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MRI Detection of Intratumoral Fat in Colorectal Liver Metastases after Preoperative Chemotherapy
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Introduction

Materials and Methods; Patients Imaging Analysis

e Curative liver resection is the most effective treatment for colorectal

liver metastasis (CLM) e Patients who underwent preoperative MRI and curative surgery * Dual-echo T1-weighted GRE MR images were acquired for all patients.
Ann Surg 247: 125-135, 2008, for CLM after preoperative chemotherapy. * Two radiologists (5 and 6 years of experience in abdominal imaging).
° More effective predictors Of response to ChemOthera py are reqUired. Consecutive patients who underwent surgery for colorectal liver metastases (n = 242) ° |ntratumora| fat deposition N CLMS, number and maximum diameter Of CLMS,
H , v ob di | fat d L presence/absence of fatty liver, presence/absence of intratumoral calcification,
We have occasionally ObServe intratumoral fat ep95|t|on n CLMs Excluded ! MO peceaRie crmotenoy n = and response to chemotherapy according to RECIST version 1.1 and
after preoperative chemotherapy on dual-echo gradient-recalled | DSl i S - morphologic response criteria were assessed on CT and/or MRI.
echo (G RE) M RI ] * Macroscopically positive surgical margin (R2 resection; n = 7) Eur J Cancer 45: 228-247, 2009.
Excluded based on Jama 302: 2338-2344, 20009.
imaging findings o * Too small colorectal liver metastasis (largest tumor size < 7 mm) . . .
Py roose to evaluate intratumoral fat on MRI (n = 1) Evaluation of intratumoral fat deposition
¥ . . . . . _ L .
Final cohort with 452 colorectal liver metastases (n = 59) January 2008—June 2014 Qualltatlve evaluation by subtraction of Opposed phase fromin phase IMmages.
. To investigate the |nC|de.nce and clinical significance of fat deposition I H-sg . Quantitative evaluation by calculating fat signal fraction (FSF).
in CLMs after preoperative chemotherapy by dual-echo GRE MRI. Pt o e
chemotherapeutic MR! (n = Preoperative le, 34: Female, 26 SIIP _ SIOP
e R Male, 34; ' FSF = % 100
lf;j;‘,’,f’;’,;‘;:‘;‘;v Median age, 62 years 2(ST Ip)
Sl, and Sl,, are the signal intensities of the lesion in in-phase and opposed-phase images, respectively.
All the patients of final cohort underwent post-chemotherapeutic MRI (n = 59) Range’ 28_79 years "’ o Radiology 153: 189-194, 1984,
J Magn Reson Imaging 34: spcone, 2011.

- ] . . Charactenstics Values
A: T1-weighted B: T1-weighted Clinical Factors [> /t
In-phase image “ opposed-phase image A, B: A 67-year-0|d man with Mecdian age, years [range] 62 [28-79) eS U S
— ' ~ -’V — Sex, No, [%)
. > LM after chemother * Age, sex, BMI, OS, and RFS. | . . . g
/ / CLM after chemotherapy BE, 5%, B Ho, ane it o Malcfemale 3326 (5644 Patient Characteristics
. * Primary site of tumor, primary tumor nodal status, extrahepatic disease, DFI, No. of l’n:m‘ry lumu'r. No. [%] e
| Q C, D, E: A 71-year-old man with chemotherapy cycles, and presence or absence of adjuvant chemotherapy. e e N Tere i
: . . . l-differe m; adenocarci -m 14 20 |: ¢ =
CLM after chemotherapy * Preoperative serological data (serum cholesterol, triglyceride, HbAlc, CEA, and CA19-9). SNT DR SNSRI S ea n=>593
Muscinous adenocareinoma 3(5)  The median follow-up period was
C: T1-weighted D: T1-weighted E: Subtraction image ' ' ' Papulary adenocarcinoma H2)
Ti-weig ighted. : Histological Analysis o 36.6 months.
In-phase image opposed-phase image ’ 4 : Sl e NG )
mmary umor no stalus, NO, [T
e Specimens of CLMs from patients who did not undergo chemotherapy between final Positive/negative 4415 [75725) (range, 1.1-106.6 months)
1 Extrahepatic discase, No, [%6)
MRI and hepatectomy (56 of 59 patients). GRS hopesy ° 25 deaths (42%) occurred.
® : i H (o) 1 ihi DFI, vear, No, [%] . . . .
O O The lesions were classified into groups separated by 5% based on tgmor viability. by wnwng  * 2 patients (3%) died within 90 days of
J Clin Oncol 26: 5344-5351, 2008. \u-df.m number of CI \.1‘. \-‘,. [range] 4‘“ 19] surge ry.
Mecdian largest tumor size before surgery, cm [range) 2.6[0.7-7}
Statistical Ana /y5 IS i S oen * 44 (75%) tumor recurrence occurred.
* An elliptical region of interest (RQI) for determining signal intensities was drawn as large ' ' ' _ :')'\'Llfp‘“"':n T "I(l'f]' * All Chemotherapy were Fluorouracil-
as possible to cover the region with fat deposition (Fig. A, B). * Fisher’s exact test, Spearman’s rank correlation analysis, log-rank test, Cox proportional Neither oxaliplatin nor irinotecan ' 2) based
* |n case of focal or heterogeneous intratumoral fat deposition, the ROl was drawn focally E:ﬁ?jr;lfzggglcﬁé? eunlpsvglf Iggﬁ lg%:jsg lnccreeg;’]%s?k())enllzrilﬁiyrlglcsl,agé) Egrnrélg%gfrflgloee%ilé?epn%z' &":"’I’ '::'“\T"*';'u"‘if" b . : : .
. . o, . SYaciloun L N0 | e
to cover only the region with fat deposition (Fig. C, D). ' s ol Extrahepatic lesions were radically
M H H 14 H M M H M o ' - - I I I I ‘ctuximab or panitumumab o. % v -
* Qualitative intratumoral fat deposition was determined using subtraction image (Fig. E). Multivariate analysis with stepwise backward selection and preceding backward Ceetiilyor peatimmennb o, Yl . resected during or after hepatectomy
elimination of variables identified as relatively significant (p < .15) upon univariate Yes/no 27/32 [46:54) , _ | o
+ FSF was measured for all lesions having intratumoral fat, in which the highest value in analysis. ko g e VA B ol e | ¥14-89)| Note—CLMs - coloeal v etaass; DF ~ s nteral from diagacs of
eaCh patient was Used fOr analySiS. In:«‘)m:lmc adjuvant chemotherapy, No. [%] s ::::::;y l;l;nlo;il:rm:lf:i:lls]yopo:i\lic,:c::rt;:;llsl':argin— microscopically negative surgica
® SlIP and SIOP were measured three timeS, and the average values were used for analySiS. .NOte_BMI K b.Ody m?SS indgx; CA19-9 = Carb_Ohydr?te an_tigen 19-9; CI_EA - carcinoembryqnic antigen; DFI = disease-free _ Surgical margin, No. [%] *Six patients (10%) had metachronously received b::vacizumab and either cetuximab or
interval from diagnosis of primary tumor to diagnosis of liver metastasis; OS = overall survival; RFS = recurrence-free survival. RORI 4217(71/29) panitumumab
el o | Fat B R N eoth Preoperative Predictors of Overall Survival Continued from previous
esuiIts, intratumordal rat bejore an er emotnerapy
by COX Proportlan a/ Hazard MOde/ Factor l\u. ol SYear Median OS : l'nl\\:tll'ulc .\ll&ll):ls I ] .\hllh\).f;;l(c '\l!;ll)‘\:\ I
anients  OS (%) {months) - R 95% C ' 95% C
* Intratumoral fat dEPOSItIOI’\ Was qua||tat|ve|y detected in 32 (32/59, Factor No.of  S<Year Median OS Unavanate Analysis Multivanate Analysis 7 Presurgscal serum > 30 17 929 35.6 0.19 172 0.76-3.91 | |
54%) patients after chemothera py. Patients OS (%)  (months) r HR 95% (1 r HR 95% Cl CEA level, ng'mL <30 42 514 73.7
e | > 65 27 33.7 444 010 196 088437 0.02 28] 1.18-6.71 RECIST 1.1 PD or SD 22 17.6 42.2 0.12 192 085438 0.049 241 1.00-580
* In 20 patients with pre-chemotherapeutic MR, R <65 12 618 NA response* PR 32 59.3 NA
- Male 13 39.1 49.5 049 076 035167 Morphological Group 3 32 6.0 39. 013 189 083429 Eliminated®
0 (0/20; 0%) patients before chemotherapy with intratumoral fat - Female 26 487 4.2 response’ Group lor2 26 63.4 73.7
Primary site of Rectum 15 46.3 422 0.75 0.86 0.34-2.17 Magnetic ficld 10 21 NA 39.1 0.62 1.26 0.51-3.10
9 (9/20; 47%) patients after chemotherapy with intratumoral fat. tamor Colon 4 9.1 49.5 strength, tesla 15 38 51.5 737
Primary tumor nodal Positive 44 S4.5 73.7 0.13 0.51 0.22-1.20  Elmanated’ Intratumoral fat in Present 32 425 422 0.35 1.47 0.66-3.26 Eliminated®
- - . status Negative 15 NA 39.1 CLM (qualitative)’ Absent 27 M8 73.7
1.0 . _ £
RE/OUO”ShIp Between rat S/Qna/ A dasdosviong A Present 12 417 35.1 030 159  066-35 Fat signal fraction of > 12 12 NA 384 003 277 113680 00 170 1.34-1020
] ] T 5 > 159 Extrahepatic discase Gl pu 518 RN CLM. 9! 12 16 55 | ——
1 Absen ' ol . 13, . 70 <2 73,
Fraction and Overall Survival 08"} ¥ s P | _ —
& ooy oy <] 37 51O 13.7 0.58% 0.80 0.35-1.81 ox Focal 9 15.6 3s4 0.06 2.48 098626 Eliminated®
b 5 N DFIL, year : L Py 405 Patiern of Lt Diffuse 50 55 | .
. . S 06 - § L] r. 8.6 ‘ M iffuse or : SS. 73.7
e Poorer OS among pa“ents W|th tumor E ey | No. ol LM § 29 217 289 0.002 184 1.63-9.0] 0.0003 5.77 2221499 SOPAEION M st no fat
» : — T i I LR “Vi5
FSF Values > 12% (Iog_rank teSt). :@, o4 : T b <S 3 69.6 NA | Note—CEA = carcmoembeyonic antigen; Cl « confidence mterval: CLMs « colorectal liver metastases. DFI ~ discase-free imterval from
o) : Largest tumor size S 13 364 128 0.02 2.79 116672 Elmanated’ dragnosis of primary tumor 1o diagnosas of hiver matastasis; HR « hazard ratio; NA ~ not avaalable; OS = overall survival, PD ~ progressave
* This cutoff value was determined to o + before surgery, cm <5 46 S2.1 73,7 discase. PR « partial response; RECIST = response evaluation critersa in solid tumors; SD « stable discase
< .. th I P=0.02 Be " Yes 32 579 13.7 0.60 081 0.37-1.78% *Response wias not assessable in S patients bocause of Ik of pre<chemotherapeutic computed tomography data
SNVACLIUIMS
minimize € p value. 0.0~ No 27 7.8 L ‘Group 3, heterogeneous attenuation and a thack, poorly defined tumor-liver mterface; group 1, homogeneous hypoattenuatron, with a than,
J T J T T Cetuximab or Yes 27 NA NA 0.10 1.99 088450  Eliminated’ sharply defined tumor-hiver mnterface; group 2, morphological response that could not be classifiad as eatber group 3 or |
0 20 40 60 80 100 @ N " e’ 3 DR thaar D a e o P RN P R S SR e T IonS
ina/imaniiic panitumuma NO . 83 r3.7 neratumoral fat (quaditative), fat sagnad fraction, and pattern ol 1 deposstion in CLM were separately evaluated by multivanate analysis
Number at risk No. of chemotherapy >S5 48 497 495 032 0.63 025157 "These items were chmanated upon multivanate analysis usang a Cox proportional hazards model with stepwise backward sclection,
< 12%46 35 24 8 5 1 yeles <3 1 46.0 9.1
212%13 6 2 0 0 0 2 .
Continued on next page

Independent Predictors of Poor Overall Survival Factors Related to Intratumoral Fat Deposition Discussion

Scatter Plot ds s Rank C lati
by Cox Proportional Hazard Model catier FIOLs and spearman's Rank correiation

o | ' oy Where Do Lipid Signals Come From?
* Metastases 25 (HR, 5.77; 95% Cl, 2.22-14.99; p = .0003) 0 ' , ,
* FSF=12% (HR, 3.70; 95% Cl, 1.34-10.20; p = .001) § E * In MRI, lipid resonance arises from relatively non-restricted molecules, the
+ Age > 65 years (HR, 2.81; 95% Cl, 1.18-6.71; p = .02) £ £0) so-called mobile lipids.
& & Trends Biochem Sci 25: 357-362, 2000.
* PDorSD by RECIST ver. 1.1 (HR, 241, 95% CI, 100_580, p = 049) é > . ) . é > ) X Cell membrane bilayers
e Y .ol /N Membrane microdomains
Independent Predictors of Poor Recurrence-Free Survival o B I O Intracellular lipid body
by Cox Proportional Hazard Model U " percent pathologiealtumar visbiliyBEl * The speculated mechanisms by which lipid signals appear in the tumor on
* Intratumoral fat deposition tended to be observed in larger and less viable MR spectroscopy (MRS) include chemotherapeutic effect, tumor necrosis,
* Metastases 25 (HR, 5.25; 95% Cl, 2.52-10.93; p <.0001) CLMs but their correlations were weak. apoptosis, hypoxia, mitochondrial damage in tumor cells, macrophage-
, , , mediated phagocytosis, and/or exposure of fibroblasts to environmental
* Age 2 65 years(HR, 3.194; 95% Cl, 1.57-6.49; p = .001) Independent Predictors of Fat Signal Fraction > 12% ctress based.
* PD or SD by RECIST ver. 1.1 ( HR, 2.07; 95% Cl, 1.04—4.12; p = .04) by Multivariate Logistic Regression Analysis NMR Biomed 24: 592-611, 2011.
. L . _ B o C Res 62: 1394-1400, 2002.
. Morphologic response group 3 (HR, 1.97; 95% Cl, 1.01-3.86; p = .04) Tumor calcification (odds ratio [OR], 17.40; 95% Cl, 2.13-143.00; p = .008) Cel?r[‘)‘;zhi:iﬁer& V19224 2001
o * Tumor size 25 cm (OR, 17.00; 95% Cl, 2.38-121.00; p = .005) Magn Reson Imaging 30: 848-853, 2012.

FSF > 12% was not significant predictors of poor RFS
Exp Gerontol 31: 669-686, 1996.

e Cetuximab or panitumumab usage (OR, 8.87; 95% Cl, 1.10-71.20; p = .04) | Cell Sci 125: 34853493 201,

Note—Cl = confidence interval; HR = hazard ratio; PD = progressive disease; SD = stable disease

Why Intratumoral Fat Deposition Is

Limitations Conclusions

a Poor Prognostic Factor?

 Several studies based on MRS reported intratumoral lipid in various A retrospective study including a limited number of patients and

tumors as an early indicator of chemotherapy response. relatively large number of parameters were evaluated. * Intratumoral fat deposition was frequently identified in CLMs

NMR Biomed 24: 592-611, 2011. on MR images acquired after preoperative chemotherapy.

: : . . * The chemotherapy regimens were not uniform.
* However, in the present study, intratumoral lipid was a possible poor

long-term prognostic factor. * Patients who did not undergo CLM resection were not included. * The present findings demonstrated the possibility of a

Our Hypotbhesis: * Special fat staining was not performed during histological analysis. correlation between MRI detection of intratumoral fat in

: - CLMs after preoperative chemotherapy and poor long-term
1. Total tumor volume might affect prognosis, as suggested by our * Fat signal fraction may be biased because of many confounding factors Preop bY P 5

findings of strong correlation between higher degree of intratumoral . . L : : rognosis.
5 . 5 , 5 5 including magnetic field strength, T1 bias, T2 relaxation, T2* decay, Prog
fat deposition and larger tumor size. . _ o . o o _
. . . spectral complexity of the fat spectrum, J-coupling, noise bias, and eddy  However, since the true clinical significance of this
2. Presence of hypoxic cancer cells might affect prognosis, because crents. which Dual-echo eradient-recalled MR cannot correct _ . o . _
hypoxia is thought to be a major cause of failure in cancer treatment; it CUFTENTS, WhICh LUai-echo gradient-recatie canhot correct. relationship was not clarified in this study, further studies are
is also speculated that hypoxia causes lipid accumulation in tumor cells. > To increase generalizability, further studies using a less biased technique required.

J Cell Sci 125: 3485-3493, 2012.
Anticancer Res 10: 613-622, 1990.
Cancer Manag Res 7: 253-264, 2015.

such as chemical shift-encoded MRI or MR spectroscopy are needed.




