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Abstract
Despite the considerable amount of research in the field, the management of locally advanced rectal cancer remains a subject to debate. To date, effective treatment centers on surgical resection with the standard approach of total mesorectal resection. Radiation therapy and chemotherapy have been incorporated in order to decrease local and systemic recurrence. While it is accepted that a multimodality treatment regimen is indicated, there remains significant debate for how best to accomplish this in regards to order, dosing, and choice of agents.  Preoperative radiation is the standard of care, yet remains debated with the option for chemoradiation, short course radiation, and even ongoing studies looking at the possibility of leaving radiation out altogether.  Chemotherapy was traditionally incorporated in the adjuvant setting, but recent reports suggest the possibility of improved efficacy and tolerance when given upfront. In this review, the major studies in the management of locally advanced rectal cancer will be discussed. In addition, future directions will be considered such as the role of immunotherapy and ongoing trials looking at timing of chemotherapy, inclusion of radiation, and non-operative management.
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Core tip: Numerous controversies exist within the treatment of locally advanced rectal cancer. This review article summarizes the relevant evidence for rectal cancer treatment and offers opinions on how to interpret the data in clinical practice. Additional information is provided on novel areas of interest that are being actively explored such as the role of immunotherapy, the need for biomarkers, and the non-operative management.
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INTRODUCTION
Over the last several decades, the approach to treat locally advanced rectal cancer has become more complex. Surgical and pathologic advances as well as multimodality approaches combining surgery, chemotherapy, and radiation therapy (RT) have decreased recurrence rates and improved quality of care. The mainstay of treatment to date has been surgical resection, and total mesorectal excision (TME) is the current standard. The goal of adjuvant therapy (radiation and chemotherapy) is to further decrease the rate of local and distant recurrences.  Fluoropyrimidine-based chemotherapy both sensitizes the tumor cells to radiation as well as eliminates micrometastatic disease. However, despite refinements in the treatment of locally advanced rectal cancer, substantial controversies remain: among them, the optimal course of radiation, sequencing of therapy, and surgical approach to clinical complete responses to neoadjuvant therapy. In this article, we highlight several of the prominent controversies in the treatment of locally advanced rectal cancer and provide a platform for discussion of evolving areas of interest within the field.

TIMING OF RADIATION AND SHORT COURSE RADIATION VS LONG COURSE CHEMORADIATION
The use of radiation therapy prior to surgery, rather than after surgery, is currently the standard of care for locally advanced rectal cancer. This is based on two large studies showing decreased local recurrence when radiation is used in the neoadjuvant setting (Table 1).  In the Dutch TME trial, patients were randomized to RT and TME or to TME alone. This study showed an overall 5-year local recurrence rate of 4.6% in patients treated with radiation and TME and of 11% in the TME group (P < 0.0001) with no statistical significant difference in the rate of distant metastases[1,2].  In the German CAO/ARO/AIO-94 phase III trial, patients were randomly assigned to preoperative or postoperative chemoradiation (CRT).  Although the 5-year local relapse rate was better in the preoperative RT group (13% vs 6%, P = 0.006)[3], the updated follow-up showed no statistical difference in the 10-year cumulative incidence of local relapse, disease-free survival or distant metastases[4].  
Both short course radiation therapy and long course CRT have been found to be effective in this setting, but no agreement exists in regards to the ideal method of neoadjuvant radiation-based treatments despite the publication of randomized, prospective data. Neoadjuvant short course RT and long course CRT have been compared in three randomized, prospective trials (Table 1). The Trans-Tasman Radiation Oncology Group randomized cT3N0-2M0 rectal cancer patients (within 12 cm from the anal verge)  to pre-operative short course radiation of 5x5Gy/fraction or CRT to a total dose of 50.4 Gy (28 fractions).  The patients in the short course randomization proceeded to surgery within 3-7 d after radiation completion and were treated with 6 monthly cycles of adjuvant fluorouracil (425 mg/m2) 4-6 wk after surgery.  The patients in the CRT group were treated with continuous infusion FU (225 mg/m2) daily for the duration of the radiation, followed by surgery 6 weeks later and four monthly cycles of adjuvant fluorouracil (425 mg/m2).  Interestingly, there was no significant difference in three-year local recurrence rate (7.5% vs 4.4%, P = 0.24) or five-year distant recurrence rate (27% vs 30%, P = 0.92) between the two groups. However, pathologic downstaging was significantly more common in the CRT than in short course group (45% vs 28%, P = 0.002), but there was no difference in organ sparing surgeries, nor any difference in late toxicities (5.8% vs 8.2%, P = 0.53)[5]. The authors concluded that long course CRT may be more effective than short course for distal tumors, based on a trend toward decrease in local recurrence.  In a similar design, the Polish Colorectal Study Group randomized patients with cT3-4 resectable rectal cancer to either CRT (50.4 Gy in 28 fractions with bolus 5-fluorouracil and leucovorin) followed by surgery 4-6 wk later or to short course radiation (25 Gy in 5 fractions) followed by surgery 7 days later.  As seen in the Trans-Tasman Radiation Oncology Group there was no statistical significant difference in the 4-year local recurrence rate (10.6% in the short course group vs 15.6% in the CRT group, P = 0.21).  However, there was a significant difference in the pathologic complete response (pCR) in favor of the CRT group, and the short course group was significantly more likely to have a positive surgical margin[6]. Although intriguing, this is likely due to the early surgery in the short course group rather than type of radiation as a longer interval before surgery has been shown to increase the rate of pCR[7]. There was no difference in the rate of sphincter preservation, overall survival, or the incidence of late toxicity at a median follow up of 4 years incidence between the two groups[6].  The Polish Colorectal Study Group most recently reported on a study randomizing patients to preoperative short course RT with consolidation FOLFOX4 for 3 cycles or to preoperative CRT. There was no statistical difference in rate of pCR between the short course consolidation and CRT groups (16% vs 11.5%, P = 0.19) and no difference at 3 years in overall survival, disease-free survival, and cumulative incidence of local failure[8].
Although preoperative radiation is shown to be superior to postoperative radiation in terms of improving local recurrence rate, it remains unclear whether short course RT or long course CRT is preferable. The use of CRT did improve downstaging in both of these studies, but this is likely due to the difference in timing between completion of radiotherapy and surgical resection between the two groups. The advantages of short course RT include reduced duration and cost of therapy, but there remains concerns about late toxicity. In addition, it remains unclear whether CRT provides any meaningful long term advantages given lack of benefit in controlling distant metastases or improving overall survival. 

CHEMOTHERAPY COMPONENT OF CHEMORADIATION: WHICH AGENTS?
Standard neoadjuvant CRT includes a fluoropyrimidine as the chemotherapy component, primarily due to the radiation sensitization activity of these drugs. Capecitabine, an oral prodrug converted to 5-FU by intracellular thymidine phosphorylase, has been shown to be non-inferior to infusional 5-fluorouracil for this indication[9,10]. It is unclear, however, whether multi-agent chemotherapy regimens combined with radiotherapy can improve outcomes.  Several studies (Table 2) have investigated the addition of oxaliplatin to fluorouracil-based neoadjuvant CRT including the NSABP R-04[9], the STAR-01[11], the ACCORD 12/0405-Prodige 2[12], and the PETACC-6[13]. These studies added weekly oxaliplatin to either infusional fluorouracil or capecitabine in combination with preoperative radiation. The results of these studies showed no difference in therapeutic outcomes, including pathologic complete response, locoregional control, and survival outcomes, and there was an increase in grade 3-4 treatment toxicities in patients treated with oxaliplatin. In contrast, the results of the German CAO/ARO/AIO-04 suggest a possible benefit with the addition of oxaliplatin to CRT. In this trial, patients with T3-4 or cN+ rectal cancer were randomized to preoperative long course CRT with infusional fluorouracil (1000 mg/m2 days 1-5 and 29-33) followed by surgery and four cycles of adjuvant bolus fluorouracil (500 mg/m2 days 1-5 and 29) or to preoperative CRT with infusional fluorouracil (250 mg/m2 days 1-14 and 22-35) and oxaliplatin (50 mg/m2 days 1, 8, 22, and 29) followed by surgery and eight cycles of adjuvant infusional fluorouracil  (2400 mg/m2 days 1-2 and 15-16), leucovorin (400 mg/m2 days 1 and 15), and oxaliplatin (100 mg/m2 days 1 and 15). Patients in the investigational arm had a higher pathologic complete response rate (17% vs 13%, P = 0.038) and a higher disease free survival (DFS) at 3 years (75.9% vs 71.2%, P = 0.03), without increases in overall toxicity[14,15]. The results should be interpreted with caution given that different fluorouracil dosing and regimens were used in the two treatment arms. It is also unclear whether the improved DFS is attributable to the adjuvant inclusion of oxaliplatin. Moreover, the patients in the oxaliplatin arm were treated with eight cycles of adjuvant chemotherapy, but the control patients only received four cycle. Thus, this difference in protocol may contribute to the difference in disease free survival.

ADJUVANT CHEMOTHERAPY: WHAT AND WHEN?
Modern surgical techniques combined with radiotherapy have dramatically improved locoregional control of locally advanced rectal cancer, but systemic control remains a significant issue. Distant relapse is now the main driver of adverse survival outcomes in this disease. The rational for adjuvant chemotherapy in surgically resected rectal cancer is largely extrapolated from colon cancer data[16], but is also supported by a meta-analysis of randomized trials that compared surgery with or without adjuvant chemotherapy for rectal cancer[17]. The European Organization for Research and Treatment of Cancer (EORTC) 22921 phase III trial randomized patients with clinical stage II or III resectable rectal cancer to preoperative radiation with or without concomitant fluorouracil (350 mg/m2 IV bolus over 5 d) with leucovorin (20 mg/m2 IV) followed by either surveillance or four cycles of adjuvant fluorouracil/leucovorin[18]. There was no difference in the 10-year overall survival between patients getting adjuvant chemotherapy or not (51.8% vs 48.4%, P = 0.32). Additionally, the rate of distant metastasis between all arms had no significant difference (34.1% - 39.6%). However, the three arms receiving any chemotherapy (neoadjuvant only, adjuvant only, or both) had significant reduction in local recurrence (11.8% - 14.5%) compared to those treated with radiation alone (22.4%, P = 0.0017), but this did not translate to an overall survival advantage[19]. Notably, the EORTC 22921 trial incorporated a concomitant bolus fluorouracil dosing not commonly utilized in the United States, and only four cycles of adjuvant chemotherapy were given. Moreover, there were significant deviations from planned treatment, with 26.9% in the adjuvant group never initiating adjuvant therapy, most commonly due to post-operative complications, and less than 43% of patients received the planned dose within the scheduled time interval[18]. Despite the controversial results of the EORTC 22921, there remains substantial interest in the use of systemic chemotherapy, both as adjuvant therapy and as CRT, to decrease distant metastatic disease and improve survival[20]. The theoretical advantages of systemic chemotherapy include eradicating distant micrometastases and providing ideal systemic treatment prior to a large and potential debilitating surgery (and thus a less fit patient)[21]. 
Given the difficulties with adherence to postoperative chemotherapy, there is now significant interest in the utility of administering chemotherapy preoperatively (Table 2). In the phase II TIMING trial, stage II and III rectal cancer patients were treated with CRT, and those patients with evidence of clinical response 4 wk after CRT received two cycles of modified FOLFOX-6 followed by TME 3-5 weeks later. The remainder of the patients proceeded to TME 6 wk after completion of CRT. The preliminary results from this study showed pathologic complete response of 25% in those treated with the upfront modified FOLFOX-6 compared to 18% in those who proceeded to surgery directly, but this result did not reach statistical significance[22]. Memorial Sloan-Kettering Cancer Center (MSKCC) reported on its institutional experience offering upfront FOLFOX for patients with high-risk locally advanced rectal cancer. Sixty-one patients received induction FOLFOX (median 7 cycles), and of the 49 patients who proceeded to TME all had R0 resections and 47% had greater than 90% tumor response, with 27% pathologic complete responses[23]. Despite the encouraging results of this trial, it should be interpreted with caution given the small sample size, the retrospective nature of the analyses, and the lack of randomization.
Several non-randomized studies have been conducted to investigate the use of neoadjuvant chemotherapy. Calvo et al reported on patients with locally advanced rectal cancer treated with two cycles of induction FOLFOX-4 (oxaliplatin 85 mg/m2 D1, 5-FU 400 mg/m2 IV bolus and 600 mg/m2 IV continuous in 22 h on D1 and D2, folinic acid 200 mg/day IV D1 and D2) followed by immediate CRT. Compared to patients treated with preoperative CRT alone, there was no significant difference in toxicities and patients treated with the induction chemotherapy had significantly more ypT0 (29% vs 8%, P = 0.006)[24]. Chau et al reported on 77 consecutive patients with MRI-defined poor-risk locally advanced rectal cancer treated with 12 wk of neoadjuvant chemotherapy (CAPOX: oxaliplatin 130 mg/m2 every 3 wk with capecitabine 2000 mg/m2 14 d on with 7 d off) followed by CRT with TME 6 weeks after completion of CRT.  All but one of the patients had R0 resections, pCR was seen in 16 patients, and an additional 32 patients had only microscopic tumor foci[25]. Schou et al report on 84 consecutive patients with locally advanced rectal cancer treated with two cycles of CAPOX before CRT followed by TME 6 weeks later. An R0 resection was seen in 94% of patients, a pCR was seen in 23% of patients, and T downstaging occurred in 69%[26]. Additional phase II studies examining the benefit of neoadjuvant chemotherapy have been reported. Marechal et al[27] reported on a phase II study of patients with T2-T4/N+ locally advanced rectal cancer who were randomly assigned to preoperative CRT (continuous infusion fluorouracil) or to oxaliplatin, folinic acid, and 5-FU followed by CRT and surgery. There was no difference in rate of patients with ypT0-1N0 (32.1% for patients with treated with neoadjuvant chemotherapy vs 34.5% for patients treated with CRT alone, P = 0.85), and there was no difference in pCR between the two groups. The patients treated with induction chemotherapy had significantly more grade 3-4 toxicities than those treated with CRT (35% vs 7%, P = 0.017). The results of these non-randomized studies show improved local control with neoadjuvant chemotherapy as well as good tolerance.

CAN RADIATION BE OMITTED?
Given potential improved pathological and clinical responses and good treatment tolerance with the incorporation of neoadjuvant systemic chemotherapy, some have questioned whether radiation can be omitted completely. The GEMCAD 0801 phase II trial included 46 patients with resectable T3N0-2 rectal adenocarcinoma and treated with four cycles of neoadjuvant capecitabine and oxaliplatin with bevacizumab (for the first 3 cycles) before TME. Pathologic CR occurred in 20% and T downstaging was observed in 48% of patients. It was noted that there was a 13% rate of anastomotic leak, which is higher than expected, and could be attributed to bevacizumab[28].  Another phase II trial that was conducted at MSKCC administered six cycles of FOLFOX with bevacizumab for cycles 1-4 to newly diagnosed stage II-III rectal cancer. Patients with progression were treated with CRT followed by TME, and those that had stable disease or better proceeded directly to TME.  All patients except 2 underwent surgery and they all had R0 resections with a 25% pCR rate, with no local recurrence at 4 years[29]. Based on these results,  the PROSPECT (Preoperative Radiation or Selective Preoperative Radiation and Evaluation Before Chemotherapy and TME) trial was launched[30].  The PROSPECT trial is a phase II/III randomized trial designed to address whether preoperative radiation therapy can be used more selectively in locally advanced rectal cancer (Figure 1). Patients with T2N1 or T3N0-1 rectal cancer are randomized to either standard CRT or to six cycles of FOLFOX. Patients on the investigational arm undergo repeat staging prior to surgery, and those who fail to have a response of at least 20% per RECIST criteria proceed to treatment with CRT prior to surgery. Adjuvant chemotherapy with FOLFOX is suggested but not required. The outcomes of this study may change the paradigm of rectal cancer neoadjuvant treatment.

NON-OPERATIVE APPROACH
Neoadjuvant CRT results in significant downstaging of locally advanced rectal cancer, and 15-27% of patients will have a pathologic complete response (pCR)[31]. The main question is whether patients who achieve pCR could be monitored rather than operated on in order to avoid the post-surgical comorbidities. Complete pathological response was found to correlate with 5-year DFS in a meta-analysis of patients with locally advanced rectal cancer treated with preoperative CRT (5 year DFS for patients with a pCR was 83.3% compared to 65.6% for those without pCR, P < 0.0001)[31]. For those patients with a pCR to neoadjuvant treatment, a nonoperative approach has been investigated in several case series[32-34].  Habr-Gama et al reported on patients with clinical T2-4, N0-1 rectal cancer treated with CRT followed by assessment for clinical response 8 weeks later[33-35].  In this trial, 26.8% of the patients had a complete clinical response (cCR) based on exam, imaging, and endoscopy (including biopsies) and were subsequently monitored expectantly. The first year of surveillance included monthly physical exam, digital rectal exam, proctoscopy, and serum CEA levels as well as CT scans of the abdomen and pelvis every six months. Follow up visits were spaced to every two months for the second year and to every six months for the third year.  Two patients developed local recurrence 56 and 65 months after completion of CRT and were treated successfully with transanal full-thickness excision and salvage brachytherapy, respectively. Three patients developed systemic metastases for an overall recurrence rate of 7%, and no cancer related deaths occurred with a median follow up of 57.3 mo[33]. Subsequent publications from this group showed similar results[34]. A large phase II trial by MSKCC (Figure 2) is underway to further investigate the efficacy and safety of a non-operative approach. Patients with T3-4N0-1 locally advanced rectal cancer by MRI all receive neoadjuvant CRT and 4 mo of chemotherapy (CAPOX or FOLFOX), with randomization of the sequence of receipt. Patients with a cCR or near-cCR on follow-up examination will proceed to nonoperative expectant management every 3 months for two years and every 6 months thereafter[36,37]. This investigated approach may save patients the comorbidities associated with surgical intervention. However, if this approach is proven to be effective there needs to be a standard approach to surveillance. A small study reported data on the utility of combining clinical assessment (DRE and endoscopy) with T2W-MRI and diffusion-weighted MRI as having a 98% posttest probability for a cCR[38].
Clinical downstaging from neoadjuvant therapy has instigated interest in other surgical management options; though TME has significantly improved outcomes, it is associated with considerable morbidity, including long term consequences such as fecal incontinence, urinary dysfunction, sexual dysfunction, and permanent ostomy[39]. These issues can significantly impair patients’ quality of life. Case series and retrospective data have indicated that carefully selected patients may have good oncologic outcomes from less aggressive surgical procedures[40,41]. A prospective study of 10 patients with T3 rectal cancer who were deemed unfit for a radical surgical excision with TME or refused large surgery, were treated with CRT followed by transanal excision with no recurrence at 24 mo follow up[42]. Another small but prospective and randomized study compared 100 patients with cT2N0 rectal cancer treated with CRT and randomized to either TME or endoluminal locoregional resection by transanal endoscopic microsurgery. There was no difference in local recurrence or metastatic recurrence, but these findings are limited by the small number of patients and that the patients were early stage and not being the definition of locally advanced disease[43]. More recent evidence comes from a nonrandomized, phase II trial of 79 patients with cT2N0 distal rectal cancer treated with neoadjuvant CRT followed by local excision. The primary endpoint, 3-year DFS, was 88.2%, and eight (10%) patients had recurrence (5 distant and 3 local)[44]. This study shows that patients with cT2N0 distal rectal cancer may be treated with local excision, but is limited by lack of comparative results. Local excision is an option for patients who cannot tolerate a major surgery, but it remains uncertain if this approach results in similar oncologic outcomes particularly in locally advanced stages of disease. 

CONCLUSION 
Despite considerable advances in rectal cancer treatment over the last two decades, controversies remain. The current standard is to treat patients with preoperative radiation, but the optimal course (CRT or 5  5 Gy) is not known.  Studies suggest that the addition of oxaliplatin to CRT does not provide significant additional benefit and adds toxicity. As new approaches to chemotherapy are investigated, the inclusion of RT is being questioned. However, the optimal approach and timing for systemic chemotherapy in locally advanced rectal cancer has not been answered. Even the role of surgery, the traditional sine qua non of rectal cancer therapy, is being questioned, with non-operative approaches to management demonstrating excellent outcomes without the consequences of surgery.  
Further refinements in approach may rely on the identification of predictive biomarkers in this disease. Advances in genomic and molecular tumor profiling have facilitated this search. Biopsy specimens from 52 patients with rectal cancer planned for preoperative radiotherapy were submitted to gene expression profiling using DNA microarray analysis (U95Av2 Gene Chip). The profiles of radiation responders and non-responders were compared, and thirty-three novel genes were identified with differential expression; these genes could predict response with an accuracy of 88.6%[45]. Similar studies have been conducted to predict response to CRT[46-49]. DNA microanalysis has identified genes predictive of response, but no genes were reported consistently across the studies. Nishioka et al[48] attempted to identify a candidate gene using immunohistochemistry (IHC) to validate the DNA microarray results. Among 20 patient biopsies, 17 potentially predictive genes were identified. Matrix metalloproteinase-7 (MMP7) was identified as the gene with the largest difference between responders and non-responders and was analyzed with IHC. MMP7 was found to be overexpressed by IHC in 4 out of 10 responders and 0 out of 7 non-responders. Watanabe et al[49] used DNA microanalysis to identify four genes (LRRIQ3, FRMD3, SAMD5, and TMC7) expressed in responders to CRT with 89.1% prediction accuracy and validated the gene expression by RT-PCR analyses. While these results are intriguing, widespread clinical application remains limited by lack of reproducibility and the need for independent validation across separate cohorts. 
Another area of investigation is the tumor microenvironment and how it interacts with the immune system. Immunologic features of tumor microenvironment may predict tumor response to therapy as well as form the basis for innovative treatment strategies. Studies of colorectal cancer showed that the patterns of immune cell infiltration within tumors had prognostic significance and lead to the development of the Immune Score[50-52]. The densities of CD45RO+ memory T-cells and CD8+ cytotoxic T-cells tumor infiltrating lymphocytes (TILs) were determined for patients with stage I and II colorectal cancer.  Higher densities at both the center of the tumor and the invasive margin were predictive of superior patient outcomes including disease free, disease specific, and overall survival (P < 0.001)[52]. Not only does the number of CD8+ TILs correlate with survival, but it has been shown to have superior prognostication than the TNM staging[53].  Although it is evident that colorectal tumors are infiltrated by the immune cells, mainly T-cells, this infiltration is not sufficient to induce tumor response. This may be due in part to the immune suppression provided by the activation of immune checkpoints, such as PD-L1/PD-1 pathway.  Examination of colorectal tumors showed PD-L1 expression in 37% of mismatch repair (MMR)-proficient tumors and in 29% of MMR-deficient tumors, with a strong correlation between PD-L1 expression and infiltration with CD8+ T-cells in in the MMR-proficient tumors (P = 0.0001)[54]. However, treatment with PD-L1 monoclonal antibody nivolumab showed no objective responses in 18 patients with colorectal cancer[55]. More recent data revealed that high microsatellite instable (MSI) tumors selectively exhibit upregulated expression of immune checkpoints including those being studied as drug targets: PD-1, PD-L1, CTLA4, LAG-3, and IDO[56]. Accordingly, microsatellite stability may be a biomarker for immunotherapy in colorectal cancer, given the fact that tumors with microsatellite instabilities tend to have higher mutational loads leading to a better recognition by the immune system. Another area of active investigation is combination therapy of immunotherapy and CRT. Based on preliminary data showing that neoadjuvant CRT can lead to increase T-cells in rectal cancer[57], we are currently in the process of conducting a phase II study investigating neoadjuvant CRT and pembrolizumab (anti-PD-1) in patients with stage II and III rectal cancer cancer[58]. Furthermore, novel clinical trial designs need to be implemented in the neoadjuvant setting in colorectal cancer. The National Cancer Institute is planning to launch a large clinical trial to evaluate 3-year DFS in patients managed with total neoadjuvant therapy and TME or non-operative management, compared with standard historical controls managed according to standard of care (CRT and TME followed by adjuvant chemotherapy). The historical control arm continues to enroll patients while the adaptive trial design allows the addition of other investigational arms. This novel trial design and others will bring more advances to the field that may change the paradigm of rectal cancer treatment.
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Table 1 Landmark radiation trials in rectal cancer
	Ref.
	Study Type
	Treatment 
	Outcomes
	
	Comments

	
	
	
	Disease control
	Overall survival
	

	Dutch TME Trial
Van Gijn et al[1]
	Phase III
n = 1805

	RT + TME vs TME alone
	5-yr LR 4.6% vs 11% (P < 0.0001)
10-yr DR 25% vs 28% (P = 0.21)
	48% vs 49% 
(P = 0.86) 
(10-yr)

	

	German CAO/ARO/AIO-94
Sauer et al[3]
	Phase III
n = 823
	Preoperative vs Postoperative CRT
	5-yr LR 6% vs 13% (P = 0.006)
10-yr LR 7.1% vs 10.1% (P = 0.048)
10-yr DR 29.8% vs 29.6% (P = 0.9)  

	59.6% vs 59.9% (P = 0.85)
(10-yr)
	

	TTROG Trial 01.04
Ngan et al[5]
	Phase III
n = 326
	Preoperative RT vs CRT
	3-yr LR 7.5% vs 4.4% (P = 0.24)
5-yr DR 27% vs 30% (P = 0.92)
	74% vs 70%
( 0.62) 
(5-yr)
	Short Course RT with more pathologic downstaging (28% vs 45%b). No difference in organ sparing surgeries or late toxicities.


	Polish Colorectal Study Group
Bujko et al[6]
	Phase III
n = 316
	Preoperative RT vs CRT
	4-yr LR 10.6% vs 15.6% (P = 0.21)
4-yr DR 31.4% vs 34.6% (P = 0.54)
	67.2% vs 66.2% (P = 0.960)
(4-yr)
	CRT with improved pCR is attributed to longer interval before surgery. No difference in rate of sphincter preservation or late toxicities.


	Polish II Multicentre
Bujko et al[8]
	Phase III
n = 515
	Preoperative RT with adjuvant FOLFOX4 vs CRT
	R0: 77% vs 71% (P = 0.081)
pCR 16% vs 11.5% (P = 0.19)
	73% vs 64.5% (P = 0.055)
(3-yr)
	Published at GI ASCO 2016 with median follow up of 35 mo


LR: Local recurrence; DR: Distant recurrence.


Table 2 Landmark chemotherapy studies in locally advanced rectal cancer
	Ref.
	Study Type
	Treatment
	Outcomes
	Comments

	TIMING
Garcia-Aguilar et al[22]
	Phase II
n = 144
	All treated with CRT.
If evidence of response, given 2 cycles upfront FOLFOX6 then TME.
If no response, proceed to TME 6 wk after CRT.

	70 patients treated with upfront FOLFOX6
74 patients proceeded directly to TME
pCR 25%  vs 18% (P > 0.05)
	No difference in toxicities.

	MSKCC
Cercek  et al[23]
	Retrospective
n = 61
	Upfront FOLFOX (median 7 cycles) followed by CRT.
	Patients with TME (49): 100% R0 resections
pCR 27% 

	Non-randomized, retrospective data.

	Calvo  et al[24]
	Prospective Non-randomized
n  = 116

	Upfront FOLFOX-4 (2 cycles) followed by CRT compared to historical controls treated with CRT.
	52 patients treated with upfront FOLFOX
pCR 29%  vs 8% (P = 0.006)
	3 patients in FOLFOX had grade 3-4 toxicities (vs 0). No difference in surgical complications.

	Chau et al[25]
	Prospective Non-randomized
n = 77

	Upfront CAPOX (4 cycles) followed by CRT with TME 6 wk later.
	R0 resections in all but 1 patient
pCR 24%, additional 48% with only microscopic tumor foci
	10% with Cardiac or Thromboembolic toxicity during CAPOX. 12% with grade 3-4 diarrhea during CAPOX. 

	Schou  et al[26]
	Prospective Non-randomized
n = 84

	Upfront CAPOX (2 cycles) followed by CRT with TME 6 wk later.
	94% R0 resections
pCR 23%
5-yr DFS 63%, 5-yr OS 67%.
	Grade 3-4 toxicities in 18%.

	Marechal et al[27]
	Phase II, randomized
n = 57
	Randomized to preoperative CRT followed by TME vs upfront FOLFOX followed by CRT and TME.
	ypT0-1N0 34.5%  vs 32.1% (P  = 0.85)
pCR 28%  vs 25% (P = 0.92)
	A pre-planned interim analysis no difference in primary endpoints; study closed prematurely for futility.


	STAR-01
Aschele  et al[11]
	Phase III
n = 747
	Preoperative CRT with fluorouracil ± oxaliplatin
	pCR 16%  vs 16% (P = 0.904)
	Oxaliplatin group had more grade 3-4 adverse events (24% vs 8% (P < 0.001).


	ACCORD12/0405-Prodige 2
Gérard et al[12]

	Phase III
n = 598
	Preoperative CRT with capecitabine  ± oxaliplatin
	pCR 19.2%  vs 13.9% (P = 0.09)
	[bookmark: _GoBack]Oxaliplatin group had more grade 3-4 adverse events (25% vs 1%, P < 0.001).

	NSABP R-04
O’Connell  et al[9]
	Phase III
n = 1608
	Preoperative CRT with fluorouracil ± oxaliplatin
Vs Preoperative CRT with capecitabine ± oxaliplatin

	FU vs Cap: 
pCR 17.8%  vs 20.7% (P = 0.14)

Oxaliplatin vs No Oxaliplatin:
pCR 19.5%  vs 17.8% (P = 0.42)
	Patients treated with oxaliplatin experienced significantly more grade 3 or 4 diarrhea (P < 0.001).

	PETACC-6
Schmoll  et al[13]
	Phase III
n = 1094
	Preoperative CRT with capecitabine ± oxaliplatin
(adjuvant chemo same drugs as preoperative)  

	pCR 11.3%  vs 13.3% (P = 0.31)
	Patients treated with preoperative oxaliplatin had significant more grade 3-4 adverse events (36.7% vs 15.1%).


	German CAO/ARO/AIO-04
Rodel  et al[15]
	Phase III
n = 1236
	Preoperative CRT with fluorouracil ± oxaliplatin (adjuvant chemo same drugs as preoperative)

	pCR 17%  vs 13% (P = 0.038)
3-yr DFS 75.9%  vs 71.2%
	Different fluorouracil dosing/schedule and different number of adjuvant cycles used across the arms.


	EORTC 22921
Bosset et al[19]
	Phase III
n = 1011
	Preoperative RT + adjuvant FU/L 
vs preoperative RT 
vs CRT with adjuvant FU/L  vs CRT
	10-yr LR 
14.5%  vs 22.4%  vs 11.7%  vs 11.8% (P = 0.0017)a

10-yr DR 
35.9%  vs 39.6%  vs 34.1%  vs 33.4% (P = 0.52)
	Any chemotherapy (neoadjuvant only, adjuvant only, or both) had significant reduction in local recurrence, but no difference in OS. Used concomitant bolus FU dosing not commonly utilized in the United States, and only four cycles of adjuvant chemotherapy.


aP < 0.01 any chemo vs no chemo. LR: Local recurrence; DR: Distant recurrence.





Figure 1 Preoperative radiation or selective preoperative radiation and evaluation before chemotherapy and total mesorectal excision trial investigating rectal cancer treatment without radiation. 

Primary Outcomes:
3 year Disease Free Survival 

Figure 2 Memorial sloan-kettering cancer center phase II study of non-operative approach. 

T2N1 or T3N0-1 Rectal Cancer
n = 1060


Experiemental:
6 cycles FOLFOX


MRI/EUS with ≥ 20% tumor shrinkage


MRI/EUS with < 20% tumor shrinkage


Control:
Chemoradiation


Surgery
LAR with TME


Surgery
LAR with TME


Chemoradiation


 Primary Outcomes: 
 Phase II: Pelvic R0 rate
 Phase III: Disease Free Survival, Time to Local Recurrence
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Stage II or III Rectal Cancer by MRI
n = 222


FOLFOX/CAPOX 
(8 cycles/5cycles)


CRT
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