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Asymptomatic Construct Failure after Metastatic
Spine Tumor Surgery: A New Entity or a
Continuum with Symptomatic Failure?
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Keith Gerard Lopez, Khin Lay Wai, Hwee Weng Dennis Hey, Aravind Kumar, Gabriel Liu

Department of Orthopaedic Surgery, National University Health System, Singapore

Study Design: Retrospective cohort study.

Purpose: To study the incidence, onset, underlying mechanism, clinical course, and factors leading to asymptomatic construct failure
(AsCF) after metastatic spinal tumor surgery (MSTS).

Overview of Literature: The reported incidence rates for implant and/or construct failure after MSTS are low (1.9%—16%) and
based on clinical presentations and revisions required for symptomatic failures (SFs). AsCF after MSTS has not been reported.
Methods: We conducted a retrospective analysis of 288 patients (246 for final analysis) who underwent MSTS between 2005-2015.
Data collected were demographics and peri/postoperative clinical and radiological features. Early and late radiological AsCF were
defined as presentation before and after 3 months, respectively. We analyzed patients with AsCF for risk factors and survival duration
by performing competing risk regression analyses where AsCF was the event of interest, with SF and death as competing events.
Results: We observed AsCF in 41/246 patients (16.7%). The mean time to onset of AsCF after MSTS was 2 months (range, 1-9
months). Median survival of patients with AsCF was 20 and 41 months for early and late failures, respectively. Early AsCF accounted
for 80.5% of cases, while late AsCF accounted for 19.5%. The commonest radiologically detectable AsCF mechanism was angular
deformity (increase in kyphus) in 29 patients. Increasing age (p<0.02) and primary breast (13/41, 31.7%) (p<0.01) tumors were associ-
ated with higher AsCF rates. There was a non-significant trend towards AsCF in patients with a spinal instability neoplastic score >7,
instrumentation across junctional regions, and construct lengths of 6-9 levels. None of the patients with AsCF underwent revision
surgery.

Conclusions: AsCF after MSTS is a distinct entity. Most patients with early AsCF did not require intervention. Patients who survived
and maintained ambulation for longer periods had late failure. Increasing age and tumors with a better prognosis have a higher likeli-
hood of developing AsCF. AsCF is not necessarily an indication for aggressive/urgent intervention.
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Introduction

The currently accepted indications for surgical interven-
tion in patients with metastatic spine disease (MSD) are
significant neurological deficits, spinal instability, and un-
remitting pain [1-3]. Decompression and stabilization, the
primary surgical techniques for metastatic spinal tumor
surgery (MSTS), are usually performed with no specific
attempt towards fusion [4], which, in these situations, is
deemed impractical due to concerns such as poor graft
beds, risk of tumor seeding of the bone graft donor site,
postoperative chemotherapy (CT)/radiotherapy (RT),
poor patient condition/nutritional status, and expected
shorter survival durations [5-7]. Despite this, the symp-
tomatic implant/construct failure (SF) rates reported
after MSTS range from 1.9% to 16% [7-14], significantly
lower than SF rates for post-degenerative spine surgery
(4%-44%) [15,16)].

Clinical presentations of SF such as neurological defi-
cit, reduced ambulatory status, intractable pain, and any
combination of the three can result in revision surgery. A
subset of MSTS patients presenting with no symptoms de-
spite radiological signs of construct failure (CF) [9,10,17]
was observed with a condition we term “asymptomatic
CF” (AsCF) [7]. Amankulor et al. [9] observed a group
of patients who showed CF but were asymptomatic; how-
ever, the authors did not elaborate except to mention that
these patients behaved differently from similar patients
with hardware failure in degenerative spine disease. The
authors did not clearly explain the utility and importance
of this phenomenon [7,9]. The exact incidence of AsCF is
not unknown, given that existing literature on post-MSTS
implant failure (IF) is mainly based on the incidence of
clinically significant SF or hardware failure requiring revi-
sion surgery [7,9].

The descriptive nomenclature and terminology of IF/CF
in MSTS have recently been established in the literature,
but the clinical course of IF/CF is still poorly understood
[7]. It is generally conjectured that AsCF represents one
end of a continuum and, over time, develops into SE the
other end of the continuum. However, this perception has
not been subjected to rigorous scientific consideration.
AsCF could be a new entity that might not always develop
into SE thereby requiring no further intervention. Cur-
rently, the management of patients with AsCF remains
uncertain and could potentially lead to unjustified alarm,
unwarranted investigations, and unnecessary surgery.

The aim of this study was therefore to (1) study the
incidence and onset of post-MSTS AsCE, (2) define the
underlying mechanisms and associated factors leading to
AsCEF and (3) determine the clinical course of AsCE.

Materials and Methods

1. Subjects

We retrospectively collected data on patients who un-
derwent MSTS at National University Health System,
Singapore between 2005 and 2015. After obtaining ethi-
cal approval (DSRB ref no., 2014/00050), we accessed the
patients’ data through the hospital’s computerized patient
support system. Informed consent could not be obtained
from patients due to the retrospective nature of the study
design. The indications for MSTS were neurological defi-
cits, spinal instability, intractable pain or any combination
of the three. The exclusion criteria were (1) age <18 years,
(2) prior spinal surgery for non-metastatic cause, (3) evi-
dence of deep surgical site infections, and (4) expected
survival of <30 days.

In our study, the surgical procedures were performed
by one of five surgeons. The most common approach/
instrumentation was posterior for cervicothoracic, tho-
racic, thoracolumbar, lumbar, and lumbosacral proce-
dures. Anterior reconstructions were performed through
the posterior approach, except in two cases in which the
reconstruction was performed through the anterior ap-
proach. The anterior or anterior with posterior approach
was employed for the cervical procedures. Titanium
pedicle screw systems and cages were employed for spinal
stabilization and vertebral body replacement, respectively.
Cement augmentation and cemented screws were not
employed. Postoperative follow-ups occurred at approxi-
mately 2 weeks, 6 weeks, 3 months, 6 months, and every
6 months thereafter with clinical and radiological assess-
ments. The endpoint of the assessments was either the last
follow-up, point of revision surgery or death. The decision
to perform revision surgery was based on clinical symp-
toms of SF that could be attributed to IF and/or loosening
(e.g., pain, reduced mobility, and implant prominence)
and on the expected survival at the time of SF detection.

We collected the patients’ demographic details, primary
tumor type, disease extent, pre/postoperative neurological
status, ambulatory status, Eastern Cooperative Oncology
Group (ECOG) score and indications for surgery (Tables
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Table 1. Demographic and clinical data of all patients

Characteristic Category Total patients (%) Patients with asymptomatic failure (%
Overall 246 (100.0) 41(16.7)
Age (yr) 58.8+11.7 62+10
Gender Male 127 (51.6) 22(17.3)
Female 119 (48.4) 19(15.9)
Primary tumor Lung 68 (27.6) 8(11.7)
Breast 41(16.7) 13(31.7)
Prostate 22(8.9) 7(31.8)
Hematological 30(12.2) 7(23.3)
Others” 85(34.6) 6(7.0)
Type of lesion Sclerotic 29(11.8) 6 (20.6)
Lytic 163 (66.2) 25(15.3)
Mixed 54 (22.0) 10(18.5)
SINS <7 (deemed stable) 26(10.6) 4(15.3)
7-12 (indeterminate) 178 (72.4) 31(17.4)
>12 (deemed unstable) 42 (17.0) 6(14.2)
Preoperative ECOG scores 0-2 46 (18.7) 6(13.0)
34 200(81.3) 35(17.5)
Level of vertebra affected Cervical 22(8.9) 3(13.6)
Cervical-thoracic 18(7.3) 2(11.1)
Thoracic 106 (43.1) 19(17.9)
Thoracolumbar 32(13.0) 6(18.7)
Lumbar 52 (21.1) 10(19.2)
Lumbosacral 6(2.4)
Multi-region involvement 10 (4.1) 1(10.0)
Instrumented levels Occipito-cervical 12 (4.3) 3(25.0)
Cervical-thoracic 42(17.1) 2(47)
Thoracic 74(29.7) 15(20.2)
Thoracolumbar 83(33.7) 16(19.2)
Lumbar 15(6.1) 1(6.6)
Lumbosacral/thoraco-lumbo-sacral 20(8.1) 4(20.0)
Skip instrumentation level 0-1 130 (56.0) 20(15.0)
>2 102 (44.0) 21(21.0)
Construct length <6 92(37.4) 15(16.3)
6-9 123 (49.3) 23(18.6)
>9 31(12.6) 3(9.6)
MIS or open approach MIS 49(19.9) 6(12.2)
Open 194 (78.9) 35(18.0)

Values are presented as number (%) or meanzstandard deviation.

SINS, spinal instability neoplastic score; ECOG, Eastern Cooperation Oncology Group; MIS, minimally invasive surgery.

JIndicates percentage of cohort to total patients. "Indicates percentage of failures within the cohort. “Others include renal malignancies (n=23), hepatocellular carci-
noma/gastrointestinal tumors (n=27), ovarian (n=7), cervical (n=9), thyroid (n=7), nasopharyngeal (n=10), and others (n=2).
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Table 2. Primary tumor types and failure rates of each tumor type

Primary tumor type Total

Asymptomatic failure (% of failure within each cohort)

Asymptomatic failure (% contributed by each type of tumor)

Lung 27.6 (68/246) 11.7 (8/68)
Breast 16.7 (41/246) 31.7 (13/40)
Prostate 8.9 (22/246) 31.8(7/22)
Hematological 12.2 (30/248) 23.3(7/30)
Others” 34.6 (85/246) 11.7 (6/85)

19.5(8/41)
31.7 (13/41)
17.1(7/41)
17.1(7/41)
14.6 (6/41)

Values are presented as % (number/total number).

0thers include renal malignancies (n=23), hepatocellular carcinoma/gastrointestinal tumors (n=27), ovarian (n=7), cervical (n=9), thyroid (n=7), nasopharyngeal (n=10),

and others (n=2).

1-3). We studied the radiological characteristics of the
metastatic spinal tumors in terms of the lytic, sclerotic
or mixed pattern, and the vertebral levels involved. We
determined the spinal instability neoplastic scores (SINS)
using the available clinical and radiological data. The op-
erative variables included the surgical approach (anterior/
posterior/combined), type of implant, and the spinal lev-
els instrumented/skipped and/or decompressed. Pain was
assessed pre- and postoperatively using the Visual Analog
Scale. Postoperative radiographs were primarily used to
assess implant/construct integrity and local disease pro-
gression. IFs/CFs were evaluated radiologically and docu-
mented as screw failure (ploughing, loosening, cut-out,
pull-out, and breakage), cage failure (subsidence/tilting/
translation or breakage), rod breakage or changes in over-
all sagittal angulation >5° [7]. In our series, most patients
underwent conventional RT and/or CT approximately 2-3
weeks post-MSTS.

2. Statistical analyses

We conducted the statistical tests using Stata statistical
software ver. 15.0 (Stata Corp., College Station, TX, USA).
We employed Kaplan-Meier survival curves and Cox
regression models to assess the mortality of the patients
with AsCE, SF, and those without IF (Fig. 1). To deter-
mine the statistical differences between the various tumor
groups, we employed log-rank tests (Fig. 2), initially ap-
plying a standard Cox proportional hazards model (Table
4). We graphically assessed the proportionality assump-
tion of the Cox regression model using Schoenfeld residu-
als by means of the “estat phtest” STATA command after
fitting a model with stcox [18]. Lastly, we employed the
competing risk regression method to estimate the impact
of the various tumor types on the probability of AsCF,

where death and SF were treated as competing events.
The results are expressed as subhazard ratios. We adjusted
for various demographic factors, surgical factors, stability
(SINS), and mobility (ECOG score). A p-value <0.05 was
considered significant.

3. Definitions

IF is the term commonly used in the literature and is
defined as radiologically detectable implant disassembly
or breakage. We defined CF as radiologically detectable
changes in construct appearance or integrity (implant
or bone). In our article, we have used the term CF to
represent both IF and CF, because in most of the cases
of MSD, the entire construct (consisting of the implant
and implant bone interface) failed rather than just the
implant alone. IF/CF could possibly develop through one
or more of the various mechanisms previously described
by Kumar et al. [7] in 2018. The failure mechanism of the
various implant components (e.g., screw ploughing, screw
loosening, and screw cut-through) have been described in
the Supplemental Table 1, which has been adapted from
the published article by Kumar et al. [7].

We defined SF as IF/CF in patients who exhibit pain,
neurological deficit, and/or deterioration in their mobil-
ity from their peak postoperative mobility status [7]. We
defined AsCF as radiologically detectable changes in the
construct appearance or integrity (implant and/or bone),
without pain, neurological deficit or deterioration in their
mobility from their peak postoperative mobility status.
We defined “early failure” as the onset of clearly detect-
able radiological signs of CF within 3 months of the index
surgery, and we defined “late failure” as the onset of these
signs after 3 months.



(aBed 1xau uo panuijuo))

o
mw 0LL /1 Wbu Awoyasdiod |eiped !/ |
0 N0-IN2 MaJ3s ‘0| 1§ g1 Buiybnoid —9] uoIssaIdwioaap !/ ‘9] uoneusw
o % 7 z MaJ13s G| Aq SIsoydAy ur 8seasou]  -nasul ou ‘gl —€| UONeZI|IGe)S Jouaisogd uadg 0L1-€1 MmA] v1'8-9L'czZl 8 Jsealg €9l
&, abea ysaw Buisn
ﬁ; wuw G Ag ssoj ybiay UONRINASU0dA) YUM 819 Awoyoadiod abed Jouajue
= 6e vz Gl Jouayue g1 Aq sisoydAy ur aseaou Jouejue | |~ Uonezi|iqels Josisod usdg  -81-9L'LLI-ZL MAY 8l-9L 2l Aaupry v €l
S £ IN0-1N2 MaLIS ‘G ‘81
& J01n0-(|nd Ma13s ‘] ‘8| BuIuasoo) 71-7] |eierejoseisod
W MaJ3s ‘g ‘'g| ‘/1 18 Buiybnoid  uoissaIdwodsp ‘9| —| UoHeIUBWNASUI
= €L ¥ ) MaI3s !,z Aq sisoydAy ul aseauou| 0U B~ UOREZI[IGels J0Lieisod uadp 61—l AT 1181 0L elwseyna] 9
2 RIGOHAN
< JU3JE[pE pUE BIgaLaA pua Je ainy 9]-G] uois
I z | -0eJ} 0 anp 0z Aq sisoydAy asealou|  -saidwiodap ‘6]—7 | UONEZI|IGE)S 01I3IS0d uadg 6l-ZL paxIN Sl L 31e1S0.d 69 m
BuyBnoid 13 IN0-1n2 SMBIIS Jamo|
‘BIgEUaA pus Jo 8sde||0d Mau 9/-G| uois
6l e | 018np .£¢ Aq sisoydAy ur aseaiou|  -saidwiodap ‘81—z UONEZI|IGeIS Jouaisoy uadg 8l-71  9n0I8JdS 916l 8 Jsealg 05 0l
aelgapen z jamo| ut Buiybnojd ¢ uoissaidwodap
€l I | MaJ3s ‘G Aq sisoydAy ur aseasou| Jouasod ‘g —| | UONBZI|IGeIS JoLaISO4 uadg 8l-11 mAl 8L9lwLEl Ll 31e1S0.d oG 6
€] uoissalduwodap ‘g|—z] uonejuaw
8¢ € | 9] IN0-IN MaJ3S ‘g] IN0-||INd MBI -NASUI OU ‘g]—| | UONBZI|IGEIS JOLBISO4 uadg 9l-1] 9n0I8jdS el-zl L 31e1S0Jd 69 8
BuiyBnoyd smalos z Jemoy ‘il /. 1 Awoyaadiod Joussod
Aqybiay asesinap R €] o asdey|0d '] Uoissadwodap | —¢ | UoneuaWw
€l z | 018np ,Z| Aq sisoydAy ur aseasou|  -nAisul ou ‘9] —| | UONEZI|IGE)S J01Ia1S0d uadg gl-1] 9n0I8jdS el-1l 9 31e1S0.d 18 i
€| Juswaoe|dal
G 1013 ‘Buiybnojd ‘Buiuasoo abea pue Awojoadiod [eived Jousisod
1z G z MaJ3s ‘g Aq sisoydAy ur aseasou|  papis bl ‘G —| | UONezI|Iels Jouaisoy uadg Gl-11 paXIN Glel L Jsealg 0L 9
/1 IN0-IND MBIIS
/1 pue g] Buiuasoo] maios ‘uois
-salboud aseasip pue /] 1e ainaely  ]—¢] UoIssalduodsp G| —¢] uonejusL
0l I | 018np G| Aq sisoydAy ur asessou|  -nAsul Ou !/ | —p7) UONEZI|IGE)S J0LI1S0d uadg A paXIN Gl-v1'9 9 Jsealg 9 G
uoiexi} aje(d pue
Awoy23d100 7] pue | ] ‘79 Jousiue ;z|
1no-||nd malas —/7) uoissaidwodap ‘7] —/7) uonejusw
g9 &, | ae(d Jouajue ‘Buiussoo] Maldg  -nisul OU 'G—£7) UONeZI|IqeIS Jouaisod  uado g S| Gl-€)  n0I8JIS ATV 31e1S0Jd 29 ¥
1 8 47 9-69 Buiuasoo| maiog 90-00 UonezIfige)s Jouaisog usdg 90-00 nky 0 8 uojo €
95 8l 9 abexeaiq Maiog 9907 U0ISN 13 UONEZI|IG)S J01IB1S0d uadp 9309  9noI8|as ¢ 9 1sealg 95 z
ssaiboud
aseasip [ea0] £7 Jo asdey|0d 03 Ale
9 ¥ | -pu09as 4z Aq sisoydAy ur aseaiau| 9707 UOReZI|Iqe1S JoLaisod uadg 9300 paxIn 0 8 Bun Il |

Jowny

(ow)Aiabins  (ow) aunjiey
Ja)je [BAIUNS  JO UONEZI|IqelS

(ow) aunjiey
Jo3asuQ

(pauIquoa

uondiasap/ainjie} jo adAp J ajue ‘lolaisod)

uopeuBWINASUl
Jo s[ana]

uoisa| ays

yoeouddy joadAl  siseiselg|y

XS

SNIS e d aby

Aiebuns 10 m&ﬁ.

aln|ie} Juejdwi onewoldwAse Buiigiyxe siusied [enpIAIpul 0 SsLa10RIRYD BAileIado pue aailessdoald ‘salydesBows( °g ajqel

I (ZX\8 Naresh Kumar et al.



(aBed 1xau uo panuijuo))

| T-Z11 Awo1oadiod
|T-z1] uoissaiBoid  |ered papis-ybu {1z | Awoloauiwe
8seasip [e20] 0} anp Ww ¢ Aqybiay  uoIssaidwoap || 1z 1 UoneluaLnasul

9l € L 40850] 2,01 Aq sisoydAy ur aseasou| 0U ‘g1 | Uonezijigess S|\ Joualsod SIN €T-0LL AMA] 1z vl Buny 4 €9 L

176u
-ybnojd maias {7118 1. Buiuasoo | T-Z1] uois

0L 8 | MaJ3s ‘.9 Aq sisoydAy ui asealou)  -saidwodsp ‘£1-01 ] UONEZI|IGe]S J0La1S0yd uadQ £1-0LL Ay AT sbun 4 a9 qz
2711N0-1n2 M8J3s
'Z1% 17 BuiyBnoyd mauos g1 Aq

Bunyn abea ‘ww g Aq sauapisgns awade|dal 8bea 7| | aulIa0p

6 9 | abed !0 Aqg sisoydAy ui aseasou]  Awoyaadiod ‘Z1-(| | UOIezI|Iges JoLaisod uadQ 71011 Ay Zll Yyl -usaimaN A 19 4

BuiyBnoid smalas z

Jamo| R uoissaiboid aseasip 03 anp
Z1-17 ww g1, AqyBiay Jousiue

Asymptomatic Construct Failure after MSTS: Is It a New Entity? {:Z3l I

Gl L L 85e133p 5z Aq sisoydAy ur asealou £71-61 Uonezijigels S\ J01iaisod SIN £1-6L nky THLLL UL foupy N €9 2
Buiybnord masas 1L
%9 ¥ | 1m0 ‘o0z Aq SisoydAy ui asealou]  Awoaadion ‘Z1-g] Uonezijige:s Joua1sod uadQ 718l Ry I vl 1sealg 4 /G 4
Buiybnord maas 1 Aisejdoiganian ‘g| | uois ewojahw
8 ¥ l uionoq 13 Wwi G Aq 1yBiay o sso] - -saiduiodsp !| 18] UoNezI|igels JoLielsod usd LT-8L AMA] oL zL  edunN N B9 22
£1°Z7In0-|Ind maJas ‘g7 Buiuasoo 9171 g LLL uois
Gl z | MaJ3s ,z| Aq sisoydAy ur esealou)  -saidwodap ‘71| ] UONEZI|Iqe)S J0Ls1Sod uadp Al paxip 11-91%l 0l 1sealg 4 g9 1z
pua
Jouadns 1e wuw ¢ Ag 8auapisgns Juswsde(das abea g g| Awio}oadiod
a6 7 | abea !9 Aq sisoydAy ui aseasau Jougysod ‘g —/ | UOIIeZI|IGe]S J0LRIS0 uadQ 6111 RNV 8l 8 Bunl N 89 0z
111 BuryBnoyd
MaJ3s yBIay [eigapian JO SSO| 81 Awoyoadiod [erued ‘g| uois
e 8l | ww ¢ ‘501 Aq sisoydAy ui aseasou|  -saidwodsp ‘g1 [—9] UOHEZI|IGES JOLRIS0d uadp 011-91 Ry 8l 0L ewoydwhy 4 o7 6l
uado uoIsIanu0d ‘g1, |—/ | uoissaidwiod uado 0}
9 9 & 211 Bulussooj maiog  -ap ‘auids D19BIOU) UOILIBSUI MBIIS S PEMBAUOD S 21'6'8'9°6L MA] LLOL'B'L €l jsealg 4 G, 8l
BuyBnoyd
MaJos doy g ww G Agybiay Jo  §1—/ ]| uoissaidwiodsp ‘g1 —g] Uonesw
4l v ! $80| ‘o Aq sisoydAdy ui aseaiou]  -nisul ou Z| |-G UOMeZI|ige)s Joualsod usdp 2118l nky 0l-sL 8 sealg 4 79 Ll
6178 8L Bul JARCE]
-ybnojd smauas !/ wu / Aqiybiay Kisejdoigapian i/ | uoissaidwiodap [els
s 9 &, J0 $S0] ‘o9 Aq SIsoydAy ur aseasou|  -jejosslsod (5]—G| UONEZI|IGe)S J0LBISOd uadp 61-GL A /1 8 1sealg A ge 9l
B8y eigapan
Jowny Jo sso| pue Buiybnojd smaias
i v ! 18mo) ‘oz Aq sisoydAy ut aseaiou 81~ U0NEZI|Ige)s J011a)S0d usdp 8LvL nky L9l 6 ewoydwh 4 g5 Gl

(ow) Aiabins (ow) ainjie}  (ow) ainjiey (paulquwod ‘lousjue uo:Bwo& uonejuswnisul - uoiss| als Jlowny

uonduasap/ain|ie} jo adA| yaeoiddy Xag

laye |eAuNg  Jo uonezijigels  JolasuQg Aiabuns Jo adAp J0 Sjana] JjoadAl  siselsels|y SNIS Aewud

panuiuo) °g ajqeL



636-649

~
v)
N—
v
i
—
N
(=}
N
.
()
£
o
w
(=1
<
B
w
<

I (798 Naresh Kumar et al.

"BWIOUIIED Je[n|j8301eday ‘99H ‘A1abBins sAiseAUl Ajjewiuiu ‘S| ‘Bews) 4 ‘8jew ‘| ‘81008 se|doau Avjigelsul jeuds ‘SNIS

€ 8
14 9
Gl L
L €
4" €
34 9l
8 4
S G
8¢ 9
L L
L 8
8¢ <
b 8
6y €

(ow)Aiabins  (ow) aunjiey
a)Je |BAIING  JO UONEZI|IQelS

6§

Gl

(ow) aunjiey
jo3asuQ

1S J0yBlay jo

$SO| LW G UM 1] Buiuasoo| malag
asde0a g

'Pa1anJISU0dBI J0U SEM ULUN|0D JOL
-8JUe Se syjuow gz e afesealq pou
‘sypuow / Aq Buiuasoo| mMaias oe

G73N0-1n2 MBI9S ‘G BuILas00] MaIag

1S Buiuasoo] maiag

£1-21140 asdeyj02 0} Ae
-puo9as ‘4| Aq SISOpIO| Ul 8se8103(

ww G Aq sauapisgns
abed ! Aq SISOpJO| Ul 8se8133(]

uonaunl din-peay

1e abeyealq Mauds | || uoissaifoid

asessip [BJ0] 0} 8NP £1-771 40
asdey|0a !,z | Aq sisopio] ul 8seal8

wuw G Ag Z1-173yBiay Jousiue
J0 $50] ‘oG Aq SISOpIO| Ul 8588193(

WBiay jo
$SO| WW Z UM 47 Buluasoo] maiag

€7 Buluasoo] maiag

| 740 asdey|0a
0} anp ww g Aq yBiay Jousyue ul
8se8.108p ‘o0 Aq SIsoydAy ur asealou|

wonoq 1e
ww 7 pue doj 1e ww g 83uapisgns
abea ‘0| Aq sisoydAy ui asealau

1ybiay Jo sso|
W G WM Z18 011 Buiuasoo| maiag
wbiay
UWIN|03 JoLBIUe 89Npal ‘8auapIsgns
abea !, | Aq sisoydAy ui aseasau

uonduasap/anjie} jo adA|

1S—G7 uoissaud
-LU0JBP ‘WNI|1-7] UOIEZI|IGeIS JOL8)S0

G uoissald
-LU0JBP ‘WNI|I-€7] UOIEZIIGeIS J0L8)S0

G- Uoissaidwooap
lone)sod G-z Uonezljigels JoLalsod

1 Aisejdoigapian ‘] uoissaud
-W098p ‘| S—Z || UONeZI|IGe)s J011a1Sod

¥1-€7 |eleejolalsod uoissaid
-W098p ‘| S—Z || UONeZI|Ige)s JoLia1sod

718w
-g9e|da) abed pue Awo3adiod ‘77 uois
-58JdW098p ‘GT—Z| | UONEZI|ICe)S J0LIB1S0d

G111 Uonezijigess S Jouesoq
Z7-17 UoneiuswnAasul
0U ‘y1-Z1L Uoiez|iges S| Joua1sog

Z1'17'Z11 uoissaidwioasp [eld
-Jejoieisod !y | | UONEZI|IGeIS J0LI8Isod

| uoissaiduwioasp [eld
-Jejoieisod ‘g1 | | UONEZI|Ige)S 10Lgisod

|7 Ul Uoneuawnasul
0u ‘9.I|I-Z7 SI\ UoRezZI|Ige1s JoLa1sog

711 uawadedal
abea pue Z1-0| L Uonezi|igels Joa1sog

Z11 Uoissaldwiodap
Joualsad ‘Z1-01 ] UOnezijigels Jouaisod

Z11usw
-89e|dau 86ed 1§ Awo3dadiod 'z | uois
-58JdWwo98p ‘§1-(| | UoNez|Ige)s JoLa1sod

(pauIqiod “ouaue ‘Joua)sod)
Aiabuns Jo adAp

usdg wnij g 61
uadp

SIN G121
usdp 1S—Z1L
usdp 1S—Z1L
usdp G12lL
SIN GHIL
SIN YLl
usdg yi-LLL
usdp E-LLL
SIA eHLLL
uadQ ITLLL
usdg ZHoLL
uadQ Y10LL

uonejuswnisul

yaeoiddy 10 5397

pex

anky

ank

PaXIN

ank

anky

ank

ank

PaXIN

ank

k]

A

RIETIN

PaXIN

uoisa)
JoadAp

1S9L

Gl
71
¥1°C1

711

¥1°C1

€T
ETL1
L1

L1

L1

418
clL

€1ZIL

aus
siseIseIa||

8 91e1S01d

ol isealg
ewojaAw

L ajdmniy

L Isealg

6 Bum

[ 1sealg

6 Bum
6 J0H
[ ewoydwAq

ol sbunq

Zl J0H

zl Bun

G 21e1S04d

0L ewoydwhy

Jowny
SNIS £ jeunng

N L

NS

34

or

6E

8¢

L&

9

g€

vE

€€

€

1€

0€

6C

panuiuo) °g ajqeL



Asymptomatic Construct Failure after MSTS: Is It a New Entity? {eZ&] I

Table 4. Adjusted SHR estimate for asymptomatic failure and competing
events (death or symptomatic failure) using multivariate competing risk regres-
sion analysis

Multivariate analysis

Variable
Adjusted SHR (95% Cl) p-value

Age 1.033(1.006-1.062) 0.02
Sex

Male 1.0

Female 1.87(0.719-4.901) 0.19
Skipped region

0 1.0

1 0.861(0.311-2.388) 0.77

2 2.149 (0.666-6.926) 0.2

>3 1.263(0.233-6.837) 0.78
Metastatic region

Cervical 1.0

Cervicothoracic 0.814(0.092-7.173) 0.85

Thoracic 0.928 (0.188-4.577) 0.92

Thoracolumbar 1.263 (0.186-8.578) 0.81

Lumbar 1.604 (0.235-10.919) 0.62

Lumbosacral 0.419(0.038-4.576) 0.47
Primary tumor

Breast 1.0

Lung 0.142 (0.044-0.458) 0.001

Prostate 0.113 (0.020-0.621) 0.01

Hematological 0.230(0.064-0.813) 0.02

Others®! 0.220 (0.065-0.748) 0.01

SINS 0.992 (0.861-1.143) 0.91
Lesion type

Sclerotic 1.0

Lytic 0.706 (0.228-2.185) 0.54

Mixed 0.822 (0.322-2.0999) 0.68
Instrumented region

Cervicothoracic 1.0

Thoracic 1.860 (0.522-6.620) 0.33

Thoracolumbar 2.697 (0.801-9.080) 0.10

Lumbar & lumbosacral 0.878 (0.157-4.897) 0.88

Construct length 0.899 (0.696-1.162) 0.41
ECOG score

3-4 (non-ambulatory) 1.0

0-2 (ambulatory) 0.725(0.290-1.809) 0.49

Bold type is considered statistically significant.

SHR, subhazard ratio; Cl, confidence interval; SINS, spinal instability neoplastic
score; ECOG, Eastern Cooperative Oncology Group.

“0thers include renal malignancies (n=23), hepatocellular carcinoma/gastroin-
testinal tumors (n=27), ovarian (n=7), cervical (n=9), thyroid (n=7), nasopharyn-
geal (n=10), and others (n=2).

No failure
Asymptomatic failure
Symptomatic failure

1.00+

0.75+ p<0.05 (log-rank test)

0.50

0.25

Cumulative incidence of mortality rate

o
1

I I I I
0 50 100 150
Analysis time (mo)

Fig. 1. Kaplan-Meier analysis of the survival between asymptomatic failure,
symptomatic failure and no failures. Log-rank test (p<0.05) indicates that the
survival in asymptomatic failure group is more than symptomatic failure and
death.

0.4+

0.3

0.2

0.1

Cumulative incidence of
asymptomatic failure rate

T T T T
0 50 100 150
Analysis time (mo)

Metastases from breast
Hematological metastases
Others

Metastases from lung
Metastases from prostate

Fig. 2. Multivariate competing risk regression curve with asymptomatic failure
as event of interest, with symptomatic failure and death as competing events.
Primary tumor type (breast) was a significant risk factor for asymptomatic fail-
ure (p<0.01).

Results

A total of 288 patients underwent MSTS between 2005
and 2015. We excluded 42 patients due to death within a
period of 30 days after surgery or when their operation in-
volved no instrumentation, leaving 246 patients for the fi-
nal analysis. Table 1 summarizes the patients’ demograph-
ics, preoperative, and operative characteristics. Of the 246
patients, we observed a total of 55 (23.4%) CFs, of which
there were 14 (25.5%) SFs and 41 (74.5%) AsCFs. All As-
CFs were CFs except for one who experienced hardware
(rod) breakage and remained asymptomatic until he died.
Table 2 describes the primary tumor types and their asso-
ciated AsCF rates. Table 3 presents the individual clinical
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data for the patients who presented AsCF, with detailed
descriptions of their failure mechanisms and preoperative
characteristics. The rates for the various radiological fail-
ure mechanisms were 15% for screw ploughing, 15% for
screw loosening, 3% for screw pull-out, 8% for screw cut-
out, 2% for screw breakage, 6% for cage subsidence, 1%
for cage displacement—1, 0% for cage breakage, 1% for rod
breakage, and, in terms of angular deformity, 25% for in-
crease in kyphosis and 4% for decrease in lordosis. One or
more mechanisms can exist in each AsCF case. The most
common radiologically detectable failure mechanism in
the AsCF group was angular deformity (increase in ky-
phosis) in 29 patients (71%), followed by screw loosening
and screw ploughing in 15 patients (37%) each (Fig. 3).

The mean age at the time of surgery was 59 years (range,
21-87 years), with a sex distribution of 127 males (51.6%)
and 119 females (48.4%). The common primary tumor
types were lung (68 cases, 27.6%), breast (41, 16.7%), he-
matological (30, 12.9%), hepatocellular carcinoma/gastro-
intestinal (27, 10.9%), kidney (23, 9.3%), and prostate (22,
8.9%). The majority of lesions were lytic (66.3%). Table 1
shows the instrumented regions, number of instrumenta-
tion levels, and the number of skipped vertebrae in the
constructs. The main symptom at the first presentation
prior to surgery was instability pain (95%) followed by
rest pain (49%) and neurological deficit (47%).

The mean time to the postoperative onset of AsCF was
2 months (range, 1-9 months). Early AsCF accounted
for 80% (n=33) of the cases, while late AsCF accounted
for 20% (n=10). By examining the early AsCFs, we found
that they occurred due to (1) a reduction in height of the
vertebra within the construct in patients who underwent
only posterior instrumentation (n=22) and (2) cage sub-
sidence/tilting in patients who underwent anterior col-
umn reconstruction (n=11) (Fig. 4).

The median survival for the entire cohort was 13.4
months, and the median survival for those with AsCF
was 21.5 months (range, 3-123 months). The median
survival for the patients with early and late AsCF was
20 months (range, 3-95 months) and 41 months (range,
11-92 months), respectively. The mean follow-up dura-
tion was 20 months, and 63% of the patients died during
the follow-up period. The Kaplan-Meier survival curves
showed that the survival time for the patients with AsCF
was significantly longer than for patients with no failure
or SF (p<0.05) (Fig. 1).

AsCFs were more common in the patients with breast

Asian Spine ] 2021;15(5):636-649

(13/40, 31.7%), prostate (7/22, 31.8%), and hematologi-
cal (7/30, 23.3%) tumors. We observed a lower incidence
among the patients with lung (8/68, 11.7%), gastrointes-
tinal/hepatocellular carcinoma (3/27, 11.1%), and renal
(2/23, 8.6%) tumors (Table 2). Lytic metastatic lesions
were the most common type (25, 61%), followed by
mixed lesions (10, 24%) and sclerotic metastases (6, 15%).
AsCF was common with SINS >7 and was observed in
one-sixth of the patients in each subcategory of the SINS
classification (15.3% [4/26] for stable [SINS 0-6], 17.4%
[31/178] for indeterminate instability [SINS 7-12], and
14.2% [6/42] for the unstable groups [SINS 13-18]). The
majority of AsCFs occurred in the instrumentation span-
ning the junctional regions (25/41, 61%). We observed
that 25% (3/12) of the occipital-cervical fixations, 20%
(4/20) of the thoraco-lumbosacral/lumbosacral fixations,
and 19.2% (16/83) of the thoracolumbar fixations devel-
oped AsCE Most of the patients with AsCF had construct
lengths of 6-9 levels (23/41, 56%). We observed AsCF in
12.2% (6/49) of the patients who underwent the minimal-
ly invasive surgical (MIS) approach, in contrast to the 18%
(35/194) who underwent the open approach, although the
difference was not statistically significant. We observed
that most of the patients with AsCF were non-ambulatory
prior to the surgery, with 35 of 41 patients (85%) present-
ing a high ECOG score of (3-4). Based on the competing
risk regression model multivariate analysis with death and
SF as the competing events, we observed that primary tu-
mors and increasing age (p<0.02) were statistically signifi-
cant risk factors for AsCF (p<0.05) (Fig. 2, Table 4). We
also found that breast tumors were the risk factor (p<0.01)
most strongly associated with AsCF (Fig. 2). None of the
other factors considered in the multivariate analysis were
statistically significant. None of the patients with AsCF
underwent revision surgery during the study period.

Discussion

Most of the related studies in the literature have reported
SF following MSTS, with reported SF rates of 1.9%-16%
in the larger series of patients who underwent MSTS
based on clinical presentation and the need for revision
surgery [8-14,19,20]. Few studies have recognized patients
who presented radiological CF while remaining clinically
asymptomatic, and the exact incidence rate has not been
reported [9,10], which highlights the significant group of
MSTS patients who are asymptomatic while exhibiting
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Fig. 3. (A) Spinal metastases to T4-T6 from chronic myeloid leukemia in 66-year-old male patient. (B) Posterior fixation from T2-T9 and
decompression of T4-T6. (C, D) Late postoperative failure showing increase kyphosis by 20°; screw ploughing & loosening in T8 and T9 pre-
sented 4 months after index surgery (arrows); total survival of 73 months.

‘ .
A\ R .“
k2=

Fig. 4. (A) Spinal metastases to T12 from lungs in 56-year-old female patient. (B, C) Anterior decompression and reconstruction using cage and
anterior fixation from T11-L1. (D, E) Early failure with increase in kyphosis by 10°, cage sinkage by 7 mm presented within 1 month (arrows); total
survival of 38 months.
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radiological signs of IF/CFE.

Our study is the first to identify and report AsCF in a
large series of MSTS patients. In our study, we observed
AsCF in 16.7% of the patients following MSTS, a higher
rate than the reported SF rates of 2.8%-8% in major stud-
ies [9-12]. Of the 41 patients in our series, we observed
early AsCF and late AsCF in approximately 80% and 20%,
respectively. This large proportion of patients with early
AsCF could be explained by an interesting observation
in the literature: successful local disease control via RT
causes re-calcification of affected vertebrae approximately
1-2 months after the start of RT [21,22]. This increase
in strength of the diseased bone after treatment could
improve the construct strength and pause the process of
further collapse of the diseased vertebra, resulting in no
further worsening of the radiological signs of CE. Three
months post-MSTS would approximately coincide with
the re-calcification of affected vertebrae, increasing their
load-sharing capacity to provide support to the anterior
column. Before the re-calcification of affected vertebrae,
their load-sharing capacity would be suboptimal, thus
the rationale for choosing 3 months as the distinction be-
tween early and late failures. The introduction of RT/CT
and treatment of osteoporosis improves the bone mineral
density and quality of the vertebrae, thereby reducing the
possibility of early AsCF progressing to SF [5,22,23]. RT-
related re-calcification, as mentioned above [21,22], could
also be a plausible explanation for the low number of
patients seen with AsCF in the MIS group compared with
the open group (Table 1). The MIS patients convention-
ally underwent local RT 1-2 weeks earlier than the open
group, thus resulting in earlier re-calcification of the dis-
eased vertebra.

We observed that kyphosis occurred in the vertebrae
when spanned by posterior instrumentation without an-
terior reconstruction, a condition that might have been
caused by axial compressive forces. It is possible that the
involved vertebrae had low initial bone mass coupled
with microscopic tumor metastases. Anterior reconstruc-
tion using a cage/graft demonstrated similar patterns of
collapse, possibly as a result of mild to moderate cage
subsidence in the adjacent osteoporotic vertebral bodies.
Cage subsidence or tilting persists until contact is made
with resilient cancellous bone or screws. However, there is
consolidation of the anterior column following both post-
operative RT/CT and treatment of osteoporosis, resulting
in stabilization of the kyphosis in an acceptable position.

Asian Spine ] 2021;15(5):636-649

Patients therefore remain asymptomatic despite radiologi-
cal signs of failure.

In our retrospective study, we observed rates of 16.7%
for AsCF and 5.7% for SE. Considering that most of the
patients began as AsCEF, it can be surmised that only 25%
of the cases of AsCF progressed to SF, demonstrating that
a continuation to SF is not always the case for AsCE There
is the possibility that an initial AsCF can consolidate and
stabilize in an acceptable position after effective adjuvant
therapy, arresting the progression of AsCF to SE. Attempts
to fix AsCF might therefore lead to unnecessary opera-
tions in 75% of patients, given that potentially only 25%
progress to SE. In patients with AsCF after MSTS, there is
the possibility that an initial AsCF might consolidate and
stabilize in the new acceptable position, after the effective
completion of adjuvant therapy, thereby arresting the pro-
gression of AsCF to SE In our study, we typically observed
late AsCF in (1) the patients with primary tumors that had
good prognoses (e.g., breast, prostate) with prolonged sur-
vival in the absence of fusion (n=6) and (2) the patients
who initially responded to CT/RT for local disease control
after the index surgery but later relapsed, leading to the
loss of anterior column support (n=2). Only age (p<0.02)
and tumor type (p<0.05) were statistically significant risk
factors among the many factors considered (Table 4). The
median survival for our entire cohort was 13.4 months
(range, 1-129 months), while the median survival for the
patients with late AsCF was 41 months. The Kaplan-Meir
analysis of the survival between AsCF, SF and no failure
indicated that the survival for the AsCF group was longer
than for SF and no failure (p<0.05) (Fig. 1).

Studies have shown that survival is strongly influenced
by factors such as primary tumor type and the patients’
general condition [24,25]. Metastatic tumors with gener-
ally good prognoses (e.g., breast and prostate primary
tumors) together comprised nearly 63% of the asymp-
tomatic cohort (Table 2) and were therefore considered
a significant risk factor for AsCFE, with primary breast
tumors the most significant risk factor, as shown by the
multivariate competing risk regression curve (p<0.01)
(Fig. 2). These results imply that, for these patients, spine
surgeons tend to more frequently discover asymptomatic
IFs, which could be attributed to the fact that implants in
these patients are subjected to cyclical loading in the ab-
sence of fusion, developing CF in the form of progressive
kyphosis and screw cut-out/ploughing during the early
postoperative months, which later stabilize when these
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tumors respond to RT/CT [5,21-23].
In our study, AsCF was most frequently observed in the

junctional regions (61%), with one-quarter in the occip-
ital-cervical fixations, one-fifth in thoraco-lumbosacral/
lumbosacral fixations, and one-fifth in thoracolumbar
fixations. This was probably due to the presence of higher
mechanical stress, in the absence of fusion, in the junc-
tional regions of the ambulatory patients. There was also
a trend towards AsCF in the patients with SINS >7 and
construct lengths of 6-9 levels; however, the multivariate
regression analysis showed that the associations were not
significant.

This concept was further validated by our observation
that most of the patients with AsCF had a poor preopera-
tive ambulatory status, with ECOG scores of 3-4 for 85%
of the patients, implying that most of these patients were
not adequately mobile during their early postoperative
period. The reduced cyclical loading of implants due to
reduced mobility resulted in certain radiological changes;
however, the patients remained asymptomatic. This re-
duced ambulation provided an opportunity for re-ossifica-
tion of the tumor-involved vertebra after the introduction
of RT/CT. This re-ossification is a known phenomenon
that occurs after the successful introduction of RT and/
or CT during the postoperative period following MSTS,
as described by Greenburg et al. [21] who observed that it
takes approximately 1-2 months for the affected vertebrae
to re-calcify after starting CT and/or RT in patients with
MSD [21].

Higher preoperative ECOG scores and lower early post-
operative mobility might reduce the risk of early AsCE a
notion supported by Kondo et al. [26] who evaluated 96
non-ambulatory patients before MSTS and discovered
that they experience no IF within a median follow-up of
7 months. However, if the patients’ general condition is
good at the time of the index surgery and continues to
remain so during the survival period, the patients might
present as late AsCF. The possible reasons for the lack
of symptoms despite the discernible radiological signs
of failure could be that these patients (1) have a higher
threshold for reporting pain; (2) were already undergo-
ing pain management for their primary tumors, thereby
masking the pain due to CF; (3) might not have been suf-
ficiently mobile to load the implants and therefore unable
to provoke instability pain; and (4) have constructs that
would have stabilized after the initial radiological failure
due to re-ossification of the tumor-involved vertebrae, as

alluded to earlier.

AsCF raises alarms among spine surgeons and results
in more frequent follow-ups for these patients. However,
most surgeons prefer not to address AsCF surgically, un-
less the patients become symptomatic or radiologically
unstable; however, this observation is mainly anecdotal
rather than evidence-based. Our study supports the initial
non-interventional approach towards AsCF and recom-
mends close follow-up of patients with AsCE In the event
of progression to SE, surgical intervention may be offered.

Surgical techniques and planning have evolved over
the 10 years of our retrospective study, resulting in vari-
ability in the construct selection, surgical planning, and
techniques. Further variations were introduced via the
individual variation in the decision process of the five
consultants performing the operations. Subsequent stud-
ies might show a lower incidence of IF than that reported
in our study due to further refinement in the surgical
techniques and implant design.

Conclusions

The new concept of AsCF after MSTS is a distinct entity
that should be recognized. In most cases, AsCF can be
detected early; however, few of those cases progress to SE
We observed early failures in 80% of the patients who pre-
sented with AsCF, which were noted in the patients with
reduced ambulation in the postoperative period before the
successful effect of CT/RT was noted in achieving local
disease control. We observed late failures in patients with
tumors with better prognoses (e.g., breast), advanced age
and mobile patients. The observation of radiological fail-
ure during the postoperative period (early or late) should
be followed up with caution, and aggressive surgical inter-
vention should be resisted. We recommend more frequent
follow-ups for these patients, with further investigation
and careful consideration for surgery only in cases of pro-
gressive symptoms.
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