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Construction and application of an comprehensive nutritional management program for elderly patients
undergoing radiotherapy for esophageal cancer

[ Abstract ] Objective To construct an integrated nutritional management program for elderly esophageal
cancer radiotherapy patients and analyzed its application effect. Methods This study combined evidence—based
research, qualitative interviews, and Delphi expert consultation to develop a comprehensive nutritional management
program for older patients undergoing radiotherapy for esophageal cancer. Convenience sampling method was used
to select 77 cases of elderly esophageal cancer radiotherapy patients in the radiotherapy department of a tertiary—
level hospital in Jiangsu Province from May to December 2023, and they were divided into the experimental group
and the control group according to the order of admission; the experimental group was implemented with the
comprehensive nutritional management program, and the control group was given routine nutritional care and health
education, so as to analyze the effects of the application of the two groups. Results A total of 77 patients completed
the study, 39 in the control group and 38 in the experimental group. The test group showed better improvement in
nutritional status, quality of life, anxiety and depression than the control group (P<0.05), and the incidence and
severity of adverse events in the test group were lower than those in the control group (P<0.05). Conclusion The
implementation of an integrated nutritional management program can effectively improve the nutritional status and
anxiety and depression of elderly patients undergoing radiotherapy for esophageal cancer, which can reduce the
incidence and severity of adverse events to a certain extent and improve the quality of life of patients.

[ Key words ] Esophageal Cancer; Radiotherapy; Elderly; Nutritional Management; Nursing Care
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Table 1 Comprehensive nutritional management program for elderly patients undergoing radiotherapy
for esophageal cancer
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SR AR SRR U TR it S, % BR8] £ DR S B R T S B AR B 9, A — R R
i, ZRIEGIFEL (P>0.05) . BiRILER2,

F2 MARAN—AERILE

Table 2 Baseline characteristics of 2groups of patients

mE RIEA pog:pic] KISt E P
(N=38) (N=39)
PEIN[15](%)] 0.007" 0.935
5 25 (65.8) 26 (66.7)
L 13 (34.2) 13 (33.3)
R 151](%))] 0.001" 0.982
DU 36 (94.7) 38 (97.4)
R R 2(53) 1(26)
SEHASNB(%)] 0.001"’ 0.976
o 35 (92.1) 37 (94.9)
H 3(79) 2 (5.1)
R (65.22;(7)(3).50) (66.8(7);2(9).00) -0.825” 041
BMI() 21.91 +3.49 21.42+3.76 0.598”’ 0.551
SRR H1](%)] 5.112" 0.164
INERLAE 26 (68.4) 18 (46.1)
i 8 (21.1) 15 (38.5)
e 4 (10.5) 5(12.8)
K& 0(0) 1(26)
WS WAARBL[ (%)) 2.340" 0.310
EN 0(0) 1(26)
CLF 34 (89.5) 31 (79.5)
B 0(0) 0(0)
e 4 (10.5) 7(17.9)
TAEIEOL5(%)]
IR 0(0) 1(26) 1.589" 0.452
2R 15 (39.5) 17 (43.6)
Jolk 23 (60.5) 21 (53.8)
FEEAWA (J8) [#(%)] 2.561" 0.464
<1000 15 (39.5) 13 (33.3)
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| k382 R4 RRGITE P
(N=38) (N=39)
1000-3000 20 (52.6) 19 (48.7)
3000-5000 3(7.9) 6 (154)
>5000 0(0) 1(26)
BE LRI [ 151](%))] 2.546" 0.280
JE R 31 (81.6) 27 (69.2)
HUT B 7 (184) 11 (282)
[ERIAERES 0(0) 1(26)
e (48 ) [f(%))] 1.079" 0.583
<l 17 (44.7) 21 (53.8)
1-34 19 (50.0) 15 (38.5)
>34F 2(53) 3(7.7)
iR o3 1151 (%) | 0.351" 0.554
114 23 (60.5) 21 (53.8)
111 15 (39.5) 18 (46.2)
FERH A BE[ 151 (%) 0.791" 0.673
v 8 (21.0) 6(154)
whar 27 (71.1) 28 (71.8)
SEA 3(79) 5(12.8)
A I AR P [11(%)] 1.579" 0.209
= 7 (184) 12 (30.8)
5 31 (81.6) 27 (69.2)
NRS20021F-45 2.00 (1.75,3.25)  2.00 (2.00,4.00) -0.701*’ 0.484

: 1) x2fH; 2) of; 3) 74

2.7.2 WL AIE BT R1 O0 H A

ABFFEAE R R, T HRTA ATEIRIA . M 5% St 2 D Re4E FE A 40K W] i e it
2255 (P>0.05) , T AR A IR i TR IR, fAfegiit22 5% (P<0.05) .
W33,

FRIWAHARANSBELEERITSLE (4, M(P25~P75))
Table 3 Comparison of scores for each functional dimension between the two groups of patients (score,
M (P25-P75))

a5 I R ThBE AEIEE B4 Thee
]
FHaET FE Fuar FiE FFwE] FHa
WGl 39 100.00 100.00 66.67 66.67 66.67 75.00
e : (80.00,100.00)  (86.67,100.00)  (66.67,100.00) (50.00,100.00) (66.67,75.00)  (66.67,83.33)
KA 38 100.00 100.00 66.67 83.33 66.67 8333
= (80.00,100.00)  (100.00,100.00)  (66.67,66.67) (66.67,100.00) (66.67,75.00)  (66.67,100.00)
VAIED -0.034 -2.495 -0.926 -2.658 -0.45 -2.449
p 0.973 0.013 0.354 0.008 0.653 0.014
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ZH5 S — —
FFaaE FHE FFaaEy FHE
83.33 100.00 66.67 66.67
FHEZ
A IREL 39 (66.67,100.00 ) (66.67,100.00) (66.67,66.67 ) (33.33,66.67 )
. 91.67 100.00 66.67 66.67
A
g 38 (79.17,100) (183.33,100.00) (58.34,66.67 ) (66.67,100.00 )
VAR -0.777 -2.201 -0.062 -5.365
p 0.437 0.028 0.950 <0.001

2.7 3P 2H £ TEIDARAR B LA
AWFFRLE R s, THRTPZA0E AR ER . IAE A ZE S LR E L (P>0.05) , T
AR AR ARIE . IARITE I TXI IR, fAfEStitaE 257 (P<0.05) o W34,
FRAWER NEEIEBIES L (47, M(P25~P75) )
Table 4 Comparison of anxiety and depression scores between the two groups of patients (score, M
(P25-P75))Table 4

An B = I = G
FHE] T T ¥Ey T
XHEZL 39 12.00 (8.00,14.00) 13.00 (11.00,14.00) 12.00 (9.00,14.00) 12.00 (9.00,14.00)
gl 38 12.00 (8.00,14.00)  8.00 (7.00,10.25)  11.00 (9.00,14.00)  8.00 ( 6.50,9.00)
ZH -0.180 ~5.595 -0.010 -4.788
P 0.857 <0.001 0.992 <0.001
TSP R PR AT DL AL
AHFFEER TR, XA EE A RSO A R R R T X IR, MR RA S

X (P<0.05) ., W25,
FEMARAANREGL LB RILE

Table 5 Comparison of adverse events between the two groups of patients

N HMEERE R B EEIH
Za 57 151 %1
OF 1% 2% 3% 4% O/ 14 24 34 AR
Yo FEZH 39 7 5 19 8 0 6 16 17 0 0
IR 38 12 12 11 3 0 11 23 4 0 0
7/8 8.593 10.763
p 0.035 0.005
3iHe

3L E IR B R B A A AT S

AWEFEITEZ BT IFTE/NAL, WEFE/ N B RRIERTSE . BUPERFSE . L2 R4 R T/
e, NIRRT . Jr RESEREE T TSR, BRI S48 IR RS, OHFC ARt
FEPE ST, ABPFREIEIEEE S “6S” MRS, A LA R E SNSRI, X 2 20234F
VAR . CRIGH . IR LS . RGO A S R RS T T R RN H &, 242
AEUERF VBB TEN SRR B A PP TR X N ASTHR AT B EAR, Q™ A2, I EOREE 34 W5
ANRAZ 5T, RZIEMG N, SRR EAREBIGESE, |, fAE T REARE e, Hik, &
OISR B ERT A BIPT ST, SR H AYSREE S U 40 2 AR B O T (I A TR 85 0k, T
EAREERT B E R BB AMTOR, IR G RTIIIRIERT S 4 RIE e R DT B LR
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BREMNIN . &5, ARITE/RIEL KR, HEHUG 152 L 5 SRR, Ll s TAEE
BRI = 104F, 5 pRifl )8 A 8 ISR 4 8 T790%, SN 100%, Vi & 2B ;. 5 sRifl Ay
LRPURFREIIE T0.7, WAL FAURMER; 5 Rifls 2k AR REE9/0 0.3, A EHERANE R
PG5 L (P<0.001) , S EREWBTES, FRAEH,

325 LR EFR A T A B TGRS AR S RIT B D E TR

PG-SGARRIMIKN I V2, J&—FPPAbie 8 5 8 TR0 USRS MR v s P o TR, RefE IR
U HRRE BB E IR RAF OO LU e HE P [43]. AT s T U5 80 21 i PG-SCAPE43IH i T
XTREZH (P<0.05) , RALHLLEEGEFEIERIEAELH I EFROL . MO M RTS8 & 8
BHEEFRARBNE, EIRAR LSBT aIER, IS IESFRCR , A R0 8 37 SR T LA
# PR RJEHR29], AWM AR5

TEImPRSE e, REFEEL ( BMI) H RS FRRD M BUSHE bR . ABFRES R IR, T HRTP4R
ABIBMIEH S #22 57 (P>0.05) , THURREA B E HBMILAEFL, (EX R85 BMI T R
i, MABRFHBMUFEES %25 (P<0.05) o X —Z5 R Ul LS5 TR 8 BT LR B B R
B, DRERFRLFIE IR

FA M (ALB) FLEEE A (TB)AF MR R A 4 R I IR e I E TP B A8 s, AT AN [R] D T Ji
BB R EFRROL. AFREE R E/R, THRTMALEE T, ALBY L RS it+#25% (P>0.05) , T

PURIKIZH B A TUE SRR L T XA, 2257 BA SR X (P<0.05) o "RES LG 5 R Bl
I S W BR AR A TS R IEAR AL o0, ARIE B A AL Sh AR B IR BT 58, DA S Bl 445 B 4y
B TRIRES

3. 350tER 5 IR BT S B TR S AR R A T R A A

AP, BEREE NGRS, RS A B AR HLE] K7 iR 7 R i KON SF
fil44]. EEREER S FAEFRNLYN30%, BN RIEHOTIIELSG T8 778 RS B AR TG
¥ KPR RARF E LB HATA SRR B BT TR A AT TR D, IR R
I i (RS A T e — P AWPEAER B, THUR IR BH R 1528 A=)
REAE DT T A A ORI T XA (P<0.05) , X—45R UL, X EAFEREmoT SE e 8RY
B AT o sl e R A TG R . ATl XA AR B R TLR S B R, MR R
BRI T R I A B A B R R R

3 ASLR B IR BT S B TG S AR A O T R A SR EAARAR B

A BEFER B PAS W A e 1 BB T BUSFHIERAN, i i REXS B HE R P A — i R A AR R
[45]. BAFRERHOT BH W NI R NME, WA . SRR 0T A A RIS | VAR AE
o, KUCDIE, PEE R A A TR TS [46], B3R BIVE WS Bh B4R B 0T B E B0 R E
FETE ) T B R AT, A BIE T R I FR IR0 1 A T DT 4 G A S8 A SRS R AR[46-47]. BT
AR, THRTAEFE I E—E RN EE . MARATES . THUR 4R E R s
T AL, ERRAGI R (P<0.05) , RUIZEEEFREHT LIS S8R 0T B 1 4R
JEIMARIRSL, ATRE S 2R 5 B R B WG B O LR DL, BB KN & BUF g B H m s 45 A
Ko

35500 LR 5 E IR BT S B T A RO T R A R R AR

APFERWTERO T R, S BE S MBUR T HSCRIFE AR, XNATPAEAL ™ A SR R [48-49]
TR R B W DL IR AR RO PR B 2 . BRI . AOPEER R, A B H U R
R B BENS]EA AR BR TR IRLL (P<0.05) , RUIZEE B BT LI B# RO RS0 A R R K
JEEREEE, ATRESLRG EIHTE N B AR IRIRDUE A 5 . CongFE[SO1IT R A — IR T e W AP A
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Prediction of symptomatic radiation pneumonitis
in esophageal cancer patients undergoing combined
immunotherapy and radiotherapy

Jie Chen, Chang Cai, Wengqing Li, Yiqiu Li, Jing Zhao, Songbing Qin
Department of Radiation Oncology, The First Affiliated Hospital of Soochow University ,

Objective: Immunotherapy is currently the standard treatment for locally advanced esophageal cancer.
Immunotherapy is being used more and more widely in patients with esophageal cancer, but this treatment may
also cause inflammation of the lungs. In order to evaluate the feasibility and safety of radiotherapy combined with
systemic immunotherapy in patients with esophageal cancer, this study initially combined clinical factors, physical
dosimetry parameters and hematologic inflammation indicators in esophageal cancer patients who had previously
received esophageal and/or mediastinal radiotherapy in our center. Predictive analysis of symptomatic (grade 2 or

higher) radiation pneumonia (RP) in patients with esophageal cancer receiving immunotherapy and/or radiotherapy.
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Materials and methods: In this study, a total of 245 patients with esophageal cancer who received esophageal
and/or mediastinal radiotherapy in our center from 2020 to 2023 were retrospectively collected, and a total of 63
patients with grade 2 or above RP occurred, including 38 patients with combined immunotherapy and 25 patients
without combined immunotherapy. The clinical characteristic factors, physical dosimetry parameters, hematologic
inflammatory indicators, and the time of occurrence and outcome of radiation pneumonia/immune pneumonia
in these patients were retrospectively analyzed. SPSS 20.0 was used for data analysis, and T—test was used for
comparison between groups. The skewed distribution data were tested by Mann—Whitney U. Qualitative data are
represented by example (%), in which the Fisher exact probability method or x 2 test is used to compare unordered
data groups. Binary Logistic analysis was used for univariate and multivariate analysis. P < 0.05 was considered
statistically significant.

Results: The clinical characteristics of esophageal cancer patients in the radiotherapy combined with ICIs
group and the radiotherapy alone group were retrospectively analyzed. There was no significant difference between
the radiotherapy combined with ICIs group and the radiotherapy alone group (p>0.05). The median age of 245
patients with symptomatic RP was 65 years. Most (n = 209,78.5%) patients had stage III esophageal cancer.
Among them, 114 (42.9%) patients with esophageal cancer received preoperative neoadjuvant therapy, 70 received
preoperative radiotherapy combined with chemotherapy, and 44 received preoperative chemotherapy combined
with immunotherapy. Of these, 131(49.2%) patients underwent surgery. Statistical analysis of the physical dose
parameters of RT combined with ICls and RT single cohort patients showed that there were significant statistical
differences in the whole lung V5, V10, V30, average lung dose and maximum spinal cord dose between the two
groups (p<0.05). Univariate and multivariate analysis of clinical factors and physical dose parameters of RT
combined with ICIs and RT alone cohort showed that the potential factors of univariate prediction of symptomatic
RP in RT combined with ICIs were: lung V5, V10, V30, MLD, and spinal maximum dose. Multivariate analysis
showed that V5 (OR, 38.961; 95% CI was 1.079-982.279. P<0.05) and MLD were independent predictors of
symptomatic RP in patients with esophageal cancer radiotherapy combined with ICls. At the same time, the change
rate of systemic immune inflammatory indexes was also statistically different between the two groups after 4 weeks
of radiotherapy. In addition, we conducted a statistical analysis of the time from the start of radiotherapy to the onset
of symptomatic RP, and found that the time p value of symptomatic RP in both groups was <0.05 (p = 0.033), which
was statistically significant. The median time to symptomatic RP was 65 days (95% CI: 43-70) in the radiotherapy
combined with ICIs group and 97 days (95% CI: 50-129) in the radiotherapy alone group.

Conclusions: Therefore, clinical characteristics of patients with esophageal cancer who received radiotherapy
combined with ICls and those who received radiotherapy alone were inconclusively associated with the development
of symptomatic RP. Among them, the potential factors for predicting symptomatic RP by univariate analysis of
physical dose factors are as follows: Lung V5, V10, V30, MLD and spinal maximum dose may be potential factors
for predicting symptomatic RP in radiotherapy combined with immunotherapy. Whole lung V5 and MLD were
independent predictors of symptomatic RP in patients with esophageal cancer combined with radiotherapy and ICIs.
At the same time, the rate of change of systemic immunoinflammatory markers at 4 weeks of radiotherapy is also
a potentially valuable indicator for predicting symptomatic RP. This study provides a feasibility basis and safety
analysis for clinical patients with esophageal cancer combined with radiotherapy and systemic immunotherapy, and
provides a theoretical hasis for further optimization of radiotherapy combined with radiotherapy for patients with
esophageal cancer and reducing the incidence of symptomatic RP.

Key words: Esophageal cancer , Radiation treatment, Inmunotherapy, symptomatic radiation pneumonitis
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Introduction

Esophageal cancer (EC) is one of the most common malignant tumors in the world, and this cancer-related
death cause is a serious threat to human life and health[1]. At present, radiation treatment (RT) is still an important
means of radical treatment and neoadjuvant therapy for esophageal cancer[2]. At the same time, immune checkpoint
inhibitors (ICls) are playing an increasingly important role in patients with esophageal cancer[3]. ICIs combined
with RT has been widely used in the treatment of locally advanced tumors[4—7]. In addition to radiation pneumonitis
(RP), a related inflammatory reaction caused by radiation damage to normal lung tissue in the radiation field caused
by RT, ICls is independently associated with its own treatment-related toxicity, and the risk of pneumonia is up to
about 19%[8]. Therefore, both of them are independent causes of pneumonia, and this combination can unexpectedly
lead to a high incidence of radiation pneumonia (RP) caused by combination therapy. Therefore, in the era of
immunotherapy, it is crucial to conduct safety and feasibility analysis for symptomatic radiation pneumonia (grade 2
and above RP) to minimize the risk of pneumonia.

As we all know, according to the clinical symptoms of patients, chest imaging findings and the therapeutic
effect of corticosteroids, RTOG divides radiation pneumonia into 0~5 grades, of which grade 2 and above are
called symptomatic radiation pneumonia[9]. Prior to the introduction of immunotherapy, most previous studies
have analyzed the incidence of RP in patients without immunotherapy and the clinical factors that determine its
occurrence, as well as physical dose parameters to predict symptomatic RP in patients with esophageal cancer, such
as mean lung dose (MLD), and percentage of lung volume receiving 20Gy and 30Gy irradiation (V20, V30)[10]. In
order to reduce the severity of RP occurrence, more researchers have established relevant prediction models and
guided clinical treatment. However, there has been no comprehensive analysis of the incidence and influencing
factors of symptomatic radiation pneumonia in patients receiving local esophageal radiotherapy in the context of
immunotherapy.

RT is an inflammatory reaction caused by radiation injury, which is related to the dynamic changes of
inflammatory cytokines in the body[11]. This statement is accepted by a growing number of researchers. Based on
previous research evidence, this study monitored for the first time the changes of relevant indicators in blood routine
examination of patients with esophageal cancer before, during and after radiotherapy without immunotherapy, such
as systemic immunoinflammatory index (SII), platelite—lymphocyte ratio (PLR), lymphocyte—monocyte ratio (LMR)
and neutrophil-lymphocyte ratio (NLR). Dynamic analysis was made to determine whether the changes of these
inflammatory indicators were directly related to the occurrence and development of radiation pneumonia.

The treatment of immune checkpoint inhibitors (ICIs) has unique individual complexities for each patient[12].
However, the evaluation and management of side effects after combined radiotherapy or other treatments are
more difficult. At the same time, whether to intervene in ICls treatment before IR or after IR is a problem that our
clinicians need to consider and analyze concretively.

Therefore, in order to improve the clinical treatment efficiency of patients with esophageal cancer and reduce
the occurrence of symptomatic radiation pneumonia, this study focused on the combination therapy of ICls and
RT, combined with the heterogeneity of patients’ clinical factors, physical dosimetry parameters and hematologic
inflammatory indicators, and analyzed and summarized symptomatic radiation pneumonia (grade 2 or above) in
patients with esophageal cancer. To provide clinical treatment strategy and theoretical research basis for patients
with esophageal cancer treated with clinical radiotherapy combined with immunotherapy.

Materials and Methods
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Enrolled patients

A retrospective analysis was performed on 245 patients with esophageal cancer who received local and/
or mediastinal radiotherapy in our center from 2020 to 2023, including 130 patients who received radiotherapy
combined with immunization and 115 patients who received radiotherapy alone. Inclusion criteria included: (1)
newly diagnosed and pathologically confirmed patients with esophageal cancer; (2) Patients who received local
esophageal and/or mediastinal radiotherapy before or after ICls treatment (including those who did not receive 1Cls);
(3) Patients with complete clinical and pathological data and available radiotherapy physical dosimetry parameters.
(4) The patient’ s general condition during radiotherapy was satisfactory. Exclusion criteria include: (1) severe
cardiac, liver and renal insufficiency; (2) Treatment should be terminated during and after radiotherapy due to
serious complications (such as heart, lung, liver and kidney insufficiency, severe infection, severe bone marrow
suppression, hemoptysis, etc.); (3) Previous history of thoracic radiotherapy; (4) Lack of complete and regular
imaging diagnosis when RP occurs; (5) Patients with acute infectious diseases or autoimmune diseases. This study
has been approved by the hospital Ethics committee. Each patient received informed consent and data collection
approval to participate in this study.

Collection and definition of clinical data, physical dosimetry parameters and hematologic inflammatory markers

Clinical data mainly include the general situation of patients with esophageal cancer, tumor staging and
pathological diagnosis, personal history, imaging review data, and treatment. the doctor’ s workstation (Haitai) and
the imaging system (PACS) of this center. The Doctor’ s Workstation (Haitai) and the Imaging system (PACS) of
this center. Clinical data included patient age, gender, pathological diagnosis, ECOG score, Ki67, PDLI expression,
tumor location and length, TNM stage, whether surgery, chemotherapy, immunotherapy, antivascular therapy and
progress. Imaging data included enhanced computed tomography of the neck and chest of patients with esophageal
cancer within 1 year after the end of radiotherapy to evaluate the imaging features of grade 2 or higher RP within 1
year after the end of radiotherapy.

The physical dose parameters were extracted from the Monaco and Varian treatment planning systems
respectively. It includes V5, V10, V15, V20, V30, total lung mean dose (MLD), heart mean dose, heart receiving
volume, spinal cord maximum receiving volume, PTV/LV, that is, the ratio of planned target area volume to total
lung volume of patients with esophageal cancer.

Hematologic inflammatory indicators were collected from patients (with or without immunotherapy) at 1
week before radiotherapy (baseline), 2 weeks after radiotherapy (2w), 4 weeks after radiotherapy (4w), and 6 weeks
after radiotherapy (6w), including neutrophil count N, lymphocyte count L, platelet count P and monocyte count.
According to the previous literature, hematological inflammation parameters were obtained, namely PLR=P/L;
NLR=N/L; LMR=L/M; SII=PN/L.

RT

All patients with esophageal cancer received three—dimensional conformal radiotherapy (3D-CRT) or
intensity—modulated radiotherapy (IMRT). All radiotherapy plans were generated by the physicist in the Monaco
(Elekta, version 5.11.03) or the Varian Treatment Planning System (Varian Medical Systems, version 13.6). The
X-ray beam energies are all 6 MV. Radiotherapy schedules were standardized, requiring at least 95% of the planned
target areas (planning target volume, PTV) to reach the prescribed dose, no 110% dose hotspots other than PTV,
and uniform dose limits for the organ at risk (OAR). The delineation of target volumes and organs at risk referred

to the Radiation Therapy and Oncology Group guidelines. Dose limits for organs at risk were defined as total lung

V5 <60%, V20 <30%, V30 <20%; MLD <20 Gy; heart, V30 <40%, V40 <30%; maximum point dose in spinal cord

« 32 -



MBI LB EFAE RS ST F ARSI

<45 Gy.

Chemotherapy

All patients with esophageal cancer received simultaneous or sequential chemotherapy based on an
individualized treatment strategy based on pathological diagnosis. Chemotherapy regimenincluding cisplatin
combined with fluorouracil, paclitaxel combined with cisplatin or nedaplatin, and capecitabine oral regimenhave
been widely used in clinical practice. The chemotherapy regimen is administered every 21 days with a median
period of 3 weeks (range 2—4 weeks). All dosages and adjustments of chemotherapy regimens followed Chinese
Society of Clinical Oncology and NCCN guidelines.

Immunization therapy

All esophageal cancer patients were divided into two groups: no immunotherapy group and ICIs immunotherapy
group. Among patients in the ICIs immunotherapy group, ICIs was administered sequentially (about a week after RT
was completed) or simultaneously (before or at the start of RT). ICls treatment includes: pabolizumab, nebuliumab,
Sindillizumab, terprilizumab, tirellizumab, carrellizumab, and Srulizumab. Patients were excluded if they already
had non—infectious pneumonia and needed steroid hormone therapy.

Assessment of RP

The clinical symptoms and periodic imaging examinations of all patients with esophageal cancer who received
esophageal and/or mediastinal radiotherapy before and after radiotherapy were retrospectively analyzed. Most
patients were followed up with CT imaging of the neck and chest every 2—3 months. Patient RP was assessed and
graded according to the Radiotherapy Oncology Group (RTOG) and/or the Common Terminology Standard for
Adverse Events Version 5.0 (CTCAE v5.0). The diagnosis of RP above grade 2 is mainly determined by clinical
symptoms, physical examination and chest imaging. Radiation pneumonia is defined as acute inflammation caused
by damage to normal lung tissue in the radiation field consistent with radiation therapy, localized pneumonia with
duration and symptoms consistent with radiation therapy, and pulmonary symptoms requiring the application
or extension of steroid therapy. Attention should be paid to distinguishing pulmonary inflammation from
immunotherapy—induced inflammation. The main imaging features include: diffuse high—density image with or
without bronchiectasis; Interstitial texture increased, interlobular septal thickening, bronchial vascular infiltration;
Central lobular nodules, bronchiolitis—like appearance; Nodules are mixed with other subtypes.

Statistical analysis

Clinical characteristics of patients were analyzed as the proportion of categorical variables or the mean
standard deviation of continuous variables. SPSS 20.0 was used for data analysis, and ANOVA was used for
comparison between normal distribution groups. The skewed distribution data were tested by Mann—Whitney U.
Qualitative data were shown as example (%). Fisher exact probability method or x 2 test were used for comparison
between disordered data groups, and Mantel-Haenszel x 2 and Mann—Whitney U tests were used for comparison
between ordered data groups. Univariate and multivariate analyses used binary Logistic regression models to
evaluate the relationship between clinical factors, physical dosimetric features, and hematologic inflammatory
markers in patients with symptomatic (grade 2 or higher) RP in the context of immunotherapy. Hazard ratios, 95%
confidence intervals and P—values were reported respectively. All data were computed using the Statistical Package
for Social Science program (SPSS for Windows, version 20.0, SPSS Inc, Chicago, IL) and R software (version 3.5.3).
P < 0.05 was considered statistically significant.

Results

Clinical features and physical dose parameters of patients with symptomatic RP esophageal cancer
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In this study, a total of 245 patients with esophageal cancer who received esophageal and/or mediastinal
radiotherapy at our center from 2020 to 2023 were retrospectively collected, of which 130 patients received RT
and ICls combined therapy and 115 patients received RT alone. A total of 63 patients developed symptomatic RP,
including 38 patients with combined immunotherapy and 25 patients without combined immunotherapy. A total
of 182 patients did not develop symptomatic RP, including 92 patients with combined immunotherapy and 90
patients without combined immunotherapy. Clinical and physical dosimetry factors were retrospectively analyzed in
these patients with esophageal cancer. Table 1 provides a detailed description of the patient’ s disease, treatment
characteristics, and physical dosimetry factors. After analysis, it was found that there were significant differences
among the four groups in age, operation and chemotherapy regimen (p< 0.05), while no significant differences were
observed among the other groups (p>0.05). Among patients who developed symptomatic RP with radiotherapy
combined with immunization (RT+ICIs), the mean age was 69.3 years. The age of asymptomatic RP patients was
older than that of symptomatic RP patients, all of whom were around 70 years old. There were more men than women
in all four cohorts. Most patients were patients with stage I1I (NO.=88.57%) squamous cell carcinoma (NO.=91.84%).
All of these patients underwent chemotherapy, and 179 (73.06%) underwent surgery. All patients received 45—
60.2Gy radiotherapy for local esophageal lesions and/or regional lymph nodes. By analyzing the characteristics of
physical dose parameters of the four groups of patients, we found that there was no statistically significant difference
in physical dosimetry among the four groups (p>0.05).

Table 1 Clinical factors and physical dosimetry characteristics of symptomatic RP patients

Total Patients with symptomatic RP  Patients with asymptomatic RP
( N=245) (N=63) (N=182)
RT+ICIs (N=38) RT (N=25) RT+ICIs (N=92) RT (N=90)  p price

NO.(%) NO.(%) NO.(%) NO.(%) NO.(%)
Clinical characteristics
Age(years) (X £ S) 68.08 +9.10 69.30 + 8.30 73.40 £ 9.00 66.30 +9.00 67.90 = 8.90 0.004
Gender 0.855
Male 185 (75.51) 30 (78.95) 18 (72.00) 71 (77.17) 66 (73.33)
Female 60 (24.50) 8 (21.05) 7 (28.00) 21 (22.83) 24 (26.67)
ECOG PS 0.997
0-1 198 (80.82) 31 (81.58) 20 (80.00) 74 (80.43) 72 (80.00)
2 47 (19.18) 7 (19.18) 5 (20.00) 18 (19.57) 18 (20.00)
Diabetes 0.411
Yes 18 (7.35) 3(7.89) 3 (12.00) 4 (4.35) 8 (8.89)
No 227 (92.65) 35(92.11) 22 (88.00) 88 (95.65) 82 (91.11)
Hypertension 0.194
Yes 72 (29.39) 11 (28.95) 12 (48.00) 25(27.17) 24 (26.67)
No 173 (70.61) 27 (71.05) 13 (52.00) 67 (72.83) 66 (73.33)
Histology 0.228
sce 225 (91.84) 35 (92.11) 23 (92.00) 85 (92.39) 82 (91.11)
AC 6(2.45) 1(2.63) 0 (0.00) 0 (0.00) 5(5.56)
Other 14 (5.71) 2(5.26) 2 (8.00) 7(7.61) 3(3.33)
Tumor Lobe 0.320
Cervical 21 (8.57) 4(10.53) 4 (16.00) 9(9.78) 4 (4.44)
Upper 25 (10.20) 3(7.89) 2 (8.00) 11 (11.96) 9 (10.00)
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Total Patients with symptomatic RP  Patients with asymptomatic RP
(N=245) (N=63) (N=182)

Middle 104 (42.45) 15 (39.47) 10 (40.00) 45 (48.91) 34 (37.78)

Lower 95 (38.78) 16 (42.11) 9 (36.00) 27 (29.35) 43 (47.78)

Length 0.690
<3cm 77 (31.43) 12 (31.58) 10 (40.00) 30 (32.61) 25 (27.78)

>3cm 168 (68.57) 26 (68.42) 15 (60.00) 62 (67.39) 65 (72.22)

TNM Stage 0.990
A/IIB 28 (11.43) 4(10.53) 3 (12.00) 10 (10.87) 11(12.22)

[ITA/IIIB 217 (88.57) 34 (89.47) 22 (88.00) 82 (89.13) 79 (87.78)

Radiation dose (Gy) 0.106
45-55 126 (51.43) 24 (63.16) 10 (40.00) 52 (56.52) 40 (44.44)

>55 119 (48.57) 14 (36.84) 15 (60.00) 40 (43.48) 50 (55.56)

Prior Surgery 0021
Yes 179 (73.06) 10 (26.32) 9 (36.00) 15 (16.30) 32 (35.56)

No 66 (26.94) 28 (73.68) 16 (64.00) 77 (83.70) 58 (64.44)
Chemoradiation therapy 0.839
Concurrent 187 (76.32) 30 (78.95) 19 (76.00) 67 (72.83) 70 (77.78)

Sequential 58 (23.67) 8 (21.05) 6 (24.00) 25 (27.17) 20 (22.22)
Chemotherapy 0.008
PF regimen 30 (12.24) 6 (15.79) 8 (32.00) 7(7.61) 9 (10.00)

TP regimen 215 (87.76) 32(84.21) 17 (68.00) 85 (92.39) 81 (90.00)

Dose characteristics

V5 (%) 42.06 (40.97-44.54) 43.52(37.96-46.65) 45.70 (36.96-54.79) 42.65 (40.28-44.54) 43.03 (38.05-47.26)  0.304
V10 (%) 29.45 (27.92-30.81) 29.21 (26.81-31.99) 31.43 (24.88-38.06) 29.05 (26.60-31.06) 29.50 (26.95-31.56)  0.482
V15 (%) 22,65 (21.39-23.46) 22,67 (19.40-25.51) 2474 (19.20-29.36) 2242 (20.03-23.68) 22.81(20.49-2436) 0.274
V20 (%) 16.65 (15.85-17.98) 1651 (15.05-18.69) 18.46 (1545-21.63) 16.77 (15.64-18.46) 16.45(15.06-18.61) 0.221
V30 (%) 9.03(341-9.86)  896(7.08-1061)  9.82(8.50-12.05)  8.69(7.66-1017)  8.73(7.17-1021)  0.295
MLD (cGy) %7'3?0(3;)2‘20‘ 979 (790.20-1063) 1024 (841-1158)  940.60(843.90-102) 964'2?0%‘;;'40‘ 0.243
(T(::]?; lung volume 4375 3133-3405) 3315 (2986-3655) 3016 (2816-3495) 3379 (3110-3639) 3313 (2953-3492)  0.109

Mean heart dose

1611 (1381—1831)

1778 (1126-2427)

1540 (862-2066)

1643 (854.40-1950)

1526 (1179-1908)  0.717

Heart Volum (em3)  698:00 (641.00- 658.4 (628.70- 683.90 (645.80- 643.60 (626.50- 670.40 (631.60-
art Volum (em3) 683.90) 694.10) 745.70) 692.60) 702.10) :
Maximum spinal 105 4055 4195) 4076 (4010-4183) 4145 (4030-4373) 4183 (4036-4299) 4127 (3918-4197) 0255
cord dose(cGy)

PTV/LV 0.09 (0.08-0.10) 0.08 (0.06-0.11) 0.11 (0.09-0.14) 0.10 (0.07-0.12) 0.09 (0.08-0.10) 0212

Abbreviations: ECOG PS : Eastern Cooperative Oncology Group performance status; SCC : squamous cell
carcinoma; AC : adenocarcinoma; PF regimen : cisplatin t fluorouracil; TP regimen : paclitaxel t cisplatin; PTV/LV :
planning target volume/total lungs volume; MLD : mean dose of total lungs.

2. Univariate and multifactorial analysis of symptomatic RP in patients treated with immunotherapy combined
with radiotherapy for esophageal cancer

In order to verify the decisive factors for the development of symptomatic RP in patients with esophageal cancer
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receiving immunotherapy, we statistically analyzed the physical dose parameters of patients in the immunocombined
radiotherapy group (RT+ICIs) who had developed grade 2 or more (symptomatic) RP and those in the RT group
alone. There were significant differences in the whole lung V5, V10, V30, average lung dose and maximum spinal
cord dose between the two groups (p<0.05). The clinical factors and physical dose parameters of RT combined with
ICIs and RT alone cohort were univariate analysis. It was found that the potential factors for predicting symptomatic
RP in RT combined with ICIs were: lung V5, V10, V30, MLD, and maximum dose of spinal cord, which may be
potential factors for predicting symptomatic RP. Multivariate analysis showed that V5 (OR, 38.961; 95% CI was
1.079-982.279. P<0.05) and MLD may be independent predictors of symptomatic RP in patients with esophageal
cancer radiotherapy combined with ICls.

Table 2 Univariate analysis of clinical and physical dosimetry of symptomatic RP in the immunotherapy

combined with radiotherapy group

Parameters P value OR 95%ClI

Clinical characteristics

Age (<60 vs >60 years) 0.077 1.042 0.996-1.090

Gender (Male vs Female) 0.327 Ref.

ECOG PS(0-1 vs 2) 0.065 3.453 0.817-3.665

Diabetes (Yes vs No) 0.422 0.530 0.113-2.492

Hypertension (Yes vs No) 0.837 0.916 0.396-2.118

Histology
SCC 0.907 Ref.

AC 0.658 1.441 0.285-7.283

Tumor Lobe
Cervical 0.524 Ref.

Upper 0.672 0.750 0.198-2.836
Middle 0.284 0.460 0.111-1.901
Lower 0.185 0.563 0.240-1.317

Length (<3cm vs >3cm) 0.215 0.892 0.743-1.069

TNM stage (ITA/IIB vs TITA/IIIB) 0.732 0.725 0.365-2.564

Radiation dose (Gy) (45-55 vs >55) 0.486 1.319 0.606-2.869

Prior Surge

(Yoo vs Nf) Y 0.192 0.545 0.220-1.355

Chemoradiation thera

(concurrent vs sequerrl)t}i,al ) 0-166 2.277 0.711-7.290

Antivascular drugs (Yes vs No)

Dose characteristics 0.889 0.932 0.349-2.488
Vs (%) 0.016 0.995 0.967-1.025
Vi (%) 0.047 0.977 0.958-1.008
Vis (%) 0.507 0.989 0.965-1.028
Vo (%) 0.601 1.023 0.987-1.066
Vi (%) 0.013 1.064 1.011-1.086

MLD (cGy) 0.012 0.998 0.997-1.002

Heart Mean Dose (cGy) 0.063 1.012 1-1.023

Heart Volum (cm’) 0.167 0.989 0.998-1.012

Maximum spinal cord dose (cGy) 0.003 1.012 1-1.001

PTV /LV 0.856 0.716 0.014-32.22
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Table 3 Multivariate analysis of symptomatic RP in patients with immunotherapy combined with

radiotherapy
Parameters P value OR 95%Cl

Total Lung

Vs (%) 0.043 38.961 1.079-982.279

Vio (%) 0.387 0.005 0-35.402

Vi (%) 0.279 9.607 0.161-598.342
MLD (cGy) 0.034 0.987 0.959-1.007
Heart Mean Dose (cGy)(cGy) 0.137 1.005 0.998-1.012
maximum spinal cord dose (cGy) 0.698 1.001 0.986-1.007

3. Dynamic changes of hematologic inflammatory indicators during RT and immunotherapy combined and their
correlation with symptomatic RP

RP is actually a type of radiation—induced inflammatory response caused by radiation[9]. Studies[13-16] have
shown that representative markers of inflammatory status that can be routinely detected clinically and correlated
with prognosis, such as systemic immunoinflammatory index (SII), platelet—to—lymphocyte ratio (PLR), lymphocyte—
monocyte ratio (LMR) and neutrophil-lymphocyte ratio (NLR), can be routinely detected clinically. Its dynamic
change may be related to RP. The purpose of this research group is to further investigate whether the hematologic
inflammation indexes of patients in the combined therapy group after adding immunotherapy are different from those
in the radiotherapy group alone. We collected data on inflammation—based indicators (PLR, NLR, LMR, and SII)
during RT based on when RT started. The inflammatory indicators of all patients were divided into immunotherapy
group and radiotherapy group alone, and each group was divided into 2 subgroups (symptomatic RP group and
asymptomatic RP group). We found that PLR, NLR, and SII measurements increased over time for the entire group
or two subgroups during RT. Further analysis showed that PLR, NLR, and SII levels were higher in patients with
symptomatic RP than in patients with asymptomatic RP. The SII of patients in the immunotherapy combined with
radiotherapy group was significantly higher than that in the radiotherapy group alone. In contrast, both groups
showed a downward trend in LMR, with the symptomatic RP group having lower levels of LMR compared to the
asymptomatic RP group. At the same time, we found that there were statistical differences in the change rate of
systemic immunoinflammatory indicators between the two groups at 4 weeks of radiotherapy.

Analysis of differences in the time of symptomatic radiation pneumonia in patients with esophageal cancer
treated with radiotherapy in immunotherapy group.

In addition, in order to further analyze the time difference of symptomatic radiation pneumonia in patients
with esophageal cancer treated with radiotherapy in the immunotherapy group, statistical analysis was performed on
the time from the start of radiotherapy to the onset of symptomatic RP. The results showed that the time p values of
symptomatic RP in both groups were <0.05 (p = 0.033), which had statistical significance. Meanwhile, the median
time to symptomatic RP was 65 days (95% Cl: 43-70) in the radiotherapy combined with ICIs group and 97 days
(95% CI: 50-129) in the radiotherapy alone group.

Discussion

To date, analysis of predictors of radiation pneumonia in patients with esophageal cancer has not been
conducted in the context of immunotherapy. Therefore, RP in radiotherapy combined with immunotherapy for

esophageal cancer remains unclear, which is the main motivation for this study. At present, radiation treatment
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(RT) is still an important means of radical treatment and neoadjuvant therapy for esophageal cancer[2]. At the same
time, immune checkpoint inhibitors (ICls) are playing an increasingly important role in patients with esophageal
cancer[3,4]. ICIs combined with RT has been widely used in the treatment of locally advanced tumors[4,5,7]. In
addition to radiation pneumonitis (RP), a related inflammatory reaction caused by radiation damage to normal
lung tissue in the radiation field caused by RT, ICIs is independently associated with its own treatment—related
toxicity, and the risk of pneumonia is up to about 19%]|8]. Therefore, both of them are independent causes of
pneumonia, and this combination can unexpectedly lead to a high incidence of radiation pneumonia (RP) caused by
combination therapy. Therefore, in the era of immunotherapy, it is crucial to conduct safety and feasibility analysis
for symptomatic radiation pneumonia (grade 2 and above RP) to minimize the risk of pneumonia.

In this study, a total of 245 patients with esophageal cancer who received esophageal and/or mediastinal
radiotherapy at our center from 2020 to 2023 were retrospectively collected, of which 130 patients received RT and
ICIs combined therapy and 115 patients received RT alone. There were 63 patients with symptomatic RP. There
were 182 patients without symptomatic RP. It is worth noting that in current studies on the development of RP after
radiotherapy in patients with esophageal cancer, some clinical features have become important risk factors for the
progression of RP. Previous studies[10,17]. have shown that a series of clinicopathological factors, such as physical
status, smoking history, nutritional status, previous lung disease, tumor stage, pathology and location, concurrent
chemotherapy, evaluation of lung function before radiotherapy, and surgical treatment, are related to the occurrence
and severity of radiation pneumonia (RP) Giuranno L et al.[18] confirmed that advanced age (>65 years) is a factor
in reduced radiation tolerance, while women are also thought to be at increased risk of radiation pneumonia,
possibly because of their smaller lung size. At present, the related clinical factor prediction model for symptomatic
radiation pneumonia occurring in patients with esophageal cancer has also been reported[19]. In our study, we found
significant differences in age, operation and chemotherapy regimen among the four groups of cohorts after analysis (p<
0.05), while no significant differences were observed in other aspects among the groups (p>0.05). This requires later
expansion of sample size and more well-designed prospective randomized controlled studies to further analyze and
validate our conclusions.

Physical dosimetry parameters have been observed by a large number of researchers and their correlation
with RP has been reported[10,20]. Several dose parameters were associated with an increased risk of severe acute
radiation pneumonia, including the mean lung dose and the percentage of volume that received a dose[19,21].
Previous studies have shown a significant positive correlation between mean lung dose (MLD) and radiation
pneumonia. In Hernando’ s study[22], the risk of radiation pneumonia in patients with MLD greater than 8.5Gy
was about 3.8 times that of patients with MLD less than 8.5Gy. Among the patients we observed, statistical analysis
of physical dose parameters of RT combined with ICIs treatment and RT single cohort patients found that there
were significant statistical differences in whole lung V5, V10, V30, average lung dose and maximum spinal cord
dose between the two groups (p < 0.01). Univariate and multivariate analysis of clinical factors and physical
dose parameters of RT combined with ICIs and RT alone cohort showed that the potential factors of univariate
prediction of symptomatic RP in RT combined with ICIs were: lung V5, V10, V30, MLD, and spinal maximum
dose. Multivariate analysis showed that V5 (OR, 0.226; 95% CI was 0.054 ~ 0.984. P < 0.05) and MLD were
independent predictors of symptomatic RP in patients with esophageal cancer radiotherapy combined with ICIs.
However, a significance was not achieved in the multivariate analysis, suggesting that MLD does not play a key role
in the development of symptomatic RP. Therefore, we will next conduct more prospective studies to validate, while

determining the optimal cutoff for dosimetric criteria to more accurately predict the determinants of symptomatic RP
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in esophageal cancer in an immunological context.

In this study, we preliminarily demonstrated a close relationship between inflammatory markers and
symptomatic RP, and further investigated inflammatory markers such as PLR, NLR, LMR, and SII, determined only
by neutrophils, lymphocytes, platelets, and monocytes, which can be routinely and easily measured during treatment.
Our results showed that PLR, NLR, and SII measurements increased over time for the entire group or two subgroups
during RT. Further analysis showed that PLR, NLR, and SII levels were higher in patients with symptomatic RP
than in patients with asymptomatic RP. The SII of patients in the immunotherapy combined with radiotherapy group
was significantly higher than that in the radiotherapy group alone. In contrast, both groups showed a downward trend
in LMR, with the symptomatic RP group having lower levels of LMR compared to the asymptomatic RP group. At
the same time, we found that there were statistical differences in the change rate of systemic immunoinflammatory
indicators between the two groups at 4 weeks of radiotherapy. Based on our findings, SII appears to have a better
recognition ability to monitor symptomatic RP in the immunotherapy context. Of course, further research is needed
to verify which inflammatory indices are more sensitive to predicting symptomatic RP. In addition, we observed
that PLR, NLR, and SII increased while LMR decreased during radiotherapy, indicating progression of systemic
inflammatory response.

We further studied and found that the time p values of symptomatic RP in both groups were < 0.05, which
had statistical significance. Meanwhile, the median time to symptomatic RP was 65 days (95% CI: 43-70) in the
radiotherapy combined with ICls group and 97 days (95% Cl: 50-129) in the radiotherapy alone group. According
to our results, the time to develop symptomatic RP was statistically significant between the two groups, and the
median time to develop symptomatic RP in the radiotherapy combined with immunotherapy group was significantly
earlier than that in the radiotherapy alone group. This may be due to the pulmonary toxicity of ICls associated with
the pathophysiological trend of radiation pneumonia. This requires early treatment interventions by clinicians.
Our study revealed for the first time the heterogeneity of clinical factors, physical dosimetry factors, hematologic
inflammatory indicators and the occurrence time of symptomatic RP in patients with esophageal cancer under the
background of immunotherapy, providing a feasibility basis and safety analysis for clinical patients with esophageal
cancer with radiotherapy combined with systemic immunotherapy. It provides theoretical basis for further optimizing
the combination of radiotherapy and radioimmunotherapy in patients with esophageal cancer and reducing the
incidence of symptomatic RP. But at the same time, there are several limitations that need to be solved. First of all,
the sample size of this study is small, and it is necessary to expand the sample size in the later stage to further verify
our prediction results. In addition, our study was a retrospective study and there may be selective bias. Third, we
only analyzed the basic clinical factors and physical parameters, and biological information, genomic information
and radiomic information will be added in the later stage to improve the prognostic criteria for symptomatic RP in
patients with esophageal cancer.

Conclusions

In this study, there was no correlation between the clinical characteristics of patients with esophageal cancer
treated with radiotherapy combined with ICls and those treated with radiotherapy alone and the occurrence of
symptomatic RP. Among them, the potential factors for predicting symptomatic RP by univariate analysis of
physical dose factors are as follows: Lung V5, V10, V30, MLD and spinal maximum dose may be potential factors
for predicting symptomatic RP in radiotherapy combined with immunotherapy. Whole lung V5 (OR, 0.226; 95%Cl
is 0.054 ~ 0.984; P < 0.05) and MLD were independent predictors of symptomatic RP in patients with esophageal

cancer combined with radiotherapy and ICIs. At the same time, the rate of change of systemic immunoinflammatory
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markers at 4 weeks of radiotherapy is also a potentially valuable indicator for predicting symptomatic RP. This
study provides a feasibility basis and safety analysis for clinical patients with esophageal cancer combined with
radiotherapy and systemic immunotherapy, and provides a theoretical basis for further optimization of radiotherapy
combined with radiotherapy for patients with esophageal cancer and reducing the incidence of symptomatic RP.
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T8 W XM E FE TR FEd REE
BT H—ARER

Y PRITHR R £ TR PSR AT (IMRT) 5 A AU VR 3 A Y T (VMAT) Pl R D
YOW &N b e

Jridi: VEHR20214E6 H —-2220234F6 H , TR TR — AR B B M Oty P RHIS IR 423 51 MR P8 e ke
SRR, AR CTE ML AR BUR F s, AT FL L L Eclipsel 5. 5THR R BEA TR, 2047
HAZIMRTAIVMATI IR RBLIX (PTV), fi K2R (OARS), HBIXHISIMERSRUHD, SEIRARACD, HLARRE
B(MU)FNIA YT E] (Time) 555 THIS 4

L5 VMATHRI B CIFTHIE TIMRTH] (P<0.05). ET0ARs, VMATH I rP L 22 ) fi k0] i
(Dmax) T IMRTH I (P<0.001), - ifetR A5 9828 AR K32 JEGR] ik (Dmax) 513 532 JEGH] bk (Dmean) 5
B25, HilRIGRIGITER, EAEVMATIHRI, R BRV S B IR] i 2 B XA R L IMR T4
K(P<0.001), HAEEXER . MHEFIMRT, VMATIHRIEMUsHEBERIEA T51%, V3499677 5 R
DT 31%, P TIRITRCR.

Ziit: VMATHIMRTH PR A LA A I PR 2 TR I OAR . VMATAECIATHI L HA7 B4 A 1k
AE, (EA AR S R, VMATIATRZ R, A8 v LR AT aE g k. EAHEE FIMRTI,
VMATHR BAH A IMUS I SR80

KHET . SERRSNAYT . AP R ECNAYT . IR . 50 2R

Comparison of dosimetric characteristics in ocular tumor patients with IMRT and VMAT plans

Abstract

Objective: To explore the dosimetric characteristics of clinical target volumes (CTVs) and organs at risk (OARs)
in patients with ocular tumors treated with intensity—modulated radiation therapy (IMRT) and volumetric modulated
arc therapy (VMAT).

Methods: This study included 23 patients with ocular tumors who were treated at the Radiotherapy Department
of Xuzhou First People’ s Hospital from June 2021 to June 2023. Patient data were obtained through CT , and
treatment plans were designed using the Varian Eclipse 15.5 planning system. IMRT and VMAT plans were
compared in terms of target, organs at risk (OARs), homogeneity index (HI), conformity index (CI), the number of
monitor units (MUs) and treatment time (s).

Results: The CI and HI of the VMAT plan were better than those of the IMRT plan (P<0.05). As for OAR, the
maximum dose (Dmax) of the optic nerve in the VMAT plan is lower than that in the IMRT plan (P<0.001). There
is no significant difference between the maximum dose (Dmax) and the average dose (Dmean) of the lens and optic
chiasma, and it meets the clinical treatment requirements. However, in the VMAT plan, the volume of the area
received by the low dose of the contralateral eye V5 is larger than that in the IMRT plan (P<0.001), with a significant
difference. Compared to IMRT, the VMAT program reduced the average number of MUs by 51% and the average

treatment time by 31%, improving treatment efficiency.
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Conclusion: Both VMAT and IMRT plans can satisfy clinical dosimetric demands and protect OARs. VMAT
demonstrates better performance in terms of CI and HI, for low dose irradiated areas, the volume of VMAT is larger,
which may lead to an increased probability of chronic radiation side effects. Compared to IMRT plans, VMAT plans
have fewer MUs and higher treatment efficienc.

Keywords: Conformal intensity—modulated radiation therapy, Volumetric rotational intensity—modulated
radiation therapy, Ocular tumor, Dosimetry characteristic.
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1.2.3 7RI 5 5k

MFRFARIEAFHGIAMEEE, S TIRKRLA T FIE2.0Gy/F, 301K, SiE60Gy; OARsAZ &
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Field ID Gantry Rtn (deg) Field ID Gantry Rtn (deg)
Field 1 330 Field 1 330-120
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Field 8 105
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PTV KR Vref S HERI LALLM AR, CUBER 1, WHZIH A7)l e B .

HI % W HI = (D2 % - D98 %)/ D50 %, X : D2 % G KE)N 2 % PTV B2 1) B 55
i3 D50 % A 50 % PTV (RFRATZ A BRETRI B3 D98 %(UL iR/ M)Ay 98 % PTV AT 32 1 BRI
HI(EBA%, WZE7R PTV FIHE A PE T

1.4 Beiteab

K HISPSS 22,0874 1530, s LA = trifE2EdoR, MZBE R LBk FHBCOFEA « £, P
< 0.05 Pl N HA G E L.

2.4

2. LR R

TR , BUKVMATHPTVDI8% MR i TOF-IMRTIH &I, AR ERIT¥ER

(P<0.05) o AGRVMATHPTVIAFHEZ95%F1105% 140 7 R B FOF-IMRTI , PTVHCIFERGR
VMATHE TOF-IMRT, TPTVAYHIAEMIIVMATHE TOF-IMRT, EA REG 2425 (P<0.05) .

VMAT IMRT t P
D, (Gy) 63210 631%1.1 0153 0.881
Deyyy(Gy) 61505 61707 1.254 0.241
Dyes(Gy) 58512 593+13 2.659 0.024
Dyean(Gy) 61306 61607 1.410 0.189
Vass, 987+09 977+08 3759 0.001
Vg0, 553+26 507+05 5855  <0.001
HI 0.08+0.02 0.06+0.02 2683  0.021
Cl 1.07£018 126+027 3.500 0.005

#1. OF-IMRT S5 BURVMATH IR 2 S A, D2%, FEIX TR KRR D50%, Hh 7 5 i ;
D98%, HBIXIElfe/NfliE; Dmean, HORIXSPYSZBEFIEL; VO5%, $55295%Kb T i AT, V105%,
32105940 7 IR AT CL, EXIETEHE 4L HLEE XA ERE 4. P<0.05, AT Giit2- 5 .

2.2 OAR%R BRI (1) g

%2 TOARs, XURVMATHR] P HRERAYV 1032 BRI HE (R T9F-IMRT ( P<0.05) , {HV5/932 B i
F= FIMRT (P<0.01) , BURVMATE] #0268 19 fe K A2 JEGA) 2 (Dmax) FIF-4 5] ( Dmean ) KT
9F-IMRTI] (P<0.01) o AR5 28 LAY R K32 BRI i (Dmax) FPF34057 & ( Dmean ) ¥[R]9F-IMRTI
RIhARTR], R IGIRT R, WAHEZS (P>0.05) (%£2) .
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faarE  ARAE VMAT IMRT t P

fREk V5 51.2+32 245+13  16.072 0.001
V10 7.8+2.1 10.9+24  -5.446 0.012

V15 3.1+14 3.2+18 0.208 0.849

Dmax 13.4+27 142430  -0.047 0.965

Dmean 6.4+21 51+1.3 1.664 0.195

fniki&  Dmax 79+24 6.5+1.4 1.108 0.349
Dmean 3.1+1.2 2.6+0.7 2172 0.096

#ze  Dmax 19.9+36 225+32  -6.605 0.003
Dmean 145+23  17.5+29 -5.471 0.005

WAZY  Dmax 226+48  222+35 0.155 0.883
Dmean 16.2+3.6 16.1+2.7 1.139 0.373

2. OF-IMRT 5 WARVMATIH R /6 2SBS0, VxGy, #2 B /0X GyRIEAIAEL; Dmax,
FRZZ I Dmean, 4 FCFHSZ IR L IMRT, JH3RBUATT; VMAT, FRUSSRIAHATT . P<0.05
BAGE 38 3

2.3 MUsHIGT I 1A] Y LR

VMAT IMRT t P

MUs 468.8+44.6 906.1+128.1 16.428 <0.001
Time(s) 298.4+43.1 431.8+36.7 12.664 <0.001

3. OF-IMRTHISUGKVMATIHI A HLAFBEECFIIR ST I [H] 64, MUs, Machine Unites, #HLEFBEEL;
Time, 1GJFIHE; IMRT, HERESHATT: VMAT, BREUESRHUNATT . P<0.05 A G4 L.
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Predictive risk model for radiation—induced pneumonitis
in patients diagnosed with advanced esophageal cancer
receiving radiation therapy alone or in combination with

immunotherapy: A retrospective study
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1 Xuzhou Medical University, Xuzhou
2 Department of Radiation Oncology, Affiliated Hospital of Xuzhou Medical University

Background: Radiation therapy (RT) is an essential treatment for esophageal cancer with radiation induced
pneumonitis (RP) as a possible adverse event. With the emergence of immunotherapy for patients with esophageal
cancer (EC), whether in combination with RT or alone it increases RP incidence, which leads to the need of

reevaluating the RP risk predication paraments.
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Methods: Clinical and physical parameters were collected from patients with clinicopathologically confirmed
unresectable locally advanced EC from 1/2020 and 7/2023. The endpoint was Grade = 2 RP occurrence within
6 months after radiotherapy. The x 2 test and Logistic regression analysis were used to analyze the relationship
of categorical and continuous variables with RP occurrence respectively.Multivariate Cox analysis was used to
construct a RP risk model by R software, the accuracy of which was further evaluated by ROC and risk curves.

Results: After strict screening, 92 patients receiving RT alone and 84 patients receiving RT + Immunotherapy
were eligible for inclusion in this study. The incidence of grade = 2 RP in patients with EC who received RT
and immunotherapy was 30.95%, which is higher compared to those who received RT alone (17.39%).Several
factors were included for the construction of RP Risk Model by multivariate Cox regression in group RT and RT-1
seperatly. Four factors were used for RP prediction risk model in patients who received the RT alone, and five
factors were used for RP prediction risk model in patients who received the RT + Immunotherapy. The ROC curve
indicated the satisfactory accuracy with AUC value was 0.734 and 0.805 in group RT and RT-I respectively. Risk
curves confirmed favorable accuracy that the higher risk score, the higher RP risk, the lower interval times when RP
happens after RT.

Conclusions: (1) The immunotherapy may increase the risk of RP. (2) We screened out five indicators (age,
total irradiation dose, irradiation segmentation frequency,V15 and V20) for predicting RP incidence in EC patients
receiving RT and immunotherapy combination, which provided an important theoretical basis for the RT treatment
plan.

Key words: esophageal cancer; predictive model; radiation; pneumonitis;immunotherapy.

1. Introduction

According to the GLOBOCAN 2020 estimates, esophageal cancer (EC) ranks seventh in terms of incidence
and sixth in mortality overall [1]. Radiation therapy (RT) plays a vital role in the management of EC especially in
unresectable locally advanced disease. Radiation induced pneumonitis (RP), is one of the most common related
adverse event in patients with EC due to the anatomical proximity to the lungs|2], [3].

In recent years, immunotherapy either alone or in combination with RT has become widely applied to patients
with EC[4-6]. With the extensive use of RT and immunotherapy in these patients, and the well—established induced
pneumonitis caused by each treatment alone, a new question concerning the incidence of RP in patients receiving
the combination of RT and immunotherapy arises. Some reports suggested that the incidence of RP increased with
the combination[7-9], while other noted no significant difference. Moreover, several parameters were established to
be predictors of RP, including V5, V10, V20 and mean lung dose (MLD)[10-12]. However, these parameters did not
taken immunotherapy into consideration.

In this study, we evaluated the incidence of RP in patients with EC who received RT alone compared to
patients who received the combination of RT and immunotherapy, and we constructed a model to predict the
accuracy of RP in EC patients who received the combination of immunotherapy and RT, using clinical parameters
known to be associated with RP, which could provide an effective tool for individualized risk assessment of
symptomatic RP (Figure 1).

2. Materials and methods

2.1. Data extraction and inclusion criterias

This retrospective study was conducted at the Affiliated of Xuzhou Medical University. Patients diagnosed
with EC and receiving RT alone or in combination with immunotherapy between 1/2020 and 7/2023 were included.

Inclusion criterias were: patients older than 18 years old, a confirmed pathology report of esophageal squamous
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carcinoma, to have received both immunotherapy, completion of thoracic radiotherapy and to have at least one
baseline and at least one follow—up chest CT scan after RT. Exclusion criterias included active coexisting cancer,
chronic lung infection before radiotherapy initiation and developing after 180 days of starting RT.Patients with
incomplete or missing data were excluded. Clinical data including,baseline characteristics, comorbidities, tumor
pathological and radiographical characteristics, treatment summary and dose and volume histogram (DVH) factors
(GTV (gross tumor volume), PTV (planning target volume), MLD,V5/10/15/20/25/30), were extracted from electronic
medical records. Vx was defined as the percentage of lung volume receiving = x Gy. The following dosimetric
parameters were generated based on the DVH of the lung—PTV, including the total dose of radiotherapy, GTVp,
PTV, MLD and bilateral lungs V5/10/15/20/25/30. All DVH parameters were extracted and calculated from the
planned dose distribution according to the Treatment Planning System.

2.2. Treatment

All patients received fixed—field intensity modulated radiotherapy (IMRT). The delineation of the target area
was based on upper gastrointestinal radiography, CT findings and (or) positron emission tomography—computed
tomography. In our study,GTVp was defined as the primary esophageal mass volume based on imaging studies.The
CTV was defined as 3.0 em outward in the up and down direction of GTVp and 0.5-0.6 em outward in the anterior—
posterior and left—right directions plus the lymph node area where the metastatic lymph nodes were located. The
PTV was defined as the CTV plus 0.5 - 0.8 ¢m margins to account for mechanical instability, esophageal tumor
movement and respiratory motion. The prescribed doses were 50 to 64.4 Gy at 1.8 to 2.0 Gy per fraction once daily
and 5 fractions per week. The boundaries of organs at risk were refered to the Radiotherapy and Oncology Group
guidelines.

All EC patients were treated with programmed death—1 (PD-1)/ programmed death ligand 1 (PD-L1) inhibitors
including camrelizumab, atezolizumab,pembrolizumab, toripalimab, tislelizumab, and sintilimab. All the doses
and adjustments to the immunotherapy regimen followed the National Comprehensive Cancer Network (NCCN)
guidelines.

2.4 Assessments of RP

The diagnosis of RP was confirmed by clinical symptoms and abnormal lung CT images based on the history
of RT in the past 6 months, which cannot be attributed to infection, checkpoint inhibitor—related pneumonitis (CIP)
or other diseases. Clinical symptoms includes worsening dyspnea, an associated nonproductive cough, lowgrade
fevers, mild chest pain, malaise and weight loss[3] and abnormal lung CT images are visualized with diffuse lung
abnormalities or fibrosis limited or most to the radiation field of the lung. The severity of RP was assessed by
National Cancer Institute’ s Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0[12, 13]. The
endpoint was the presence of grade = 2 RP occurring within 6 months (180 days) after RT.

2.5 Models construction

25 clinical parameters (age, smoke, gender, pathological type, location,immunotherapy drug, immunotherapy
drug type, immunotherapy cycles, sequence,cTNM, T stage, N stage, M stage, total irradiation dose, irradiation
segmentation dose,irradiation segmentation frequency, GTVp, PTV, MLD, V5, V10, V15, V20, V25,V30) were
included for construction of RP Risk Model by multivariate Cox regression with R (V.4.3.3) vision. Risk scores were
calculated by the following formulation: Risk score= 2111 coef x factoryfactorn, where coef means the coefficient
value,factor means clinical paraments used for model construction and n means the number of modeling clinical
paraments. ROC curve (AUC value) and risk curves were visualized by “survival ROC” package for evaluating

the accuracy of RP risk model. AUC value more than 0.7 confirms the satisfied accuracy. All EC patients were
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classified into two cohorts according to their risk score and the cut value was the media risk scores. The relationship
of risk score and clinical parameters was analyzed by cox regression analysis with “bees warm” package.

2.6 Statistical analysis

Data analysis was conducted using the Statistical Package for Social Sciences (SPSS, version 29.0). The x 2
test and Logistic regression analysis were used to analyze the relationship of categorical variables and continuous
variables with RP occurrence respectively. P—values < 0.05 were considered statistically significant.

3. Results

3.1. Patient characteristics

From 5/2020 to 7/2023, a total of 225 patients diagnosed with EC were identified. 115 patients received RT
alone (RT group) and 110 EC patients received of RT+ immunotherapy (RT-I group). Of the 115 EC patients having
received RT alone, 17 cases undergone surgery, 5 cases were lost to follow—up and 1 case received incomplete
RT, were excluded. Of the 110 EC patients having received RT+Immunotherapy, 12 undergone surgery, 6 cases
were diagnosed with RP after 180 days, 3 cases received incomplete RT and 5 cases were lost to follow—up were
excluded. In summary, only 92 patients receiving RT alone and 84 patients receiving RT + Immunotherapy were
eligible for inclusion in this study. The characteristics of the eligible patients were summarized in Table 1 & Table 2.

There are 59 males (64.13%) and 33 females (35.87%) with the median age of 70.9 years (range 49-79) in
group RT, while 57 males (67.86%) and 27 females (32.14%), with the median age of 69.8 (range, 48-86) years
in group RT-I. In general, a larger proportion of EC patients is male (64.13% and 67.86% in group RT and RT-I
respectively), with no smoking history (80.43% and 80.95% in group RT and RT-I respectively), located in the
middle thoracic (57.61% and 54.76% in group RT and RT-I respectively. All patients received chemotherapy
in both groups.Most patients who received immunotherapy were treated with PD-1 inhibitors (95.24%), such as
camrelizumab, pembrolizumab, toripalimab, tislelizumab and sintilimab. 50.59% of patients in the RT-I group
received concurrent treatment,which is defined as receiving immunotherapy within 30 days of starting RT, and
37.65% of patients received RT prior to immunotherapy.

3.2 RP incidence

A total of 16 patients (17.39%) who received RT alone and 26 patients (30.95%)who received RT +
Immunotherapy and fited the inclusion criteria cited in the method part had a RP. A significant difference between
the two groups existed (P=0.035), suggesting that immunotherapy may increase the risk of RP. Moreover, all patients
who received RT alone had a grade 2 RP with the median interval time of 87 days (range, 41-151 days) while 26
RP patients in group RT-I were consisting of 23 cases of grade 2 (88.5%), 1 cases of grade 3 (3.8%) and 2 cases of
grade 4 (7.7%)with the median interval time of 106 days (range, 34 - 171 days).

Further analysis showed that clinical characteristics such as age, the total irradiation dose, irradiation
segmentation frequency and V15 were in positively correlated with the risk of RP occurrence in group RT-I (P=0.017,
P=0.020, P=0.012,P=0.039 respectively) (Table 2 & Table 3B). However, no clinical features have been shown to be
significantly associated with RP (Table 1 & Table 3A) in group RT.

3.3. Construction of RP Risk Model in EC patients

Several factors were included for the construction of RP Risk Model by multivariate Cox regression in group
RT and RT-I seperatly. Four factors were used for RP prediction risk model in patients who received the RT
alone, including age, N, M and V20 with the following formula: Risk score = (-0.0594 x age) +(0.6899 x N stage) +
(=1.8524 x M stage) + (0.1205 x V20) (Table 4A and Figure 2A). Meanwhile.five factors were used for RP prediction

risk model in patients who received the RT +Immunotherapy (group RT-I): age, total irradiation dose, irradiation
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segmentation frequency, V15 and V20. The formula was: Risk score = (=0.0555 x age) +(0.1291 X total irradiation
dose) + (=0.2190 x irradiation segmentation frequency) + ( =0.2134 x V15) + (0.2214 x V20) (Table 4B, Figure
3A). N and M stage were assigned as categorical variable while age, total irradiation dose, irradiation segmentation
frequency, V15 and V20 were assigned as numerical variable.

The ROC curve indicated the satisfactory accuracy with AUC value was 0.734 and 0.805 in group RT and
RT-I respectively (Figure 2B & Figure 3B). Furthermore,Risk curves confirmed favorable accuracy that the higher
risk score, the higher RP risk, the lower interval times when RP happens after RT (Figure 2C & Figure 3C).We
further analyzed the clinical correlation of risk score in EC patients by univariable analysis. Figure showed that risk
score was highly interdependent with immunotherapy drug (P=0.000017 respectively) (Figure 3D).

4. Discussion

Tumor—cell PD-L1 is expressed in 50% of patients with advanced EC[14, 15].While the major clinical
benefits reported from the use of PD—1/PD-L1 inhibitors[16, 17],the accompanying risk of adverse events cannot be
underestimated[18]. RP is a common adverse event occurring in 10-30% of patients with chest malignancies treated
with RT[2, 19]. Many clinical factors such as age, smoking history, the size of tumor, MLD, V20 and the lung volume
receiving low—dose irradiation are known to be independent risk factor for the occurence of RP[20-25]. However,
the introduction of immunotherapy to the standard of care in this population should lead to the reassessment of this
pattern.

In our study, the incidence of grade = 2 RP in patients with EC who received RT and immunotherapy was
30.95%, which is higher compared to those who received RT alone (17.39%). Most RP occurred 106 days after RT,
which was consistent with previous studies[26, 27] , however patient who received RT alone developed a delayed RP
compared to those in the RT-I group (87 days).

Age, the total irradiation dose, irradiation segmentation frequency and V15 are independent predictive
factors for the development of grade = 2 RP in patients with unresectable locally advanced EC receiving RT +
Immunotherapy. Age was shown to be negatively associated with the development of RP in patients with EC in our
study,which is comparable to patients with lung cancer who received chest irradiation[28].Younger age group may
possess a stronger immune response than older patients,which account for the higher risk of RP. Cytokines such as
tumor necrosis factor alpha (TNF- o), transforming growth factor beta (TGF- ), interleukin (IL)-1, IL-6 as well
as reactive oxygen and growth factors released from irradiated lung cells further recruit inflammatory cells to alveoli,
which could lead to the development of an acutephase pneumonitis[29-31].

Interestingly, although a non—smoking status showed a trend to be protective from the development of RP, the
statistical analysis was not significant, which may be accountable to the small cohort size. Besides, RP is associate
with a radiation therapy in a dose dependent manner, which was consistent with our analysis showing that higher
total irradiation doses are associated with a higher risk of RP [32].

The NCCN guidelines (Version 1.2023) recommend that the lung dose limits for EC patients are as follows: V5
< 50%, V10 < 40%, V20 < 20%, V30 < 15%, and V40 < 10%. V5, V20, V30, and MLD have been identified
as independent predictors of RP[33-35]. In our study, V15 was found to be related with RP occurrence, which was
reported in the literature in predicting the development of grade =2 RP[36]. V15 may be an important factor to
consider when discussing the benefits and adverse events that may occur after receiving RT + Immunotherapy.

In order to construct an optimistic RP prediction risk model, all clinical parameters were included in R vision
for cyclic modeling inspection. Ultimately, four and five parameters were screen out in two groups. Several studies

tried to establish a risk model including only one parameter: V20. Current studies showed that V20 >20% was a risk
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factor for RP[37-39], however we found that 69% of RP cases occurred with a V20 < 20% in patients receiving
RT alone. Our risk model combines several factor to predict the risk of RP however larger cohort are required to
reevaluate the predictive value of a V20 > 20% when combined with other factors age and N, M stage. In EC
patients who received RT + immunotherapy, more paraments should be included for RP risk prediction. Except for
four parameters which are significantly related to RP occurrence (age, total irradiation dose, irradiation segmentation
frequency and V15), V20 was also included in RP prediction risk model. According to the coefficient value, the
smaller number of irradiation segmentation frequency, the higher total irradiation dose, the higher incidence of RP.
It is easy to be explained that lung tissue belongs to late responding tissue, which is more sensitive to single dose.

In summary, age and V20 are very important parameters for predicting RP risk.Whether EC patients received
immunotherapy or not, age and V20 were typical factors to be evaluate while establishing the treatment plan
and calculating the RP incidence risk. In the era of immunotherapy, age, total RT dose, irradiation segmentation
frequency, V15 and V20 should be reevaluated.

Nevertheless, our study encountered several limitations. Including the retrospective design and the fact that all
the patients received chemotherapy.Therefore, no comparison of differences in various chemotherapy regimens were
available. In addition, the majority of patients included in this study were diagnosed with squamous carcinomas,
which are more common in China, compared to adenocarcinomas, which are more prevalent in Europe and the
United States.Therefore, the probability of RP and the risk factors for adenocarcinoma of the esophagus in the real
world needs to be further explored.

5. Conclusions

With the increasing use of immunotherapy in combination with radiation therapy in patients with advanced
EC, we showed an increased incidence of RP in patients receiving RT + Immunotherapy compared to patients who
received RT alone.We further analyzed clinical parameters associated with RP and constructed a RP prediction
risk model consisting of five parameters in EC patients, which may provide a basis for revising lung dose constraints
in efforts to better prevent RP. Larger cohorts and prospective studies are required to establish and validate a new
definitive model risk for patients with EC receiving the combination of RT+Immotherapy which could enable better
treatment planning for this population
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Incomplete Multimodal Brain Tumor Segmentation Based on CMAF-Net

Sun Kangkang1,2,3, Ni Xinyel,2,3*

1 Radiotherapy Department, Changzhou No.2 People’ s Hospital, Affiliated Hospital of Nanjing

Medical University, Changzhou, 213161

2 Center of Medical Physics, Nanjing Medical University, Changzhou, 213161

3 Jiangsu Province Engineering Research Center of Medical Physics, Changzhou, 213161

[Objective] The information between multimodal magnetic resonance imaging (MRI) is complementary. Combining
multiple modalities for brain tumor image segmentation can improve segmentation accuracy, which has great significance for
disease diagnosis and treatment. However, different degrees of missing modality data often occur in clinical practice, which
may lead to serious performance degradation or even failure of brain tumor segmentation methods relying on full-modality
sequences to complete the segmentation task. To solve the above problems, this study aimed to design a cross-modal attention
fusion based deep neural network (CMAF-Net) for incomplete multimodal brain tumor segmentation. [Method] The network
is based on a 3D U-Net architecture with encoding and decoding structure, a 3D Swin block, and a cross-modal attention
fusion (CMAF) block. A convolutional encoder is initially used to extract the specific features from different modalities,

and an effective 3D Swin block was constructed to model the long-range correlation to obtain richer information for brain
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tumor segmentation. Then, a cross-attention based CMAF module is proposed that can deal with different missing modality
situations by fusing features between different modalities to learn the shared representations of the tumor regions. Finally, the
fused latent representation is decoded to obtain the final segmentation result. [Results] CMAF-Net is evaluated on the widely
used BraTS 2020 dataset, and the average Dice scores of the method are 87.7%, 81.7%, and 64.1% for whole tumor, tumor
core, and enhancing tumor regions, respectively, outperforming several state-of-the-art segmentation methods in missing
modalities situations. [Conclusion] The experimental results show that the proposed CMAF-Net can achieve accurate brain
tumor segmentation in the case of missing modalities with promising application potential.

brain tumor segmentation; MRI; missing modalities; multimodal fusion; cross-modal attention fusion
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Figure 1. Example of data from the BraTS2020 dataset. From left to right, the images represent four MRI
modalities: T1, Tlce, T2, FLAIR, and the ground truth labels. In the ground truth image, the green region represents
edema, the yellow region represents enhanced tumor, and the red region represents necrotic and non—enhancing

tumor.
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BESEE, FIEHE R 22 R A TI-Tlee BUSFRA G B, RZIMR. HmiE e, 38 U Iy it #ar
PRS2 [R] A DGR R 58 th RIS Z (R A ARBURFIE . F T3 SEREAE AT DDA PR RS 25 5040 B B
WENINZEA F EAE R [28], X T RN Z B A DCHE AL 25 B R . 45k AN
R EUE i token sequence 38 E R CAN R RN «

T
CA(T1—-Tlce™ ", FLAIR —T2"*") = Soft max( oK W
Jd 7 (6)

y, = CA(T1-Tlce”" ,FLAIR —T2"*")+ T1—Tlce"*" (7)
A, FORFlairFIT20947F, FORTIMITLceMFHIE, FoRAGHINET, FRZEEET .
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Figure 4. The structure of CMAF Module. It consists of fusion block1 and fusion block2
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L = Ldice + Lcross 5 (9)
Z'C—1ZI‘\7—1plj‘gt)' te
Ldice :1_2 C = N ~
Zi:lzj‘:l (F; +g;)+e (10)
Lcross = _zxgl ()C) log(p[ (x)) s (11)
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i B TR S BRI, g e/ NEEL, OB, Py (X) BARE x B T2 1 bR,
8, (%) A2 % x MBI bR
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SFIM128 x 128 x 128{KF batch sizeB BN LYIZRIKECH800epoch . 4 fE[22]11220:74:75 (VI Z:Hr i 1)
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2% ) B TR is 2 B T e JE 2R R 3R, UERH T T AR A R e

F21 4EBraTS202050 455 |, XFU-HeMIS[20]., U-HVED[21]. DIGEST [22]FfIlmmFormer [23]Z5 A [R] 745

« 65 -



LB EFAS T RIS ST FEARA RFILX

HAT IR . RS AR R OL T A B AR 2 EU(DSC) . DSCIEBE R, 2554, O @43l
FORBRBSTNT] PR, MRS R BN AP IA R . Average R T TR OLH -S4 1H

Table 1 Comparison with different methods such as U-HeMIS [20], U-HVED [21], DIGEST [22] and
mmFormer [23] on the BraTS2020 dataset

DSC (%)

Modalities

Whole Tumor Tumor Core Enhancing Tumor

F Tl Tle T2 |UHeMIS UHVED DIGEST mmFormer Ours UHeMIS UHVED DIGEST mmFormer Ours UHeMIS UHVED DIGEST mmFormer Ours
00 O e |[76.7 80.9 78.6 86.2 86.8[50.7  57.9  60.1 72.7 75.2 212 310 300 435 480
OO0 ® O 652 654 74.4 78.9 80.9/68.3  70.7  83.3 86.5 86.6 662 663 783 767 771
O ® OO [588 835 686 79.2 80.9|38.9  53.8  54.5 69.2 723/ 13,1 22.5 35.1 41.6 44.4
® 0 OO0 [79.6 835 842 86.9 88.4[51.6  53.8  60.4 69.4 74.7| 26.5 22.5 39.8 41.2 45.1
00 ®@ ® [s1.1 835 855 87.6 88.2(74.6  79.5  87.1 87.9 87.4| 71.8 72.6 81.0 77.0 79.0
O @ ® O [69.8 69.7 77.6 82.0 82.7(70.8  73.2  84.1 86.1 87.0] 68.2 68.1 79.6 78.1 78.8
®® OO (832 843 8538 89.3 89.7|55.9  55.7  65.0 75.4 76.3| 28.4 20.4 42.9 46.1 47.4
O @ O e (792 81.7 84.3 87.8 88.4[52.7  59.2  63.8 75.0 76.2| 25.3 30.5 42.4 46.6 50.6
@O0 O @ [854 876 87.8 90.1 90.1|59.6  62.7  67.8 76.2 77.1| 20.8 34.6 44.6 48.8 51.2
@O @O (852 86,5 886 90.0 89.8(73.4  76.7  86.1 87.4 86.5| 71.6 72.6 78.7 77.2 77.1
®® @ O (364 867 885 89.9 90.0|74.6  77.0  85.6 87.0 87.2| 74.1 72.7 77.7 77.0 77.8
®® O @® (3569 882 8838 90.3 90.3|60.7  63.4  67.5 77.2 77.6| 33.0 32.7 45.5 49.9 51.6
e 0O @@ (379 892 89.7 90.8 90.4|76.8  80.1  87.2 87.9 86.7| 72.9 73.7 80.3 78.4 77.6
Oe @ ® (831 840 86.0 88.2 88.7076.1  79.7  86.1 87.5 87.6| 72.5 72.5 82.3 76.9 78.1
e @ @@ (3555 3892 902 90.8 90.4|77.1  80.2  87.0 87.6 86.8| 73.4 73.6 81.2 78.3 77.8

Average 79.8 82.9 83.9 87.2 87.7 |64.1 68.2 75.0 80.9 81.7 | 49.3 51.1 61.9 62.5 64.1

3.3.2 IR R

N TR, BSHLAL TR AT S A J5IE120] . (211123 1E5K A [F)— 2 B A R £ iy ik
BT MBI R . 7T DUR BB 0 7 e R 2B 00 T AT DU AR SRR 1 73 BI85 20, U RE HA —
PRSI RSO0 T R ., B B s iz ke

N T VARG AR R R R AR S A e, M BraTS2020%50HE 5 rh BEALIESE T ILAIE I, 7ERLA
BRI OL T By EI S R e R . ATLAE S, BEE SCBOSECR G, RIS R SR Ar 2, AN
FERIRZATRRE, AR ISR — A AREE R B 4550, eah, Bl B —FPFLAIRBEZS i H LR,
CMAF-Net 5L 2 X6] i e 4 73 4 19 531
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5. AEBRRBSBORN RO T , XA SO S5 A TR R rT e B A R AT T I, A ik
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Fig. 5 Comparison of segmentation results on four cases of missing modalities: complete modalities; FLAIR,
Tlce, T2; FLAIR, Tlce; Tlce. From the left to right are four MRI modalities: T1, T2, FLAIR, and T1ce; The fifth
column presents the Ground Truth of two patients, the sixth to eighth columns show the results of the state—of—the—

art methods, and the rightmost column shows our segmentation results

FLAIR Modality Ground Truth FLATR+T1ce+T2+T1 FLAIR+TIce+T2 FLAIR+TIce FLAIR

- 67



LB EFAS T RIS ST FEARA RFILX

P16, CMAF-Net7E GRS 70 BILSHR B

Fig. 6 Examples of the segmentation results of CMAF—-Net with various available modalities

3.3.3 JH LS5

FEAS/ N, SBR[ AL, 4T T A RS, AP CMAF-Net
MR A RA RLPE . BEZRTEA I IBD Swinfii | CMAFBIHFNIE G 11 2B i1 00T 5t 1 Jr
o TERME2MEG T =R A A CMAF-Net/E 5 ABLAS B PTA AT BE 4 L B9 F-IDSCHY & i 45 2, 7T LA
i, 43D SwinfiH I FIELERT, ET, WT, FITCAIDSCH RS 72.1% ., 0.9%H10.7%. DL E455%
B, Bt dinY3D Swindm] LR GE - #IVERE, HRPE3D SwinB T LIS AR OC R e, 2% 2] 3
42 Jry HLARY i BRAE . 7E IR AL b, FE— DM CMAFBR G AR 28 rh o 58 E W], =AM
TR XS DSCHIA B4t i o 33X ] LA CMAF o 7850 8 5 R RS Z M I B AME L, JF T AR
BZ BRI OC R, TS & AR RAIE 2 ST RE T o eAh, ARG T IR (SAMAN
CAM)FG#E T S8R 3B I 28 A8, 0] LUR B or B RE E— D4R i, T3 DSCHE & T 1.0% . ARGEM T
SAMAE2: > AR ZS [B] I M, TSR THRIESR/R . CAMPT LA 5 I 28 % SCRRRIE 1 e, DAE
—E g R, L, SIEZRAHEL, Frt I CMAF-NetfE —FP2 Y s X Jak (i DSCHR AT & & vics, 1ERA
TR R AR S i T DTk

#2.CMAF-NetX $# 48 {48 BhA 52
Table 2 Ablation study of critical components of CMAF-Net

Average DSC(%)
Method
WT TC ET Average
Baseline 85.8 77.9 60.3 74.7
Baseline+3D Swin block 86.7 78.6 62.4 75.9
Baseline+3D Swin block+CMAF 87.1 80.4 63.0 76.8
CMAF-Net 87.7 81.7 64.1 77.8

4458

ARSCHR T — Pl T B AR A T T il R SRS R 7017 1 CMAF —Net o i RIZE 5 T
CNNAITransformerf g BRI, 7EZiA% 5 B FICNNIEAT R i b S B, [R5 AR50 7 1
93D SwinBAS LR HCHC 8 4R B R SCME BT, USRS SRR ARHIE R R o Behh, $il A5k
TR S W A SRR R A AR, AT LU [RS8 ) ) (R AR M T2 T S AR i = R R
IRo A, AERRSETEL, ) A TR HGE E R AR E A G SRS Z R UCRAE, DL G TEAFIE
PR B oCBE(E , ANTTHE 20 B RO MERAVE . T RSB0 IE T CMAF-Neth CHEALIF AU M. IEAh, 18
BraTS20205#i 4k FRYSCIGAE TR, Frie th i 5 IE AR s BS B E B0 SO0 T e 0 %0051 . B AT,
A 3207 125 ] LATE — Pl 2 RS B I 5 B 20 BN IR, JFARAF S AP R oI 4528, TR RSB b B
HEANME.

SR, %07 1 JR FRAEAE T JC K A SRR OB, Il PR B VR B2 WORIGA I 7 R T 58 BRI 1)
g . AEARMTAED, B2l 0 24T 555 SR SR BS AT/, iR 2 Wi I T w5
BA58. ILAh, JEE TAERT L% e 42 th A CMAF-Netd R 258 2 R [ AUREES (ANCTAIMRI ) (4[]
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Dosimetric study of optimum treatment mode applied in radiotherapy for postoperative prostate cancer

ABSTRACT: Objective To investigate the dosimetry difference of different radiotherapy techniques including
Volumetric—Modulated Arc Therapy (VMAT) and Intensity—modulated Radiotherapy (IMRT), grid size (0.10cm vs
0.25cm), dose calculation algorithm including Collapsed Cone Convolution (CCC) and Monte Carlo (MC), treatment
position including supine and prone position, flattening filter mode including Flattening Filter (FF) and Flattening
Filter Free (FFF) on planning target volume (PTV) and organs at risk (OARs) in postoperative radiotherapy of
prostate cancer, and then explore a better radiotherapy treatment mode that should be adopted after prostate cancer
surgery. Methods Firstly, we only controlled single variable to compare the dosimetric differences of these five
conditions (a total of 10 variables) on PTV and OARs. Then, based on the above results, the dosimetric effects on
PTV and OARs were compared between group A, which was composed up of relatively superior five variables,
and group B, which was composed up of relatively inferior five variables. The dosimetric parameters included the
dose distribution (PTV and OARs) and homogeneity index (HI) and monitor units (MU) and beam—on time (T)
and conformal index (CI). We chose the paired t—tests for statistical analysis, whereby results were considered
statistically significant with P<<0.05. Results Based on the statistical results under the influence of multiple
variables, Dmean—-PTV decreased 2.34%, Dmax—PTV decreased 5.41%, CI-PTV increased 5.1%, HI-PTV
decreased 25% , V40-rectum decreased 28.5%, V50-bladder decreased 31.3%, Dmax—femoral heads decreased
3.5%, Dmax—spinal cord decreased 6.7%, MU decreased 13.7% and T decreased 29.6% medially in group A
compared with group B. Conclusion The treatment mode of VMAT, prone position, MC algorithm, FFF, 0.10cm
calculation grids is supposed to be chosen for post—operative prostate cancer radiotherapy, which is more capable of
meeting PTV constraint and maximum protecting the OARs.

KEY WORDS: Prostate cancer; Volumetric—Modulated Arc Therapy; Dose calculation algorithm; Flattening
filter mode; Calculation grids; Treatment position

UEAE R B A T [N F 3 W8 A AN 5 A 355 2D B ks, RS B L ) 58 PR e g — i 3 i 7 e
[ 55 P AR P B R AN TR [ 1] AR RS i B £ 28R T Bz — MG Y © @ sz 2 L,
A JR AR B9 7 80U 5 0 7 R o R TR O 2] RS 8 i 4 T T 75 3 IR 53 T (Intensity —
modulated Radiotherapy, IMRT)'@ Sy AN e (Volumetric—Modulated Arc Therapy, VMAT), VMATZTEH R
IMRTHER - % JRE A ) —FR BT A0 BOR , AR U= AT 7E360° B 22 INEAE A A AT A 27 FE P 0 i
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A THER, BRGS, JF FE i sl sh A 2 et . gkl ARl R | nARHLAR R A, DAL 4k
R (EEZK) JIUE B E 0RYT . PIARE TAE G RIMRTHOR , oA BRSPS, SRl s
T, DX R AR o A AR DA R SE R B AR R AR A AL 3]

TR RO R, FEXT ZMSEERA TS, RIS BRI B 20 B i 3R
FEAEANTEIR R . H AT E AN A A T VMATH A 575 B 7 1 O s 4568, i AR S 80k
FENHBUT RIS B R G A b . IR AR B R B uRT-TPSIRI T I R 58, MDY
AR IEIFIRGL . FIEE . B RS RS AN TS BRI B AN, BRI PR IE A
DX e AR A 43T 1) R e R R (R e 8 B S B e G

1 MRS Tk

1.1 W5 AR

FFEZEE20224F4 H 2202347 A TIREBEATHUA YT 19 10615 B AR S5 835, #ACII(20024F) TNM
SHREN], T2H6f, T3MHAR], B2 ~ 714, PAARERYSS S

L2 fUAR B

16HERAFLARME e . CTGE FHHL SN F, General Electric Company), AMEMY A [# 2 BL2s 4y fFEMy
PRAL B AR [ 20 N R SRR 23 1), o248 FHACUITYAREARLE (7 LRI 2 uRT-TPSIA Y -1 2R G Fle
FZuRT-linac 3061 FHL T FLZ MRS .

1.3 S5 4RHL

(] s X6 1045 £8. 5 53 1) R FHART RN A S AR B v T, AMEMS T b 28 10 L as S i, IRFRMA AT~
03K A AR 31 R T o X SR FH PR 152 =X B 106 8 A T2 RS mm ISR CTHIG, S
Rl A5 2B N0 T F SIS em.

1.4 HIX K S Ko 2% B /) ) e FRAE

7] — 11 DA e Vi ) 1 ] — B 5 R TR, A I PRFB X (CTV), HECTVIRTG . A4 M i lem,
FFANK0.5 em, HREEHRIELIX (PTV), &M E (OARsLIEEHE . BEDE. EmMBEE k. A FIEE N
7000 ¢Gy, 250 MRS, £:K280 cCy, ZER99%IMPTVIRFUIRAKSZ £]95%(6 650 cGy)HI4b I 7l &, PTV
1) f e 71 B AN AT 107%(7 490 ¢Gy)o OARsIYTi A2 2R 432 L4 000 Gy il it i AR BN B o S A
FU30%(V40<30%), B35 000 Gyl B ARFRAS B L SR TR 50% (V50 < 50%) , FF i KRl it
(Dmax)<4 500 cGy, Bk Kl (Dmax) <5 000 cGy.

1.5 T pEAd

TE1 cGyFI1 em3 M43 F5 N A 50— AR BT L (D V)& PPN 07 0] 09 B 24K . ZE T AN
THRIEXT ERE, K BT A R R X PTV I I — B HARFR1999% 2 /D gk 2 AN 77 R 1995% . K4 735
H(Dmean), e K (Dmax) . /Nl (Dmin) 38T HEREE(CTH A TEFR B HDFE PR PTV R 5 2=
SR RTOARSITEA T BOEBE (5 RO 1R 2, MG PR B RE/MI3 mmPFATIFA4)Dmax . ELAVA0. bk
V50, BEEkDmax, HLESBREMURNH SREHET, CIBEIERIA0 ~ 1, ZEK N RIE I #m 4], HI
{ELAS /NI 34 5 AR 5]

1.6 Geit2# ik

K HIIBM SPSS 2208 748 12440 ], RHFCXTGSS, & o =0.05, P<0.05hESAG I L.

2 45 R

2.1 AR H AR SR

FEXS AN RO T BAX BOT R A2 00, % 10451 282 B EMO7 [ 2 J7 X0 1 VMATFTIMR TP Ff i
SriH . VMATIHIA B IE SO 1~360° A lBRST, IMRTH R+ 78 iy 4 b oA B =0, 4R
[ IR L5 43 MBI E 0, 51, 102, 153, 204, 255, 306° . [AWHZEBEH R 7R HER: H:
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PR R, IR 1061 S 1 A RIS BORM P S5 5 76— 3, BIBE R LR M6 MVAYXLL,
%600 MU/min, 578 & S5 (Collapsed Cone Convolution, CCC ) Bk, MRS FFR
X, MR RS 40.25 emo AWK B E AT HRITER I LR R F 20K, B PTVIH—3199% 1 (A F 2= /b
i AL T ) A995%(RI6 650 cGy) YT &, FH R HSPSS 22.0% 45 ik A7 B X ok i . 25 5 % PS5 IMRTAH
o, VMATHIPTV ) DmeanfIDmax AR H CIHE & M HIEAL, B VAOREEVSOLL K B3k Dmax i #H1I,
[ LS BEEMU AL SR TR AR A, DA 22 R HA G #E L (P<0.05), WL,

F1 FRABFTHEANFIESHLR ( FHE irEE )

S VMAT IMRT
D,.../cGy 6880.40 + 18.84 6907.97 + 20.76*
D, ./cGy 7082.70 + 15.49 7142.76 + 17.21%*
PTV D, /cGy 6393.54 + 21.38 6347.13 + 33.04
CI 0.80 + 0.02 0.76 + 0.03*
HI 0.07 +0.01 0.08 +0.01*
W V% 1538 +4.77 18.81 + 7.89%
OARS BBV 5o/ % 20.04 + 3.48 2520+ 5.77*
B3k D, /Gy 4804.96 + 108.08 4864.93 + 135.25%
HHED, . /cGy 1811.46 +217.14 1622.63 + 254.90
MU 627.19 + 88.47 808.23 + 135.95%
T/min 3.85+1.27 5.88 + 1.89%

PTV: PHRIHEIX; OARs: fENARE; MU: HLaBkEG Dmean: “FHJ5IHE;

Dmax: HAFliE; Dmin: &/l Cl: JERMEFEEG HI: WS

V40/50: 4000/5000cm3 R B I A5 ; MU HLasBk s T. HRWHE; S5VMATIHE, *P
<0.05,

2.2 ANFFERE R SR

SR T RBESE FE R OTRCR AR, Al A BT 1061 3 B EMY VMATHRI, AR FET
R M A, HAH CCCRILBCAMCRIE I EA A TR, RIS PTVIH —2]99% iR FL 2/
6 650 cGyfIFE . 45 EM S CCCHIEM L, MCHEIEAMPTVAI Dmean, Dmax, Dmind) E{KHCIH &, #H
V40, EHEVS0. B kDmax . HHEDmaxtBIHAL, U E2ERHEAGTE L (P<0.05). &2,

F2 AEFEEZNFESHILE ( FHE + fEE )

S8 CCcC MC
D,../cGy 6880.40 + 18.84 6849.78 + 16.64*
D,./cGy 7082.70 + 15.49 7053.35 + 23.98*
PTV D,./cGy 6393.54 + 21.38 6365.47 + 25.14*
Cl 0.80 +0.02 0.80 + 0.03%*
HI 0.07 +0.01 0.07 £ 0.01
H V% 15.38 +4.77 12.50 + 5.27*
OARS JBEEV 5o/ % 20.04 + 3.48 17.19 + 4.15%
JBe53k D, /Gy 4804.96 + 108.08 4720.31 + 146.48*
HBED,, /Gy 1811.46 £217.14 1758.47 + 185.71*
MU 627.19 + 88.47 634.73 + 95.55
HH BT [E] /min 3.85+1.27 3.94+1.35
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RFiL X

CCC: Collapsed Cone Convolution®. £ ; MC: Monte Carlofa i 5CCCHEIEIL, *P<0.05,
2.3 AN [F] PR 0 7R B 2 A
ARSI H] IRV 100185 A IMEMLVMATIHR], PREFHHRI P A ZR A, FOR RS
FEER MO FFRR I T AT, FIRREPTVIH—2199% AT 2 /006 650 Gy 7, 455 &
SFPEAMIE, FRPESCT EVA0 . VSO HEHI Dmax AL, MUBG I THEAR, DL E2ER I HA S

P2FE L(P<0.05), W3,
#3 AEHEBEXANFIZESHILE ( FHE L REE)
28 FF FFF
D,ulcGy 6880.40 + 18.84 6870.70 + 22.39
D,./cGy 7082.70 + 15.49 7071.47 + 16.38
PTV D, /cGy 6393.54 +21.38 6398.23 +25.42
CI 0.80 + 0.02 0.80 = 0.02
HI 0.07 £0.01 0.07 £0.02
HW V% 1538 +4.77 13.89 + 3.88%
OARs JBEIEV 5/ % 20.04 + 3.48 18.47 +4.21°%
B3k D, /cGy 4804.96 + 108.08 4831.12 + 122.70
HHED,, /Gy 1811.46 £217.14 1576.19 + 154.31%
MU 627.19 + 88.47 699.37 + 90.73*
HH BT E] /min 3.85+1.27 3.66 + 1.44%

PP, *P<0.05,

2.4 A[E] P AS RE 75 i SR R

[ REAE SR B B 106 535 B BEMY VMATIHR, AR R HAb A AR AE , FOB A% R ST
F0.25emE 0. 10emIHFFHTHE T IAL IR, BHPTVIH—F199% AT ZE 16 650 Gyl H . 455 K B
BF0.25cm A% S, 0.10em M8 ST FEIPTVHICIE &5 HHIEAR, FEEmV40. BEHEVS0. Bk
Dmax, HHiDmax, MUMTHZAEL, DI EZERHEASH4E X (P<0.05), £,

x4 AEMERTHFESHLE ( FHE+REE )

S 0.25cm 0.10cm
D,../cGy 6880.40 + 18.84 6885.16 + 20.33
D,./cGy 7082.70 + 15.49 7105.04 + 17.74
PTV D,./cGy 6393.54 + 21.38 6363.11 + 19.30
Cl 0.80 +0.02 0.82 +0.01%*
HI 0.07 £ 0.01 0.06 + 0.01%*
W V% 15.38 +4.77 15.25 + 3.28*
OARS TRV 50/ % 20.04 +3.48 19.04 + 4.55%
e 3k D, /Gy 4804.96 + 108.08 4759.81 + 99.37*
D, . /Gy 1811.46 +217.14 1806.04 + 185.23*
MU 627.19 + 88.47 606.69 + 77.38%*
HH R E] /min 3.85+1.27 3.79 + 1.03*

50.25cmH#s, *P<0.05,
2.5 ANENAIFIRNRYF S8
N T IR RN R RCR A 225, X R FH PR [ AR [ 5 77 =00 1061 2 28 2R FH VMA TR
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RFEL L

TR EEFAS RIS RS T AL

Beite FREE T HEBR HA B Z 50, o Al S8 AR SR B 5E 22— B, B PTVIH—599% 1
RBLZ 6 650 Gyl . 45 R AR GIPEMIAHI, MFEMIPTVITHITE &, EM VA0 KRB VS0 AL, 22
FIAGI AR (P<0.05), WKL,

R5 AELGITEMHFIESHLE: ( FHE + iREE )

P EM:z {RFBMAT
D,../cGy 6880.40 + 18.84 6892.32 + 16.65
D,./cGy 7082.70 + 15.49 7077.96 + 20.35
PTV D,./cGy 6393.54 + 21.38 6427.43 + 19.18
Cl 0.80 +0.02 0.81 +0.02%
HI 0.07 +0.01 0.07 £ 0.01
i V% 15.38 +4.77 12.37 + 3.25%
OAR JEREV 50/ % 20.04 +3.48 18.28 + 3.76*
e 3k D, /Gy 4804.96 + 108.08 4837 £ 123.56
4BED,, /Gy 1811.46 +217.14 1724.66 + 188.37
MU 627.19 + 88.47 619.34 + 75.89
tH BT E] /min 3.85+1.27 3.79 £ 1.33

EMEM HES, *P<0.05.

2.6 ZEEHAG R 25 WK

H T HECR AR A A IR P B R a2 22 5, AR AR AR BRSO T , BE 10M1 B35 A A
FMA7 [ 7 AL, AEMSE [ E 5 SR B4, 24 rR A R A D TR . b Ag R
FKHIVMATH AR | MCH | FRFESL, 0.10 em9 5514, BALABE RHIMRTH AR | CCCHL . FRE, 0.25
emP 5 R T R R DXGR R EER, R AR R A A U — 599% I PT VAR FH 28 /il /2.6 650 Gyl
R, SaALIhRIAIEE, bRBAL AR IE R A ZUE R R Tk A6 B AR R R 5 PTV T
AL EER, B aS A bIEE ORI fE K25 B 1070 A2 Y L I R 2R s S bHE, B
afPTVIIDVHIM L R BE, FIRA L GRS E T, HmVAORBEBEVSOX AR, HASEMBE
KRR R AL, SRR I Gt ki A28, SB4ML, AZIPTVAYDmean .
Dmax® /], CIEKMHIE /N, EHV40, BEEVS0, B -kDmax, HfDmax, MUMITE /N, 2254
it L (P<0.05), W6,

%*6 AASBAMFIZESHILE (FE irEE)

S A4 B
D,../cGy 6812.13 + 18.24 6975.43 + 25.57*
D, /cGy 7178.97 +20.37 7589.86 + 38.96*
PTV D,./cGy 6372.78 + 16.65 6269.99 + 20.07
Cl 0.83 £0.02 0.79 + 0.02%
HI 0.06 + 0.01 0.08 +0.01*
il V% 17.70 + 3.85 24.74 + 3.99%
OARS BV 5o/ % 22.87 +4.64 33.27 + 5.85%
e 3k D, /Gy 4717.54 +103.78 4887.30 + 136.95*
ABED, . /Gy 1565.96 + 158.94 1678.60 + 171.23*
MU 703.55 + 85.27 814.92 + 98.45%*
HH R [E] /min 4.07 +1.33 5.78 + 1.65%
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H5A4E, *P<0.05,

Ha— v =&Eb

[E]l H )

390 B

3.1 BT HORI R

FIH B H0 X 32 31 BB 3 R P GE 30 LR L MU e i) sE B R BE (s, 2 AR IR, DRk
7 RS IR, HOXGE T B A R S M, TR S g B B N . AT B, AR
FIMRTHE AR, VMATHE X () CIH g HHITEAR, 3X -5 MellonZ5E[6 1%} iy 81 B9 0 7 FR 0 IX A3 24 P oe 4598
HE . XTFE R EEHmVA0, BEHEVS0. ik Dmaxff W E L, X H5NguyenZF[71%F T VMATIAYY
5 BRI ) 2 1 v 0 R X B BB AR — 50, B ANVMATHIHLES B BMUAH AL TIMRTREAE 122.40%, AHRY
() AR TR R T 34.5%, KAHEE TIRITRCR, ki B#Ryr it ml[8], Wb T nl REAALE i R A Ak
ENVERTIE LA AU, 4 TIRYT 12 M FET G

3.2 SRR

FEROT R, AR B AR R X e AR A P A e . B R ARk
A ELE B ks B 0 15 ER R FRAEE ((Collapsed Cone Convolution, CCC ) , {HAZ2HAE—LE N TR ER 2 S
SR AR T S %R 9] T3 —FRMDEGE A A EBRBOT R “EhriE” (10155 R P H
: (Monte Carlo, MC ) , B LM RESUFE T 0T LAIBSARE B0 AR R 15 AR A FH DA R R iR
e, AW SR, M TCCCHE, MCHBEAKHEXPTVA S . Sl 5 R R T — @ s
VR, HAR PO T A s TR R A A0, [FIRE XS 18 SAs B At o m B4y . Xt 5 R st
ZEL P FIE PR R X 8 U A S5 PR SR 0T Hh A 300 2kt BE IR — 3, RIS B A (126 T2 T8
WAL MMCHEEI L, (H R B A e, MCEE TR BRI AT e /s TeCoB sk, b
8T —E MR TR, O IR A AR BT 22 R 8 . 25 BTk, e
TR FE A GO , SEREMCEVE T LA (0 B e 0 DG I B A4 &) 1 (RIS G A D 1 S

3.3 ST XA

BIgeas (FF) R M 28013k i — Fh P UE [ 5 TR ) e A B A PR 2 e, (E R IR gR 0 A7
ST NIRRT, SRR A A TR, AT RS (FFF) X
WA AR Z ], BRI IOE A T L BU M, R g TRIER,
TRFERRRITEI] . SO KON PRSI S, SRR T — R R, AR R e
P, [FIRT R Z AR WA 8] T, AR T AR E . AR R, HHE TR,
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FFFRET S8 DR 27 B B R DO, e K B 07 T U2 LI VA0 . B IDEV S0MS AT A%, H5 BEDmaxFEAR
BONHIE, MUBSATTH&, EJRTRMAT Fréaki. X2y FRRBGT Rl i 1, BRI MUBSAT T+
o, LA R R TR 3 T 4 kS AR S 130 1 S A 4 ey 7 B A TR 3 8 1 791 2 5 M)
—H I, X TRIBEAIGEYY, ERFFRRAE TFRR

3.4 ks NSRS

TR RS RO BN TRl 208 5 T SR I | R A RS R i , [ ARG 2205 SCRR(14]
PJUESE T3 5 . CHUNG HAF[15 A SR SE PRl SR e oh, THRIRGRES T p T R 8 R AP —
TEFRN T, Z2 AR A TH AR R A U e (B A 7 2 B o PR PR RS ) IV Sl 7 /s
UL 8 P At A 2 ) 0 700 A P 2 PR AR e g, AT VTSR SRR PR e 5 S 2 RS RO, 3
AEERE . AW R, RS RCTBUNEIX A CILA S HUERGT, [RIX T8 a5 B . et . sk
A B O iy, BRI RRS R, (EEMUMTIEAR, 256 e, widl e s it
LIRS R B $£0.25 em.

3.5 JRITIRALIS I

TCIE SRR MO 8 2 A0 FMO7 4 RE S AR RS XIS BE AN 20, (ELR X T8 KA B RO LR s 2 AR b
P E I —25 . X AR ML T B AR DL PR AR TR AR IS R AR, DR A g R DX g 2
HOHRL 2B AR . RS A RE I TR B B B, MO U LB 32 m , R 2 S s
BARAR[16-18]. 3t 5 XBRF-SE[ 190 T [FV AL 151 i f S o B A2 BRI i O AT SR 451 A ] . (2
WM AR 7 AP RO R | F A A DA RSB T AL 22 IRl DR L7 i 47 s AR i
T BB RS TR AR 255 75 TR H e R P L%

3.6 ARG

AT AN, R R EORIESE T, B TBA, AZBIPTVHIDmean FIFEMK 172.34%, Dmax
BEAL T5.41%, COFEIHNNT5.1%, HPFBIFEIL T 25.0%; HVAOT- AR 728.5%, VS0 T-HFEAL
131.3%, BB kDmaxFHFREAS 173.5%, FHEDmaxcF-RIRER 16.7%; HLERSREMUFEEAE 1713.7%, i
W T P40 1 29.6% . 45 FANiA, AU BIS BRSO B B H] T RS0 i AR s s oy, X
SRR EE I L5 ERTR, FERROE IS AR AT T, B uRT-TPSTHHI R
ST RS R AR S BT A FHVMAT . JRFEM. . Monte Carlo®3 . FFFEIK | 0.10emify =X, WAT
AR B 8 R X3 T P S S LA B RS 1 S i B B A R A8CR

e = BTN
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AL, AR A TR AR o

Jivk s WEPEEIR20224E3 F 2220244F 1 7 TR R 5 T HE =20 H AR B B 07 R 32 Sk S0 U A I 7 1Y
156451 3k SER AL g &, SR H] Logistic 015 73 A 8 57 XU FOMAS R IF 22 51 2R 8. SR 3210 1R
AEMIZE (receiver operation characteristic curve,ROC ) FlHosmer—Lemeshow#6: G654 FTMIALR

SEHL. BFSEIIN], RISIA A% H68.59% . LogisticBHAMT4 B bR, HFHE % =25ke/m2. H ik
EURRRE MR oA L RS R R Sk STAR R AR AR R AR U B R B ISR I R CORFEL 235 A
3.208, 4.075, 2.793, 0.090, #JP<0.05) , LA L4 HEN AASRESIZIE, ROCHIZ TR (area
under the curve,AUC ) “50.815, Hosmer—Lemeshow S iLER I LE R BN, ¢2=6.319, P=0.328.

S5 RIS I S S P PR 5 A RIS UXURS: TR A EA R A () TN RE, ) AP B G
SRS KU B BTSRRI 1 it $ (AR 4

OB Sk SR B s fEB R PR 58 XU TS A 5

S SR R 2 R AR R A A SR BN B b SRS N BB, f A S R L
JEE AR PR AR | SR IR = a3, BB T A IR AR DG AE T I R 2 /A [ 1], H1909% LA 2 Sk iR
@frﬁ:%éﬂﬂH@ﬁ',;(headandnecksquamous cellcarcinoma,HNSCC)[2-3], A RN 21897 FET R BIE45 7 o P
Git. 20204 H (17 4 Sk 2500 bR AR IR B 114205 FETT ANBCKIET.5TT . CSCOKBUIMIR Y FH R (2021
Ji) g, RAYY (Radio Therapy, RT) AEN FEHFBZ —, T 2WHRHBOGT b2 T ARG HH
BaTy, TSR BN IR 2 AR a0 S AT AL [4-6], 2975% 1Sk BRI SR A
AT F AR ZR (79 Sk SRR 7 AA SRR B[Rl I AR Ui, BURE IR
H. R RFFIIREZAN, RISURECGINAYT IR AL WIFAIE, B IR HSUR R I P sOK A2
b, AR . 2050, TIRPEB R, ki A . Bt . BEkE, HERTTEHBRIK A MEERTT
HMIGREI ., EAMFFEEE BR[10], R1K90% ~ 95% 1 Sk 253 3 e HC 569799 91 2 A WO e
A, S WA EIE ], RIS R, 2987 % A H 32 AT B Sk S0 G R g B 45 AN
)RR B IO B R, AR AN ENEE X PR R TR AN B, 20% ~ 25% Y s b e = T ~ IV U1 B R
[12]c —EHB ~ VBB PE R %, A A Bt 2 BB B2, Y H R Ath Wiy, w8
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Quantitative assessment of intertarget position variations
based on 4D—CT and 4D—CBCT simulations in single—
isocenter multitarget lung stereotactic body radiation therapy

Zhang Siyu',Chang Guo' Jun Xu',Pudong Qian' Jiali Guo®, Tingting Liu',
Yifan Wu1,]un Hong3,Qi Wangl,Xia He1,Li Sun'
1. Jiangsu Cancer Hospital; 2. Dantu People’ s Hospital
3. The Affiliated Huaian No. 1 People’ s Hospital of Nanjing Medical University

Background: In single—isocenter multitarget stereotactic body radiotherapy (SBRT), geometric miss risks
arise from uncertainties in intertarget position. However, its assessment is inadequate, and may be interfered by the
reconstructed tumor position errors (RPEs) during simulated CT and cone beam CT (CBCT) acquisition. This study
aimed to quantify intertarget position variations and assess factors influencing it.

Methods: We analyzed data from 14 patients with 100 tumor pairs treated with single—isocenter SBRT.
Intertarget position variation was measured using 4D-CT simulation to assess the intertarget position variations ( A D)
during routine treatment process. Additionally, a homologous 4D—CBCT simulation provided RPE—free comparison
to determine the impact of RPEs, and isolating purely tumor motion induced A D to evaluate potential contributing
factors.

Results: The median AD was 4.3 mm (4D-CT) and 3.4 mm (4D-CBCT). Variations exceeding 5 mm and 10
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mm were observed in 31.1% and 5.5% (4D-CT) and 20.4% and 3.4% (4D-CBCT) of fractions, respectively. RPEs
necessitated an additional 1-2 mm safety margin. Intertarget distance and breathing amplitude variability showed
weak correlations with variation (Rs = 0.33 and 0.31). The A D differed significantly by locations (upper vs. lower
lobe and right vs. Left lung). Notably, left lung tumor pairs exhibited the highest risk.

Conclusions: This study provide a reliable way to assess intertarget position variation by using both 4D-
CT and 4D-CBCT simulation. Consequently, single—isocenter SBRT for multiple lung tumors carries high risk of
geometric miss. Tumor motion and RPE constitute a substantial portion of intertarget position variation, requiring
correspondent strategies to minimize the intertarget uncertainties.

Keywords: intertarget position variation, Multiple targets, Lung SBRT, 4D-CBCT

Background

SBRT is the standard—of-care for early—stage Non—Small Cell Lung Cancer (NSCLC), but recent reports
suggest it may also benefit patients with limited or multiple metastases by prolonging survival compared to
maintenance chemotherapy(lyengar 2018; Gomez 2016). Single—isocenter multitarget SBRT clearly has advantage
in terms of delivery efficiency, and its dosimetric parameters are not inferior to multi—isocenter treatments
(Pokhrel 2019; Sanford 2019). However, multiple targets exhibit two types of motion patterns: a grouped movement
synchronized with the lung and an independent movement for each tumor. The former can be properly aligned
(Pokhrel 2023); the latter may lead to intertarget position variation, potentially making it challenging to align all the
tumors on a single CBCT imaging. This can result in geometric miss and the need of repeated treatment processes
(e.g., replacement of the isocenter, replanning, etc.). Thus, accurate estimation of the intertarget position variation is
crucial for minimizing geometric misses in single single—isocenter multitarget SBRT.

To date, respiratory motion—induced tumor position variations have been investigated in single—target
stereotactic body radiotherapy (SBRT) studies (Sonke 2009; Sharma 2022), but intertarget position variations have
rarely been reported (Van Timmeren 2021). Moreover, these studies have focused mainly on interfractional tumor
position variation which is the displacement of the time—averaged tumor position on each CBCT images relative to
the CT simulated position, while the reconstructed position error (RPE) from the two different image acquisition
methods is commonly ignored. The 4D-CT relies on a fan beam rotating around the patient to generate one
dimensional projections (slices), capturing moving target only on a few slices over the scanning time (Ford 2003);
while 4D-CBCT uses a cone beam source to generate two dimensional projections (planes), capturing moving target
on every planes (Sonke 2005). This difference in projections (slices vs. planes) can lead to tumor position errors in
reconstructed 4D images. Previous studies have demonstrated that the RPEs may increase to 6 mm between the
two image acquisition methods (Clements 2013; Li 2018). This level of error suggests that the omission of RPE
consideration could have a material impact on the accuracy of estimating tumor position variations, especially in
cases with multiple targets. Any additional uncertainties in intertarget positions may further elevate the risk of
geometric misses.

This study quantified the interfractional intertarget position variation by using 4D—CT simulation to assess
the geometric uncertainties in routine treatment process of multiple lung targets SBRT. Subsequently, a 4D-CBCT
simulation isolated pure motion induced intertarget position variation by homologous imaging method. The resulting
RPE-free intertarget position variation was further analyzed based on potential contributing factors, including
intertarget distance, amplitude variability and location.

Methods

Patients
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From February 2021 to August 2023, a total of 14 patients with 69 lung metastases were treated with SBRT
in our department. Of these, 59 lesions met the inclusion criteria. These lesions were clearly identifiable within the
field of view (FOV) of the CBCT scan using X—ray volume imaging (XVI) version 5.0.3 (Elekta, Stockholm, Sweden).
This resulted in a total of 100 tumor pairs for analysis. Details on the patients and tumors/tumor pairs are presented
in Table 1. Patients underwent free—breathing SBRT (without coaching) using the BodyFix double—vacuum
immobilization system (Elekta, Stockholm, Sweden).

Table 1. Patients and tumors characteristics

n [range]
Total number of patients 14
Non—small cell lung cancer 11
Metastatic cancer 3
tumor in bilateral lungs 10
tumor in one lateral lung 4
Number of tumors treated 69
On average 4.9 2-7]
Number of tumors included 59
On average 4.22-7]
Tumor size (cm’) 4.6[0.3-38.3]
Peak—to—peak amplitude
5mm= 22
>5 mm, <10 mm 15
=10 mm 22
Distance to isocenter (cm) ?2"563_13‘ 2]
Tumor Locations
Upper lobe lung 21
Middle lobe lung 5
Lower lobe lung 33
Right lung 34
Left lung 25
Tumor pairs
Combination 1
Upper lobe 12
Lower lobe 37
Upper—lower lobe 51
Combination 2
Right lung 36
Left Lung 16
Bilateral lungs 48
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4D-CT scan and treatment plan

A multislice CT scanner (40—slice Somatom—Sensation; Siemens, Forchheim, Germany) was used for 4D-
CT scanning at a thickness of 1.5 mm. The CT sequences were binned in 10 phases based on the respiratory signal
acquired with the RPM system (Varian Medical Systems, Palo Alto). The reconstructed images of all 10 phases were
subsequently sent to the Monaco treatment planning system (TPS) (Elekta, Stockholm, Sweden) version 5.11, where
the averaged intensity projection (AIP) image was generated and subsequently used as a reference CT for the patient
setups. The average position of pairwise tumors on the AIP image referred to the initial intertarget position. The
targets were initially delineated on the maximum intensity projection (MIP) image to determine the internal target
volume (ITV), which was then copied to the AIP CT. An isotopic 5 mm margin was added to obtain the planning
target volume (PTV). The PTV was prescribed with a hypo—fractionated treatment regimen (56 Gy in 7 fractions or
50 Gy in 5 fractions). Volumetric modulated arc therapy (VMAT) plan consisting of 1-2 partial/full co—planar arcs
with 6MV-FFF beam were optimized in Monaco TPS with Monte Carlo algorithm.

Preliminary plan and 4D-CBCT simulation

In the preparation of 4D-CBCT simulated imaging, a preliminary plan was designed. The irradiated isocenter
was placed at the center of all target volumes to cover the targets in the FOV of the scanner as much as poosible.
The open—field plan (0° , MU 1 or 2) was then created and transmitted to an XVI image acquisition system (Elekta,
Stockholm, Sweden) version 5.0.3.

All Patients’ position was re—settled from CT simulation isocenter to irradiated isocenter according to
preliminary plan. The 4D—CBCT images were acquired by XVI system integrated in the VersaHD linear accelerator
( (Elekta, Stockholm, Sweden) with the following acquisition parameters: 120 KV, M20 KV Collimator and an FO
image filter (giving a FOV of 276.7 mm X 276.7 mm) at a ganiry speed of 90° /min. A clockwise rotation from
180° to 180° was accomplished in 4 minutes, and 1500 frames were generated. The acquired projections were
sorted according to the breathing signal extracted from the diaphragm movement and then reconstructed into 4D
dynamic images (Sonke 2005). At the end of reconstruction, a time—weighted average image was generated from the
reconstructed 4D images. Dual registration (with a clipbox+mask) was performed to correct patient—setup and tumor
motion errors (Sonke 2009). First, a 3D rectangle area (clipbox) including vertebrae, lung and thoracic wall of the
affected area was defined, enabling the automatic bony anatomy alignment, where gray—value translation algorithm is
used. The followed tumor motion registration uses the gray—value 4D algorithm where a region of interest expanded
Smm from PTVs (mask) on each of the phases of the 4D images were registered against the planning CT image
(AIP image from 4D-CT). The time—weighted average image was transmitted to the Monaco TPS, serving as the
baseline in the RPE—free inter—target position error assessment. The imaging and registration method in 4D-CBCT
simulation was also adopted in the subsequent daily pretreatment online correction. The registration results were
reviewed by a qualified physician to ensure the full coverage of moving targets by PTV as much as possible. .

Intertarget position variation

Intertarget position variation (A D) refers to the relative position displacement between pairwised targets, that
was measured by the Euclidian distance variation in the pairwise tumor centroid.

For each direction the intertarget position variation was given by:

d“'D{x,y,z) = (Di _DO)[X,y,z) {1)

The 3D intertarget position variation was calculated by:
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ADyp = J (Dyi — Dso)? + (Dyi — Dyo)? + (D — Dyo)?  (2)

Where D represents the intertarget distance. The subscript O refers to the time point at simulation and the
subseript i refers to treatment fraction i. The subscript x, y, and z are the tumor centroid coordinates in the left—right
(LR), superior—inferior (SI), and anterior—posterior (AP) directions, respectively.

More details in measurements of intertarget position variation was illustrated in form of the chart (supplementary
Fig. A.1). If A and B are the pairwised targets, then the distance between them in each direction would be the

absolute value of the numerical difference of their coordinates:

D(A, B)(x,y,z) = |A(x,y,z) - B(x,y,z)l {3)
y
D,
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FigA.1. Chart describes the details in measurements of intertarget position variation. Target A (cyon) and target
B (violet) with solide and dotted outline represents their positions at simulation (subscript 0) and treatment fraction
i (subseript i). The thick solid blue line indicates the intertarget distance D. The red, blue, and green dashed lines
point to the coordinates of the target centroid on the x (right—left, RL), y (superior—inferior, SI), and z (anterior—
posterior, AP) axes respectively. Intertarget position variation (A D) in a specific direction refers to the difference in
the length of the projection of the relative tumor centroid position in that direction. For example, intertarget position
variation betweeen target A and B in RL direction would be: .

The coordinates of the tumor centroid were retrieved from the in—house fusion between the reference image (AIP
image from 4D-CT simulation or time—averaged image from 4D—CBCT simulation) and the daily time-averaged
CBCT image in each fraction on the Monaco TPS. The transitional and rotational errors of the grouped tumor position
error, if not properly aligned during the online correction, were adjusted manually.An optimal alignment would
be attained when the interfractional tumor position variation, whether grouped or independent, is minimized. The
measured value which passed the 5 mm and 10 mm tolerance were recorded to evaluate the risk of geometric miss.
Those resulted from 4D-CBCT simulation were served as RPE—free reference dataset in subgroup assessments and
correlation tests. The tumor pairs were assigned to two types of combinations: combination 1 included the subgroups
of the tumor pairs in the upper lobe, the upper—lower lobe and the lower lobe; combination 2 included subgroups of
the tumor pairs in the ipsilateral (right and left) lung and bilateral lungs. Due to a limited sample size of right middle
lobe tumors (n = 5), these were analyzed together with right lower lobe tumors. While some studies suggest similar
motion patterns between middle and lower lobe tumors (Yoshinori 2022), this approach acknowledges the anatomical

distinction and avoids potential biases from a small subgroup.
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The group mean (GM) and the standard deviation (SD) of the GM (systematic error, Y.) and the root—mean—
square error (RMSE) of the SD (random error, o) were calculated. The safe margin compensating for the intertarget

position variation was calculated based on the van Herk formula (Van herk 2004):

Mgse, = 2.5% + 1.64 /02 + o — 1640, @)

where o p is the penumbra width modelled by a cumulative Gaussian distribution. For lung tumors, o p was
set at 3.2 (Van Herk 2000). The equation related the margin from the GTV to the PTV necessary to deliver at least
95% of the prescribed dose to the clinical target volume for 90% of the population.

The association between RPE—free intertarget position variations and intertarget distances was evaluated.
Moreover, to investigate whether breathing amplitude variability affects the intertarget position variation, the initial
intertarget amplitude difference at simulation was used as baseline to calculate the variability:

AMy—Mp) = (My — Mp); — (M, — Mpg),. (5

Where M denotes the peak—to—peak amplitude (magnitude of tumor motion).The inter—target amplitude
difference was calculated by subtracting the amplitudes of target A and B. Breathing amplitude variability was then
determined by subtracting the inter—target amplitude difference at the simulation time point (time point 0) from the
inter—target amplitude difference at treatment fraction i.

Statistical analysis

Statistical outliers were defined using a box plot, where an extreme value was defined as a value greater
than the interquartile range multiplied by a factor of 3. The intertarget position variation between the 4D—CT and
4D-CBCT groups was tested by the Wilcoxon rank test. The comparison between the RPE—free subgroups was
performed by the Kruskal - Wallis test with the MannWhitney test. Correlation analysis was performed using
Spearman’ s nonparametric regression. Intergroup and intragroup comparisons of geometric miss risk were
performed by the X 2 test and Bonferroni correction. All the statistical analyses were performed using the IBM SPSS
V25.0 software package (New York, USA).

Results

For all the 14 patients, a total of 605 fractions were treated. All the patients tolerated well with single—isocenter
multitarget SBRT. Uncorrectable tumor position errors were inspected in 2 patients (21.4%) during their patient—
setups, thus the treatment procedure had to repeat (including re—delineation and re—planning).

Figl shows the AD value in the right-left (RL), superior—inferior (SI), anterior—posterior (AP) direction and
in 3D vectors for each tumor pairs (n = 100) in both 4D-CT and 4D-CBCT groups. Outliers were detected in 7 and
5 tumor pairs in the 4D-CT and 4D-CBCT groups, respectively. The outliers were all tumor pairs in the bilateral or
left lung and were eliminated in the further comparisons of the intertarget position variation and margin calculation
but not in the linear regression analysis.

Figl. intertarget position variations in 4D—CT (right) and 4D-CBCT (left) simulation groups for all 14 patients.
The negative and positive values referred to the pairwise tumor moving towards or against each other. The outliers
were marked with a red outline. MRL denotes the median variations in right-left direction, so forth for the other

directions.
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The median A D3D of the 4D-CT group was 4.3 mm, ranging from 1.0 mm to 21.7 mm, and that of the
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4D-CBCT group was 3.4 mm, ranging from 1.4 mm to 10.3 mm (with outliers). Among the three orthogonal
directions, the absolute average A D in the SI direction () in the 4D-CT group was significantly greater than that in
the and (P = 0.000) groups; however, the values in all three directions were comparable (P > 0.05) to those in the
4D-CBCT group. The 4D-CBCT group exhibited lower (P = 0.000) and (P = 0.000) than did the 4D-CT group,
which indicated that the significant larger in the 4D—CT group may probably caused by RPE. Table 2 summarizes
the GM, the SD of systematic errors (X), the RMSE of the SDs of the random errors (o) of the interfractional
intertarget position variations, and the estimated margin in the two groups. Our estimated margin implied that an
additional 1-2 mm margin in the SI or AP directions was required to accommodate the RPEs in routine 4D-CT
simulation based single—isocenter multitarget SBRT treatment.

Table 2. Results of interfractional intertarget position variation and the estimated margin in 4D-CT and

4D-CBCT groups

4D-CT 4D-CBCT
RL (mm) SI (mm) AP (mm) RL (mm) SI (mm) AP (mm)

GM -0.8 -0.7 0.2 -0.4 -0.1 0.2

X 2.0 3.0 2.3 2.0 2.1 1.7

o 1.4 2.1 1.8 1.4 2.0 1.9
Margin 7.8 10.6 9.1 7.8 8.8 8.3
Abbreviations: RL right—left; SI superior—interior; AP anterior—posterior; GM group mean; Y, systematic
errors; 0 random errors
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Among all treated fractions, 5.5% and 3.4% of the exceeded 10 mm tolerance in 4D—CT and 4D-CBCT group,
respectively, with P value equaled to 0.010. Given that a 5 mm margin is widely used in current clinical practice,
these were the fractions at high risk of geometric misses, neglecting the variance in interfractional tumor shape (Sonke
2008). Accordingly, the percentage of treated fractions with an greater than 5 mm were 31.1% and 20.4% in 4D-
CT and 4D-CBCT group (P = 0.000), respectively. In a group of tumors with more than 2 tumors, if partial tumors
reaches their tolerated position, it would be highly possible that the remaining tumors with an intertarget position
variation of 5—10 mm would exceed the 5 mm margin of the PTV (Fig2). Thus, >5 mm in a treated fraction is also at
risk of geometric misses.

Fig2. Example of a geometric miss in a patient with multiple tumors in the lower lobe. On the time—averaged
CBCT image, 2 out of the 4 tumors reached the border of the PTV (red and yellow outer outlines) as contoured on the

reference CT (AIP image), hindering the correction of tumor position, such that one of the tumors (arrow) exceeded

the PTV.

The Spearman rank correlation coefficient (Rs) between the RPE—free A D3D and intertarget distance was
0.33 (P < 0.001), indicating distance impact. The independent contribution of each orthogonal direction to the
RPE-free intertarget position variation was all limited (Rs = =0.01, 0.05 and 0.02 for the RL, SI and AP directions,
respectively); however, for the 3D vectors, a positive correlation (Rs = 0.31, P = 0.002) between the RPE—free and
was found. The relationships were plotted in supplementary Fig. A.2.

FigA.2. Relationship between the intertarget position variation and the intertarget distance (a) and the

relationship between the interfractional position variation and the breathing amplitude variability (b).
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Positional differences were also observed in RPE—free A D. As shown in Fig3, the and of the tumor pairs in

the upper lobe were significantly smaller than those of the tumor pairs with at least one tumor in the lower lobe (P <

0.05). None of the values in the three orthogonal directions or in the 3D vector were significantly different between

the ipsilateral and bilateral tumor pairs (P > 0.05). However, the tumor pairs in the right lung had significantly
smaller and than did those in the left lung (P < 0.05) and bilateral lung (P < 0.05). The in the left lung was as

large as that in the bilateral lungs (P > 0.05). The intertarget position variations in terms of the group mean (GM),

systematic errors (), random errors ( o) and safe margin calculated for both combinations are listed in Table 3.

Inter-target Position Error

Fig3. Comparison of the intertarget position variations between subgroups for both combinations.
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Table 3. Results of intertarget position variations and the estimated margin in subgroups of both combinations

RL Sl AP
(mm) (mm) (mm)

Combination 1
GM -0.4 -1.0 0.4
Upper Lobe hX 0.9 1.4 1.5
(n=12) o 1.0 1.2 1.2
Margin 6.1 7.2 7.4
GM -0.1 -0.1 0.0
Lower Lobe )y 2.0 1.9 1.7
(n=37) o L5 24 2.0
Margin 7.9 8.9 8.2
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RL SI AP
(mm) (mm) (mm)
GM -0.8 0.0 0.2
Upper—lower Lobe 2 2.1 22 1.9
(n=51) o 13 2.1 2.1
Margin 7.9 9.1 8.6
Combination 2
GM -0.7 -0.0 0.7
Right Lung X 1.1 1.2 2.1
(n = 36) o 1.3 2.1 1.6
Margin 6.5 7.5 8.6
GM -0.3 0.4 0.5
Left Lung hX 2.7 2.5 2.1
(n=16) o 1.6 22 2.1
Margin 9.2 9.8 9.0
GM -0.9 -0.3 0.2
Bilateral lung > 1.9 2.2 2.0
(n = 48) o 13 23 2.1
Margin 7.6 9.2 8.8
Abbreviations: RL right—left; SI superior—interior; AP anterior—posterior;
GM group mean; Y, systematic errors; ¢ random errors

The percentage of treated fractions with a A D3D greater than 10 mm were low across all six subgroups, which
were 0% in upper lobe group, 2.2% in lower lobe group, 3.0% in upper — lower lobe group, 0.9% in right lung group,
5.2% in left lung group and 2.6% in bilateral lung group, respectively. Similarly, the corresponding percentages
of treated fractions with a greater than 5 mm were 6.2%, 22.5%, 26.9%, 11.2%, 32.3%, and 29.2% for the upper
lobe, lower lobe, upper—lower lobe, right lung, left lung, and bilateral lung groups, respectively. Among fractions
with AD3D exceeding 10 mm, a statistically significant difference was only observed in combination 2 (right vs.
left Tung): 0.89% compared to 5.21% (P = 0.016). Tumor pairs in the left lung almost doubled the risks of geometric
miss compared to all other combinations. For fractions exceeding 5 mm A D3D, the statistical differences between
subgroups mirrored the trends observed for intertarget position variations across both combinations.

Discussion

Ensuring accurate tumor positioning is essential for successful lung SBRT treatment. 4D scanning offers
a significant advantage over 3D scanning by visualizing tumor motion and defining the tumor center position
more precisely. Since target movement speed varies throughout the breathing cycle, the average tumor position
generated from 4D scanning is time—weighted. Conversely, the tumor position on static 3D images represents only
the geometric mean of the peak—to—peak amplitude, potentially leading to a displacement of a few millimeters from
the time—weighted mean position (Li 2014). Several studies have quantified tumor position variation by measuring
displacements between 4D—CT simulation and daily verification 4D—CBCT scans (Sonke 2008; Sonke 2009). These
studies have shown that interfractional tumor position variation can range from a few submillimeters to over 15
mm, depending on the tumor motion. Therefore, it is reasonable to believe that intertarget position variation could

be substantial. In this study, we obhserved a median intertarget position variation of 4.3 mm, with large variations
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exceeding 5 mm and 10 mm occurring in 5%—31% of fractions. This suggests that treating multiple lung targets with
a single isocenter approach may carry a high risk in current clinical practice. In contrast,Van Timmeren et al. (2021)
reported generally small intertarget position variations, averaging approximately 1-2 mm. This discrepancy might
be attributed to their use of 3D imaging (planning CT and pretreatment CBCT), which may introduce respiratory
blurring of the target, potentially affecting registration accuracy. Similar studies are scarce. Further research with
larger sample sizes and additional clinical data is necessary for definitive validation.

Driven by diaphragm motion, tumor motion is predominant in SI direction (Bissonnette 2009). Consequently,
most reported interfractional tumor position variations also occur primarily in the SI direction (Sonke 2008, Jin
2015). However, a study by Li et al. (2021) using 4D-CBCT simulation for assessment found less pronounced
SI direction variation compared to previous studies. They attributed this finding to the use of homologous image
registration between the 4D-CBCT simulation and daily 4D-CBCT scans. We observed a similar trend in
intertarget position variation using 4D-CBCT simulation, suggesting a potential influence of RPEs. Steiner et
al. (2019) compared implant—based reconstructed tumor motion, considered the gold standard, with that of 4D—
CT and 4D-CBCT images. Their findings showed that implant—based motion was more consistent with 4D-CBCT
reconstruction, particularly in the SI direction. This suggests that 4D—CT simulation may significantly underestimate
SI direction tumor motion. The underestimation in 4D-CT is likely caused by the lower sampling rate of breathing
cycles (typically 7-11 cycles) during the scan (Ford 2003). Previous phantom studies suggest that RPEs may be
less prominent during smooth, sinusoidal breathing patterns (Wang 2013). However, irregular breathing patterns
can significantly shift tumor centroid positions (Clements 2013). Therefore, maintaining a regular breathing pattern
during treatment may help minimize the impact of RPEs.

We investigated contributing factors underlying intertarget position variation based on purely motion induced
intertarget position variation. The weak correlation coefficient suggested that intertarget distance and breathing
amplitude variability may play a role to intertarget position variation, but the influence is not straightforward.
Theoretically, as distance increases, they should become more sensitive to slight anatomic deformation during patient
setups, and may exhibit greater unsynchronized motion. Further, tumor motion amplitude was previously considered
a key factor in tumor position variation, but the scenario is complex even for single targets. Studies reported linear
relationships between interfractional variation and amplitude ranging from 0.47-0.58 during breathing cycle
(Sonke 2008). Liang et al. (2018) found a stronger correlation in the SI direction (R = 0.699) compared to the AP
direction (R = 0.329) using logfile—based motion data. This correlation was even weaker eliminating the factor of
RPEs, where correlation coefficients was only 0.353 and —0.227 for SI and AP directions (Li 2021). In our study of
multiple targets, the amplitude difference may be affected by the relative motion direction between tumors, which
was not clearly observed in this study (Figl) and further deepened the uncertainties. We investigated the correlation
between intertarget position variation and both the unsynchronized tumor motion (intertarget amplitude difference)
and the breathing amplitude variability (interfractional changes in amplitude difference). While a weak correlation
with breathing amplitude variability was observed, the overall association was not obvious. This suggests that factors
beyond geometric variations caused by respiratory motion may be at play. For time-resolved 4D images, breathing
frequency may be a potential factor. Vergalasova et al. (2011) believed that the changes in inspiration to expiration
ratio may lead to tumor localization errors during image acquisition. On the basis of all discussed above, to minimize
intertarget uncertainties maintaining breathing stability and reproducibility over the treatment course is crucial,
which means respiratory managements methods (e.g., gating, breath hold, abdominal compression, etc.) are also

applicable to single—isocenter multitarget SBRT.
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The location of tumor pairs also contributes to intertarget position variation. In consistent with the study by
Van Timmeren (2021), tumor pairs in the upper lobe exhibited less variation compared to subgroups with at least
one tumor in the lower lobe. This aligns with established knowledge about tumor motion in different lung regions
(Bissonnette 2009), indicating that lower lobe tumor are more likely to be affected by the significant diaphragm
motion Interestingly, the variations in the left lung was significantly higher compared to the right lung, even
surpassing those in bilateral lung. The substantial variations observed in bilateral cases might be attributed to the
increased inter—target distance. For left lung tumor pairs, the unexpected higher variations and risks compared to
the right lung can be traced by the bronchial tree schema projected by Sonke et al. (2008). Their study showed that
tumor motion in the left upper lobe can range from 10-15 mm, exceeding the right side by 5 mm. Geographically,
the upper left lung is also more susceptible to the influence of heart contractions. Schmidt et al. (2016) observed that
cardiac motion can introduce uncertainties predominant in AP direction. Reflecting on safety margin calculations,
these larger systematic and random variations in the left lung necessitates the implementation of largest margin.
To be noticed, we observed that a small number of patients exhibited significant intertarget position variations
exceeding 10 mm during treatment fractions, as assessed by both 4D-CT (5.5%) and 4D-CBCT (3.4%). While the
4D-CT group exhibited a distinct lack of regularity in the distribution of these extreme values, within the 4D-CBCT
group, patients with fewer tumors (n < 3) were more likely to experience extreme variations. Four out of five patients
with such variations had 2 or 3 tumors in either the upper and lower lobe of the left lung, or bilaterally. Only one
patient with 5 lower lobe tumors in the right lung exhibited a single instance of extreme variation, likely an outlier.
This suggests two possibilities: first, an increased number of tumors might limit the ability to correct their positions
during image registration, though the direct link to variation is unclear. Second, and more likely, the location of the
tumor pairs seems to be the key factor. Similarly, for the 5-10 mm variation range, left lung (32.3%) and bilateral
(29.2%) tumor pairs share the highest risks of geometric miss, followed by the upper—lower lobe ( 26.9%) tumor
pairs and the lower lobe (22.5%) tumor pairs. In conclusion, special attention should be given to tumor pairs in the
left lung, as well as those in the lower lobes and bilateral lungs.

Due to the limitations of XVI version 5.0.3, the coordinates corrected 10—phase 4D—CBCT images cannot be
transmitted to the planning system. We analyzed only the average tumor position variation which may underestimate
the actual variation and the risk of geometric misses (Callahan 2014). Considering that free—breathing CBCT images
(3D-CBCT) are the most commonly used image guidance mode today, our results still provide rich information on
practical treatment. In addition, the margins calculated in this study were based on limited samples, and future
studies are mandatory before these parameters can be applied in clinical practice.

Conclusions

This study provide a reliable way to assess intertarget position variation by using both 4D-CT and 4D-CBCT
simulation. Consequently, tumor motion and RPEs constitute a substantial portion of intertarget position variation.
4D-CT simulation—based single—isocenter multitarget SBRT treatments without large margins should be applied
cautiously. This quantitative assessment informs future strategies for minimizing geometric miss rates in single—
isocenter multi—target SBRT.
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FLAY . PP DUABABTIRY PR PR IR SE B I AR 725
Jridee IR AT 282 [ MR oR S H B2 Wa ) A EE R S PEIRIA AL 1961, Hat224b skt .
T SR AL 28 RS, Fe L BRI R DL A WU AR s . DCTEMRING s kE 230
Iy A W K. @CTEMRI SR AR . OMRSHER AL X B Chol AR, WPET
RSEAG DI 18F-FDGHRI Ak . B A (& B9 25 7 DU TS me/Ke, 14 RER —IK, 1HY72~6/H
. BERNAT AT TMRIKE A, FLBIAYT RS TIW LAY S8 kb 28 A 0 R T2W LR KE K s o s i
S MImRAEIR . KPSPPr UL s Bl b 25 i BIAE .
SR 19PIRE LS BARYY, RILTEIRIF AR B 28 28 WG 7 45 R B3 i PR AE
RT3, KPSITA-F 34 m26.845; MRL T1W LRG58 AH 0] UL Ak DX 3 kE 467 1V 3445 71N 54.8%
(P<0.001) , MRI T2WIHI A WK X Y7 A3 45 /1880.7% (P<0.001) o ~FI4 R ]S.61
(3~1210 1), 1NBIBFRIE SRR, 4BIRE R R, A0EE R IEE RIET .
2538 DUAREATRE I 0 i i S PR I VR L R84 A e R RO B g A 938 B
(St ] DURpt; i Eikiast
Multimodal imaging diagnosis of radiation—induced brain necrosis and analysis of bevacizumab in
rehabilitation therapy
[ Abstract ] Objective To evaluate the clinical efficacy of bevacizumab for cerebral radiation
necrosis(CRN). Method Retrospective analysis of 19 patients with cerebral radiation necrosis, a total of 22 lesions
were studied, they all were treated failure with steroids and mannitol.5 lesions have pathological evidence and
the others need meet the following imaging evidence: a. CT or MRI enhanced lesions showed loss of tension and
accompanied by significant edema. b. CT or MRI enhanced lesions were low perfusion. ¢. MRS showed that the
enhanced areas have decreased Cho peak. d. 18F—FDG uptake was significantly lower at the enhanced lesions.
Bevacizumab was administered for 2—6 cycles (5 mg/kg, at 14 days interval) . MRI examination was performed in

each cycle before treatment and the volume change of enhanced radiation necrosis lesions and the edema were
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compared respectively. Additionally, Karnofsky performance status (KPS), adverse event occurrence and associated
clinical outcomes were recorded for each patient. Results All the 19 patients completed the treatment safely and
no serious toxic side effect was found. The clinical symptoms of the patients improved markedly after the second
cycles of treatment and the average scores of KPS increased 26.8. The mean percentage decrease in CRN volume
on TIWI post-Gadolinium was 54.8% (P<0.001) and the decrease in edema volume on T2WI was 80.7% (P<0.001).
The median length of follow—up was 5.6 months(3—12 months).11 patients showed clinical improvement at the end
of the follow—up , 4 cases have recurrent radiation necrosis and 4 patients died from tumor progression. Conclusion
bevacizumab can obviously improve the clinical symptoms in patients with cerebral radiation necrosis and improve
the quality of life.
[ Key words ] Bevacizumab; Cerebral radiation necrosis

TCFHPERIRIE ( Cerebral radiation necrosis, CRN ) &3k S0 IR i 107 B B IF R IEZ — o
PR 2 B = I 7 Mo o 55014 P PR v L O A AR LA R SRS 2 S B E AR AR AL, o n]
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PR, A2 A5 A 000457 P R 200 B S A O G o 240 L 3 1 DK ) LS P 2B K I F (vascular endothelial growth
factor, VEGF ) FUHE i ik 5 P i) i@ i V2], I (e dh B If 45718 22 KK e i3] DUAREABT/Z VEGF )
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T1W ARG 5 K A PR B AZ A AR 100 B T2W AR AL A B AR (K i X AAFR ok AR ER ) AR fb A% 2 -

5. BT CRNY K KK IX A AR /INE 3 UNICORN=-3D B PR R GE# AT, ikl
B SR PR R T T W L SR AH 5 51 A T2 W AR 2 810 53 3136 e o0 2 A% 28 iy Pk R 2R 8, 000 ) 1 2 11
SESEAGAE X SOK X, f 3 UNICORN=3DRRPEIHH S AR B, HISPSS 19088 -Gl 4e it 704,
RPRE R R AR 56

g5 R

1. CRNAAEMRI TIWDESEAR B 2SSO0 . BT S K5 il 12 J5AT 7, 203 RIIRAT (B0 H
DRSBTS AR ) BAEMRIER , 224050 AL CRNW AL A7 2140 A7 ) S f) S RV B2 B B AR R /N, AT
LAb LM i e e SR AR RV A AN I W o SR AL B CRNAR R B IR HTRY (21.0 £ 15.7 ) mlil /> BTAY7 5 (19

- 100 -



MFiLX LB EFAE RS ST F ARSI

F 5  (P<0.001, K1)
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AT, IR AR B ARG DA Tk e S, IRFARNE A IR SRR, B IRAE A 1 80 5
) (400ml/d, fERHF400keal . FH AT N15g) , [FIRFFRHHA G GE Sid 5.

L3R5

1.3.1 kg S [ PR (SAS) MIE 2006 H, BAKH1-45, FrifEs R505 RN
e, EmEFMEE, PEMIE . BEMHIENHN>695r . 60-695) . 50-594). PEFHMARH R (SAS)
WPE, 4520150 H, Hrh 102 B AT itor, FRiedrs35r RIIAEAEIAR, FEEIAR ., b BEm
8. BREEINAR, SrBIXTE >T724% . 63=724% . 53-6243[4].

LAGET 05 SR SPSS19.08K A X B BT (1 Bl HEA T Ge 2400 B, AR LR FH R 86, LA
P<0.05HZERH G2 L,

2. 4%

2 VPAG LR A PR S SRR PR G T RRT, X R LR, SR AR SRR b 2 5 AT
il (P>0.05) . $HLE, WEAEEEFfErm TA A, 25 A8 L (P<0.05) o BAAERTEL
#1

* 1 MAREPEIEEFRERKRIN x false + 8]
RE B APQEE(QU “EEE(QU
IR PIEE IR PIEE

WML 34 121.00 = 10.30 97.25 +0.72 48.00 +0.15 39.00 + 0.44

PR 34 121.05 + 10.25 89.12 + 1.05 48.85 +0.62 38.50 = 1.00

T 0.8439 4.0245 0.1258 3.0817

p 1.0311 0.0058 1.9115 0.0292

220G AL E BT R IRE AR TR, PIALR A FI R E S AT L (P>0.05) o
PUm, SWEAMLIE, MIRAUEFRE PO E, ZRA R (P<0.05) o BAREHEEILA2

2 WABRERTAIE EHEETH[n/ x false + 5]

IiE Ik MR E T IEE RERD
WL 34 65.00 = 12.10 62.99 + 11.30 2.01+0.80
Xt B 34 66.12 + 11.25 60.03. + 8.72 6.09 +2.53
T 0.8145 4.6024 5.0031
P 1.0054 0.0033 0.0069
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23MAH TS A SR i TIET, M4 SAS. SDS Wor lhA 2 R LGt R
X (P>0.05) . THiJ5, PI4SAS W4, SDS P44+ Wing 2 T e, WAL B B4k T X 1B 4
(P<0.05) . W3, %4,
x3 WHTMETAMBEE TSR

a3 i %1 SASiF4y SDSiE4
WMEEH 34 59.65 + 6.78 63.90 + 5.10
papilctaEl 34 57.35+7.25 61.85 +6.85
il 0.720 1.032
PfE 0.425 0.235
=4 MATHREAEBEESLE
a3 %1 SASIES SDSiE4
WLEEH 34 25.38 +4.85 35.31 + 4.65
X HEZH 34 48.84 +7.18 51.26 +7.95
HE 9.611 7.533
Pl 0.000 0.000

34T

Bifi 7 6] PN S S I B A AT T, KBRS B X E SRR TR R R RS, (HUR iR =
FRANREARE , FECEET N A2, WEIRIET: . P, B Sk S R T R R TR IR A
TEZ, BB REUGEXEFNAUKY, M T S RIS T, B E RN AR B s, 27
A BT [5-6]. TEASCIE B4 TRF T ML RGEFR T A, @l A RS R A | E
FHAE, N — L8 m B E RN AKE, KRB EFRAR RN AAER, IR E SR
A, AR BE YT RNE, HAMRACS B IR R HiRG T REBFEEAE TR Tt g,
PN B A A S TR ST A, TRANC SR IR NS TR BRI, DL T R
JARDLAE, G SEATEN X 1, IR DIRE SRR Z 05, R BB EIRE H B IRE, dkimifli s
PSR A R VL RRAR, MR i ORI 0, ORAIE RS T AR Vg, s A BHE R4, fR ik
BEREIKE , e BRI AE SIS T8 SECA R, X BUS I E BB BRI, [Fntpe
KRB FR 3 A 006 T [ 7-8 ]

B2 BT A X B P %) BB 3 2 7 A SR L 6 B ) B0 470 PR R 97 AN B R 7 A R B X
A i) 850 T o 7 N 2 A R AR T TR RS IR R M AR A AR I i W AR [9-10] o BFSRERIL B
e e £ 7 TR TS Byl O BRI RN AR S B[ 11-12] o AHIFFE R & B AR5 BR A, T T el st
FEE O 25 7 TG 0 B2 AR 8 35 T OGS Sk SR e R R AR AR 1 . R B SR T R R AR
FEAR R B RIRT T 7 AR B IR T I E 5 IA13] -

ZELRTIR, Yk I B S T R N MR R GUE SR T, RIS R, TR
BRARGUARNGE, o0 E BEEREA, IR ERIEKE , AR 2N E X,

S 3R

[1]5R 5, J8 78, oK B BR, 55 Sk 30080 00 P i g 8 35 V6 97 e 5K 10 DRIXE 09 fF 9 20 JRe [ 0], 10 s 96 s Bl
1A,2021,29(7):490-495.

[21% BH . B B K a 15 92 T T A S 25038 i 988 550 £ 97 BE X5 G 2 44t 7 52 ol [ ). v 0 0% {8
3£.2017,27(2):163-164.

(31 AR B ST IR VR Y T2 40 43 BT B R RN AL A IR 58 JLIR[)] . AR IR 2 2%, 2020,
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(4B 7 . R R PR FULE FUBTT S WA A7 i 75 4l SRR R B S D] R P R A 5 97 B, 2017.,3

(5) : 134-146.

(514 55 i J8 IB0H W3 S8 K, 45 . Sk 33 S0 38 8 SRR DL R i 3R B R e 3 (U] vh A AR B 2
7£.,2020,26(4):442-449.

(6B W RS, Jiil A B o RS, 25 1< P b [ B 7 ke MR A 7 R 38 3 9 SHp A 15 [ 1 5t e =
SR ESUH GEZAE ] ,2020,20(66):12-14.

(7 10R BRI AR 2L B BLLL K, 55 BRI Y Sk S0 Ao S 1 10 Js R 5 7 28 R Meeta 23 A [J . R 1 24
5#,2019,30(11):1571-1576.

[81V4 A2 75 A e FH e, A5 0 12 2 SURUIAB 52 Sk S50 e 22 3B (0 e 5 A8 & O 3P R0 ) P AR A B 2
7£.,2018,24(14):1685-1688.

[9] NAKAMURA Y, MOMOKI C, OKADA G, et al. Preopera—tive depressive mood of patients with esophageal
cancer might delay re— covery from operation — related malnutrition [ J] . J Clin Med Res 2019, 11( 3) : 188-195.
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- RBE -
WLIOVES SO AC 1 B A e S B IRHRY Y

Mg mAH
1. THXRFEHRBEER; 2. THXFAHEFE

FAY: ZRRITEE B BORIAY P S SO AT . ARJSIRI TR IER], B7E A P e St e 52 AR i R
BT S AT IR BRI T R R R

Jridi: I HPubMed X th EIMEHE FER R R, DL B SR . L EEGNEST . RETEOTY . FA
VBIT” P CEEETE], “cervical cancer, brachytherapy, preoperative radiotherapy, operative treatment” AT
SCOCHER, K2R 20194 22 20244F AR AUMISCSCIR . eI A 207 3CHR -

4 TR E SR, ARIRTETARRERIGT I, FR, ORETEEE GG TT (PBT) IR &
e SR AT — 2, TERRNAY T WA TR 52 x 8 GyEl3 x 6Gy = Al % (HDR) N
BT, HA%/INESIRRAL, BARMRAMITE T PRGNSR, BEARRER ., BBRFA. JL
IR AUESS, PBTIARI A SE 20 BLZEf# ( PCR) 2 U ARSI UG IR o 7R E— I i BEL
I, AREIFIEA 2 x 8 GyJHDR BT 45 T PCR#(25.7% vs. 11.2%). PBTHY S — AU, g
KFIPCR HAA M LA W B (pNO) |, B W LIRS T s ISR R TR B Iag s qi 34 i
B, WHZAR G ARG E BT, PR — IR EALAT ST, B4 St A A M T RIS PBTHUS T
T I FARE 5 HAEAFR (87% vs. 72% ) , ZIFEHLOFTWHLHE THIIAES SR . ST, PBTHIfiES R
BT, R AR EAR< 2em R, B FAIAI TN 7o BeAh, ARHE20234F BB AYESGO/

ESTRO/ESP S 519 H 4 5 FRAS B HEAEAET b 1/T2a 13512 FPBTAE Jhy i f Al vp 5 550988 s & 0018y B AR

€ 38

WREA IEATPBT, W F5 SRR 5 A2 22 A A 45 SR 52 1) XU 4L DI 52 AR J O P (R i . T4
ZHIAHEF ARG (PNOFKRE MR (LVSI-) | BFRIE<10 mm, 5EEFARYIZS3 mm)
B, WEATERGHIT; MFrhadl (ROVIBRF pNo, (HIIH k& F1/ol LV SI+Al/akE 2 4L = 10
EERFOHAE <3 KR FARYIZ ) B3, IROPK A XA 5 AR5 BEBTHS 75 : 2x 7 Gy HDR
BT+50.4GysMR T X T rfadl (R1-2 YIBRA/SGK A5 R (pN1) R/l 21 R ) B,
A RHFHALIT: 2x7 Gy HDR BT+50.4 Gyt FHGYT = 10 GyiNik + B8 40 mg/m2 W1 IV, 7E
T AT e B, RS HOT AT R E IR TS () ERR, L AR ZMHILRE T, R
JEOTHER T 10 AET0RR (82.5% vs. 69.3% ) FLEAEAFHR (80.3%vs.71.4% ) , ENIE T ARJGHUT BT
TEAFAEFAREEAER R (Ta, Ibl, Hal) DLKJREREEE (b2, a2, 1Ib, Hla-bFIVa) , FRATHITHRIA
PEEFI AT, IRRLASIE LYY, MRS EBERF S A as 5, R, HaOR SHRIAETF AR Y.
TE—TIb-TaPHLREE H , BATHOT R TAHIFIR 5 AF4 7% (83% vs. 83% ) FITCIEEAFH (74% vs.
74% )

SR, SR FARIGIFALLL, FARBCE AT/ G HUT I LRETE R W, Rl i itk
SiE PRk R R A2 AR RIT SOBARST I K AE AR AU o

45 RISEPBTECH BARGHAZBT, Hlitm P e Sm B8 AFR, BIELRER, ZIKAT
J7 M T BERIRYT I B S0 (A AR, PR I R 1 KU o
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AP PVREBECSE A 10 s e v b 4 5 BIEE

R, FRL MFR. WA, FEIN
AHBARER (REHRFE—WEER)

H s 6 L R O (8 I3 E 5 1 s SR Rl i 2 5

Jride: WP RE BUAR BE T RHBCE i 19461 I IRIE B3 SR BORE, Py - T O A T 11 i S 28
[ . TR ALCTENR b 58 A ORIE R 4 ZUVA ], 7Y7 iR (Plan) SRITABUERHIREAR (volumetric
modulated arc therapy , VMAT). FEJRICT IRz m S 10 A 2 S22 a0 A0 X, TR (E Sl o
Wise, ®EntE R RIF s IR M Planl o X FE 43R H R & i X ( Gross Target Volume, GTV) F)
D2. D50FID98; HEMAEXAYD2, D50, D98, V5. V10, V15, V20, V30, V35, V40, V45, V50,
V35, V60; F42. Hik. HHRUNLA .. AR Dmax. Dmean, Dmin, 0t 0BRSS5 HF . B
i 32 BEGA ok AR R G

gEEL. BN D B FEHGTVRIDIS (P=0.016) . FH42¥Dmin (P=0.038) . ZEfIME R A Dmax
(P=0.046 ) FATMIERR A Dmean (P=0.019) ¥JA TR, R, Planlth HERIDS0, D98, VIS5, V20,
V25, V35, V40, V4S¥H T (P<0.05) . HOWNSEXIFEMNIERDS0, D98, V15, V20, V25,
V30. V35, V40, V455 OS2 40l A Fe th i H 22 R A St %5 X (P<0.05) o DEEBLERE A
121.56~207.85em3, ZAHCHE AT, HSHNIX | fo Mde B 32 ORI JoAH G (P>0.05) o HIEMIVIS,
V20, V25, V30, V35, V40HIV452) 54 T Dmean, DminE IEAX (P<0.05) . BRiL=Z4M, V15,
V30, V35, V40FIV45H) 5 HRDmax i IEAHSE, HHv35, V405 H KM Dmaxts 2 EAHSE (P<0.05) .
HNAE XAV 15-V453 5 H R Dmean A A1 OCHE, HABRVISZ AL, 5 H R Dmax 2 IEAHE, 1
V20-V401 5 5 R DminE B W EAHSC (P<0.05) . HRZEFIGITEE L.

SIS T AR E RS2 PR SR 0T I AR A2 BEGR I A2 5k M R R, o FHAMA b T s S e
FITFREAR O 32 MR, R X O B O AR P s B e — 2B 05T

KETPLAN - 2T 2 P S L e AR AL 7 il
Jra T AR AUT £ Y100 e

BR. A, itk BEW. ik
IHBARER (AREFXFE—REER)

FUHY . RS 767 SR Al e S e i) 22050k . BH0 REEIRIT IR AR5k B B R
PEAT A BT UG P AR A AP 4 2R . X R GEAT T IR A e sk B i j o, AT R Y]
TR A R P ROR A AP 5 . A SRR A2 I8 . - R P8O b, R R A v
Ry T-B o AR 2 A TN P RE T 7 O 7 T2 B 1 A At i iR . AR, (AR MR, KZ
WL B A EELE P e — P NG b ML T H— PPy, SRR 2455 T DL
ZAFI), IR T IINEE . Rk, FRATH BRI RS THLAR ) i 2 PRSI AR 47 05
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B, VAVEAR RS se 1 5 kg B A4 32 R0 A7 I ) A7 RO

Tiidi: ABFGEIEAN A 104051 Ry M I S s FR 5, 709 T TUIZRER . HAR30% M1 T EREIE. 3K
R T A8 —JF% (T1, T1C, T2, DWIFIADC ) XN I SARLHAARE , IR FHLASSOATHAE 1
P MfE, TRV 2R L (SVM) | BEFLARAR (Random Forest ) | #EEBENLI ( ExtraTrees ) | 2
SR EEHETE ( XGBoost ) FIFR B EHETIHL ( LightGBM ) 25l g2y ) Bk 7 USSR, X 45 5
—JPHNHEATERE LA RIE BRI, AT T THHMERL G, dEmitg it — A2 P I IR G B8, X T
G RFEIE, FRATRA T 53R =B AR I LES 2 S TR TEUE T, TTFRA T EE T — I R A%
B, fea, WAVOIE T —NRARIY, BEARA 2RI PRSI ZE G e ok LIS RAH DG, I FH 223K
HTAEREMZ (ROCHIZR ) ZEDCIAS ] PPA 2 AL e

gER. R, IR AL AUC) H0.892, ZJFFIEIGHIAAUCH0.972, TEEE
FBRIAUCH0.990, [RIAE, FEMHKBAS T, BRAHAIAUCHO0.900, fEFIfARBEAI(AUC: 0.852)FZ )7
HFAHAIAUC: 0.886), XLELER IR, BEABALLEF A BAS Hh— b 5 H T s A IS s 1

5. WAVFE T —NEREHIR, BIRLEIG RBR 2 7 9 528 2L 2Bl G, AT LA = X SR
W0 T e MR8 [R5 AR 7 5 R 7 L A TR A i

KEF-OR EHTHLAY T ¥ <2 W Sl 2 5 AW 5 i

Y Sl
THRAEFER

H: BT RMERTT W EREFRZ —, HkiE . MK, WERERERRZ, W EERYT 58K E
FG IR P A T 2 M2 B TR A D MR, TR R CT: BT FH e 32 MG S L SO HAR
REA SR IEAB RS, PRIERE XA 5 A ) i A HERf I, R JCTR A Tl R A AR ), 5 ELA 3
BOMEST R . WnPLEs T . FERT RS IR, AR SCHE A FH IR B AHAILIT & =4 15 2 07 SE s W R 40
FERAFH AT AT

Jiid s RUREAHPLRIUY S 2788 . TREE. BOSSIER . SaRI EmmEfih. B
FBREERE A SN R 241 =Yl S oy E i B . IR ARPLARAR R O S AR 2R, AR RS 21 5
FLCTAAR R G T AFR R Z B A0 R . BEIENICT R =4 PR R ARSI T A bR 2 I S5 IR B
FHMLSE A FREAY A8 R I s BCET TR YR 22, SEBUE LI IE ST R AR AR 22 W0 . it R
BN RARZEME . RS, BCHESS 2l WS 2 IR B3 DL KA R R P i A TR, 39 E R G AT
itk BEHCISHIE SR FH T REWIE, SR RGESHIEL R CT Z RIS gEiR2%

GER . BRI h, REELEL . KWL BT MR ES R (1.292£0.880) .
(1.963+1.115) . (1.496+1.045) mm, FEfwESE . M. BHVR M EEAYIR 250500 0.201° £0.181° |
0.286° +0.326° . 0.181° +£0.192° . X THIEH, RGEVRHIRZEL 2.6 mm LI, BEFFIRETE 1° &
i, FRIFIBATI~2MW0/s, K RIS B v 2 7 20K o

458 ARRGIETIREAMNLE ShIRBUR F R0 =485 = IF 5 RFH S0 CT oSl e, 58 1
HRVURABEOL TR LA B BOT AR NAROLIR 2ZE NS, SN FRTCTE N T AR, o S A A B AR 2R
AR ARG R 22 A5, A5 BRI AR A 7S gl R 2280l . -t SEI s iiE 1 LG RS F M, IedhAR
RGR R UREEARDLIL &1 2, A ECAR, T MR, oY BA 2 E X
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KL e AL P At e AR IR ST 7 2
St v G WA U 588 T30 1 v T SR 58 03 s

Eh. RMELE
LI AT R IR

H I AW B AR 70 A0 1 ) i 4 2 AR IR % (MR) IR 2% 2] (DTL) B
R F0 S (NPC) BFE YT (IMRT) JERURESI 8545 (RTLL) B9 RS .

Jride: FRATIEEE M T VTSR IR B BE 1 20114F 1 2220214E 12 H 1171357844 4 B2 INPC
B AR AFIHEBRARE , B XA 9T R TE RT3 18 2 K A 12 A RTLI NP C AR 35 1 A i ]
2o RS PE53 VC FCA% 121 LU BIVE AT 1 9724 £ 38 K 2 AE RTLIFINPC B AT IR, T4 A 194
B E, A RE BB SIS (n=135) FIEIEBNS] (n=59 ) . $FHF5RA0 R R
BB S ATFR 3D licer, I P G R0 TR B 2 i SRV E R B4R X, Python™F- 15 1)
PyRadiomics (fVersion 3.0.1, https://pyradiomics.readthedocs.io/) N = HEF oA H R IBGR R 2H AR
PEAMEIZIIIE R, R T PR 4 20 P = 98 I SR8 i S B0 i LA I, BA1F & T —A 4
FRUY BRE (ADC) BIRER2ET M, S RE NGB MR M AT EE%, 1
$HResNet 50, ResNet 101, WideResNet101, DenseNet 121, DenseNet 169 Ly\&lnception V3. Mo RIBLHR X
JE L R 2 PZ R S BOE BHEAE IR IR RS 22 SRR, IR0l Ao Wb SR 4 22 5 79
A SARFIEAH RV . (0 FH Pearson A5G 28 50K 36 Al e /N VPR FERR T (LASSO ) [N BEF FHREIE I
e, FEHET \FHLER 2 2 3 Fm T R FARAE AL TSR, A G 2 RR bl . K4 . BEMLARAR .
AR . A BRESEE ST | RS R TN HIENIRTHRZ 2R . el i T E A (AUC)
FOHRIG R . DREEIE R 2% AR | A A A AR DL R I G AR R Y PR e 22 57

50 DA R 07N RIS 2R R E . FE 17— Bk, 14 TRAERAE DL R 754 S0P R
fE o HEBAS U 22 W 2R s RE 2 B, BUII 2R B WideResNet 1017E 5 EBAS H AUCER =5 40.786, 3
TFAZAE N ADC I P 3B B T RS 2 SRR AE R E 1074 . IR A B 22 AR AL . TR 2 2T 4R AIE
4. WG RFFIE LRI G R DUV, 0 R TRAAE TR E AR AR . FE T D Lec AN ALIT Y
I R I AUCN0.794, FHRZH AR AYAUC H0.903, TR RUAE I 24 A 51 FIGIE BA S 44 6 30 1 %
FIAUCTE, 4351°90.988410.940,,

458 RIS T MRIPERE S 2% ) A BN PC B RTLUT T 2A 5 R RIS, [RIEPEE
P B RERS A5 21 T 4 (0 TN PE RE
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In the Era of Neoadjuvant immunochemotherapy, Is

Radiotherapy Essential for Locally Advanced Esophageal

Squamous Cell Carcinoma? A Pooled Analysis of Two
Single—arm Clinical Trials

Yixin Li,Ning Jiang,Youtao Xu,Xue Song,Lijun Zhao,Cheng Kong,Yinan Wu,Lingling Gu,Xiaochen
Huang,Zhen Guo,Jingyuan Zhang,Bo Yang,Gang Xiao,Yang Zhao,Jinjun Ye,Ming Jiang,Xiangzhi Zhu

Jiangsu Cancer Hospital

Background: There is no standard neoadjuvant treatment for locally advanced esophageal squamous
cell carcinoma (LA-ESCC) in the era of immunotherapy. We pooled and analyzed two prospective single—
arm clinical trials from our center evaluating neoadjuvant immunotherapy combined with chemotherapy (nICT)
or chemoradiotherapy (nICRT) for LA-ESCC patients (pts), aiming to explore the efficacy and safety of these
treatments.

Methods: Clinical stage II-IVA LA-ESCC pts were enrolled in both trials. Pts in the nICT group received two
cycles of neoadjuvant chemotherapy plus PD-1 inhibitor before surgery, while pts in the nICRT group received
short—course neoadjuvant radiotherapy (30 Gy in 12 fractions) between the two cycles of immunochemotherapy.
Primary endpoints were progression—free survival (PFS), locally recurred—free survival (LRFS), metastasis—free
survival (MFS), and overall survival (0S). Secondary endpoints were pathologic complete response (pCR) rate and
toxicity.

Results: 64 pts had completed neoadjuvant treatment and surgery, with 44 and 20 pts in the nlCT and nICRT
groups, respectively. The median follow—up was 32 months (IQR 25-40). Two—year PFS and OS for the whole group
were 59% (95% CI 47%-72%) and 77% (95% CI 66%-87%). Pts with pCR in the full cohort had better PFS and
0S (P<0.05). The pCR rate was much higher in the nICRT group (55% vs 18%, P=0.003). Subgroup analysis
showed better OS for pts with pCR in primary tumors in the nICT group (P=0.012). The improvement was mainly
driven by enhanced MFS (P=0.020), while the difference in LRFS was not statistically significant (P>0.05). In the
nlCRT group, pts achieving pCR exhibited improved LRFS (P=0.006), with no significant differences observed in
MEFS and OS (P>0.05). The nICT and nICRT group had comparable 2—year PFS rate [57% (95% CI 42%—72%) vs
65% (95% CI 42%-88%), P=0.537]and 2-year OS rate [77% (95% CI 64%-90%) vs 75% (95% CI 54%-96%),
P=0.842]. Notably, after an independent radiological review, the proportion of ¢T3-4 pts is higher in nICRT than
nlCT group (95% vs 47%). Furthermore, following a systemic pathological review, it was found that 34% (15/44)
of pts in the nICT group and 45% (9/20) in the nICRT group had positive N—staging. Rate of severe adverse events
and surgical complications were similar between the two groups. Additionally, two perioperative deaths in the nICT
group, while none in the nICRT group.

Conclusion: Neoadjuvant immunotherapy shows promising efficacy and acceptable toxicity. In the nICT group,
pts achieving pCR are associated with improved OS and MFS, whereas in the nICRT group, the association is limited

to LRFS. OS and PFS show no significant differences between the two groups, though it appears that the nICT group
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tends to have earlier stage at diagnosis. More extensive sample size is required to study the efficacy and toxicity

between nICT and nICRT.

RLHTPHITS 6 IR R e 701 bk 238 s S T80 v B9 B R A9

okt IR, MRueds . Aok
HMKRFHEF—ER

E e R R 5 2R e o FH IR ARy s, DR s SO Bl 2 A AN 548, TPSH I 2 B2 JIk 37 o
TS AR 2, AR EUT T B ROZ IR 22 R/ N e R 2

MRS T RFHPHITSH V332X Te—- 192 55 0 i R B IR s, 11 24005 C A S LA 3o iiE
BRI AT R o 07 A K Al Freiburg Flap (FF)iti P54 A5 SO R0 BR S s Bz Ok 26 187 9 32 BE 451, Oncentra
TRIRSE (TC-43%3k ) ik BEA S FIESCy/F, H—T HK T Smmib . 7EPHITSH #7154 7l
(TG-43F AR ) Fizs SR, 28 SR P In AFFREIR AR, iR g8 S 7E [FAOK Feim, 55—l
FEAR, BN BSR4 B TR P R R AR S TR AR T R R 25 5, I E AN
AR (2em~16em, AK2em ) BN K/NGRIERE, MORIAFSE ) 22 553 SRR K/ R

R, PHITSHEBTAS M (1) ZRIE1%UN, F (r, ) ZRET10° fi170°0 46, Hipz
SEYITESDLIN o TH A T 2B BB R BE RN 23 SRR 22 R AE3 % LAY, e R2E SRz I im, Bl
BHURERINZE RN PR FRX /N, FliE2E Rl s, FE e Xga &, AT
Fil 2% SRl 2 1 B RGN A, B RS T i68.7% . EBT3M A M A= 25 5 Sit B L RN T
4.7%.

4518 PHITSEIFREHE X Ir—192)5 REEAG IR AT . I F FFi IR #5 XPER IR R4 75 BBy s, TR R
Gr s il B IR A SCPR 2 BRI, e HOR AR/ INEE XN R R e T B A KA I 00 F 22 A 8 . EBT3MIE A
M2 SR R R — 3 AR I RIAY T AR 7 7 R0 T DU AR ) s g e T B B A 3R i 5%

RIEENR g ( SCFAs) I 2k hifADNA ( mtDNA )
R T EHIE i # M (SASP)
A6 T3 P Tl 458 005 v e 4 S SERLT W o8

AEF. Bk, RF
FMKFHESE—ER

H e S M43 49 2 B 350 P 07 v R A e ) T RO A AR B8 7 o) S R S o i e AR
(SASP) & Stttk iid #t . IRRIGHEASHIER (SCFAs ) XFSASPAY I K HAw O il 473 v (7
FHEAIUE , Ry e i 405 0 B 3 S AT S

Tk (—) WEREE KSASPIERURPEIE G 1 0. SR B —FFUME L 5 . PCRAFHIES
DU BE S 5 Beas—2 BAN 5 AR B S SASPAMIL Ko (=) HIA/KF- R SCF As X i P Mt 453 493 1 52 i
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LB EFAS T RIS ST FEARA RFILX

1. SCFAsAbFBeas—2BAIMI, XHF£R10Gy M Beas—2BAN MM E S PEATHA G A0SR . 2. K ISCFAsKT
HEG JE A0S BB RE ) . DNABAT . ROSIKF- . SRBLIRESHE KBS i 7 s . (=) Sh7K AR SCFAs

X TR PERR A B o 1, /IR PE AT A A AR R B AL 4 A S . 25 AR IRAE . Bl iR G | Tl
B AN FESCFASZL . TR +1RTT AN FTESCFASE . JRIT RN FESCFAsE s 2. MRS 2 H R A 18F-FDGHR%E

FTPET-CTIFA MU R 31 00 s 3. MRS IR6 A BUNR AR A SUE S48 . (D) #RESCFAsHY
MZERAADNA (mtDNA ) BEHUMAESASPTERUN M0 A5 b BVEHI e ALl o 1. SCFAsAb¥iBeas—2BAHfE,
WLEESCF As X BEAN 5 Beas—2 BN E A2 N SASPIMUMAK - 2. SRRSO . MEBDNA #2 UK 5 PCR
SRS 240 5 mt DN A BETEOK -

i, (—) BRI S EBeas— 2B B E T, SASPOMWACERN ., (=) AMEMHANFESCFAs
A4 FiBeas—2BAALAAIE %, J/DDNAXUEERIZE, FERIRROSIKF, PREFLMARTE 25 LA B Lot (A e 7 £t
P (=) IRNSEESEREI, FT+IA P AN SESCFASZL/N UM AR08 e/, SUVERHUE 48 .4l
TR B RFAR (SUVmean: 0.51 vs 0.36, P<0.05 ) 5 TiBH K B +GY 7 PEAN FESCF As i B b 035 L 3 4 o
TR R R . JONE AN MR SR R e A . (D) SCFAs AT il a7 T 1) 41 i Beas—2B
W, FRIESASPO MK, LR AR A B KA 24 A R/ mt DN A JH S R

S5 AR SASPS SRR 05 & A, SRR PERHA (AR T L S . SCFASREHEE 1T
FARR L B 4 S S B A DN AR UK -, JB/DSASPAYAIMS , e AL B A 8585 1A LS 5473 O 38R

PAASE ¥ 52 B AR T 8 3639 7 et S TR A R 02
B o7 5 B 5

Rk
T BT B R E

B AN BRI AN RV A 5 502 AN 48 B O A7 1R 2 ) i BB 5 )

Jrdi: (1) W42 B2 a7 0P F o R T LBt o r o ARSI B e BERASTR], K iR
SRR (BEEH216 ), PRI TE G A2 . (2) BHILTR HAEEL B3y, Wb )E i
3590 7 5 A R A M I B R LS 3 b WA P S SRS ANy, R R, B B
PRSEA MR, ELEIIPIEREIL . LSRR F 1] 2 i IR e e, el I e A 2 R R e
[P 2 ARG B s R L IR AR Y o TR ke R L IR AR R, B RRTTIE
PEACEE AR b, 51 B T i, K SR8 SUBCEE A S iy 7, TR BE AP 3R AT B2 Sl 45
VB, TEBE SRR BE M B bRIE, DIBORES06YT TAERMEE M. AN T BEF M i st 7
P E AT A PRI, FEAHD A B 2O RS, ARG BT, W e AR AR ) — I, AR R
M7RZRE ST, Wi A2, H AR R A FORSZIE R, 0 SR 0 SRS PRI T, AR
HLE I NPT B AEshim Y (M) (3) WL B2 CTR S 7 34, A iif T
4D-CBCTHHE, W25/ N TR IEFEH A shVCEC ik, a8 (26) «y G L 2 (|
) M AR s, IRTRSERIER 2 XA ALIAY T i R A S . SR IR 25
B (MDTNL), 1EH# LI KAEMER(NTCP) LUK AEZ =306y G FAFIARFLEL(V30).  (4) RAISPSS22.0iF
T8t s AR T

gig. (1) HHAMMEAE =471 (XHimm Yiimm ZHimm ) 97 ¥R 2R
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MFiLX LB EFAE RS ST F ARSI

245+022; 1323+0.11; 248 +0.11H12.41 +0.25; 2.49+0.56; 2.28 +0.55 (2) MDTNLZ %] (Gy)
MIV3OfE (% ) SNTCPIH (%) A, PIAFIEZ50505418.56 £ 3.66;5 30.23 +8.45; 11.65 + 6.33F
14.12 +2.15; 23.23+5.01; 6.23+2.11 (3) X HUPHALBAERNIX . Z5hiR2E, RABREES (P>
0.05) , Y57 MR ZESE LA BENSIT#FE L (P<0.05) o Sl X MAiayT i #8250
WFFEITAL , ISR IR T I BRI 2R A R A il R I A IRl (P<<0.05) &

G50 RIS S Z BIRFI R, SR AN R A A7 [ R 28 G E e ] 2 I 0 I 25 1
FERETT M, HEA RAFMES Y, 685 E WU/ NIOT R BIEAIR 22, DI/ (a5 4 2 32 B r]
R, R A T A2 0 B BT

AARIG IR T~ G BEAS A xR SR O SR 0 iy ¥
AEAE /DL v 69 152 49

& ms
BETH-ARER

THEARSCRAGGT TR P HRMAESE T, S A A s il 300 55 S A E ey P BT T/
ANt (NSCLC) Iy IBESEHE i . JoHr 1 S A A s il 57 A PD- L FTPD- LI 5 S e R 8N
SO RIS S I8 A 5 i R B AR, RS AARE 1) O P D — oA 6 04 e it 7 B, e fie st i
PERSERAEAL, SRBTIATT R, FATTA 20 PRSI AT 1 I, WA A B BENSCLCE A H2 Bk
TR, , LR AR AT TR] | OB E e A A7 RS R R SR AR, T 0T TR PRCR 5 8
HRARIEN IR | MR SR AR S ey S AR WIAR S I BUAR S . WESESRIT, BRAHAY T RIS A d i R L8 (R
AAENTT TR, (BB AR E SR RANMA R S . SCRRAGE T, BT CR S Nk
B, (AAESCBA AR EB P L, DY P BR LT AR WA (9 O P LB TR A B i e S Ak
AL SRR, ARSI 7k A RS SOR R A 7 i S A 7 B 2 SRR

JET g R 7L B DR (ARG T A B 88 5
YT R IMEIG VRS R MR . DRI, A s 2 vh oo s
(A hik&IRI75.00F5E )

JUAR, thEH . BHEY. AKX, FH. KIT
FMNKFEWES _ER

T DIRFMESET 321K (PD) UM HURIRYT (Radiotherapy ) . 20— F AR ISR 7
IR F (GM-CSF ) RREA T HAEIRIT 748 (PRaG ) X —2k 4 Bif 7 2 WO e s e R 1 S AR s £
HH BT SRMTERTIBITE P R L, CDA+FICDS8+ T A 4 XS AR, R maih Ty ) & %
WERZ—o BB —Fh 2 i e 550, WY o RERS ORI IR L AN, Ry S0 1) o L2 240
WAAE o AETE B TEVTADRG I R 5 U 42 R PRaG )7 S A M S AT A0 7 19 SR SR 8 v PR, JF4RR
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LB EFAS T RIS ST FEARA RFILX

ST AR IEAEAL T

MR T A E DI —BAI T ISR F R A W I S, ARl S T bk £ 4 it s X ez —
FRAS TR0 4t B B R TEHTIRYT o AR 2032 WA I PRaG =BT 83RYT, ELBNCH G ik ikt
A BRI AL AU A2 0 ik 1k SERLPRaGIRYT RIS , B 4kasZ PD-1 R A iR Bris
J7, EBPE R BN T 2 AN RN o BEANTRY T BT AT AT Ik B 40 i 4 6P 45, ARHE T4 Rk
HEBEAF MR Ha T il . EEMR L s 2 E WS4 (ORR) (RECIST 1.1) . JFERIRYT AL
2 AR R ANE NI T 5 SR A 5T

WFoEas . ME20244E6 H30H , A4 BB ATE, AH1TA, 12 NE D5 — R T
flic ORRN33.3%(4/12), FIIEHIRAT5% (9/12) o VUL BF XA RIS WIS R 974 VRSN i A%
AT T A4 RNATIE 0T, S80E (9 CD8+U N TAHMIAE 16T J5 A T hn,, oI E 76 [ FHPRaG
A RR IR T AR S H BLPRAISD A 324 W22, 1T C D8+ AR 41 f 77 3k B6 N 2503 v S22 R [
B RIS Y CD8+RN TARMIIA PTG X LU AL T 7640227360, BB EE RIS RpE N . R
LS AT 32 AR5 Sl . (2500 & BLCCL3 ., PTPRC. NFKBIA, FOSB, RELB 1 TGFB1 Al fig /2
S RIAR T RO ) S RE A

WFocsiie . RUSREARRA MR, XI5 04 BoR T 456 MR8 I PRaG 5 28 76 Mo S AR s o
MITEFES TR WFSE R BR, 38 e B B 1 e S NE , ] DAAE — S P b st A A R 2 4 sl 2 )
P FR B AR IR YT ) RN R
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FEZHR e A e N SN R e >

T3¢ A G bk L AN LD DR X A ] TR
DIBR I PRI i 9 7 8 75 0 B e

ek, LEE, WK, ZAF, HE KER
MR TEHRFHESRER

H s 3 My T A S U 20 R e X232 BT i S P s R 5 AR A TS A0

Tiidi: BB ST 20144F 1 H 2202 14F 12 WA TR], 42232 URA T A 98BI AS AT T AR 1) bk Ji & P i i
BEMIEIRTOR, MG CTCAE V4.0 X IR Xk 41142 ( minimum absolute lymphocyte count, min
ALC) $EF739%, RFAZRE TAERHE i S e X 35 5Us FIMT 0 e fimin ALCEI{E, 43#FTmin ALCH I
IRFFAE . FHEEASEOIA O, Kaplan—Meier 3553 HT AR RIZKFmin ALCHYEEAAE, BIRNEMZEZHNE Cox
JRURS: b 3] Il A8 A3 BT A G T R 25

R o8l B H TP RTALC S min ALCAM 5 1.52x109/L, 0.45x109/L, %5 BAGH#8E L (P
<0.001) , min ALCTRIN 14EA4: FEZR I Fe A I L oM 0.38x109/L, GTV ., JFE505 . FFIVSHI V10,
JEV155min ALCAHIE, JFVSZEmin ALCHIESZ FUME -5 mmin ALCHEH BAAAE T min ALCEE, X
J7 JGmin ALC<0.38x109/. (HR=0.515, P=0.024) . min ALC=3%% (HR=0.576, P=0.032) . [ J/}&
FEIKIERE . Child-Pugh AL, BUUT)E Child-PughIV43H8 N =243 LA K #2232 = 2R HAb 67 35 i St B A
g

451 T Fmin ALC<0.38x109/L., min ALC = 32232 507 A AN iT oA JFR 28 3 3494 Sy 11 )
Wi e

CT |5 PN HE T
AR5 A ARG PE TR 7 v 1 VT

Zm xFR. AR FM . REH . KW' RaL®'. EL . hEF
1. AFEHKRFWENBER (ILHREMBER) ; 2. A7 EHXFWERLER

FI s RO IR IR R s P9 i 2 iy 7 B A P T R JCvk TP AR I B SO bR IR T %8 . S PR I AR
BF B HIFRTRAR (ZBFHES) , AR ERE S A SR, ETFmE AR T
UL EE DX R s A A R R g X R R SR AT IR BIAYT AR SCRIAT = 4 A T AR R B AR
FEE S HIG TR T A I RIS RN, Sk ey S s R I G BT AR A4 SR LR 0 1 4

Jivk: BEH20194F4 H 2202149 H 12 T rd 5t AR B e ke 5 ¢ G R H T AR TR PR 1 v g
(FIOG 2018431 1I-111H ) B 3 S EVE I BFoE Xt 4, Iy JE 8 R ARSI RS S CT5 | 3 = 4 Jis KA i
FAfAE (PEF—4 . =48 RVUEH—) IEREBAIFEE BRI ik, WA R (I PR R T [l i
PEWFSE s R IRRECIST LIV BRI ST Y7k, SIS R 4r#E (RTOG / EORTC) #H75
PEMCST  REH , FH: LA logistios XUR: [ UV RS IR0 S S0 S 301 25 1y S 95000 DR 5
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LB EFAS T RIS ST FEARA BEXHE

GRS T ARG, FTA BE IR SE IR, IRITER3ANHE, PEARIG R AR BIRYT
A 3%I590.65% HAEIRYT W FIHAGIES | AR RN EEFRN4%; ZHE ISR ER, BED
B (FIGO 2009 ) EFMIG RSP ZE (P=0.043) 5 4T B HI5H7 Sl s x H 2 BUS 9520, X
IICHH B ZHIEFIGO 2009FR7E T H /0, 43Hr 52 0l TTTHA 6 300 1 PR 7 2850 %) PR 28 30 52 i A g PR 28 ( e
L. A TF1BRIL .. EHRBUK. BHEIL . BB ) AT, RIEF TR iR AU
S B IR R TR EE N E (P=0.004 ) ;

58 MENE IR MEICT PR OCHETBE, 4 NS TE TR AR R AR, B A
I ARG YT O ARWIHEDE | R BIRR A (AT R B, A SIS 2 B RORI P A 5 Ak g P (L A B i X i v
O DAANIE R B X3 K T R B S0 T 1 B9 7 14 L FH AT 5 o

PTFUMRBCHRY 7 b AR DEFE N TR
4 gy RO TE R FEIE oS e o7 ¥ i 222 50 Br

PEP . B, I, RIRE
ST E

A R 2 Pk b i WA — 2, A U AR R LR IR T U 28 i E B2
g1, RHRTEEE AR AR AR T B A O E ] o AT RBCR 2 Z R s, Hrp B ix)
TRYT RS B PR AN B AT LA e MR . AR B LA AR IR RN IR S A7 Bk
FEARHRE AT H AR, RS DG S PR 5 I VAT T O B 25 PR i () by 255, HIZ
i — AR R TR PR AR B D ST

Jrid: ARWFFIEEL T 20234E4 ] 10 0], EFRBEFIFHERA Versa HD N #8232 B YT 91064
TR BV IR S . RN R AL, AZHS3 AR AT B AR IRAIAEAL T, BAS3 AR
=8 300 U iEdic sk TPl RN E], IR HPLEHEE R CT (CBCT ) #17
RBIRE SR ZEM 30T . ASIFSE B LA IR BRI IR N S AE 7 AR iR 22, DAPEASAS RIS 7 12 AL
R

SR LR E RN Y R B E S (P>0.05) , ULEH B REA T B AEER AR A |25 SN
Ko BARFUAN B SIRZNSIT, MRERZE LR RR, WA TFEIRZET LR E5Rit¥25 (P>
0.05) , BFEHEIRZEH, AHBELTBA (P<0.05) o X FHH B SRR B A0 5 il e i 1 2 7
TEA TR . FE/PIRINTRZE DT T, AR J7 1] BRSPS 08 22 Fie ik iR 22 ¥ W B4 (P
<0.05) , lon s AR OORE BE R E M . 1R 22 RBSM IR Z3 r itE— 2R 5L T AZH AR /INR 223 [l Y
ML R, RIS BN R GE R 22 IR HL R 2E , DN ITTZEIG R L BE RSB AL B ks o RIS AR T 73K
e

S5 AR AR A T, A SRRA RO A AE D B 1R 25 RN = 48 RS 2 7 R L 4
JE IR AEAE e 1% 22 R IR RS RRUE PR T ek i 2. IXRI 5 AN RE A B2 e U IA Y T RGPk
I REN R B E W ETAS T, PSS I R ACHA YT Tz He EHAE A EOR . AR ST B — 20
PRI — 35 7 VA FL A S R g Sy R, FHASCR , DASGHIE L) 32 I PR3 Iy T i £
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PEZR TR EEFAS RIS RS T AL

JETHP R g2 U 1 A BEARHIR Y 1 (1897 38 i SR

LA, . £ BRaRr. BEX. FH. kAT
FMKFHESE —ER

R 5. UIRRPESET- 324K (PD) -1 . e sy ( Radiotherapy ) . L 20 i — L A i A 7K
T T (GM-CSF) 9 =HIAYT HIA MRS IRIT 75 (PRaG ) XHMEGLIRYT I e A8 1k sloxfi v 14
SR B B —E MR BE TR OASE . BE . RS A5 DS SN I B G g2 A LR BT MR S
(B R o A E I S ZE 40 ME . 20 M PR R R PTG 2 iR T A bR . ARSI LR S
SRR 1A 1.0-3. 00 G RELHE , AT semayr 2LHUS PR, B 7 G740 i bk E4 40 A A0 200 ff A
THRE A5 R AT TAG A

Wik LA A PIARIRYT 1.0 BF5E (ChiCTR1900026175) . fihits 697 2.0 #F5
(NCT04892498) . i Hit%ifyr3.0 HAFFE (NCTOS115500)%0ds, MRIGRECIST 1. 1UARMEPEAL & W L% it %
(ORR) , HKaplan-Meieri17/E770HT, HHA TP RGEZ MmN R | ZHZ 001, it sHr o0 ik
ECL 4 L R4 6L DR R 4 43 2, 2 -5 e 1 XSS DR AR DG I A0 ) g dig b, 3 3k 470 ) ot o £ 4
VAN PR 7 200 43 R ST 7 RO AR

WFFE4E R . BEVIE20234E 11 H30H , L9y A 1396, FA4Ek63%, Hi>65% B# b
41.7%, BRIE A KT EE 1560.4%, ECOGITS2-34r1 3 1559.7%, ORRF A20.13%, Polkts
HlR (DCR) N48.19%, i LpGe ALY (PFS) N44H (95%C1:9.5-14.7H ) , Pli sk A7
1 (0S) #H10.3H (95%C1:9.5-14.7H ) . HHECOGIFMIRE . A LM . HBEH EHHPFS,
OSINEZN K . IL-6/Z LM PFS S OSIYYTRCHUM R 7. 20 5 7 Fnibk E 4R A AR DG HE 3 FT 2 B0, NKZH
M5 v -IFN . IL-105CD4+S N iCAZ T . IL-45CDAS+LIN-FEEA e . KeLk CDS+IE iy hJic 42T
Y. CD8+4E ETANM . BEAEA RGN . PR IRFE I 7 (TNF ) JE5 ik A DG I KU P 25 . il ad itk
ECL 4 RS 4 53 RN A I DR R EA TR HE Y, Y AR AR, B RB S AL I TRINRY TRk, P
HJROC (AUC=0.87 £0.06) .

S5 XIFRAI BoR T AP IR T 7RI SRR JB A AP A%, R AR IR YT I U e S0
S FEE T AE R RIRY T 7 58 o FE T G2 40 L R 40 o R - A3k A 5 P A R A T AR Y B B A 1Y
ORI, B HARR YR B — L R g

HET i JooR] T AR A 1Y
GuPENR IR 3 5% v T ¥ 41k

P &3
M K F

F . i TR O P I B B N 2 —, T HAR SR . AR T . DNAS
M52 3 5 A I Y S BN R T A b AR B B3 2, NTIHIRBTRO Y FALSY o ASBIESE B AETF R —Fh B AL g

- 119 -



LB EFAS T RIS ST FEARA BEXHE

TS, BRI T A0 M LR R 4 22 i S, S o R 1 A e R A S MR T AR e il
IR T PR o

Jrids AWRBOTIFE T R PTFE M RN BA, R B h i A S Rk CD 13340k
ALY 2 0 LIS X B A R T, DA B R A P e R 1] o BTG P i 0 Sk R A
FINNL, 20 R A0 P BE )™ A i AR HR AR AR Bl ) 2 A iR EoR R i Rl & N> At R . B il
1oL it i WBHIE I FA CD 339K AP AAE A R . B e T~ BRSSO U RAR SR AE
PERRBUARBIES, EART/ AR o O AL phy 240 PR 575 S A5 ek CD 13364 e 1 4 B R
IEH M RTINS, PAY 1 IX SE IR B A RO RE [ R AR et . Gl MTTSEE . AR
POCTMEE, AL ) S i BT R AN LA, SOk A FNRE B ARSI LA K7 S TR

JEAEMR A, s i /N ERPDXASE A L K J T CT26RE AL RS, B AR AL 1 e i AR 1389 7
AR 2

SR WBE/RMychf8 8 FRRE A, @5 i 1 W Gl AR SO CHUR RAR SR A5 R W S i
BN BHAR80nmZE A7, FLA—15mvZefq i —BRIE A5, I HLFE AR A 6 80 A Rom LAt AL AL
PRONSEER B, SN B RTE R T4 P AR R, SARRE I IR IR L, ot 1 5 ) A i 2
ANPAT, T S A0 Py 200 ) SR A A LA B AR . PRI SR B, 8 1) S e R o A S 5 4 ] 1 e
A, SRR TARAEISE], JFRRAR T RSt RN, SXIRAAHILEAT BE S . AN, SURNR R A RGN
T BRSO BRI .

PHE: FATBIDITEATRE], 1o iR 2R B LORL A ) S BENR T A S — o w8 O P AT A 3
i A ERHE 7o e S i iR T A LA AN SR 5 1O RCR, s> THUR SRR . X
— SR R BE AL A IR T B A SRS BERT Y O 18] . ROR TR B — A e MR AR A LT, SRR AR
BLEL, IR RIS A HS AT P

BN BB PR AR .+ 2 S
B 2E 7% Do bk R A G PEESE

ez

AN TR 9 B BT

B WREE DR EF AT IR L, AT REAR A S 4k 2 SR AR TR BT A G G &R

Tk BEE20224F 1 A 2 20244F 1 A A B iR 1Y s SR ALY s B VE ST 4, R — B0k i
AR CRERIERM PR (SARANE R R ) | Ao SCRFPAR i 3 K R A T R A T (R S R A
PearsonH 57T FHFHH 56 R UKL

g5 0. Sen L 606 e U I S 5 AR () I B AT TAE, FRAE39~66% ZH], Ty
EW (52.34£7.65) % . B SRR O YT B TR AR 7040 L A2 SRR B AR TR B R AR 4 4 N
(15558 +15.39) 43, (33.55+4.86) 4>, (63.58+9.13) 4y, =HAIMIEREE (P<0.05) .

G50 B IR BE YT BRI AR 2 RE R FLUR A R | A S SRR S AR i S R G ()3 AN T
O3 o W AR TAE N 53R I 8 20 F Ay 7 B a] (R ER B HH SR IBURH I 1 i R A 7 T T A28 il 22 b
SR, SETTREARAE RO B 52
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FEZHR e A e N SN R e >

W SR A ¥ Il 1) 4
697 E /ANl 25 22 N P4 0 R E

ERpk, S, 2THA XRE
F 7 EA K

Hi: WBRT ( whole=brain radiation therapy,éﬂmﬁiﬁ)%NSCLC ( non—-small cell lung cancer, e/
AN ) 2Rk (=44) IR AW G 7Ok SR, WBRT/SUA Bl 2 ) R AR, 2 & I
PR T 2, JFHSMAINATIRE FREA K. Hik, A0F5E B EHFEFKHA-WBRT+SIB (hippocampus—
avoidance whole—brain radiation therapy with simultaneous integrated boost, Y EH AN O R B R )
IRIPNSCLCE K (=44 IR i e et 5k,

Tk BOR—IHTHE . SR A TUIG RO SE, AL pg o BB 2B i g 2 e 4 5 4 HE s v (9 Al
NS 22 e (=44~ ) MRS IR, TR B2 HA-WBRT (30Gy/12F, #5Dmax < 17Gy,
Dmean < 12Gy ) + SIB (48Gy/12F) . LEHUT a5t B AT A AR BET , A B O PG VL K FHHVLT-R
DR ( Hopkins Verbal Learning Test-Revised delayed recall, &34 HiniE 2 > MK AETTRRAER [F112 ) i#F
TPNFINREVEAS o - H., 7EFR— 0 EEAE2017-20204F- 452 WBRTHYAE /NIl 2 . ( =44 ) B
R . M PR ILED , LA ATIEHA-WBRT+SIBZL 5 (M WBRT41A9iLPFS (intracranial local
progression—free survival, fBi PN JCRTRHE A AF] ) , iPFS (intracranial progression—free survival, i PN JCiE
JRAEAFI ) A R 1 L

SEL . 20214F1 H 220234F6 H 1], RIHEHA-WBRT+SIBAIIL ALLA23 61, Fif Mg 2 HA-
WBRT+SIBIfiyT; 20174F1H £20204F 124 6], [mIBWBRTAH I EE 1753618 . e 12w P 7 VLB
S0 (RTIEHA-WBRT+SIBAL : FIFIWBRT4 = 23:46 ) , FMEHA-WBRT+SIBAL B &3 TiLPFS (16.43
versus 5.9 months; P = 0.004 ) FliPFS ( 11.1 versus 5.7 months; P = 0.014 ) . FiIEHA-WBRT+SIBZH i N J5
TR M B AR S A= R AR A [P W BR T A ' 20820 ( 9.6% versus 34.2% at 1 year; P= 0.027 ) . JEHE, i
WEHA-WBRT+SIB4L i & 7EHA-WBRT-SIBIAJTY /54, HVLT-R DREFE TR NT.08% + 5.23%
(95%CI: -10.0% to —6.5%).

4518 : HA-WBRT+SIB A GEZAE/N ML 2 K (= 4 MINHAL BE 1 — M2 A RIRY T EHE,
AT ARG DR B 4 Tr] Ik e r A o 42 1

B % Le B dit i 3% Bk A4 (D CE—MRT) 1 Wl A% 71 Py b o
Ktrans 5 Wi 2B JEARS 7 0 489 A& 0 2B A7 45 015G

E@M. Z¥. EFR, JARE
HRER K

BB OS] o B TUS B4 RS B0 A B TR Ea S T BCRANBEDT W . ShASXT Hea
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LB EFAS T RIS ST FEARA BEXHE

SRR B RT LASRAEAT SC I EVE AN B RO 15 B, IR iR 28 A b R U (e, FRAT E
(AR FE Bl A% LI 5 L PR iR S B i B B K rans AEH237 [R5 O 7 19 £ 48098 AR A P Sl e ik
Jo A A SR A A7 0 0 0 s 1) v 7 I

Jrids: WCEES M4 AZ IR A0 TB0A T 1 £ Ty s e 00 £ s B PO I DR e 5 5 et e B8 B Ktrans (B
T I %60 ~ 66Gy(1.8 ~ 2.2Gy/K, S/, 3530~ 331K ) o KA ERENE TR ©O0me/m2)k & 25 ik4A
(40mg/m2) I 7T, JrFE4fE, BB 6 . B A T R AL T AN R AL Ay R AR Fe 3R A T
ShAKT LSRR IR BUAGAG AT, I Sh AT LU s R R BUS e B S OB RS W B (Krans) . AR 54
SV AR TCHE R A A7 TR TC i AE A7 T T (D F8 o s e 4 RIS 2 . A3 S F S 2 B2 %
Fasi i R A5 11 S8 (pre—Kitrans, post—Kirans) X S5 ( A iKtrans, riKtrans) 2246 M FAH -5 S A=A FITC#E
JRAAFIIRAIEE . RIIK-MIELHIEAF ML, R Mlog-rankik LA fFZE 2257 . P<0.0SHA G247
X

G50 WP BT RTD CE-MRIS B TR 5 H Kl pre—Kirans 7K V- 5 5 AE 77 (BB {1 =70.53/min,
p=0.115)FIJCHE A ZE W (B KT {1 =70.53/min, p=0.029)2 IFAE . [RIALS 7 JG DCE-MRIZ A T RS
Hrpost—Kirans 5 B A= A7 (BB E =45.60/min, p=0.006)F1JC & A= 731 (BR BT =45.60/min, p=0.006)"% 171 A
Ko DCE-MRIS UL 5 8RO 7 5 1 A ri K rans ZKF- 5 8 AE 7730 (# 1E {1 =0.374,p=0.018)
FTCHE A A7) (B 1 =0.329,p=0.034) S a4 54 . DCE-MRIZBUA UL RS W B by 7 i s 284k
A iKtrans /K5 S A A (B (E=0.107/min, p=0.595)F1 TG A A7 ] (#] 1 E(E=1.002/min, p=0.021)% 74
X

S5 ASBIE T R AR LU 1S SR i R S S U T A% B K erans BE T0UIM 06300 20 7800 A6 3 2B A7 10
FTCHE A=A, A SR A W) B SR sh 2SS [R) A5 AR 7 3 97 T ) B B S b i

K F3DAT VYA R AL (4 1A i TR 50 Br 5 B

Fahdh'. REKR, BEX T
1R FTARER; 2. %M g ER

H . H R BRI R AR PR R 2 250, /3 DATER MAABAR AR Y 7T
RIZRGE (TPS) FUNHRS T A BURHAT T IS

Jiid: DISDITEN MR Ry S e htly, i FCE RS A P TR, I LA HB RN & SR B
R SE AR (REBEX ) MSH A (IREEX ) MAREE, JRARBE s~ 9ebr
PR, Fe e AT DRI IX 55 22 i (I TPS T 5 I (i 1152 2%

L BE R R MG R R IHAY T R AR T (DVH) Elrp, $EXRIE Kas B 2k gk
AREA. H, XEEHE, BREAR T REA M. 3% R, BREAAE T B &AM
HZERK X ATHHA A 9] 8 210.4cGy M1215.0 + 0.71cGy, A FIER2E }2.19%. 5% 15K
T A 27 49.1¢Gy A150.0 + 0.48¢Gy, BIZ2% 5 A0 H 437 e 22 4 1.83% . WAL fi 22 39 75
3% W, e (BT B TR A R RS ) K,

S5 B E RIS 3DFT ENAMAMLAS AR AT LRSI S SR A PR, SR ol AR
[FIZH AR A RE S DORR A A RIS . AT BT it SRR e 4 LI mh F =%
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47k AR BA2MK B SE rif
B L5 BRI S SRR B 98 1 i AW 5

g?“;“{a‘\ i}‘/%;?;\ F’iﬁ%
e e e M R

B PE— PPk 2 A B 128 B BB T A S 2185 28 R R 7 Sk S0 O M B R I IR R S5 441
fH.

5 ASURHIESE PRI BT BT, H520204E3 F ~20234E3 F 1], FeBif: Be ik prlsoa Sk
SRR e 4 B AT 1220 AT 5 . 122000 - B SR BENLR 7 o0 4, XTI A 61461, W
BRG], X HRAA P ABE T LVE 2 % . WA PALRFAEIRITITR . PIRG oL . DL RGEAR
WCEE 7 T 25 5%

S0 WP AT AR AT, W ALIR T A RCR K95.28% (58/61) , X RELALIAIT
MAERENT0.49% (43/61) , MESAI G & XA, PSR <0.05, 253 BE ARSI
TR o STl EIRITRT . GO IS AT L, R ALIAITRTVASTEY R (6.51+£0.32) , 5
XRRZAXS L TE i 25 5, PIEHAIRZS R >0.05, ZRAE&G A HE X ; WEARIT R VASTES N
(1.61+0.27) 43, WA BALTX R, PEMKZER<0.05, 2583 ARSI hmE L. Xt
PIUL R RE RS I DA T L, RO e R R AR IRL Ry (28.11 £ 1.29) d, U 2 R RFEET
2R (5.18+0.31) d, H5XTHRAINT HAFTE B2, PEKKE R <0.05, 2558 E A& H
=98

4510 RMIYEAE RBI2EK G BRI LA M L1 8 R HCBR YT T 5% Sk SR TRURT I e 4% £8 3 A TRy T T
RRCEREY], WHRTHAITRCR, SeEBERIEIR, AR R R R, AT AR XA
ST T, (ARSI R R

R BORHE £ & WIRIPBHE IiR] 8 5 2V A5 I i i
R T Ik BeAE

B

EE T R R R TR E R

FURS Il R g R B AT P i, PR P BORH R 2 W O I e i i, R HECR

Jidk: BENLEREARE (20204F5H 220214F1H ) 23R, 25 B IE i I 2 00 i S0 i
PR LRy XS IR | MR 254501 . Horpx TR AR, MM Y BURATIE R J5 i
WLEELH B WSS FI3M Y™ BUJSE A T o R i [ 5 W ROk | 2 ORI R PRS2 S, Pt P 2
Y7 RUBA 1 RE T I

i RMEZIR, FREEMARSUA AR LB fa b 207 i, WEHRT XA, Hf
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BEER (p<0.05) ; SR EH WIFA RN & AERTH, WERAM T HA, AAB¥EES (p
<0.05) ; LIBEAG TR, WEHE TXEY, BAREER (p<0.05)

S50 XTI IR b e AR S B A I R i, it VR A ORI 5 7 B OB S D ik, HARIUR B
U, TR E Z JG MARSIA AR KBS FE R R AT BAIK, A= 76 B A9 B A A i iests , R JRAS RSB,
B v PUW A S SR 1 O (£ = 2 1 () Z NI < 19

TAEIE IR B A 7 B PP S A SCOC PR 7 PR A LI

RN 2
G S R IR TR R

E s oA A SO BN 76 T Ak Iohes S e 4 B b ) [

Jivk: E20184F 1 H £20204F8 H WIMISCE A 3051 b e J E R v 4, IR A T =X
B E A, FESABHFER A, Xt A2 % MO B, WS 2 A SO, X
FE 2L RS A4 B BB | PR A B DA R AR T A

5. AU BRI B N 86.67%, i TXTRALN53.33%, P<0.05, WAL I 3 BEAK M JEE Sy
90%, X IRAIN40%, P<0.05. WAL TIGE . OEITIEE . JRIKIIRE . Az i o AL 0 i
PEOM3 I N45.43 £3.33, 44.53 +4.32, 46.89 +3.46, 146.66 +3.14, HEETXIRA (23.44£3.22,
22554522, 29.67+ 628, 104.62+4.32) , P<0.05,

S5 THALIE iR R T B B St A ST BRI A (B

R BB BRI OK S B O BILR 85535 il g F 8

ARt S
RN i

H: BT RIRTT & FEPE MR 0 G Bz —. R, XSO BIARIK ST A] BE 52 e H 0
FLREFARITRCR . BHET, ST MR BB X AT A SO B W BT W AN SR 58, Rl rE
FE B SR M . AT B DAl IR 8 X O AR IR X — A K- A ey 5 H
OBRRAS, LI A RS HE SO R 08 AL BT TR AR T

Jidk s ARPSERES AL, RVLIRAS iR BE BE 3544 fifoRs L  dEA TR T A . BFSE TR
BLEE A B ECERG TP RIRIE AN 2 BT D ERR S R (GAD-75PHQ-9) o Hdla R HISPSS 22.0
BAF, TS Pearsoni Spearmantf IR . TS AEAR R B DL K 2 o026 RHE B KRR 5T IA
UK 50 BRRAS Z R E 2R

iR WP ER, IR E XS ORI AR A R g 22 5, HOAFIKF- 5 HLG BRZS (T
FIAR ) 5 ARG . AR RIRSF- AR O B 255 T B AR P4 . Z2oc il B Mrite— 20
TESE, TN S A SEFIAAR T3 14 .32 67 1) 00 PR 3R

S5 WESEIRIE TR R B X ORI INRUKC I B, I R 1 HR O BRRES R R . 2
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SRSCHFAE NG PR B I i PAR G IR, JUHOR B AR R R 8, AR FLO B R AN
IRIPRCR . ARIITENRTEAR R BH T HHEEASOR, LML B oim .

S35 3000y B TE e Y 518 ) i o de B0 xE oS

MBS REMK
4N T B S E BT

- fift T A58 BP A 2 — 5 MO RSB I Ay S e 5

05 1k B B T 0 R 2 R B A A S R (SCD) T E100em, KIJK A R, JFEF
( Width x Height ) =88.2mm x 77mm, BPZEZ07HF M 10em x 10em, SF9% J1 B3 200MU, 435100 &
TPR20. TPR10, FFiE17HH A (TPR20/TPR10), FRAGHEIFIEE (QI) .

SRR P B AR T TR EQI1=0.655,  SESEAYBIR-2577 WA B4R S T 5 Q12=0.667
FoAs, M AHZE-1.80%.

S5V PIAOT B AS I AR S TS SRR E A FRPU . Sw/Sa. KfEAM2E1 <0.29%, A5 S 7)1 5] (1
P B, (i TR0 BRA R QLU B A, BETF T BIR-25J7 i B | AR ELLk i) — st
B B GO LR S T A R 1D OO 8 s Sl R T B

A ] S DX b 1> 9 o S 390300 A A 11 2y 5y
PR R LE

AR, MR FhFAR. KA, 4
T — A&E%

¥

I AERFRCHERSNR, X USRSk 3008 BREAS 55 FLSR A5 Sk 3508 BRIDE 5 Sk 2508 SR 48 W e [] 5
75 A Sk B0 iR A5 B RS Y ( VMAT ) ISR RS

Jride: WBUEEER202 14E8 H 2220234F10 H M) Sk S0 Mg iy 7 R -HHVMATE AR 6051 H 35, #3k 30
T E 7 o B, Sk BB BEAh G FSk b O O A, Sk 3008 BRI &3k 3908 ¥ P 48 [ 1 O X
BTG, 300 BT REITE ORI 16HE LR CTE AL TSR 44, ARBUTRICTRAR
RG], RIHEGS I SBOTEAR, A BRI T— K CBCTEE, RECBCTHAR, FFLL5)H.
R LORAS F I B RS A BCE X . S C v X3, S0 C v DX 3, A DX g v X3, SR FH H 3
IR EEBL eSS & F A BCHE ) =X, K CBCTRAR SR CTRAR A T MG BCE, 0 BRETE = A
FIRCHEX SR N Ze A SRR, MRS 30 ) A0 25 . TR B 45 R HISPSS 26.0 itk 2E 4543 #r
DL Y + b2 ) Fomim R IR A T 0okt AR BLBCR S FEARAG 50 . DA 7% (U7
(B ) 2R AN A A T ), ALIE] BRI ST FEAR R AIRS 50 . P<0.052 R A G243
X

i AR SRIBCHEDS, WU SRR MU R E 2o A . SR MEA O ) AR AR 25 4 S
[0.95(0.60,1.40)]mm . 1.26 + 0.60mm. [0.70(0.40,1.03)]mmFI[1.00(0.68,1.50)]mm . (1.28 = 0.60)mm .
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[1.20(0.80,1.53)lmm, TEZAT, Sy W B2 R gt X (P>0.05) , B EM2ES B AST
RN (P<0.05) , YIEHAAERE TS 7 i A0S B2 0L T AL s 7 SRECHEDK, IR A2 A B
AR HE LA . 71 F AR 2E 4R (1.25 £ 0.51)mm ., (1.31 £ 0.43)mm. [1.30(0.90,1.70)]
mmH1(1.52 + 0.60)mm. (1.65 +0.56)mm. [1.80(1.30,2.23)lmm, ZSEHALH¥E L (P<0.05) , Mk
HAEL A, KM W& Tr ) AR B WL TR A s 7R R X HE DS, B B RN R AT
BEIEAT . S ST E AR 24 W[1.15(0.80,1.50) jmm . (1.31 £ 0.48)mm. (1.21 + 0.47)mm#l
[1.35(0.60.2.10)jmm ., (1.33 £0.73)mm. (1.37 = 0.71)mm, 7E3&MEJ7 1 FA2ER G H#E X (P>0.05) ,
it BEESEASRIFFEX (P<0.05) , BIERALEAA, B T7m EIEARE L T8 M .

50 SRR IR AR IR YT I A DX R PR SR AT I, AL T R A R, T EL
AL T IR L AE DX, FEBC RS S0 DX A — R A . ST AR Sk SR SR Y B nT LUAR AR
R BUE G DA T ARSI [, JRSUE A B S, R R A A i v L SRR
P, JIF BLAE KSR RE B AR [ N, e KRR BE A B S8 2 A (RS 2y, AT (s A5 AR DX AC 74 DX 35 17
PR ZE/NT R AL, W, 78k SER I VMATERN [ =, 53k 88 BRE4S A H Sk B 1 2 D7
AR, Sk BUR K G Sk SR WL e T CRA B m RO RS B, A B T iR iayTY . AA
I R I FH 1L

BRI P T A W RO VLA AV B B 55 T JEE 53 iy

e
oo R

HEY: 3@ AT RIFOV AT 07 B B XT3 R BE A5, PRI e AE 5 30098 B30T 7 486 o ik i v
Ao

Jiik: HEH20234F7 H 22024452 7 T a8 K27 B e = e s i) ey s il 7 AR 5 68451, LAPALN
Pelvic A FOVHA TRCHER B AR 2E AL J7 i IR/, LU T AN RIRO VAR A IR 22 S 77 ) SR/

ZEHL . PIPALN ( Para-aortic lymph nodes ) AT AL 7 o) 22 MMm A% 32.35% 11 . A5 R F£66.18%
i S MwEe55.88% 1) . BAwEE41.18% 1) . MEMIwWES54.41%15) . L MIWEE54.41% . LLPelvicd THCHE
ATy 1 e F%33.82% ) . A7 IS 66.18% 1 . SMRF£60.29%15] . I WFS38.24% . IE MRS
55.88% . TmH41.18%. LAPALNEATRCHERE 70, JSARALISE1Ed438.24% . il 51 e 47.06%
15 AP E R 33.829% 151 . 3HT4TTERE60.29% 5 EEARA T4 iE 5 45.59% 6] . 364 15 39.71%
1] SR AR 4 e 55 52.94% 151 . 3 IHEF e 42.65% 151 5 K SEAE IR TEH%35.29% 51 . 36 i 4t g s
61.76%M1; FEARBLIS H R4 42.65% 51 . Wi 5 ERE51.47% 5. ARIFOVECIHE H AR X5 AL 5 0] 5200 L
] WAEXFHE RS 2R A GEE L (P<0.05) , 7EFRX. Y. 255y, 2R g 02¢
HEX (P>0.05) . LAPALNRPOVIHATECHEAEN PR ZEAEX . Y ZHlim YA 505 42.64mm . 3.00mm
2.03mm, EMPERFIRZREEX. Y. ZHIES 5 1.01° | 0.84° | 0.84° . LUPelvic HPOVRELER
PERIRZETEX . Y ZEHE XA/ 5 02.39mm . 3.15mm ., 1.60mm; IBAIHEFIRZIRELEX . Y. Z#lia 1y
B3 1.07° | 0.82° | 0.86° o A[FIFOVECHE HFRAHEN J7 10500 LA AT WAE PR X . Z5lies Jr n) 2
SAGIFE L (P<0.05) , TEPBYRIShER b2 R Igit¥E L (P>0.05) .

58 TR U O TR AR E AR, EAERUEFOVI MBI LAPALN . Pelvie#Ef7RCHE, et mUChD
KR



FEZHR e A e N SN R e >

KT AR — R AR OB A AL Fo il £
TR SO VE TURE SRR 58 vb B DR 2502 I I

EE. BAHE
FMKFEWE S —ERE

H s PR 50 S s A8 2 8y m e e v A P M i i 284k, 1 HIMR AR AR 2R AR 50
S g 8 EARAE O PR e A8k, AR - RO S A A S IR A2 BROC 2R, DA S PR A5
P ) S T4 AR

Jride [BBE P HT2022-01-01282022-12-3 155 P K7 B 55— B B 2 1451 S M el v 6 5 P 091 ¢
B, AR YO T R R AR YO 7 45 S A MERAR AR MR ISR o o MR AR AT A QI 2 2 RSl A g
FEY ST RS R A AR E B A3 BITETIW LA T2W LT 912 i i Ay S8R X
I, PRI BOGER X AR A SRR IR0 A5 BIRRERAIE , 0T RS AR 2 R ARl . RO
PRI BT XU AR A DA, 5 ek SRS 21~ s 2l IR By 7 i A R — S AR 4 0 i

SR 1L TEMIRAZ U], nE A Q) Ko AR A T 2 R e T SOAE R S S R TSR . 18
SN, WHALIT 6 BAMCH=Y . KEGGHE F0Hras i W/R 5 438 I AE S B ROM
BE R AR R e R A

2. SE T N A MR A A2 22 A U A 668 R AR, £ lasso m] A 54728 ik vk
fiiieNm . AT RSN R R Y ;

SAETIWHELZ B 1301 SR A 22 FFAIE, Zeadlasso PS4 28 IR R LT 5, Al RI6 M HEER RE0N
AR L

4. FET2WHESRHU 1301 22 FFE, ZeidlassoMIHSHT 28 IR IR LT S5, PIAS 24 9EE R 50
AR FRHE

5. it XfMetascore . Radscore—-T1. Radscore-T2#F47 40 C1E3 M vl Hl, Metascores 9 5
Radscore-T1. Radscore-T2X¥JHAGRAHCNE, 225 GG Lo [RIIAHNT 215 8 A58 5500 T DL
W A ZH 2 A O 5 i 2SS 2 5 T AT b S W B ROMI I 00, ST S 8 1) S A

2510 . WEMRA R PE0 2 S R AR A PE OR8] KRy 7 J5 6 DL RS Ve s, ™ s £
TBTTHRME S A TG BT i . A R0 22 1 56T RUBR A0 4 SRRl g Z2 S TG, it AT LA S i £ T 72 1Y)
RS TARICY) B AR 2R, R T ST 2 2= 5 2 il I B e 7 i AR S A5 s Pl . S 2
BRTFOR Y IAEA R, D i AR 2 Hs S AR A AR A OGP, @ L2 ) 55 T BT
SIMEEER BT

- 127 -



LB EFAS T RIS ST FEARA BEXHE

CyclinEid 25 Mg B HRI ¢
i G cGAS/STING M 5 14 it bt v e 92 2 i

ZEURAS REF RERE kALY
1 BN K F W H = B 4248677 P s
2. FMKFWEF BRI B LIRS ERE

5t A E (eyelinE ) R4 G U BISHAT V¥ (9 4 i 1 8 11 o 988 35 F CyelinEAE g v
eI, SRS AT LU SN AR E . SRR AR S R & AR A R IR N R, £
XoF Ffr e 5 R ZHAN AR R IRl PSRBT, AR IE TR T B LR

Jitk: 1R CyclinEE1Z g v 5 I So BE oA 1 C &

i/ R 155 T HIETTCCABHR FEAE 5L R 4 A S 4 2 I 58 CylinEiZ Fg i BE e . mRNASR
K22 S U BB A AF TR 1R . 7EIZ 9 P FSE Cyclin B mRNA 7K PRI G2 40 M2 I i AH OGP . il
FHERZRNE RNA P EHE , 23H Cylink = 2R 40 P DN AR s 0

2. R CyclinExrd FR RN s B2 BUIHAYT Ja DN A5 7515 1

EHCT116 . HT2940 M il 1 CyclinE it SRR MO , (o0 P 5 B2 i Dk S 0 L 200 e v 3003 e 5 0 A DU
CyclinE = 3k IR U IR Y7 R DNASR G TE L . e BE9 . Western blothiilll y H2AX . 53BP1. RAD51,
fii DNA i AME S 1225 . CCKS8. Fu B A7 S Gk I 4 L 448 7 R s BT o

3. cGAS/STING/TBK I/IRF 33 £ CyclinE i # 35 Mgt UG 7 5 AR A6 S U5

FHqRT-PCR. Western bloth&ill CyclinE &5 215 I i SHEY 75 cGAS/STING/TBK 1/IRF3 {5 5 B LA
JAFN- B TEHG SRR AR 1k s ELISA R fE A F CCL5 . CXCL10 437K AR 1k

TEMC38/B16F 1041 i 35 CyclinE, i H1C57BL/6J /)N BUEE S AU Bz T g iy, 4R IE8Gy IS, &
I /N B AR R N AL A3 B . B P ) e 4 ET TCD3+ . CD4+FI CD8+ T bk 2 4 g
TR s ELISATERGIN /N MR ZH 40816 F-CCLS . CXCLY . CXCLI10AM WK EAEBL . Bt g 4i it
cGASHEFR, Wit LIiRgEE

550 1. CyclinEfEZ g TS s, SHURARAIE, SRR A BRAH T
7veyelin ERY 524 fil & 58 2 DN A543 B

2. CyclinEd F2 35 I AR FERZH A BEUS B AL Uk R i B K (p<0.05) , Y AR5k it i 44
i (p<0.05) , ZAHMEHEEE . SR AR E WD (p<0.05) o

3. CyclinEisd 3k i AH A 0 BEZH 4 REU 20 I B AU DN A BH 2. 340 ( p<0.05 ) , STING/TBK1/IRF3M
MR Ab K F-B B4 hn, IFN-B . CCL5. CXCL9. CXCLIOBAWIAN (p<0.05) . CyelinEidZek/NEUMR AR
00 HR 2 8 TR I /N B 02D (p<c05 ), g Rk 2 285 vh G e It =X o BT 48 SR 4R . CyelinE s
kN BRI AR T R AR 8 /N . RS 28T CD8T 4RI B34 (p<0.05) o K iiRi 4t
cGASRRR, RIiFE [RZER

258 CyclinEfEiZ B &, SHEARMAX. Cyclink = Fk Mg A BSHARIT IS, DNAS
I, WG cGAS/STINGIE %, HITPE R Kb 7 BB HORE CD8+ TN, A1 F 23473 g 1) S 2 S 2R
B .
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JBSIRIT 5 R BEIR Y IR LT BIESE LI 5 1 1A 9k ke

¥k mA
L@ RFHEBEERZTF; 2. 2 RFAHEFK

F . SR B0 SRt P B A BT St e S I RPR AR, B 60 o1 — S ity v )l PR SRS
REftE%,

Ikl PubMed K R R0 RO B AR ARG, DA IR . BUTRYY . SREIRYYT DA SO
i), “tumor, proton therapy, immunotherapy” A9 COCHER], FiZE20194F 22 20244F & R IAH I SCHR . e dt
W20 3CHK .

SR I TATRIMS I (Bragg peak ) 800, BTFRYY (PT) Alpsspmadsn) i A sh AR T T st X,
[ s i/ o] B T 2L P A S AR, DT 7 X B 28 R 0 8 B TR S0, LA 0 IR 3 il /D L2 4
RS AE A | BB e M A S A A . BT RO BRI IR A ML AR DNA i BEAE 20 L5 HhoE
A RCEATEALHI R ZDNA R B, AT/ R ML G i S o e i 16 7 s A B AL A 7 B BT T i
FAAMISN, PTIE RIS R UM MAE T, I RERE A I N 5 R O AR 5 o X, BRI A 2
ARANM DT LB A0, (2 BRI S e AN R S AR, TR TR e N B IR BN . e,
Jo e A5 0 2 1 1] R 0 3 T e (S B T 1 PR 5 S 398 AR AR 0 M R 1 TR L 4 i ) A
H. RNA-Seq/MHiRH, CT26/RIIAI/EPTIRA 68 MBI R 32257, FHE R e
CTIRGEST MOGEB T, HAT RGO S S NS 5 i AR S LR 2 — o PTX R RS
(TME ) BAXCE RSN, BRATfEdE e i, WAFTES R el iy . AT WF5ERET, PTATE S
G I A0 S AN IR ) A0 [ TME SRS, DT S 2500 LA e A PE A TME . T 38 i 45 S5 367 (1
B AT A G X — VA 1) S A 52 0 1 SR PTRSURRE o  Y1 BT 1 — S8 1R T SRS 7 3R £ TP T
) B S R ek A s AR, anPD—1/PD-L1BHIR (94alF et . PEPL S-S0 . B BR BT |
BAFEAIER AT ) . CTLA-4BHWHR (PHICAR YT, #SCARPYTAE ) |, LARRBEGRIE SR GRS IR 4 i i iR
BIFNTCE o FUMR/N BRI PRATOT SR, 24 B4R 550 b BI20Gy I, 1565 W FHHTCTLA-44T (A AE
% B2 AR AR RN R 223,08, ARER Tl 7Ry rdl (17.2%) JEBLI BB ARG i a5 . oh,
RT3 50% e 42 55 1 M 48Gy A R FEAR 843Gy o 76— IR RIS, PTIAS 18 L& HdT
55 M ARGV YT RS Sk BUSIR A g8 £ R B BB IR Y P28 AR T BB BE iy T, sz ik
FIRIT R P AL A A ER =1L, R WE MR ARIAE] 1730.4%, WS TR ER
(4922.6% . Ji -t P ECA BT AT RERE I 2 2% Ho it RS e WA BIVE AL, ARES T B—iRy st
FORTRESE IR VE IR o A OFFE4E 1S einyy EEF T Re R TRR . Wi &g, B .
JPHE L B EDRESE 221 D7 Tl o PRIER A6 7 A IR R AR AL AR IO B2, LR SR v T, kg
BRIEFEPTIN 67 . PLAl it e . RSB R RS, LR RIAT T RIS MR i
S, REFENEST RIS BARRIE A SRTRAYPRCR I EZRE, flan. ARGEERITHS . 9k
B SRR S . BARBT T UG RGNS KEAT R, KBRS IR e, —&
FEHE 20 1A SCTE I K i, (R PTEOR A RO B R R AT &, - peify r A B o
Z2 e SRR B A Al

58 BRI YIS N AR AT SR W IR PR RIS 14127 BORCR . ROk BT -
TRERTT ] RE MO A BARY T 2RI T 58, (R S aR I RS AL MR ORI I KI5
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RC48—ADCH A i hik& 1697 R BLIHER -2 Bl P
METE PRI 288 8 i IS PRI IS A 58
(M Fii6Y73.0 WE5e ) v Ui

hEH KA, LA, FRME R, KEFE, Rexr, X, ©hEx%x
FMKFWEE —ETR

B ARk ia97 oy A g, i S B iR R 8 . RC48-ADC/EHER2MHLIA 24 P 15k
Y, PIXTHER2BAME P40 M A b A E . 24 RCA8IE MU DT R 2 57, T b5 4 S A bk
IBITHIITRL, FEEFXTHER2 BHPE IR AETA P I 01 i £ 5, 3@ 98 /D RCAS I bR, IR I A ik
R T ERGAYT (S . NCT0511550) &

Frik: R FIFR BT, HRA S = A BRI, a5 AR, R A A R s 4l
AT AERRMEIR YT o 2 J sl T 1k I 52 A v VA T 0 e 0T S AR g J8 %, HHER-2FHME (e difbl+. 2+
3+) . HHFRC48 (2me/kg) FHIKIESID1, GM-CSF 200ugfé FiESD3-7, IL-2 20077 507 J 135
D8-12; WUTZHAED3I RS, bkt AT R BT 2~31K (5~8Gy/Ik ) , BT &5 A RNl
PD-1/PD-L1$ifk; A3HELE ., W AL)S, nHsE1E0T, RCA8E/AMI 6 . M 58 22 )5
TPD-1/PD-LIFUARLERHATY, HEBG R s BUR T 32 ARt R . - BEIER L ph B LR i R
(ORR) .

50 R 202445 H30H , HARAL366I L, Hoh bR, Bk, HoabMm s
RO (OFEZLIRE . B e . BE . Z5EMESE) o MRIERECIST L16RHE, ORRM38.9%, Hiid
BRI B S A R R A ORR > ) N 66.7% . 12.5%5:40.9% ., X5k, HER2MKEL (1+) BES
IR E (24~3+) IORRAMY, 2391 039.1%H138.5% ., FiA B W et A 77 (PFS) N6.34
H (95% CI: 4.7, 7.9) . £206 (5.6% ) BEHB3EA RN, FINAFIIEES W ol Pomre . Hpb
BITHXARRE MR W RZ T, Bk, Bl RIBFEE, BB & LT .

90 FEAMPASIRITAET , X THER-2FAME AR TR B, TCIEHER-2/ FRIA R =K,
] 2Rl RCA8IR A A hidg 16YT (Aihiks3.0i697 ) MR T Hkanyy . ARy T IR, 38 E
S RCA8IYH F 5 iAMEm] 47 .

BRI T B DAY Z 114 535 00 DA 2% B s 2 50 A

kE&' TAE
1.ILHEBARER (ARERRFE—WEER) ; 2. a7 PEHKF

FR: T e iy B PV = SR B m NER, DI B A B Ao f e

P = 45 FRER AL B
Frid: 20224F10H —20234E5 H , A AR 2 0 BB 5t T 6 — 2 F A R BE 1) 225 44 B I i T R 8 R
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TSNS, RA—BGORRAR | R = 3R . i SOMUEIE BB F R A B R B RN 2 SR
SE AN A T A

SRR RO R R = M (2778 £7.26) 4y, WEEEZ H H86.7%., TR
SR H . AR EAME (r=-0.936, -0.948; ¥ P<0.05) . TGN Bos, Fho KHETE
I FRALRE X PR = B2 thAEAE TR e i B (B =—0.342, P<0.01) , "R (-0.342) i Sk
B (0948 ) [136.08%.

5. BERICT BRI Z KO, P TAEE BRI R RRIE Y B R R A PR A T
el . Ho At R R ARG R R Z R T AR, RS B R A & R R S, MR
HAFRALRE, ERIAIBR IR XS, DTS2 PR g =

NLRP3 4 BRI 7 KA S e iRy ¥
FEMSS U/ Bl 255 e B R v (1) S 88 3 2l RISz b 58

R RKEF, TRAE. KA
I K5 B 5 = B BRRY I 16 RS 7 F S A Ak 77 s

HAY: S TRRRER (MSS ) &5 W % a2 kA a5 90 il 300 N SRUBOR: 45 s S e 1R 97 1) — A B Rk
6%, AT A S REIRYT AT REZE R H FT AU T RO S . An ] 5 K BB b & FE O 5 G B IR YT I P R R
N, DAFE R MSSTIZE I T, SRR A SHER R, NLRP3IAMU S 5 AT Sfie ), A Filk
I PE G2 (BT IR SR . SR, NLRP37EMSSEILS I ity v Bk A G s ia 7 i Ve S AL R B af . A
U, ARBFSEHHE T MSSTLSS i XU 2 T B R AR, B BN LR P35 0T e 2 32 B 80 1 4 FH AL
il

MRS Tk ARRFIE ] T 60 H 6 2= 8JRI I HMEMEBalb/c/NEL, BEALN AT : XTHELL . o« PD-13RYY
M. BT HOUTEES o PD-TEYTAH LR 7 B o PD-TFINLRP3MGIFIEI P4 . TERORAE/N AT
KBRARFR R RS x 10054~ CT26.WTHHAE, I35 78 A AR R B0 S 25 i i, DA /) B XU
KRR, FESE12, 13K, XA MM HEI Y, MR8 Gy*2f, [RIR), RE3RIE RS PD- 14l 5
(3mglkg) o TENUITHT— RITA B L4 R ME 1 FENLRP3HIHIFIMCCO50 ( 20mgrkg ) o 4 B P N firh g
R, A Kl SCURahdUn , amad e ARG I 28 ot 98 Hh G 20 A 1) ) AR 1k o

G METHUTHS o PD-URITA, HUTECG o PD-1IGYT T W2 ] 1 v PP i AR . 31
Y CD8+ THNAL LA, SAT, NLRP3HPHIFRIFLET 7 TG o PD-13RYT B BRRIVE, S0y e ]
WK, ARAEALE] E 2 K CD8+ TARM LB/, A, NLRP3IFYHIHiliA 2 G-MDSCs Y i b7+,
M1/M2 FLAEREAR

4596 . NLRP33E of 1458 g S 2 i 48 vh (9 CD 8+ T2 B 3511 £ 5 MISS T 235 fi7 88 1) B ST e 938 328 P 2
B, FEWINLRP3 MG HIMSSHZE igpaa 1677 Hh Ao T e BRAESE 45

- 131 -



LB EFAS T RIS ST FEARA FERR

A nomogram model of combining the FPR and
CLR predicts the efficacy and survival in patients
with thoracic esophageal squamous cell carcinoma

undergoing radio(chemo)therapy

Xinwei Guo,Wen—Xiu Ding,Yang—Chen Liu,Shao—Bing Zhou,Hong—Xun Ye,Fei Gao
Department of Radiation Oncology, Affiliated Taixing People’ s Hospital of Yangzhou University

Objective The aim of this research was to investigate pretreatment fibrinogen to prealbumin ratio (FPR)
and C—Reactive Protein (CRP) to lymphocyte ratio(CLR), on the efficacy and prognosis for patients with thoracic
esophageal squamous cell carcinoma (ESCC) undergoing either chemoradiotherapy (CRT) or single radiotherapy
(RT).

Methods A retrospective analysis was conducted on a cohort of 150 patients diagnosed with thoracic
ESCC. Logistic regression analyses were adopted to investigate the correlations between FPR and CLR with
therapeutic effectiveness. Survival prognosis in relation to FPR and CLR was examined utilizing Kaplan—Meier
methods and Cox regression analyses. Subsequently, nomograms, which were used to predict the efficacy and
prognosis of ESCC undergoing CRT or RT alone, were formulated by incorporating the significant parameters, and
the accuracy were determined using the C—index, calibration curve and decision curve.

Results The treatment responses in patients with ESCC were highly associated with tumour location, T
stage, N stage, TNM stage, treatment method, FPR and CLR by univariate logistic analysis (P<0.05 for all). Next,
multivariate logistic regression analysis showed that only treatment strategy (HR=0.488, 95%CI 0.181 - 0.929,
P=0.038) , TNM stage (HR=1.173, 95%CI 1.009 - 2.227, P=0.041), FPR (HR=0.327, 95%CI 0.133-0.807,
P=0.015) and CLR (HR=0.197, 95%CI 0.077-0.501, P=0.001) were independent risk factors for tumour response.
In addition, tumour location, T stage, N stage, TNM stage, treatment modality, lymphocyte, fibrinogen, prealbumin,
CRP, FPR and CLR were significantly associated with progression free survival (PFS) and Overall survival (OS)
by the univariate analysis (P<0.05 for all). Furthermore, the multivariate Cox proportional hazard regression model
analysis showed that only TNM stage, treatment modality, FPR and CLR were considered independent prognostic
factors for PFS and OS in ESCC patients receiving CRT or RT alone ( all P<0.05). Finally, nomograms for efficacy
and prognosis were established on the basis of these results. The C—indices of efficacy, PFS and OS in the internal
validation were 0.818 (95%CI 0.749-0.886), 0.750 (95%CI1 0.705-0.795) and 0.762 (95%CI 0.715-0.809),
respectively. The calibration curves of nomograms exhibited a high degree of concordance with actual observations
regarding therapeutic outcomes and prognosis, and the decision curve analysis also indicated a heightened potential
for clinical benefit in the nomogram models.

Conclusion The research demonstrated that nomograms integrated FPR and CLR, were promising as a

predictive indicator for the therapeutic effect and survival prognosis in patients with ESCC receiving CRT or single

RT.
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ARHGAP11ARIIRE3#3% w /0 507 e DU e 328 5 vi

g{/‘ %2 %1,2,3,4 i§i1,2,3,4 %%1,2,3,4 §’ij i1,2,3,4
1LEILEER (FMNXFWREE_ER) ; 2. ZAMNKFWESE ZERAEELT P
3. M KFEWE S —ERMRILT TS, 4 ANKFRES BRI IE LT FhT

5. ARHGAP11A ( Rho GTPase Activating Protein 11A ) J& TRho GTPaseiflihi & %, i1y
Rho GTPasestJifith. S54SR E | HITHE . NG . HMESFEZ2 AL . ARHGAP1IA
FERbIRE M 3, ELS S e R ARG, EFXFARHGAP LA HIBCAYTY , o8 I S e i 2
Be, WRIEAETRTT HRHLR G

Tk 1. TREARHGAPIATEZ Ji 5 Mg S S R B OC 2R

i HRIE F THEE T TCCARBE P 16k K ZH A S22 T AFFE ARHGAP T ATZ S8 Hh i Bk AT U |
mRNA A 2 57 LA BN (835 A AF UG B2 . AT PR AU RN AT P AE , /- ITARHGAPT LA 8 3R 4 i
HH PR MO O

2. BREML/AIERARHGAPTI AR T i 232 U HGRY T Ja I DN A SR 555 150

FE M A P I FEARHGAP LA GRBR 40 MO bR, (1 F 25 5L e Dk 5256« 200 g b SB35 36 G
ARHGAP AR IR ORI DNAS A5 15 5 o

3. KRR ARHGA P AR IR A YT 5 22 A1

KM qRT-PCR. Western blotfiil] ARHGAP11A = ik MR I HAYTJ5 cGAS/STING/TBK1/IRF3{5-538
PR LA R T A SR B K125 4k s ELISA A #afb P § CXCLY9 . CXCL1043M /K25 4k,

FEMC38/B16F 1041l H A BRARHGAP I AR BB Gy, /N U IRE K/ VA Ak . X g . kLt v iy
G2 240 it e = A0 A

58 1. ARHGAPLIAZEZ i 5 am T, SR A RAHIC, 5904 e oA 58 1E A G .

ARHGAP1 1A R/ o e AR A0 R 2 4 RS 25 A L Dk 8 o 4 (p<0.05) , Yo frs Jo i A0 45 bt Bl 2
s (p<0.05) , 4HAEIESE . sREE AR E D> (p<0.05) .
2. ARHGAPT 1A/ R I Ied AH 5000 REZH 6 BEUS 2R o WUBE DN A B 234 (p<0.05) , STING/TBK1/

IRF3WEBRAL A A A, IFN-B . CCL5. CXCL9, CXCLIOBA B4 (p<0.05) . ARHGAP11AFH
B/ 55 /0 BS80S e B S 08/ (p<0.05 ), iy AR b B4 4 v 2 A 3 =40 B 4
P28 . ARHGAPT AT Z35 /N IR AH 500 R ZH 4 S /N BRUMRE . bk L6 b CD8+T 41 i i B B 4 £
(p<0.05)

451 : ARHGAPLIATEIZ g i s, 5HUGA RAEC ., ARHGAPLIAGIR/FR IR 7E Gy
J&, IRF3FCEESE N, VR ER Mot fb e AR OBS CD8+ TR, k3% 0 e i) SR e oA B B
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JBCHE T Vi IRUDE AR S R ) £ I AR S

L—%x123, JLA¥1,23, &EFE123. KHT123
1. FMNKFEWRES ZERMNELST PO, 2. FMKFEREAET PO
3. FMKEWRE S BRI LB LTF RHhE

H: bk 20 M S AR Uk, IFAE ARG ot R o 2 GV e o 0T A )k O 40 i />
HZMERERUG A RA G, BRI SRR GO A E BRI ) 1 0T R i 5 B i A
POERIN G R E o A B AR T b B PR R 2%

Jride: N T HEBRASI MR G AR AZ BRI i 52, O SN AE ) b S8 RO, FRATIE
£ T HAZERBIY TR RO BYIRRAR B . X 2010 4F 5 H 2 2017 4% 5 AMARHEZ ARG (CRT) 11 96 i)
TR B R R AT T I T FECRTAT . BRI J5 R AT 5. Wit 2oL mIE AT, 2
ST TR EL AL X RS (Min ALC ) BOBERY, JEA5T T IR AR S H S Min ALCZ [ R

G50 AR ALREDI N 60 S H o TR BAAEAERR (0S) FITUHEAEAERE (DFS) 435°865.2%
F156.8%. CRTHIALC. Min ALCHICRT/SALCHYHHAAEST5141.40, 0.23F10.28 (10°9/L) . £idCRTIRYT
&, BAEAALCRITALE NRE T80%. MIHAHTRIT, BURNMREAIE . FGTUECRIRNE V5 2507 I Min
ALC FEEFMHAZE . CRTATALCSMin ALCZ{E ( AALC) JEOSHIDFSHY M 7 Fim A+

256 JRE V5 J& Min ALC AYRSZ TR 7. A ALC Al1E N BRI F I BUG 6 FR . D, FR41]
WHEROT TR R IEAE V5 50

2 ik 2% I A2k F 3G B SHR I 7
FEET SRR P R IR . I AR R

LR d . 3R, B, e AmE. i, EZAH . BHE
FMKFHESE—ER

FU . JRHEAE Rl RLGE R PERC hak s, ERAPIANEN . d4Eesh, e, #EdE, =
EIRFE . AR ARIE RO A = PSR B | TR o A A7) e = S5 i PR B R LA B 3k 1 1 4
HEFHLZ 8] P E DT T o ASBIESE B PG 2 75 Ml A AR 2k 1 T8 0 7 R R A 5 S0 W P A T A

Jrik: AEHEZuCT-ARTV- 5 T 14 S SUETRIGYERDTY, T34 8 808 8ETARRRMT . o7
TAER BRI TR ARG B A 1 . AL IR 5 BB R CTS | FAIOART

iR B, 54% ., HHWYE, EPREHFHM2 (Federation International of Gynecology and
Obstetrics, FIGO) MCHY, fTHRGATERAEAST, BOTEESEX A/, OARTIH LI A G B4, it
MEMFREETICRTIA. 8342, 565, HHiE, FICO NAUN, frARREHAT, Horhori
TRYT IR BE R BAT , B EIRY T, MIOARTIRIREAE SRIERE X 55 . W 7 8B e T ik Fe vh
KA BRI PRO-CTCAE 1~24, KWLM LA F Itk RN & A

2R IR TuCT-ARTOART R GEAE B SR EBRTY L) S .
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L A R E®. ORAR BHES, TR AHE
LAMKFMER—ER; 2. LHRSY ESF AR A R E]
3. RN T IR &9k BT K AR F AT IR

HE: Bh—F3ETa XA (OAR) H shorHIi0 e 50 fil & DLy, 15 Bl e A 77 SC 7R 2838 1
PEROT (OART) FREEEHLRI Ml & UK, M4 OARTSZ BRI A] , Jsi D By 7 R JsR 2, $ i fe R Sz e ke
T — B AR

Tk AFEFRRHEZ B B8 SCTOARTHE IL2001, i 4FEi455.89% , Hirh7fl i 2 Mif 1k
BT, 220 B HE AR R BT, FR646 IR AR . KA 34 L H AR 2 R ik ST I R
A . A FHBGE OT IR R S A S AR AIRTT K IOAR, IRIESH TR OAR R #E /R R
(PTV ) ad WIS ) BIAIRY T b . ARFFE T T3 FOARMBRIEURZ AL, B0 . 1RIT IR
OARSZH I PTVE SR H LIBT3 555 THIIOARM Dice (H AR IRHAE, FEorRIxHiAIE |
B BN =N OARBEATRAESEHL, RITIRIF49MFIE, FIH Lasso XS IZRAE TG FRIESET T L, KR
Tl UE 5 A SR EAS B LA 2588, JFAEINSE X R R T

gEL W 1IMAIF RO T B (5 H17.18% ) o eIk, ik B 1044 5 AE
Z0, AFEREARTL. JB0 . Dice B3R, EHMARFL. Dicefl 55 /MR PTVAE S IR AL Z | 17
AR, B0 $EX 7505 255 IR PTV A8 B A BUAR (L . 3T RlAILARBR > S48 2 57 (A
YT TS XIGAE, AUCKIE M0.96, YR 40.90.

SEE . AW KA T 3 TS OART S 30 O A R BRI (1) filh 2 pl SREAR Y G245 70 mT DL 28 A
OARTH RN iz fih & FHr TR & B g I mT LARS Bl = AR 1RO v] B A2 25 T F0B R ) ey S s,
MARAHOT B IR 53 B O Y BEHERLN . DEAh, SEF X SRpE A S IR IR R B AR T, PRl S
TEEA TR, A3 B TEAE ST IR SINT, 45 s P () vt ok A — i

LIRS 2 S S I Y "W HR-CTV
H &l 25 ¥ T AL [Py ) gt 5 i ik

g k&' 2 OWAKR ARBET 1 s AHE
1. FMKFHES—ER; 2. LiBIEHETA A RS
3. RN TR Z5n BT R LR R

HEY: 33F3ET2D-Unet. 3D—UnetFlnnformer® 2% 14 5 MGG R MYE AT (HR-CTV ) 3horE T 2L
B VR U BE B PIRYT T A I PR T

ik PREUAS B 182451 £ 3 54453 UK I 8 SURE I R B3 T80T e 2 R, b g% 16341 (350953
) SRl B R AR A T J s, 19 (3L35700k ) BIAR S B & R PER G & . 0 RIEGEC
ESTRO M ASTROE S C T F: i P RHAY T HR-CTVRE T8 SHR-CTV e K B8 B HR-CTV v /4] 1
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ST 325 82 102F122: 6: THYLLWEIS MRS . W M4 . HDicetH{I 5% (DSC) |
95% 5 RIFE (9SHD ) ARFHFRIEHE (ASD ) WAL AR (g vErftE . [T, P e A v S U o 4%
AT S AR E (OAR) HBhrEIRRV A m i . k. CAREE . /MNarZs R .

ZER . HPELZ2D-Unet , 3D-UnetHflnnformer =F M &) 218 B/ HR-CTVe L HR-CTVv H 373 E|
il XFFHR-CTVe: 3D-Unet M2 Y1145 5 HDSC 0.848 + 0.059, 95SHD 2.755mm + 1.688mm,
ASD 1.008 mm + 0.622mm; 2D-Unet/® 2% B 245 5 DSC 0.817 + 0.061, 95HD 3.588 mm + 2.196mm,
ASD 1.580mm + 1.744mm; nnformer M 2% #)Il Zr45 5 DSC 0.806 + 0.061, 95HD 10.360mm + 68.329mm,
ASD 2.145mm + 7.98Imm. %f FHR— CTVv: 3D-UnetM %51l 2545 5 DSC 0.788 + 0.060, 95SHD
4.724mm = 2.434mm, ASD 2.917 mm + 2.150mm; 2D-Unet® %4 (13)1|25:45 % #DSC 0.766 + 0.093, 95HD
5.952 mm + 3.117mm, ASD 2.176mm + 0.890mm ; nnformer %% Z525E 5 A DSC 0.706 + 0.091, the 95HD
5.034mm = 1.523mm, ASD 2.462mm + 0.787mm. 2D-53D-Unetif H, HR-CTVe FYIZRE, T i 45 TS50
ZRE (P<0.05) , HR-CTVv T2 %; 2D/3D-Unet 5 nnformer¥f 1, HR-CTVeZHR-CTVviI|Z:
i, YHAEDSCEX 2R S (P<0.05) o BEAh, OAR A sh4rHIBA 7R 2) i B4R H 858 L
. . CWRE . NE A, SEEREEFR, LIRSSHIEHEF BN

S50 EE SRR, PIACRRI RS A S , JETF3D-Unet M4 HR-CTV A 8153 %]
THIr A EHR-CTVe M HR-CTVVRCR A, SmRFEREIMFhamAHEY, 205850, Bk, Ik
S5l . /NS A) AR S TR I RS

ey iRt R W e TNT
BT BE A IR 5 0 I TR 3845 b 0 2k

Wk, FHA. KEHHE SRE, ARHE
HM K F W8 — BT

HE: 438 el i B s R B BA YT (total neoadjuvant therapy, TNT ) HSCHUFPEM &
(adiation enteritis, RE ) M= 2G4 (severe acute radiation enteritis, SARE ) 5ilfi R K 2% 5]
ARSI EROCR, DT mMRESSARE I R F=F85

Jrid: BAA20204F1 ] 2202349 H 7R SR M R i 27— = e 42 8 il a7 1 924 B B R o
WA B I R R R~ AR R T IR 2R . R 22 TR Logistic [BUH AT 7 I Al RE M AL .

SE0 s R R B AR TN TR B BT ARG RN R W OB I . BEYE . @9 . 45 de . LT 1eh
AR, WISRIZG2EN ] . BEAMALAE(RIE (EVMI) | JAEFRSEM 42 | A8 K42 . TNTRIGZC4niEit
A . TNTHIS M/MGHEGEE . TNTHIE HE H R . TNTE PR i Sk S 4e b g (NLR) |
TNTHIF 2R FAPE . s FR434% (TRG) . Ki-67. BKAHRIAME . MgiAR (6TV) | fEif. ATl
BARKIER . DATVEA> 5 SARERY & 4= HA B A6 (P <0.05) o ZIH K LogisticBIA 0 R, Hrffih
TBIT TS 8 B IR (OR= 11.223, 95%CI: 1.631-77.228, P=0.014) . AT/ TEAK (OR= 7.683,
95%CI: 1.105-53.410, P=0.039) . DAIPES> (OR= 15.149, 95%CI: 1.092-210.246, P= 0.043) J&
SARE %Az iy 37 500 5+

2536 TNTHIJG & AR . 0T BA K M DATRE > e iy . HHE | (KA FISARE, J2H)
TR E 7™ 5 A 1) J I PR SRR
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HATIRPAFAE Y Jg TR REWI L TNT
0SB SE T PR 58 9120 WEE

a5, FHA. HEHHE AFE BRE
HMKFWE S — BT

Hi: BTEEILT 20 FMRIF Deltasg (R 21 AR, LT J it e 1 s iR e il Bhih
J7 (total neoadjuvant therapy, TNT ) J&I7 8 2 S %6 (severe acute radiation enteritis, SARE )
() M T o

Ttk BT A B 92661 Jry R ik e A LM M A, A MR T30, BRIEAE 1901, BT A R
Y42 B2 KT i A s B S MRS A ¥ ] — R 7 BT S MRI-T2 WU 81 43 51 5 8 AL CTIF S e ik
ENE R MR X ( CTVROSCTVpost—RT ) If1E MBS X $,  HEBUZ X IR 4220 E, I8 1 % ]
— XA P T2 WP S SCHAHE 2205 (), FREZES R HIMERAE . S5 (A BLAS 2% > ik
PEAT TR, B/ N US4 RS 7 (LASSO ) 358 [0 U K BERLARAR 10T, 2 57 i A DR 35 19 i e
A FLERMRUBUR A 2AA8 R | 07 5 MRUSUR 4 AR N Delta iU 41 2A B8, SREUR AL 2984550, I
il 52 TAERHENZE (ROC) | MIEMZ AR ML, PP ASRISR AR .

S50 BT Deltaff E BRI ROCHIZE T TR MERAPE . flUEbE . AR5 BRI 0 (& A0 B
PEFRIAE S35 490.977 . 0.917. 0.875. 0.950., 0.905. 0.933, W FHE THLLMRIETHFHER (AUC:
0.940) . HUTEMRIFU 2B (AUC: 0.915) SIGRFZHMER (AUC: 0.872) , HFESILE
HA R HMSCE (BUEE: 96.9%, $5tE: 91.4%) .

S5 FET S P REAE )R A TS A A T Jey SR R L TNT RIS GSARERL& T
R IO B

E2F15 3 MDNASL T V1 g vl 0l b v i
F e A BE Y L5 s

g{,“%%{mﬁ,zt 1;).%;1234 %itz,&'—t 5{’:}] 7451,2,3,4
LHEILEER (FNKFRES ZER) ; 2. AMKFWES —ERFEBLH P
3. HAMKEMES —ERMBL T PS; 4 FAMKFRES —ERMBAIREET FRE

W, E2F 1S KL N 0 S 3 G T AS 1 EDNAE # K /1 ( Replication stress, RS) , #EMMifE
VERE A AR e e, RSB R] DU i A= i il H B DNA (ceytosDNA ) F#43¥8 5 I8 i 3R 5% ( Tumor
microenvironment, TME ) . $K1M7, J&F9aa3E 51 AYRSAE TR 1Y IiRd 28 28 B f AITME H7 A9 I R IESE AT 2R B
Z.

Tk T B EUE L 5 R A RSTE R AE UE R ANTUS th i B, FRA1EHRIE S . eBioPortal |
GSCALite. TIMER2. GEPIA2FICHARTSZ:- G F1 T H AT TCG AT IE SR ZE A B AN O RN AT B 5 i A7 A
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S50 JE I 3 HrKotsantis B AEZE 30K ((UHEE2FT ) DA =AMERAMIEER (CDCAS. NPRL2
FIMASTL ) , ZIEANTAETCCASEIEBHE R st 4 MU S ie 5 Y S RR 22 HH0C . Ik, 2P
JERAIT . E2F 15 A HAMRSIE FHEH (CDCAS, CDC6, AURKA, MYBL2FICCNEL ) Bk [AIfF
TERRIEAHOC . i T HRITE2F 1 7E cytos DN AAE 3 A IRE S AR IR TR T ZEVE T, 0 TE2F1 5144
CL RN I DNA S ] AN - Z A R o FEZFEIE AT, E2F 1S AN S (f0dfExol
DNA2, GENI1, BLMAIEMEL ) [k Z [MIAFFERIEA ¢, X RIE2F 1 0] B8 Bl ok (B B2 il e A T =
ko HEEMIE, XEHRTHEEBERE BEFTEEZE . SceytosDNATERIETH T HIVEH—3, E2F1K
HAHDC ARSI/ 52 i SCAL BRI (4 941755 5 S e il M U MDSCs FIC DA+ Th2 200 it i) g 352 i 52 TEAH G
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m6A—modified circCREBBP enhances the
radiosensitivity of esophageal squamous carcinoma
through the IGF2BP3/MYC axis

yingjie shao
The first people&amp;#39;s hospital of Changzhou

Background: Numerous evidences have confirmed that circRNAs are closely related to m6A modification in
tumourigenesis and development, but little research has been done on the regulatory role and potential mechanism
of m6A-modified circRNAs on the radiosensitivity of esophageal squamous carcinoma. The aim of this study was
to investigate the molecular mechanism by which m6A-modified circCREBBP enhances the radiosensitivity of
esophageal squamous carcinoma.

Methods: Differentially expressed circRNAs were identified from radiosensitive and radioresistant ESCC
tissues and cells. Meanwhile, these circRNAs were subjected to methylated RNA immunoprecipitation (Me—RIP).
Finally, the effects of these circRNAs on radiosensitivity were characterized.

Results: CircCREBBP was poorly expressed in ESCC patients that were resistant to concurrent
radiochemotherapy. Experiments conducted both in vitro and in vivo confirmed that the knockdown of circCREBBP
potentiated the radioresistance of ESCC cells. Further mechanistic studies revealed that circCREBBP binds to
IGF2BP3 through m6A methylation modification, and circCREBBP competitively binds to IGF2BP3 to downregulate
MYC expression in cells.

Conclusion: This study identified circCREBBP as a novel m6A-modified circRNA and validated the METTL3/
IGF2BP3/circRNF13/MYC axis as a potential target for ESCC radiotherapy.

-+ 138 -



FEZHR e A e N SN R e >

MR RE B RIS 2515 R A5 0 B BT ORI Jsy v 38
A BUKF. HBSRE R I W E oS

L5 F
T R B

K. rRAe2 A BE A A R A OB BT B0 Il 0T B8 A Bk . H BRBLRBIEAY I

Jrik s BEEUEE BE202 1454 H -20234F4 H WA I 7061 il 07 oK, REMLECE Rk ndl, AR
B350, X HALH S R R, WAL A R ML BL R IR AR 2 BIe A4S A R AR O B BT,
FLEE I B S5 Herth A B & 8174 . MR APFELR (SAS) 4. W SChUsiE B 3058 BEALRE &
(SUPPH) ¥4 A= 16 B 147 -

G5 SRS 28 . 4JERHerth Ay B R0 TXTIRAL (P<0.05) 5 WS4 ir3 =208 . 44
FISASITEAME T X IRAL (P<0.05) 5 WAL P BLS2/E . 4JEAISUPPHIE & T IEZH (P<0.05) 5 WM
PPERE2E . AR R A TE BTy i TRTIRZE (P<0.05)

45 WRABZE HIOSS A& R AL O BT W] s I T RO, AR, RS
H ARSI OMAE S, s AT .

Overall dose calculation for total body radiotherapy and
3D lead block printing of organs at risk based on uTPS

Wei Gong,Songbin Qin,Guanghui Gan
The First Affiliated Hospital of Soochow University

Purpose: To solve the overall dose calculation problem for patients receiving total-body radiotherapy before
hematopoietic stem cell transplantation based on uTPS , and to achieve dose visualization and 3D lead—blocking
printing of organs at risk .

Method:Before treatment, the patient scans two sets of CT images using two protocols: HFS (head first) and FFS
(feet first) respectively. It is necessary to ensure that there is an overlapping area of no less than 10ecm on both sides,
the image algorithm of uTPS will detect the key marker points in the overlapping area for pre-registration, perform
rigid registration based on the pre—registration, splice the two sets of data, then output the whole-body CT images.
Import the patient’ s CT images into uTPS, which will automatically outline the shape of the lead shield based on
the projection of the organs at risk at the lead shield position, and then determine the whole—body dose through a
dose algorithm to meet the prescription requirements, giving the overall dose distribution of the patient. After the
dose reaches the standard, the lead shielding information is derived, including the shape, thickness, and location.
The software system transmitted to the 3D printer through the network further produces TBI radiotherapy lead blocks

through standard procedures .
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Results:Whole—body CT images could be successfully registered and spliced, and the dose accuracy of the
planning system was controlled within 5 %. 3D printing technology is used to realize lead—blocking printing of
individualized crystals, lungs, ovaries/testicles and other important organs at risk, which can be directly applied
during TBI treatment to achieve precise radiotherapy.

Discussion:The traditional TBI treatment dose in our unit uses solid water point dose measurement, which
makes it difficult to fully examine the dose distribution beyond the measurement reference point. In order to solve
the above problem, uTPS based on the ultra—long—distance SSD convolution dose algorithm can perform parameter
modeling of clinical treatment machines and support structures. On this basis, the complete dose field in the
patient’ s body is calculated, further more detailed analysis and evaluation of the radiation exposure of different
organs will be conducte. Visualization of whole—body dose requires patient simulation positioning scanning to
obtain a complete whole—body CT image . Currently, the maximum scan length limit of the simulation positioning
spiral tomography machine cannot complete a whole—body CT scan of an individual with a height greater than
160 cm at one time . Algorithm—based Image registration and stitching better solve this problem. In the traditional
TBI treatment process, fixed—size lead shields are generally used to block high—risk organs, which cannot meet
the accuracy of TBI treatment . The steps to make individualized electronic lead shields based on 3D printing

technology are simple and fast, and the lead block has high accuracy, making it ideal for radiotherapy.
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BERRATTHE— 2L P BFFEIESE . FH T EBV S HPVALERIL A2, FE 5 S8 IR YT 7 TH 5 2 I IR B A= ik — 25 5%
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Improving the performance of deep learning models
in predicting and classifying gamma passing rates
with discriminative features and a class balancing technique

wei song, Wen Shang,Chunying Li,Dahai Yu
The affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing, Jiang Su210029

Abstract Background The purpose of this study was to improve the deep learning (DL) model performance
in predicting and classifying IMRT gamma passing rate (GPR) by using input features related to machine
parameters and a class balancing technique. Methods A total of 2348 felds from 204 IMRT plans for patients with
nasopharyngeal carcinoma were retrospectively collected to form a dataset. Input feature maps, including fuence,
leaf gap, leaf speed of both banks, and correspond_x0002_ing errors, were constructed from the dynamic log fles.
The SHAP framework was employed to compute the impact of each feature on the model output for recursive feature
elimination. A series of UNet++based models were trained on the obtained eight feature sets with three fne—tuning
methods including the standard mean squared error (MSE) loss, a re—sampling technique, and a proposed weighted
MSE loss (WMSE). Diferences in mean absolute error, area under the receiver operating characteristic curve (AUC),
sensitivity, and specifcity were compared between the difer_x0002_ent models. Results The models trained with
feature sets including leaf speed and leaf gap features predicted GPR for failed felds more accurately than the
other models (F(7, 147)=5.378, p<0.001). The WMSE loss had the highest accuracy in pre_x0002_dicting GPR for
failed felds among the three fne—tuning methods (F(2, 42)=14.149, p<0.001), while an opposite trend was observed
in predicting GPR for passed felds (F(2, 730)=9.907, p<0.001). The WMSE_FS5 model achieved a superior AUC
(0.92) and more balanced sensitivity (0.77) and specifeity (0.89) compared to the other models. Conclusions Machine
parameters can provide discriminative input features for GPR prediction in DL. The novel weighted loss function
demonstrates the ability to balance the prediction and classifcation accuracy between the passed and failed felds.
The proposed approach is able to improve the DL model performance in pre_x0002_dicting and classifying GPR,

and can potentially be integrated into the plan optimization process to generate higher deliverability plans.
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Development and Evaluation of an Automated IMRT

Planning Approach for Head and Neck Cancer Using

CNN-Based Fluence Prediction and Script—Driven
Optimization

Zhenyang Liu,Shihui Lu,Aoyu Du,Liang Xuan,Fei Zhao,Qian Liu,Lixue Wang
The Second Hospital of Nanjing, Nanjing University of Chinese Medicine

Purpose:This study addresses the challenges of creating high—quality IMRT treatment plans for head and neck
cancer patients by developing and evaluating an automated planning approach. Conventional IMRT planning often
involves a time—consuming manual process with significant trial-and—error, which can limit planning efficiency
and consistency. To overcome these challenges, we propose a method that integrates convolutional neural network
(CNN)-based fluence map prediction with script—driven plan optimization. This approach involves two key
components: generating treatment plans using fluence maps predicted by a CNN model and refining these plans
through further optimization based on dose objectives. By automating these processes, the study aims to enhance
both the efficiency of plan generation and the quality of the resulting IMRT plans. The ultimate goal is to provide a
reliable and effective solution that improves treatment planning for head and neck cancer patients while maintaining
or exceeding current clinical standards.

Methods:The methodology employed in this study involves several steps to automate the IMRT planning
process. First, a deep learning model, specifically a convolutional neural network (CNN), is trained using a dataset
comprising 3D computed tomography (CT) images and corresponding structure contours from head and neck cancer
patients. This trained CNN model is then used to generate static field fluence maps for each patient. Fluence maps
are crucial for defining how radiation is distributed across the treatment area.

Once the fluence maps are generated, they serve as the basis for creating initial IMRT treatment plans. The
automated planning system uses these fluence maps to establish preliminary dose distributions. Subsequently,
the plans undergo a refinement process where additional adjustments are made based on dose objectives derived
from the predicted fluence maps. This step ensures that the plans are optimized to meet clinical requirements and
treatment goals.

The efficiency and quality of the automated plans are assessed by comparing them with traditional clinical
plans. Key performance metrics include dose homogeneity and conformity within target volumes, as well as dose
values delivered to organs at risk (OARs). The assessment involves statistical comparisons of plan metrics such as
D2%, D98%, conformity index (CI), and homogeneity index (HI), as well as dose measurements for critical structures
like the brainstem, spinal cord, optic nerves, and parotid glands.

Results:The results of the study indicate that the automated IMRT planning approach offers several
advantages over traditional clinical planning methods. Specifically, the automated plans demonstrated improved
dose homogeneity and conformity in target areas. For example, the D2% value, representing the dose received by

2% of the target volume, was lower in the automated plans compared to the clinical plans, indicating more uniform
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dose distribution. Similarly, the D98% value, denoting the dose received by 98% of the target volume, was higher,
reflecting improved coverage.

Additionally, the automated plans achieved a higher conformity index (Cl) and a lower homogeneity index (HI),
signifying better spatial alignment of the dose distribution with the target volume and reduced dose variability within
the target, respectively. The improvements in these metrics suggest that the automated approach produces more
precise and consistent plans.

Regarding the dose delivered to organs at risk (OARs), the automated plans resulted in lower dose values than
the clinical plans for most critical structures. Notable reductions were observed in the maximum dose (Dmax) to the
brainstem, spinal cord, optic nerves, and optic chiasm, as well as the mean dose (Dmean) to the left and right parotid
glands. These reductions were statistically significant (P<0.001), highlighting the automated system’ s effectiveness
in minimizing exposure to healthy tissues while maintaining target dose requirements.

Conclusion:In conclusion, this study presents a novel automated IMRT planning method for head and neck
cancer patients that integrates CNN-based fluence prediction with script—driven plan optimization. The approach
successfully automates the planning process, leading to a significant reduction in dose to most organs at risk without
compromising target conformity and homogeneity. The efficiency of the automated planning process is notably
higher, and the resulting plans are comparable to or exceed the quality of traditional clinical plans. The automated
system not only streamlines the planning workflow but also enhances the precision and effectiveness of IMRT
treatment, providing a valuable tool for improving patient outcomes in head and neck cancer treatment. This method
demonstrates potential for broader application in clinical settings, potentially benefiting other types of cancer

treatment plans and contributing to advancements in radiation therapy technology.
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Comprehensive analysis of long non—coding RNA
BAITAP2—-AS1 expression profiles in Tongue Cancer

Duoduo Wang
IR MY S B IR I R B E B SUPT /R B K S B Y R BT

Objective: Tongue cancer is a common malignant tumor in the oral and maxillofacial region, which is known
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for its aggressive nature and has a significant impact on morbidity and mortality rates. Thus,the identification of
prognostic biomarkers is vital for improving treatment strategies and patient outcomes. BAIAP2 antisense RNA 1
(BATAP2-AS]1) is a long non—coding RNA that has been identified in recent studies to play significant roles in the
development of various types of cancer, including hepatocellular carcinoma, esophageal cancer, and lung cancer. It
has been noted for its potential as a novel biomarker for hepatocellular carcinoma due to its distinctly upregulated
expression in HCC cells and tissues. Research has indicated that BAIAP2—-AS1 may be involved in the regulation of
cell proliferation and metastasis in HCC, with its high expression being associated with poor patient outcomes. Based
on this, the aim of the current study is to investigate the expression patterns of the recently identified BAIAP2-ASI,
in tongue cancer tissues and cell lines, as well as to uncover its underlying molecular mechanisms of action. This
research endeavor has the potential to uncover novel avenues in the therapeutic management of tongue cancer by
identifying the long non—coding RNA BAIAP2—-ASI as a possible target for intervention.

Methods: This study conducted a detailed analysis of 60 tongue cancer patients treated at Jiangsu Cancer
Hospital from February 2010 to December 2016. Utilizing Reverse Transcription Polymerase Chain Reaction (RT—
PCR), the expression levels of the long non—coding RNA BAIAP2-AS1 were determined in both cellular and
tissue samples. Advanced statistical analyses were then applied to scrutinize the correlation between BAIAP2-AS1
expression and the patients’ clinical-pathological features, as well as their prognosis.The influence of BAIAP2—
AS1 suppression on cell proliferation and invasive capabilities was methodically evaluated through the CCK8 assay
and Transwell assays. Additionally, the study delved into the molecular interaction hetween BAIAP2-AS1 and
Insulin—like Growth Factor 2 mRNA Binding Protein 3 (IGF2BP3) using RNA Immunoprecipitation Sequencing
(RIP-seq), providing a comprehensive investigation into their interplay.

Results: Among 60 patients there were 37 males and 23 females. Mean age was 47 years (range 20 to 70
years). Tissue PCR data have indicated that the expression of the Long non—coding RNA BATAP2-AS1 is notably
elevated in both tongue cancer tissues and cell lines, with a variance that reaches statistical significance. The Chi—
square analysis has revealed a substantial correlation between the levels of BAIAP2-AS]1 and the TNM staging of
the patients (x 2 = 6.239, P = 0.012), as well as the involvement of lymph nodes ( x 2 = 9.320, P = 0.002). However,
no significant connection was observed in relation to age, gender, or the T stage of the tumor. When considering
the Kaplan—Meier survival estimates, it has been observed that the median overall survival rate for the group
exhibiting high expression of BAIAP2—AS1 was significantly lower in comparison to the group with low expression
levels. This suggests that the expression of BAIAP2—-AS1 could potentially serve as a prognostic indicator for
tongue cancer, with higher expression levels being associated with poorer patient outcomes. Both univariate and
multivariate COX regression analyses have determined that the expression level of BAIAP2—AS] is an independent
prognostic indicator for overall survival in patients (HR=6.171, 95%CI=1.347-28.283, P=0.019; HR=6.880,
95%Cl=1.294-36.563, P=0.024). Moreover, the knockdown of BAIAP2-ASI, as evidenced by the CCKS8 assay,
significantly impeded the proliferation of tongue cancer cells, a reduction in cell growth that was notably profound.
This inhibitory effect on proliferation was mirrored by a parallel decrease in the invasive capabilities of the
cells, as observed through Transwell assays, where the capacity for cell invasiveness was markedly diminished.
Mechanistic investigations have unveiled that BAIAP2—-AS1 is capable of binding with IGF2BP3, an interaction
that was corroborated through the use of RNA immunoprecipitation assays, providing substantial evidence for a
direct molecular link. Furthermore, rescue experiments have delineated that the IncRNA BAIAP2-AS1 fosters the
malignant progression of tongue cancer cells through its engagement with IGF2BP3, suggesting a crucial role in

cancer advancement.
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Conclusion: Functionally, the study identified that the knockdown of BAIAP2—AS]I, as indicated by the CCK8
assay, led to a significant suppression of tongue cancer cell proliferation. This finding was further emphasized by
Transwell assays, which indicated a substantial reduction in the invasive capabilities of these cells, highlighting
the crucial role BAIAP2—ASI plays in the growth and invasiveness of tongue cancer cells. Mechanistic studies
further revealed that BATAP2-AS]1 could interact with IGF2BP3, an interaction that was robustly validated by RIP
assays. Notably, rescue experiments provided compelling evidence that the IncRNA BAIAP2-ASI could facilitate
the malignant progression of tongue cancer cells through its engagement with IGF2BP3, suggesting a crucial role in
cancer advancement.In summary, these collective data points towards the possibility that IGF2BP3 might serve as a
valuable therapeutic target and a significant prognostic marker in the future landscape of tongue cancer treatment,
potentially leading to the development of innovative treatment approaches and personalized medicine strategies

tailored to individual patient needs.
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N, ERAGITFE X (P<0.05) 5 AUliDmean 2] Z [0 L, 22573 8024 L (P>0.05), RIS 5
SAMODEV20, V30, V40, O] B Dmeant 56 I T RE, 25 A %22 X (P<0.05) o P
LA B I K i Dmax . P-34950) i Dmean FIMENZLAR 924550 1 22 5 401 24 8 L (P>0.05). AETRIS
FRAEE T, WSS AR SHEIRATILE, g5 (P<0.05) .

50 NHTRR S SEARSA T U ARSI BUATT BRI B IR AL ARG B F L DGR 504, W
TERECE | M ATEAE S B a2 R i

L B AR ST T BB MD S C R A
(Al £ 5 il 71 IS YA

L, ETa . RE . BRI, EIb, AREA MM, FEUE
W —ARER

EAY: UG RN E BRI T ik — o BUA I R WA BE B A SE e 41 1A E 2

S E IR A RN . BRSNS, MR AP AOBEIR PRI 0 (MDSC) B9dRZES g, wn
S AT B S BEAM PR A R R 5 . MBI IEIRNE B IRAEES, WES TR ORI . AT
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e, AR TR LU FIMDSCIE A 1 4P A S 5 815 e 40 6L XoT Fh 25 4 S %) S

ik MBS SR A KYSE-150 A4 28R B SRS AR AL . iR (R BLA B2 200 mm®
BF, 20l 25 Gy/Stx F1 0 Gy/Stx MRS, MRESIE, N AR RSN B /N RIEAE T MDSC, SR 51k
LA IR B MMA T B S T MG Western BB IEAMIMA . S2IGA> S =20 (X B4 |
SMIARZE . SRR ), R AR A AN A i R bR S B A AR EL S KYSE-150 4
MLl . RS UE RN RHET 25 Gy/5tx BB KYSE-150 AU TN 4 Gy BT, BRI
FE AR AR KYSE-150 A Ay afe . AT MAnpa/E, H CCK 8 Kll4ufsgss, i Western
E[3E A1 RT-PCR A&l XRCC4, XRCC5, XRCC6, vy H2AX., ATM fIFRik. TS, il Western ENiE A1
RT-PCR K2 B hssg AR A g 20 21 XRCC4. XRCC5. XRCC6. vy H2AX., ATM 13Kk,

SRR 5LEE 5 0 GyREOTAAMEL, 25 Gy/Stx RS E MR IR B 45 /N MR 5KYSE-15041 g 3t

BEFRIN R, XS IRLLAR LG, SN A+ N S 2F RN S MU0 A2 S5 s A 0 T, 00 e R 20 46 5
, XAEAAE SN ISR+ IR ST HOA W o A AR ISR s, B ARGYS, SXIRAAR L, SN

TR+ R AL T GO/G L A A0 A LA W S RAAG L Ak T SHA TG 2/ M3 6 4 L L 451 W 8 T o ANMAR2H ik TG o/
GUAM 20t 235 TR, AbFSHIM 4N te ) .25 7, AbFoMm g bl o B & 25 . SxR
A, SN+ BB 5 40 0 R 5 5 A M ZH 40 L P X RCC4 . XRCC5, XRCC6., vy H2AX . ATMEZE FFI
mRNAZGIE I Frin,  Jerp SR oA+ BRSRF 2 003X Ah A AL B B G . BRSPS, A SR (AR 4

XRCC6. vy H2AX . ATM M9EE A mRNA FiKS5MMEA5 R —2. FrAMDSCH UG S A Ar H B 58 51 5
HARSE A e E R AER, i HaX —VE R e 5 48 505 i 4 20 s 2 4054 G .

YREPED T A emiR—425-5p AlmiR—16—5p
A6 6 A5 AR A0 s b A PR I ESE

BAEF. £ £ RE, FML
wMTE—ARER

HEY: RFCHE T s & A4, ke S 2t fe vh A5 s e ] o AR RIS i T AR
KemiRNATE B A IR 20 M v 9 2R 15 00 S DB .

Jid: MGEOEEE BB GSE122497 ( 566/ £ 45 B IR 20 it 8 £ & F14965 2 (@R AR Mg ) .
GSE114110 ( 3041 £ & WA 40 M ZH VRN 10011968 55 4121 ) FIGSE43732 (1194 £ A& iR 20 i s 2H 2L A
L) BOEAE A N A e R R LR S L 4 | e R A B A A AN R il R AE
PEJH T A EmiRNASEA 722 5500 . ARAERETER S5, BN A S Y SRFEME PR T2 EmiRNASH : miR-
495, miR-331-3p, miR-15a, miR-148a-3p, miR-7-5p, miR-141-3p, miR-425-5p, miR-200a-5p, miR-210,
miR-223-3p, miR-500a-3p,miR-181-5p FlmiR-16-5p ) . OncomiRELHE % H5 i 0 22 53 F 1K U miRNA
P47 Kaplan—Meier 4= 7720 i € FH FRmiRNA . #E—2FHENCORI, miRDB, miRWalk, RNA22, RNAlnter,
TargetMinerﬂEﬂTargetScan%ﬁEEpi&f? H FrmiRN A P #0356 R ) Fﬁlﬁ%ﬁﬁqPGR*ﬁ{ﬂﬂ HFrmiRNAYFHEEC .
KYSE-450. TE-1FIKYSE-41040ff & rh iy 3kik, i Lipofectamine 2000%% Y4 45 &4 i 40 i vh H bR
miRNAFEE, FHHHCCK-8. TranswelliZ . Annexin V/PTXUHL i A 2CAH M (SRS I 20 Mo B4 4 . 4 it
. AR T DL R A0 A S A i AR
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GERLS 2R . AR R AR IS e R A D A R 0l P 25 R A B SR AE AR I T A e miRNA K -
miR—7-5p, miR-425-5p, miR-141-3p, miR-148a-3p, miR223-3p, miR-331-3p, miR-16-5p, miR—200a-5p Al
miR-500a-3p., EAHAL 5o 280 22 FRB N IRFEETH T-AHCmiRNACH : miR-141-3p, miR-16-5p,
miR-223-3p, miR-200a-5p, miR-7-5p, miR—-425-5p, miR-21%1 miR-331-3p, FFH OncomiREIE FE 1 722
5+ FkmiRNA Y Kaplan—Meier E 72707, 455 iR miR-425-5p FImiR-16-5p 5 B F A AF L k6. 7148
P 2 A0 5 D) 0 235 S (5 7R miR—16-5p L i 45 3289 S [R] ik ALK, miR-425-5p94~ 5L [R] Fe ik #l oL
K. fEdifEscsih, 5AEE FRAIEA (HEECs ) A, £ Wk 40 M8 40 i 2 miR—425-5p AlmiR -
16-5plRlFE I ERAT &, HPKYSE-41040 R R A TS B3 . AEMHIKYSE-41041 i R frmiR-
425-5pFImiR-16-5pFRIL5MF T, KYSE-41040 I T3 n, 4T REAR LA SGER I8/, A 4 1A 4
v A BT 200 Pt g S 30 4 3 B i AN G2/ MY S 382 . miR—425-5p FmiR—16-5p7E £ SR 20 it i 24
21, SMEm AN R Py E R, FRHE S SR A S (E . MR R BRI EH

oL LR I Z500F MR s 1 SR 4 DS o
BB TR AR 265 14 55 i

k. LA, BEE
TITHAARER (AFEAHXFEF—HRBEER)

H s PRZ O SN 2500 S MR 57 R0 8 B IR I ok S B SRR I 26 1) 52

i B S SR T R BENL > 24, K IRZH 420 B2 H A R T T8 R, AR LH 421578 KL
PR PR E R 2 T O BRI, T TR S 24 VG 2% CR B HIR B B AR A R (PSQL) Ay B
EAVFRZR (SAS) | #IABHIFRE (SDS) PFar M r i B2 5.

S5 TG, 241 PSQI. SASKSDSITF/r2E R TS T2¢E X (P>0.05) 5 THUS, WELPSQL,
SASKSDSPA 1 E LT X IR (P < 0.05) 5 TS AR B 4 095.2% , & T X HRA11985.7%
(P<0.05) .

G590 AT B T R T O BRI SR, TSR R AR PRI AR I A, v AR O A S I
PRAFERH R, GRS 35, (EAR IR R .

PR B RS 5E P A6 FLIVE A s Dol i I3y v 8l A p YRR

MRS, IRE. RAE, BAE, Zx K. BEAE. BH
LT EHEARER

HE: FUBEN RARIG ARG VST (IMRT ) EFUBRE ARG mEIRIT =X, MoRE i ik 5 =4
RIR X, 225k F R BRI SR A TR kM, SRTT 4 B JERSELF0 47 551 kI S B8 o 1 S e e 4R & A
R, AW B TER VTR B IR 7e W e FUIE ARG IMRT AR (ORI 2RSSy A vEdE R N, A
FLIIEA S IMR T BE S FE ) 1 i 2%

Jrik: HEE2017-01-0122019-12-307F 2 B A R EBEATIMRTRI 8O ZLAIE ARG AR5 1B, &
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B B3 IMRTIHR . T8 T &FMSmmE R BRI FEY, R0 0 AN f iR ey, -5l 2R
Jnsmm/E R RRIEFEY), 3L THFARR AL T R A B AR SR HIMRT,  WESHM X E 1 . fa A E
F i FEE B2 TSR 2E 5. 4061 B E AR T, 4061 B AR, SR i — 4 St
PERZ 58 Kt g R AHNE L, Kaplan-Meieri ST HE14E | 34EREAAA (0S) | RE & AEAEW] ( LRFS)
FITCT AL RS A7 DMES),

g 3 T MAgv47.5. VSO TatRl T, i+l T et il . %l T M35k 4a%k (
HD) fEF3H I, o8R0 T esge ot . il T @ EERs % (C) et . s 1. 1. T
BAITVS . V10, V20, V30LA@MItivs . @il LR vsaEfs e an B flE 2R g2 L, i 1
JBE R R AHZAVS0, V40, V30FEI B E T . 1, 3FRIrP40fi B3 (100% ) H P02 i
R, HPE 140185 (35% ) N2 ~ A9 R 98, iRl (70% ) AU B2
PR 96, B BAR TR T (¢2=6.170, P=0.013) . iTRITFISHIEE (45% ) H P12 itk
fitige, HRIM b6l E (40% ) MV 2MEBISENG 2, Je29 UL Fas i &, 2R g+
B (¢2=0.102, P=0.749) . @HHH1. 3FELRFSHHIN97.5% . 92.5%; 1. 3EDMFSH51497.5% |
85%; 1. 34F0SHIN100% . 87.5%. 114 T HI34E0S, LRESHIDMESS:4IM90% . 95%F185%, 1fiitK]
M (A34E0S, LRESFIDMEFSS51485% . 90%H180%, 2= gty X, — 4B EEme.,

4510 IR BANA AR SRR ECT , KR AT DR SRR X . HIKRCL, A2 A 16
FAs BRI, (HR R RIS YA MR S ] 8 0 S PRl e B Rk, MR R ST Y e s 1l 2
R RE IR AR A 2R, IR S ECH M R, AT BIAEAE, R R AR TR

Dosimetric study of sphenoid sinus subarea in the target
area of radiotherapy in T3 nasopharyngeal carcinoma

with early skull—base invasion

WkG . HRE. RAZE, BAE, XTE. BAA. BH
T AP AARER

[Abstract] Background and purpose To investigate the effect of intensity modulated radiation therapy (IMRT)
on the high dose irradiation volume of the eye and visual organs and the survival of patients in T3 nasopharyngeal
carcinoma with early skull-base invasion(ESBI) by reducing the irradiation of the superior sphenoid sinus . Methods
30 patients of T3 nasopharyngeal carcinoma with ESBI who had undergone IMRT were analyzed retrospectively.
The sphenoid sinus was divided into three regions, namely lower (1), middle (2)and upper (3)zones, Plan I: zone
1 and 2 are 50Gy, Plan II: zone 1 is 60Gy, zone 2 is 50Gy, Plan IlI: zone 1,2 and 3 are 50Gy, Plan IV: zone 1 is
60Gy, zone 2 and 3 are 50Gy. Four groups of IMRT were designed with the same objective optimization conditions
on the same planning system. Compare the difference of homogeneity index (HI) , conformal index (CI) and the dose
of lens, eyeball, optic nerve, optic chiasma and other dangerous organs in the four groups. Results HI and CI of
PTV1 in the four groups were no significant difference (P=0.454 and 0.686). The maximum dose of lens,chiasma and
optic nerve of Plan I and II were significantly lower than plan III and IV, with statistically significant difference (P
<0.001). Conclusion IMRT for patients in T3 nasopharyngeal carcinoma with ESBI by reducing the irradiation

of the superior sphenoid sinus can significantly decrease the exposure dose to the eyes and visual organs .
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Bkl BiPD—1/PD—L 1300
WA WG ALY iRy IR R e 3] ey 7 30 Meta 73 Bt

SFI 36, B
T T 5 — AR E R

F: ZRPH A BIPD-1/PD-LUM IR A W AR oAy IR T R ARG ) L8 10 78 S e 4

Jiik s Aerh BT SO . T b AR B R S SCRRECE A R SCRHS RIEAE R LA R
JdeE . AT SR . PD-1/PD-LUMGIH] . BAYT .« HOTBS AT, WA RO T I G A G B
TA) A SCOBOE I PR AT AR B SCHK ; #EPubMed . EMBase, The cochrance of library, Web of science?§
LSRR E P L Colorectal Neoplasms, Immune checkpoint inhibitors, Anti-PD-1/PD-L1 | Radiotherapy .
Chemoradiotherapy . %5 b JCE IR ZAH STk, F HAEZ 1 F &M AR5 M H O A8 D& i AR5
KR HIHER 22024467 H . BIPAABEFE N G A% 1% BAR R O A S HEBR AR, T e AT 5 25K 19 SR
RGNS SCHR s AR5 SR ASTIRI A GG R, AR . RERAED . . 7003, T Bt |
BEJRFEAR M RS R A ESS o i Cochrance RGEVT A B MBS XU T2, X4 A RSB E 04T o i
PN . JEid Revman5 38T Sstata. 15T MetaZE 240087, meta 23T 45 R ABARE RIE AR @i
stata KX 9N SCERIEA T IR 04 . TSRO PRSI BR T A BIRIESE , Il WM B I 45
A AR SR IR T R BRGS0, PR meta 3 W R AGTTSEE ;s 18T stataK 2 H Begg” s Al
Egger’ s I} EIRAGIN A 2Rt 177

Z55%: PD-1/PD-LUMHIRIBEA FL LS T IRIFCR, PR.ORR, ROVIBRZIIML T B[R L7 ik
ST ; I HPD-1/PD-LUMW RIS D A FIBIT L. 2. 3FEAF RN TR A T4, RIFEIhE 2
KA HBLPMGRT PR, PIT2E S 835 7 X (P<0.05), TEA RNHT . BRPD-1/PD-L 1 i 711k
B PO R AR R TR T, AR AR BN (PR R R Bkt | JI8YS
O B RPN 2 RGEAS BNAE ) PIZH 22 57 TCe 12738 L (HIP>0.05).

4515 PD-1/PD-L1INHIFRE & [F A T X R i 0 B e vty AR L T P20, AR
HHEAA . R A, I Bk R

Jey R 0] B 450 [ 0D TBAR T Y I e SRR R Y 1Y O %%

Eek
HmEARER

H s BRI R A e £ e S0 (R A7 I A T e B AR T B RS T RAORI 22 4

Jride: BEHCERBENCIR A R e A R LR, B AIL AT A AR SR AL RN R . BT AE )
WYY 5 452 SRR YT, X BRZAA A AZ RO T o PR A2 R B Ok R A AE 0 (PFS) | &
LR (0S) © BUZHE (ORR) . FOwEERIZE (DCR) MR W ZANEN

SRR, BFSTLHAY PFS A1 OS B W K TXTHRZ (P <0.05) 5 BFZE4HAY ORR A1 DCR = FXF R4, H
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ESTHITFEXL (P>0.05) ; WHARRNEZERESTG 22X (P>0.05) .
258 JRr BRI B A R AR T S A T e dE Ry v B S K SRR B AR AE R, HE YRR
ﬁ}o

BT A F iR I AR 3K Bh AL I RHPENSCLCHr ()
A5 B g v b

T
TIHBARER (AREAKRFF—WEBER)

B s 50 )y 70 B S0 5 DR BEPE e J) a0 o A0 R e S0 /D A e i v B W 2 R P RSCR . SRR T
JHIE 3 B ARV 5 7 AR RIS R 2, 2B 2 S Ry T I A A VIR & th BB E e . ARASPE T
AR KRR T A NSCLC R A A A7k #2800 8 I e s (0 A BR sl L IS A5 %, G uk
B BT F SR TR R A TR R . SO — R AR AT . MO A R A T BT AT
TR IALYT o ASBIF S0 i REEB A SEATRCIAYY . 3XRE T DA i B A7 SRR A Jm B s il Wl fe i
A YRR R IAIEYT NI R RS B R A TR R — 2 BRIT R AT H T
i (k) ISP BRA T IMRY T 7R 28 JE A R e 2k

T IS HT20214F 17 1 H 220234127 31 H W10 22 FRHEZ 07 (19 HAT R ShFE DK BE I ) SR
WA FIGIINSCLC R, A BEIPOR & 2t . R R AOT + 097 + SRRy T4l . iy +
I F +RIENAYF2H . BB LR RAEIE0S), R S SR TOE AR A (PFS)FIZE 41k

50 20214F 10 1 H 22023412131 H A ELG % T2 1608 . v h22.440 A o A LE
T + AT SR IEST AL A h AIPES 23 50 H BB AEIOT £ AY + R R T A PES 3.6 H o
0S73 31428410 H 8.3 H o IRIF AR K AESHF M, WA FICAHUTIAIT Y 3-4 HATIERI R &
H:2RM4.8%.,

G510 DRBE DN PR SR B I INSCLCAERE Ry T e R IR, e i A& 4 HAR0)

ergiste Y A YNGR ETPE STEFdRRE # JakH
SR BR300

| R
TIHAARER (AFRERXFE—WEBER)

HE: R BIPSCCRH TS 5tk 45 B RS OU B UG, RS & B H AR B
AR Z AL, MR BB Z , A ST 2R AR G R R 25 & B B2 U T IR A I I
B 7 SR T YT ROT T LR R

i B O 5 N R BE BT RF20184E8 H 2220234 11 H B 28 8 & 361, £ M ZE R
VISR A S5 16 B 7R IR E 45 B s bk EL 25 76 B, o B2 UE 52 28 /0 LR E 5 6 R BRI, 4 32 UM e 70 4k 2
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SIR XY, XTI PI25. SUNIE B RE G IR IX . PHYER T BE PR, , AR R R A
SR T BB A AT, SRR A 5 | X MM B Sk 55 R X ask, BRS5rls . BAZS AP sl mT
BEPAMEMR L 4557.5-60Gy, WK E 1A IX45-50Gy, [0 AL 4 ~ 6 1B SEAZ BRI 5 sy S4k97 o [R) 20k
IFEE ARG I AP, b A BORIT R AN RO, HHRR IS HEHE .,

S0 WL ESF R R 2 R D U T IR i IR B L A% 100% (36/36); LRl E]21.14
H (95%Cl: 17.7-36.2) ; CRFEN66.7%; 6FIEHIET, Hrhaf) s E s XSRS . K i st
T2, AR2GVEF N R . T A B B2l b 2t e &, 761 (19.4% ) 8%
HIAG SRR R R, ARG . PRAE . BRYLAE; 166 (44.4% ) A B I3-49 B REIH
TEIIAS BL 27 A0 45 HR ST P S ) R BE 1) Bz R P 4 Aks, 1401 (38.8% ) 1-24k /K i, 10M (27.8% ) JRiE
e, 20 (5.6% ) 240 % .

5 BTIRA A KA ALY T 5 5802 M 25 Ttk L 257 3% SR WA AR0RY T B, I Pl
Eo BURER AR . N BRI PRIERAE R B, BRIV AT AZ o ST S BRI S 1 Ry
HRH =gk L 2576 8% /B TP W RN (A Tl — 2B R RE S

KEF Ak b gy A 50 B AL
TN 3Rt 8k 9 ¥ D T S S

XNEEE, Eh. F{eE
T CHM B ETR

H: BRI T = 4500 o040 i 70 S 2 24 AR AR T s e (NPC) BB R (IMRT) JS 8
PEBI-B% (RTLL) WPk RE IR 96 IE

Jride: [BPE SR AT20 1 14E 1 2220214512 H VL7548 Mg B2 Be Wit i 357 8 451 S ik 98 FE 37 o AR A
FHEBRARIE, 9997 K A= RTLLAY S5 M8 A8 50 VR A 492, A B ] PR P43 DR S ( PSM) Jy k111
BLO7 ok J A= RTLIAY S MR8 £ B AR %t R L B S 8 730 LU BEAIL 3 A I 254 (n=135) FE R
(n=59) o M =HE5 5t 53 A [ P2 OGRS 20 SRR AR, (0 30 fe 7R 2 S 900 OC R BI0R e/ N8 % L
FIEREF T (LASSO ) [5] U5 2ke 0 356 771 ek 21 22 R AiE o WSCHE JERCE TR I R R, (6 FH B DR 28 e 2 IR 38 A0 i
EIGIRAFAE . RS, IS Hem Al kel . FEMLARAR . BomBEpLR . s B4R . Bph i 7t
B I D IG5 A 22 R IR 8 A ML 27 2] 3 S e o0 ol Ry A 5 e 2 2 A R AR PRASEAY . 3H58 2 T AR
(AUC) . REUE . RS A RO 2 2= R PRI i T R

SEOL: N A B SR ER L 130 R A AR AE T SR T R R 2 AR R O R B B 2801
FHERT —200 0. WG HLASSOB LA TARAMET L, (4758 RSB R AR AL S H N, N &
RAEH0.0791, ZHFAETTE G IR B8 14N RAE ] TR AL 2B ST, 2 W IASRARERIE, 24— Bk e Al
VISR ;. Hop 3T RS EMGAS BNV RRIE, 3T/ X B LA BT T i It 2 Fr ket o F) 0 08 R4 1
FN13AMRHIE . BETSVMAF 2R AR BRI TE S0 U2 i S 1 e IAUCHE : 0.977 (95%CI: 0.949-1.000) ,
TEVNZRA P AUCTE A 1.000 (95%CI: 1.000-1.000 ) . i iz % £ 34 B I R AFAE SR AT 20 R A2 I R 43
Mr, Ee e A I RAFAE I R R A S, T SVM A 2888 BURERLZE 55 TE 4 o U T e AUCTH
(0.667, 95%CI: 0.523~0.810) , HAEVIZAMAUCIE N (0.804, 95%CI: 0.730~0.878) . Delongk i
WoR, R AR SIE RER Y 22 5 BA G # 2 L (p<0.05) .
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L5 ST AR A AR A 0 7R e 2 AR X T R e S VRIS S RTILIA) 2 A HAT 85 v 4
IBES, DU TR ARAERL, of i RS M RTLIER AL 1T A SR B

m6 A ) circSRCIN 13l 2 4 7% % Ik 5 1
U5 SR AR IO T G

R INE
THAARER (AFEAHXFEF—HREBEER)

WS S S H I R R | SR, REHIESH R EF RIS, BT 2 R
AR R 0 @ R, XTI AT DTSR R R, RO I R AR e T SRy A
RAAER, M7 HPURIRIT R N 2 . BT R, FRIRRNAZ A% AL B o T o 2 vh & 4%
THEZEM. AFRPEE IR . T 387 ARIME IR EF R mO A 1) cire SRCIN 13 i i it
Z KR M cireSRCINT - 143aalfl % Wt {5 538 175 S N i 7 IS 9 VR FH BAALHI 9T

W e 1. NI SUrA o B L 4RI, BE3R2S88 'l 106 B35 s 2588 B AEAS
HRGFACY)S , ARYE AN MAETE 25 RO HT AL RO B AL . 2 8 ) 4 S 2 S R e 245 SR 5 e 2
PEETransCire . circBase. SRAMP A circRNADD FEXT i #6351 S 3L M cireSRCINT . 3. 3813 Dot blotfg il i
m6A [ HAL K5 38 1 MeRIP—qPCRAG M cireSRCIN 1A m6A I Ke4b /K F- . 4. @i RNA pull downHILC—
MS/MSELHG ST Ko % 5 cireSRCIN 1A i ki cireSRCIN 1-143aa, 5. FE IR IR 2 SR A R Ji e 40 . 22 v
HITRT-qPCR . THCHIWBAZ I cireSRCINT A FLBHIE A 22 BREE [ cireSRCIN1-143aal Rk K. 6. i
ZRASIRESJF 1 FIm6 A F ELAb A7 5 F- 48 45 cireSRCINTBIPR MY 25, 7. 7EBxPC3. PANCIZH b 43 ik
IR ik cire SRCIN 5 H A SR A1 J 40 0 9 388 G AN e P T2 I RE 70 8. FEBxPC3 . PANCIZHAE 545
cireSRCIN1A277C 5K )5 18 15 WBHS Il cireSRCIN 1-143aa . ¢=Src. B —Catenin . p—B—CateninE‘J%%iiﬂ(ilz;
T 3 R BE DN BE ST IE X cireSRCIN1-143aa Flle—Sre & 7 o & HAH AR s 38 1 TOPFLASHSL 46
e Wnti # AR R A

WL 1, S A BRI S B U AR S A0 M A0 2R 00 i R PU AL RN B2, e ae st
LTS B, HOT R AL T A 178 FRRRNATHE . 261 M FROIRRNARRA . 3 4 e F2 ik AR
RNATF]RES 5 45 M i 07 T o 0 5 7e R B0 2 LU 5 Bk Bl cire SRCIN 1A Ry # 3 [K ] 1 5
SEWF9E. 2. cireSRCINTAT LAGRHS—A> i1 1434 SRR ALK 1) Z KB F cireSRCIN1-143aa, HFFTIREZ
mO6 A FIY THDF 14 [al 42 . 3. Befik/ad %k cireSRCINT A] LA PANC—1 . BxPC34H i IS5 1 v ke
TE RN 20 MO TERE F7, 103X AR AT AR 25 mO A F LA il S ICYTHDF 136 %% . 4. cireSRCIN-
143aa 5 c-SrefFPELS A, PRI T I B T S e—Sred SHESS B I MM EIR . 5. cireSRCINT-
143aam] LI B —cateninfBEIRIL K-, 15T B —catenin K A 56K, S5TAN B 5% DH /K U FERS 5 DR 1
('TCF/LEF)) HHEAER G #E Wat/ B —cateninfF 538 1% .

WFFELEIE . AR T 52 5 B 25 A cireSRCIN Ll it m6 A F IEAL S FIRN A LS & 2 A YTHDF 1 3]
VeI, 171 B e i 22 K AR M cireSRCIN1-143aa, cireSRCIN1-143aaifi i1 35 4+ 45 4 c—Sre B [
IR, $#5 B —catenninUBEIR LK, BERRILEY B —catennin & A= H685 , TERZNSS S LEF/TCF
BRI, FRZEWatHUARIE P A BDGE 7, SBE Wl Sl i i e dEDN AR A58 42 R ) 240 i 0
15507 s SRR O T R
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circRNAsFIm6A 1 H PLAE R sy v v ik g

X 5%
MW E—ARKER
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PRI E T RS RIRCRATIUR , PRI B B PR B LR X IR A T ZE T B CireRNASHING- 1
RFFALEMT (m6A ) FE i RE DR Fe ik s e, A AR Rl LA SRR i R R R, T
TR I 22 [ A% 9815 FH S R A R AR g 0 07 U8 R 2 E . AR SRR P i 845 T H
HilcircRNAsFIm6 A AE IR 7 it B b i SR AE . IR A T #EmO6 AIE M Rl cire RN As X Tl 7 SRR 1)
TR T 5%,
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AT e %
o R E TR

HE: B LRGSR B E LA . W e e R A 2 LR A UG T i UL T
RAE, WEPRFIAPN . ik . dhRIRGL | Bk, ERATREREULIRINIE, XS LA, B
IR BE WA R YT RONYE, S B E AT TR, EHETIR IR b B IR YT R K R
P etniE. BREBEE (glutamine, Gln) s AMANFEWIFE AL, fEEABMEEEGTPEEZ
OMERT, AT R T R 0T 0 1) 4D 875 2B 1T LAAE R RN T Ok B . 8 W RO Ay B
JZIE o EIG R b X 4% S IR A S B A A R AN & B P IS S5 . IR AS I 93 S0 o I8 L
P A T WA B) Bz R SR G, ABIF 5 2 2 I e A T e g kA 4% v AV

J7ik: 202148 H 220234E8 H , FLIMIEARIA ARG F5 L4 M BE T - 267001, BENL 3 iR IT 4135
], XTRAZH350 . IBIT PN AEIR TG T4 25 5% o MREROT R FHOMv-XS4R, 2Gyk, SI/JE, &SGRl
50Gy. TEVRITHT, BEMBTHR L HAERR H O IRGEAWRIE .5y, HRIUTEHR . MIRAd, BE %
B P B ARCRHA YT A R SR B, DR AR B JBR A | e G R BRI S Al R L .
YRR 26 U I 29 ot (RTOG ) AR E I 5 73 AR PP AR R B Bk 47, It A8
R TR K R AR At B AT

4R TR EBRORIT AT, BRI 5 CRTY , Hrp 3R IR BB LN, 29 ik
PR F 26 N, 19 BRI B E 8 . X AL B I B iR s s 4 N, H2 AP WRYTS R, 2
G RIS, 1JURIRIG RE 6. IR R A 3 AR R B TR, (Hi R B
et S (pRT0.05) o PRALH BB K AR G B s Ta] 230 oy, A iR T4 16 230K, Wik
BOR23K, RIRA15232K, P REBONIOKR, RN KA U R A 45 i s 1] BH S 48 J5

2590 WRINGIER T ZLRE ARG ARG BT 8 & AR U P B2 IR A (R s 1] o 25 2 e e FR AR a2 1
R 3G K FRAR A g N, 0D 1 DRSS B SR A 1 5 BOO P P R TR B AN, (HL TE e
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PR PE AT 1 B0 DA A T R e R
EFgVEEU NN DAL PN

. RIE, THAE. RE. AW
LA E R

I s A7 50 g 8 M0 7 3 R v (P P s - A X R A 7 1 I PRARE 3o

itk HEH20244 1 H -8 A AEFRBE T iU 3 32 0T i 401 s fob g £8 2 Bkt b 204 8 5 R B
SV - P W EA TR S, TN ALL, 53 AR 20 B R BRI I 4 (L 553k ik (Orift, HEAIET)
PEATI PRI, JEBAL, AMATA . BRLLAEAL IR 25 SR A 2, X PR ZEVE RO TR 36, IEo0 AT
25, p<O.OSTRAAAESE -2 5 .

50 PRI BORIRT B IES A0, AN A EUE DUAME « prifE 22 B X R o AL A fi 22
73 31°50.06 + 0.23¢cm (Vrt) | 0.04 +£0.25cm (Lat) . 0.05+0.27cm (Lng) . 0.2+ 1.27deg (Roll) .
0.24 + 0.78deg ( Pitch) . -0.32+0.94 (Ritn) ; BZAMIENIIR 25051 40.21 +0.47cm (Vrt) |
0.23 £0.42cm (Lat) | 0.32+0.81cm (Lng) . 2.04+2.79deg (Roll ) . 1.45+2.66deg ( Pitch ) .
1.23+1.63 (Rtn) , HAZMVrt, Lat. Lng. Roll. PitchFIRinFHMILFBLL, (¥p<0.05) . AR
Z4590.01 £0.11em (Vrt) . 0.04+0.15em (Lat) . 0.02 +0.18cm ( Lng) . 0.1 £0.25deg (Roll) .
0.12 + 0.68deg (Pitch) | 0.12+0.44 (Rin) ; BAMFRARM 253 5140.11 £ 0.27cm (Vrt) | 0.13 +0.32cm
(Lat) . 0.22+0.4lcm (Lng) . 0.94+0.99deg (Roll ) . 0.81 +0.96deg ( Pitch) . 1.03+1.53 (Rin) ,
HAZPRoll, PitchMIRmIILTBAH, (¥p<0.05)
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H: R —FEETHOERCTADE AR G HE (DIR ) MY MERICTELR FAE R T 58, 07 R hetS
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Tk Il B IR e 07 BHGA I I RS I AR A R A S5 4 B RO Y 195044 U E RYCTRICBCTRE
BHOR HEUIGT RERAE B H SN CBCTEIBONERR, S CTERIRECHE, FIWHRSA LS, it
MIMZR GEHEATMIPETE AL AL CT . AR K L CTHE IR 5 B A B R R i), e iy 7l e
PRI (B, AERIRIUCT A GG T4
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brZEs.

58 MISIIME T TR B T A S, AEERZ ARSIk ElE
BN E MR BTN RO X A5 RO BT R S AN e P 2R o X T B2 ) B IO A B 1) 5910 et 2
TR T EBRIAYTAL, X TIRYTHE AR JC I 22 5. T AR b A B0l 1 335 By e 17 7 4
DX RO A ) T R A IR AN B SO ) o

NSRBI v BEEE I 15 B St 5 3 04 B K s P 2 TR]
DAL AR TR I SRR AS i 58 7R BE AL WE 5T

HE. B
TITHAARER (AFEAHXFEF—HREBEER)

HE: gk, RS AIMERAAHSCHEZ B TR SeTE . 2R R, AR BY
TYERR B IRSOAEARAS . R AR AR FERE B IR R G . JETOTHEORTEAR WA, (BRRG7ES
(1) K2 BRI SRR O 7 R L WA R O 22— BRI, R RR RS 40 5 T 0 B R 1 2 ] ) v
RS 2 M RIS RERTT . R, Tl TE UM I T 1 50FP He JIR B R4 AE R 3 b g IR AP 55 ) 4 i (R 2 G Bk
WFFE(GWAS)I B GE TR 4B 7~ TR S B RRIAH B FHOC R, IRFETAEMI TR 51077 Rms

Tk FIHBEHE G N GWAS catalogdia 14 Hh 8T & R A IR FEGWASEE, DL FinnGen%l
PV v O T S5 5 B JR B PR Y — AV R o R B ) U AR o 7 /R B ALK (MR ) 43 M S A BN R JEK B
SR TR R R B Z I R SE FR o DA 7 22 IAGE (IVWHFE I BIFGE PR G 2R 119 B 0PN T i o
FHAN, @ﬁEgger—intercepﬂ‘(j% . Cochran Qﬂ‘(j% . MR-PRESSO# 4 Fllleave—one—out 73 Bt 47 7K -2 %4
ML SRR AR T

G500 WAE TSR 5 5 IR S 0 e IR Z R B33 R G R, G 19 E [l PR OC &
AR SR IE R o (BB EAE (0 OCI T, AT B J R 58 v (0 A 28 R 1 8 ol I 2 4 B S ik
FERFFEER N ZE (OR = 1.230, 95% CI: 1.015-1.490, p = 3.497 x 10-2) . A, ARBFFEEH TR,
FR S5 K R B EAR DG A A S b I 2 R 2 ML BORTR, Bl o —SIE A ST B 4LFF I #E (OR
=1.310, 95% CI: 1.021-1.682, p = 3.405 x 10-2) . BEAEAFSY IR H 5 B 0 HoT Ja B9 s i 48 i ™
EREERIEAC, FEFRATA M4 At & 90— 1 R DR AE AR 5 0 IR B vk rh R AR R B g, i)
WNIEREERRTE (OR = 0.808, 95% ClI: 0.673-0.970, p = 2.199 x 10-2) . ZHREC W ZTHIFEIEIH] T 5 ik
GRS IYERE , Pl RS AR T, 2 SRR A BB SR R R A R . — RN E— 2L Tk
Wy, ARFRGERICZHM . St m AR R,

G50 AT EVPAL TR S 5 A T B IR Z I PR G &R, IR 133 M TE Ry HK
o FRATHWTIE LS R B G748 S5 75 T K R 3 M (R T e B ) B8 1 R RE Y T B A, (EATY RS
PE— A5 S B6 T AR 56 R JIR RO T A S 5518 RSS2 R AAH EAE R (AR AL IS0t T 05
M) .
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I Ay i i PRI SRS 1

Tride: ARTHESE A T 4201 F20204F 1 F 220234F 12 H 18146 R BHEZ ARG UEHEY TR %
PEZIEPE RGO B B . TR BB Bl ST AOE S R B A MRHIIBR AT L VREAS, e 8 B
SPUESEN B PN R o X 2 A A TSRS VAL, P E FEMRT TG 587 51 rh 22 /0 Wl 57 g 3
skt FERTA WG, AT RS RO RS T 2 PR e M — o, TR B N2 EI5E
T2 IWIFIRTT B30 5k MRI2 W A i Je 1) S A A S RN Tk J AR A7 40

g0 AW A 420 Z 5t S GO B A, Hoh etk Fvk2eMl. A B By P A AR
W K574 GEFI23-77%) BUATHHRI IR SR BN TT SO OB R 0T , FEZIRIT RN 54 Gy
(1.8 Gy x 30) [ 60 Gy (2 Gy x 30), ARFIMAREHEERMRI TUFS . T2J75FI/8FLAIRFS1 51t
RICTEMG A A TR X, T I 6] [ 25 B e 7 5me/ nf 1 IRARST , BCI7 I 4k 4L LR B2 150-200mgy/
of B DU SR AEREIRTT o PO ISA A, T E AN 10 H o W WR RN R B %
95 . AR L D RE S RO o R 3 A0, b G K i 345, A 1
i,

SEie: TEARTRGE R, 2ok GO TR T DA S 4 FLAT AR B 2 T R R AL s R, )R
HLATMZARSY o ZIRY7 7 28T LIMSCR 22 kh s SO I e i e B 22— o AR ITURAF 5 ok Il it o, L 6
BOAHXT R, Wit i — 2D I RTREPET S R 22 Pk e G0 R o9 A BB e PR IR YT T 58, DA ICsE: i
BHNTS .

Tk EL AN 5 i s o3
b o) WG 10 £ 5 T T30 ¥ SO PR A G AR S0 B

I BEA
- ARERR

HI . ST s e &8 R VS TR 403 (CD4. CD8) . SCC. CYFRA21-1. CA1995CTFHI)G
B K SEAS AL DA ey e 00 B AR i T A v o

- 166 -



FEZHR e A e N SN R e >

Jrid: RGN TS — N R E BT R20224F 1 H 2220244F6 F A48 32 AR 1A M O 7 10 e g 0]
FRESOB B F IRIRTERE, GRS . JRBRMEREE | WREES TSN, BT R . HUTRIE . Rk iy
2, VYRS (BRIRAIIEE (SCC) | MEMER 19 F B (CYFRA21-1) . CA199. T k40
ffi (CD4, CD8) ) SF#E i B/, Hhormat i, FE5FMREEE LR, KRR T AR
FRERADRE R, IHE B TR S0 204 HR 7 RS I SCC. CYFRA21-1, CA199. CD4+T,
CD8+T. CD4+T/CD8+THAEZEFEbRAY LA, AR WHOSLAATE PRI ( RECIST ) 43 Affig4], A
JEA12610], RIS HSCC. CYFRA21-1. CA199, CD4+T. CD8+T. CD4+T/CD8+T A FIEE 4 1L
IR <40%, 40%-60%2H, >60%2H ;

ghEL . S0/ e B B B LR 5 SCC . CDA ARG (P<0.05) 5 BT o 1 e b &4
FE AIMLESCC, CYFRA21-1, CA199. CD4+T. CD8+T. CD4+T/CDS+THAHZE R, BT RIA W%
FEE (P<0.001) ; #U4L: FUTIRSCC. CD4+T, CD8+T. CD4+T/CD8+THAET AR, BT T TR,
LRAAGH#E XL (P<0.05) ; SCC, CYFRA21-1, CD8+T. CD4+T/CD8+TILIH FRET /31, HS
IH2EE L (P<0.05) , CA199. CDA+TIE FREE L, THIT2EE L (P>0.05) ; AHURAL: U7
JGSCC. CYFRA21-1, CA199. CD4+T., CD8+T. CD4/8LL{HAEAME T RT, ZRAL =X (P
<0.001) ; SCC. CYFRA21-1, CA199, CD4+T. CD8+T. CD4+T/CD8+TI(H FIEE 0L, A BES
#5 Y (P<0.001) ; SCC. CYFRA21-1. CA199. CD4+T. CD8+T. CD4+T/CD8+TH(H N[ 4 b AE
<40%, 40%-60%41, >60%4 A5 EE L (p<0.001) ;

2518 IMESCC, CYFRA21-1, CA199, CD4+T. CD8+T, CD4+T/CD8+T FUIE /K -84k 5 ey e 1 £
BB AT R VIAEE, B IEANRESE A TN o e ) 2 A R O i A 88 e -

B F AR cT1—2N1 R s il WAk I 7 s
ypN1EE P IER

KLk
SRR AR Ak T A

. FUBRREAE A R & R e B IR , KRy r KB 2T AR B LA hy 22
AAIRITIIR . BB (NAC) 7EFLIMELZEAIRIT b ALZ AL 32T, AT 50w B0 S 4 Ji e AT
FREAE R, HETUR . REHOY (PMRT) J&FLAETR YT I E A G5y, v BRI e & A
WEERS . XTI IRIBH I ZENACH USSR 25 52 25581 (ypNO) IR, ZEMIFR VR IX8E &
FARME, #MFEPMRTIEM B3R EE . (ANACHUA 1-344 (ypN1) MBSk R2 IR, B2 PMRTHE
AL AT T SR BB Y ) 2 iR T i — 2B R

i [EBE ST AR D ZENAC K FARGHEE A ypN 1A TI-2N LZL IR B vkl B iz
PMRT, #lit 50Gy/25F, 7t s FEALHE FEL LRI IEE ZAAAY (LRFS) DLSOREL S TOW AT
M (DFS) FIAEAE (0S) , HForRImMAE.

50 M\ 2015 4EF] 2020 4R, RATHE T 68FRBIHEIT /0T, HALAERS48% , AEHSIEF26 ~ 74
& A A EEZ T PMRT, MV, G324 88 RBRTE K, 4 EE MBLEAH . 3 4F LRFS
R DFSHI OS50k 95.5% . 88.2%H1 92.6%, SREAMFFE A BT BB LRI, WA HrEs R 5
N, AR (P =0.013) E34ELRFSEAZINAZE, PMRTHIF B FHPEM 45 NS0 34E DRSS R £ (Hp
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<0.05).
258 X FPNACHIEFLVIBR ARG REL A yp N1 IHAFLIE B, PMRTAIRES S A IR A L EMR i
BEMNRE R L0, TFRRBIGRMETY, #F— PR em R IANA CFLIRE i M .

Sbi VA £ A5 BNECPHAY T P SR

FIE R
T —ARER
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&

B ECEN R R N & WIEEEIE , KR EERHEASE €, SR ERHEA SN, B
& (ESCC) v [ XA ) EER BRI 1] TR e B EEEmRiaE, 16K Li2mre
s K 2 B0 R S ity BRI 29309% 1T & B Bas FARBLZ(2]. RIGHEIUHAYY (ACRT) 2R
W BRI T %, Bl TR 250 =4, B IS AR R T20%(3]. 1 40%-60%
532 dCRTHY B BB 4 (4]

HNIAMA R IS BT A0 B AR 24930 ~ 150nmiI 98K R BEM0 250, ELA A ALl iR A S S 14 5
MLRe, HAP AR A T H b i AR TR 5], FEJRRE I R AR R Rk R v, I A mT A i3 240
RSG5 R PR T . RO I B T Y . IR A28 SR . IS AR A TR 2 T S ] 4
[6]. AZiA BRI MM ARTE & W BUIE T T I f A ATER .

>

H

2 00V AT S 500 35 ey R B V2 S o PO A D

ARFR'L B0, KR KR AR E
1. ATHAEER; 2. LA PER

e B HMVCT 3 R K i s 48+ 251 5 FAA R A A A [ 5 Ty 5 5 s v 2R G i S B+ S5 A8
FES % [ 2 7 ARAR ORI T I AR

J7k s MEHURE R 2 R 2 e B S R G IR O T R 20244F2 7 i 2 A Sk BUAIIGR 920
BB, BEAIL A S 56 21 5 6 R AL A5 1051 o 52 56 20 60 s 8+ Sk S5 J A0 B P A Ao T s =, xof
HEZH 2R T 1 5 20T S A + 3k 590 A9 1 AR Ao o] 82X 2045 5 55 34 R R 8 B J22 0 i s S 97
( Tomotherapy, TOMO ) HNEITAL, BUIRITRIHATMVCTHH, FAREIMVCTEMR 5 CTE 7 R 2t
(Fpapian

g, P HRE LRI S04 iR 2 80 dis . LA AEX (Z£47) Y (#) 2 (F+F¥) LIKROLL
(RS ) R 2ZERR R (1.32+£0.84) mm, (1.56+1.05) mm, (1.23+1.03) mm,
(0.78+0.79) ° 5 XMAFEX (L£4) Y (k) Z (m%) DLEROLL (MR M ) REKK N
(148+137) mm. (235+2.11) mm. (123+1.17) mm. (1.03+0.92) ° , AL FPUAI71H
TR ZEME GRS (p<0.05) o ML ESAIEE AT LLE H AL s 41 Y 22 (H /X B4, 7
X. Y. ROLLF M2 HA BEH SLRALEX. Y. ZUKROLL MIZERZEX 0, (0,1]. (1,2].
(2,3]. (3,4]. >4 559N (X:3%, 34%, 40%, 18%, 4%, 0% ) . (Y:1%, 29%, 38%),
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23%, 1%, 2% ) . (7Z:2%, 45%, 31%, 17%, 3%, 2% ) . (ROLL:16%, 45%, 27%, 10%, 2%,
0% ) ; XIRALEX, Y. ZMROLL MERZXEO, (0,1]. (1,2]. (23], (3.4]. >4mm 55
g (X:0%, 40%, 35%, 14%, 8%, 2%) . (Y:1%, 32%, 26%, 28%, 4%, 9% ) . (Z:0%, 56%,
26%, 10%, 7%, 0% ) . (ROLL2%, 55%, 27%, 12%, 4%, 0% ) . MLPL F8ZHIRE 5 BRI LA
H0 IR 2H Ko B2 AR 1R 25 M AR TR AE[0,2Imm X ], AP SCERZHROLLYT M 7E0° 1222 i Hik$16%, 7T L)
F RS B N FHZEROLLT [ | ELA B3

5. LR LA, AW P EX . Y, Z. ROLLIYA 7 [a) b AE YRS T X B4, 7EY
FROLLJy o] ARSI, P, AR+ 3k 5508 A 0 A A Ak (A7 [ B AR A 1 FH 3k 3300
i IeA B AL 4] 7

A ASE [ 5 3 3 A i 500 Wit ) i g i v VR L 1)
2SS

X R A EF
IHRBARER (HFEHRFHE—WEER)

H: BT8R B FEOrfit ATO%E B 25 G PRI RS — A PR A7 i O =X H0 RS B 11 22
S, NI RIS R IX AN 1 SRR AR

Trik e VEHCR I BB R 5 — B s B AT 8h A 2 BUIE I R B S VA YT (volumetric modulated arc
therapy, VMAT)AYRT 2600, HrP Ot ATO%E B BEA PRI IR 23005, —Hhi [# 2304,
FIHBERHAHLZHEIE T HEHLNTZ 34 ( cone—beam computed tomography, CBCT ) FRHUEE 4 (X)) |
K (Y) L BT (Z2) FRRZE, AIME £ fEE R, AIAEOHRIBE X AN A (Mptv) =253 +
0.7 o S0 R RIEE X (PTV ) AN 5L, KR ZEEE R IEF 04T o

ZERL. OrfitslX . Y. ZJ7 1 R ZERIE 2 N -1.09 £ 0.26, —1.53 £0.12, 1.24 +0.18; —MH4iX .
Y. ZJ7 I R ZEEE 705 0.49 £ 0.11, 0.7 £0.09, 0.44 +0.13, Ocfit X% . Yhh . ZHHEX AN A
PAI2.91, 391, 3.23; —RMRZAXAH. Yhh, ZREEIX AN A 1.3, 1.8, 1.19,

58 AERTSI IR B TR O T, — A R Ty SR 2E N, DR — A [ O ARG B
FOrfit ATOZE ¥ [ 22 77

of Le o B 2L e ¥ S8 2 ) iy ¥
L5 ELZR e d YAl an T AR T 1 80 B A S L

R
IHAEARER (A mEAXEE—HEER)

FUY . ABIESE B AR EE o LRI I 5 A2 J e 2 A 03675 LM AR5 0 7 3R 7 A%
R, WARTEPIFMGS P INEAE NS BE WU TR 225, IR R TR T 5

- 169 -



LB EFAS T RIS ST FEARA BEXHE

Tk BATRA RS2, WEE T A 20194 12 7 LISKE32 35 13477 5960151 7L I Ik 5%
B (N JI4 ) 6032 EA AR IR T i ZUME G e e /B Ol dl) rBoREr T X . BTy
BEIFFA DUT ASLhRE . IR E D T4, B E K ERAEE3em, KarnofskyDIREIRATE>
(KPS) KF754%. IBI7Iadb AT T I VAERIBETT, LADPAG P41 3 728

G0 SRR MBI H30% (18/60) , JUTR20% (12/60) , PHLHIH 254 Geit2#m X
(P<0.05) .

TSR MBS T4 R45% (27/60) , FITHIHA0% (24/60) , 253G THFE L (P>0.05) .

PR E R MBI N15% (9/60) , HITH R25% (15/60) , 2ZESA G (P<0.05) .

PRI ML TIHH10% (6/60) , HUTHN15% (9/60) , ZFIGeitmE X (P>0.05) .

SBIRTE SR (SRR M+ Z R g ) o MBI 90% (54/60) , T4 H85%
(51/60) , ZERTCGITFEL (P>0.05) .

BIT R AL AR N T H R 12440, BOTH R 6N H, WA ZRAS I E X
(P<0.05) .

S5 AR, N JIEY T FLIRE IR FE 1 50 R SR R AR A R T T B
AT, FURYT IR T AR . SR, BB GEARRRSR UE DT, WRRYT TR ZERAN
W XU REUR NI TG R Re R LR I RS R W — R BRI RR (L BT R
— B RFEA . ZHUOIIFEORIGIE . ARSI IR E AR T USRI UL T 57, KR HRE AR 7
DA N RN, DA B AR TR

S T AR E TP RHEYF BOA G R b AL

RER

il R RE A T B R R, BOT IR T IR AT B, SFEARRIT AT F R B, S
TIJR AR R A — 4 B ST AE T O AMRHEIT B, SHIE TSI NG IRIG . 1RYT B YT 305 21 1o 3
PEfm o ke SO I S TG T ) B AR I TR 73 Ry WS 2H FRT BRZH 42501 . WRER2H ( 20244F5 H —
2024 4 8 AR KGR BRE AR EA TP B X HRZH ( 201244F 5—8 A WIA) K — B M B HoA
I TIEYT I B H WIFAIE R AR . B R, AR 2B B B . 45 WAL iR 5
W RAE KA A AT X AL P<0. 05) , HEBERECAME B 2 H B B0 F X IR P<0. 05) , B
XHP TR TR IR P<0. 01) , ZFEAGI2AE X A Hrin RS SR AR 76 P o i )
TR IR FHRCR, B PR R P PR S I X S AT AR N B R B B s i e,
RBE AT R R, BRI RRER A, R E AR
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LR FAAARER

H s B e 25 0 o 7 ey s T i S vy R g v A
Fe s PEHE20244E7 H —20245:8 H 7E TR Bi 532 JH s UG T7 1) By S50 FR B 2010) , BERILA R LS4 Al

XL, 1061, PIZH B SV TR/ IMERES BEDE, "B500mIK, BEIRIADMRZEA, AIRER, W
BELH SR 7 15 e 5 I (S I B e A, B B (B AR B S CTE I A — 2 (10%1%22 ), XFHRAL

R A LR A LR A E R B e A R B 0 =0, LU AL =47 I X R iR 22 . 395
PEFEEC (HI) | SR EEHRE (CD) my2E5, DI FZREAISERN . NG AR k32 BAREE 7
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Molecular Mechanism of WWOX Inhibiting
the Development of Esophageal Cancer by Inhibiting
Hippo Signaling Pathway

Qiang Wang,aonan Du,cheng Yuan
A TR 9 [ Be Ak T A

With the emergence of combined surgical treatments, complemented by radiotherapy and chemotherapy,
survival rates for esophageal cancer patients have improved, but the overall 5—year survival rate remains low.
Therefore, there is an urgent need for further research into the pathogenesis of esophageal cancer and the
development of efective prevention, diagnosis, and treatment methods. We initially utilized the GeneCards
and DisGeNET databases to identify the esophageal cancer-associated gene WWOX (WW domain containing
oxidoreductase). Subsequently, we employed RT-qPCR (Reverse transcription—quantitative PCR) and WB
(western blot) to investigate the diferential expression of WWOX in HEEC (human esophageal endotheliocytes)
and various ESCC (esophageal squamous cell carcinoma) cell lines. We further evaluated alterations in cell

proliferation, migration and apoptosis via CCK8 (cell counting kit—8) and clonal formation, Transwell assays and
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fow cytometry. Additionally, we investigated changes in protein expressions related to the Hippo signaling pathway
(YAP/TEAD) through RT-qPCR and WB. Lastly, to further elucidate the regulatory mechanism of WWOX in ESCC,
we performed exogenous YAP rescue experiments in ESCC cells with WWOX overexpression to investigate the
alterations in apoptosis and proliferation. Results indicated that the expression of WWOX in ESCC was signifcantly
downregulated. Subsequently, upon overexpression of WWOX, ESCC cell proliferation and migration decreased,
while apoptosis increased. Additionally, the expression of YAP and TEAD were reduced. However, the sustained
overexpression of YAP attenuated the inhibitory efects of WWOX on ESCC cell malignancy. In conclusion, WWOX
exerts inhibitory efects on the proliferation and migration of ESCC and promotes apoptosis by suppressing the Hippo
signaling pathway. These fndings highlight the potential of WWOX as a novel target for the diagnosis and treatment

of esophageal cancer.

The impact of pathological regression of primary
tumor and lymph node on recurrence and survival in
patients with locally advanced esophageal squamous
cell carcinoma following neoadjuvant chemo-—

immunotherapy

Yixin Li,Yidan Hong,Bo Yang,Gang Xiao,Qishu Tan,Xiaochen Huang,Lingling Gu,
Jiang Ming,Youtao Xu,Yang Zhao,Yu Chen,Zihao Zhu,Xiangzhi Zhu,Yinan Wu,Ning Jiang

Jiangsu Cancer Hospital

Background: This study explores the prognostic significance of pathological response in primary tumors (PTs)
and lymph nodes (LNs) among locally advanced esophageal squamous cell carcinoma (LA-ESCC) patients received
neoadjuvant chemo—immunotherapy (nICT).

Methods: Two senior pathologists retrospectively examined pathological regression of PTs and LNs from
patients received nlCT followed by esophagectomy at our center. PTs were evaluated by Becker criteria, while
LN regression (LNR) assessment was utilized Akaike Information Criterion and Harrell’ s C—index to gauge
the predictive accuracy of various classifications for prognosis. Primary endpoint was to evaluate the prognostic
implications of pathological regression in PTs and LNs to nICT. Secondary endpoint was the recurrence patterns.

Results: A total of 141 patients were screened, with 2,296 LNs examined. The pathological complete response
(pCR) rate was 21.3%, and major pathological response (MPR) rate was 38.3%. As of March 2024, the median
follow—up was 32 months (IQR, 19-38). Patients with pCR exhibited significantly better overall survival (OS)
and progression—free survival (PFS) compared to those who did not (P<0.05). Multivariate analysis identified the
response of PTs as a crucial risk factor for recurrence (HR, 2.882; 95% CI, 1.381-6.013; P=0.005) and mortality
(HR, 10.760; 95% CI, 2.445-47.349; P=0.002), whereas LNR had limit prognostic value. A receiver operating
characteristic (ROC) analysis revealed MPR to be a superior predictor of prognosis than pCR of the PTs (pCR-PTs)
(P<0.05). Notably, MPR achievement was associated with superior OS (P<0.0001) and PFS (P=0.019). Furthermore,

recurrence patterns showed more than half of the patients experienced progression within one year (n=44/66,
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66.7%), predominantly locoregional recurrence (n=31/44, 88.6%). Conversely, distant metastatic tended to manifest
after the first year (n=13/16, 81.2%).
Conclusion: After receiving nlCT, the pathological regression of the PTs emerged as a better prognostic

predictor than LNR. Moreover, MPR demonstrated superior predictive efficacy compared to pCR-PTs.

735 ARV 23 S AU R )3 F: W AN R R b W Y
AEAS LRI E 5 AF 1 %k B MR AR k4 535 i

AR
THAARARER

Hi: JETBGEuRT-TPSERT, BRIT2 AP . STEaduii= . THaB R RGO 75 N [ #ME A
JEE A5 I K B ) e ) 50

Jrids FIFHEARK)Z M, #id A2 SR/ (Omm, 2mm, 4mmAl6mm ) | MR (Omm
Smm. 10mm. 15mmF120mm)73 88 1 7REARIAY, AEuRT-TPS vl i o048 2t JEA L ( FFAI
FFF) | P8R ( MCHIConvolution ) FDEHAFAM (0-80° ) X = AR XX | TRBARE R i 112481
SR, AR R AT R X E AR 1000cGy R 5T, IR15 K2 4450 (DasiDt) Fifz
JRZ RIS (div) o

g5 (1) AMEPBEEEFEO-10mmyGF P, DS EERImmE .  (2) #MEBEASmmAf, 4mm%s
[ I BR A Dt K, OmmZs (B [AIBR A divi/Ne  (3) TCAMERERT, FRFRLT Daflm TFRE, HFF
FIMCEAE R Daftifies . (5) A AMERENE, FERMCEAE R divimiE.  (5) divBifi %o/ s oK s
K, FHARMERFER R div{E R

G50 TERIRMIEHCEGYT o, G EAZ BIAMERERE RS | 2SI S ueai=X . THaAAl A
JEHU A LI R EEA R, I RSB 25 & T R R0 0T RE R R R 77

o 3R IR B ¢ 100 R L9 RAEAR AL P 1 F o

B, BA%K., ki, A, kxR, R, BF, RIEH
HNKF W FH =B

B it ARG | 3% S DT B I Y08 R 4 T e S S5 e 6 38 BT 7 308 o B AR AR
BB

Jridk: GIA20224E5 H 2 20234F 12 H 78 XXX B B4 52 UG 7 1Y Sk 30050 I B3, i e S il
SERT (T1) | BOTRERE (T2) | BUFESHRE (T3) REUTERIG1HA (T4) 8RR RIER bR, IEiT
B AWER-RIERAR UG B FHIE8 (PNT) | C-IRMEA-FEMA LM (CAR) | #EHlEHFRE
(CONUT) KL . FEM . RIS /Mo (HALP) o 2007 A R . SR
5 RAEAH AR S A A

5. AS0M R E S RARBET, EIRIEARAE (BW) | KBHE4 (BMI) | LA E

+ 173 -



LB EFAS T RIS ST FEARA BEXHE

(FFM) | QL& (SLM) . BHsALE (SMM) | &IgiE (BFM) . #8757 (HGS) . NRS20023¥43 .
PG-SGATF4r . KPS, B HEEREIEA (DEI) . BHEHFEA (DP1) . HEH (ALB) | &K
H (TP) . BTHEN (PA) | MLZIEHMHB), IM/MUPLT) . 2L MHEL(RBC)], RAETE R H 40T
B (WBC) . PR EL(NC) . WRER 44 (LC) . TR A0ME 15 (T-LC) . BibkEL 4014 ( B-
LC) . CREM(CRP), FEASZEIE(PCT). HAE-6(IL-6), FHAE-100L-10), v-THZE (INF-v )
K FRERFEIN T o (TNF-o ) | MEFE-RAEFE R (PNI, CAR, HALPXCONUT) 7ET1, T2, T3 T4
Z I SRR I A i 22 5% (PF¥<0.05) o HPBW, BMI. FFM. SLM. SMM. HGSYE 7 4%
B R (PL, P2, P3¥<0.05) , BEMAY TP FEAEHUT G (P2, P3<0.05) , &I5% (BFP)
SRR (P=0.062) ; T3MCRP, PCT. IL-6. IL-10. INF-~v . TNF- o ®T18] B F5E (P23
<0.05) , MWBC, NC, LC, T-LC. B-LCETIIBFEML (P24 <0.05) o HATEHRAE R T I A0
LI AL

SEIE Sk B IR A A RO SN IR) A7 AE B 8 00 78 R I AR AL . ARSI AT LB 5
18F5 (BW., BMI, FFM, SLM., SMM. BFM, HGS. ALB. TP, PA. HB. PLT, WBC. DEI, DPI,
KPS, NRS2002., PG-SGA ) . #4Ef&Fr (WBC, NC. LC, T-LC., B-LC. CRP, PCT. IL-6. IL-10,
INF-vy . TNF-« ) MEFR-RAEFEHr (PNI, CAR, HALP, CONUT) fENH MMIFE R, T HAFE S
LR, A B TR T A 2T il

OPSTENLTRIE NS €8 5 FIhliies - Ty ¥ 700 ik 5 Ao 535 i

ETNE ENE L
ZBTEARER

H s S5 OPSTR 125 X W (4808 . M ey 4 DX At 43 A1 S OE & 4 B 00 o 2 A () 520

Jri s BUEE AT T B B F A ix i 2% AT IMRTH S VA T (6 O PSHEA T35 6 1y £ 45 9o R it s F
Ho I BEATARE SR R KA R I RO 25 R B B Eclipse TPS11.0,
AESTEFRIMLCERARAL, B UG oA A T SRAS 8 B R 25 TR T L AT -

g3 agurt, B, NS (xy,z) 7 HEARZESNZ R0 . BB AIELIX Y D8%, CI
ZRTGIE L, D2% . DS0%AHIZE R AGIAE L. BT EEEOIEVAER TG EL, &
RN £ IR a2 R A Gei A

458 (HTHOPSHRAI IR RN, R KRG, RGO IR S ZR . RO R 2N X | E
ERZIRAN A, T XA X R A 2 AP A K, 4B IR 22 BRI R R AN A, A0 AN e j o 1
AL, KR R R I S NYE L IR RIS 3% = s T A N RIS BE MR-32-24-019701

- 174 -



FEZHR e A e N SN R e >

KE TRV IR IR T A0 A I B2 AR IR 2T ¢
5 Sz P 50N 4 LY

FoE—' EE . REF. NE. AmE
L AMKFWES—ERMBLFF; 2 AN KRFHFR

HB e JROHGYT 5 R A R sy 1) J5 3 ot AN I, (EDR ™ AR 0 iR i S M TA A E izl R b o
HEEAEM, SRMIA B ARRAMER X SO, PRI FRAT T P b 1) P 70 288 P 2L 3 KO - 0 e
FARESTEIETANML, FRATFRZ WGP SR TAN AR I A . A EE ARG Jride, HLRESEMRIfE . Enf . A
b Sz R R A S PR TA L A AR A AE O o (AR Ty =X, FRATREWIRA A RO IG Y7 i 5 4 51 0 =06 fe
PERGBAIG RO, AR TERR IR RN 1Y 7 A= B AR HE T Bl

Jride: FAVHEA/INREOT77 LR e 5 20 B 3 A T 2k g A AL 5 i oKL, 7RIS 5/ Y
oML HEA T ORI, A IULTZ0 LS AL A DG A4 bR . 78/ NEUBIRL, KE40w. 20w EO77 1M 4t 53
RN T /INR A AT AL ZLRR AR W5, 43 0K 2 A A 0400 kg D ) 5 S P B 2 A fieb 98 380038 3—4mm
4-5mm%5 T IR RZMOCyY x 3 BIEHATT o T THAE3-4mmT 73 45 T 18Gy MIOGy* 3T AT Y . = Kit
BOSU g AN, il AR i e, AR PR RN 1 HE B Ol o FEOT TG O R JG A AE /N R, I /INER I 5
DRLIRULZE MU FH e S T L ASI ARSI

S5 TEAH RO R AR, FE3—Amm KNI AR A RO AL (22.65 £ 7.56 mm3 ) X R
ZH (103.2 £ 15.91 mm3 ) AL RO IR K/ NTETOT G 559 KA I B 22 5% (P=0.0005<0.001 ) , HIi5&:
TR AR o T2 B AT R R/ INA = Smm AT 43 T T B 3 - 4mm IR /N EAT B UOHOTT IR U
A —IG . IR =R Xy B2 T 2 /0N BRI bR 28 48 0 AL %) 938 D T 240 LA 0 8 7, X
3—4mm KNP IR A TGy 335 5 b AT AR rh O 2 MR T B AR S R TR L 5] ( TFN=-g+CD8+T/
CD8+T=4.26% ) LT X AL (IFN-g+CD8+T/CD8+T=0.91% ) B BT+ (P=0.0007<0.01) . 7EJAEH
RE M EL R MR a4 (X BB AL BE=0.93%/4.63% P=0.014<<0.05 ) . TIAEA = A= 18 FEAIOUN A4 2H 51 Fh JC e &
5

g5 FRATLEA R I RN EOT7 VRBLRY o (e FAS [y ) S A AR B, R R R o B 7 e /N i
RIS T RERRRN . I PG AR DT LG DU AR TE TSR RS 1) 1 B ke TR 3 R A 4
(R IEE R S PETARAE , BRI R FRAT I PR T 28155 I pa o $e it 1 B 2ids &

VIMRI N 3 5244 412 A0 T 2 s vb g ko8 0k Jg

W R
LAAKT; 2. O RKFHEFTRER

TS 5 JRRMEE (Primary liver cancer, PLC ) J2&{H FE I &R /S HOEEIRE , JE4 Bk
JEEREAR G HYEE = RABIA, FF4i s ( Hepatocellular carcinoma, HCC ) SRR TR e LA RS,
i iR BB 70% 2285% . HFAn e e R e ke vk, #hight K2 i, FARE L RK S, FRibia

+ 175 -



LB EFAS T RIS ST FEARA BEXHE

7S RGIAIT SRS A RS R, SEUIT AR B BUS AE. H T A0SR 2 W00 S bR A 2 e
PR, JOEET BRI, TRk, BEAE N TR RESUR AR AL e, BE AR 00 A (0 IETE A —Fh LAl
IS W TR AR HE RS PR B T B AR — Bl SR i ol e SR G AR KR
HRYRHIE, SilmREEEARZS G, HIPLER 2 2 AGE AL 3 X SERRE SRR Z 0GR, REARL
iR PR e S P T S B X LLSE R PP A BRI, TR MR 2 Wit 7 R 505 20A b e Hh H R R A
MRUAR A~ B N AU A0 HER | S RO AREL RS LURE | AR 1k LA e 2 2 BRSSO
AT A AT B i 27 vh A AN L

WA H s ABFFE R T 2R 2N RE . DA DAREIEIR /% ( Magnetic resonance imaging,
MRI) g 3 B AR = AE AR I PRAZ W AR 7 v RO RIS HERE , PR i PR S92 B v g 17 FH TS g 5 R
KK ETT 1]

MRS 5 Bt X PubMed . Google Scholar [-20184E7 H 2220244F3 H & 2 B AH X [ 4T SC B E4T3C
MkZiR, *ﬁ%?@fﬁiﬂ@?ﬁhepatoceﬂuar carcinoma, HCC. liver cancer, magnetic resonance imaging, MRI,
radiomics, deep learning, machine learning ., artificial intelligence,

S5 ARSI FE, MRIZBRAU A —FhARZ ATER EUSR H 7 s, TERT AN %52 W
WRIGP2E . HBUREA M U RIS (Microvascular Invasion, MVI) U | 677 O 50, 18]
S R THUIM RV A% T v 2y e R R e AP RE

4518 MRIZARZ A ARRA GO A0 TS Wrn A7 0B TR, W] A7 By FAE AT 40
i B E MR TR, BERRE DU . (H X —SUR AT B R, AR DR
o

HOE R CTS % PR RLG AN
PRSI BT 7 5 O R e A AL BRI 53 A

j']’f/‘%:/\\ j‘lj'ﬁ%\ ?‘mé\j'\ )glgg‘i\ ]E::‘]'ﬁ%
BRKFEFRM G ER

HY: il BRI AR AR R CT B A B 5 . BRI AT R NHEIE R CT 4 G
FEHEIEHCT (CBCT) 513 FRUMEMRIA ARG BT (IMRT ) SMK ARG ASEIF #1222 50T, LAk
SR B U T AR

Jride: SrtrdsE20234E11 0 22024411, R A TSR R e e Hh D OA ) 2 42 FURE AR TG TR
RFE 160, BEHHEAARGHITRIE, &8 THEFRE. O 0. i BHE R4 — ke 67
Me + BB e AR, S TCTEE, SRRy AR T R UERA TS cm, ZEEH50 mm; @
TERTIE « Py B ITAR Hfs s A= e i B0 X e L i) s OBURA YT L B 90 E . AR AT — IR IGYTRICBCT
BG4, SERUE N CTER A ShECHETF B A 1R 25, R #EATIRYT IR INCBCTEIGCR &, FREL
MRS E , IR ZERK, AR 2E SRR S 45 TR AR IE s BRI 0T 1601 SR B
STOR24, BT EIATCBCTE UEYRYT S WAL, I6Y7 AT/ N CBCTSIEIG T A B4 . 1531 &
BEAA (X)L HiE (YY) FER (Z2) =07 m B REBAR 22 T3 T e it .

G50 1608 F S ARBGAH /- N RS TR, X B AX,AY,AZ, 485 AX, AY, AZ
IREREEIEGCX =0.12 em, GY =0.22 em, GZ =0.15 cm; FRifE2ESX=0.11, SY=0.10, SZ=0.13,

- 176 -



FEZHR e A e N SN R e >

g FUREBRE LGS P AAE—E RS, AT RTCBCTIEIR S | R A IR, F10K
WEGAAEE, MBI P B P RO AL, X TR R A B4 T SR BEANZYIE, I I
S B LE AN BRI, Oy BRAERL AN RIS il U ISR R, A LR R 3R 7 5
Jiti o

K A [a] A4 457 11 52 J7 s IRFIMIR T 3 W S8 5 A 7l &4 44
B Hk s 0 S L 4

ARk, FRA, &, §WE
il T —ARER

HE e ST S A 2 57 A AL [ 2 7 e i 2548 PR i 25 7 o

Jrid: BEE0M SRR AT A, AR FIAR R i S A2 S 3 RSN 2 Ml 25 6 Sk S g
PIFMARLIE E , RABE AL CTH G AR R G2 mEE X G AR E ;s e A B asEmiA. T
. BRSNS R L. RN, SUSIUARE K. MRS T S st Rl et iR
iRz . B HE K2 B IRBURR R 22 5 .

G AR, WUE T AR R WA N T AR HESR LA ; AR 2E SR, CTVVa . CTV VbR
PRUESR ML R T A e 20 5 Wi L S LR AR AR E SR A A /N T AW A . R i 0 A 22 5%, CTV Va98,
CTV VbOSFRfEk A& T A4, Mozl = ILVS0, RHANVE0. Dmeantrifik B4l m T & K4 ,
ERAGHFE L

58 RIS 57 AT DA i X 55 o3 118 R S BAR ST LA 32 i, S G B R S B3 R o

U LD A D I3y ¥ B0 2R I3 S P B 9 5B R P B 2

KEHF, RAL
EREHETHARER

H 0 FR S M A 006 B SR ST T IRYT = I M B R R

D5 e X TR — 151 K A G B 56 19 BB 18 T 22 A 6006 R i e P A TR T 4 B, 56— 25
AR KRR VR, 28 AR TR SRR AR S 0 AR B T2 AL L LA 6 ~ 8L /min AU HES T
WA, AT TR RZ) 5 ~ 10mm , WCEME]A 15ming 55 =BG i HIUTAR 2 5 22 48 5 Mg 4k B 46
Ib, TER— R TS, 2K,

g5 7d)E BERIREA T A .

598 S WA ORGSR YT, R R BB BT RE , W SR, T & P IR R B A
L YT TR RO T A S BN, (R B A SUMAIE IR RS B i, TR RN A . AR
B2 RA B Ihis AR i ms (B HSRBR) |, LN &Y PRI T ACRAME, BB, 15
HZBABIECAINEGRTT, i — BA e, FiyrfE, THARMEE, BEARETS5H
L MR IRHE, SR, ASHRBERINGT R, = Lt SRAHUE Y E R

<177 -



LB EFAS T RIS ST FEARA BEXHE

PRI, AREA MG R GE, BN, P It A 230 18 il 1 530 LG A e s e = A 52
Wiy, ARSI, XA O A R, PP e AR BB ; . ARk
Ph, ARG AR A SR, R BT S NS A HUR  n] TG B 5 S K 35073 1T il /D A1 S o
X I ) ) DR AR SR DI 52 Ay AR T LA o ¥ TR )2 2R 0 T 4 0 S B O Y s AR
FHIEXIHUA A TR RO — 2 B D8 A R A o AR, M BT LSS & R TR N B R
A 1, Y085 L BRI 58 B2 K11 3 75 0 38 17, Dl AR Mo R 14047 5 T R e F) SOk o 2k At S B 4
AR AR S IR A B b B AN 2R fe R R TR BB A o B R T 5 rh R L S A ) 4 I BIL
TE T HHAT JRBCREEHE L AR 32 S PR o A A1, b R FRb 5 6y B B P A 6 1 8, B ASHE A I R 26, 2
ARG LY. 5REE TG AU T 8E S ERR Y, Wi O B, e
AORPEAN A A5, ARKRE B B4 A 1 ORI B R A A OIS E], BB . MU BRI iR
IR WA IFARAE , X N R R B ANIE L 28 2 S O T RSN, AN 1) B R BV S P iR 5 5¢
Ji AR B U P TR O B R B — PR, WY, RREREE, BIRTHA,
FATERET AR, RIS AL S, X7 B HEATIR AT T HMPG)Y, RS ZEE SR
B, MEREH, OHIPEELES TR B, KB R EMPNEREOR .

B A8 TR it T v S A e P PR A L 5 i D % 5 B

BB, ¥R, T, R
Bl —ARER

H: oM | & R sm ey B 2otk v b 4 s iy s R A 2 P R

Dy SRR R AT B E T BT I R A R R A L, ARHERTOG S il 2 7
HEAT SRR A s 0 439, A R A < TSR = 11 R PRAL IR RS R RN e 22 5, B
I RORMI R PER . AR . BRI RAEEC. KPSIESr . IR . FA . fby7; FE2AVERMUEMU
PTVIEFR . PTVERIE . AU & . B8 Dmax . BT8R0 . IR . W . B Mk
V5. V10, V20, V30, V40P,

G L118BIERFH 2tk MR MO FEOBE | 18 . TEE . TEE4R5 M70.33% . 16.10% .
12.71% . 13.56%. 2. W20 EH PRI . 2B )7 ImR N R 2R A G E L (P 0.05) o 3. M
HEBHWPTVIEHE . BIEV20. JE V2055852 A g (P (0.05) .

G50 AR AR A MR A B e A R, e PR R R VDO I IR A I L[R2k
MR, RIS G A B V20 R V2052 £ .

=

- 178 -



FEZHR e A e N SN R e >

The utilization of multi—site segmented image—guided

TomoTherapy in continuous long—target volume

Taotao Zhang,Jun Li,Wei Hua
T A AR ERE

The TomoTherapy system is capable of achieving highly precise dose distributions, which is attributed to
its unique spiral tomotherapy technology. This technology can produce dose distributions that match the shape
of the tumor, allowing for precise irradiation of the tumor tissue while maximizing the protection of surrounding
normal tissues. TomoTherapy is able to treat tumors of various complex shapes and locations, including large or
elongated tumors. This treatment method is particularly suitable for complex cases that are difficult to achieve with
conventional radiotherapy, such as nasopharyngeal cancer, recurrent nasopharyngeal cancer, lung cancer, and
pleural mesothelioma. Due to the wide treatment range of the TomoTherapy system, the treatment range per setup
can reach a diameter volume of 150 em x 60 cm, giving it a significant advantage in treating large—scale and
multifocal metastatic tumors. However, in actual radiotherapy scenarios, continuous long—target volume, especially
those across different body regions, may encounter significant differences in image guidance registration between
the upper and lower regions. This is primarily due to the physiological structure of the human body, which results in
poor reproducibility of body position across different regions. This study preliminarily verifies the spiral tomotherapy
radiotherapy for continuous long target areas based on a model, with a focus on dose control and other dosimetric

studies at the segmentation points.

Molecular mechanism of WWOX inhibiting the
development of esophageal cancer by inhibiting Hippo
signaling pathway

Qiang Wang,aonan Du, & Yuan
A3 Y9 B B2 AT A

With the emergence of combined surgical treatments, complemented by radiotherapy and chemotherapy,
survival rates for esophageal cancer patients have improved, but the overall five—year survival rate remains
low. Therefore, there is an urgent need for further research into the pathogenesis of esophageal cancer and the
development of effective prevention, diagnosis, and treatment methods. We initially utilized the GeneCards and
DisGeNET databases to identify the esophageal cancer-associated gene WWOX. Subsequently, we employed
RT-PCR and WB to investigate the differential expression of WWOX in HEEC and various ESCC cell lines. We
further evaluated alterations in cell proliferation, migration and apoptosis via CCK8 and clonal formation, Transwell

assays and flow cytometry. Additionally, we investigated changes in protein expressions related to the Hippo
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signaling pathway (YAP/TEAD) through RT-PCR and WB. Lastly, to further elucidate the regulatory mechanism
of WWOX in ESCC, we performed exogenous YAP rescue experiments in ESCC cells with WWOX overexpression
to investigate the alterations in apoptosis and proliferation. Results indicated that the expression of WWOX in
ESCC was significantly downregulated. Subsequently, upon overexpression of WWOX, ESCC cell proliferation
and migration decreased, while apoptosis increased. Additionally, the expression of YAP and TEAD were reduced.
However, the sustained overexpression of Y AP attenuated the inhibitory effects of WWOX on ESCC cell malignancy.
In conclusion, WWOX exerts inhibitory effects on the proliferation and migration of ESCC and promotes apoptosis
by suppressing the Hippo signaling pathway. These findings highlight the potential of WWOX as a novel target for

the diagnosis and treatment of esophageal cancer.
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CR. PR. SDMPDRYLLBI N 17.4% (8/46) 513.5% (7/52) | 58.7% (27/46 ) 553.8% (28/52) .
10.9% (5/46) 515.4% (8/52) . 13.0% (6/46 ) 517.3% (9/52) ; PZLORRS5M76.1% (35/46 )
567.3% (35/52) ; LCRAM14986.9% (40/46) 578.8% (41/52) ; PG %25 (P=0.798) .
SRT4 5SRSA #61 J LCRAF 31 493.0%H194.6% 5 121 FH LCRZ> 310 88.3% F183.9% ; Wit L4 it2%
25 (P=0.689) . FTA B MAIAJRIGEE (HrA&diht ) TESRTZH FMISRSH 43 1°054.3% (25/46 ) Fi
46.2% (24/52) . HE W HISRTESRSHATHRIAIT 1Y LR LESRTL S SRSHL 43 711°880.0% (20/25 ) F
87.5% (21/24) . WA BER ALY 1164, HPSRTZH }10.81 1, SRSZH M12.71MH,
TGt 25 (P=0.129) . RHEREHHER (£2)  WABBETEL ~ 38 (P=0.001) | X EARREE
/N (P=0.001) . GPA W53%em (P=0.005) . 1 RGNS (P=0.001) KA7 DUARER G H
(P=0.001) MBEAEKNYSAEFAY . ZHRESP R BTG AEN EZRRE: MR H >3
(P=0.026) . GPA PP/ A% (P=0.035) MB&A RGUATTAR DUEER BTN 3 PIZL R 2R )
I3 1) K AR SR DU B St 2422 5

451 SRTHSRSEPRIRITES MR A R0, REiaTT Rt ) B A AT BE 252 i
A LR 22—
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FEZHR e A e N SN R e >

KT TR B0 £ A Wl by v B 4 T 50

RAGFH, BE, KK, BHRE. HkE. IKE. Lk
EEZBTHEAREREZBATIBER

Hi: @ B G B0k, FIREE R T I SR T Jaa s, BRI RIS e

i i GEOFHE FE N 4 B A 32 W i B Ay 7 28 35 (GSE45670) M B 45 i A E B B 45 R A
ZGSE111011,GSE130078) 13 [t B Bdis 2181, SR FHGEO2R 5 £ 45 W X by 7 Uk S ikt i 22
SFGRHEN | B AIE R B RSP Y 22 RS, 622 I S B SRR O EESE N . 43 ]
Xif 2 SR ARSI AT B AT o FIFISTRINGEE FEM R I BAER 4%, 454 Cytoscape f L3
PEPERLE ik B Fe e B ) ERRE R, R FH Kaplan Meier B0 22 23081 SR80 R S48 W is R B TUE R ¢
3

50 TEGEO RIS GSE45670:8 i Al A 75440 25 3k I 5 & 8 i b r IR A oG, B iie S
IR SR LG 58,2303 N 22 AL N . LR AT VA 114 SRR 5 848 W & A Ty SUsdE s/ 6
LS S 5 (0 AR ) 2 B R R o AR A AR A S T A A . R UK . AT R AR fE . %
W12 E 5. PP 6 ERIEN, E—E7E 0%, EPHB2-HMGATE MR 41415 %
ik, HBUSHEF(P<0.05).

45 FIRAWE B kR AU A i R0 8ds . S8 ik i & AR R 2 IR 2 5
MIEER, O TR B R U SURM A DR AR L R

NFERE 5 OF D IRERRk /A7 0 bR e Y
IS JI S E AR 2 Zrpol B PEDESE

Lok, xiEgE. FF. R, SEE KRG FUW. TR KRB FXE
ERBTE AREREZETIEER

e R A8 12 T 2 A P8 7 DL R R, 1 T R el A o i DL T T RV 5 i R
BRI R0 NI A O BRI R AR R3-4%, AMEA YUY AN Z, HCCHE
B IE R, T E AT O R O AR UL . R T R S B AL RS | R FE SO I I T A
B, WU RAER 25, PR LONH . BT ARG T REA AL, (HF ARG K& 0 KB & -
FEAMETE R, FRATIZ ot [RBU: 3 M 1 I FH NI ) ST AASE 1) O 7 A0 Mg 6 9 F s ik A O s e
(I R 7288

Jride: B TLE s ws TR B e, B8 L S BANEERE, | AR AR B B B3~ )
Huts, T 18974232 MM TINEY Y e /s . Jrh, 1048 88 (5.5% ) B2 Wi -9 1 T e i/
Frb R . T8RN T KA (4.1% ) FN26M61 (1.4% ) JEAe R TR B kA4 0 5 o
S 7SB A BT ok, o R i E bR B ST, T s ERIKONAT O s e iR 18 A
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LB EFAS T RIS ST FEARA BEXHE

HJ] (SGS-TRL ) SRt~ A48 [ HUFNAYT o 42944 & TS XA B AS 460 88 130 X AL FEJ 44
SRk kL. BER3 ~ 4Gy, BRI, BFE 30 ~48Gy ( FFIE A38Cy ) o

gEIRL. 1748 (22.7%) BPEASEATER (CR) , 5548 (73.3%) st (PR) , 34 HE
(4.0% ) JE1ERaE (SD) JBEAPRE (PD) EHl. 1. 2F34E BAAFR 5 138.7% (29/75) | 13.3%
(10/75) F15.3% (4/75) o FAAEFEHIR10H o IVCHFITVC+RAZ AYE-2 2 A2 E]) 4351 4138 + 1151
11.6 2.5 H, PIHIVEFREA BE2ES (P=0.205) . Logrank# 46 /R, AfERAK A K Z AL 3E T2
&SP Child-Pugh B, AFP=400p /L, FFNZ R VEMR, ZLAbERS, AU R oy 8 X R A P 45 341
# (BED) <55 Gy,

S50 NI TS AAE 10 R R RE R AR R S OT T SR INK AT O R A ROR A B R T
B MoRERan &, TSR FEFIk, WRCARIEEA.O5, MFIIAT G R F AL

DR 52 5 Bk 5 2L PRI AS s il W A9 Y 1y s e 4%

R, REER, FRE. Lhes. BB
M T EH—ARER

<o

—. —BBOR

BFE, B, 67 %, W OCHMBSRXMRE AR ABt. B 1L ATTCHL R BN O T R i
WRIXPI, ABA— BB RANY, BT HIRPUERBCRAME, J5 2 PR Bef T IR C T4+ 156
e AIBHRIARRNTC, HABEALY, WEXERIEIEERALE, 2Bk EE R . LR
IR MR, THAIATY, BORKAE, J5 TBESIS TR EE DI, RIULHRSSE MY . Ak
E—2ih, BEREEAS . U TR WA B, R EE IR | IR IER, K/MEIER, AHITH
TR BECEMAE, RO . IR ORI G S, RINE
KOG TR, DAL R TOR R A A MRS IR, "l S “XSEE™ /N, Tt i
hE, e, TSR, TE, RIRR.

. KA

ABEIE T 2023 4F 45 12 AN R . A OEIROKED . KB A ISR AR SR Rl P - 3
HUERH S N T 38

BN LRSE-Silli2 )

ARHTHSE B F AR S B, IFE SN2 R, NERAh PRI . IR M B 2 55112
Wids 24 A B IR AR A L S A R A S 2 0 TS AT ER PG . U R IR
AW BEIRAE . RIS R po R S LAY, 8 DL B A T B 25 MR IR SN B o IR
FENEHR IR PAK . PEA, AT REMEREAR PFT AN o IEBRIR LA 58 . LA 1 Jr g Al A g (A
R mBAR ) SR E A5, WAl AR REURMR X ek, BEARA . IR SE N LA, TRESE
IS DX S Jey B A K A, A B o IR ARE - A0 d RPN R o RS R g G Rt
NS B i Y e 0 T O 3 T R N WA O 7 P (| R G N T N T
WRIAF o GhHARHPN : MZLBORAE . THREFEAESE, AT RES IR X IR . 25 PERE AR R .
sezhy CInAREEIASE ) TRES EEISIRIM R . (BRSO . Wi . B EiBas, T AE S ZUI IR X I
k. W ORI, BSKEEAR SR

M. a7
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FEZHR e A e N SN R e >

BHT2023-04- 182K FAT “ANRIRIXIPITIBRAR” , ARJSHIE: HEZSG b s K% I8N AL
FER IS AN AR, AR ZE . S100 (+) , CD68 (+) , CD56 (+) , p53 (¥5+) .S0X 10 (+) ,
Ki-67 (+60% ) , AE1/3 (-) , HMB-45 (-) , TTF-1 (-) , Napsin A (=), CD21 (-) , CK 8/18
(=), LCA (=), CD163 (=) ,CD34 (-) , Melan A (=) , PRAME (-) , Langerin (=) , CDla
(=), CD35(-), CK7 (=), CK20 (=), Villin (=) . RJF52023-4-275¢3#PETCT, /R4 NEAR
XAIVIBRA S, AR FDG AR R G & (BI1A ), SRk gs FDG ARHE & (El1B) , Af
TFE IR A BRI D S5 R 4 . HEBRZE R, 2023-5-8 FLUHOY, i1X%]: PTVI 70Gy/35f, PTV2
54Gy/27f, 2023-5-13%2023-10-9F LACHOP 7 RIG9 7651,

T IRITER L BV IR

BEREWE N, RIGITHALTT, #ZE2023-10-9C4kyr6ffi, A7 IR 2 A AR AR A B R e
g (K2,3) , JEE BT PHARETE Fie (Bl —IRE A NE2024-6 ) , BFRURAE, ATIER HE
A

HMGB1/TREM2 1E i 55 il i3 P8 1 TLR4/ Aktf5 %5
10 355 50 20y T o ) AN ML s Y H M O € kAR 1) K ié

BRE
MERXFHEBER

H A AHEGE A B [ 3204 8 A% i S oA 358 v 1oy 8045 A b Ko, = 0 i o o) e 4
(GBM ) 4fiff i R A fffih & 22442 (TREM2) 933k, WFSCIHITREM2XT GBMACT F e iRy T L
YRR SRR B

Jide (1) #SE T HOTHGTHEFMTREM2ES & i IRAGBMAIME R . (2) RAIRNAIY | 7 IE RS
55 . Western blot ., FHHK G2 W B S g6 A1 0o 2 2L THE SC 46 A5 5 A DU TR EM238 15 G BMUBC 7 ST A Hoie ik i
M EAARFHLE . (3) fiangiopep— 28 PRSI . 2R BEH KR A | Hefir 8 siTREM2 flspam 1/ GBM
YRR A= AR AR A ST, B R GBM/IN U DL SFAS 0 TREM2IB & 07 B S 167 At
GBM&EAR .  (4) RHZHERRETICH AR CBMA LA [ 1 75 G2 41 e 1=

459L: (1) TREM2i#@ 2 5DNATULIEE I 5 &iE B 11 (HMGBL ) JE BIE RS LAG K
WOGTLRA/ AR 538 %, MM 2EGBMET T HEPT RN gl ik iy kA=, (2) Wi 1 A Bom bl o
TP . T2 Sl o A ) 5 5] M 19 A2—CM=NP/siTREM2/spam 4 K0T, RS HOT B ie ity nl i 3
IHRIGBMAEK | BCEGBMATE BRI TS . (3) #PHIGBMAIMI F TREM2 Al g i A58 rh Th1 40 L fICD8+T
YU, D Th2 0 i A Treg ML AT , 175 M2 AL B W20 i e MRS AR Ak, ik 1 e g i 22
U1V 240 L R0 ) o

S5 F AN GBMANAE T B TREM2 1] I 2 M5 0T — iy T PG BMAR , S GBM R 2 4t
TEAEMIRYT RN
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KL SRNA LINCO00188il idme A& i LMP—1
e 33k BN fs2 2 5 FE A PLIIE o8

THRAEFER

HAY: EBREEFEBNLF 140 i fUEBVIEIR I E 11 (LMP-1) 2R B (KRR mBE N, EIE ke
T2 R AR E ] . ASCUAIne RNASH YA ST, FRIEKEEAERIIRNA LINCOO188H 45 LMP- 1€ i
BRI 0 AL

D5 R IR FAAR2000% 4L LV -LINCO01887E EBV + &4 M 8 21 il £k C666— 1 FIEBV -+ MK 48 41 i bk CNE-
274 FIHLINCOO 1881 IA 5 W AR H A M S Mg S8 2 i 2H 2 3 55 AN AR 5 A% 1 5 il i R0 35 98 2H 2408815
MeRIP—qPCREGIMImO AMEMi /K5 qRT-PCRAGIN 4 MI FIZHZLFP LINCOO 188 1Y 75 7KF-; Transwell/NE K5
N S A 98 A IR PE AR 28R 0 5 RIPSEI A BE IR MRS RNA LINCOO188 5 METTL3 8 45 & 1& L ; RNA
pull—down S EAG A% A J FBRNA LINCO0188 5 LMP-1 mRNA 254150

G50 BHEEHSEEA (EBV+, LMP-1+) FHIESE, LMP-1 mRNAfFAEMOAMEM, Sl b %8
BHFMHLIHLMP-1 mRNA moABIIAKCFA ARG B E B E T KAEEIEZIIRNA LINCOO1887E A i
AP R E R, ST, N R IEADE; S FRIBLINCO01 881 5 £ M 4 i 1 i AL PR 28 RR 15 K
BEIEZRASRNA LINCOO1887E S MR 41 41 S LMP- 1A S IEA G ; 14 FIALINCO0188)5, MeRIP-qPCR
K25 5 B 7R FIRLINCO018826 ik Al i3 FIHLMP-1 m6AMEMMiIKE . E—4, #F9% R KaEIE gAY RNA
LINCO0188 5 LMP-1 mRNA MZ54, AWE R 2=t R KEEIE4SRNA LINCO01884 21~ LMP-1 mRNA
WTEZS A X3, RIPAIRNA pull-downSZHESE, KAEIEFAGRNA LINCOO188 SMETTL34 & &l &k
METTL3)5, LMP-1f3ik %3 Ei; RIPAIRNA pull-downZ R /R, METTL35LMP-1 mRNA #1454 ;
I FIAMETTL3)G, LMP-1 mRNAKIm6AMBHi K- Ak K g T, —4, i FIAMETTL3)S S0
T Co66— 1AL 1T A4 R 22 68 ) 1 B 3o s FRRCs s R T~ WMETTL3 1) 335 nl T 1 %K LINCO0188 f5
XTLMP-122 3K 1 _L A E - FIme ABAVE R o

458 KEEESTRNA LINCOO 188 SRRl 4 S5 Th iy, iE FRIBLINCOO188 R 444 5t S A i 1 1
PEFZZERE 1 . KBEIRZMILRNA LINCO0188 5 LMP- 13k /K2 IEAH G, i3 FIALINCO0188 1] FiHLMP-1
Hyeik . FE—H9E & PILMP-1 mRNATE/EM6AEH, METTL3 R 5LMP-14547f FIHLMP-1 m6 A& ik
o, R FRIKMETTL33 i S 0 95 4 ) B P AR 2808 ) o i — 2P S8R SELINCO0 188 ] S5 4E 48 METTL3
XFLMP-1 mRNARImOAEH . 27 FFTiR, LINCOO188IE 3 ZL4E 48 E METTL3J## LMP-1 m6AB1fifie it &0

TR
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FEZHR LA B A = RS 6 T R A

% RNFEFS B Y WK A & B el iR ¥ I e e 4+
Iy g

RL;
o T B

B 72 RN R TIOTER G & 5 2 JE [ G YT G e dERHR 7T 0

D7k VRO 2T B BE PR 20212023 2 K NG R 1], T 22 0 kk 2R HLEB BRI
BUMIRBIRIT 5 4k T R PELERHIRIT o 2 R INEE AR IR T, A g 16431, *SI]B(E\”&ESWO 91N
AT S HOT RS B T B . 2 R IR AR RT3 AL . BT A S SR CT S R MR
ZRSEIGRNG, MERIRBI AL, Hd N T & TS 6], F Ao 7 A Rkt
GTVP35GY/10F,¥750.5CMIE B PTV, Z 3R 95%PTV 30GY/10F. K540k 6] ) 25 T4 i iy 730G Y/10F Ja &8
KL 240GY I6YT IR R4 T CBCTRL B 2 & o BT IR AT IO 00, 25 T IK el it
WIIBIR S 26T LAV R I 7 b AP N e 38 T R YR T P I A2 1 o AR A0 Y 8] 322 9 5 JE 10mg
qd* 14d BT LSRG 4-6 ST T RPE R AERHAYT , ARMAABT8H], B FIERPyal], Fraid 7%
EAERRRITOA LU L

ghE L. A R ) 5 RS TT RO X BR AL R U ER L CR (1), 3) , PR(4I, 7)), SD(5,
245y, PD2MHI, Ofl). ORR*% (41.67%, 83.33% ) , CR* (8.33%, 25% ) , PR% (33.33%,
58.33% ) iPFS@.3H, 9.9H). 1705621, 14.9H). ZFHALIT24E L P< 0.05. (WEA LS B ek
B IR AT S e AERHA YT AR T A R RO EEA EHOR . miiE. =77, BE ., Kk, ka2
S Sy i, AEEBNAH UL FAR RN, SEMEYTAHAN R B AL, ZR gty (P
> 0.05) . ARBFFAEA AN HA —E W R BR .

5 %kﬂu%*&ﬁﬁl{” WG 2 B SR [ IR T I e R ITIT 8, AR, SR kg
i, RIS, EAIE R

K] ﬂu%@, RK; WOT; RIERIT

LT} Ee 2 2] 4D —CBCTHE 1 W 2% 111l 79 ok 14

Habb . SLOTIE
A BRSNS ARER

HEY: ABFIEHRE T —Fh 35T Hosd ST IR BE 2 ) I 4% CLCG AN LAY/ D AD-CBCTH (1) £ B0 PR 52 RN
IECTAMC B, FT i s i oA

D5k FRATTIEHR 2001 Jag i g 309 I /N0 i g 8 34 94 D-CBCTANAD - CTREE XTI SRR B 22 ST AL, 1
BRI T AT L AR 22 B 8 IR . SBIE A T A 4D-CBCTRE IE 5 Y
4D-sCT. VAR HARBUNAD-CT R bR, ik SSIMAIPSNRAE b1 PFAL T A1 4 i 4D -s C TG BT i
FERHMERMAEFE #5%F EL AT T FE BICT(E . A TS R4 2U CTA 22, Wi, B A1 2m
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BOGEIX AT R AL, JEXTEE R IEAT G 0. N R R RS R, AT T
4D-CT,4D-CBCTAI4D-sCTHYFI A0 LA RGRI R T R 4558, FFPAA P L X (PTV), 220, Aifili, ABER5)
WA E RS, Ho, BT X ED98%, D%, AR D2% M iR H, 22l il
WS IE R V20Gy FIV S Gy A AR AR

2R IR E RIS R R, 4D-sCTHYSSIMAIPSNR > 41 H187%#1117.18dBHE T13198% F124.91dB,
HAKCTE IMEFMAEH H —116.70F1220. 29K 33.20H170.76 . £33t SUMG S, FoAi T2 BLTA B4 T+
FEARZE R A G228 L (P<0.01) o X FRFEMSHERIX, CLCCGANTER . - R4 LUK 52 J7 i #R
HBERTE, 54D-CTHY2Z S48 % E XA 91 137.31., 183.15F150.6 /A% 5]66.28 . 62.91F143.72. It
4b, HCycleGANALL, CLCGANZESSIMAIPSNR 43l #& T+ T 1.1%#10.42%, HCLCGANZESSIMFIPSNR
FRRTHBEA SR L (P<0.01) o CLCGANZEMEFIMAE |43 HIF&A% 170.25813.39, Fefifi . B Ak
L 22 L 0 E B IR T 18.00, 20.94H15.7, MR E MEIEAG 45 R s, AL IE 5 B9 R i
TR BE WD, (A S gL, S AR SRS . R A R — 2 R
T 4D-sCT54D-CBCTHI EL A BT, CLCGANXTZN (V5Gy ) .« £Filili (V5Gy) . #ififi (V20Gy) |
PTV (D98% ) FIH#E (D2% ) HIFI IR, AR & 22 55051 b4 D-CBCTR#AR6.84% . 3.84% .
1.46% . 0.86%. 3.32%.

G518 AWFIE TSI e T CLCGAN A JCRAEfIAD-CBCTH A4 4D-sCTIIRE /1, fERIG TR, CT(H
DU AR R LI 2] T4 NI MR . ik, JEFCLCGANMLIE G Y4D-CBCTRI FH - ifidi i1 75 it
T

VA 8 S 2R 6 A6 Y0 g D0 i s T v b 4 o

TARKFWEER

HE: Baipibg S h TPz sl . R IRPE . B ina . pRic S mm S IRm N, o a M
HEE MR ERARRIE, ExacTracDynamic ( ETD ) f&—@CK R I AUEH AR 5X LG RIESE B A4S &
MR R BT R GE,  BE ST WE IO Y B TR HE BT I I A% LA S s 0 X R A A 8 2, {ELH ) g
IR T R B A S A /D LA SR 4G o ARBIFY 2 R TR R M DU R SR ET D B A AR 3 W D T i
T S g b R i e v A T A T

ik PEHL20234E9 H 2202443 H FEA BEIE 67 O M E I E R, AR EEAR
W FLARMMETDR BRSSO T , A B0ORIT IBEE 7 R BRZ, (AR T I BRI 73 W4
o X IRAL B SER IR R T F LR S ROCLRITTIERNL, SR FHETD XL AR KIE RGN — A58 L,
55 N CTRYE T B HAR A TR A R AR 25 . BRI FE R R T PR SO e fe , il
FHETD 4 B DD BB TR A HE o IRYT HTZERG B 122 SRR DX TS5 s AR 3R Wl 28 v 7 Fh i
Ak, RIT ARG FATXEAR SR . O (X)L Sk (YY) L 8 (Z) . D (Piteh ) | BETR
(Roll) . Jighs (Yaw) J5m) b 09%dEIT HbAL oM

550 AZH60 I ER IR 8 T 14720k, BRRIATRAAR A ek, Hirpr, XY 754K,
WSS T 718K . MELLHAEXFNZTT M) AR R ZE/ N TRTIRZE (P <0.05) o WEATEX < 050 cm, Y <
0.50 cm, Z < 0.50 emFIRoll < 1.00° o AR IR ZEREI Z TX L (P < 0.05) o IRFWENFNAYT
A WA B AR EAEY MIZIT ) AR5 5 (P < 0.05) , (BT 2K, 1M HPearsonfl M4y
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BERH TR EEFAS RIS RS T AL

Br s AR WA T S 10 eSS SRAE SR B RA BB AHCHE (r>0, P <0.001) o IBIFERE
WLEELE AN IRELAE NG D7 1) b A7 R 28 e 22 S BT ge 177 L (P> 0.05)

LG58 MR AR GO0 A B L D REX M SR B O AR A ARG, TR R O R AL R
JEHAEBE LA T7 1] o JEOGER B AR B b7 RRARET AR I 45 SR REACH Y S o JE L X
NEROLE B AL . (EARDIFERTETT TP TIN5 RN SEA T XEE R IRIE , IRy P I AR B AR S
NHERFLIX I A Fr it — P9, IR AR AR R i ml ATk

LT Res2Net /i N IRMR —C T & )y %

RN

Hi: MRYCTEUZ A REUSSCIE B B AN, DATIAE simh & G, X R RS BLAT 38 =F 5 i e
IR R R o X T S B TR R A R, Rl MR AT A SR S g L 3 il MR RS AT LA
Ty ELULHEAR S WO AR TG . PR E ESEANAT B B A R HE L EA TR B2 T, IR RE A SO A T
JHRE A X ) i, TR TGS I BB HIE . A B 7E 8 HIR es2Net 5 724 2 T 4 P9 MR FIC TP
A EA .

Tiidi: ARSCHEHS T —FP BT Res2Net MIMR 5 CTEUS R G U7, 1207 FFIESR LS . FRIERLG E A
FRIEE A = FZR R Horp, FRESE AR R S T Res2NetHE AL RAR U BUR I FRIE , X FI 7
PR WA AN R 2 AR B, JEsR N4 X 2 JUERRE R IR RE 1. B IERL S 2 T —4
FEF A RIEE B AA RNE , T i X AR B E YRR - I B2 R 25 S M, H TSN
Hb R R AR P A AR, DT B b (R BR R R rh i 4 {5 B N A SR G5 M RE . Jedm . SRR IE B
AZRHEEM 2T, BSOS ERUZA, A TR E R e E A AR, 1A, b T ARG
VR EUS SRR, FATME T 25 R AR R R AR R B K AR G B 2% eREICR I SRR AE S R R R AIE
ERER, I3 T T RS R A 1 i A 1 DR P

GERL: EMEEE R, PR ARG 7 VAR UG b S TV T 0 R, A e DX s A
TINAER . AR ER, EHEAEZ R LRI, Hrp PR | SR . FEM. 0
BRI N4.6771, 13.2055., 1.8663 ., 0.5176. XEEFEAREM, Tl (ke E 8 . g
WU EGh GRS S EM R, 256 EEME =4S, HDenseFuse, RFN-Nest, MSDNetZ5 45 4
SITAREL, TR RS EUS AR R T 2 ST A G R, RN S0 T OSSR R B %
&, TEAUBE T & M REAE b L35 HLA I B i

g5 PRI OTIL B MR S CTIEUG S 45 &k, mT LA E6ff i o7 g X 3l 5, s e
W RIS, T T S NS o M 0L X /)
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A0 PEG S5 AT 551 P M %
TSR BICBC TG 24 5

ET 6. pLuTHE
A EAR SR N  =ARER

F: FUR S R R R R m i ER , A& NT (adaptive radiotherapy, ART)BEHE H H 95
DR A3 IR BT RS ﬁ&%&ﬁg(organs at risk, OARS)*H”’E%WE(ChniCaI target volume, CTV)E’\J/EJ ps
ARTHEEAY—, HERTTEHLIN)Z $3H (cone—beam computed tomography, CBCT) 2 HHETT H 2 5 3k
HEEIR . AT B TETT R CBCTS 5 T U ARTHAT R0 2) | )5 v

Jrik s BPERFSE T 6052 O B A I AR FLAR G FLIE B 2, JWlicEE T 60BIPCTIEEA3300135
Jr it AR ORAEMICBCTIENE . XVIRGR AP M08 A, SRAE M FLIRIE CBCT IS 2 78 F AU i) X6t )
PR AT T — BRI PSS 1 AT 55 B 2 2 NS (uncertainty guided multi-task semi-
supervised network, UGMNet ) , SCIRH /D bR Bl BT CBCTIEIG T B 8, DIk e i 7e
FEAE R BCHEB R DR 22 R RO SR N B AR TE AR )8, ZKHESE )y — A =AT S5 AT 55 M4, s
P EAR I B EME S5 M— D AF SR AR 55 . DAL B A e P 98T, AR 55 N — Bk
SEARUB A AR IO, 55— A S T B e MR, FRATT I I A i PSR L LR 2T A
FAH E PR A TSR AR B8 TR AR A -5 B B [0 0 43 52 190 285 LI P 5030 1) X SRR IR 2 SR A
NFPIEEAE R o FH20% M bR IC K AR B AR TR X UGMNet# A TYI 2R 5.2 LA #IBAY (Ours—
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)i, DSCA35I2 073, 0.72, 0.77. 0.80710.80.

S5 IR BRI D AR ICEEE SE I T CBCTS 5 FARTI AR A |, FER A e e T
CBCTEH&CTVHIOARs Y /3 HIKGRE o

- 188 -



HERE TR EEFAS RIS RS T AL

KEFR IS g S FIRIESE ARG SR
UL 5 b EL 25 5 R

fkie | fBrHE
A BRSNS ARER

Hi: RETVEFRBIME TS (Axillary Lymph Node, ALN ) FERR A0 T LI B3 HVAT T UL
FHUS AL A EEE L, AR BRI EA TR AMANEREIIGS FIRESS | R4 AR IR
RO Y 2 RO R ARl S BICBAM_CNN_RC, F T AR BN FLIRE B ALNFRRAS

Jid: R HIEA T s ER RS =W E BB (T NRERE ) 201841 H 22021
SE12 ] A SR 323 B FLRR R FR . JT R IR T . 3 LLBIRENLR 20 Rl (22610 ) FIR2H (97
) o Eoe, MG KaH Bk B s ry A EHR E 3 SR FHVGG16.. VGG19, InceptionV3, Xception
FDenseNet201 T SLLE TR I 2 I BRI 0N, 326 USSR e A Y LR AR RN R i T I 45, 3 Uy
R 23 (8] 03 38 A 5 T A B FR B v & 1A ( Convolutional Block Attention Module, CBAM ) , I3k
B 3 388 5 TR AR . AR5, 2 BRI B 75 A RAAR A A 4AE . F I Mann—Whitney UKZSG |
BEALDRMGE IHIHBR . S/ N XTI A B — DR AR P AR L i . Y2 IR S HT K
e AR IRAFAE o fofe , KRR 15 5 TR BERRIE . SR AL A hn 2R M0 (00 I PRAFAE A U i
A28, WL RERHMER A A, RAZIAE TAERHEMZ T HF (Areas Under Curve,
AUC) | MERGRE . BUSE | RRSRE . PHEFOI(E AN B FO00(E S 28 P F A0 R 78 0 Ak A AR (1% Tl
AE, R HIRHEM LA IR A AHERE T, D itk 3 B FH R PP AR AR AL A ek R 52 A o

55 RN, DenseNet2017E FLANEEL R 22 ST AU PR B L, AUCZH0.771[95%C1:0.723~
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Development of the BNCT treatment planning
functions based on MCX

Wen Shang,Wei Song,Chunying Li,Dahai Yu

Jiangsu Province Hospital of Chinese Medicine

In the Boron Neutron Capture Therapy process, a suitable treatment planning system is crucial for dose
calculation and plan specification. Based on the in—house Monte Carlo neutron—photon transport software MCX,
this research has developed the special functions for treatment planning. The software includes native support for
the DICOM protocol through the introduction of DCMTK, automatic 3D voxelization modeling of phantom files, and
automatic data post—processing and evaluation, such as dose volume histogram (DVH) generation. MCX can now
complete the formulation and verification of the BNCT treatment plans in a standardized manner.

A numerical experiment was developed for a specific patient case in this research. A three—dimensional
voxelization model of the head was build based on the Hounsfield Unit (HU) values extracted from the patient’ s
CT image. The number of voxel grids reaches to 28835840. Slices of the CT images and the cross—sections of the
calculation model at two typical locations are selected and displayed. Slice 49 can show a complex human structure,
and slice 85 is the largest cross—section of the patient’ s tumor. The source heam of the therapy case has a single
direction from top to bottom, with Sem diameter. The energy spectrum consists of three components: 10% thermal
neutrons, 89% epithermal neutrons and 1% fast neutrons, with each component following a typical 1/E spectrum.
The case is running under 2048 batches on a 64—core computer, each batch has 1 x 105 particles, with a total of 200
million particles.

The calculation completed with only 24 minutes with the tally results of the three—dimensional dose
distribution of the entire model. Based on the results, we analyzed the neutron dose, photon dose, and their relative
standard deviation (RSD), and also compared the RSD of the neutron dose at different slices. For slice85, RSD of the
calculated results is no more than 10% in 87% of the voxel grids and no more than 20% in 98% of the voxel grids.
For slice49, RSD of its calculated results was no more than 10% in 63% of the voxel grids and no more than 20% in
89% of the grids. Further, for entire 3D voxel model, RSD of the calculated results is no more than 10% in 52% of
the voxel grids and no more than 20% in 83% of the voxel grids. It shows that the reliability of MCX is enough, and
the performance of complex human body structures in deep depth is also excellent. The above results demonstrate
that MCX can perform BNCT dose calculation accurately and efficiently, confirming its feasibility in solving
radiotherapy dose—related challenges. Further verification will be conducted with additional numerical examples as

part of ongoing development and functionality improvements.
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Development and validation of a prognostic nomogram
in patients aged = 65 years with stage I-II non—small
cell lung cancer treated with SBRT

Xiaogin Ji',Xiangdong Sun’
LIHRBEARER; 2 £3FERREER

OBJECTIVES: This study aims to discern the efficacy and toxicity of stereotactic body radiotherapy (SBRT) in
the elderly cohort with stage I-I1 NSCLC, and establish a prognostic nomogram for these patients. METHODS: 142
patients (age =65 years) with clinically stage I-II NSCLC treated with SBRT from 2009 to 2020 were enrolled in

the study. Primary end points included overall survival (OS), progression free survival (PFS), cumulative incidences
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of local failure (LF), regional failure (RF), and distant failure (DF) and toxicity. A nomogram OS was developed and
validated internally using one thousand bootstrap resamplings. RESULTS: The median time to LF, RF and DF were
22.1 months, 26.9 months and 24.1 months, respectively. The 1-, 3— and 5—year PFS rates from the start of SBRT
were 79.4%, 53.1% and 38.9%, respectively. Performance status, pre—SBRT platelet to lymphocyte ratio (PLR),
and planning tumor volume (PTV) were predictive of PFS. The 1-, 3— and 5—year OS rates from the start of SBRT
were 90. 8%, 67.9% and 47.6%, respectively. In multivariate analysis, good performance status, a low level of pre—
SBRT PLR, and small tumor size were associated with better prognosis, all of which were included in the nomogram.
The model showed optimal discrimination, with a C—index of 0.651 and good calibration. The most common adverse
reactions were grade 1-2, such as anemia, cough, and fatigue. CONCLUSION: SBRT is a reasonable treatment
modality for early—stage NSCLC in elderly patients. It achieved good survival outcomes and low toxicity. The

proposed nomogram may be able to estimate individual outcomes for these patients.

A comparison of stereotactic radiation therapy in
elderly patients with central or peripheral stage I-II
(T1-3 NO MO0) non—small cell lung cancer

Xiaoqin Ji',Xiangdong Sun’
L HRAARER; 2. RRRREERR

Purpose: The objective of this study was to compare the clinical outcomes of stereotactic body radiation
therapy (SBRT) in elderly patients aged 65 or older with clinical stage I-1I non—small—cell lung cancer (NSCLC),
specifically examining the differences between centrally located lung tumors and peripherally located lung tumors.

Methods: From April 2009 to January 2020, a total of 136 patients with 136 tumors (65 central, 71 peripheral;
NSCLC) at an early stage (T1-3NOMO) were treated with SBRT at a single institution. Central/peripheral location
was assessed retrospectively on planning CT scans. A propensity score matching analysis was utilized to compare
the two groups. In addition, the prognosis and related toxicity were compared hetween the two study arms.

Results: A total of 33 central tumors and 33 peripheral tumors were matched and analyzed. The results showed
no significant differences in overall survival (OS) and progression—free survival (PFS) between the two groups. The
2—year OS was 71.88% (95% Cl, 57.87%—89.27%) in the central lung cancer group, while it was 93.94% (95%
CI, 86.14%-100.00%) in the peripheral lung cancer group (P=0.462). The 2—year PFS was 43.75% in the central
lung cancer group, while it was 78.79% in the peripheral lung cancer group (P=0.279). Further subgroup analysis
indicated that the location of the tumor did not have a positive impact on OS or PFS within all subgroups. The
occurrence of local failure, regional failure, or distant failure was comparable between central and peripheral tumors.
There was no statistically significant difference in toxicity between the central and the peripheral tumor groups.

Conclusion: The outcomes of SBRT for central tumors versus peripheral lung tumors in elderly patients with
early—stage NSCLC were similar. SBRT demonstrated a similar level of safety in terms of toxicity for both central

and peripheral lung tumors.
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Efficacy and prognostic factors of neoadjuvant
brachytherapy and surgery in cervical cancer patients
with large tumor size

xiujuan xu,cheng chen,jianhua ma,shunian jiang

Department of Radiation Oncology, Lianyungang No 2 People’ s Hospital

Purpose: The objective of this study is to identify the efficacy, side effects, and prognostic factors in stage
IB and ITA cervical cancer patients with tumor size ( >2cm ) after Neoadjuvant brachytherapy (NAB) +surgery.

Material and methods: From January, 2012 to December, 2016, 68 patients with stage stage IB and IIA cervical
cancer patients with tumor size ( >2cm ) were treated with radical hysterectomy after neoadjuvant brachytherapy
in our institution. The intermediate-risk recurrence was defined as at least two of intermediate—risk factors
(Iymphovascular space involvement (LLVSI), >1/3 stromal invasion (SI) and larger tumor size). Toxicity reactions were
recorded and the prognostic factors were identified with univariate and multivariate analysis.

Results: Of the included 68 cervical cancer patients, 10 patients (17.6%) presented pathological complete
response (pCR). 30patients (44.1%) received PPRT after surgery and 38 patients (55.9%) did not. All patients
completed treatment and no treatment-related deaths occurred, only one patient showed enteric fistula 3.5 years
after PPRT and underwent partial enterectomy. Intermediate—risk recurrence, lymph node involvement and/or
residual cervical cancer was associated with a poorer disease—free survival (DFS) and overall survival (OS).

Conclusion: Neoadjuvant brachytherapy in early cervical cancer with tumor size >2cm is well-tolerated and
effective in reduce tumor size in the cervix. Lager—sample and prospective clinical trial data are needed to support

the results.
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Predictive Value of Pretreatment Blood Biomarkers to
Neoadjuvant Chemoradiotherapy Response in Locally
Advanced Rectal Cancer

Haina Du,Xinliang Zhang,Zihan Lin,Xiaokang Tian
Nanjing Hospital of Chinese Medicine Affiliated to Nanjing University of Chinese Medicine

Purpose: Colorectal cancer (CRC) is the third most common cancer worldwide and the third leading cause
of cancer-related death. [1]. Rectal cancer accounts for about 30% of all CRC Unfortunately, about half of rectal
cancers are diagnosed as locally advanced stages. Neoadjuvant chemoradiotherapy (NCRT) is the standard
treatment for LARC, usually defined as tumor stage T3 or above or lymph node involvement. NCRT can be given
short—term radiotherapy alone or long—term radiotherapy combined with chemotherapy. Some patients can achieve
a pathological good response, even a pathological complete response (pCR) to NCRT, which results in a better
prognosis than patients with poor response. There aremany studies on the relationship between blood indicators and
pathological remission degree after NCRT for rectal cancer, but the results are inconsistent. To investigate the value
of pretreatment blood hiomarkers in predicting the pathological response of neoadjuvant chemoradiotherapy (NCRT)
for locally advanced rectal cancer (LARC), we conducted the retrospective study and meta—analysis to analyze the
present pieces of evidence as well as to make sure whether pretreatment blood biomarkers may help predict therapy
efficacy in rectal cancer patients with NCRT. If such biomarkers can predict NCRT efficacy, these biomarkers could
contribute to identifying and grouping patients and selecting those who are susceptible to NCRT.

Materials and Methods: Data from rectal cancer patients who received NCRT and radical surgery at Nanjing
Hospital of Traditional Chinese Medicine affiliated to Nanjing University of Chinese Medicine from January 2019 to
May 2022 were retrospectively analyzed. We enrolled 58 patients with rectal cancer, whose mean age was 60 years.
There were 40 males and 18 females. Exclusion criteria listed below: 1) 18-80 years old; 2) Rectal adenocarcinoma
was confirmed by pathology; 3) Stage Il (T3/T4; NOMO) or stage I1I (T1-4; N+ MO) were evaluated by imaging
evaluation (thoracoabdominal pelvic CT or pelvic MRI) before NCRT. 4) the distance between the anal margin by
colonoscopy was less than 12em. 5) PS scored was 0-2; 6). No previous history of a malignant tumor. Exclusion
criteria were as follows: 1) incomplete clinical data; 2) Incomplete neoadjuvant therapy or radical surgery. 3)
patients with clinical evidence of serious infection or other autoimmune diseases.4) Patients with distant metastasis
during radiotherapy and chemotherapy. 5) Emergency operation due to complications such as tumor obstruction
and perforation. All patients included in the study provided written informed consent before the study. This study
was critically reviewed and approved by the Institutional Review Board of Nanjing Hospital of Traditional Chinese
Medicine.

Results: A total of 58 patients who underwent long—course NCRT followed by TME were covered in our study,
including 40 males and 18 females. The hematologic parameters including the C—reactive protein (CRP), neutrophil,
platelet, lymphocyte, hemoglobin, leukocyte, monocyte, carbohydrate antigen 19-9 (CA199), carcinoembryonic
antigen (CEA), alpha fetal protein (AFP), carbohydrate antigen 125 (CA125), carbohydrate antigen 724 (CA724), the

relevant combination —— NLR and PLR were assessed between the two groups (Table 2). The mean neutrophil count,
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NLR, and CEA were meaningfully higher in the poor response group (P = 0.01, 0.02 and 0.02, respectively). The
level of leukocyte, PLR and CA199 were higher in the poor response group; On the contrary, the levels of AFP and
CA125 were higher in the good response group. However, none of these differences reached statistical significance.

High CEA and NLR was independently associated with worse response in the multivariate analysis (P=0.02
OR=1.09, 95%CI= 1.02-1.18; P=0.03, OR=1.78, 95%Cl= 1.05-3.04). The count of neutrophils was not assessed
given the multiple collinearity with NLR. In the receiver operating characteristic curve (ROC) analysis, the area
under the curve (AUC) for NLR and CEA were 0.745 (P =0.002) and 0.648 (P =0.057) for predicting tumor response.
ROC curve analysis showed that the cut—off values of NLR and CEA for predicting tumor response were 2.62 and
5.85, respectively. The sensitivity and specificity were 0.65 and 0.88 for NLR, 0.56 and 0.83 for CEA. In addition,
a total of 18 eligible studies, including 4,383 patients with rectal cancer, were included in the meta—analysis. We
found that meta—analyses reported similar results, with high levels of NLR significantly associated with a lower rate
of favorable pathological response (OR=1.91, 95% CI=1.55 - 2.35, P = 0.000).

Conclusions: Our study revealed that CEA levels were strikingly different between the good response group
and the poor response group (5.46 + 1.27 vs.12.48 +2.17; P=0.02). The optimal cutoff value of CEA is 5.85 ng/
ml, which can better screen rectal cancer patients with good response. A lot of studies have shown that there is a
certain correlation between pretreatment CEA level and pathological good response. Furthermore, we found no
significant correlation between pre—treatment serum CA19-9, AFP, CA724, and CA125 levels and pathological
responses to pretreatment NCRT in LARC patients. NLR is the major inflammatory markers. Our data suggest that
high levels of NLR before treatment are inversely associated with good response, with the AUC recorded at 0.70
(p = 0.01), the cut—off value recorded at 2.62. But conclusions on the relationship between pretreatment NLR and
tumor response to NCRT for rectal cancer are not clear, and the optimal predictive cut—off value is also inconsistent,
which needs further study. Additionally, in response to the positive results, we are the first to perform a meta—
analysis to investigate whether NLR is a useful predictor of pathological response in patients with LARC treated
with NCRT. Our meta—analysis come to the conclusion that a high NLR may be negatively related to good response
for rectal cancer patients after NCRT which was like the result of our retrospective analysis above. The mechanism
by which NLR level is associated with pathological response to NCRT in LARC is well worth further exploration.
In conclusion, our study demonstrated that higher CEA and NLR before treatment predicted a poorer pathologic
response to NCRT in patients with LARC.
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}91.049 ~3.385, P=0.042) , N/M¥ (HR=1.194, 95%CI41.111 ~2.004, P=0.045) FIALI ( HR=0.290,
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TS 6 8 5 N 5.644 £ 1.734 vs 8.852 + 1.204, Pl FHAGI#E X (P<0.05) ; W4
S5XTAMIL, BUTH6ME, 1L-643510 3.914 + .449 vs 10.478 + 1.415, 1L-1B 43%]°47.239 + 1.441
vs 16.019 + 1.437, TNF- o 435 }1.796 + 0.228 vs 3.087 + 0.405, W4 [H 2% 5 AAGH%E L (P
<0.05) o WELH X IRZ P B IRIT A3 . KPSTPAr M BMIAH L, WEESZH AR BE SR T X B2, W2 AH
b2 R A g R L (P<0.05)

e IR R A e TR D iR SRR, REASHEIRRTOMMY &4, R MR PRI ML 1K
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Integrated Data Mining, Network Pharmacology,
and Molecular Docking to reveal the Potential
Pharmacological Mechanism of Traditional Chinese
medicine in Treating Radiation—Induced Oral Mucositis

‘Wanxia Wang1,Lejun Chenz,Yijun Wangz,Xinyu Bian® Xin Gu’,
Maomao Liang',Zhongyuan Feng',Xiaogiang Ma',Dahai Yu®,Hong Lu’
1. The First Clinical Medical College of the Affiliated Hospital of Nanjing University of Chinese Medicine
2. Department of Radiotherapy, Affiliated Hospital of Nanjing University of Chinese Medicine

Objective: This study aimed to screen the core drug combinations for the treatment of radiation—induced oral
mucositis(RIOM) using data mining and predict the potential mechanism via network pharmacology and molecular
docking. Methods: Data mining was performed and a prescription database of RIOM was constructed by searching
the CNKI, Wanfang, and Pubmed databases; the core drug combinations for treating RIOM were screed out.
Subsequently, network pharmacology was conducted to identify the key targets and core compounds of the core drug
combinations in the treatment of RIOM, and the potential mechanisms were explored. The network pharmacology
results were preliminarily verified by molecular docking technology. Results: The results revealed that the
combination of Ophiopodium radix, Scutellariae radix, and Radix Rehmanniae (MD-HQ-SDH) had a strong
correlation. A total of 50 intersection targets were identified between MD-HQ—-SDH and RIOM through network
pharmacology. In addition, topological analysis screened 4 core compounds and 14 core targets. KEGG pathway
and GO function enrichment analyseis were performed based on DAVID the platform, revealing that wogonin,
baicalin, beta—sitosterol, and acacetin mainly acted on AKT1, TP53, and other core targets through 101 signaling
pathways such as IL-17, MAPK, TNF, etc. Moreover, 224 biological processes, including cell proliferation, cell
differentiation, and cell death, were found to play a therapeutic role. Finally, molecular docking verified the binding
of the major active components of MD-HQ-SDH to the core target sites. Conclusion: In summary, these findings
indicated that the therapeutic effect of RIOM was mainly mediated by multiple active components, acting on
multiple targets and multiple pathways. These findings provide a theoretical basis for the treatment of RIOM with

TCM and lay a foundation for the development and application of subsequent drugs.
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SO A K B AR A0 3 A G o Kaplan—Meier /701 7, LKB1 i 22 35 40 A~ 34 4= A7 300 R 324>
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S 8 (16 0%)F1 5 51(10. 9%), 25 IGE 2 7 3L (P= 0. 463):2 4LEH KA FUIRK I FIPIR 44 4 BIA 2
il 22 5 TG (P = 0. 752); DCRT 41F1 HOFRT 4 ZLARAHSCHIAA R W rp T RFLIRAL LR T 274
RA5A 2 (4. 0%,4. 3%), 255 TEEHH#7 X (P = 1. 000);2 4075 6 I~ H . 1 AFFLIREABURAE B %5 71
7 96. 0% 94. 0% 95. T%H 93. 4% 2R ICHI# 1 LB2 HAE 3 DA NAA 2 Gl K A= TCAER A
RAH 6 N H N 2 IR EA: 2 H LA F TP 58 KOttt (O NERR 3 @HOFRT 20 R0 i) 2y 29 d,
# CRT 20 40 d W45 RLGREVTIIIN 2 A TJCEE KA BETEF g 52 A 2 ol th B b % 75, CRT 41 1
WE%VHMRT@ﬁIW%%V

HIE %%ﬁ%ﬂﬁFéﬂﬁﬁ%?Afﬁﬁﬁﬁﬁgmfﬁ%ﬂﬁ%mfﬁ%WUMTEﬁ
ZiﬂiﬂﬁJLxﬁ,EiEﬁﬁiﬁﬁ%ﬂ(nJLHThﬂ7ﬂ34*ﬁ¥ﬁré§\ AR BRI RGO .
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iR TEFE AR S IR R, PALRFE TR Z | AR AR a2 R I X R A
(P<0.05) , TWifKT . HHE. W RS AZ BRI EICEE2ER (P>0.05) . 28] EE XA a
W EES (P>0.05) . ARBESRRNVSLERTREES (P>0.05) .
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A predictive model based on peripheral blood indicators
for the occurrence of irAEs in ESCC patients treated
with PD—1 inhibitors

Wanming Liu,Longzhen Zhang,Xin Ding
Department of Radiation Oncology, Aftiliated Hospital of Xuzhou Medical University, Xuzhou

Background The main objective of this study was to investigate the relationship between inflammation—related
markers in peripheral blood and the occurrence of immune—-related adverse events (irAEs). A clinical prediction
model was developed and validated in patients with esophageal squamous cell carcinoma (ESCC) receiving
immunotherapy.

Methods A total of 165 patients with stage III-IV ESCC who received at least one course of immunotherapy
between April 2018 and April 2022 were retrospectively selected. Baseline characteristics and adverse events were
assessed. The correlation between inflammation—related markers in peripheral blood and the occurrence of irAEs
was analyzed by logistic regression, and a nomogram prediction model for the occurrence of irAEs was developed
and validated using R language.

Result In patients with stage [II-1V ESCC received immunotherapy, baseline Systemic—immune—inflammation
index (SII), Prognostic nutritional index (PNI) and Fibrinogen to albumin ratio (FAR) may be potential predictors of

the occurrence of irAEs.
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CTH 5T 42 B il 2 il 6 G AB A P R Bkt o ARSI FR T B . A . IRa s . HEET B (i AT4E K
PHERREO) o BN/ MREA TR BT . BRRIE S . ERIARL . RETREIR . AR R AR ST PTNBA 5 S K
HR I/ ot CALHE AT P IR R ) R AR R 2 L G TR FHSPSS 26,058 M. THECFORER HIEL
it (E) Fon, RGOSR AR (DUMEL) FoR.  x 280 Tl 7248 (9 H 4, Mann-—
Whitney UK A 7. B RHA A LA, R JCLogistic[MIAMEA T 28l 5 B BT L AE ) s R 26 M 2
HZ T, AP <0.05 K22 54 Ge it 5 X

S 24701 B OGP ER AR IE20061 (81.0% ) , RMERARIL196] (7.7%) , ANBJEHE ARRAE 28
B (11.3% ) o AHRPESHT R . I & A S AT Ar . MRS MIBAAFAE AR G (PY<0.05) 5 kst
WH. TNATERIE RS . MR A . BN . BRI B AR DG (PY<<0.001) o HR I/ I A A A 5 R R
Jefa . WG . GO KRAREEAREME (P <0.05) 3 SEFEFREL. i ATAHIE RS . ikt e
WASE (PH¥<0.001) o BREZESNIER: ST SEEHRE. MiNATEN RS . MaRssde s . li=Obb . b
K PRREE I B 2 2 S SO FE B PR 225 BEET B, WA TEHBE RS . MRS Al . Bl . R . R
[UIRE L IR R AR 2 LI /o it P EE L2 M PR R . B Logistic B B /TP < 0.0SI R R A Z I &K
ST, ZHEZESHIEIR: TR (P =0.0003) | #EEFREL (P<0.0001) | iNATEHEEES (P=0.001) |
Wi ff (P=0.019) | i< (P<<0.0001) . BIREMEE (P=0.019) ZZERIE A fER R % HhET
UL (P=0.045) . BlAATEIERS (P=0.012) | MM (P=0.025) . MK (P =0.002) J& 24 i if/
W LA ST GRS R 25, AR AR (P =0.007 ) 22 A IM/ms I ek 7 AR4P PR 25

S5 FRASTROL . UEERRE. INATENEE RS . MRS . BRI . MR . B MIRE R CTS | 5 R il
SRR AR JE I | L/ L R B SR R 2%

Folic Acid Conjugated Chitosan—coated Gd20O3 as
Contrast Agent in Tumor—Targeted Magnetic Resonance

Zhipeng Suo'’,Zengtao Yang'
L EREMRFAYEF ITRFR; 2. 27BTHARER

Objective and Methods: Selective stimulation of tumor regions by activatable magnetic resonance imaging
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(MRI) contrast agents enables efficient and accurate cancer diagnosis. Chitosan—coated gadolinium oxide (Gd203)
was treated as a potential candidate for clinical use as gadolinium—based contrast agent for magnetic resonance
image (MRI). However, chitosan—coated Gd203 lacks active tumor—targeting imaging capabilities. To address the
issue, we proposed Gd203 coated with folate—conjugated chitosan to achieve the tumor—targeted MRI by using
a simple and efficient ionotropic gelation method. Results and Conclusions: The folate—conjugated chitosan (CS)
functionalized Gd203 (Gd203/CS@FA NPs) with a diameter of 47.79 = 8.51 nm has excellent dispersibility. The
particle size and zeta—potential were stable for 15 days. Cytotoxicity experiment showed that cell viability remained
above 85% after 24 hours at a concentration of ImM Gd. In vivo histopathological examination of the organs showed
no significant lesions. The relaxivity measurements results revealed T1 relaxivity (r1) of Gd203/CS@FA NPs is 6.88
mM-1s-1, about 2.5 times higher than that of Gd—=DTPA. In vitro Cell engulfment experiments showed a significant
increase in fluorescence brightness and intensity for folate—conjugated NPs compared to those without conjugation.
In vivo tumor imaging results demonstrated that the magnetic resonance signal intensity of folate—conjugated NPs
increased by 195.84%, which is 1.5 times higher than that of unconjugated folate NPs. Additionally, the brightness
distribution of Gd203/CS@FA NPs in the tumor region was more evenly distributed than that of unconjugated folate
NPs. Moreover, in vivo experiments showed that the multifunctional Gd203/CS@FA NPs undergo rapid metabolism.
Gd203/CS@FA NPs proposed exhibit good performance of biocompatibility, stability, tumor—targeting capability,

and T1-positive MR imaging, which could be more preferable for using as T1 tumor—targeted MR contrast agents.

ot %of 791 15 (1) B4k
S VMAT i R Portal Dosimetry ) &t 3 i [F) 53 i)
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o — BRI

H ) A5 B H - 12 X 550) e A A8 A X 8y 808 28 BRI SR IUB IR YT ( VMAT ) 11X Portal
Dosimetry ( PD ) 35 iE45 A5
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5 {E 109% 1) GammaZp BTS84, (I PDRRAASH S B 45 SIS [R) 246 6] 700 it A8 A 0 T BB 9 Gammadd 128
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Efficacy and Safety of Immune Checkpoint Inhibitors
Combined with Definitive Chemoradiotherapy in Locally
Advanced Unresectable Esophageal Squamous Cell Carcinoma

Yidan Hong,Lingling Gu,Yixin Li,Yinan Wu,Lijun Zhao,Yu Chen,
Zihao Zhu,Ning Jiang,Xiangzhi Zhu

Jiangsu Cancer Hospital

Background: Immune checkpoint inhibitors (ICIs) have been proven may enhance systemic antitumor
responses. However, their efficacy in treating locally advanced unresectable esophageal squamous cell carcinoma
(ESCC) remains unconfirmed by large—scale randomized clinical trials. We conducted a retrospective study to
determine whether concurrent immunotherapy improves outcomes of definitive chemoradiotherapy (dCRT) in
patients with stage Il = I[VA unresectable locally advanced ESCC.

Method: From Jan 2019 to Dec 2023, we retrospectively reviewed 1,025 patients with locally advanced,
unresectable, pathologically confirmed ESCC at Jiangsu Cancer Hospital. The primary inclusion criteria were:
age 18-75 years, having received definitive radiotherapy concurrently with at least one cycle of chemotherapy in
combination withs ICIs. Exclusion criteria included the second primary cancer and subsequent surgical treatment.
The progression—free survival (PFS), and overall survival (OS) were the primary endpoints. The study has been
approved by the ethics committee of Jiangsu Cancer Hospital.

Results: A total of 165 patients were enrolled, all of whom underwent efficacy and safety analyses. The median
age of the patients was 66 years (IQR 60 - 70). Among them, 133 patients (80.6%) were male, and 32 (19.4%) were
female.Additionally,163 patients (98.8%) had stage III or IVA disease, two stage 1l patients were ineligible for
surgical treatment due to the upper tumor location. At 3 months after the completion of radiotherapy, 163 patients
were included in the clinical response evaluation, as post—radiotherapy imaging follow—up data were missing for two
patients. Among the evaluated patients, 52 (32.7%) had a complete response, 63 (38.2%) had a partial response, 24
(14.5%) had stable disease, and 22 (13.3%) had progressive disease. After a median follow—up time of 15 months
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(IQR 9 - 25 months), the 1—year OS rate was 80.6%, and the 1—year PFS rate was 67.8%. The most common Grade
3 or higher adverse event was lymphopenia, occurring at a rate of 60%.
Conclusion: ICIs combined with definitive concurrent chemoradiotherapy showed promising efficacy in patients

with unresectable locally advanced ESCC.
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Revealing miRNA-mRNA regulatory pairs associated
with cervical cancer and functional analysis

Jun Ma,YuTing Jin
The atfiliated Hospital of Nanjing University of Chinese Medicine, Nanjing, Jiang Su210029

Purpose: Cervical cancer (CESC) has long been recognized as a significant menace to women’ s health. The
objective of this study was to identify potential miRNA and mRNA regulatory pairs and investigate the impact of
binary regulatory networks on the diagnosis and prognosis of cervical cancer.

Patients and methods: The gene expression dataset was obtained from the Gene Expression Omnibus (GEO)
and Cancer Genome Atlas (TCGA) databases, while differential expression miRNAs (DE-miRNAs) and differential
expression mRNAs (DE-mRNAs) were calculated and acquired using GEO2R online tool and R package (limma,
deseq2). To assess their significance, we utilized experimentally validated miRNA-mRNA interactions from
miRTarBase and TarBase. External validation was carried out in cervix tissue (including 30 cervical cancer tissue
vs.30 para—carcinoma tissue) by quantitative reverse transcription and polymerase chain reaction ((RT-PCR).
We used the Spearman’ s rank correlation for evaluating the association between DE-miRNAs and DE-mRNAs.
Furthermore, biological function assays were carried out to confirm the functionality of the identified miRNA—
mRNA network. The logistic regression model was employed to construct a predictive framework for microsatellite
state, while the performance of the model was assessed using receiver operating characteristic (ROC) curve and
Decision Curve Analysis (DCA). The phenotypes associated with specific features were identified for the purpose of

investigating underlying biological mechanisms.

Results: The experiment involved a total of 12 mRNA transcripts, 5 miRNA GEO datasets, and TCGA-CESC
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datasets. A list of 392 DE-mRNAs (86 down-regulated and 306 up-regulated) and 54 DE-miRNAs (42 down—
regulated and 12 up-regulated) was obtained. Following external validation, we identified hsa—miR-31-5p (up-
regulated in CESC) along with SLIT2 (down-regulated in CESC), as well as hsa—miR-205-5p (up-regulated in
CESC) together with PAM (down-regulated in CESC). ROC and DCA curves further demonstrated the robust
diagnostic performance of these regulatory factors for distinguishing disease groups from control groups. The
correlation analysis indicated that the upregulation of miRNA expression was associated with the regulation of early
tumor aggressiveness and tumor metabolism.

Conclusion: This study elucidates a binary regulatory network comprising miR-205-5p/PAM and miR-31-5p/
SLIT2, which exerts influence on the diagnosis and prognosis of cervical cancer. These findings offer a fresh outlook

for exploring the process of cervical cancer.
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TR, BERHEE T (Intensity—modulated radiation therapy, IMRT), IMRT FKHOMVX 4k 85T,
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A swintransformer—based automatic delineation of the
hippocampus by MRI in hippocampal sparing whole
brain radiotherapy

liang li
the Affiliated Hospital of Xuzhou Medical University

Introduction: The aim of this study was to develop and validate a deep learning—based automatic segmentation
model, named SwinHS, for hippocampus delineation in patients undergoing hippocampus—protected whole brain
radiotherapy, with the objective of enhancing workflow efficiency for clinicians.Methods: A total of 100 three—
dimensional T1-weighted MRI images were collected, with 70 cases allocated for training and 30 for testing.
Manual delineation of the hippocampus was performed according to RTOG0933 guidelines. The SwinHS model,
incorporating a 3D ELSA Transformer module and sSE CNN decoder, was trained and tested using these datasets. In
order to prove the effectiveness of SwinHS, this study compared the segmentation performance of SwinHS with V—net,
U-net, ResNet and VIT. Evaluation metrics included dice similarity coefficient (DSC), jaccard similarity coefficient
(JSC), and Hausdorff distance (HD). Dosimetric evaluation compared radiotherapy plans generated using automatic
segmentation (Plan AD) versus manual segmentation (Plan MD) of the hippocampus.

Results: SwinHS outperformed four advanced deep learning—based models, achieving average DSC of 0.894,
JSC of 0.817, and HD of 3.430mm. Dosimetric evaluation revealed that both Plan (AD) and Plan (MD) met treatment
plan constraints for the target volume (PTV). However, hippocampal Dmax in Plan (AD) was significantly higher
than in Plan (MD), approaching the 17Gy constraint limit. Nonetheless, there were no significant differences in
D100% or maximum doses to other critical structures between the two plans.

Conclusions: SwinHS demonstrated superior segmentation performance and significantly reduced delineation
time compared to manual delineation. While Plan (AD) met clinical requirements, caution should be exercised
regarding hippocampal Dmax. SwinHS offers a promising tool to enhance workflow efficiency and facilitate

hippocampal protection in radiotherapy planning for patients with brain metastases.
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TS 52 (A RIS, DR MM o A B K R P e 98 6 T e — A BT AR T iAo R AR B 307 (Pulsed
low—dose-rate radiotherapy, PLDR ) VEJ—BhEE%) & A i iRk iioy or =, AR C &g 2 0ot
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FORABEA B R0 i DTV G2 9 BRG] AR T0.4Gy, SEdE @ Ak fs . A IAAT G 5
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Dmax 3 IR T 2413.98%F119.28%.

2 EERINR PR S A B AE IIPLDRIAYY , MHIMRTH AR ATITHY, I B2 A5 13D-CRTH;
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ﬁi‘}%%Kiﬁ]gﬁﬂlgﬂ’fﬁﬁ(lntensity modulated radiation therapy, IMRT)jﬁIE’J%%(Sﬁ ), W IR IR B
BRI /P LR R AR T T RR Y PR SR PR 922 L B Delta ( FHEEF (Albumin, Alb) | IfL£1EE
I (Hemoglobin, Hb ) . W4/ R EL 4L ( Neutrophil to lymphocyte ratio, NLR ) | Ifil/]M /9 T2 41 fif
( Platelet to lymphocyte ratio, PLR ) . B RIETREL (Systemic immune—inflammation index, SIT ) . 2 &k
PNE R W TEEL ( Systemic inflammation response index, SIRI ) . IR E /AR A ( Lymphocyte to monocyte
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Delta(LYM)) . HAZ40H0725 4k ( Delta Monocyte, Delta(MONO) ) . Delta(Alb), Delta(Hb). Delta(NLR).
Delta(PLR). Delta(SIl), Delta(SIRI). Delta(LMR)) o i IX-tile /SRR & TR bR 1 e AE BB B, JF
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45 MEDIT ISR 1 B I -1V ABINPCR F L5509 7 T 34 PRSI TR AR, TEW] T RAEE 7745
PR XS NPCTUS (T E . HETA SN ZEEIAESGPES | Ak KU 43 J2 s A4 TR 7 R0
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Effects and Mechanisms of Fractionated Radiotherapy
Combined with CD47/PD—-L1 Inhibitors in the

Treatment of Esophageal Cancer

Xiaoli Lv'? Lili Wang',Songbing Qin',Yang Jiao
1. The First Affiliated Hospital of Soochow University; 2. Medical College of Soochow University

Purpose/Objective(s): This study aimed to assess the therapeutic efficacy and immune-related outcomes of
various fractionated radiotherapy protocols in the treatment of esophageal carcinoma. Furthermore, the study sought
to elucidate the synergistic mechanisms and therapeutic benefits of combining radiotherapy with CD47 and PD-L1
inhibitors.

Materials/Methods: Employing an esophageal cancer model derived from the AKR cell line in mice, we
examined the effects of single—dose 10 Gy, two doses of 6.18 Gy, and five doses of 3.1 Gy radiotherapy on tumor
reduction, monitoring post—treatment alterations in body mass, tumor dimensions, and hematological profiles.
Serum levels of IFN— vy were quantified via ELISA, while flow cytometric analysis provided insights into tumor
immunological infiltrates. Co—cultures of esophageal cancer cells with Peripheral Blood Mononuclear Cells (PBMCs)
facilitated the investigation of immune response mechanisms in vitro. Advanced mechanistic studies incorporated
10x genomics single—cell sequencing and Western blot analyses to explore the cGAS—-STING signaling pathway and
ISG15 expression. The interaction between ISG15 and IRF-3 was further examined using co—immunoprecipitation
assays, and the specific binding sites were identified via the CRISPR-Cas9 system.

Results: The fractionated radiotherapy regimen of 2 X 6.18 Gy demonstrated the most significant tumor
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volume reduction, whereas the 5 x 3.1 Gy regimen was associated with considerable weight loss, indicating higher
toxicity. All radiotherapy protocols activated immune responses, as evidenced by increased serum IFN-y levels
and enhanced tumor immune cell infiltration, with the 2 x 6.18 Gy regimen showing the most pronounced immune
engagement. The combination of radiotherapy with CD47 and PD-L1 inhibitors significantly improved both
therapeutic and immune responses compared to monotherapy, suggesting a synergistic effect. This combination
therapy effectively countered the irradiation—induced upregulation of CD47 and PD-L1, thereby mitigating immune
evasion. Moreover, the activation of the cGAS-STING pathway was markedly enhanced in the combined treatment
group in both tumor cells and PBMCs. A significant decrease in ISG15 expression within T cells post—treatment,
confirmed through CRISPR-Cas9 experiments, suggested that modulation of the cGAS-STING pathway was
mediated by the inhibition of IRF=3 phosphorylation through ISG15 binding.

Conclusion: The integration of radiotherapy with CD47/PD-L1 inhibitors markedly amplifies the immune
response against esophageal carcinoma, underscoring the critical role of optimal fractionation and timing in
maximizing therapeutic efficacy. This study highlights the significance of the cGAS-STING pathway and immune
checkpoint modulation following radiotherapy, with ISG15 serving as a key regulatory element. These findings lay a
foundational framework for refining esophageal cancer treatment protocols, emphasizing the strategic incorporation
of immunotherapeutic targets within cancer management and paving the way for future investigative efforts aimed at

optimizing combination therapy approaches for enhanced patient outcomes.
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85.2% vs.74.8% P=0.18, NRFS 85.1%vs.77.7% P=0.28, PFS 79.8%vs.71.7% P=0.30) . ZNZEHJ5 %
B, SR mYRTT B AT AR > 30O S B B U R R s A7 R 8k > 3V S0k T2 257 R 2
AR TS R

S50 ST IR L5 2 T A B D) SR TG A AN 231 i S M g R %) JRy A A R G A e A XU, ELXT T
JRT MR SRR U, IR T BRI A Ty R R R R AR AR RN R TGRS KU

S )1 53 R SEARE 1B ¥ iR f
ZAE AR gt Mo % S8 45 (g B

FhE . FhE AR
PEARMBKEFRFERLER

HAY s B4R /N i 982 i 2 A% 55 3 G 8 kb A0 47 S0 0 ST A2 R 1w J30) Y I DR T8 J % 2 i)

Ik EHE 20124201 H 2220204 120 TR 50 K22 M@ 4 5 BE BelSia 1 2 AF /)N i 98 Fiki 7
BBE 12501, HOTE ARG 1-3 H A K iR AR PPN I AR AR s R A A AR e R 2 T o

R YT ROEM N . CR(A%). PR(83.2%). SD(6.4%). PD(6.4%). ORR (87.2%). DCR (93.6%).
AR R . A0S N0 H 5 14EOSHNA5.6%, 24E0SH22.4%, 34E0SH14.4%, BN R TR
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AEIY L WBIRA | KPSPRY . A RN« BKEREE RS AR E R /N R R A A B A S B
NI SERTOR 7 I3 I N v 7S P S ) e A I R g 8830 i N e 2 A R LR N SR
Ko ZINREDPIRAR: KPSWEIr . ALY . INEHEAZ AR H S oA o i BUSCH
YRR K, FEMA SRR IR T 606y o AWTFEHN R 47 % A2 A8 4.8% 5 FLrp S 838 ik R AL
BED>60Gy, SHIFUGHIEE>10Gy 5 SO PR 7 4 % AR S B R] i R Rl i 5 TEAR R

58 SEGE NG R AR N IR A RO T TSR, HAS ROV

ZA 0 U TR T ks A T 7 1T ] 4 B I A SR

THRE
P A E T

B BRIEEEG PR T8y S 8 2 T 0 Ml 2 o g RASCR o

Tk IATRBE20214E10H ~ 20234E10 H WiA B80S e, BENLT 4T, SHIRAL T LAw Hi 4P
PRASHE OUERAIAE IR P DAZE AT 10, HRR P2 A5 TAH 8 A I O

0L WA RNE SR AEFREAL, AR A K3 R (P<0.05) o

G50 TEE BV B OT WIS LE A I BT PR S R R FE L 9dl DI R R AL, IO
FE MR AR R, AT AR, %P PR A AR SRS AR e I TR B v B A v A
{H-

miR—61230 i P45 e ANk pe 1
3E 1y 5% g ey RO R LR W o

T#H &
THRAEFER

H: R RS TG R B —, (A 4 n e I BRI T 7R, BRAET
VE R —Fosr B AN AT Ty 3, B BIE S5 i 20 B (4 i 7 ABUER M B VAR G . ARBISE B AETR AIR TR ST
TR RSB h B E R, g e T AR AR BT i SR

D5 P FE IR g 7 e e AR R A i ek KRB miR-6 1 2 B A MOk, o e R 5% ik K HL A 7 o
HRZH A R AT e BT LS, B 45 T XER R, SRS Z MR 4l it 9 DO 5 Daff s FIHIDHE
Yot L FACSKEM AN N ROSIK- 5 A G o SR AR ML PN y —H2AXUKF- (LB DSBsFEREE ) 5 FIHIPE
Annexin V Apoptosisiz i & M i AN MASCRI AR g 75 ) FHE 5 e g D 40 M P B W/ IMAR PR 5 . R
Rl R 2 vy R R AR, 24T B2 B IRSGy I IR, MR I it R/ N AE miR—6 12744
PAX I3 A LT SRR ) R

2538 A R . PR B ERN [RI AR A I A MR 7 5 R S 2 RN R s k28 Ak, Sl i
o AR S A RS LR S - FIR OS2 A AR 1L o R FH S B At S ROS I A 5% RSL3175-F: 7 sl Ferrostatin—1
I 0 %5 miR -6 1 2845 JFH98 200 M ey 7 BURR M s
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FIFH Western blot & B i i . o F3AmiR—-612)5 B8 B AR A Al 56 ekt B 1284k, HF9¥miR—612
30 o A PR 20 A BT T T 5 i T R X AT L

255 miR-6120] AR 40 i 7 Uk, AT 175 IR SL3 B A il 37 Ferrostatin—1 1] LARH
W/ X —E R

VE— 25 L S B0IE e miR—6 1 238 i I HADHA , $HIMV AGE B 118/ CoQ 1089 e 35 M2 ER T
TR AR, SR TTIT S M P9 20 L %) TS 7 e

S5 ARMFFEUESE T miR-6 1208 BRI T e P e P S ZE T, OF8R T HE AR Pl
PRI AR BTG, BRIETREAS 1025 i e 4 X T A U o S IR R R A T A R
JRAt T HE A ISR A o RO, A BRI IR T RCR .

B0 ] 2L AR ¥ D PRI N e
KA i it VSR AR 7 IR T R T RO %¢

& EE
BT SERAZER (SGNERAXFE_WEER)

H A= A ey P WG 30 0 () 20 T A7 0 R s PN i 2 B 5 v i B SR A P IR T 5 R by 7 s AR
aliffs NS RRTT Z PR TR . AN R R 2E 5.

J71:08520154F2 H -20234F5 H & Bt Wih i 60191 Ja B i 10 2y 30 R 3, e AT A ISR G R 2D ARyT .
AP SR SR ORI P H AR, OISR HE © 0 B rT BE R (2 L, MRS IX O GTV AR 5
mm, FHH., FEH. HH. WOUE . K« EESINKGEXE, BUTHIE: 45-50.4GY/25-28f, WRELEEH
MBI 2260Gy/30f, A7 )5 2R A ZDDPSEYT (DDP 40mg/m2, HEf—¥, IH4-610) , WRARE
it DDP#, AIEHICBP (AUC=2, Hf—k, $d-6k) . SMNBETEAS R 745 05 BIAT 4 MRV
WIFRL, B P RAR BRI PRIYAOH] R ERENL /T BB, BV PN e B B4 v otk 38 3R Bl 7 VA 2L Bl s P
JEHSRITAL, Hor P A v o SR AR M A AT AL 24 B RN Sl s P SR SR T L2261 SR SRS
T B AR A TR I R AT (5-TGY/E, BRR—Ik, dhd-6ik ) B4 msm i B A IEYT,
R N G B6YT 5 300 8 N VA T st B SR AE S VR, BAUR BRI N5 29697 (5-7GY/H, HE—
w, Ha-67%) .

LG R A TR DAL (W SE LR R E S P A1 o BR85S S B S0 [R5 iy 7 J5 AR W e
BERR A R BE R AR IR S RN 8T.5% (21724 ), [RIETHURYT IS R AR N I BER YT 4 58 4
FfRFN68.2%(15/22), WILLRI LA WEEZES (P<0.01) o PILLA % UL A 2 1) 58 2 2R R+ R 7 2%
iR, WiE N96.8%, JG# N89.T%, TG EER (P>0.05) . EFHRIKIN, BE LML HIHZ 5
AT, BARRINESMY S EsCE IR RN . AN, ARG T 2 A SR B 5 AR A DG 1 e g o
BRI RIE A B3R SN o W ZE AR O M I e 26 K A R b 22 R e it L (P>0.05) o PR B R
RARMA 2R TG I FE L (P>0.05) o FHFILEERNA K LGE T2 (P>0.05) . §
[ BN e M B L E B TCGE 4 2557 (P>0.05) o AEAE A4S AR R [FAL AT 5 Rl I8 5 R Bt
B e o R AR A AT AL AR A R i TR A T S R Al S 2RI AL, SR B I T2
5t (P=0.056 ) , AKFTE T 2 RAEAHTEVE G R S 207 78 Jmy B 0 0 2y 208 v iy 1 A (AL 0 e 231
HEHE
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L5308 WIS U R O T R I N R R K A e i B SR A A AT TR TR, BB AN
BERINGTFARRAS R o

SRR S35 163 7 e T A LR bl A i

EX
RN T E T

E s Sk SR IR 25 5 1R 7 5 A R EL K i FE A T 4 B2 560, Ay Sk S0 I £ 7K i 1y 1 T P AL
%
D5 e RS S0 K EL 7K o A8 S A A R TRk B B R R TR 97 s B B4 B D RSB M
St B kAT

i SHIBEAEBE16~20d Bt . IAYT HTHIE(46.4 + 3.4)em,iGYT 5 (42.4 + 2.7)emy IR YT 1T & 40 SH
KA R (38.4 £ 0.5)%. 697 5 (37.5 + 0.5)%, K S0HB /K I AL S UK PR BE w2 o 83 0 B s 1A~ H B34~ A
L IEARYERE T BER AR

g5 FIRGIMLE G TR AR L BRI LR BT IR IR K E % iRy T

WL IEE SBT3 T8O ¢ B s ol W B0y 1
e i PF: A 5] i

RARAE. BIE. R R TRE
AT ESHRFHEER

H: BRR M ZRA A BT &S s B8 B I AT 748

itk e R BRSO SE T3, W42 U 7 00 R e S0 s SR 179481, 442 R T 32 %
DTS 15 43 R RS 2 4305 SO BR AL 13661, bt a M PP PRELE: (PSM) DhL: 2L6 B3 f 2 Rl TR 4% A
RN PI92 B RUHAIT « FI2EALIT, SERLUNAI Z0 7, WAL sk, s
WEEGARE O . AN RN, BEMDIBEFE RIS, I RN h 2B &S R (ARIE) A
NG LA TEE T -

S50 PSMJGTRME R 413661, XFHRA1726] . PFAh I Y7 R0% ISR 4 1 A 303 S g il
183.33% . 94.44% , XF BRLH () A ROR Bt 50 76.39%,  90.28% 5 WAL KOt HRZH 1) Hh B i 46 B,
WA BA BRI N 94.44% . 81.94% (P=0.011) ;5 JHETHHIEA R FAFAPEAL & ML E 4 ARTERS N FR AT
FHERREAL (P=0.001) , PRALIMBEEYE . RPN 2 O R R S5 R 1 & AE ok WL B 22 57
XA HARIER) Bt kA% BT RRG I SR E s A - ARIE R RUR A S B G245 X
(P=0.022, P=0.040) . KA:[RFEHARIER, WEL BRI OB T X B4l , g A
GiileE a5 WMELLIAYT R BN T AEFEBR P AUFTB . D-D/K-FA AL I 1T o BEZH 1A Y7 )5 34 00 2 %
& (P<0.05) .

50 MUREBSAIRA AT + [ A7 0T e e i & A8 9 A I B Ly TRl
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ER I 7 G B PR it T R WL S
B oy i 0 e L 4

B, TREZR, FlAA. HREA, BSE
HME S AR ER

H s PRTR I B AR PR 5 07 R AR TE S 0T R i DL e S A8 BRI R i 25 57

ik PEHURM BRI 2245 — K@ EE B 15612021-04-21—2023-04— 1 74552 TR YT (1) S0 2 2
TRHCTENR b4y 3R e BF a8 (IMRT ) . Jefe s (VMAT ) il 2Fpcr i3l 53l 44k
IMRT., VMAT, 3@ fEAFE 7K (DVH ) GEiHE X Re Mas B RlaEE . RAISPSS 2571 Friedmanf 55
Pl A [ M e iR R DR P AP R R IR 2 22 57, P<0.0S A 22 R A Giit v o

5L 240 TR ARG IR R o 240 TR LA X TRl s MR D o ke R IR i b £ 45 A
ABL (PGTV ) , VMATHYHRIGEIEFEE (0.75 (0.07) ) . D2 (7321.77 (40.00) ) ¥R FTIMRTiHI
(0.72 (0.07) , 7304.50 (38.64) ) ; IMRTITRIBALIX 355 (7024.58 (32.14) ) M5 MEIEEL
(3.96 (0.73) ) ¥ TVMATH R (6991.75 (56.19) , 4.62 (1.27) ) ; X TFiRIEBE#EIX (PTV) ,
VMATHRIAEE % (0.86 (0.03) ) . D2 (7271.61 (70.87) ) HKFIMRTH]] (0.84 (0.03) ,
7260.74 (73.28) ) ; IMRTiFRIAH X E 3% (6012.96 (57.60) ) FEsIHEFEE (21.04 (1.34) )
I TFVMATIR] (5887.71 (57.15) , 22.64 (1.24) ) . X FfEMeE, VMATHIMRTHR] KT Al
B RG22 AR YR S A St 25 5 IMRTHI A 22 40 AR A9 B K5 i (435.1
(117.9) , 413.2 (113.65) ) . ZAAMRERAYFIEFE (400.5 (92.45) , 406.1 (78.50) ) . AW
BARFIE (1596.9 (2297.55) ) . ZAANEIRAIV30 (29.64 (3.61) ) . V40 (14.07 (6.96) ) LT
VMATHHI (540.1 (94.65) , 518.1 (155.55) ; 481.8 (136.0) ,504.3 (189.25) ; 2065.5 ( 1383.25) ;
31.23 (2.66) ; 20.37 (4.96) ) ; VMATIHRIMZA A IRERAY AR & (1125.3 (710.75) , 1109.4
(1054.30) ) . ZEAHNEARAIV20 (51.85 (9.07) , 51.47 (10.61) ) BFALFIMRTIH &I (1552.4
(811.00) , 19084 (965.80) ; 61.06 (9.55) , 55.66 (16.36) ) .

2590 . SR R IMRTAIVMATH R R DGRl G . A5 e B PR A0 R Im R 222K . VMATIHH 382
IMRTIHRETE B . $ATRCR . RIS UEE 2T — @ Rl R, IMRTR 7E 348 B A X A 55 %
PP A AR . A R R A 2R T VMATHR, IR b AT MR s e A& B P R R

ST MGG By R BRIk
PR UF MURE B9 00} 68 48 9 3OS I A i BLIRI W

RIRAE
AT EHRFHEER

H . N 2% 25 B2 B A 4T SHE R AR BT MU 57 58 24598 ( Esophageal cancer, EC) Jill
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FHERZR IR B EFEAESE TR IE G FFAREN

SHRURHE R VR HIBILA

Tk i TCMSPAE e K SCHRAG 2R IS8 5 A i) R Z A AR o327 18035 2 s BRI HPubChem
FSwissTargetPredictionZH R AE 25127 B HE A . GeneCards B R AEECHE 5 s dbCRSRE 11K
B TR A RE A5 R JHD A VID B X A7 #E A T B A (gene ontology, GO ) DIfE M st AR EEH 5
FEHH FH R4 (Kyoto encyclopedia of genes and genomes, KEGG ) il #5007 ; 18 F Cytoscape {444
RS S R AR DG R R, DATRTGE E B SR R T4y X HERESE . SR Western Blot, RT-PCR
GaPELAL . GBEDE A I A KT ECA 1094m7 78 SRS 14 A VE AR A FAAIL -

SR SUREPIAG R IR B K 2261800 BRI 93662 kL, ECHLL, 58554, MU UL
H3T5A, =FH IR ASTA, WA AL RS EE S SN ) SRR SRR R, Bt
HixFH T -1 (hypoxia inducible factor-1, HIF-1) {H 518 . PIBK-AKT(F Sl 55 5@ M. 41X
P R oR, MR IR EE 5 TPS3, AKT1, MYC, CCNDI, HIF-1a, ESR1, CTNNBI,
JUN, STAT3, VEGFAZHEREF0HE, SCHas RO LR ] WA R ik 2 . mif i 2 ECA 109
R BV, FEIRPIZHHIF-1 o . VEGFARKT-, i PIAURE I B 24544 S DI REIE R b (P<0.05) , 1k
i M m R A TG E 22  (P>0.05) o [A)I i 0J7 REAS 3G 5 IR 10 2H A e 790 0 20 i Jed BB 4 8l
TR

516 MUN BN T RE M 2 . L2 A S/ E ] T HIF-1 o /VEGFA/VEGFR25 5 i %
MHPREARER, U A S5 K INREIE AL, SR A A O, SESRECTIUR BURE .

AL 8T 3 e BAE /e PR ARG A e e G 97

B, RE. . BRE. L%
THRAEFER

HE: W5 MR e (L H5-CN211561609U ) S5CIVCOFLIRFELE (FI%S. MT-350) Mk
Al R 22 LB AR A AR5 B R L B R TRY T IR 2 RN 2 5

Jride: RAEGHHEPRE, BB EE2015-20224F 2 AR HUIA AR G BE PR gAY B, ARYE
A P AN AP S 0 11 2 0 S PR A IR P iR 22 22 o Wr, 7RI R G b JB s D3 TiHPo (xf
HRZ1: PAO; THidl: PBO) , BB AHEE Ex, y. 2o UAEA R 2E (A AE 23 (B e bR S50 B
SEATHRIPO, FSBIBITRIPT (XTHRZH . PAL; THdl: PB1) #HfrHlE24A2 R0, LB E AL
T4 N, WEETHE A K484, TRITIRES 2694 .

G50 AR AUy . 27 ) BIRIT IR PIEE S HA GRS, TWAL TR .
T LA 2 P Pitch 77 17 B A% 26 94.7% . RollJ7 [l G 46 3 R 94% I T X BRE s #R2E7E 1 LAIN BB 7341
43 M Pitch(76.7%:58.5%) . Roll(72.9%:50%)3: 4 T-AZH . Yaw )y 1] |4 Z 48RRI TC 35 2% . X IEZHPTV
P FHE R (0.67,0.98,0.91) SZEPTVILFYERY (EH (0.63,0.77,0.50) o XF TPTVsce VS0GyFEX HRALH,
2 KT 506y 32 FRFAPALLEPAOIS/D T75.48%; TET-HIZL ' PB1LLPBOE /D T4.01%; X} TPTVscD90%
FEXTRRAE T, 90957 FERF 32 K S PATHLPAOW /> T5.73%; £ TP PATELPAONE/> T3.39%; X+
CTVsc VS0GyZEXT AL, $E32 KF50Gy A2 FEARFIPA 1 FLPAOIS/> T2.48%; 1£ T WiZH 1 PB1ELPBOYS /b
T3.20%. % TCTVseDS%TEXT HRZAL T, 95%3Z FIARFREAZ I S PA LI/ 170.59%; £ T Fil4l 1 PB1LLPBO
WD T 1.23%, PAISPBIHLEALPTVse V 50Gy A% HA B G H# 25 0 . PIZH IR Pxyz =5 M 2tk ok =
DR 25T U DGR B 2 T R A AR, HhPALS AR N54.2%, PBIGHE 3 483.3%,

- 237 -



LB EFAS T RIS ST FEARA BEXHE

a5 MR E R S (LF]5-CN211561609U ) S5CIVCOFLIRIEEE (A5, MT-350) BEA{lH
fit B H s A FUREAR A AR G OIS IR EIGIT RAIRE . T TR DA O R 1R 25 X 1R X 5] e 7
EEPATTN

ArcCHECK 53DVH
A =4k 15T 2= ey 70wk 35k v (%) B

EH. RREK, A4, RIRF. A
BRTHE—ER

Hi: i FHArcCHECKER A3DVH RS0, FRIT QM0 T 3500 ) 700 2 B0 UF 25 5 R LS o 351 2 07 1
s

Jride: B R B 4450 I B8 £ 3 A IR TR (B2 R P X 2 BT ) A TR SR o B
BIT IR 2 Arc CHECK A TR ERIE IS UETTR, {8 PLHL 2 Clinac iX ELA N A T Are CHECKF
IR, XS IR ) Gammaifi i AT 0. SRIEHRAIT IR RS R UE TR A S B A
B AR B4 S5 S ABDVHE L, (@3 3DVHIF TS, HOAHE DR K 2 B B e 44 A s
PRl 225, FE BRI T4 T

gE . 2 mm/3% PR B E, 146 #F Arc CHECKF 2 8 3E %) 19 Gammaili i F K
(98.64 £0.40 ) %, HA 130 E K Cammailiid R >98%., HHHE T MSLhR 046, #EIX
PTVHIDmeanFID95% 4 2% A2 X HE /351 (-0.95+0.41) % FI (-2.03£0.43) %, UiWAPTV Dmeanfll
PTV D95% W SEBRIN (AR TTPS B THAME, FrA M EHLIX PTV DmeanFIPTV D95% 22 R My 4a XHE Y 7E
3%VIN; fEMAFEITH, /£ AR 2S00 (2.69+4.28) % Fil (0.31£621) %; /. 41
PR FIR S, 0k (3.66+3.64) %A1 (1.79+1.61) %,

S5 ARIFSE P 1A A O R AR R IR AS RRAR Ahy, SERR A A S RS T 25
/INo ArcCHECKMI3DVH J& 7 8 P BLE B 4 8 iy RS0 UE T, AT NMERENS s ) 14y
A B Gamma 43HTE5 AL, 1 ELAT LA EOUL S /R TPSERS TR 45 AN AL PRl 25 SR ) 22 5%, SRR F X A
FAR B SRR AR R B, XTI B RS gt T 25 S S %

FLIRA PR FLA I VMAT o088 i v 385 A8 W00 53 Br

$4m. FF
LA FAARER

F: SHEENRP Ol (CTR) | Bl RHE (CLD) MLGAERKHE (MHD ) X ZLIRE
PRI VMATIHRIBHAE0E , CABSR T 000 IR 2 1T XU L3 5 e =20 25 o

itk EH20224E5 H ~ 2024455 HWUA I HEE3Z VMATHI 6061 FLARE R FLAR G B, R IPTVHI &
¥ Hh50Gy, 43 HIFRIEEEHITE2Gy B . FEPTVIAFI95% AL J5 77 & BIVAT il L IR R oK o 5 I A2 B it
CTR, CLDMIMHDIIMES:, RAHBOARMEEIESBOE, FWEENRNSE . WD RERTHA
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BITIHR], PUAERGTEF LG VMATI], P2 AU EF O VMATI, PIASTHRI IR Y 7E D) 2 B 45 41 e
10° o XPZRICTR. CLD, MHD, X (PTV) | @485 (C1) | 55 (HI) | EAHE
(OAR) FEoAi . 7RIS T ] S5 AL kA A 2 57 it FL %

SR i ZHWE SN, MHD5CLDE LS R LA S VMATIHHRI (i s7 faR & (P
<0.05) , XFVMATH RIS A —m e, 305 s s Ol 1 50 A5 22 5547 G o BUREF G iy 7
11KID98 . D50, D2, Dmax, Dmean, CLD, MHDIJ{ETXFHRAL, XUFEF o0 4 R07 TR A B i R
B AT U B o ), EOSURH B o AR el . AL Al GO E S R AR S R R A A
U PR T B B O AL, SUR O A TR R TR AH E S B o TR s, DA
XTHCAFEGE T L (P<0.05) . MHD. CLDJ& TR RILASG VMAT THRIB 2 R 2, gLk
Sr TR T R I R EESR e LS B e O IO SR DX 8 o A B34 4), IR RO O AR P R AP
o STEFIEREA R, TEFURIES RIS 2R VMATH-R F i i SO b AR TFIGYY , XU TE SR
orfEbs A —E RS, HRAETTRITRE R h BA R i s AR DG EER M 20R kg A —
SETHE . [N SR — B 1EAR S, T RE IR e, TESCIE T IR L P 2 3T %

T 1T IR RIEIRY R A A SRR IR (9 1 S5

x|
HMKF S =B

. BB FRSHATTE RN G ROTHAR LA P B2 RS A W27 i R, 7
PRI VAT AR — R, 25T AR O 4 IR 2R AR R T H R AR AL

AT G IR RIS B2 —, MR et M PO BORE MR T R B, R
i, JEANERS AR B A TS o iR 20 ) TS IR BT 5 R R A R ) R BRI, B9 & IR
BB AT RE D TR IB S T 38 T E & 10T, AMUTAROR IR AT IR 4, 87T ikt
Y bl 26T R IR SHA S5 AR BRI BeAh, i —Fh 4 B, T — R sia) T
FB, Wik, iy st R T . HATEIESS, BB ST LIS G35 A s
AL 5 A B R SN, AT ZE MO HA 7 VR R SR iy 7 T BEA R BRI, Xz b 5 B A 3 A i 4
He

Jrik s A BROKAE WA LMS/E N S5 4l i bk . A iEss = 2R, ETre R
CS7BL/6/INR 1 x 106 A 2= 4 o /NI T 04L, 200 O 0Gy+1gG4l; @0Gy+PiCTLA-44 ;
@3Gy+IgG4l; @3Gy+HiCTLA-441; ®10Gy+IgG4l; @10Gy+HLCTLA-440; 15Kz N MM K/ N it
100mm3ZE 470, 25T ZEBRARR A S A RE G . 2 f KR AR IR 22 1000mm3, 2 A IR Ak S8/ N ER,
B e . ABRAR RO RRALIZY, PRI TRA A L BRE L BRI ARRR AR, o b
ERIES

SEL . ARERITHE R T ERE THOT MRS B, T FECTICA RREIETT IR G T o s
BT BRI B T RUATY . TR AL/ ZE A4 R AL, FRUAEE R TIE IS . BVE B TR I
IRIT, AT LUK R BRI g, iR AR 4R B X A 257, 24 3R], F B I n A i
(R e B AN, AT S 2 0 TR A A 1 g

G596 B FHUTICA AT UL T M i I T B S OIS T . EE PO TGS
BRIV AN A I A A%, Rt B e e A A

- 239 -



LB EFAS T RIS ST FEARA BEXHE

Koo AT Y A PR B R IR b

S R E . TR
FMKFHESE—ER

HEY: mEE AN T AEE, BT e, By fRh i smE i BuT e EE M R
PR E PEEBAEAEANE o A PRI IR BT I RS B, B i e 7 . TR JRYT TR A
by

Jridi: BEH20244F1-4 A AE 75 KB — By T 3024 5 5 R BB A N SCundl, R Y e s 2
Frg. BIEPESHT20234E9-12 H 7855 KB —Be iy 7 102844 B AL OB AE G B4, HEATH BT R Ak
B BREE 2R ARSI R EESORE . fifE . FRETH R S IAAYT IAANERAy, SOR AR
PR BB T HATIBITAT, RIS IR TRV, MR AR PR RS G R I R IRYT .
TERT B S SRS AR TP I, R B IR O R e, FAE R e R At 1T RS 38
E, e fimts, WBSEMNIEEMCTE M, W BERE, KLUEFEFIE AT, CTHHIE Y
B R R (5/8mm) . R T SR EE T TANIGER, DRGSR BT, R EIRYT
BHE] . FANATT . ATINAYTT R Bt AT RS | S0 0 AR AT ISP A 3, PZTRy T e], el 45
TBITIAA S R R IRTE S, Rl TIE B SE, AL IR 2R, A TEIR
ST TR PR BB T S BRI T A5 R R 1o 22, [ B P40 .
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