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Objective The aim of this study is to determine the
role of metabolic and volumetric parameters obtained
from 18Fluorine-Fluorodeoxyglucose PET/computed
tomography (18F-FDG PET/CT) imaging on progression-
free survival (PFS) and overall survival (OS) in patients
with advanced nonsquamous cell lung carcinoma (NSCLC)
with anaplastic lymphoma kinase (ALK) rearrangement.

Methods Pre and post-treatment PET/CT images of
the ALK+ NSCLC patients between January 2015 and July
2020 were evaluated. The highest standardized uptake
value (SUVmax), metabolic tumor volume (MTV) and
total lesion glycolysis (TLG) values were obtained from
pre-tyrosine kinase inhibitor (TKI) basal PET/CT (PETpre)
and post-TKI PET/CT (PET ost) images. Total MTV (tMTV)
and total TLG (tTLG) values were calculated by summing
MTV and TLG values in all tumor foci. The change (A)

in pSUVmax, pMTV, pTLG, tMTV and tTLG before and
after treatment was calculated.The relationship of these
parameters with OS and PFS was analyzed.

Results tTLGpre, tMTVp,e’ PTLGp,e’ pMTVpre, ASUVmax,
AtMTV and AtTLG values were found to be associated
with OS; AtMTV, AtTLG, tTLGpre, tMTVpre, pTLGpre and
PMTVp,e were associated with PFS. The cutoff values in

Introduction

Non-small cell lung cancer (NSCLC) is the most com-
mon lung cancer, and adenocarcinoma is the most
common histopathological subtype [1]. Lung adenocar-
cinomas are genetically heterogeneous diseases based
on molecular profile studies. Genomic profiling stud-
ies conducted in recent years have proven that lung
adenocarcinomas are genetically very heterogeneous
and complex [2]. Treatment options for NSCLC have
improved greatly in recent years with the advancement
in treatments that are targeted against mutated genes,
such as epidermal growth factor receptor (EGFR), ana-
plastic lymphoma kinase (ALK), ROS proto-oncogene
1 (ROS-1) and v-raf murine sarcoma viral oncogene
homolog B1(BRAF) [3-6]. Types with ALK rearrange-
ment and EGFR mutation represent important sub-
types of NSCLC targeted by tyrosine kinase inhibitors
('TKI) [7]. ALK mutation detection is widely used clin-
ically for NSCLC patients [8]. Rearrangement of the
ALK gene creates potent oncogenic drivers in patients
with NSCLC, occurring in approximately 3-7% of all
cases. ALK+NSCLC has been associated with the
absence of smoking, younger age and adenocarcinoma
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both predicting OS and PFS were calculated as —31.6
and 391.1 for AtIMTV and tTLGpre, respectively. In Cox
regression analysis, AtMTV and stage for OS and AtMTV
and tTLGpre for PFS were obtained as prognostic factors.

Conclusions Metabolic and volumetric parameters,
especially TLG values in the whole body before treatment
and change in whole body MTV value, obtained from PET/
CT may be useful in predicting prognosis and determining
treatment strategies for patients with advanced

ALK+ NSCLC. Nucl/ Med Commun 43: 1217-1224
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histology [9]. Before the discovery of the EML4-ALK
fusion protein, conventional chemotherapy was used as
the first line of therapy for all advanced or metastatic
NSCLC. After the EML4-ALK discovery, crizotinib
(first generation of ALK-directed therapy), a TKI tar-
geting ALK, ROS1 and MET became the first US Food
and Drug Administration-approved ALK inhibitor for
NSCLC. Ceritinib was the first of the second-genera-
tion ALK inhibitors tested and was later approved after
confirmation of its efficacy in both crizotinib-resistant
and crizotinib-naive patients. Soon after, two other
ALK inhibitors, alectinib and brigatinib were approved
for ALK-positive patients who had failed prior crizo-
tinib. While both are now approved in treatment-naive
patients, alectinib has become the preferred agent. Most
recently, we have started learning more about the indis-
putable role of lorlatinib, a highly potent, next-genera-
tion ALK/ROS1 TKI [10]. In addition, after the failure
of crizotinib, second-generation and more potent ALK
inhibitors were found to give better results with pro-
gression-free survival (PFS) over 8 months [11]. In addi-
tion to overcoming crizotinib resistance, these agents
have also been shown to have high activity in brain
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metastases, a region that frequently recurs with crizo-
tinib treatment [12]. Therefore, ALLK rearrangement in
lung cancer is considered an important biomarker for
targeted molecular therapy in lung adenocarcinoma.

18F-fluorodeoxyglucose (FDG) PET/computed tomog-
raphy (PET/CT) is the standard method for staging,
treatment response monitoring and prognosis predic-
tion for various tumors, including NSCLC [13,14]. The
maximum standardized uptake value (SUV ) is the
most widely used parameter in clinical praetrce [15].
SUV_ s also used to predict the prognosis of NSCLC
[16]. In addition, SUV shows a strong correlation with
the pathological subtype and histological grade of lung
adenocarcinoma [17]. Volumetric parameters including
metabolic tumor volume (MTV) and total lesion glyco-
lysis (TLLG) are also parameters recently used to reflect
disease burden and tumor aggressiveness in NSCLC
[13,18]. In some studies, it has been suggested that there
is a correlation between 18F-FDG uptake and ALK rear-
rangement in PET/CT [19,20]

Because survival outcomes of patients with adenocarci-
noma with NSCLC differ, it is important to evaluate the
prognostic factors of PET/CT parameters at each stage
of cancer to predict outcomes and determine appropriate
treatment options. The aim of this study was to evaluate
the effects of the metabolic and volumetric parameters
obtained in PE'T/C'T imaging for the evaluation of stag-
ing and treatment response, on PES and overall survival
(OS) in a homogenecous patient group with advanced
ALK mutationed NSCLC.

Methods

Patient selection

Patients who were diagnosed with NSCLC between
January 2015 and July 2020 and had 18F-FDG PET/
CT imaging for staging before treatment were retrospec-
tively analyzed. Patients with histopathologically proven
lung adenocarcinoma and ALK mutation detected by the
high-quality probes for fluorescence in situ hybridisa-
tion method were identified. These patients were staged
with T'NM classification according to the eighth staging
system recommended by the International Association
for the Study of Lung Cancer (IASL.C). Study inclusion
criteria were defined as (1) histopathologically proven
lung adenocarcinoma and presence of ALK mutation,
(2) TKI treatment given, (3) 18F-FDG PET/CT imag-
ing performed for staging purpose before 'T'KI treatment
and for treatment response evaluation at 3 months after
TKI treatment, (4) having a minimum diameter of >1cm
of the primary tumor to avoid partial volume effects, (5)
no treatment given before baseline 18F-FDG PET/CT
examination and (6) having no other concomitant cancer
diagnosis.

PET/CT protocol

Imaging was performed on the Philips Gemini TF
16-slice combined PET/C'T scanner and the same scan-
ner was used for all patients. Following a minimum of
6h of fasting (blood glucose concentrations <150 mg/
dl), 8-15mCi 18F-FDG (2.5MBq/kg body weight) was
administered intravenously as defined in the European
Nuclear Medicine Association (EANM) guidelines ver-
sion 2.0 [21]. The time between intravenous injection
and scans was 60 =5 min. The patients received no intra-
venous contrast agent. First C'T images (140kV, 100 mAs,
5-mm sections) and then PET images were acquired.
Attenuation-corrected emission data were obtained using
noncontrast enhanced data, extrapolated to 511keV.
PET images were acquired through emission scanning
for 1.5min per bed position, and a whole body scan from
the skull vertex to the proximal thigh using 9- or 10-bed
positions. The images were reconstructed with iterative
algorithms over a 128 x 128 matrix. Row action maximum
likelihood algorithm was used for image reconstruction.

Image analysis

The images of the patients were evaluated using LIFEx
(LIFEx, Orsay, France) software [22]. PET/C'T image of
the patient in DICOM format was transferred to the soft-
ware. The pattern and degree of primary mass involve-
ment were evaluated and localized. The relevant region
of the target lesion was evaluated semi-automatically
by a nuclear medicine physician with 10years of PE'T/
CT experience using 18F-FDG PE'T/C'T hybrid images
(Fig. 1). Areas with an SUVmax value of 2.5 and above,
which may belong to the primary tumor and its metasta-
ses, were segmented throughout the body [23]. SUV i
mean SUV (SUV ) MTV, TLG values in pre- 1KY
basal PE'T/C'T (PET ) and post- TKI PET/CT (PET o)
images were calculated automatically from VOIs obtained
using the 41% SUV _ threshold. TLG value was obtained
by multiplying M1V and Suv__ . SUV_ , MTV and
TLG values of the primary tumor were defined as pSU-
Vmax , pMTV ,pTLG . before TKL, and pSUV_
pMTV o pTLb - after treatment. Pre-treatment t([))tal
MTV (tMTV) and TLG (tTLG) values were calculated
by summing M'TV and TLG values in volume of interest
obtained from the whole body and defined as tMTV .and
tTLG . Post-treatment tMTV and {TLG values were
srmllarly obtained and defined as tMTV o and (TLG
The change in each parameter after treatment was cal-
culated using the formula %Aparameter= (Parameter o
Parameter )/Parameter ><100

Statistical analysis

Statistical analyzes were conducted using the IBM SPSS
Statistics software (version 22). Continuous variables
were expressed as median and range, and categorical
variables as numbers and percentages. Nonparametric
tests were used in pairwise comparison due to limited
sample size. PFS was defined as the time between the
initial PET/CT examination and disease progression
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Lung lesion in the upper lobe of the left lung (a). CT image, (b). PET/CT fusion image, (c). Segmentation (with pink color) of the lung lesion in the

18F-FDG PET/CT with LIFEx software.

or death, whichever occurred first. OS was calculated
as the time between the initial PET/CT examination
and death or the last follow-up. PFS and OS were con-
structed by using the Kaplan-Meier survival analysis,
and log-rank tests were carried out to evaluate differ-
ences between categorical groups. To obtain suita-
ble cutoff points, the receiver operating characteristic
(ROC) curve was used. Analysis was performed accord-
ing to the Youden index while determining the most
appropriate cutoff value. The Cox proportional hazards
model was used to evaluate prognostic variables. For
multivariate analyses, the model was constructed by
using the backward stepwise procedure and included
significant variables that did not show correlation with
each other. Correlations of the parameters with each
other were evaluated with Spearman correlation anal-
ysis. P value <0.05 was considered significant in all sta-
tistical analyses.

Ethical approval

Local ethics committee approval was obtained. All pro-
cedures performed in studies involving human partici-
pants were in accordance with the ethical standards of
the institutional research committee and with the 1964
Helsinki Declaration and its later amendments or compa-
rable ethical standards. All patients gave their informed
consent before their inclusion in the study (Approval
number:2020-KAEK-139).

Results

A total of 35 patients, 12 of whom were women
(34.3%), were included in the study. The mean age of
the patients was 56 +12 (32-75) years. Fifteen (42.9%)
patients were active smokers, whereas 14 (40%) patients
had no history of smoking. Of the patients, 4 (11.5%)
were stage IIIB, 6 (17.1%) were stage IVA, 25 (71.4%)
were stage [VB. Eleven (31.4%) of the patients had vis-
ceral organ metastases and 13 (37.1%) had bone metas-
tases ('Table 1).

The median (range) pSUV apre” pMTV and pTLG-
values of the patients were 10.8 (24 -41.9), 14.7
El 4-259.2) and 65.9 (9.9-2671.7), respectively. Median

tM'TV . and tT'LG . values were calculated as 230.0
(37.8-1186.6) ml and 575.8 (52.2-6581.9).

Median follow-up was 12.5 (0.6-70.9) months. Twenty-
one patients died. The median survival was 12.5 months
(0-28.5), while the mortality rate was 60.0% (21 patients).
Progression was observed in 28 patients, and median PFS
was calculated as 7.5 months.

Overall survival

tI'LG ,eMTV ,pTLG | pMTV A‘SUV ,AMTV
and AtlTLG valties were found to be. assouated Wlth OS
(P: 0.001, 0.006, 0.008, 0.016, 0.017, <0.001 and 0.005,
respectively). Among these variables, there was no sig-
nificant correlation between AtM'TV and t TLLG o Of the
ROC curves, the cutoff values for AAM'TV and” tTLG
were calculated as -31.6 (AUC:0.873; 0.758-0.987, 95%
CI, 100% sensitivity and 61.1% specificity) and 391.1
(AUC: 0.817, 0.670-0.964, 95% CI, 94.1% sensitivity and
61.1% specificity), respectively (Fig. 2). OS was found
to be lower in those with AtM'TV less than -31.6 and
tTLGprc above 391.1 ('Table 2).

Table 1 Demographic and clinical characteristics of the patients
Age (years)

Meant 56+12
range 32-75
Gender

Female 12
Male 23
Smoking history

Active smoker 15
Ex-smoker 6
Never-smoker 14
Stage

1B 4
IVA 6
IVB 25
Progression (n) 18
Mortality (n) 21
New lesion on PET after treatment (n) 8
Visceral organ metastasis

No 24
Yes 11
Bone metastasis

No 22
Yes 13
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Survival was found to be significantly shorter in patients
with stage 4B than in other patients. There was also a signif-
icant correlation between survival and visceral organ metas-
tasis (P<0.001). Survival was shorter in patients with visceral
organ metastases than in patients without visceral organ
metastases (Fig. 3). There was no relationship between OS
and the presence of bone metastases or gender.

New lesions were detected in PET  images in eight
patients. Survival was found to be significantly shorter in
patients with new lesions compared to other patients (P:
0.016).

When visceral organ metastasis, presence of new
lesions in PET = images, stage, tTLG and AtM'TV
parameters were evaluated by Cox regression analysis,
AtMTV (P:0.004; HR, 9.574; 2.072-44.225;95% CI) and
stage (P: 0.031; HR, 4.438; 1.146-17.182, 95% CI) were
obtained as prognostic factors predicting OS ('Table 2).

Fig. 2

Progression free survival

AtMTV, AcTLG, tTLG tMTV pTLG and pM'T=
V were associated w1th PEFS (P<O 001, O 002, 0.007,
0. 027 0.009 and 0.032, respectively). Among these var-
iables, there was no significant correlation between
AtMTYV and (TLG e The cutoff for AAMTV was -31.6
(AUC, 0.873; 0. 758%0. 987, 95% CI, with 94.4% sensitiv-
ity and 58.8% specificity) and 391.1 for tTLG (AUC,
0.817; 0.670-0.964, 95% CI, 88.9% sensitivity faind with
52.9% specificity)(Fig. 3). PFS was found to be lower in
those with AtMTV less than -31.6 and tTLG . above
391.1 ('Table 2).

PFS was shorter in patients with visceral organ metas-
tases than in patients without visceral organ metasta-
ses (Fig. 4). Apart from this, no relationship was found
between PFS and the presence of bone metastases, stage,
presence of new lesions or gender.

PFS
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Receiver operating characteristic curves of AtMTV and tTLGpre parameters for overall survival and progression free survival.

Table 2 Kaplan—-Meier and Cox regression analysis results in overall survival assessment

Kaplan Meier

Cox regression analysis

Mean months (95% ClI) P value P value HR (95% ClI)
Visceral organ metastasis
Yes 7.4 (2.9-11.8) <0.001 - -
No 40.6 (27.7-53.5)
Stage
IlIB and IVA 52.1 (34.9-69.4) 0.013 0.031 4.438 (1.146-17.182)
VB 21 (11.2-30.7)
New lesion
Yes 10.1 (2.1-18.2) 0.016 - -
No 36.4 (24.2-48.7)
AMTV
<-31.6 50.7 (38.9-62.4) <0.001 0.004 9.574 (2.072-44.225)
>-31.6 19.9 (9.3-30.5)
tTLG
<d61.1 46.5 (30.6-62.5) 0.009 - -
>391.1 20.8 (10.5-31.2)

Cl, confidence interval; HR, hazard ratio; tMTV, whole body metabolic tumor volume; tTLG, whole body total lesion glycolysis.
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Fig. 3
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Kaplan Meier curves (log rank) of determined parameters associated with overall survival.
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Kaplan Meier curves (log rank) of predicted parameters associated with progression free survival.

When visceral organ metastasis, t LG and AIMTV
parameters were evaluated by Cox regression analysis,
AtM'TV (P: 0.004, HR, 4.435, 1.591-12,363, 95% CI) and
tTLGprc (P:0.045; HR, 2.493; 1.021-6.089, 95 %CI) were
obtained as prognostic factors predicting PFS (Table 3).

Discussion

The Application of TKIs against specific gene targets
(EGFR, ALK and ROS1) has revolutionized the treat-
ment of lung adenocarcinoma [24]. ALK inhibitors such as
Crizotinib and Ceritinib are widely used to treat NSCLC
patients bearing ALK mutations [25,26]. Because 18F-
FDG uptake of cancer cells is associated with biolog-
ical features such as proliferation, histological type,

tumor differentiation and hypoxia, metabolic parameters
obtained by PET/CT are important biomarkers in defin-
ing cancer heterogeneity [27,28]. Evaluation of clinical,
pathological features and glucose metabolism of patients
with NSCLC ALK mutation was the first step in our
study. We examined the effects of metabolic and many
volumetric parameters on survival with PET/CT imag-
ing obtained after staging and treatment in an advanced
stage (stage 3B, 4A and 4B) homogeneous NSCLC group
bearing ALK mutation. To the best of our knowledge,
this is the first study to compare many PE'T-based meta-
bolic and volumetric parameters in NSCLC patients with
ALK mutation. It was determined that AAIMTYV, A{TLG,
tTLGprc, tMTVprC, pTLGprc and pMTVprc values were

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Table 3 Kaplan Meier and Cox regression analysis results in progression-free survival assessment
Kaplan Meier Cox regression analysis
Mean months (95% CI) P value P value HR (95% CI)

Visceral organ metastasis

Yes 5.9 (1.5-10.3) 0.017 - -

No 17.2 (11.1-28.3)
AtMTV

<-31.6 27.0 (18.5-35.5) <0.001 0.004 4.435 (1.591-12.363)

>-31.6 7.0 (4.1-9.9)
tTLG

<Ef91 1 23.6 (15.1-32.1) 0.004 0.045 2.493 (1.021-6.089)

>391.1 7.3 (4.1-10.5)

Cl, confidence interval; HR, hazard ratio; tMTV, whole body metabolic tumor volume; tTLG, whole body total lesion glycolysis.

associated with PFS, whereas tTLG tMTV - PTLG-
e’ pMTV . ASUV_ ., AtMTV and AtTLG values were
associated [;)Vlth OS. tTLG was determined as the most
effective prognostic factor for predicting PFS and AAMTV
as the most effective prognostic factor for predicting both
PFS and OS. In our study, high tTLG values were asso-
ciated with shorter PFS, and higher AAIM'T'V values were
associated with shorter PFS and OS. With this result, we
showed that post-treatment PET/C'T may contribute to
evaluating the prognosis of patients with ALK mutation.
AtMTV values may provide an assessment of treatment
response, as well as information about tumor chemosen-
sitivity and prognosis prediction. We think that determin-
ing the group of patients with ALK mutations who can
benefit from effective treatments and who can develop
rapid progression after treatment may have an impact on
survival.

Choi ez al. [20] found a significantly higher SUV_
(10.51) in 18 patients with ALK mutation compared to
NSCLC patients with different mutations. Jeong ez al.
[19] found a higher mean SUVmaX (11.8) in 41 patients
with ALK mutations compared to patients with NSCLC
with different mutations. High SUV values were associ-
ated with a worse prognosis in patients with NSCLC in
studies, therefore, high SUV values reflect a more aggres-
sive tumor biology [16,29]. This result suggests that the
higher glucose metabolism in the lung mass with ALK
mutation is associated with more malignant features. In
our study, the SUV  median value was found to be sim-
ilar to other studies. Glucose metabolism levels in tumor
tissues measured on 18F-FDG PET/CT can assess and
reflect tumor invasiveness [30,31].

Metabolic parameters of PET/CT, including SUV_
MTYV, and TLG, have been reported to be promising
tumor prognostic indicators in NSCLC [32,33]. SUVmix
may fail to reflect the behavior of tumor tissue [34]. While
the volume-based PET/CT parameter TLG provides
complementary information about tumor heterogeneity
and total disease burden, M'TV can provide prognostic
information [33,35]. Im ¢7 4/.’s meta-analysis, where many
studies are evaluated suggests that metabolic parameters
such as TLLG and M'TV are better predictors of treatment

outcomes in lung cancer than SUV [36]. Several stud-
ies have shown that MTV and TLG volumetric parame-
ters are superior to SUV i in estimating PFS [32,37,38].
In our study, volumetric parameters obtained by basal
PET/CT and total MTV and TLG parameters of all
malignant lesions were found to be associated with PFS
and OS, while SUV  value was not associated with PF'S
and OS, similar to other studies.

This study has the limitation of retrospective single
institution experience in a relatively small group of 35
patients with ALK mutations staged by PET/CT. The
small rate of ALK rearrangement in the NSCLC adeno-
carcinoma patient population was an inevitable limitation
for a single-center study. Larger prospective multicenter
studies are required for validation.

In our study, TLG values in the whole body before treat-
ment and change in the whole body MTV value were
determined as the most effective prognostic factors for
predicting PFS and both PFS and OS respectively. Primary
tumor parameters (SUV o SUVmc MTV and TLG) may
also provide some prognostlc value. Parameters obtained
from PE'T/CT for staging and treatment response evalua-
tion may be useful in predicting prognosis and determin-
ing treatment strategies for patients with advanced lung
adenocarcinoma with ALK mutation.
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