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ABSTRACT
Background: Patients with locally advanced rectal cancer (LARC) have an improved
prognosis if achieved a pathological complete response (pCR) on account of
neoadjuvant chemoradiation therapy (nCRT). However, the proportion of patients
achieving pCR is only 8–24%. The purpose of this study was to explore whether
the addition of consolidation chemotherapy to nCRT could improve pCR rate in
patients with LARC.
Materials and Methods: The subjects were 144 individuals with clinical stage II
(T3–4, N0) or III (any T, N1–2) LARC who had received neoadjuvant CRT
followed by total mesorectal excision (TME). Eighty-three patients in the
consolidation chemotherapy group received two cycles XELOX between CRT and
TME, while 61 patients in the standard treatment group without consolidation
chemotherapy. The pCR (ypT0N0), tumor downstaging (ypT0-2N0) after TME
and adverse events (AEs) during and post treatment were compared between the
treatment groups using multivariable logistic regression analysis. To adjust the
unbalanced variables for the primary endpoint, logistic regression analysis and
stratified analysis were performed.
Results: The consolidation chemotherapy group improved pCR rate (19.3% vs 4.9%,
p = 0.01) and tumor downstaging rate (45.8% vs 24.6%, p = 0.009) compared to
the standard treatment group. After adjustment for clinical tumor stage, clinical
nodal stage and time interval to surgery, patients with consolidation chemotherapy
were more likely to reach pCR (adjusted odds ratio 4.91, 95% CI [1.01–23.79],
p = 0.048). AEs during and post treatment in the two groups were 54.1% vs 49.3%
(p = 0.57), respectively. In addition, the incidence of any grade 1–2 AEs in the
two groups was 93.4% vs 95.1% (p = 0.93), while the incidence of grade 3 AEs was
1.6% versus 2.4% (p = 0.74), respectively. No grade 4 AEs occurred in two groups.
Conclusions: The addition of neoadjuvant consolidation chemotherapy after CRT
significantly increased the pCR rate and did not increase the AEs during and post
treatment and in patients with LARC.
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INTRODUCTION
The current standard therapy for patients with locally advanced rectal cancer (LARC) is
neoadjuvant chemoradiation (CRT) followed by total mesorectal excision (TME) and
postoperative adjuvant chemotherapy (Macfarlane, Ryall & Heald, 1993; Seegenschmiedt,
2004). This trimodal therapy provides excellent local tumor control and long-term survival
(Ludmir et al., 2017; Roh et al., 2009). However, TME is associated with some fatality,
morbidity and long-term sequelae, with negative effects on quality of life. The pathological
complete response (pCR), defined as the complete absence of tumor cells in the resected
specimen and lymph nodes (ypT0N0) is associated with improved local control, overall
survival, and disease-free survival which on behalf of improved prognosis (Kerr, Norton &
Glynne-Jones, 2008; Maas et al., 2010; Zorcolo et al., 2012). Patients who have a
complete response could be eligible for less invasive surgeries or even a watch-and-wait
approach, questioning the added value of TME in these patients (Habr-Gama et al., 2004;
Smith et al., 2012). However, the proportion of patients who achieve a pCR remains
low with only 8–24% after neoadjuvant CRT (Maas et al., 2010). Increasing the rate of
pCR, and therefore expanding the number of rectal cancer patients who could potentially
benefit from a watch-and-wait strategy, has been a hot area of research for years
(Smith et al., 2015). The intensified strategy includes escalating radiation dose, adding
neoadjuvant treatment with induction or consolidation chemotherapy, and prolong the
time of between neoadjuvant CRT and resection (Roh et al., 2009). However, the effects
of these approaches on tumor response and long-term survival are still controversial.
Two prospective phase II trials demonstrated that adding modified FOLFOX6 or XELOX
after CRT and before TME increased pCR rate without increase the surgical difficulty in
patients with LARC (Garcia-Aguilar et al., 2015).

The Timing of Rectal Cancer Response to CRT trial was designed to investigate the
effect of adding an increasing number of cycles mFOLFOX6 (folinic acid, fluorouracil and
oxaliplatin) after CRT and lengthening the CRT-to-resection interval on the rate of
pCR in patients with LARC. The results showed that adding consolidation chemotherapy
after CRT and delaying surgery increased the pCR rate without increasing surgical
complications (Garcia-Aguilar et al., 2015; Marco et al., 2018). Kim et al. (2018) found that
pCR and DS rate could be marginally improved with two cycles XELOX consolidation
chemotherapy after preoperative CRT before TME.Will the above phase II trials result be the
same in the real-world? Therefore, we aimed to investigate the effect of adding consolidation
chemotherapy between CRT and resection on the pCR as well as surgical outcomes.

MATERIALS AND METHODS
Patients
This study was a single-center retrospective cohort study based on patients with clinical
stage II (T3–4, N0) or III (any T, N1–2) LARC who underwent neoadjuvant CRT followed
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by surgery at Shandong Cancer Hospital, affiliated with Shandong University, from
January 2014 to December 2019. Eligibility criteria included a diagnosis of LARC with
confirmed by pathological diagnosis; age was ≥18 years; invasive rectal adenocarcinoma
within 12 cm from the anal verge; no history of receiving chemotherapy or pelvic radiation
for rectal cancer; Eastern Cooperative Oncology Group (ECOG) performance status
(PS) ≤2; no distant metastasis. The exclusion criteria were as follows: existence of distant
metastases, concurrently diagnosed colon cancer, history of other cancer, other serious
life conditions. Patients with a history of pelvic radiation, recurrent rectal cancer, metastatic
disease, other primary tumors within the previous 5 years were excluded. The clinical
T and N staging was using MRI scans according to the American Joint Committee on
Cancer’s (AJCC) seventh staging system. Imaging studies including abdomen and pelvis CT,
and rectal MRI were applied before treatments to assess primary tumor and exclude
distant metastases. The study was approved by the Institutional Research Ethics Committee
of Shandong Cancer Hospital in Jinan, Shandong (approval number #2019-23).
The requirement for informed consent was waived because of the retrospective nature of the
study. All methods were performed following the relevant guidelines and regulations.

Treatment strategy
Each patient received initially radiotherapy (DT 50 Gy/25 fractions) concurrent with
capecitabine (825 mg/m2 twice daily for 5 days/week during CRT). The choice of whether
to consolidation chemotherapy was according to the physician’s decision. For patients
without consolidation chemotherapy (group neoadjuvant chemoradiation therapy
(nCRT)), TME was treated 4–8 weeks after the completion of CRT. For patients with
consolidation chemotherapy (group CCT), two cycles of consolidation chemotherapy in
XELOX (Oxaliplatin 130 mg/m2 day 1, Capectiabine 1,000 mg/m2 twice daily days 1–14
every 3 weeks) was administered between CRT and TME. Repeat every 3 weeks to a
total of two cycles.

Outcomes
We used the pCR rate to evaluate the efficacy of adding consolidation chemotherapy.
The pCR was defined as the complete absence of tumor cells in the resected specimen and
lymph nodes (ypT0N0). The tumor downstaging (DS) was defined as the proportion of
patients with ypT0-2N0M0 (ypStage 0 or I) for those who underwent TME and assessed
using the AJCC 7th staging system. In this study, we reported pCR and DS rate for
outcome results. Besides, adverse events (AEs) during and post treatment were also
compared between the treatment groups to evaluate the safety of consolidation
chemotherapy.

Statistical methods
All categorical variables were assessed using the one-sided Fisher’s exact test or
Chi-squared test. Continuous variables were tested using the Student’s t-test. To adjust the
unbalanced variables for the primary endpoint, logistic regression analysis and stratified
analysis were performed, and one-sided P-value was derived. P < 0.05 was regarded as
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statistically significant in two-tailed tests. IBM SPSS STATISTICS version 25.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.

RESULTS
Patient characteristics
Totally 144 eligible LARC patients with CRT were treated in our cancer institute from
January 2014 to December 2019 were retrospectively reviewed. Eighty-three (58%) and
61 (42%) patients were categorized into with the consolidation chemotherapy group and
without consolidation chemotherapy group respectively. The median age was 54 years
(range 20–78). All of the patients were adenocarcinoma. A summary of the baseline for the
144 patients’ characteristics like the patient demographics and tumor characteristics of the
two groups is presented in Table 1. No differences were found in demographics, tumor
characteristics, or clinical and pathological features between two groups, indicating
balanced groups in our study.

Table 1 Baseline for the 144 patients’ characteristics in consolidation chemotherapy (CCT) and
neoadjuvant chemoradiotherapy (nCRT).

nCRT (n = 61) CCT (n = 83) P value

Age (years)

Median (range) 56 (24–78) 54 (20–72) 0.34

Gender

Male 34 55.7% 57 68.6% 0.11

Female 27 44.3% 26 31.4%

BMI (kg/m2)

Median (range) 23.5 (17.3–30.4) 24.2 (18.4–33.9) 0.34

ECOG performance status

0 28 45.9% 37 44.5% 0.87

1 33 54.1% 46 55.5%

Clinical T stage

T3 17 27.8% 33 39.7% 0.21

T4 44 72.2% 50 60.3%

Clinical N stage

N0 12 19.6% 12 14.4% 0.48

N1 38 62.2% 50 60.2%

N2 11 18.2% 21 25.4%

Clinical stage

II 12 19.7% 12 14.5% 0.41

III 49 80.3% 71 85.5%

CEA (ng/ml)

Median (range) 4.3(0.93-152.2) 6.23(0.24-247.6) 0.32

<5 ng/ml 33 54.1% 38 45.7%

≥5 ng/ml 28 45.9% 45 54.3%

Note:
BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; CEA, carcinoembryonic antigen.
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Surgical procedures and pathologic outcome
All of the patients eventually underwent TME with R0 resection. As shown in Table 2,
there was no significant difference in the estimated blood loss and operation time during
surgery. In the postoperative pathological staging, group nCRT had a significantly
higher percentage of ypT4 than group CCT (63.9% vs 28.9%). The pCR rate in the CCT
group was significantly higher than in the nCRT (19.3% vs 4.9%, P = 0.01). Also, DS rate
(45.8% vs 24.6%, P = 0.009) was significantly higher in the CCT group than in the
nCRT group. When analyzing time interval as a categorical variable, the highest
proportion of patients in the nCRT group underwent TME within 6 weeks (60.6%) or
between 6 and 10 weeks (32.7%) while in the CCT group most patients had TME between
6 and 10 weeks (61.4%) or after 10 weeks (27.7%) (P < 0.001).

In stratified analysis, CCT was associated with a higher pCR rate in patients with a cT4,
cN1 and 6–10 weeks of time interval (Table 3).

In multivariable analysis, the probability of pCR was significantly higher in the CCT
group compared to the nCRT group (Odds Ratio = 4.91, 95% CI [1.01–23.79], P = 0.048
adjusted for gender, categories of CEA, cT-stage, cN-stage and categories of time interval)
(Table 4).

Safety
Table 5 describes AEs during the two groups. Nausea, diarrhea, anal pain, leukopenia and
neutropenia were more common in CCT group than in nCRT group, whereas
thrombocytopenia and anorexia were more common in group nCRT. Any grade 1–2 AE
occurred in 57 of 61 patients (93.4%) in group nCRT and 79 of 83 (95.1%) in group CCT.
Any grade 3 AE occurred in 1 of 61 patients (1.6%) in group nCRT and 2 of 83 (2.4%) in
group CCT. No grade 4 AE was reported during treatment in both groups.

As for surgical complications, there was no significant difference between postoperative
morbidities in the two groups (Table 6). Incisional pain was the most common morbidity
in both groups (21.3% and 18,1%). Surgical-site infection was more common in group
nCRT than group CCT (14.7% vs 7.2%).

DISCUSSION
How to increase pCR rate after neoadjuvant therapy and therefore to expand the number
of LARC patients who could potentially benefit from a watch-and-wait strategy has been a
hot research. In our study, we retrospectively used real-world data to demonstrate that
the consolidation chemotherapy significantly increased the pCR in patients with LARC.
Just as importantly, we showed that this approach appears to be safe from oncology
and surgical perspective. It does not increase the risk of AEs or surgical complications
before and after treatment. If these findings can be applied clinically, more patients with
LARC will be eligible for organ preservation, which will avoid surgical sequelae and
improve quality of life.

Currently, some prospective phase II trials had focused on the efficacy of consolidation
chemotherapy between neoadjuvant CRT and TME in patients with LARC. In a
nonrandomized phase II clinical trial from Garcia-Aguilar et al. (2015), patients received
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two, four, or six cycles of modified FOLFOX between neoadjuvant CRT and resection at
different interval time of 12, 16, and 20 weeks, which resulted in improved pCR of 25%,
30% and 38% respectively compared with the pCR of 18% for patients without
consolidation chemotherapy. In our study, the pCR rate was increased to 19.3% in the
group CCT compared with the pCR of 4.9% for patients without consolidation

Table 2 Differences in pathology outcomes between consolidation chemotherapy (CCT) and
neoadjuvant chemoradiotherapy (nCRT).

nCRT (n = 61) CCT (n = 83) P value

Interval time (weeks)

Median (range) 5 (3–14) 9 (2–16) <0.001

<6 37 60.6% 9* 10.9%

6–10 20 32.7% 51 61.4%

>10 4 6.7% 23 27.7%

Approach

Laparoscopic 18 29.6% 40 48.1% 0.02

Open 43 70.4% 43 51.9%

Operation mode**

APR 31 50.8% 34 40.9% 0.16

LAR 20 32.7% 40 48.1%

Hartmann resection 10 16.5% 9 11%

Operation time (min)

Median (range) 215 (90–420) 210 (120–480) 0.53

Estimtated blood loss (g)

Median (range) 50 (20–100) 50 (20–500) 0.23

ypStage

0 3 4.9% 16 19.4% 0.008

I 12 19.7% 25 30.1%

II 25 41% 28 33.7%

III 21 34.4% 14 16.8%

ypTstage

0 3 4.9% 16 19.2% 0.001

1 3 4.9% 3 11%

2 11 18% 29 27.7%

3 5 8.3% 11 13.2%

4 39 63.9% 24 28.9%

ypNstage

0 40 65.5% 69 83.1% 0.11

1 12 19.6% 8 9.6%

2 9 5.9% 6 7.3%

pCR rate 3 4.9% 16 19.3% 0.01

DS rate (ypStage 0 + I) 15 24.6% 38 45.8% 0.009

Notes:
* Nine patients had only one cycle of the XELOX because they refused the second cycle of XELOX.
** Patients with T4b tumors with adjacent organ invasion underwent combined resection.
APR, abdominoperineal resection; LAR, low anterior resection; pCR, pathologic complete response; DS, downstaging.
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chemotherapy. The pCR rate was 4.2% in our study for patients without consolidation
chemotherapy, which is smaller than the data with 8–24% reported before (Van der Valk
et al., 2018). Although the pCR rate in this study was lower than reported in both

Table 3 Stratified analysis of the association between consolidation chemotherapy (CCT) or
neoadjuvant chemoradiotherapy (nCRT) and pathological complete response (pCR) by clinical
tumor stage, clinical nodal stage and categories of time interval.

Strata pCR in CCT pCR in nCRT P-value

Clinical tumor stage

cT3 2/17 4/32 0.09

cT4 1/44 12/50 0.002

Clinical nodal stage

cN0 2/12 3/12 0.61

cN1 1/38 10/50 0.01

cN2 0/11 3/21 0.18

Time interval to surgery

<6 weeks 2/35 0/9 0.46

6–10 weeks 0/21 11/51 0.02

>10 weeks 1/5 5/23 0.93

Table 4 Multivariable analysis of the association between consolidation chemotherapy (CCT) or
neoadjuvant chemoradiotherapy (nCRT) and pathological complete response (pCR).

Crude OR (95% CI) Adjusted OR (95% CI) P value

Neoadjuvant therapy

CRT Ref. Ref.

CCRT 4.6 [1.3–16.6] 4.91 [1.01–23.79] 0.048

Sex

Male Ref. Ref.

Female 0.47 [0.18–1.25] 2.85 [0.93–8.75] 0.07

CEA

<5 (ng/ml) Ref. Ref.

>5 (ng/ml) 0.94 [0.35–2.52] 0.88 [0.28–2.67] 0.82

Clinical T-stage

cT3 Ref. Ref.

cT4 1.21 [0.44–3.31] 1.38 [0.44–4.33] 0.58

Clinical N-stage

cN0 Ref. Ref.

cN1 0.54 [0.17–1.75] 0.49 [0.12–2.01] 0.32

cN2 0.39 [0.08–1.84] 0.23 [0.38–1.42] 0.11

Time interval

<6 weeks Ref. Ref.

6–10 weeks 3.79 [0.79–17.97] 1.97 [0.30–12.9] 0.47

>10 weeks 5.72 [1.07–30.77] 4.41 [0.58–33.2] 0.14

Note:
CEA, carcinoembryonic antigen; OR, odds ratio.

Cui et al. (2020), PeerJ, DOI 10.7717/peerj.9513 7/13

http://dx.doi.org/10.7717/peerj.9513
https://peerj.com/


groups (4.9% and 14.3%), consolidation chemotherapy was related to enhanced tumor
regression. The pCR rates in our study are lower due to that the patients in our study are
unusually adverse in that 65% are cT4 which normally is associated with a low chance of
achieving a pCR (Kim et al., 2018). Improved pCR and downstaging rates could be the

Table 5 Differences in adverse events (AEs) between consolidation chemotherapy (CCT) and
neoadjuvant chemoradiotherapy (nCRT).

nCRT (n = 61) CCT (n = 83)

Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4

Any toxicities 57 93.4% 1 1.6% 79 95.1% 2 2.4%

Nausea 6 0 14 0

Fatigue 4 0 0 0

Diarrhea 5 0 21 0

Anal pain 4 0 17 1

Peripheral neuropathy 0 0 2 0

Anorexia 7 0 5 0

Abdominal pain 5 0 9 0

Constipation 2 0 3 0

Urinary tract infection 1 0 1 0

Myalgia 1 0 1 0

Sepsis 0 0 0 0

Leukopenia 8 1 26 2

Hand foot syndrome 0 0 2 0

Neutropenia 6 0 10 0

Anemia 2 0 3 0

Thrombocytopenia 3 0 0 0

Hyponatremia 0 0 1 0

Table 6 The comparison of postoperative complications between the consolidation chemotherapy
(CCT) and neoadjuvant chemoradiotherapy (nCRT).

nCRT (n = 61) CCT (n = 83)

Overall operative morbidity: n (%) 33 (54.1) 41 (49.3)

Intestinal obstruction: n (%) 0 (0) 0 (0)

Surgical-site infection: n (%) 9 (14.7) 6 (7.2)

Transient urinary dysfunction: n (%) 0 (0) 0 (0)

Pneumonitis: n (%) 1 (1.6) 3 (3.6)

Perineal wound infection: n (%) 2 (3.2) 7 (8.4)

Intraabdominal abscess: n (%) 3 (4.8) 7 (8.4)

Enteritis: n (%) 1 (1.6) 0 (0)

Catheter infection: n (%) 1 (1.6) 2 2.4

Anastomotic leakage: n (%) 3 (4.8) 1 (1.2)

Incisional pain: n (%) 13 (21.3) 15 (18.1)

Cui et al. (2020), PeerJ, DOI 10.7717/peerj.9513 8/13

http://dx.doi.org/10.7717/peerj.9513
https://peerj.com/


result of the study treatment, but we cannot exclude that it may also have been affected by a
significant delay of surgery in group CCT compared with group nCRT. Results from
several retrospective studies have confirmed that longer chemoradiotherapy to surgery
intervals are associated with a higher percentage of patients achieving a pathologic
complete response (Calvo et al., 2014; Francois et al., 1999;Habr-Gama et al., 2004; Kalady
et al., 2015; Tulchinsky et al., 2008;Moore et al., 2004; Sloothaak et al., 2013;Wolthuis et al.,
2012; Zeng et al., 2014). In the Lyon R90-01 study (Francois et al., 1999), Francois and
his colleagues found that 14% of patients who underwent surgery after 8 weeks of
radiotherapy achieved a pCR, while only 7% of patients who underwent surgery after
4 weeks of radiotherapy achieved a pCR. However, considering the results of a large
observational study that showed a 2–4% increase in pCR rates for each 1-week delay after
the start of CRT within 17 weeks (Sloothaak et al., 2013), it is possible to explain the 14%
increase in pCR rates for a delay of 2 weeks. The purpose of our study was to consider
whether the addition of consolidation chemotherapy could increase the proportion of pCR
patients regardless of the time interval. Inevitably, in a subset of patients, the addition
of consolidation chemotherapy between neoadjuvant chemoradiotherapy and TME
resulted in an unintended increase in the time interval. Therefore, we used stratified
analysis to exclude the time interval difference between the two groups. The stratified
analysis results show that CCT was associated with a higher pCR rate in patients with 6–10
weeks of time interval (Table 3). Also, the multivariable analysis which used logistic
regression also suggested that the probability of pCR patients was significantly higher in
the group CCT compared to the standard treatment group (Odds Ratio = 4.91, 95% CI
[1.01– 23.79], P = 0.048 adjusted for cT-stage, cN-stage and categories of time interval)
(Table 4). In a randomized phase II clinical trial, Kim et al. (2018) implemented a
randomized phase II study, which suggested pCR and DS rate could be marginally
improved with two cycles XELOX consolidation chemotherapy after preoperative CRT
before TME. The interval time between the two groups were both 6–10 weeks but included
a difference of only 10 days. Unlike our results, in their study, there was a numerical
difference in pCR rates between the two groups, but it was not statistically significant
(13.6% vs 5.8%, P = 0.167). However, the authors did not conduct further analysis to
explore whether the difference in PCR was caused by the addition of consolidation
chemotherapy or the extension of interval time.

As time prolongs, the potential development of pelvic fibrosis that could increase
postoperative complications (Du et al., 2018). In the current study, patients’ operation
time, intraoperative blood loss and postoperative complications were also collected.
As shown in the Tables 2 and 3, there was no significant difference in operation time
(P = 0.53) or intraoperative blood loss (P = 0.23) between the two groups. For surgical
complications, overall surgical complications in group nCRT were slightly higher than
those in group CCT (54.1% vs 49.3%, P = 0.57), the most common postoperative
complication in both groups was incisional pain, and the incidence of surgical-site
infection in group nCRT was slightly higher than that in group CCT.

Adverse events are an important part of evaluating experimental safety, so not only
we reported surgical-related complications, we evaluated the incidence of AEs during
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chemoradiotherapy. In our study, the top three AEs were Leukopenia, Anorexia and
Nausea in group nCRT, while Leukopenia, Diarrhea and Anal pain were in group CCT.
The incidence of any grade 1–2 AE in our study was 93.4% in group nCRT and 95.1%
in group CCT (P = 0.93), which was slightly higher than the previous randomized
controlled trial (91% vs 92%). Considering the fact that the dose of oxaliplatin and
capecitabine in our trial (100 mg/m2 and 850 mg/m2, respectively) was higher than in the
previous trial (130 mg/m2 and 1,000 mg/m2, respectively), the incidence of AEs was similar
to the previous trial which suggested that consolidation chemotherapy is a safe way to
improve the proportion of pCR for patients with LARC.

Our study has several limitations. First, the use of a retrospective database limited our
capacity to investigate other sources of potential bias. Second, the number of cases is
limited, and it needs expanding the number of patients to confirm our conclusions.
Approximately 14% increment in the DS rate and 21% increment in the pCR rate could be
significant, but the sample size was small eventually may permitted a room for type-I and
type-II error.

Up to now, modify and optimize the radiotherapy dose, chemotherapy regimen,
treatment duration and interval time is still needed to seek the optimal treatment mode in
patients with LARC. Nevertheless, the current study based real-world data demonstrated
the role of consolidation chemotherapy may improve pCR rate after neoadjuvant CRT,
adding a real-world data piece of evidence to support the effectiveness of consolidation
chemotherapy in patients with LARC. Further randomized phase III trial is warranted to
explore the role of consolidation chemotherapy.

CONCLUSIONS
In conclusion, our study demonstrated that adding neoadjuvant consolidation
chemotherapy after CRT significantly increased the pCR rate and did not increase the AEs
or surgical complications in patients with LARC.
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