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.is study was to explore the application value of magnetic resonance imaging (MRI) images obtained by low-rank matrix
recovery algorithm (LRMR algorithm) in evaluating the curative effect of rectal cancer patients receiving the neoadjuvant chemo-
radiotherapy (nCRT). In this study, an image denoising model was designed based on the LRMR algorithm, the original low-rank
data matrix was recovered from the error, and the low-rank matrix was restored by solving the optimal kernel norm, so as to
effectively separate the image data information and the interference noise. In addition, the model was applied to 60 patients with
rectal cancer who received nCRT to extract the texture parameters and lesion-related data from the MRI images. .e results
showed that theMRI images optimized by LRMR algorithm were clearer than the original images, contained less excess noise, and
had improved imaging accuracy and image quality..e results of typical cases suggested that the front of the rectal wall membrane
of a patient in the T-downstage group was not smooth before treatment, the internal angiography was blurred, and the wall
membrane was thickened, but the wall membrane became thinner after treatment, the highest position was reduced from 1.46 cm
to 0.38 cm, the average value of the apparent diffusion coefficient (ADC) increased from 0.732×10−3mm2/s to 1.196×10−3mm2/s,
and the lesion tissue was thicker. It was found that the height, length, and ADC of the lesion after the nCRT showed statistically
great difference in contrast to the values before the treatment (P< 0.05). Such results indicated that the nCRT showed obvious
effects in the clinical treatment of rectal cancer. In short, the LRMR algorithm could remove the interference noise in the MRI
image, and from the information about rectal cancer tumor lesions extracted from that, the height value and length value of tumor
lesions in patients given neoadjuvant chemo-radiotherapy were reduced compared with those before treatment, and the apparent
diffusion coefficient value was increased, indicating that neoadjuvant chemo-radiotherapy has a significant effect in the clinical
treatment of rectal cancer.

1. Introduction

Rectal cancer refers to cancer that arises from the boundary
between the rectum and anal canal to the junction of the
sigmoid colon. It is a common malignant tumor of the
digestive tract [1, 2]..e cause of rectal cancer is still unclear,
and it is mostly related to the surrounding environment,
eating habits, and genetic factors. .e age of onset of rectal
cancer in China is mostly around 45 years old, and there is a
younger trend in recent years [3, 4]. Rectal cancer is

generally diagnosed pathologically through digital exami-
nation and colonoscopy. However, it is located in the deep
pelvic cavity with complex surrounding tissues. Under some
other pathological reasons, the postoperative recurrence rate
and metastasis rate are still very high [5]. Nowadays, neo-
adjuvant chemo-radiotherapy (nCRT) has gradually come
into people’s sight, and its advantages have been confirmed
through repeated clinical practice. nCRT can inhibit the
primary lesion, reduce its area significantly, control the
proliferation and metastasis of tumor cells, and improve the
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clinical symptoms of patients, so that the patients can receive
better surgical treatment [6, 7].

In the early stage of rectal cancer, most of the patients
show no obvious symptoms, so medical imaging has become
an important clinical examinationmethod..e first choice is
magnetic resonance imaging (MRI). It is non-invasive, easy
to operate, and multi-faceted imaging. In addition, it shows
high resolution on soft tissue, can identify the location of the
tumor, and display the structure between the tumor and
adjacent tissues, which is helpful for doctors to judge the
stage of the disease and adopt corresponding treatment
methods [4, 8]. However, MRI medical images cannot
guarantee the complete display rate due to the level of
imaging equipment and other reasons, and it often shows
uneven light exposure and redundant interference infor-
mation, resulting in deviations in the information and data
obtained, increasing unnecessary burden for doctors in
clinical work [9].

With the development of science and technology, low-
rank matrix recovery (LRMR) algorithm has become more
and more widely used in our lives. It refers to automatically
distinguishing some lost elements of a matrix and treating
the degraded image as a set of low-dimensional data plus
noise. .erefore, the data before degradation can be ap-
proximated by the LRMR algorithm to restore the original
matrix, to achieve the data and noise division [10]. Applying
this algorithm to MRI imaging technology can reduce the
interference noise, enhance the display of image details, and
improve the accuracy of detection, which is of great sig-
nificance for evaluating the clinical curative effect of nCRT
on rectal cancer [11].

.e objective of this study was to apply the LRMR al-
gorithm to MRI to extract the texture feature parameters in
the obtained image, so as to analyze the clinical curative
effect of nCRT on rectal cancer, providing a more accurate
basis on how to choose the treatment of rectal cancer in
clinic.

2. Materials and Methods

2.1. Research Objects. Sixty patients with rectal cancer at the
hospital from August 2018 to October 2020 were selected as
the research objects in this study..ey all received nCRTand
had undergone the total mesorectal excision (TME). .ere
were 40 male cases and 20 female cases, aged 45–51 years old
(with an average age of 48 years old). .is experiment had
been approved by the ethics committee of the hospital, and
all experimental matters had been informed to the patient
and his/her family members, who had signed the informed
consent forms.

Inclusion criteria were as follows: patients who were
pathologically diagnosed with rectal cancer; patients whose
clinical tumor node metastasis (TNM) tumor staging was
confirmed by MRI before nCRT; patients whose rectal
cancer tumor staging was T3-4 (T3: larger and/or infiltration
beyond the margin of primary organ; T4: very large and/or
infiltration into adjacent organs) without distant metastasis;
patients who received the TME after the nCRT; and patients
with complete clinical data.

Exclusion criteria were as follows: patients who were
pathologically diagnosed with mucinous adenocarcinoma;
patients with familial polypoid adenoma; patients with
previous history of other malignant tumors; patients with
incomplete MRI imaging results for analysis; and patients
with incomplete clinical data.

2.2. nCRT. .e nCRTprogram in this study was performed
with the linear accelerator 6MV-X-ray for traditional seg-
mentation. .e total pelvic radiotherapy radiation dose was
40–50Gy (with 2Gy once), the radiation had to be con-
tinued for successive 5 days a week, and the radiation was
repeated after 2 days. .e total number of exposures was
20–25 times, and the irradiation should be continued for 5
weeks. .e nCRTprogram was defined as follows. From the
day when the nCRTwas started, the patient was required to
take capecitabine tablets (1250mg/m2) orally with 2 times a
day, which should be continued for 5 days without any
suspension and then stopped for 2 days. A course of
treatment should be one week, and the oral administration
should be required for a total of 5 weeks till the nCRT was
finished.

2.3. LRMR Algorithm. .e concept of LRMR algorithm was
to recover a data matrix with a lower rank from a slightly
larger error but with a small number of non-zero elements in
the matrix, which was deemed as the sum of the rank matrix
and the noise matrix. .en, solving the optimal kernel norm
was adopted to restore the low-rank matrix. It was supposed
that in addition to the original information, the image data
also included a part of noise, which meant that the original
data were regarded as the sum of a low-rank matrix and a
sparse matrix. For example, the low-rank matrix A was
interfered by the sparse matrix O and converted to matrix B,
so the low-rankmatrix had to be restored firstly, as described
below:

min rank(A) + X‖O‖0

S.t A + O � B.
(1)

In the above equation, X was the decision function,
rank(A) represented the rank of matrixA, and ║O║0 referred
to the zero norm of matrixO. In the process of solving, it was
found that rank(A) and ║O║0 were very computationally
intensive, so the solution of norm minimization A1 was
infinitely close to the solution of norm minimization A0.
.en, (1) could be written as follows:

min ‖A‖0 + X‖O‖1

S.t. A + O � B.
(2)

In the above equation, ║A║0 was the kernel norm of the
function, which represented the sum of the eigenvalues of all
matrices. In the low-rank matrix theory, matrix B repre-
sented the image containing noise; A represented the
original image that should be restored; and O referred to the
lonely and scattered noise in the image. .erefore, under the
precondition of without obtaining experience and historical
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data, solving (2) could separate the noise from the image
data with noise, restore the original image, and more
completely preserve the corners, texture parameters, and
other subtleties of the image.

After the denoising was completed, it was necessary to
evaluate the effect, such as the smoothness and flatness of the
image after denoising, whether the corners were clear
enough, whether some detailed information was lost, and
whether there was distortion compared with the original
image. .e mathematical evaluation method of this exper-
iment was the peak signal-to-noise ratio method, which
could determine the intelligibility and simulation degree of
the image. .e concept was described as follows:

PSNR � 5 log5
1502

(1/UV) 
u
p�1 

v
t�1 Cpt − Dpt 

2
⎡⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎦. (3)

In the equation above, Cpt and Dpt represented the gray
level of the denoised image and the original image, re-
spectively, and U and V represented the row and column of
the image, respectively. Peak signal-to-noise ratio (PSNR)
was the image quality evaluation index. .e higher the
PSNR, the greater the denoising intensity of the algorithm.

2.4. MRI Examination. All patients had a low fiber diet 3
days before MRI, used drugs to clean their intestines within
12 hours before MRI, banned digital rectal examination,
sigmoidoscopy and other examinations, and fasted within 6
hours before MRI. Before the examination, a medical
coupling agent was injected into the anus to help clear the
ultrasound image. All patients were examined with MRI
machine and 16-channel body phased array coil of the same
brand. .e MRI scan sequence included the axial T1-
weighted imaging (T1WI) sequence, oblique axial high-
resolution T2-weighted imaging (T2WI) sequence perpen-
dicular to the lesion, sagittal T2WI sequence, and oblique
coronal T2WI sequence parallel to the lesion.

2.5. Image Analysis. .e full quantitative postprocessing
Matlab software was adopted to extract the texture feature
parameters in the MRI image after denoising by the LRMR
algorithm, and a professional imaging doctor with rich
experience in rectal MRI diagnosis was required to check the
MRI images of all the examined patients. .e part with the
largest rectal tumor area was selected for image analysis, and
the relevant data were recorded for subsequent use. Before
image segmentation, all the original images were stan-
dardized and calibrated firstly, and then two professional
doctors with rich experience in gastrointestinal imaging
diagnoses were required to select the largest rectal tumor
area without being informed of any clinical data of the
patient. Image segmentation was performed on a part of the
image, and the relevant texture feature parameters were
collected. .e length value, height value, and the average
apparent diffusion coefficient (ADC) of all patients before
and after nCRT treatment were measured for the largest
tumor area.

According to the 7th edition of the staging system
standards issued by the American Cancer Federation and the
International Anti-Cancer Alliance, the imaging stage di-
agnosed by the MRI image was selected as the primary
tumor condition of patients before the nCRT, which referred
to the T stage. Based on the final pathological stage after the
completion of the nCRT, patients can be rolled into two
groups: T-downstage group and T-non-downstage group.
.e ADC, length, and height of all rectal cancer patients
were measured before and after nCRT for comparisons. All
patients in the T-downstage group and T-non-downstage
group were tested for differences in their tumor ADC,
length, and height values before the nCRT was given. In
addition, the ADC difference, length difference, height
difference, ADC change rate, length change rate, and height
change rate of patients in the T-downstage group and
T-non-downstage group were observed and compared be-
fore and after the nCRT. All the data in this experiment were
automatically calculated by computer software.

2.6. Follow-UpVisit. .e patients received follow-up visit by
telephones. Every surviving patient had to be followed up for
at least 5 years after TME at the frequency of every 3 months
within the first year after surgery, every half an hour in the
second and third year, and every other year in the 4th and 5th
years.

In the survival analysis of this experiment, the charac-
teristic events that reflect the failure or ineffectiveness of
treatment measures were manifested as disease develop-
ment, such as tumor recurrence, distant metastasis, or the
final death of the patient due to various factors. .e criterion
referred to the disease-free survival, which was the time from
randomization to disease recurrence or patient death due to
disease progression. For patients who were lost to follow-up
due to incorrect phone calls, shutdowns, disconnection, and
refusal to follow-up, their disease-free survival ranged from
the first day after TME to the last follow-up before loss to
follow-up. For patients with no failure events, the disease-
free survival period ranged from the first day after TME to
the day when the experiment ceased follow-up. .ese data
were marked as truncated data, and the follow-up infor-
mation of all other valid patients was fully included in the
database.

2.7. Statistical Analysis. .e SPSS 24.0 software was used for
statistical analysis, and the Kolmogorov–Smirnov test was
adopted to analyze whether the experimental data were
consistent with the Gaussian distribution. If it did, the t test
was used. P< 0.05 meant that the difference was statistically
significant. .e ADC, length, and height of all rectal cancer
patients before and after nCRT, the tumor ADC, length, and
height values before the nCRT of patients in the T-down-
stage group and T-non-downstage group and the ADC
difference, length difference, height difference, ADC change
rate, length change rate, and height change rate of patients in
the T-downstage group and T-non-downstage group were
performed with the test of normality. If the Gaussian dis-
tribution was met, the t test was selected. P< 0.05 meant that
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the difference showed statistical significance. .e Wilcoxon
signed rank test was applied to compare the differences in
texture parameters before and during the nCRT. .e
Mann–Whitney rank sum test was adopted to evaluate the
differences in texture parameters between groups with
different curative effects. P< 0.05 indicated that the differ-
ence was statistically significant.

3. Results

3.1. Comparative Analysis of MRI Images before and after
Using the LRMR Algorithm. A patient in the T-downstage
group, male, 50 years old, received the routine MRI ex-
amination before the nCRT. However, the MRI image was
unclear and there was extra interference noise (Figure 1) due
to the lower level of imaging equipment, which made it
difficult to observe the details of the tumor in the intestinal
wall. .erefore, the LRMR algorithm was applied in MRI
imaging technology, and the image obtained was clear
without unnecessary noise, as shown in Figure 2.

3.2. Number of T Stage of Rectal Cancer Patients before and
after ReceivingnCRT. Before nCRT treatment, there were 35
patients with T3 stage and 25 patients with T4 stage. After
the nCRT, there were 17 patients with T1 staging, 10 with T2
staging, 28 with T3 staging, and 5 with T4 staging, as shown
in Figure 3.

3.3. Consistency of MRI Image Texture Parameters in Patients
with Rectal Cancer. Before and after the nCRT, two pro-
fessional physicians with rich experience in gastrointestinal
imaging diagnosis used the LRMR algorithm to extract clear
relevant texture feature parameters from the selected MRI
images of the largest level of rectal tumors, and the range of
correlation coefficient values within the group was
0.73–0.99, showing good consistency and reliability (as given
in Figure 4).

3.4. Comparison of the Tumor Height, Length, and ADC in
Patients with Rectal Cancer before and after nCRT. .e tu-
mor height, length, and ADC in the MRI images obtained
through the LRMR algorithm were compared for all patients
with rectal cancer before and after the nCRTwas given, and
the results are illustrated in Figure 5. It showed that the
tumor height and length values after nCRT were smaller
than those before the nCRT, but the ADC value of the tumor
was much higher, showing statistically obvious differences
(P< 0.05).

3.5. Comparison of Tumor Height, Length, and ADC for Pa-
tients between T-Downstage Group and T-Non-Downstage
Group before nCRT. All rectal cancer patients were rolled
into a T-downstage group and a T-non-downstage group,
and the maximum height value, length value, and ADC in
the MRI images obtained by the LRMR algorithm were
compared for patients in the two groups before the nCRT
was given. As illustrated in Figure 6, the results showed no
statistical significance (P> 0.05).

3.6.ComparisonofMRI ImageTextureParameters forPatients
between the T-Downstage Group and T-Non-Downstage
Group. All rectal cancer patients were rolled into a
T-downstage group and a T-non-downstage group. .e
texture parameters of MRI images based on LRMR algo-
rithm were analyzed and compared, including the standard
deviation value, homogeneity, energy, and entropy before
nCRT as well as the average and entropy during the nCRT.
.e results showed statistically observable difference
(P< 0.05), as given in Figures 7 and 8.

3.7. Comparison of Height Difference, Length Difference, and
ADCDifferenceofTumor inPatientsbetween theT-Downstage
Group and T-Non-Downstage Group before and after nCRT.
.e height difference and length difference of tumor in the
MRI images obtained using the LRMR algorithm showed no
statistical differences between the T-downstage group and

Figure 1: Original MRI images of a male patient.
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T-non-downstage group before and after the nCRT
(P> 0.05), while the ADC difference showed statistical
difference (P< 0.05), as shown in Figure 9.

3.8. Comparison of Height Change Rate, Length Change Rate,
and ADC Change Rate of Tumor in Patients between
T-DownstageGroup andT-Non-Downstage Group before and
after nCRT. All rectal cancer patients were divided into a
T-downstage group and a T-non-downstage group. .e
height change rate and length change rate of the tumor in the
MRI images obtained by the LRMR algorithm before and
after the nCRTwere compared between the two groups, and
the results suggested that the differences were not

statistically significant (P> 0.05), while the ADC change rate
was statistically different (P< 0.05), as shown in Figure 10.

3.9. Case Analysis

Case 1. A patient in the T-downstage group, male, 50 years
old, suffered from an intermittent discharge of pus and
blood for 2 months. After nCRTwas given, the lesion tissue
in the rectum of the patient was thinner, and the ADC value
was greatly higher than that before nCRT, as shown in
Figures 11 and 12.

Figure 2: .e MRI images after processing with the LRMR algorithm.
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Figure 3: Number of cases in different T stage of rectal cancer
before and after nCRT treatment.
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Figure 4: Consistency of MRI image texture parameters before and
after nCRT. 1, 2, 3, 4, 5, 6, and 7 represented the average, the
standard deviation, the skewness coefficient, the kurtosis coeffi-
cient, the homogeneity, energy, and the entropy value, respectively.
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Case 2. A patient with rectal cancer in the T-non-downstage
group, female, 47 years old, suffered from intermittent diarrhea,
pus, and bloody stool for more than 3 months. After nCRTwas
given, the MRI image based on the LRMR algorithm showed
that the tumor lesions in the rectumdid not change from thick to
thin, and its ADC value decreased slightly compared with the
previous one, as shown in Figures 13 and 14.

4. Discussion

Rectal cancer is a kind of cancer formed by malignant
transformation of rectal tissue cells, and it is one of the most
common gastrointestinal cancers in the world. Rectal cancer
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Figure 5: Comparison of tumor height, length, and ADC in patients with rectal cancer before and after nCRT. ∗indicated that the height
value, length value, and ADC of the tumor after nCRT were statistically different from those before nCRT (P< 0.05).
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Figure 6: Comparison of tumor height, length, and ADC for
patients between T-downstage group and T-non-downstage group
before nCRT.
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Figure 7: Comparison of MRI image texture parameters of
T-downstage group before and during the nCRT. 1, 2, 3, 4, 5, 6, and
7 represented the average, the standard deviation, the skewness
coefficient, the kurtosis coefficient, the homogeneity, energy, and
the entropy value, respectively. ∗indicated that the texture pa-
rameters (1, 2, 5, 6, and 7) in the T-downstage group before nCRT
were statistically different from those during the nCRT (P< 0.05).
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shows basically no obvious symptoms in the early stage, and
most of the patients are in the middle and late stages when
they are diagnosed. .e onset of rectal cancer is hidden, its
location in the pelvic cavity is complicated, the surgery is
difficult, and the recurrence and metastasis rate is high after
the middle and late stages, which seriously reduces the
quality of life of the patients [12, 13]. Nowadays, nCRT has
become a universally effective treatment method, and it is
used more and more widely in clinical practice. For the early
diagnosis of rectal cancer, medical imaging is an important
clinical examination method. Among them, MRI technology
is the first choice. However, MRI images may show uneven
illumination and noise due to factors such as imaging
equipment, which prevents the readers from being able to
diagnose the disease, bringing some trouble for accurate
judgments in clinic [14]..erefore, the LRMR algorithmwas
applied to MRI images in this study, which could remove the
noise, display clearly, and improve the accuracy of imaging
[15].

In this study, 60 patients with rectal cancer were selected,
and the texture parameters related to the rectal tumor in the
MRI image were extracted through the LRMR algorithm. In
addition, the height, length, and ADC values of tumor of all
patients were compared before and after nCRT. .e results
revealed that in patients who were given nCRT, the dif-
ferences in the height, length, and ADC maximum of tumor
lesions were statistically observable (P< 0.05). Such results
indicated that nCRTreduced the height and length of tumor
lesions. .e increased ADC indicated that nCRT had a
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Figure 8: Comparison of MRI image texture parameters of T-non-
downstage group before and during nCRT. 1, 2, 3, 4, 5, 6, and 7
represented the average, the standard deviation, the skewness
coefficient, the kurtosis coefficient, the homogeneity, energy, and
the entropy value, respectively. ∗suggested that the difference in
texture parameters (1 and 7) in the T-non-downstage group before
nCRT was statistically different from that during the nCRT
(P< 0.05).
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Figure 9: Comparison of height difference, length difference, and
ADC difference of tumor in patients between the T-downstage
group and T-non-downstage group before and after nCRT.
∗represented that the ADC difference of tumors in the T-down-
stage group and the T-non-downstage group after nCRT was
statistically different from that before nCRT (P< 0.05).
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Figure 10: Comparison of height change rate, length change rate,
and ADC change rate of tumor in patients between T-downstage
group and T-non-downstage group before and after nCRT.
∗represented that the ADC change rate of tumors in the
T-downstage group and the T-non-downstage group after nCRT
was statistically different from that before nCRT (P< 0.05).
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Figure 12: After treated with nCRT, the patient underwentMRI again..eMRI images based on the LRMR algorithm showed that the high-
resolution oblique-axis T2-weighted imaging showed that the rectal wall was thinner than before nCRT, and the highest position was about
0.38 cm. .e axial ADC showed that the average ADC was 1.196×10−3mm2/s, which was much higher in contrast to the value before nCRT.

Figure 11: Before nCRTtreatment, theMRI image based on the LRMR algorithm showed that the oblique-axis high-resolution T2-weighted
imaging sequence showed that the front of the rectal wall was not smooth, the internal rectal radiography was blurred, and the wall was
thickened, which was 1.46 cm maximal. .e axial ADC showed that the ADC was about 0.732×10−3mm2/s.

Figure 13:.e patient received MRI examination before nCRT, and the results based on the LRMR algorithm showed that the oblique-axis
high-resolution T2-weighted imaging showed that the front of the rectal wall was not smooth and uneven, and the wall was thickened, the
highest was about 1.7 cm, and the cancer cell lesions diffused throughout the layer. .e axial ADC showed that the average ADC was
1.278×10−3mm2/s.
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definite curative effect in the clinical treatment of rectal
cancer [16]. .e experimental results were in line with
expectations because a number of previous studies showed
that the denoising model constructed by low-rank matrix
algorithm has a positive role in noisy MRI images and can
decompose and extract noise so as to achieve the purpose of
optimizing images. In 2019, Mao et al. put forward the
theory of LRMR algorithm in an article to perform low-rank
decomposition of approximate blocks, which could effec-
tively segment the image data information and noise,
thereby removing the excess noise in the image [17]. Dayde
et al. [18] also reported that nCRT had good preoperative
tissue oxygenation and good therapeutic efficacy, while
avoiding the radiation proctitis of postoperative radio-
therapy caused by postoperative surgical field adhesion and
fixation, and the difficulty of surgery and the incidence rate
of complications were also reduced. .e reliability of these
statements were confirmed in this study. A low-rank matrix
algorithm was used to build a model to decompose and
extract the noisy MRI images and compare the texture
feature parameters in the obtained images and the relevant
values of tumor lesions before and after the treatment [19],
so as to analyze the clinical curative effect of nCRTon rectal
cancer, which played an important role in the clinical
treatment of rectal cancer.

5. Conclusion

An image denoising model was constructed based on the
LRMR algorithm and applied to the MRI images of 60
patients with rectal cancer who received nCRT in this
study. It was found that the MRI image after denoising by
the LRMR algorithm was clearer than the ordinary MRI
image, and the display of image details was enhanced.
From the information extracted from it on rectal cancer
tumor lesions, neoadjuvant chemo-radiotherapy has a
significant effect in the clinical treatment of rectal cancer.
However, the number of patient samples was small and

the source was single. For the two MRI examinations
before and after nCRT, the selected ranges for analysis
may not all be the same, and the application of LRMR
algorithm in MRI image information was not universal
enough. In addition, it lacked deeper analysis and dis-
cussion. It is believed that LRMR algorithm would play a
greater role in the medical field with the development of
technology.
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