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Abstract. Background/Aim: Neoadjuvant radiochemotherapy
followed by surgery is a standard of care in locally advanced
rectal cancer (LARC). Only a subgroup of patients can obtain
a pathological complete response (pCR) and achieve good local
control. However, the role of pCR on patient survival is debated.
The aim of the study was to evaluate the impact of pCR on
clinical outcomes and toxicities in LARC patients treated with
dose intensification and concomitant capecitabine treatment in
a neoadjuvant radiochemotherapy schedule. Patients and
Methods: This was a single Institution retrospective study
including 178 patients. Mandard tumor regression grade (TRG)
and pTNM staging system were used to classify pathological
response and define pathological complete response (pCR).
Patients were divided in: pCR (pTONO) and Not-pCR
(pT>0ON>0), according to pTNM and in good responders
(TRG1-2) and partial/not responders (TRG3-5), according to
Mandard TRG. The Kaplan-Meier method was used to estimate
0S, CSS, DFES and LC. Results: A low severe toxicity rate was
observed. Acute Grade 3 lower bowel toxicity and Grade 3
cutaneous toxicity were reported in 2 (1.1%) patients,
respectively. Late Grade >3 lower bowel toxicity was reported
in 6 patients (3%) and late Grade >3 cutaneous toxicity was
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registered in one patient. No other severe acute and late
toxicities were reported. The 5- and 10-year OS, CSS, DFS and
LC rates were 85% and 75%, 94% and 92%, 83% and 81%,
88% and 88%, respectively. We observed a pCR rate of 36%
and a good responders rate of 62%, in our study population.
Both groups showed better rates for each analyzed clinical
outcome. Conclusion: Neoadjuvant radiochemotherapy with
dose intensification in LARC patients resulted in favorable long-
term oncological outcomes, pCR rate showed an optimal impact
on OS and DFS with an acceptable toxicity.

Colorectal cancer is the third most commonly diagnosed
cancer worldwide and the second leading cause of cancer-
related death in the world (1). It is estimated that, in Europe,
in 2020, colorectal cancer accounted for 12.7% of all new
cancer diagnoses and 12.4% of all deaths due to cancer (2). In
the same period, in Italy, it is accounted for 11.6% of all new
cancer diagnoses and 10.8% of all deaths due to cancer (3).
Focusing the attention on the region of central Italy, Abruzzo,
where this study was conducted, colorectal cancer was
responsible of 14% of all new cancer diagnoses in 2019 (4).

In locally advanced rectal cancer (LARC), comprising T3
and T4 tumors and/or tumors involving locoregional lymph
nodes, pre-operative long-course radiochemotherapy (CRT)
followed by surgery is now considered a standard of care,
since the German CAO/ARO/AIO-94 randomized phase III
trial showed a 5-year local control rates of 94%, a higher rate
of sphincter preservation and better survival rates (5).

The differences of tumor sensitivity to CRT in LARC
patients can lead to differences in responses after the
neoadjuvant treatment: from no response to pathological
complete response (pCR), defined as the absence of
pathological cells in surgical resection. As reported in the
literature, pCR is achieved only in 14-20% of patients (6, 7)
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and it showed a potential favorable impact on clinical
outcomes. In pCR patients, Di Tommaso et al. observed 5-
year locoregional control (LC), disease free survival (DFS),
overall survival (OS) rates of 85.7%, 89.5% and 93.5%
respectively (8), and Jalilian et al. reported a cancer specific
survival (CSS) rate of 94.7% (9). The growing favorable
impact on pCR is so interesting that much attention has been
paid to non-operative management (NOM), currently only
possible within clinical trials (10).

We retrospectively analyzed data of patients treated with
radiotherapy (RT) dose intensification and concomitant
capecitabine in a neoadjuvant long-course CRT schedule. We
evaluated pCR, and long-term oncological outcomes on CSS,
OS, DFS and LC.

Patients and Methods

Patients. From 2012 to 2022, 178 LARC patients, admitted to
Department of Radiation Oncology of Chieti and treated with
preoperative  CRT followed by surgery, were retrospectively
analyzed. All patients were >18 years old, with histologically
confirmed primary rectum adenocarcinoma and without extra pelvic
disease [Tumor Node Metastasis (TNM) staging as cT2-4 cNO-2].
Pre-CRT staging with digital rectal examination, chest-abdominal-
pelvic computed tomography (CT) scans and with a rectal magnetic
resonance imaging (MRI) and re-staging at 8-10 weeks after the end
of CRT were performed.

Radiotherapy. RT was performed by volumetric modulated arc
therapy (VMAT) technique, with a total dose of 4,500 cGy, 180
cGy/day, to the pelvic nodes and with 5,500 cGy, 220 cGy/day to
the whole mesorectum in simultaneous integrated boost (SIB),
corresponding to an equivalent dose at 2 Gy/fraction (EQD2) of
57.5 Gy (considering a/f}=5.06 Gy for rectal tumor).

During the simulation process, patients were immobilized in the
supine position, and it was required to drink 750 ml of water in
45 minutes, in order to obtain an appropriate volume of the
bladder. The clinical target volume (CTV) included the primary
tumor as well as mesorectum, pre-sacral and pelvic nodes up to
the L5/S1 junction. The CTV Boost was delineated including the
primary tumor and mesorectum. The planning target volume
(PTV) and the PTV Boost was their corresponding CTV plus 8
mm margin in all directions. Dose was specified according to the
International Commission on Radiation Units and Measurements
Report 50-62.

Concomitant chemotherapy. The drug schedule administered as
concomitant chemotherapy was: capecitabine (825 mg/m2, twice a
day for 5 days/week), in no combination with other drugs. Weekly
blood tests were performed in all patients.

Surgery. Radical surgery, including anterior resection (AR) with
total mesorectal excision (TME) or abdominoperineal resection
(APR), with colorectal or colon-anal anastomosis, was performed
according to surgical evaluation.

Adjuvant chemotherapy. Adjuvant chemotherapy was administered to
47 patients (26%). Particularly, 39 patients received capecitabine and

4 capecitabine with oxaliplatin, while FOLFIRI with bevacizumab,
FOLFIRI with panitunumab, FOLFOX schedules and gemcitabine
were given to one patient, respectively.

Pathological response. The pathological response was evaluated
according to the pTNM pathological classification of the Union for
International Cancer Control and tumor regression grade (TRG),
based on the Mandard score (11). Tumor regression was classified
according to five grades, TRG1 to TRGS, from the best response to
the worst, respectively. The absence of residual cancer in the
resected specimen (TRG 1) and ypTO was defined as pathological
complete response (pCR) (12).

Toxicity. Radiation Therapy Oncology Group (RTOG) toxicity
criteria were used to score acute RT toxicities (13). Postoperative
routine follow-up examinations were performed every 6 months
during the first 5 years from surgery, then annually. Gastrointestinal,
urinary, hematological, and cutaneous symptoms were evaluated at
baseline, during treatment and at every follow-up examination. Late
toxicities were reported according to the RTOG/European
Organization for Research and Treatment of Cancer (EORTC) late
RT scoring system (13).

Statistical analysis. Descriptive statistics were outlined as
frequencies and percentages, whereas all numerical variables as
means and standard deviation (SD). Survival analyses for 5- and
10-year rates of OS, CSS, DFS and LC were performed with
Kaplan-Meyer analysis. The OS was defined as the time interval
between surgery and death; for CSS, instead, the time between the
surgery and the death due to the disease. The DFS was considered
as the time between surgery and the first verified event (recurrence
and/or distant metastasis) and for the LC, the time between
surgery and the locoregional recurrence. For patients in whom
none of the events occurred, the observational time interval was
defined as the period from surgery to the last follow-up visit. The
Kaplan-Meier method was also used to estimate OS, DFS and LC
at 5 and 10 years of follow-up after stratifying patients for TRG
Mandard Score and for pathological response. A p<0.05 was
considered statistically significant. The retrospective, anonymous
and non-interventional nature of the study did not request any
further ethical approval.

Results

A total of 178 patients were analyzed in the study. Patients,
tumor, and treatment characteristics are shown in Table I.
The median patient age was 66.3 years (range=37-93
years); 121 (68%) patients were males, with a male/female
ratio of 2.2:1. Most patients (85%) had cT3 tumors. All of
them underwent the neoadjuvant CRT treatment. Eleven
patients interrupted the treatment because of occurred
toxicities. Median Follow-up was 42 months (range=2-130
months). During follow-up, 12 (6.7%) patients were lost.

Toxicity. Lower gastrointestinal toxicity was the most
frequently experienced acute side-effect: 135 patients (76%)
had grade 0-1 toxicity of whom 78 experienced a Grade-1
toxicity. We observed 41 G2 toxicities (23%) and only two
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Table 1. Patient characteristics of included patients.

Characteristic Value (n)
Age, years Median, range 66 (37-93)
Sex Male 121
Female 57
Clinical T Stage T2 11
T3 153
T4 14
Clinical N Stage NO 34
N1 74
N2 70
Grade Gl 30
G2 101
G3 20
No otherwise specified 17
Unknown 15
Type of surgery AR 127
APR 21
Other 7
None 10
Margin status RO 148
R1 4
Pathological T stage TO 58
T1 11
T2 49
T3 47
Pathological N stage NO 117
N1 28
N2 10
Mandard tumor 1 55
regression grade 2 39
3 40
4 19
5 1

patients experienced grade 3 toxicity (1.1%), as rectal
bleeding/severe diarrhea. Skin (humid exfoliation) grade 3
toxicities were reported in 2 (1.1%) patients. There were no
reported other severe acute toxicities (Table II).

Among late toxicities, bowel dysfunction was reported in
6 patients (3%) of whom 4 patients presented a G4 toxicity
skin fibrosis, G4 cutaneous toxicity, were registered in 1
patient. No other =G3 toxicity were reported. The most
common mild late (G2) were in lower
gastrointestinal and genitourinary tract, and they were shown
in 6 (3.6%) and 5 (3%) patients, respectively (Table III).

toxicities

Surgery. One hundred and sixty-eight (94.4%) patients
underwent surgery. Anterior resection was performed in 127
patients (76%) and abdominoperineal surgery in 21 (12.5%)
patients. Other surgical techniques were performed in 7
(4%) patients. Ten (5.9%) patients did not undergo surgery
due to being clinically unfit for surgical procedures, or
rejection. Data regarding type of surgery were missing for
10 (5.6%) patients.

Table II. Acute toxicities of LARC patients treated with radiotherapy
and concomitant capecitabine.

GO-1 G2 G3 G4
Lower gastro-intestinal 135 (76%) 41 (23%) 2 (1%) 0
Urinary 173 (97%) 5 (3%) 0 0
Cutaneous 157 (88%) 19 (11%) 2 (1%) 0
Hematological 172 (97%) 6 (3%) 0 0

LARC: Locally advanced rectal cancer.

Table III. Late toxicities in LARC patients treated with radiotherapy and
concomitant capecitabine.

GO-1 G2 G3 G4
Lower gastro-intestinal 154 (93%) 6 (4%) 2 (1%) 4 2%)
Urinary 160 (96%) 5 (3%) 0 1 (1%)
Cutaneous 165 (99%) 0 1 (1%) 0
Hematological 166 (100%) 0 0 0

LARC: Locally advanced rectal cancer.

Pathological response. The primary endpoint was
pathological response. Tumor and nodal-status down-staging
was detected in 106 out of 168 patients (63%) and in 113 out
of 168 patients (67%), respectively. According to pTNM
staging system, 58 patients obtained pTO, pT1 in 11 patients,
pT2 in 49 patients and pT3 in 47 patients while pNO was
reported in 117 patients, pN1 in 28 patients and pN2 in 10
patients. According the TRG rate: TRG1 was obtained in 55
(35.5%) patients, TGR2 in 39 (25.1%), TRG3 in 40 (25.8%),
TRG4 in 19 (12.2%) and TRGS in only 1 (0.6%) patient. The
major pathological response (TRG1-2) rate was 62% (96/155
patients) and the minor or no response (TRG 3-4-5) rate was
38% (59/155 patients). Post-surgery data was missing in 13
patients (7.7%).

Outcomes. The 5-year OS, CSS, DFS and LC rates were
85%, 94%, 83% and 88%, respectively. Long-term results at
10 years showed OS, CSS, DFS and LC rates of 75%, 92%,
81%, and 88%, respectively. Figure 1 and Figure 2 show that
patients with TRG1-2 had better OS, with 5- and 10-year
rates of 87% and 87% (compared with 81% and 54%, for
patients with TRG3-5, respectively) and a better LC with the
5- and 10-year LC rates for TRG1-2 patients of 92% and
92% (vs. 83% and 83%, respectively, for patients with
TRG3-5). Particularly, in CSS, we observed a better outcome
in patients with TRG 1-2 with 5-year and 10-year rate of
95% and 94% vs. 95% and 87% in TRG 3-5 group (Figure
3). Regarding DFS, as shown in Figure 4, patients with
TRG1-2 showed 5- and 10-year rates of 87% and 87%
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Figure 1. Kaplan Meier curves for OS in the good-responders group
(TRG 1-2) and the partial/no responders group (TRG 3-5). OS: Overall
survival.
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Figure 2. Kaplan Meier curves for local control LC in the good-
responders group (TRG 1-2) and the partial/no responders group (TRG
3-5). LC: Local control.

compared with 76% and 70%, for patients with TRG3-5,
respectively. Statistically significance was found in OS
analysis (p=0.009).

Analysis about survival outcomes were also conducted
in pCR group considered as ypTOpNO. As shown in Figure
5, Figure 6, Figure 7 the rates are higher in this setting of
patients compared to the rest of the study population. Five-
year OS, CSS and DFS were 89%, 95% and 88% in pCR
vs. 83%, 95% and 75% in not-pCR group. 10-year OS,
CSS and DFS were 89%, 95% and 88% in pCR vs. 55%,
86% and 69% in not-p CR group. Even in this setting of
patients, statistically significance was found in OS curve:
p=0.01.
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Figure 3. Kaplan Meier curves for CSS in the good-responders group
(TRG 1-2) and the partial/no responders group (TRG 3-5). CSS:
Cancer-specific survival.
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Figure 4. Kaplan Meier curves for in the good-responders group (TRG
1-2) and in the partial/no responders group (TRG 3-5). DFS: Disease-
free survival.

Discussion

Since the publication of the German CAO/ARO/AIO-94
randomized phase III trial results, preoperative rectal
cancer management is the standard of care for LARC
owing to its strong control, better clinical survival
outcomes and low toxicities. Although a very high loco-
regional control can be achieved, there could be the
possibility of a systemic pathologic state due to a probable
microscopic tumor spread not detected during staging also
in patients with a complete or good response. These distant
clusters could remain as a source of tumor cells that could
lead to the possibility of worse OS and DFS outcomes.
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Figure 5. Kaplan Meier curves for OS in pathological complete the pCR
group vs. the not-pCR group. pCR: Pathological complete response, OS:
overall survival.

Thus, the debate about the benefits of neoadjuvant CRT
therapy is still actual, as shown in the recent publication of
Tao-Wei Ke et al., where the addition of RT in patients
with  LARC who have undergone only neoadjuvant
systemic therapy did not yield statistically significant
differences in long-term clinical outcomes (14).

At the same time, neoadjuvant CRT has the potential to
determine a good probability of obtaining pCR and with a
better quality and life expectancy (5, 15, 16). The concept
of the pCR is defined as the absence of tumor cells or the
presence of “in situ carcinoma” in the resected samples
(12). However, there is not a common agreement among
literature studies regarding the translation of this definition
in the pathologic TNM system. In fact, pCR could be
defined as ypTO or ypTONO. In our analysis, we chose to
describe pCR as anatomo-pathological ypTONO report in
order to highlight the concept of absence of locoregional
disease. All the specimens were also classified according
the Mandard TRG Score (9). A TRG 1 was considered as a
pCR in agreement with its definition: fibrosis without
detectable tumor tissue.

Overall, pCR reported in the literature is between 15-25%
(6, 7) in all cases treated with preoperative-CRT but, it can
also range from 9% to 30% (17). The role of neoadjuvant
CRT combined with surgery in the history of LARC showed
its strong benefit in loco-regional control, as showed in a
meta-analysis by Martin ef al. (18) where local control was
observed in 99.3% of patients with pCR vs. 91.3% in those
with non-pCR. Moreover, this meta-analysis also reported
better survival outcomes in pCR patients with a 5-year OS
and a 5-year DFS rates of 90,2% and 87% respectively (18).
Better survival outcomes were also reported in a recent meta-
analysis conducted by Li ef al. in 2021, 12 large studies were
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Figure 6. Kaplan Meier curves for CSS in the pCR group vs. the not-
PCR group. CSS: Cancer-specific survival, pCR: pathological complete
response.
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Figure 7. Kaplan Meier curves for disease-free survival (DFS) in the
PCR group vs. the not-pCR group. DFS: Disease-free survival, pCR:
pathological complete response.

selected where 5-year OS and DFS rates in patients with
PCR were reported as 93.5% and 90.1% vs. 74,4% and 71%
in patients with no complete response, respectively (19).
Similar to the previously reported findings, Iskander el al.
(20) reported a 5-year OS and DFS of 94.8% and 88.5% in
ypTONO patients and Jalilian et al. (9) reported a 5-year OS
and a DFS of 94.7% and 89.47% respectively in the pCR
group with an average follow-up of 74 months. Moreover, in
studies reporting 10-year survival results, Sell er al. (21)
showed that the pCR resulted in survival benefits with a 10-
year OS of 86% in the group of pCR patients. In Sakin ef al.
(22) study, the 10-year OS and DFS rates in patients with
PCR were 92.3% and 79.4%, respectively.
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Table IV. Comparison of OS and DFS in the “achieved pCR” and “not-achieved pCR” groups.

pCR Not-pCR pCR Not-pCR

Study 5-yr OS 5-yr DFS 5-yr OS 5-yr DFS 10-yr OS 10-yr DFS 10-yr OS 10-yr DFS
Martin et al. (18) 90.2% 87% 76% 68% n.a. n.a. n.a. n.a.

Li et al. (19) 93.5% 90.1% 74% 71% 80.5% n.a 48% n.a
Iskander et al. (20) 94.8% 88.5% 89%* 47%* n.a. n.a. n.a. n.a.
Jalilian et al. (9) 94.7% 89.5% 82.3% 73.5% n.a. n.a. n.a. n.a.
Sell et al. (21) 95% 92% n.a. n.a. n.a. n.a. n.a. n.a.
Sakin er al. (22) 92.3% 79.8% 55.8%* 55.7%* 92% 79% 55.8% 51.7%
Our experience 91% 89% 83% 76% 89% 88% 55% 69%

*Rates for no-response patients only. pCR: Pathological complete response; OS: overall survival; DFS: disease-free survival; yr: year; n.a.: not

available.

In our study, pCR rate was found to be 36%. The overall
loco-regional control was 93% and was observed in 94% of
pCR patients, compared with 92% in patients without pCR.
The overall 5-year and the 10-year LC rate were 88%. In
PCR patients, the rates of both 5- and 10-year LC were 91%
vs. 85% in no pCR patients. The cumulative OS and DFS
rates were 88% and 85%, respectively, in a median follow-
up of 4 years. In pCR group, OS was 91% and the DFS was
89%, with a 5-year OS and DFS of 89% and 88% (vs. 83%
and 76% in not pCR group) and a 10-year OS and DFS of
89% and 88% (vs. 55% and 69% in not pCR group),
respectively. These results mostly agreed with the cited
studies (9, 18-22) (Table IV).

Cancer-specific survival (CSS) is an endpoint very rarely
reported in the literature. In their analysis, Jalilian et al. (9)
reported 14 cancer-related deaths and they observed a
cumulative CSS rate of 89% with a pCR impact on CSS of
94.7%. In our study, we observed a CSS rate of 96% with a
similar pCR impact on CSS of 97%.

Regarding tumor regression grade prognostic value, in
2005, Vecchio et al. (23) observed a correlation between the
pathologic tumor response and survival rates in patients
receiving preoperative therapy for rectal cancer. As TRG
increased, the survival outcomes decreased: 5-year DFS was
TRG1: 96%, TRG2: 90%, TRG3: 74%, and TRG4: 52%
(p=0.002) and 5-year OS was TRGI1: 91%, TRG2: 85%,
TRG3: 79%, and TRG4: 63% (p=0.016).

In 2016, Dhadda et al. (24) reported that a favorable TRG
was associated with better survival rates, showing this
parameter as a prognostic factor in their multivariate
analysis: 5-years OS and DFS 100% and 95% in TRGI1
group; 55% and 50% in TRG 2; and 41% and 33% in TRG
3-5.

In 2020, our previous experience using various long-
course neoadjuvant schedules for the impact on TRG
confirmed a favorable correlation between TRG and survival
outcomes. We selected two groups according the TRG: good

responders (TRG 1-2) and poor responders (TRG 3-4-5).
Patients with TRG1-2 had significantly better OS, with 5-
and 10-year rates of 87% and 87% compared with 84% and
55%, respectively, for patients with TRG3-5 (p=0.001) and
the 5- and 10-year DFS rates for patients with TRG1-2 were
89.5% and 87.7% compared with 80.2% and 73.6%,
respectively, for patients with TRG3-5 (p=0.014) (8).

As shown in the cited studies, the results of our actual
analysis also confirmed the prognostic value of TRG. In fact,
patients with complete or partial response (TRG 1-2)
reported a 5-year OS and a 5-year DFS of 87% and 87%
compared to 5-year OS and a 5-year DFS 81% and 76%
respectively, in patients with inadequate response.

The present study had several limitations: it is a mono-
institutional study, the sample of the population examined is
not particularly large and it is a retrospective study.
Furthermore, the Mandard TRG itself requires some
considerations: it is only one of the several scores available
in literature, such as Dworak, Wheeler and Ryan scores, and
each has its peculiar characteristics with regard to possible
different clinical interpretations; its sensitivity in terms of
difficulty in accurately describing adjacent groups, with
differences that could be too subtle to be clinically useful.

Conclusion

An intensification schedule of concurrent neoadjuvant CRT
capecitabine-based and SIB of RT on sites of bulky disease
in LARC resulted in a positive and significant impact on the
pCR (pTO pNO) with a rate of 36%. Particularly, our study
confirmed a very favorable impact of pCR and of TRG1-2
on LC, CSS, DFS and OS at 5 and 10 years with very low
acute and late toxicities. In conclusion, our results show that
PCR can be considered a valid predictor and neoadjuvant
CRT has advantageous long-term outcomes, high pCR rate
and tolerable toxicities in daily clinical practice, therefore
this schedule can be successfully used in LARC patients.

1372



Lucarelli er al: Impact of Neoadjuvant Radiochemotherapy for Rectal Cancer

Conflicts of Interest

The Authors declare no conflicts of interest associated with the
study.

Authors’ Contributions

Marco Lucarelli and Domenico Genovesi designed and coordinate
the study and the analysis. Marco Lucarelli and Virginia Gentile
collected the data. Marco Lucarelli, Domenico Genovesi, Rosario
Bonelli, Giulia de Pasquale, Andrea Delli Pizzi reviewed and
approved data selection. Marco Lucarelli, Marta Di Nicola,
Annamaria Porreca performed main data analysis and provided
pictures elaboration. Marco Lucarelli, Marta Di Nicola, Annamaria
Porreca performed statistical data analysis. Marco Lucarelli,
Domenico Genovesi, Rosario Bonelli, Giulia de Pasquale drafted
the article. Marco Lucarelli, Domenico Genovesi, Rosario Bonelli,
Giulia de Pasquale critically revised the study and the article. All
Authors reviewed and approved the final article.

References

1 Baidoun F, Elshiwy K, Elkeraie Y, Merjaneh Z, Khoudari G,
Sarmini MT, Gad M, Al-Husseini M, Saad A: Colorectal cancer
epidemiology: Recent trends and impact on outcomes. Curr
Drug Targets 22(9): 998-1009, 2021. DOI: 10.2174/
1389450121999201117115717

2 European Cancer Information System: Colonrectal cancer
burden in EU-27. Available at: https://ecis.jrc.ec.europa.cu/pdf/
Colorectal_cancer_factsheet-Mar_2021.pdf [Last accessed on
January 15, 2021]

3 Associazione Italiana Registro Tumori, Associazione italiana di
Oncologia Medica: i numeri del cancro 2020. Available at:
https://www.registri-tumori.it/cms/sites/default/files/
pubblicazioni/2020_Numeri_Cancro-pazienti.pdf [Last accessed
on October, 2020]

4 Associazione Italiana Registro Tumori, Associazione italiana di
Oncologia Medica: i numeri del cancro 2019. Available at:
https://www.aiom.it/wp-content/uploads/2019/09/2019_Numeri_
Cancro-operatori-web.pdf [Last accessed on September, 2020]

5 Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, Hess
C, Becker H, Raab HR, Villanueva MT, Witzigmann H,
Wittekind C, Beissbarth T, Rodel C: Preoperative versus
postoperative chemoradiotherapy for locally advanced rectal
cancer: results of the German CAO/ARO/AIO-94 randomized
phase III trial after a median follow-up of 11 years. J Clin Oncol
30(16): 1926-1933, 2012. DOI: 10.1200/JC0O.2011.40.1836

6 Rodel C, Sauer R: Integration of novel agents into combined-
modality treatment for rectal cancer patients. Strahlenther Onkol
183(5): 227-235,2007. DOI: 10.1007/s00066-007-9000-9

7 Yang J, Wang W, Luo Y, Huang S, Fu Z: Effect of pathological
complete response after neoadjuvant chemoradiotherapy on
postoperative complications of rectal cancer: a systematic review
and meta-analysis. Tech Coloproctol 26(3): 163-174, 2022. DOI:
10.1007/s10151-021-02564-y

8 DI Tommaso M, Rosa C, Caravatta L, Augurio A, Borzillo V, DI
Santo S, Perrotti F, Taraborrelli M, Cianci R, Innocenti P, DI
Sebastiano P, Colasante A, Angelucci D, Basti M, Sindici G,
Mazzola L, Pizzicannella G, DI Bartolomeo N, Marchioni M, DI

Nicola M, Genovesi D: Treatment intensification for locally
advanced rectal cancer: impact on pathological complete
response and outcomes. In Vivo 34(3): 1223-1233, 2020. DOI:
10.21873/invivo.11896

9 Jalilian M, Davis S, Mohebbi M, Sugamaran B, Porter IW, Bell

S, Warrier SK, Wale R: Pathologic response to neoadjuvant
treatment in locally advanced rectal cancer and impact on
outcome. J Gastrointest Oncol 7(4): 603-608, 2016. DOI:
10.21037/j20.2016.05.03

10 Vailati BB, Sao Julido GP, Habr-gama A, Perez RO:

Nonoperative management of rectal cancer. Surg Oncol Clin N

Am 31(2): 171-182, 2022. DOI: 10.1016/j.s0¢.2021.11.003

Mandard AM, Dalibard F, Mandard JC, Marnay J, Henry-Amar

M, Petiot JF, Roussel A, Jacob JH, Segol P, Samama G, Ollivier

JM, Bonvalot S, Gignoux M: Pathologic assessment of tumor

regression after preoperative chemoradiotherapy of esophageal

carcinoma. Clinicopathologic correlations. Cancer 73(11): 2680-

2686, 1994. DOI: 10.1002/1097-0142(19940601)73:11<

2680::aid-cncr2820731105>3.0.co0;2-¢

12 Peng YF, Yu WD, Pan HD, Wang L, Li M, Yao YF, Zhao J, Gu
J: Tumor regression grades: potential outcome predictor of
locally advanced rectal adenocarcinoma after preoperative
radiotherapy. World J Gastroenterol 21(6): 1851-1856, 2015.
DOI: 10.3748/wjg.v21.i6.1851

13 Cox JD, Stetz J, Pajak TF: Toxicity criteria of the Radiation
Therapy Oncology Group (RTOG) and the European
organization for research and treatment of cancer (EORTC). Int
J Radiat Oncol Biol Phys 31(5): 1341-1346, 1995. DOI:
10.1016/0360-3016(95)00060-C

14 Ke TW, Chang SC, Liao YM, Lin CH, Chen WT, Liang JA, Li
CC, Chien CR: Neoadjuvant chemotherapy with/without
radiotherapy for locally advanced rectal cancer: a nationwide
retrospective cohort study. Anticancer Res 43(12): 5713-5722,
2023. DOI: 10.21873/anticanres.16777

15 Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind C,
Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess CF, Karstens
JH, Liersch T, Schmidberger H, Raab R, German Rectal Cancer
Study Group: Preoperative versus postoperative
chemoradiotherapy for rectal cancer. N Engl J Med 351(17):
1731-1740, 2004. DOI: 10.1056/NEJMo0a040694

16 Rosenberg R, Nekarda H, Zimmermann F, Becker K, Lordick F,
Hofler H, Molls M, Siewert JR: Histopathological response after
preoperative radiochemotherapy in rectal carcinoma is associated
with improved overall survival. J Surg Oncol 97(1): 8-13, 2008.
DOI: 10.1002/js0.20844

17 Hajer J, Rim A, Ghorbel A, Amani Y, Ines L, Asma B, Chiraz
N: Predictive factors associated with complete pathological
response after neoadjuvant treatment for rectal cancer. Cancer
Radiother 25(3): 259-267, 2021. DOI: 10.1016/j.canrad.
2020.10.004

18 Martin ST, Heneghan HM, Winter DC: Systematic review and
meta-analysis of outcomes following pathological complete
response to neoadjuvant chemoradiotherapy for rectal cancer. Br
J Surg 99(7): 918-928, 2012. DOI: 10.1002/bjs.8702

19 Li JY, Huang XZ, Gao P, Song YX, Chen XW, Lv XE, Fu Y,
Xiao Q, Ye SY, Wang ZN: Survival landscape of different tumor
regression grades and pathologic complete response in rectal
cancer after neoadjuvant therapy based on reconstructed
individual patient data. BMC Cancer 21(1): 1214, 2021. DOI:
10.1186/s12885-021-08922-1

1

—

1373



in vivo 38: 1367-1374 (2024)

20 Iskander O, Courtot L, Tabchouri N, Artus A, Michot N, Muller

21

22

O, Pabst-Giger U, Bourlier P, Kraemer-Bucur A, Lecomte T,
Guyetant S, Chapet S, Calais G, Salamé E, Ouaissi M: Complete
pathological response following radiochemotherapy for locally
advanced rectal cancer: short and long-term outcome. Anticancer
Res 39(9): 5105-5113, 2019. DOI: 10.21873/anticanres.13705
Sell NM, Qwaider YZ, Goldstone RN, Cauley CE, Cusack JC,
Ricciardi R, Bordeianou LG, Berger DL, Kunitake H: Ten-year
survival after pathologic complete response in rectal
adenocarcinoma. J Surg Oncol 123(1): 293-298, 2021. DOI:
10.1002/js0.26247

Sakin A, Sahin S, Sengul Samanci N, Yasar N, Demir C, Geredeli
C, Erhan SS, Akboru MH, Cihan S: The impact of tumor regression
grade on long-term survival in locally advanced rectal cancer treated
with preoperative chemoradiotherapy. J Oncol Pharm Pract 26(7):
1611-1620, 2020. DOI: 10.1177/1078155219900944

1374

23 Vecchio FM, Valentini V, Minsky BD, Padula GD, Venkatraman

ES, Balducci M, Micciche F, Ricci R, Morganti AG, Gambacorta
MA, Maurizi F, Coco C: The relationship of pathologic tumor
regression grade (TRG) and outcomes after preoperative therapy
in rectal cancer. Int J Radiat Oncol Biol Phys 62(3): 752-760,
2005. DOI: 10.1016/j.ijrobp.2004.11.017

24 Dhadda AS, Dickinson P, Zaitoun AM, Gandhi N, Bessell EM:

Prognostic importance of Mandard tumour regression grade
following pre-operative chemo/radiotherapy for locally advanced
rectal cancer. Eur J Cancer 47(8): 1138-1145, 2011. DOI:
10.1016/j.ejca.2010.12.006

Received January 11, 2024
Revised February 14, 2024
Accepted February 29, 2024





