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Abstract

Colorectal cancer is one of the most prevalent tumours, but with improved
treatment and early detection, its prognosis has greatly improved in recent years.
However, when the tumour is locally advanced at diagnosis or if there is local
recurrence, it is more difficult to perform a complete tumour resection, and there
may be a residual macroscopic tumour. In this paper, we review the literature on
residual macroscopic tumour resections, concerning both locally advanced pri-
mary tumours and recurrences, evaluating the main problems encountered, the
treatments applied, the prognosis and future perspectives in this field.

Key Words: Rectal cancer; Surgery; Treatment; Incomplete resection; Local recurrence
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Core Tip: We review various series of rectal cancer with incomplete macroscopic
resection, commenting on the problems addressed, the approaches taken, the onco-
logical results obtained and future perspectives.
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INTRODUCTION

The treatment of colorectal cancer is multidisciplinary, requiring the contributions of
specialists in diverse medical and surgical areas (digestive system, medical oncology,
radiotherapeutic oncology, radiodiagnosis, etc.) to achieve effective control of the
disease. The choice of treatment depends on many factors, depending on the patient
(age, comorbidities, will/ preference, etc.), the tumour (anatomical location, histology,
stage of the disease, efc.) and treatment characteristics (tolerance, efficacy, security,
etc.).

[))ue to the increased risk of local (pelvic) recurrence and a poorer overall prognosis,
treatment for rectal cancer differs from that usually provided for colon cancer, in areas
such as the surgical technique, the use of radiation therapy and the delivery of
chemotherapy. As well as determining the intention of the surgery performed
(curative or palliative), aspects related to the maintenance or restoration of the anal
sphincter and of normal genitourinary and sexual functions must be considered.

However, a special case arises when the patient presents a locally advanced primary
or recurrent tumour with invasion of neighbouring organs, and when after surgery a
macroscopically visible tumour remains, because resection was not feasible. These
patients are considered R2, and their situation is discussed in the present article, which
addresses questions such as the problems that arise, how they should be approached,
the main treatment modes available, the results to be expected and the odds of
survival.

The situation of these patients is described by the R (residual tumour) classification.
This system was specifically devised for patients who have received surgical treatment
for cancer[1] and refers exclusively to the extension of the tumour at the time of
treatment, or of diagnosis if the case is inoperable[2]. In 1978, the American Joint
Committee on Cancer[3] recommended the use of the R classification as an adjunct to
staging. In 1987, the Union for International Cancer Control (UICC)[4,5] published an
expanded residual tumour classification system that considered both distant and
locoregional residual tumours and was applicable to all patients regardless of the form
of primary treatment. Under this classification, a completely resected tumour with
negative margin is classed as R0, a microscopic residual tumour as R1 and a macro-
scopic residual tumour as R2.

To date, the most important predictor of survival is a negative resection margin (R0)
[6,7]. Overall, R1 is associated with better survival than R2, within any given stage
group.

Incomplete R1 and R2 resections usually occur in locally advanced rectal tumours or
in recurrences.

In the modern era, 6%-10% of rectal cancer patients have locally advanced disease
without metastasis at the time of diagnosis[8] and may be eligible for exenterative
surgery[9,10]. However, the research findings supporting this option are limited and
diverse[8,11]. Advances in vascular and reconstructive surgical techniques have faci-
litated an increase in resection rates[12,13], and ever-more radical resections are now
being performed to achieve negative resection margins[14]. However, despite the
considerable experience that has been acquired by specialists in exenterative surgery,
resection of the pelvic lateral wall remains challenging[15,16], especially in patients
who have received neoadjuvant radiation therapy[17].

Despite the above, R2 resections do not commonly occur in primary tumours, since
the majority of these tumours do not invade neighbouring organs and will be resected
with margins. Accordingly, most R2 resections are observed in local recurrences of a
previously operated rectal cancer.

In recent decades, the reported incidence of local recurrence of rectal adenocar-
cinoma after surgical treatment ranged from 5% to 50%[18,19]. This considerable
variability was due to the heterogeneity of the series and to the quality of the surgery
performed. Since the introduction of total mesorectum excision and the routine use of
preoperative radiochemotherapy, rates of local recurrence have fallen significantly,
and now range from 2.6% to 12%[20-24]. In most cases, recurrence occurs in the first 2
years after surgery for the primary tumour[25], although later occurrence has been
reported in up to 36% of cases[26].

Prevention, treatment and results of R2 resections will be reviewed in this article.
We used Scopus, Embase and PubMed for extracting data. Key words such as incom-
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plete resection, R2, survival, recidivism and surgery were used.

PREVENTION AND TREATMENT

The locoregional recurrence of rectal cancer after curative treatment of the primary
tumour presents a major challenge for colorectal surgeons. In these cases, the only
means of avoiding non-curative resection is to perform a radical excision[27]. This
drastic approach must be coordinated by a multidisciplinary team, employing a
multimodal treatment strategy including neoadjuvant radiochemotherapy, radical
(salvage) surgery, intraoperative radiation therapy and adjuvant chemotherapy. With
the experience acquired and as surgical procedures have been refined, together with
appropriate support from intensive care units, operative mortality is now reasonably
well controlled. For this reason, the current general consensus is that in cases of rectal
cancer, radical resection is the only curative alternative for a patient with a local
recurrence, despite the still inevitably high rate of perioperative morbidity. Even when
carefully selected patients with local recurrence are treated by expert teams, complete
resection is achieved in less than 50% of the cases[28].

In the surgical treatment of primary or recurrent tumours with invasion of neigh-
bouring organs, the difficulty is intensified with complete tumour resection. De-
pending on the area affected, modifications to the intervention technique may be
necessary to avoid an R1 or R2 outcome.

In colorectal cancer affecting the bladder with no distal metastasis, good clinical
results have been obtained by en bloc resection of the full thickness of the adherent
bladder wall, with a margin of at least 2-3 cm. When the colorectal cancer has invaded
the bladder, prostate or ureter, a urologist must be consulted to determine whether the
operation can be reconstructive. Indications for cystectomy include invasion of the
trigone or extension to the prostate.

In lower rectal cancer, in particular, partial or complete resection of the perineum
and/or vagina may be necessary, resulting in large defects requiring reconstruction, to
facilitate healing and preserve sexual function, among other goals. In the case of
partial posterior vaginal defects, vaginal reconstruction is most commonly undertaken
by the creation of a rectus abdominis myocutaneous flap. With complete vaginal
excision, a bilateral gracilis myocutaneous flap is normally preferred[29].

Lateral pelvic invasion is associated with a poor prognosis and is a relative contrain-
dication for surgical intervention[13] due to possible vascular involvement, for exam-
ple in the superior mesenteric or common iliac artery[30]. However, these contraindic-
ations are relative, and vascular reconstruction, including interposition grafts, femoral-
femoral bypass and/or primary anastomosis, may be an option[31]. No single,
exclusive surgical procedure for the treatment of laterally invasive colorectal cancer
has been identified in the literature. The type of operation performed depends on the
site of the tumour, its size and the number of organs affected. Ideally, the tumour
should be approached laterally to the internal iliac vessels, which would require en bloc
resection of all or some of these structures. However, in the presence of lateral
compartment involvement, RO resection is achieved significantly less frequently than
with axial, anterior or posterior recurrences[13].

In cases of posterior invasion, extended radical sacral resection is the treatment of
choice. This can be performed either as a two-part procedure with an abdominal phase
and a prone phase or as an abdominolithotomy to complete the sacral resection. The
proximal level of the sacral resection (high vs low) does not significantly influence the
chance of achieving negative margins. If RO resection is achievable, this is of significant
benefit for disease-free survival vs R1 and R2 resections (median 45 mo vs 19 and 8 mo,
respectively, P = 0.045)[32].

When considering such an aggressive surgical option, the patient’s functional state
must be taken into account. In this respect, Vieira et al[33] evaluated prognostic factors
in 95 patients who had undergone extended resections for locally advanced colon
cancer. In this study, multivariate analysis showed that Karnofsky performance status
was closely related to the risk of postoperative complications (P = 0.01). Moreover,
postoperative deaths were associated with the type of surgery and with Karnofsky
performance status at the time of admission (P = 0.001). These authors conclude that
curative radical resection is the best treatment for patients with locally advanced colon
cancer, and that while some patients may benefit from palliative intent procedures,
they should be indicated with caution in patients with low Karnofsky performance
status due to high postoperative mortality rates and poor survival.
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In general, the rate of incomplete resections is low in primary rectal tumours
because this outcome mainly occurs with T4 tumours after invasion of neighbouring
organs, and this circumstance is statistically uncommon. However, in interventions for
pelvic recurrence of rectal cancer, due to the (more frequent) infiltration of neigh-
bouring structures, more incomplete resections (R2) are observed, in 10%-30% of cases.

In patients with rectal cancer, the main objective of radiotherapy is to control the
microscopic foci of disease and thus reduce local recurrences. Used as a preoperative
treatment, radiotherapy also enhances the possibility of R0 resections and the proba-
bility of preserving the anal sphincter in tumours of the lower third of the rectum.

With conventional fractionated radiotherapy, the preoperative doses most fre-
quently used to control microscopic disease within the pelvis are in the range of 45-
50.4 Gy.

In the event of local or regional recurrence of rectal cancer or in response to R2
resection, the treatment strategy must be individualised, depending on the site of the
local recurrence and on the type of treatment previously received.

After an incomplete surgical outcome (R1-R2), radiotherapy doses of > 60 Gy would
be necessary. However, the risk tolerance of the abdominopelvic organs limits the
degree of external radiotherapy that can be administered, and so the results obtained
are normally only palliative.

In general, the treatment of choice is surgical resection with curative intent asso-
ciated with preoperative combination therapy (around 50 Gy for 5-6 wk plus conco-
mitant chemotherapy)[34-36] if the patient has not previously received radiotherapy.
For patients who have previously received pelvic radiation, limited re-irradiation, with
or without adjuvant chemotherapy, would be considered, using techniques such as
intensity modulated radiotherapy or volumetric modulated arc therapy, seeking to
administer higher doses without damaging previously irradiated tissues.

Intraoperative radiation therapy is another treatment option for patients with lo-
cally recurrent rectal cancer, including those who have previously received external
pelvic radiation[37]. However, very little is known about the effectiveness and safety
of this technique, and the available data have been obtained from observational and
descriptive studies of limited methodological quality, reporting uneven results.

After R2 surgery, patients may be administered radiotherapy with concurrent
capecitabine, at a dose of 45 Gy on pelvic lymph nodes and 54-60 Gy overimpression
of the remainder of the tumour, according to the tolerance of organs at risk, with 2 Gy
fractionations.

After the incomplete resection of locally advanced rectal cancer, the addition of
postoperative (adjuvant) RT improves local control and survival in patients with R1
(microscopic residual disease) but is less effective in those with R2 (macroscopic
residual disease)[38-40].

When this pelvic radiotherapy is administered, over 20% of patients are reported to
experience gastrointestinal side effects (radiation enteritis)[41].

Radiation enteritis can be acute or chronic. Acute gastrointestinal side effects
include bloating, crampy abdominal pain, loss of appetite, nausea and diarrhoea.
These usually occur during the second week of treatment, peak in the fourth or fifth
week of exposure, and resolve within 3 mo. Chronic radioenteritis usually manifests 1-
2 years after therapy, but in some cases it may not become apparent for several
decades[42,43].

The acute and chronic effects of radiation therapy can be devastating, and therefore
serious consideration should be given to protecting/excluding the pelvic intestine
from this treatment. Furthermore, at the above doses, radiotherapy does not com-
pensate for an inadequate surgical procedure; therefore, if greater doses could be
applied, solely to the affected area, better results might be obtained.

Among the many interventions that have been proposed to prevent damage to the
pelvic organs, some are technical strategies, attempting to divert physically the
radiation dose from normal tissues, while others are medical, to modulate the cellular
and tissue response to ionising radiation. In this respect, various surgical methods for
excluding the small intestine have been described. Cole et al[44] surgically implanted a
Tenckhoff catheter within the peritoneal cavity and achieved small bowel exclusion by
daily insufflation with nitrous oxide. In another approach, Hoffman et al[45] employed
saline-filled tissue expanders. These authors concluded that the expanders had a
useful duration 4 mo longer than that obtained by the pelvic mesh method, while
surgical placement and removal were less complex. The main disadvantage was the
higher cost of the procedure. Burnett et al[46] used a silicone plastic prosthetic device
filled with saline and renografin to exclude the small intestine from the radiation field.
The device remained in place during radiation therapy and was then removed through
a small incision after draining the contents of the prosthesis[47,48]. Finally, pelvic
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mesh placement methods have been reported by Sener et al[49] and by Joyce et al[50].

Sener et al[49] first proposed the pelvic mesh technique to be applied after open
colorectal or urological resection, while Joyce et al[50] presented the first series of cases
with laparoscopic placement of pelvic mesh using a stapler for mesh fixation. The
main aim of this approach is to enable the use of radiotherapy without affecting the
intestine[47,48,50,51]. Accordingly, this technique is an excellent option in many cases,
enabling patients to avoid the harmful side effects of radiotherapy on the intestine.
Moreover, it allows higher doses to be used in the target area, which is expected to
improve the prognosis of incompletely resected rectal tumours (R2). Several studies
have documented the efficacy of the technique[51-54].

For the surgeon, Vicryl mesh placement is feasible, has a low learning curve, and
effectively displaces the small intestine from the target area for pelvic radiotherapy,
while for the radiation oncologist, this displacement may decrease radiation damage to
the small intestine during treatment for pelvic tumours.

In our hospital, a new treatment approach has been adopted in recent years for
patients with locally advanced rectal cancer or pelvic recurrence. When, following
resection, a residual macroscopic unresectable tumour persists (verified with intraop-
erative biopsy, see Figure 1), pelvic exclusion is achieved using native tissue (with an
omental pelvic plug as the first choice). When the patient does not have sufficient
tissue, due to prior surgical intervention or radiotherapy, we recommend the intra-
operative insertion of an open or laparoscopic mesh (depending on the type of
intervention), sutured to the pelvic edge, avoiding the middle sacral and iliac vessels
(Figure 2) to leave the entire small intestine outside the pelvis. In Figure 3, post-
operative CT control where the pelvis is free of intestinal loops is shown. In our
experience, insertion of the mesh takes about 20 min, after which full-dose irradiation
(56 Gy) can be applied with minimal risk of radioenteritis. Since this treatment
protocol was first devised, it has been applied to 3 patients, producing very good
oncological results and no intestinal complications.

RESULTS

According to previous studies, oncological outcomes for patients with incomplete R2
resections vary considerably (Table 1)[21,55-65]. Moreover, although many papers
have reported results in this area, most are based on relatively small series. Therefore,
a comprehensive review is needed to obtain an overview of the prognosis for this
condition.

The 2002 Mayo Clinic series[66] included 73 patients who underwent surgical
exploration for locoregional recurrence of rectal cancer. Complete resection was
achieved in 52% of these patients. Incomplete resection was observed in 26% (R1) and
22% (R2), respectively. All patients received intraoperative radiotherapy or radiation
in the course of their treatment. For the entire cohort, 5-year survival was 25%, and the
median survival was 33 mo (from the time of diagnosis of recurrent disease). The 5-
year survival in the R1 cohort was 25%, and there were no 5-year survivors in the R2
group.

In 2007, Andreoni et al[67] reported the results of a prospective study in 902 patients
operated on for colorectal cancer. With respect to overall survival at 5 years, there
were marked differences between the patients with RO or R1/R2 resection and the
unresected patients, with rates of 82%, 35% and 0%, respectively. Moreover, a sig-
nificant difference was observed between RO vs R1 + R2 (P < 0.0001) and between R1 +
R2 vs unresected cases (P = 0.0009). Significant factors in the univariate analysis were
matched in a multivariate analysis of overall survival, evaluating UICC tumour stage,
the radicality of the surgical procedure and the tumour site. According to this analysis,
only surgical radicality and UICC tumour stage were associated with the outcome.

In 2009, a prospective evaluation was conducted of 100 patients with stage T4 NO
extraperitoneal rectal cancer treated with radiochemotherapy and surgery[68]. In this
case, the overall 5-year survival was 59%, with higher rates after RO resection vs R1 or
R2 resection (68% vs 22%, respectively).

Another series was published in 2011[21] of 92 patients undergoing surgical treat-
ment for recurrent rectal cancer. In this multivariate analysis, surgical morbidity (P =
0.001), the presence of extrapelvic disease (P = 0.006) and non-curative resection (R1;
R2) (P < 0.0001) were all identified as independent adverse predictors of disease-
specific survival.

A paper published in 2012[60] described 22 studies, with the results for 1460
patients operated on for local recurrence of rectal cancer. In this population, the
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Table 1 Studies that have presented survival data for patients with R2 resections

Ref. n Survival

Hermanek et al[56], 2000 86 MS 4.7 mo (1.8-12.2)
Wiig et al[57], 2002 24 OS5 yr 0%

Treiber et al[58], 2004 20 CL 3 yr29%

Landmann et al[59], 2005 19 MS <12mo OS5 yr 0%
Dresen et al[60], 2008 36 OS3yr24.1%

Rahbari et al[21], 2011 13 MS 23 mo 23.1%

Bhangu et al[61], 2012 163 MS 17 mo

Roeder et al[62], 2012 29 OS 3 yr35%, LC3 yr18%
Haddock et al[63], 2017 158 OS5 yr16%

Holman et al[64], 2017 125 OS 3 and 5 yr 37% and 17%
PelvEx Collaborative et al[65], 2019 26 OS5yr8.1%

Westberg et al[66], 2019 50 OS 3 yr 8%, OS5 yr 4%

LC: Local control; MS: Median survival; OS: Overall survival.

Figure 1 Residual macroscopic tumour in the sacral promontory, confirmed R2 by anatomo-pathological examination.

patients with non-complete resection (R1 and R2) had a two to three-fold smaller
chance of survival than those with complete resection (R0). The patients with R0 and
R1 resections had mean survival rates 4.5 years and 1 year longer, respectively, than
those with R2 resections.

An important aspect of the latter study with respect to prognosis is the conclusion
drawn that there is no benefit from R2 resection over palliative treatment in terms of
survival. However, it is unclear whether incomplete resection provides benefits in
terms of quality of life.

A 2014 literature review[69] of studies published in the PubMed and EMBASE
databases and in the Cochrane Library of English-language publications, from January
1993 to July 2013, using the medical subject headings search terms “Locally advanced
colorectal cancer”, “Recurrent colorectal cancer” and “Surgical treatment” found that
the overall 5-year median survival for RO resection was 50%, vs 12% and < 5% after
survival after R1 or R2, respectively.

In 2015, Yang et al[70] presented the clinical results of pelvic exenteration in 40
patients with locally advanced colorectal cancer or locally recurrent colorectal cancer.
Multivariate analysis showed that radicality (RO vs R1/R2) was an independent
prognostic factor for overall survival (P = 0.020).

In 2018, Westberg et al[71] published data on 426 patients with rectal cancer
recurrence, resected with curative intent. The 5-year survival rates were 43% after RO
resection, 14% after R1 resection and 4% after R2 resection. The most common type of
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Figure 3 Post-operative computed tomography control where the pelvis is free of intestinal loops.

first failure was distal metastasis, which affected 30% of the RO patients and 42% of
those with R1. Local recurrence was significantly more frequent in the R1 patients than
in those with RO (29% vs 20%, respectively, P = 0.044).

The risk of any failure, including recurrence, distal metastasis or death, was
significantly influenced by the state of the margins. In an adjusted analysis, the
patients resected with R1 had a two-fold risk of failure compared with those resected
with RO (HR 2.04, 95%CI 1.22-3.40). No significant associations were found with age,
sex, time to locally recurrent rectal cancer or location of the latter.

In an anonymous data study[64] conducted in 14 countries on 1291 patients with
locally advanced rectal cancer between 2004 and 2014, multivariate analysis showed
that the status of the margins and of the nodes was significant. Compared with
patients with RO resection, those with R1 margin status had 1.80 times (95%CI 1.43-
2.25) higher risk of death during the study period (P < 0.001), while those with R2
resection had 3.01 times (95% confidence interval 1.97-4.87) higher risk of death (P <
0.001).

CONCLUSION

In summary, patients with colorectal cancer who undergo tumour resection have the
best chance of survival when the residual tumour is R0. Moreover, survival is greater
for R1 resection than for R2, and according to multivariate analysis, the radicality of
the resection is an independent factor of survival. Therefore, extended curative
resection appears to be the best treatment for patients with locally advanced colon
cancer. However, this treatment option should be indicated with caution in patients
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with low Karnofsky status, due to their high postoperative mortality rates and poor
survival.

For patients with R2, resection treatment should be individualised but generally
consists of radiochemotherapy. For R2 resections due to pelvic recurrence, intraop-
erative radiotherapy may be required. The difficulty encountered in postoperative
pelvic irradiation due to the content of the intestinal loops and the consequent risk of
complications means that radiography doses are necessarily limited.

The best option appears to be the application of radiotherapy after excluding the
intestinal loops from the pelvic space, an approach that makes it possible to irradiate
the tumour at full dose with minimal side effects on the intestine, which is very
beneficial to the patient’s prognosis. In our hospital, good results have been obtained
with this technique, although the number of patients is very low, given the infrequent
nature of the condition in question. To validate our findings, further research in this
field is necessary, based on multicentre studies with a significant number of patients.

In this area, several questions remain to be addressed. Does the survival pattern of
incomplete R2 resections of tumour recurrence differ from that for incomplete R2
resections of primary tumours? Do irradiated patients fitted with a pelvic displace-
ment prosthesis have fewer side effects? Is survival greater among the latter patients,
when full-dose irradiation is applied? To draw meaningful conclusions, these ques-
tions should be considered in future multicentre studies based on large numbers of
patients.
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