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Abstract
Purpose. To investigate the value of 18 FDG PET-CT volumetric parameters in the prediction of overall survival (OS) in patients with pancreatic cancer and also, assess their independence relative to well-established clinico-pathological variables.
Methods. We conducted a retrospective analysis of patients with a confirmed diagnosis of pancreatic cancer who underwent 18 FDG PET-CT. The tumour maximum standardised uptake value (SUVmax) in addition to SUVmean, metabolic tumour volume (MTV) and total lesion glycolysis (TLG) were calculated. The prognostic value of 18 FDG PET-CT and clinico-pathological parameters for OS were assessed using univariate and multivariable analyses.
Results. A sum of 89 patients were analysed in this study. Median survival for patients categorised as having high TLG (≥55) and low TLG (<55) was 18 vs 5 months (p<0.001). Similarly, the respective high vs low SUVmean, MTVcm3 and SUVmax were 18 vs 6 months (p= 0.001), 16 vs 6 months (p=0.002) and 18 vs 6 months (p=0.001). Univariate analysis showed SUVmax, SUVmean, MTV, TLG, tumour size, tumour differentiation and presence of distant metastasis as prognostic factors for OS. On multivariable analysis, TLG (HR 2.0, 95% CI1.26-3.18, p=0.004) and the presence of distant metastasis (HR 3.37, 95% CI 1.97-5.77, p<0.001) were independent prognostic risk factors. Subgroup analysis identified TLG as the only significant PET metric after adjusting for the presence of distant metastasis.

Conclusions.18 FDG PET-CT is a useful tool in the preoperative evaluation of patients with pancreatic cancer. Tumour TLG offer an independent prognostic value in both the metastatic and non-metastatic disease settings.










Introduction
Invasive ductal adenocarcinoma of the pancreas (PDAC) represent a heath challenge worldwide as it’s hegemonized by a substantially unchanged mortality figures over recent decades. The rising incidence of the disease has made projections for it to become the second commonest cause of cancer-related death in western population by 2030, only a figure to be surpassed by mortality secondary to lung cancer.1 The majority of patients present late in their disease course with evidence of a locally advanced tumour or disseminated metastasis that would preclude a radical therapeutic approach 2–4 while the 5 year survival figures for all stages combined remain low at ~ 10%.5,6
Given the poor survival with current existing therapies, identifying novel prognostic markers is of paramount importance in individualised treatment planning. Multiple prognostic factors are well studied in the literature which include the serum level of carbohydrate antigen 199 (CA 199), tumour size, histological grade, presence of positive lymph nodes, resection margin involvement in addition to lymphovascular, perineural and portovenous invasion.7–13 However, the majority of these factors are only available retrospectively following formal histopathological analysis in resected cases (only 10-15% ) which limit their clinical utility and wide adoption in the majority of patients. 
 18 Fluoro-deoxy glucose positron emission tomography-computed tomography (18 FDG PET-CT) is a fast-growing imaging modality of wide spread use in clinical oncology. Its ability to provide functional and anatomical data can help in disease diagnosis, staging and monitoring the response to treatment.14–18 The commonly reported maximum standardised uptake value (SUVmax) represent the metabolic activity in a single voxel within a region of interest (ROI) and therefore, might not be reflective of the true overall local disease burden. Recently, there has been a growing interest in 18 FDG PET-CT volumetric parameters i.e. the metabolic tumour volume (MTV) and total lesion glycolysis (TLG) and their validity as surrogate radiological biomarkers indicative for disease prognosis. However, there is a paucity of studies in the literature that report on their utility in the comprehensive risk assessment of PDAC patients. Therefore, the aim of this study was to assess the prognostic role of 18 FDG PET-CT volumetric parameters and their independence relative to well established clinicopathological variables in informing the overall survival (OS) of patients with PDAC.

Methods
Material and Patients Selection
We conducted a retrospective review of patients with a confirmed diagnosis of PDAC who underwent 18 FDG PET-CT as part of their diagnostic algorithm at our institution (Royal Liverpool University Hospital) in the period between January 2011 and April 2013. The utility of 18 FDG PET-CT was not part of the standardised diagnostic work up at our institution for patients with suspected PDAC during the study period and was conducted as part of the accrual for the PETPANC trial.19 We screened our local 18 FDG PET-CT registry to identify patients who underwent the nuclear imaging test and who also had a confirmed diagnosis of PDAC based on histological confirmation or clinical data as dictated by our multidisciplinary team. Patients with recurrent pancreatic tumours or rare/cystic tumours of the pancreas were excluded from the study. Patients with iso-metabolic tumours that are difficult to depict from the surrounding normal pancreas with a potential to introduce bias into volumetric tumour measurements were also excluded. None of the included patients received any form of neoadjuvant therapy prior to 18 FDG PET-CT. This study was registered at our local review board, the need for individualised patient consent was waived due to the retrospective nature of the study.
Demographics and clinico-pathological characteristics of patients were extracted from an electronic patient’s record including age, gender, maximal tumour size, tumour location, surgery performed, resection margin status, tumour stage, lymph node status, histological differentiation, presence of distant metastasis, CA19-9 level in addition to tumour’s SUVmax value. Tumour’s SUVmean/MTV/TLG were not calculated in the initial radiological report and were measured retrospectively for the purpose of this study. The OS was retrieved from our hospital database and calculated from the date of conduction of 18 FDG PET-CT until the time of death or censoring.

 18 FDG PET-CT Procedure & Image analysis
[bookmark: _Hlk698076]All of the participants in the study were referred to our supra-regional pancreatic unit with suspected PDAC following the conduction of a preliminary diagnostic work up that usually include radiological assessment with multidetector computed tomography (MDCT). Patients underwent 18 FDG PET-CT scanning within a maximum of two weeks if they consented to participate in the PETPANC trial. Patients fasted for 6 hours prior to the scan. To ensure accurate SUV measurements patient’s weight was obtained using a calibrated class III device that satisfied requirements defined in the Non-Automatic Weighing Instruments Directive 2003 and blood glucose was recorded using a calibrated Boehringer Mannheim glucometer (Boehringer Ingelheim Ltd, Bracknell, UK). For diabetes mellitus patients, only those with a fasting blood glucose <10.0 mmol/l were scanned to reduce false-negative 18 FDG PET-CT results. Patients drank between two and three glasses of water before the nuclear test to ensure good hydration which contributes to the quality of the scan. The dose of radiotracer to be injected was calculated according to the patient’s weight and administered via a peripheral cannula. For two-dimensional scanning 350–530 MBq of FDG was injected. In patients requiring a larger dose because of a larger body weight, the Administration of Radioactive Substances Advisory Committee (ARSAC) certificate holder approval was obtained before giving the larger dose. For three-dimensional scanning 150–350 MBq was injected. Patients remained quiet and inactive during the uptake period in a warm room to avoid artefacts including skeletal muscle FDG uptake and brown adipose tissue uptake. Patients emptied their bladders just prior to positioning on the scanner bed to avoid artefacts from FDG activity in the urinary bladder. The 18 FDG PET-CT emission scan started at 90 minutes after FDG injection. Scanning was carried out on a standard PET-CT table top, beginning at the groin and ending at the base of the orbits and with arms up if a single whole-body scan was performed. Data were reconstructed using ordered subsets expectation maximisation reconstruction parameters on computed tomography for attenuation correction. 
The imaging analysis was performed after the radiologist read the report and drew a ROI for calculation of SUVmax within the area of the high FDG uptake that would correspond to the suspected tumour on MDCT images. An area with focal uptake with SUVmax ≥ 2.5 was considered to represent malignancy in-line with previous studies. The SUVmean in addition to MTV and TLG were calculated in retrospect under the supervision of a consultant physicist with a vast experience (>20 years) in nuclear medicine (M.C) by a combination of manual and automated tumour segmentation techniques on a Hermes Hybrid Recon™ desktop.

Statistical Analysis
Continuous data in this study were expressed as medians and interquartile ranges (IQR) whereas categorical data were summarised as frequencies and percentages. Kaplan Meier survival curves were constructed by dichotomising 18 FDG PET-CT prognostic variables around their median values and comparisons were made using the log rank test.20 Survival estimates of 18 FDG PET-CT parameters for median, 1 year and 5 year survival were presented alongside their 95% confidence intervals (CI).

Univariate Cox proportional hazard models21 were constructed for each prognostic variable apart from those who were scarcely populated. Hazard ratios were estimated and presented with 95% CI and p-values. Prior to Cox regression, all variables were assessed for proportional hazards through consideration of Schoenfeld residuals. Continuous variables that do not satisfy the proportional hazards assumptions were dichotomised about their median values. Any variable with missing observational data of more than 40% was excluded from multivariate statistical modelling. Variables found to be significant on univariate analysis were entered into the multivariate analysis using stepwise backward selection to identify independent prognostic factors. 
Further to this, subgroup analysis was conducted on 18 FDG PET-CT prognostic parameters based on the presence or absence of distant metastases. Estimates of median and 1 year survival were presented according to their hazard ratios and 95% CI’s. 
Concordance statistics22 and Akaikes information criterion23 values were calculated and reported in order to measure the predictive accuracy of the univariate models including each 18 FDG PET-CT parameter and also the multivariate models including distant metastases.

Results
During the study period, a total of 263 patients with suspected PDAC underwent 18 FDG PET-CT examination at our institution. Out of these, there were 94 patients with a confirmed primary diagnosis of PDAC. After exclusion of patients with incomplete records (n=3) and those with metabolically inactive tumours (n=2), there were 89 patients eligible for the final analysis. The study cohort was comprised of 48 males and 41 females with a median age of 69. The median tumour size was 29mm (range 10-110) while positive lymph nodes were identified in 57% of the cases. The majority of patients did not undergo surgical resection either due to preoperative detection of distant organ metastasis (n=28, 31%), the detection of a locally advanced tumour/unexpected metastasis upon laparotomy (n=7, 8%), poor performance status (n=15, 17%). The clinical characteristics of included patients are summarised in table 1. 
The median OS for the entire patient population was 11 months (range 1-82) while 5-year survival for the overall cohort was 8%.  In order to perform a comparative analysis for the unadjusted 18 FDG PET-CT derived parameters and their influence on survival we stratified patients into high and low risk groups based on their respective median values. The median (IQR) values for SUVmax, SUVmean, MTV and TLG were 7.8 (5.8-11.2), 5.15 (4.0-6.4), 10mm3 (4.2-20.1) and 55.0 (16.8-108.5) respectively (Table 2).
The median survival for patients with high (≥7.8) and low (<7.8) SUVmax was 18 months (95%CI: 12-26) vs 6 months (95%CI: 4-9) respectively (p<0.001). Furthermore, SUVmean (18 vs 6 months, p=0.007), MTV (16 vs 6 months, p= 0.0011) and TLG (18 vs 5 months, p=0.001) showed similar survival trends after stratification based on their respective median values (Figure 1). All median survival estimates pertaining to the FDG PET-CT derived parameters showed a strong statistical difference between high and low risk groups (table 2).
On univariate analysis, variables with a statistically significant predictive value for OS were: SUVmax (p=0.001), SUVmean (p=0.001), MTV (p=0.002), TLG (p<0.001), tumour size (p=0.041), tumour differentiation (p<0.001) and presence of distant metastasis (p<0.001) (Table 3). Of these variables, differentiation was removed from further statistical analysis due to a high percentage of missing data (42%) as well as the anatomical tumour site, resection margin status and operative procedure. Backwards selection including all significant variables from the univariate analysis except for differentiation status identified TLG (HR 2.0, 95% CI1.26-3.18, p=0.004) and the presence of distant metastases (HR 3.37, 95% CI 1.97-5.77, p<0.001) as independent prognostic factors (table 4).
Further to this, we performed a subgroup analysis to assess whether PET derived metrics would hold a prognostic value in patients whether they presented with metastatic disease or not. In patients with metastatic disease, TLG was the only PET metric that attained statistical significance with HR 3.19 (95%CI 1.05-9.68, p=0.041) while MTV showed borderline significance (p=0.077). None of the patients with a high TLG and metastatic disease were alive after 1 year of follow up while the corresponding figure was 43% for patients assigned to the low TLG group. In the group with non-metastatic disease, SUVmax (HR 2.04, 95%CI 1.19-3.51, p= 0.01), SUVmean (HR 2.06, 95%CI 1.20-3.52, p=0.008) and TLG (HR 1.78, 95% CI 1.03-3.08, p =0.04) were independent prognostic factors. TLG was the only PET metric that attained statistical significance in both subgroups (table 5).
The predictive ability of models including distant metastases and each 18 FDG PET-CT prognostic parameter were compared through calculating the C-indices and AIC. The model that included both TLG and metastases showed the best model fit with c-index of 0.68 (SE=0.02) and an AIC= 594.

Discussion
In this study, we identified tumour’s TLG in addition to the presence of distant organ metastasis as independent prognostic variables for OS in PDAC. The volumetric parameters of 18 FDG PET-CT were perceived to be better representatives for the overall local tumour burden as opposed to the SUVmax. In our heterogeneous group of patients, it was the tumour TLG which showed an independent prognostic value (HR 2.0, 95% CI1.26-3.18, p=0.004) while MTV showed borderline significance (p=0.07) in the subgroup of patients with metastatic disease (n= 28).
Pancreatic cancer remain one of the most recalcitrant and formidable malignancies to treat. The majority of patients present with an advanced diseased state that preclude instigation of potentially curative treatments. Furthermore, those who are candidates for curative treatments are berated by high incidences of disease recurrence whilst efficient treatment for those presenting with advanced disease are currently lacking. Therefore, the identification of novel preoperative prognostic markers beyond the conventional histopathological factors is of great importance in stratifying high risk patients into appropriate treatment pathways and could also guide the delivery of upfront or intensified treatment in patients with adverse prognostic features who are anticipated to have a rapidly progressive disease.

The utility of 18 FDG PET-CT has gained wide popularity as it provides an indirect measure of the molecular metabolic activity in vivo which is governed by the hyper-metabolic activity of malignant cells (Warburg effect).24 The injected radiotracer has a high level of uptake in malignant tumours due to the over expression of glucose transporters (in particular GLUT 1) that subsequently becomes trapped following phosphorylation by hexokinases in tumour cells.25–28 The qualitative and quantitative FDG avidity caused by glucose accumulation in malignant cells irrespective of tumour morphology could be depicted on radiological imaging with 18 FDG PET-CT. Hence, the variation in SUV measurements could herald a difference in the inherent biological aggressiveness in different tumours that would translate into varied survival figures. To this effect, the use of the nuclear imaging test extend beyond the traditional role as a diagnostic modality and could be employed in the prediction of the response to treatment with chemotherapy and/or radiotherapy29–31 in addition to disease recurrence and prognosis.32–37
Several studies have examined the role of 18 FDG PET-CT parameters in the survival prediction of patients with PDAC. Yamamato and colleagues 38 identified a high SUVmax of ≥ 6.0 as an independent prognostic factor in a group of 128 patients with resected PDAC (HR 2.05, p = 0.002). They also identified similar to our study a difference in the median OS between high (≥ 6.0) and low (< 6.0) SUVmax groups of 18 vs 37 months respectively (p < 0.001) and also in early disease recurrence (49% vs 5%, p<0.001). In another study, Choi et al 39 identified a similar trend with poor survival among high and low SUVmax groups using a different cut off median value of 3.5 (median OS 23.5 vs 45.4, p=0.01). Maemura et al 32 identified a correlation between a high SUVmax and the presence of distant metastasis while Sperti et al 33 reporting limited survival for patients with SUVmax >4 (178 vs 265 days). It was also reported that a favourable decline in SUV following neoadjuvant chemo-radiotherapy, predicted overall survival as in the study by Chang et al40 of 260 patients with locally advanced tumours supporting its role in biological monitoring of treatment efficacy.
The volumetric parameters of 18 FDG PET-CT has been reported as independent risk predictors for OS and recurrence free survival in patients with resected PDAC.41–43 On comparison of the survival rate of patients with high and low volumetric parameters in our study, a pattern of improved survival on various time points emerged (table 3). However, after incorporation of these into the multivariate analysis, it was the TLG rather than MTV which had an independent prognostic role. This might suggest an intrinsic difference in the metabolic activity within different tumour cells while also accounting for the dense desmoplastic reaction (metabolically inactive) that surrounds tumour cells which is incorporated into the MTV measurement.
Whist the measurement of the SUVmax in malignant tumours is considered quite robust and reproducible as it portray the highest metabolic uptake value within a ROI, there is a lack of consensus about the optimal cut off value that predicts poor survival.29,33,38,44   The volumetric parameters are further compounded by the segmentation method used, image mis-registration, imaging artefact, partial volume effects and time-lapse between injection of radiotracer and subsequent imaging.45,46 Moreover, there is a potential for overestimating the primary volumetric measurements by inclusion of surrounding positive lymph nodes in addition to image glare secondary to biliary prosthesis and/or concomitant obstructive pancreatitis. Conversely, there is the pronounced draw back with iso-metabolic tumours that does not show increased FDG uptake which then lead to false negative results.
There were several limitations within the present study. First, there was an unavoidable selection bias as the analysis was conducted on patients who consented for undergoing 18 FDG PET-CT as part of the accrual for PETPANC trial. Also, the included cohort was composed of a heterogeneous group with a different mix of patients who were assigned to different treatment plans. Due to the retrospective nature of the study, there was a considerable amount of missing data that precluded the inclusion of certain parameters such as the tumour location, type of surgery performed in statistical modelling. In addition, the measurements of the volumetric parameters were conducted in retrospect but nevertheless the readers were blinded to the survival outcomes for patients upon volumetric tumour segmentation and measurement. Finally, our subgroup analysis contained a limited number of patients within each group which limit the adoption of its findings in prospective clinical cohorts.

Conclusions
 The role of 18 FDG PET-CT is likely to evolve overtime and could potentially be utilized as a complementary tool along with other well-established clinic-pathological factors in the preoperative risk stratification of PDAC. This study has identified TLG and the presence of distant metastasis as independent prognostic factors for OS in our heterogenous cohort of PDAC patients. These findings could be incorporated into clinical risk prediction models that can help both patients and clinicians in individualised treatment tailoring.
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Figures and tables legend:
Table 1. Characteristics of patients included in the study.
Table 2. Univariate analysis for prognostic factors included in the study.
Table 3. Survival information relating to each metric split according to their median values.
Table 4. Multivariate analysis for prognostic factors including the overall study cohort
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Table 6. Survival models based on C-statistic and Akaike information criterion
Figure 1. Kaplan Meier survival curves of 18 FDG PET-CT prognostic parameters       dichotomised according to their respective median values.

	Patient characteristic
	
	 N=89 

	Median Age (range)
	
	
	69(44-85)

	Gender
	
	
	

	 Male
	
	
	48(54%)

	Female
	
	
	41(46%)  

	Smoking status
	
	
	

	Never
	
	
	38(43%)

	Current
	
	
	18(20%)

	Ex
	
	
	31(35%)

	N/A
	
	
	2(2%)

	Diabetic
	
	
	

	Yes
	
	
	15(17%)

	No
	
	
	72(81%)

	N/A
	
	
	2(2%)

	Median CA 199 (IQR)
	
	
	222 (41-685)

	Median tumour size (IQR)
	
	
	29mm(20-35)

	Tumour location
	
	
	

	Head
	
	
	68(76%)

	Tail
	
	
	6(7%)

	body
	
	
	9(10%)

	Neck
	
	
	6(7%)

	Operation
	
	
	

	PPPD
	
	
	29(33%)

	Standard Whipple
	
	
	5(6%)

	Left pancreatectomy
	
	
	2(2%)

	Bypass
	
	
	6(7%)

	Total pancreatectomy
	
	
	2(2%)

	None
	
	
	43(50%)

	Resection margin
	
	
	

	R0
	
	
	12(13%)

	R1
	
	
	24(27%)

	N/A
	
	
	53(60%)

	Lymph nodes
	
	
	

	Positive
	
	
	51(57%)

	Negative
	
	
	38(43%)

	Differentiation
	
	
	

	well
	
	
	-

	Moderate
	
	
	30(34%)

	Poor
	
	
	21(24%)

	NA
	
	
	38(42%)

	Distant metastasis
	
	
	

	Yes
	
	
	28(31%)

	No
	
	
	61(69%)

	UICC stage
	
	
	

	1A
	
	
	5(6%)

	1B
	
	
	3(3%)

	2A
	
	
	9(10%)

	2B
	
	
	35(39%)

	3
	
	
	9(10%)

	4
	
	
	28(32%)

	Additional Treatment
	
	
	

	Adjuvant chemotherapy
	
	
	29(33%)

	Palliative chemotherapy
	
	
	27 (30%)

	Best supportive care
	
	
	19 (21.3%)

	Unknown
	
	
	14(15.7%)


Table 1. Characteristics of patients included in the study
	Variable
	Hazard ratio (95% CI)
	p-value

	PET/CT metrics

	SUVmax                               ≥7.8
                                               <7.8
	2.11 (1.36-3.29)
1.00
	0.001
-

	SUVmean                           ≥5.15 
                                               <5.15
	2.07 (1.33-3.21)
1.00
	0.001
-

	MTVcm3                              ≥10
                                               <10

	2.01 (1.30-3.11)
1.00
	0.002
-

	TLG                                       ≥55
                                              <55
	2.30 (1.47-3.58)
1.00
	<0.001
-

	General

	Age                                     ≥ 70 
                                              <70
	1.47 (0.95-2.26)
1.00
	0.082
-

	Sex                                       Female
                                              Male
	1.27 (0.82-1.95)
1.00
	0.284
-

	Smoker                               Never
                                              Current
                                              Ex
	1.00
0.99 (0.56-1.75)
0.7 (0.42-1.14)

	-
0.978
0.156

	Diabetes                             Yes 
                                              No
	0.79 (0.45-1.41)
1.00
	0.431
-

	R status                              R1
                                              R0
	1.70 (0.79-3.64)
1.00
	0.175
-

	Lymph nodes                   Positive
                                             Negative
	0.94 (.61-1.44)
1.00
	0.772
-

	Tumour size (mm)          ≥30
                                              <30
	1.58 (1.02-2.44)
1.00
	0.041
-

	Differentiation                 Poor
                                              Moderate
	3.07 (1.65-5.71)
1.00
	<0.001
-

	Distant Metastasis         Yes
                                             No
	3.78 (2.26-6.33)
1.0
	<0.001
-

	CA19-9                                ≥222
                                             <222
	1.35 (0.84-2.17)
1.00
	0.217
-


Table2.   Univariate analysis for prognostic factors included in the study









	Metric
	Category
	Number of deaths
	Median (95% CI) months
	1 year survival (95% CI)
	5 year survival (95% CI)
	P value

	Overall
	-
	84
	11 (6-14)
	47% (37-57)
	8% (3-15)
	-

	
	
	
	
	
	
	


	SUVmax
	<7.8
	41
	18 (12-26)
	70% (54-81)
	11% (4-23)
	0.001

	
	≥7.8
	43
	6   (4-9)
	24% (13-38)
	4% (0-13)
	


	
	
	
	
	
	
	


	SUV mean
	<5.15
	40
	18 (11-26)
	66% (50-78)
	11% (4-23)
	0.001

	
	≥5.15
	44
	6 (4-10)
	29% (17-42)
	4% (0-13)
	


	
	
	
	
	
	
	


	MTVcm3
	<10
	41
	16 (12-25)
	70% (55-82)
	11% (4-23)
	0.002

	
	≥10
	43
	6 (4-9)
	24% (13-38)
	4% (0-13)
	


	
	
	
	
	
	
	


	TLG
	< 55
	42
	18 (13-26)
	71% (56-82)
	11% (4-22)
	<0.001

	
	≥55
	42
	5 (4-8)
	23% (12-36)

	5% (0-13)
	


Table 3. Survival information for overall cohort and each metric split according to their median values.


  

	Variable
	HR
	p- value

	Metastasis
	3.37 (1.97 – 5.77)
	<0.001

	TLG*
	2.00 (1.26 – 3.18)
	0.004

	
	
	

	SUVmax*
	-
	0.889

	MTVmc3*
	-
	0.515

	SUVmean*
	-
	0.438

	Sex
	-
	0.263

	Age
	-
	0.154

	Tumour size
	-
	0.791



Table 4. Multivariate analysis for prognostic factors including the overall study cohort. * dichotomised based on their median valuables, HR for non-significant factors was not estimable based on used algorithm.

	


	Model
	PET metric
	Risk group
	No pts
	Median Survival months (95%CI)
	1 year survival % (95%CI)
	Hazard ratio (95% CI)
	P-value

	In the presence of Metastasis:

	A1
	TLG
	High
	21
	4 (3-5)
	0% 
	3.19 (1.05-9.68)
	0.041

	
	
	Low
	7
	11 (1-14)
	43% (10-73)
	
	

	B1
	SUVmax
	High
	19
	4 (3-6)
	5% (0-20)
	1.19 (0.53-2.68)
	0.677

	
	
	Low
	9
	5 (1-13)
	22% (3-51)
	
	

	C1
	SUVmean
	High
	19
	4 (3-6)
	11% (2-28)
	0.95 (0.42-2.13)
	0.900

	
	
	Low
	9
	5 (1-11)
	11% (0-39)
	
	

	D1
	MTVcm3
	High
	21
	4 (3-5)
	0% 
	2.67 (0.90-7.92)
	0.077

	
	
	Low
	7
	6 (1-14)
	43% (10-73)
	
	

	In the absence of Metastasis:

	A2
	TLG
	High
	23
	10 (5-14)
	43% (23-62)
	1.78 (1.03-3.08)
	0.040

	
	
	Low
	38
	22 (14-30)
	76% (59-87)
	
	

	B2
	SUVmax
	High
	26
	9 (4-12)
	38% (20-56)
	2.04 (1.19-3.51)
	0.010

	
	
	Low
	35
	25 (16-34)
	83% (66-92)
	
	

	C2
	SUVmean
	High
	26
	10 (4-13)
	42% (23-60)
	2.06 (1.20-3.52)
	0.008

	
	
	Low
	35
	25 (16-30)
	80% (63-90)
	
	

	D2
	MTVcm3
	High
	24
	10 (5-16)
	46% (26-64)
	1.55 (0.9-2.67)
	0.111

	
	
	Low
	37
	20 (14-30_
	76% (58-87)
	
	




Table 5. Multivariate sub-group analysis based on the presence or absence of distant metastasis











	Model
	C statistic (se)
	AIC

	Univariate

	SUVmax
	0.59 (0.03)
	612

	TLG
	0.60(0.02)
	610

	MTVcm3
	0.59 (0.03)
	614

	SUVmean
	0.59 (0.03)
	613

	Multivariate

	Metastasis + SUVmax
	0.66 (0.02)
	597

	Metastasis + TLG
	0.68 (0.02)
	594

	Metastasis + MTVcm3
	0.67 (0.03)
	597

	Metastasis + SUVmean
	0.65 (0.02)
	597


Table 6. Survival models based on C-statistic and Akaike information criterion
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Figure 1. Kaplan Meier survival curves of 18 FDG PET-CT prognostic parameters       dichotomised according to their respective median values
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