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Retrospective Cohort Study
Fat clearance and conventional fixation identified ypN0 rectal cancers following intermediate neoadjuvant radiotherapy have similar long-term outcomes
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Abstract
BACKGROUND
As a prognostic factor for colorectal cancer, lymph node (LN) status, particularly the number of LN harvested, has been demonstrated to be essential in the evaluation of quality control in terms of surgical specimen. Neoadjuvant chemoradiation, however, decreases the LN harvest. Therefore, certain approaches (such as fat clearance or methylene blue) has drawn significant attention in order to raise LN yield. 

AIM
To compare the long-term oncologic outcome of ypN0 rectal cancer identified using fat clearance (FC) or conventional fixation (CF) following 30 Gy in 10 fractions (30 Gy/10f) of neoadjuvant radiotherapy (nRT). 

METHODS
Three hundred and eighty-two patients with resectable and locally advanced rectal cancer were treated by 30 Gy/10f intermediate nRT (biologically equivalent dose of 36 Gy) plus total mesorectal excision. Two specimen fixation methods (FC or CF) were non-randomly used. The ypN0 status was identified in 124 and 101 patients in the FL and CF groups, respectively. Primary endpoints were local recurrence-free survival (LRFS) and cancer-specific survival (CSS). 

RESULTS
The median follow-up of patients was 5.1 years. The median numbers of retrieved LNs in the FC and CF groups were 19.5 (range, 4-47) and 12 (range, 0-44), respectively, with a significant difference (P = 0.000). The percentages of patients with 12 or more retrieved nodes were 82.3% and 50.5% (101/159) in the FC and CF groups, respectively, with a significant difference (P = 0.000). The LRFS at 5 years were 95.7% and 94.6% in the FC and CF groups, respectively, without statistical difference (P = 0.819). The CSS at 5 years were 92.0% and 87.2% in the FC and CF groups, respectively, without statistical difference (P = 0.482).

CONCLUSION
For patients with ypN0 rectal cancer who underwent 30 Gy/10f preoperative radiotherapy, the increased retrieval of LNs using fat clearance is not associated with survival benefit. This time-consuming fixation method has a low efficacy as a routine practice. 
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Core tip: Enhanced lymph node (LN) yield has been noticed to be associated with increasing accuracy in tumor staging and putative prognosis. By the means of fat-clearance technique, the LN retrieval was significantly higher in the fat-clearance group, compared with convention fixation. In terms of survival, however, for patients with negative LN, increased LN harvest was not associated with prolonged survival. 
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INTRODUCTION
Neoadjuvant radiotherapy (nRT) followed by total mesorectal excision (TME) has significantly improved the local control of patients with rectal cancer, and it has become the standard treatment for locally advanced rectal cancers[1,2]. Short-course nRT, compared with long-course chemoradiotherapy, has been demonstrated with the advantages of safety, high efficiency, good compliance, and improved oncological outcomes[3,4]. In two randomized trials[5], the short-course nRT is shown to be comparable with long-course chemoradiation for either local control or survival. In 2016, we reported the local control and survival data of intermediate nRT (30 Gy in 10 fractions; 30 Gy/10f) plus TME[6]. 
As the most important determinant of local recurrence and overall survival, lymph node (LN) status is critical in patients with rectal cancer. Inadequate LN staging may result in excessive or insufficient treatment. Several guidelines recommend a minimum examination of 12 LNs with the goal of accurately identifying the status of pN0 for colorectal cancers. However, this ‘12 LN’ threshold for precise histological examination of rectal cancer remains unclear, especially for patients undergoing neoadjuvant radiotherapy[1]. 
We previously reported the LN distribution and pattern of metastases in the mesorectum using the modified fat clearing technique. This technique can reveal small LNs (1-3 mm) and increase the LN harvest in the specimens of rectal cancers following 30 Gy/10f nRT. In the present study, we aimed to compare the long-term oncologic outcome of ypN0 rectal cancer identified using the modified fat clearance or conventional fixation method following 30 Gy/10f nRT. 

MATERIALS AND METHODS
Patient selection
Data were collected from patients who underwent intermediate nRT followed by TME surgery at Peking University Cancer Hospital from August 2002 to March 2011. In this study, the nRT regimen used was previously approved by the Ethics Committee of Peking University Cancer Hospital. Informed consent was obtained from all participants before treatment.
Each patient enrolled in the study conformed to the following criteria: (1) The patient was diagnosed with rectal adenocarcinoma by biopsy; (2) the lesion was located within 10 cm from the anal verge; (3) the cancer was staged as T3-4 or any T and N+ by pelvic magnetic resonance imaging (MRI) or computed tomography (CT); (4) patients with distant metastases were excluded by imaging examinations; (5) the patient underwent neoadjuvant RT of 30 Gy/10f; (6) the patient underwent the surgery with the intent to cure, according to the TME principle; and (7) the patient was diagnosed with ypN0 following postoperative pathological evaluation. 
Patients with the following characteristics were excluded: (1) The patient had undergone previous chemotherapy or pelvic radiation; (2) the patient had a malignant tumor history within 5 years; (3) inflammatory bowel disease; (4) the presence of acute obstructive symptoms or serious comorbidities deemed not suitable for neoadjuvant radiation; and (5) the presence of unresectable cancer.

Treatment
All patients enrolled underwent nRT followed by curative TME. The radiotherapy regimen included 30 Gy delivered in 10 fractions for 2 wk. The biological equivalent dose (BED) of this regimen is 36 Gy. Three-dimensional conformal radiotherapy (3D-CRT) was routinely employed. Patients underwent radical curative surgery according to the principles of TME at a median interval of 2 wk (range: 2 to 8 wk) from the completion of nRT. After surgery, the patients underwent 5-fluorouracil-based chemotherapy if they were able to tolerate the therapy. Capecitabine alone, mFOLFOX6, or CapeOX was equivalently preferred regimen, as recommended by the National Comprehensive Cancer Network (NCCN) guidelines.

Specimen fixation and fat clearance
The rectum specimen was fixed with modified LN revealing solution (LNRS) in order to facilitate LN yielding. The LNRS was prepared according to a modified Koren solution with a mixture of 40% ethanol, 40% ether, 10% acetic acid, and 10% formaldehyde. The entire rectal specimen was submerged in LNRS for 48 h. After fat clearance, the LNs appeared as chalk white foci against a yellow and translucent adipose background[7]. Tumor sliced samples and retrieved LNs were submitted for routine paraffin embedding and hematoxylin and eosin staining. Small LNs with a diameter of 1-3 mm could be clearly revealed through fat clearance (Figures 1 and 2).

Pathologic evaluation
The 8th edition of the American Joint Committee on Cancer TNM system was employed for staging. Postoperatively, the results of the histopathologic examination of the specimens were reviewed by the same group of experienced pathologists, and circumferential resection margin (CRM) involvement was assessed using the protocol of Kitz et al[8]. The negative status of N staging was identified through a routine microscopic evaluation. More intense histologic or immunohistochemical investigations (such as cytokeratin staining) to detect the presence of metastatic carcinoma were not employed in the present study.

Endpoints
The primary endpoints were local recurrence-free survival (LRFS) and cancer-specific survival (CSS). The LRFS was defined as the time from the date of nRT completion to the date of local recurrence. The CSS was defined as the time from the date of nRT completion to the death from the same cancer or from other related causes. The secondary endpoints included the median number of retrieved LNs and the proportion of patients who achieved the 12 LN thresholds. 

Follow-up
Patients were routinely followed at three-month intervals in the first two years after surgery and then at six-month intervals for the next three years. Evaluations included physical examination, serum CEA levels, complete blood count, blood chemical analysis, proctoscopy, abdominal ultrasonography, abdominal and pelvic CT, and chest radiography.

Statistical analysis
The IBM SPSS Statistics for Macintosh, Version 22.0 (Armonk, NY, IBM Corp.) was used for analyses. The enumeration variables were analyzed using the Mann-Whitney U nonparametric test. The categorical variables were analyzed using the Pearson chi-squared or Fisher’s exact test. The Kaplan-Meier survival curve was used to estimate the proportion of patients surviving or remaining disease-free at each time interval. The log-rank test was used for comparison of the Kaplan–Meier curves. The level of significance was set at 0.05.

RESULTS
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Clinicopathological and demographic data
In the corresponding time period, 382 patients with rectal cancer underwent 30 Gy/10f nRT plus TME at our center, and 212 patients underwent fat clearance. A total of 225 consecutive patients with ypN0 stage were analyzed, including 101 of 170 (59.1%) patients who had conventional fixation (CF group) and 124 of 212 (58.5%) patients who had fat clearance (FC group). The median patient age was 62 years (range, 28-83 years) and 58 years (range, 32-84 years) in the CF and FC groups, respectively. The percentages of male patients in the CF and FC groups were 63.4% and 55.6%, respectively. The baseline clinicopathological factors, including clinical T and N stages, tumor distance to anal verge, prestaging methods, resection types, ypT stage distribution, and CRM status, were well matched and comparable between the two groups. The percentage of patients who underwent adjuvant chemotherapy at our center was 30.7% (n = 69), and additional data were unavailable for other patients who received postoperative care in peripheral hospitals. Moreover, the use of adjuvant chemotherapy was not analyzed in this study. All patient characteristics, pre-staging methods, and pathological findings are listed in Table 1.

LN retrieval
The median number of retrieved LNs in the FC group was significantly higher than that in the CF group (19.5 and 12, P = 0.000), which is similar to the difference found in the ypT0-2 stages (19 and 9, P = 0.000) and ypT3-4 stages (21.5 and 13, P = 0.000). 
The proportions of patients who achieved the 12 LN threshold were 82.3% and 50.5% in the FC and CF groups, respectively, with a statistical difference (P = 0.000), which is similar to the difference found in ypT0-2 stages (81.6% and 34.6%, P = 0.000). The proportion of patients who achieved the 12 LN threshold was not statistically different in ypT3-4 stages between the FC and CF groups (83.3% and 67.3%, P = 0.068).

LRFS and CSS
Last follow-up was implemented in December 2014. The median follow-up period was 5.1 years. The estimated 5-year LRFS were 95.7% and 94.6% in the FC and CF groups, respectively, without significant difference (P = 0.819) (Figure 3; Table 2). The CSS at 5 years were 92.0% and 87.2% in the FC and CF groups, respectively, without statistical difference (P = 0.482) (Figure 3B).

DISCUSSION
The ideal threshold for retrieved LNs in patients with rectal cancer has been unclear for years, and the 12 LN threshold is extrapolated from the recommendation of pathological identification for stage II colon cancer. For patients with rectal cancer who underwent nRT, the retrieved LN number significantly decreases from 7% to 53% compared to those who did not undergo nRT[9,10]. After nRT, the proportion of patients who achieved more than 12 LNs is also low, from 31% to 37%[11]. 
Short-course nRT is recommended as routine care for low- or moderate-risk patients with rectal cancer according to the NCCN and European Society for Medical Oncology (ESMO) guidelines[12,13]. Moreover, short-course nRT decreases local failure than long-course postoperative chemoradiotherapy[3]. We previously reported the survival data of patients who underwent intermediate nRT plus TME for locally advanced rectal cancer, which has a similar biological equivalent dose (BED) and treatment schedule to short-course nRT[14]. We previously used the fat clearance as an intensive LN revealing method to reduce the difficulty of finding small LNs in the mesorectal fat tissue and to harvest more LNs.
In the present study, we focused on testing the effect of fat clearance to identify the true ypN0 rectal cancer and to observe whether the fat clearance-confirmed ypN0 rectal cancer could have survival benefit than those diagnosed using conventional fixation. Initially, we hypothesized that the ypN0 cases identified by fat clearance could eliminate those under-staged cases with small metastatic LNs. From the data of this study, the fat clearance could significantly increase the retrieval of LNs for ypN0 rectal cancer following 30 Gy/10f preoperative radiotherapy; however, the final comparison showed that the survival rates are similar between the FC and CF groups. The findings of our study demonstrated the fact that the increased LN retrieval is not associated with survival benefit in patients with ypN0 rectal cancer and might provide piece of evidence to question the necessity of pursuing higher number LN retrieval after nRT.
The ideal cut-off value of LN retrieval is highly controversial in colorectal surgery, especially for rectal cancer following nRT. In previous studies, the aim of retrieving more LNs is to discriminate positive LNs, since the positive ypN stage status is one of the most influential factors of long-term outcome[15,16]. Moreover, more retrieved LNs seem to be associated with better survival even in N0 or ypN0 patients[17]. Thus, a cut-off number of 3 or 7 or 8 or 11 LNs, or a range from 7-11 LNs based on survival stratification was recommended in various retrospective studies[18]. In the present study, the median LN retrieval number was 12 and 19.5 in the CF and FC groups, respectively, which is similar to other reports. However, data from other studies indicated that the number of retrieved LNs failed to be demonstrated as a prognostic factor for either overall or disease-free survival[19]. Furthermore, the absence of LNs (ypNx) in the resected rectum after nCRT seems to be associated with good disease-free survival rates and reflect improved response to nCRT rather than inappropriate or suboptimal radicality of resection. Finally, many studies using survival data to confirm the cut-off value of LN number conclude that the ypN status is a more stronger prognostic factor than LN retrieval itself[20,21]. 
Apart from the controversy over the cut-off value of LNs, more issues were raised in this field. First, the point that more LN counts could increase the N positive rate is challenged. The 12 LN threshold is not a universal standard among hospitals, and efforts to increase node examination rates have a limited value as a public health intervention[22]. Second, data from a large population of patients with colorectal cancer also demonstrated that the number of LNs for colorectal cancer experienced a markedly increase in the last two decades but was not associated with an overall shift to higher-staged tumors, leading to the controversy over the upstaging mechanism as the primary basis for improved survival in patients with more LNs evaluated[23]. In fact, Ervine et al[24] concluded that only 1% of colorectal cancers were upstaged using an enhancing method for LN examination. Finally, the complexity of the LN count should be considered, in terms of mesenteric LN anatomy, molecular aspects, tumor characteristics, surgical procedure, and utilization of different sampling techniques[25,26]. In the present study, the ypN0 rate was 60% in both the FC and CF groups of all rectal cancers after 30 Gy/10f nRT. These data consolidate the marginal utility of retrieving more small LNs and might support the hypothesis of the constant nodal positivity of 40% across a wide range of studies.
Compared with colon cancer, LN retrieval for rectal cancer is also influenced by the intensity and schedule of nRT/nCRT and patients’ intrinsic sensitivity to nRT. Therefore, several enhancing methods for LN examination, including various LN revealing solutions, meticulous sampling/resampling procedure or maneuver, and some staining methods such as methylene blue injection, were used in rectal cancer[27,28]. In this study, we used a modified Koren solution to reveal more small LNs. We obtained significantly more LNs than using the conventional fixation; nevertheless, this effort neither identified truer ypN0 rectal cancers nor achieved survival benefit in fat clearance-confirmed ypN0 patients. For this reason, we conclude that fat clearance is not feasible to be routinely used for rectal cancers following 30 Gy/10f nRT. We do not also advocate using this method for resampling in rectal cancers with ≤ 12 LNs, because fat clearance is time-consuming and with potential toxicity, and the ideal cut-off value of LN retrieval is still unclear. 
This study has several limitations. First, the retrospective nature and long time span of the present study limited its strength. Second, the unique nRT schedule in this study has lower BED and shortened interval than the conventional long-course nCRT, which limited the utilization of the finding in other series. Despite these limitations, the sample size and efforts of pathological management remain convincing when compared with the literature. Although the conclusion is a negative result, we believe that this article could add useful and referable information for study of LN retrieving after nRT in future.
In conclusion, for patients with ypN0 rectal cancer who underwent 30 Gy/10f preoperative radiotherapy, the practice of increased retrieval of LNs using fat clearance might not be an essential factor associated with survival benefit. The efficacy of this time-consuming fixation method remains controversial, compared with the conventional practice.

ARTICLE HIGHLIGHTS
Research background
For accurate tumor staging, it is recommended to obtain at least 12 lymph nodes (LNs) by international guidelines (such as the National Comprehensive Cancer Network and European Society for Medical Oncology guidelines). However, the number of LN decreases after neoadjuvant chemoradiation, leading to the hypothesis that enhanced LN yield would bring survival benefit.

Research motivation
Different methods have been implemented, trying to increase LN harvest. In this study, we employed the fat-clearance technique for LN yielding. So far, this study provided convincing evidence with big numbers of cases and long-term follow-up.

Research objectives
This study aimed to evaluate the efficacy of fat-clearance technique in terms of LN retrieval and potential prognostic values.

Research methods
This study employed the fat-clearance technique, which was demonstrated to be effective with a high sensitivity. 

Research results
The conclusion of this study confirms the fact that for patients without LN metastasis, higher yield of LN might be only a time-consuming procedure, rather than prognostic approach.

Research conclusions
In rectal cancer patients undergoing neoadvjuant chemoradiation without LN metastasis, the pursuit for more LN harvest is not beneficial. Fat-clearance technique might not be useful for pN0 patients. Decreased number of LN in rectal cancer patients with neoadjuvant chemoradiation might be of nature, with no necessity to increase retrieval in pN0 patients. In pN0 rectal cancer patients with neoadjuvant conformal radiotherapy (CRT), additional LN retrieval might be useless. The 12 LN rule might not be essential for accurate staging. The fat-clearance technique utilized in this paper is a new method. The increased number of LNs did not bring in longer survival and was not associated with survival benefit. The pursuit for higher number of LNs retrieved might be of no use, therefore, to prolong patients’ survival, new strategy of treatment might be useful.

Research perspectives
The 12 LN rule might not work in patients with neoadjuvant CRT. Lymph node positivity or positive LNs might be more important in terms of prognostic value. Methods for tracing the positive LN might be the best way for the research in the future.
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Figure 1 The effect of lymph nodes revealing after fat clearance. Small lymph nodes appeared as chalk white foci against a yellow and translucent adipose background. SRA: Superior rectal artery; LN: Lymph node.
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Figure 2 Small lymph nodes could be retrieved after fat clearance. The length of the sampling cassette is 30 mm.
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Figure 3 Kaplan–Meier curves. A: The Kaplan–Meier curve of local recurrence-free survival (LRFS): the estimated 5-year LRFS rates were 95.7% and 94.6% in fat clearance (FC) and conventional fixation (CF) groups, respectively (P = 0.819); B: The Kaplan–Meier curve of cancer-specific survival (CSS): the estimated 5-year CSS rates were 92.0% and 87.2% in FC and CF groups, respectively (P = 0.482).


Table 1 Patient characteristics, pre-staging methods, and pathological stages of conventional fixation group versus fat clearance group, n (%)
	Characteristic
	Conventional
fixation (n = 101)
	Fat clearance (n = 124)
	P-value

	Sex 

	  Male
	64 (63.4)
	69 (55.6)
	0.241

	  Female
	37 (36.6)
	55 (44.4)
	

	Age (yr)

	  Median
	62
	58
	0.496

	  Range
	28-83
	32-84
	

	cT stage

	  T0-2
	4 (4.0)
	9 (7.3)
	0.170

	  T3
	93 (92.1)
	114 (91.9)
	

	  T4a
	4 (4.0)
	1 (0.8)
	

	cN stage

	  N0
	26 (25.7)
	30 (24.2)
	0.789

	  N+
	75 (74.3)
	94 (75.8)
	

	Distance from anal verge (cm)

	  Median
	5
	5
	0.299

	  Range
	2-10
	1-9
	

	Pre-treatment staging

	  MRI + ERUS
	27 (26.7)
	22 (17.7)
	0.428

	  MRI
	15 (14.9)
	23 (18.5)
	

	  CT + ERUS 
	15 (14.9)
	19 (15.3)
	

	  ERUS
	30 (29.7)
	35 (28.2)
	

	  CT
	14 (13.9)
	25 (20.2)
	

	Interval from RT to surgery

	  Median
	2
	2
	0.702

	  Range
	1-8
	1-6
	

	Type of resection

	  Non-APR
	68 (67.3)
	90 (72.6)
	0.391

	  APR
	33 (32.7)
	34 (27.4)
	

	ypT stage

	  ypCR
	7 (6.9)
	 14 (11.3)
	0.550

	  T1
	8 (7.9)
	11 (8.9)
	

	  T2
	37 (36.6)
	 51 (41.1)
	

	  T3
	47 (46.5)
	 47 (37.9)
	

	  T4a
	2 (2.0)
	 1 (0.8)
	

	CRM status

	  Positive
	6 (5.9)
	8 (6.5)
	0.875

	  Negative
	95 (94.1)
	116 (93.5)
	



MRI: Magnetic resonance imaging; ERUS: Endorectal ultrasound; CT: Computed tomography; RT: Radiotherapy; CRM: circumferential resection margin.


Table 2 Lymph nodes retrieval, local recurrence-free survival, and cancer-specific survival of conventional fixation group versus fat clearance group
	Characteristic
	Fat clearance
	Conventional
fixation
	P-value

	LNs retrieved [median (range)]

	  All T stages
	19.5 (4-57)
	12 (0-44)
	0.000

	  ypT0-2
	 19 (5-57)
	 9 (0-30)
	0.000

	  ypT3-4
	21.5 (4-55)
	13 (1-44)
	0.000

	Lymph nodes ≥ 12

	  All T stages
	82.3%
	50.5%
	0.000

	  ypT0-2
	81.6%
	34.6%
	0.000

	  ypT3-4
	83.3%
	67.3%
	0.068

	5 yr-LRFS rate
	95.7%
	94.6%
	0.819

	5 yr-CSS rate
	92.0%
	87.2%
	0.482



LN: Lymph node; LRFS: Local recurrence-free survival; CSS: Cancer-specific survival. 
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