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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

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: Inf lam ma tory res pon se as so ci a ted with ra di a ti on-in du ced lung in jury (RI LI) re sults in an
in cre a sed 18F-flu o ro de oxy glu co se (FDG) up ta ke on po sit ron emis si on to mog raphy/com pu ted to mog raphy
(PET/CT). In this study, we ai med to analy ze the deg re e of FDG up ta ke wit hin spe ci fic iso do se re gi ons (IR) of the
ir ra di a ted lung using stan dar di zed up ta ke va lu e (SUV) me a su re ments, and to cor re la te post tre at ment FDG up ta -
ke with ra di ot he rapy (RT) do se pa ra me ters, pa ti ent cha rac te ris tics and the ima ging ti me in ter val af ter RT com-
p le ti on. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Da ta from 30 pa ti ents with non-small cell lung can cer (NSCLC) who un der went
FDG PET/CT ima ging at le ast 12 we eks (72-668 days) af ter comp le ti on of RT we re eva lu a ted. In each pa ti ent, si -
de-by-si de vi su al re gis tra ti on of the tre at ment plan ning CT sli ces inc lu ding IR cur ves with the cor res pon ding
PET/CT sli ces was per for med. Using SUV me a su re ments, FDG up ta ke le vels we re analy zed wit hin spe ci fic IRs of
the ir ra di a ted lung. The sta tis ti cal dif fe ren ce bet we en SUV max of each IR was de ter mi ned. The RT do se pa ra -
me ters, pa ti ent cha rac te ris tics and ti me in ter val bet we en RT and PET/CT we re tes ted for cor re la ti on with SUV -
max of IRs. RRee  ssuullttss:: The mean SUV max in the IRs of the lung that re ce i ved 2000-4000cGy was 1.51 ± 0.66 (me an
± 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 fo und sta tis ti cally sig ni fi cant dif fe ren ces bet we en the SUV max va lu es of all IRs (SUV2000
vs. SUV4000, p= 0.001; SUV2000 vs.6000, p= 0.002; SUV4000 vs. 6000, p= 0.001). No sta tis ti cally sig ni fi cant cor-
re la ti on was fo und bet we en SUV max and the ot her va ri ab les. CCoonncc  lluu  ssii  oonn:: The fin dings of this study sho wed that,
alt ho ugh so me over lap oc curs bet we en IRs, the deg re e of ra di a ti on-re la ted pa rench ymal FDG up ta ke gets hig her
with in cre a sing do se le vels. Per sis tent high FDG up ta ke le vels may be ob ser ved in ra di a ti on fib ro sis are as on
PET/CT even se ve ral months af ter RT.

KKeeyy  WWoorrddss::  Lung in jury; ra di ot he rapy; po sit ron-emis si on to mog raphy; 
flu o ro de oxy glu co se F18; lung ne op lasms

ÖÖZZEETT  AAmmaaçç:: Rad yas yo na bağ lı ak ci ğer ha sa rı (RBAH) ile iliş ki li inf la ma tu var ya nıt po zit ron emis yon to mog ra -
fi si/bil gi sa yar lı to mog ra fi de (PET/BT) art mış 18F-flo ro de ok sig lu koz (FDG) tu tu lu mu ile so nuç la nır. Bu ça lış ma -
da, stan dar di ze tu tu lum de ğe ri (stan dard up ta ke va lu e; SUV) öl çüm le ri ni kul la na rak ışın lan mış ak ci ğe rin be lir li
izo doz alan la rın da (İA) FDG tu tu lu mu nun de re ce si ni in ce le me yi ve te da vi son ra sı FDG tu tu lu mu ile rad yo te ra -
pi (RT) doz pa ra met re le ri, has ta özel lik le ri ve RT ta mam lan dık tan son ra gö rün tü le me za ma nı ara lı ğı ara sın da ba -
ğın tı kur ma yı amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: RT ta mam lan dık tan en az 12 haf ta (72-668 gün) son ra FDG PET/BT
ya pı lan kü çük hüc re li dı şı ak ci ğer kan ser li (KHDAK) 30 has ta nın ve ri le ri de ğer len di ril di. Her has ta da, PET/BT
ke sit le ri ne kar şı lık ge len ve İA eğ ri le ri ni içe ren te da vi plan la ma BT ke sit le ri nin yan ya na gör sel kay dı ya pıl dı. SUV
öl çüm le ri kul la nı la rak, ışın lan mış ak ci ğe rin be lir li İA için de ki FDG tu tu lum dü zey le ri in ce len di. Her ışın lan mış
böl ge nin SUV max ara sın da ki is ta tis tik sel fark be lir len di. İA'nın SUV max ile ko re las yo nu için RT doz pa ra met re -
le ri, has ta özel lik le ri ve RT ile PET/BT ara sın da ki za man ara lı ğı is ta tis tik sel ola rak test edil di. BBuull  gguu  llaarr:: 2000-
4000 cGy alan ak ci ğer İA'da ki or ta la ma SUV max 1.51 ± 0.66 (me an ± SS) (min-max: 0.69-2.84) idi, 4000-6000
cGy ve >6000 alan lar da sı ra sıy la 2.67 ± 1.16 (min-max: 0.71-6.0) ve 3.55 ± 1.09 (min-max: 1.2-5.72) idi. Tüm
İA'nın SUV max de ğer le ri ara sın da is ta tis tik sel ola rak an lam lı fark lar bul duk (SUV2000 ile SUV4000, p= 0.001;
SUV2000 ile SUV6000, p= 0.002; SUV4000 ile SUV6000, p=0.001). SUV max ve di ğer de ğiş ken ler ara sın da is ta tis -
tik sel ola rak an lam lı iliş ki bu lun ma dı. SSoo  nnuuçç::  Bu ça lış ma nın so nuç la rı, izo doz alan la rı ara sın da bir mik tar ça kış -
ma ol mak la bir lik te, rad yas yon la iliş ki li pa ran ki mal FDG tu tu lu mu nun de re ce si nin ar tan doz lar la art tı ğı nı
gös ter miş tir. RT bi ti min den ay lar son ra bi le, rad yas yo na bağ lı fib ro zis ge li şen alan lar da yük sek dü zey ler de FDG
tu tu lu mu nun se bat et ti ği gö rü le bil mek te dir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ak ci ğer ha sa rı; rad yo te ra pi; po zit ron emis yon to mog ra fi; 
flu o ro de ok sig lu koz F18; ak ci ğer tü mör le ri
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a di a ti on the rapy (RT) is an in teg ral part of
tre at ment stra tegy in the ma na ge ment of
pa ti ents with lo cally ad van ced non-small

cell lung can cer (NSCLC). Ne vert he less, it pre sents
a chal len ge be ca u se of hig h sen si ti vity of lung tis-
su e to ir ra di a ti on and it is ine vi tab le to en co un ter
tre at ment-re la ted si de-ef fects such as ra di a ti on-
in du ced lung in jury (RI LI). RI LI may oc cur as an
inf lam ma tory re ac ti on or ra di a ti on pne u mo ni tis
(RP), at an early sta ge af ter ir ra di a ti on, and as fi-
b ro sis af ter se ve ral months or ye ars.1 Ima ging
tech ni qu es, ma inly X-ray and com pu ted to mog -
raphy (CT), ha ve so far be en used in the early di-
ag no sis of RI LI and the spec trum of CT chan ges
oc cur ring af ter RT have been well-des cri bed in li t-
e ra tu re.2-6

CT-in teg ra ted po sit ron emis si on to mog raphy
(PET/CT) with 18F-flu o ro de oxy glu co se (FDG) is
cur rently a well-known mo da lity for re ve a ling
me ta bo lic as pects of tu mors. Ho we ver FDG, as a
glu co se ana log, is ta ken up by high-glu co se-con su -
ming cells and its up ta ke is not a spe ci fic mar ker of
ma lig nancy. In ad di ti on to most types of can cer,
va ri o us inf lam ma tory con di ti ons such as acu te in-
f lam ma ti on, gra nu lo ma to us di se a ses and au to im -
mu ne di se a ses show FDG up ta ke levels as high as
RP.7-11 Re cent stu di es ha ve fo cu sed on pro vi ding
an ob jec ti ve me a su re of the inf lam ma tory res pon -
se to ir ra di a ti on with eit her qu an ti ta ti ve or vi su al
as sess ment of FDG up ta ke by PET/CT.8,12 The in-
cre a sed FDG up ta ke ref lec ting inf lam ma tory pa -
rench ymal ac ti vity may per sist for se ve ral
months du e to nu me ro us fac tors inf lu en cing the
deg re e of lung in jury such as va ri ed pa ti ent cha r-
ac te ris tics,13 pri or or con co mi tant che mot he -
rapy14,15 or ra di a ti on do se-lung vo lu me
re la ti ons hips.6,16,17 The re fo re, it is re a so nab le to ex-
pect that the ex tent and deg re e of FDG up ta ke may
ha ve dif fe rent ma ni fes ta ti ons on PET/CT.

The evi den ce from the pre vi o us stu di es sho wed
that the pro ba bi lity and se ve rity of RI LI, par ti cu -
larly ra di a ti on pne u mo ni tis, de pend ma inly on the
ir ra di a ti on do se and the per cen ta ge of lung vo lu me
re ce i ving a dose abo ve a thres hold of 20 Gy.18-20 

In this ret ros pec ti ve study, we ai med to analy -
ze the chan ges of the FDG up ta ke le vels bet we en

spe ci fic iso do se re gi ons wit hin the ir ra di a ted lung
tis su e but be yond the ini ti al tu mor up ta ke are a.
Furt her mo re, we cor re la ted the deg re e of FDG up-
ta ke in ir ra di a ted lung tis su es of pa ti ents with
NSCLC with RT do se pa ra me ters and cha rac te ri zed
its re la ti ons hip with the ti me in ter val bet we en RT
and FDG PET/CT and with so me pa ti ent cha rac te -
ris tics.

MA TE RI ALS AND MET HODS
PA TI ENT SE LEC TI ON

For this ret ros pec ti ve study, we re vi e wed con se cu -
ti ve fi les of lung can cer pa ti ents who un der went an
on co lo gic PET/CT in Ulu dag Uni ver sity Me di cal
Fa culty Hos pi tal PET/CT cen ter bet we en Ja nu ary
2008 and March 2010. Post-ra di a ti on FDG PET/CT
re ports of the pa ti ents we re re vi e wed to iden tify
PET/CT scans on which at le ast so me deg re e of ra-
di a ti on-re la ted lung tis su e fin dings had be en re por -
ted.

Amongst them, only the pa ti ents who had un-
der go ne tre at ment plan ning CT and both sta ging
and post-RT FDG PET/CT ima ging at le ast 12 we -
eks af ter the comp le ti on of 3-di men si o nal con for -
mal RT (3D-CRT) we re se lec ted. The pa ti ents with
un derl ying lung di se a se, me tas ta tic di se a se wit hin
the lungs and re si du al mas ses that can not be ea sily
se pa ra ted from ad ja cent are as of RI LI we re exc lu -
ded. Fi nally, a to tal of 30 pa ti ents (all ma le, aged
31-73 yrs., me an: 61) we re fo und eli gib le and inc -
lu ded in this study. Pa ti ent cha rac te ris tics we re
sum ma ri zed in Tab le 1.

ET HI CAL CON SI DE RA TI ONS

The met hods used (RT and PET/CT) we re part of
the cli ni cal ro u ti ne. Pa ti ents we re in for med abo ut
the cli ni cal re a sons to un der go the in ves ti ga ti ons
and tre at ment. Ret ros pec ti ve da ta analy sis and re-
por ting comply with the ins ti tu ti o nal laws.

FDG PET/CT PRO TO COL

PET/CT ima ging was per for med with a de di ca ted
scan ner (Bi og raph 6 LSO, Si e mens Me di cal Sys-
tems, Ger many) ap pro xi ma tely 60 mi nu tes af ter
ad mi nis tra ti on of 10 to 15 mCi of FDG. Pa ti ents
fas ted for at least six hours and their blo od glu co se
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le vels we re chec ked be fo re the imaging. In tra ve -
no us con trast ma te ri al and bre ath-hold tech ni qu es
we re not used. At te nu a ti on-cor rec ted PET ima ges
we re re cons truc ted with an or de red sub set ex pec -
ta ti on ma xi mi za ti on ite ra ti ve re cons truc ti on al go -
rithm. The CT sli ce thick ness of PET/CT was 5 mm.
Fu sed PET/CT ima ges we re ge ne ra ted for vi su al
and se mi-qu an ti ta ti ve eva lu a ti on on an “e.sof t”
work sta ti on (Si e mens Me di cal Systems, Ger many).

IMA GE ANALY SIS AND QU AN TI TA TI ON

A to tal of 60 pre- and post-tre at ment PET/CT im-
a ges of 30 pa ti ents we re re-eva lu a ted by two Nuc -
le ar Me di ci ne physi ci ans in con sen sus. The
di ag no sis of RI LI was ba sed on cha rac te ris tic CT
fin dings, such as mass-li ke con so li da ti on be yond
the tu mor are a, gro und-glass opa city, and no du lar
are as of in cre a sed opa city or fib ro sis, on PET/CT
ima ges. Vi su al eva lu a ti on and se mi qu an ti ta ti ve
ima ge analy ses we re per for med on tran sa xi al sli ces
of post-RT PET/CT. For this pur po se, thre e dif fe -
rent tran sa xi al sli ces ref lec ting the most rep re sen -
ta ti ve of RI LI vi su ally we re cho sen from each
tran sa xi al da ta de pen ding on the ex tent of are a af-
fec ted. The iso do se dis tri bu ti on of 2000, 4000 and
6000 cGy cur ves we re over la id at the sa me sli ce le -
vel of tran sa xi al tre at ment plan ning CT scan. The
lung CT axi al ima ges with su pe rim po sed iso do se

dis tri bu ti on cur ves ob ta i ned from ra di a ti on plan-
ning CT we re then trans fer red to PET/CT work sta-
ti on. SUV va lu es we re cal cu la ted on post-RT
PET/CT ima ges that cor res pond to spe ci fic iso do se
re gi ons. Sli ce-to-sli ce matc hing was per for med vi-
su ally. In pa ti ents with the rapy-re la ted lung vo lu -
me chan ges, the most ap prop ri a te post-RT PET/CT
sli ce cor res pon ding to the plan ning CT sli ce was
cho sen to be analy zed. Con si de ring ge ne ral patchy
dis tri bu ti on and he te ro ge ne ity of FDG up ta ke, we
cal cu la ted me an of mul tip le SUV max va lu es thro -
ug ho ut the RI LI are as. For this pur po se, de pen -
ding on the are a inf lu en ced, 3-6 small re gi ons of
in te rests (RO I) we re drawn at the most in ten se
FDG up ta ke re gi ons wit hin ava i lab le iso do se re gi -
ons on ir ra di a ted lung to de fi ne SUV max in each
RO I, and the arith me tic mean of SUV max (m-
SUV max) we re then cal cu la ted on all thre e tran sa -
xi al sli ces (Fi gu re 1). For each pa ti ent, the re fo re,
mul tip le m-SUV max va lu es we re cal cu la ted se pa -
ra tely and ter med as SUV2000, SUV4000 and

Characteristic Value

Age (yrs) Mean (Min-max) 61 (31-73)

Gender (Male/Female) 30/0

Histopathology (n) 

Adenocarcinoma 10 (33% )

Squamous cell carcinoma 13 (43%)

NSCLC –unspecified 7 (23%)

Tumor location (n)

Central 14 (47%)

Periphery 16 (53%)

Stage (n)

Stage IIIa 9 (30%)

Stage IIIb 21 (70%)

Chemotherapy (n) 

Yes/No 30/0

Smoking status (Yes/Never) (n) 22/8

TABLE 1: Patient characteristics.

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.
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SUV6000. On so me sli ces, de pen ding on the ra di a -
ti on tre at ment plan ning, one or mo re iso do se re gi -
ons of 2000, 4000 or 6000 cGy did not exist.

RA DI A TI ON TRE AT MENT AND CHE MOT HE RAPY

Ra di a ti on the rapy was app li ed by using li ne ar ac ce -
le ra tors (Si e mens Me vat ron KD2 and MD2). 3D do -
se cal cu la ti ons we re do ne on the 5 mm CT sli ces
using CT si mu la tor (So ma tom Emo ti on Du o, Si e -
mens, Ger many). Ra di a ti on the rapy was planned
by using Com pu te ri zed Ra di ot he rapy Plan ning
System (Xi o, CMS, Ger many). Pa ti ents tre a ted with

a cu ra ti ve in tend we re ir ra di a ted using di gi tally
cons truc ted fi elds to co ver ini ti ally pri mary tu mor
and lo co re gi o nal lymph no des (CTV) with 1.8 Gy
per frac ti on, five days a we ek (Mon day thro ugh
Fri day). Forty-fi ve Gy was ad mi nis te red for the ini-
ti al pha se and bo ost (to co ver pri mary tu mor and
in va ded lymph no des (GTV)) do se of 18 Gy was gi -
ven using 6, 15 or 25 MV pho ton be ams. All pa ti -
ents re ce i ved a pres cri bed GTV do se of 63 Gy.
Tar get vo lu mes we re de fi ned using the IC RU Re-
port 50.21 The do si met ric pa ra me ters of 3D-CRT
we re al so de ta i led in Tab le 2.

Time interval between RT and PET (d)

Median (min-max) 133 days (72-668)

Mean±SD 171±125

Karnofsky Performance Scoring (%)

Median (min-max) 90 (40-100)

Mean±SD 75±39

RT dose parameters (cGy) Mean, Median (min-max)

Ipsilateral Lung

Total dose                     6300

Mean lung dose  3280, 3304 (1133-5036)

Minimum dose               40, 25 (8-265)

Maximum dose              6504, 6432 (5604-7518)

V20 dose volume (%)         59, 59 (22-89)

V40 dose volume (%) 47, 47 (9-77)

Whole Lung

Prescribed Total dose (GTV) 6300

Minimum dose               13, 8 (0-81)

Maximum dose              6578, 6536 (6185-7204)

Mean Dose 1916, 1861 (31-2900)

V20 dose volume (%)         36, 35 (23-55)

V40 dose volume (%) 26, 25 (14-37)

Smoking (Pack Year)

Median (min-max) 45 (0-144)

Mean±SD 48±42

SUV2000

Median (min-max) 1.29 (0.69-2.84)

Mean±SD 1.51±0.66 

SUV4000

Median (min-max) 2.75 (0.71-6.01)

Mean±SD 2.67±1.16

SUV6000

Median (min-max) 3.62 (1.24-5.72)

Mean±SD 3.55±1.09

TABLE 2: Descriptive statistics

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.

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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All pa ti ents un der went con cur rent and/or ad-
ju vant che mot he rapy. The most com monly used
che mot he rapy re gi mens we re a com bi na ti on of ta -
xan (do ce ta xel or pac li ta xel) and pla ti num (cisp la -
ti num or car bop la ti num) ba sed.

STA TIS TI CAL ANALY SIS

The des crip ti ve sta tis tics of ti me in ter val, per for -
man ce sco ring, smo king amo unt, RT do se va ri ab les,
and m-SUV max va lu es we re sum ma ri zed in Tab le
2. Cor re la ti ons bet we en m-SUV max and the se va -
ri ab les we re de ter mi ned by Spe ar man’s rank cor-
re la ti on. Wil co xon Sig ned Ranks test was used to
com pa re m-SUV max va lu es bet we en each iso do se
re gi on. Des crip ti ve sta tis tics we re rep re sen ted as
me di an, mi ni mum and ma xi mum va lu es since non-
pa ra met ric tests were used. The da ta was pro ces sed
by SPSS 13, and p va lu es be low 0.05 we re con si de -
red as sta tis ti cally sig ni fi cant.

RE SULTS
The pa ti ent cha rac te ris tics and des crip ti ve sta tis -
tics of the 30 ca ses eva lu a ted in this study are
sum ma ri zed in Tab le 1 and Tab le 2, res pec ti vely.
Bri efly, the me di an of Kar nofsky per for man ce 
sta tus sco re was 90 (min-max: 40-100) in all pa ti -
ents. The me di an ti me in ter val bet we en RT com-
p le ti on and FDG-PET/CT ima ging ses si on was 133
days (min-max: 72-668). All pa ti ents re ce i ved a
pres cri bed to tal tu mor do se of 63 Gy. The per cen -
ta ge of V20 and V40 do se vo lu mes, vo lu mes of to -
tal lung re ce i ving at le ast 20 Gy and 40 Gy in
ip si la te ral lungs we re 59% and 47%, res pec ti -
vely.

IMA GE CHA RAC TE RIS TICS AND ANALY SIS OF 
FDG UP TA KE VS. RT DO SE

Vi su ally, both PET and CT fin dings we re ge ne rally
con fi ned to the fi eld of ir ra di a ti on typi cally con-
for ming to the tre a ted vo lu me. Altho ugh not to o
many, so me CT fe a tu res of RI LI cor res pon ded to
in ten se FDG up ta ke we re ob ser ved out si de the
high do se tre at ment re gi ons. Visual patterns of CT
and PET were not compared in a one-to-one man-
ner be ca u se such an analy sis was be yond the sco pe
of this study which de als with the com pa ri son of
ra di a ti on do se pa ra me ters and FDG up ta ke le vels.

The m-SUV max in the lung that re ce i ved
2000-4000 cGy was 1.29 (0.69-2.84), (me di an (min-
max)), 4000-6000 cGy was 2.75 (0.71-6.0), and
>6000 cGy was 3.62 (1.2-5.72). On Fi gu re 2, Box and
Whis ker plots show the m-SUV max dis tri bu ti on ac-
cor ding to the dif fe rent iso do se re gi ons. On Fi gu re
3, pa ti ent-ba sed m-SUV max dis tri bu ti ons and the -
ir mo ving ave ra ge cur ves we re pre sen ted. Alt ho ugh
so me over lap exis ted, the re we re sta tis ti cally sig ni -
fi cant dif fe ren ces bet we en the m-SUV max va lu es
of all iso do se re gi ons (SUV2000 vs. SUV4000,
p=0.001; SUV2000 vs.6000, p=0.002; SUV4000 vs.
6000, p=0.001) (Tab le 3). The iso do se re gi ons re ce -
i ving 6000 cGy had the gre a test ele va ti on of m-
SUV max when com pa red to the ot hers, whi le the
re gi ons re ce i ving 2000 cGy had the le ast.

No sta tis ti cally sig ni fi cant cor re la ti on was fo -
und bet we en m-SUV max va lu es of dif fe rent iso do -
se re gi ons and the ti me in ter val bet we en RT and
PET/CT. Si mi larly, the re was no sta tis ti cally sig ni -
fi cant cor re la ti on bet we en m-SUV max va lu es and
RT do se pa ra me ters as well as age, Kar nofsky per-
for man ce sta tus sco re, tu mor type and tu mor lo ca -
ti on.

DIS CUS SION
Ba sed on our ex pe ri en ce to da te, ne it her ave ra ge
SUV, i.e. com monly used stan dard “SUV me a n”
met hod ref lec ting me an stan dard up ta ke va lu e wit -
hin RO I, nor do SUV max, de no ting the ma xi mum
va lu e in a pi xel wit hin the RO I, al ways ref lect the
vi su al fin dings due to the he te ro ge ne ity of the FDG
up ta ke dis tri bu ti on in the are as of RI LI. Thus, we
used a uni qu e pa ra me ter, the “m-SUV ma x” which
is, de pen ding of the af fec ted are a, the arith me tic
me an of SUV max of 3-6 se lec ted RO Is sho wing the

Isodose Regions
SUV2000 SUV4000 SUV6000

Median (Min-Max) 1.29 (0.69-2.84) 2.75 (0.71-6.0) 3.62 (1.24-5.72)

SUV2000 vs. SUV4000 p=0.001

SUV2000 vs. SUV6000 p=0.002

SUV4000 vs. SUV6000 p=0.001

TABLE 3: Statistical comparison of m-SUVmax values
of all isodose regions
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most in ten se FDG up ta ke. Ins te ad of SUV me an or
SUV max, we ha ve de ve lo ped and used this pa ra -
me ter to avo id, to so me ex tent, the in tra ob ser ver
and in te rob ser ver va ri a ti ons on va lu es, con si de ring
that it can vi su al fin dings on RI LI are as the best.
This met hod se ems to prec lu de the di sad van ta ges
of both SUV max which does not al ways ref lect ge -
ne ral up ta ke pat tern and stan dard SUV me an which
is ma inly RO I-si ze-de pen dent. 

RI LI is a com mon si de ef fect af ter cu ra ti ve RT
for lung can cer and the RT-re la ted inf lam ma tory
me ta bo lic res pon se re sults in an in cre a sed FDG up-
ta ke on PET/CT. It is known from the li te ra tu re
that ra di a ti on-in du ced chan ges in the lung can
vary ac cor ding to the ir ra di a ti on tech ni qu e and the
do se-vo lu me re la ti ons hips.17-20 In the pre sent study,
using SUV me a su re ments, the chan ges of the FDG
up ta ke wit hin spe ci fic iso do se re gi ons in the ir ra -
di a ted lung tis su e, but be yond the ini ti al tu mor up-
ta ke are a we re analy zed se mi-qu an ti ta ti vely. The
evi den ce from the study sho wed that, alt ho ugh so -
me over lap oc curs, the deg re e of FDG up ta ke is sig-
ni fi cantly dif fe rent among spe ci fic iso do se re gi ons
of ir ra di a ted lung vo lu me. We fo und gre a ter ele -
va ti on of m-SUV max in the re gi ons that re ce i ved
hig her ra di a ti on do ses si mi lar to ear li er re ports in
which SUV me an was pre fer red as a se mi-qu an ti ta -
ti ve pa ra me ter.9,10 In the study of Gu er re ro et al.
the da ta sup por ted a li ne ar re la ti ons hip bet we en
the ra di a ti on do se and the nor ma li zed FDG up ta ke
in the lung in pa ti ents with esop ha ge al can cer.9

Anot her study sho wed that among pa ti ents who se
SUV me an was in cre a sed by three ti mes in the re-
gi on 10-19 Gy, 75% of pa ti ents de ve lo ped RP la -
ter.10 In both stu di es, post-RT FDG PET/CT
ima ging ti me in ter val was no lon ger than 12 we -
eks. Thus, FDG PET/CT was re por ted to play an
im por tant ro le in pre dic ting acu te RP.10

As the iso do se re gi ons, such as 1000, 2000,
3000 cGy, we re very clo sely over la id to each ot her,
in the ma jo rity of ca ses, we pre fer red to study with
only 2000, 4000 and 6000 cGy iso do se cur ves to
avo id over lap of FDG up ta ke va lu es of the se re gi -
ons. A con si de rab le amo unt of over lap of m-SUV -
max va lu es wit hin dif fe rent iso do se re gi ons we re
ob ser ved in the pre sent study. Inf lam ma tory ca u ses

ot her than RT, in di vi du al al te ra ti ons in res pon se,
da ily se tup va ri a ti ons, and res pi ra tory mo ti on may
con tri bu te to the high and/or va ri ab le FDG up ta ke
va lu es.22

In ac cor dan ce with the ge ne ral cli ni cal prac-
ti ce, eva lu a ti on of the me ta bo lic res pon se to ra di -
ot he rapy in NSLC pa ti ents is com monly per for med
approximately thre e months af ter the end of RT.
The me di an ti me in ter val bet we en RT comp le ti on
and FDG-PET/CT ima ging ses si on was 133 days,
ran ging bet we en 72-668 days, in our study. We fo -
und no sta tis ti cally sig ni fi cant cor re la ti on bet we en
the deg re e of FDG up ta ke and the ti me in ter val of
PET/CT af ter RT. This may be as so ci a ted with the
li mi ted samp le si ze in the study and re la ti vely small
pro por ti on of ca ses ima ged at the la te post-ra di a ti -
on pe ri od. Furt her mo re, in con trast to the pre sen -
ce of clas sic fib ro sis pat terns on cor res pon ding CT,
high FDG up ta ke le vels ref lec ting ac ti ve inf lam -
ma tory pro cess on the sa me are as may al so explain
the lack of statistically significant cor re la ti on in our
study. RP re fers to the acu te chan ges wit hin 4-12
we eks which is se en as gro und-glass opa city or
con so li da ti on in the lung.2,3,23 The se may re sol ve
comp le tely, but ra di a ti on fib ro sis de ve lops wit hin
6-12 months more commonly and typi cally ap pe ars
as trac ti on bronc hi ec ta sis, vo lu me loss and scar ring
on CT scan.2,3,23,24 In this study, we ob ser ved that
des pi te la te post-RT ima ging pe ri ods, FDG up ta ke
may still per sist to a va ri ab le but ge ne rally high de-
g re e. Inf lam ma ti on is cha rac te ri zed by in cre a sed
glu co se me ta bo lism, which le ads to ele va ted FDG
up ta ke. Ten dency to in fec ti on du e to ana to mi cal
dis tor ting la te ef fects of ra di a ti on may be spe cu la -
ted as one of the re a sons for this per sis ten ce. The
ot her re a sons that may be spe cu la ted as the high
up ta ke of FDG in fib ro sis are as on PET/CT we re
non-ne op las tic inf lam ma tory cel lu lar ele ments,
such as mac rop ha ges, lymphocy tes and me tap las -
tic epit he li al cells, and squ a mo us me tap la si a in du -
ced by che mo ra di ot he rapy.25 As sess ment of lung
inf lam ma ti on with 18F-FDG PET du ring acu te
lung in jury is do cu men ted in a re cent re vi ew.26 As
no ted by de Prost et al., in pa ti ents with pul mo nary
fib ro sis, the hig hest FDG PET SUVs co re gis te red
with high-re so lu ti on CT pat terns, such as ho ney -
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com bing, which is clas si cally un ders to od as rep re -
sen ta ti ve of ir re ver sib le pa rench ymal scar ring. It
was hypot he si zed that this fin ding ref lec ted high
fib rob las tic ac ti vity, sug ges ting an op por tu nity for
phar ma co lo gic ma ni pu la ti on.26 Alt ho ugh the pre s-
ent study do es not ha ve a long term fol low up, the
high FDG up ta ke le vels imply that the af fec ted are -
as may un der go fib ro sis, and sup por ti ve ca re, such
as ste ro ids, oxy gen the rapy, and pul mo nary re ha -
bi li ta ti on exer ci ses to ma na ge res pi ra tory symp-
toms, sho uld be ta ken in to ac co unt in the se
pa ti ents.

Alt ho ugh RP usu ally oc curs wit hin the ir ra di -
a ted lung, RP out si de the tre at ment por tals has be -
en re por ted.3,7 In this study we ha ve fo cu sed on the
me ta bo lic res pon se on the af fec ted lung be yond the
tu mor are a, and con tra la te ral lung was not analy -
zed from this po int of vi ew.

As sta ted ear li er, sex, age, smo king his tory,
pre-exis ting pul mo nary di se a se, per for man ce sco re
and pul mo nary func ti on be fo re ra di ot he rapy ha ve
be en re por ted to af fect the risk for ra di a ti on pne u -
mo ni tis.13,20,27 Wang et al. re por ted that that the re
was no sta tis ti cally sig ni fi cant dif fe ren ce bet we en
the cli ni cal pa ra me ters (sex, age, smo king his tory,
in duc ti on che mot he rapy, con cur rent che mot he -
rapy re gi mens and Kar nofsky per for man ce sco re)
and the in ci den ce of acu te ra di a ti on pne u mo ni tis.27

Si mi larly, we did not find a sta tis ti cally sig ni fi cant
re la ti ons hip bet we en the deg re e of FDG up ta ke and
pre sen ce or deg re e of the afo re men ti o ned cli ni cal
risk pa ra me ters such as Kar nofsky per for man ce
sco re, age and smo king sta tus.

We ack now led ge so me im por tant li mi ta ti ons
in this study. Con cur rent or ad ju vant che mot he -
rapy, es pe ci ally with car bop la tin or pac li ta xel com-
bi na ti ons, has be en re por ted to po ten ti a te the ef fects
of ra di a ti on to xi city.14,15 Pa ras har et al. re por ted that
pa ti ents who re ce i ved any che mot he rapy had a five
ti mes gre a ter risk of de ve lo ping RP than in pa ti ents
who did not re ce i ve this tre at ment.15 Ho we ver, in a
pros pec ti ve ran do mi zed study eva lu a ting the ra pe u -
tic sig ni fi can ce of con cur rent pac li ta xel and ra di ot -
he rapy (gro up 1) ver sus ra di ot he rapy alo ne (gro up
2) in NSCLC by Ulu tin and Pak, Gra de 3 pul mo nary

to xi city was ob ser ved in 16% of pa ti ents in gro up 1,
whilst Gra de 1 and 2 pul mo nary to xi city in gro up 2
was 19%, and tre at ment-re la ted to xi city ra tes we re
fo und to be ne arly clo se to each ot her.28 Cli ni cal tri-
als de mons tra ted that the se ef fects we re con sis tent
with the ra di o sen si ti za ti on pro per ti es of the se che -
mot he ra pe u tic agents and might be an exp la na ti on
for the to xi ci ti es.29 In the pre sent study, as all pa ti -
ents had re ce i ved che mot he rapy, the ad di ti o nal ef-
fects of che mot he rapy on RI LI we re not eva lu a ted
sta tis ti cally.

The re por ted in ci den ce of cli ni cal ma ni fes ta ti -
ons as so ci a ted with RP is 7-8% and the symptoms
are usu ally mild, des pi te ima ging fin dings that may
ap pe ar mo re pro mi nent.6,23,30 Du e to the ret ros pec -
ti ve na tu re of this study, we we re unab le to cor re -
la te FDG PET/CT fin dings with pa ti ents’
symptoms. Such a cor re la ti on co uld help the cli ni -
ci an to pre dict the se ve rity of RI LI. In a re cent
study, Fa ri a et al. stu di ed two com mon ways of as-
ses sing ra di a ti on-in du ced la te lung to xi city af ter
cu ra ti ve ra di ot he rapy.31 They re por ted that alt ho -
ugh all pa ti ents pre sen ted so me degree of ra di og -
rap hic ab nor ma lities, the re was no cor re la ti on with
lung symptoms. Be ca u se, con trary to X-ray ba sed
ima ging systems, FDG PET ref lects me ta bo lic as-
pects of RI LI, one may ha ve ex pec ted to find a bet-
ter cor re la ti on bet we en FDG PET with cli ni cal
symptoms than that of the pre vi o us ones.

Anot her li mi ta ti on of the pre sent study is the
pa ti ent se lec ti on met hod. Be ca u se we re vi e wed the
PET/CT scan re ports at first and se lec ted only ca ses
in whom at le ast so me deg re e of ra di a ti on-re la ted
lung in jury fin dings had be en re por ted on PET/CT
scans, so me ca ses with RI LI who has no mar ked
FDG up ta ke or have not been men ti o ned in the re-
ports wo uld ha ve be en mis sed. If such ca ses we re to
be inc lu ded in the study, then we wo uld ex pect a
con si de rab le re la ti ons hip bet we en the ti me elap -
sed af ter RT and FDG res pon se.

The use of a sing le post RT PET/CT scan is a
li mi ta ti on, it self. A ti me li ne in ter pre ta ti on with se-
ri al scan ning may al low mo re ac cu ra te in for ma ti on
on its cli ni cal im por tan ce, but it wo uld not be fe a -
sib le for our ret ros pec ti ve study.
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CONC LU SION
The evi den ce from our study sho wed that, alt ho -
ugh so me over lap oc curs bet we en iso do se re gi ons,
the deg re e of ra di a ti on-re la ted pa rench ymal FDG
up ta ke gets hig her with in cre a sing do se le vels. Per-
sis tent high FDG up ta ke le vels may be ob ser ved
wit hin ra di a ti on fib ro sis are as even se ve ral months

af ter RT. Alt ho ugh a sta tis ti cally sig ni fi cant re la ti -
ons hip was not fo und in the pre sent study, a me a -
ning ful as so ci a ti on wo uld be ex pec ted bet we en the
ti me elap sed af ter RT and FDG res pon se with a lar -
ger pa ti ent gro up. In ad di ti on to its re la ti ons hip
with RT do si met ric fac tors, the di ag nos tic and
prog nos tic im por tan ce of the PET pat terns of RI LI
phe no me non re ma in to be stu di ed furt her.
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