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[ Abstract ] Background and purpose: In breast cancer surgery, margin status assessment significantly impacts patient prognosis,
with positive margins indicating higher recurrence and metastasis risks. Ensuring complete tumor resection is thus critical for surgical
success. Indocyanine green (ICG) has garnered attention for its potential real-time imaging of breast cancer lesions under near-
infrared light. This study employed ICG for intraoperative assessment of breast cancer lesion margin status and further explored the
possibility of optimizing the safe margin distance surround the lesion in normal breast tissue. Methods: Clinical data of patients
admitted to the Department of Thyroid and Breast Surgery, the Fourth Affiliated Hospital of Anhui Medical University (Affiliated
Chaohu Hospital), from December 2021 to September 2022 were collected. A retrospective clinical study was conducted on breast
cancer patients who were randomly assigned to either the ICG group or the conventional surgery group. Two to three hours before
surgery, patients in the ICG group received a peripheral intravenous injection of 0.5 mg/kg ICG. Intraoperative fluorescence imaging
was performed on the specimen before and after resection, as well as on the residual cavity. Near-infrared fluorescence imaging
equipment was used to quantitatively measure fluorescence intensity of resected lesions at 4 directions (12, 3, 6, and 9 o'clock)
and detect fluorescence in the residual cavity after lesion removal. Specimens were promptly sent to the pathology department
for pathological examination, and safety margins of normal breast tissue in the 4 directions were recorded. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) checklist was followed for this study. This study was approved
by the Ethics Committee of the Fourth Affiliated Hospital of Anhui Medical University (Affiliated Chaohu Hospital) (No. KYXM-
202310-46). Results: This study included 50 breast cancer patients, with 24 in the ICG group and 26 in the traditional surgery group.
In the ICG group, fluorescence signals were detected at all lesion sites. Specifically, fluorescence density values at the lesion center,
margin, and surrounding normal breast tissue were measured as 251.08+10.73, 208.08 =19.74, and 156.76 £16.47, respectively,
showing a gradual decrease from center outward with statistically significant differences (P<<0.05). Additionally, fluorescence ratios
between the lesion center and margin, and center and surrounding normal tissue, were 1.22£0.13 and 1.6240.19, respectively.
After resection, abnormal fluorescence was observed in 2 of 24 cases in the residual cavity, with 1 case being invasive carcinoma
with ductal carcinoma in situ and the other normal breast tissue. Ultimately, this study demonstrated that ICG achieved a sensitivity
of 95.9% and a specificity of 97.9% in margin assessment. After specimen resection, the safety margins of normal glandular tissue
surrounding the lesion were measured. The safety widths for the ICG group and the concurrent breast cancer surgery group were
(8.361+6.42) mm and (15.08 24.75) mm, respectively. This difference was statistically significant (P<<0.05). Conclusion: ICG is
a real-time, efficient, and cost-effective tracer that can be used to determine breast cancer margins, with excellent sensitivity and
specificity. For early-stage breast cancer patients who are eligible for breast-conserving surgery, this tracer helps to reduce the amount
of healthy breast tissue that is removed around the lesion.

[ Key words | Indocyanine green; Breast cancer; Breast-conserving surgery; Surgical fluorescence imaging; Resection; Diagnosis;
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Fig. 1 NIF imaging system was utilized to image the tumor

A: Intraoperatively and real-time navigation was applied to determine
the resection margin of the tumor. B: The distance between the tumor
and the surgical margin was determined, and the fluorescence intensity
of the tumor and the surrounding tissues were recorded simultaneously.
C: After tumor resection, the residual cavity of the breast operation was
fully exposed, and the NIF imaging system was used to fully detect the
fluorescence signals of the tumor bed. NIF: Near-infrared fluorescence.
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Fig. 2 The distance between the tumor and surgical margin and

the signal ratio of the tumor center to the tumor surrounding
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E3 NIFB GRS
Fig.3 NIF image system

A: Visible light image; B: Fusion image; C: Color levels image; D:
Fluorescence mode image.
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| Total parients (n=56)

Patients with allergic history
(n=2);

Neo-chemotherapy patients
(n=2);

Patients with heart failure
(n=1);

Patient with a history
of breast cancer on the
contralateral side (n=1)

\4
| Eligible patients (n=50)

Y !

Group A Group B

(ICG group n=24) (conventional group #n=26)

4 BERMNFIHERIRAE

Fig. 4 Patient inclusion and exclusion flowchart
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Tab. 1 Clinical data of the patients

Clinical characteristics l?nir;)‘l:)p l?ng:r;g)p 1 test  Pvalue
Agelyear 0.206  0.6499
>50 18 18
<50 6 8
Mass size/cm 6.559  0.0104
>2 7 17
<2 17 9
ER 0935 03335
Positive 17 15
Negative 7 11
PR 0.742  0.3891
Positive 14 12
Negative 10 14
HER2 1.066  0.3019
Positive 4 7
Negative 12 13
Unknown 8 6
Ki-67 proliferation index 0.263  0.607 8
>20% 14 17
<20% 10 9
Lymph node staging 0.947  0.3304
NO 20 19
N1 3 6
N2 1 1
Histological classification 1.255 0.262 5
Invasive ductal carcinoma 23 23
Carcinoma in situ 1 2
Others 0 1

22 WRALEBHLER

FARH?2~3 h, THMNEHFKTEHICG, B,
TEFAR G T & FNIF, DLUJC R4S i HL
PR B T FJ730~40 cmih . FTA 2401
H DO C PRI R . Y TF Rz Tk 2B
LR RN, 2361 (95.8% ) B
()95 kb 5 TE W 41 40 22 (8] (14 300 A5 LA 775 AT b 40
o RICETA B9 X S8R 21 B4 m] 78 F AR VIBR
NGNEEIGR . WERRETITE, ey
Bro kb Ie , 8 Bhik £r b e e S 51 T R G dfi 3k
WALk ER (K2) o RAREAL-IGS
P12, 3. 6. 98B mRER L L i
ik 98 20 20 DA B L9 55 R IE IR AR 4 211 2 S ik
FERE . M, R E A4 s ek
O iS5 L ZURN ] B DE B AR L - 345 i B
Sk (251.084+10.73) . (208.08+19.74)
il (156.76+16.47) , ZRHFRIT¥EX

(P <<0.05; Jsgavbcs . I fhid 2120 L K9 55
TE MR AR 20 85 ' i B 1Y) 3 2 B o A B A
IERSG, TEFERRBRAT) o 9Otd
(fluorescence group, FG) HJFfgd 298 JH ( tumor
to peritumor, TTP ) FlJ&E 2 1E % 4K ( tumor
to normal, TTN ) B YE5RE . ( fluorescence
density ratios, FIR) 735/ (1.2240.13) Fl
(1.62£0.19) o JikbrC i 2GR BE 5 T g
ZH LR LA K 55 1E W BRAR A UM A A 22 5. MK
ARGV VR D) s BE2E R AT AR I 5 e B
KA 25 R (AR AR G B A A R — 50
AT 1491 B R 98 s PR AN 1) S 2 2 PEME o
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B H PR T, BIXT5R B O X T R T
K, TR A, 450, AAERELIT
KNGS (AR, 55—
Wakkiisk, BIDCIS) o f#, AL ftab,
DENGRE N DX 3 1 2L SURI A5 1) 72 B0 RE AR S
23 5°M95.9%F197.9% (K5, 6) .
|

sekofok stk

3

(=3

(=1
T

Fluorescence intensity
=
=3
T

Tumor  Pericancerous  Normal
tissues tissues

E5 JREHRML. HEBKZUREEEEHRNRLERE
Fig. 5 The fluorescence intensity of the lesion, the edge of the
lesion, and the surrounding normal tissues

*##%: P<<0.01, compared with each other.

(H-E staining, X20)
E6 FLARIDCHSENE

Fig. 6 IDC of the breast with intraductal carcinoma

IDC: Invasive ductal carcinom.
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Fig. 7 Pathological diagnosis of tissues of the gland at the lesion margin and the tissues around the lesion of different directions

A: The lesion margin in the pathological sections of the ICG group (H-E staining, X 40). B: The tissues around the lesion in the pathological sections

of the traditional surgery group (H-E staining, X20).
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Fig. 8 The width of the gland at the edge of the lesion

A: ICG group; B:Traditional surgery group. ****: P<<0.01, compared
with each other (U value=1 518.5).

24 ICGHEARRRRMMSGIT

ARG R, HICG ARES
2B MBI, Y0 AN SRR
AT T s, WRER 2 SR E LR . B
o] . B3, . RIGESBEARR RN, [T
SLIS R AIRA BN MR . S DR .

3 it 1w

RAFARC) Z TR LS RYT,
A HGE FARVIZHME . KRG E & &N,
PR IBR RS . PR I R KU 2 I
PRI DR, AW AR, R
VIBR D 0T B, A8 VI BRI 2 e 4 R B
ANF2 em, Xk AR ] G S TR )
IEFAL . Har, AR rp Pk R vl o 2
2PN AT Sfe S S R i Gk 1 AT R N e R T
YT, Bz Ak, Wikas—
Tl B 0% S Bk L U b -1k e D B 2 5 400 i L
PRERIE R B AR . TCGHREAE How B 1y 22 e fnm]
BeErE, HESSH AR, Hilc et
— IR THERMRE 2. A FgE e
TICGIm RN By %24t . ABF5EXT L TFEICG
JIS T HEAFT, VIS w42
Rob 25 1ok, ARUF5EEXICGHEFLIR L
VIBRN AW w7 TPl . AETF RS
A ESEER A BURRAR , REAE T I HULEE



782 8 N, & BREFELRBEFADSHSIDCEENUPERIE. L2MRR: R P, RIS

FUFRAE X IRAITEZS . SR A K & i 1 5 412Utk
o XTIREELGMEENT, KL Rk
KA, FARPOEFEIE T VIBREE, B
TE R bR A TR, e A PR bk /1 %o ]
FLIE H A1 . (AR —HR 2, FRAEXTICG
(IS R 3 AR I A A2 FUBR I3 L e ik
RZMIRSERZ R . @i AR HICGHE
FrREAR B A%, AT LA UL TR 50 e it ok
AN G RIEZS; TR, AR IAHER g 5]
BRI NI SR OGRS, A T RERE AL
R X SFENEIEN W, 2B ARFREA
A—EME L. A B, RHICGETE
T 2L A g s R VT B il ki, LR DD B SR AH
AR, Sl E T HIAEL10% AN . 3R 7 2 e I
o, SEHPPERR, BORE, AHXTZEVE, HUMERRRIA
87.5%~93.3%. INAGIEF (OPT) ER—FH
R UGS IG R, TR I A AR B B2
HERIE ( REUE N86%, FEFEN92%) , IfiE
27 SRR SR AU DI SIE- %10 SR N 15 N
B2 ik /D X F AR AR B 6. SR, SICGHE
AR E S 5 S A E AR L, OPTHEAK
T I G B T O SR s R B — A e AR I 2
S5EIEM 26, AR ERKEMARRTIIZG TR,
HAERAEE 2t 54 m AR A C TARRCR W H 1975
SERTIE 8

KA, RPICGH AR RENS SEBLA IR T 52
LS, 3 AT 5B ki BRIV B0 5% A AT
AN, ARIED AR S RS LR R E S8 T
AR LGRS IE R AL, XTI E B A
VIR G 0 Z e A R F EZ IR E L. 1
Gh, ABFREER BN, ICGH AR BEMS A MR %
LRI Mah B, VR —Rh it mai B IR AT
IEEAR, BRUS UM BT AR AR 58 e VIR (1) ¢
L, I R R T AR A RS

AHFFE AR MEERNICC T Y i % AR BT
N o AHRSE A —E R RBRE . B, R
R L RNV o O 0 X S o P N e =
SR 11805 38 5 P 1 0 3 o R AN 2 P I RS PR AR 5
BEATIRAIE . R, 56 TICGART I 5 ) e A i )
M, ASRIFTE N B FE— k. seAh, FEXT
Fb3 bR AR B o B R s, B AR B T i ye
Huly . TR A S KR 55 1 R A [ A —
2SS, HAEEIE IR E R . &
J&, XA PSRN R, HECR AT 5T I
HHE AR S5, UL RERASI G
IR RS B g me S, DOk B o4

W SIRITRCR . BT FARUZGIRES SFLIE
ARG R EOIRI, ARWETE N BE T N 8] 45
JE, R RESE BT P R R R R S AR B Y
L

AT AE R R, ICGREBSAR B AH DGR & A
Y3 (7, T ST A 5 2 Vil BE 0% 355 B e
Wikt RSB B IRk, N ERIE,
ICGHY B HIIE T, & MR . A, HZea
PEC A B FE 0 RORM R RAIE, fd HAE HA S AR 43
SRS HITE 1A LA B

E—1EE:

5 M| (ORCID: 0009-0006-8218-6874 ) , i+,
FIREEIN, 2B R R =5 DU B B2 e (i) 5508 2
Bi ) HELAMEIELE R
BIS1ES:

KBRS (ORCID: 0009-0007-4277-9074) , FAEEE
Ui, LRERIRA VU R B BE (RSB ) B FL
HNEFEAT, E-mail: zjb18949203369@163.com.

& kA=A

BRI T SR, IRIRGORMS SR R 3B, AHF5E S
MR SCHRE s FORER . AR BRK. ATEAR . VR
DL T A . BERISCEE | BORMREHE 0BT . 183
Xt FBA N SRR A, R I BRI
KPrME TR T . RMEE X R AT 1 W IF 7
DLt

(& % X #k]

[1] FILHO A M, LAVERSANNE M, FERLAY J, et al. The
GLOBOCAN 2022 cancer estimates: data sources, methods, and
a snapshot of the cancer burden worldwide [J].Int ] Cancer,
2025, 156(7):1336-1346.

[2] GOTO M, RYOO I, NAFFOUJE S, et al. Image—guided surgery
with a new tumour—targeting probe improves the identification
of positive margins [J] . EBioMedicine, 2022, 76: 103850.

[3] ROSSOU C, ALAMPRITIS G, PATEL B. Reducing re—excision
rates in breast conserving surgery with Margin Probe: systematic
review [ J ] . Br]J Surg, 2024, 111(1): znad335.

[4] REID V], FALK J S, POLICE A M, et al. Minimizing
re—excision after breast conserving surgery—a review of
radiofrequency spectroscopy for real-time, intraoperative
margin assessment [1]. Expert Rev Med Devices, 2021,
18(11): 1057-1068.

[5] VERONESI U, CASCINELLI N, MARIANI L, et al. Twenty—
year follow—up of a randomized study comparing breast—
conserving surgery with radical mastectomy for early breast
cancer [ J] .N Engl J Med, 2002, 347(16): 1227-1232.

[6] HOFFMAN A, ASHKENAZI I. The efficiency of MarginProbe
in detecting positive resection margins in epithelial breast
cancer following breast conserving surgery [ J | . Eur J Surg
Oncol, 2022, 48(7): 1498-1502.

[7] MCCAHILL L E, SINGLE R M, AIELLO BOWLES E J, et al.
Variability in reexcision following breast conservation surgery

[J].JAMA, 2012, 307(5): 467-475.



(Y @BER L) 20254355481 783

[8] MORROW M, HARRIS J R, SCHNITT S J. Surgical margins in [13] POPF C, VEYS I, VANKERCKHOVE S, et al. Absence of
lumpectomy for breast cancer: bigger is not better [J].N Engl residual fluorescence in the surgical bed at near—infrared
J Med, 2012, 367(1): 79-82. fluorescence imaging predicts negative margins at final

[9] ST JOHN E R, AL-KHUDAIRI R, ASHRAFTAN H, et al. pathology in patients treated with breast—conserving surgery for
Diagnostic accuracy of intraoperative techniques for margin breast cancer [ J ] . EurJ Surg Oncol, 2021, 47(2): 269-275.
assessment in breast cancer surgery: a meta—analysis [1]. [14] KEDRZYCKI M S, LEILOGLOU M, CHALAU V, et al. The
Ann Surg, 2017, 265(2): 300-310. impact of temporal variation in indocyanine green administration

[10] RACZJM, GLASGOW A E, KEENEY G L, et al. Intraoperative on tumor identification during fluorescence guided breast
pathologic margin analysis and re—excision to minimize surgery [ J ] . Ann Surg Oncol, 2021, 28(10): 5617-5625.
reoperation for patients undergoing breast—conserving surgery [15] WANG Y B, JIAO W, YIN Z C, et al. Application of near—

[J]. Ann Surg Oncol, 2020, 27(13): 5303-5311. infrared fluorescence imaging in the accurate assessment of

[11] TANGSIRAPAT V, KENGSAKUL M, UDOMKARNJANANUN surgical margins during breast—conserving surgery [T].World
S, et al. Surgical margin status outcome of intraoperative J Surg Oncol, 2022, 20(1): 357.
indocyanine green fluorescence—guided laparoscopic [16 ] BOICHENKO E, KIRSANOV D. Optical spectroscopy and
hepatectomy in liver malignancy: a systematic review and meta— chemometrics in intraoperative tumor margin assessment [J7].
analysis [ J ] . BMC Surg, 2024, 24(1): 181. Trac Trends Anal Chem, 2023, 160: 116955.

[12] HISADA T, SAWAKI M, ISHIGURO ], et al. Impact of (ks H A 2024-12-01 EFITHE: 2025-07-19)

intraoperative specimen mammography on margins in breast—

conserving surgery [ ] | . Mol Clin Oncol, 2016, 5(3): 269-272.

& - % -

MERMERITREARB SIEE——STROBE
WEAERT AR A B R | BT T IR RCR ARG T B S, RSO R SR AT . e
W% BRI BT IEITIE o AR IR A TR AT S RS AN 588 | ANFES8, s R AT IT e 4 SR 0 A5 TP
AR, L, WASHRITRAIRAMTE R . PR S ST A R . W, SRS DA e 2
S, EEE REAE XTI B N RIS M LT T PP
NI MR A TR =T S S, WGP T IR (9579 ( STrengthening the Reporting

of OBservational studies in Epidemiology, STROBE ) iz [M4:. STROBEH—ME AN, ZIHHE& T1E=F
FEMEN R TR A2 CRIBASIBSE . e (0s BRI FE MW IR D5 ) R BT A O H
(i EREAEZRE ) Sl ik A% P TSTROBE, #4444 IR STROBE MY LR AT - 2R ML TRA T
SERFFEIERL (RIBASUBIESY . o (%] BRAIF Y R BT IS ) 18 SO
STROBE{ HLPE UL (Hh I REAEAE ) L -
http://www.china-oncology.com/attached/file/20231008/20231008164253 648.pdf.
(RERBERE) HELD

(SEEGAE: L)



