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Abstract
BACKGROUND
The rate of positive resection margins (R1) in patients with low rectal cancer is
substantial. Recommended remedies such as extended resection or
chemoradiotherapy have their own serious drawbacks. It has been reported that
photodynamic therapy (PDT) as a remedial treatment for esophageal cancer.
Colorectal cancer and esophageal cancer has many similarities, however, PDT as
a salvage therapy for rectal cancer is rare.

CASE SUMMARY
Here, we describe a 56-year-old man who was admitted to the hospital due to a 6-
mo history of hemafecia, which had been aggravated for 1 mo. Colonoscopy
revealed a 3 cm × 4 cm ulcerated mass in the rectum 4 cm from the anus.
Preoperative pathological examination showed villous adenoma, moderate-to-
high-grade dysplasia, good differentiation, and invasion of the mucosal muscle.
The patient had R1 after ultra-low anterior resection, but he refused extended
resection and experienced severe liver function impairment after 3 cycles of
chemotherapy. Ultimately, the patient underwent PDT to remove R1. After five
years of follow-up, there was no liver function impairment, recurrence,
metastasis, sexual dysfunction, or abnormal defecation function.

CONCLUSION
This is the first case worldwide in which R1 of rectal cancer were successfully
treated by PDT.

Key words: Low rectal cancer; Photodynamic therapy; Positive microscopic distal margin;
Salvage therapy; Removal; Residual microscopic cancer; Case report
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Core tip: The rate of R1 in patients with low rectal cancer is substantial, especially when
sphincter preservation is desired. Many people refuse to remove the anal sphincter. Thus,
further extended resection cannot be performed. In addition, postoperative
chemoradiotherapy, which is the second choice to compensate for R1, has disappointing
outcomes and numerous drawbacks. Because of many advantages and few side effects of
photodynamic therapy (PDT), this approach is increasing in frequency. This case report
describes PDT as a salvage therapy for R1 in a patient with low rectal cancer after ultra-
low anterior resection; sphincter preservation was achieved, and no recurrence was
observed after 5 years.
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INTRODUCTION
Low rectal cancer refers to rectal cancer within 5 cm of the dentate line. Currently,
total  mesorectal  excision (TME) is  the first  approach for  rectal  cancer.  However,
sphincter preservation in patients with low rectal cancer is controversial. Some people
consider abdominoperineal resection (APR) to be the standard, whereas others see the
benefit of sphincter preservation[1].  The latter approach is currently trending. The
ultimate goal of surgery is to obtain a good prognosis. Many studies have confirmed
that a positive resection margin (R1) is a significant factor affecting the prognosis of
patients with rectal cancer. Unfortunately, although advances in surgical techniques
and multimodality therapy have reduced the rate of R1 in patients with low rectal
cancer, this outcome still occurs in a large proportion of patients[2]. Patients with R1
need extended resection, which often means that the anus cannot be retained. This
outcome is unacceptable for many patients and their families.  Alternatively, as a
remedy and alternative, postoperative chemoradiotherapy (CRT) may be performed,
but the effects and side effects of this approach are questionable. In recent years,
photodynamic  therapy (PDT)  has  become an emerging treatment  because  of  its
unique advantages and its potential for further development. This article reports the
first case of PDT as a salvage treatment for microscopic residual cancer after ultra-low
anterior resection (ULAR) for low rectal cancer. This report aims to explore remedial
treatment of a positive microscopic distal margin and the potential value of PDT in a
patient with low rectal cancer.

CASE PRESENTATION

Chief complaints
A  56-year-old  male  patient  without  hepatitis  was  admitted  to  the  hospital  on
November 29, 2012, due to a 6-mo history of hemafecia, which had been aggravated
for 1 mo.

Personal and family history
The patient had good health and no relevant personal or family history.

Physical examination upon admission
A digital rectal examination could touch half of the annular mass in the back wall of
the rectum 4-5 cm away from the anal sphincter. The boundary of the mass was still
clear,  the range of  motion of  the mass was normal,  and the intestinal  canal  was
narrow, but a finger could be passed through. After the examination, scarlet coloured
blood was present  on the gloves.  Additionally,  no abnormalities  were found on
routine blood tests, routine urine tests, a urinary sediment examination, routine faecal
tests, an occult blood test, blood biochemistry, and C12. Chest X-ray and abdominal B
ultrasound also showed no abnormalities. However, colonoscopy revealed a 3 cm × 4
cm ulcerated  mass  in  the  rectum 4  cm from the  anus  (Figure  1A).  Preoperative
pathological  examination  showed  villous  adenoma,  moderate-to-high-grade
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dysplasia, good differentiation, and invasion of the mucosal muscle. On December 5,
2012, the patient underwent TME and ileostomy by laparoscopy. After surgery, there
was a rectal mucosal inflammation change without residual tumour on colonoscopy
(Figure 1B). Postoperative histopathologic examination revealed that the tumour was
a moderately differentiated adenocarcinoma and a partial mucinous adenocarcinoma;
the TNM stage was T2N0M0, with no cancer in the incision margin and no metastasis
to the lymph nodes. Unfortunately, cancer was detected on the distal surgical margin
(Figure 2A and B).  We suggested to  the  patient’s  family  that  the  patient  should
undergo an extended resection, which would require removal of the anus. However,
the  family  rejected  the  proposal  and  asked  for  postoperative  chemotherapy.
Therefore, FOLFOX6 was administered on December 26, 2012. The patient recovered
well and did not show obvious chemotherapeutic toxicity. Subsequently, FOLFOX6
was  administered  twice,  and  the  patient’s  liver  function  was  not  significantly
abnormal. Until March 29, 2013, the patient received chemotherapy for the fourth
time;  however,  the  patient  complained  of  abdominal  pain,  and  the  physical
examination showed deep tenderness in the right upper abdomen, with no rebound
pain, liver area percussion pain, and a positive result for Murphy’s syndrome. At the
same time, the patient’s skin and sclera showed yellowing.

Laboratory examinations
Laboratory tests showed that routine blood tests were normal. The neutrophil ratio
was 76.50%, and the remaining results are as follows: alanine aminotransferase (ALT)
104.8 U/L, aspartate aminotransferase (AST) 232.7 U/L, total bilirubin (TBIL) 25.8
µmol/L, direct bilirubin (DBIL) 17.3 µmol/L, total bile acid (TBA) 218.2 µmol/L, and
alkaline phosphatase (ALP) 220.2 U/L. There was no abnormality on abdominal B
ultrasound. On March 30, 2013, the following liver function results were obtained:
ALT 249.6 U/L, AST 212.8 U/L, TBIL 86.8 µmol/L, DBIL 63.7 µmol/L, TBA 387.5
µmol/L,  r-glutamyl  transferase  512.6  U/L,  and  ALP  309.5  U/L.  Abdominal
ultrasound  revealed  that  the  inner  diameter  of  the  common  bile  duct  was
approximately 9 mm. Then, a consultation was requested from a gastroenterologist,
who considered the patient to have drug-induced hepatitis and recommended liver-
protective treatment. Therefore, we stopped the chemotherapy programme. After two
wk of treatment, the symptoms of skin and scleral yellowing gradually faded, and the
results  showed  that  the  liver  function  had  gradually  improved  but  remained
abnormal. Unfortunately, on April 20, 2013, the patient again complained of pain at
the umbilicus, and the sclera was once again stained. Liver function tests showed ALT
158.1 U/L, AST 136.1 U/L, TBIL 55.9 µmol/L, DBIL 42.8 µmol/L, TBA 329.0 µmol/L,
and ALP 265.6 U/L. The patient’s immune system index and complete hepatitis set
showed no abnormalities.

Imaging examinations
Additionally,  no  obvious  abnormalities  were  observed  on  magnetic  resonance
imaging of the liver and bile duct system. We continued to treat the patient with liver
care. After two weeks, the jaundice gradually subsided, but liver function indicators
were still abnormal. Considering the comparative advantage of the severe side effects
of radiotherapy and chemotherapy and the relative advantages of PDT, we obtained
consent from the patient and his family. On May 6, 2013, we implemented PDT for the
patient. In the first 48 h of PDT, intravenous porphyrin was administered at a dose of
2 mg/kg. We used a 4-cm-long fibre to transmit a laser with a wavelength of 630 nm
covering the proximal (1 cm) and distal ends of the anastomosis (3 cm). The power
intensity was 100 mw/cm2, the irradiation time was 20 min, and the interval was 10
min.  As  expected,  no  side  effects  were  observed  throughout  the  PDT  process.
Approximately 3 wk after PDT, a circular piece of mucosal tissue fell off the anus
(Figure 1C). The results of the liver function review were normal until discharge.
Subsequently, the patient underwent repeated colonoscopy, and no recurrence was
found.  At  that  time,  intestinal  canal  stenosis  appeared,  which  recovered  after
expansion treatment of the anal rectum. The patient also showed no yellowing of the
skin or sclera,  and liver function was normal.  Five years after the operation,  the
patient was generally in good condition, with no liver function impairment, sexual
dysfunction, or abnormal defecation function. At that time, no recurrence was found
on endoscopic  ultrasonography  (Figure  1D and  E)  or  pathological  examination
(Figure 2C and D).

FINAL DIAGNOSIS
Rectal cancer (T2N0M0 with microscopic residual cancer).
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Figure 1

Figure 1  Findings of colonoscopy and endoscopic ultrasonography during treatment. A: The colonoscopy revealed a 3 cm × 4 cm ulcerated mass in the
rectum 4 cm from the anus before surgery; B: After surgery, there was a rectal mucosal inflammation change without residual tumour on colonoscopy; C: The patient
underwent photodynamic therapy, a circular piece of mucosal tissue fell off the anus, but the anastomotic stenosis was observed at 5 cm from the anus; D and E: Five
years after the operation, there was an intestinal canal stenosis without tumour on endoscopic ultrasonography.

TREATMENT
The patient underwent TME operation. Pathological examination revealed a positive
distal surgical margin. Chemotherapy was interrupted at three cycles of FOLFOX6
due to liver function damage. Thereafter,  the patient received PDT irradiation to
anastomosis area by colonoscopy.

OUTCOME AND FOLLOW-UP
No recurrence,  metastasis,  liver function impairment,  or sexual dysfunction was
observed and defecation function was normal. Mild stenosis around anastomosis area
was found by colonoscopy without impact on daily life.

DISCUSSION
Colorectal  cancer  ranks  among  the  top  three  cancers  in  both  men  and  women
worldwide[3].  Similarly, colorectal cancer ranks high in China[4].  Among colorectal
cancers, the most unique form is low rectal cancer. Low rectal cancer refers to rectal
cancer within 5 cm of the dentate line. Because the tumour is close to the anus and the
anatomy of the pelvic cavity is complex, it is difficult to operate on such cancers. On
the one hand, it is necessary to completely remove the tumour; on the other hand, it is
necessary to retain the anus and the pelvic structure as much as possible. At present,
the  principle  approach  for  radical  surgery  for  rectal  cancer  is  TME  for  radical
resection, according to need, combined with adjuvant therapy, such as chemotherapy,
radiation therapy (RT), and targeted therapy[4,5]. However, sphincter preservation for
patients with low rectal cancer is controversial. Some support APR as a standard
approach, while others support sphincter preservation. According to statistics, among
patients with low rectal cancer who undergo TME surgery, there is a substantial risk
of R1. A study from the Yonsei University College of Medicine, Republic of Korea
reported a large series of TME patients (876 subjects), of whom 55 had R1 (5.5%), with
48 patients having a circumferential R1 and 7 patients having a distal R1[6]. In a large
retrospective Dutch study, the rate of R1 was nearly 19%[7]. In the CLASICC trial of
laparoscopic vs open surgery, the authors reported an R1 rate of 13%[8]. In addition, a
positive distal margin is an important factor affecting prognosis. Kim et al[6] found that
recurrence of anastomotic site is strongly related to R1 by multivariate analysis. A
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Figure 2

Figure 2  Pathological changes in the patient with positive microscopic distal margins after photodynamic therapy. A and B: Postoperative histopathologic
examination revealed that the tumour was a moderately differentiated rectal adenocarcinoma and a partial mucinous adenocarcinoma; the TNM stage was T2N0M0,
with no cancer in the incision margin and no metastasis (0/4) to the lymph nodes. Unfortunately, cancer was detected on the lateral edge of the operated area; C and
D: Five years after the operation, microscopic examination of a biopsy at the rectal anastomosis showed the formation of inflammatory necrotic lesions and the
formation of ulcerative lesions in the inflammatory granulation tissue. No malignancy was found in multiple sections.

study from the Netherlands (Dutch-Swedish short-course RT trial) also supported
these conclusions. In this RT trial, R1 was an independent prognostic factor not only
for local relapse (LR) but also for metastases. When the total number of patients who
developed  metastases  was  considered,  the  difference  was  significant:  37.6%  in
patients  with  R1 vs  12.7% in  patients  with  negative  resection margins  (R0)  (P  <
0.0001)[7]. Therefore, to avoid positive distal resection margins as far as possible, the
operative distal resection margin should be at least 2 cm. This requirement may be
relatively easy for patients with colon cancer or high rectal cancer.  However, for
patients with low rectal cancer, especially ultralow rectal cancer, this recommendation
is hard to achieve without disregarding the patient’s anal sphincter and pelvic nerve
function. Admittedly, new adjuvant therapy, as well as laparoscopy and robotics,
have been considered for such patients, but the power of these techniques is limited.
As a result, how to compensate for R1 is still a question worth exploring. Patients with
intraoperative  incipient  positive  margins  should  be  recommended  to  undergo
prolonged or extended resection. Extended resection surgery can remove positive
margins, thus reducing the recurrence rate at the anastomosis and distant metastasis.
However, reoperation carries a substantial risk and increases financial and physical
burdens. More importantly, for most patients with low rectal cancer, prolonged or
extended resection surgery means that the anal sphincter cannot be preserved, the
pelvic  nerve  structure  is  impaired,  and the  patient  experiences  micturition  and
defecation and sexual disorders. This outcome has a substantial impact on the future
quality of life of patients and their families,  and many people cannot accept this
result.  In addition to surgery,  the second option is  adjuvant CRT. The European
Society for Medical Oncology first added CRT to its guidelines in 2013[9]. Studies have
shown that preoperative CRT can reduce the risk of locoregional recurrence[10], and
this approach can reduce tumour size and the pathological stage of rectal carcinoma
and increase the tumour resection rate and the anus retention rate[9-12]. However, the
effect of postoperative CRT on the compensation of positive distal margins is not as
good as expected, and there are numerous drawbacks. A retrospective study showed
that  in  the  neoadjuvant  CRT  group,  only  14.3%  of  R1  patients  developed  LR.
However, in the adjuvant CRT cohort, 50% of R1 patients showed LR after 2 years (P
< 0.01)[13,14]. In a retrospective study from the Yonsei University College of Medicine,
13% of patients with R1 who were treated with adjuvant CRT developed LR[13]. In
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addition, in an experiment,  56 of 120 patients in the surgery-only group with R1
received postoperative radiotherapy, but the results showed that radiotherapy was of
little  significance[15].  Consequently,  adjuvant  therapy has  a  limited effect  on the
compensation of postoperative R1. However, CRT has many shortcomings[4]. First,
there is resistance to chemotherapy drugs. Studies have found that almost all CRC
patients develop resistance to chemotherapy[16]. Second, chemotherapy drugs produce
treatment toxicity, including mild reactions such as nausea, vomiting, and hair loss
and serious reactions such as liver and kidney failure. When cancer cells become
resistant to one chemotherapy drug, they become resistant to others. In contrast, the
main advantage of targeted therapy is that it reduces the toxicity of drugs through
targeted  action,  but  it  still  cannot  avoid  the  problem  of  drug  resistance[17].  For
radiotherapy,  there  is  no  drug  resistance,  however,  not  only  is  the  treatment
ineffective, but many side effects occur[5]. Unfortunately, drug resistance and the toxic
side effects of CRT in rectal cancer remain difficult problems. In particular, patients
with liver and kidney dysfunction before surgery may even experience liver and
kidney  failure.  In  addition,  long-term,  multi-course  treatment  is  a  substantial
challenge for patients and their families. Thus, in addition to continued optimization
of surgery and CRT, we are also exploring whether there are new ways to compensate
R1. In recent years, PDT has become an emerging treatment modality[4].  PDT as a
mode of treatment differs from both conventional chemotherapy and radiotherapy.
PDT is composed of photosensitizer, light, and reactive oxygen species (ROS). First,
the photosensitizer accumulates in cancer cells, and then induces ROS formation via
stimulation by light irradiation. Since photosensitizers are only locally deposited and
activated in cancer cells, leading to tumour cell death through ROS effects, PDT has a
targeted effect and does little harm to normal cells[16]. The greatest advantage of PDT,
in addition to its high selectivity to tumours, is the lack of cross-resistance. A large
amount  of  preclinical  evidence  shows  that  PDT  can  not  only  overcome  drug
resistance, but even make drug-resistant cells sensitive again[16,18]. Additionally, PDT
has  other  advantages  over  traditional  therapy.  Treatment  side  effects,  such  as
phototoxic and photoallergic reactions,  are caused only by excessive amounts of
photosensitizers[5]. On the other hand, PDT may cause inflammation and edema in the
treated area, therefore, intestinal stenosis may be founded. However, there have been
no  reports  on  liver  and  kidney  toxicity.  Moreover,  with  the  improvement  of
photosensitizers, the side effects of PDT are constantly being overcome. Therefore,
PDT is gradually expanding its clinical applications with unique advantages and
minor side effects.  The tumour in the ULAR patient presented in this article had
already invaded the mucosal  muscle,  with no lymph node or  distant  metastasis
(T2N0M0) and no neoadjuvant therapy. Unfortunately, the microscopic distal margin
was positive, and we suggested that the resection should be extended; this approach
would mean that the anus would not be retained, and a fistula would be performed,
which was strongly rejected by the patient’s family. Therefore, FOLFOX6 was used for
chemotherapy  after  surgery.  After  three  cycles  of  chemotherapy,  the  patient
developed severe liver function impairment, and no obvious improvement was found
after treatment for liver function impairment;  thus, continued treatment was not
possible. Therefore, after obtaining consent from the patient and the patient’s family,
PDT was performed. No side effects were observed throughout the PDT process.
After treatment, residual cancer was not detected, and the patient’s liver function
improved gradually. After 8 mo of follow-up, no residual tumour recurrence was
observed;  intestinal  canal  stenosis  was detected at  that  time but  recovered after
expansion treatment  of  the  anal  rectum.  We tracked the  patient's  postoperative
condition until  5  years  after  surgery.  He lived as  a  normal  person,  without  any
discomfort.  Endoscopic  ultrasonography  and  pathological  examination  also
confirmed that there was no recurrence at the anastomosis. This case provides a new
approach for patients with positive microscopic distal margins, especially patients
who have already experienced CRT side effects; PDT may be a better choice for these
patients.  We  can  infer  that  PDT  has  the  same  effect  on  positive  circumference
resection margins. Whether PDT can become a new treatment to compensate for R1
and whether the results of PDT in compensating for R1 are better than those of CRT
require further investigation. In addition, whether the patient's intestinal stenosis was
due to chemotherapy or PDT requires further study.

CONCLUSION
Photodynamic removal  of  positive distal  margins is  a  safe  and effective salvage
treatment for R1 in patients with low rectal cancer. Further clinical trials should be
conducted  to  compare  therapeutic  value  between  PDT  and  CRT,  upon  which
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postoperative stenosis should be investigated also to clarify the affection of PDT.
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