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Changes in salivary gland function before and after intensity-modulated radiotherapy for

nasopharyngeal carcinoma and the relationship with irradiation doses
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Abstract: Objective To investigate the changes of salivary gland function in patients with nasopharyngeal carcinoma (NPC) before
and after intensity-modulated radiotherapy (IMRT) and discuss the relationship between the changes and irradiation doses. Methods
Thirty NPC patients who underwent IMRT in the First Affiliated Hospital of Guangxi Medical University were examined with
#"TcO4-SPECT salivary gland dynamic imaging before and at 3 months after radiotherapy to determine the time-activity curve
(TAC), maximum accumulation ratio (MAR) and acid-stimulated maximum secretion rate (MSR) of the parotid glands and the
submandibular glands for studying the relationship between changes in salivary gland function and irradiation dose. Results The
symptom of grade 1-2 dry mouth occurred at 3 months after radiotherapy. TAC showed that there were mainly mild to moderately
damages to the parotid glands and the submandibular glands. The degree of dry mouth and TAC were positively correlated with
the irradiation doses to the salivary glands. The MAR and MSR of the parotid gland and the MSR of the submandibular gland were
significantly lower at 3 months after radiotherapy than those before radiotherapy (P<0.05), but the MAR of the submandibular
gland was not reduced (£>0.05). There was no statistically significant difference in the MAR and MSR between affected salivary
gland and contralateral salivary gland (P>0.05). The irradiation doses to the bilateral salivary glands were reasonable. Conclusion
There are mild to moderate damages to the uptake and excretion functions of the salivary glands in NPC patients, which can cause
grade 1-2 dry mouth. In IMRT for NPC, the doses to the salivary glands can be controlled in a reasonable range.
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X IEH A SRR AR R T CRIERE DX 59) i R, I
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(R 32 B 7 1, AN RE £ M AR 9 07 B B A I8 g
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1.1 IEERER

PEHL 201647 H 22017452 A7E) PHEERL K 2F
5 — B B B T BHAT IMRT 490 34 1 5 3 9 529 30
i . 4% UICC/AICC 55 8 it 73 1, II1 1 9 f51] \Tva 1] 14
B . TIVb I 7 45 55 23 49, £ 7 ], AR 24~70 % -3
(46.7+10.3) % . FRALHGT 1 1, 57 BA R ALY 29
il BAENASRIE : BHARTE RIS (KPS)=70 435 &
W 7 B2 W ol o A B R A At 4T IMRT IRYT .
HEBRBRAE - A5 I LA i 5 52 % S RS 5 & 0 ™ 0
it FFE ' R G 5 A Ui W FL R AR A S BT AR
5 H b g i 0 MR VR RR AR AT o AR ST 2l T
PO R R 245 — B B Be e 3 2 D1 ik, o UL
BN G R A
1.2 BT HA

RGN A MO, 3k 200 5 A 1f 28 [ 22, V1 T+
CT S E (ALK Philip CTHHE 7 HLA T3k 2138 CT
SR O, FRRCTE EE AN BRI SR AR YT
Z 5t (Varian 11X 22 4t ; Pinnacle8 , fif = Philips 2 7] ) 3t
[P 7 14l . 7% 484 Varian clinic IX
SR AR N AR AN oA [ VY ] T AN A, X £ R
6 MV, 2B %% 9B IMRT, 7t #e % CT
AT IOUE , SRIF A IR 2576 3 mm DAY .
1.3 XA H

Z: 182010 £ 1 i IMRT $8 [X % 52 FL 4 2 i #0
X B IEF A (1) S0 5% M8 (GTVnx) FHS
R E Y (GTVnd) 5 (2) M fa X CTVI AR AE X
CTV2; (3)FHRIHAF(PTV ) £ 4% PGTV #1 PCTV, 43
B GTV .CTV AN 3 mm i1 B I LB IE 5 (4) /) i
& K25 B (OAR) , HeHp R 2 i) 450 45 7 R R i

14 FFIERE

(1) #8 X 4b J5 7] & : PGTVnx 70~71 Gy/31 F,
PGTVnd 66~70 Gy/31 F,PCTV1 60~64 Gy/31 F,PCTV2
54~56 Gy/31 F; (2) IRl F-H45 <26 Gy B2/l 50%
TRFR<30 Gy 3, V,,<33% A0l N R V5,<50%; (3) HiAth OAR
PR 2 IR L 52 R 5 (4) 30 491 H 0 X IR R 5 4 2 58
FEER , OAR 52 HE S 55 1 57 AT it 32 0 il A
1.5 MR AR ThEEIE 75 3%

BB IR ROT T BT 3 AT R MR
PRl A& WAk R A . W AR AR 35 B GE & H
SPECT, Mic FH i FH IR B8 /&5 70 e v EL AR, 0 4500
MR A6 b s T s B A AT BR S R A o ke
A2 5" Tc0, 185 MBq 7. Bl 3 7% % £ 21 42 M ik JiR
FHOBR it e 253 i 62 s A8 A, 1 /min, 2535 min, Jf
T 25 40 Bh B & & IR4EAE R C 300 mg, 244 A
250 (1) A% 1= 2 1= i 220 1o KA AR A DX SBUA 451 i [XC
K [ AR JE (4 SR X (ROT) , 7RI R 48 I
A AR B4 B T -l S il 2R (TAC) 5 T RE S 80 (&
1) o B2 B 2l 4 AR I 25 Y, 2 00 ) i A 4l
TACTEA" ¥ MR MR DI 430 - IEH () “S”AY) (4%
JEZ A (PR ) v B A2 4 (e ) (A7
PROKF-LERD) , WL 2~51 5
1.6 M AE

FA B K MR (MAR ) J2 e Ve 30 i A 5 BRI E
FRUT BAZ B RE T7 s 4R 2 C IR B A fe Rk
43063 (MSR) 52 1 e Y3 i ) HE ik T L 2 7 HE T
GFBIRE ST o MRPEARAT A XU B AR A5TF BR X e K
TSP (C ) B/ IV PR T 4R (C) FTAS IR
ST (C ), BRBR/E T B MAR=[ (AR /G0 T B
C - 50 KB 1 C e ) - CE 1 43 B BT C-55 1 43 B i)
C o) BRI PR C, o B8 K C ) X100%, I
/a0 B MSR=[ (45484 R CHi IR/ T R C,,.-fi
KEFAY C ) - (LA HEAE R CIR NIRRT IR C,o- e/ N
1) C ) /(2R 2R CRUIER/AT T MR C -t KB (Y
C i) X100%. 3 ZERCTT G JiT i 34 F W ie 5%
JEBR A5 IR AY MAR FTMSR
1.7 SeitZ 42

& SPSS17.0 48 i A4 4k B AN o3 M B4l it =
ORI R AR 22 R SR FHBCRT A 50, 8070k
PAMIVERER IR, TOIF S 0 R ) e K, A T S 5%
BRI BRI EG , P<0.05 A2 F A G0 F X .
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Statistics Curve A Curve B
integral 1.>3.m 18 Kesee 25 Ke'se
Integral percent 44.09% 55.97%
Integral Ratio AB=787 B/A=1.271
Time to 1/2 max 6.3 min 4.2 min
Time to peak 20.5 min 23.5 min
Tz 25.1 min 25.2 min
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Fig.1 Images of parotid glands and submandibular glands
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Fig.2 Normal: anti-“S” type Fig.3 Slight damage: parabolic type
Tl TERUTHRE BUTR3A A 0T 25 AR A0 I8 AR AE T 3450 i B R Vi Vi

WA GeiT22 72 L (x*=6.415, P=0.040) .
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(1) 30 ] 8 3% 60 A~ JI8 Jit 52 B A B0 7 23 57)

7 (31.45+3.62) Gy PEARF-35500 55 09 b A7 (E2H I AR
53R EE ZE R AR ZE o RO, AR AR AR e o A
R332 5.8~29.7 em?®[ SEH{H (17.6+6.7) em® |l
12.1~37.7 e’ “FHME (20.2+7.0) em®], 227 0,

Vo Vi Dyg Dy Dy AR E R P XS L, 22 A 4
T12FR L (P<0.05) .

(2)30 f] /B % 60 >0 T B 32 B 24500 & O
(60.30+5.52) Gy. i I RBP4 700 & 09 b A7 (R a0
J 4 kg M ZE VRN 20 o R AR A AT AR
F R FL 43 3] A 2.4~8.0 cm?®[ I {H (5.3£1.2) cm® |l
2.6~8.6 e’ [ P4 (5.541.6) em’]. HIF3 A, &
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Fig.4 Moderate damage: continuous rising

F1 BEIMRT &RES TR 34N B OF1ER )
Tab.1 Dry mouth at the end of intensity—modulated radiotherapy
(IMRT) and at 3 months after radiotherapy (cases)

BEl5 EFEFIRKPEE

Fig.5 Severe damage: horizontal line

) AN AT B AE S 7 B R V. Ve, 7
RFR R X, 22 708 it24 3 L (P<0.05) .
2.3 BRER. AN TR IhAE

- R4 23,1 EMES 4 WAL B IMRT )5 3 H
0% 1 2% MR A5 M0 TAC 24 S 30 Ay v 3 52 45 (A 91
W7 2RI 0 o 21 B~97% AT I 80~92% ) , IEJIR 450 T i TAC i<k
BT IR 341 2 16 12 PRI E 2 A5 -S40 e 4 2 LR AT AR
*2 BREEERRIRETEMALR ()
Tab.2 Comparison of irradiation dose and volume of the parotid glands in patients with nasopharyngeal carcinoma (Mean+SD)
aE D, a/ Gy D,../Gy V,/% V% V% Vso/% D,,/Gy D,,/Gy D,,/Gy
BONBEAE  34.01£3.38  70.87+4.37  62.31£10.30 50.00+10.94 30.20+8.34  17.17+7.77 38.37+11.22 35.00£10.99 31.27+10.98
TSN 28.9340.95  66.1144.40 45.73+4.84  33.90+4.03  18.17+3.70  7.72+£3.56 31.67+3.84  28.77+2.97  26.03+2.37
P 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.006 0.020

*3 BREBETTRINEFNER (G5
Tab.3 Comparison of irradiation dose and volume of the

submandibular glands in patients with nasopharyngeal carcinoma

(Mean+SD)
e Do/ Gy D,,.,/Gy Vso/% Veo/%0
AT R 64.8243.56  74.00+1.82  95.96+8.98  80.16+23.83
AT AR 55.6242.29  68.18+12.71 74.19£16.10 34.14+19.83
Py 0.000 0.015 0.000 0.000

55 [ (31.45+3.62) F1(60.30+5.52) Gy, TAC #i
R0 7 E R S RN R R a2 R A G

232 BESH (DIEIRIIGEE R ES AL,
SR | R DU ek B R BT FTAY MAR \MSR 43
SISO G 34 H [ MAR \MSR F i 22 344 Giit2#
FL(P<0.05) , {ECY 7 Fp S 5 FE 0B Y MAR
MSR 735l L3 22 S o gt 12 5 L(P=0.193, P=0.227),

x4 BEREBEERR A TRTACSZRBREYNE
Tab.4 Evaluations by time—activity curve and average irradiation doses
to the parotid glands and submandibular glands in patients with

nasopharyngeal carcinoma

JIE R N
TAC 128281
Do/ QY % D,ear/ GY
1EH 0 - 0 -
PR HE R 18 30.94+3.97 17 58.54+5.26
B A7 40 40 31.68+3.54 38 59.77+5.43
T A7 40 2 65.15+4.25 5 67.93+4.72

ot BT T 5 A e A P O P SR T T

25t WU 3AH B S AR MAR \MSR
O3 B 22 S e e i b4 i L (P=0.855, P=0.717) , 1}
FUF) FEL AU A e R 37 591) TMIRT i 19 4L A 45 ORI
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Tab.5 Comparison of parotid gland function before and after 3 months of radiotherapy (Mean+SD)

A2 AR AR A
fisf ]
MAR/% MSR/% MAR/% MSR/% MAR/% MSR/%
TR i 79.98+26.91 28.16+31.00 84.53+22.17 23.29+30.57 75.44+30.63 33.03+31.17
TR 34 A 66.56+27.42 7.95+19.17 67.22+£27.16 8.85+14.63 65.91+28.14 7.04+23.07
P 0.008 0.000 0.009 0.023 0.010 0.001

MAR : R VR % MSR : i R AR

(2) 8T IR D BE 2 B 2 B - i 3 6 ) UL, 2 2
TR SR A 65T R A MAR BT S 3 H S
YT A 22 S TG B L (P>0.05) , A 2H A0 IR

SR FNAZE A5 T A MSR T IS 3 H 507 B L
BERA G E L (P<0.05) , #ER AT P
IR 8 45 B ET) BE 52 el AS A, o HESHE T RS2 i K

R6 WITAILKUTE 3N BRI (2 = )

Tab.6 Comparison of submandibular gland function before and after 3 months of radiotherapy (Mean+SD)

: SLAHT SEAAT T g AT T i
i MAR/% MSR/% MAR/% MSR/% MAR/% MSR/%
WO 52.05£19.54  23.29+19.69 49.87414.97  22.60+18.47 542242330 23.98+21.12
T3 A 50.95+11.31 9.62+23.39 48.67+12.33 12.91+32.31 53.23+10.35 6.3246.79
PE 0.514 0.001 0.181 0.001 0.833 0.000

Wil A BT 12 A SR IMRT B2
W Y7 it %) 52 SR ) 4 ) A S R LN (HT R R
BT Y AR R R B Y O E . BB AR o T
BRSO 5T B OG0 T IR ORI i g A b. n
{7 2 UL A b [] T A S5 RS S IMIRT 5 AR i
T RR A R R H RS A BRI AT

KT e YR AR R 500 i 1 G R AR F 5 AR A R
Ji R0 R L R A R A AR RN L AZ R
R, SXEY AR . B B ERS
SHRE O RS B GED AR OT R 34
RAEGOT AR O TR —3 . B IMRT /5 3
A B 1~2 G Rk IEAR AT AR TAC Hh4&
F BRI B2 B, AT ) A ) e e Y AR ) R AR
A1, o B AZ A 1) O X 3R B A 2 P A L 4 4
TR, TR TAC B2 S AR (0~
Jit A7 BRI B TR DG, A2 FRORI 6 R, X D YR 460 1
Ko LouZ§ " HFFE$E7R i Tk 5 IR AR 1Y V4, Dy,
RIS 5] % V)M OC . Pan 251 A Sy [R) 00 A B9 F
IR <39 Gy M V4 <52% 2 B3 1 T4 () plsr
TN 7. A5 2R 147] 5 (31.4543.62) Gy,
W3 2H I8 IR F 24 5] 4 29~34 Gy, Vi~ (34~50)% . Dy~

(26~31) Gy, JCIA ifl J2t R sl XU JUE A - 247 5] 4t PR
il 7€ 26 Gy LA™ (AR 2 2 /2 B 50% (A FH<30
oV, <33%. ASHF 5T PR AR A0 0] R AR B L B 22 5
A G SRR AT RO R 3 AN H L AL
MAR MSR A EI TG 24 7 X, #8787 AT IMRT
J& 34 H P2 B4R HR T RE AN HEIE T BB X 0 25 5, AR
XA i 29~34 Gy i M AR 2 B A 52 e 4 7E SRS
FilN . IMRT & 3/ A 2807 R B MAR \MSR ] 52
ALK, B ORI HE T D) 68 (2 7R B B 22 35, MAR \MSR
5 0B AZ BRSPS 00 A7 A SRR S, 32 IR FR) el 5
FRIBURHE D) BE R A

Lee 5"/ — 01 i BE PR 5% 7R A0 F B 24551
oA 42 Gy X T e+ W DI RE & 1T 471 . Pointreau
ST WA TR T R OF 8 5 B/ 39 Gy,
Hawkins 55 A XHIN G T B 73457 5 <39 Gy, A4z
B Tb X2 WA KUK . ASBIF 98 A4 A0 Az IR
S F B K (60.30+5.52) Gy, I Em %k S
23 f5i) FB 2 WU THa DX 3H B0 25 A e B A o o 4B 3 W
USRI I 4t SR Sl s £ 0 0 RN A R AT 28 59 4
IR (45.69+7.22) F1(51.64+8.20) Gy, A I Jif - 15 5
B ICLBRIE 39 Gy AN . PR R 157 1 1A
AR =R E S i oo VN O NS TN R 1IN
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