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Abstract
Purpose:To investigate the prognostic effects of baseline volumetric PET/CT parameters including the
maximum standard uptake value(SUVmax), metabolic tumor volume(MTV), and tumor lesion
glycolysis(TLG) on treatment response and prognosis in locally-advanced rectal cancer(LARC) treated
with neoadjuvant chemoradiotherapy(NACRT).

Methods:Between 2015 and 2018, 51 patients with LARC treated with NACRT followed by surgery were
included in this retrospective study. Patients were divided into 2 groups by tumor regression grade(TRG)
as follows;Group I=TRG 1(No detectable cancer cells)+TRG 2(single cells and/or small groups of cancer
cells) and Group II=TRG3(residual tumor outgrown by �brosis)+TRG 4(remarkable �brosis outgrown by
tumor cells)+TRG 5(No �brosis with extensive residual cancer).

Results:Of the 51 patients, 34(66.7%) were male. The median age was 55(range,37-78) years. According
to TRG status, 14(27.4%) patients were in group I and 37(72.6%) patients were in group II. The area under
the curve(95% CI) was 0.749(0.593-0.905) in the ROC curve plotted for MTV. The cut of value for MTV
was 12, with 70% sensitivity and 65% speci�city. MTV was≥12 in 32(62.8%) patients. MTV and TLG
values were signi�cantly different between Group I and II, whereas there was no signi�cant difference
between the groups in terms of SUVmax values (p=0.006, p=0.033, and p=0.673, respectively). The
disease-free survival was not reached in patients with MTV<12 vs. 20 months in those with MTV≥12
(p=0.323). In multivariate analysis, MTV(OR, 95% Cl, 5.00[1.17-21.383]) was found to be the factor that
affected pathological complete response.

Conclusion:In LARC treated with NACRT, MTV prior to treatment can help predict the response to
treatment. 

Introduction
Locally-advanced rectal cancer (LARC) refers to as rectal cancer that invades through the muscularis
propria into pericolorectal tissue as well as invading regional lymph nodes in the absence of distant
metastatis[1]. Currently, total mesorectal excision following neoadjuvant chemoradiotherapy (NACRT) is
the mainstay of treatment for LARC[2, 3].

There is no standard method to predict the pathological tumor response after NACRT in LARC patients.
Numerous studies have shown that pathological complete response (pCR) increases survival rates [4-8];
however, only 15-25% of rectal cancer patients can achieve pCR[9, 10]. Therefore, the question of surgical
necessity has been raised for this group of patients[11]. In studies, the 'watch-and-wait' approach is
considered as an alternative to surgery, with better functional outcomes and similar disease-free survival
(DFS) and overall survival rates as well as providing organ preservation[12, 13]. In addition, NACRT in low-
risk tumors may increase the chance of ‘observation without surgery approach’ instead of undergoing
rectal surgery[14].



Page 4/14

Today, positron emission tomography with 2-deoxy-2- [�uorine- 18] Flu-D-glucose integrated with
computed tomography (18F-FDG-PET/CT) is a useful imaging method in oncological practice. FDG is a
glucose analogue which gathers in metabolically-active tumor cells[15]. The metabolic tumour volume
(MTV) represents the volume of interest with abnormal FDG accumulation which is reproduced from two
methods as follows; utilizing a �xed standardized uptake value (SUV) cut-off of 2.5 and a threshold of
42% of SUVmax. The tumour lesion glycolysis (TLG) indicates the volume and density of an FDG avid
area calculated by the following formula; TLG = SUVmean x MTV. The changes between serial scans
were measured as absolute and percentage changes[16].

In previous studies, the prognostic effect of MTV has been demonstrated in many solid tumors such as
non-small cell lung cancer, breast cancer, stomach cancer, endometrial cancer and anal cancer as well as
rectum cancer [12, 17-22]. In this study, we aimed to investigate the effect of volumetric 18F-FDG-PET/CT
parameters (SUVmax, MTV, and TLG) on tumor regression grade (TRG) response in LARC treated with
NACRT.

Methods
Patient characteristics

A total of 51 patients with LARC who were followed up and treated at oncology department between 2015
and 2018 were analyzed retrospectively. Inclusion criteria were de�ned as follows; age ≥ 18 years, clinical
stage III disease, and patients treated with surgery following NACRT with capecitabine who underwent
baseline and post-treatment 18C-FDG-PET/CT imaging. Patients younger than 18 years of age, multiple
primary tumors, metastatic disease at diagnosis, and those who could not tolerate NACRT, and patients
with missing data were excluded from the study.

Data Collection

Clinical and demographic data including age, gender, cigarette smoking, alcohol consumption, presence
of comorbid disease (e.g., diabetes mellitus, hypertension), Eastern cooperative group performance score
(ECOG PS), tumor grade, post-operative pathological stage (ypTNM), presence of perineural invasion
(PNI) or lymphovascular invasion ( LVI), response to NACRT, adjuvant therapy, recurrence, and �nal (exitus
vs. alive) status were obtained from archive �les or hospital medical records. Patients were restaged
according to the tumor-node-metastasis (TNM) classi�cation by the American Joint Committee on
Cancer (AJCC)/Union for International Cancer Control (UICC) staging system, 8th edition, 2017. After
NACRT, patients were divided into 2 groups based on the Ryan TRG[23] as follows; Group1=TRG 1 (No
viable cancer cells) + TRG 2 (Single cells or small groups of cancer cells), Group 2= TRG3 (Residual
cancer outgrown by �brosis) + TRG 4 (Signi�cant �brosis outgrown by cancer) + TRG 5 (No �brosis with
extensive residual cancer)

Neoadjuvant Chemoradiotherapy
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All patients received concurrent radiotherapy (45-50 Gy in 25-28 fractions to pelvic lymph nodes and
mesorectum) and capecitabine (825mg/m2 PO BID on days 1-5 for 5 weeks). About 8-10 weeks after
neoadjuvant treatment, patients underwent surgery of total mesocolon excision and lymph node
dissection.

FDG-PET imaging protocol

Whole-body 18F-FDG-PET/CT scans were carried out through LSO-based full ring PET scanner (Siemens
Biograph 6, Chicago, IL, USA). Following a 6-hour of fasting period, 370–555 MBq 18F-FDG was injected.
About 1 hour was allowed for the distribution of 18F-FDG. Whole-body computed tomography (CT) scans
were attained (skull base to mid-thigh), with a slice collimation of 5 mm and a slice interval of 3.4 mm.
The emission data were acquired for 2.5 min per bed (6–7 beds), which were later attenuation corrected
with the digital CT data. Image reconstruction used ordered subsets expectation maximization algorithm
of 2 iterations and 8 subsets. Image analysis was performed on the Esoft multimodality computer
platform (Siemens Medical Solutions, Erlangen, Germany).

FDG-PET analysis

Two nuclear physician experts interpreted the images. If a relative FDG accumulation was observed to
increase compared to normal surrounding tissues, the FDG uptake was then identified as a representing a
tumor. The SUVmax of the primary tumor, lymph nodes and SUVmean, MTV (cm3) of primary tumor were
produced automatically from the volume of interest by the work station. The margin of the target lesion
inside the VOI was automatically produced and voxels greater than a threshold of 41% of SUVmax in the
VOI were de�ned to measure MTV and SUVmean. The TLG was calculated by the MTV multiplying the
SUVmean.

Statistical Analysis

SPSS 22.0 for Windows software was used for the statistical analysis. Descriptive statistics were
presented as the mean, standard deviation, minimum, and maximum values for numerical variables; and
as number and percentage for categorical variables. Numerical variable between two independent groups
were analyzed with student t-test in case of normal distribution and with Mann Whitney U test if else. The
comparison of the rates between the groups was performed by chi-square analysis. Monte Carlo
simulation was applied if conditions could not be met. Survival analyses were performed with Kaplan-
Meier method. Determinant factors were examined with cox regression analysis. Backward stepwise
model was used with parameters having a p-value below 0.250. An overall 5% alpha error level was used
to infer statistical signi�cance. Cut-off value was determined with receiver operating characteristic curve
(ROC) analysis. DFS was calculated as the time from the date of diagnosis until the date of recurrence
develops.

Results
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Of the 51 patients, 34 (66.7%) were male and 17 (33.3%) were female. The mean age was 55 (range, 37-
78) years. According to TRG groups, 14 (27.4%) patients were in group I and 37 (72.6%) patients were in
group II. In 5 (9.8%) patients, tumor histology was mucinous adenocarcinoma. According to post-
operative pathological staging (ypTNM), 16 (31.4%) patients were stage 0-I, 20 (39.2%) patients were
stage II, and 15 (29.4%) patients were stage III. Surgical margin was positive in 3 (5.9%) patients.
Adjuvant therapy was given in 41 (80.4%) patients. At a median 11-month follow-up time, 11 (21.6%)
patients had recurrence and 2 (3.9%) patients died (Table 1). There was no signi�cant difference between
the TRG groups in terms of clinical and demographic data, except for the ypTNM phase (Table1). Median
MTV was 10.4 in Group I and 19.5 in Group II (p = 0.006). The median TLG was 95.2 in Group I and 181.1
in Group II (p = 0.033). Median SUVmax was 9.5 in Group I and 8.8 in Group II (p = 0.673) (Table 2). In the
ROC curve plotted for MTV and TLG, the areas under the curve (95% CI) were 0.749 (0.593-0.905) and
0.695 (0.536-0.854), respectively. The cut-off value for MTV was 12, with 70% sensitivity and 65%
speci�city. The cut-off value for TLG was 92.4, with 75% sensitivity and 58% speci�city (Figure 1).

MTV was < 12 in 19 (37.2%) patients. The mDFS could not be reached in patients with MTV < 12,
whereas mDFS was 20 months in patients with MTV ≥ 12 (Log rank p = 0.323) (Figure 2). In multivariate
analysis, MTV < 12 (OR, 5.00 [95% Cl, 1.17-21.383], p = 0.030) was determined as the only factor
affecting the TRG (Table 3).

Discussion
In this study, the effects of baseline FDG-PET/CT parameters including SUVmax, MTV, and TLG on TRG
were evaluated in LARC patients treated with NACRT followed by surgery. The cut-off value for MTV was
12, with 70% sensitivity and 65% speci�city. In the present study, while the SUVmax and TLG did not
affect TRG, having a MTV < 12 prior to treatment increased the response rate by 5 times. In addition,
mDFS was 20 months in patients with MTV ≥ 12, whereas it could not be reached in patients with MTV <
12.

In rectal cancer, standard imaging methods such as magnetic resonance imaging, CT, and endoscopic
transrectal ultrasound are very useful for initial diagnosis and staging, but not for predicting the pCR
rates following NACRT[24, 25].

18F-FDG-PET/CT evaluates the metabolic activity of tissue using glucose metabolism and is used to
evaluate the response to treatment as well as initial clinical staging. Many previous studies have shown
that 18F-FDG-PET/CT can be an indicator of response to treatment in many solid tumors including non-
small cell lung cancer, breast cancer, and rectum cancer[26-28].

MTV and TLG, which are tumor metabolic activity measurements determined by 18F-FDG-PET/CT, may
have clinical value in terms of response evaluation as well as identifying disease prognosis. In our
previous study with breast cancer patients treated with neoadjuvant chemotherapy, we also showed that
high MTV decreased treatment response[19]. In a study of anal canal tumors performed by Gauthé et al.,
it was observed that high MTV prior to treatment signi�cantly reduced survival rates[29]. Lee et al.
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designed a study using 50% of MTV SUVmax in 81 LARC patients who were treated with surgery
following NACRT. The authors concluded that SUVmax, MTV, and TLG did not predict pCR, without any
relationship between MTV and DFS; however, TLG was associated with survival[30]. In another study with
rectal cancer patients treated with surgery, although MTV and TLG were found to be associated with DFS
in univariate analysis, no signi�cant �nding was found in multivariate analysis[31]. Jo et al. reported that
MTV and TLG predicted the lymph node positivity in patients with rectal cancer[32]. Similarly, in another
study with 166 rectal cancer patients treated with up-front surgery, MTV was shown to predict LN
metastasis[33]. In previous studies, pCR has been shown to increase survival rates. Having known the
parameters that will predict pCR before treatment will strengthen the clinician’s treatment-decision
making[10, 34].

A prospective study of 64 LARC patients treated with NACRT evaluated the relationship between MTV and
treatment response and concluded that pre-treatment MTV was associated with treatment response. The
cut-off value for MTV was found to be 13.5, with 84.2% sensitivity and 47.7% speci�city. In the study, TLG
was not associated with treatment response. Although the study had a prospective nature, the treatment
modalities of the patients were not heterogeneous, with pretty much missing data [21]. Similarly, in our
study, TLG did not affect treatment response, whereas a high MTV prior to treatment decreased the
complete response rate and DFS. The fact that the difference in DFS between MTV groups did not reach
statistical signi�cance may have been due to small sample size.

Although a homogeneous patient group was selected in our study and presented real-life data, our study
had some limitations. It was designed as a retrospective observational study. In addition, the number of
cases in our study was relatively low. Besides, it was di�cult to promptly apply the suggested optimal
cut-off criteria for 18F-FDG-PET/CT parameters in a clinical setting because they were based on a single
institutional data set.

In conclusion, we investigated the prognostic effects of baseline volumetric PET/CT parameters
(SUVmax, MTV, and TLG) on treatment response and prognosis in locally-advanced rectal cancer (LARC)
patients treated with NACRT and showed that TLG and SUVmax did not predict treatment response, while
MTV can predict treatment response. We also observed that a greater MTV was associated with reduced
DFS. Our study results should be supported by larger studies including greater number of patients.
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Characteristics All
Patients

(n=51)

  Group I

(n=14)

Group II

(n=37)

p

n %   n % n %

Gender Male 34 66.7   9 64.3 25 67.6 0.997

Female 17 33.3   5 35.7 12 32.4  

Age median (min-max) 55 (37-78)   57.5 (37-
78)

54 (39-74) 0.175

Smoking status No 21 41.2   8 57.1 13 35.1 0.154

Yes 30 58.8   6 42.9 24 64.9  

Alcohol
consumption

No 48 94.1   14 100 34 91.9 0.552

Yes 3 5.9   0 0 3 8.1  

CIHD No 45 88.2   11 78.6 34 91.9 0.327

Yes 6 11.8   3 21.4 3 8.1  

DM No 41 80.4   13 92.9 28 75.7 0.250

Yes 10 19.6   1 7.1 9 24.3  

HT No 39 76.5   9 64.3 30 81.1 0.272

Yes 12 23.5   5 35.7 7 18.9  

ECOG PS 0 49 96.1   13 92.9 36 97.3 0.478

1 2 3.9   1 7.1 1 2.7  

Pathology Adenocarcinoma 46 90.2   14 100 32 86.5 0.305

Mucinous
adenocarcinoma

5 9.8   0 0 5 13.5  

Grade 1 5 9.8   3 21.4 2 5.4 0.219

2 42 82.4   10 71.4 32 86.5  

3 4 7.8   1 7.1 3 8.1  

ypTNM 0-I 16 31.4   10 71.4 6 16.2 0.001

II 20 39.2   3 21.4 17 45.9  

III 15 29.4   1 7.1 14 37.8  

Perineural invasion Absent 34 66.7   12 85.7 22 59.5 0.102

Present 17 33.3   2 14.3 15 40.5  
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Lenfovascular
invasion

Absent 41 80.4   13 92.9 28 75.7 0.250

Present 10 19.6   1 7.1 9 24.3  

Margin Negative 48 94.1   14 100 34 91.9 0.552

Positive 3 5.9   0 0 3 8.1  

Adjuvant therapy No 10 19.6   3 21.4 7 18.9 1.000

Yes 41 80.4   11 78.6 30 81.1  

Adjuvant regimen FOLFOX-XELOX 16 31.4   2 18.2 14 46.7 0.323

FUFA-Capecitabine 25 58.6   9 81.8 16 53.3  

Recurrence No 40 78.4   12 85.7 28 75.7 0.705

Yes 11 21.6   2 14.3 9 24.3  

Final status Dead 2 3.9   0 0 2 5.4 0.998

Alive 49 96.1   14 100 35 94.6  

Follow up (month) median (min-max) 11 (5-30)   11 (7-30) 13 (5-27) 0.478

Abbreviations: CIHD, Chronic Ischemic Heart Disease; DM, Diabetes Mellitus; ECOG PS, Eastern
Cooperative Oncology Group Performance Status; HT, Hypertension.

Table 2. Comparison of MTV, TLG, and SUV according to TRG groups.

Characteristics   Group I Group II p

Primary lesion MTV Median (Mean)

Min-max

  10.4±5.9 (9.7)

2.4-20.5

19.5±15.1 (16)

6-83

0.006

Primary lesion TLG Median (Mean)

Min-max

  95.2±63.5 (84.2)

4.5-243.8

181.1±193.3(128)

34-1184

0.033

Primary lesion SUVmax Median (Mean)

Min-max

  9.5±5.0 (9.4)

1.9-19.2

8.8±3.1(8)

4-18

0.673

Abbreviations: MTV, Metabolic tumor volume; SUVmax, Maximum standard uptake value; TLG, Tumor
lesion glycolysis.

Table 3. Multivariate analysis for TRG
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Characteristics     OR %95 CI p

Smoking Yes vs No   0.255 0.055-1.184 0.081

DM Yes vs No   0.113 0.010-1.264 0.077

Lenfovascular invasion Yes vs No   0.138 0.011-1.672 0.120

MTV <12 vs >12   5.002 1.170-21.383 0.030

Abbreviations: DM, Diabetes Mellitus; MTV, Metabolic tumor volume; OR, Odds ratio; CI, Con�dence
interval.

Figures

Figure 1

In the ROC curve plotted for MTV and TLG, the areas under the curve (95% CI) were 0.749 (0.593-0.905)
and 0.695 (0.536-0.854), respectively. The cut-off value for MTV was 12, with 70% sensitivity and 65%
speci�city. The cut-off value for TLG was 92.4, with 75% sensitivity and 58% speci�city.

Figure 2
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Disease-free survival according to TLG groups.


