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Madame M, 58 ans 
• ATCD : 
- Asthme
- Coloscopie de dépistage juillet 2014 : normale
- Tumorectomie sein D (hyperplasie atypique)
- HAA sous imurel (100mg/j)

• Juin 2016, échographie abdominale surveillance HAA : découverte fortuite masse 
annexielle D

• Echographie et IRM pelviennes : formation annexielle D 48mm x 36mm, 
pluriloculaire, contours bien délimités, faisant évoquer un kyste épithélial mucineux. 
Absence de signe en faveur d’une carcinose.







Cas clinique 
• Marqueurs tumoraux : CA 125, CA 19-9 : N    ACE : 10 (N<4,7)

• Décision d’annexectomie bilatérale sous coelioscopie (fin juillet 2016) : masse 
ovarienne D non suspecte, aucun signe suspect de carcinose

• Histologie : localisation ovarienne d’un carcinome mucineux (CK20+++, CK7 
faiblement + focalement), cytologie péritonéale négative

• Indication bilan endoscopique : 
- EOGD : N
- Coloscopie : lésion tumorale prenant l’ensemble de la valvule iléo-caecale, biopsies 

multiples.



Aspect endoscopique



Cas clinique 

• Histologie (biopsies coliques) : ADK colique infiltrant moyennement 
différencié, MSS, BRAF muté (V600E)

• Bilan d’extension (TDM TAP, IRM hépatique, PET TDM) :

- 2 lésions secondaires hépatiques segments III et V fixant au PET
- Micronodules pulmonaires non hypermétaboliques





Cas clinique 
• Chimiothérapie 1ère : 
- C1, C2 FOLFOX (avant statut B-RAF)
- puis FOLFIRINOX et avastin pour C3 à C6 (arrêt avastin C5)

• Ré-évaluation à 3 mois : stabilité des 2 lésions secondaires hépatiques, absence 
d’autre localisation

• Chirurgie janvier 2017 :
- Hystérectomie totale
- Colectomie droite et curage : 23GG sains mais 1 nodule satellite (sous séreuse) N1c
- 1 nodule péritonéal et 3 nodules pelviens : remaniements inflammatoires
- Ablathermie des 2 lésions hépatiques 

ypT3N1cM1a



Cancer colique d’intervalle 
(CCRi) : 

quelle définition ?



diagnosis of an interval cancer ranged from 6 to 60 months in
the majority of studies,11 17 18 35–41 but exceeded 10 years
in others.24 42 For example, in a study by Bressler et al17 in
Ontario, Canada, the overall proportion of interval CRCs after
colonoscopy was 3.4% when including cancers diagnosed
within a 3-year interval of a negative exam versus 4.6% when
extending the interval to 5 years. Epidemiological models indi-
cate the ‘mean sojourn time’ for cancer (e.g., the estimated
interval between the asymptomatic (screening) and the symp-
tomatic phase) may be longer than previously assumed, ranging
from 4.5 to 5.8 years.43 A time cut-off of 3 years may underesti-
mate the proportion of interval CRCs. A 3-year cut-off will
likely capture interval CRCs after missed lesions, but may miss
those due to slower growing precursor lesions.39 44 45

As detailed in tables 1 and 2, the reported proportions of
interval CRC vary greatly, ranging from 0.8% of colonoscopic
examinations46 to up to 9% of all diagnosed CRCs.19 However,
the number of interval CRCs/number of colonoscopic examina-
tions performed is not comparable to the number of interval
CRCs/total number of CRCs. Studies from Ontario and
Manitoba, employing claims-based administrative data, found
that proportions of interval CRC within 3 years after prior
colonoscopy ranged from 3.4% to 9.0%.17 18 19 47 These
studies could not include details on the quality of the baseline
colonoscopy, such as cecal intubation rate or adenoma detection
rate (ADR). In a Polish colonoscopy-based screening pro-
gramme, Kaminski et al48 found a rate of 42 interval CRCs
among 45 026 subjects during 188 788 patient-years of
follow-up. Endoscopists’ ADR was significantly associated with
the risk of interval CRC (HR 12.5, 95% CI 1.5 to 103.4 for
ADR of 15.0% to 19.9% versus ≥20%, p=0.02). Endoscopists
who performed a lower number of colonoscopies were
excluded, which may underestimate the total number of interval
CRCs in the population. In a recent study, using data from an
integrated healthcare delivery system in the USA, the ADR was

inversely associated with the risks of interval CRC, advanced-
stage interval CRC and fatal interval CRC.49

The Consensus Panel also agreed that there was a wide vari-
ation in the methodological evaluation of interval CRCs across
studies, including retrospective,17 23 36 37 48 50–52 prospec-
tive,21 22 38 40 44 53 54 programmatic versus opportunistic
screening, use of claims-based administrative data18 22 36 45 47

versus clinical records,23 24 37 39 42 as well as differences in
study populations (age group included and proportion of men,
inclusion of average- versus higher-risk groups; and screening
versus surveillance settings). Methodological variation likely
influenced the reported proportions of interval CRCs. For
example, the study by Kaminski et al48 included persons aged
40–66 years, 35.7% of whom were men. The study by Singh
et al18 included persons aged 50–80 years, 57.5% of whom
were men. As CRC is associated with older age and male sex,
inclusion of a significant proportion of younger women would
reduce interval CRC rates. Rigorous documentation of the clin-
ical characteristics of the included populations is important for
comparisons of interval CRC rates across studies.

Only a few investigators have examined predictors of interval
CRCs, such as endoscopists’ specialty,17 18 48 hospital versus non-
hospital setting17 or a family history of CRC.9 54 Few applied a
structured algorithm to estimate the underlying aetiology.38 44 In a
study of 2079 subjects enrolled in a polyp prevention trial, Pabby
et al44 sought to estimate the proportion of interval CRCs due to
procedural factors versus aggressive tumour biology. Using an algo-
rithm, the authors estimated that 13 persons in 5810 person-years
of follow-up developed interval CRCs, with 54% (n=7) being
‘avoidable’ (three missed and four incompletely resected polyps).
Others found that procedural factors (e.g., incomplete colono-
scopy, suboptimal bowel preparation, missed or incompletely
resected lesions) could have made an even greater contribution to
the occurrence of interval CRC (71–86%).38 39 45 Missed lesions,
which may explain over 50% of interval CRCs,38 39 45 are difficult

Table 1 Overview of studies on interval CRCs after colonoscopy in asymptomatic populations, showing that variation in the definitions used for
an interval CRC affects the estimated rates

Studies Definition iCRC Design Outcomes
Stage of CRC
(I–II vs. III–IV)

Location of
CRC (proximal
vs. distal)

Risk factors/possible
aetiology

Brenner et al
(2012)24

Germany

1–10 years after negative
colonoscopy

Population-based; 1945 CRC
cases; 2399 controls

433 screen detected vs.
78 iCRCs

Screen
detected: 282
vs. 149
iCRCs: 39 vs.
39

Screen detected:
167 vs. 243
iCRC 44 vs. 32

Predictors of iCRCs

Strock et al
(2011)23

Luxembourg

All CRCs after index
colonoscopy

Retrospective; 8950 patients
after screening CS

19 iCRCs in 47 725
person-years follow-up

Not specified iCRC: 6 vs. 13 N/A

Kaminski et al
(2010)48

Poland

CRC diagnosed between
screening and surveillance
examination

Retrospective.
45 026 patients in
colonoscopy screening
programme

CRC incidence; 42 iCRCs in
188 788 person-years of
follow-up

Not specified iCRC: 12 vs. 25 Association ADR of
individual
endoscopists

Matsuda et al
(2009)22

Japan

<36 months Observational, cohort study,
NPS; 5309 patients

Incidence of advanced
neoplasms after CS: 13
iCRCs within 3 years

iCRC: 12 vs. 1 iCRC: 5 vs. 8 Macroscopic
appearance (5
depressed, 2 flat)

Kahi et al
(2009)51

USA

Not defined Retrospective. screening cohort
of 715 patients vs. SEER data

5 screen detected; 7 iCRCs
in 10 492 person-years
follow-up

Screen
detected 5 vs.
0
iCRC: 4 vs. 3

Screen detected 2
vs. 3
iCRC: 6 vs. 1

N/A

Lieberman et al
(2007)21

USA

<5 years after screening
colonoscopy

Prospective.
3121 screenees

1.7 per 1000 person years
follow-up

iCRC: 10 vs. 4 iCRC: 7 vs. 7 N/A

ADR, adenoma detection rate; CRC, colorectal cancer; CS, colonoscopy; iCRC, interval CRC; N/A, not applicable; NPS, National Polyp Study; SEER, Surveillance, Epidemiology and End
Results.
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CCRi : définition

• Consensus d’experts 2015

• Cancer du colon survenant après la réalisation d’une coloscopie 
index ne retrouvant pas de cancer et avant la date de contrôle 
recommandée

nomenclature
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Caractéristiques CCRi

• Localisation proximale : en amont du colon transverse D (50-68%)

• Lésion plane : 45% vs 28% (importance de la reconnaissance des 
lésions festonnées++)

• Taille : 3,5cm vs 4,4cm

• Pronostic : identique ou meilleur

1. Robertson D et al, Gut 2014;63:949-956
2. Le Clerq CMC, Gut 2013;63:957-963
3. Cooper GS, Cancer 2012;118:3044-52



Causes des CCRi

Lésions manquées
52% - 66%

Cancer de novo 
13% - 19%

Résection incomplète
20% - 27%

• 3 principales causes :

- Lésions manquées

- Résection incomplète

- Cancer à développement rapide : cancer de novo

1. Robertson D et al, Gut 2014;63:949-956
2. Le Clerq CMC, Gut 2013;63:957-963

>75% des cas « opérateurs-dépendants »
Donc amélioration possible



• TDA inversement corrélé au risque de CCRi1,2

• Variabilité inter-endoscopistes TDA élevée :

- Bretagne GIE 2010 : 25,4% vs 46,8%

- Lee Gut 2012 : 21,9% vs 59,8%

- Corley NEJM 2014 : 7,4% vs 52,5%

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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Background
Although rates of detection of adenomatous lesions (tumors or polyps) and cecal 
intubation are recommended for use as quality indicators for screening colonos-
copy, these measurements have not been validated, and their importance remains 
uncertain.

Methods
We used a multivariate Cox proportional-hazards regression model to evaluate the 
influence of quality indicators for colonoscopy on the risk of interval cancer. Data 
were collected from 186 endoscopists who were involved in a colonoscopy-based 
colorectal-cancer screening program involving 45,026 subjects. Interval cancer was 
defined as colorectal adenocarcinoma that was diagnosed between the time of 
screening colonoscopy and the scheduled time of surveillance colonoscopy. We 
derived data on quality indicators for colonoscopy from the screening program’s 
database and data on interval cancers from cancer registries. The primary aim of 
the study was to assess the association between quality indicators for colonoscopy 
and the risk of interval cancer.

Results
A total of 42 interval colorectal cancers were identified during a period of 188,788 
person-years. The endoscopist’s rate of detection of adenomas was significantly 
associated with the risk of interval colorectal cancer (P = 0.008), whereas the rate of 
cecal intubation was not significantly associated with this risk (P = 0.50). The haz-
ard ratios for adenoma detection rates of less than 11.0%, 11.0 to 14.9%, and 15.0 
to 19.9%, as compared with a rate of 20.0% or higher, were 10.94 (95% confidence 
interval [CI], 1.37 to 87.01), 10.75 (95% CI, 1.36 to 85.06), and 12.50 (95% CI, 1.51 
to 103.43), respectively (P = 0.02 for all comparisons).

Conclusions
The adenoma detection rate is an independent predictor of the risk of interval col-
orectal cancer after screening colonoscopy.

The New England Journal of Medicine 
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Quality Indicators for Colonoscopy and Interval-Cancer Risk

n engl j med 362;19 nejm.org may 13, 2010 1799

presented in Table 2 in the Supplementary Ap-
pendix.

Discussion

In our study, a widely recommended quality indi-
cator for screening colonoscopy (the endoscopist’s 
rate of adenoma detection) was significantly as-
sociated with the risk of interval cancer among 
45,026 subjects who underwent such screening. 
The risk was significantly higher among subjects 
who underwent colonoscopies that were performed 
by endoscopists with an adenoma detection rate 
of less than 20% than among subjects examined 
by endoscopists with a detection rate of 20% or 
more. A second widely recommended quality in-

dicator, the cecal intubation rate, was not associ-
ated with the risk of interval cancer. These results, 
obtained in a large cohort, underscore the crucial 
role of meticulous inspection of the colorectal mu-
cosa at the baseline examination and indicate that 
such inspection is a very important factor in the 
efficacy of screening.18,19

Other factors — such as an ineffective polypec-
tomy, alternative pathways to colorectal cancer 
(e.g., the BRAF–CpG island methylation pathway), 
and biologic aggressiveness of selected tumors 
— may also be associated with the risk of inter-
val colorectal cancer. However, in our study, only 
one interval cancer (2.4%) was attributed to an 
ineffective polypectomy. Although two previous 
studies have suggested that ineffective poly-

Table 2. Characteristics of 186 Endoscopists, According to the Adenoma Detection Rate.*

Characteristic Adenoma Detection Rate

<11.0% 11.0 to 14.9% 15.0 to 19.9% ≥20.0% Total

Colonoscopists — no. (%) 80 (43.0) 46 (24.7) 34 (18.3) 26 (14.0) 186 (100.0)

No. of colonoscopies included in study

Median (interquartile range) 130 (54–230) 161 (98–304) 125 (98–194) 178 (112–654) 145 (80–262)

Range 30–1824 34–1848 35–1589 32–1737 30–1848

Person-years of follow-up — no. 65,528 54,339 27,490 41,431 188,788

Mean age in 2000 (±SD) — yr 43.8±7.6 41.0±6.0 40.8±5.9 40.3±5.0 42.1±6.7

Male sex — no. (%) 65 (81.2) 38 (82.6) 27 (79.4) 19 (73.1) 149 (80.1)

Screening centers — no.† 35 28 18 12 45

Rate of cecal intubation — %

Median (interquartile range) 91 (84–95) 94 (88–96) 94 (91–96) 95 (92–98) 94 (88–96)

Range 55–100 52–100 60–98 85–100 52–100

Complete colonoscopies — no./total  
no. (%)

14,273/15,883 
(89.9)

12,129/13,281 
(91.3)

6,249/6,607 
(94.6)

8,901/9,255 
(96.2)

41,552/45,026 
(92.3)

Colonoscopic experience — no. (%)‡

<5 yr 18 (22.5) 13 (28.3) 16 (47.1) 12 (46.2) 59 (31.7)

5–10 yr 20 (25.0) 17 (37.0) 7 (20.6) 6 (23.1) 50 (26.9)

>10 yr 30 (37.5) 14 (30.4) 8 (23.5) 5 (19.2) 57 (30.6)

Unknown 12 (15.0) 2 (4.3) 3 (8.8) 3 (11.5) 20 (10.8)

Specialty — no. (%)

Gastroenterology 22 (27.5) 17 (37.0) 14 (41.2) 14 (53.8) 67 (36.0)

Internal medicine or no specialty 24 (30.0) 14 (30.4) 8 (23.5) 6 (23.1) 52 (28.0)

Surgery 34 (42.5) 15 (32.6) 12 (35.3) 6 (23.1) 67 (36.0)

No. of interval cancers/100,000 person-yr 
of follow-up

33.6 22.1 25.5 2.4 22.3

* Plus–minus values are means ±SD. Because of rounding, percentages may not total 100.
† The numbers of centers do not total 45 because endoscopists at each center had multiple rates of adenoma detection.
‡ The years of colonoscopic experience for endoscopists were not included in the multivariate analysis because of the lack of prospectively 

collected complete data.
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Figure 2. Hazard Ratios for Colorectal Cancer, According to Quintile of Adenoma Detection Rates.

Data were adjusted for sex, age, Charlson comorbidity index score, and indication for colonoscopy, with clustering according to physician. 
Vertical lines indicate 95% confidence intervals. HR denotes hazard ratio.
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A BS TR AC T

Background
The proportion of screening colonoscopic examinations performed by a physician 
that detect one or more adenomas (the adenoma detection rate) is a recommended 
quality measure. However, little is known about the association between this rate 
and patients’ risks of a subsequent colorectal cancer (interval cancer) and death.

Methods
Using data from an integrated health care delivery organization, we evaluated the 
associations between the adenoma detection rate and the risks of colorectal cancer 
diagnosed 6 months to 10 years after colonoscopy and of cancer-related death. 
With the use of Cox regression, our estimates of attributable risk were adjusted for 
the demographic characteristics of the patients, indications for colonoscopy, and 
coexisting conditions.

Results
We evaluated 314,872 colonoscopies performed by 136 gastroenterologists; the ad-
enoma detection rates ranged from 7.4 to 52.5%. During the follow-up period, we 
identified 712 interval colorectal adenocarcinomas, including 255 advanced-stage 
cancers, and 147 deaths from interval colorectal cancer. The unadjusted risks of 
interval cancer according to quintiles of adenoma detection rates, from lowest to 
highest, were 9.8, 8.6, 8.0, 7.0, and 4.8 cases per 10,000 person-years of follow-up, 
respectively. Among patients of physicians with adenoma detection rates in the 
highest quintile, as compared with patients of physicians with detection rates in the 
lowest quintile, the adjusted hazard ratio for any interval cancer was 0.52 (95% con-
fidence interval [CI], 0.39 to 0.69), for advanced-stage interval cancer, 0.43 (95% CI, 
0.29 to 0.64), and for fatal interval cancer, 0.38 (95% CI, 0.22 to 0.65). Each 1.0% 
increase in the adenoma detection rate was associated with a 3.0% decrease in the 
risk of cancer (hazard ratio, 0.97; 95% CI, 0.96 to 0.98).

Conclusions
The adenoma detection rate was inversely associated with the risks of interval 
colorectal cancer, advanced-stage interval cancer, and fatal interval cancer. (Funded 
by the Kaiser Permanente Community Benefit program and the National Cancer 
Institute.)
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1% d’amélioration du TDA est prédictif 
d’une diminution de 3% du risque de CCRi
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Chiu S et al, Gut 2017;66:293-300

We adopted the definition of IC after colonoscopy as pro-
posed by the Expert Working Group on interval CRC of the
CRC Screening Committee of the World Endoscopy
Organization.22 According to this definition and currently
recommended postcolonoscopy surveillance intervals, in a
FIT-based screening programme, we defined IC as CRCs diag-
nosed within 3 years after index colonoscopies with the finding
of advanced adenoma, within 5 years with the finding of non-
advanced adenoma and within 10 years with negative finding.23

After excluding those with missing stage information, we also
calculated the attributable proportion of colonoscopy IC of
various aetiologies pursuant to the definition by le Clercq
et al.24 ‘Colonoscopy IC caused by incomplete resection’ was
defined as the proportion of colonoscopy ICs diagnosed in the
same anatomical segment as a previously resected advanced
adenoma; ‘colonoscopy IC caused by missed lesion’ as the sum
of colonoscopy ICs of any size or stage that were diagnosed
within 36 months of the index colonoscopy or American Joint
Committee on Cancer (AJCC) stage III or IV CRCs that were
diagnosed in 36 months and longer without previous advanced
adenoma detected in the same segment at the index colonos-
copy, and ‘colonoscopy IC caused by newly developed cancer’
as the colonoscopy ICs detected longer than 36 months after
the index colonoscopy without features of advanced cancer and
without a previous advanced adenoma in the same segment.

Statistical analysis
For IC, follow-up time was computed from the index colonos-
copy until the diagnosis of CRC or until the end of 2012 for
those who did not have IC based on the abovementioned defin-
ition. Person-years were defined as the product of the number
of years from index colonoscopy to the occurrence of IC or till
the end of 2012 (whichever came first) times the number of
study population who were followed up, taking into account the
currently recommended postcolonoscopy surveillance interval

(3 years, 5 years and 10 years for advanced adenoma, non-
advanced adenoma and negative findings at index colonoscopy,
respectively) (figure 1). All person-years were used for IC inci-
dence risk estimation and offset for the Poisson regression
model. The incidence of IC was calculated and expressed as
cancers per 1000 person-years of observation. CRCs detected at
baseline and subsequent rounds of screening were considered as
screen-detected CRC.

Poisson regression model was applied to assess the potential
risk factors responsible for IC. This model included FHbC (cate-
gorised as 20–49 μg Hb/g, 50–99 μg Hb/g, 100–149 μg Hb/g
and ≥150 μg Hb/g of faeces), the FIT kit brand, and ambient
temperatures when faecal samples were collected and other con-
ventional factors, such as age (dichotomised to 60–69 years vs
50–59 years), gender (male vs female), settings with different
ADRs (>30%, 15–30% and <15%) and index colonoscopy
findings (normal, non-advanced adenoma, advanced adenoma).
As Taiwan is an island that is located in the subtropical-tropical
zone, the variation of ambient temperature changes by calendar
month. Recent studies, including ours, have demonstrated that
ambient temperature might have affected FIT performance; the
ambient temperature of when and where individual faecal
sample was collected was taken into account in the multivariable
analysis.20 25 The analyses for the subjects with negative colon-
oscopy were conducted in the same manner. Factors with statis-
tical significance in the univariate model were further analysed
in the multivariate model. Relative risk (RR) and adjusted RR
(aRR), and their respective 95% CIs, were calculated.

To test the predictive validity of the current model, we also
performed cross-validation by splitting data into two-thirds for
deriving the model and a third for validation of the model.
The observed number of colonoscopy ICs in the validation data
set were compared with the predicted ones that were computed
by the application of parameters trained from the derivation
data set.

Figure 1 Flow diagram of
identification of study population from
the nationwide screening cohort.
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colonoscopy ICs.40 Those lesions are more difficult to be
detected during colonoscopy, even if they have already become
invasive, owing to the non-polypoid and subtle morphology and
detection of such subtle lesions requires complete and high-
quality colonoscopy, and, although their contribution to the
incidence of ICs and tendency to bleed remains unclear, early
invasive cancers arising from such lesions might be missed on
initial colonoscopy. According to the results of this study, after
controlling for the aforementioned operational factors, we
found a stepwise increment of the risk of developing IC along
with the increased level of FHbC. Such an association can be
caused by either operational or biological factors. Our ancillary
analysis showed that the higher the level of FHbC, the higher
the likelihood of detecting advanced adenoma or invasive
cancers, which is consistent with a previous Dutch study con-
ducted by Hol et al17 (see online supplementary table S1). The
highest incidence of IC was observed in the lowest ADR setting
followed by those with high baseline FHbC (table 2), and a
similar trend in the multivariate analysis (table 3); it is therefore
reasonable to speculate that certain significant neoplasms might
have been missed at index colonoscopy in subjects with high
baseline FHbC levels even if colonoscopy yielded negative or
only non-significant finding. Our speculation is also supported
by the estimation of an attributable proportion of 84.8% for
colonoscopy ICs being caused by missed lesions.

Our finding on FHbC as a predictor for IC may provide a
potential opportunity for applying FHbC to screening pro-
grammes under the current quality-monitoring (ADR) or risk
stratification (index colonoscopy finding) framework. This
might be accomplished by intensive referral of cases with high
FHbC values (above 150 μg Hb/g of faeces) to hospitals or
endoscopists with better performance (high complete colonos-
copy rate, high ADR) where there may be a lower risk of IC
after colonoscopy. We can also consider offering a second-look
colonoscopy for those who had high FHbC even after a com-
plete colonoscopy with negative or non-significant findings. As a
third of our FIT-positive subjects (equivalent to 1–2% of the

overall screening population) had FHbCs above this level, tai-
lored referral of this subgroup of subjects or offering second-
look colonoscopy seems feasible, taking into account the overall
FIT-positive rate of 4% in our programme, although accessibility
or geographical barriers may need to be overcome. In this
context, offering second-look colonoscopy for at least those
subjects with poor bowel preparation or incomplete exam at the
initial colonoscopy with very high FHbC may help capture
missed lesions but minimise the stress put on the currently con-
strained colonoscopy capacity. In addition, another FIT before
the next round of screening may be prescribed for this subgroup
of subjects, thus increasing the chance of triggering another col-
onoscopy. This approach is also applicable to colonoscopy-based
screening programmes by adding a FIT within the colonoscopy
surveillance interval, an addition that may help in detecting
missed or incompletely resected advanced neoplasms as
reported by Lane et al.41 Finally, as demonstrated by the current
study, missed lesions comprise more than 80% of colonoscopy
ICs, implementation of quality certification for all participating
colonoscopists for screening colonoscopy and regular audit of
important quality indicators under the framework of screening
programme, is crucial. Further cooperation of the professional
societies and the government is mandatory.

Our study has several strengths. First, its large population of
subjects participating in a nationwide screening programme pro-
vides sufficient power and more accurate estimation of the IC
risk by various factors. Second, all FITs were conducted in
accredited laboratories under regular audit, and all FHbC mea-
surements were stored in the government’s central database.
Third, we conducted separate analyses on a negative colonos-
copy cohort, so the results can be applied to colonoscopy-based
screening programmes as well as to FIT-based programmes.
High FHbC may imply the existence of undetected advanced
neoplasms or even invasive cancers, and dedicated management
of those cases may facilitate prompt detection of these signifi-
cant lesions and improve the effectiveness of the screening pro-
gramme. Finally, all colonoscopy ICs were identified based on

Table 3 Association of various risk factors and interval cancer after colonoscopy in study population

Risk factors

Whole cohort Subjects with negative colonoscopy

Univariate analysis Multivariable analysis Univariate analysis Multivariable analysis
Crude RR (95% CI) Adjusted RR (95% CI) Crude RR (95% CI) Adjusted RR (95% CI)

Age, years
60–69 vs 50–59 1.58 (1.16 to 2.16) 1.49 (1.09 to 2.04) 1.87 (1.23 to 2.84) 1.82 (1.19 to 2.78)

Gender
Male vs female 1.20 (0.88 to 1.63) --- 1.37 (0.90 to 2.07) –

Faecal haemoglobin concentration (μg Hb/g faeces)
20–49 1.00 1.00 1.00 1.00
50–99 1.41 (0.88 to 2.24) 1.48 (0.93 to 2.37) 1.49 (0.81 to 2.74) 1.58 (0.85 to 2.92)
100–149 2.45 (1.46 to 4.11) 2.55 (1.52 to 4.29) 2.30 (1.13 to 4.69) 2.45 (1.20 to 5.02)
≥150 2.54 (1.72 to 3.76) 2.74 (1.84 to 4.09) 2.60 (1.55 to 4.37) 2.88 (1.70 to 4.90)

Received colonoscopy in settings with adenoma detection rate (%)
>30 1.00 1.00 1.00 1.00
15–30 1.44 (0.89 to 2.33) 1.57 (0.94 to 2.61) 2.06 (0.90 to 4.73) 1.90 (0.83 to 4.39)
<15 2.58 (1.33 to 5.01) 3.09 (1.55 to 6.18) 3.75 (1.39 to 10.13) 3.61 (1.33 to 9.81)

Index colonoscopy findings
No adenoma 1.00 1.00 – –

Non-advanced adenoma only 1.44 (1.01 to 2.05) 1.52 (1.06 to 2.18) – –

Advanced adenoma 2.26 (1.45 to 3.51) 1.87 (1.19 to 2.96) – –

Ambient temperature and FIT kit brand were included in the analyses, and both univariate analyses revealed no significant impact of these factors.
FIT, faecal immunochemical testing; RR, relative risk.
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their histo logic characterization and classi-
fication.44 Systematic educational programs 
should be offered to practicing endoscopists 
and pathologists to improve their recogni-
tion and diagnosis of serrated lesions (other 
than standard hyper plastic polyps, which are 
still by far the most common serrated lesions, 
but for which no association with increased 
cancer risk exists).

Although existing data may be consistent 
with the serrated pathway having a causal role 
in the occurrence of some interval cancers, 
evidence at the molecular level is scarce. Only 
a few studies have investigated the molecular 
make-up of interval cancers (Table 2).25,32,33 
The authors of these studies found a higher 
prevalence of microsatellite instability and 
extensive DNA methylation in interval versus 
noninterval CRCs. It should be noted that 
these three studies were conducted by the 
same investigators, on the same samples from 
63 tumours (from a predominantly male 
population of American veterans). This factor 
underscores the need for additional data.

Other mechanisms
Some interval CRCs might represent new 
cases of hereditary cancer syndromes (for 
example, Lynch syndrome, in which non-
polypoid adenomas undergo rapid growth). 
Finally, as yet unidentified biological mech-
anisms might explain the heterogenous pool 
of interval cancers. Careful examination of 
these uncommon cases of interval cancer 
might help clinicians to identify subgroups 
of patients in whom technical improvement 
alone cannot substitute the need for more 
intensive surveillance.

Practical recommendations
Evidence indicating that interval cancers 
account for up to 9% of all CRCs9 supports 
the idea that procedural consent should 
include information about the risk of interval 
CRC. In our opinion, every case of interval 
cancer needs to be reported as a clinical com-
plication, thus facing scrutiny and enabling 
discussion of potential improvements.

In examining potential explanations of 
interval cancers in routine practice, a stepwise 
approach should be considered. An examina-
tion of whether procedural factors, such as 
inadequate bowel preparation, incomplete 
examination, or failed detection or removal 
of colorectal lesions could have had a causal 
role should be the first step. As endoscopist-
dependent factors are a major contributor to 
the occurrence of interval cancers, account-
ing for 54–65% of all cases,8,30 their impact 
needs to be clarified first. Use of standardized 
reporting systems including photographic 
and/or video documentation is essential. 
High-quality data reporting, with accurate 
descriptions of bowel preparation, the endo-
scopic features of detected neoplasms (namely 
location, size and shape, using the Paris clas-
sification47) as well as the type of resection 
technique applied will enable understanding 
of the way these factors could have enabled 
the development of interval cancers. Of par-
ticular importance is careful inspection of 
the proximal colon with complete removal of 
all polypoid and nonpolypoid neoplasms.48 
The wide variation between endoscopists 
in detection of adenomas27,45,46 and serrated 
polyps45,46 indicates that quality colono-
scopy is strongly endoscopist-dependent, 
and hence, amenable to improvement. 
Presumably, endoscopists who have a lower 
performance in terms of adenoma detec-
tion rate might be more likely to overlook 
proximal lesions with a subtle appearance, 
such as flat or depressed adenomas and ser-
rated lesions. This group of endoscopists 
needs to be identified and encouraged to  
take part in targeted educational programs.

In the case that technical factors are 
unlikely to explain or can only partly explain 
the occurrence of an interval cancer, tumour 
biology should also be examined. Revision of 
tumour histology in conjunction with micro-
satellite instability and chromosomal instabil-
ity analyses, and eventually CIMP status, and 
BRAF and KRAS mutation status might shed 
light on the contribution of nonpolypoid 
classic (adenoma carcinoma) or alternative 

(serrated neoplastic) pathways. NP-CRNs are 
predominantly associ ated with chromosomal 
instability, and contain KRAS mutations, 
while the serrated lesions are commonly 
microsatellite unstable, CIMP-high and 
contain BRAF mutations.49,50 Interval cancers 
emerging through nonpolypoid mechanisms 
are probably the result of a mix of technical 
and biological factors. Mismatch repair gene 
expression might help to identify new cases of 
Lynch syndrome. Perhaps unexplained cases 
might be examined in the near future through 
next-generation DNA sequencing techno-
logies, thereby unravelling as yet unknown 
biological mechanisms.51

Conclusions
There is probably an overlap between tech-
nical and biology-related factors in most 
cases of interval CRC and the suggested 
approach to separate biology from technol-
ogy is far from perfect. It might be especially 
difficult to distinguish between missed 
cancers and newly developed cancers. Some 
authors hypothesize that advanced cancers 
detected a short time (arbitrarily defined 
as <30 months) after colonoscopy probably 
represent missed cancers, while small, early 
stage cancers detected after a longer inter-
val are more likely to be new cancers.14,15,30 
Whilst awaiting additional evidence, piecing 
together the most common technical and 
biological explanations of interval cancers 
should provide important feedback to health-
care professionals and the medical commu-
nity. Understanding the biology of these 
cancers may form the basis for personalized  
surveillance programs in the future.
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Table 2 | Overview of studies on molecular characteristics of ICRCs*

Study Population Results Conclusions

Sawhney 
et al. (2006)32

51 ICRCs
112 non-ICRCs

MSI: 30.4% of ICRCs vs 10.3% of non-ICRCs (P = 0.003) ICRCs were four times more likely to be associated with 
mismatch repair gene dysfunction than non-ICRCs

Arain et al. 
(2009)25

63 ICRCs
131 non-ICRCs

CIMP-high: 57% of ICRCs vs 33% of non-ICRCs (P = 0.004)
MSI: 29% of ICRCs vs 11% of non-ICRCs (P = 0.004)

CIMP status and MSI were independently associated with 
ICRCs

Shaukat et al. 
(2010)33

63 ICRCs
131 non-ICRCs

BRAF mutation: 28% of ICRCs vs 19% of non-ICRCs (P = 0.18) BRAF mutation not associated with ICRCs

*All three studies were conducted by the same investigators on the same set of tumour samples. Abbreviations: CIMP, CpG island methylator phenotype; ICRC, interval colorectal cancer; MSI, 
microsatellite instability.

PERSPECTIVES

© 2012 Macmillan Publishers Limited. All rights reserved

• Statut MSI : 30% CCRi vs 10% CCR, tumeur proximale (RR=17)1, 
facteur de bon pronostic

• Phénotype CIMP high (hyperméthylation îlots CpG)2

• Pas d’association mutation B-Raf3,4

Caractéristiques biologie moléculaire

1. Sawhney et al. Gastroenterology 2006;131:1700-5
2. Arain et al. Am J Gastroenterol 2010;105:1189-95
3. Shaukat et al. Dig Dis Sci 2010;55:2352-6
4. Shaukat et al. Dig Dis Sci 2012;57:913-7
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Definition of Patients Presenting a High Risk of Developing
Peritoneal Carcinomatosis After Curative Surgery for Colorectal
Cancer: A Systematic Review

Charles Honoré, MD, Diane Goéré, MD, Amine Souadka, MD, Frédéric Dumont, MD,
and Dominique Elias, MD, PhD

Department of Surgical Oncology, Institut Gustave Roussy, Cancer Center, Villejuif, France

ABSTRACT
Background. In colorectal cancer, complete cytoreductive

surgery associated with hyperthermic intraperitoneal che-

motherapy achieves encouraging results in early peritoneal
carcinomatosis (PC), but this early detection can only be

accurately accomplished during a systematic second-look
surgery. This costly and invasive approach can only be

proposed to selected patients. The objective of this study

was to identify risk factors predictive of developing PC
after curative surgery for colorectal cancer.

Methods. After a systematic review of the literature

published between 1940 and 2011, all clinical studies
reporting the incidence of PC after curative surgery for

colorectal cancer were searched for factors associated with

the primary tumor that were likely to influence the inci-
dence of recurrent PC.

Results. Sixteen clinical studies were considered infor-

mative, all nonrandomized, three prospective and 13
retrospective, including 4–395 patients. Overall, the

methodological quality of the reported studies was low.

Data were available for the following factors: synchronous
PC, synchronous ovarian metastases, perforated primary

tumor, serosal and/or adjacent organ invasion, histological

subtype, and positive peritoneal cytology with reported
incidences of recurrent PC between 8 and 75 %. No study

was found that mentioned an impact of lymph node inva-

sion, tumor location, laparoscopy, occlusive tumors, or
bleeding tumor on recurrent PC.

Conclusions. Evidence regarding the incidence of recur-
rent PC after curative surgery for colorectal cancer is poor.

Emerging data indicate three situations that could result in

a real higher risk of recurrent PC: synchronous PC, syn-
chronous isolated ovarian metastases, and a perforated

primary tumor.

Peritoneal carcinomatosis (PC) after curative surgery for

colorectal cancer occurs in nearly 10 % of all patients.1–7

Single or multiple tumor deposits on the peritoneum

characterize this specific kind of recurrence. It must be

distinguished from other types of recurrences (local
recurrence—i.e., anastomotic; lymph node and distant

metastases) whose treatment and long-term results differ.

Patients with PC have a very poor prognosis, and it is often
considered a terminal disease. Median survival does not

exceed 6 months with older chemotherapies in unselected

patients, and survival is less than 24 months with new drug
regimens in highly selected patients, corresponding to a

5-year overall survival rate of 5 and 13 %, respectively.7–10

Nevertheless, a recent approach combining complete
cytoreductive surgery with hyperthermic intraperitoneal

chemotherapy (HIPEC) changed the therapeutic landscape.

The latest results demonstrate a 5-year overall survival rate
of 42 % and a median survival of 41 months after a mean

follow-up of 49 months.11 One major prognostic factor

after complete cytoreductive surgery plus HIPEC is the
extent of the peritoneal disease evaluated peroperatively

with the peritoneal cancer index.8,12–17 In a recent series of

523 patients treated with complete cytoreductive surgery
plus HIPEC, the 5-year overall survival rate dropped from

49 % in patients with a low peritoneal cancer index (below

7) to less than 10 % in patients with peritoneal cancer
index above 20.12 All efforts should therefore be made to

identify patients with PC at the earliest stage. However, the
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included in the review.5,22–36 All 16 studies were nonran-

domized. Three studies were prospective.23,31, 32 Thirteen
were retrospective.5,22,24–30,33–36 The total number of

patients included was 598. According to the reported

incidence of PC, only six influencing factors associated
with curative surgery of the primary tumor were usable for

further review: synchronous PC completely resected during

the primary tumor surgery, synchronous ovarian metasta-
ses, a perforated primary tumor, the histological subtype,

positive peritoneal cytology, and serosal invasion of the
primary tumor.

Synchronous PC (Completely Resected)

Synchronous PC is discovered serendipitously in 4.8 %

of the patients scheduled for curative surgery.37 Two

nonrandomized studies were selected for the peritoneal
recurrence analysis; one was one prospective and the other

retrospective (Table 3).22,23 After performing systematic

second-look surgery at 12 months, Elias et al.23 showed

that 54 % (15 of 28) of all patients with completely

resected synchronous PC developed a peritoneal recur-
rence. The percentages at a greater or a shorter interval

between the first surgical procedure and systematic second-

look surgery are not known but are probably strongly
influenced by this delay. The other study concerned only

four patients with an R0 resection.22 Three of these patients
had experienced disease relapsed on the peritoneum after

20 months of follow-up.

In conclusion, the incidence of recurrent PC in patients
with completely resected synchronous PC ranged between

54 and 75 % with a level of evidence from 3b to 4.

Synchronous Ovarian Metastasis

Ovarian metastases are associated in 0.8–7.4 % of all

colorectal cancers.22,38,39 This rate increases to 5–9.7 %
in autopsy series.40–42 Two studies, one each retrospective

and prospective, including 8–16 patients, were selected for

the recurrent PC analysis (Table 4).24,27 In the prospective
series, 62 % (5 of 8) exhibited macroscopic PC at the

systematic second-look procedure 12 months after initial

surgery.23 In the retrospective studies, PC had occurred in
56 % (9 of 16) of cases diagnosed at imaging.24 These

results only concerned cases without macroscopic PC. This

is an important point because ovarian metastases are
associated with synchronous PC in 29–72 % of

cases.22,24,43

In conclusion, the incidence of recurrent PC in
patients with isolated synchronous ovarian metastases

ranged between 56 and 62 % with a level of evidence

from 3b to 4.

TABLE 2 Oxford Centre for Evidence Based Medicine levels of
evidence, March 2009

Level Description

1a 1a SR (with homogeneity) of RCTs

1b Individual RCT (with narrow confidence interval)

2a SR (with homogeneity) of cohort studies

2b Individual cohort study (including low quality RCT)

2c Outcomes research

3a SR (with homogeneity) of case–control studies

3b Individual case–control study

4 Case series (and poor-quality cohort and case–control studies)

5 Expert opinion without explicit critical appraisal or based on
physiology, bench research, or first principles

SR systematic review, RCT randomized controlled trial

6522 referencesMeSH search:

132 references

97 references

16 references

Title selection

Abstract selection

Full text selection

FIG. 1 Study inclusion scheme

TABLE 3 Influence of synchronous PC associated with the primary
tumor on recurrent PC after a curative resection

Study Years n Recurrence PC
incidence

Fujiwara et al.22 2010 4 75 % (3/4)

Elias et al.23 2011 28 54 % (15/28)

PC peritoneal carcinomatosis

TABLE 4 Influence of synchronous ovarian metastasis on recurrent
PC after a curative resection

Study Years n Recurrent PC
incidence

Tan et al.24 2010 16 56 % (9/16)

Elias et al.23 2011 8 62 % (5/8)

PC peritoneal carcinomatosis
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Indication CHIP prophylactique

• Chirurgie « 2nd look » systématique + CHIP 
après chirurgie primitif à haut risque de récidive 
de CP et après chimio adjuvante

• 56% patients CP+ sans signe de récidive en 
pré-op (imagerie négative)

• OS 90% à 5 ans (DSF 44% à 5 ans)

ORIGINAL ARTICLE

Results of Systematic Second-look Surgery Plus HIPEC in
Asymptomatic Patients Presenting a High Risk of Developing

Colorectal Peritoneal Carcinomatosis
D Elias, MD, PhD,∗ C Honoré, MD,∗ F Dumont, MD,∗ M. Ducreux, MD, PhD,† V. Boige, MD, PhD,†

D. Malka, MD, PhD,† P. Burtin, MD,† C. Dromain, MD,‡ and D. Goéré, MD∗

Purpose: To analyze the impact of systematic second-look surgery plus hy-
perthermic intraperitoneal chemotherapy (HIPEC) performed 1 year after
resection of the primary tumor in asymptomatic patients at high risk of devel-
oping peritoneal carcinomatosis (PC).
Patients and Methods: From 1999 to 2009, 41 patients without any sign
of recurrence on imaging studies underwent second-look surgery aimed at
treating limited PC earlier and more easily. They were selected based on 3
primary tumor-associated criteria: resected minimal synchronous macroscopic
PC (n = 25), synchronous ovarian metastases (n = 8), and perforation (n = 8).
Results: PC was found and treated with complete surgery plus HIPEC in 23 of
the 41 (56%) patients. The other patients underwent complete abdominal ex-
ploration plus systematic HIPEC. Median follow-up was 30 (9–109) months.
One patient died postoperatively at day 69. Grade 3-4 morbidity was low
(9.7%). The 5-year overall survival rate was 90% and the 5-year disease-free
survival rate was 44%. Peritoneal recurrences occurred in 7 patients (17%), 6
of whom had macroscopic PC discovered during the second-look (26%), and
one patient had no macroscopic PC (6%). In the univariate analysis, the pres-
ence of PC at second-look surgery was a significant risk factor for recurrence
(P = 0.006).
Conclusion: Selection criteria for high-risk patients appear to be accurate.
In these patients, the second-look strategy treated peritoneal carcinomatosis
preventively or at an early stage, yielding promising results. This study has al-
lowed us to design a multicentric randomized trial (comparing the second-look
+ HIPEC approach versus standard follow-up alone), which is beginning.

(Ann Surg 2011;254:289–293)

S tage IV colorectal cancer is a very morbid disease, with a 5-
year overall survival rate of 10% and a median survival of 14.4

months. The prognosis is significantly worsened when there is peri-
toneal carcinomatosis (PC), with a median survival of 6.7 months
versus 18.1 months when it is absent (P < 0.01).1 During the last
10 years a new approach combining complete cytoreductive surgery
(CCRS) with hyperthermic intraperitoneal chemotherapy (HIPEC)
has yielded encouraging results.2,3 The purpose of surgery is to treat
all the macroscopic, ie, visible disease and the aim of HIPEC is to
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treat the microscopic, ie, occult residual disease.4 In selected patients
presenting with macroscopic colorectal PC who received this com-
bined treatment, the results of a phase 3 study demonstrated that the
survival rate was 3-fold higher in the experimental arm compared
to the systemic chemotherapy arm.5 The 5-year overall survival rate
in a recent multicentric retrospective study of 523 patients submit-
ted to CCRS with intraperitoneal chemotherapy was 30%6 and could
exceed 40% in specialized centers.7–9

The extension of peritoneal disease is one of the major prog-
nostic factors: long-term survival results and postoperative morbidity
are far better when PC is more limited in extent.5–10 This is a strong
argument in favor of attempting to detect and treat PC at an early
stage. Unfortunately, detecting PC at an early stage is not currently
possible because of the absence of symptoms and the poor accuracy of
imaging for the diagnosis of peritoneal carcinomatosis. Exploration
of the peritoneal cavity during a laparotomy (second-look surgery)
has therefore been developed to circumvent these obstacles.11 In a
previous study, we demonstrated that PC was present and diagnosed
during second-look surgery in 55% of patients considered at high risk
of developing PC.11

The aim of this study was to analyze the potential benefit of
systematic second-look surgery plus HIPEC, even in the absence of
macroscopic PC, in patients at high risk of developing peritoneal
carcinomatosis.

MATERIALS AND METHODS
This was a prospective study, and all the patients were sys-

tematically informed of the aim of the study before the second-look
procedure and gave their consent. The study was approved by the
local Ethics Committee.

Patient Inclusion Criteria
1. Patients curatively (R0-1 resection) treated for their primary col-

orectal tumor, but who at the time had presented with: (i) either
minimal PC which was macroscopically visible, completely re-
sected at the same time as the primary, and histologically exam-
ined, (ii) or ovarian metastasis (also resected), synchronous with
the primary (iii) or a perforated primary tumor inside the peritoneal
cavity. Patients presenting with an initial PC associated with a per-
forated tumor or with ovarian metastases were classified in the
initial PC group.

2. Patients who had no sign of recurrence (clinical, biological or
radiological) 1 month before second-look surgery. The month pre-
ceding second-look surgery, imaging studies including a CT scan
of the abdomen and the pelvis with oral and intravenous contrast
agent, and a thoracic CT scan were reviewed by 2 experienced
radiologists. FDG-PET was not systematically performed.

3. Patients with a good general status (WHO performance status < 2),
able to undergo CCRS combined with HIPEC.
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TABLE 1. Patients’ Demographic and Primary Tumor Characteristics

Total Synchronous Minimal Ovarian Metastase Perforated Tumor
Variables (N = 41) PC (n = 25) (n = 8) (n = 8)

Male/female ratio
Male 15 11 0 4
Female 26 14 8 4

Median age (year) 49 ± 12 49 ± 13 53 ± 7 44 ± 12
Primary tumor location

Colon 40 24 8 8
Rectum 1 1 0 0

ASA score
1 5 1 1 3
2 32 21 6 5
3 4 3 1 0

Primary tumor stage
T2 1 0 1 0
T3 15 10 2 3
T4 22 13 4 5
N0 9 5 1 3
N1 15 10 3 2
N2 11 7 1 3
Nx 2 1 1 0
Unknown 3 2 2 0

PC indicates peritoneal carcinomatosis.

FIGURE 1. Overall and disease-free survival of the 41 patients
who underwent systematic second-look surgery plus HIPEC.

(n = 1), in the peritoneum + liver + lung (n = 5), and were diffuse
but not present in the peritoneum (n = 6). In the PC0 group, 2 of 18
relapsed (11%) and all of these patients are alive. Recurrences were
situated in the peritoneum (n = 1) and in the colon (second cancer:
Lynch syndrome n = 1). In all, 7 of the 41 patients (17%) relapsed in
the peritoneum, 1 patient in the PC0 group (6%) and 6 in the PC +
group (26%; P = 0.006).

DISCUSSION
This second-look policy in colorectal patients at high risk of

developing PC, without any apparent clinical or imaging abnormality,
effectively led to the discovery of macroscopic PC in 56% of the
patients and allowed early and optimal curative therapy with CCRS
plus HIPEC. These results confirm those observed in the previous
study in which fewer patients were included.11 Also, this is the first

study to evaluate the strategy of systematic HIPEC in patients at high
risk of developing PC of colorectal origin.

The availability of an effective therapy (ie, HIPEC) for treat-
ing colorectal PC, allowing more than 40% of the patients to be
alive at 5 years,7–9 and the fact that the results are far better when
PC is limited in extent5,6,10 are very strong arguments in favor of
attempting to detect and treat PC at an early stage. Because modern
noninvasive diagnostic tools are ineffective to diagnoses early PC
(in our study, the false negative rate was higher than 50%), we had
to design a new approach. The concept of second look-surgery was
first used by Wangensteen18 in 1948. The principles are based on the
systematic use of planned reoperation in asymptomatic patients with
malignant disease who are theoretically at risk for developing recur-
rent or metastatic disease despite initial curative surgery. As in past
studies,19,20 we decided to use laparotomy as a diagnostic tool. How-
ever, as early PC is only detectable by laparotomy and as second-look
surgery plus HIPEC is an aggressive and costly treatment, it must be
restricted to patients presenting a high risk of developing PC. This
study confirms the accuracy of our selection criteria for high-risk
patients. Half of them exhibited visible PC at the time of the second-
look procedure. The risk of carcinomatosis was higher among patients
with ovarian metastases, and lower in patients initially operated on
for a perforated tumor. None of the patients in the perforated tumor
group were initially treated in our center (they were referred to us for
the second-look procedure). Whether the exact cause of perforation
was tumor related or diastatic was not clear in half of them. In the
near future, diastatic perforation will probably not be considered an
indication for the second-look strategy, whereas awaiting more pre-
cise data on the real risk of developing PC. Iatrogenic perforation
of the tumor by a stent or during surgery should be considered as a
perforated tumor. In contrast, for the time being, we feel that data are
not sufficiently clear to consider that pT4 primary tumors (invading
neighboring structures), occlusive tumors, or positive peritoneal cy-
tology should be treated with this new approach.21–24 The patients in
the initial PC group had a high risk of peritoneal recurrence (60%)
and could have received HIPEC immediately, during the first opera-
tion. But, achieving HIPEC during the first operation is quite difficult,
because either HIPEC is not available (most common in this study,
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TABLE 2. Immunosuppressive Therapy and Duration
of Treatment

No. Patients Median Time of
Medication Requiring Treatment∗ Treatment, yrs (IQR)

Glucocorticoids 51 1 (0.5−5)
Cyclosporine 7 0.9 (0.75−1.5)
FK-506 3 1.75 (0.25−3.5)
Azathioprine/ 11 1.5 (0.5−4)

6-mercaptopurine
Methotrexate 9 1 (0.5−7)
Other (anti-TNF,∗∗ 4 0.75 (0.5−3.5)

mycophenolate
mofetil,
sirolimus, arava)

∗Several patients required more than 1 medication.
∗∗TNF indicates tumor necrosis factor.

TABLE 3. Postoperative Details and Complications∗

Control Group Patients on CIST
(n = 55) (n = 55) P

Length of stay, 7 (5−9) 7 (5−12) 0.38
median (IQR)

Overall morbidity 15 (27.3) 20 (36.4) 0.31
Wound infection 3 (5.5) 8 (14.5) 0.13
Wound dehiscence 1 (1.8) 1 (1.8) 1
Anastomotic leak 1 (2.3) 3 (6.2) 0.62
Intraabdominal abscess 4 (7.3) 6 (10.9) 0.51
Respiratory complications 2 (3.6) 4 (7.3) 0.68
Urinary tract infection 1 (1.8) 2(3.6) 1
Deep vein thrombosis 1 (1.8) 0 1
Readmission 2 (3.6) 2 (3.6) 1
Reoperation 2 (3.6) 4 (7.3) 0.68
30-day mortality 1 (1.8) 0 1

∗Values are n (%) unless otherwise indicated.

counterparts. This group of patients was on several immunosuppres-
sive drugs, when compared with other subgroups such as inflamma-
tory diseases or chronic obstructive pulmonary disease, who required
1 drug only.

A subset analysis was performed comparing outcomes for pa-
tients on immunosuppressive medications, including patients after
transplantation (12 patients) and other indications (10 patients) to
their controls, and similarly for patients only on steroids (33 pa-
tients), to their matches separately. Three-year OS and DFS were
significantly reduced in patients on immunosuppressive medications
± steroids (77.3% vs 45.5%, P = 0.012, and 72.7% vs 45.5%, P =
0.02, respectively). In the subset of patients on steroids only, the OS
and DFS was reduced but was not statistically significant (75.8% vs
51.5%, P = 0.06, and 66.7% vs 45.5%, P = 0.06, respectively).

DISCUSSION
Most reports pertaining to CRC outcomes in patients on CIST

relate to case reports or small case series of patients after organ
transplantation.7,8 The long-term outcomes in this group of patients
have been rarely studied, and to our knowledge, this is the first study

FIGURE 1. Overall survival of colorectal cancer patients with
and without immunosuppressive therapy. Immuno indicates
immunosuppressive therapy.

FIGURE 2. Disease-free survival of colorectal cancer patients
with and without immunosuppressive therapy. Immuno
indicates immunosuppressive therapy.

evaluating results after surgery for a large group of CRC patients on
CIST. We included patients who were on immunosuppressive medi-
cations and/or steroids, perioperatively, and continued to receive this
treatment for at least 3 months after surgery for cancer. By doing
this, and by matching for tumor stage at the time of surgery, we as-
sumed that the preoperative differences between the study and control
groups, and the preoperative effects of immunosuppression on tumor
progression, were minimized.

On the basis of the results of this study, surgical intervention
in the CRC patients on CIST appears to be safe. When feasible,
as in elective surgery for benign conditions, our policy has been to
withhold immunosuppression before elective surgery to reduce their
adverse effects on perioperative outcomes. However, in the case of
malignancy, as was the case in the patients in this study, our practice
is to continue medical treatment. The findings of this study suggest
that this practice did not adversely affect perioperative outcomes
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∗∗TNF indicates tumor necrosis factor.
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(n = 55) (n = 55) P

Length of stay, 7 (5−9) 7 (5−12) 0.38
median (IQR)

Overall morbidity 15 (27.3) 20 (36.4) 0.31
Wound infection 3 (5.5) 8 (14.5) 0.13
Wound dehiscence 1 (1.8) 1 (1.8) 1
Anastomotic leak 1 (2.3) 3 (6.2) 0.62
Intraabdominal abscess 4 (7.3) 6 (10.9) 0.51
Respiratory complications 2 (3.6) 4 (7.3) 0.68
Urinary tract infection 1 (1.8) 2(3.6) 1
Deep vein thrombosis 1 (1.8) 0 1
Readmission 2 (3.6) 2 (3.6) 1
Reoperation 2 (3.6) 4 (7.3) 0.68
30-day mortality 1 (1.8) 0 1

∗Values are n (%) unless otherwise indicated.

counterparts. This group of patients was on several immunosuppres-
sive drugs, when compared with other subgroups such as inflamma-
tory diseases or chronic obstructive pulmonary disease, who required
1 drug only.

A subset analysis was performed comparing outcomes for pa-
tients on immunosuppressive medications, including patients after
transplantation (12 patients) and other indications (10 patients) to
their controls, and similarly for patients only on steroids (33 pa-
tients), to their matches separately. Three-year OS and DFS were
significantly reduced in patients on immunosuppressive medications
± steroids (77.3% vs 45.5%, P = 0.012, and 72.7% vs 45.5%, P =
0.02, respectively). In the subset of patients on steroids only, the OS
and DFS was reduced but was not statistically significant (75.8% vs
51.5%, P = 0.06, and 66.7% vs 45.5%, P = 0.06, respectively).

DISCUSSION
Most reports pertaining to CRC outcomes in patients on CIST

relate to case reports or small case series of patients after organ
transplantation.7,8 The long-term outcomes in this group of patients
have been rarely studied, and to our knowledge, this is the first study

FIGURE 1. Overall survival of colorectal cancer patients with
and without immunosuppressive therapy. Immuno indicates
immunosuppressive therapy.

FIGURE 2. Disease-free survival of colorectal cancer patients
with and without immunosuppressive therapy. Immuno
indicates immunosuppressive therapy.

evaluating results after surgery for a large group of CRC patients on
CIST. We included patients who were on immunosuppressive medi-
cations and/or steroids, perioperatively, and continued to receive this
treatment for at least 3 months after surgery for cancer. By doing
this, and by matching for tumor stage at the time of surgery, we as-
sumed that the preoperative differences between the study and control
groups, and the preoperative effects of immunosuppression on tumor
progression, were minimized.

On the basis of the results of this study, surgical intervention
in the CRC patients on CIST appears to be safe. When feasible,
as in elective surgery for benign conditions, our policy has been to
withhold immunosuppression before elective surgery to reduce their
adverse effects on perioperative outcomes. However, in the case of
malignancy, as was the case in the patients in this study, our practice
is to continue medical treatment. The findings of this study suggest
that this practice did not adversely affect perioperative outcomes
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