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Abstract: The possibility of preoperatively predict the complete pathological response in rectal cancer has been studied in
order to identify patients who would respond to neoadjuvant and individualize therapeutic strategies. The endoscopic
ultrasound of the rectum is an accurate method for the evaluation of the local invasion of the tumor and the lymph nodes.
Aim. To evaluate the potential of endoscopic ultrasound as a predictor of the complete pathological response to
neoadjuvant after surgery in patients with locally advanced rectal cancer. Material and methods. A retrospective study was
realized in patients with rectal cancer from January 2014 to December 2016. Results. We obtained a statistical association
between the stage of the T by endoscopic ultrasound and the complete pathological response (p = 0.015). Not so for N,
sphincter involvement, circumferential involvement and maximum tumor thickness (p = 0.723, p = 0.510, p = 0.233 and p
= 0.114, respectively). When applying the multivariate logistic regression analysis to assess the degree of influence of the
predictor variables on the pathological response, none of these variables was associated with the complete pathological
response. Conclusion. The prediction of the complete pathological response in rectal cancer has been considered as the
crucial point on which treatments for rectal cancer could be individualized. So far, no imaging method has been able to
demonstrate efficacy in predicting the complete pathological response, and in turn there is no direct association between an
endosonography finding that can accurately predict it.
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1 Introduction

The treatment of choice for locally advanced, non-metastatic rectal cancer (stage II/III according to the American
Joint Committee on Cancer) consists of multi-modal therapy based on preoperative chemoradiotherapy (CRT), total
mesorectal excision (TME), and adjuvant chemotherapy [1,2,3].

A complete pathological response (pCR) to neoadjuvant CRT has been associated with reduced distant disease,
improved local control, local recurrence rates below 1%, and 5-year overall survival exceeding 95%, when compared with
patients who do not achieve pCR [4,5].

The possibility of predicting pCR preoperatively using clinical, pathological, radiological, and molecular methods has
been studied [6,7,8,9]. The goal is to identify patients who would respond to neoadjuvant therapy, tailor treatment

strategies, and avoid radical surgery and permanent stomas while preserving the rectum, without compromising patients'
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oncological outcomes [4,10].

Results from three groups have found an association between the clinical T stage (TNM staging system) and the
likelihood of achieving pCR: 58% for T1, 28% for T2, 16% for T3, and 12% for T4 [8]. In turn, pCR has been associated
with good tumor differentiation, small tumor diameter, early T and N stages, non-circumferential, non-ulcerated tumors,
and low pretreatment levels of carcinoembryonic antigen (CEA) [6,11,12]. However, these studies have low sensitivity and
specificity, and other studies contradict these findings [6].

Endoscopic ultrasound (EUS) of the rectum is one of the most accurate methods for assessing local invasion of rectal
cancer and perirectal lymph nodes [13]. Comparative studies show that the accuracy of EUS for T staging is 80—95%
(Figure 1) compared with computed tomography (CT) (65—75%) and MRI (75-85%). For lymph node staging, accuracy is
70—75% (Figure 2), compared with CT (55-65%) and MRI (60—70%) [14]. EUS is recommended as an accurate staging

method for selecting early-stage lesions suitable for endoscopic resection or transanal resection [13].

Figure 1. Endoscopic ultrasound assessment of the primary tumor (T) according to the TNM classification in rectal cancer.

The tumor invades the pericolonic tissue through the muscularis propria (T3)

Figure 2. Endoscopic ultrasound assessment of regional lymph nodes in rectal tumors

The accuracy of staging after neoadjuvant radiation therapy decreases significantly due to edema, necrosis, and
fibrosis caEUSd by radiation therapy; for this reason, the diagnostic accuracy of endoscopic ultrasound (EUS) for T
staging decreases to 50% in the post-radiation therapy setting [15,16]. No imaging modality has been shown to be the most
accurate for restaging after preoperative therapy and before surgery [17].

However, the EUS of EUS as a predictor of pCR has not been extensively evaluated. The study by Li et al. is the first
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to propose serial measurements of EUS and tumor thickness after CRT as predictors of pCR, and in turn, of improved
survival [18].

2 Objective

The objective of this study is to evaluate the potential of endoscopic ultrasound as a predictor of complete
pathological response to neoadjuvant therapy following surgery in patients with locally advanced rectal cancer.

3 Materials and methods

A retrospective study was conducted on patients with rectal cancer enrolled between January 2014 and December
2016 at the National Cancer Institute of Mexico, with approval obtained from the Institute's Ethics Committee.

3.1 Inclusion criteria

Patients with locally advanced rectal cancer (American Joint Committee on Cancer stage II/IIT) confirmed by physical
examination, chest X-ray, or CT scan, and who had not received prior treatment, were included. Patients underwent
colonoscopy with histopathological confirmation of adenocarcinoma, with tumor location below the rectosigmoid junction
or within the first 15 cm from the pectineal line.

Patients were staged prior to treatment using endoscopic ultrasound of the rectum, received neoadjuvant CRT,
underwent surgical resection with TME, and had post-treatment pathological staging.

3.2 Exclusion criteria

Patients were excluded if they had stenosing tumors that could not be traversed by colonoscopy or endoscopic
ultrasound, or if they had unresectable or synchronous tumors.

Pre-treatment staging was determined by endoscopic ultrasound using an Olympus GF-UE160 radial echoendoscope
with frequencies of 7.5-12 MHz; with the patient in the left lateral decubitus position, scanning was performed from the
aortic bifurcation until the anal sphincters were identified. The following variables were described: maximum tumor
thickness (> 10 and < 10 mm), sphincter involvement, circumferential tumor involvement (> 50% and < 50%), and clinical
stage by EUS according to the AJCC 7th edition TNM classification.

Demographic, clinical, and pathological data were collected from the patients, including age, sex, and pretreatment
carcinoembryonic antigen (CEA) levels, with cutoff values of > 10 and < 10 ng/ml. Neoadjuvant treatment consisted of a
long course of intensity-modulated radiation therapy plus concomitant chemotherapy.

Analysis of the pathological specimens was performed by the Pathology Department and retrieved from the electronic
medical record. The quality of mesorectal excision, the extent of surgical resection of the tumor, the pathological stage
(ypTNM), and the degree of pathological response were evaluated.

The latter was classified according to the 2010 AJCC tumor regression grade (TRG) (modified Ryan classification) as
follows: TRGO, complete response (no viable tumor cells); TRG1, moderate response (small group of tumor cells or
individual cells); TRG2, minimal response (residual cancer with fibrosis); and TRG3, poor response (with minimal or no
elimination of tumor cells).

Furthermore, for the purposes of this study, the pathological response was classified into the group with complete
pathological response (TRGO) and all others with no response or a variable response as the group without complete
pathological response (TRG1, TRG2, TRG3) [19].

For this study, sphincter involvement was defined as tumor infiltration of one or both rectal sphincters;
circumferential tumor involvement was defined as circumferential compromise when the tumor extends over more than
50% of the rectal circumference; tumor thickness was defined as the maximum measured thickness in millimeters of the

rectal wall at the tumor site; degree of surgical resection, defined as R1 if the circumferential resection margin is positive
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for neoplasia or if the resection margin is less than 1 mm, and RO if the circumferential resection margin is negative for
neoplasia [4]; complete pathological response (pCR), the absence of adenocarcinoma cells in the rectal wall or in regional
lymph nodes (ypTONOMO), classified as TRGO [20,4]; without a complete pathological response, indicating the absence of
a complete pathological response or a variable degree of response (TRG1, TRG2, TRG3).

3.3 Statistical analysis

Possible differences in clinical and pathological variables between patients who had pCR and those who did not were
evaluated using the chi-square test. Logistic regression analysis was performed to predict pCR. The Stata/MP 13.0
software (Stata, College Station, TX) was EUSd for statistical analysis, with p-values < 0.05 considered statistically
significant.

Differences between the groups were assessed using the chi-square test. Logistic regression analysis was performed to
predict the dependent variable. A p-value < 0.05 was considered statistically significant. The Stata/MP 13.0 software (Stata,
College Station, TX) was EUSd for statistical analysis.

4 Results

A total of 78 patients were included, all of whom met the established inclusion criteria. All patients underwent rectal
endoscopic ultrasound (EUS), received neoadjuvant chemotherapy, underwent surgical resection with total mesorectal
excision (TME), and postoperative pathological staging.

The included patients received intensity-modulated radiation therapy at a dose of 50.4 Gy in 28 fractions. The
concomitant chemotherapy regimen EUSd was capecitabine 2.5 g/m? on days 1-14 every 3 weeks for 4 cycles in 87.2% of
the patients, and capecitabine plus oxaliplatin in 12.8%.

The demographic characteristics of the patients and the variables associated with pCR are shown in Table 1. Women
(n = 32) accounted for 41.0%, and men (n = 46) for 59.0%, with a median age of 60.5 years (range: 32—83). Pre-treatment
ACE levels had a median of 3.28 ng/ml (range: 0.39—3321). The clinical stages determined by endoscopic ultrasound
ranged from stage I to stage IIIC. Based on endosonographic findings regarding tumor invasion of the rectal wall, 10.3% (n
= 8) corresponded to T2, 65.4% to T3 (n = 51), and 24.4% to T4 (n = 19). For lymph node staging, 33.3% (n = 26) were
classified as NO, and 66.7% (n = 52) had positive lymph nodes. Sphincter involvement was present in 30.7% (n = 24), and
circumferential tumor involvement of the rectum affecting >50% of the lumen was present in 67.9% of cases (n = 53).
Regarding the measurement of maximum tumor thickness, this was assessed in 56 of the 78 patients. The median
maximum tumor thickness was 15.7 mm (range: 8-34.6); for this parameter, cutoffs of > 10 mm and < 10 mm were
established based on the data distribution. As for the histopathological results following neoadjuvant therapy and surgery
(Table 2), the tumors were staged as TO in 16.7% (n = 13), Tis in 2.6% (n =2), T1 in 10.2% (n = 8), T2 30.7% (n = 24), T3
33% (n=26), and T4 6.4% (n =Y5).

For pathological staging of lymph nodes, NO accounted for 70.5% (n = 55), and when all stages with positive lymph

node metastases due to malignancy were grouped together, they accounted for 29.5% (n = 23).




Table 1. Baseline patient characteristics and variables associated with pCR (n = 78)

Characteristic n (%)

Age (years), median (range) 60.5 (32-83)
Sex

Female, n (%) 32 (41)
Male, n (%) 46 (59)

Pre-treatment CEA (ng/ml), median (range) 3.28 (0.39-3321)
Clinical stage by EUS

I 2 (2.6)
A 18 (23.1)
1B 4(5.1)
(@ 2 (2.6)
1A 5(6.4)
111B 32 (41.0)
111C 15(19.2)
Clinical T stage by EUS

T2 8(10.3)
T3 51 (65.4)
T4 19 (24.4)
Clinical N stage by EUS

NO 26 (33.3)
NI1A 15(19.2)
NIB 20 (25.6)
NIC 1(1.3)
N2A 9(11.5)
N2B 7(9.0)
Sphincter involvement

Yes 24 (30.8)
No 54 (69.2)
Circumferential involvement

>50% 53 (67.9)
<50% 25 (32.1)
Tumor thickness (mm), median (range) 15.7 (8-34.6)




Table 2. Post-treatment histopathological findings (n = 78)

Variable n (%)
ypT Stage

TO 13 (16.7)
Tis 2 (2.6)
T1 8(10.2)
T2 24 (30.8)
T3 26 (33.3)
T4 5(6.4)
ypN Stage

NO 55 (70.5)
NI1A 8(10.2)
NI1B 6 (7.7)
NIC 3(3.8)
N2A 3(3.8)
N2B 3(3.8)
Tumor resection grade

RO 72 (92.3)
R1 6 (7.7)
Total mesorectal excision

Complete 63 (80.8)
Incomplete 15 (19.2)
Tumor Regression Grade (AJCC)

0 (Complete) 13 (16.6)
1 (Moderate) 24 (30.8)
2 (Minimal) 24 (30.8)
3 (Poor) 17 (21.8)
Grouped pathological response

Complete 13 (16.7)
Non-pCR 65 (83.3)

AJCC: American Joint Committee on Cancer; pCR: complete pathological response.

For the resection grade, RO was 92.3% (n = 72) and R1 was 7.7% (n = 6). In 80.8% (n = 63) of cases, TME was
performed, and in 19.2% (n = 15), mesorectal excision was incomplete. Finally, the achieved pCR (GRTO0) was 16.7% (n =
13), and when moderate, minimal, and no responses (TRG1, TRG2, and TRG3) were grouped together, the rate was 83.3%
(n = 65). Within the group of patients with pCR, 30.7% were T2 (n = 4), 38.5% were T3 (n = 5), and 30.7% were T4 (n =
4). For the group without pCR, we found that T2 accounted for 6.1% (n = 4), T3 for 70.8% (n = 46), and T4 for 23.1% (n
=15).

In accordance with the study's objective—to evaluate the potential of endoscopic ultrasound as a predictor of pCR—
when analyzing the factors we identified as possible predictors using the chi-square test, we found a statistical association
between the T stage determined by endoscopic ultrasound and pCR (p = 0.015). This was not the case for N stage by EUS,
sphincter involvement, circumferential involvement, and maximum tumor thickness (p = 0.723, p=0.510, p =0.233, and p
=0.114, respectively) (Table 3).

Furthermore, when we applied multivariate logistic regression analysis to assess the degree of influence of the

predictor variables on the pathological response, none of these variables was associated with pCR (Table 4).




Table 3. Predictors of pCR after neoadjuvant CRT and surgery (n = 78)

Variables PCR Non-pCR
n n
Sex
Male 8 38 0.837
Female 5 27
Age (years)
> 45 10 55 0.497
<45 3 10
Pre-treatment CEA (ng/mL)
> 10 2 15 0.54
<10 11 50
Clinical T stage by EUS
T2 4 4 0.015 *
T3 5 46
T4 4 15
Clinical N stage by EUS
NO 6 20 0.723
Nla 2 13
Nlb 4 16
Nlc¢ 0 1
N2a 1 8
N2b 0 7
Sphincter involvement
Yes 3 21 0.51
No 10 44
Circumferential involvement
> 50% 7 46 0.233
<50% 6 19
Tumor thickness (mm)
> 10 8 38 0.114
<10 4 6

pCR: complete pathological response; CRT: chemoradiotherapy; CEA: carcinoembryonic antigen;

EUS: endoscopic ultrasound. Chi-squared test * p < 0.05

Table 4. Multivariate predictors of pCR

Variables p*

Sex 0.541
Age 0.362
CEA 0.426
T2 stage 0.895
T3 stage 0.393
Sphincter involvement 0.539
Circumferential involvement 0.147
Tumor thickness 0.159

pCR: complete pathological response; CEA: carcinoembryonic antigen. *Logistic regression analysis

5 Discussion

In our study, we reported a complete pathological response rate of 16.7%, which is consistent with reports in the
literature ranging from 10% to 20% [4,6,21]. In the univariate statistical analysis, we found an association between the T
stage as determined by EUS and pCR, but not with the other potential predictors (sphincter involvement, circumferential
tumor involvement, or tumor thickness). However, in the logistic regression analysis, none of the p-values obtained were

statistically significant. Therefore, we can conclude that there is no direct relationship between any pre-treatment
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endoscopic ultrasound measurement and the prediction of pCR, and we cannot conclusively identify which patients would
achieve a complete resection prior to treatment.

In the study by Ning Li et al., sequential measurements of the largest tumor diameter were performed using
endoscopic ultrasound in 41 patients with stage II and III rectal cancer prior to the start of neoadjuvant treatment, 2 weeks
after its initiation, and 6 to 8 weeks after the completion of chemoradiotherapy. They found a correlation between post-
treatment maximum tumor thickness, as well as the ratio of post-neoadjuvant CRT tumor measurements to pretreatment
diameter, with complete pathological response and tumor regression grade (p = 0.001 and p = 0.026, respectively).

Although previous studies have suggested that the accuracy and utility of endoscopic ultrasound (EUS) in restaging
rectal cancer are compromised by the edema and fibrosis induced by neoadjuvant therapy, these results suggest that the
correlation between post-neoadjuvant post-treatment and pre-treatment endoscopic ultrasound measurements, in addition to
the maximum tumor thickness measurement in the post-neoadjuvant period, may predict therapeutic response in rectal
cancer [18]. It is worth noting that, in addition to sample size, having only a single pre-treatment measurement may affect
the results obtained in our study.

Various factors influence the pathological response to neoadjuvant therapy, ranging from varying sensitivity to
chemoradiotherapy due to the individual nature of the tumor to the time interval between the completion of neoadjuvant
therapy and surgical resection, among others [9,22,23].

Multiple prospective, uncontrolled studies report that the local recurrence rate and overall survival in patients with
pCR who underwent surgical procedures without TME are similar to those in patients who did undergo TME [10,24].

Given the favorable oncological outcomes in patients with a complete pathological response, efforts to identify this
group have become a challenge.

The main obstacle is that such a response can only be assessed using the surgical specimen. Clinical prediction of
pathological response would allow for the selection of patients in whom surgery and TME could be avoided [3,25].

6 Conclusion

Predicting complete pathological response in locally advanced rectal cancer is a challenge that remains under
investigation, as this issue has been considered the crucial factor upon which personalized treatments for locally advanced
rectal cancer could be based. To date, no imaging method has proven effective in predicting complete pathological
response, and there is no direct association between any that can accurately predict it [21].

Variable tumor responses to neoadjuvant chemoradiotherapy suggest a complex relationship with tumor biology,
likely due to various molecular pathways that regulate sensitivity to chemoradiotherapy [6].

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

[1] Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind C, Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess CF,
Karstens JH, Liersch T, Schmidberger H, Raab R, German Rectal Cancer Study Group. Preoperative versus postoperative
chemoradiotherapy for rectal cancer. N Engl J Med 2004; 351: 1731-1740.

[2] Berardi R, Maccaroni E, Onofri A, Morgese F, Torniai M, Tiberi M, Ferrini C, Cascinu S. Locally advanced rectal
cancer: the importance of a multidisciplinary approach. World J Gastroenterol 2014; 20: 17279-17287.

[3] Moaven J, Shami VM. Predicting pathologic response: the "bottom line" in the management of locally advanced
rectal cancer. Gastrointest Endosc 2017; 85: 675-676.

[4] Garland ML, Vather R, Bunkley N, Pearse M, Bissett IP. Clinical tumour size and nodal status predict pathologic

8



complete response following neoadjuvant chemoradiotherapy for rectal cancer. Int J Colorectal Dis 2014; 29: 301-307.

[5] Smith JJ, Garcia-Aguilar J. Advances and challenges in treatment of locally advanced rectal cancer. J Clin Oncol
2015; 33: 1797-1808.

[6] Ryan JE, Warrier SK, Lynch AC, Ramsay RG, Phillips WA, Heriot AG. Predicting pathological complete response
to neoadjuvant chemoradiotherapy in locally advanced rectal cancer: a systematic review. Colorectal Dis 2016; 18: 234-
246.

[7] Russo AL, Ryan DP, Borger DR, Wo JY, Szymoni a J, Liang WY, Kwak EL, Blaszkowsky LS, Clark JW, Allen
IN, Zhu AX, Berger DL, Cusack JC, Mamon HJ, Haigis KM, Hong TS. Mutational and clinical predictors of pathologic
complete response in the treatment of locally advanced rectal cancer. J Gastrointest Cancer 2014; 45: 34-39.

[8] Yoo BC, Yeo SG. Clinical utility of pretreatment prediction of chemoradiotherapy response in rectal cancer: a
review. EPMA J 2017; 8: 61-67.

[9] Pérez RO. Predicting response to neoadjuvant treatment for rectal cancer: a step toward individualized medicine.
Dis Colon Rectum 2011; 54: 1057-1058.

[10] Habr-Gama A, Pérez RO, Sao Julido GP, Proscurshim I, Gama-Rodrigues J. Nonoperative approaches to rectal
cancer: a critical evaluation. Semin Radiat Oncol 2011; 21: 234-239.

[11] Qiu HZ, Wu B, Xiao Y, Lin GL. Combination of differentiation and T stage can predict unresponsiveness to
neoadjuvant therapy for rectal cancer. Colorectal Dis 2011; 13: 1353-1360.

[12] Huh JW, Kim HR, Kim Y]J. Clinical prediction of pathological complete response after preoperative chemo
radiotherapy for rectal cancer. Dis Colon Rectum 2013; 56: 698-703.

[13] Cartana ET, Gheonea DI, S& oiu A. Advances in endoscopic ultrasound imaging of colorectal diseases. World J
Gastroenterol 2016; 22: 1756-1766.

[14] Siddiqui AA, Fayiga Y, Huerta S. The role of endoscopic ultrasound in the evaluation of rectal cancer. Int Semin
Surg Oncol 2006; 3: 36.

[15] Marone P, de Bellis M, Avallone A, Delrio P, di Nardo G, D'Angelo V, Tatangelo F, Pecori B, Di Girolamo E,
Iaffaioli V, Lastoria S, Battista Rossi G. Accuracy of endoscopic ultrasound in staging and restaging patients with locally
advanced rectal cancer undergoing neoadjuvant chemoradiation. Clin Res Hepatol Gastroenterol 2011; 35: 666-670.

[16] Vanagunas A, Lin DE, Stryker SJ. Accuracy of endoscopic ultrasound for restaging rectal cancer following
neoadjuvant chemo-radiation therapy. Am J Gastroenterol 2004; 99: 109-112.

[17] de Jong EA, ten Berge JC, Dwarkasing RS, Rijkers AP, van Eijck CH. The accuracy of MRI, endorectal
ultrasonography, and computed tomography in predicting the response of locally advanced rectal cancer after preoperative
therapy: A metaanalysis. Surgery 2016; 159: 688-699.

[18] Li N, Dou L, Zhang Y, Jin J, Wang G, Xiao Q, Li Y, Wang X, Ren H, Fang H, Wang W, Wang S, Liu Y, Song Y.
Use of sequential endorectal US to predict the tumor response of preoperative chemoradiotherapy in rectal cancer.
Gastrointest Endosc 2017; 85: 669-674.

[19] Kim SH, Chang HJ, Kim DY, Park JW, Back JY, Kim SY, Park SC, Oh JH, Yu A, Nam BH. What is the ideal
tumor regression grading system in rectal cancer patients after preoperative chemoradiotherapy? Cancer Res Treat 2016;
48: 998-1009.

[20] Martin ST, Heneghan HM, Winter DC. Systematic review and meta-analysis of outcomes following pathological
complete response to neoadjuvant chemo radiotherapy for rectal cancer. Br J Surg 2012; 99: 918-928.

[21] Kawai K, Ishihara S, Nozawa H, Hata K, Kiyomatsu T, Morikawa T, Fukayama M, Watanabe T. Prediction of

9



pathological complete response using endoscopic findings and outcomes of patients who underwent watchful waiting after
chemoradiotherapy for rectal cancer. Dis Colon Rectum 2017; 60: 368-375.

[22] Séao Julido GP, Habr-Gama A, Vailati BB, Araujo SEA, Fernandez LM, Perez RO. New strategies in rectal cancer.
Surg Clin North Am 2017; 97: 587-604.

[23] Pérez RO, Habr-Gama A, Sao Julido GP, Vailati BB, Fernandez LM, Gama-Rodrigues J, Camargo AA. Should
we give up the search for a clinically useful gene signature for the prediction of response of rectal cancer to neoadjuvant
chemo-radiation? Dis Colon Rectum 2016; 59: 895-897.

[24] Habr-Gama A, Sabbaga J, Gama-Rodrigues J, Sao Julido GP, Proscurshim I, Baildo Aguilar P, Nadalin W, Pérez
RO. Watch and wait approach following extended neoadjuvant chemoradiation for distal rectal cancer: are we getting
closer to anal cancer management? Dis Colon Rectum 2013; 56: 1109-1117.

[25] Heald RJ, Beets G, Carvalho C. Report from a consensus meeting: response to chemoradiotherapy in rectal
cancer-predictor of cure and a crucial new choice for the patient: on behalf of the Champalimaud 2014 Faculty for Rectal

cancer: when NOT to operate'. Colorectal Dis 2014; 16: 334-337.

10



	Endoscopic ultrasound and complete pathological re
	Melissa Jiménez-Morales*, J Octavio Alonso-Lárraga


