(toBsa )
WIEARS

(FDBmES L) 2025E45355: 451
CHINA ONCOLOGY 2025 Vol.35 No.5

449

. "L@ %’ L]

B BRI S E IR B E SRS

£ 77 K S ERE R XUBE B =2 i 53

, £ A, BXOE, @FO
IE;%B Mg Z, I 200032

l]:n

NEE,

FHT, R B £ xR, &b
52 BRI R BB AR T RE, 2

HoR: B

e

[HE] E=25E8: Z30%0 R TELS B (colorectal cancer, CRC)
BHRREMEER , BAURR10%FF 5 AP ARTIEAE . SR (radio frequency
ablation, RFA) {E RN AN FARBHBNAITE, HIFSHBH RN LR
TSI, AT B FE G R BT CROATHE 2 (8 RFAR 5 A 17 B ey it
JR KBS (5200, BIE3. e Ry R80r FBME R G RIS FME . F7ik: mlBidEgh A
2016%4F 1 —20244F 12 7 & HLK 2= B s e 15 e S0 194 32 RFATR YT I CRCHl e
BB, MR KER <3 cmd] (Smalldl ) F13~5 cm4l ( Large4l ) .
BF AR (1) IR AIE S CRCEIRITFER , BAUR TIhsERs, &%
iSRS AL AR BIARIG s (2) kbR KR HAE<S em; (3) A58 MIG IR R (4)
A EENHAR TR, ARETHBA DI EHUAZ R (computed tomography,
CT) FBAMAGREVIEHCTER; (5) RFARJFREVIH A = A6 H ; (6)
ARPESE ATl (7) MRS AR T34 HERRbRE: (1) SRS RRE R 20
RFAJRYT BT S RFIRYT ; (2) BRH TR ZRFAIRYT; (3) A FERFAARGHE
Vil NF6H o 38 WA NIRITRHE T fE o4 R e CTHR S 7, &
B2 gl TRFAIGYT o ARFAARJG 14 A BRI SR C TR M ALk, ZJRH31 A
FHIRIIRCT, 4R, BUhE6 N A IR CTHATHEYT . AR E
it i HR 2R s LR B e e B S s i 2 (/R34 . 2108241-11) .
FEMEEFERR N B AEAE M (overall survival, OS) | Joilt/@/ /7 ( progression-
free survival, PFS) JJm#fi i/ (local tumor progression, LTP) , R
Kaplan-Meier 4= 774381 K Z2 [H 2 COX ] =B R Ak il ELA% A7 TN . 45
R AR 13400 S AL B, Horh Smalldl 774, Large41S74.
FFAERETI3S A, <3 em411, 3HISAEOSHAI 5 9100.0% . 95.1%F174.2%, i
FAET3~5 emf (94.7%. 36.8%F127.0%, P<0.000 1) , 1. 3FIS4EPFSH/}
51°490.9% . 34.4%F123.3%, 1Mi3~5 cm{LH13.8% . 0.0%7F10.0% ( P<0.000
1) o A, <3 em#l1, 3FISLELTPE (0.0%. 19.7%F133.6% ) &L T3~5
em (46.0%. 75.5%M175.5%, P<<0.000 1) . ZHESHEx, MEER>
3 emERMOS [ AU L (‘hazard ratio, HR ) =6.49, 95% CI: 3.18~13.24, P
<0.001 ] gz e A&, Rup@Edi)i ( carcinoembryonic antigen, CEA )
=5 ng/mL 508 A (HR=1.82, P=0.033) . Z&it: M@ EZEHN3~5 cmZHy
CRCIiFEH% B ERFAR G A4 R 354 T<3 em#, 3 e AI/E i PERFASE 1
IERYSCRE MY, BRARATCEAK TR AL &2

[ &8 | 25 e, MR, SPIEml; Mg EAes; AT
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[ Abstract | Background and purpose: Approximately 30% of patients with metastatic colorectal cancer (CRC) develops
pulmonary metastasis, yet less than 10% are eligible for surgical resection. Radiofrequency ablation (RFA) serves as an alternative
therapy for non-surgical candidates, but the relationship between its efficacy and tumor diameter remains controversial. This study
aimed to investigate the impact of tumor size on survival outcomes and local progression risk in CRC patients with pulmonary
metastasis after RFA, and to validate the clinical utility of a 3 cm threshold for prognosis. Methods: This retrospective study included
CRC patients with pulmonary metastasis who underwent RFA at Fudan University Shanghai Cancer Center between January 2016
and December 2024. Patients were stratified into two groups based on maximum lesion diameter: <3 cm (Small group) and 3-5
cm (Large group). Patient inclusion criteria: (1) pathologically confirmed lung metastases originating from CRC, with metastases
limited to the lungs or extra-pulmonary metastatic lesions having been radically treated; (2) maximum lesion diameter <5 cm; (3)
complete clinical data available; (4) complete imaging data available, including computed tomography (CT) images during ablation
and contrast-enhanced CT images during postoperative follow-up; (5) follow-up time of at least >>6 months after RFA; (6) technical
complete ablation; (7) fewer than 3 pulmonary metastatic lesions. Exclusion criteria: (1) target lesions previously treated with local
therapies such as RFA or radiotherapy; (2) patients unable to tolerate RFA; (3) patients with follow-up time <6 months after RFA.
Three senior interventional physicians performed percutaneous RFA under guidance of a 64-slice spiral CT scanner. Chest contrast-
enhanced CT scans obtained 1 month after RFA were used as the baseline, followed by contrast-enhanced CT scans every 3 months
for 1 year, then every 6 months for subsequent follow-up. This study was approved by the medical ethics committee of Fudan
University Shanghai Cancer Center (ethical approval number: 2108241-11). Primary endpoints included overall survival (OS),
progression-free survival (PFS), and local tumor progression (LTP). Kaplan-Meier analysis and multivariate COX regression were
employed to evaluate the independent prognostic value of tumor size. Results: A total of 134 patients who met the inclusion criteria
were ultimately enrolled, including 77 in the Small group and 57 in the Large group. With a median follow-up of 35 months, the <3
cm group demonstrated superior 1-, 3-, and 5-year OS rates (100.0%, 95.1%, 74.2%) compared to the 3-5 cm group (94.7%, 36.8%,
27.0%, P<<0.0001), and the <3 cm group demonstrated superior 1-, 3-, and 5-year PFS rates (90.9%, 34.4%, 23.3%) compared
to the 3-5 cm group (13.8%, 0.0%, 0.0%, P<<0.000 1). The <3 cm group also exhibited significantly lower 1-, 3-, and 5-year LTP
rates (0.0%, 19.7%, 33.6%) compared to the 3-5 cm group (46.0%, 75.5%, 75.5%, P<<0.000 1). Multivariable analysis identified
tumor diameter >3 c¢m as an independent predictor of worse OS [ hazard ratio (HR)=6.49, 95% CI: 3.18-13.24, P<<0.001] , while
elevated preoperative carcinoembryonic antigen (CEA) (=5 ng/mL) correlated with shorter OS (HR=1.82, P=0.033). Conclusion:
CRC patients with pulmonary metastasis and tumor diameters of 3-5 cm exhibited significantly inferior survival outcomes after
RFA compared to the <3 cm group. A tumor diameter of 3 cm can serve as a critical threshold for selecting RFA indications, and
combining preoperative CEA levels can optimize patient stratification.

[ Key words ] Colorectal cancer; Pulmonary metastases; Radiofrequency ablation; Tumor diameter; Survival analysis

%5 H 9% (colorectal cancer, CRC) B H HAE>3 emif, JHEIA TR EET R, H
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o BEMASRE: (D) FRE2ERAIESS CRCK
VRIS, HAUR TG, siifisMe ekt
CARRIRIG; (2 Wit m K EHAE<S em; 3) A58
G IRTORE; (4) A58 RARF TR, EHEH
AR I EHUAZ B8 ( computed tomography,
CT) BMEMARGHEVIG#CTEE ; (5) RFAR
Je B U 2= A 6 H 5 (6) £ ARPESE 49
s (7) Wi LB D T34 . HEBR PR -
(1) #0555 kB A 322 32 5 RFATR T Bl 0T 45 R ik i
575 (2) HE JCEMSZRFAVAYT ; (3) B 7ERFA
RIGHEVIERINF6NH o AHBRF MK
ik HAAR<3 cm4H ( Smalld] ) FIEARAE3~5 cm
4 (Largedl ) o AZLBE WG IR TR A
Ji, EBEAFEEE . R REEMINER
T KR BLAE L kB S RFA AR Hi i I i
( carcinoembryonic antigen, CEA ) /K,
1.2 CT3| S TEERFARIERTE

3R AIRITRHEE I (348 154F 1 g &
IR AJGIT 256 ) FE64HEIRBECTH AL ( far
= PhilipsA Al ) 515 T, &K FHIFEITRFA
JRIT . CTHISEU 120 kVp, 130~250 mA |
0.625 mm#EE . 3 mmJZ)E . 0.758~1.015 2F,
0.5 sHEFEITA] . 350 mmILEFFIS 1230 RE . TR
RFA{ER ISR B AL 35 I F IS Y R (-
) A7 B B RFALER FITBCE (1) 225 e 7 2.
Wi, AR E HZR Olympus/A 7] FURFA{YL
RIS 1) BTV HE PR SRR T4 Rl E b o AR
KAV R RN B T R AR AT RS L

MRPEAR TR SRCT IR, 0 kb 0 B
FGEBE LA RO ke it 0 iy B LA A A
P o TERRIE R ET YRS e PE R IR, MR P15
T 2 S AR PR 5l AR CARFRRD . A b s )
FMY ), B LR SR PR 2 ) B A2 P 8 e i L sl
TR LRSS R EHSUENE o T UE 5
PES 1% 2R HIFE TR R EE, H MR
FECTH R, He BETHE (10 7 0] F AR B 28 A G A0
B, JFE A%, HRICTHR MR T
ALY, PR SRl TR AT BRI I Rl
kb, RS BB 3 o AR Y RN 28 /0 e kY R
0.5~1.0 ecm. WkHTHALZS ARG, PR TH R,
BRZI AT R C T4 (28R L), g AL
THAEOLA A TC i I RAE

ARIG1 dAATHIR X kA, G385 R R Al
iR, WMESRSA TG BRI R A
1.3 BEMAIRER

PARFAARJE 14~ H (A BB 1458 CTHE R B4R
ZIGRE3AH MK RCT, FE14ER, Wl

6 H A IR CTHATREY . WIRCTIEA,
SRR, AT DAS IR R R SRS
4% ( positron emission tomography and computed
tomography, PET/CT ) sl sk @i tRIH 1945
AT BARTEAL . 228 A RTGE I R A 1 5 5
BN (BA104E L) BRI Mz s ), AR
P et ARSI TN AR dE (modified response
evaluation criteria in solid tumors, mRECIST ) ¥
fHRFAAR 5 BT3GR C TR .
T VF 0 B9 3 245 )R 48 br o2 S A A7
(overall survival, OS ) FIJCik & 4 177
( progression-free survival, PFS) . OSiE M
HE HEZRFATRYT RIFE T 1 (8] (T fEA
JiH ) o PFSRE XCHMRFAIRIT G, E kL
oAb R B R AT (TCR AR R ) B
B RELS JRTe b R i 2k 2 (local tumor
progression, LTP) . LTP&E X AFEAZBE I
(), DXl e 3 Py 90 830 5 i BRI 1 e o
ko ARHYIITRI20254E1 H 1H .
1.4 SGitEacE
K HISPSS 26.0% 13 fr i Bl A7 5t it o

Mro HEARMFGIESD T, WPixtsFon, IR
FH ST REAR 46 56 5L ANO VA BRI B 7 20 W A T
Fe# s A mAS oA, WSk M, PIM

(P25, P75) %, JfRHMann-Whitney U
W AT, AR s R A 4 (%)
N, KM BiFisherfi s . % Kaplan-Meieri:
22H0S . PFSHILTPRY/EAFINZ . 1RY7LHZ A K
Ib# Hlog-rank i 5 . SR FHCOX L il IXUS: ] I 45
RUGEAT B R 28RN 22 R 2R AR A A A, ek AU LE

( hazard ratio, HR) BPEAl4$ 8 &2 5 CRCHNH:
A RFANRFOSHYSCHKEE, HR> 1378 XU
i, HR<IF/RMEEFER. P<0.05MZE5+H 4
EDS- 38

2 4 3

21 BENAFBER

ABFFE 2016451 H—20244E 12 H7EE B K
2 I g BE B A AR YT BHEZRFAIRITINL 679
{50 i 508 A e KB A P R T A 134 B A A 5%
iy, i Smalldl 77/, LargeZ1576. H
BN BHEBR AR WL L
2.2 NABEWIGKEFE

A BEIGEIRFEE LR, 7E 1340 A4
BEH, BYEEIZ W (8061, 59.7% ) HIE{K
BEPHAER LS9 . Hid, 4R34 (107
B, 79.9% ) fFE 2K MR A2 RFAYR
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J7, JFH HA/NERS (4561, 33.6% ) BELETE
s R AL . T AL BTSN RS o kR 1
FIRIAHERYTY (FARYIBR . AT SOBUA
¥7) o AN, #id50% (6961, 51.5%) HHEHE
RATCEAZK M IEHJEH (5 ng/mL) o P4
BEZ RIS . PER . MR ERAL . 2 RFAYR
SOAEE | AN RAE B RIR T CEAZKY- 25 55
BTGt L (P>0.05) , Bilfsdk 3,

Patients with lung metastases from CRC undergoing RFA from
January 2016 to December 2024 (n=1 679)

Excluded patients (n=1 545)
-Unresected primary tumor
(n=423)

-Prior history of locoregional
therapy (n=235)

-Lesion diameter >5 cm
(n=200)

-Incomplete clinical data
(n=198)

-Follow-up period <6
months (n=489)

\
Included patients (n=134) |

Y v

Small group (n=77) Large group (n=57)

E1 BEMNRHKRREER

Fig. 1 Flowchart of patient inclusion and exclusion

23 AEMBEEASRENESEEFER

13445 A\ 2H 835 0y v BT B 8] 2R354 H o
MR EAE <3 emBl, BEAEHEZRFAIRIT
JERILT, 3FISAEOSHE 43I 2H100.0% . 95.1%F
74.2%, 1. 3FISHEPFSH41490.9% . 34.4%
H123.3%, 1. 3FISEELTPHRS50.0%. 19.7%
33.6%, SMARAAEIR R BAF s TSR AR
3~5 cmit, BEML, 3AMSEOSK B A
94.7%. 36.8%F127% (P<<0.000 1) , 14FPFS®H
H}913.8% (P<<0.000 1) , A3 104 & 1E Bl
VAR J 0 A il P 55 A b ol Jmy B 2k Jg , 7ERE 1532
MR, A RE AR BT W P & R Bk
TH RS BLE R, 1. 3HISAELTPR 7 5 & ik
46.0% . 75.5%#M175.5% ( P<<0.000 1, &2~4) .
R ZE IR, A BEVIE R AN, Large]
B Ry e KU S 2 N, AR AR R 2
24 HIMOSHEEZESHT

3 o B R AT R 1T B2 M CRCMii 4% % 6
HRFARJGOSHINZR,, HARG R FK2, BHNER
B AN T A DA B i N | I A i L P E R
RATCEAIKN- | fili S B8 B ki S R &
Hr, ARATCEAZK - FIIh R H AR #S 5 CRC Il #
B HEARFAR G HOS W EHC [ HR=1.82 (95%
CI: 1.05~3.17) F11.96 (95% CI. 1.55~2.48 ) ,
P<<0.001 ] o HABP ZRAFEER . Mol g

F1 NABERIGRFFE

Tab.1 Clinical characteristics of patients enrolled

[n(%)]

Characteristic Total (n=134) Small group (n=77) Large group (n=57) P value
Agelyearxts 59.3+12.1 57.6+11.7 60.3+12.3 0.226
Gender 0.714
Female 54 (40.3) 30(39.0) 24 (42.1)
Male 80 (59.7) 47 (61.0) 33(57.9)
Location 0.494
Left 73 (54.5) 40 (51.9) 33(57.9)
Right 61 (45.5) 37 (48.1) 24 (42.1)
Number of lesions 0.833
1 107 (79.9) 61(79.2) 46 (80.7)
2 27 (20.1) 16 (20.8) 11 (19.3)
Extrapulmonary metastatic 0.62
None 89 (66.4) 53 (68.8) 36(63.2)
Exist 45 (33.6) 24 (31.2) 21 (36.8)
Preoperative CEA/(ng-mL™") 0.601
<5 69 (51.5) 39 (50.6) 30 (52.6)
=5 65 (48.5) 38 (49.4) 27 (47.4)
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(P>0.05) .
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§
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s S50F ?
wn '
o) '
i
251 .
'
i
'
0 P<<0.000 1 ! Group . Small == Large
0 25 50 75 100
Follow-up period/month
Number at risk
Small group 77 60 28 7 0
Large group 57 34 6 3 2

E2 AEMEEZFCRCHER BEEZRFARGHIOSE Mk
Fig.2 OS rate curves of CRC patients with pulmonary metastases

of different tumor diameters after RFA

100 Group == Small == Large
T5F
=X
2
S s50f
&) 1
o ! ’
25F |
1 1
1 1
: 1
ok P<booor
0 25 50 75 100

Follow-up period/month

Number at risk
Small group 77 38 13 5 0
Large group 57 3 0 0 0

B3 FEMEEEFCRCHFER EHEZRFARGHIPFSZ MLk
Fig. 3 PFS rate curves of CRC patients with pulmonary

metastases of different tumor diameters after RFA

Group .Small = Large
100}
75F
N
S | ----EEE----------------
g
& 50
—
251
of : . P<0.000 .1 . .
0 25 50 75 100

Follow-up period/month

Number at risk
Small group 77 55 26 7 1
Large group 57 11 2 1 1

E4 AEMEEZNCRCHFER EEEZIRFARGHILTPER ik
Fig. 4 LTP rate curves of CRC patients with pulmonary

metastases of different tumor diameters after RFA

2 CRCHi##BEERFARGS0SHXNERELH
Tab.2 Univariate analysis of the correlation between RFA and

OS in CRC patients with lung metastases

Variable £ (95% CI) P value
Age 1.01 (0.99, 1.04) 0.280
Gender 0.366
Female 1 (reference)
Male 0.78 (0.45, 1.34)
Location 0.849
Right 1 (reference)
Left 0.95 (0.55, 1.63)
Diameter 1.96 (1.55,2.48)  <<0.001
Preoperative CEA/(ng'mL™) 0.033
<5 1 (reference)
=5 1.82 (1.05, 3.17)
Extrapulmonary metastasis 0.298
None 1 (reference)
Exist 1.26 (0.81, 1.96)
Number of lesions 0.300
1 1 (reference)
2 0.66 (0.29, 1.46)

2.5 AEARBICEAKFEEREHEFER

PL5 ng/mLy 5, ¥ 55 73 AR ATCEAK
V=5 ng/mLAFIARFICEAKF-<5 ng/mL4l,
FHERHEEEFHAMER, SR ILES,
M E R ARFTCEAKF-=5 ng/mLI, 34E/4
FEHHN51.6%, T4 ARFICEAK <5 ng/mL
N, 34ELETFRNIKT75.2%, ZRASH¥E Y
(P<0.05) .

100} Group == CEA<(5 ng/mL = CEA =5 ng/mL
§‘
> 75t
<
S
= SO WhEEh e i
s 1
2 .
1
E 251 | i
wn 1 v
1 1
1l 1
1 1
o} P=0.031 ] ;
0 25 50 75 100
Follow-up period/month
Number at risk
CEA<5ng/mL 68 50 21 6 0
CEA=5ng/mL 66 44 13 4 2

E5 AEARBICEAKFHICRCHHR BEEZRFARGHNETR
B2k
Fig.5 Survival curves of CRC patients with lung metastasis after

RFA treatment stratified by preoperative CEA levels
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2.6 EIMOSH % EZCOXHHh

XA TR e B A2 i CRC i 55 % H 5 RFAR
J5 5OSHM XM EITZ N ECOX A, 45
W23, Smalldl L7768, b 14454 Bl Ui
ZERHTAE T ; Larged L5743, Hd394)
LRGSR ATAET- . ASmalldl W& %4, K
ZATAT R FERY, LargeIHRK5.7 (95% Cl:
3.06~10.6, P<<0.001) ; fEModel-1H, {%&

TR AAERINE S, HRS5.84 (95% Cl:
3.09~11.05, P<<0.001) ; fEModel-2/, #—4
PR TR A B AECR S, HRM6.39 (95% Cl.
3.34~12.21, P<<0.001) ; 7EModel-3H, FiE#k
THANERFIRTTICEAINZ S, HRA6.49 (95%
Cl: 3.18~13.24, P<<0.001) . Jrfy i P4
¥1<0.001, $ERTEREZRFAIGIFIICRCHHIE: S A
e, R EAR S OSIEAE BB M,

&3 RFAREAFEMEERZNCRCHIFER BE S50SHEX R £ ERCOXERS 1

Tab.3 Multivariable COX regression analysis of the correlation between different tumor diameters and OS in patients with CRC

pulmonary metastases following RFA

Group Total Event Crude Model-1 Model-2 Model-3
Small 77 14 1 (reference) 1 (reference) 1 (reference) 1 (reference)
Large 57 39 5.7 (3.06-10.6) 5.84 (3.09-11.05) 6.39 (3.34-12.21) 6.49 (3.18-13.24)
P value <0.001 <<0.001 <<0.001 <0.001

Events refer to patients who died before the end of the follow-up. Model-1 was adjusted for sex, age; Model-2 was adjusted for Model-
I+location, number of lesions; Model-3 was adjusted for Model-2+extrapulmonary metastasis and preoperative CEA.

3 i 1w

BRI I ed M ER2% 2 ( European Society for
Medical Oncology, ESMO ) i it THeF 1
CRCIAYT TS ) Iwads iy, Rl i ByAyr e
CRCEF B ME IR YT A HE IR IR E. 1B
TFARIBIFIEITEE,, REARE WCRCITHE R %
RO S F AR YW AFR S, I EEREE
ZHINTIRE N . BAFRFA ) R B R AE L B
BARS em, H 5845 55 IR 5 T fl R
FhIREI02£0.5~1.0 cm 7L B AR
DR Y s A2 >3 emiff, RFAFRSE B XU £ i
RN, MR B A R RFAY Y AL A% O R &R
Z—, HAEEZRFARICRCIHH: RS B iy Bk
A E . L, AW B ERRME A
X CRCHFE FERFAR 5 A= A7 F1 JRy s 14 Fe XU 1)
A8

A4S R R, CRCIHERS 2 RFA
BITIE, B A>3 em50S. PFS &K
LTPXUS T = DIAH DG, $87R3 em Pl VE iz AHE
RFAJTRL AT M . 3% — & I 5 PereiraZs - *
FSarioglus 17 5T g K /NG 31 R 245 J=3 1)
EiE—5, i B T CRCESIEARE, ik
RAHAM R AR, FE—2E500E T3 emBI{EAE
FERS R PO M. RS AR O s, T
AR IR CRC il B8 95 b 1) Je 3 4 ) 6 0 0y
(EARFFE SR IAXT F A FAREE, RFAJEEZ
MR . — T A H AR495 e il /TR
BE R BENLX RS 2 45 R R, <3 emf/h

skt Z RFATS , P i JC R R AR R3.0
E, SFERYIGA (3.54F) MERLGITFE X
(P=0.58) o it —HRRIH A BELXT HE3HAE 3L
PR P SR R, 7R AR <3 cmCRCHTH:
BIkiayr i, RFARA AL TF AR R
RMOS, AWgEas RN, X TFEA<3 cmff
CRCHiH Bkl RFAREM B H RS FARAMY
1 R i MOS, I3 cmfE W RFATT ALY
B, FEARSH MR )22 T As . Ak,
AR R, RETCEAKFE =5 ng/mLi, CRC
s BB HEZRFA IS TS 2%, 5Ma )
FlLouZs ') S T CEA/K V540 CRO % 7% H %
WG E5 e —8 Wik, MRS EAERE,
AU IR LR AE A RFAARTTITAG BIAZ 005 %
B ARFTCEAK A 2 S v R . X T
3~5 emfkl, TR RIEMARIRA &5 25060
I7 DA S AR TRLN, S 30 MiRE i 21 5% B8, A&
R R S AT 259 T AR LR Rk
A BT R G sk B R g 0 e
BB A B2 DL AR R AT SR e L e 1
R BTN B 2 T
SEATHRLR
AHFGE EAE K 3~5 e i & 3 FIS4EPFS R
#M0.0%, 3FISFLTPRE H75.5%, FKHPIRFA
REME—E FERE D45 K AR CROMi L AL AL 1 Jey i
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