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ABSTRACT
Objective: To investigate the eﬀects of clinicopathological features on disease-free survival (DFS) and overall survival (OS) in
in-patients with local advanced rectal cancer (LARC) who received neoadjuvant chemoradiotherapy (nCRT).
Study Design: Observational study.
Place and Duration of Study: Clinic of Radiation Oncology, Kayseri Training and Research Hospital and Kayseri City Hospital,
Turkey, between January 2014 and June 2019.
Methodology: The pre-nCRT, post-nCRT, and postoperative imaging methods of 51 patients, who were operated upon, were
examined. Radiological images (CT and MRI) of the patients were reviewed using the hospital’s PACS system. Pathology reports
and preparations were re-evaluated, and TNM staging and the pathological tumour regression grade (pTRG) were graded
according to the American Joint Committee on Cancer’s (AJCC) 2018 version. For the descriptive statistics of the data, the mean,
standard deviation, lowest–highest median, frequency, and ratio values were used. Cox regression (univariate–multivariate
analysis) and Kaplan–Meier curves were used for survival analysis.
Results: In the univariate model, the postoperative pathological T and N stages (ypT and ypN), pathological stage, positive
lymph node count (pLN+, pathological sampling) and lymphovascular invasion (LVI) positivity had a signiﬁcant eﬀect (p <0.05)
on DFS. In the multivariate reduced model, a signiﬁcant independent (p <0.05) eﬀect of the ypT and pLN+ number was
observed on DFS. In the univariate model, the pathological tumour diameter after nCRT, the ypT, perineural invasion (PNI) positivity, and relapse presence had a signiﬁcant eﬀect (p <0.05) on OS. In the multivariate reduced model, a signiﬁcant independent (p <0.05) eﬀect of recurrence was observed on OS.
Conclusion: LVI, the ypTN stage, and the pLN+ number aﬀected the disease-free survival, while the residual tumour diameter
after nCRT, ypT stage, and PNI aﬀected the overall survival. The predicted DFS time decreased as the ypT stage increased and
the predicted OS time decreased as the recurrence increased.
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INTRODUCTION
Treatment of rectal cancer requires a multidisciplinary approach.
The essential starting criterion for this is clinically and radiologically correct staging. Anorectal ultrasonography, computed
tomography (CT), and magnetic resonance imaging (MRI) are
used in the clinical and radiological staging of rectal cancer.
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Their sensitivity and speciﬁcity diﬀer in showing perirectal
tissue invasion and lymph node (LN) involvement.1 Potentially,
the primary treatment for curative rectal cancer is surgery. The
deﬁnition of radial microscopic lymphatic spread within the
mesorectum led to the use of total mesorectal excision (TME).
Local control rates have increased signiﬁcantly with this type of
surgery. However, even with TME, the pathological node-positive disease’s local failure rate is 21%, and adjuvant chemoradiotherapy (CRT) is still required.2 For local advanced rectal
cancer (LARC), the standard treatment is neoadjuvant chemoradiotherapy (nCRT), followed by TME. Responses to CRT vary, but
the rates of complete pathological response (pCR) have been
reported diﬀeently in various studies. About half of patients with
rectal cancer receive nCRT due to LARC; the aim is to shrink the
tumour. With nCRT, the surgical margin safety rate may
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increase, and the level of radical operation originally planned
with an MRI may decrease.3 Further, in a small group of patients,
the option of surgery may be postponed in patients who have no
evidence of clinical or radiological tumours.4
The pathological tumour regression grade (pTRG) is a system
used for the histological evaluation of tumour response to nCRT.
Studies on the use of the pTRG in determining the prognosis of
LARC were carried out.5,6 The American Joint Committee on
Cancer’s (AJCC) pTRG is one of the treatment response systems
used in rectal cancer, and it is rated 0–3.7
Many factors that determine the prognosis in LARC patients
receiving nCRT have been investigated. Although the degree of
pathological response is considered the most important prognostic factor, the TNM, pTRG, and peripheral resection margin
are still major prognostic factors according to some investigators.6,8 The prognostic value of the postoperative pathological T
stage (ypT) has often been questioned. However, it is still not
very reliable to evaluate the prognosis of LARC using the ypTN
category alone.9 Additionally, perineural invasion (PNI) and
lymphovascular invasion (LVI) have a negative impact on the
oncological outcome of rectal cancer.10
The aim of this study was to investigate the eﬀect on diseasefree survival (DFS) and overall survival (OS) in LARC patients
receiving nCRT by using their clinical information.

METHODOLOGY
The study was conducted with the approval of the Non-interventional Clinical Research Ethics Committee of Erciyes University’s
Faculty of Medicine (Protocol No. 2020/62). Between 2014 and
2019, one hundred and twenty-two patients treated for rectal
cancer were detected in Kayseri Training and Research Hospital
and Kayseri City Hospital. Fifty of these patients were treated with
adjuvant CRT. The majority of the patients undergoing adjuvant
CRT comprised of patients who presented to this centre after
being operated upon at other centres. The remaining 72 patients
received nCRT. All of these patients had a cT3-4, N0, or any N+ radiological stage. The hospital registration system’s archive ﬁles
were scanned. In the radiotherapy (RT) planning system, the RT
dose, duration, and technique of radiotherapy were assessed. The
regime they underwent for simultaneous chemotherapy was
determined. Twenty-one patients, who were not operated upon
for various reasons (almost all of which were because of the
patients’ preferences) after nCRT, were excluded from the study.
Fifty-one patients, with a cT3-4, N0, or any N+ radiological stage at
the time of diagnosis were included in the study. All of these
patients were those who had completed nCRT, were operated
upon, and had regular follow-ups. The pre-nCRT, post-nCRT, and
postoperative images of the patients were examined. The radiological images of the patients were analysed retrospectively using
the hospital’s PACS system. A magnetic resonance imaging (MRI)
examination had been performed on the sagittal, axial, and
coronal planes by applying a high resolution, two-dimensional, T2weighted, fast spin-echo sequence. The protocol also included a
wide, non-contrasting, T1-weighted sequence to evaluate pelvic
lymph nodes and pelvic bone marrow. The studied clinical vari-

ables included location of the tumour in the rectum, time to start
treatment after diagnosis, RT technique applied, time to operation after nCRT; and pathological variables included pathological
tumour diameter after nCRT, pathological stage, ypT stage, ypN
stage, pTRG, positive lymph node count [pLN+, pathological
sampling] number, LVI, and PNI. Pathology reports and preparations were reassessed, and TNM staging and the pTRG were determined according to the AJCC’s 2018 version. The starting point for
calculating DFS and OS was determined as the patients’ ﬁrst
biopsy date.
IBM SPSS version 25.0 (SPSS Inc., IL, USA) was used for statistical
comparison. For the descriptive statistics of the data, the mean,
standard deviation, lowest–highest median, frequency, and ratio
values were used. Cox regression (univariate–multivariate
analysis) and Kaplan–Meier curves were used for survival analysis. A p-value of <0.05 was considered signiﬁcant.

RESULTS
The characteristics of the patients are given in Table I. In Table II,
the imaging, nCRT, and pathology information of the patients are
given. Four ﬁelds, namely 3D-CRT and 5–7 ﬁelds for IMRT, as well
as double-arc VMAT plans, were for radiotherapy. All patients
received a total of 45 Gy RT, with a 180 cGy/day x 25 fraction.
Capecitabine was given simultaneously with RT at 825 mg/m2 in
two equal doses per day for ﬁve weeks. Pathological TNM staging
and the pTRG were performed according to the AJCC’s 8th version.
A pTRG of 0–1 was included in the group that responded well and
2–3 in the group that responded poorly. Only one patient had pCR
(a pTRG of 0).
In the univariate model, the post-CRT radiological LN+ (p =
0.026), pathological tumour diameter after nCRT (p = 0.006),
pathological stage (p = 0.031), ypT stage (p = 0.006), ypN stage (p
= 0.027), pLN+ number (p = 0.011), and LVI positivity (p = 0.039)
had a signiﬁcant eﬀect on DFS. In the multivariate reduced model,
a signiﬁcant independent eﬀect of the ypT stage (p = 0.009) and
pLN+ number (p = 0.004) was observed on DFS. When the 3D-CRT
standard RT technique was accepted, the IMRT technique had a
signiﬁcant independent eﬀect on DFS time compared to the VMAT
technique (p = 0.005) (Table III a).
In the group with a residual tumor after nCRT of > 2 cm (49.6
months [95% conﬁdence interval (CI): 37.5–61.6]), the predicted
DFS time was signiﬁcantly shorter (p = 0.006) than the group with
a tumour diameter of ≤ 2 cm (71.3 months [95% CI: 66.1–76.5],
Figure 1a).
The predicted DFS time in the ypT stage 4 group (22.8 months
[95% CI: 11.4–34.3]), compared to the group with ypT stage 3
(54.3 months [95% CI: 42.7–65.8]), was shorter. However, no
statistically signiﬁcant diﬀerence was found (p = 0.226, Figure
1b).

In the univariate model, the pathological tumor diameter after
nCRT (p = 0.049), ypT stage (p = 0.034), PNI positivity (p =
0.041), and recurrence (p = 0.006) presence had a signiﬁcant
eﬀect on OS. In the multivariate reduced model, a signiﬁcant
independent eﬀect of recurrence (p = 0.006) was observed on
OS (Table IIIb).
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Table I: The characteristics of the patients.
Min–Max
Age at diagnosis in years

26

Gender

Location of the tumour in rectum from anal verge in (cm)

Follow-up time (months)

62.0

22

43.1%

Male

29

56.9%

0–5 (lower)

23

45.1%

5–10 (middle)

26

51.0%

10–15 (upper)

2

3.9%

(−)

23.5 ± 18.7
0.9 ± 2.1
41
80.4%

(+)

10

19.6%

(−)

45

88.2%

(+)

6
11.8%
35.9 ± 19.4

Pathological tumour diameter after nCRT (mm)
pLN+ number

Death

79

Average ± SD/n
(%)
59.9 ± 11.0

Female

0
0

Recurrence

–

Median

4

– 80 20.0
– 13 0.0

– 74 33.0

The predicted OS in the recurrent group (42.1 months [95%
CI: 26.7–57.5]) was signiﬁcantly shorter (p <0.001) than in
the non-recurrence group (72.4 months [95% CI: 69.3–75.5])
(Figure 2).

DISCUSSION

Figure 1a: The eﬀect of pathological tumor diameter after nCRT on
DFS (Kaplan-Meier).

Figure 1b: The eﬀect of ypT stage on DFS (Kaplan-Meier).
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Although adjuvant therapy can also be eﬀective in the treatment of LARC, neoadjuvant therapy has emerged as the standard. nCRT is the standard treatment for patients with
cT3-4N0 or any T N+ disease.11 Neoadjuvant therapy is associated with the potential for tumour reduction, increased
resectability and tolerance, and extended sphincter preservation options in the distal rectum. Studies from Europe
have shown that appropriate neoadjuvant pre-operative RT
leads to both local control (LC) and OS increase, and these
results have a signiﬁcant impact on the current management of the disease.12,13

The Mandard, Rödel, Dworak, and AJCC scoring systems are
7,12,14,15
the most used systems for the pTRG.
In one study,
using the AJCC pTRG scoring system, it was stated that the
category of pTNM combined with AJCC TRG could more accurately evaluate the prognosis of patients with LARC and
determine the subgroup of patients with the worst prognosis
and highest risk of distant metastasis. Thus, adjuvant
therapy and patient follow-ups were emphasised as being of
clinical importance during orientation.9 In the study in which
4 pTRG scoring systems were compared, DFS probabilities
were estimated using the Kaplan–Meier method. It was
emphasised that all TRG systems predicted recurrence. The
AJCC system predicted recurrence more precisely than the
three-stage Mandard (p = 0.002) or Dworak/Rödel (p =
0.006) systems and had a higher compatibility index than
the MSKCC, although it was not statistically signiﬁcant (p =
0.068). As a result, when classifying rectal cancer’s
response to nCRT, it was stated that the AJCC pTRG scoring
system is the correct method and should be accepted as
16
standard.
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Table II: The pre- and post-CRT imaging and treatment, and the postoperative pathology information of the patients.
Average ± SD/n
(%)

Radiological LN+ (pre-CRT)
Radiological LN+ (postCRT)
RT technique
Time between diagnosis
and nCRT
Time between nCRT and
surgery
Chemotherapy agent
Histopathology

Pathological stage

ypT stage

ypN stage
Lymphovascular invasion
Perineural invasion
pTRG/AJCC

(−)
(+)
(−)
(+)
3D-CRT
IMRT
VMAT
≤3 weeks
>3 weeks
≤8 weeks
>8 weeks
Capecitabine
Adenocarcinoma
Mucinous carcinoma

0
I
II
III
0
1
2
3
4
0
1
2
(-)
(+)
(-)
(+)
0-1
2-3

8
43
33
18
32
13
6
25
26
22
29
51
44
7
1
13
15
22
1
10
9
25
6
30
18
3
36
15
32
19
19
32

15.7%
84.3%
64.7%
35.3%
62.7%
25.5%
11.8%
49.0%
51.0%
43.1%
56.9%
100.0%
86.3%
13.7%
2.0%
25.5%
29.4%
43.1%
2.0%
19.6%
17.6%
49.0%
11.8%
58.8%
35.3%
5.9%
70.6%
29.4%
62.7%
37.3%
37.3%
62.7%

LN: lymph node, Pre-CRT: pre-chemoradiotherapy, Post-CRT: postchemoradiotherapy, 3D-CRT: three-dimensional conformal radiotherapy, IMRT:
intensity-modulated radiotherapy, VMAT: volumetric arc therapy, ypT stage:
postoperative pathological T stage, ypN stage: postoperative pathological N
stage, nCRT: neoadjuvant chemoradiotherapy, pTRG/AJCC: pathological tumour
regression grade/American Joint Committee on Cancer (2018—8th edition).

In this study, the pTRG scoring system of the AJCC was used.
A TRG of 0 (pCR) was achieved in 1 of the patients, a TRG of
1 in 18 of the patients, a TRG of 2 in 14 of the patients, and
a TRG of 3 in 18 of the patients. TRG 0 and 1 (n = 19,
37.3%) and TRG 2 and 3 (n = 32, 62.7%) responders were
included in the group that did not respond well to nCRT. In
our study, the pTRG had no eﬀect in the single or multivariate analyses on either DFS or OS (p >0.05).
In a large series study, 914 LARC patients were examined.
Patients were given three diﬀerent chemotherapy schemes as
IV bolus 5-FU, IV infusion 5-FU, and oral capecitabine simultaneously, with 45–50.4 Gy RT. A 25% pCR was obtained in the
IV bolus group, 18% in the capecitabine group, and 15% in
the IV infusion group, but there was no statistically signiﬁcant
diﬀerence.17 In this study, patients were given 45 Gy RT
concurrently with oral capecitabine. Only one patient had
pCR. However, in 5 of the 21 patients who refused surgery
after nCRT, MRI showed complete radiological response.
Since these patients were excluded from the study, and our
series was small, pCR was considered below.

In one study, tumours located in the upper rectum were
compared with tumours in the middle–lower position in
terms of DFS and OS. pCR, DFS, and OS were found to be
better in tumours located in the upper rectum (p <0.05).18
In this study, no such diﬀerence was observed in DFS and
OS, but the number of patients with upper-rectal located
tumours in this study was only two. In another study,
comparisons were made according to the interval between
sugery and nCRT, and no diﬀerence was observed in terms
of local recurrence between <8 weeks and ≥8 weeks. 19
Same was the observation in this study.
Studies have been investigating the eﬀects of LN+ status on
DFS and OS. In one of these studies, 130 patients were
included, while the number of LN+ patients detected preoperatively was 77; this number decreased to 41 postoperatively.
While only four of the 37 patients (TRG 1 and 2) who were
accepted as ‘responders’ to neoadjuvant therapy were N+
(10.8%), the rest were N0 (89.2%). Of the 93 patients who
were considered to be ‘unresponsive’ to neoadjuvant therapy
(TRG 3, 4, and 5), 37 patients were N+ (39.8%) and 56
patients (60.2%) were N0 (p <0.001). Based on these results,
it was concluded that the response to nCRT in rectal cancer
was associated with LN positivity.20 In this study, LN+ was
detected in 43 patients (84.3%) nCRT, while this number
decreased to 18 (35.3%) in the post-CRT MRI. The number of
LN+ patients detected ypN was 21 (41.2%) (18 patients N1, 2
patients N1c, 3 patients N2). It is evident in this study that
nCRT led to a signiﬁcant decrease in the number of LN+
patients. A signiﬁcant eﬀect of post-CRT LN+ status, the ypN
stage, and the pLN+ number on DFS was observed. Moreover, in the multivariate reduced model, a signiﬁcant independent eﬀect of the pLN+ number was observed on DFS time. In
another study, the LN number, ratio, and surface area were
important prognostic factors in nCRT.21 In another study, the
LN regression grade (LRG) was shown to be aﬀecting DFS,
and it was suggested that LRG be considered a prognostic
marker in patients with rectal cancer as an indicator of their
response to nCRT.22
There have been several studies that have investigated the
eﬀect of the pathological TNM stage, PNI, and LVI on prognosis. In one study, a 5-grade TRG scoring system was used,
and the presence of PNI and LVI were examined histologically. Although there was a signiﬁcant relationship between
TRG and survival, no eﬀect of TRG on survival was observed
in patients with PNI and LVI. Excluding patients with PNI and
LVI, TRG was identiﬁed as an independent prognostic
factor with regard to DFS and OS.10 In another study, LVI was
shown to beneﬁt from nCRT signiﬁcantly, while PNI did not. A
multivariate analysis revealed that PNI is an independent
prognostic factor for both DFS and OS. PNI is a signiﬁcant
prognostic factor for rectal cancer patients treated with nCRT,
especially when a <8 LN are collected. The lack of eﬀect of
nCRT on PNI indicates that residual tumour cells with PNI are
more radio-resistant or biologically aggressive than those
23
without.
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Table III a: Factors inﬂuencing DFS (Cox regression analysis).
Univariate Model
95% conﬁdence
interval

HR

Multivariate Model
p

HR

Age at diagnosis in years

1.03

0.96

–

1.10

0.393

Gender

0.81

0.23

–

2.80

0.739

Location of the tumour

1.96

0.71

–

5.50

0.196

Radiological LN+ (pre-CRT)

1.74

0.22

–

13.76

0.599

Radiological LN+ (post-CRT)

4.65

1.20

–

18.0

0.026

RT technique:
IMRT
VMAT

1.82
5.50
1.93

0.85
1.42
0.21

–
–
–

3.88
21.3
17.4

0.123
0.013
0.558

Time between diagnosis and nCRT

1.13

0.33

–

3.92

0.845

Time between nCRT and surgery

0.98

0.28

–

3.40

0.971

Histopathology

0.72

0.09

–

5.66

0.752

Pat tumour diameter after nCRT

1.04

1.01

–

1.08

0.006

Pathological stage

4.30

1.14

–

16.19

0.031

ypT stage

3.81

1.46

–

9.92

0.006

ypN stage

2.75

1.12

–

6.75

0.027

pLN+ number

1.24

1.05

–

1.46

0.011

LVI

3.80

1.07

–

13.46

0.039

PNI

2.93

0.83

–

10.41

0.096

pTRG/AJCC

1.49

0.38

–

5.78

0.566

95% conﬁdence
interval

p

10.4
7.57

2.02
0.55

–
–

54.02
103.68

0.005
0.130

9.58

1.77

–

52.0

0.009

1.39

1.11

–

1.74

0.004

The bold value indicates statistical signiﬁcance (p <0.05). LN: lymph node, Pre-CRT: pre-chemoradiotherapy, Post-CRT: post-chemoradiotherapy, IMRT: intensity-modulated
radiotherapy, VMAT: volumetric arc therapy, nCRT: neoadjuvant chemoradiotherapy, ypT stage: postoperative pathological T stage, ypN stage: postoperative pathological N stage,
pLN+: positive pathological lymph node, pTRG/AJCC: pathological tumour regression grade/American Joint Committee on Cancer (2018—8th edition).

Table III b: Factors inﬂuencing OS (Cox regression analysis).
Univariate Model
HR

95% conﬁdence interval

Multivariate Model
p

Age at diagnosis in years

1.05

0.96

–

1.15

0.276

Gender

0.80

0.16

–

3.99

0.790

Location of the tumour

0.76

0.18

–

3.21

0.710

Radiological LN+ (pre-CRT)

25.78

0.00

–

˃100

0.551

Radiological LN+ (post-CRT)

1.55

0.31

–

7.74

0.594

RT technique

1.33

0.43

–

4.09

0.614

Time between diagnosis and nCRT

0.54

0.10

–

2.97

0.478

Time between nCRT and surgery

6.99

0.76

–

63.87

0.085

Histopathology

1.33

0.16

–

11.41

0.794

Pat tumour diameter after nCRT

1.04

1.00

–

1.09

0.049

Pathological stage

0.70

–

29.75

0.113

ypT stage

4.55
4.59

1.12

–

18.85

0.034

ypN stage

2.01

0.66

–

6.17

0.221

pLN+ number

1.16

0.97

–

1.39

0.102

LVI

4.69

0.86

–

25.62

0.074

PNI

9.35

1.09

–

80.27

0.041

pTRG/AJCC

3.14

0.37

–

26.96

0.296

HR

95% conﬁdence interval

p

Recurrence
20.67
2.41
–
177.02
0.006
20.67
2.41
–
177.02
0.006
The bold value indicates statistical signiﬁcance (p <0.05). LN: lymph node, Pre-CRT: pre-chemoradiotherapy, Post-CRT: post-chemoradiotherapy, nCRT: neoadjuvant
chemoradiotherapy, ypT stage: postoperative pathological T stage, ypN stage: postoperative pathological N stage, pLN+: positive pathological lymph node, pTRG/AJCC:
pathological tumour regression grade/American Joint Committee on Cancer (2018—8th edition), Recurrence: after surgery plus chemotherapy.
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DFS time as the pathological tumour diameter after nCRT
and ypT stage increased, as well as the predicted OS time as
recurrence increased, were shortened.
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Figure 2: The eﬀect of recurrence on OS (Kaplan-Meier).

Similarly, in another study, a low ypT, ypN, and pTNM, as
well as LVI/PNI absence, were associated with better DFS
and OS in a univariate analysis. In a multivariate analysis,
ypT and LVI were identiﬁed as independent prognostic
factors for DFS and OS.24 In a study where more factors were
investigated, when the factors aﬀecting DFS were analysed,
neural, vascular, and lymphatic invasion, pre-and postoperative CEA, TNM staging, smoking, and the histological
response to nCRT were found to be signiﬁcant. As for OS,
TNM staging, the histological grade, peritumoral inﬂammatory reaction, and vascular and neural invasion were found
to have a signiﬁcant eﬀect.25
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In this study, LVI signiﬁcantly aﬀected DFS, in the univariate
analysis, but no eﬀect on OS was observed. While PNI was
not eﬀective for DFS in the univariate analysis, it showed a
signiﬁcant eﬀect on OS. The ypT stage had signiﬁcant eﬀect
for DFS and OS in the univariate analysis, while it had a
signiﬁcant independent eﬀect on DFS in the multivariate
analysis. The predicted DFS in the group with ypT stage 4
was signiﬁcantly shorter than that of the group with ypT
stage 3. Similarly, in the univariate analysis, the eﬀect of
pathological tumour diameter after nCRT on DFS and OS was
observed. The predicted DFS in the group with a diameter of
≤2 cm was signiﬁcantly longer than that of the group with a
tumour diameter of >2 cm.

CONCLUSION
Many factors aﬀect the prognosis of LARC patients who have
received nCRT. While the eﬀect of the pTRG on survival was
not observed in the study, the post-chemoradiotherapy radiological LN+, pathological tumour diameter after nCRT, LVI,
pathological stage, ypT, ypN, and pLN+ number aﬀected
DFS, and the pathological tumour diameter after nCRT, ypT
stage, and PNI had a signiﬁcant eﬀect on OS. The predicted
Journal of the College of Physicians and Surgeons Pakistan 2021, Vol. 31(04): 422-428
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