of TME for 
rectal cancer,70 following the publication of 
which, national outcome figures in patients 
with this disease improved considerably,72,73 
and also following the Dutch D1 versus D2 
lymphadenectomy trial for gastric cancer,16,17 
oncological outcomes of which improved in 
the Netherlands thereafter.74 However, much 
remains to be achieved. Despite clear evi
dence of the benefits shown by surgical trials 
of operating in the appropriate oncological 
anatomical plane for CRC, only 32% of colon 
cancer operations are being conducted in the 
appropriate mesocolic plane,75 and only 53% 
of rectal cancer patients undergo an appro
priate TME, with 47% of patients continu
ing to remain at risk of cancerthreatened 
c ircumferential resection margins.76,77

Conclusions
No ideal design exists for an optimal clinical 
trial in cancer surgery. Tradeoffs between the 
exigency of high level of scientific evidence 
and study feasibility are inevitable. Surgical 
oncologists must be convinced of the neces
sity to run prospective trials or studies of 
differing types depending on the issues 
to be addressed, and accept that in many 
cases randomization will not be possible, in 
which case largescale prospective compara
tive audit remains a powerful instrument.40 
Recognizing this urgent need, EORTC and 
ESSO initiated such a collaboration that 

will use each organization’s best capabilities 
to advance surgical oncology research in 
Europe. This programme is ‘SURCARE: An 
EORTC–ESSO Initiative for High Quality 
Standards in Prospective Surgical Clinical 
Research’.65 SURCARE is a comprehensive 
surgical task force, which hopefully will 
develop prospective, highquality research 
that focuses on the outcomes most relevant 
to our patients. Another issue to be addressed 
is the complete lack of trials addressing issues 
of cancer surgery in the elderly. In parallel, 
journal editors and peer reviewers have 
a responsibility to endorse guidelines for 
the scientific quality of surgical research, 
such as the CONSORTNPT statement or 
the IDEAL guidelines, to improve the level 
of the evidencebase in surgical oncology. 
Publication criteria should also be broad
ened to include other prospective research 
method ologies and an end to the monopoly 
of the RCT in surgical oncology. If this is 
achieved, then major advances in s urgical 
outcome can be expected in the future.
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