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ABSTRACT ____

BACKGROUND: Assessing tumor response after neoadjuvant chemoradiotherapy (CRT) is a crucial step in the
management of locally advanced rectal cancer, as it directly influences further treatment planning. Magnetic resonance
imaging (MRI), particularly when combined with diffusion-weighted imaging (DWI), has gained an important role by
allowing non-invasive evaluation of residual disease. OBJECTIVE: To evaluate post-treatment tumor response
patterns in patients with rectal carcinoma using MRI with diffusion-weighted imaging. METHODS: This cross-sectional
study conducted at a tertiary care hospital in Karachi, included 168 patients aged 25 - 85 years with locally advanced
rectal cancer (>T3 stage and/or regional lymph node involvement) who underwent post-CRT MRI with DWI between
December 2023 and June 2024. Imaging was performed using a standardized multiparametric rectal MRI protocol,
including high-resolution T2-weighted sequences and high b-value DWI (=800 s/mm2). Tumor response was classified
as complete/near complete, good, or poor according to predefined MRI-based criteria. Associations between response
patterns and demographic or clinical variables were analyzed. RESULTS: The mean age of the study population was
48.9 + 15.1 years, with males comprising 59.5% of cases. Complete or near-complete response was observed in
14.3% of patients, good response in 61.3%, and poor response in 24.4%. Overall, 75.6% of patients demonstrated a
favorable treatment response. CONCLUSION: MRI with diffusion-weighted imaging is a reliable and effective modality
for assessing post-chemoradiotherapy tumor response in locally advanced rectal cancer. Its use can assist in
individualized treatment planning, support organ-preserving approaches, and help avoid unnecessary overtreatment.
Key Words: Rectal carcinoma, radiotherapy, treatment response, Magnetic resonance imaging MRI.

Introduction ____

Rectal cancer continues to represent a substantial global
health burden and remains a leading cause of cancer-
related morbidity and mortality. Recent global cancer
data place colorectal cancer among the most frequently
diagnosed malignancies worldwide, with rectal cancer
accounting for a significant proportion of cases. In low-
and middle-income countries, including South Asia, the
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incidence of rectal cancer is rising, often accompanied
by delayed diagnosis and limited access to specialized
oncologic services. As a result, accurate staging and
reliable assessment of treatment response are essential
for improving patient outcomes.!

Imaging plays a fundamental role across all stages of
rectal cancer management, from initial diagnosis to
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post-treatment surveillance. Among available imaging
modalities, MRI has emerged as the preferred technique
for local staging due to its excellent soft-tissue contrast
and multiplanar capability. High-resolution pelvic MRI
allows detailed evaluation of tumor depth, circumferential
resection margin involvement, sphincter invasion, and
extramural vascular invasion - features that are critical
for risk stratification and surgical planning.2
Neoadjuvant chemoradiotherapy (CRT) is now widely
accepted as the standard of care for patients with locally
advanced rectal cancer, including T3-T4 tumors and
node-positive disease. The primary goals of CRT are
tumor downstaging, reduction in local recurrence, and
increased likelihood of sphincter preservation, parti-
cularly in low-lying tumors. A considerable number of
patients demonstrate partial or complete tumor reg-
ression following CRT, making accurate response
assessment vital for guiding subsequent management
decisions, such as radical surgery, local excision, or
non-operative “watch-and-wait” strategies.3
Although histopathological examination remains the
reference standard for evaluating tumor response, it is
only available after surgical resection. This limitation
has driven growing interest in non-invasive imaging
techniques capable of identifying residual viable tumor
before surgery. In this regard, MRI has become the
cornerstone modality for post-CRT restaging, especially
when supplemented with functional imaging sequences.4
Diffusion-weighted imaging is a functional MRI technique
that reflects the movement of water molecules within
tissues and provides indirect information about tissue
cellularity. Residual tumor tissue typically shows
restricted diffusion due to high cellular density, whereas
post-treatment fibrosis demonstrates increased diffu-
sivity. Several studies have shown that incorporating
DWI into conventional T2-weighted MRI significantly
improves detection of residual disease and enhances
confidence in identifying complete responders.5
Despite these advantages, interpretation of post-CRT
MRI remains challenging. Treatment-related changes
such as fibrosis, edema, inflammation, and mucin pools
can closely resemble residual tumor. This issue is par-
ticularly pronounced in mucinous adenocarcinomas,
which may retain high signal intensity on T2-weighted
images even after effective treatment.6é Differentiating
acellular mucin from viable tumor therefore requires
careful multiparametric assessment and experienced
interpretation.
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Current international guidelines recommend the use of
standardized multiparametric MRI protocols that include
high-resolution T2-weighted imaging and high b-value
DWI for post-treatment assessment. These protocols
have demonstrated improved diagnostic performance
and interobserver agreement, supporting more consis-
tent response evaluation and facilitating organ-pre-
serving strategies in selected patients.”

Although substantial evidence from Western populations
supports the role of MRI with DWI in post-CRT evaluation
of rectal cancer, data from Pakistan remain limited. Local
differences in patient demographics, tumor charac-
teristics, treatment adherence, and healthcare infra-
structure highlight the importance of generating region-
specific evidence. This study was therefore undertaken
to evaluate post-treatment tumor response patterns
using MRI with diffusion-weighted imaging at a tertiary
care hospital in Karachi.

Materials and Methods ____

This cross-sectional study was carried out in the
Department of Radiology, at a tertiary care hospital in
Karachi, from 26 December 2023 to 25 June 2024,
following approval from the College of Physicians and
Surgeons Pakistan. A total of 168 consecutive patients
aged 25-85 years with locally advanced rectal cancer
(>T3 disease and/or regional lymph node involvement)
who had completed neoadjuvant chemoradiotherapy
and were referred for post-treatment MRI were enrolled.
Patients with contraindications to MRI, chronic kidney
disease, ulcerative colitis, or known contrast allergy
were excluded. Written informed consent was obtained
from all participants. Bowel preparation with purgatives
and at least six hours of fasting was ensured prior to
imaging. MRI examinations were performed using a
standardized multiparametric rectal protocol, including
high-resolution T2-weighted sequences in axial, sagittal,
and coronal planes, T1-weighted sequences for lymph
node assessment, and diffusion-weighted imaging with
at least one high b-value (=800 s/mm2) along with
corresponding ADC maps. Axial images were acquired
perpendicular to the tumor axis. All examinations were
interpreted by a radiologist with more than 10 years of
experience in gastrointestinal imaging. Tumor response
was categorized as complete/near complete, good, or
poor based on combined T2-weighted and DWI findings.
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Statistical analysis was performed using SPSS version
20, with p < 0.05 considered statistically significant.

B'e_s_u'l'ts__

A total of 168 patients with locally advanced rectal
carcinoma were included. The mean age was 48.9 +
15.1 years, and males constituted 59.5% of the cohort.
Hypertension and diabetes mellitus were the most
frequently observed comorbidities with 54.76% hyper-
tension and 58.33% respectively. Post-treatment MRI
with diffusion-weighted imaging demonstrated complete
or near-complete response in 14.3% of patients, good
response in 61.3%, and poor response in 24.4%. Overall,
75.6% of patients showed a favorable response to
treatment. (Fig.1) Post stratification risk analysis was
done as mentioned in (Tab.1).

M complete or near complete response Ml good response poor response

Figure 1: Pattern of post-treatment tumor response in patients
with rectal carcinoma undergoing MRI with Diffusion-Weighted
Imaging (n=168)

I.Ri.sk ) Pattern of post treatment Total P-
Stratification tumor response Value
Complete or near Poor
complete response response
AGE (years)
<30 17 (77.3%) 5(22.7%) | 22
31-50 53 (75.7%) 17(24.3%) | 70 |0.796
>50 57 (75%) 19 (25) 76
GENDER
Male 75 (75%) 25(25%) | 100 |0.828
Female 52 (76.5%) 16(23.5%) | 68
DURATION OF DISEASE
< 6 months 66 (80.5%) 16(19.5%) | 82 |0.149
> 6 months 61(70.9%) 25(29.1%) | 86

Table 1: Risk stratification with pattern of post-treatment tumor
response in patients with rectal carcinoma
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Figure 2(a,b,c,d): Axial T2, T1 post contrast, DWI and ADC images
of a 34year old male showing a polypoidal lesion along the anterior
and left lateral wall of distal one third of rectum showing
inhomogeneous enhancement and diffusion restriction.(Biopsy
proven adenocarcinoma of rectum)
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Rectal cancer remains one of the most prevalent
malignancies of the gastrointestinal tract worldwide and
continues to pose a significant clinical challenge due
to its risk of local recurrence and distant metastasis.
Although traditionally considered a disease of older
adults, recent epidemiological trends suggest an
increasing incidence in younger populations, particularly
in low- and middle-income countries.8 Consistent with
existing literature, our study population demonstrated
a male predominance and a mean age in the late forties,
reflecting regional demographic patterns and delayed
disease presentation.

MRI plays a central role in both staging and restaging
of rectal cancer, owing to its superior soft-tissue
resolution and ability to accurately evaluate tumor extent,
mesorectal fascia involvement, and post-treatment
changes. In recent years, the incorporation of Diffusion-
Weighted Imaging (DWI) into rectal MRI protocols has
significantly enhanced the assessment of treatment
response following neoadjuvant chemoradiotherapy
(CRT). DWI exploits differences in water molecule diffu-
sion within tissues, allowing indirect evaluation of tissue
cellularity; residual viable tumor typically demonstrates
restricted diffusion, whereas post-treatment fibrosis
shows increased diffusivity.?

In the present study, the majority of patients demons-
trated a favorable response to CRT on post-treatment
MRI as shown in (Fig.2) demonstrating MR images of
a 35 years old male with a biopsy proven adenocar-
cinoma showing good response to given chemotherapy.
Specifically, 61.31% of patients exhibited a good res-
ponse, while an additional 14.29% showed complete or
near-complete response, resulting in an overall favorable
response rate of 75.6%. These findings are in line with
contemporary studies reporting that multiparametric
MRI with DWI improves detection of tumor regression
and assists in differentiating responders from non-
responders. Recent evidence suggests that combining
T2-weighted imaging with high b-value DWI improves
diagnostic accuracy and interobserver agreement in
post-CRT assessment compared to conventional
imaging alone.10

Our results are comparable to previously reported
response patterns, although slight variations exist due
to differences in response classification systems, patient
selection, and imaging protocols. The high proportion
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of patients demonstrating good response underscores
the effectiveness of neoadjuvant CRT in downstaging
locally advanced rectal cancer and highlights the value
of MRI with DWI in monitoring treatment efficacy.
Accurate identification of good and complete responders
is clinically important, as these patients may be
candidates for less aggressive surgical approaches or
organ-preserving strategies.

A notable challenge in post-CRT imaging remains the
evaluation of mucinous adenocarcinomas. These tumors
characteristically demonstrate high signal intensity on
T2-weighted images and may retain similar signal
characteristics after treatment, making it difficult to
distinguish residual tumor from acellular mucin.1 Several
recent studies have emphasized the importance of
careful interpretation of ADC values in such cases, as
mucinous tumors tend to show higher ADC values
compared to non-mucinous adenocarcinomas. This
reinforces the need for cautious, multiparametric assess-
ment rather than reliance on a single imaging feature.12
Approximately one-quarter of patients in our cohort
(24.4%) demonstrated poor response to treatment. Poor
response to CRT may be attributed to tumor biology,
intrinsic treatment resistance, hypoxia, or suboptimal
therapeutic response. 13 Identification of poor responders
is equally important, as early recognition may prompt
alternative treatment strategies, such as intensified
systemic therapy or timely surgical intervention.
Although no significant association was observed
between treatment response and demographic or clinical
variables in our study, education status showed a
statistically significant relationship, which may reflect
differences in health awareness, treatment compliance,
or access to care.

Beyond primary tumor evaluation, DWI has also been
shown to improve assessment of nodal status following
CRT.14 Recent literature supports the use of DWI for
predicting nodal sterilization, which may further support
selection of patients for organ preservation strategies.
While nodal analysis was not the primary focus of this
study, the growing evidence highlights the expanding
role of functional MRI in comprehensive response
assessment.

The limitations of this study include its single-center
design and lack of direct histopathological correlation
in all cases. Additionally, interobserver variability was
not assessed. Despite these limitations, the study
provides valuable local data and reinforces the role of
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MRI with DWI as a reliable, non-invasive tool for post-
CRT response evaluation in rectal cancer.

Conclusion ____

MRI with diffusion-weighted imaging is a dependable
and effective modality for evaluating post-treatment
tumor response in patients with locally advanced rectal
cancer following neoadjuvant chemoradiotherapy. The
high proportion of favorable responses observed
highlights the effectiveness of current treatment
strategies and underscores the value of advanced
imaging in guiding personalized patient management.
Larger multicenter studies with histopathological
correlation are recommended to further refine imaging-
based response assessment.
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