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Abstract

Aim The optimal surgical approach to the management
of colorectal cancer in the setting of hereditary nonpo-
lyposis colorectal cancer (HNPCC) is contentious.
While some advocate total colectomy, others perform
segmental resection followed by regular endoscopic sur-
veillance. This systematic review evaluates the evidence
for segmental colectomy (SC) and total (extended) co-
lectomy (TC) in the management of HNPCC.

Method Two major databases (PubMed and Cochrane)
were searched using predefined terms. All original arti-
cles, published in English, comparing the oncological
outcomes of SC and TC in HNPCC patients from Jan-
uary 1950 to July 2013 were included.

Results Eighty-four studies were identified. After apply-
ing exclusion criteria, six studies involving 948 patients
were included (mean age 47.4 years, 51.8% male). SC
was more commonly performed than TC (= 780;
82.3%). Mean follow-up was 106.5 months. Metachro-

nous high-risk adenomas were detected more often after
SC, although the difference was not statistically signifi-
cant (23.4% s 9.6%; OR 2.258, P= 0.057). Metachro-
nous cancers occurred more frequently after SC than
after TC (23.5% »s 6.8%; OR 3.679, P < 0.005). How-
ever, there was no difference in overall survival (90.7%
s 89.8% for SC and TC, respectively; P = 0.085). Only
one study reported operative mortality (0% in each
group), there was no report of operative morbidity or
functional outcome.

Conclusion The optimal surgical approach in the man-
agement of HNPCC remains unclear. More adenomas
and cancers occur after SC than after TC but there cer-
tainly is no evidence to suggest that more radical sur-
gery leads to improved survival.

Keywords Segmental colectomy, extended colectomy,
total colectomy, HNPCC, prophylactic surgery

Introduction

Hereditary nonpolyposis colorectal cancer (HNPCC)
is an autosomal dominant syndrome that accounts for
up to 5% of all colorectal carcinomas [1]. Patients
with HNPCC have an 80% lifetime risk of developing
colorectal cancer, which usually presents at an earlier
age than sporadic colon cancers in the general popu-
lation. Those affected are at increased risk of other
malignancies, particularly in the urogenital, gastroin-
testinal, central nervous and cutancous systems [2].
HNPCC is currently divided into two clinical syn-
dromes, namely Lynch syndromes I and II. Lynch
syndrome I is characterized by an inherited suscepti-
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bility to nonpolyposis colorectal carcinoma specifically,
with a predilection for the right colon and increased
risk of synchronous colorectal tumours. Lynch syn-
drome II has similar features, but is also associated
with extracolonic tumours, particularly endometrial
carcinoma [3,4].

The genetic defects responsible for HNPCC are
germline mutations in deoxyribonucleic acid (DNA)
mismatch repair genes. Five mutations occur most fre-
quently (MLHI1, MSH2, MSH6, PMSI, PMS2); how-
ever it has been suggested that more than 500 gene
mutations may be implicated in the development of
HNPCC-associated cancers [5,6]. In 1991 an interna-
tional collaborative group agreed upon criteria for
diagnosing HNPCC; these became known as the
Amsterdam Criteria (AC) [7]. These were broad-
ened in 1999 to include a diagnostic role for
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extracolonic tumours, and subsequently became
known as the Amsterdam Criteria II (AC-II)
(Table 1) [8].

One of the key facets of managing HNPCC
patients is educating the patient (and his or her rela-
tives) about their risk of developing cancer at specific
sites and of means to reduce or even eliminate this
risk [9]. The role of prophylactic surgery in the man-
agement of individuals with HNPCC is controversial.
Lynch and others advocate prophylactic total colecto-
my with ileorectal anastomosis, on the basis that there
is a high risk of CRC with potential for rapid pro-
gression [10-14]. However, there is no evidence to
suggest that segmental resection of established colon
or rectal cancers compromises survival among
HNPCC patients. Furthermore, even if a patient with
HNPCC undergoes a total or subtotal colectomy,
their risk of future rectal cancer persists and they
must remain committed to careful endoscopic surveil-
lance of the rectal segment. Panproctocolectomy, with
an ileostomy or an ileal pouch anal anastomosis if the
sphincters can be preserved, is not often advocated,
although the advantage is complete elimination of
CRC risk in susceptible individuals.

The aim of this systematic review and meta-analysis is
to evaluate and compare the oncological outcomes after
segmental and total colectomy in HNPCC patients. The
primary outcomes of interest are 10-year overall survival
(OS), and the rates of metachronous colorectal cancers
and high-risk adenomas. We also aim to ascertain the
morbidity and mortality associated with segmental and
total colectomy in this setting.

Methodology

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) [15].

Search strategy for identification of studies

A systematic literature search of the Cochrane and Pub-
Med databases was performed. The Cochrane database
search was performed by combining the following search
terms using the Boolean AND /OR operators: ‘hereditary
non-polyposis colorectal cancer’, ‘HNPCC’, ‘Lynch syn-
drome” and ‘surgery’. For the PubMed database search,
these same keywords (and variants) were used as both
text words and Medical Search Headings (MeSH terms),
and were combined using Boolean operators. The search
was limited to original papers based on human studies,
and there was no restriction on the date of publication.
In addition to the primary electronic search we reviewed
the ‘related citations’ linked to each citation in PubMed,
and manually reviewed the bibliographies of selected arti-
cles and relevant review papers to identify other studies
for inclusion.

Study selection

Only articles published in the English language from
January 1950 to July 2013 were included for review.
Other inclusion criteria were as follows: studies of
patients with HNPCC or Lynch syndrome who
underwent surgical treatment in the form of a colec-

Table | Features of Lynch syndrome and a summary of the Amsterdam criteria.

Features of Lynch syndrome

Amsterdam criteria

Germline mutation in a mismatch repair gene (MLH1, MSH2, MSH6 or AC-I:

PMS2)

Autosomal dominant inheritance pattern for cancers in the family pedigree

Early age of onset of CRC
Proximal (right-sided) colonic cancer predilection

Accelerated carcinogenesis (small adenomas can rapidly develop into

carcinomas)
High risk of metachronous CRC

At least three relatives with histologically
confirmed CRC

1 One is a first degree relative of the other two

2 At least two successive generations affected

3 At least one relative with CRC was diagnosed at
< 50 years of age

4 FAP has been excluded

Increased risk of cancers at certain extracolonic sites (endometrium, ovary, AC-II:

stomach, ureter, small bowel, hepatobiliary, brain)

Pathology of CRCs is more often poorly differentiated, with an excess of
mucoid and signet-cell features, a Crohn’s-like reaction, and a significant

excess of tumour-infiltrating lymphocytes within the tumour
Increased survival from CRC

As above, but at least three relatives have had a
HNPCC-associated cancer [colorectal cancer, or
cancer of the endometrium, stomach, ovary,
ureter,/renal pelvis, brain, small bowel,
hepatobiliary tract, or skin (sebaceous tumours)]

CRC, colorectal cancer; FAP, familial adenomatous polyposis.
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tomy (total, subtotal or segmental), which reported
subsequent development of metachronous cancers,
high risk adenomas and survival data. A minimum
average (or median) follow-up duration of 60 months
and a minimum cohort of 40 patients were required
for included studies. Exclusion criteria were: case
reports or small case series (fewer than 40 patients),
review articles, studies reporting on surgical technique
or short-term postoperative outcomes only, studies
reporting the management of malignancies associated
with extracolonic HNPCC and those predominantly
reporting on the genetic mutations associated with
HNPCC.

Multiple publications involving the same series of
patients (or duplicate patient populations) were identi-
fied; only the most recent or parent study was
included in this review to avoid double counting of
patients. In cases in which we were uncertain about
duplicate patient groups (same group or institution
reporting outcomes for a similar period, without
clear indications that the smaller report was a sub-
study or interim results) a consensus was reached
among the authors regarding its inclusion or exclu-
sion.

Data collection and statistical analysis

The data extracted from selected studies included:
year of publication, authors’ institution and country,
number of patients and their demographics, location
of the primary colonic tumour, type of colectomy
performed, rate of metachronous adenomas and can-
cers, duration of follow-up, early postoperative mor-
bidity and mortality, survival statistics (5-year and/or
10-year OS). Statistical analyses were performed only
on extracted summarized data from the selected stud-
ies. Basic descriptive statistics (percentages and
weighted means) were used to summarize the patient,
study and outcome data. Weighted means were calcu-
lated for oncological outcomes across all studies. The
software package Comprehensive Meta-Analysis Ver-
sion 2.0 (Biostatt™, Englewood, New Jersey, USA)
was used to perform the meta-analysis and to gener-
ate forest plots. Where possible, pooled analyses were
performed to compute the odds ratio (OR) and the
corresponding 95% confidence interval (CI). The
degree of heterogeneity between studies was calcu-
lated for each analysis; a fixed effects model was used
if heterogeneity was low, and the DerSimonian—Laird
random-effects model was used if there was a high
degree of heterogencity between studies. The P-value
for overall effect was calculated with the Z-test and
significance was set at P < 0.05. The pooled OR and

95% CI are presented graphically as forest plots. The
degree of heterogeneity is presented using the Q and
P statistics. The P index of heterogeneity represents
the percentage of the total variation which is due to
variation between studies. For interpreting I?, Higgins
et al. [16] proposed that a value of 0% indicated no
heterogeneity, 25% represented low heterogeneity,
50% was moderate heterogeneity and 75% indicated
high heterogeneity between the studies.

Results

Search yields and data retrieval

The initial literature search yielded 84 citations. After
an initial screening of titles and abstracts, 75 studies
were excluded and nine papers were reviewed in full to
determine whether they met the inclusion criteria. Of
these, four were rejected because they did not fulfil the
inclusion criteria. Upon thorough review of the remain-
ing five publications, one further study was identified
from bibliographies and related citations which was
deemed suitable for inclusion. These six studies met the
above criteria to merit inclusion in the extractable and
analysable dataset (Fig. 1).

Study characteristics

The dataset consisted of six original studies involving
948 patients who had undergone either segmental
(762) or total colectomy (186) for HNPCC. Of these
six studies, half were from the USA (z = 3), with one
study each from Europe, New Zealand and South
Africa. Data from two studies by the colorectal surgery
group in Cleveland, Ohio, USA were included, as the
populations did not appear to overlap [17,18]. These
papers are summarized in Table 2.

Patient characteristics

In total, 948 patients were investigated in the six stud-
ies. Preoperatively, the mean age of the patients was
47 4 years, and 51.8% of the population was male.
Only three studies reported tumour location; 60.2% of
colon cancers were right-sided. The specific genetic
mutation(s) responsible for HNPCC were reported in
four of the six included studies, and not every patient
in these studies was tested for germline mutations in
their mismatch repair genes. Among those tested,
mutations in the MLHI and MSH2 genes were most
commonly identified (MLHI in 49.5%, MSH2 in
42.5%) of HNPCC patients who underwent genetic
testing.
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{ 84 Citations identified for screening )

—[ 75 Rejected (met exclusion criteria) ]

[ 9 Studies retrieved ]

—[ 4 Rejected (did not meet inclusion criteria) ]

[ 5 Studies reviewed ]

1 Additional studies identified form
bibliographies & related citations

Figure | PRISMA flow chart illustrating [
the study screening and selection process.

6 Studies included ]

Oncological outcomes: rates of metachronous
adenomas, cancers and long-term survival

After an average (weighted) follow-up period of
106.5 months (range 69.6-144), the rate of metachro-
nous high-risk adenomas was 23.4% among patients
who had undergone segmental colectomy and 9.6%
among those who had undergone total colectomy. Only
three studies adequately reported this data; meta-analy-
sis of these three studies shows that metachronous ade-
nomas are detected more often after SC, although this
difference did not meet statistical significance (OR
2.258, 95% CI 0.975-5.231, P = 0.057). The rates of
development of metachronous cancer after segmental
and total colectomy (reported in five of the six studies
included in this review) were 23.5% and 6.8%, respec-
tively (OR 3.679, 95% CI 1.899-7.125, P < 0.005).
The OS was only reported in three of the six studies
[19-21]. On average, long-term survival was 90.7%
after segmental colectomy and 89.8% after total colecto-

Table 2 Bascline study characteristics.

my (P=0.085). A summary of outcomes is presented
in Table 3 and forest plots illustrating the data from the
meta-analysis are presented in Figs. 2—4.

Operative morbidity and mortality

Operative mortality, defined as death within 30 days of
surgery, was only reported by Stupart et al. [21]. In
this South African study of 60 HNPCC patients who
underwent segmental or total colectomy, there were no
carly postoperative deaths. None of the six studies
reported morbidity, quality of life or functional
outcomes Table 4.

Discussion

The surgical management of colonic cancer in
HNPCC is contentious. The decision to undertake
a segmental colectomy or extended resection (total

Segmental Total Mean Follow-up
Author Year Country n colectomy (72) colectomy (72) age (years) % Male (months)
Mecklin [7] 1993 Finland 54 37 17 36.7 n.r. 69.6
Kalady [18] 2010 USA 296 253 43 59) 47.9 104
Natarajan [19] 2010 USA 106 69 37 45.3 5985 144
Parry [20] 2011 New Zealand 382 857 50 45.9 514 108
Stupart [21] 2011 South Africa 60 39 21 42.1 59.2 80.4
Kalady [17] 2012 USA 50 50 0 53 68.0 101.7
Summary data* 948 780 168 47 4 51.8 106.5
n, number of patients; n.r., not reported.
*Weighted means presented.
Colorectal Disease © 2014 The Association of Coloproctology of Great Britain and Ireland. 17, 382-389 385
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Table 3 Oncological outcomes after segmental colectomy (SC) or total colectomy (TC) in HNPCC patients.

n.r., not reported.
*Weighted means presented.

Table 4 Early postoperative outcomes.

SC, segmental colectomy; TC, total colectomy; n.r., not reported.

QOverall Survival

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper p-value
ratio limit limit
Parry 1.522 0.191 12.150 0.692
Stupart 2.051 0.647 6.501 0.222
Natarajan 1.932 0.646 5.780 0.239
1.921 0.915 4.035 0.085 0.01 0.1 1 10 100

No significant difference

Test for heterogeneity: Q=0.061, df(Q)=2, p=0.970, 12=0%

(no heterogeneity—> fixed effects model used for meta-analysis)

Figure 2 Forest plot showing pooled data comparing 10-year overall survival after segmental and total colectomy for HNPCC.

colectomy or proctocolectomy) remains largely at the
surgeon’s discretion. Thus far, no good evidence
exists to guide this decision-making process. It is
strongly influenced by expert opinion or institutional

practices. The advocates for total colectomy in the
setting of an HNPCC-associated colon cancer claim
that this approach eliminates patients’ future risk of
metachronous high-risk colonic adenomas or cancers.
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Rate of metachronous adenomas after segmental and total colectomy

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper p-value
ratio limit limit
Stupart 10.128 0.463 221.354 0.141
Kalady 2.160 0.812 5748 0.123 +1—
Mecklin 2.778 0.537 14.380 0.223 i
2.556 1.136 5.752 0.023 0.01 0.1 1 10 100

Favour Segmental Colectomy

Test for heterogeneity: Q=0.0889, df(Q)=2, p=0.641, 12=0%

(no heterogeneity —>fixed effects model used for meta-analysis)

Figure 3 Forest plot showing pooled data comparing rates of metachronous high-risk adenomas after segmental and total colecto-

my for HNPCC.

Rate of metachronous cancers after segmental and total colectomy

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper g

ratio limit limit p-value

Parry 28.607 1.744 469.26 0.019 -
Stupart 2.059 0.458 9.247 0.346 L
Kalady 4.421 1.322 14.787 0.016 _.- B
Van Dalen 14.229 0.819 247.16 0.068
Meckiin 2069 0.389 10.99 0.304 5
Natarajan 0.235 0.083 0.67 0.006 b "-'_

2.649 0.652 10.760 0.173 0.01 01 1 10 100

No significant difference

Test for heterogeneity: Q=22.198, df(Q)=5, p=0.000, 12=77.5%

(no heterogeneity —>fixed effects model used for meta-analysis)

Figure 4 Forest plot showing pooled data comparing rates of metachronous cancers after segmental and total colectomy for

HNPCC.

Proponents of a limited or segmental colectomy main-
tain that this is the standard of care for sporadic
colorectal cancers; that the morbidity is less than that
of total colectomy or proctocolectomy; and that with
regular endoscopic surveillance metachronous colonic
lesions can be treated if they arise. Furthermore, the
latter group point out that total colectomy doesn’t
remove the need for endoscopic surveillance of the
rectal segment. Also, it isn’t clear if a more radical
surgical approach confers a survival benefit.

This systematic review aimed to evaluate and
compare oncological outcomes following therapeutic
(segmental) and prophylactic (total) colectomy for the

management of HNPCC-associated colon cancers.
Data from this review confirm the logical expectation
that metachronous high-risk adenomas and cancers are
more commonly detected after segmental than total
colectomy. However, OS data were almost identical
for HNPCC patients irrespective of the surgical
approach taken. What is notably absent in all of the
included studies is a comparison of surgical morbidity
and mortality after both procedures. It is premature
to recommend either surgical approach to HNPCC
(total or segmental colectomy) without weighing the
surgical risks against the benefits of each proce-
dure. Total colectomy with ileorectal anastomosis is
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associated with greater morbidity than right or left
colonic anastomoses [22,23]. This morbidity rate is as
high as 53% for open total colectomy and ileorectal
anastomosis [24,25].

When considering the relatively high rate of
metachronous adenomas after segmental colectomy
compared with total colectomy in the HNPCC popula-
tion (23.4% vs 9.6%, respectively, in this study) it may
be put into context by comparing it with the detection
rates for metachronous adenoma and cancer after spo-
radic colorectal cancer resections. After segmental resec-
tion of a sporadic colorectal cancer, the adenoma
detection rate is as high as 25% and metachronous can-
cers are found in approximately 4% of patients within
2 years [26]. Admittedly, the detection of metachro-
nous cancers after segmental resection is almost four
times higher than after total colectomy in HNPCC
patients (23.5% »s 6.8%, respectively). However, these
cancers are usually detected at an early stage and do not
compromise patients’ OS in the long-term. We believe
this is not convincing enough data to recommend more
extensive resection for HNPCC.

Aside from oncological outcomes after segmental
and extended surgical approaches to HNPCC, other
important considerations are patient-related outcomes
such as quality of life and postoperative bowel function.
In addition to higher overall morbidity rates, subtotal
or total colectomy with ileorectal anastomosis are asso-
ciated with an increase in the frequency of bowel move-
ments, poorer functional outcome and lower quality of
life compared with segmental colectomy [27-29].
Given that segmental colectomy appears equivalent to
total colectomy in terms of survival, and those patients
who have total colectomy report poorer functional out-
comes while retaining a 12% risk of developing rectal
cancer after 12 years [30] that requires endoscopic
surveillance of the rectum, the recommendations for
prophylactic ‘extended’ surgery for HNPCC must be
questioned. These data also prompt the question
whether true prophylactic surgery in young patients
with HNPCC should involve a restorative proctocolec-
tomy rather than a total colectomy and ileorectal anas-
tomosis: In advocating ‘prophylactic surgery’ for
HNPCC one must also consider management of the
gynaecological and genitourinary tracts, which are also
at risk of tumour development; should we be offering
prophylactic hysterectomy and oophorectomy to all
women with HNPCC, or at least to those women
beyond child-bearing age?

This systematic review is limited by the heterogeneity
and paucity of data available for inclusion in the analy-
sis. In particular, survival data have been infrequently
and poorly reported after segmental and total colectomy

for HNPCC. Furthermore, many of the included stud-
ies were retrospective reviews of prospectively collected
databases/registries and so carry the inherent limitations
of retrospectively gathered data. To date there are no
prospective randomized studies comparing segmental
and total colectomy for HNPCC patients; such studies
would provide stronger evidence upon which treatment
decisions could be based. Additionally, it would be
interesting to assess for associations between the rates
of metachronous cancers in HNPCC patients according
to an individual’s genetic mutation. While it is known
that MLHI and MSH2 account for almost 90% of all
identified mutations in HNPCC cohorts, it is not
known if any one mutation confers greater risk of meta-
chronous cancers than another. There is also concern
for outcome reporting bias given that not every study
reported all outcomes of interest (metachronous adeno-
mas, cancers and OS). Finally, this review is limited by
the notable absence of morbidity and mortality data.
These data are critical in order to perform a more
balanced risk—benefit analysis of segmental »s extended
colectomy in the setting of HNPCC.

Given these limitations, this review indicates that
prophylactic colectomy does not lead to improved sur-
vival and does not eliminate the risk of metachronous
cancers. Therefore it fails as a truly prophylactic opera-
tion. Although morbidity for both procedures in the
HNPCC setting is not well described, it is likely that
total colectomy with ileorectal anastomosis has higher
morbidity and worse function. True prophylactic
surgery would require complete proctocolectomy as a
non-restorative  (ileostomy) or restorative (pouch)
procedure. There would be significant morbidity and
functional consequences with this approach, and there
is little evidence to support it as yet. Until we have
better data on outcomes, the best conclusion is that
segmental resection of HNPCC is the standard of care
unless the patient’s preference is prophylactic extended
resection. Under those circumstances, the true prophy-
lactic procedure to eliminate CRC risk would be a
proctocolectomy.
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