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[ Abstract ] Background and objective The clinical evidences are not sufficient on the proton beam therapy of
lung cancer for lacking of the RCTs on the comparing the proton with the photon beam in lung cancer radiotherapy. The aim
of this study is to evaluate the dosimetry superiority of the proton beam and provide more valuable evidences to the clini-
cal researches. Methods Clinical trails of dosimetric comparing between protons beam and photons beam for lung cancer
radiotherapy were obtained from the Cochrane library, Pubmed, EMbase, CBM, CNKI, VIP, and Wan Fang databases. The
data included in the study were evaluated and analyzed using the Cochrane Collaboration's RevMan 5.2 software. Results
Six trails were included. Compared to photon therapy (three-dimensional conformal photon radiotherapy, 3D-CRT),
mean (MD=-4.15, 95%ClI: -5.56--2.74, P<0.001) and V20, V10, V§
(MD=-10.92, 95%CI: -13.23--8.62, P<0.001); The V20, V10, VS significantly decreased in proton therapy group. Com-
pared to photon therapy (intensity-modulated photon radiotherapy, IMRT), V20, V10, VS were also significantly lowered
in proton therapy group (MD=-3.70, 95%CI: -5.31--2.10, P<0.001; MD=-8.86, 95%CI: -10.74--6.98, P<0.001; MD=-20.13,
95%ClI: -27.11--13.14, P<0.001); The esophagus D,,.,, was not lowered, while the heart D,,,, decreased in proton therapy

mean

the proton therapy had a significantly lower total lung D

group. Conclusion Comparing to photon beam radiotherapy (3D-CRT and IMRT), proton beam therapy is advantageous

in dosimetry of the lung cancer radiotherapy and recommended for clinical applying.
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Tab 1 The general characteristics of included studies

Included studies Nation (study type)  Cases Clinicopathological staging Radiotherapy Pathological types

Jiang 2006 China (clinical 5 NR 60 Gy/60 CGE AD: 1
control study) SCC:3

Unknown: 1

Chang 2006 America (clinical 25 Stagel:10 Phase I: 66 Gy, 87.5 CGE NR
control study) Stage lll: 15 Phase Ill: 63 Gy, 74 CGE

Wang 2009} Japan (clinical 24 Stage | 66 Gy/60 CGE AD: 16
control study) la: 16 SCC:6

Ib: 16 Others: 2

Georg 20081 Australia (clinical 12 NR 45 Gy/3 f NR
control study)

Register 20111 America (clinical 15 Stagel:15 50 Gy/4 f NSCLC NOS: 15
control study)

Roelofs 201212 America, 25 Stagel:4 70 Gy/70 CGE AD:5

Norway, Canada Stagell:3 SCC:7
(multicenter Stagelll:18 LC: 11

clinical control NSCLC NOS: 2

study)

SCC: squamous cell carcinoma; AD: adenocarcinoma; LC: large cell carcinoma; NSCLC NOS: non-small cell lung cancer not otherwise specified;

CGE: cobalt Gray equivalent; NR: not reported.

%= 2 CTVRPTVHIFIE 3T ELE
Tab 2 Dosimetric comparison of CTV and PTV

Studies Statistical index Data P
Jiang 2006 Cl Cl: 3D-CRT vs IMRT vs PBT=1.54 vs 1.27 vs 1.21 NC
IC IC: 3D-CRT vs IMRT vs PBT=0.4 vs 0.29 vs 0.59

Wang 20092 CTV covered by 90% isodose line (%) 3D-CRT vs PBT=99.0£0.4 vs 99.0%+1.3 0.57
CTV covered by 95% isodose line (%) 3D-CRT vs PBT=43.2%+33 vs86.4%12.5 <0.001
Georg 2008 (d] DIBH: 3D-CRT vs PBT=0.78+0.02 vs 0.53%0.08 <0.001
SB+AC: 3D-CRT vs PBT=0.77%+0.03 vs 0.54+0.08 <0.001
Roelof 201202 CN 3D-CRT vs PBT=0.25%0.07 vs 0.25£0.08 >0.999
IMRT vs PBT=0.38%0.1 vs 0.25£0.08 <0.001

Cl: conformity index; IC: inhomogeneity coefficient; CN: conformation number; DIBH: deep inspiration breath hold; SB+AC: shallow breathing

with abdominal compression; 3D-CRT: three-dimensional conformal photon radiotherapy; IMRT: intensity-modulated photon radiotherapy;

PBT: proton beam therapy; NC: not calculable.

/R: V20MIVIOH &S : MD=-3.70, 95%CI: -5.31--2.10,
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proton photon{3D-CRT) Mean Difference Mean Difference
Study or Subqroup Mean SO Total Mean SD Total Weight V. Random, 95% Ci V. Random, 95% CI
1.1.1 Total lung Dmean
Chatig 2006 ( stagel-66GY) 54 07 10 g7 1.2 10 11.7% -430[-516,-344] -
Chang 2006 ( stagel-87 5Gy) 73 08 10 128 16 10 112% -5.50[-F6.64, -4.36) Foah
Chang 2008 ( stagelll-63Gy) 166 07 10 207 08 10 120% -4.10[4.76,-3.44] =
Chang 2006 ( stagell-T4Gy) 20 08 10 246 09 10 11.8% -460[-535 -3.85) e
Register 2011 36 0.4 15 5.4 0.5 19 123% -1.90[-2.22,-1.58] =
Roelofs 2012 135 B.2 25 188 73 25 §7% -540[-915 -1.65] Ay
Subtotal (95% CI) 80 80 64.7% -4.15[-5.56,-2.74] L
Heterogeneity Tau®= 2.67; Chi*= 101 14, df= & (F < 0.00004); = 95%
Testfor overall effect Z=8.77 (P = 0.00001)
1.1.2 Ipsilateral lung Dmean
Geory 2008 DIBH 107 12 13 07 12 121% -0,30}0.86,0.26] 1
Georg 2008 SE+AC 13 08 12 16 0.7 12 120% -030(-080,0230 T
wang 2008 56 1.8 24 8.6 21 24 1 2% -3.00[-4.11,-1.89] s
Subtotal (95% CI) 48 48 353% -110[-2.40, 0.201 L
Heterogeneity Tau®=117, Chi*= 2011, di= 2 (P = 0.0001), *=30%
Testior overall effect Z=1.66 (P=010)
Total (95% CI) 128 128 100.0% -3.10[-4.33,-1.88] L
Heterogeneity. Tau®= 2.16; Chi*= 217.36, df= 6 (F = 0.00001); = 956% v N TR T

Test for overall effect. Z=4.96 (F = 0 00001)
Testfor subdroun diferences: ChiF=9.70,dfi=1 (P=0.002), F=83,7%

1 FRF vs &F (3D-CRT) iA47 At XM AHD
Fig 1 The total lung D

mean® mean

and ipsilateral lung D

mean mean

cancer
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proton photon { 3JD-CRT) Mean Ditference Mean Difference
Mean SD Total Mes otal Al IV, Randoim, 85% Rand ;
1.21V20
Chang 2006 { stagel-665y) 98 %3 10 B 21 10 51% -6.00 -7.53,-4.47) -
Chang 2006 { stagel-87 6Gy) 108 14 10 183 25 10 51% -340 1018, -667) >
Chang Z00F { stagelll-63Gy) 30 1.3 10 348 T3 10 52% -4.80 [6.03,-3.57] =
Chand 2006 { stagell-T4GYy) .6 1.2 4o ‘3388 14 10 52% -8.30 |-9.64, -6.81] N
Jlang 2006 10.83 1236 5 1875 1914 i 1A%  -T92[-2789,12.05) e
Register 2011 67 08 15 87 11 15 53% -2.00 [-2.69,-1 31] E
Roelofs 2012 205 104 26 271 126 P 8% -6.60 [-12.00,-0.20] =)
wang 2008 56 18 24 BB 21 24 52% -3.00 491, -1.88] =
Subtotal (95% Cl) 104 109 36.1% 546 [-7.57, -3.36) L ]

Helerogeneily, Tau®= 7.03, Chi*=104 73, dT=7 (P = 0.00001), P= 93%
Testfor overall effect Z= 6.09 (F = 0,00001)

1.2.2\10

Chang 2006 ( stagel-66GY) H
Charig 2006 { stagel-87 .5Gy) 123
Chang 2006 { stagelll-63Gy) 356

10 248 34 10 60% -1280[F19.24,-1058] ==
0 278 37 10 50% -15.50[F17.95,-13.05 =
10 468 26 10 51% -11.30(13.07,-9.53| -

L3 = b b e

Chang 2006 ( stagelll-74Gy) 36 6 10 508 43 10 48% -14.30[1707,-11 53] =
Register 2011 103 15 152 15 18 53% -4.90 [-5.81,-3.949] 3
wang 2008 85 24 145 33 24 51% -6.00 [-7.74,-4.22] =
Subtotal (95% Cl) 4 79 30.5% -10.73[-14.54.-6.91] 2

Heteroneneity, Taus= 21 57, Chif= 13503, df= 5 (F = D.00001), F= 96%
Testfor overall effect Z=5.91 (P = 0,00001)

1.23V5
Chang 2006 { stagel-BBGY ) 13 1.5 10 318 4 10 50% -18.80[2145-16.159] =
Chang 2006 { stagel87 aGy) 134 15 10 345 43 10 49% -21.10[F23.92,-18.29] =
Chang 2006 { stagell-E3Gy) 391 4 10 541 33 10 A1% -1500F17.22,-12.74) -

Chang 2006 {stagelll-74Gy) 39.7 1..4 10 541 33 10 51% -14.40[16.62,-12.18] ~

Register 2011 114 i | 15 2238 21 15 52% -11.50 [-TE.T"U,-‘IUBO] =
Roalofs 2012 218 138 28 53.1 7 25 3% -2560[-34.21,-16.59] =
wang 2008 102 33 24 257 5 24 50% -1550F17.90,-13.10) =t
Subtotal [95% Cl) 104 104 333% -16.60 (19,50, 13.70] L

Heterogeneity, Tau®= 12.74, ChP=62.28, df= 6 (F = 0.00001), P= B0%
Testfor overall effect Z=11.21 {F = 0.00001)

Total (95% Cl) 202 292 100.0% -10.92[13.23, 862 L]
Heterogeneity, Tau = 26.06; Ch® = 798,34, df= 20 (F < 0,00001); F = 97% AT & 15
Testfor overall effect £=9.29 (P < 000001} K E

Testfor subroun differences, Ghit= 3754, df= 2 (F = 0.00001), [F= 84.7% e i allildinc d i

B 2 FRF vs 3£F (3D-CRT) jAYTATREEV20. V10, V5HIELER
Fig 2 The V20. V10 and V5 comparing between proton beam and photon beam (3D-CRT) for lung cancer

prolon photon ¢ IMRT) Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SO Total Weight IV, Fixed, 95% ClI V. Fixed, 95% CI
1.31v20
Chang 2006 { stagelll-63Gy) 308 1.5 5 345 22 5 471% -370[F6.03-1.37) —
Chang 2006 ( stagelll-74Gy) 333 15 i 31 23 5 443% -380[6.21,-1.39 -
Jdiang 2006 1083 1235 5 1774 1829 & 07% <691 2635 1243 *
Roelofs 2012 05 104 25 234 102 5 7% -280[-B 61, 2.81] —ar L
Subtotal (35% CI) 40 40 100.0% -3.70 [-5.31,-2.10) <

Heterogeneily, Chif= 019, 0= 3 (P=098), F= 0%
Testfor overall effect 2= 4 53 (P = 0.00001)

1.3.2V10

Chang 2006 ( stagell-635y) a7 A8 & 453 2y 5 BO1% -830[10.72-5.89 -
Chang 2006 { stagelll-74Gy) /3 26 5 48 23 5 39.9% -8.70(-12.68,-6.72 —a—
Subtotal (85% Cl) 10 10 100.0% -B.86[-10.74, 5.98] <>

Heterogeneity, Chi® =051, df=1 (P=047), F= 0%

Testlor averall effect Z=9.23 (P < 0.00007)
405 0 5 10

Favour prolon  Favour phalon

Testior suboroun differences; Chi*= 1873, di=1 (P = 0.0001). F=94.0%

B 3 BRF vs 3£F (IMRT) A7 AfEEV20. VI10RIELE
Fig 3 The V20 and V10 comparing between proton beam and photon beam (IMRT) for lung cancer
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Mean Difference

proton photon (IMRT) Mean Difference
Study or Subgrou| Mean SD Total Mean SO Total Weiaht IV, Random, 95% Ci
Chang 2006 { stagelll-A35y) 431 A A &85 29 5 362% -1540[1373,-1107]
Chang 2006 ( stagelll-74Gy) 44 41 5 E15 a4 5 354% -17500-2217.-1287
Roelofs 201 2 275 1349 25 568 128 25 285% -2940[-3683,-21.47)
Total (95% CI) 35 35 1000% -20.13[-27.11,-13.14]

Heterogeneity, Tau*= 20,23, Chi*=10.40, df= 2 (P = 0.006), F=81%
Testfor overall effect 2= 565 (F = 0,00001)

4 BF vs FF (IMRT) JAFr Bl V5RIEL R
Fig 4 The V5 comparing between proton beam and photon beam (IMRT) for lung cancer

100 50 0 50 100
Favour proton  Favour phioton

protan photon (30-CRT) Mean Difference Mean Difference
tudy or Subgrou Mean SD Total Mean SO Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 85% Cl
wang 2008 0 01 28 27 24 24 9B1% -2.70[3.54,-186] 2008 o |
Reglster 2011 258 36 7 273 57 7 27% -140}6.39 3.59] 2011 I
Roglofs 20012 244 137 25 283 138 25 1.2% -3.90[11.55, 3,78 2012 ==
Total (95% Cl) 56 56 100.0% -2.68[.3.50, .1.85] L ]
Heteragenelty Chi*= 0235 df=2 (P=0.84), F=0% _1'0 = 0 5 10

Testfor overall effect 2= 6.37 (P = 0.00001)

Bl 5 FRF vs F (3D-CRT) iAfTAEMBE RFERED, , HILLE
Fig 5 The esophagus D,

mean

Favour proton Favour photan

comparing between proton beam and photon beam (3D-CRT) for lung cancer

proton photon { 3D-CRT) Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SO Total Weiaht IV, Random, 95% Cl_Year IV, Random. 95% Ci
wang 2008 01 03 24 35 3 34 438%  -340[-461,-219] 2003 &
Register 2011 255 65 4 451 B& 4 213% -19.60[-3032,-8.88] 2011
Roelofs 2012 76 72 35 153 1B 25 349% -770[13.05-2.35 2012 ——
Tota! (95% C1) 53 53 100.0% -8.35[15.22, 1.49] .

Heterogeneity, Tau™= 27,67, Chi*= 1081, df=2 (P=0,005); F=81%
Testfor overall effect Z=238(F=002)

B 6 B&F vs F (3D-CRT) iATTAHEREREE LD, FIELE
Fig 6 The heartD

mean

1 L L i
-20-10 0 10 20
Fawaur proton  Favour pholan

comparing between proton beam and photon beam (3D-CRT) for lung cancer

Mean Difference
IV, Fixed., 95% C1

proton photon (IMRT) Mean Difference
Study or Subgroup Mean SO Total Mean S50 Tolal Weight IV, Fixed, 85%C1 Year
Chang 2006 ( stagell-63Gy) 307 65 5 304 B3 5 414% 0.30(-763 8.23)
Chang 2006 ( slagelll-7T4Gy) 358 74 5 B3 8.7 5 341% -150F-10.25 7.25]
Roelofs 2012 283 191 25 264 181 25 245% 1908411221 2012
Total {95% Cl) a5 35 100.0% 0.0815.03,519]

Heterogenelly, Chi*= 0,25, df= 2 (F=0.88), F= 0%
Tes! for overall effect Z= 0,03 (F =0 98}

B 7 RF vs £F (IMRT) i&FriiBRIE REEE]ED, , HELE
Fig 7 The esophagus D
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proton photon (IMRT) Mean Difference Mean Difference
Study or Su Mean SO Total Mean SD Total Weight IV, Fixed. 95% Cl Year IV, Fixed, 95% Ci
Chang 2006 { stagelil-B3Gy) B4 7.8 ] 9.7 48 5 394% -330F7.63,1.03
Chang 2008 ( stagelll-T4Gy) 7B 2.1 b 12 48 5 351% -440[899 019
Roelofs 2012 73 7.2 L b R L 25 255% -4.30[9649,1.09] 2012
Total (95% Cl) 35 35 100.0% -3.94[6.66,-1.22] +
Heterageneity: ChF = 0.14, di=2 (P =0.93); F=0% R %0 3 2 108

Testfor overall effect Z= 2,84 (P=0.005)

8 BF vs £F (IMRT) JATTEEMBRBE LD, BILLE
Fig 8 The heartD

mean
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