
BJR

Cite this article as:
Fernando S, Lin M, Pham TT, Chong S, Ip E, Wong K,  et al. Prognostic utility of serial 18F-FDG-PET/CT in patients with locally advanced 
rectal cancer who underwent tri-modality treatment. Br J Radiol 2020; 93: 20190455.

https://​doi.​org/​10.​1259/​bjr.​20190455

Full Paper

Prognostic utility of serial 18F-FDG-PET/CT in patients 
with locally advanced rectal cancer who underwent tri-
modality treatment
1Sumal Fernando, 1,2,3Michael Lin, FRCP(Lond), FRACP, 1,2,4,5Trang Thanh Pham, MBBS, FRANZCR, 
1,6Shanley Chong, PhD, 5,7Emilia Ip, MBBS, FRACP, PhD, 1,4,5Karen Wong, MBBS, FRANZCR, 
5,7Wei Chua, MBBS, FRACP, PhD, 1,5,7Weng Ng, PhD, FRACP, 1,2,3Peter Lin, FRACP and 1,5Stephanie Lim, FRACP, PhD

1University of New South Wales, Sydney, Australia
2Western Sydney University, Sydney, Australia
3Department of Nuclear Medicine and PET, Liverpool Hospital, Sydney, Australia
4Department of Radiation Oncology, Liverpool Hospital, Sydney, Australia
5Ingham Institute for Applied Medical Research, Sydney, Australia
6Population Health Intelligence, Healthy People and Places Unit, South Western Sydney Local Health District, Sydney, Australia
7Department of Medical Oncology, Liverpool Hospital, Sydney, Australia

Address correspondence to: Mr Sumal Fernando
E-mail: ​z5059126@​unsw.​edu.​au

Introduction
In 2015, colorectal cancer was the third most diag-
nosed cancer among males and second amongst females, 
with 1.65 million new cases diagnosed globally.1 Locally 
advanced rectal cancer (LARC) is defined as a rectal cancer 
that has invaded through the muscularis propria into peri-
colorectal tissue, or with regional lymph node involvement 

in the absence of distant metastatic disease– staged as 
T3-T4, N0 or any T stage with regional lymph node involve-
ment and M02.

Positron emission tomography with 2-deoxy-2-[fluorine-18]
flu-D-glucose integrated with computed tomography 
(18F-FDG-PET/CT) has emerged as an invaluable imaging 
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Objective: This study explored the value of serial 
18-fludeoxyglucose-positron emission tomography 
(18F-FDG-PET/CT) in predicting disease-free survival 
(DFS) in locally advanced rectal cancer (LARC) treated 
with neoadjuvant chemoradiation (NCRT) and surgery.
Methods: We prospectively studied 46 patients with 
LARC who underwent NCRT and surgery. 18F-FDG-PET/
CT scans were performed at three time-points before 
surgery (pre-NCRT-PET1, during NCRT-PET2 and 
following completion of NCRT-PET3). The following 
semi-quantitative PET parameters were analysed at 
each time point: maximum standardized uptake value 
(SUVmax), SUVmean, metabolic tumour volume (MTV) 
and tumour lesion glycolysis (TLG). Absolute and 
percentage changes in these parameters were analysed 
between time points. Statistical analysis consisted of 
median tests, Cox regression and Kaplan–Meier analysis 
for DFS.
Results: The median follow-up time was 24 months. A 
reduction in PET parameters showed statistically signif-
icant differences for patients with recurrence compared 
to those without; percentage changes in MTV between 
PET1 and PET3 (cut-off: 87%, p = 0.023), percentage 

changes in TLG between PET1 and PET3 (cut-off: 94%, 
p = 0.02) and absolute change in MTV PET1 and PET2 
(cut-off: 10.25, p = 0.001).
An absolute reduction in MTV between PET1 and PET3 
(p=0.013), a percentage reduction in TLG between PET1 
and PET2 (p=0.021), SUVmax and SUVmean at PET2 (p 
= 0.01, p = 0.027 respectively)were also prognostic indi-
cators of recurrence.
MTV percentage change between PET1 and PET2 and 
SUVmean percentage change between PET1 and PET3 
were also trending towards significance (p = 0.052, p = 
0.053 respectively).
Conclusion: Serial 18F-FDG-PET/CT is a potentially 
reliable non-invasive method to predict recurrence in 
patients with LARC. Volumetric parameters were the best 
predictors. This could allow risk-stratification in patients 
who may benefit from conservative management.
Advances in knowledge: This paper will add to the 
literature in risk-stratifying patients with LARC based 
on prognosis, using 18F-FDG-PET/CT. This may improve 
patient outcomes by selecting suitable candidates for 
conservative management.
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tool in oncology.3 FDG is a glucose analogue that preferentially 
accumulates in highly metabolically active cells, such as tumour 
cells.4 These metabolic abnormalities often precede morpho-
logical changes, highlighting the benefit of PET over conven-
tional imaging, especially in the early assessment of treatment 
response.5

Currently, a multimodality treatment approach is recommended 
for LARC with neoadjuvant chemoradiation (NCRT) followed 
by radical surgery and adjuvant chemotherapy.6 NCRT has been 
shown to downstage and downsize the tumour, reduce the risk 
of local recurrence, facilitate sphincter preservation and improve 
survival rates.7 However, this approach is not effective for all 
patients and recurrence rates for LARC remain high. Patients 
with a clinical response to NCRT may also be able to avoid the 
morbidity and toxicity associated with surgery and adjuvant 
therapy by opting for conservative management, or a “watch and 
wait approach”.8 If we can accurately prognosticate in the early 
stages of treatment, there is potential to adapt treatment accord-
ingly thus personalizing therapy.

The current standard for evaluation of tumour response to NCRT 
is through histopathological analysis following surgery, classified 
according to the tumour regression grade (TRG).2 However, 
this is determined post-operatively, where there is no longer any 
scope for conservative management.

Currently, anatomy-based imaging modalities are preferred for 
assessing tumour response to NCRT. Pathological complete 
response assessment using diffusion weighted magnetic reso-
nance imaging (DWMRI) was shown to have a pooled pre-
NCRT and post-NCRT accuracy of 68 and 74% respectively, 

using apparent diffusion coefficient (ADC).9 There is emerging 
evidence, however, suggesting a benefit in performing 18F-F-
DG-PET/CT where cellular changes can be more predictive of 
response to NRCT compared to morphologic imaging. Rymer 
et al found post-NCRT maximum standardized uptake value 
(SUVmax) with specificity and sensitivity ranging from 66.7 to 
85.7% and 60.9 to 88.9%, respectively, and suggested there is 
potential benefit in performing 18F-FDG-PET/CT.10

While the use of 18F-FDG-PET/CT in the setting of LARC is not 
currently routine clinical practice, there is evidence supporting 
its potential application in assessing treatment response and 
prognosis.6,9,11 In this paper, we assessed whether functional 
parameters on serial 18F-FDG-PET/CT in LARC patients under-
going NCRT can predict disease-free survival (DFS).

Methods
Patient characteristics
46 patients in the South West Sydney Local Health District 
(Sydney, New South Wales, Australia) with LARC were prospec-
tively enrolled from March 2014 to October 2016. Patients 
were included in the study on the basis of: age over 18 years, a 
diagnosis with a Stage II or III rectal adenocarcinoma, defined 
as T3-T4 and/or node positive disease (N1–2), without distant 
metastatic disease (M0), no evidence of metastatic disease on 
CT chest/abdomen/pelvis and undergoing treatment regimen 
consisting of NCRT. Patients were excluded if they were found to 
have any other malignancies or inflammatory bowel disease. 16 
patients were excluded from the consecutively acquired series as 
per the exclusion criteria, and concerns regarding adherence to 
study protocol. Local ethics approval was obtained.

Figure 1. Serial scanning at specific time points throughout NCRT. 1patient underwent PET1, one dayfollowing the start of NCRT 
and excluded for any PET1 analysis. NCRT, neoadjuvant chemoradiation; PET, positron emission tomography.
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18F-FDG-PET/CT scanning schedule
Patients underwent serial 18F-FDG-PET/CT scanning at three 
time points as outlined in Figure 1: the staging scan performed 
prior to the commencement of NCRT (PET1), mid-treatment 
scan performed in the third week of NCRT (PET2), and the post-
treatment scan one week prior to the scheduled surgery (PET3).

Treatment details
All patients received neoadjuvant treatment with long course 
radiotherapy and all, but one patient received concurrent 
chemotherapy. The treatment protocol is as follows: 50.4 Gy in 
28 fractions of radiation with concurrent 5-fluorouracil (225 mg/
m2/day continuous infusion) or Capecitabine (825 mg/m2 bd 
on days of radiation). All but two patients underwent curative 
surgery. Following surgery, histopathological analysis of the 
resected tissue was carried out to determine TRG according to 
AJCC guidelines.2

Follow-up
Median follow-up was 24 months (range: 4–43 months). Recur-
rence was determined through imaging and when clinically indi-
cated, tissue confirmation. Time to recurrence was calculated 
from PET1 (indicative of time of diagnosis) to first investigative 
evidence of recurrence. Overall survival was not analyzed due to 
the limited events that occurred.

18F-FDG-PET/CT acquisition
GE Discovery-710 PET-CT was used to acquire the PET studies. 
Patients received 4.1 MBq/kg of FDG after at least 4 h of fasting. 
All scans were performed on the same scanner with the same 
acquisition and reconstruction protocols. PET scans were 
acquired in three-dimensional (3D) mode with an acquisition 
time of 1.5–2.5 min per bed position, corrected for the patient’s 
weight, from mid-brain to proximal femora. Median FDG uptake 
time was 60 minutes (range: 54–85 mins, SD: 3 mins). Attenu-
ation correction was obtained using low dose CT: 64-slice GE 
CT, using helical mode without the use of contrast medium. CT 
images were acquired at 3.75–5 mm slice thickness and recon-
structed to a transaxial matrix size of 512  ×  512. The current 
(30–40 mAs) and voltage (120–140 kV) was adjusted based on 
patient’s weight. PET images were reconstructed according to the 
GE VUE Point FX (Time of Flight) algorithm into a 256  ×  256 
matrix size with a slice thickness of 3.75–4.0 mm.

18F-FDG-PET/CT analysis
Semi-quantitative analysis was performed on an Advantage 
Workstation (GE Healthcare) using the PET-VCAR (Volume 
Computer-Assisted Reading) software (v. 1.0). The SUVmax was 
derived by selecting the most intensely avid area of uptake at 
the primary tumour and lymph nodes. The metabolic tumour 
volume (MTV) is the volume of interest (VOI) with abnormal 
FDG accumulation derived via two methods; applying a fixed 
SUV threshold of 2.5, and a threshold of 42% of SUVmax.12 The 
contouring margins were automatically derived and the VOI was 
then checked and manually adjusted by two experienced nuclear 
medicine physicians on three axes (axial, coronal and sagittal) to 
ensure accurate inclusion of primary tumour and exclusion of 
adjacent normal structures. Image analysis was performed inde-
pendently by each observer and any discrepancy was resolved 
by consensus. Observers were blinded to all other information, 
and analyses was performed retrospectively. The tumour lesion 
glycolysis (TLG) represented the volume and intensity of an FDG 
avid area calculated according to the formula: TLG = SUVmean x 
MTV. Changes between serial scans were calculated as absolute 
and percentage changes.

Table 1. Patient characteristics

No. of patients 46

Age (mean ± SD) 62.52 ± 11.02

Gender (%)

 � Male 34 (74)

 � Female 12 (26)

Tumour Stage (%)

 � T2N1 2 (4.5)

 � T2N2 1 (2)

 � T3N0 7 (15)

 � T3N1 12 (26)

 � T3N2 19 (41.5)

 � T4N1 1 (2)

 � T4N2 4 (9)

PET scan participationa (%)

 � PET1 46 (100)

 � PET2 40 (87)

 � PET3 33(72)

Chemotherapy (%)

 � 5-fluorouracil 10 (22)

 � Capecitabine 35 (76)

 � Noneb 1 (2)

Surgery

 � Anterior resection 31 (67.5)

 � Abdominoperineal resection 12 (26)

 � Hartmann’s procedure 1 (2)

 � No surgeryc 2 (4.5)

TRGd (%)

 � 0 6 (13)

 � 1 14 (30.5)

 � 2 18 (39)

 � 3 6 (13)

 � NAe 2 (4.5)

SD, standard deviation;TRG, tumour regression grade.
aNot all patients underwent all three scheduled scans.
bOne patient was included in a clinical trial where they were 
administered aspirin.
c2 patients elected not to undergo surgery.
dAccording to AJCC classification.2
eHistopathological analysis was unable to be obtained as two 
patients did not undergo surgery.
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Statistical analysis
The Kruskal–Wallis median test was used to analyze the 
continuous PET variables with recurrence status. Cox propor-
tional hazard models were then performed to determine the 
effect of demographic factors (age, gender), clinical factors 
(body mass index, tumour stage, TRG and nodal status) 
factors on recurrence. TRG was categorized as partial and no 

response (TRG3 and TRG4) or complete and near-complete 
response (TRG0 and TRG1). Univariate Cox proportional 
hazard models were used to determine the relationship 
between PET parameters and recurrence. Estimated hazard 
ratios and its 95% confidence intervals (CIs) were presented. 
The Cox proportion hazard assumption for each categorical 
variable was not violated.

Table 2. PET parameters between recurrence and non-recurrence patients

All patients median (min-
max)

Non-recurrence median 
(min-max)

Recurrence median 
(min-max)

p-value
(Kruskal–

Wallis test)
SUVmax

PET1 17.6 (8.3–45.7) 17.9 (8.3–45.7) 15.3 (9.8–27.8) 0.966

PET2 10.5 (4.7–34) 10.15 (4.7–34) 13.5 (8.2–18.3) 0.140

PET3 6.4 (2–15.1) 5.6 (2–15.1) 7.15 (3.1–11.8) 0.284

PET1-2 abs 7.15 (-2.5–19.8) 7.3 (-2.5–19.8) 2.9 (-1.3–12.3) 0.317

PET1-2 % 37 (-17–73) 39 (-17–73) 25 (-11–52) 0.142

PET1-3 abs 11.45 (2.7–33.3) 13.2 (3.4–33.3) 7.25 (2.7–20.60) 0.258

PET1-3 % 69 (19–87) 72 (19–87) 51 (28–74) 0.085

SUVmeana

PET1 6.45 (3.6–11.5) 6.6 (3.6–11.5) 5.6 (4.4–8.8) 0.729

PET2 4.5 (3.1–8.5) 4.4 (3.1–8.5) 4.9 (3.6–6.5) 0.089

PET3 3.6 (1.4–5.2) 3.4 (1.4–5.2) 3.75 (2.2–4.5) 0.322

PET1-2 abs 1.8 (-0.3–5.4) 2 (0.2–5.4) 0.8 (-0.3–3.3) 0.125

PET1-2 % 28 (-5–57) 30 (4–57) 16 (-5–38) 0.113

PET1-3 abs 3.2 (0.6–7.3) 3.5 (1–7.3) 2.4 (0.6–5.2) 0.286

PET1-3 % 49 (14–76) 51 (21–76) 40 (14–59) 0.145

MTVa

PET1 48.95 (8.6–201.9) 49.7 (8.6–176) 29.6 (12.1–201.9) 0.570

PET2 20.8 (5–243.9) 20.7 (5–119) 23.4 (6.2–243.9) 0.549

PET3 5.9 (0–127.2) 4.05 (0–55.4) 8.8 (0–127.2) 0.252

PET1-2 abs 21.95 (-42–89.5) 25.1 (-18.5–89.5) 7.4 (-42–37.3) 0.077

PET1-2 % 43 (-44–84) 49 (-44–75) 28 (-21–52) 0.033

PET1-3 abs 36.55 (6.8–164.6) 42.8 (10.9–164.6) 17.6 (6.8–56.5) 0.037

PET1-3 % 92 (25–100) 94 (40–100) 70 (25–100) 0.061

TLGa

PET1 341.17 (30.96–1601.6) 357.84 (30.96–1601.6) 167.09 (58.08–1393.11) 0.865

PET2 100.62 (19.5–1585.35) 95.2 (19.5–904.4) 106.2 (22.32–15885.35) 0.339

PET3 20.06 (0–559.68) 13.2 (0–232.68) 34.38 (0–559.68) 0.235

PET1-2 abs 213.38 (-192.24–697.2) 225.53 (-85.3–697.2) 49.28 (-192.24–404.3) 0.077

PET1-2 % 59 (-36–89) 60 (-36–87) 35 (-14–70) 0.053

PET1-3 abs 270.19 (34.84–1400.88) 291.04 (58.85–1400.88) 142.95 (34.84–539.4) 0.223

PET1-3 % 95 (39–100) 96 (62–100) 81 (39–100) 0.086

MTV, metabolic tumour volume; PET, positron emission tomography; PETx-y %, percentage reduction; PETx-y abs, absolute reduction; SUV, 
standardized uptake value; TLG, total lesion glycolysis.
aCalculated using an SUV threshold of 2.5
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Survival curves were then generated to determine the predic-
tive value of PET parameters for DFS using Kaplan–Meir 
estimates and their significance determined by log-rank 
tests. Cut-offs for PET parameters were determined using 
receiver operating characteristic (ROC) curves; derived 
from the value providing the best combined sensitivity and 
specificity. Statistical significance was defined as p < 0.05. 
Statistical analysis was performed using IBM SPSS statistics, 
v. 21.0.

Results
Patient population
46 patients were included in the study. Staging was based on 
AJCC seventh Edition and determined through a combination 
of clinical evaluation and imaging.2 Table  1 illustrates patient 
characteristics.

At the time of data census, nine patients had recurred, two had 
died because of metastatic disease and one died as a result of 

Table 3. ROC curve analysis of PET parameters using a SUV threshold of 2.5 against DFS

Parameter
Optimal Cut-

off Sensitivity (%)
1-Specificity 

(%) AUC
95% CI (upper 

and lower) P value
PET 2

SUVmax 10.35 87.5 37.5 0.698 0.509–0.887 0.098

SUVmean 4.7 75 25 0.706 0.497–0.914 0.086

TLG 99.75 75 37.5 0.594 0.366–0.821 0.433

MTV 22.1 62.5 37.5 0.536 0.294–0.779 0.761

PET 3

SUVmax 5.65 75 37.5 0.643 0.439–0.848 0.231

SUVmean 3.35 87.5 58.3 0.633 0.423–0.842 0.267

TLG 34.525 62.5 29.2 0.651 0.434–0.868 0.207

MTV 8.95 62.5 29.2 0.646 0.427–0.864 0.223

PET 1–2 absolute reduction

SUVmax 3.6 62.5 20.8 0.641 0.417–0.864 0.240

SUVmean 1.3 62.5 29.2 0.643 0.410–0.876 0.231

TLG 195.72 75 33.3 0.667 0.467–0.866 0.164

MTV 10.25 75 16.7 0.698 0.486–0.910 0.098

PET 1–2 relative reduction (%)

SUVmax 25.185 62.5 29.2 0.693 0.502–0.883 0.107

SUVmean 25.5 62.5 41.7 0.648 0.430–0.866 0.215

TLG 46 62.5 25 0.703 0.509–0.897 0.09

MTV 30.5 62.5 20.8 0.753 0.574–0.931 0.035

PET 1–3 absolute reduction

SUVmax 10.15 75 33.3 0.635 0.400–0.871 0.258

SUVmean 3.35 75 50 0.635 0.377–0.873 0.296

TLG 175.66 62.5 25 0.646 0.441–0.851 0.223

MTV 24.75 75 25 0.750 0.559–0.941 0.037

PET 1–3 relative reduction (%)

SUVmax 69 75 41.7 0.706 0.517–0.895 0.086

SUVmean 42.5 62.5 33.3 0.674 0.476–0.873 0.145

TLG 94 75 33.3 0.703 0.485–0.922 0.09

MTV 87 75 29.2 0.721 0.497–0.945 0.064

AUC, area under curve; CI, confidence interval; MTV, metabolic tumour volume; PET, positron emission tomography; SUV, standardized uptake 
value; TLG, total lesion glycolysis.
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surgical complication. Median DFS was 26.5 months and the 
recurrence rate was 19.6% in the overall population.

PET parameters
All patients demonstrated an increased FDG uptake at the 
primary tumour site at PET1 with a median SUVmax of 17.6 
(range: 8.3–45.7). A general downward trend of FDG uptake was 
observed between the staging scan and post-treatment scan with 
the median SUVmax at PET3 being 6.4 (range: 2–15.1), with a 
median percentage decrease in SUVmax from PET1 to PET3 of 
70%.

All volumetric PET parameters, that were found to be significant, 
were calculated using a SUV threshold of 2.5. SUVmean which 
was found to be significant on Kaplan–Meier analysis was calcu-
lated using a SUV threshold of 42% of SUVmax.

Comparative analyses of median PET parameters
The PET parameters at serial time points were analyzed and 
correlated with recurrence. Table  2 outlines PET parame-
ters utilizing a SUV threshold of 2.5 analyzed against disease 
recurrence.

The reduction in MTV between serial scans were signifi-
cant indicators of recurrence. The absolute median reduction 
between PET1 and PET3 was 43.15 in patients with no recur-
rence compared to 17.6 patients who recurred (p = 0.037). The 
percentage reduction between PET1 and PET2 was 49% and 
28%, in patients with no recurrence and recurrence respectively 
(p = 0.033). The TLG % change between PET1 and PET2 was also 
trending towards significance with a median reduction of 35% 
in patients who recurred compared to 60% in patients without 
recurrence (p = 0.053).

Univariate analysis (Cox regression)
No significant relationship was found between demographic or 
clinical factors and recurrence. The demographic factors tested 
were age and gender. The clinical factors tested were body mass 
index, stage, TRG and nodal status.

Since no potential confounders were found to be statisti-
cally significant, univariate Cox regression analysis was then 
performed on PET parameters and survival outcomes.

PET parameters and recurrence
The absolute difference in MTV between PET1 and PET2 exhib-
ited a hazard ratio of 0.962 (p = 0.024, 95% CI 0.930–0.9995). The 
MTV percentage change between PET1 and PET3 had a hazard 
ratio of 0.967 (p = 0.017, 95% CI 0.940–0.994). Furthermore, the 
percentage difference in TLG between PET1 and PET3 resulted 
in a hazard ratio of 0.957 (p = 0.002, 95% CI 0.922–0.993).

Volumetric parameters on PET2 and PET3 were also significant 
indicators of recurrence on regression analysis albeit being insig-
nificant on survival analysis. MTV showed a hazard ratio of 1.015 
(p = 0.014, 95% CI 1.003–1.027) and 1.026 (p = 0.024, 95% CI 
1.003–1.048) on PET2 and PET3 respectively. TLG exhibited a 
hazard ratio of 1.002 (p = 0.028, 95% CI 1.001–1.004) and 1.005 
(p = 0.036, 95% CI 1.000–1.010) on PET2 and PET3 respectively.

PET parameters and DFS
ROC curves were constructed for PET parameters. The optimal 
cut-off was determined as the value providing the best combined 
specificity and sensitivity. The results for volumetric parame-
ters, calculated using a SUV threshold of 2.5, against DFS are 
outlined in Table  3. Two parameters were significant indica-
tors of recurrence on ROC curve analysis: MTV percentage 
reduction between PET1 and PET2 (AUC = 0.753, p = 0.035) 

Table 4. Predictive value of significant volumetric PET parameters for DFS

MTV relative change from PET1 to PET3

Recurrence No recurrence Total 2 year recurrence free 
survival

MTV Δ ≤ 87% 6 8 14 43%

MTV Δ > 87% 2 16 18 89%

TLG relative change from PET1 to PET3

Recurrence No recurrence 2 year recurrence free 
survival

2 year recurrence free 
survival

TLG Δ ≤ 94% 6 8 14 43%

TLG Δ > 94% 2 16 18 89%

MTV absolute change from PET1 to PET2

Recurrence No recurrence Total 2 year recurrence free 
survival

MTV Δ ≤ 10.25 7 6 13 46%

MTV Δ > 10.25 2 24 26 92%

Δ, change; MTV, metabolic tumour volume; PET, positron emission tomography;TLG, total lesion glycolysis.
aCalculated using a SUV threshold of 2.5.
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Figure 2. DFS for PET parameters significant on Cox regression and Kaplan–Meier analysis. ¹Calculated using a SUV threshold 
of 42% of SUVmax. DFS, disease-free survival; MTV, metabolic tumour volume; PET, positron emission tomography; TLG, tumour 
lesion glycolysis.
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and absolute MTV reduction between PET1 and PET3 (AUC = 
0.750, p = 0.037).

Kaplan–Meier curves (log-rank tests) were then constructed 
using the optimal cut-offs for each parameter as determined 
by ROC curve analysis. The parameters that were found to be 
predictive of DFS on both regression and Kaplan–Meier analysis 
were (Table  4, Figure  2): MTV percentage reduction between 
PET1 and PET3 (sensitivity = 75%, specificity = 67%, p = 0.023), 
TLG percentage reduction between PET1 and PET3 (sensitivity 
= 75%, specificity = 67%, p = 0.02) and MTV absolute reduction 
between PET1 and PET2 (sensitivity = 78%, specificity = 80%, p 
= 0.001).

Additionally, several parameters produced statistically significant 
differences in DFS despite being insignificant on regression anal-
ysis (Figure 3): MTV absolute change between PET1 and PET3 
using a cut-off of 24.75 (p = 0.013), TLG relative change between 
PET1 and PET2 utilizing a cut-off of 46% (p = 0.021), SUVmax at 
PET2 using a cut-off of 10.35 (p = 0.01) and SUVmean at PET2 
(using a SUV threshold of 42% of SUVmax) with a cut-off of 4.75 
(p = 0.027).

Two parameters were also found to be trending towards signif-
icance on Kaplan–Meier analysis in predicting DFS: MTV 
percentage change between PET1 and PET2 using 49.5% (p = 
0.052) as a cut-off and SUVmean percentage change between 
PET1 and PET3 (calculated using a SUV threshold of 42% of 
SUVmax) using a cut-off of 56% (p-0.053) (Figure 4).

Discussion
The current practice in assessing response to NCRT is from 
histopathological analysis, with its associated limitations.2 
Conventional imaging is also limited, as tumour response does 
not necessarily lead to morphological changes.13 Habr-Gama 
et al stratified patients according to clinical response to NRCT 
and reported that a “wait and see” approach in patients who 
were responders did not have an increased risk of recurrence 
or mortality, compared with surgical intervention.14 Hence, an 
accurate, non-invasive method to assess response to NRCT could 
potentially personalize treatment, i.e. escalation or de-escalation.

Our study adds to the growing literature surrounding the utility 
of 18F-FDG-PET/CT in assessing treatment response and prog-
nosis, and its potential to risk-stratify patients pre-operatively. 
The parameters we found to be the best prognosticators for DFS 
were: percentage changes in MTV and TLG between PET1 and 
PET3. These findings suggest the potential use of volumetric PET 
parameters as the primary focus in predicting DFS in LARC. 
This is consistent with previous studies correlating PET volu-
metry and survival.15–17 Volumetry may prognosticate better 
than SUVmax alone, as it takes into consideration the heterog-
enous nature of a tumour, and more accurately reflects tumour 
burden.18,19

Despite the evidence for volumetry, the cut-off values within 
studies vary. Kim utilized a percentage reduction in TLG of 
47.73 compared with Guillem’s 69.5%, differing from our cut-off 

Figure 3. DFS for PET parameters significant on Kaplan–Meier analysis without significance on Cox regression analysis. ¹Calcu-
lated using a SUV threshold of 42% of SUVmax. DFS, disease-free survival; MTV, metabolic tumour volume; PET, positron emission 
tomography; TLG, tumour lesion glycolysis.
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of 94%.16,17 Factors affecting these results may include the timing 
of the PET scans, the treatment protocols and the differences in 
PET acquisition and analysis. These variabilities may also explain 
the different cut-off values for SUVmax, where we found limited 
utility in prognosticating LARC.

The change in SUVmax is also reported to have a correlation 
with long-term outcomes. Guillem and Sorenson found that a 

percentage reduction between PET1 and PET3 of 62.5 and 66% 
respectively, was predictive of DFS.16,20 In our study, however, 
we found no correlation between change in SUVmax and DFS. 
This may be explained by the small sample size and the limited 
number of patients who had PET3 (33 out of the 46).

We found that a high SUVmean at PET2 predicted a worse DFS. 
Patients categorised as having a high SUVmean showed a 3 year 

Figure 4. DFS for PET parameters trending towards significance on Kaplan–Meier analysis. ¹Calculated using a SUV threshold of 
42% of SUVmax. DFS, disease-free survival; MTV, metabolic tumour volume; PET, positron emission tomography; TLG, tumour 
lesion glycolysis.
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recurrence rate of 41% whereas the low SUVmean group had a 
significantly lower rate of recurrence of 9% (p = 0.0027). While 
the timing of PET two is more consistent, the timing of PET3 
is more variable due to surgical scheduling which was a limita-
tion in our study. A short time interval between NCRT and PET3 
can lead to false-positive PET findings due to inflammation, 
therefore, PET2 may be a more suitable timepoint for PET anal-
ysis.21 This potentially allows more accurate prognostication and 
early implementation of a risk-stratified strategy and treatment 
modification.

Parameters using a SUV threshold of 2.5 were found to be more 
significant in predicting long term outcomes compared to param-
eters using a SUV threshold of 42% of the SUVmax. We hypothe-
size that this is because an SUV of 2.5 as a threshold incorporates 
a larger volume of the tumour burden especially in extensive 
and more FDG-avid tumours compared to a percentage of the 
SUVmax. Hence, changes between PET parameters at different 
time points were accentuated.

As previously discussed, we acknowledge the limitations of 
our study. While there was variability in the FDG uptake time, 
the uptake times of subsequent scans were matched as close to 
the initial PET scan as feasible. Apart from one patient with an 
FDG uptake time of 85 min, all other patients were within 10 
min of the target 60 min as per protocol. Ideally, we would have 
liked to ensure consistent timings in all aspects of management 
including NCRT, scanning and surgery. The follow-up period of 
our study was relatively short and it may take 5 years to detect 
80% of recurrences.22 Many patients were also lost to follow up 
during data census where our follow-up time varied from 4 to 
43 months. Furthermore, in our statistical analysis, the cut-offs 
were determined by the best possible combination of specificity 
and sensitivity, leading to some degree of confirmation bias. We 
did not analyze any additional parameters, such as SUV normal-
ized to lean body mass (SUL) or perform textural analysis which 
could be an area of interest for further research. The intra- and 
interobserver variability was not formally assessed, although the 
PET data was primarily obtained by semi-automated software 
and the differences may be small.

Although 18F-FDG-PET/CT is not yet incorporated into guide-
lines for the assessment of response to NCRT, we have shown that 
an increased reduction in volumetric parameters and lower SUV 
values at specific time points are predictive of improved survival. 
We are also analyzing the PET and DWMRI data for this cohort 
of patients to compare and determine the incremental benefit of 
either modality in assessing pathological response. Preliminary 
results suggests postNCRT ADC can potentially prognosticate 
pathological response.23

Due to the nature of our study and its inherent limitations, 
a multicentre study with more stringent control over 18F-F-
DG-PET/CT timing and acquisition protocols would allow us 
to draw firmer conclusions regarding the novel use of 18F-F-
DG-PET/CT in assessing response to NCRT and prognosis.

Conclusion
This study supports the potential clinical utility of 18F-FDG-PET/
CT, in predicting DFS in LARC. Changes in PET volumetry 
appear to be the best predictors of DFS.
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