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Abstract
BACKGROUND
Neoadjuvant chemoradiotherapy (nCRT) followed by resection and postoperative multi-agent chemotherapy (maChT) is the standard of care for locally advanced rectal cancer. Using this approach, maChT administration can be delayed for several months, leading to concern for distant metastases. To counteract this, a novel treatment approach known as total neoadjuvant therapy (TNT) has gained popularity, in which patients receive both maChT and nCRT prior to resection. We utilized the National Cancer Database to examine temporal trends in TNT usage, and any potential effect on survival.

AIM
To study the temporal trends in the usage of TNT and evaluate its efficacy compared to neoadjuvant chemoradiation.

METHODS
We queried the National Cancer Database for patients with locally advanced rectal cancer, Stage II-III, from 2004-2015 treated with nCRT or TNT. TNT was defined as maChT initiated ≥ 90 d prior to nCRT initiation. Overall survival was calculated from the date of diagnosis to the date of last contact or death using Kaplan-Meier curves to present the cumulative probability of survival, with log-rank statistics to assess significance. Multivariable cox regression was used to identify predictors of survival and propensity score analysis accounted for bias.

RESULTS
We identified 9066 eligible patients, with 8812 and 254 patients receiving neoadjuvant chemoradiation followed by maChT and TNT, respectively. Nodal involvement, stage III disease, and treatment in recent years were predictive of TNT use. There was greater use of TNT with more advanced stage, specifically > 1 node involved (odds ratio [OR] = 2.88, 95% confidence interval [CI]: 2.11-3.93, P < 0.01) and stage III disease (OR = 2.88, 95%CI: 2.11-3.93, P < 0.01). From 2010 to 2012 the use of TNT increased (OR = 2.41, 95%CI: 1.27-4.56, P < 0.01) with a greater increase from 2013 to 2015 (OR = 6.62, 95%CI: 3.57-12.25, P < 0.01). Both the TNT and neoadjuvant chemoradiation arms had a similar 5-year survival at 76% and 78% respectively. Multivariable analysis with propensity score demonstrated that increased age, high comorbidity score, higher grade, African American race, and female gender had worse overall survival. 

CONCLUSION
Our data demonstrates a rising trend in TNT use, particularly in patients with worse disease. Patients treated with TNT and nCRT had similar survival. Randomized trials evaluating TNT are underway.
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[bookmark: OLE_LINK19]Core tip: Total neoadjuvant treatment (TNT) has been gaining favor as the treatment of choice for rectal carcinoma. It has been linked to better sphincter preservation and overall improved quality of life. Our study aim was to compare TNT with traditional chemotherapy and radiation over the last 10 years and evaluate the differences in outcomes. Our study confirms a rising trend in the of use of TNT especially in patients diagnosed with locally advanced rectal cancer. Patients treated with TNT had higher burden of disease but had similar survival outcomes as those treated with traditional chemotherapy and radiation.
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INTRODUCTION
[bookmark: OLE_LINK26]Over the past several years, there have been several advances in the medical and surgical treatment of locally advanced, stage II and III rectal cancer. With the advent of total mesorectal excision as well as anal laparoscopic surgeries, treatment options continue to improve and result in lower rates of local disease recurrence in these patients. There has also been an ongoing paradigm shift in the approach to chemoradiation administration. The standard of care for rectal cancer is neoadjuvant chemoradiotherapy (nCRT) followed by surgery and then postoperative multiagent chemotherapy based on several randomized trials[1,2]. A novel approach called total neoadjuvant therapy (TNT) has recently gained favor whereby patients are given both nCRT as well as multiagent chemotherapy prior to surgery. TNT use has been associated with better compliance, decrease in toxicities, and higher rates of anal sphincter preservation[3-9].
This change in approach has been based on increasing evidence that there is better quality of life with improved functionality, decreased toxicity, and lower rates of recurrence with preoperative treatment[4-9]. Patients receiving adjuvant chemotherapy have delays in the administration of treatment secondary to long postoperative recovery time and inability to regain their prior functional status. Compliance is an issue in these patients, and they often do not receive their scheduled chemotherapy or it is delayed[3]. Additionally, with the use of TNT, carefully selected patients who have a clinical complete response can in some instances avoid surgery altogether and instead be followed with close observation (i.e. “watch and wait approach”)[10].
With local disease recurrence rates falling due to the use of total mesorectal excision, which is a close dissection of the rectum and para rectal lymph nodes within the mesorectal envelope[11], there is still an increased concern for distant metastases. Over 35% of patients treated with the standard therapy for locally advanced rectal cancer (LARC) have distant recurrence of disease[12]. One reason for this is the presence of micrometastases. As surgery only addresses local disease and potentially delays the administration of chemotherapy, these micrometastases can result in distant metastasis. The administration of TNT helps tackle this problem by providing total systemic treatment prior to surgical resection. It also gives clinicians the ability to detect patients who do not respond to the treatment in a timely manner[13].
As such, we queried the National Cancer Database (NCDB) to analyze the trends in treatment approach towards locally advanced rectal carcinoma and to determine if there has been a rise in TNT use in recent years. Additionally, we identified the factors affecting the rate of utilization of TNT and how they correlate with patients from different socioeconomic strata.

MATERIALS AND METHODS
[bookmark: OLE_LINK25]The aim of this study was to use the NCDB to evaluate the trends in treatment options for LARC, specifically with regards to TNT utilization. The NCDB is a national database cataloguing approximately 70% of all cancer cases within the United States[14]. This information is collected from over 1500 cancer treatment centers. This database details information about patients’ demographics, disease, treatment, and mutations for several cancer subtypes. The data that are submitted to this database must meet established quality standards and is managed by the Commission on Cancer of the American College of Surgeons and the American Cancer Society. We used data extracted from a de-identified NCDB record. This study was exempt from review by the internal revenue board due to its deidentified and retrospective nature.
We queried the NCDB for patients diagnosed with rectal adenocarcinoma diagnosed between 2004 and 2014. Patients with stage II and III cancer were included and the data were analyzed to extract if the treatment modality was TNT or multi-agent chemotherapy (maChT). TNT entails the administration of induction chemotherapy as well as chemoradiotherapy prior to surgery, while maChT is postoperative multiagent chemotherapy, which is given in the adjuvant setting and is the current standard of care, and is often combined with neoadjuvant chemoradiation preop[1]. All patients who did not meet the inclusion criteria were excluded, leaving a total of 9066 patients (Figure 1). We analyzed the patient demographics, clinical course, treatment modalities, and survival outcome among our patient population. The patient characteristics used for analysis were age, gender, insurance status, income, facility location and type, tumor stage, treatment modality, and nodal stage.
Overall survival (OS) was calculated using the date of diagnosis and the last contact or death. This data were then analyzed using Kaplan-Meier curves for cumulative probability of survival. Log rank statistics were employed to assess for statistical significance between the two groups. Multivariate cox regression was used to identify factors associated with OS. The P value was set at < 0.005.
Multivariable cox regression was done for OS considering the treatment, stage, facility type, location, education status, age, gender, insurance type, race, comorbidity score, mean household income, age distribution, and year of diagnosis. The odds ratios (ORs) for the two groups, those who underwent TNT and those were treated with conventional neoadjuvant treatment, were reported with a 95% confidence interval (CI) along with the corresponding type 1 error (P-value). To account for any potential biases within the two treatment arms, propensity score analysis was used.

RESULTS
Using the eligibility criteria defined above, our final study population consisted of 9066 patients [5648 men (62%), 3418 women (38%)]. These patients were separated on the basis of the treatment they received: 8812 patients received nCRT and 254 patients received TNT from 2004 to 2015. Of the cohort, 3694 patients had stage II disease and 5372 had stage III disease with 2525 patients having > 1 node positive (Figure 1). The majority of patients were less than age 65 and had private payer insurance. A summary of the clinical and demographics of our study population are in Table 1.
There was greater use of TNT with more advanced stage, specifically > 1 node involved (OR = 2.88, 95%CI: 2.11-3.93, P < 0.01) and stage III disease (OR = 2.88, 95%CI: 2.11-3.93, P < 0.01). From 2010 to 2012, the use of TNT increased (OR = 2.41, 95%CI: 1.27-4.56, P < 0.01) with a greater increase from 2013 to 2015 (OR = 6.62, 95%CI: 3.57-12.25, P < 0.01) (Table 1). The 5-year survival for both treatment arms was similar at 76% and 78%, respectively. Multivariable analysis found age > 58, higher income, urban location, academic treatment facility, and lower co-morbidity score as predictors for worse OS. Propensity score matching demonstrated increased age, higher comorbidity score, higher tumor grade, African American race, and gender as predictive of worse OS.

DISCUSSION
Colorectal cancer is the fourth highest occurring cancer in the United States and is the second leading cause of cancer-related deaths as per the Surveillance, Epidemiology, and End Results data[15]. Patients with locally advanced rectal carcinoma, which includes patients with T2 or T3 disease with or without nodal involvement, benefit from a multidisciplinary treatment approach. These patients are treated with multiagent chemotherapy, radiation, and surgery to decrease the incidence of local and systemic recurrence. The German Rectal Cancer Study compared neoadjuvant and adjuvant chemotherapy and found improved outcomes with neoadjuvant chemotherapy[1]. This can be done in the form of a long course of chemoradiotherapy, a short course radiotherapy or TNT.
When TNT adjuvant chemotherapy is moved to the neoadjuvant setting and given preoperatively, it improves compliance, decreases treatment-associated toxicity, and results in tumor down staging leading to better sphincter preservation[16,17]. Randomized clinical trials have demonstrated that there is no benefit to adjuvant chemotherapy in LARC and its use does not improve outcomes in patients with stage II and III disease who receive chemoradiation in the neoadjuvant setting[7-9]. The EORTC 22921 trial was conducted to evaluate the utility of adjuvant chemotherapy in patients with T3-T4 tumors, and it found that there was no additional benefit of giving adjuvant chemotherapy to patients who had been treated with neoadjuvant chemoradiation[6]. Patients who underwent adjuvant chemotherapy showed poor compliance with only 43%-73.6% of them receiving the planned doses and an overall delay of over 18 wk in receiving systemic therapy[3]. They also had higher incidence of chemotherapy related toxicity and poor surgical outcomes[4-9]. Prior studies have shown that over 10%-25% of patients receiving neoadjuvant chemotherapy have complete pathological response, which is an established predictor of improved survival[18-23] (Table 2).
In light of these findings, the use of alternate treatment strategies such as TNT is gaining favor and its use is becoming increasingly common. Our data showed an increase in recent years in the use of TNT, which coincided with the initiation of several clinical trials evaluating the outcomes of using TNT over traditional CRT. The number of patients treated with TNT was small in our dataset, however, this was to be expected as it was compiled over 10 years from 2004 to 2015, and TNT use is a rather recent phenomenon. Our data showed a rising trend in TNT use, with patients diagnosed from 2013 to 2015 having the highest frequency of use. We expect this use to further increase as more data about benefits of TNT over traditional treatment comes to light.
Our study was a large analysis of multi-institutional data to compare the use of conventional chemoradiation with TNT. Due to the large sample size in this database, we were afforded the statistical power to conduct retrospective analyses of different treatment strategies. Our analysis of the NCDB database showed that there has been an increase in TNT use and this trend has been increasing in recent years. This trend was most apparent in patients with stage III disease (Figure 2).
The total number of patients who received TNT is comparatively much lower than the number of patients undergoing CRT, which was a possible limitation of our study. However as prospective data matures, we will see a greater number of patients being treated with TNT. There were limitations to our study, as the data collected by NCDB is retrospective; thus selection biases certainly existed. To counteract this possible bias, propensity score adjustment was performed. Second, as NCDB is coded, there is potential for incomplete coded or miscoded variables, which may have impacted our results and some statistics. One such variable is the incidence of colorectal cancer divided by gender. Per the Surveillance, Epidemiology, and End Results data, men have a slightly increased lifetime risk of developing colorectal cancer (4.5%) compared to women (4.15%). This difference in risk may explain why as per the NCDB database, roughly 60% of our population was male compared to approximately 40% women. It is imperative to note that although the NCDB accounts for cancer treatment all over the United States, only about 70% of the patients treated for cancer are entered into the database; this may also explain why our population had a higher percentage of male patients.
In conclusion, this study was significant, despite its limitations, as it was a large-scale analysis of treatment selection for more than 70% of patients diagnosed with rectal cancer from 2004 to 2015 in the United States. It showed an increase in the use of TNT, concordant with current research demonstrating its benefits over the use of conventional neoadjuvant chemoradiation. The rate of use of TNT has been steadily increasing and is most prevalent in patients diagnosed with LARC in recent years. As clinical trials studying the use of TNT near completion, the benefits of this approach are becoming more widely accepted and the use of TNT is increasing.
[bookmark: OLE_LINK151][bookmark: OLE_LINK259]
ARTICLE HIGHLIGHTS
Research background
Locally advanced rectal cancer (LARC) treatment has been evolving for several years, specifically to improve standard of living after treatment. Total neoadjuvant treatment (TNT) has been gaining favor in recent years as it allows for better sphincter preservation and an overall improved quality of life. Our study analyzes the use of TNT over a 10-year period and compares the overall survival (OS) to that of patients treated with traditional neoadjuvant chemoradiation.

Research motivation
The focus of our study was to evaluate the OS in patients with LARC when treated with either TNT or traditional chemoradiation. It compared the two modes of treatment, which will help clinicians decide between the two modalities. It also sets up the stage for ongoing and future clinical trials that aim to study the benefit of using one modality over the other.

Research objectives
The main objective of our research was to analyze differences in OS in patients treated with TNT or traditional chemoradiation. We did not find a statistically significant difference in OS between the two modalities. An equivocal OS allows researchers to further design clinical trials comparing both treatment options prospectively and establish stronger guidelines that will further help clinicians decide what treatment will benefit their patients most.

Research methods
This was a retrospective review of data extracted from the national cancer database. We queried the National Cancer Data Base to find patients with LARC, stages II and III, who were treated with either TNT or traditional chemoradiotherapy. The standard of care, currently, utilizes a combination of adjuvant chemoradiation and surgery, followed by postoperative multi-agent chemotherapy. We analyzed the differences in OS between the two arms as our primary goal. For our secondary goal, we established what patient characteristics were likely to be associated with TNT use. These characteristics included age, race, gender and comorbidity score.

Research results
Using univariate and multivariate cox regressions, we analyzed our data for both primary and secondary goals. There was no statistically significant difference in OS between the two arms. We also found that patients with stage III disease, higher nodal involvement or treatment within recent years were more likely to have been treated with TNT. Patients in both arms had poor OS with higher comorbidity score, older age, African American race and female gender. Our results further solidify the theory that TNT is non inferior to traditional chemoradiotherapy, and thus must be studied in more detail with prospective trials.

Research conclusions
OS is similar in patients treated with either TNT or traditional chemoradiation. TNT has been associated with better quality of life. As OS is similar to that of neoadjuvant chemoradiation, using TNT may be preferable, to allow for a better standard of living. The 5-year OS is similar for both TNT and traditional chemoradiation. First, in patients with LARC, TNT and neoadjuvant chemoradiation have similar rates of OS. Second, TNT use may be linked to a better quality of life however more studies are needed in this area. There were no new methods as this was a retrospective review of a national database. There was no new phenomenon found as this was a retrospective analysis of an existing database. We queried the database to establish differences in OS for patients treated with two different chemoradiation protocols. Our retrospective analysis showed that the rate of OS was equivocal in patients treated with either TNT or traditional chemoradiation. It will allow clinicians and researchers to further compare the two modalities and may increase the treatment options available to patients suffering from LARC.

Research perspectives
New techniques that allow for radiation treatment to be completed prior to surgery, such as TNT, have yielded non- inferior results and therefore must be studied in greater detail. Future research should aim to conduct prospective clinical trials comparing TNT to traditional chemoradiation. This will help clinicians better decide what treatment is best suited to their patient population. Clinical trials exploring the survival, quality of life and toxicities associated with both TNT and neoadjuvant chemoradiation will help further the research in this field and provide concrete answers to many of the questions raised.
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Figure 1 Flow chart for filtering data.



Figure 2 Line graph comparing use of total neoadjuvant therapy and neoadjuvant radiation from 2004 to 2014.


Table 1 Comparative use of total neoadjuvant treatment vs conventional neoadjuvant treatment approach by baseline characteristics in patients receiving treatment for rectal adenocarcinoma
	Characteristic
	TNT, n = 254 (%)
	Conventional neoadjuvant treatment, n = 8812 (%)
	OR
	95%CI
	P value

	Sex

	Male
	151 (59)
	5497 (62)
	1
	Ref
	

	Female
	103 (41) 
	3315 (38)
	1.13
	0.88-1.46
	0.34

	Race

	White
	205 (81) 
	7757 (88)
	1
	Ref
	

	African American
	22 (8) 
	624 (7)
	1.33
	0.85-2.09
	0.21

	Other
	27 (11) 
	431 (5)
	2.37
	1.57-3.58
	< 0.0001

	Comorbidity score

	0
	224 (88)
	7175 (81)
	1
	Ref
	

	1
	27 (11)
	1366 (16)
	0.63
	0.42-0.95
	0.026

	≥ 2
	3 (1) 
	271 (3)
	0.35
	0.11-1.11
	0.08

	Insurance

	Not Insured
	9 (3)
	417 (5)
	1
	Ref
	

	Private Payer
	178 (70) 
	5313 (60)
	1.55
	0.79-3.05
	0.20

	Government
	63 (25)
	2981 (34)
	0.98
	0.48-1.98
	0.95

	Unrecorded
	4 (2) 
	101 (1)
	1.84
	 0.55-6.08
	0.32

	Education %

	≥ 29
	39 (15)
	1262 (14)
	1
	 Ref
	

	20 to 28.9
	53 (21)
	2231 (25)
	0.77
	0.51-1.17
	0.22

	14 to 19.9
	84 (33)
	2960 (34)
	0.92
	0.62-1.35
	0.66

	Locations

	Metro
	209 (82)
	6915 (78)
	1
	Ref
	

	Urban
	16 (6)
	1474 (17)
	0.36
	0.22-0.60
	0.0001

	Rural
	4 (2)
	207 (2)
	0.64
	0.24-1.74
	0.38

	Unrecorded
	25 (10)
	216 (2)
	3.83
	2.48-5.92
	< 0.0001

	Income, United States dollars

	< 30000
	25 (10) 
	1391 (16)
	1
	Ref
	

	30000 to 35000
	37 (15)
	2086 (24)
	0.99
	0.59-1.65
	0.96

	35000 to 45999
	53 (20)
	2510 (29)
	1.17
	0.73-1.90
	0.51

	> 46000
	139 (55) 
	2773 (31)
	2.79
	1.81-4.29
	< 0.0001

	Distance to treatment facility, miles

	≤ 8.5 
	82 (32)
	3561 (41)
	1
	Ref
	

	> 8.5 
	172 (68)
	5205 (59)
	1.44
	1.10-1.87
	0.0079

	Age distribution in yr

	≤ 65
	208 (82)
	 6734 (76)
	1
	Ref
	

	> 65
	 46 (18)
	2078 (24)
	0.72
	0.52-0.99
	0.04

	Year of diagnosis

	2004-2006
	11 (4)
	1125 (13)
	1
	Ref
	

	2007-2009
	19 (7) 
	2256 (26)
	0.86
	0.41-1.82
	0.69

	2010-2012
	73 (29) 
	3097 (35)
	 2.41
	1.27-4.56
	0.0068

	2013-2015
	151 (59) 
	2334 (26)
	6.62
	3.57-12.25
	<0.0001

	Stage grouping

	2
	50 (20)
	3644 (41)
	1
	Ref
	

	3
	204 (80)
	5168 (59)
	2.88
	2.11-3.93
	< 0.0001

	Nodes

	0
	170 (67)
	5277 (60)
	1
	Ref 
	

	1
	25 (10)
	1089 (12)
	0.71
	0.47-1.09
	0.12

	> 1
	59 (23)
	2446 (28)
	0.75
	0.55-1.01
	0.06


TNT: Total neoadjuvant therapy.


Table 2 Different surgery/chemoradiation protocols used per standard guidelines
	Treatment type
	Protocol used

	nCRT
	50-55Gy/25-28 fx with concurrent 5-fluorouracil (5-FU) or capecitabine1

	Post-op MaChT
	Excisional surgery followed by postoperative (i.e. adjuvant) chemotherapy with 5-FU based regimens1

	TNT
	25-35Gy/5 fx followed by CAPOX or FOLFOX chemotherapy


1nCRT and MaChT are usually used in conjunction with each other in traditional chemoradiation therapy. nCRT: Neoadjuvant chemoradiotherapy; MaChT: Multi-agent chemotherapy; TNT: Total neoadjuvant therapy.
Dose escalation	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	50.684237202230094	47.227873855544253	45.378769306202493	41.269048213839618	36.413043478260782	32.698412698412703	30.79702444208289	29.36708860759494	27.801947379324631	27.279767666989351	23.51440029165148	21.974773354355541	IMRT	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	49.315762797769899	52.772126144455797	54.621230693797493	58.730951786160382	63.586956521739133	67.301587301587247	69.202975557917114	70.632911392404779	72.198052620675369	72.720232333010514	76.485599708348602	78.025226645644466	
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