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Abstract: There are limited studies evaluating the correlation between the presence of signet ring carcinoma and 
tumor response to neoadjuvant therapy in the rectum. Hereby, we aimed to report for the first time our experience 
from Upper Egypt through assessing the predictive role of signet ring cell component (SRCC) in the response to 
preoperative chemoradiotherapy (PCRT) and the impact of histological types (SRCC versus other types) on survival. 
This retrospective study analysed the medical records of 195 patients with locally advanced rectal cancer treated 
from 2011, to 2018. Patients were divided into two groups according to histological types: SRCC group and non 
SRCC group. All patients received PCRT followed by surgery. SRCC group was associated with significant higher rate 
of complete clinical response (cCR) and pathologic complete response (pCR) (83.3% and 88.9% respectively) as 
compared to non SRCC group (9.0% and 10.2% respectively); P<0.0001. Fifteen cases (93.8%) who were diagnosed 
by magnetic resonance tumor regression grade (mrTRG) and diffusion weighted imaging (DWI) as cCR after PCRT, 
also achieved pCR, in contrast to 88.9% of cases without SRCC. Signet ring histology was the only predictor of pCR 
in multivariate analysis (P=0.027). There was no statistically significant difference between both histological groups 
as regard to survival. SRCC is an important predictor of pCR and assessing their response to PCRT using mrTRG and 
DWI showed high sensitivity for the detection of cCR, making them good candidates for watch-and-wait approach. 
Histological types did not significantly affect the survival outcome.

Keywords: Rectal cancer, signet ring cell component, preoperative chemoradiotherapy, prediction, magnetic reso-
nance imaging

Introduction

Preoperative chemoradiotherapy (PCRT) is the 
treatment of choice for locally advanced rectal 
cancer as it achieves sphincter preservation [1] 
and local control [2, 3]. This is followed by total 
mesorectal excision (TME) which reduced the 
local recurrence rate to <10% compared to 
20-45% local failure rate with conventional sur-
gery [4, 5].

Magnetic resonance imaging (MRI) is currently 
considered the standard for assessing the 

involvement of mesorectal fascia by tumor as 
these patients have high risk of positive circum-
ferential margin (CRM) which necessitate down-
staging before surgery. Furthermore, MRI plays 
a crucial role in restaging of rectal cancer after 
neoadjuvant therapy through determining the 
degree of response to therapy [6].

Patients with pathologic complete response 
(pCR) to PCRT, had better outcome compared 
to those with partial response to PCRT [7-9]. 
With the advancement in preoperative thera-
pies, patients can achieve complete response 
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(CR) to PCRT and this encouraged the clinicians 
to investigate the wait and watch policy in these 
cohorts based on clinical and radiologic as- 
sessment to avoid morbidity to surgery [10]. 
However, this requires proper selection of 
patients with CR potential at the time of initia-
tion of treatment. Several studies have evalu-
ated the predictive factors for pCR and these 
included clinical stage at presentation, tumor 
size, histological types, negative circumferen-
tial margin, interval between preoperative che- 
moradiation and surgery and adjuvant regi-
mens [11-14].

There are limited studies evaluating the corre-
lation between histological types and the tumor 
response to neoadjuvant therapy in the rectum 
[12, 15]. These studies demonstrated that sig-
net ring carcinoma (SRC) might have a predic-
tive pCR to PCRT in rectum. Hence, the aim of 
our study was to assess whether the presence 
of signet ring cell component (SRCC) in pre-
treatment biopsy had a predictive role as re- 
gard to the response to PCRT and the impact of 
histological types (SRCC versus other types) on 
survival outcome.

Patients and methods

Selection criteria for the study

Our Institutional database was collected for all 
patients with rectal cancer who received PCRT 
followed by surgery, from January 1, 2011 to 
January 1, 2018. Inclusion criteria comprised, 
different subtypes of histologically proven rec-
tal cancer, age ≥18 years and radiologically 
proven T3/4, or N+ disease before CRT. Patients 
with concurrent malignancy, past history of pre-
vious malignancy, previous treatment at other 
centers or stage IV disease were excluded.

Data collection and extraction

The medical records of 195 patients met the 
inclusion criteria and retrospectively reviewed 
to extract the study relevant data. Data that 
were collected included: patients’ age; gender; 
primary tumor site; extent of surgical resection; 
radiologically assessed response to combined 
therapy; local and systemic recurrences and 
survival outcome.

The study population was grouped according to 
histopathological types into.

-signet ring cell component (SRCC) group whi- 
ch included signet ring carcinoma (presence of 
signet ring cells in more than 50% of tumor) 
[16], and adenocarcinoma with signet ring cell 
component (presence of less than 50% signet 
ring cells).

-non SRCC group. 

These two groups were retrospectively com-
pared with respect to the clinicopathologic 
characteristics, the response to PCRT, and sur-
vival outcome.

This study was approved by the Committee of 
Medical Ethics of South Egypt Cancer Institute 
with IRB no: IORG0006563-533 and deemed 
not to require patient consent.

All patients’ files were retrospectively reviewed 
as regard to initial diagnosis, treatment strategy 
and follow up, histopathologic data, radiologic 
response evaluation and treatment outcome.

Initial diagnosis

Pre-treatment evaluation of all patients was 
based on complete history including age, fa- 
mily history, Eastern Cooperation Oncology 
Group Performance Status (ECOG PS) [17], 
physical examination, digital rectal examina-
tion, serum carcinoembryonic antigen (CEA).

The initial computed tomographic (CT) scans of 
the chest and abdomen, as well as the MRI 
scans of the pelvis, were reviewed by two inde-
pendent radiologists with 13 and 16 years of 
experience for determination of pre-treatment 
tumor and nodal stages. The report included 
the tumor location and morphology, its T and N 
categories, the presence of extramural vascu-
lar invasion, and its relationship with the sur-
rounding structures including the sphincter 
complex and the circumferential resection mar-
gin (CRM). All patients underwent pelvic MRI 
1.5T scanner (Achieva, Philips Healthcare; Am- 
sterdam, Netherlands) with a phased-array sur-
face coil for the primary staging and for the 
restaging after chemoradiation with the same 
parameters. Patients were imaged in the su- 
pine position. The examination included a wide 
field of view (FOV) turbo spin-echo (TSE) T2- 
weighted sequence in the axial (from the aortic 
bifurcation to the anal sphincter) and the sagit-
tal planes. A small FOV two-dimensional TSE 
T2-weighted sequence was also done, with a 
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section thickness of 3 mm for better resolution. 
Images were obtained in the (a) axial oblique 
plane (perpendicular to the tumor), (b) sagittal 
plane, drawn along the longitudinal tumor axis; 
and (c) oblique coronal plane (parallel to the 
anal canal), to better evaluate the relation- 
ship with the anal sphincter. Diffusion-weighted 
image (DWI) was also obtained at multiple b  
values (b=50, 600, 1000 sec/mm2) in oblique 
axial plane.

Pre-treatment rectoscope with biopsy which 
was available for review by pathologists to 
determine the histological types and grading 
(poorly differentiated, moderately differentiat-
ed and well differentiated) based on the World 
Health Organization criteria [16]. Pre-treatment 
clinical staging was performed according to 
AJCC classification, 7th edition [18].

Treatment strategy and follow up

Preoperative concurrent CRT

All patients received concurrent CRT.

Radiotherapy: CT scan was performed in the 
treatment position for three dimentional con-
formal radiotherapy planning. A slice thickness 
of 5-mm and 5-mm spacing between images 
were used throughout the scan.

Target volume: Gross tumor volume (GTV), 
included the tumor and any involved pelvic 
lymph nodes. Clinical target volume (CTV), 
included the entire rectum, mesorectum and 
the regional lymph nodes (presacral lymph 
nodes, pararectal and hypogastric). The plan-
ning target volume (PTV), was constructed by 
adding 10 mm margin around the CTV.

Dose and energy: Patients were treated by a 
photon beam of either 6 or 15 MeV using three 
fields technique (one posterior and two oppos-
ing wedged lateral fields). The total dose of 
50.4 Gy (pelvis dose of 45 Gy/25 fractions and 
a boost dose of 5.4 Gy/3 fractions to the GTV 
plus 2 cm margin) was prescribed at the iso-
center of the plan according to ICRU report No. 
50.

Concurrent chemotherapy: Concurrent chemo-
therapy consisted of Capecitabine, 825 mg/m2, 
twice daily for 5 days/weeks and it was initiated 
on the first day of pelvic radiotherapy.

Surgery

All patients underwent TME (R0 resection) whi- 
ch was performed 6-8 weeks after completion 
of CRT. TME involves en-bloc resection of the 
rectum, perirectal fat and lymphoid tissue.

Adjuvant chemotherapy

Adjuvant chemotherapy was administered as 
soon as the patient was medically able, and the 
wound was completely healed. Chemotherapy 
regimens included, CapeOX: oxaliplatin 130 
mg/m2 on day 1, capecitabine 1000 mg/m2 
twice daily days 1-14 every 3 weeks; mFOLF-
OX6: Oxaliplatin 85 mg/m2 IV, day 1, leucovorin 
400 mg/m2 IV day 1, 5-FU 400 mg/m2 IV bolus 
on day 1, then 1200 mg/m2/day ×2 days (total 
2400 mg/m2 over 46-48 hours) continuous 
infusion to be repeated every two weeks or 
Capecitabine: 1000-1250 mg/m2 PO twice 
daily days 1-14 every 3 weeks. The adjuvant 
therapy was given for 4 months (total of 6 
months perioperative therapy). The choice bet- 
ween regimens was determined by the avail-
ability of the drugs.

Histopathology

Two experienced pathologists reviewed both 
pre-treatment and post-treatment H&E slides 
tissue sections from all rectal carcinoma cases 
and this was done blindly to clinical outcome. 
The pre-treatment rectal slides were assessed 
for tumor type and grade (poorly differentiated, 
moderately differentiated and well differentiat-
ed) based on the World Health Organization cri-
teria [16]. SRC was recognized as the presence 
of signet ring cells in more than 50% of tumor 
[16], while the presence of less than 50% sig-
net ring cells considered adenocarcinoma with 
signet ring cell component (Figure 1) and we 
combined both histology for subsequent an- 
alysis; (SRCC) group. According to International 
tumour Budding Consensus Conference (ITBCC) 
criteria, tumor budding is defined as, the pres-
ence of one signet ring cell dissociated from 
the main tumor at the invasive front or group of 
less than five cells separated from tumor nests 
within peritumoral stroma, considered low in- 
tratumoral budding. The presence of group of 
cells; 5-9 and more than 10, considered mod-
erate and high intratumoral budding, respec-
tively [19, 20] (Figure 1). Poorly differentiated 
clusters (PDCs), defined as the presence of 
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group formed of at least 5 cells lacking glandu-
lar structure by the use of 20× power field. 
PDCS graded as GRADE 1, 2, 3, which corre-
sponds to absence of PDCs, 1-2 PDCS and >2 
PDCs, respectively [21] (Figure 1).

Radiologic response evaluation

Clinical response was evaluated using MRI 
scans of the pelvis which were performed four 
weeks after finishing PCRT to assess primary 
tumor and nodal response. The pre- and post-
treatment MRI scans were reviewed indepen-
dently by the radiologists and the diagnosis 
was made in consensus (Figure 2). The local 
radiological T and N stage were made accord-
ing to previously published criteria [22]. MRI 
tumor regression grade (mrTRG) as defined by 
Taylor et al. [22], determines the degree of 

January, 2021, for assessment of the predic-
tive role of the presence of signet ring cell com-
ponent (SRCC) in pre-treatment biopsy regard-
ing to the response to PCRT and the impact of 
histological types (SRCC versus other types)  
on the local recurrence (LR) rate, the distant 
metastasis (DM) rate and the survival outcome 
{overall survival (OS) Local recurrence-free sur-
vival (LRFS) and distant metastasis-free surviv-
al (DMFS).

Statistical analysis

Comparison between categorical variables was 
done using the χ2 test or Fisher’s exact test, 
while t-test was used for comparison between 
continuous variables. LRFS time and DMFS 
time were defined as the date of surgery to  
the date of recurrence or date of metastasis 

Figure 1. Pathologic evaluation of 
rectal carcinoma. A. Adenocarcino-
ma with signet ring cell component. 
B. Signet ring cell carcinoma. C. Ad-
enocarcinoma with low intratumoral 
budding. D. Adenocarcinoma with 
moderate intratumoral budding. E. 
Adenocarcinoma with grade 1 PDC. 
F. Adenocarcinoma with grade 2 
PDC. G. Adenocarcinoma with TRG 4.

tumor replacement by fibrotic 
stroma. Thus, mrTRG 1, 2 and 
3 were used to diagnose cli- 
nical complete response in 
addition to diffusion weighted 
imaging (DWI) to detect any 
residual areas of tumor res- 
triction adjacent to the fibro-
sis. Additionally, evaluation of 
downstaging of the tumor and 
lymph nodes was done by the 
pathologic tumor regression 
grade (TRG) which was quanti-
fied according to a five-point 
scale of Dworak et al. [23]: 
TRG 0: no regression; TRG 1: 
dominant tumor mass with ob- 
vious fibrosis and/or vascu-
lopathy; TRG 2: dominantly 
fibrotic changes with few tu- 
mor cells or groups (easy to 
find); TRG 3: very few (difficult 
to find microscopically) tumor 
cells in fibrotic tissue with or 
without mucous substance; 
TRG 4: no tumor cells, only a 
fibrotic mass (total regression 
or response). pCR defined as 
the absence of any tumor ce- 
lls in the surgical specimen 
(ypT0pN0).

Study end point

The study population were fol-
lowed up until the first of 
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respectively. OS time was defined as the date 
of surgery to the date of death from any cause. 
Patients were censored at the date of last con-
tact (January 1, 2021), if they did not experi-
ence LR, DM, or death at the time of the an- 
alysis. LRFS, DMFS and OS were done using 
Kaplan and Meier analysis [24], and compari-
son between survival was done using log rank 
test. Univariate and multivariate logistic regres-
sion analysis was performed to identify the 
potential predictors of pCR. A P-value of ≤0.05 
is considered to be the level of significance. 
SPSS version 23 was used for statistical analy-
sis (IBM Corp, 1987, Chicago, USA).

Data availability

The data generated in this study are available 
upon request from the corresponding author.

Results

Clinicopathologic characteristics

Among reviewed 195 patients, 18 cases (9.2%) 
had signet ring cell component (SSRC group) 

and 177 patients (90.8%) had other morpho-
logical types of rectal cancer (non SSRC group) 
in biopsy specimens. The detailed clinical and 
pathological data of the eligible patients are 
presented in Table 1. Patients’ clinical and 
pathologic characteristics of both groups (SR- 
CC group and non SRCC group), were matched. 
There were 143 males (73.3%) and 52 females 
(26.7%). The median age was 54 years (range: 
32-68 years). The majority (n=113, 57.9%) of 
the patients had their tumors located within 5 
cm to 10 cm from the anal verge. One hundred 
twenty-nine patients (66.2%) were cT3 and in 
158 patients (81.0%) there was clinical lym- 
ph node involvement on diagnosis. Forty-four 
patients (22.6%) presented with T4N+ve dis-
ease where inoperable due to infiltration of 
bladder neck (23 patients), sacrum (6 patients) 
and vagina (15 patients).

Treatment

Surgical exploration was carried out after six to 
eight weeks of completion of CRT and the cir-
cumferential resection margin was not involved 

Figure 2. A 20 year-old man presented with a T3b rectal mass. MRI sagittal and axial T2WI and DWI (A-C) pre-che-
motherapy showing circumferential rectal wall thickening (13 mm) (white arrow) in the upper rectum of immediate 
signal intensity infiltrating the muscularis propria and extending for 3 mm in the posterior MRF (black arrow) with 
restricted diffusion. (D, E) Post-chemoradiotherapy sagittal and axial T2WI shows that the residual mas has interme-
diate signal (white arrow) and has regressed by ~50% measuring 7 mm with a posterior arc of low signal intensity 
fibrosis (black arrow), indicating mrTRG 3. (F) DWI shows restricted diffusion of the residual mass with facilitated 
diffusion of the posterior arc of fibrosis.
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Table 1. Clinicopathological characteristics of 195 patients with rectal cancer according to histologi-
cal groups

Variables SRCC group
18 (100%)

Non SRCC group
177 (100%)

Total
195 (100%) P-value*

Sex 0.502
    Male 13 (72.2) 130 (73.4) 143 (73.3)
    Female 5 (27.8) 47 (26.6) 52 (26.7)
Age 0.121
    Median (range) 51 (34-63) 55 (40-68) 55 (34-68)
PS 0.315
    0 7 (38.9) 42 (23.7) 49 (25.1)
    1 9 (50.0) 99 (55.9) 108 (55.4)
    2 2 (11.1) 36 (20.3) 38 (19.5)
Pre-treatment CEA level (µg/L) 0.455
    ≤5 8 (44.4) 95 (53.7) 103 (52.8)
    >5 10 (55.6) 82 (46.3) 92 (47.2)
Tumor location 0.264
    <5 cm 8 (44.4) 56 (31.6) 64 (32.8)
    5-10 cm 10 (55.6) 103 (58.2) 113 (57.9)
    10-15 cm 0 18 (10.2) 18 (9.2)
Clinical tumor stage 0.274
    cT3 14 (77.8) 115 (65.0) 129 (66.2)
    cT4 4 (22.2) 62 (35.0) 66 (33.8)
Clinical nodal stage 0.926
    N0 4 (22.2) 33 (18.6) 37 (19.0)
    N1 6 (33.3) 59 (33.3) 65 (33.3)
    N2 8 (44.4) 85 (48.0) 93 (47.7)
Stage 0.753
    II 4 (22.2) 33 (18.6) 37 (19.0)
    III 14 (77.8) 144 (81.4) 158 (81.0)
Histologic grade 0.347
    Well 2 (11.1) 21 (11.9) 23 (11.8)
    Moderate 8 (44.4) 106 (59.9) 114 (58.5)
    Poor 8 (44.4) 50 (28.2) 58 (29.7)
Duration from CTH to Surgery 0.982
    Median 39 days 37 days 38 days 
    Range (33-51) (27-56) (27-56)
Type of surgery 0.364
    LAR 17 (94.4) 144 (81.4) 161 (82.6)
    APR 1 (5.6) 27 (15.3) 28 (14.4)
    Inoperable 0 6 (3.4) 6 (3.1)
Abbreviations: CEA: Carcinoembryonic antigen, ECOG PS: Eastern Cooperation Oncology Group Performance Status, CTH: Che-
motherapy, LAR: Low anterior resection, APR: Abdominoperineal resection. *Chi-square test and Fisher Exact tests were used 
for all comparisons except age and duration of preoperative chemotherapy (Mann-Whitney U test).

(margin of >1 mm) in all patients. One hundr- 
ed sixty-one patients (82.6%) underwent low 
anterior resection (handsewn technique was 
performed in 106 patients and staplers in  
55 patients) and 28 patients (14.4%) under- 

went abdominoperineal resection. Six patients 
(3.1%) remained inoperable due to sacral infil-
tration. Palliative colostomy was done in those 
patients with unresectable rectal cancer and 
biopsies from primary tumor and perirectal 
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Table 2. Comparison between initial MRI staging and post-chemoradiotherapy (yp)

Initial MRI
staging

Post-chemoradiotherapy (yp) pathologic staging
Yp

T0N0
Yp

T1N0
yp

T1N1
Yp

T1N2
yp

T2N0
Yp

T2N1
yp

T2N2
yp

T3N0
yp

T3N1
Yp

T3N2
Yp

T4N0
Yp

T4N1
yp

T4N2 Total (%)

T3N0 19 0 0 0 0 0 0 0 0 0 0 0 0 19  

T3N1 12 5 3 2 8 7 3 4 2 0 0 0 0 46

T3N2 0 9 7 6 10 9 7 5 5 6 0 0 0 64

T4N0 2 2 0 0 0 0 0 5 0 0 9 0 0 18

T4N1 1 0 0 0 0 3 0 9 4 0 0 2 0 19

T4N2 0 0 0 0 5 4 0 0 5 0 0 5 10 29

Total (%) 34 (17.4) 16 (8.2) 10 (5.1) 8 (4.1) 23 (11.8) 23 (11.8) 10 (5.1) 23 (11.8) 16 (8.2) 6 (3.1) 9 (4.6) 7 (3.6) 10 (5.1) 195 (100)

Table 3. Comparison between SRCC group and non SRCC group 
with regard to clinical and pathological response after preoperative 
chemoradiotherapy

Variables SRCC group
18 (100%)

Non SRCC group
177 (100%)

Total
195 (100%) P-value*

cCR 15 (83.3) 16 (9.0) 31 (15.9) <0.0001
non cCR 3 (16.7) 161 (91.0) 163 (83.6)
Post CRT CEA (ng/ml) 0.187
    ≤5 10 (55.6) 125 (70.6) 135 (69.2)
    >5 8 (44.4) 52 (29.4) 60 (30.8)
yp T stage <0.0001
    0 16 (88.9) 18 (10.2) 34 (17.4)
    1 1 (5.6) 33 (18.6) 34 (17.4)
    2 1 (5.6) 55 (31.1) 56 (28.7)
    3 0 45 (25.4) 45 (23.1)
    4 0 26 (14.7) 26 (13.3)
yp N stage <0.001
    0 17 (94.4) 88 (49.7) 105 (53.8)
    1 1 (5.6) 55 (31.1) 56 (28.7)
    2 0 34 (19.2) 34 (17.4)
UICC TNM stage <0.0001
    No tumor 16 (88.9) 18 (10.2) 34 (17.4)
    I 1 (5.6) 38 (21.5) 39 (20.0)
    II 0 32 (18.1) 32 (16.4)
    III 1 (5.6) 89 (50.3) 90 (46.2)
TRG <0.0001
    1 0 29 (16.4) 29 (14.9)
    2 0 42 (23.7) 42 (21.5)
    3 2 (11.1) 88 (49.7) 90 (46.2) 
    4 16 (88.9) 18 (10.2) 34 (17.4)
    pCR 16 (88.9) 18 (10.2) 34 (17.4) <0.0001
    Non pCR 2 (11.1) 159 (89.8) 161 (82.6)
Abbreviations: cCR: complete clinical response, CEA: Carcinoembryonic antigen, yp T: 
post-chemoradiotherapy pathologic tumor stage, yp N: post-chemoradiotherapy patho-
logic node stage, TRG: tumor regression grade, pCR: pathological complete response. 
*Chi-square test was used for all comparisons.

lymph nodes were taken; these patients were 
excluded from pattern of failure and survival 
analysis.

Treatment outcome

The overall downstaging ra- 
te was achieved in 85.1%  
of the 195 treated patients. 
Tumor progression has not 
been observed (Table 2).

The cCR was detected in 31 
(15.9%) cases {15/18 ca- 
ses (83.3%) with SRCC and 
16/177 cases (9.0%) with-
out SRCC, P<0.0001}. A 
total of 34 patients (17.4%) 
achieved pCR, divided as 
16 (88.9%) out of 18 cases 
with SRCC and 18 (10.2%) 
out of 177 cases without 
SRCC; P<0.0001. Thus, the 
sensitivity of mrTRG com-
bined DWI in the diagnosis 
of cCR was 91% (95% CI: 
0.71-0.93). However, the se- 
nsitivity was higher (93.8%) 
in case of SRCC group as 
compared to the non SRCC 
group (88.9%). Table 3 sh- 
owed the comparison bet- 
ween SRCC group and non 
SRCC group with regard to 
clinical and pathologic res- 
ponse after PCRT. Of the 
195 tumors examined for 
TRG, 17.4% showed no via-
ble tumor cells in the rec- 
tal wall (TRG 4), whereas 
14.9%, 21.5 and 46.2% 
demonstrated TRG 1, TRG 
2, TRG 3 respectively (Table 
3).

Signet ring histology was found to be the only 
predictor of pCR in univariate analysis, as we 
found that patients with SRCC were about 71 
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times more likely to achieve pCR than patients 
with other histological types (OR=70.667, 95% 
CI: 15.019-332.503, P<0.0001) (Table 4). Mul- 
tivariate analysis confirmed that Signet ring his-
tology was the only predictor of pCR (OR=4.065, 
95% CI: 1.176-14.085, P=0.027) (Table 4).

Pattern of failure

A total of 189 patients were analysed for pat-
tern of failure. Fourteen cases (7.4%) devel-

oped local recurrence and 40 cases (21.2%) 
developed distant metastasis. There was no 
statistically significant difference between the 
two histologic groups regarding the rate of LR 
(P-value =0.115) and DM (P-value =0.184) 
(Table 5).

Survival

The median follow up duration of 189 patients 
was 79 months (range 18-111 months). There 

Table 4. Predictors of pathologic complete response after neoadjuvant chemoradiotherapy in patients 
with locally advanced rectal cancer by univariate and multivariate analyses using logistic regression

Variables n
Univariate analysis* Multivariate analysis*

OR P-value** 95% CI OR P-value** 95% CI
Age (years) Not included in the model

    ≤60 140 ref

    ≥60 55 1.497 0.314 0.683-3.282

Gender Not included in the model

    Male 143 ref

    Female 52 0.668 0.380 0.272-1.643

Pre-treatment clinical tumor stage

    3 129 ref Not included in the model

    4 66 0.546 0.166 0.232-1.285

Pre-treatment clinical node stage

    N0 37 ref ref

    N1 65 0.611 0.314 0.234-1.594 1.592 0.997 0.000-NA

    N2 93 0.400 0.058 0.155-1.030 0.417 0.155 0.125-1.393

Pre-treatment clinical stage Not included in the model

    II 37 ref

    III 158 0.484 0.092 0.208-1.127

Histological types†

    Non SRCC 177 ref ref

    SRCC 18 70.667 0.000** 15.019-332.503 4.065 0.027** 1.176-14.085

Histologic grade† Not included in the model

    Well 23 ref

    Moderate 114 0.720 0.561 0.238-2.177

    Poor 58 0.750 0.639 0.225-2.496 Not included in the model

Tumor budding†

    Low 87 ref

    Intermediate 31 0.137 0.059 0.017-1.079 Not included in the model

    High 77 1.080 0.843 0.503-2.319

PDC†

    Grade 1 93 ref ref

    Grade 2 42 1.491 0.446 0.534-4.163 1.511 0.441 0.529-4.312

    Grade 3 60 2.711 0.022 1.158-6.346 0.000 0.997 0.00-NA

Pre-treatment CEA (ng/ml) Not included in the model

    ≤5 103 ref

    >5 92 1.766 0.137 0.834-3.740

Interval from completion of CRT to surgery (weeks) Not included in the model

    ≤7 80 ref

    >7 115 0.643 0.244 0.306-1.351
Abbreviations: OR: Odds ratio, CI: Confidence interval, NA: not achieved, SRCC: Signet ring cell component, PDC: Poorly differentiated clusters, †In pre-treatment biopsies, 
CEA: Carcinoembryonic antigen, CRT: Chemoradiotherapy. *Univariate and multivariate logistic regression analysis was performed to identify the potential predictors of 
pCR. **P-values ≤0.05 were considered statistically significant.
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Table 5. Pattern of treatment failure according to histological 
groups (SRCC versus non SRCC)

Pattern of failure SRCC
18 (100%)

Non SRCC
171 (100%)

Total
189 (100%) P-Value* 

Local 3(16.7) 11 (6.4) 14 (7.4) 0.115
Isolated 0 9 9
Mixed 3 2 5
Systemic 6 (33.3) 34 (19.9) 40 (21.2) 0.184
Isolated 3 32 35
Mixed 3 2 5
*Chi-square test was used for all comparisons.

was no statistically significant difference in the 
median follow up duration between both groups 
(P=0.285). On the date of the analysis, 142 
patients (75.1%) were free from disease and 
143 patients (75.7%) were alive. According to 
Kaplan-Meier analysis, the OS rate at 5 years 
was 66.7% (95% CI: 67.056-108.944) and 
76.4% (95% CI: 94.693-105.526) for SRCC 
group and non SRCC group respectively. There 
was no statistically significant difference bet- 
ween both histologic groups (P=0.180) (Figure 
3). LRFS and DMFS was 81.3% (95% CI:  
82.752-120.373) and 66.7% (95% CI: 64.653-
108.458) respectively for SRCC group. For  
non SRCC group, LRFS was 93.6% (95% CI: 
109.629-117.175) and DMFS was 80.0% (95% 
CI: 94.642-106.380). There was no statistically 
significant difference between both histological 
groups as regard to LRFS (P=0.107) (Figure 4A) 
and DMFS (P=0.158) (Figure 4B).

Discussion

Identification of clinical, radiological and histo-
logical features in patients with locally advan- 
ced rectal cancer who achieved a pCR following 
chemoradiotherapy is crucial particularly if a 
non-operative approach is to be undertaken.

Studies have shown that, SRCC histology is 
associated with high histological grade as well 
as advanced tumor and nodal stage compared 
with mucinous carcinoma and well/moderate-
ly/poorly differentiated adenocarcinoma [25, 
26]. In this retrospective study, there was no 
significant difference in the distribution of sex, 
age, PS, CEA level, tumor location, tumor stage, 
nodal stage, overall stage, grade, median dura-
tion from chemoradiotherapy to surgery and 
type of surgical intervention among the two his-
tological groups.

exclude residual tumor foci of restricted diffu-
sion adjacent to the fibrosis and confirm cCR. 
We reported a statistically significant differ-
ence (P<0.0001) in the rate of pCR between 
both histological groups (88.9% vs 10.2%); in 
favour of the SRCC group. Similarly, two studies 
reported by Jaynand et al. [12] and chao et al. 
[28] showed that signet ring cell histology was 
predictive for pCR after neoadjuvant chemora-
diotherapy. Chao et al. [28] also demonstrated 
that 4 out of 19 patients (100%) with SRCC who 
achieved cCR also achieved pCR while only 
(60%) cCR cases without SRCC achieved pCR.

In our study, 17.4% of the patients achieved 
pCR. A similar response was reported by Gar- 
cia-Aguilar et al. [29] as 17% of the patients 
achieved pCR after receiving CRT plus 2 cycles 
of chemotherapy (5-FU + leucovorin + oxalipla-
tin). Other studies reported a substantially high-
er rate of pCR than what was reported by our 
study. The possible explanations are the admin-
istration of an additional cycle of oxaliplatin-
containing neoadjuvant chemotherapeutic re- 
gimens (Capecitabine + Oxaliplatin) after PCRT 
(Capecitbine + Oxaliplatin + radiation) (pCR ra- 
te of 19%) [30] and the use of radiotherapy 
boost for a total dose of 55 Gy plus concurrent 
chemotherapy consisting of raltitrexed and 
oxaliplatin (pCR rate of 32%) [31].

The local relapse rate (7.4%) reported by our 
study was higher compared to other studies 
[30-32]. This might be attributed to limited fol-
low up period as in the study reported by 
Machiels et al. (no local recurrence and only 2 
patients had distant metastasis) [32], more 
favourable distribution of T stage [30, 32] and 
higher radiotherapy dose (55 Gy/5 weeks) [30]. 
Additionally, diagnostic MRI in our study re- 
vealed that 70% of T3 tumors extended more 

In this study, the use of mrTRG 
(grades 1, 2 and 3) in combination 
with DWI showed 91% sensitivity for 
the diagnosis of cCR when com-
pared to TRG as the reference stan-
dard. The concordance of MRI com-
plete regression (cCR) with pCR 
(ypT0N0M0) was found in 15 cases 
(93.8%) with SRCC and in 16 cases 
(88.9%) without SRCC. Bhoday et 
al. [27], also reported 94% sensitiv-
ity of mrTRG for detecting patients 
with a pCR. However, we found that 
the use of DWI was necessary to 
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Figure 3. Kaplan-Meier curves showing OS according to histological 
groups. OS (P=0.180).

Figure 4. Kaplan-Meier curves showing (A) LRFS and (B) DMFS ac-
cording to histological groups. LRFS (P=0.107) and DMFS (P=0.158).

than 5 mm beyond the muscularis 
propria was shown to have a signifi-
cantly higher locoregional recurrence 
rate and poorer 5-year cancer specif-
ic survival [33]. In our study, 21.2% of 
the cases developed DM, which is 
higher than what was reported by 
Chau et al. [34] (10% of the patients 
had DM after median follow up time 
of 23 months in patient who received 
PCRT which consisted of capecitabine 
and oxaliplatin). This could be attrib-
uted to the longer follow up duration 
of our study (79 months). Additionally, 
Shinde et al. [35] reported a lower 
rate of LR (4.2%) and DM (10.9%) 
than what was reported by our study. 
This is attributed to that the pattern 
of failure in this study was evaluated 
in a cohort of patients who achieved 
pCR.

A study published by Shinde et al. 
[35], reported 3-year OS rates of 
77.7%, 100%, and 92.8%, for signet, 
mucinous and non-signet non-muci-
nous histology respectively (P=0.20). 
These figures are higher than our fig-
ures as we had a longer follow up 
period (79 months) and they esti- 
mated survival only in patients who 
achieved pCR. In our study, there was 
no statistically significant difference 
between both histological groups as 
regard to OS (P=0.180), LRFS (P= 
0.107) and DMFS (P=0.158). Our 
data were further confirmed by Shin- 
de et al. [35], who reported no sig- 
nificant difference in OS and DFS 
amongst the three groups (signet, 
mucinous, and non-signet non-muci-
nous). However, several studies [36-
42] demonstrated that SRCC is an 
established negative prognostic fac-
tor and associated with lower surviv-
al. The lack of observed differences 
in overall survival or relapse rates 
among the histologic groups might be 
attributed to the small sample size of 
our study.

Clinical stage at presentation, tumor 
size, histological subtype, negative 
circumferential margin, interval bet- 
ween preoperative chemoradiation 
and surgery and adjuvant regimens 
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had been evaluated by several studies [11-14] 
as predictive factors for pCR. Other studies 
have demonstrated that tumor budding and 
PDCs in biopsy both predict a poor response  
to PCRT [20, 21]. However, our results suggest 
that SRCC in pre-treatment biopsy was the only 
predictive factor for pCR (P=0.027).

Our study has some limitations including, the 
retrospective nature, the small sample size and 
the low occurrence rate of SRC.

Conclusions

SRCC in pre-treatment biopsy is an important 
predictor of pCR and assessing their response 
to PCRT using mrTRG and DWI showed high 
sensitivity for the detection of complete clinical 
responder, making them good candidates for 
watch-and-wait approach. Histological types 
did not significantly affect the survival out- 
come.
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