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Abstract

Purpose Neoadjuvant chemotherapy is being actively tes-
ted as an emerging alternative for the treatment of locally
advanced colon cancer (LACC) patients, resembling its use
in other gastrointestinal tumors. This study assesses the
mid-term oncologic outcome of LACC patients treated
with oxaliplatin and fluoropyrimidines-based preoperative
chemotherapy followed by surgery.

Methods and patients Patients with radiologically
resectable LACC treated with neoadjuvant therapy between
2009 and 2014 were retrospectively analyzed. Radiological,
metabolic, and pathological tumor response was assessed.
Both postoperative complications, relapse-free survival
(RFS), and overall survival (OS) were studied.
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Results Sixty-five LACC patients who received treatment
were included. Planned treatment was completed by
93.8 % of patients. All patients underwent surgery without
delay. The median time between the start of chemotherapy
and surgery was 71 days (65-82). No progressive disease
was observed during preoperative treatment. A statistically
significant tumor volume reduction of 62.5 % was
achieved by CT scan (39.8-79.8) (p < 0.001). It was also
observed a median reduction of 40.5 % (24.2-63.7 %)
(» < 0.005) of SUV,,..x (Standard Uptake Value) by PET-
CT scan. Complete pathologic response was achieved in
4.6 % of patients. Postoperative complications were
observed in 15.4 % of patients, with no cases of mortality.
After a median follow-up of 40.1 months, (ps—p7s:
27.3-57.8) 3-5 year actuarial RFS was 88.9-85.6 %,
respectively. Five-year actuarial OS was 95.3 %.
Conclusion Preoperative chemotherapy in LACC patients
is safe and able to induce major tumor regression. Survival
times are encouraging, and further research seems
warranted.

Keywords Preoperative chemotherapy - Oxaliplatin -
Fluoropyrimidines - Tumor response - Survival

Introduction

Colon cancer (CC) is a public health problem due to its high
prevalence, being the fourth most common cause of cancer
death [1]. Management of stage I disease relies on surgical
resection, whereas systemic therapy, either chemotherapy or
targeted therapies, remains the cornerstone of treatment in
the metastatic setting. The accepted standard of care for stage
IIT CC patients is based on oncologic surgery followed by
adjuvant chemotherapy. Clinical guidelines also recommend
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adjuvant chemotherapy in high-risk stage II CC, defined as
clinical presentation with bowel obstruction or bowel per-
foration, T4 stage, peritumoral/lymphovascular involve-
ment, poorly differentiated tumors, or inadequate
lymphadenectomy [2]. Although both stage III and high-risk
stage I CC patients are currently homogenously treated with
a combination of oxaliplatin and fluoropyrimidines, prog-
nosis greatly varies among this subset of patients. Indeed,
5 year overall survival (OS) for locally advanced CC
(LACC) ranges from 66 % in stage IIA patients to 28 % in
stage IIIC [3]. Moreover, a survival paradox has been
observed between different subgroups, possibly due to a
higher biologic aggressiveness [4]. These data highlight the
need for more effective and patients’ tailored therapeutic
approaches. Unfortunately, the use of Irinotecan, epithelial
growth factor receptor (EGFR), or vascular endothelial
growth factor (VEGF) monoclonal antibodies (MoAbs) in
the adjuvant setting has proved useless [5, 6].

In recent years, a growing amount of data has consistently
suggested the potential benefits of preoperative chemother-
apy [7, 8] as is the case in other locally advanced gastroin-
testinal tumors [9]. The rationale for this approach includes
an expected better compliance rate—independently from
surgical ~complications—compared to postoperative
chemotherapy [10]; a tumor volume shrinkage may translate
into a higher likelihood of achieving a complete resection,
less surgical tumor cell shedding, and the possibility of an
in vivo chemosensitivity test. There are, however, two major
potential drawbacks for a neoadjuvant strategy; first, it may
be challenging to preoperatively identify which patients are
most likely to benefit with the currently available imaging
techniques, thus avoiding overtreatment. In addition, disease
progression during preoperative treatment may preclude a
curative surgery. Preoperative chemotherapy may also cause
an eventual higher incidence of surgical morbidity. Several
groups have assessed the role of neoadjuvant treatment in
LACC patients, showing that this approach is feasible and
safe [7, 8]. Our preliminary data showed among 22 LACC
patients, an RO resection rate of 100 %, with 55 % of patients
achieving major tumor regressions and at the expense of an
acceptable rate of post surgical complications [11].

As a follow-up of that pilot study, we evaluated in the
present work the mid-term oncologic outcome, in terms of
survival times and patterns of relapse, of LACC patients
treated in our institution with preoperative chemotherapy
and surgery.

Method

This retrospective analysis includes consecutive patients
with radiologically resectable LACC who were treated with
preoperative chemotherapy and surgery in a tertiary center
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between July 1, 2009 and July 1, 2014. Patients were
identified through a prospectively collected tumor registry
database from our institution. The clinical staging was
based on colonoscopy and thoracoabdominopelvic CT scan.
In some patients, a whole-body '®Fluorodesoxiglucose
("|FDG) positron emission tomography-computed tomog-
raphy (PET-CT) scan was also performed. Eligibility cri-
teria included a histologically confirmed the diagnosis of
adenocarcinoma, being over 18 years of age with good
performance status, correct analytical levels, absence of
important comorbidities, and the ability to provide written
informed consent [11]. Radiological signs of suspicious
lymph nodes and/or extramural tumor invasion >5 mm by
CT scan were required. Rectal tumors, complete colonic
obstruction, distant metastases, or peritoneal carcinomatosis
were considered exclusion criteria.

Study protocol

Preoperative chemotherapy consisted of a standard com-
bination of oxaliplatin and fluoropyrimidines, either cape-
citabine or 5-Fluorouracil, and was administered at the
standard dose and schedule used in daily clinical practice.
Both combinations were considered, given the overlapping
results achieved with both of them in the adjuvant setting.
Patients were explained the specific toxicity profile of each
combination, the differences in the incidence of some side
effects, and the need for a central venous catheter with the
use of FOLFOX. Decision was thus made taking into
account patients’ and physicians’ preferences. Patients
received 4-6 cycles before surgical assessment according
to the treating physician criteria. Patients who received
anti-EGFR or anti-VEGF MoAbs were excluded from the
analysis. A CT scan or PET-CT scan was performed three
to 4 weeks after the end of neoadjuvant chemotherapy to
assess tumor response and to confirm resectability. Chan-
ges in tumor volume, T and N classification during pre-
operative chemotherapy were assessed by CT scan.
Metabolic response was assessed according to EORTC
criteria [12]. The histological tumor stage (pTNM) and
grade of differentiation were determined according to
guidelines established by the AJCC [3]. Lymphovascular
and perineural involvement, as well as distal and circum-
ferential margins were also recorded. Tumor regression
grade (TRG) was reported according to the scale proposed
by Shia et al. for rectal cancer [13]. Postoperative com-
plications were defined as any clinical condition that
required a prolonged hospital stay or any deviation from
the normal postoperative course. The use of postoperative
adjuvant chemotherapy was discussed on an individual
basis, taking into account the pathological stage and grade
of response in the surgical specimen, patients’ preferences,
and prior tolerance to preoperative chemotherapy. Follow-
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up included physical examination, CEA-level measure-
ment, CT scan every 4 months, and colonoscopy after
1 year. Additional tests were performed if considered
necessary. Diagnosis of recurrence was based on two
consecutive CT scans within 4-6 weeks. Pathological
verification was performed when feasible.

Statistical analysis

Statistical analysis was done using SPSS/PC v.15 for
windows statistical package (SPSS, Chicago, IL, USA).
Results were expressed as mean (standard deviation) or
median (P,5—P;5) for continuous variables depending on
whether normal distribution was followed or not. Propor-
tion was used for qualitative variables. Wilcoxon test was
also employed for paired samples. Relapse-free survival
(RFS) and OS were studied by the Kaplan—-Meier method
analysis and described as the percentage of cumulative
survival.

Results
Patients

Sixty-five LACC patients treated with preoperative
chemotherapy were retrospectively analyzed. The clinical
and tumor characteristics of the patients are summarized in
Table 1. The mean age was 64.8 years (SD 10.9), and most
of them were male. Tumors were mostly allocated into
sigmoid-descendent colon. All but four patients (93.8 %)
completed the planned neoadjuvant treatment. Forty-six
(70.8 %) patients received oxaliplatin in combination with
capecitabine (XELOX), and 19 patients (29.2 %) received
FOLFOX. Both chemotherapy regimens were administered
on a biweekly basis. Toxicity was managed in an outpatient
setting, with no delays in the planned surgery date. At the
end of neoadjuvant chemotherapy, the mean haemoglobin
and platelet levels were 11.9 g/dL (SD 1.5) and 205 x 10°/
L (SD 64.9), respectively, and the mean white blood cell
count was 5.9 x 10°/L (SD 2.2). The median time between
the start of chemotherapy and surgery was 71 days
(65-82), and the median time between the end of preop-
erative chemotherapy and surgery was 24 days (21-30).
No distant relapses were observed, neither by CT scan nor
by PET, during the preoperative treatment.

Median baseline tumor volume, assessed by CT scan,
was 46.5 cc (26.4-75.5) compared to 18.2 cc (8.7-27.5)
after chemotherapy. This translates into a statistically sig-
nificant tumor volume reduction of 62.5 % (39.8-79.8)
(p < 0.001; Wilcoxon test). Sixty-five percent of patients
achieved a tumor volume reduction greater than 50 %.
Among the 50 patients with baseline nodal involvement,
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Table 1 Baseline demographic and clinical characteristics
N (%)

Age® 64.8 (10.9)
Sex

Female 20 (30.8)

Male 45 (69.2)
ASA

I 35 (53.8)

I 30 (46.2)
BMI® 26.5 (24.2-29.2)
Comorbidity 36 (55.3)
Location

Descending-sigmoid 42 (64.6)

Ascending 21 (32.3)

Transverse 2 3.1
T stage by CT at diagnosis

T2 5(1.7)

T3 48 (73.8)

T4 12 (18.5)
N stage by CT at diagnosis

N — 15 (23.1)

N + 50 (76.9)

Circumferential involvement by endoscopy® 80 (61.5-100)
Chemotherapy schedule
XELOX

FOLFOX

46 (70.8)
19 (29.2)

ASA American Society of Anesthesiologists, BMI Body mass index
? Mean (standard deviation)
® Median (p25—p75)

60 % achieved a complete nodal radiological response
after chemotherapy. PET-CT scan was performed in 13
patients. Median baseline SUV was 18.4 (13.3-23.8) in
comparison with 10.7 (5.7-15.5) after chemotherapy, with
a median reduction of 40.5 % (24.2-63.7 %) (p < 0.005;
Wilcoxon test). Stable, partial, and complete metabolic
responses were observed in four patients, eight patients,
and one patient, respectively.

Surgical aspects

All patients underwent surgery after preoperative
chemotherapy, most of them (58.4 %) by a laparoscopic
approach and with only one patient requiring conversion to
open surgery. The left hemicolectomy/sigmoidectomy and
right hemicolectomy were performed in 43 (66.1 %) and 22
(33.9 %) patients, respectively. Four patients (6.1 %)
required a red blood cell transfusion. Postoperative compli-
cations included anastomotic leakage (four patients; 6.1 %),
postoperative ileus (three patients; 4.6 %), abdominal
bleeding, intestinal perforation, and urinary tract infection
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(one patient each; 1.5 %). Five patients (7.7 %) required a
second surgery. The median hospital stay was 6 days (5-8),
and there were no cases of mortality.

Histopathology

The pathological characteristics of the operative specimen
are summarized in Table 2. AJCC stages 0, I, II, and III
were found in 3, 16, 29, and 17 patients, respectively, after
neoadjuvant treatment. Disease free resection margins were
obtained in all the cases. Three patients (4.6 %) achieved a
complete pathologic response.

Postoperative outcome

Postoperative adjuvant chemotherapy was administered to
60 % of the patients. Three patients could not receive the
treatment because of surgical complications (anastomotic
leakages) and one due to an osteoporotic vertebral fracture.
After a median follow-up of 40.1 months, (prs—p7s:

Table 2 Pathologic characteristics of the surgical specimens

N (%)

Differentiation grade

High 7 (10.8)

Moderate 55 (84.6)

Low 3 (4.6)
ypT

TO 3 (4.6)

T1 4(6.2)

T2 20 (30.8)

T3 34 (52.3)

T4 4(6.2)
ypN

NO 48 (73.8)

N1 8 (12.3)

N2 9 (13.8)
ypStage

0 3 (4.6)

I 16 (24.6)

I 29 (44.6)

I 17 (26.2)
TRG

0,1,2 41 (63.1)

3 15 (23.1)

3+, 4 9 (13.8)
Lymphovascular invasion 7 (10.8)
Perineural invasion 6 (9.2)
Resected nodes® 20 (15-29)

TRG Tumour regression grade
* Expressed as median (p25-p75)
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27.3-57.8) 3-5 year actuarial RFS was 88.9-85.6 %,
respectively (Fig. 1a). Five-year actuarial OS was 95.3 %.
(Fig. 1b). Seven patients have so far relapsed. A detailed
analysis of the observed relapses is shown in Table 3. Two
patients have died during the follow-up period. One
patient, with a pT3NO, TRG: 0, and no other adverse
prognostic factors died due to progressive disease (liver
and lung relapse) 34 months after surgery of the primary
tumor. Another patient died from a myocardial infarction
after 32 months, without evidence of disease.

Discussion

The present study suggests that neoadjuvant chemotherapy
followed by surgery in LACC patients is feasible, with no
apparent impact on the rate of postoperative morbidity.
This strategy induces measurable radiologic and metabolic
changes as well as a pathologic tumor regression that
translates into promising survival times. Nearly, 95 % of
patients completed all cycles of preoperative chemotherapy
with good tolerance, and all of them underwent surgery. A
tumor reduction was achieved in all patients, and none of
them developed tumor progression during neoadjuvant
treatment. With the neoadjuvant protocol employed in this
study, patients received chemotherapy and underwent
surgery in a period of time around two and a half months.
The median number of retrieved nodes fulfills the current
higher standards of quality, which recommend more than
20 lymph nodes to achieve a better prognosis [14].

The global complication rate is comparable to another
series [10] with no cases of perioperative mortality being
registered. This fact supports that neoadjuvant
chemotherapy in colon cancer does not associate with a
high postoperative complication risk [15]. Fifty-five per-
cent of our patients had some important copathology,
which is a risk factor of surgical complications and hospital
stay, but the hospital admission period was within the same
range as other colorectal surgery series.

To our knowledge, this retrospective analysis is one of
the first to report on the impact of a preoperative systemic
approach on the mid-term outcome of LACC patients. The
5 year actuarial OS of 95 % seems provocative, specially
taking into account that at baseline CT assessment, 76.9 %
of patients were N+, and 18.5 % had T4 tumors. The
observed actuarial survival times compare slightly favor-
able with those reported by Jakobsen et al. That study
achieved a similar pathologic complete response, and did
not find any benefit in adding panitumumab to a
chemotherapy backbone in terms of survival [8]. No
patients with 3+/4 TRG in our cohort developed metas-
tases. Cancer-related death observed in our cohort occurred
in a patient with a poor TRG, a known adverse prognostic
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Fig. 1 a Relapse-free survival. b Overall survival

factor in other locally advanced gastrointestinal tumors
[16]. Therefore, poor TRG could be a warning sign that
could alert about the necessity of modifying adjuvant
chemotherapy scheme. Five out of six patients with per-
ineural invasion developed metastases, suggesting that the
prognostic importance of this factor warrants further
research [17]. After a median follow-up of 40 months,
seven distant relapses were observed (10.7 %). It must be
highlighted that three were lung metastases. Although this
pattern of metastases is typically seen more in the low
rectal third, two out of three lung metastases were from
primary tumors allocated in the right sided colon. Four out
of seven patients who developed distant recurrence
metastases could be surgically removed. This finding
highlights the importance of identifying potential adverse
prognostic factors to tailor the intensity and type of the
follow-up program. This fact might achieve an early
diagnosis of relapse that would allow patients to benefit
from a curative surgery.

One of the main concerns with preoperative
chemotherapy is the appropriate selection of patients to
avoid overtreatment. This selection is currently based on
CT-scan images, whose accuracy has improved due to the
use of oral and rectal contrast agents, and with the avail-
ability of multidetector CT scan. Several studies have
shown that CT scan is able to identify high-risk colon
cancer (T3—4) with minimal overstaging [18, 19]. We have
previously observed the accuracy of CT scan for the pre-
operative staging of LACC patients. A nine percent over-
staging was identified for TN stage and suggests that
patient selection for neoadjuvant chemotherapy is

Overall Survival
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promising [20]. It should be taken into account that pre-
operative radiologic staging has been depicted as an inde-
pendent predictor for survival [21]. PET-CT scans provide
fused functional and morphological imaging and there is an
increasing interest in its role for diagnoses, follow-up,
monitoring treatment response, and the prediction of tumor
response to therapy. It remains uncertain, however, whe-
ther the employment of PET-CT will provide determinant
information in LACC patients [22].

Although preliminary, our data show that preoperative
chemotherapy for LACC is an emergent therapeutic alter-
native, which is attracting an increasing scientific interest
[23-25]. Indeed, it is currently being actively tested in
several phase II and III clinical trials (NCT00647530-
Birmingham;  NCT01918527-Vejle;  NCT02415829-
Shanghai; NCT01675999-Paris). The analysis of these tri-
als consistently suggests that this approach is well tolerated
and capable of increasing the likelihood of achieving a
macroscopic complete surgical resection and major histo-
logical regressions.

Limitations

This study has some limitations that deserve consideration.
This is a retrospective analysis, with all the known bias
inherent to this type of analysis. It is a single institutional
experience, where a control group is lacking and the
sample size is small. Moreover, the neoadjuvant
chemotherapy regimen used is not homogeneous, although
both of them were based on the standard oxaliplatin plus
fluoropyrimidines,  without the use of MoAbs.
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Table 3 Tumour relapses during follow-up
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NI LNR LVI PNI TRG RFS Management

pTN  Nodal

Neoadj Adj

% Volume  PreQth  PostQth
NI cycles

Initial

Relapse
location

Age Sex Primary

retrieval

cycles

volume modification NI

location

40  Qth

2
3
1
1

Yes Yes
0

0.2

T3N2 36
T3N2
T4N2
T3N1

Yes

Yes

=77
-22
—63
—68
—62

171
32
13

Lung

Sigmoid

M
F
F
F
F

58
61

RO HS
Qth

10
39
9
7

Yes Yes
Yes

0.7

11

16
18
14

T3NO 27

4
4
4

Yes

Yes

Liver

Sigmoid

Yes

0.3
0.2

Yes

Yes

56 Descendent Paraaortic

56
71

RO PS

No

Yes

No

Yes

100
41

Lung

Ascendent

RO HS and

No

No

Yes

Yes

Lung and

Ascendent

PS.
Qth

liver

28
8

2
2

Yes

No

18
13

T3NO
T4N2

4

No

No

—70

15
26

Peritoneum

M Transverse
F

57
73

RO HS

No Yes

0.6

No

Yes

Liver

Ascendent

M Male, F Female, \I NI nodal involvement by TAC before neoadjuvant chemotherapy, PostQth NI nodal involvement by TAC after neoadjuvant chemotherapy, Neoadj cycles number of
neoadjuvant cycles, Adj cycles number of adjuvant cycles, Nodal retrieval number of retrieved lymph nodes, NI number of involved lymph nodes, LNR lymph node ratio, LVI lymphovascular

involvement, PNI perineural involvement, 7RG tumour regression grade, Qth chemotherapy, RO RO surgery, HS hepatic surgery, PS pulmonary surgery, RF'S relapse-free survival, in months

Nevertheless, the data add to the growing body of evidence
suggesting the feasibility and efficacy of neoadjuvant
chemotherapy for selected LACC patients. Longer follow-
up and further studies in larger series of patients are war-
ranted to validate these results.

Conclusions

Preoperative chemotherapy in LACC patients is safe and
able to induce a major tumour regression. Mature results
from ongoing randomized trials will shed light into the real
impact of this novel strategy.
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