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ABSTRACT

Purpose: Tumor regression scores are used to evaluate local response to preoperative treatment. Complete
pathological response (tumor regression score=0) is associated with excellent prognosis. In this study we
evaluated the prevalence and impact of poor-to-no pathological response to neoadjuvant treatment (tumor
regression score=3), based on a recently revised grading system on long term oncologic outcomes among
rectal cancer patients.

Methods: This retrospective study included rectal cancer patients who received. neoadjuvant
chemoradiotherapy and surgical resection at our medical center. Pathological specimens were ren evaluated
and graded (grades 0-3) based on the revised tumor regression scores. Disease free survival and cancer
specific survival rates were documented and matched with the patients’ tumor regression scores.

Results: Initially 78 patients were included. 6 patients were later excluded from the long-term follow up
since they developed disease progression during neoadjuvant treatment. Among the other 72 patients, 38
(52.8%) were classified as tumor regression score=3 (no response) and 34 (47.2%) tumor regression
score=0-2 (any level of response). Conversion from laparoscopy to open surgery was higher in the tumor
regression score=3 group (21% vs. 2.9%, p=0.02). Follow-up ranged from 5 months to 12 years. Nine
(12.5%) patients experienced disease recurrence, 8 with tumor regression score=3. Most recurrences were
metastases to liver and lungs. Disease free survival was lower in tumor regression score=3 patients as
compared to tumor regression score=0-2.

Conclusions: Non-responders to neoadjuvant therapy are at higher risk for disease recurrence, conversion
to open surgery and disease-related mortality. Systemic recurrence of tumor regression score=3 tumors
suggests an aggressive biology of these tumors. Further studies are needed to characterize tumors that are
less likely to respond to radiotherapy and to personalize preoperative treatment decisions

© 2019 Ernesta Shmuel Avital. Hosting by Science Repository.

Introduction

Colorectal cancer is the third most common malignant neoplasm and the
fourth cause of malignancy-related mortality worldwide, with one-third
of the tumors located in the rectum [1]. Currently, the treatment of choice

for locally advanced rectal cancer (stage Il to I11) is preoperative chemo-
radiotherapy (CRT) followed by resection of the rectum and total
mesorectal excision [2, 3]. This multimodal therapy has been
recommended by the National Comprehensive Cancer Network (NCCN)
since 2006 [4, 5] and became the standard of care for patients with
locally advanced rectal cancer (LARC), after it was shown to reduce
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local recurrence and improve survival when combined with adjuvant
chemotherapy [4-7]. Tumor response to neo-adjuvant CRT varies among
patients and ranges from complete response, to partial response, to
virtually no response or even tumor progression [8]. The Modified Ryan
Scheme for Tumor Regression Score (Table 1) was recommended for
routine use by the College of American Pathologists [9]. Tumor
Regression Score (TRS) is a well-accepted measure of the local response
of malignant rectal tumors to preoperative CRT. TRS is determined by
the pathologist on a scale of 0-3 according to a well-defined set of
histopathological features associated with radiation induced tissue
changes [10]. TRS 0 indicates pathological complete response (pCR),
TRS 1-2 indicates different grades of partial response and TRS 3
indicates poor or no response. Correlation between the level of tumor
regression and oncological outcome is quite evident [11-14]. PCR is
evident in up to 20% of patients and was shown to be associated with
long-term oncologic benefits, including excellent DFS and OS rates [17-
19]. Emerging data suggest that patients with partial/intermediate
response (varying tumor infiltration identified in the post-radiotherapy
surgical specimen) will also experience favorable long-term oncological
outcomes [20-22]. Studies focusing on the non-responders' group (TRS
3) are less common. Many studies grouped partial responders and non-
responders together comparing them to complete responders while
recent data suggest that partial responders are more similar to complete
responders than they are to non-responders in terms of long-term
outcomes [14, 23-25]. The aim of this study was to evaluate the
prevalence and impact of poor pathological response (TRS 3) based on
the recently adopted TRS grading system by the college of the American
pathologists on long-term oncologic outcomes (DFS and cancer specific
survival (CSS) among rectal cancer patients treated with neoadjuvant
CRT before surgical resection [9].

Table 1: Modified Ryan Scheme for Tumor Regression Score.

Tumor
Regression
Description Score
No viable cancer cells (complete response) 0

Single cells or rare small groups of cancer cells (near | 1
complete response)

Residual cancer with evident tumor regression, but | 2
more than single cells or rare small groups of cancer
cells (partial response)

Extensive residual cancer with no evident tumor | 3
regression (poor or no response)

Methods

This retrospective cohort study was approved by the Institutional Review
Board of Meir Medical Center and performed in accordance with the
ethical standards of the Declaration of Helsinki. The medical records of
all patients diagnosed with rectal adenocarcinoma who underwent
preoperative CRT before resection surgery in our medical center, from
July 2005 to February 2018 were reviewed. Rectal cancer was diagnosed
via histological examination of a biopsy sample corroborating
adenocarcinoma. Patients with distant metastasis discovered before or
during surgery and patients with positive resection margins (either
macroscopic or microscopic) were not included in the long-term
evaluation due to the fact that metastatic disease and incomplete

Clin Oncol Res doi:10.31487/j.COR.2019.05.18

resection are powerful predictors of prognosis and could confound the
effect of TRS on long term oncologic outcomes [27, 28]. Tumoral
response to the neoadjuvant treatment was determined from specimens
retrieved from the archives. Slides were reviewed and classified by the
same pathologist based on the well-validated Tumor Regression Score
(TRS) [9].Demographic and disease-related data (age, gender, clinical
and pathological staging, date of surgery, surgical approach, neo-
adjuvant regimen date and duration, surgery interval, administration of
adjuvant chemotherapy and resection margins status (RO - negative
margins, R1 - microscopic involvement and R2- macroscopic residual
tumor) were reviewed and extracted from electronic and paper medical
files. Pre-operative clinical staging and post-operative pathological
staging were determined according to the TNM staging system of the
combined American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) updated in 2017 [29]. All patients
received CRT at a median radiation dose of 50.4 Gy accompanied by
fluoropyrimidine-based chemotherapy as a radio-sensitizing agent.
Interval between completion of neoadjuvant CRT and surgery was 6-8
weeks after long course radiotherapy and 4-6 weeks after short course
radiotherapy. Patients underwent anterior resection, low anterior
resection or abdominoperineal resection, all of which included total
mesorectal excision. Adjuvant chemotherapy was administered to a
subset of patients according to pathological staging. The multimodality
treatment administered to the patients, including indications, course, and
components was in consonance with the NCCN Rectal Cancer clinical
practice guidelines [4]. Data on long-term outcomes included recurrent
disease, date and form of recurrence (local or systemic), and date and
cause of death. Post-operative surgical follow-up consisted of routine
physical examination, blood levels of carcinoembryonic antigen,
computed tomography imaging and colonoscopy based on a local
protocol.

| Data Analysis

The cohort was divided into two groups according to TRS: Responders
included all patients with any level of response to neo-adjuvant CRT
(TRS 0-2) and Non responders included patients with no response to
neo-adjuvant CRT (TRS 3). Univariate comparison analysis was
performed to ensure sufficient similarity between groups. The primary
study outcome was disease recurrence. Secondary outcomes were
conversion to open surgery, systemic recurrence and disease-related
mortality (DRM). Long-term oncological outcomes were compared
between the groups. DFS was defined as the time between surgery and a
proven evidence for local or distant disease recurrence. Cancer specific
survival was defined as the time between surgery and cancer related
mortality. DFS and CSS were assessed and compared between the
groups using Kaplan-Meier survival analysis. Statistical analysis was
performed using Statistical Package for Social Sciences Software (SPSS,
Version 25.0, IBM, Armonk, NY, USA). Data are described as numbers
and percentage for nominal parameters and as mean and standard
deviation for continuous variables. In the univariate comparison
analysis, chi-square and Fisher's Exact test were used to analyze
categorical variables, and student's T-test was used for continuous
variables. For more than two group comparison, Bonferroni correction
was used. Kaplan-Meier survival analysis was used to evaluate long-
term, disease-free-survival and CSS according to TRS group.
Differences in Kaplan-Meier analysis was determined using the Mantel-
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Cox Log Rank test. Statistical significance was set at P-value of 0.05 or
less.

Results

Seventy-eight patients with rectal cancer who underwent preoperative
CRT followed by surgical resection at our institution, from July 2005 to
February 2018 were identified and included in the study. Six patients
with a primary evaluation of a respectable, curable disease were treated
with nCRT, but experienced disease progression to an extent that
rendered their tumors incurable with surgical resection. as one patient
had liver metastasis discovered during surgery. In 3 patients, local
disease extended to involve the pelvic walls, making complete resection
impossible and 2 patients had microscopically-involved surgical
margins. Interestingly, all had TRS 3 tumors and experienced DRM.
Tgus, the final study cohort included 72 patients.

| Patients and Tumor Characteristics

Of the 72 patients included in the study, 44 (61.1%) were males and 28
(38.8%) were females. Mean age was 63.1 + 12.7 years (standard
deviation). According to pre-operative evaluation, all patients had stage
11 or 111 rectal cancer (LARC) with the exception of one who had stage |
and underwent neo-adjuvant CRT for sphincter preservation. A total of
65 (90.2%) patients underwent long course radiotherapy, and 7 (9.7%)
short course radiotherapy. Surgical approaches were 24 (33.3%) open,
39 (54.1%) laparoscopic, and 9 (12.5%) began laparoscopically and
converted to open procedures. All 72 patients had RO resection margins.
31 (43.1%) patients received adjuvant chemotherapy. Follow-up ranged
from 5 months to 12 years (mean 59.3 + 42.5 months).

11 Response According to Trs

Of 72 patients, 15 (20.8%) were classified as TRS 0, 6 (8.3%) as TRS 1,
13 (18.1%) as TRS 2 and 38 (52.8%) as TRS 3. There were 34 (47.2%)
patients in the responders' group (TRS 0-2) and 38 (52.8%) in the non-
responder’s group (TRS 3). Demographics, stage and treatment
parameters were comparable between the two groups (Table 2). These
parameters included age, gender, pre-operative staging, course of
radiotherapy (long vs. short), whether adjuvant chemotherapy was
administered and duration of follow-up. This similarity enabled the
comparison of long-term outcomes.

111 Conversion to Open Surgery

The groups did not differ in the number of patients who were scheduled
to laparoscopic approach. However, conversion to open surgery was
significantly higher in the TRS=3 group. (21% vs 2.9%, P=0.02).

IV Long-Term Outcomes

Comparison of long-term outcomes between the responders and the non-
responders are displayed in Table 3. Non-responders developed disease
recurrence in a higher rate [(21%) vs. (2.9%), n respectively; p=0.02).
Kaplan-Meier DFS curves demonstrated significantly shorter DFS rates
among the non-responders as compared to the responders (p=0.04;
Figure 1). Most of the recurrences were in the form of distant metastasis
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to liver and lungs. Among the 9 patients with recurrent disease, 6
(66.6%) had systemic recurrence, 5 of whom were in the group patients
of the non-responders (TRS 3). Disease related mortality Overall, 5
patients (6.94%) experienced DRM, all as a result of recurrent disease.
Four were TRS 3 and 1 was TRS 1. Kaplan-Meier survival analysis was
used to evaluate cancer-specific survival according to TRS. Kaplan-
Meier DRM curves demonstrated poorer CCS rates among the non-
responders; however, the difference between the groups was not
statistically significant (P= 0.24; Figure 2).

Table 2: Univariate comparison between responders and non-

responders.
Clinical and disease-related | Responders | Non- P-
features (TRS 0-2) respond | val
ers ue
(TRS 3)
N = 34 |N = 38
(47.2%) (52.8%)
Gender Male 22 (64.7%) 22 0.55
(57.9%) | 4
Female 12 (35.3%) 16
(42.1%)
Mean age 63.08 + | 63.18 £ | 0.66
(years) 13.87 11.44 8
Pre-operative | Stage 1 1 (2.9%) 0 (0%) 0.89
staging Stage 2 16 (471%) | 19 (50%) | *
Stage 3 17 (50%) 19 (50%)
Radiotherapy | Short course | 3 (8.8%) 4 0.80
(105%) | 8
Long course | 31 (91.2%) 34
(89.5%)
Surgical Lap (intent | 23 (67.7%) 25 0.86
approach to treat) (65.8%)
Open 11 (32.3%) 13 0.86
(34.2%)
Lap 1 (2.9%) 8(21%) | 0.02
converted to
open
Post-operative | Stage 0 12 (35.3%) 0 (0%) 0.00
staging 01
Stage 1 9 (26.5%) 11 0.81
(28.9%) 5
Stage 2 8 (23.5%) 17 0.05
(44.7%) | 9
Stage 3 5 (14.7%) 10 0.22
(26.3%) 6
Adjuvant Yes 12 (35.3%) 19 (50%) | 0.20
chemotherapy I 22 (64.7%) | 19 (50%) | ©
Mean follow- 59.97 + | 5876 x| 091
up (months) 48.70 36.76 4
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Table 3: Comparison of long-term outcomes.

Long-term TRS 0-2 TRS 3 (non- P-value
outcomes (responders) responders)
N= 34 (47.2%) N= 38 (52.8%)

Recurrence 1 (2.9%) 8 (21%) 0.03
Distant 1 (2.9%) 5 (13.15%) 0.11
recurrence
Prognosis

Living 30 (88.2%) 26 (68.4%) 0.052

without

disease

Living 0 (0%) 4 (10.5%)

with

disease

Died 3(8.8) 4 (10.5%)

without

disease

Died of | 1(2.9%) 4 (10.5%)

disease
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Figure 1: Kaplan-Meier Disease Free Survival curves by patients TRS.
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Figure 2: Kaplan-Meier cancer specific survival curves by patients TRS.
Discussion
Following years of research and numerous large-scale studies, it is safe

to say that neo-adjuvant CRT followed by radical surgical resection is a
beneficial treatment strategy for patients with LARC [6,7]. The effects
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of this treatment are tumor downstaging, increased likelihood of curative
resection, and reduced risk of local recurrence [3]. However, with
routine clinical use of preoperative CRT, it was evident that tumor
response to this treatment ranges from complete to absent response [8,
15, 26]. This led to the development of various scales designed to
quantify the level of response to neoadjuvant therapy [14]. Many studies
have shown that response to nCRT correlates with prognosis and
specifically DFS [11-13]. When evidence regarding patients with pCR
begun to accumulate, suggesting excellent DFS and OS rates, there was
a substantial shift in focus towards predicting and improving the rate of
pCR [16, 17, 19]. The extremely favorable prognosis of these patients
led to the concept of "watch and wait" approach in which patients with
pCR avoid radical surgery [30, 31]. Successful implementation of the
‘watch and wait’ approach is probably the best evidence for the
beneficial effect of nNCRT.

However, even though nCRT results in clinically significant tumor
regression for most patients, a considerable portion of patients exhibit
very poor or no response to treatment. The rate of non-responders in
current literature is about 20-30% [14, 32]. However, 53% of the patients
in the current study had poor to no response to nCRT. The higher non-
response rate is probably related to the use of different tumor regression
scales. All previous studies shared the same remarkable limitation,
which was the absence of a uniform method to rat tumor response [14,
23]. Several systems to quantify tumor response have been advocated,
complicating implementation of a universal, standard definition for
tumor regression. The current study used the Modified Ryan Scheme
for Tumor Regression Score, due to its high validity, good inter-observer
reproducibility, and because it is the official pathologic tumor staging
scale for resected specimens, recommended by the College of American
Pathologists [9, 10, 33]. A retrospective study by Park et al.found that
the 5-year RFS and OS rates progressively increased relative to poor
response to complete response, and that TRS was the most important
predictor of oncologic outcome after radical resection; more important
even than clinical staging [33]. In the Modified Ryan Scheme, the TRS
3 group includes non-responders as well as poor responders, while in
other regression scales this group includes non-responders only [14].
This may explain the high rate of non-responders in our study. Our
results indicate that, when compared with patients who had any level of
response to nCRT (TRS 0-2), rectal cancer patients with a poor response
(TRS 3) are at significantly higher risk for disease recurrence and tend
to develop distant metastases following surgical resection. With the
exception of one patient from the responders’ group who died as a result
of recurrent metastatic disease, the negative long-term outcomes
(recurrence and DRM) occurred attributed to the non-responders (TRS
3). Reviewing the course of the TRS 1 patient with recurrent disease, we
saw that he was diagnosed with disseminated metastatic disease within
6 months after surgery, suggesting undiagnosed micro-metastases that
were not apparent during the initial staging or surgery. Also noteworthy
is this patient did not receive adjuvant chemotherapy. Despite the
particulars of this case, other studies have reported that in the rare cases
of recurrence among patients with pCR, the pattern of failure was
systemic [33, 34]. Conversion from laparoscopic to open surgery was
another differentiating factor. While there was no difference between the
groups in the initial surgical approach, non-responders had a
significantly higher rate of conversion from laparoscopic to open
procedure. With responsive tumors, neo-adjuvant CRT can result in a
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smaller, mobile tumor which is easier to resect then a large, bulky tumor.
In light of this, it is clear why the non-responders arrived to surgery with
larger, less mobile tumors, making laparoscopic resection extremely
difficult and sometimes impossible; thus, requiring conversion to open
surgery. While analyzing the patients who did not meet the study
inclusion criteria for long term follow up, we discovered an interesting
pattern. Six patients with a primary evaluation of a resectable, curable
disease, were treated with nCRT, but experienced disease progression to
an extent that rendered their tumors incurable with surgical resection.
During 4-6 weeks of CRT and an additional 6-8-week interval period,
the malignancy progressed, as one patient had liver metastasis
discovered during surgery. In 3 patients, local disease extended to
involve the pelvic walls, making complete resection impossible and 2
patients had microscopically-involved surgical margins. We mention
these patients because they all had TRS 3 tumors and experienced DRM.
The uniqueness of this study lies in its focus on the long-term
oncological outcomes of the non-responder TRS 3 patients. Other
studies reached the same conclusions regarding the poor prognosis and
high recurrence rate among non-responder patients [33-36]. The major
limitation of this study is its retrospective nature and the relatively small
sample size, which was probably the reason for our inability to
demonstrate statistically significant differences in distant recurrence and
DRM rates between the groups. Despite these limitations, we were able
to substantiate our initial hypothesis regarding the higher recurrence rate
of TRS 3 tumors. Another limitation lies in the fact that we did not
evaluate other possible prognostic factors (such as lympho-vascular
invasion, perineural invasion, CRM, distance from anal verge etc.).
However, since none of these factors or other clinical or pathological
factors were proved to be predictive in terms of response to neoadjuvant
treatment this limitation is less of importance. To conclude, the primary
finding of this study is that rectal cancer patients with poor or no
response to neoadjuvant treatment based on the Modified Ryan Scheme
for Tumor Regression Score demonstrate increased risk for non-curative
resection (R1, R2 resection), conversion to open surgery, and poor long
term, oncologic outcomes (recurrence and DRM), as compared with
patients with any better level of response (TRS 0-2). The systemic mode
of recurrence of TRS 3 tumors found in this study and others, suggests
that these tumors have an inherently aggressive, malignant biologic
phenotype that makes them less responsive to CRT and also increases
their propensity to metastasize [24, 33, 34].

The need to expand therapeutic options is gaining relevance in LARC as
part of a general shift in modern medicine towards personalized
medicine. The variability of tumor response to irradiation has increased
the need to find a way to predict the tumor's potential response, however,
currently this does not exist. Even though many researchers have
undertaken this challenge, until now, none of the potential predictive
markers are accurate enough to change clinical treatment algorithms
[37]. Studies to discover tumor characteristics associated with poor
response, that can be identified at the preliminary diagnostic biopsy are
urgently needed. With these patients lies the potential for developing
different treatment strategies, which may lead to upfront surgery or to
exchanging radiotherapy with systemic chemotherapy.
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