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Abstract

Purpose of Review Megaprosthesis and Allograft Prosthesis Composite (APC) are the established treatment modalities for
massive skeletal defects. There are a handful of studies comparing the use of megaprosthesis and APC in the management of
substantial bone loss and it has always been a topic of debate regarding the superiority of one modality over the other. Therefore,
we aim to compare the functional outcome and implant survivorship of each modality including complications, revision rates,
amputation rate and mortality.

Recent Findings The Allograft Prosthesis Composite (APC) constitutes a skeletal allograft implanted with a revision type
prosthesis in it. The biological environment provided by the allograft allows attachment of the muscles and tendons imparting
better stability and function. However, the literature is not kind enough with APC due to associated risk of infection, disease
transmission and nonunion at the graft-host junction. The megaprosthesis (MP) on the other hand is a nonbiologic modality with
better survivorship but subservient functional outcome. Infection has been a major issue in both the modalities. Advancement in
metallurgy using silver coated megaprosthesis also failed to provide strong evidence in preventing infection.

Summary The functional outcome is better with APC in both the upper and lower limbs. However, the survivorship is better with
megaprosthesis, especially in the upper limb when revision rates were compared between the two modalities. Deep infection and
mechanical complications were significantly higher in the APC group. There was no significant difference between the two
groups in terms of amputation rate, mortality, and local recurrence.

Level of Evidence (CEBM) 2a

Keywords Megaprosthesis - Allograft Prosthesis Composite - Massive skeletal defects - Bone tumors - Comparative study -
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periprosthetic fractures, failed osteosynthesis, and infections
[1-3]. The management of these large skeletal defects is a
challenge for orthopedic surgeons. The major treatment op-
tions employed include osteoarticular allograft,
megaprosthesis (MP) and structural Allograft Prosthesis
Composite (APC).

With high rates of mechanical complications reported with
osteoarticular allografts, the alternative is either
megaprosthesis or an APC [4, 5]. The megaprosthesis has an
advantage of the relative ease of reconstruction, less time-con-
suming, and no risk of nonunion, graft resorption, fracture,
and disease transmission. However, these implants are unable
to heal the soft tissue sleeve around them and are associated
with escalated dangers of dislocation and poorer functional
outcomes [0, 7]. Alternatively, APC has an advantage of bio-
logical fixation of the soft tissue sheath to the allograft bone,
thereby reducing the risk of dislocation and hence leads to
better functional outcomes. Nevertheless, APCs also carry
their own risks of graft resorption, fracture, nonunion, disease
transmission, and infection [8, 9].

There are a handful of studies comparing the use of
megaprosthesis and APC in the management of substantial
bone loss. We present a meta-analysis of the literature com-
paring the functional outcomes, implant survivorship, compli-
cations, revision rates, mortality, and amputation of each treat-
ment modality for managing substantial bone loss.

Methods

We explored multiple databases comprehensively searching
for comparative studies using the Preferred Reporting Items
for Systematic Reviews and meta-analysis (PRISMA) guide-
lines [10].

Search Strategy

A systematic search of PubMed, Embase, Scopus, Cochrane
and Web of Science was conducted from Jan 1, 1985, to
Aug 31, 2020, to select all relevant studies following the
PICO criteria (patient/population, intervention, comparison,
and outcome) [11]. The Boolean search string used in the
advanced search was “Allograft Prosthesis Composite OR
allograft prosthesis OR massive skeletal allograft” AND
“endoprosthesis OR megaprosthesis OR mega-prosthesis.”
Only human studies were included, and additional papers
were explored from the references.

Eligibility Criteria
Two independent reviewers (RM&DG) screened all the arti-

cles. All the articles that reported the use of a megaprosthesis
or APC were included in the first screening stage. Articles
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published in a language other than English were also included
in the study. Studies comparing these two modalities in skel-
etal defects caused by reasons other than tumors were also
included. Studies that used only osteoarticular allograft, auto-
graft composites, epiphyseal sparing allografts, intercalary al-
lografts, and those which did not compare megaprosthesis and
APC were excluded. Isolated case reports and previously pub-
lished systematic reviews were also excluded. Studies that did
not evaluate separate comparative and functional outcomes
were also excluded. Finally, only studies that reported the
comparative outcome between the uses of the mega-
prosthesis vs. Allograft Prosthesis Composite was included
for further analysis. The search strategy is given in Fig. 1.

Study Characteristics

All studies included were comparative studies published from
1996-2020. Sixteen of 17 studies were retrospective, and one
was prospective. Fourteen of 17 articles were published in
English, two were in French, and one was in Chinese. Eight
studies compared only APC and megaprosthesis, while re-
maining nine studies compared other modalities also such as
osteoarticular allograft, arthrodesis, standard replacement
components, autograft along with these two surgical proce-
dures. All studies except one, dealt with skeletal defects
caused by bone tumors, either malignant or benign. One study
pertained to bony defects caused by periprosthetic fractures in
the elderly population. Six studies were related to defects
around the proximal humerus, five were related to defects
around the proximal femur, three were related to defects
around the knee joint and three were related to defects around
the pelvis and periacetabular region. Fifteen of 17 studies used
Musculoskeletal Tumor Society score (MSTS) as the func-
tional outcome score. One study related to bony defects due
to periprosthetic fractures in elderly used Knee Society Score
(KSS) and the other one used International Society of Limb
Salvage (ISOLS) score instead of MSTS score. Further de-
tailed attributes of the study are illustrated in Table 1.

Data Extraction

Information on patient demographics; number of benign, ma-
lignant, and metastatic cases; the site of the defect; indications
for surgery; average follow-up time; length of the resection;
amputation rate; mortality; functional outcome scores; implant
survivorship; and complications, including revisions and
failures, was extracted from the full texts and supple-
mentary materials, when applicable. Full text of the
Chinese language article was not assessed but sufficient
amount of data was available in the abstract to be in-
cluded in the study [24].
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Fig. 1 Flow chart demonstrating
search strategy and the included
studies according to the PRISMA
guidelines

Using Boolean search string
“Allograft Prosthesis Composite OR
allograft prosthesis OR massive skeletal
allograft”

AND
“endoprosthesis OR megaprosthesis OR
mega-prosthesis” in a human population
from 1985-2020 in all fields.

|

Records identified through database
searching (n=3065)
PubMed&MEDLINE-2108
Embase-376
Scopus-378
Cochrane trials and reviews-105
Web of Science-98

l

Records after duplicates removed
(n=2777)

|

Records excluded:

e Case reports

e Titles not related to management of
massive skeletal defects, allograft
prosthesis composite and mega
prosthesis

e Studies without comparison

(n=2654)

Records screened and full-text articles
assessed for eligibility:
Comparative studies
(n=123)

Full-text articles excluded:
Studies which did not compared
composite prosthesis, mega
prosthesis, systematic reviews,
and review articles.
(n=71)

Full text article assessed for eligibility:

Full-text articles excluded:

Comparative studies between prosthesis
composites and mega prosthesis
(n =52)

e Studies which did not compared both Allograft
Prosthesis Composite and mega prosthesis.
e Studies which did not provide separate comparative

outcomes and functional outcome of Allograft
Prosthesis composite and mega prosthesis.
e Studies which compared autograft composites,

|

Studies included in quantitative synthesis
(meta-analysis)
“Comparative studies between Allograft
Prosthesis Composite and mega prosthesis”

(n=17)

osteoarticular allografts, epiphyseal sparing allograft

and intercalary allograft.
(n=35)

Outcome Measures

The primary measurements included functional outcome
scores and implant survivorship of each treatment modality.
The secondary outcome measures included complications, re-
vision rates, amputation rates and mortality. The outcome
scores were the reported scores for the appropriate anatomic
sites or the overall follow-up scores to assess improvement in
function. Complications were defined as any untoward out-
come related to the surgical procedure, irrespective of the
requirement of revision and resurgery. The revision was de-
fined as any surgery that required the implantation of a new
prosthesis or an allograft, or the removal of the either includ-
ing amputation; resurgery included any surgical intervention
other than revision performed for complications in the sur-
gery. Failure in our meta-analysis was defined as any result
requiring revision. Complications were subgrouped into deep
infection, mechanical complications and local recurrence, and
others, which included nerve palsy, joint stiffness, and

myositis (Fig. 2). Mortality following the surgery was
accounted for if it was directly related to the disease.
Amputation was reported as nil if it was not reported or men-
tioned in a study.

Quality Assessment

Two independent observers conducted the analysis of the
quality of the included studies using Newcastle-Ottawa qual-
ity assessment scale (Appendix 1) [29]. According to this
scale four studies had five stars, five studies had six stars, five
had seven stars and two had eight stars (Table 2). One article
was excluded from the quality assessment as the full text of
the Chinese article was inaccessible.

Levels of Evidence

Only four studies reported their levels of evidence. To make
the assessment of levels of evidence more uniform, and to
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Fig. 2 Subgroups of
complications reported in the
studies. APC, Allograft Prosthesis
Composite

Complications

others(nerve palsy,
myositis ossificans, joint
stifness etc)

Local recurrence

Mechanical

complications Deep infection

Osseous complications

Implant complications-
implant failure, implant
loosening and
component wear

Joint complications-
Subluxations and
dislocations

APC-allograft nonunion,
delayed union, allograft

fractures, allograft
absorptions and

periprosthetic fractures

improve the relevance of levels of evidence, the authors
have used the levels of evidence as cataloged by Oxford
Centre for Evidence-based Medicine—Levels of
Evidence [30, 31]. According to these, 14 studies were
of level IV, and only one each of level IIB and IIIB.
One article was excluded from this assessment as the
full text of the Chinese article was inaccessible.

Megaprosthesis-
‘ osteolysis and
‘ periprosthetic fractures

)
S 4

Statistical Analysis

For continuous variables like MSTS, mean difference and
95% confidence interval were estimated by adopting
random-effects model that includes the mean of the variable,
standard deviation, and the total number of patients.
Dichotomous variables such as complications, revisions,

Table 2 Quality assessment of

the included studies Name of the study Selection Comparability Outcome Total score

Wang et al [12] ok % 5
Michiel van de sande [13] s * *k 7
Benedetti [14] stk k * s 7
Anract [15] ok * ok 5
Farid [16] otk ok 7
Zehr [17] sk * e 8
Muller [18] sk * . 6
Waunder [19] seotston . 6
Saidi [20] *rEE . o X
Kassab [21] Hkk % . 6
Manfrini [22] ok « * 6
Potter [23] ek % . 7
Jin Wang [24] Could not be assessed as full text was not available.

Hillmann [25] ok * * 5
Schwameis [26] ok o 5
Nota [27¢°] sekeskok R 6
Ippolito [28] wkE * sk 7

*Scoring system in a particular category according to Newcastle- Ottawa quality assessment scale. The number of
stars indicates its score in each category
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amputation risk ratio, and 95% confidence interval were cal-
culated using the number of events that happened and the
number of patients in each group. Risk ratio more than one
suggests increased risk in the first group. Heterogeneity refers
to the variation of the different outcomes between the studies.
Qualitative evaluation of heterogeneity was done using chi-
square test and p value. p value less than 0.05 was considered
significant. Quantification of heterogeneity was done using I*
test. It represents the percentage of variation across the studies
where <25%, 50%, and >50% indicate low, moderate, and
high heterogeneity, respectively. The outcomes were pooled
using the random effect model wherever heterogeneity was
encountered. For studies not reporting standard deviations
for MSTS score, they were derived from either ranges or by
statistical imputation [32]. We used the RevMan 5 Software
(Cochrane Collaboration, London SW1Y 4QX, UK) for sta-
tistical analysis.

Results

Seventeen studies with 882 patients were the subjects for me-
ta-analysis. The study characteristics are given in Table 3 and
4. The megaprosthesis group consists 0f 427 patients while the
APC group consisted of 201 patients and the other interven-
tions consists of 254 patients. The differences in the mean age

(APC vs. megaprosthesis: 42.3 £ 11 years vs. 39.8 + 12 years,
p=0.540) follow up (APC vs. megaprosthesis: 65.8 + 28.1
months vs. 72.9 + 41.2 months, p=0.571), mean length of
resection (APC vs. megaprosthesis: 15 £ 2.6 cm vs. 14.1 +
3.1 cm, p = 0.392) were not statistically significant. The pro-
portion of malignant tumors in APC was 137/164 while in the
megaprosthesis group, it was 369/385, and the difference was
statistically significant (»<0.001).

Clinical and Functional Outcome Scores

Fifteen studies contributed to MSTS score as the functional
outcome score but 14 were used in our meta-analysis. Nota
et al. reported similar MSTS score in both groups, but were
excluded from analysis due to the unavailability of standard
deviation [27e¢]. Statistical analysis revealed a significant dif-
ference between the two groups in favor of APC (MD, —2.29
95% CI, —3.42 —1.17; p=0.0001; I* = 82%). Five studies in-
volving upper limb six studies involving lower limb and three
studies involving the pelvis also revealed a statistically signif-
icant difference in favor of APC (upper limb: MD, —2.67;
95% CI, —4.78 —0.55; p=0.01; = 84%:; lower limb: MD,
—1.70; 95% CI, =3.16 —0.24; p=0.02; I* = 85%; pelvis: MD,
=7.90; 95% CI, —13.44 —2.36; p=0.005) (Fig. 3). One study
reported ISOLS score instead of MSTS score and the result
were slightly, but not significantly better in the APC group

Table 3  Results of the included studies in megaprosthesis group
Name of the Study Number of Mean age at surgery Mean follow up Length of Implant survival
patients (years) (in months) resection
(in cms) 3 5 8 10 15
years years years  years years
Wang [12] 6 32 48 11
Michiel van de sande [13] 14 44 120 9.6 100%
Benedetti [14] 10 41 118 16
Anract [15] (French) 20 43 72 17.5 73% 49%
Farid [16] 52 39 146 14.4 81.8 85.7% 85.7%
Zehr [17] 17 49.1 114 Not reported 65% 58%
Muller [18] 23 37.8 62 12.6 78%
Waunder [19] 64 33 50.7 18.1 91% 85%
Saidi [20] 7 76 6 Not required
Kassab [21] (French) 15 37.5 85 13
Manfrini [22] 25 10.5 136.8 15.3
Potter [23] 16 53.6 34 13.6 100%
Jin Wang [24] (Chinese) 39 35 64 -
Hillmann [25] 16 32 455 Not reported 90% 80-90% 80%
Schwameis [26] 10 15.39 493 Not reported
Nota [27¢¢] 84 53 31.2 11
Ippolito [28] 9 42.8 80.3 Not reported
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Table 4  Results of the included studies in Allograft Prosthesis Composite group
Name of the Study Number of Mean age at surgery Mean follow up Length of Implant survival
patients (years) (in months) resection
(in cms) 3 5 10 15
years  years years years
Wang [12] 7 32 48 11
Michiel van de sande [13] 10 34 120 12 90
Benedetti [14] 10 31 60 14
Anract [15] (French) 21 40 50 17.7 77.12 77.12
Farid [16] 20 44 76 19.8 100% 85.7%  85.7%
Zehr [17] 16 40.7 63 Not reported 76 76
Muller [18] 19 41.8 62 14.4 93.7
Waunder [19] 11 42 31.1 15.6 22%
Saidi [20] 7 79 6 Not required
Kassab [21] (French) 10 37.5 85 13
Manftini [22] 3 8.6 52.8 17
Potter [23] 16 56.3 82 12.5 91%
Jin Wang [24] (Chinese) 14 35 64 -
Hillmann [25] 6 32 45.5 Not reported
Schwameis [26] 2 14 11 Not reported
Nota [27¢¢] 20 53 55 14
Ippolito [28] 9 148 148 Not reported 85-95% 60-70%
Forest plot for MSTS score
Megaprosthesis APC Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI

1.5.1 Upper Limb

Kassah 2005 208 248 15 2532 225 10 8.9% -4.52[-6.40,-2.64) o

Potter 2009 20.7 248 16 237 1.275 16 10.0% -3.00[-4.37,-1.63) g

Wang 2010 225 1.64 6 27 153 7 9.2% -4.50[-6.23,-2.77) b

Michiel 2011 231 1.64 10 216 225 7 87% 1.50 [-0.45, 3.45) [+

Manfrini 2011 209 31 21 236 225 3 6.7% -2.70[-5.57,0.17) |

Subtotal (95% Cl) 68 43 43.5% -2.67[-4.78,-0.55] <>

Heterogeneity: Tau®= 4.81; Chi*= 25.64, df= 4 (P < 0.0001); F=84%

Test for overall effect: Z= 2.47 (P = 0.01)

1.5.2 Lower Limb

Zehr 1996 24 1.28 10 261 225 14 989% -210[-3.52,-0.69] SR

Anract 2000 225 4.05 18 249 353 18 7.5% -2.40 [-4.88, 0.08] |

Wunder 2001 26.3 55 61 20 6 7 3.9% 6.30 [1.65,10.95]

Farid 2006 21 1.64 52 246 1.28 20 11.2% -3.60[-4.32,-2.89] B

JinWang 2010 233 195 38 257 223 14 101% -2.40[-3.72,-1.08) &

Benedetti 2013 261 098 10 27 135 10 10.7% -0.90[-1.93,0.13) ==

Subtotal (95% Cl) 190 83 534% -1.70[-3.16,-0.24] <

Heterogeneity: Tau®= 2.46; Chi*= 32.32, df= 5 (P < 0.00001); F=85%

Test for overall effect: Z=2.28 (P = 0.02)

1.5.3 Pelvis

Schwameis 2002 181 4.28 7 219 0 1 Not estimable

Hillmann 2003 11.2 55 6 0 0 0 Not estimable

Ippolito 2020 16.1 6 ] 24 6 9  31% -7.90[-13.44,-2.36] -

Subtotal (95% Cl) 22 10 3.1% -7.90 [-13.44, -2.36] -‘

Heterogeneity: Not applicable

Test for overall effect: Z= 2.79 (P = 0.005)

Total (95% Cl) 280 136 100.0% -2.29[-3.42,-1.17] L 2

Heterogeneity: Tau®= 2.81; Chi*= 61.93, df=11 (P < 0.00001); F= 82% ?_20 _1§0 1%0 20{

Test for overall effect: Z= 3.99 (P < 0.0001)
Test for subaroup differences: Chi*= 4.68, df= 2 (P=0.10), F= 57.3%

Favours [APC] Favours [Megaprosthesis]

Fig. 3 Forest plot analysis for musculoskeletal tumor society (MSTS) score. APC, Allograft Prosthesis Composite
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(APC: Excellent, 10/16; good, 5/16; fair, 1/16; Mega prosthe-
sis: Excellent, 6/18; good, 11/18; fair, 1/18) [18]. Another
study reported Knee Society Score and no significant differ-
ence noticed in 6 weeks (APC: 66, SE 7; MP: 74, SE 5) or 6
months (APC: 75, SE 7; MP: 92, SE 5) Knee Society Scores
[20]. Limp was recorded in four studies which were involved
in defects around the proximal femur [14—17]. Statistical anal-
ysis revealed a significant difference between the two groups
in favor of APC (APC, 31/62, 50%; MP, 79/90, 87.7%;
p<0.001). Two studies reported on muscle strength. One study
found a significant difference in favor of the APC group
(p=0.004; only one of 52 patients in the MP group had 5/5
MRC grade while 11 of 20 patients in APC had 5/5 strength),
another study although favored APC, but the difference was
not significant.

Mortality

Eight studies described mortality in separate groups associated
with the disease. There was no statistically significant differ-
ence between the two groups (p = 0.98) (Fig. 4).Two studies
involved the upper limb, and the difference was significantly
better in favor of APC (RR = 1.94; 95% CI, 1.00-3.77; p =
0.05; 1> = 0%) while in other studies involving the lower limb
and pelvis, no statistically significant difference was noted
between the two groups (lower limb: p = 0.45; pelvis: p =
0.78).

Implant Survival and Revision

Seven studies contributed to 5-year implant survival, which
ranges from 65 to 100% in the megaprosthesis group, while it
ranges from 76 to 100% in the APC group. Five studies con-
tributed to 10-year implant survival, which ranges from
58 to 90% in the megaprosthesis group, while it ranges
from 76 to 93.7% in the APC group. Fourteen studies
analyzed revision rates. The revision was more common
in the APC group, but the difference was not statistically
significant (RR.0.74; 95% CI, 0.45 —1.23; p=0.25; =
54%) (Fig. 5).Five studies were involved in the analysis
of upper limb revision and the difference was statistically
significant in favor of megaprosthesis (RR.0.41; 95% CI,
0.20 —0.83; p=0.01; I? = 0%), while six studies, which
involved the lower limb (p=0.77) and three studies, which
involve the pelvis (p=0.08) did not reveal any significant
difference. Deep infection was the leading cause for revi-
sion that was found in both groups (APC, 18/41, 43.9%
vs. megaprosthesis, 21/72, 29.1%). Aseptic loosening (17/
72, 23.6%) was the next most common reason for revision
in the megaprosthesis group, while allograft fracture
(9/41, 21.9%) was the next most common reason for re-
vision in the APC group. Amputation was the reported
outcome in seven studies and their analyses failed to es-
tablish any significant difference between the two groups
(p=0.33) (Fig. 6).

Forest plot for mortality

Megaprosthesis APC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Heterogeneity: Tau®= 0.00; Chi*= 0.08, df=1 (P = 0.78), F=0%
Test for overall effect. Z=1.97 (P = 0.05)
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Subtotal (95% Cl) 153 68 67.2% 0.81[0.47, 1.40] -
Total events 46 22
Heterogeneity: Tau®= 0.11; Chi*= 4.79, df= 3 (P = 0.19); F=37%
Test for overall effect: Z= 0.76 (P = 0.45)
1.3.3 Pelvis
Schwameis 2002 4 10 1 2 74% 0.80[0.16, 3.88] —e
Ippolito 2020 0 9 0 9 Not estimable
Subtotal (95% Cl) 19 1 7.4% 0.80 [0.16, 3.88] e
Total events 4 )
Heterogeneity: Not applicable
Test for overall effect. Z=0.28 (P=0.78)
Total (95% Cl) 202 105 100.0% 1.01[0.63, 1.62] ‘
Total events 64 30
Heterogeneity: Tau®= 0.15; Chi*= 9.96, df= 6 (P = 0.13); F= 40% o1 on 10 100

Test for overall effect: Z= 0.03 (P = 0.98)
Test for subaroup differences: Chi*= 4.20, df=2 (P=0.12), F=52.3%

Favours [Megaprosthesis] Favours [APC]

Fig. 4 Forest plot analysis for mortality. APC, Allograft Prosthesis Composite
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Forest plot for revision

Megaprosthesis APC Risk Ratio

Study or Subhgroup Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

1.2.1 Upper Limb

Kassab 2005 1 15 2 10 37% 0.33[0.03, 3.20]
Potter 2009 0 16 1 16 2.2% 0.33[0.01,7.62]
Michiel 2011 1 14 3 10 41% 0.24[0.03,1.97]
Manfrini 2011 5 26 2 3 87% 0.29[0.09, 0.89]
Nota 2018 10 84 3 20 82% 0.79[0.24, 2.62)
Subtotal (95% Cl) 155 59 27.0% 0.41[0.20, 0.83]
Total events 17 1

Heterogeneity: Tau®= 0.00; Chi*= 1.90, df= 4 (P = 0.75); F=0%
Test for overall effect: Z= 2.48 (P = 0.01)

1.2.2 Lower Limb

D S—
—_—
—_—
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Saidi 2014 0 7 1 7 2.3% 0.33[0.02,7.02)
Muller 2016 5 23 4 18 8.4% 1.03[0.32,3.31) = T
Subtotal (95% Cl) 184 96 42.7% 1.17 [0.42, 3.29] i
Total events 38 18
Heterogeneity: Tau®=1.08; Chi*=18.07, df=5 (P = 0.003); F=72%
Test for overall effect: Z=0.30 (P=0.77)
1.2.3 Pelvis
Schwameis 2002 5 10 1 2 6.4% 1.00 [0.22, 4.56)
Hillmann 2003 6 16 6 6 12.4% 0.41[0.22,0.78) e
Ippolito 2020 6 9 5 9 11.5% 1.20[0.57, 2.53] ==
Subtotal (95% Cl) 35 17 30.3% 0.74 [0.33, 1.64]
Total events 17 12
Heterogeneity: Tau®= 0.29; Chi*= 4.94, df= 2 (P = 0.08); IF= 59%
Test for overall effect: Z= 0.75 (P = 0.45)
Total (95% CI) 374 172 100.0% 0.74 [0.45, 1.23] <
Total events 72 41
Heterogeneity: Tau®= 0.42; Chi*= 28.33, df=13 (P = 0.008); F= 54% 50 0 051 150 100‘
Test for overall effect: Z=1.16 (P = 0.25) Favours [Megaprosthesis] Favours [APC]
Test for subaroup differences: Chi*= 2.95, df=2 (P = 0.23), F=32.2%
Fig. 5 Forest plot analysis for revision rates. APC, Allograft Prosthesis Composite
Forest plot for amputation
Megaprosthesis APC Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H,R 1, 95% CI
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Zehr 1996 4 17 2 16 22.2% 1.88[0.40, 8.90) S -
Wunder 2001 3 64 4 11 25.8% 0.13[0.03, 0.50] —_—
Farid 2006 1 52 0 20 8.0% 1.19[0.05, 28.03]
Muller 2016 1 23 1 19 10.3% 0.83 [0.06, 12.35)
Subtotal (95% Cl) 156 66 66.3% 0.61[0.13,2.92] e —
Total events 9 7
Heterogeneity: Tau®= 1.43; Chi*= 7.30, df= 3 (P = 0.06); F= 59%
Test for overall effect: Z= 0.63 (P =0.53)
1.4.2 Pelvis
Schwameis 2002 1 10 0 2 9.0% 0.82[0.04, 15.40)
Hillmann 2003 4 16 2 6 24.7% 0.75[0.18, 3.09] e
Ippolito 2020 0 9 0 9 Not estimahle
Subtotal (95% Cl) 35 17 33.7% 0.76 [0.21,2.73] =t fE—
Total events 5 2,
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P = 0.96); F= 0%
Test for overall effect: Z= 0.42 (P = 0.68)
Total (95% Cl) 191 83 100.0% 0.62[0.23, 1.63] -
Total events 14 9
Heterogeneity: Tau®= 0.47; Chi*= 7.52, df= 5 (P = 0.18); F= 33% :U o1 051 150 1005

Test for overall effect: Z= 0.98 (P = 0.33)
Test for subaroup differences: Chi*= 0.05, df=1 (P = 0.82), F= 0%

Fig. 6 Forest plot analysis for amputation rate. APC, Allograft Prosthesis Composite

Favours [Megaprosthesis] Favours [APC]
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Complications

Fourteen studies contributed to the analysis of the number of
complications and no significant difference was established
between the two groups (p=0.36) (Fig. 7). Five studies were
ofupper limb, six studies of lower limb, three studies of pelvis
and no significant difference was established between the two
groups (upper limb: p=0.84; lower limb: p=0.56; pelvis:
p=0.24). No significant difference was established between
the two groups in the number of complications requiring in-
tervention (p=0.31) (Fig. 8). Among the complications as a
group, mechanical complications were the commonest follow-
ed by deep infection and local recurrence. Statistical analysis
demonstrated significantly increased proportion of mechani-
cal complications in the APC group (Fig. 9a and b) (APC,
102/144, 0.71; megaprosthesis, 163/276, 0.59; p=0.023).
Among the mechanical complications, in the megaprosthesis
group, joint-related instability complications (105/163,
64.4%) were the commonest complications followed by
implant-related (43/163, 26.3%) and osseus complications
(15/163, 9.2%), while in the APC group, allograft-related
complications (54/102, 52.9%) were the commonest followed
by joint-related (38/102, 37.2%) and implant-related

complications (10/102, 9.8%). Statistical analysis of these
complications demonstrated significantly increased propor-
tion of joint-related (APC, 0.37; megaprosthesis, 0.64;
»<0.001) and implant-related complications (APC, 0.09;
megaprosthesis, 0.26; p<0.002) in the megaprosthesis group
and significantly increased proportion of osseus complications
in the APC group (APC, 0.52; megaprosthesis, 0.09;
p<0.001). Dislocations followed by implant loosening were
the most common mechanical complications in the
megaprosthesis group, whereas allograft nonunion and de-
layed union were the most frequent mechanical complications
in the APC group. Sixteen studies contributed to the analysis
of the incidence of deep infection and the difference was sig-
nificantly better in the megaprosthesis group (RR.0.56; 95%
CI, 0.37 —0.84; p=0.005; I* = 0%). Subgroup analysis of upper
limb, lower limb and pelvis did not affirm any significant
difference between the two groups (upper limb: p=0.65; lower
limb: p=0.36; pelvis: p=0.25) (Fig. 10). Local recurrence was
reported in 10 studies and no statistically significant difference
was established between the two groups (p= 0.17). Subgroup
analysis of upper limb, lower limb and pelvis also did not
affirm any significant difference between the two groups (up-
per limb: p=0.89; lower limb: p=0.36; pelvis: p=0.20) (Fig.

Forest plot for complication

Megaprosthesis APC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
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Test for overall effect: Z= 0.20 (P = 0.84)
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Subtotal (95% CI) 184 96 36.0% 0.83 [0.44, 1.56] -8
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Test for overall effect: Z= 0.59 (P = 0.56)
1.1.3 Pelvis
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Total events 27 15
Heterogeneity: Tau®= 0.00; Chi*= 2.05, df= 2 (P = 0.36); F= 3%
Test for overall effect: Z=1.18 (P = 0.24)
Total (95% Cl) 296 159 100.0% 0.88[0.68, 1.15] %
Total events 154 91
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Test for overall effect: Z= 0.91 (P = 0.36)
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Fig. 7 Forest plot analysis for complications. APC, Allograft Prosthesis Composite
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Forest plot for complication requiring intervention

Megaprosthesis APC Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Fig. 8 Forest plot analysis for complications requiring intervention. APC, Allograft Prosthesis Composite

11). Individually, deep infection is the most frequent compli-
cation in both groups, followed by dislocations and implant
loosening in the megaprosthesis group, and allograft nonunion
and delayed union in the APC group.

Discussion

There has been a considerable debate concerning the prefera-
ble mode of intervention for substantial skeletal defects in the
appendicular skeleton. APC and megaprosthesis are the two
most commonly accepted methods of choice. However, there

Fig. 9 a Pie chart showing the APC
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Prosthesis Composite Group

(APC). b Pie chart showing the 26018%)
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has not been enough consensus and conclusive evidence re-
garding the preference of one over another [33, 34, 35¢].

Our meta-analysis demonstrated that MSTS score was sig-
nificantly better in the APC group for all three sites, i.e., upper
limb, lower limb, and pelvis as well. This is in contrast to a
systematic review by Teunis et al. , which showed no signifi-
cant difference between the two groups in the upper limb [33].
A review of the literature on the reconstruction of the proximal
humerus had reported MSTS scores ranging from 61 to 87% in
the megaprosthesis group and 66.6 to 100% in the APC group
[36-42]. Similarly, in our meta-analysis, five studies were in-
volved in the analysis of upper limb scores and it ranged from
72 to 90% in the APC group, while it ranges from 69 to only
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Megaprosthesis

Forest plot for infection

APC Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 Upper Limb

Kassab 2005 2 15 0 10 1.8% 3.44[0.18, 64.88]
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Fig. 10 Forest plot analysis for deep infection. APC, Allograft Prosthesis Composite

77% in the megaprosthesis group. Similar functional results
compared to our meta-analysis have been reported in lower
limb and pelvis. Jansseen et al. in his systematic review of
reconstruction on proximal femur tumors reported MSTS score
ranging from 56 to 94% in the megaprosthesis group and 58—
93% in the APC group [43+]. Brown et al. in his systematic
review of the pelvis reconstruction reported MSTS score rang-
ing from 51 to 64% in the megaprosthesis group and 72% in the
allograft group [44]. Wang et al. in his article on the proximal
humerus reconstruction reported that range of motion, particu-
larly shoulder abduction was better in the APC group [12].
Potter et al. in his series stated that majority of the patients
had abduction more than 90° in the APC group and the differ-
ence was statistically significant (12/16 in APC vs. 4/16 in
megaprosthesis groups) [23]. Kassab et al. in their study on
proximal humerus reconstructions after resection of the tumor
reported that range of motion was better in the APC group, but
it was the reverse shoulder prosthesis that fared better [21].
They recommended either megaprosthesis or scapulohumeral
arthrodesis as options if rotator cuff and deltoid muscle (axillary
nerve) were resected during resection. However, APC is an
option if resection preserves the rotator cuff and the deltoid

@ Springer

muscle, securing the cuff muscles to the allograft bone.
Lazerges et al. stated that sometimes sacrifice of rotator cuff
is necessary to achieve clear margins during composite reverse
shoulder arthroplasty. In that scenario, reverse shoulder
arthroplasty provides a logical solution and a reasonable result
by providing better mobility, functional recovery, and quality
of life [45].

One important component of MSTS score is gait and im-
proved muscular strength means better gait and less limp [16].
Our meta-analysis demonstrates the superiority of APC in terms
of better gait and significantly less limp. Anract et al., explained
the importance of biological reinsertion of periarticular muscles
on allograft as the insertions on a metal body in MP eventually
fails [15]. Zehr et al. stated that method for attaching the hip
abductor muscles (direct suturing, trochanteric reattachment, or
suturing to the surrounding soft tissues) made no difference to
the functional outcome of either type of reconstruction [17] .

Our meta-analysis demonstrated that revision rates in upper
limb were significantly better in the megaprosthesis group
(10.96% in the megaprosthesis group vs. 18.6% in APC) with-
out any heterogeneity. This is in contrast to other individual
studies that have reported revision rates in the upper limb.
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Megaprosthesis

Forest plot for local recurrence
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Michiel 2011 2 14 0 10 11.2% 3.67[0.18, 69.01)
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Fig. 11 Forest plot analysis for local recurrence. APC, Allograft Prosthesis Composite

Ruggieri et al. [41] in series of proximal humerus reconstruc-
tion with APC demonstrate 14.2% revision rate. Similarly,
Abdeen et al. [39] reported revision rate of 8.3% in proximal
humerus defects treated with APC. Goulding et al. reported
the revision rate of 46.1% on use of compressive
osseointegration endoprostheses for reconstruction of the up-
per limb after tumor resection while Tang et al. reported 16%
revision rates in the reconstruction of the elbow with custom
made prosthesis [46°e, 47].

Deep infection was the most frequent complication and the
most common cause of revision in our meta-analysis. The inci-
dence of deep infection in our study was 13.4% in the APC
group and 9.3% in the megaprosthesis group. Various studies
have reported infection rates ranging from 0% to 24% in APC [8,
41, 48, 49], and 0 to 33% in the megaprosthesis group [47-53].
Groundland et al. in his systematic review concluded that infec-
tion was the most common cause of revision in the
endoprosthesis group while allograft fracture and deep infection
were the most common cause of revision in the APC group [54].
Moreover, Schmidt-Braekling et al. in his review of literature on
silver-coated megaprosthesis concluded that there is not enough
evidence of its use in preventing infection. Statistically signifi-
cant more number of infections in the APC group highlights the
importance of future research in allograft processing and pro-
curement [55]. Few studies have used irradiated allograft [15,
19, 21]. The irradiation of an allograft can sometimes alter their

mechanical properties, but the dose that can cause a risk of frac-
ture remains controversial [19, 56]. A few studies that used irra-
diated large segment allografts for oncologic reconstructions
found fracture rates similar to nonirradiated grafts [57—60].

Limitations

There are certain limitations to this meta-analysis. The most im-
portant controlling factor was the number of patients and had a
vast difference in the number of patients in both groups in many
studies, and the number of malignant patients in both groups [13,
16, 19, 21, 22, 25, 26, 27+¢]. This heterogeneity may be respon-
sible for potential bias in implant survival and the complication
rate. Though these comparative studies demand RCTs, practical-
ly it is difficult to have RCTs in these cases. Moreover, most of
these studies were retrospective in nature leading to the inherent
flaws of the study [12-18, 20-26, 27>, 28].

The second most important controlling factor was the mean
follow-up period where complications and implant survival
were studied. There were few studies where follow-up was 5
or more years in both groups [13, 14, 16-18, 21, 24, 28].
There was a large difference in the follow-up period in some
studies [15-17, 19, 22, 23, 26, 28]. Potter et al., followed up
the megaprosthesis group for 34 months while it followed up
the APC group for 80 months [23]. Given the fact that 5-year
implant survival is 100% in megaprosthesis groups cannot be
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accredited as an advantage to the megaprosthesis group. Saidi
et al. compared APC’s and megaprosthesis in supracondylar
periprosthetic fractures around the knee and follow-up period
was only 6 months [20]. No complications were reported in the
megaprosthesis group. Even though all other confounding fac-
tors were taken into consideration, the follow-up period was too
little to report most complications. Hillmann et al. in his article on
the pelvis reconstruction could not report functional outcome in
the APC group as all cases in that group underwent revision [25].
This did not correlate well with the overall revision rates in the
meta-analysis, as there was no significant difference between the
two groups. This highlights the importance of sample size and
the other confounding factors in any study.

Benedetti et al. did a functional assessment by gait analysis
and the important confounding factor in their study was the dif-
ference in mean age [14]. Although they have used the same
surgical technique and postoperative rehabilitation, yet outcome
in favor of the APC group could be attributed to the younger age
group in the said population. The quality of a cohort can be
defined in terms of whether the comparison groups were defined
or not, whether the outcome was measured in a blinded, objective
way or if it failed to control known confounding factors.
Sampling biased toward the group having the favorable outcome
is also an indicator of quality of cohort studies [31]. A couple of
studies in our meta-analysis give the impression that sampling
was biased in favor of the group having the desired outcome [16,
19]. Few studies [13, 15, 16, 19, 22-26, 27+¢] could not control
for confounding factors, while others [12—14, 21, 22, 25, 26, 28]
did not mention that the outcome was measured in a blinded
way. Finally, some studies failed to clearly define the comparison
group separately [12, 13, 18, 21, 22, 24, 26, 27+¢].

Previously published systematic review of reconstruction of
proximal femur tumors by Janssen et al. could not report the
outcomes and complications in different groups separately
[43<]. With the exception of few studies and complications such
as local recurrence, mortality, and amputation rate in our meta-
analysis, most of the other studies have reported different com-
plications separately in both the groups [12, 20, 21, 24, 26, 27¢¢].
No meta-analysis has published to date on this topic, and most
included studies have used uniform method of surgical technique
and allograft procurement and functional scoring system.

Conclusion

APC and megaprosthesis are the time-tested and proven tech-
niques for the reconstruction of skeletal defects with different
advantages of each over the other. Our first of a kind meta-
analysis on this topic has statistically concluded the superior-
ity of APC over megaprosthesis in overall functional outcome
scores and significantly reduced limp and better muscle
strength in the lower limb. Overall revision rates did not have
a significant difference between the two groups but revision in
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upper limb significantly favor megaprosthesis. This is partic-
ularly important in the younger or pediatric age group where
revisions are more likely to occur frequently, but patients
adapt better to meet their functional demands. Although, both
groups have high rates of complications, significantly more
mechanical complications in APC demands further improve-
ment in allograft procurement and processing. Early detection,
neoadjuvant chemotherapy, radiotherapy and improved diag-
nostic and surgical techniques have made amputation and
mortality rates almost similar in both groups. With the in-
crease in long-term survival of patients with tumors, functional
demands placed on these reconstructions will increase and will
need to be addressed. The authors, based on the results of the
meta-analysis recommended the use of megaprosthesis, especial-
ly in upper limb to reduce the number of revisions following
infections and mechanical complications. APCs in high demand
young individuals could be an option considering the significant-
ly better functional outcome provided the risk of infection should
be explained to the patient. However, further high-quality studies
are required to provide a better understanding of the outcomes of
megaprosthesis and APC, and future research should be directed
toward improving surgical techniques, implants, and allograft
processing. The authors recommend multicenter prospective
comparative studies between the two treatment modalities and
invite the researchers around the globe for future participation.
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