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Diagnosis and Treatment of Malignant Bone Tumors
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Surgical Resection of Malignant Bone Tumors

and Young Woo Chung, M.D.

Department of Orthopedic Surgery, Chonnam National University Medical School, Gwangju, Korea

Sung Taek Jung, M.D,, Ph.D.”

Malignant bone tumors are less common than other tumors, and we often make a misdiagnosis. However, due to its severity and prognosis
we should not pass over the malignant bone tumor, because it is one of the important diseases to diagnose. Specific techniques are
available for the resection and reconstruction of malignant bone tumors from the body involving extremities. In particular, it is necessary to
establish guidelines for elimination of tumor cells as much as possible and minimize the malfunction. Knowledge of the staging system and
guide lines for resection margin is required for treatment of malignant bone tumors.

Key words: bone neoplasms, diagnostic errors, extremities
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Zoko] AA A W9l 2 A 0] S AL o2 AR 557
AR AL FEt] U] 71 2 BRatct
1. Enneking?| =~ ¥4 W AA| A (intralesional margin) 54 AA9] THo|
Enneking® $%2 $HL2 TF H8AIH (reactive zone)} F S ROl = F-E Erith o3 A% o5 WS 5
‘debulking’ *&olekal sh=tl, ol= TYS A FAlokA] ¢Far
Table 1. Definition of TNM and Grade AFE AT thzolth. F2 S430] = & FHoIA Al

Primary tumor (T) Yol oh2 =5 7|¥o] Fagt i Fehy xS s of st
TX Primary tumor cannot be assessed = 787 AlsHAl Hot. Tt Fofe] Holrt Sl B 1AH
T0 No evidence of primary tumor HOoRE 2o|u gtk TEAA Fd2 A7I7ES7HetEA Hat
T Tumor 8 cm or less in greatest dimension il :’LZ%E% LEFsHA = aL mjetel] Feiael e R ks
T2 Tumor more than 8 cm in greatest dimension <=t TG FHE S olHT FREE0l T 7MIH Y ¥
T3 Discontinuous tumors in the primary bone site B2 e QE}

Regional lymph nodes (N) B4 AR EA A (marginal margin} EAE TH] 7H ¥
NX* Regional lymph nodes cannot be assessed BHE S o oAtk ofefgh HAIAE BE g EHol
NO No regional lymph node metastasis A Seel dol T 2ol deon), o] o SN
N1 Regional lymph node metastasis 718 mete] Sl 914 FY E vAl ¥HS Eohe A

Distant metastasis (M) 7ok oAl it el A E(marginal resection) S Oh=
MX Distant metastasis cannot be assessed Brole ol B K FFAES gATA HER 6 39
MO No distant metastasis AlzZ27F G A zmu GAMD 2ol 3P §le A A 4
M1 Distant metastasis bz Dol )l s Ae] sidol Slsell= 7okl of
Mia Lung A 4 Sl o] YT HAE ZoE T B ¥4 Ui
M1b Other distant sites S o doshs dolnh = A WA 22 A ote

Histologic grade (G)

GX Grade cannot be assessed Table 3. Musculoskeletal Tumor Society Staging System

G1 Well differentiated - low grade Stage Grade Local extent Metastasis

G2 Moderately differentiated - low grade 1A Low Intracompartmental None

G3 Poorly differentiated - high grade 1B Low Extracompartmental None

64! Undifferentiated - high grade II-A High Intracompartmental None
Cited from Ed.gelet al. (Springer-Verlag, 2009)7’ with origingl copyright I-B High Extracompartmental None
holder’s permission. *Because of the rarity of lymph node involvement

i Any Any Present

in sarcomas, the designation NX may not be appropriate and could be
considered NO if no clinical involvement is evident. 'Ewing’s sarcoma is
classified as G4.

Table 2. Staging Grouping of AJCC

Cited from the article of Enneking et al. (Clin Orthop Relat Res. 1980;
153:106-20)® with original copyright holder’s permission.

Stage Tumor (T) Node (N) Metastasis (M) Grade (G)
Stage 1A T NO MO G1, 2 low grade
Stage IB T2 NO MO G1, 2 low grade
Stage lIA T NO MO (3, 4 high grade
Stage IIB T2 NO MO (3, 4 high grade
Stage lll T3 NO MO G3, 4 high grade
Stage IVA Any T NO M1a Any G
Stage IVB Any T N1 Any M Any G

Any T Any N M1b Any G

Cited from Edge et al. (Springer-Verlag, 2009)” with original copyright holder’s permission. AJCC, American Joint Committee on Cancer.
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Table 4. Surgical Grading of Bone and Soft Tissue Sarcomas

Low-grade High-grade

Bone tumors Bone tumors

Parosteal osteosarcoma Conventional osteosarcoma
Periosteal osteosarcoma Ewing’s sarcoma

Chordoma Malignant fibrous histiocytoma
Conventional chondrosarcoma Mesenchymal chondrosarcoma
Soft tissue tumors Soft tissue tumors

Malignant fibrous histiocytoma (myxoid type) Rhabdomyosarcoma
Liposarcomas (myxoid and well-differentiated type) Extraskeletal Reing’s sarcoma (including primitive neuroectodermal tumor)
Alveolar soft tissue sarcoma Synovial sarcoma

Chordoid sarcoma Epithelioid sarcoma

And others having tumor cells of slight atypia or pleomorphism Angiosarcoma

Malignant fibrous histiocytoma (excluding myoid type)
Liposaromcas (excluding myxoid or well-differentiated type)

Cited from the article of Kawaguchi et al. (Clin Orthop Relat Res. 2004;419:165-72)” with original copyright holder’s permission.

Table 5. Musculoskeletal Oncologic Surgery from Enneking

Type of surgical margin

Clinical data ; ; ;
Intracapsular Marginal Radical
Plane of dissection Within lesion Within reative zone, Beyond reactive zone; Normal tissue,
extracapsular through normal tissue within extracompartmental
compartment
Microscopic appearance  Tumor at margin Reactive tissue within or Normal tissue with of without Normal tissue
without microsatellite tumors ~ skip lesions
Margin achieved by
Limb-salvage Intracapsular piecemeal Marginal en bloc excision Wide en bloc excision Radical en bloc excision
excision
Amputation Intracapsular amputation ~ Marginal amputation Wide through-bone amputation  Radical exarticulation

Cited from the article of Enneking (Instr Course Lect. 1988;37:3-10)'® with original copyright holder’s permission.

2] Pyl M=ol 2A5tlA AR BAGo] HBES L AA B L 9] 28 HE AASIE 21 Wakek, 1w o
ohAIE Bt W 0 2 g2k 3 glek X Bl ZEH A2Y OB YZIElo] ot GAIEH
9] A (wide margin}S A THElo] PYRAY F9E  WHo] o|RoX|wA P FAAL ALgelehe FUL 2}
Tk TARQ WeTE WAEA Gelehs A FYol Y B Uold 5 9ly] thRo] ol & AYHA ek Aol
220 g0l 9k AHES A Aot AARY T Aok 552 AP A5 P9 BADLS ol gL
TR B Mol o] Fastthn W 4 ek oS Bol, 2o A1 TEFNN thElR AAl), 24 WAL ol§3ith
WAL L& 0 $Y 20| e Aol stol EIAL (ISl 1Y ol Jefuf QA YA 2
a8 £ Hot 20 Qb AEc Fo0 o\l FAZ  Flo], Tk Ar) FPelH A=Y AL AYT ) B
AZE 714 ke BAGOIA AT S ek FHSIRFE A WAR BAAUES B2 T 4 glov Wa WAR Feke
HAR HA|ES Y2stolof Btk 9 27k B/R5E S5 (marginal amputation) 2 #718 4 Itk EBAE 147 AL}
glovt mEo] oby Fopo) N RolAE FHel BAGe| /PF F  WRE ek B9 HAS AYSAL B9 Aol Y 202 3
© o] g 4 it A e 4 Qs olefgt 9ol Wt AT ntralesional
A A radical margin) & %] AHAEL AYHE amputation) 2 BFE 5 ek oI R BFYelH THH 4
2 W) ol BARL AT U AREH FYI AA AES AP 9L S SBAY TEo AR F
T U BAY 2L AR AASE 2 TP BFYNN ) N R2 A BE WG AYT A9 U K 43 F o
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L fozm B5E 4 QIrhTable 5, Fig. 1).” 2k 2to] & fiohs Q4 SO A, YA, A 7Hele
12|t} Ennekingo| AAIRE &2 AA A2 AA| Aol 4 B9 Sol3Ath 53] Enneking? EH ¢l (wide) 7Hd=e &Y <
ot 9 sxjo] wet o] Aol fo]7p 2AEITE o] (compartment)oll A A 22 (healthy tissue)S ZEEH AA|&E0]
2t 7idska, A 2419 A4 F7F W] tisiA= da
- SFA] ekttt E3E 9hS 2] A (reactive zone)ol] ThaE FA| A Q1 M
reseston L A 3} et 7ol ot Aol TRAal) e T WA|%o]
Wide 2H= Aol glolA] 2A7} o] =71 Bhgich
excision
_ 2. Kawaguchi 2| 2|

lzl)?éi%ligil o]o] Kawaguchi 5'"-& 1981'd+-E] 1989@7}] Bone and Soft

Intracapsulor
excision

Figure 1. Surgical margin. Cited from the article of Enneking (Instr
Course Lect. 1988;37:3-10)"” with original copyright holder’s
permission.

A

Skin or subcutaneous lesion

More than 5 cm

Intramuscular lesion

More than 5 cm Neighboring tissue

Less than 5 cm

Table 6. Surgical Margins for Bone and Soft Tissue Sarcomas

Type Plane of dissection

Intralesional Curettage or debulking

Marginal Pericapsular reactive zone

Wide A) Inadequate Normal cuff of tissue 1 cm

B) Adequate Normal cuff of tissue more than 1to 4 cm
Curative Normal cuff of tissue 5 cm or more

Cited from the article of Kawaguchi et al. (Clin Orthop Relat Res.
2004;419:165-72)° with original copyright holder’s permission.

B

Intermuscular lesion

More than 5 cm

D

Bone sarcome

Fascia

(bone, nerve, vessel, muscle)

Joint capsule Muscle

Periosteum

Artery
— Surglcal line

Figure 2. Surgical margin from Kawaguchi. The principle of curative wide resection is that, when a barrier exists, the tumor is removed outside the
barrier. When a barrier is not present, the tumor is removed using as much margin as possible greater than 5 cm. (A) In case of a skin or subcuta-
neous lesion, the lesion is removed with a margin of 5 cm or more where the barrier does not exist and outside the barrier where it does exist. (B) If
the lesion arises in an intermuscular area, the margin is more than 5 cm where there is no barrier. (C) In intramuscular lesions, the muscle surrounding
the tumor is removed 5 cm from the reactive zone where a barrier does not exist, and the dissection and resection of the nearby tissues depends on
the barrier rather than the true physical distance from the lesion. (D) In bone sarcoma, the tumor is removed 5 cm from the lesion if a barrier does
not exist like the site of the nearby diaphysis of the bone but if a barrier exists the barriers are converted into equivalent distances and the tumor is
removed accordingly. Cited from the article by Kawaguchi et al. (Clin Orthop Relat Res. 2004;419:165-72) with original copyright holder’s permission.
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Tissue Committee of the Japanese Orthopaedic Associationg 5]
© 2 N2 AA A de =5

o] =9 A +F12 T2 ¥hS-(tumor reactive zone)ii

FH A2 (distance) & 71222 Sh= Ul 7H] HAA NdS
YUotStHTable 6). <214, B9, AW AA 2 HdS l:-%]ﬁ}
2, T-x]A A A A (curative margin)S Y3 (reactive zone) 255
5 cm ©)4F9], Q] AA| A (wide margin)-S 1-4 cm, HAE A A
¢ (marginal margin) ¥H&HHE S6h=, ¥ AA| A intral-
esional margin)}2 5% A& (tumor parenchyma)2 E1}5H= 2 A
Ao g F4steh o] T FHe AAdE T F 7] o=
Al&sfoto] ZAqt A 2 cm ©)4 A
2|2, 12]1 2425 A4 A (inadequate wide margin)< 1 cm2]
Azl o] AA| 2 Al 2st3 tHFig. 2).

E35| Kawaguchi S"-& Ennekingo]| v|af T-&2] /i thal &
ol S REE A2 E 7R 2t NEE BT &5
cm A E FE A 2|4 2 7H5E

ok

A| A (adequate wide margin)<

A A (curative margin). 2

3. Kawaguchi?| Y+SrH2} 2o 7iE(barrier concept)
Kawaguchi®] ZA| o] Ennecking system} X} Sh= dF-S-tfj o}
grojglof thet Al &3k 7Hgol it & AAl A/dolA B8RSR
2= Y 79 WAEH Ao
5k 0 2 = 25 2 & (hemorrhage tissue), §F
x4 (scar tissue), BA17 T-8-(degenerated muscle), ¥-5(edema)
I} Z9F 99k (tumor capsule) 2 & 7Hd-S A 2|5kt

E?l U A U(invasiony& A o= QU= Sl P 22

2 I (muscle fascia), ¥4 Goint capsule), 71 (tendon), 712+
(tendon sheath), 4173 2] 2Hepineurium), &2} (vascular sheath), &1
I(cartilage), =H(peritoneum) 5-& Hol¥H o2 skl o] 59

TEA TS TR

(reactive zone)©|2} THE oMt o 2.

A1 s Ke)

(discolared area), 2284 ©

ol Wol¥2 oA 11 S2|d E44E ot T wol
i} gF2 Wojy o 2 &SI o] T FAE WrofH(thick
barrier) E8]& o2 735t 273 2l (iliotibial band), A=
Sh(presacral fascia)Z} T4 J(joint capsule)Tt & « GoF AE7|
9] Z9H(periosteum)©| 3135+, G o1 ¥ (thin barrier) <9}
(muscle fascia)®] oFgh G2 22 0= A /gQle] Zuf, iyl 4l
7 elut 5o allgsttt. A4 H(growth plate)> 2HAFe] g4 H e

Figure 3. Case 1. (A) A 27-year-old female who underwent planned excision. (A) Preoperative plain radiograph. (B) Coronal, saggital, axial view of the
magnetic resonance imaging taken before a planned surgical treatment. (C) Gross clinical photograph of the widely excised tumor. (D) Postoperative

plain radiograph.
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of Wt JA| = 7| R FhEste] @ - fob adr] Aol 4 A Bl 7P /o] w2 Y RAE okl §lof %l
FhE FAL- ol o 2 A5k Th tof] =go] H7| fZo|tt Zx2of o] FasittH o]

ojg|gt Wol8lo] F o2 oL A& S| ol et AT g HOoR YFE= AS ATkt 4S9 Yo ¥F E
& Bol] FAL Poje2 oF 3 eme] FARA], oR2 Wold2 = BlE B R thsojof gtk FAR Qe A HEeS
oF 2 cm, 2|2 WHAESE OF 5 eme] A 2AA A2 AR oA H = Yleu g Fofdjjof st dFo| H7IA| deE
7Hotglt. o] 2fgt Kawaguchi®] 7HE-& Edsto] AA| A/dollAl metacrylate® -2 9rotof 510 methacrylates ol AR&SHA|
e A Al XY 7P BPER Ufascia)e EZRARE B 22 HU SYE Aot 222 YollA] o] 5 4> Lo B AR
S AA| Al 252 DA A (curative margin) 22 7HESHFCHFig, 3). L oro | 4slsfjof B}

JBu FY 2] o] of2qh HrojYof| ZofA] fzko] AT A ZAIAHA B 29 73 Tuh uig fjoA] 22 HARE Al
1 FEfet fAIE T = HEolA 1 eme] A2 F451o] Yttt £z Foll= AT 5] 57 el 22& A F st
= Foj¥2 2 cm, §F ol 1 em9] B4 2219 AR 7+ 52 A HARE AAlsto{of attt EYAE AN e EF
Eaine 2 ZTEAER 2FE £ 7] WiZo] EYAY] M-S 1 4}

A& aot7| Mol EE55HA| X dsteoF geh. vjolhs |2

.ZF%Z;'] 715;]_}-" ('59_] 7:"_’_5_'] 2% ANAT} Lx|oHA sl sjEE vl st S

A5 AAT o GA AAE 5 U=S stofof ek A= 7t
AA A A2 5 A AFH G5HY 507 TYY A7), 5T dHH s&dloF 5t S o = e o] gl S
A1) SH(calcification), L2|1L A7 3B To= A7), Fd ¥ oot
SHeystic degeneration), I AHnecrosis) 52 73 Table 7).

G A W
27 2

1539 FEEA S50 thet ATt AAd S & H BERQ
EUAS AHESH € A% EYAS BE2)7] Aol ol the]  HE A YA Bt ¢S T 3 cm o)/l HATE
E A S2lof etk eu SGE Gl HEA ST AE B9 BAAS, 183 £ fste Holu HARd Qof aabrt
7H 24l 28 Bl ¥4 dolxl= S YA|sh] Slof oo U 79 2 cm o] AARL G A AS Do kgt
of Bdot= F= a710lth o] 7heet a LYEHA| P AORE FrIoIYL, Aea 52 1 cmollA 2 cm Aol 9] F-4
£ Folstofof ot FAME T Aol 2AE thE77F o A dHS] AR hdsioha Frkskth oAl 7] s A
ofF 1 GAoNA Aetlj7|7F A2l E7Fsott & msfjop gtk 4l AAe] FrF Y F Y BE AR Af EAAS g
B ANE & B I8 HHS 2ok AR 7 2 Al 2194 =& (curative procedure)©] 2} S5har, BHY H A EH A<
§ F8& Foto] ot i W 8 A S ol Aokl dRolAete TG AT 22 0 8 E A] o] = thE F&
of gtt}, ZFYolA dFxA o8 SE 22 BtEA] 22 oA SN EIF 2A5HA] =t sl e WA dAlsolzt 1
< A FHsto] 22 HARE Alotoof skt o]= ¥H 9 = 3k

Table 7. Evaluation of the Response of the Tumor to Preoperative Chemotherapy or Radiotherapy or Both

Evaluation . . o Digital subtraction
of the lesion Computed radiography Computed tomography Magnetic resonance imaging angiography
MR Marked decrease in size Marked decrease in size Marked decrease in size Marked decrease in size
Marked sclerosis Marked sclerosis Marked cystic change and Staining disappearnce or
Necrosis markedly diminished
PR Minimal decrease in size or Minimal decrease in size or Minimal decrease in size or Minimal decrease in size
no change in size with no change in size with no change in size with minimal or no change in size with
minimal sclerosis minimal sclerosis cystic change and necrosis diminished staining
NC No change in every finding No change in every finding No change in every finding No change in every finding
PD Increase in size regardless Increase in size regardless Increase in size regardless of Increase in size regardless
of sclerosis of sclerosis cystic change and necrosis of staining

Cited from the article of Kawaguchi et al. (Clin Orthop Relat Res. 2004;419:165-72)% with original copyright holder’s permission. MR, marked
response; PR, partial response; NC, no change of local disease; PD, progressive local disease.
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(

UL A A5 AR ol ohgt
2] 2 AH(frozen section biopsy) S A]35}o]
B3l & shojof g, o] 2{gt 7374]%
Uzt g2 oz e stagojof g} 11

= 3 cm Ol grstojof st &4 'c‘(g
W 2|4 2 em FH S AAlEo] 7Fssith Bu
ol 25t < A Fhey 59| vhgo] 2] ¢
B35 B 9] AA A (nadequate wide marginal margin limited
site)oll A AlPE & O‘D} 53] g d= 5%
chondrosarcoma), &4 &=+

ok gyuk tuk =

2 71, w1

el AAler SeE 5

(low grade

aL
=

2-5(parosteal osteosarcoma) 5=
XH Al A HAR AAS T | om B
UL Lo FAgE A2 ol A Wof

S%0] 219

o

¥o] gl A9 24 3 em ole] A2l £

Table 8. Relationship between Local Curability and Surgical Procedures

High grade
sarcoma (%)

Variable

sarcoma (%)

(o))
pusne |

ol O 1
273‘""—

oo gt} Aets Ao 15 FHhigh grade) =4
(local couture)2 18l |-7-2 EAlzo] Y chFig. 3, 4).
OOk & A Ax|7F AU BP9l 15E 2S58 3 m
ojAFe] B HAlEo] Basti, & M FAHmodality)o] AT
Zlo]H 2 cm o]4ro] 7Hssith 23U A4 S (recurrent tu-
mon<- | A< (curative margin)o] LT 55 S5
b

33t & UH A Xﬂg(adequate wide margm)ol R

o
4

[e]
f7 A

(low grade)& &
S o)Agk 55

=
2 L it} ghek HEs) A 71]]—,——.—](msufﬁc1ent margin)2] —'—7\H
Al A 2] B 5-& Al 35t

Kawaguchi 572 0|9}
o 27 AT B
cedure®] mature@} 7+

Figure 4. Case 2. A 15-year-old female
who undedrwent planned excision. (A)
Preoperative plain radiograph. (B) Coronal,
saggital, axial view of the magnetic
resonance imaging taken before a planned
surgical treatment. (C) Gross clinical
photograph of the widely excised tumor.
(D) Postoperative plain radiograph.

Curative margin 90
Adequate wide margin 89
Inadequate wide margin 82
Marginal margin 60
Intralesional margin 21

Low grade Recurrent case of high Recurrent case of low
grade sarcoma (%) grade sarcoma (%)
91 89 82
97 67 68
76 0 0
78 20 42
48 14 0

Cited from the article of Kawaguchi et al. (Clin Orthop Relat Res. 2004;419:165-72)” with original copyright holder’s permission.
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2% (high grade sarcoma)®] 7g-$ Z|--4 (curative) E+= 243 & evaluating chemotherapy in patients with high-grade, oper-
B¢ AA| = (adequate wide procedure) 2 ¢F 90%2] x| =7 At A able osteosarcoma. Cancer. 2012;118:5888-93.

o, HAR AAEZE 60%, o FAE] 39 oF 21%2] 3. Collins M, Wilhelm M, Conyers R, et al. Benefits and adverse
2|9 2= E¥tt A53 &85 (ow grade sarcoma)?] 3¢ events in younger versus older patients receiving neoadju-
Al 262 o AHSH P AAER 00nol4te] 7 AT vant chemotherapy for osteosarcoma: findings from a meta-
HOl ¥l BAAHSH HAE AA|E2 A= T6%, Haul ZA| A analysis. ] Clin Oncol. 2013;31:2303-12.

48%2] 2| 7 a5 Yebtt 5] e 153 2859 4% 4. Aho AJ, Ekfors T, Dean PB, Aro HT, Ahonen A, Nikkanen V.

A4 AAlE & 2|7 5an7E8ons] hH FAEeh P 9] AA|
AA&e] 2= B3I} 20% UTHS BIGo

S5o) AUl A4S A9 AR Al 2= At

% tH(Table 8).
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