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Introduction

The high local disease recurrence rates observed after
radical surgery alone has led to the use of additional
therapy either before or after surgery in locally advanced
rectal tumors (LARC).! Hence, multimodality treatment
with the combination of radiation therapy, chemotherapy
and Total Mesorectal Excision (TME) has been considered
the preferred approach for patients with LARC.?3

Presently, assessment of rectal cancer includes clinical
assessment of tumor and its response to neoadjuvant therapy
with digital rectal examination, proctoscopy and biopsy.
Conventional staging modalities includes endorectal
ultrasonography, Contrast Computed Tomography (CT)
and Magnetic Resonance Imaging (MRI). Although local
staging of rectal cancer with these modalities provides
accuracy of 70% to 80%, these can be somewhat limiting
with respect to reliably establish tumor response to
neoadjuvant therapy.4 These tools cannot differentiate
between early radiotherapy-induced inflammation or
fibrosis from viable tumor cells in residual masses.® The
accuracy of CT and MRI in predicting response is only
70%.°

In this regard, "SFDG-PET/CT has shown to be superior
to morphological imaging modalities ( CT and MRI) in
prediction of response to neoadjuvant approach in patients
with LARC.”™ The objective of the present study is to assess
the role of ®FDG-PET/CT in assessing the tumor response
rate to neoadjuvant chemoradiotherapy (CRT) in LARC.

Methods

This prospective study was conducted in Department of
General Surgical in collaboration with Department of
nuclear medicine, Histopathology and Department of
Gastroenterology, from January 2013 to June 2014. [This
study is a part of MCh dissertation]. Thirty patients of
LARC were enrolled after taking informed consent. The
inclusion criteria was biopsy proven LARC (T3,T4 and
N1/N2 disease). Those patients with synchronous cancer,
metastatic disease or contraindication to neoadjuvant
treatment were excluded.

Initial clinical assessment of patients comprised detailed
history, complete physical examination, digital rectal
examination, and Carcinoembryonic antigen (CEA) level
determination. Staging of the disease was performed by
Endoscopic Ultrasonography (EUS) and “FDG-PET/
CT. These investigations were repeated 6 weeks after
completion of neoadjuvant CRT. Tumor stage T3/T4 and
N1/N2 nodal disease was considered as locally advanced.

BEDG-PET/CT reporter was kept blind to the clinical as well
as EUS findings. All the patients subsequently underwent
TME and additional surgical procedure depending on the
location of tumor. Resected specimen was subjected to
detailed histopathological examination to confirm the grade
and pathological TNM staging.
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Neoadjuvant Chemoradiotherapy:

Neoadjuvant radiotherapy consisted of three-dimensional
conformal radiotherapy (3DCRT) using linear accelerator
and following CT planning in prone decubitus position.
The radiation dose was 45 grays (Gy) with daily doses
of 1.8Gy (5 fraction/week for 5 week) using 4-field box
technique. Concurrently, patients received 5-flurouracil
(500mg/m2 daily) and calcium leucovorin (30mg/m2 )
every week starting from day 1 of radiation therapy till 5
weeks administered by continuous IV infusion.

BFDG-PET/CT:

"FDG-PET/CT scan was obtained after intravenous
injection of 370 megabecquerels (MBq) of 2-fluoro-18-
FDG. Whole-body imaging was carried out in all patients.
Lesions were identified as foci with increased tracer
accumulation relative to surrounding soft tissues. Imaging
was interpreted by a single experienced observer who will
be unaware of the patient clinical assessment status of the
tumor response. Standard uptake value (SUV), defined
as the uptake of FDG-18 normalized by the administered
injected FDG dose and by the weight of the patients, which
was recorded pre neoadjuvant CRT and post CRT. SUV__
was determined using the maximal pixel value in a region.
SUV__ more than 3.5 was considered as tumor uptake.
Tumor response were assessed according to PERCIST
criteria of minimum of 30% decrease in SUV __ value.10

Pathologic Assessment:
Pathologic tumor, node, metastases (TNM) staging
was performed on the surgical specimen. Additionally
circumferential resecton margin, proximal and distal
resection margin, lymphovascular invasion were assessed.
The tumor response was determined by using Mandard
Tumor Regression grade (TRG), which classifies the tumor
into 5 histological grades."

TRG 1: 100% pathological response

TRG 2: 90% pathological response

TRG 3: 50-89% pathological response

TRG 4: 10-49% pathological response

TRG 5: <10% pathological response

According to TRG, the patients were divided into responders
(TRG 1 and 2) and nonresponders ( TRG 3 to 5)

Statistical Analysis:

Statistical evaluation was carried out using the statistical
package SPSS for Windows (Version 17.0; SPSS Inc,
Chicago,IL). P values <0.05 was considered statistically
significant. To evaluate the correlations between the
different metabolic parameters and tumor regression
grade, the Kruskal-Wallis test was used. The numerical
data were reported as meantstandard deviation, and
qualitative variables with frequencies and percentages.
A receiver-operating characteristics (ROC) curve was
plotted to identify the cut-off value with highest accuracy
for predicting pathological response. The cut-off value
was defined by the point on the ROC curve with the
minimum distance from the 0% false-positive rate and
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Figure 1. Flow-chart of study patients

100% true-positive rate. The higher ROC area under the
curve (AUC) indicates a better discriminatory power. An
AUC of 0.50 indicates that the test is as good as random
chance for discriminating an outcome, whereas an AUC of
1.0 indicates perfect discrimination of the test (sensitivity
and specificity of 100%). The sensitivity, specificity, and
the positive and negative predictive values of ®FDG-PET/
CT were calculated using standard formulas.

Results

Patients characteristics:

The study consecutively enrolled 30 patients. Eighteen
patients were excluded from the study for the reasons
mentioned. Finally twelve patients had completed the
treatment protocol. The mean age was 50 yr (range; 18-
70 years) and the M:F ratio was 10:2. The main clinical
features of the patients are described in Table 1.

During the neoadjuvant chemoradiation, thirteen patients
droppped out of the study as they did not want to continue
chemoradiotherapy and another patient had chemoradiation
related tumor perforation who underwent Hartmann’s
procedure. Hence, a total sixteen patients completed
neoadjuvant chemoradiation. They were subsequently
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Table 1. Patients Demographics

Age(yr) 50 (18-70)
Sex (Male:Female) 10:2
Symptoms:

1. Bleeding PR 9 (75%)

2. Loose stool 6 (50%)

3. Tenesmus 4 (33.33%)

4. Pain 3 (25%)
Tumor distance from anal verge (cm)

1. Upper third (>10cm) 2 (16.66%)

2. Middle third (7-10cm) 2 (16.66%)

3. Lower third (0-6cm) 8 (66.66%)
Fixed tumor 12 (100%)
Circumferencial involvement

1. <50% 7 (58.33%)

2.50-75% 3 (25%)

3.75-100% 2 (16.66%)

Average size (cm) 4.75 (range:2-6)

Pretreatment clinical cT stage :no. (%)

T3 9 (75%)

T4 3 (25%)
Pretreatment clinical cN stage

NO 0

N1 100%
Operation: no. (%)

APR 8 (66.66%)

LAR 3 (25%)

Others 1(8.33%)
Pathological (ypT) category: no.(%)

ypTO 4 (33.33%)

ypT2 2 (16.66%)

ypT3 4 (33.33%)

ypT4 2 (16.66%)
Pathological (pN) category: no.(%)

pNO 9 (75%)

pN1 2 (16.66%)

pN2 1 (8.33%)

Histopathology: no.(%)

10 (83.33%)
2 (16.66%)

Adenocarcinoma

Signet-ring cell carcinoma

evaluated after 6 week by PET/CT scan for the assessment
ofthe response. Three patients were further excluded as two
developed progressive disease (multiple liver metastases)
and one refused surgery (Figure 1).

Overall, thirteen patients underwent surgery at a mean of 56
days (range: 37-66 days) after completion of neoadjuvant
chemoradiation. Resectional surgery was performed after
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a median of 10 days (range: 5-21 days) of repeat PET/CT
scan. One patients with middle-third signet ring cell rectal
cancer had diffuse peritoneal metastases on exploration,
hence was excluded from study. Finally twelve patients
underwent definitive surgery alongwith TME as follows:

1. Abdominal perineal resection (APR): 8 (66.66%)
2. Low anterior resection (LAR): 3 (25%)
3. Total colectomy with APR: 1(8.33%)

Assessment of response to NACRT

Clinical: After neoadjuvant CRT, there was significant
subjective improvement in symptoms, however, loose
stool and pain persisted in 2 (16.66%) patients each. On
objective assessment, the average tumor size decreased
from 4.75 cm to 4.08 cm. In one (8.33%) patient, there
was gross disapperance of tumor leaving behind only
rectal thickening which was consistent with complete
clinical response (cCR). In rest of the eleven patients tumor
persisted as in pre neoadjuvant CRT state.

When comparing clinical responders with non-responders,
the difference in SUV __ value and response index were in
negative values of 0.5 and 5.88 respectively. This patient
subsequently had pCR. Similarly, the 11 patients of clinical
non-responders mean differences in SUV,___ and response
index were 7.16£8.16 and 49.23£23.00 respectively.
On tumor regression analysis, they subsequently had 5
pathological responders (TRG1-2) and 6 non-responders
(TRG4-5). Hence clinical response was not correlating
with pathological response on TRG analysis.

FDG-PET/CT was done after completion of
chemoradiotherapy in all twelve patients. The overall
mean post SUV__ was 8.17 + 3.78 (4.0-14.9) which was
significantly lower than the pre SUV __ valuel4.69 + 6.46
(8.4-28.5) (p=0.017) Table 2.

The differences in SUV__ (ASUV_ ) assumed negative
values ( post SUV_  higher than preSUV _ ) in three
patients, probably due to postradiotherapy inflammatory
changes.

Four patients (33.33%) who had pathological compete
response (pCR) had lower mean post SUV__ (5.62+2.28
vs 9.16£1.57 p= 0.055) compared with those without
the response (5.6 vs 9.1). Similarly, on basis of TRG,
the mean Response Index (RI) among tumor responders
were 46.33+22.65 (range: 5.9-71.7), while among non-
responders mean value was 45.13445.13 (5.9-80.7). Hence,
both responders and non-responders are showing similar
percentage fall in SUV __ after CRT.

Histopathological regression:

The pathological T stage as per AJCC, TNM 7th edition
was TO in 4 (33.33%) patients, T2 in 2 (16.66%), T3 in
4 (33.33%), T4 in 2 (16.66%) patients, and no patients
were T1. The pathological N stage was NO in 9 (75%)
patients, N1 in 2 (16.66%) and N2 in 1 (8.33%) patients

Journal of Society of Surgeons of Nepal

J Soc Surg Nep. 2023;26(1) 25

Table 2. Overview of stage, SUV ., CEA and TRG before and
after neoadjuvant CRT

AJCC
Stage 0 - 4 -
(33.33%)
Stage [ - 1(8.33%)
Stage 11 - 4
(33.33%)
Stage 111 12 3 (25%)
(100%)
Suyv,_ 14.69 + 8.17 + 6.52+£8.09 | 0.017
(mean+SD) 6.46 3.78
Minimum 8.4 4.0
Maximum | 28.5 14.9
Response Index (RI): (%)- mean+SD
Responders | - - 46.33 0.939
+22.65
Non- - - 45.13
responders +29.85
CEA (ng/ml) | 5.10 2.99 -1.79 0.570
(mean+SD) (£2.92) (£2.09) (£3.81)
Tumor regression grade (TRG)
1 4
(33.33%)
2 2
(16.66%)
4 3 (25%)
5 3 (25%)

*Paired t-test

(Table 1). Proximal, distal and circumferential resection
margins were free of tumor. Lymphovascular emboli
(LVE) were present in 2 (16.6%) patients. There was tumor
downstaging in 9 patients (75%) from stage III to stage 0
in 4 patients (33.33%), stage I in 1 patients (8.33%) and
stage II in 4 patients (33.33%). Three patients (25%) was
not downstaged and remained in stage III. Four patients
(33.33%) had compete pathological response (pCR).

Tumor Regression:

Mandard criteria: The pathologist were blinded for the
results of PET-CT findings. According to Mandard criteria,
tumor response was classified as TRG 1 in 4 (33.33%)
patients, TRG 2 in 2 (16.66%), TRG 4 in 3 (25%) patients
and TRG 5 in 3 (25%) patients. No TRG 3 was observed.
According to the prognostic values of TRG score, we have
classified them into two groups. Responders (TRG1-2; 50%
patients) and non-responders (TRG 3-5; 50% patients).On
analyzing the tumor stage response with responders, the
improvement in tumor stage was collaborating with TRG in
5/6 patients (83.33%). On contrary, improvement in tumor
stage in 4/6 (66.66%) patients was not collaborating with
tumor regression in non-responders, may be because these
group also show tumor regression from 10-49%, although

WWW.jssn.org.np



FDG uptake

Figure 2. PET/CT scan of patient before CRT showing
increased uptake in lower third of rectum (SUV__ 16.3)

being categorized as non-responders based on mandard
regression.

Onanalysis, the mean post SUV __ (6.00£1.82 vs 12.542.69:
p=.001) and mean difference in SUV__ (10.57+6.43
vs 2.47£2.73: p= 0.039) were significantly lower in
responders than nonresponders (Table 3). In addition, the
fallin SUV___was higher in responders than nonresponders
(16.57 t0 6.00 vs 11.46 to 12.5).

Table 3. Comparision of response (>30% change) by PET/
CT with SUV

X

Responders | Non- P value*
(n=8) responders
(n=4)

Mean pre SUV__ 16.57+£7.06 | 11.46+2.75 | .162
Mean post SUV 6.00 £1.82 12.5+2.69 |.001
Mean ASUV 10.57 +6.43 | 2.47+2.73 |.039
Mean Response 60.30 +13.29 | 16.57 .000
Index (RI) +15.26

*Paired t-test

FDG-PET/CT findings and TRG

Based on the Mandard criteria, 6 (50%) were divided
into responders ( TRG1-2) and 6 (50%) patients non-
responders (TRG 4-5). When regrouping the population
into responders and non-responders, the mean post
SUV,__ values were lower in responders (6.08+1.93 vs
10.25+4.16; p=0.051). Similarly, both the responders and
nonresponders had similar decrease in response index
(46.33 vs 45.13). Although there was higher fall in CEA
value after neoadjuvant CRT in responders, the change was
nonsignificant (2.46+£2.87 vs 1.12+4.76; p=0.57).

Using best cut off threshold value of post SUV __ of 7.0,
the area under the receiver operating characteristic curve
( AUC =0.833; p=0.055) for defining response to therapy,
it was possible to discriminate with sensitivity of 66.66%,
specificity of 66.66%, positive predictive value (PPV) and
negative predictive value (NPV) of 66.66% and 66.66%
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Figure 3. PET/CT scan of above patient after neoadjuvant
CRT, tumor uptake (SUV__ 4.6). The TRG was 1

respectively and the accuracy of 66.6% as shown in ROC
analysis and curve. Similarly, using 56.25% as the cut-off
threshold for the response index (RI) values, area under
the receiver operating characteristic curve (AUC=0.542:
p=0.810) for defining response, sensitivity of 66.67%,
specificity of 50%, PPV and NPV of 57.14% and 60%
respectively were seen. The accuracy was 58.33%.

Discussion

Functional imaging, such as 'SFDG-PET/CT is a promising
approach for evaluating tumor response.”!'>!3 There is some
evidence indicating that "FDG-PET/CT may be more
accurate than morphological imaging, but the optimal
method for quantitative analysis has yet to be determined.
SUV_ isthe most commonly studied metabolic parameters
for semiquantitative analysis of glucose metabolism with
PET/CT. Most studies have indicated the SUV__ is a
promising predictor of response to neoadjuvant CRT.'*!*

Although there is no universal consensus on percentage
decrease in SUV_ ., 36% reduction in SUV uptake is
considered as response to CRT in rectal cancer.'® In our
study, assuming 30% reduction as a criteria of response
we could correlate PET/CT response with histological
response. Similarly, for rectal cancer, reported response
index (RI) values range from 50% to 60%. Only one
study has reported a much higher RI of 83%.” Although
the European Organisation for Research and Treatment of
Cancer (EORTC) defined a change in SUV __>36% as an
indicator of therapeutic response, the optimal cut-off for
RI to predict response is not well known.'® In the present
study using 30% as cut-off for ASUV __, there were 8
responders (66.66%) vs 6 nonresponders (50%) patients on
the basis of TRG. But our ROC analysis defined a 56.25%
decrease in SUVmax as the cut-off value for defining tumor
response (TRG) to therapy with 66.67% sensitivity and
50% specificity which is in the range as shown by previous
studies.

Although the validity of ®FDG PET/CT for monitoring the
effects of neoadjuvant therapy is recognized, its capacity
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to predict TRG according to differences in uptake intensity
between before and after treatment is not generally
accepted. The diagnostic validity found in our study was
low and close to those previous studies. Most studies
on PET/CT seem to show a high sensitivity, specificity,
positive and negative predictive value of post-CRT PET
scans. Contrary to these studies, however, Kristiansen et
al,'” showed the sensitivity was 44%, specificity was 64%,
PPV and NPV was 58% and 50% respectively. Similarly,
Janssen et al,'® reported on 30 patients with LARC treated
with preoperative CRT. PET scans were performed on days
8 and 15 during CRT. Pathologic response was assessed
using the TRG scale. The investigators found that the day
15 PET scan correlated better with histologic response,
and a response index (RI) of >43% for SUVmax showed a
sensitivity of 77% and a specificity of 93%.

In the present study, the post SUV uptake increased in
two patients suggesting that they did not respond to CRT
and the tumor appeared progression as confirmed by
histopathology. Lone patient despite showing complete
pathological response there was high post SUV__ .The
possible explanation may be due to the radiotherapy-
induced inflammation which could increase FDG uptake
up to 25% in inflammatory cells.'

Inthe present study, downstaging was predicted with 66.66%
sensitivity and 66.66% specificity using post SUV _ of 7.0
as the cut-off value. Because below this 7.0 cut-off value
of post SUV ., tumor was showing histopathological
response. Inspite of dramatic decrease in post SUV _ from
17.65 to 10.25 and mean response index (RI) of 45% in
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