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Abstract

With the popularization of imaging techniques, the detection rate of renal tumors has increased
markedly. Fat-poor renal angiomyolipoma (fpRAML) and renal cell carcinoma (RCC) exhibit highly
overlapping imaging features, resulting in great difficulties in preoperative differential diagnosis.
Conventional imaging examinations and percutaneous biopsy are limited by insufficient diagnostic
efficiency, inadequate sampling of small lesions, difficulty in distinguishing tumor subtypes, and
potential complications, which may lead to unnecessary surgical resection in patients with benign
fpRAML. To further explore noninvasive differential diagnostic approaches and optimize clinical
management strategies, this article systematically reviews recent domestic and international re-
search progress. We summarize the application value and limitations of computed tomography,
magnetic resonance imaging, and ultrasound, as well as serological biomarkers and clinical base-
line features in differentiating fpRAML from RCC. Current studies have demonstrated that CT can
provide preliminary differential diagnosis based on lesion morphological signs, quantitative pa-
rameters, vascular distribution patterns, texture features, and dynamic enhancement characteris-
tics. MRI, characterized by chemical shift imaging, signal attenuation manifestations and dynamic
enhancement parameters, has favorable value for distinguishing fpRAML from RCC. Conventional
ultrasound and contrast-enhanced ultrasound are suitable for preliminary clinical screening due to
their convenience and noninvasiveness, and characteristic hyperechoic signs and contrast-enhanced
patterns show good differential efficacy. Meanwhile, artificial intelligence analytical techniques
based on radiomics and deep learning have offered new avenues for noninvasive diagnosis, yet they
still suffer from practical limitations such as insufficient model generalization ability. Single imag-
ing modality has inherent diagnostic limitations. In contrast, the multidimensional combined model
that integrates quantitative imaging parameters, serum alkaline phosphatase levels, and clinical
indicators including gender and age can significantly improve diagnostic accuracy, holding great
promise for prospective clinical application.

Keywords

Fat-Poor Renal Angiomyolipoma, Renal Cell Carcinoma, Imaging Differential Diagnosis

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

SRR BRIV R A 45 5 0 Ao 98 1R R 2R IBAE T iy CT IR rh RE RS A6 DU 3] P I T AL 1) g 917 1
YT S bR, R DU E Hh 2 A 1 IS JULIE D798 (renal angiomyolipoma, RAML). {H&, X7
fE CT LIEIR™] WG ITRLsr T 5 000 B AR St i, RE B IR Se v/ N, W R R A T
B, EAR R i lER A DO AT 2 Wr o V81 LR D 88 2 B s L PR U R 1k e, o s gl o
s MR B CPEILAK E R IIE A R LR e 29 5% IE-~FIg U T8 E CT.
MRI 2485 FIGVE R s AR nT R IR T 2021, X S e PR Do = R s I/~ JULJE 197 9% (fat-poor renal
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angiomyolipoma, fpRAML) [1]. 54l fUj# (Renal cell carcinoma, RCC)/& 5 & WL 1) B ISk s, AR VIR
(105 A = i 7 SEPE R v, 70%~80%& RCC, RCC A =il : iFE WAl RCC (clear cell RCC, ccRCC)-
A 3kJIR RCC (papillary RCC, pRCC) Bt (A4 it (chromophobe RCC, chRCC); H:H1, ccRCC 122V &,
chRCC ZZEVERAK, pRCC T 3 H[al[2]. Z W7 T 558 0 5 M S Sibfeg el o 2 T Bt (1), BT bA
50 B AES T ) B = B I3 S /N g 8 R B R VIBR 7 2, ERBIFER I, 20%~30%H DR i) B
Z R S /N e R 8 BEAIE SN R, AR 50% 4 fpRAML, IR EefiRi 52 7 AL B FARIBIT[3].

X TSV B IR A SUR B2 W, 2 R RINE R A a2 e R LR, (E 2 7 RS e ) R A
FEREE R AR R RN N B, T/ NR, A AUREAR BN R IR B AL A I SR I R A
XF/NT 3 em (B I SRR £ 12 W R AR AN TR 23 700 /2 84% A1 60% [4]. LAk, ke Al LGB o
JHJRE AR« JRRIFE XU 55 I AORE M AT BRI T o VRN L R ME Y S 2 W IR e RS, bean, B LR
2 0 JER R AN A AL ZH ZARFAE ) chRCC AIRETRVERLANBUARIRE, & PR LA 1K) RCC 556 91 B AR A0 i i o
[ RAML, #RHE LU I 2 G A R S 1[5 ] fpRAML 5 Bl AR A AN RE 25 H 4l 140 3L 465 1 (AR T/ 41 A
), MELABIRARGZ, DI KE pRAML B#E R AR BT B VIS, REEAR G KA A B 240
216].

FEINGIRSZ B, B g 1) R A S5 01 5 V) 50 R B B8 3 (N Pl SRy 7 R 4%, R 4 e L
BUN B TR E G & T AR AR, ImPKT7 57T AT ARG 8 4 V0) . TR ST (W VR TH Rl ek
HHHUHRAR) . MU ANNIGIT . BUE S OB R IRTT INE 7] ik, I R A I AR S A
PHE AR AR LU A pRAML 5 RCC, e thid & B U5 W88 B 1 28 s o7 ED 2 FARVIBR I
S, AT S AR AN A E TR, A Bl R B AR H i NS ik B d S & iRy 1 %6 3K
fIIEIE 7 & FHEE . CT & MRI KX RCC K fpRAML %6502 Wi sk 5¢, Xt 7ok AT 48k

2. CT HEARER fpRAML 5 RCC

A4k, KT CT BUEHARTE pRAML 5 RCC %52 Wi 7 [ BT 58 AWML, A 25080 56 s %
AR MR RRE . CT H SRR IE . SO 2E,

JifRE T A5 S AR J7 T, Yang 25[8][BIE: 4T T 33 4 fppRAML 5 102 %1 RCC (115 AE =11 CT 1
HiEG, RIS AR FEA8AR, AR A A e PR EIRME . A P4 CT
8 > 38.5 HU, XLEAFAERTIER (pRAML FIEWIES, 5 RCC #HAT40. kLN A IEA R FIRT
fPRAML JRHIZEIR . R A I A K AHERT B S OY RAE I 2S5 1 RCC Al S B34 5 L R38R0, %%
SR, HMELAE BB SR [8]. Schieda ZE[91fH T 04 16 5] fp RAML 45 48 5] RCC “F41 CT EUEZAD
RO, KB EIELE PSR P R LS 2 57 HWSEE R — 83—, NEEHT 8080
JREL I pRAML AFETEMZ AR TURR, AREE BEA JXt  25 FE e JR 5 1E 5 B SRR SR 2% 22, FRAEi kil
ey, Rk RS AT HBZAE R o Schieda 25 [91 I 701 K B H- A7 S 70 110 A5 -3 UL TG 07 98 AN A T4
AT B R RAML; /R4 fpRAML K CT E%Em T RCC, H =% CT HAFEHES, HIIKE
EEFRPRIZWINE A IR . Ogawa Z5[101HIBFFCAN 342 513552 5 A i DI AR B 25 3458 CT M8, b
7 A R JR RS A 4iE (early dark cortical band, EDCB), KI5 HAME 55 f A2 5t X g 2R ol
52, FAFARIL 61.8%1) ccRCC 2 i3 EDCB MIES, ZfER %01 ccRCC 5 fpRAML [ R . Fr 57
FEPETRIAE « FAPE B AR N 61.8% 100%. 100%. 14.9%, [RIH AW = 104 53 5 5 B 7, EDCB
AR R X 4 2 A2 IR T A% o EDCB Ji B F 85 1 REXT B ccRCC J8 Ji AR 4B G s, 24 1) o Ak I /7 2%
FERRAR,  7E B B o 408 i 7 Bk = s S R, TR R 5 R A I AN 2R s RE A7 [10] . Kim 5§
[T IR FAIN 602 Bl KEAE < 4 ecm. 3458 CT Jo IR AT UL 7 (1) B B0 kb 3 (49 9 f(pRAML. 553
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%l RCC), R AL ikk i S SR AE PR B & FRAES /) fpRAML (RSZ I Fa %, il
GRURAE BN AR, R ERA I TS AUC KA 0.871. 0.943, 0.949, 1iF BRI H
TER AR fPRAML R R PESLARAR BN IO 77 o WL H AIE 405 B 2% At 2 15550 JULITG 88 o s L
Y B RN, RSN AT IR LR, D2 B AT B SE R . BRI . W, i
B BARFAE I B A (1] 810, BT AFEBE R AR EA S —, HIXEdabrti o e s, HikR
I8 FH 52 El|— 52 PRl o

Kang Z[ 1218 BB 72047 7 257 BIEAR < 4 om BB = e 07 Sk s %, B35 231 %1 RCC
J% 26 1] fppRAML, T-3458 CT Raliii Ea) ¥ ktie s, @A 4 <o < (R + K 2) & A15 e
() [ 7455 (Circularity Index), fpRAML FJETEARHULEZECT RCC, FEITEARE %0 — & b2 T 1
% 0.924, T HiZ3E® <0.9 /&% 5] fpRAML 7 T R 25 (R U 88.5%. ¢ 7 JE 90.9%). Fiy I,
B ISP UL 0 988 TE 4T 4E CL IR A A, 2 8 [ B LA 2180 1, 5 AR AN, R B i B K
1M RCC Jil FElAFAEM R 75 S AP 4R, PREGIMR I, RS2, IR EE & . Song 55[13]
HIWEFE 538 1 35 9] (pRAML 5 177 ] RCC il fritng CT 218, XL dmikt 2 DUEAS#4abs: 1%
JRAAE . MU AR, REFE 5. P9 4N E T AR EE (B (internal-to-external circle area ratio), A& ¥ P4 AME THI AR L
AJE g —Fh i B s B SE RS H6FRFH T pRAML 5 RCC IR, MAMZRFRIE RN, 76 5E MEIEhR
(2Rl b BN TEFa B P AP THIAR DUABDX 2 5 S AR b, 29T DABE T 565 1) 3 2809 b FoL i A5 25 ) A
BWRLRE -

T IR B A REAE, Bagheri 5[ 14118 AL B 7347 T 12 49 pRAML 5 36 15l ccRCC ] )38
58 CT BG, IXEegy N K 5115 I 3% CT BT B3] W AR > 2 mm BRI, 8t X 5 280
(AR R I 3347 X5 B 0 BT R B, TS fpRAML [ K IS 351 988 PN LA, 177 ccRCC AP K I 350 98 J)
MAE, KRV TR CT My M08 pPRAML 5 ccRCC KIS E E 2%,
Yanagi 5[ 1580 BAR <4 em B 130 6145 E /) & 47 25 (123 61 RCC, 7 7 fpRAML)HJ3 58 CT El 5
AT [ 23 B, PP-Ai P (R S T, AR I o SORG 5 CT G kiR T8 8 EAT IR IEE IR 1
ERME, NRIEER. ZHFFRRI, M 2K RCC MRBEE. Fe5F . FEETMAE . B
H 550 48.5% 45.5% 100%- 100%, [KISLE: 84 B T4 5] fpRAML 5 RCC; B4k, 1% 5L K
UL I TV A3 s RCC ARG 5 & R I TR bx o

Yang S5 [ FL LI CT A > 38.5 HU AIYE ML SAAS F 48 br4i B (pRAML 5 RCC H% 5.
{H2 Schieda SE[9]H\NRE pRAML K4 CT E% T RCC, H3 CT (HAFEES, FIKEE
HEfRZEIEA R

BEAEAS DRI 7T CT SO 43 Mr 4B fpRAML 5 RCC %52 Wr. Hodgdon 5[ 16141 CT K%
FF R SUH T, 45 B BR fpRAML [R5 i3 2] B 2 5T RCC, R RIE K. You ZE[ 17/ 7 KL,
Xof<4.5 cm B BRI P2 DU B8 5% CT SCEE 4 HT , To 18P 0% 4 5 JA AR 25 T 4 2% 7 fpRAML 5 ccRCCo
ELAR CT SUERAS T AT DLE B 2 W OP A BRI HE R DA 5, B 55 RS AR T R G

3. MRI HAR£5] fpRAML 5 RCC

BIRIELB B E fpRAML W ICiE M EI AR /T WA ey, (HR H A AT RS BE /A B2 R T
WHIIRITARL. AHFFIRE T MRIALAALRE % 5 R (chemical shift MRI, CS-MRDXJ T fpRAML 2 i
YrE, KIL CS-MRI A LG 2] fpRAML #1988 T a7, JCHGGEM T-74 CT S B LA %5, RF Ak
RPN AR 18135 A5 5 R [18]. {EZ, 2T 60%0) ccRCC (¥ fiJea 241 i A th 25 A 17 1 7
[FIRE 2 ISR S 53208, At DMXAGE S CS-MRI ZAE G L2 T (pRAML [1][19]. {HEBCA H
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B FEHRAE G0 PT 2 2 PR R B s ARG AS 5 0k A I T2 IBURIR A PR {5 5, AT 12T ccRCC
[20]; [z, BRESEYE S ALAE T2WI L8 51MKA5 S, FIS CS-MRI #] WL 845 5 20, NN fpPRAML
[21][22].

WEAE MRI B FC0PAl 198 P I A BBk MBS SRR SR, T S gk il 3 BoG Iimdt, 7ERIAAL RS 3%
BN 55208, ] 598 N RE i 15 5 5 A X 43 o Childs 2523/ 5T 7R, 18% ccRCC. 42% pRCC
A DL R ARAS A5 5 32 06k, 1M 68 2 pRAML 7E N BT R PRI 3 TC LR I . Murray 252415 L 11 6] fppRAML
L5 58 B pRCC ikt I RIAIAIAS 532 0RFE, 454 VPG5 2 A5 5 2 dan %5 pRCC IRURE N
37.9%- R EE 100%.

LU AIRE T fpRAML fERE SR CT AR 58E MRI a8 AL RRAE,  FrlRg s A A s ek oA I/ 0
oA B iR e g, BT pRAML BT A [ 718 WURT I B2 AN ] 52 1, BT DAL S R 1 A1 2 S ]
EM . ARG RAES, HAEKWN, 1ESIKFH, HRAML 5 ccRCC 3R R AT B 1%
%, (BERH S & T FHAMK pRCC [1][8] [5] [25]. 458 CT F, fpRAML 584L351 FEAE T ccRCC [8] [5]
[25]0 AFEHIHTFERT PRAML HI3E FEF R iE RIMIFTC— B[ 1]. MRIAHCHFFEFRIFHEY] fpRAML T3
Jik R A B B2 [21] [26]. Sasiwimonphan ZF[21]H&H, R AIRAILARZN MK /B s LA > 1.5 255
fpRAML 5 RCC, REF. KFE. UERR B 67% 92%. 89%.

4. BERBFLR fpPRAML 5 RCC

TR R A, B AR R R (5 AL R R AR, Rz, el RS A2 PR O R
P, AL RAML T & A £ EMAEDT, RIS (L%F 5 SRR ), H2 pRAML HT
L= MRy, RS N 2 RBPUNKE S, S5 PpRAML 5 RCC () A #5[E] A HAEAE LLIX 7« Liang 25[27]
1 [l PRI SN N 50 M fpRAML K 104 #{ RCC Hifil, Figi e K EARII<S em, AHITY 58 RCH FIEE 7 K&
P I A AT, 2T I A S R T fpRAML H B ke P 5 Bl A5 AE (R A5 AE 39 AE) O ME 2 5
993 Jeb P v [ U AR [ 7 U o A7 PR A A v [ 7 R e 24 ek P R D B ATLBICZE 20 A T IR s i
RUR S B R ORIE A, AT RN R TE; UM RS R, DR RAT RIS A s gk, )
AR BUE A AL, RPN RL S R BRI = B R (271 998 b P g [ 75 E 4 550 9 S 88 i) ROC Hi 28 R T
UL 088 REUE 78%- FimfE 97%. BHPETIME 93%. BAPETIE 90%, PRIIZAES ] LAE 45
fpRAML [ 7500 K 25 [27] -

ISR AREI LR, E NSNS AR TR 3G 5 AR TE W e Ra (1 RS S A R R
AR IRV PG HE AR T fpRAML 5 RCC FISE RIS T . TEIXSEm 50,  Bios i e i 5o g
fE I e M R e 7 AT o0 AT . B PR AT BRI A T R O 1 O S g I
FEMEL) 5 BN ML 3 ATt ), 45 7 & S A e\ SR 77 20) 5 .

Atri ZE[4]HTRTIEPERT AT LU T RS B U SR /N R (R G AR, SRR, TERIKE, 5
B SR EL, S LA 1) Bk R A  S PE f(F2 B2 pRCC); 35 fpRAML 7E PN 1) R i 988 76 50 Jhik U1 41 52 2%
At (F2, B TR AR 75 I SRR R R K S A M L THIBARRAE . REESE, JEARES
o B R S /N R 1 RO [4]. B2, Liang 5527 ]MIBT AN T HAE <5cm [ pRAML f RCC, H45
RN, PR AT sRAL X B A I BT IE X 7)) pRAML 5 RCC ) AUC A 0.70. RIEFUE 96%. FiFJE
44%. BHPETAE 45% FAVETIME 96%, PRIIZAT 7ol s St e bn il AE 8 %3] fpRAML FIAM 7 T
MFEFR . Jiang SE[28]1HIBF AN Sy, MREUMEAE . NS5 5] PRI oo 15 ST g e 4 o e, (ER ORI FE 9
A X NI B R B RN AT PR o SR, R JAE S AN I S PRSI, 355 IR R DR /A O
PELS: BN fpRAML AR K208, P . SFE S5 A, JEEkIIASE ., J48, I8 5235 S HEE .

DOI: 10.12677/acm.2026.1672754 2248 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672754

KPP SF

WFAREM, <2 cm [0 B4 R R A BB AT, 5k (M B R (>4 o) Eb /N BT H TS 340 50 480 3 1)
Al REMETE K [29].

P 3 R B OB R VR A T AR R 0 3 R S R v FR IS IR - SR R K — R
PN S, CRRIGIESREE . TRIEIE . G R E SR WS BRI TR M CEUS 1)
He g B PPN SHE BB (pSSRM [ I ZE 72 A & L[4] [30]. {H2, XEESHMEE D ME R
PE fpSSRM Z M EEM:, FrUATEIRRSEE A+, & RS H00 T 45 fpSSRM I R AT — & 1) J5 B

5. MEZFRAR ARG R FAETE 15 B AR R £ RSB h AR A

Tl PE 1% 2 (A lkaline phosphatase, ALP)VFAE T-AN A I AE)WFh b, 75 %Fp B 2 D) R i R H5 55 G E
L, Bk 2 fS R Eh 10 A FAL A9, 83k DNA & R B3R A R IE M TEIR[31]. ALP ZEMAE#E
EHIER A —EM$ . B %E X ME ALP 58 Mg AR THE TS, RO 40 g i3 b i
ALP /KFiE T R E s 3 SR E #5210 RCC g AL, AIFE B RCC B LG+ ALP
KPR [32] [33]. ALP AP A B2 A K K - (VEGF) M 22 24 JEUR AL R IS (MAPK) (15 546 S #20i
[34]. VEGF /2 1¢#k RCC K FEER £ —, MAPK 3@ M 180E 7l # RCC 46 5E[35] [36]. KL,
ALP n[ eIl 821 VEGF [)3%% sl i 7 MAPK BB (554 S, RAEH RCC B .

I ARAFAE A7 T, BRAE A A0 B, % R PR RSk A i J8 2 AT LU, B AEAR RS YRR, R
KANHHBAES, Bk mbd. MR AR, Mg B RE2 T &, 17 LM 5 — 0 57 1)
S S WA B 35 e P i [37] [38]

Peng Z£[33|MIBFFL4NN 32 1] pRAML 5 133 %] RCC 7, i B2 5<4 cm, 454 RATIMIE ALP
KL SFEEBIIK R CT it R 2 F R mHEE, SR ERFE L. BTRMILE ALP /K,
W CT “PHME . AR IR AR 5L EUE, A fpRAML FU4SAE; AHE T3 — I 22 ek CT 2 Wik A,
RETE. ALP. P4 CT M. AEXF AL LU DY IR RS B2 W AR e flt, ROC T2k R AR ik
0.922. VEHEHEF ALP < 70.50 U/L. “FHIMI& CT {H > 35.97 Hu. MIRIAEX SRAGIGIE < 82.66, ikl
5E A fpRAML [ AT Be 4 5 &

6. ET&EF A TEsE(Artificial Intelligence, ANFARZE fpRAML 5 RCC %5
SRR A

CT &5 i ik g 2462, T4 5 pRAML 5 RCC ) Al iR WG AR 4% . £iliE
BRURES W, BT, EBERM. BSesun. HEMHUM CT 5e i 2 HEMIRIE . Yang 540N
163 15| 2955 BEAIE 52 (145 /N R (118 5] RCC, 45 1] pRAML), $RECVUHA CT HFAE. JLida 224 44325
AL OB E] 3360 NHIBAY, XFLLATA IR e, S5 RAUES T CT 3B BURHIE I 4 70 R RE
ZRT HA =W 1%, SVM (Support Vector Machine) ¥4 BLAFAE i 7Y AUC Jik 0.90; HAF 745 R
WEBKFE T4 CT 1R IR L R IE, 25 B L3 5 ) 43 AL AT AT 5230 fpRAML 55 RCC [R5 HE 2 571[39].
— I 452 151 53 RO BB 9T, M FEIRAE T —Fh 2T Xception ZEA411) £ 1818 CNN (convo-
lutional neural network)JR & 2% S #i 8, FF % 5] pRAML 5 RCC, ZEM I HTE N TIREUFHE, fIANZZE
S CT EHE T 52 B P s = 4 RS B [40]. WFRRBL, FETFH CT IIZRIBA X RE B
THG5R CT #5484, “FH CT BE 7 IBIER AV W ARE B L, FLam A8 SUBRAIE AUC 0.951, A#BERIE AUC
0.966. AN R OIGAE AUC 0.898, filRi BL4E >40 mm B RSG5 vy, IHHIF 70 A2 1 0058 IR HLAA A0
SRR CT BRBES: SIAHICHI AT, UESEHIRFE 5 IR L& 54 . 5 NIEARE Sl Re J1[40]. Bk 2
T CT 1) AT WFFR I P43 CT WEM AL BAVEAS WL REL T35 I B, A2 B Ihag. &R+
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Par
&

Yo, RHOERTE M s IR R AR SR R AT g mthRe ALSBZ W T H, 500 2 W Sk 14e
S Bt EEAUR SR RS o AHARAFAE — 52 (R s, AR AL 2 T BT T3l /) I S X, FER HAFE 23 %
Sy MEREEE SR AR, mIfRREER = .

MRI & A T2WI (T2-weighted imaging). ADC (Apparent Diffusion Coefficient). IVIM (intravoxel inco-
herent motion) £ Z ¥ Wit L& AT SRBUK I T4 BUS MBI TS B, MG AT B HE R T2WI 4% 5
DWI (diffusion-weighted imaging) B &2 15 73 AT - Jian 5[4 1] (B 70 3L 90N 69 151 i kg £ (50 491 RCC,
19 #i fpRAML), FHIATH L MRI J IVIM-DWI 52, WFFPEAE3EET MRI 2R H 480 (pRAML 5
RCC KRN Iahe: AR T MU IR RS AUC 5 0.802, H:T-HEVE /-4 £ M2 IVIM &
BSHIR AUC 4 0.692, T2WI AR AUC 4 0.883, IVIM BG4 AUC N 0.874, Rl
PRH 5 R A AR 5 AUC N 0.919, IR - SR FIABANIZ Il Re s L. AUC & 0.931;
R EE BRI R - SAAR 4S8R nT /N TE B F B 5l pRAML 5 RCC, ARSI kit ikds. H
A MRI AH2G AL W02 NG/ NEARRASY, B2 2 F O MTERIE, T2 A BT FERT . BeAS s, G PR B
R EABXTVE G T CT MK ALIE R

A EATCA) . oRS. RE E ES L, (R A S RE S ES R, AR R
ZER K. Zhang ZE[42190N 194 151 S B /NI B35 (67 1) fpRAML. 127 1] RCC), #RiTH:T#F K%
AR P R AE 5 B AR 4 SRR 45 73] /N fpRAML 5 /N8 RCC F2 W7 3R, 26 T-HE 75 G 0 i =28 SVM
B GRS A F 2 LASSO ik 7 AN N THRAE, [ 4l 35 BRI IRTIE 45 NRZRHE,
IRFE-2H AR G A BB A PR RAE s 45 R BRI FERHIE 5 52 A5 2H 2 R e A F 1 23 R AR 12 W R R A A
WZREE AUC ik 0.96. BSZINAEE AUC M 0.85, R THRALAZ A Z2(AUC N 0.77)5 B4R B FFAE AR A
(AUC N 0.84). MEBFFTUESE, BEEHE A BUR IR FERFIE S 2 B H R %5 pRAML 5 RCC A & RUFH
AT (R S MG B 2 R MR KT & R MO, 2 RO MENZ AR TS 195 rhCa e FH I (1 2

7. BESRE

R, ARG B BRI S FHASE A 88 £ e PRAS: Hh 2 AN T v JF rp 2 R Ol S T e )
ARHTE RS WA 28 S W R AR 2 5 PRANBHA M R USSR TE UL G AR 2R, AL CT. MRIL
P B R T BUEIRREAT PR, FLIG PR 5 FH 10 2 R s DR PR AR R /s BBOREAS 2+ 2R S ) XEJSE K
FAAEFFROME R S SR, AT I XECLSEDURS 2 I, 2B S 30 RYE fpRAML 5 3 52d EFARIBTT,
R ERST RIRIR S 5 B AL E TR FEHEX ) fpRAML 5 RCC W B Ak = i s S 1k 88 (1) 1R
Bk, RARFHE MR TR MEABETAR, B8 EFHE S LR, REBLTE E A MR
WETERT I, B — RS AR O REIR UM R B — e RS B, AR W RBR R, MELASEBL = 2. FE
HERIE A C . TG ZRASRE AR, BamRN D 2RHE . 52 hR S5 2 425 B ka2
Wik R, WA RERAN R A TR AL, BRI PIERIME A W AR, B BURBIR R 2
W BEIA 207 % . SRR, ANTEREEASHRES I BORMRIE R R, T2 W5 HUAIR A LR
B AR R, BB SUEMIE R TR AR, 8 HHRAML 5 RCC TLEISEHITRAL 7 4R
&, (HAZAZ RN TR GEAR R OURIT S O BB N REARBA IR, AME 2 oty BRI IEA 2, Y
ZACBE AR RAIE . Ak, IFRIFRARFEAR. 2l ATHEMEAREL RN BT T, 5 — & K04
LRIVl R . BACIZHIRME, & DA ESR S WA R HE I S IE I, R SR THAR B 27
IR RT RN, SE R AN BASISRAIE, HEBIZEAR VP AL T AR il R 2T .

DOI: 10.12677/acm.2026.1672754 2250 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672754

E S

BRpE s N EREE B BH A SCREE &) 20220Y-225 BRPS4& H AR B2 2Lk F 78 v &I — B0 H (5 4F)

2025JC-YBQN-1234,

&5k

[10]

[11]

[12]

Sasaguri, K. and Takahashi, N. (2018) CT and MR Imaging for Solid Renal Mass Characterization. European Journal
of Radiology, 99, 40-54. https://doi.org/10.1016/j.ejrad.2017.12.008

van Oostenbrugge, T.J., Fiitterer, J.J. and Mulders, P.F.A. (2018) Diagnostic Imaging for Solid Renal Tumors: A Pictorial
Review. Kidney Cancer, 2, 79-93. https://doi.org/10.3233/kca-180028

Richard, P.O., Jewett, M.A.S., Bhatt, J.R., Kachura, J.R., Evans, A.J., Zlotta, A.R., ef al. (2015) Renal Tumor Biopsy
for Small Renal Masses: A Single-Center 13-Year Experience. European Urology, 68, 1007-1013.
https://doi.org/10.1016/j.eururo.2015.04.004

Atri, M., Tabatabaeifar, L., Jang, H., Finelli, A., Moshonov, H. and Jewett, M. (2015) Accuracy of Contrast-Enhanced
US for Differentiating Benign from Malignant Solid Small Renal Masses. Radiology, 276, 900-908.
https://doi.org/10.1148/radiol.2015140907

Zhang, J., Lefkowitz, R.A., Ishill, N.M., Wang, L., Moskowitz, C.S., Russo, P., et al. (2007) Solid Renal Cortical Tumors:
Differentiation with Ct. Radiology, 244, 494-504. https://doi.org/10.1148/radiol.2442060927

Strother, M., Uzzo, R.N., Handorf, E. and Uzzo, R.G. (2023) Distinguishing Lipid-Poor Angiomyolipoma from Renal
Carcinoma Using Tumor Shape. Urologic Oncology: Seminars and Original Investigations, 41, 208.¢9-208.e14.
https://doi.org/10.1016/j.urolonc.2023.01.008

Varghese, B.A., Chen, F., Hwang, D.H., Cen, S.Y., Gill, L.S. and Duddalwar, V.A. (2018) Differentiating Solid, Non-

Macroscopic Fat Containing, Enhancing Renal Masses Using Fast Fourier Transform Analysis of Multiphase CT. The
British Journal of Radiology, 91, Article 20170789. https://doi.org/10.1259/bjr.20170789

Yang, C.W., Shen, S.H., Chang, Y.H., Chung, H., Wang, J., Lin, A.T., et al. (2013) Are There Useful CT Features to
Differentiate Renal Cell Carcinoma from Lipid-Poor Renal Angiomyolipoma? American Journal of Roentgenology, 201,
1017-1028. https://doi.org/10.2214/ajr.12.10204

Schieda, N., Hodgdon, T., El-Khodary, M., Flood, T.A. and Mclnnes, M.D.F. (2014) Unenhanced CT for the Diagnosis
of Minimal-Fat Renal Angiomyolipoma. American Journal of Roentgenology, 203, 1236-1241.
https://doi.org/10.2214/ajr.14.12630

Ogawa, Y., Morita, S., Takagi, T., Yoshida, K., Tanabe, K., Nagashima, Y., ef al. (2021) Early Dark Cortical Band Sign
on CT for Differentiating Clear Cell Renal Cell Carcinoma from Fat Poor Angiomyolipoma and Detecting Peritumoral
Pseudocapsule. European Radiology, 31, 5990-5997. https://doi.org/10.1007/s00330-021-07717-z

Kim, Y.H., Han, K., Oh, Y.T., Jung, D.C., Cho, N.H. and Park, S.Y. (2017) Morphologic Analysis with Computed
Tomography May Help Differentiate Fat-Poor Angiomyolipoma from Renal Cell Carcinoma: A Retrospective Study
with 602 Patients. Abdominal Radiology, 43, 647-654. https://doi.org/10.1007/s00261-017-1244-y

Kang, H.S. and Park, J.J. (2021) Circularity Index on Contrast-Enhanced Computed Tomography Helps Distinguish Fat-
Poor Angiomyolipoma from Renal Cell Carcinoma: Retrospective Analyses of Histologically Proven 257 Small Renal
Tumors Less than 4 Cm. Korean Journal of Radiology, 22, 735-741. https://doi.org/10.3348/kjr.2020.0865

Song, X., Zhang, W., Li, X., Sun, D., Zhang, Q., Ma, H., et al. (2025) Usefulness of the Internal-to-External Circle Area
Ratio in Contrast-Enhanced CT to Differentiate Small (<3 Cm) Fat-Poor Angiomyolipoma from Renal Cell Carcinoma.
BMC Medical Imaging, 25, Article No. 236. https://doi.org/10.1186/s12880-025-01758-2

Bagheri, S.M., Khajehasani, F., Fatemi, I. and Ayoubpour, M.R. (2017) Tumoral Vascular Pattern in Renal Cell Carci-
noma and Fat-Poor Renal Angiomyolipoma as a Novel Helpful Differentiating Factor on Contrast-Enhanced CT Scan.
Tumor Biology, 39, Article 1010428317733 14. https://doi.org/10.1177/1010428317733144

Yanagi, M., Kiriyama, T., Akatsuka, J., Endo, Y., Takeda, H., Katsu, A., et al. (2022) Differential Diagnosis and Prog-
nosis of Small Renal Masses: Association with Collateral Vessels Detected Using Contrast-Enhanced Computed To-
mography. BMC Cancer, 22, Article No. 856. https://doi.org/10.1186/s12885-022-09971-w

Hodgdon, T., McInnes, M.D.F., Schieda, N., Flood, T.A., Lamb, L. and Thornhill, R.E. (2015) Can Quantitative CT
Texture Analysis Be Used to Differentiate Fat-Poor Renal Angiomyolipoma from Renal Cell Carcinoma on Unenhanced
CT Images? Radiology, 276, 787-796. https://doi.org/10.1148/radiol.2015142215

You, M.-., Kim, N. and Choi, H.J. (2019) The Value of Quantitative CT Texture Analysis in Differentiation of Angio-
myolipoma without Visible Fat from Clear Cell Renal Cell Carcinoma on Four-Phase Contrast-Enhanced CT Images.

DOI: 10.12677/acm.2026.1672754 2251 I A [ 2 3k

B


https://doi.org/10.12677/acm.2026.1672754
https://doi.org/10.1016/j.ejrad.2017.12.008
https://doi.org/10.3233/kca-180028
https://doi.org/10.1016/j.eururo.2015.04.004
https://doi.org/10.1148/radiol.2015140907
https://doi.org/10.1148/radiol.2442060927
https://doi.org/10.1016/j.urolonc.2023.01.008
https://doi.org/10.1259/bjr.20170789
https://doi.org/10.2214/ajr.12.10204
https://doi.org/10.2214/ajr.14.12630
https://doi.org/10.1007/s00330-021-07717-z
https://doi.org/10.1007/s00261-017-1244-y
https://doi.org/10.3348/kjr.2020.0865
https://doi.org/10.1186/s12880-025-01758-2
https://doi.org/10.1177/1010428317733144
https://doi.org/10.1186/s12885-022-09971-w
https://doi.org/10.1148/radiol.2015142215

[20]

[21]

[25]

[26]

[34]

[35]

[36]

Clinical Radiology, 74, 547-554. https://doi.org/10.1016/j.crad.2019.02.018

Hakim, S.W., Schieda, N., Hodgdon, T., McInnes, M.D.F., Dilauro, M. and Flood, T.A. (2016) Angiomyolipoma (AML)
without Visible Fat: Ultrasound, CT and MR Imaging Features with Pathological Correlation. European Radiology, 26,
592-600. https://doi.org/10.1007/s00330-015-3851-8

Hindman, N., Ngo, L., Genega, E.M., Melamed, J., Wei, J., Braza, J.M., et al. (2012) Angiomyolipoma with Minimal
Fat: Can It Be Differentiated from Clear Cell Renal Cell Carcinoma by Using Standard MR Techniques? Radiology, 268,
468-477. https://doi.org/10.1148/radiol. 12112087

Campbell, N., Rosenkrantz, A.B. and Pedrosa, I. (2014) MRI Phenotype in Renal Cancer. Topics in Magnetic Resonance
Imaging, 23, 95-115. https://doi.org/10.1097/rmr.0000000000000019

Sasiwimonphan, K., Takahashi, N., Leibovich, B.C., Carter, R.E., Atwell, T.D. and Kawashima, A. (2012) Small (< 4
Cm) Renal Mass: Differentiation of Angiomyolipoma without Visible Fat from Renal Cell Carcinoma Utilizing MR
Imaging. Radiology, 263, 160-168. https://doi.org/10.1148/radiol.12111205

Schieda, N., Dilauro, M., Moosavi, B., Hodgdon, T., Cron, G.O., Mclnnes, M.D.F., et al. (2016) MRI Evaluation of
Small (<4 Cm) Solid Renal Masses: Multivariate Modeling Improves Diagnostic Accuracy for Angiomyolipoma without
Visible Fat Compared to Univariate Analysis. European Radiology, 26, 2242-2251.
https://doi.org/10.1007/s00330-015-4039-y

Childs, D.D., Clingan, M.J., Zagoria, R.J., Sirintrapun, J., Tangtiang, K., Anderson, A., et al. (2014) In-Phase Signal
Intensity Loss in Solid Renal Masses on Dual-Echo Gradient-Echo MRI: Association with Malignancy and Pathologic
Classification. American Journal of Roentgenology, 203, W421-W428. https://doi.org/10.2214/ajr.13.11113

Murray, C.A., Quon, M., Mclnnes, M.D.F., van der Pol, C.B., Hakim, S.W., Flood, T.A., et al. (2016) Evaluation of T1-
Weighted MRI to Detect Intratumoral Hemorrhage within Papillary Renal Cell Carcinoma as a Feature Differentiating
from Angiomyolipoma without Visible Fat. American Journal of Roentgenology, 207, 585-591.
https://doi.org/10.2214/ajr.16.16062

Kim, J.K., Park, S., Shon, J. and Cho, K. (2004) Angiomyolipoma with Minimal Fat: Differentiation from Renal Cell
Carcinoma at Biphasic Helical CT. Radiology, 230, 677-684. https://doi.org/10.1148/radiol.2303030003

Scialpi, M., Di Maggio, A., Midiri, M., Loperfido, A., Angelelli, G. and Rotondo, A. (2000) Small Renal Masses: As-
sessment of Lesion Characterization and Vascularity on Dynamic Contrast-Enhanced MR Imaging with Fat Suppression.
American Journal of Roentgenology, 175, 751-757. https://doi.org/10.2214/ajr.175.3.1750751

Liang, X., Zeng, X., Hong, Z., Su, M., Yang, J.C. and Wu, S.S (2024) Determinants of Conventional and Contrast-
Enhanced Ultrasound Diagnosis of Fat-Poor Angiomyolipoma < 5 Cm. Frontiers in Oncology, 14, Article ID: 1446801.
https://doi.org/10.3389/fonc.2024.1446801

Jiang, J., Chen, Y., Zhou, Y. and Zhang, H. (2010) Clear Cell Renal Cell Carcinoma: Contrast-Enhanced Ultrasound
Features Relation to Tumor Size. European Journal of Radiology, 73, 162-167.
https://doi.org/10.1016/j.ejrad.2008.09.030

Kazmierski, B., Deurdulian, C., Tchelepi, H. and Grant, E.G. (2018) Applications of Contrast-Enhanced Ultrasound in
the Kidney. Abdominal Radiology, 43, 880-898. https://doi.org/10.1007/s00261-017-1307-0

Li, C, Lu, Q., Huang, B., Xue, L., Yan, L., Zheng, F., et al. (2016) Quantitative Evaluation of Contrast-Enhanced Ultra-
sound for Differentiation of Renal Cell Carcinoma Subtypes and Angiomyolipoma. European Journal of Radiology, 85,
795-802. https://doi.org/10.1016/j.ejrad.2016.01.009

Zaher, D.M., El-Gamal, M.I., Omar, H.A., Aljareh, S.N., Al-Shamma, S.A., Ali, A.J., et al. (2020) Recent Advances
with Alkaline Phosphatase Isoenzymes and Their Inhibitors. Archiv der Pharmazie, 353, ¢2000011.
https://doi.org/10.1002/ardp.20200001 1

Chen, X., Lan, M., Zhou, Y., Chen, W., Hu, D., Liu, J., et al. (2017) Risk Factors for Bone Metastasis from Renal Cell
Cancer. Journal of Bone Oncology, 9, 29-33. https://doi.org/10.1016/j.jb0.2017.10.004

Peng, T., Fan, J., Xie, B., Wang, Q., Chen, Y., Li, Y., et al. (2023) Alkaline Phosphatase Combines with CT Factors for
Differentiating Small (< 4 Cm) Fat-Poor Angiomyolipoma from Renal Cell Carcinoma: A Multiple Quantitative Tool.
World Journal of Urology, 41, 1345-1351. https://doi.org/10.1007/s00345-023-04367-2

Nam, H.K., Sharma, M., Liu, J. and Hatch, N.E. (2017) Tissue Nonspecific Alkaline Phosphatase (TNAP) Regulates
Cranial Base Growth and Synchondrosis Maturation. Frontiers in Physiology, 8, Article ID: 161.
https://doi.org/10.3389/fphys.2017.00161

Choueiri, T.K. and Kaelin, W.G. (2020) Targeting the HIF2-VEGF Axis in Renal Cell Carcinoma. Nature Medicine, 26,
1519-1530. https://doi.org/10.1038/s41591-020-1093-z

Liu, Y., Lv, H.,, Li, X., Liu, J., Chen, S., Chen, Y., et al. (2021) Cyclovirobuxine Inhibits the Progression of Clear Cell
Renal Cell Carcinoma by Suppressing the IGFBP3-AKT/STAT3/MAPK-Snail Signalling Pathway. International Jour-
nal of Biological Sciences, 17, 3522-3537. https://doi.org/10.7150/ijbs.62114

DOI: 10.12677/acm.2026.1672754 2252 I A [ 2 3k

B


https://doi.org/10.12677/acm.2026.1672754
https://doi.org/10.1016/j.crad.2019.02.018
https://doi.org/10.1007/s00330-015-3851-8
https://doi.org/10.1148/radiol.12112087
https://doi.org/10.1097/rmr.0000000000000019
https://doi.org/10.1148/radiol.12111205
https://doi.org/10.1007/s00330-015-4039-y
https://doi.org/10.2214/ajr.13.11113
https://doi.org/10.2214/ajr.16.16062
https://doi.org/10.1148/radiol.2303030003
https://doi.org/10.2214/ajr.175.3.1750751
https://doi.org/10.3389/fonc.2024.1446801
https://doi.org/10.1016/j.ejrad.2008.09.030
https://doi.org/10.1007/s00261-017-1307-0
https://doi.org/10.1016/j.ejrad.2016.01.009
https://doi.org/10.1002/ardp.202000011
https://doi.org/10.1016/j.jbo.2017.10.004
https://doi.org/10.1007/s00345-023-04367-2
https://doi.org/10.3389/fphys.2017.00161
https://doi.org/10.1038/s41591-020-1093-z
https://doi.org/10.7150/ijbs.62114

KPP SF

[37]

[38]

[39]

[40]

[41]

[42]

Feng, S., Gong, M., Zhou, D., Yuan, R., Kong, J., Jiang, F., et al. (2023) A CT-Based Radiomics Nomogram for Differ-
entiation of Benign and Malignant Small Renal Masses (< 4 Cm). Translational Oncology, 29, Article 101627.
https://doi.org/10.1016/j.tranon.2023.101627

Li, C., Qiao, G., Li, J., Qi, L., Wei, X., Zhang, T., et al. (2022) An Ultrasonic-Based Radiomics Nomogram for Distin-
guishing between Benign and Malignant Solid Renal Masses. Frontiers in Oncology, 12, Article ID: 847805.
https://doi.org/10.3389/fonc.2022.847805

Yang, R., Wu, J., Sun, L., Lai, S., Xu, Y., Liu, X., et al. (2019) Radiomics of Small Renal Masses on Multiphasic CT:
Accuracy of Machine Learning-Based Classification Models for the Differentiation of Renal Cell Carcinoma and Angi-
omyolipoma without Visible Fat. Furopean Radiology, 30, 1254-1263. https://doi.org/10.1007/s00330-019-06384-5

Yao, H., Tian, L., Liu, X., Li, S., Chen, Y., Cao, J., et al. (2023) Development and External Validation of the Multichan-
nel Deep Learning Model Based on Unenhanced CT for Differentiating Fat-Poor Angiomyolipoma from Renal Cell
Carcinoma: A Two-Center Retrospective Study. Journal of Cancer Research and Clinical Oncology, 149, 15827-15838.
https://doi.org/10.1007/s00432-023-05339-0

Jian, L., Liu, Y., Xie, Y., Jiang, S., Ye, M. and Lin, H. (2022) MRI-Based Radiomics and Urine Creatinine for the
Differentiation of Renal Angiomyolipoma with Minimal Fat from Renal Cell Carcinoma: A Preliminary Study. Frontiers
in Oncology, 12, Article ID: 876664. https://doi.org/10.3389/fonc.2022.876664

Zhang, L., Sun, K., Shi, L., Qiu, J., Wang, X. and Wang, S. (2023) Ultrasound Image-Based Deep Features and Radi-
omics for the Discrimination of Small Fat-Poor Angiomyolipoma and Small Renal Cell Carcinoma. Ultrasound in Med-
icine & Biology, 49, 560-568. https://doi.org/10.1016/j.ultrasmedbio.2022.10.009

DOI: 10.12677/acm.2026.1672754 2253 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672754
https://doi.org/10.1016/j.tranon.2023.101627
https://doi.org/10.3389/fonc.2022.847805
https://doi.org/10.1007/s00330-019-06384-5
https://doi.org/10.1007/s00432-023-05339-0
https://doi.org/10.3389/fonc.2022.876664
https://doi.org/10.1016/j.ultrasmedbio.2022.10.009

	肾脏乏脂肪血管平滑肌脂肪瘤与肾细胞癌的影像学鉴别诊断进展
	摘  要
	关键词
	Research Progress in Imaging Differential Diagnosis of Fat-Poor Renal Angiomyolipoma and Renal Cell Carcinoma
	Abstract
	Keywords
	1. 引言
	2. CT技术鉴别fpRAML与RCC 
	3. MRI技术鉴别fpRAML与RCC
	4. 超声影像学鉴别fpRAML与RCC
	5. 血清学指标及临床特征在肾脏肿瘤的鉴别诊断中的应用
	6. 基于影像学的人工智能(Artificial Intelligence, AI)技术在fpRAML与RCC鉴别诊断中的应用
	7. 总结与展望
	基金资助
	参考文献

