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Original article
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Background: A significant number of patients treated for locally recurrent rectal cancer have local
or systemic failure, especially after incomplete surgical resection. Neoadjuvant treatment regimens in
patients who have already undergone preoperative (chemo)radiotherapy for the primary tumour are
limited. The objective of the present study was to evaluate the influence of a neoadjuvant regimen
incorporating induction chemotherapy (ICT) in patients with locally recurrent rectal cancer who had
preoperative (chemo)radiotherapy for the primary cancer or an earlier local recurrence.
Methods: Patients were treated with a sequential neoadjuvant regimen including three or four cycles
of 5-fluorouracil and oxaliplatin-containing chemotherapy. When no progressive disease was found at
evaluation, neoadjuvant treatment was continued with chemoradiation therapy (CRRT) using 30 Gy with
concomitant capecitabine. If there was a response to ICT, the patient was advised to continue with
systemic chemotherapy after CRRT as consolidation chemotherapy while waiting for resection. These
patients were compared with patients who received CRRT alone in the same time interval.
Results: Of 58 patients who had ICT, 32 (55 per cent) had surgery with clear resection margins, of whom
ten (17 per cent) exhibited a pathological complete response (pCR). The remaining 26 patients had 23
R1 and three R2 resections. In 71 patients who received CRRT, a similar rate of R0 (35 patients) and R1
(36) resection was found (P = 0⋅506), but only three patients (4 per cent) had a pCR (P =0⋅015).
Conclusion: The incorporation of ICT in neoadjuvant regimens for locally recurrent rectal cancer is a
promising strategy.
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Introduction

Despite better preoperative and surgical treatment of rec-
tal cancer, the incidence of locally recurrent rectal cancer
remains approximately 5–10 per cent1. Unlike primary
rectal cancer, local recurrence is not confined to a well
defined surgical compartment, and multicompartment
exenterative procedures are often required to achieve clear
resection margins2–4.

Preoperative treatment is used to downsize the tumour
and facilitate surgical resection. However, because most
patients have received preoperative (chemo)radiotherapy
for their primary rectal cancer, the possible modalities in
recurrent disease are limited. Whether these patients can

be reirradiated safely is still debated5. Despite the fact
that chemoradiation therapy (CRRT) cannot be considered
standard therapy in the management of patients with previ-
ously irradiated locally recurrent rectal cancer, it has been
demonstrated6–9 that reirradiation with a limited dose of
30–39 Gy and concomitant chemotherapy can be applied
safely and effectively in locally recurrent disease.

Even after reirradiation, incomplete resection remains
a problem in a significant number of patients. The most
important positive prognostic factor for recurrent rectal
cancer appears to be radical resection with clear margins
(R0)4,10,11. Early development of metastatic disease is quite
common when local recurrence has occurred12. Even after
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Fig. 1 Treatment flow chart for induction chemotherapy (ICT). Thirteen patients had ICT and consolidation therapy, 15 had all
(full-course) chemotherapy cycles before chemoradiation therapy (CRRT) and 30 had only ICT and no consolidation therapy (for exact
type of chemotherapy see Table S1, supporting information). Fourteen patients entered the palliative path. CAPOX, capecitabine and
oxaliplatin; FOLFOX, leucovorin, fluorouracil and oxaliplatin

successful treatment of local recurrence, development of
systemic disease remains the principal cause of death13.
This finding indicates the importance of administering
systemic chemotherapy early in the treatment.

The use of induction chemotherapy (ICT) as part of the
preoperative management of patients with locally recur-
rent rectal cancer may offer several advantages. First,
systemic treatment might improve resectability by a sig-
nificant downsizing and downstaging effect, as shown in
primary colorectal cancer14,15. Second, ICT may lead to
an increased rate of pathological complete response (pCR)
and thus possibly better overall survival. Finally, it might
prevent early metastatic disease or offer the best palliative
treatment in the meantime, and prevent extensive surgical
morbidity.

Methods

Details of all patients with locally recurrent rectal can-
cer who underwent a resection at Catharina Hospital,
a national tertiary referral centre for locally recurrent
rectal cancer, between January 2010 and December 2016
were collected in a prospective database and reviewed
retrospectively. A cohort of patients who had undergone

reirradiation were selected, including those who had
full-course radiotherapy for either their primary tumour
or a previous local recurrence. Patients with unresectable
distant metastatic disease at presentation were excluded.
At the start, these patients were deemed unresectable with
regard to achieving clear margins; later, more ‘regular’
patients with locally recurrent disease were also selected.
Patients who did not receive ICT but only concurrent
CRRT, were used to compare the primary endpoints
of pCR, clear margin (R0) rate, overall survival (OS),
local recurrence-free survival (LRFS) and metastasis-free
survival (MFS).

Treatment and imaging regimen

The general treatment regimen for the ICT group
(Fig. 1) consisted of three cycles of CAPOX (capecitabine
and oxaliplatin) or four cycles of FOLFOX (leucov-
orin, fluorouracil and oxaliplatin), after which tumour
response was evaluated by MRI and/or PET–CT. The
presence of systemic disease was evaluated with CT or
PET-CT. Referring hospitals were advised to administer
three cycles before CRRT. When a good response was
noted, continuation of chemotherapy with three cycles
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Table 1 Patient and neoadjuvant treatment characteristics for all resected patients

ICT+CRRT (n=58) CRRT alone (n=71) P‡

Age (years)* 64 (33–76) 65 (30–84) 0⋅297§
Sex ratio (M : F) 46 : 12 40 : 31 0⋅006
Stage of primary tumour† 0⋅080

0 1 (2) 1 (1)
I 3 (5) 13 (19)
II 13 (22) 19 (27)
III 35 (60) 35 (50)
IV 6 (10) 2 (3)

(Neo)adjuvant treatment for primary tumour 0⋅697
None/chemotherapy alone‡ 4 (7) 5 (7)
Radiotherapy (5×5 Gy) 22 (38) 32 (45)
Chemoradiotherapy 32 (55) 34 (48)

History of metastasis§ 0⋅276
No 40 (69) 55 (78)
Yes 18 (31) 16 (23)

Type of primary surgery 0⋅073
Hartmann procedure 3 (5) 2 (3)
Rectosigmoid resection 2 (3) 0 (0)
Low anterior resection 27 (47) 38 (54)
Abdominoperineal/abdominosacral resection 23 (40) 22 (31)
Total exenteration 3 (5) 2 (3)
Other/unknown 0 (0) 7 (10)

Local recurrence 0⋅570
First 51 (88) 65 (92)
Second 6 (10) 4 (6)
Third 1 (2) 2 (3)

Values in parentheses are percentages unless indicated otherwise; *values are median (range). †Information on the primary tumour could not be retrieved
for one patient in the chemoradiation therapy (CRRT) group. ‡These patients did receive full-course radiotherapy for a previous recurrence.
§Metachronous or synchronous resectable metastases. ICT, induction chemotherapy. ‡χ2 test, except §t test.

Table 2 Pathological responses of patients in induction chemotherapy and chemoradiation therapy-alone groups

ICT+CRRT (n=58) CRRT alone (n=71) P* Total (n= 129)

R0 32 (55) 35 (49) 0⋅506 67 (51⋅9)
pCR 10 (17) 3 (4) 0⋅015 13 (10⋅1)

Values in parentheses are percentages. ICT, induction chemotherapy; CRRT, chemoradiation therapy; R0, complete resection; pCR, pathological
complete response. *χ2 test.

of consolidation chemotherapy in the waiting time after
CRRT was advised. Some patients received six cycles of
chemotherapy before CRRT. If no response to the first
three cycles was noted, consolidation chemotherapy was
considered not to be useful when administered in the wait-
ing period. CRRT consisted of 30–30⋅4 Gy in fractions
of 2–1⋅8 Gy with concomitant capecitabine (825 mg/m2

twice daily) in all patients.

Resectability and timing of surgery

The waiting period between radiotherapy and surgery
was generally 8–10 weeks. The tumour was restaged with
MRI 1 month after the last radiotherapy administration to
determine response and local resectability, and metastatic
disease was excluded by CT or PET–CT. All patients were

discussed in a multidisciplinary board meeting, and two
senior surgeons with 20 years of experience in recurrent
rectal cancer surgery performed all resections, as described
previously16.

Pathology

All specimens were revised by a single pathologist trained as
a total mesorectal excision pathologist, and with particular
expertise in evaluating recurrent rectal cancer specimens
using the Mandard classification17. pCR was defined as
the absence of tumour residue (Mandard score 1). Margin
status was classified as either microscopic (R1) or macro-
scopic (R2) tumour present in the resection margin, or a
tumour-free resection margin (R0). Patients with a pCR
were classified as R0, but were analysed as a separate group
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to determine differences from R0 resections with and with-
out pCR in survival curves.

Statistical analysis

To compare individual variables, t tests and χ2 tests were
used when appropriate. OS for resected patients was cal-
culated as the time interval between the date of resection
of the recurrence and the date of last follow-up or death.
LRFS was calculated as the time interval between the date
of recurrence resection and the date of histological or evi-
dent radiological presence of a local rerecurrence. MFS was
calculated as the time interval between the date of recur-
rence resection and the date of histological or evident radi-
ological presence of distant metastasis. OS, LRFS and MFS
were estimated using the Kaplan–Meier method, with dif-
ferences assessed with the log rank test.

Statistical analysis was performed using SPSS® version
23 for Windows® (IBM, Armonk, New York, USA). Sam-
ple size calculations were done with Power and Precision™
release 4.1 2012 (Biostat, Englewood, New Jersey, USA).

Results

During the selected time frame, ICT was incorporated
into the multimodality management of 58 patients, and
71 patients received concurrent CRRT alone. Patient and
neoadjuvant treatment characteristics are shown in Table 1.
Apart from sex differences, there were no significantly
different characteristics between the two groups.

In general, local recurrences occurred within the first
3 years after resection of the primary tumour, with a
median interval of 32 (range 5–201) months for first
recurrences and of 17 (range 8–52) months between pre-
vious recurrence surgery and index surgery for second and
third recurrences. Of the 58 patients in the ICT group,
ten required a dose reduction during ICT and six during
their CRRT. Four patients in this group were hospital-
ized during ICT, and one patient during CRRT. In the
CCRT-only group, one patient required dose reduction,
and four had to be hospitalized. Postoperative compli-
cations (Clavien–Dindo grade III–IV) were comparable
between groups: 13 (22 per cent) in the ICT group and 19
(27 per cent) in the CRRT group (P = 0⋅715).

Clear margin and pathological complete response
rates

Patients who received ICT had a similar R0 resection rate
to those who had CRRT alone (55 versus 49 per cent respec-
tively; P = 0⋅506), but exhibited a significantly increased
pCR rate (17 versus 4 per cent; P = 0⋅015) (Table 2). The
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Fig. 2 Kaplan–Meier curve for overall survival in all resected
patients based on pathological outcome. pCR, pathological
complete response; RO, complete resection; R1/R2,
microscopic/macroscopic tumour present in the resection
margin. P = 0⋅012 (log rank test)

remaining 26 patients in the ICT arm had 23 R1 and three
R2 resections, and the 36 remaining in the CRRT-alone
arm all had an R1 resection.

Overall survival

The 3-year OS rate for the 129 patients was 44 per cent
(median survival 27 months), 92 per cent in patients who
had a pCR, 54 per cent in those with an R0 resection but
no pCR, and 32 per cent in patients who had an R1/R2
resection (P = 0⋅012) (Fig. 2).

In the ICT group, patients who had a pCR were all alive
at the end of follow-up, whereas those with R0 but no
pCR or margin-positive patients had a median survival of
23 months (P = 0⋅039). There were only three R2 resec-
tions in the ICT group, and none in the CRRT group;
therefore, no separate analyses for resection state were per-
formed. In the CRRT group, only three patients achieved
a pCR, so the numbers were too small to perform statistical
comparisons; however, one patient with a pCR died from
another cause at 10 months.

Local and distant recurrence

The 3-year LRFS rate was 41 per cent (median survival
20 months), 89 per cent at 24 months in patients who had
a pCR, 65 per cent in those with R0 but no pCR, and 25
per cent for patients with an R1/R2 resection (P < 0⋅001).
The 3-year MFS rate was 45 per cent (median survival
28 months), 60 per cent in patients who had a pCR, 60 per
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cent for R0 but no pCR, and 25 per cent for patients with
an R1/R2 resection (P = 0⋅010).

Discussion

This study has demonstrated high pCR rates in patients
with locally recurrent rectal carcinoma after a new
sequential neoadjuvant regimen consisting of ICT fol-
lowed by CRRT. This is comparable to pCR rates described
after chemoradiotherapy in locally advanced primary rectal
cancer18,19. Furthermore, pCR exhibited a strong relation-
ship with OS, LRFS and MFS. This is an important
finding as the treatment options for this group of patients
are limited. Thus, new treatment options should focus on
increasing the pCR rate. To date, only case reports20–22

have described pCR in locally recurrent rectal cancer.
In subgroup analyses of the ICT and CRRT groups, the

benefit of a pCR was apparent only in the ICT group.
This finding might reflect a systemic effect, reducing the
development of systemic micrometastasis and improving
not only local, but also distant recurrence rates. These are,
however, speculations, as these trends could not be demon-
strated by survival differences in the two groups. This lack
of statistical significance might be due to a power problem;
hence, these data need to be interpreted with caution.

Similar R0 margin rates were observed in patients who
underwent ICT and those who had CRRT alone. How-
ever, there is a need to clarify why the ICT was initi-
ated. ICT was formerly administered exclusively to patients
with unresectable locally recurrent rectal cancer. In sev-
eral cases, remarkable results were observed: many lesions
became resectable, and some patients even had a pCR.
After observing favourable results in this poor category of
patients, this regimen was expanded to patients with locally
recurrent rectal cancer and better prognostic features. The
ICT group thus consisted of surgically unfavourable recur-
rent cases and could hamper any comparison. However,
the finding that ICT results in more pCRs and similar
R0 resection rates in these unfavourable cases demon-
strates that it has a definite role in intensifying the response
of neoadjuvant treatment in previously irradiated patients
with locally recurrent rectal cancer. Studies of ICT in
recurrent rectal cancer are not available, but the find-
ings here are in line with the results of studies on pri-
mary locally advanced rectal cancer, which demonstrated
a higher response rate after ICT before chemoradiother-
apy and also seemed to translate into a better outcome23,24.
Further radiological guidelines are required to enable cat-
egorization of ‘resectable’ versus ‘irresectable’ disease, such
that similar groups of patients can be compared to demon-
strate a difference in R0 resection rate.

A major advantage of a neoadjuvant treatment regimen
including ICT is the avoidance of possible overtreatment
in patients with progressive systemic disease. This reg-
imen enables the possibility of observing oncobiological
behaviour of the recurrent disease, and unnecessary surgery
might be prevented in patients with progressive distant dis-
ease. Response to this treatment could also be used as a
selection criterion for further procedures. Good respon-
ders not developing metastases may be better candidates
for this extensive surgery, whereas those who exhibit local
progression or even develop metastases during chemother-
apy could be spared unnecessary morbidity and mortality,
and undergo the best palliative treatment in the meantime.

One of the major drawbacks of this study is that it was
not designed as a prospective study to achieve a complete
response. Negative selection bias on the basis of more
or less unfavourable conditions may have influenced the
results. The accidental finding that most of these patients
could undergo an R0 resection and unexpectedly showed a
high pCR rate is hypothesis-generating, and requires fur-
ther validation in future studies. To show an increase in the
pCR rate following ICT from 5 to 15 per cent (two-tailed
α= 0⋅05 and power of 80 per cent), the number of patients
in each arm would need to be 140. A difference of 15 per
cent in the R0 resection rate, which is the strongest predic-
tor of oncological outcome, would also require 140 patients
per arm. To demonstrate a 10 per cent increase in the DFS
rate at 3 years, more than 700 patients would be required in
each study arm, which is an unrealistic number for a study
with such a heterogeneous group as patients with locally
recurrent rectal cancer. Alternative study designs, such as
a matched case–control study, would require a relatively
small cohort of patients to undergo the intervention.
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