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Radiation-Induced Lung Injury on PET/CT:
Analysis of FDG Uptake Response within
Specific Isodose Regions of Irradiation in

Non-small Cell Lung Cancer Patients

PET/BT’de Radyasyona Bagli Akciger Hasarz:
Kiiclik Hiicreli Disi Akciger Kanseri Hastalarinda
Belirli Es Doz Radyasyon Boélgelerinde
FDG Tutulum Yanitinin Analizi

ABSTRACT Objective: Inflammatory response associated with radiation-induced lung injury (RILI) results in an
increased 18F-fluorodeoxyglucose (FDG) uptake on positron emission tomography/computed tomography
(PET/CT). In this study, we aimed to analyze the degree of FDG uptake within specific isodose regions (IR) of the
irradiated lung using standardized uptake value (SUV) measurements, and to correlate posttreatment FDG upta-
ke with radiotherapy (RT) dose parameters, patient characteristics and the imaging time interval after RT com-
pletion. Material and Methods: Data from 30 patients with non-small cell lung cancer (NSCLC) who underwent
FDG PET/CT imaging at least 12 weeks (72-668 days) after completion of RT were evaluated. In each patient, si-
de-by-side visual registration of the treatment planning CT slices including IR curves with the corresponding
PET/CT slices was performed. Using SUV measurements, FDG uptake levels were analyzed within specific IRs of
the irradiated lung. The statistical difference between SUVmax of each IR was determined. The RT dose para-
meters, patient characteristics and time interval between RT and PET/CT were tested for correlation with SUV-
max of IRs. Results: The mean SUVmax in the IRs of the lung that received 2000-4000cGy was 1.51 + 0.66 (mean
+ SD) (min-max: 0.69-2.84), 4000-6000cGy was 2.67 + 1.16 (min-max: 0.71-6.0), and >6000Gy was 3.55 + 1.09
(min-max: 1.2-5.72). We found statistically significant differences between the SUVmax values of all IRs (SUV2000
vs. SUV4000, p= 0.001; SUV2000 vs.6000, p= 0.002; SUV4000 vs. 6000, p= 0.001). No statistically significant cor-
relation was found between SUVmax and the other variables. Conclusion: The findings of this study showed that,
although some overlap occurs between IRs, the degree of radiation-related parenchymal FDG uptake gets higher
with increasing dose levels. Persistent high FDG uptake levels may be observed in radiation fibrosis areas on
PET/CT even several months after RT.

Key Words: Lung injury; radiotherapy; positron-emission tomography;
fluorodeoxyglucose F18; lung neoplasms

OZET Amag: Radyasyona bagh akciger hasar1 (RBAH) ile iliskili inflamatuvar yanit pozitron emisyon tomogra-
fisi/bilgisayarli tomografide (PET/BT) artmis 18F-florodeoksiglukoz (FDG) tutulumu ile sonuglanir. Bu ¢aligma-
da, standardize tutulum degeri (standard uptake value; SUV) 6l¢timlerini kullanarak 1ginlanmig akcigerin belirli
izodoz alanlarinda (IA) FDG tutulumunun derecesini incelemeyi ve tedavi sonrasi FDG tutulumu ile radyotera-
pi (RT) doz parametreleri, hasta 6zellikleri ve RT tamamlandiktan sonra gériintiileme zamani arali$1 arasinda ba-
gint kurmayi amagladik. Gereg ve Yontemler: RT tamamlandiktan en az 12 hafta (72-668 giin) sonra FDG PET/BT
yapilan kii¢iik hiicreli dis1 akciger kanserli (KHDAK) 30 hastanin verileri degerlendirildi. Her hastada, PET/BT
kesitlerine karsilik gelen ve A egrilerini iceren tedavi planlama BT kesitlerinin yan yana gorsel kaydi yapildi. SUV
6lciimleri kullanilarak, 1sinlanmis akcigerin belirli {A icindeki FDG tutulum diizeyleri incelendi. Her 1sinlanmus
bolgenin SUVmax arasindaki istatistiksel fark belirlendi. IA'nin SUVmax ile korelasyonu igin RT doz parametre-
leri, hasta 6zellikleri ve RT ile PET/BT arasindaki zaman araligs istatistiksel olarak test edildi. Bulgular: 2000-
4000 cGy alan akciger [A'daki ortalama SUVmax 1.51 + 0.66 (mean + SS) (min-max: 0.69-2.84) idi, 4000-6000
cGy ve >6000 alanlarda sirasiyla 2.67 + 1.16 (min-max: 0.71-6.0) ve 3.55 + 1.09 (min-max: 1.2-5.72) idi. Tim
IA'nin SUVmax degerleri arasinda istatistiksel olarak anlaml farklar bulduk (SUV2000 ile SUV4000, p= 0.001;
SUV2000 ile SUV6000, p= 0.002; SUV4000 ile SUV6000, p=0.001). SUVmax ve diger degiskenler arasinda istatis-
tiksel olarak anlamh iligki bulunmad:. Sonug: Bu ¢aligmanin sonuglari, izodoz alanlar arasinda bir miktar ¢akis-
ma olmakla birlikte, radyasyonla iligkili parankimal FDG tutulumunun derecesinin artan dozlarla arttigini
gostermistir. RT bitiminden aylar sonra bile, radyasyona bagh fibrozis gelisen alanlarda yiiksek diizeylerde FDG
tutulumunun sebat ettigi goriilebilmektedir.

Anahtar Kelimeler: Akciger hasar; radyoterapi; pozitron emisyon tomografi;
fluorodeoksiglukoz F18; akciger tiimorleri
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adiation therapy (RT) is an integral part of
Rtreatment strategy in the management of

patients with locally advanced non-small
cell lung cancer (NSCLC). Nevertheless, it presents
a challenge because of high sensitivity of lung tis-
sue to irradiation and it is inevitable to encounter
treatment-related side-effects such as radiation-
induced lung injury (RILI). RILI may occur as an
inflammatory reaction or radiation pneumonitis
(RP), at an early stage after irradiation, and as fi-
brosis after several months or years.! Imaging
techniques, mainly X-ray and computed tomog-
raphy (CT), have so far been used in the early di-
agnosis of RILI and the spectrum of CT changes
occurring after RT have been well-described in lit-
erature.”®

CT-integrated positron emission tomography
(PET/CT) with 18F-fluorodeoxyglucose (FDG) is
currently a well-known modality for revealing
metabolic aspects of tumors. However FDG, as a
glucose analog, is taken up by high-glucose-consu-
ming cells and its uptake is not a specific marker of
malignancy. In addition to most types of cancer,
various inflammatory conditions such as acute in-
flammation, granulomatous diseases and autoim-
mune diseases show FDG uptake levels as high as
RP.7!! Recent studies have focused on providing
an objective measure of the inflammatory respon-
se to irradiation with either quantitative or visual
assessment of FDG uptake by PET/CT.®!? The in-
creased FDG uptake reflecting inflammatory pa-
renchymal activity may persist for several
months due to numerous factors influencing the
degree of lung injury such as varied patient char-
acteristics,!® prior or concomitant chemothe-
rapy'415
relationships.®1%!7 Therefore, it is reasonable to ex-

or radiation dose-lung volume
pect that the extent and degree of FDG uptake may

have different manifestations on PET/CT.

The evidence from the previous studies showed
that the probability and severity of RILI, particu-
larly radiation pneumonitis, depend mainly on the
irradiation dose and the percentage of lung volume

receiving a dose above a threshold of 20 Gy.'$%

In this retrospective study, we aimed to analy-
ze the changes of the FDG uptake levels between
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specific isodose regions within the irradiated lung
tissue but beyond the initial tumor uptake area.
Furthermore, we correlated the degree of FDG up-
take in irradiated lung tissues of patients with
NSCLC with RT dose parameters and characterized
its relationship with the time interval between RT
and FDG PET/CT and with some patient characte-
ristics.

I MATERIALS AND METHODS
PATIENT SELECTION

For this retrospective study, we reviewed consecu-
tive files of lung cancer patients who underwent an
oncologic PET/CT in Uludag University Medical
Faculty Hospital PET/CT center between January
2008 and March 2010. Post-radiation FDG PET/CT
reports of the patients were reviewed to identify
PET/CT scans on which at least some degree of ra-
diation-related lung tissue findings had been repor-

ted.

Amongst them, only the patients who had un-
dergone treatment planning CT and both staging
and post-RT FDG PET/CT imaging at least 12 we-
eks after the completion of 3-dimensional confor-
mal RT (3D-CRT) were selected. The patients with
underlying lung disease, metastatic disease within
the lungs and residual masses that cannot be easily
separated from adjacent areas of RILI were exclu-
ded. Finally, a total of 30 patients (all male, aged
31-73 yrs., mean: 61) were found eligible and inc-
luded in this study. Patient characteristics were
summarized in Table 1.

ETHICAL CONSIDERATIONS

The methods used (RT and PET/CT) were part of
the clinical routine. Patients were informed about
the clinical reasons to undergo the investigations
and treatment. Retrospective data analysis and re-
porting comply with the institutional laws.

FDG PET/CT PROTOCOL

PET/CT imaging was performed with a dedicated
scanner (Biograph 6 LSO, Siemens Medical Sys-
tems, Germany) approximately 60 minutes after
administration of 10 to 15 mCi of FDG. Patients
fasted for at least six hours and their blood glucose
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TABLE 1: Patient characteristics. dl‘Stl'lbutIOIl curves obtained from radiation plan-
ning CT were then transferred to PET/CT worksta-
Characteristic Value tion. SUV values were calculated on post-RT
Age (yrs) Mean (Min-max) BkEIE) PET/CT images that correspond to specific isodose

Gender (Male/Female) 30/0 . . . . .
regions. Slice-to-slice matching was performed vi-

Histopathology (n) . .

) sually. In patients with therapy-related lung volu-
Adenocarcinoma 10 (33% ) h th ¢ At RT PET/CT
Squamous cell carcinoma 13 (43%) n;e changes, edr‘nos ap};lropll'la ePOS I
NSCLG -unspecifed 7 (23%) slice corresponding to the planning CT slice was
Tumor location (n) chosen to be analyzed. Considering general patchy
Central 14 (47%) distribution and heterogeneity of FDG uptake, we
Periphery 16 (53%) calculated mean of multiple SUVmax values thro-
Stage (n) ughout the RILI areas. For this purpose, depen-
Stage Illa 9 (30%) ding on the area influenced, 3-6 small regions of
Stage lllb 21 (70%) interests (ROI) were drawn at the most intense
Chemotherapy (n) FDG uptake regions within available isodose regi-
Yes/No 3000 ons on irradiated lung to define SUVmax in each
Smoking status (Yes/Never) (n) 22/8 ROI, and the arithmetic mean of SUVmax (m-

levels were checked before the imaging. Intrave-
nous contrast material and breath-hold techniques
were not used. Attenuation-corrected PET images
were reconstructed with an ordered subset expec-
tation maximization iterative reconstruction algo-
rithm. The CT slice thickness of PET/CT was 5 mm.
Fused PET/CT images were generated for visual
and semi-quantitative evaluation on an “e.soft”
workstation (Siemens Medical Systems, Germany).

IMAGE ANALYSIS AND QUANTITATION

A total of 60 pre- and post-treatment PET/CT im-
ages of 30 patients were re-evaluated by two Nuc-
lear Medicine physicians in consensus. The
diagnosis of RILI was based on characteristic CT
findings, such as mass-like consolidation beyond
the tumor area, ground-glass opacity, and nodular
areas of increased opacity or fibrosis, on PET/CT
images. Visual evaluation and semiquantitative
image analyses were performed on transaxial slices
of post-RT PET/CT. For this purpose, three diffe-
rent transaxial slices reflecting the most represen-
tative of RILI visually were chosen from each
transaxial data depending on the extent of area af-
fected. The isodose distribution of 2000, 4000 and
6000 cGy curves were overlaid at the same slice le-
vel of transaxial treatment planning CT scan. The
lung CT axial images with superimposed isodose
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SUVmax) were then calculated on all three transa-
xial slices (Figure 1). For each patient, therefore,
multiple m-SUVmax values were calculated sepa-
rately and termed as SUV2000, SUV4000 and

FIGURE 1: Treatment planning CT with (A) isodose curves and (B) corre-
sponding PET/CT slices showing intense FDG uptake in the treated volume.
Isodose curves were colored as follows: light brown: 6000 cGy, green: 4000
cGy, red: 2000 cGy.

Turkiye Klinikleri ] Med Sci 2011;31(5)
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TABLE 2: Descriptive statistics

Time interval between RT and PET
Median (min-max)
Mean+SD

Kamofsky Performance Scoring
Median (min-max)
Mean+SD

RT dose parameters
Ipsilateral Lung

Total dose

Mean lung dose
Minimum dose
Maximum dose

V20 dose volume (%)
V40 dose volume (%)
Whole Lung
Prescribed Total dose (GTV)
Minimum dose
Maximum dose

Mean Dose

V20 dose volume (%)
V40 dose volume (%)
Smoking (Pack Year)
Median (min-max)
Mean+SD

SUV2000

Median (min-max)
Mean+SD

SUV4000

Median (min-max)
Mean+SD

SUV6000

Median (min-max)
Mean+SD

{d)

133 days (72-668)

1714125

(%)

90 (40-100)

75+39

{cGy) Mean, Median {min-max)

6300
3280, 3304 (1133-5036)
40, 25 (8-265)

6504, 6432 (5604-7518)
59, 59 (22-89)

47,47 (9-77)

6300
13,8 (0-81)

6578, 6536 (6185-7204)
1916, 1861 (31-2900)
36, 35 (23-55)

26, 25 (14-37)

45 (0-144)
4842

1.29 (0.69-2.84)
151+0.66

2.75 (0.71-6.01)
2.67+1.16

3.62 (1.24-5.72)
3.55+1.09

SUV6000. On some slices, depending on the radia-
tion treatment planning, one or more isodose regi-
ons of 2000, 4000 or 6000 cGy did not exist.

RADIATION TREATMENT AND CHEMOTHERAPY

Radiation therapy was applied by using linear acce-
lerators (Siemens Mevatron KD2 and MD2). 3D do-
se calculations were done on the 5 mm CT slices
using CT simulator (Somatom Emotion Duo, Sie-
mens, Germany). Radiation therapy was planned
by using Computerized Radiotherapy Planning
System (Xio, CMS, Germany). Patients treated with

Turkiye Klinikleri ] Med Sci 2011;31(5)

a curative intend were irradiated using digitally
constructed fields to cover initially primary tumor
and locoregional lymph nodes (CTV) with 1.8 Gy
per fraction, five days a week (Monday through
Friday). Forty-five Gy was administered for the ini-
tial phase and boost (to cover primary tumor and
invaded lymph nodes (GTV)) dose of 18 Gy was gi-
ven using 6, 15 or 25 MV photon beams. All pati-
ents received a prescribed GTV dose of 63 Gy.
Target volumes were defined using the ICRU Re-
port 50.2! The dosimetric parameters of 3D-CRT
were also detailed in Table 2.
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FIGURE 2: Box and whisker diagram shows m-SUVmax distributions ac-
cording to the specific isodose regions. Upper and lower limits show the high-
est and lowest SUVmean measured, respectively. The group labels indicate
as follows; SUV2: m-SUVmax distributions measured within 2000-4000 cGy
areas, SUV4: m-SUVmax distributions measured within 4000-6000 cGy
areas, SUV6: m-SUVmax distributions measured within 6000 cGy areas.
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FIGURE 3: Patient based m-SUVmax distribution and their moving average
(ma) curves. The labels indicate as follows; SUV2000: m-SUVmax measured
within 2000-4000 cGy areas, SUV4000: m-SUVmax measured within 4000-
6000 cGy areas, SUV6000: m-SUVmax values measured within 6000 cGy
areas. The ma2000, ma4000, and ma6000 indicate the moving average
curves of the corresponding m-SUVmax.
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All patients underwent concurrent and/or ad-
juvant chemotherapy. The most commonly used
chemotherapy regimens were a combination of ta-
xan (docetaxel or paclitaxel) and platinum (cispla-
tinum or carboplatinum) based.

STATISTICAL ANALYSIS

The descriptive statistics of time interval, perfor-
mance scoring, smoking amount, RT dose variables,
and m-SUVmax values were summarized in Table
2. Correlations between m-SUVmax and these va-
riables were determined by Spearman’s rank cor-
relation. Wilcoxon Signed Ranks test was used to
compare m-SUVmax values between each isodose
region. Descriptive statistics were represented as
median, minimum and maximum values since non-
parametric tests were used. The data was processed
by SPSS 13, and p values below 0.05 were conside-
red as statistically significant.

I RESULTS

The patient characteristics and descriptive statis-
tics of the 30 cases evaluated in this study are
summarized in Table 1 and Table 2, respectively.
Briefly, the median of Karnofsky performance
status score was 90 (min-max: 40-100) in all pati-
ents. The median time interval between RT com-
pletion and FDG-PET/CT imaging session was 133
days (min-max: 72-668). All patients received a
prescribed total tumor dose of 63 Gy. The percen-
tage of V20 and V40 dose volumes, volumes of to-
tal lung receiving at least 20 Gy and 40 Gy in
ipsilateral lungs were 59% and 47%, respecti-
vely.

IMAGE CHARACTERISTICS AND ANALYSIS OF
FDG UPTAKE VS. RT DOSE

Visually, both PET and CT findings were generally
confined to the field of irradiation typically con-
forming to the treated volume. Although not too
many, some CT features of RILI corresponded to
intense FDG uptake were observed outside the
high dose treatment regions. Visual patterns of CT
and PET were not compared in a one-to-one man-
ner because such an analysis was beyond the scope
of this study which deals with the comparison of
radiation dose parameters and FDG uptake levels.

1222

The m-SUVmax in the lung that received
2000-4000 cGy was 1.29 (0.69-2.84), (median (min-
max)), 4000-6000 cGy was 2.75 (0.71-6.0), and
>6000 cGy was 3.62 (1.2-5.72). On Figure 2, Box and
Whisker plots show the m-SUVmax distribution ac-
cording to the different isodose regions. On Figure
3, patient-based m-SUVmax distributions and the-
ir moving average curves were presented. Although
some overlap existed, there were statistically signi-
ficant differences between the m-SUVmax values
of all isodose regions (SUV2000 vs. SUV4000,
p=0.001; SUV2000 vs.6000, p=0.002; SUV4000 vs.
6000, p=0.001) (Table 3). The isodose regions rece-
iving 6000 cGy had the greatest elevation of m-
SUVmax when compared to the others, while the
regions receiving 2000 cGy had the least.

No statistically significant correlation was fo-
und between m-SUVmax values of different isodo-
se regions and the time interval between RT and
PET/CT. Similarly, there was no statistically signi-
ficant correlation between m-SUVmax values and
RT dose parameters as well as age, Karnofsky per-
formance status score, tumor type and tumor loca-
tion.

I DISCUSSION

Based on our experience to date, neither average
SUV, i.e. commonly used standard “SUVmean”
method reflecting mean standard uptake value wit-
hin ROL nor do SUVmazx, denoting the maximum
value in a pixel within the ROI, always reflect the
visual findings due to the heterogeneity of the FDG
uptake distribution in the areas of RILI. Thus, we
used a unique parameter, the “m-SUVmax” which
is, depending of the affected area, the arithmetic
mean of SUVmax of 3-6 selected ROIs showing the

TABLE 3: Statistical comparison of m-SUVmax values
of all isodose regions

Isodose Regions

SUV2000 SUV4000 SUV6000
Median (Min-Max) 129 (0.69-2.84) 2.75 (0.71-6.0) 3.62 (1.24-5.72)
SUV2000 vs. SUV4000 p=0.001
SUV2000 vs. SUVB000 p=0.002
SUVA4000 vs. SUV6000 p=0.001

Turkiye Klinikleri ] Med Sci 2011;31(5)
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most intense FDG uptake. Instead of SUVmean or
SUVmax, we have developed and used this para-
meter to avoid, to some extent, the intraobserver
and interobserver variations on values, considering
that it can visual findings on RILI areas the best.
This method seems to preclude the disadvantages
of both SUVmax which does not always reflect ge-
neral uptake pattern and standard SUVmean which
is mainly ROI-size-dependent.

RILI is a common side effect after curative RT
for lung cancer and the RT-related inflammatory
metabolic response results in an increased FDG up-
take on PET/CT. It is known from the literature
that radiation-induced changes in the lung can
vary according to the irradiation technique and the
dose-volume relationships.!”?° In the present study,
using SUV measurements, the changes of the FDG
uptake within specific isodose regions in the irra-
diated lung tissue, but beyond the initial tumor up-
take area were analyzed semi-quantitatively. The
evidence from the study showed that, although so-
me overlap occurs, the degree of FDG uptake is sig-
nificantly different among specific isodose regions
of irradiated lung volume. We found greater ele-
vation of m-SUVmax in the regions that received
higher radiation doses similar to earlier reports in
which SUVmean was preferred as a semi-quantita-
tive parameter.”'* In the study of Guerrero et al.
the data supported a linear relationship between
the radiation dose and the normalized FDG uptake
in the lung in patients with esophageal cancer.’
Another study showed that among patients whose
SUV mean was increased by three times in the re-
gion 10-19 Gy, 75% of patients developed RP la-
ter.®® In both studies, post-RT FDG PET/CT
imaging time interval was no longer than 12 we-
eks. Thus, FDG PET/CT was reported to play an
important role in predicting acute RP.1°

As the isodose regions, such as 1000, 2000,
3000 cGy, were very closely overlaid to each other,
in the majority of cases, we preferred to study with
only 2000, 4000 and 6000 cGy isodose curves to
avoid overlap of FDG uptake values of these regi-
ons. A considerable amount of overlap of m-SUV-
max values within different isodose regions were
observed in the present study. Inflammatory causes

Turkiye Klinikleri ] Med Sci 2011;31(5)

other than RT, individual alterations in response,
daily setup variations, and respiratory motion may
contribute to the high and/or variable FDG uptake
values.”

In accordance with the general clinical prac-
tice, evaluation of the metabolic response to radi-
otherapy in NSLC patients is commonly performed
approximately three months after the end of RT.
The median time interval between RT completion
and FDG-PET/CT imaging session was 133 days,
ranging between 72-668 days, in our study. We fo-
und no statistically significant correlation between
the degree of FDG uptake and the time interval of
PET/CT after RT. This may be associated with the
limited sample size in the study and relatively small
proportion of cases imaged at the late post-radiati-
on period. Furthermore, in contrast to the presen-
ce of classic fibrosis patterns on corresponding CT,
high FDG uptake levels reflecting active inflam-
matory process on the same areas may also explain
the lack of statistically significant correlation in our
study. RP refers to the acute changes within 4-12
weeks which is seen as ground-glass opacity or
consolidation in the lung.>*? These may resolve
completely, but radiation fibrosis develops within
6-12 months more commonly and typically appears
as traction bronchiectasis, volume loss and scarring
on CT scan.?*?2 In this study, we observed that
despite late post-RT imaging periods, FDG uptake
may still persist to a variable but generally high de-
gree. Inflammation is characterized by increased
glucose metabolism, which leads to elevated FDG
uptake. Tendency to infection due to anatomical
distorting late effects of radiation may be specula-
ted as one of the reasons for this persistence. The
other reasons that may be speculated as the high
uptake of FDG in fibrosis areas on PET/CT were
non-neoplastic inflammatory cellular elements,
such as macrophages, lymphocytes and metaplas-
tic epithelial cells, and squamous metaplasia indu-
ced by chemoradiotherapy.” Assessment of lung
inflammation with 18F-FDG PET during acute
lung injury is documented in a recent review.?® As
noted by de Prost et al., in patients with pulmonary
fibrosis, the highest FDG PET SUVs coregistered
with high-resolution CT patterns, such as honey-
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combing, which is classically understood as repre-
sentative of irreversible parenchymal scarring. It
was hypothesized that this finding reflected high
fibroblastic activity, suggesting an opportunity for
pharmacologic manipulation.”® Although the pres-
ent study does not have a long term follow up, the
high FDG uptake levels imply that the affected are-
as may undergo fibrosis, and supportive care, such
as steroids, oxygen therapy, and pulmonary reha-
bilitation exercises to manage respiratory symp-
toms, should be taken into account in these
patients.

Although RP usually occurs within the irradi-
ated lung, RP outside the treatment portals has be-
en reported.®’ In this study we have focused on the
metabolic response on the affected lung beyond the
tumor area, and contralateral lung was not analy-
zed from this point of view.

As stated earlier, sex, age, smoking history,
pre-existing pulmonary disease, performance score
and pulmonary function before radiotherapy have
been reported to affect the risk for radiation pneu-
monitis.'*?*?” Wang et al. reported that that there
was no statistically significant difference between
the clinical parameters (sex, age, smoking history,
induction chemotherapy, concurrent chemothe-
rapy regimens and Karnofsky performance score)
and the incidence of acute radiation pneumonitis.”
Similarly, we did not find a statistically significant
relationship between the degree of FDG uptake and
presence or degree of the aforementioned clinical
risk parameters such as Karnofsky performance
score, age and smoking status.

We acknowledge some important limitations
in this study. Concurrent or adjuvant chemothe-
rapy, especially with carboplatin or paclitaxel com-
binations, has been reported to potentiate the effects
of radiation toxicity.!*!> Parashar et al. reported that
patients who received any chemotherapy had a five
times greater risk of developing RP than in patients
who did not receive this treatment.'> However, in a
prospective randomized study evaluating therapeu-
tic significance of concurrent paclitaxel and radiot-
herapy (group 1) versus radiotherapy alone (group
2) in NSCLC by Ulutin and Pak, Grade 3 pulmonary

1224

toxicity was observed in 16% of patients in group 1,
whilst Grade 1 and 2 pulmonary toxicity in group 2
was 19%, and treatment-related toxicity rates were
found to be nearly close to each other.? Clinical tri-
als demonstrated that these effects were consistent
with the radiosensitization properties of these che-
motherapeutic agents and might be an explanation
for the toxicities.” In the present study, as all pati-
ents had received chemotherapy, the additional ef-
fects of chemotherapy on RILI were not evaluated
statistically.

The reported incidence of clinical manifestati-
ons associated with RP is 7-8% and the symptoms
are usually mild, despite imaging findings that may
appear more prominent.*?%* Due to the retrospec-
tive nature of this study, we were unable to corre-
late FDG PET/CT findings
symptoms. Such a correlation could help the clini-

with patients’

cian to predict the severity of RILI. In a recent
study, Faria et al. studied two common ways of as-
sessing radiation-induced late lung toxicity after
curative radiotherapy.®! They reported that altho-
ugh all patients presented some degree of radiog-
raphic abnormalities, there was no correlation with
lung symptoms. Because, contrary to X-ray based
imaging systems, FDG PET reflects metabolic as-
pects of RILI, one may have expected to find a bet-
ter correlation between FDG PET with clinical
symptoms than that of the previous ones.

Another limitation of the present study is the
patient selection method. Because we reviewed the
PET/CT scan reports at first and selected only cases
in whom at least some degree of radiation-related
lung injury findings had been reported on PET/CT
scans, some cases with RILI who has no marked
FDG uptake or have not been mentioned in the re-
ports would have been missed. If such cases were to
be included in the study, then we would expect a
considerable relationship between the time elap-
sed after RT and FDG response.

The use of a single post RT PET/CT scan is a
limitation, itself. A timeline interpretation with se-
rial scanning may allow more accurate information
on its clinical importance, but it would not be fea-
sible for our retrospective study.
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I CONCLUSION

The evidence from our study showed that, altho-
ugh some overlap occurs between isodose regions,
the degree of radiation-related parenchymal FDG
uptake gets higher with increasing dose levels. Per-
sistent high FDG uptake levels may be observed
within radiation fibrosis areas even several months

after RT. Although a statistically significant relati-
onship was not found in the present study, a mea-
ningful association would be expected between the
time elapsed after RT and FDG response with a lar-
ger patient group. In addition to its relationship
with RT dosimetric factors, the diagnostic and
prognostic importance of the PET patterns of RILI
phenomenon remain to be studied further.
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