
Rezumat

Introducere: Cancerul colorectal este o afecţiune severă, cu 
cancerul rectal reprezentând treizeci la sută din toate cazurile.
Pentru pacienţii diagnosticaţi cu cancer rectal, chimioradioterapia
neoadjuvantă este frecvent necesară ca o consecinţă a gradului
extensiei tumorale la momentul prezentării la medic. Cu toate
acestea, pentru o anumită populaţie de  pacienţi, chimioradio-
terapia neoadjuvantă poate avea drept rezultat un răspuns 
complet, ceea ce ar transforma intervenţia chirurgicală definitivă
într-o opţiune terpaeutică nejustificată. 
Metode: Pentru a identifica factorii predictivi pentru răspunsul
clinic sau patologic complet, am efectuat un studiu retrospectiv
asupra a 231 de pacienţi diagnosticaţi cu cancer rectal local
avansat care au efectuat chimioradioterapie neoadjuvantă.
Rezultate: Rezultatele obţinute indică faptul că anumite 
caracteristici tumorale rămân factorii predictivi principali pentru
răspunsul la tratament la pacienţii cu cancer rectal. În mod 
particular, am constatat că un răspuns patologic complet este mai
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EBRT: external beam radiotherapy; 
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Introduction

Colorectal cancer (CRC) is the third most 
common cancer worldwide with an incidence
of 1.9 million cases and it is responsible for
0.94 million deaths in 2020. The number of
new cases of CRC in Romania in 2020 was 7
885, occupying the 4th place in incidence and a
mortality rate of 4 302 (1,2).

Whilst the highest incidence rates are
reported in developed countries, increasing
incidence was reported in developing countries
(3). Dietary habits, responsible not only for 

cardiovascular disorders (4-6), a large number
of epidemiological data linked co-existing
pathologies, especially type 2 diabetes (7-9),
contribute to the development and to treat-
ment resistance of colorectal cancer (10,11).
Surgery remains the curative treatment 
for colorectal cancer (11), even in the oligo-
metastatic setting or for potential oncological
treatments side effects (12). 

For locally advanced rectal cancer (LARC)
the standard of care consists of neoadjuvant
radiotherapy either alone (short course), or
with concurrent 5-FU or oral Capecitabine

Chirurgia, 118 (3), 2023 www.revistachirurgia.ro 251

probabil la pacienţii cu boală în stadiile I/II în comparaţie cu cei aflaţi în stadiile III/IV. Cu toate
acestea, nu am identificat nicio asociere semnificativă statistic între caracteristicile radioterapiei
(cum ar fi fracţionarea, tehnica de tratament sau doza totală) şi frecvenţa răspunsului complet.
Concluzii: În concluzie, studiul nostru evidenţiază importanţa stadiului tumoral ca predictor al
răspunsului patologic complet după chimioradioterapia neoadjuvantă pentru pacienţii cu cancer
rectal. Alţi factori clinici şi patologici, cum ar fi mărimea tumorii, pot fi, de asemenea, predictori
importanţi ai răspunsului la tratament şi ar trebui exploraţi în studii viitoare

Cuvinte cheie: cancer colorectal, raspuns complet, tratament neoadjuvant, radioterapie, chirurgie

Abstract
Background: Colorectal cancer is a serious illness, with rectal cancer accounting for thirty 
percent of all cases. For patients diagnosed with rectal cancer, neoadjuvant downstaging
chemoradiotherapy is often necessary due to advanced disease at presentation. However, for 
certain patients, neoadjuvant chemotherapy can result in a complete response, leading to the
possibility of overtreatment during subsequent definitive surgery. 
Methods: In order to identify predictors for clinical or pathologic complete response, we 
conducted a retrospective study on 231 patients diagnosed with locally advanced rectal cancer
who underwent neoadjuvant treatment. 
Results: Our results indicate that tumor characteristics remain the primary predictive factors
for treatment response in rectal cancer patients. Specifically, we found that a complete patho-
logic response was more likely in patients with stage I/II disease compared to stage III/IV.
However, we did not identify any statistically significant associations between radiotherapy
characteristics (such as fractionation, treatment technique or total dose) and complete response
rates. 
Conclusions: In conclusion, our study highlights the importance of tumor stage in predicting
pathologic complete response following neoadjuvant chemoradiotherapy for rectal cancer
patients. Other clinical and pathologic factors, such as tumor size, may also be important 
predictors of treatment response and should be explored in future studies.

Key words: colorectal cancer, complete response, neoadjuvant therapy, radiotherapy, surgery
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(long course) followed by surgery the following
week (12,13), or 6-10 weeks later (14). For the
long course concurrent chemoradiotherapy
regimen, pathologic complete response (pCR)
was reported to proportionally increase with
the total radiation dose (15-18). Pathologic
complete response is associated with potential
cure and offers the possibility of surgical 
excision in an organ preservation approach.
the (10,17,19). Considering the uncertainty
surrounding the rectal cancer predictors of
sensitivity to neoadjuvant chemoradiotherapy
(NACRT), we aimed to study patient, tumour
and treatment related characteristics linked
to pCR in rectal cancer.

Material and Method

Between January 2017 and December 2020,
231 consecutive patients diagnosed with rectal
cancer were treated at Oncofort Private
Hospital, Bucharest, Romania. Previous to
NACRT all patients underwent complete bio-
logical and oncological evaluation through
complete blood count, liver and renal functional
tests, full colonoscopy, thorax-abdomen-pelvis
computed tomography (CT) and pelvic 
magnetic resonance imaging (MRI). For
tumoral staging, 8th American Joint
Committee on Cancer (AJCC) Cancer Staging
Manual was used (20). After diagnostic 
work-up, all cases were discussed in an onco-
logical multidisciplinary board for treatment
decision. From these, 87 patients received 
preoperative treatment consisting either of
short-course radiotherapy or of long-course
radiotherapy with concurrent Capecitabine,
corresponding dose 2500 mg/day. The dose
was adjusted to the corresponding body 
surface area using Du Bois formula (21).
Patients had their creatinine clearance 
calculated with Cockroft-Gault formula (22).
External beam radiotherapy (EBRT) was
administered using a 6 MV linear accelerator
(LINAC), targeting the primary tumour and
regional lymph nodes using Intensity
Modulated (IMRT) treatment technique or
Volumetric Modulated Arc Therapy (VMAT).
For each patient we collected age, gender,

employed radiation therapy technique, dose,
type of boost, time to surgery and chemo-
therapy type. Variations in preoperative 
treatment were related to fractionation 
schedule and total radiation dose. Following
NACRT, all patients underwent clinical re-
evaluation by colonoscopy, thorax-abdominal
CT scan and pelvic MRI. After surgery, 
pathology report data, such as tumor stage
and examined lymph nodes status were 
collected. Complete pathologic response was
defined as ypT0 ypN0 after surgical excision,
ypT0 for tumor bed tissue sampling after
NARCT and any ypT>0 or ypN>0 was defined
as incomplete response We chose the cut-off
age of 74. This value corresponds to the
Romanian life expectancy, both sexes.

We have used Pearson Chi-squared and one
way ANOVA tests to check for differences
between groups. The Receiver operating 
characteristic (ROC) curve, with De long et al.
(1988) method, was used to analyze the 
sensitivity of irradiation dose and age of
patients on the response after treatment. The
Youden Index is used to determine the cut-off
point. The Logit and Probit models were used
to analyze the impact of certain predictors on
the response type and to compute ODD ratios.  

Figures and data analysis was done in Data
analysis was performed in Microsoft EXCEL,
IBM SPSS v.21, Medcalc and R Studio (23-26).
For statistical significance we have chosen 
p-value<0.05. The 95% confidence interval is
given when appropriate.

Results

Eighty-two patients have been eligible for
analysis and the average age was 63 years
(range 30-87). The males represented 58.5 %
and the females 41.5%. For half of the sample
(48.8%), the tumor was located in the lower
rectum, while for the 43.9 %, in the middle 
rectum.  Only 7.3 % of the patients had upper
rectum location. One can see the share of the
patients by TNM stage grouping in Fig. 1 and
further details are presented in Table 1.

Most patients had either stage II (41.5%) or
III (35.4%) while 4 patients had stage IV (6.1%). 
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Figure 1. The share of patients by tumor stage.

Feature Incomplete response (N=61) Complete response (N=21) Total (N=82) p-value
Mean age (range) 62.9 (37-87) 63 (35-81) 62.93 (35-87) 0.069 (1)
Tumor location 0.194 (2)
Lower rectum 27 (44.3%) 13 (61.9%) 40 (48.8%) 
Middle rectum 28 (45.9%) 8 (38.1%) 36 (43.9.0%) 
Upper rectum 6 (9.8%) 0 (0.0%) 6 (7.3%) 
T stage 0.003 (2)

T2 10 (16.4%) 11 (52.4%) 21 (25.6%) 
T3 46 (75.4%) 10 (47.6%) 56 (68.3%) 
T4 5 (8.2%) 0 (0.0%) 5 (6.1%) 

N stage 0.047 (2) 
N0 26 (42.6%) 15 (71.4%) 41 (50.0%)
N1 28 (45.9%) 6 (28.6%) 34 (41.5%)
N2 7 (11.5%) 0 (0.0%) 7 (8.5%)

Grade 0.198 (2) 
1 10 (16.4%) 6 (28.6%) 16 (19.5%)
2 41 (67.2%) 15 (71.4%) 56 (68.3%)
3 9 (14.8%) 0 (0.0%) 9 (11.0%)
4 1 (1.6%) 0 (0.0%) 1 (1.2%)

Technique 0.129 
IMRT 19 (31.1%) 9 (42.9%) 28 (34.1%)
VMAT 42 (68.9%) 12 (57.1%) 54 (65.9%)

Long/short course 
Long 56 (91.8%) 21 (100.0%) 77 (93.9%) 0.176 (2)
Short 5 (8.2%) 0 (0.0%) 5 (6.1%) 

Boost 
No 45 (73.8%) 15 (71.4%) 60 (73.2%) 0.767 (2) 
Yes 16 (26.2%) 6 (28.6%) 22 (26.8%)

SIB 0.835 (2) 
No 45 (73.8%) 15 (71.4%) 60 (73.2%)
Yes 16 (26.2%) 6 (28.6%) 22 (26.8%)

Stage 0.005 (2) 
I 6 (9.8%) 8 (38.1%) 14 (17.1%)
II 24 (39.3%) 10 (47.6%) 34 (41.5%)
III 26 (42.6%) 3 (14.3%) 29 (35.4%)
IV 5 (8.2%) 0 (0.0%) 5 (6.1%)

Dose mean (range) EQD2 45.2 (30-50.4) Gy 46.76 (45-50.4) Gy 45.625 (30-50.4) Gy 0.206 (1) 
BED (Gy) 0.135 (2)

< 40 6 (9.8%) 0 (0.0%) 6 (7.3%)
≥ 40 Gy 55 (90.2%) 21 (100.0%) 76 (92.7%)

Time until surgery 0.117 (2)
> 4 weeks 38 (62.3%) 17 (81.0%) 55 (67.1%)
≤ 4 weeks 23 (37.7%) 4 (19.0%) 27 (32.9%)

Table 1. Patient population characteristics and treatment parameters stratified by pathologic complete response to 
neoadjuvant chemoradiotherapy. 1 – ANOVA testing, 2 – Pearson Chi-square. (SD-standard deviation, IMRT –
intensity modulated radiation therapy, VMAT – volumetric modulated arc therapy, SIB – simultaneous integrated
boost, EQD2 – Equivalent Dose in 2 Gy Fractions, BED – biological equivalent dose).
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Two types of irradiation techniques were
applied. More than half of the patients were
treated using VMAT (65.9%) while the rest
were treated using IMRT (34.1%). More details
about technique of irradiation and principal
sub-categories of patients are available in the
Fig. 2. All studies sub-groups are homogenous
regarding the irradiation technique applied.
There is no statistical difference (Chi-Square
statistics, p-value > 0.05) between stages, 
gender or between main age-groups. Regarding
boost, 73.2% benefited from a sequential boost
irradiation while 26.8% received it in the form
of simultaneous integrated boost (SIB). The
majority of the patients received a long course
irradiation regimen (93.9%) and only 6.1 % a
short-course. Most patients that had a com-
plete pathologic response had the surgery
after more than 4 weeks from neoadjuvant
treatment (81%). 

For patients grouped by stage I/II vs III/IV,
using Pearson's Chi-squared test we found that
a complete pathologic response was more likely
in patients with stage I/II, compared to stage

III/IV (χ2=8.59, p=0.007 with Yates' continuity
correction). Based on the odds ratio, the odds of
patients with complete pathologic response
were 16.5 (95% CI = [2.81, 64.85]) times more
likely if they had stage I/II, than if they had
stage III/IV. For patients without any enlarged
lymph nodes, a complete pathologic response
was more likely than in patients with nodal 
disease (χ2=5.19, p=0.23]). For stages III/IV no
factors influencing complete response were
identified. For patients without nodal disease
(N0), neither sequential, nor simultaneous 
integrated boost (SIB) didn't improve the 
outcome (χ2=0.51, p=0.47). These results were
similar for stage I/II cancer patients (χ2=0.37,
p=0.54). Regarding post-radiation therapy 
surgery (in weeks), 27 patients had the 
procedure 4 weeks after RT completion, 33 at 8
weeks and the rest of patients more than 8
weeks. In the subgroup of patients with highest
pCR (stage I vs stage II), no other treatment
features nor patient or tumour characteristics
were associated with a higher probability of
pCR (Table 2).
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Figure 2. Proportion of patients by applied irradiation technique, gender, age-group and stage of disease.
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Although there are no visible differences,
we enhanced the analysis and we searched for
particular groups of patients to find predictors
for a better response. 

The ROC curve analysis reveals that the
dose value for the IMRT technique has no 
significant (p-value=0.405) predictive capacity
to discriminate between complete and partial
response of patients. Meanwhile, in the 
VMAT case, the area under the curve (AUC)
significantly differs from the reference value
(0.5) and suggest that irradiation dose value
has significant impact in achieving a com-
plete response vs a partial response. The
Youden Index, identify a value of 45 Gy as
equilibrium point (cut-off) between sensitivi-
ty and specificity. In this point the values are
84.6% for Sensitivity and 54.7% for specifici-
ty. When the dose increases the specificity
increases, but sensitivity decreases. A dose
increment associated an increase in speci-
ficity at the expense of sensitivity.

One can see in the Fig. 3 that in the case of
VMAT, higher irradiation doses increase the

probability of complete response up to 60%,
while low dose, below 40 Gy, suggest smaller
impact on the probability to achieve a 
complete response. In the case of IMRT 
technique, higher dose of irradiation rather
decreases the chance of having a complete
response. One can see on the right side of 
Fig. 4, that doses around 45-46 Gy associates
a 40% chance of complete response, while
doses around 50 Gy, associate less than a half
chances of complete response.  

We performed the same analysis for age, as
continuous variable, without significance.

Modelling the probability of achieving a
complete response via binary logistic regres-
sion, we achieve heterogenous results. One
can observe in the IMRT column from Table
3, that predictors have no statistically signif-
icant impact on the result. On the VMAT
branch, the irradiation dose, gender and
patient TNM stage have risks lower than 0.1
and 0.05 respectively, at Chi-Square test
applied in the binary regression modelling. 

Then, a patient with treated with VMAT

Feature Incomplete response (N=30) Complete response (N=18) Total (N=48) p-value
Mean age (range) 64.233 (37-87) 61.9 (35-81) 63.35 (35-87) 0.469 (1) 

Tumor location

Lower rectum 11 (36.7%) 10 (55.6%) 21 (43.8%) 0.295 (2)

Middle rectum 17 (56.7%) 8 (44.4%) 25 (52.1%)

Upper rectum 2 (6.7%) 0 (0.0%) 2 (4.2%)

Long/short course 

Long 28 (93.3%) 18 (100.0%) 46 (95.8%) 0.263 (2)

Short 2 (6.7%) 0 (0.0%) 2 (4.2%)

Boost 

No 10 (33.3%) 5 (27.8%) 15 (31.2%) 0.688 (2) 

Yes 20 (66.7%) 13 (72.2%) 33 (68.8%)

SIB 

No 23 (76.7%) 12 (66.7%) 35 (72.9%) 0.450 (2)

Yes 7 (23.3%) 6 (33.3%) 13 (27.1%)

Grade (1 NA)

1 7 (23.3%) 6 (33.3%) 13 (27.1%) 0.242 (2)

2 19 (63.3%) 12 (66.7%) 31 (64.6%)

3 4 (13.3%) 0 (0.0%) 4 (8.3%)

Dose mean (range) 45.747 (31.25-50.4) 45-50.4 31.25-50.4 0.391 (1) 

Time until surgery/biopsy

> 4 weeks 20 (66.7%) 14 (77.8%) 34 (70.8%) 0.412 (2)

≤ 4 weeks 10 (33.3%) 4 (22.2%) 14 (29.2%)

Table 2. Complete response controlled by stage I or II (1 - ANOVA, 2 - Pearson Chi-square, NA - not available, EQD2 – Equivalent
Dose in 2 Gy fractions).
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have in mean additional 3.76% chance to
achieve a complete response for each supple-
mentary 0.1 Gy dose. Patients in a stage

greater than I have 86% smaller chances
(OR=0.139, 95% CI [0.022-0.895]) to achieve
a complete response. Overall, the regression
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Figure 3. ROC curve results with 95% confidence limits, for the impact of dose and irradiation technique on the response
of patients (captures are based on the Medcalc outputs).

Figure 4. The Probit estimated probability and 95% bands for dose-response analysis by irradiation technique.

Feature IMRT OR(95% CI) VMAT OR(95% CI)
Dose(Gy) 0.710(0.418-1.204) 1.376(0.942-2.010)*

SIB (ref=0) 1.821(0.108-30.526) 1.421(0.242-8.335)

Stage (ref=Stage I)
0=Stage I; 1=Stage>1 0.181 (0.012-2.788) 0.139(0.022-0.895)**

Gender (ref=female) 0.351(0.052-2.388) 0.163(0.030-0.909)**

Sequential boost (ref=no sequential boost) 1.235(0.059-25.553) 5.310(0.394-71.629)

Constant - -

Percentage of cases correct classified with the model 71.4% 83.3%

Nagelkerke R Square 0.237 0.389

*p-value <0.1; **p-value <0.05 

Table 3. Possible predictors of complete response by irradiation technique.
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model classifies correctly 83.3% of total
cases, these values suggesting an acceptable 
threshold. Furthermore, male patients have
in mean 83.7% less chances to achieve a 
complete response by comparison with
females, under the hypothesis to maintain
other factors constant. 

In the case of IMRT technique the results
are not satisfactory. None of the coefficient is
statistically significant, and the model classify
correctly only 71.4% of total cases.

Discussion

Rectal cancer is the most common gastro-
intestinal tract cancer thus screening is 
available (27). Therefore, like in other 
digestive tract tumours it is necessary to have
a good knowledge of the local neoplasms that
can arise and the exhaustive local pathology.
In our study on rectal cancer patients under-
going neoadjuvant treatment, we aimed to
identify predictive factors for pathologic 
complete response, a complex process that
involves multiple factors and requires a 
personalized approach to treatment. By 
identifying predictive factors for pathologic
complete response in rectal cancer patients,
our study aims to contribute to a growing body
of research aimed at improving treatment 
efficacy and patient outcomes in complex 
medical conditions. Current literature data
are inconsistent regarding the role of the 
gender in predicting the response to neo-
adjuvant chemoradiotherapy in LARC.
Recently published data failed to identify 
gender as a pCR predictive factor for LARC
undergoing neoadjuvant chemotherapy (28,
29), in contradiction to previously published
data (36) that considered male gender to be
associated with higher rates of pCR. In our
study gender was not found to be a predictive
factor, in the pCR patient population 66%
were males, and 34% females. Age is also one
of the patient characteristics considered a 
predictive factor for pCR in LARC patients. 

Regarding tumour characteristics, few 
published literature data support the differen-
tiation grade as a pCR predictive factor for

NACRT of LARC (29–31). Considering the
results of these studies, well and moderately
differentiated rectal tumours were associated
with higher rates of pCR. In our study, 87.8%
of the patients were diagnosed with low-grade
(G1-G2) rectal cancer. As presented in Table 2,
from the patients with pCR included in our
study, none was initially diagnosed with high-
grade (G3-G4) differentiation grade. Regarding
tumour characteristics, the tumoral stage 
confirmed its main roles as prognostic and pre-
dictive factor. There is also a lack of consistent
literature data regarding this tumour charac-
teristic, most studies focusing on stage III or II
cancer patients. Our study included rectal
cancer patients with stages I-IV that had
NACRT, and found that the highest pCR rates
were identified for stage I/II or N0 rectal 
cancer patients undergoing NACRT. 

No literature data regarding tumour 
location as a pCR predictive factor were found
following literature review. In our study, we
found that the highest pCR rates following
NACRT were identified for lower and medium
rectal tumours, albeit not statistically signifi-
cant (p=0.192). On closer analysis on patients
which had stage I vs II, no other feature asso-
ciated a higher propensity for pCR (Table 2).    

Regarding post-radiation therapy surgery
or biopsy timing our findings were that
patients for which the procedure was done at
eight weeks were more likely to obtain a 
complete pathologic response than those that
had a longer/shorter timing. 

In our study, the use of VMAT technique
showed similar results to classic IMRT. In our
study, the use of VMAT technique led to an
additional 3.76% chance to achieve a complete
response for each supplementary 0.1 Gy dose.
Regarding total radiation dose administered
to the target volume, in most studies this
parameter ranged from 45 up to 50 Gy.
Increasing the total radiation dose by sequen-
tial boost or simultaneous integrated boost
was considered to increase the pCR rates in
rectal cancer patients undergoing NACRT
(36). Our study failed to confirm these data,
but found that if a radiotherapy is scheduled,
it should be administered sequentially and not
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simultaneously in order to increase the chance
of a pCR, contradicting previous published
data that consider neoadjuvant treatment 
prolongation as a negative prognostic factor
for pCR. 

We created a classification model for
patients that undergo radiation-therapy with
VMAT technique and we plan to improve and
validate the model with subsequent cases.

The size of our sample was limited and to
improve the prediction model for complete
response, a larger set of patients would be 
necessary. Due to retrospective nature of our
study, we can’t exclude the corresponding 
biases and we would suggest that a meta-
analysis of similar studies to be conducted to
pool all the possible parameters associated
with complete pathologic response.

Conclusions

This is a retrospective study focusing on 
rectal cancer patients undergoing neo-
adjuvant chemoradiotherapy and seeking to
identify predictive factors for pCR. Tumour
characteristics, especially tumour and lymph
node status, and surgical/rebiopsy timing
were the only ones statistically linked to the
rates of pCR. Other, factors related to tumour
(e.g. lower and middle rectal tumours, low 
differentiation grade), patient (e.g. male 
gender, age > 61 years) and treatment 
characteristics (e.g. long course radiotherapy,
sequential administration of a radiation
boost), although not statistically significant,
were linked to an increase in the rates of pCR
for rectal cancer patients undergoing
NACRT. Although intensively debated, the
role of chemoradiotherapy alone for locally
advanced rectal cancer patients with 
complete pathologic response remains
unclear.  Our study’s results should be
embedded to previously published data as a
necessary update for offering the patients
personalized treatment management. Chemo-
radiotherapy as unique treatment for rectal
cancer patients with a complete pathologic
response remains to be determined.

The authors declare no conflict of interest.

This research paper has been co-financed by
the European Social Fund through Sectoral
Operational Program Human Capital, project
number POCU/993/6/13/154722.

The study was conducted in accordance with
the Declaration of Helsinki, and approved by
the Institutional Review Board of Oncofort
Hospital GRAL Medical (no.2348/ 23.02.2022).
Informed consent was obtained from all 
subjects involved in the study.

This article was published with the support
granted by the project entitled "Net4SCI-
ENCE: Applied doctoral and postdoctoral
research network in the fields of smart 
specialization Health and Bioeconomy", 
project code POCU/993/6/13/154722.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin.
2021;71(3):209-249. 

2. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories,
1990–2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet. 2020;396(10258):1204-1222. 

3. Mohammad NMAB, Shahril MR, Shahar S, Fenech M, Sharif R. Association
between Diet-related Behaviour and Risk of Colorectal Cancer: A Scoping
Review. J Cancer Prev. 2022;27(4):208-220. 

4. Tabung FK, Brown LS, Fung TT. Dietary Patterns and Colorectal Cancer
Risk: A Review of 17 Years of Evidence (2000-2016). Curr Colorectal Cancer
Rep. 2017;13(6):440-454. 

5. Veettil SK, Wong TY, Loo YS, Playdon MC, Lai NM, Giovannucci EL, et al.
Role of Diet in Colorectal Cancer Incidence: Umbrella Review of Meta-
analyses of Prospective Observational Studies. JAMA Netw Open. 2021;
4(2):e2037341. 

6. Yu GH, Li SF, Wei R, Jiang Z. Diabetes and Colorectal Cancer Risk: Clinical
and Therapeutic Implications. J Diabetes Res. 2022;2022:1747326. 

7. Georgescu DE, Patrascu T, Georgescu TF, Tulin A, Mosoia L, Bacalbasa N,
et al. Diabetes Mellitus as a Prognostic Factor for Locally Advanced Rectal
Cancer. In Vivo. 2021;35(4):2495-2501. 

8. Xiao W, Huang J, Zhao C, Ding L, Wang X, Wu B. Diabetes and Risks of
Right-Sided and Left-Sided Colon Cancer: A Meta-Analysis of Prospective

258 www.revistachirurgia.ro Chirurgia, 118 (3), 2023



Identification of Predictive Factors for Pathologic Complete Response in Rectal Cancer Patients Undergoing Neoadjuvant Treatment

Cohorts. Front Oncol. 2022;12:737330. 
9. Ma Y, Yang W, Song M, Smith-Warner SA, Yang J, Li Y, et al. Type 2 

diabetes and risk of colorectal cancer in two large U.S. prospective cohorts.
Br J Cancer. 2018;119(11):1436-1442. 

10. Group 2017 European Society of Coloproctology (ESCP) Collaborating,
Sánchez-Guillén L, Nepogodiev D, Sivrikoz E, van Elst T, Minaya-Bravo AM,
et al. Safety of primary anastomosis following emergency left sided col-
orectal resection: an international, multi-centre prospective audit. Colorectal
Dis. 2018;20 Suppl 6:47-57. 

11. Qiang JK, Sutradhar R, Giannakeas V, Bhatia D, Singh S, Lipscombe LL.
Impact of diabetes on colorectal cancer stage and mortality risk: a 
population-based cohort study. Diabetologia. 2020;63(5):944-953. 

12. Dossa F, Chesney TR, Acuna SA, Baxter NN. A watch-and-wait approach for
locally advanced rectal cancer after a clinical complete response following
neoadjuvant chemoradiation: a systematic review and meta-analysis. Lancet
Gastroenterol Hepatol. 2017;2(7):501-513. 

13. Habr-Gama A, Sabbaga J, Gama-Rodrigues J, São Julião GP, Proscurshim
I, Bailão Aguilar P, et al. Watch and wait approach following extended 
neoadjuvant chemoradiation for distal rectal cancer: are we getting closer to
anal cancer management? Dis Colon Rectum. 2013;56(10):1109-17. 

14. Sanghera P, Wong DWY, McConkey CC, Geh JI, Hartley A. Chemo-
radiotherapy for Rectal Cancer: An Updated Analysis of Factors Affecting
Pathological Response. Clin Oncol (R Coll Radiol). 2008;20(2):176-83. 

15. Cercek A, Goodman KA, Hajj C, Weisberger E, Segal NH, Reidy-Lagunes
DL, et al. Neoadjuvant chemotherapy first, followed by chemoradiation and
then surgery, in the management of locally advanced rectal cancer. J Natl
Compr Canc Netw. 2014;12(4):513–9. 

16. Bach SP, Collaborative  the ST. Can we Save the rectum by watchful 
waiting or TransAnal surgery following (chemo)Radiotherapy versus Total
mesorectal excision for early REctal Cancer (STAR-TREC)? Protocol for the
international, multicentre, rolling phase II/III partially randomized patient
preference trial evaluating long-course concurrent chemoradiotherapy 
versus short-course radiotherapy organ preservation approaches.
Colorectal Dis. 2022;24(5):639-651. 

17. Peng H, Wang C, Xiao W, Lin X, You K, Dong J, et al. Analysis of Clinical
characteristics to predict pathologic complete response for patients with
locally advanced rectal cancer treated with neoadjuvant chemoradiotherapy.
J Cancer. 2018;9(15):2687-2692. 

18. Letaief F, Nasri M, Ayadi M, Meddeb K, Mokrani A, Yahyaoui Y, et al.
Potential predictive factors for pathologic complete response after the
neoadjuvant treatment of rectal adenocarcinoma: a single center experience.
Cancer Biol Med. 2017;14(3):327-334. 

19. García-Aguilar J, Hernandez de Anda E, Sirivongs P, Lee SH, Madoff RD,
Rothenberger DA. A pathologic complete response to preoperative chemo-
radiation is associated with lower local recurrence and improved survival in
rectal cancer patients treated by mesorectal excision. Dis Colon Rectum.
2003;46(3):298–304. 

20. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to
build a bridge from a population-based to a more “personalized” approach
to cancer staging. CA Cancer J Clin. 2017;67(2):93–9. 

21. Du Bois D, Du Bois EF. A formula to estimate the approximate surface 
area if height and weight be known. 1916. Nutrition. 1989;5(5):303–11; 
discussion 312-313. 

22. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum 
creatinine. Nephron. 1976;16(1):31-41. 

23. Microsoft Corporation. Microsoft Excel [Internet]. 2019. Available from:
https://office.microsoft.com/exce

24. RStudio Team. RStudio: Integrated Development for R [Internet]. RStudio,
PBC.; 2020. Available from: http://www.rstudio.com/

25. MedCalc Statistical Software [Internet]. Ostend, Belgium; Available from:
https://www.medcalc.org; 2020

26. IBM Corp. IBM SPSS Statistics for Windows [Internet]. Armonk, NY: IBM
Corp; Available from: https://hadoop.apache.org

27. Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, McGlynn KA, et
al. Global Burden of 5 Major Types of Gastrointestinal Cancer. Gastro-
enterology. 2020;159(1):335-349.e15. 

28. Kuan FC, Lai CH, Ku HY, Wu CF, Hsieh MC, Liu TW, et al. The survival
impact of delayed surgery and adjuvant chemotherapy on stage II/III 
rectal cancer with pathological complete response after neoadjuvant
chemoradiation. Int J Cancer. 2017;140(7):1662–9. 

29. Tey J, Leong CN, Cheong WK, Sze TG, Yong WP, Tham IWK, et al. A phase
II trial of preoperative concurrent chemotherapy and dose escalated 
intensity modulated radiotherapy (IMRT) for locally advanced rectal cancer.
J Cancer. 2017;8(16):3114-3121. 

30. Stockton JD, Tee L, Whalley C, James J, Dilworth M, Wheat R, et al.
Complete response to neoadjuvant chemoradiotherapy in rectal cancer is
associated with RAS/AKT mutations and high tumour mutational burden.
Radiat Oncol. 2021;16(1):129. 

31. Yeo SG, Kim DY, Kim TH, Chang HJ, Oh JH, Park W, et al. Pathologic 
complete response of primary tumor following preoperative chemo-
radiotherapy for locally advanced rectal cancer: long-term outcomes and
prognostic significance of pathologic nodal status (KROG 09-01). Ann Surg.
2010;252(6):998-1004. 

Chirurgia, 118 (3), 2023 www.revistachirurgia.ro 259


