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Prognostic Value of '8F-FDG PET/CT Metabolic Parameters in
Surgically Treated Stage | Lung Adenocarcinoma Patients
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Purpose of the Report: This article aims to explore the prognostic role of
'8E-FDG PET/CT metabolic parameters in stage I lung adenocarcinoma
patients.

Patients and Methods: One hundred eighty pathological stage I lung ade-
nocarcinoma patients were retrospectively reviewed. Semiquantitative anal-
ysis of FDG tumor uptake was performed with TrueD software on the
Siemens Leonardo workstation. SUV .., and MTV were calculated using
SUV threshold of 41% of SUV,,; the total lesion glycolysis (TLG) was
calculated as the product of SUV .., and MTV. Correlation was evaluated
using Spearman correlation coefficient. Maximally selected rank statistics
was performed to detect the optimal cutoff used for dichotomizing each
PET parameter (6.5 for SUV j,can, 9.6 for SUV ., and 19.1 for TLG).
Results: Our main finding was the significant correlation between 'F-FDG
PET/CT parameters (SUV nean, SUVnax, and TLG) and disease-free survival
in pathologic stage I non—small cell lung cancer. SUV,,ca, has the greatest ac-
curacy in recurrence prediction (integrated area under the curve, 0.803; 95%
confidence interval, 0.689—0.918). We run the maximally selected rank statis-
tics to provide the classification of observations in 2 groups by a continuous
predictor parameter; the free from recurrence rate was significantly
greater in patients with SUV jean 6.5, SUV 0 £9.6, and TLG <19.1.
Conclusions: Our research supports the hypothesis that SUV can, SUV ax,
and TLG are well correlated with free from recurrence rate in stage I adeno-
carcinoma patients, subjected to pulmonary lobectomy. Our findings also in-
dicate these markers as promising prognostic indicators.
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L ung cancer is the most common form of tumor and is the leading
cause of cancer-related mortality worldwide. Tumor node metastasis
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stage seems to be the main prognostic factor, yet the biological het-
erogeneity of lung cancer subtypes hmlts its prognostic value as
well as its role in treatment planning.' In the last decade, PET/CT
with '8F-FDG has demonstrated its high prognostic value for cancer
staging, monitoring of treatment response, and prognosis prediction
for non—small cell lung cancer (NSCLC).> SUV is a semiquantita-
tive determination of the normalized concentration of radioactivity.
SUV is measured over a region of interest as the ratio of tissue ra-
dioactivity concentration and the injected dose adjusted by body
weight, with SUV,,,,, as its maximum pixel value, representing
the most metabolically active part of the tumor. The SUV e,y is the
mean value of metabolic activity in a chosen region, whereas the peak
SUV (SUV,eax), the average value within a small, fixed region of in-
terest in the tumor, is considered a robust alternative to SUVmax.3

As a diagnostic parameter, SUV may be affected by biologi-
cal and technological factors,* including technical errors in PET/CT
examination procedures, such as accuracy of activity calibrators,
clock synchronization and postinjection time discrepancies. How-
ever, SUV is a highly repeatable i 1mag1ng biomarker when acquired
thoroughly after the PET/CT protocol.’

Compared with SUV ean, SUV nax is not affected by the shape
and size of volume of interest (VOI) and presents excellent interob-
server repeatability.*

In an attempt to increase the clinical value of the SUV,
volume-based parameters have been evaluated to measure metabolic
activity in the whole tumor mass, such as metabolic tumor volume
(MTV) and total lesion glycolysis (TLG). MTV is defined as the
volume of tumors with increased glycolytlc activity and is calcu-
lated according to attenuation-corrected '*F-FDG PET images.
TLG results from the product of SUV and lesion volume. MTV
and TLG are useful indexes of tumor burden and aggressiveness,
and they are promlslng tools for cancer pro%nosm and treatment re-
sponse momtormg in oncologic patients. 7 Recent studies have
shown that the '*F-FDG PET/CT-normalized parameter (SUV ax)
and the volume-based values (MTV and TLG) are potential progs
nostic factors for tumor aggressweness and patients’ survival.”
Among thousands of studies published to date on dlfferent types
of cancers, there are only a few studies on NSCLC.'" To broaden
current knowledge on the prognostic value of SUV .., TLG, and
MTYV in NSCLC, we reviewed all clinical reports of pathological
stage I lung adenocarcinoma patients who underwent pulmonary
lobectomy at two university hospitals in Northern Italy.

PATIENTS AND METHODS

This is an observational, cohort, bicentric single-arm retro-
spective study on lung adenocarcinoma patients who underwent
pulmonary lobectomy between January 1, 2010, and December
31, 2018. Disease-free survival (DFS) was the primary clinical
end point. We hypothesized an association between PET markers
and the free from recurrence (FFR) rate. Inclusion criteria were
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TABLE 1. Demographic and Preoperative Characteristics of Patients

No Recurrence Recurrence P

Age, median (IQR), y 71 (12) 69 (15) 0.398
Sex, female, n (%) 62 (40.3) 11 (39.3) 0.999
Stage, n (%) 17 (11.0)

1A1 17 (11.0) 1 (4.6) 0.382

1A2 49 (31.8) 6(21.4) 0.380

1A3 33 (21.4) 11 (39.3) 0.073

IB 55(35.7) 10 (35.7) 0.999
Tumor size, median (IQR), mm 20.0 (11.8) 22.0 (11.3) 0.070
SUV ean, median (IQR) 2.6((3.4) 44 (4.8) 0.003
SUVnax, median (IQR) 4.6(5.9) 8.2 (7.8) 0.002
MTV, median (IQR), cm® 53(7.1) 5.1(5.6) 0.952
TLG, median (IQR) 13.5(22.7) 22.0 (23.0) 0.035
No. resected lymph nodes, median (IQR) 6(4) 7(4) 0.750

patients diagnosed with pathological stage I lung adenocarcinoma
(VIII tumor node metastasis edition), who underwent lobectomy and
hilar-mediastinal lymphadenectomy, and those older than 18 years.
Exclusion criteria included induction chemotherapy, adjuvant che-
motherapy or radiotherapy, surgical resection other than pulmonary
lobectomy, type 1 diabetes, histotype different from adenocarci-
noma, and previous tumor in the last 5 years. All recruited patients
underwent surgery at the Division of Thoracic Surgery and Lung
Transplantation at the IRCCS Ca’ Granda Ospedale Maggiore
Policlinico Foundation in Milan, and the Division of Thoracic Sur-
gery at Ospedale di Circolo Fondazione Macchi in Varese. Patients
underwent preoperative scans with '*F-FDG PET at the Nuclear
Medicine of Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico in Milan and Nuclear Medicine of Ospedale di Circolo
Fondazione Macchi in Varese. Patient preparation, FDG prepara-
tion, and the imaging procedure were identical at both institutions.
The PET/CT scanner (Biograph TruePoint; Siemens Medical solu-
tions, Erlangen, Germany) and the workstation software for image
analysis (TrueD Image Analysis; Siemens Medical Solutions,
Erlangen, Germany) were the same for both centers. All patients
were fasting for at least 6 hours before PET/CT examination.
Whole-body image acquisition was performed 60 minutes after
IV injection of "*F-FDG mean activity of 3.7 MBg/kg. For each pa-
tient, PET/CT scan was preceded by the acquisition ofa CT scout or
topogram to define the field of view. Subsequently, a low-dose CT
scan (120 kV and 90 mAs) was performed with automatic exposure
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control to correct the attenuation of PET images and for the anatom-
ical localization of PET findings. PET/CT scan was acquired with a
duration time of 3 minutes per bed, using the same axial field as the
CT scan. PET data were corrected for attenuation and scattering,
and then reconstructed on a 128 x 128-pixel matrix (pixel size,
13 x 1.3 mm®) using iterative reconstruction algorithms (AW-
OSEM, 2 iterations, 8 subsets). All PET/CT studies were reviewed
by 2 nuclear medicine physicians with 20 years of experience, who
were blinded to the clinical data. Semiquantitative analysis of FDG
tumor uptake was performed with TrueD software on the Siemens
Leonardo workstation (Siemens Healthcare, Erlangen, Germany).
Contouring margins were automatically derived by applying a
VOI at lung lesion on each PET/CT study, and the 3 sectional im-
ages (axial, sagittal, and coronal) were used to ensure accurate
inclusion of the whole tumor and exclusion of adjacent normal
structures. The SUV,,,,, represents the most intense area (ie, voxel)
of FDG uptake in a VOI. SUV, .., and MTV were calculated using
an SUV threshold of 41% of SUV,,.x. TLG was calculated as the
product of SUV ;can and MTV.

Pulmonary lobectomies were performed with radical intent;
negative surgical margins were verified intraoperatively; hilar and
mediastinal lymph node dissection was routinely performed. Pul-
monary lobectomies were mainly carried out by video-assisted tho-
racic surgery, as this approach has been introduced in the 2 centers
since 201 1. Patients’ follow-up was based on a systematic postoper-
ative surveillance protocol using CT and chest x-ray over a 5-year
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FIGURE 1. Kaplan-Meier curve of the time to recurrence (FFR time); time is expressed in months. A, Nonparametric adjusted
hazards function and 95% ClI (gray) relative to recurrence in the total cohort of patients (B).
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FIGURE 2. Kaplan-Meier survival curves for FFR by SUV yean. Patients with SUV o <6.5 are labeled as “low”; patients with
SUVnean Of >6.5 are labeled as “high” (A); the nonparametric adjusted hazards function relative to recurrence in patients with
SUV hean Of £6.5 (dashed line) and with SUV,j,ean of >6.5 (continuous line) (B).

period. Additional CT or MRI was routinely performed if extra-
pulmonary metastases were suspected. For each patient, we collected
demographic characteristics, medical history, pathologic data, and
follow-up in an anonymized database. The study protocol was
approved by the Clinical Research Ethics Committee of Milan, Area
2 (407_2019bis).

Statistical Analysis

Continuous data were presented as median and interquartile
range (IQR). Categorical variables were shown as absolute and per-
centage frequencies. Either the signed rank test or x? test was per-
formed. Correlation was evaluated using Spearman correlation
coefficient. Time-to-event data were displayed using the nonpara-
metric Kaplan-Meier estimator. Maximally selected rank (MSR)
statistics was performed to detect the optimal cutoff used for dichot-
omizing each PET parameter.'*'® The hazards ratio was computed
using the univariable or multlvanable Cox regression model with
Breslow approximation; the robust sandwich variance estimator
was adopted to account for correlated groups of observations given
by the multicentric nature of the data. The proportional hazards as-
sumption was checked using statistical tests and graphical diagnos-
tics based on the scaled Schoenfeld residuals. To detect nonlinearity
in the relationship between the log hazards and the covariates, we
plotted the Martingale residuals against continuous covariates,
inspecting the functional form. Influential observations were checked
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FIGURE 3. Kaplan-Meier survival curves for FFR by SUV .
Patients with SUV ..« of <9.6 are labeled as “low”; patients
with SUV .« of >9.6 are labeled as “high.”
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by graphical inspection of deviance residuals. To evaluate the
predictive performance of PET parameters, we computed the
time-dependent cumulative case/dynamic receiver operating char-
acteristic (ROC) curve for censored survival data and the area under
the ROC curve (AUC). In addition, we calculated the integrated
area under the curve (IAUC) from the results of time-dependent
ROC curves at some points in time.'*'> Comparisons between the
time-dependent ROC curves were made.'®

The adjusted smooth hazards function was estimated
nonparametrically by using B-splines collected from the perspec-
tive of generalized linear mixed models.'!” We also presented the re-
stricted mean survival time (RMST) curves that reflect the mean
FFR time for a patient with a certain value of a PET parameter.'®

Confidence intervals were computed at 95%, and side P values

were considered significant when less than 0.05. In all graphs, time

value was expressed in months. All analyses were carried out using
R-Cran software, version 3.5.3."

RESULTS
During the recruitment phase, from January 1, 2010, to October
31,2018, a total of 1204 patients underwent lobectomy in the 2 centers.
Of these, 182 patients met the inclusion criteria and were included
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FIGURE 4. Kaplan-Meier survival curves for FFR by TLG.
Patients with TLG <19.1 are labeled as “low”; patients with
TLG >19.1 are labeled as “high.”
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FIGURE 5. The RMST curve for SUVnean (A), SUVmax (B), and TLG (C). The y axis shows the expected survival in months; the

x axis shows the values of the PET biomarker.

in the study. There was no intraoperative or 30-day postoperative
mortality in the selected cohort. None of the patients received adju-
vant therapy. The median follow-up was 35 months (IQR, 32.5).
The total number of recurrences was 28 (15.4%). Demographic
and preoperative characteristics of the patients divided by recur-
rence status were summarized in Table 1. We found statistical asso-
ciation between SUV can, SUVmax, TLG, and cancer recurrence. In
particular, SUV ;can, SUV .y, and TLG were approximately 40%
higher in patients with recurrence than in patients without recurrence.

SUVax had strong positive correlation with SUV can
(Spearman o = 0.99; 95% confidence interval [CI], 0.98-1.00),
moderate positive correlation with TLG (Spearman o = 0.58;
95% CI, 0.47-0.69), and weak negative correlation with MTV
(Spearman o = —0.14; 95% CI, —0.3 to —0.01).

The overall estimated 3-year and 5-year FFR rates were 0.87
(95% CI, 0.81-0.93) and 0.77 (95% CI, 0.69-0.87), respectively
(Fig. 1A); Figure 1B shows the overall adjusted hazards function
relative to recurrence.

The MSR statistic for SUVcan Values identified 6.5 as the
optimal cutoff for dichotomizing patients’ cohort in low SUV can
subgroup (SUViean <6.5; 149 patients) and high SUV,,ca, sub-
group (SUV jean >6.5; 33 patients). The estimated 5-year FFR rate
was 0.83 (95% CI, 0.74-0.93) and 0.44 (95% CI, 0.21-0.82) for
the low SUV pean subgroup and the high SUV ., subgroup, re-
spectively (P < 0.001) (Fig. 2A); Figure 2B depicts the adjusted
hazards function relative to recurrence in SUV ., groups.

SUVax values were dichotomized at 9.6 by MSR statistic:
low SUV ax subgroup (SUV ax £9.6) included 141 patients, whereas
41 patients entered the high SUV,,,,, subgroup. The estimated 5-year
FFR rate was 0.82 (95% CI, 0.73-0.94) and 0.52 (95% CI, 0.35-0.80)
for low SUV .« subgroup and high SUV,,,, group, respectively
(P <0.001) (Fig. 3).

TABLE 2. Univariable Cox Regression Analysis for Recurrence

Reference Hazards Ratio

Variable Category (95% CI) P
Sex Female 1.18 (0.57-2.47) 0.656
Smoking history No 1.53 (1.69-3.37) 0.293
Tumor size, mm 1.03 (0.99-1.07) 0.163
SUV pean (categorical) <6.5 10.8 (4.80-24.53) <0.001
SUV nean (continuous) 1.29 (1.21-1.37)  <0.001
SUV ax (categorical) <9.6 5.02 (2.35-10.74) <0.001
SUV .« (continuous) 1.14 (1.09-1.20)  <0.001
TLG (categorical) <19.1 2.22 (0.98-4.99) 0.0535

TLG (continuous)
MTV (continuous)

1.006 (1.004-1.009) <0.001
0.98 (0.92-1.06) 0.642

The MSR statistic for TLG values dichotomized the patients’
cohort at 19.1: low TLG subgroup and high TLG subgroup included
109 and 73 patients, respectively. The estimated 5-year FFR rate was
0.81 (95% CI, 0.69-0.94) for the low TLG subgroup (TLG =19.1)
and 0.70 (95% CI, 0.58-0.85) for the high TLG subgroup
(P =0.053) (Fig. 4).

The RMST curves for SUV ean, SUVimax, and TLG at 60 months
are displayed in Figure 5, which shows the influence of these continuous
biomarkers on FFR time.

In the univariable Cox regression analysis, SUV hean, SUV nax
and TLG were statistically significant and proved associated with re-
currence (Table 2). The multivariable analysis showed similar results
(Table 3).

The SUV a0 and SUV ., showed similar performance (P> 0.1
for all follow-up time points) in light of their strong correlation, whereas
SUVax and SUV .., were strongly different in terms of statistics
from TLG (P < 0.05 for some follow-up time points > 10.5 months)
in predicting the risk of recurrence.

The SUV ,ean showed greatest accuracy in recurrence predic-
tion (TAUC, 0.803; 95% CI, 0.689-0.918), followed by the SUV ..«
(IAUC, 0.794; 95% CI, 0.676-0.910) and TLG (IAUC, 0.650; 95%
CI, 0.495-0.805).

Table 4A shows the predictive accuracy measures of SUV can
over time at cut point of 6.5; Table 4B shows the predictive accuracy
measures of SUV ., over time at cut point of 9.6.

DISCUSSION

The main finding of our retrospective study was the significant
correlation between '°F-FDG PET/CT parameters (SUV ean
SUVnax» and TLG) and DFS in pathological stage I adenocarcinoma
patients who underwent pulmonary lobectomy. SUV, .., had the
greatest accuracy in recurrence prediction, followed by the SUV .
and TLG. Considering that threshold values are highly valued in the
clinical setting, we run the MSR statistics, a widely accepted method
to provide the classification of observations into 2 groups by a

TABLE 3. Multivariate Cox Regression for Recurrence

Variable Hazards Ratio (95% CI) P

SUV nean 19.67 (7.88-49.11) <0.001
SUV nean (continuous) 1.34 (1.23-1.48) <0.001
SUV ax (continuous) 1.16 (1.10-1.22) <0.001
SUV ax 4.89 (1.17-20.42) 0.029
TLG 3.5(1.38-8.9) 0.008
TLG (continuous) 1.007 (1.004-1.011) <0.001
MTV (continuous) 0.97 (0.89-1.060) 0.510
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TABLE 4. Predictive Accuracy Measure of SUVyean, Over Time
at Cutoff Point of 6.5 (A) and SUV . at Cutoff Point of 9.6 (B)

Sensitivity, %  Specificity, % PPV, % NPV, %
A. SUV nean
T=16 69.9 88.3 27.1 97.9
T=24 63.4 89.8 36.7 96.3
T=34 52.8 93.4 54.7 92.9
T=48 48.7 94.6 64.5 90.1
T=57 39.5 97.3 79.4 85.9
B. SUV1ax
T=16 69.9 84.1 21.6 97.8
T=24 63.4 85.8 29.5 96.2
T=34 58.5 91.2 50 93.6
T=48 53.1 90.9 54.3 90.5
T=57 43 91.9 58.3 86

continuous predictor parameter. The FFR rate was significantly
greater in patients with SUV can £6.5, SUV . 9.6, and TLG
<19.1.

The prognostic/predictive role of '*F-FDG PET/CT metabolic
parameters in several malignancies has been broadly investigated.
Vansteenkiste and collaborators published in 2004 a comprehensive
literature review on the prognostic value of '*F-FDG PET/CT in lung
cancer patients; the authors hypothesized that the proliferative capac-
ity of neoplastic cells, which is clearly associated with the '*F-FGD
uptake, could be related to prognosis. Five retrospective studies found
a correlation between overall survival and SUV ., even though a re-
markable point was the very variable SUV . threshold of these stud-
ies ranging from 5 to 20. Vansteenkiste et al also reported the
multivariate survival analyses performed in the 4 studies; these stud-
ies identified SUV ., as an independent prognostic factor among
other relevant covariates including cancer stage.” More recently, re-
searchers from the University of Pennsylvania have published a nar-
rative review on FDG activity as a prognostic indicator in patients
with NSCLC. The authors reported the results from 4 studies that sig-
nificantly correlated recurrence rate and time to recurrence with pre-
operative SUV ... Moreover, the authors referred to 2 articles that
analyzed volume-based '*F-FDG PET/CT parameters; these studies
found that MTV and TLG were independent predictors of poor
disease-free and overall survivals.?' Chinese researchers approached
the topic more systematically by publishing a meta-analysis in 2016.
This meta-analysis included 36 studies and 5807 patients. The ad-
justed hazards ratios for DFS were 2.43, 2.49, and 2.97 for SUV .,
MTYV, and TLG, respectively. This meta-analysis also highlighted that
the patients’ heterogeneity, cancer stage miscellanea, retrospective
cohorts, inhomogeneous PET/CT acquisition, and calculations proto-
cols limited the application of PET/CT parameters as prognostic
markers.” Our study tried to overcome these limitations with strict pa-
tient selection and identical acquisition protocols used in the 2 partic-
ipating centers.

A recently developed method for the identification of imag-
ing biomarkers is the radiomic analysis, a methodology that extracts
a large number of quantitative features using mathematical models.*?
Ahn and collaborators studied 5 different machine-learning algo-
rithms to investigate the prognostic value of PET-based radiomic
features in 93 patients with stage I to IIl NSCLC who underwent
radical surgery. The authors concluded that patients with poor
DFS had tumors showing low contrast and high busyness texture
features; random forest classifier was the machine learning angroach
with the best performance in predicting the recurrence risk.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

Pending the validation and dissemination of these latest mod-
ern imaging analysis methodologies, our study adds to the accumu-
lating evidence that PET/CT parameters, such as SUV nean, SUV ax,
and TLG, are current and accessible predictors of NSCLC recurrence
after curative surgery.

The present study has several limitations. First of all, this is a
retrospective study. Nevertheless, one should bear in mind that the
research subject is an extremely common pathology, and the pri-
mary object of the study (FFR rate) is the main purpose of the
checks carried out on the operated patients. It is, therefore, logical
to expect the loss to follow-up negligible. In fact, all selected pa-
tients underwent complete and accurate follow-up. Second, we ad-
mit that our patient cohort is not particularly numerous; on the
other hand, by looking at previous articles published on this issue,
our study is positioned in the range of those with the largest cohort.
Because our analysis was performed on early-stage adenocarci-
nomas, we do not have data on the original mutational state. There-
fore, we did not capture the possible impact of the mutational state
on PET/CT parameters and recurrence rate; however, it is interest-
ing to point out that some researchers find a correlation between
low SUV..x and positive EGFR mutation in advanced NSCLC.**
Finally, a limitation that still proves hard to overcome is the diffi-
culty to manage the threshold values of the PET/CT parameters.
We chose an accepted statistical method to dichotomize the popula-
tion on the basis of the different PET/CT parameters obtaining sta-
tistically significant results with FFR rates. In addition, we run the
RMST model to show the influence of continuous PET/CT param-
eters on FFR time; as shown in Figure 5, the gradients of the curves
changed at the threshold values, supporting the reliability of the
threshold values calculated, at least in our cohort. Nevertheless,
we acknowledge that the threshold values of PET/CT parameters
are extremely inhomogeneous in the existing literature; therefore,
we deem that it is more appropriate to use these parameters as a con-
tinuous variable.

In conclusion, our research supports the hypothesis that the
SUVean, SUViax, and TLG are well correlated with FFR rate in
our cohort of pathological stage I adenocarcinoma patients who
underwent pulmonary lobectomy (Fig. 6). Therefore, our exploratory
study indicates these markers as promising prognostic indicators;
further studies are needed to confirm our assessment. We stress
the high negative predictive value for recurrence of these PET/CT
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FIGURE 6. Time-dependent AUC curve for prediction of
overall survival in patients with early-stage NSCLC
according to SUV ean (dashed line), SUV,,,« (black line), and
TLG (light grey line).
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parameters when a threshold value is selected,; this result could help
clinicians with planning personalized treatments or dedicated
radiological follow-ups.
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