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Discussion

This thesis focused on several aspects to further improve locally advanced and recurrent 

rectal cancer management. During last decade, rectal cancer treatment has shifted 

increasingly towards a personalized treatment depending on the local tumor and the 

presence of distant metastases. A multimodality treatment can result in relatively good 

long-term outcomes for both LARC and LRRC. This thesis aimed to further improve the 

multimodality treatment in order to offer patients the best oncological care. Briefly, the 

first part of this thesis, focusing on staging, showed a beneficial effect of restaging by 

thoraco-abdominal CT-scan after (chemo-)radiotherapy. It resulted in newly discovered 

distant metastases altering treatment in a substantial number of patients. Unfortunately, 

the beneficial effect of adding DCE sequences to local restaging by MR imaging after 

(chemo-)radiotherapy was limited. The second part, which focused on LARC, suggested 

that applying IORT leads to improved local control in patients with a microscopically 

involved circumferential resection margin (CRM). Furthermore, the treatment of cT4 

rectal cancer in high volume cT4 hospitals may lead to an improved overall survival, 

while the effect of the hospital volume in cT1-3 rectal cancer is limited. The third part, 

focusing on LRRC, demonstrated that patients with local recurrences after previous pelvic 

radiotherapy and TME surgery should also be considered candidates for curative surgery. 

Additionally, it showed that complete resections with close margins between 0-2mm have 

a poorer outcome than wider resection margins of >2mm and that the effect of systemic 

therapy on the local recurrence in previously irradiated area was limited.

The first part of this thesis focused particularly on restaging of patients with LARC 

after a long course of (chemo-)radiotherapy. Accurate staging is essential for high quality 

rectal cancer management. The accuracy of Magnetic Resonances (MR) imaging of 

tumor staging and CRM involvement is high in those who did not receive neo-adjuvant 

treatment. MR imaging can accurately differentiate between low tumor stage (T1-2) 

and high tumor stage (T3-4) with a high sensitivity of 87%.1 Moreover, a specificity 

of 94% in CRM involvement shows that MR-imaging can accurately detect patients at 

risk for incomplete resections when performing a standard TME procedure. Given the 

knowledge that (chemo-)radiotherapy does not only leads to a reduced local recurrence 

rate, the fact that it leads to tumor downstaging made it interesting to reassess the local 

tumor extent after (chemo-)radiotherapy.2,3 Potentially, these patients can be offered 

less radical resections in case of a good response to (chemo-)radiotherapy. Additionally, 

(chemo-)radiotherapy may lead to a complete pathological response (pCR). A pCR is 

seen in 11-19% of the patients after chemoradiotherapy.4-7 Accurate determination of 

patients with a pCR may be valuable, because these patients can be offered a ‘watch 

and wait’ approach. In a ‘watch and wait’ approach, rectal cancer surgery is omitted and 

patients are closely surveilled. The results of close surveillance after a complete clinical 
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response are promising.8-10 However, when considering applying a ‘watch and wait’ 

approach or performing less radical surgery, it is important to accurately stage rectal 

cancer after (chemo-)radiotherapy. For this reason patients, are increasingly restaged 

after neo-adjuvant (chemo-)radiotherapy. Unfortunately, the accuracy of restaging is 

poor. The sensitivity of differentiating between low tumor stage (T1-2) and high tumor 

stage (T3-4) tumor staging drops from 87% without neo-adjuvant therapy to 50% after 

(chemo-)radiotherapy.1,11 Therefore, new techniques are necessary to accurately reassess 

the local stage or to predict a pCR. Dynamic Contrast Enhanced (DCE) sequences may 

improve the accuracy of MR restaging. Malignant tissue shows specific contrast-enhanced 

patterns due to the neoangiogenesis, resulting in elevated perfusion and permeability.12 

This may help in differentiating between malignant and non-malignant tissue. 

Unfortunately, adding DCE sequences did not improve accuracy of tumor restaging, 

CRM-involvement or predicting a pCR. The accuracy of Tumor staging (45%) was similar 

to other series without the addition of DCE sequences (34-60%).13-18 Moreover, the 

accuracy of CRM-involvement was low and the radiologists were unable to detect a pCR. 

On the other hand, the accuracy of nodal staging was high. It is known that nodal staging 

after chemoradiotherapy is more accurate than at primary staging. This is caused by the 

lower prevalence of positive nodes, leading to a higher negative predictive value and 

thus a more accurate selection of the node negative patients after chemoradiotherapy.19 

Nonetheless, the accuracy of nodal staging in this study was high compared to other 

restaging studies. The fact early incomplete arterial phase enhancement was predictive 

for malignant nodes, makes DCE MR imaging promising for selecting patients for less 

radical surgery, such as Transanal Endoscopic Microsurgery (TEM) procedures. In TEM-

procedures nodal staging is important to prevent local tumor regrowth due to positive 

lymph nodes, since a lymph node dissection is omitted in TEM procedures. Despite of 

the high accuracy of nodal staging, it is doubtful to carry out standard DCE MRI’s in 

LARC restaging due to its poor accuracy of T- staging, CRM-involvement and predicting 

a pCR. MR imaging with extra DCE sequences is time-consuming and brings extra costs. 

The results of diffusion weighted (DW) MRI sequences are more promising. DW MRI 

has a sensitivity of 70% and a specificity of 98% in detecting a complete pathological 

response.20 Future research should focus on the combining different MR techniques to 

increase restaging accuracy and on finding new tumor labeling agents to more accurately 

detect vital tumor. Furthermore, the optimal timing to perform restaging by MR imaging 

should be evaluated. It could be hypothesized that restaging shortly prior to surgery may 

improve diagnostic accuracy, because downstaging is an ongoing process after ending 

chemoradiotherapy.

Although the accuracy of local restaging after (chemo-)radiotherapy is generally poor, 

it is widely used as it seems to be a logical step in improving rectal cancer management. 

In line with local restaging, it also seems logical to restage by a thoraco-abdominal 
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CT-scan after chemoradiotherapy to detect distant metastases. Surprisingly, the 

number of studies concerning the effectiveness of local restaging are numerous, but 

studies assessing the usefulness of restaging by a thoraco-abdominal CT-scan after 

chemoradiotherapy are extremely rare. The chance of developing distant metastases 

is associated with the local tumor stage. LARC has the highest risk of developing 

distant metastases, since higher tumor and nodal stage are associated with distant 

metatases.21-23 In LARC, the time interval between diagnosis and surgical resection is 

approximately 4 to 5 months. In this period occult metastases on primary imaging may 

become visible or new metastases may have evolved. Restaging could identify these 

patients. Our study found new metastases altering the treatment in 12% of the patients 

and surgery was cancelled in 8% of the patients. After publication of this study, other 

studies have reported their results of restaging to detect distant metastases during 

neo-adjuvant treatment. Even though new distant metastases were detected in all these 

studies, the reported percentages varied between 3 and 12%.24-27 Some supported 

our findings concerning the usefulness of restaging to detect distant metastases24. 

However, others state that the yield was too low.25,27 Davids et al.25 found distant 

metastases in 5% of the restaged patients. Surprisingly, it did not lead to an alteration 

of the surgical plan. This is remarkable, as there are several options for patients with 

distant metastases opting for curation.28 The fact that others studies did not find a 

beneficial effect of restaging by thoraco-abdominal CT-scan give room for a thought. 

Presumably, thoraco-abdominal restaging is only beneficial for patients with an advanced 

stage of disease. Our institute is a tertiary referral center for the Southwest region of 

Netherlands and this possibly explains the higher yield in our study compared to others 

studies with less advanced stage of disease. There are several well-known prognostic 

factors for developing distant metastases, such as T-, N-stage and extramural venous 

invasion.21-23 These prognostic factors could identify patients at high risk for developing 

distant metastases during neo-adjuvant treatment. Future research should evaluate 

whether these prognostic factors are also applicable for the development of early distant 

metastases evolving during neo-adjuvant treatment. It would be interesting to develop 

a nomogram to select only those patients with a high chance of early metastases during 

neo-adjuvant therapy. This will save costs, radiation exposure and uncertainty concerning 

the curability of their disease.

Due to the fact that restaging is often common practice in most Western countries, it is 

important to critically appraise the benefit of local restaging. Theoretically, patients could 

be offered less radical surgery in case of tumor downstaging. However, as mentioned 

earlier, the accuracy of local restaging is poor.1,11 Commonly, radiologists overstage 

rectal cancer after neo-adjuvant radiotherapy due to the difficulty to differentiate 

between viable tumor and fibrosis. However, 7-22% of the patients are understaged at 

restaging.17,26,29 Surgeons should be cautious on performing less radical surgery based on 
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restaging imaging, as this could result in incomplete resections. Moreover, MR imaging is 

not able to detect microscopic remnants in radiotherapy induced fibrosis. Furthermore, 

it is important to realize that none of the Randomized Controlled Trials concerning the 

effect of chemoradiotherapy were able to demonstrate a significant increase in the rate 

of sphincter saving surgery.30 This makes it even more doubtful to assume that restaging 

may contribute to less radical surgery when even chemoradiotherapy itself does not 

lead to less radical procedures. Momentarily, the ‘watch and wait’ is much debated as 

an option for patients with a complete clinical response. Unfortunately, MR imaging is 

unable to accurately identify patients with a complete clinical response.31 However, when 

combining MR imaging with a digital examination and endoscopy, it leads to a probability 

of predicting a complete response of 98%.32 This makes MR imaging an essential part 

of a set of examinations for a complete clinical response to be diagnosed. Restaging can 

be used as an early prognostic factor. Radiologically detected poor response is a strong 

prognostic factor for overall survival and disease free survival.33 It should be evaluated 

whether these patients could benefit from a more intensified neo-adjuvant regime by 

adding an extra radiation boost or by adding induction chemotherapy after neo-adjuvant 

chemoradiotherapy. Furthermore, radiologically detected tumor response should be 

evaluated as a predictive factor for early distant metastases, since these patients may 

benefit from thoraco-abdominal restaging. Summarizing the current literature, there 

is limited evidence that local restaging is beneficial for patient or surgeon and there is 

conflicting literature that restaging by thoraco-abdominal CT-scan is useful to detect 

distant metastases. According to our data, restaging by thoraco-abdominal CT-scan is 

advisable.34

Even though rectal cancer management has improved drastically, patients remain with 

such advanced tumors, that complete resection is not possible. Incomplete resections 

are less common than 10 or 20 years ago due to the use of neo-adjuvant therapy and an 

improved surgical technique. However, CRM-involvement was still found in approximately 

6% of the surgically treated patients in 2013 in The Netherlands.35 Additionally, we are 

increasingly able to accurately select those patients at risk for incomplete resections. 

Intra-operative radiotherapy (IORT) may be beneficial when complete resection is not 

possible. IORT was first described in 1937.36 Since the 1980s several institutes across 

the world published their experience with IORT.37-39 The rationale behind IORT is that 

the biological equivalent of one single dose of IORT is two to three times higher than 

fractioned radiotherapy.40 For example, an IORT dose of 10 Gy results in a biological 

equivalent of 20-30 Gy. This results in a total dose of 70-80 Gy when combined with a 

long course pre-operative radiotherapy of 50 Gy. This radiation dose cannot be achieved 

by external beam radiotherapy alone, since this would lead to extensive radiotherapy 

induced toxicity. The advantage of IORT is that an extra boost of radiotherapy can be 

administered at a specific area, while other radiotherapy sensitive structures, such as 
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small bowels, can be shielded from the radiotherapy. Previous studies have shown that 

IORT can be safely administered during surgery.41,42 Although several studies suggested 

a beneficial effect of IORT on local control, comparative studies focusing on LARC and 

R1-resections are scarse. Our study suggests a beneficial effect on local control in 

patients with a microscopically involved CRM (tumor invading the resection planes on 

microscopic assessment), while no benefit was found in patients with a clear but narrow 

CRM (0.1-2mm). This finding is conform to previous studies from our institute.43,44 The 

estimated 5-year local recurrence free survival of 84% in our study was higher than 

the local recurrence free survival rate of 65% reported in the previous study from our 

institute. This can be explained by the fact that our study only included R1-resections, 

while R2-resections were included in the previous studies as well. IORT is unlikely to 

be beneficial in R2-resections and these were therefore excluded from our analysis. 

Others studies have suggested a benefit of IORT on outcome, which is in line with our 

results,.45,46 However, some did not find any evidence of a beneficial effect and skepticism 

about the effect of IORT remains.47,48 Similar to our study, most published studies are 

retrospective with a relatively small amount of patients. This results in the lack of high 

level evidence of the benefit of IORT, making a future prospective randomized controlled 

trial necessary. Unfortunately, the accrual for such trial would be difficult. Since only R1-

resections may benefit of IORT, solely 6% of all rectal cancer patients in the Netherlands 

would be candidates to participate in such trial. Moreover, results from retrospective 

studies indicate that it would be unethical to withhold IORT for patients with a R1-

resection. Furthermore, incomplete resections are becoming less common due to the 

current high quality surgery.35 Although our study focused on LARC, LRRC may also profit 

from IORT since incomplete resections are more frequent in LRRC surgery. Previously, 

others have found a benefit of adding IORT to the multimodality treatment compared to 

historical controls.49

Rectal cancer is a relatively common malignancy with approximately 3500 new patients 

in The Netherlands per year. However, there is a big difference between the treatment of 

the early stages of rectal cancer or the advanced stages of rectal cancer. Approximately 

90% of the patients with rectal cancer are diagnoses with a cT1-3 stage.50 These stages 

can be treated by a standard TME procedure. The treatment of the most advanced stage 

(cT4) is more difficult. Ingrowths into the surrounding structures are common in cT4 

rectal cancer, such as prostate in men and vagina or uterus in women. In these cases 

exenterative ‘beyond TME’ surgery is often necessary to achieve complete resections.51 

These procedures are technically demanding and time consuming. Additionally, these 

procedures are accompanied by a high morbidity and a high post-operative complications 

rate.52 Moreover, accurate high quality imaging is essential to determine the extent of 

the ‘beyond TME-surgery’. These advanced stages may profit from a multidisciplinary 

team with experience in performing these radical surgical procedures. Our study 
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suggests a survival benefit for patients treated in high volume cT4 rectal cancer hospitals 

compared to low volume cT4 hospitals. This finding is in line with the results of studies 

of hospital volumes in other complex malignancies, such as pancreatic cancer and 

esophageal cancer.53-55 However, in rectal cancer a survival difference according to the 

hospital volume has never been demonstrated. Although a recent study found a higher 

percentage of involved CRM’s in low volume hospitals compared to high volume hospitals, 

a recent population based study for the Southern part of The Netherlands found no 

benefit of treatment of colorectal cancer in high volume hospitals.50,56 The fact that we 

found a survival difference in contrast to other studies can be explained by that our study 

analyzed cT1-3 and cT4 separately. It is not naturally evident that experience in standard 

rectal cancer treatment also leads to sufficient experience for the treatment of the 

most advanced stages of rectal cancer. Our data suggests that cT4 rectal cancer should 

be considered as a separate entity within rectal cancer. Therefore, it would be more 

appropriate to apply a minimal number of cT4 rectal cancer patients treated per hospital 

annually than applying a minimal total number of rectal cancer patients per hospital.

The most appropriate approach for patients with stage IV colorectal with unresectable 

distant metastases is still under debate. It is clear that there is an indication for surgery 

in symptomatic patients. However, the indication is less clear in asymptomatic or mildly 

symptomatic patients. It could be hypothesized that surgery of the primary tumor will 

prevent future emergency surgery in case of obstruction or perforation during systemic 

therapy. Furthermore, some retrospective studies suggested a survival benefit when 

the primary tumor was resected.57-59 However, these retrospective studies are limited 

due to selection bias. Patients in poor clinical condition were excluded for surgery, while 

relatively fit patients were selected for surgery. We assessed the current evidence for 

surgery of the primary tumor in patients with stage IV colorectal cancer. The lack of 

Randomized Controlled Trials, makes it difficult to conclude whether primary tumor 

resection leads to a survival benefit. Surgeons should take notice that systemic therapy 

will probably contribute the most to a prolonged survival in metastasized colorectal 

patients. Complications of primary tumor surgery will postpone the administering of 

systemic therapy.60 For example, anastomotic leakage or surgical site infections will lead 

to a delay in the administering of systemic therapy. In addition, some patients will never 

be able to receive systemic therapy due to ongoing infectious complications. One of the 

most important goals of the treatment for incurable patients is to offer these patients 

the best possible quality of life. Surgery has a negative impact on quality of life up to 6 

months after surgery.61 The median survival of stage IV colorectal cancer patients in The 

Netherlands is only 12 months.62 This median survival can be prolonged up to 22 months 

in patients who are in a good clinical condition due to the current systemic therapy.63-65 

Nevertheless, this means that these patients suffer a loss of quality of life caused by 

the surgical treatment during a substantial period of their life expectancy. Additionally, 
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complications after surgery have a long-term negative impact on the patients’ quality of 

life.66 Obstructive complications or tumor perforation during palliative systemic therapy 

are arguments to perform surgery. However, the chance of emergency surgery with 

the current systemic therapy is limited.60,67,68 Nevertheless, high level of evidence is 

warranted to offer these patients the best treatment. Several Randomized Controlled 

Trials are recruiting patients, such as the SYNCHRONOUS trial69, the CAIRO4 trial70 and a 

Korean multicenter trial.71 We are awaiting the results of these trials and hopefully, these 

studies will provide us the answer if we should perform primary tumor resection in case 

of unresectable distant metastases.

The introduction of TME and neo-adjuvant (chemo-)radiotherapy reduced the number 

of patients with a local recurrence after rectal cancer surgery. However, the introduction 

of these advancements also introduced the problem of treating LRRC after TME-surgery 

and radiotherapy. LRRC has a poor overall survival, a great impact on quality of life 

and often leads to severe pain with fistulating and bleeding tumors.72,73 Surgical 

resection provides the greatest probability on durable overall survival and local control.74 

Unfortunately, TME surgery and neo-adjuvant radiotherapy makes surgical resection of 

the local recurrence more demanding. The dose of radiotherapy for the local recurrence 

is limited due to the previous pelvic radiotherapy and the use of TME surgery is causing 

that the local recurrences are no longer confined to an anatomic compartment. In 

agreement with most other studies, our results show that these local recurrences can 

be treated with acceptable overall survival and local re-recurrence rates. However, the 

complete resection rate seems to be lower in previously irradiated patients. Although this 

did not result in a higher re-recurrence rate in our series, others have reported higher 

re-recurrence rates in previously irradiated patients.75,76 A recent study showed also a 

poorer overall survival and a higher complication rate in previously irradiated patients.77 

However, that study particularly did not administer re-irradiation to previously irradiated 

patients. This may explain the fact that our study did not find a survival difference while 

they did. The results of our study were in line with a previous study from our institute.78 

Although the local control rate in the previous study was poorer, the 3-year overall 

survival rate of the current and previous study were similar. Presumably, the results of 

the previous study led to a more thorough patient selection for LRRC surgery. Thorough 

patient selection is an important aspect of LRRC treatment, as morbidity and mortality 

rates of LRRC surgery are high.77,79-81 However, if the selection of patients is too strict, 

an opportunity for curation for these patients may be suppressed. The selection of 

patients is one of the most important explanation of the overall survival differences of 

LRRC surgery reported in the literature. Re-irradiation might contribute to an improved 

outcome after LRRC surgery in a previously irradiated area.75 The main goal is to induce 

tumor downstaging and to improve local control. However, it also provides an opportunity 

to restage these patients after the end of re-irradiation. Major abdominal surgery can be 
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spared in patients with a progressive local recurrence during re-irradiation or in patients 

who have developed distant metastases during re-irradiation. This could result in an 

improved patient selection for LRRC surgery. Future research in LRRC treatment should 

focus on achieving higher numbers of complete resections. For example, patients can be 

offered induction chemotherapy prior to neo-adjuvant therapy to maximize the chance of 

a complete resection. Others have demonstrated promising results of LRRC surgery after 

induction chemotherapy.82

In LRRC surgery, a complete resection is the most important prognostic factor. 

Generally, resections in LRRC surgery are classified as R0-resections (complete 

resections), R1-resection (microscopically involved margins) or R2-resections 

(macroscopically involved margins). In this thesis, we have demonstrated that the 

minimal tumor-free resection margin is of prognostic value. In line with primary rectal 

cancer, we found a superior oncological outcome after surgery with wide tumor-free 

resection margins of more than 2mm.23,83,84 Sampling error may be a possible explanation 

for this phenomenon. For example, patients with close resection margins may actually 

have microscopically involved margins at another location. Another explanation may 

be that close margins are accompanied by a higher chance of tumor deposits outside 

the resected area. Nevertheless, the resection margin classification in our study could 

be used as an alternative for the currently used standard R0/R1/R2 classification of 

LRRC’s. In the current study, more radical procedures were not associated with a survival 

benefit. Ideally, the surgical procedure should be as minimal as possible. To determine 

the optimal approach and extensiveness of the surgical procedure accurate staging 

is essential. Unfortunately, the accuraracy of staging of the local recurrence is limited 

due to the difficulty of differentiating between tumor and fibrosis. This is similar to the 

difficulties seen in the restaging of LARC after (chemo-)radiotherapy. In the future, 

fluorescence guided surgery may be helpful to achieve a higher number of complete 

resections in LRRC surgery. It may help to distinguish between viable tumor and scarring 

or fibrosis. In several other malignancies, fluorescence guided surgery has already been 

evaluated and has shown to a potential benefit in some cases.85,86 Further investigation 

concerning the use of fluorescence guided surgery is needed in LARC and LRRC patients.

Unfortunately, approximately 60 to 70% of the diagnosed patients are not suitable 

candidates for surgical treatment due to distant metastasis or local recurrence that is too 

extended.87,88 These patients should be offered palliative care. Pelvic radiotherapy can 

relief pain in a high number of symptomatic patients.89 In case of metastasized disease, 

patients can be offered systemic therapy. However, the effect of palliative chemotherapy 

on local symptoms and overall survival is not well established. Furthermore, the 

widespread use of pelvic radiotherapy may have a negative impact on the effectiveness 

of systemic therapy on the local recurrence. Our results showed that the response of 

the local recurrence in previously irradiated area was less than the distant metastases 
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outside the irradiated area. This suggests that the effect of chemotherapy with palliative 

intent for symptomatic LRRC may be limited. However, the effect of chemotherapy on 

overall survival in LRRC remains unclear. The overall survival of the patients in this cohort 

treated with systemic therapy was 33 months, while the median survival of metastasized 

colorectal cancer is 22 months in trials with highly selected patients. 64 This suggests that 

systemic therapy in metastasized LRRC patients may be effective. However, the patients 

in our study were highly selected. It should also be realized that this study focused on 

LRRC in previously irradiated area, while the effectiveness of chemotherapy on the local 

recurrence in patients without previous radiotherapy is not fully established. Future 

research should focus on the potential benefit of systemic therapy on overall survival in 

LRRC patients and to evaluate the response of systemic therapy on the local recurrence 

without previous pelvic radiotherapy.

LRRC is a relatively uncommon and unknown disease for physicians worldwide and in 

the Netherlands.2,90 As this thesis pointed out, there is a chance for cure in dedicated 

hospitals. Therefore, it is necessary to refer all LRRC patients to one of the dedicated 

referral centers in the Netherlands. By referring a higher number of LRRC patients to 

these centers, the experience of the surgeons will be extended, leading to improved 

results and this will provide the opportunity to perform high quality research for these 

patients suffering from this relative rare disease. Simultaneously, performing high quality 

research will provide us more necessary data on the quality of life of patients treated 

curatively by surgery and palliatively by radiotherapy or systemic therapy.

In summary, this thesis aimed to further improve the multimodality treatment of LARC 

and LRRC by focusing on several aspects of the treatment. Restaging by a thoraco-

abdominal CT-scan after (chemo-)radiotherapy, applying IORT in R1-resections and 

performing cT4 rectal cancer surgery in high cT4 volume hospital seems to improve LARC 

treatment. In LRRC, applying a minimal tumor-free resection margin and considering 

patients with LRRC after previous radiotherapy and TME surgery candidates for LRRC 

surgery seem to improve LRRC treatment. The accurate selection of the most suitable 

treatment is the most important challenge in LARC and LRRC treatment. This means that 

imaging plays a key role in the multimodality treatment. Improving imaging quality will 

result in a more accurate selection of patients to administer neo-adjuvant treatment, 

applying IORT and more radical surgery.
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