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Abstract: Introduction: The risk of prosthetic joint infection (PJI) in mega-prosthesis for malignancy
is increased compared with non-tumor cases. While several studies describe PJI in tumor-related
arthroplasty, prospective studies comparing infection characteristics among different joints are limited.
The present study analyzes mega-arthroplasty for hip, knee, and shoulder malignancy and compares
the epidemiology, diagnosis, microbe spectrum, treatments, and outcomes between the different
entities. Methods: The retrospective inclusion criteria were as follows: (1) mega-arthroplasty (2) in
the hip, knee, or shoulder joint and a total femur arthroplasty (3) following a malignant bone tumor
or metastasis (4) between 1996 and 2019. All included patients were prospectively followed and
invited for a renewed hospital examination, and their PJI characteristics (if identified) were analyzed
using both retrospective as well as newly gained prospective data. A PJI was defined according to the
Infectious Disease Society of America (IDSA) and re-infection was defined according to the modified
Delphi Consensus criteria. Results: In total, 83 cases of tumor mega-arthroplasty at a mean follow-up
of 3.9 years could be included (32 knee, 30 hip, and 19 shoulder cases and 2 cases of total femur
arthroplasty). In total, 14 PJIs were identified, with chondrosarcoma in 6 and osteosarcoma in 3 being
the leading tumor entities. Knee arthroplasty demonstrated a significantly higher rate of PJI (p = 0.027)
compared with hips (28.1% vs. 6.7%), while no significant difference could be found between the
knee and shoulder (10.5%) (p = 0.134) or among shoulder and hip cases (p = 0.631). The average time
of PJI following primary implantation was 141.4 months in knee patients, 64.6 in hip patients, and
8.2 months in shoulder patients. Age at the time of the primary PJI, as well as the time of the first
PJ1, did not show significant differences among the groups. Thirteen of the fourteen patients with PJI
had a primary bone tumor. Statistical analysis showed a significant difference in the disadvantage
of primary bone tumors (p = 0.11). While the overall cancer-related mortality in the knee PJI group
(10%) was low, it was 50% in the hip and 100% in the shoulder group. Conclusion: The risk of PJI in
knee tumor arthroplasty is significantly increased compared with hips, while cancer-related mortality
is significantly higher in hip PJI cases. At the same time, mega-prostheses appear to be associated
with a higher risk of infection due to a primary bone tumor compared with metastases. The study
confirms existing knowledge concerning PJI in tumor arthroplasty, while, being one of the few studies
to compare three different joints concerning PJI characteristics.
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1. Introduction

While the prognosis of malignant bone tumors has significantly improved in the
last 20 years due to new surgical and radio-chemotherapy-based approaches, the risk of
prosthetic joint infection (PJI) in the field of mega-prosthesis following resection for tumors
remains high [1]. The introduction of mega-prostheses as a limb-preserving therapy has
significantly reduced the number of amputations required [2].

Many of the patients, especially those with primary bone tumors, have a high func-
tional demand due to their young age. Even if the functional outcome of patients with
mega-prostheses appears good overall, mega-prostheses have an extremely high complica-
tion rate of up to 80%, depending on the length of observation.

The risk of PJI increases due to immunosuppression (chemotherapy, local radiation),
large anatomic dead space, loss of soft tissue structures, longer operation times, and an
increased tumor arthroplasty surface [3-7]. Reported infection rates vary between 10-20%
and are thus more than ten times higher than arthroplasty for a degenerative disorder [7,8].
At the same time, the literature shows a difference in the infection rates between different
joints [9]. The infection rates of shoulder prostheses after tumor resection are significantly
lower and vary from 3.5% to 12% [5,10]. The different infection rates of the different
joints can probably be explained by different soft tissue coverage, but this is still not fully
understood [6]. The variation in the reported infection rates is, therefore, also due to a
research desideratum.

Interdisciplinary concepts, as well as the introduction of antiseptic surface coatings
such as silver coating, have been able to reduce the risk of PJI [4,10,11].

Although being a severe and potentially deadly complication in immuno-incompetent
patients, studies comparing P]Is in mega-prostheses for malignancy among joints (hip,
knee, shoulder) are limited.

Due to the high number of different secondary tumors in the form of bone metastases,
it is often difficult to compare entities with regard to their susceptibility to infection after
the implantation of a mega-prosthesis. We have made an attempt to distinguish between
primary and secondary tumors.

Therefore, this study aimed to compare P]Is between different joints, including the
epidemiology, tumor entities, symptoms, diagnosis, treatments, and outcomes. The present
study results might allow for a more precise prognosis concerning prosthesis survival and
mortality based on the involved joint type.

2. Methods
2.1. Treatment Algorithm

The present study was performed at a level I high care center providing treatment for
approximately 6 million inhabitants. Treatment was provided by an interdisciplinary team
of specialized orthopedic tumor surgeons, oncologists, infectiologists, and pathologists.
Perioperative antibiotic prophylaxis in native tumor arthroplasty was provided by weight-
based ampicillin/sulbactam (usually 3 x 3 gi.v.). In cases of known allergies, clindamycin,
a licosami-antibiotic, was used instead of cephalosporin. At our center, we usually use
antiseptic solutions containing polyhexanide, and we leave them in the surgical site for
several minutes after surgical debridement. Then, the area is rinsed with 20 L of 0.9% NaCl
with the help of a jet lavage.

PJI treatment was based on the algorithm-based approach of Zimmerli and
Trampuz et al. [12,13]. This PJI algorithm can be summarized as follows:

e  Calculated antibiotic treatment in PJI was provided by ampicillin/sulbactam (3 x 3 gi.v.).
The antibiotic therapy was combined with vancomycin (2 x 1 g i.v.) in septic patients
with Methicillin-resistant Staphylococcus aureus (MRSA), multiple prior operations, or
suspected low-grade infections. As soon as bacterial susceptibility could be identified,
treatment was adjusted based on determined resistances and liver and renal function.
Overall, antibiotic therapy in PJI was provided for at least 12 weeks and oralized based
on the procedure and identified microbe.
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e  Debridement with antibiotics and implant retention (DAIR) was performed in acute
infections (onset < 30 days), terminally ill patients, or as an attempt to achieve a pros-
thesis salvage procedure in surgically complex tumor cases. Following this, two weeks
of i.v. antibiotics without antibiofilm activity and ten weeks of oral antibiotics with
antibiofilm activity were administered after DAIR.

e In chronic cases (onset > 30 days), complete implant removal was performed [14].
A one-stage exchange was used in cases without known multi-resistant microbes,
intact soft tissue envelopes without fistula, or multiple prior revisions. In all other
cases, two- and three-stage exchanges were used. The latter was performed in failed
previous PJI treatment attempts or cases involving microbes resistant to biofilm-active
antimicrobials. Following a one-stage exchange, two weeks of i.v. antibiotics without
antibiofilm activity were followed by ten weeks of oral antibiotics with antibiofilm
activity. The two-stage exchange included the following protocol: prosthesis removal,
two weeks of i.v. antibiotics without antibiofilm activity, four weeks of oral antibiotics
without antibiofilm activity, re-arthroplasty, one week of i.v. antibiotics without
antibiofilm activity, and five weeks of oral antibiotics with antibiofilm activity.

2.2. Inclusion and Exclusion Criteria

In the first step, the following patients were retrospectively included in the study:
(1) mega-arthroplasty implantation (2) in the hip, knee, or shoulder joint as well a total
femur arthroplasty, (3) following a malignant bone tumor or metastasis (4) between 1996
and 2019. Exclusion criteria included (1) non-mega-arthroplasty, (2) implantation for
non-malignant tumors, and (3) patients lost to follow-up.

2.3. Follow-Up

All included patients were prospectively followed up via phone, postal service, or mail
and invited to a renewed hospital examination if the last available internal medical records
indicated that the patients were still alive (prospective follow-up study). The follow-up
examination consisted of a brief history, a check for clinical signs of infection or tumor
recurrence, and an X-ray. A board-certified orthopedic surgeon performed the physical
examination. All patients with symptoms of infection, tumor recurrence, or further medical
issues were subject to additional diagnostics and treatment as indicated and preferred
by the patient. Patients who could not be contacted or refused to undergo a follow-up
examination were excluded from the study. In patients who died in the interim, the date of
death was considered the last follow-up. The local university’s ethics committee provided
ethical approval (EA1/048/22), and the study was performed according to the Declaration
of Helsinki.

2.4. Analyzed Parameters

All patients who underwent the follow-up examination or had official death reports
(study group) were then checked for PJI events since primary mega-prosthesis implan-
tation using clinical reports and the newly gained prospective data. PJI events between
knee, shoulder, and hip tumor arthroplasty were compared concerning infection and
demographic characteristics (number, age, score of the American Society of Anesthesi-
ologists (ASA score), Charlson comorbidity index (CCI), tumor type, time of PJI, mi-
crobe spectrum, surgical treatment, antibiotics, leukocytes, histopathology, CrP, treatment
strategies, and outcome).

2.5. Definitions

A PJI was defined according to the Infectious Diseases Society of America (IDSA)
criteria [15] and considered present if one of the following criteria were fulfilled: (1) sinus
tract to the prosthesis or periprosthetic purulence, (2) acute inflammation on periprosthetic
histopathology, (3) microbial detection (one high-grade or > 2 low-grade positive cultures),
or (4) overall clinical judgment. In addition, the following were defined as infection-free
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using the modified Delphi Consensus criteria [16]: (1) absence of wound healing delay,
sinus tract, or drainage; (2) no subsequent surgical intervention for infection; and (3) no
infection-related mortality.

2.6. Statistics

Descriptive statistics were reported as numbers (percentage) or mean (standard de-
viation). Calculations were performed using the SPSS version 25 software (SPSS Inc.,
Chicago, IL, USA). The Chi-square test was used for categorical variables and the t-test and
Mann-Whitney U test for continuous variables. The level of significance was set to p < 0.05.

3. Results

In total, 83 cases of tumor mega-arthroplasty at a mean follow-up of 3.9 years could
be included in the study (32 knee, 30 hip, and 19 shoulder cases) (Table 1). The follow-up
of knee patients (5.7 years) was longer than the ones for the shoulder (2.5 years) and hip
patients (3.2 years), while no significant difference between the groups was noted. Patients
following knee tumor arthroplasty (49.7 years) demonstrated a younger age than hip
patients (60.3 years) and shoulder patients (52.3 years) at the time of primary implantation.

Table 1. PJI rates following tumor arthroplasty.

p-Value

Knee (K) Hip (H) Shoulder (S) K/H K/S H/S

Cases of tumor arthroplasty (n) 32 30 19 - - -
Age at time of primary implantation (years) 49.7 £23.3 60.3 £15.2 52.3 £18.6 0.128 0.876 0.129
ﬁ;‘;‘ﬂ&"ﬂ‘g&f::; 5.7 + 6.4 32426 25+ 14 0.490 0.284 0.682

PJI (n) 9 of 32 2 of 30 2 0of 19

Infection rate (%) 28.1 6.7 10.5 0027 0134 0631
Age at time of primary PJI (years) 39.8 £26.5 74.0 +12.8 571+ 16.7 0.218 0.327 0.667
Time to first PJI (months) 1414 +199.7 64.6 £42.0 82+ 6.6 0.727 0.145 0.333
CrP (mg/L) 80.2 £954 52.7 £ 65.7 47.6 +38.3 0.889 0.889 0.999
Leukocytes (/nL) 87+32 9.6 +13 9.8+02 0.999 0.711 0.999
Infectious histopathology (n) 50f9 lof2 lof2 0.637 0.637 0.999
Operation duration overall (min) 206.8 £+ 46.8 226.6 + 113.5 163.2 £ 31.5 0.643 0.004 0.234
Silver coating in overall (n) 21 20 16 0.930 0.001 0.175

Re-infection following initial treatment for PJI (n) 30f9 1of2 0 0.999 0.999 -
Cancer mortality (n) 0of9 lof2 20f2 0.026 0.001 0.248

There were no local or systemic signs of acute infection in any of the 83 patients exam-
ined. Likewise, there was no sign of loosening or similar in any of the radiographs taken. A
total of 14 P]I events (16.8%) following arthroplasty for tumors were identified in the study.
One PJI case included a total femur arthroplasty implanted for a myxofibrosarcoma that
involved the entire femur (Table 2, case 10). As the infection had no clear primary focus
(knee or hip), it was considered a separate type and was not calculated in the statistical
calculations of the group comparison.

Initial primary tumors in the PJI group included chondrosarcoma in six; osteosarcoma
in three; Ewing sarcoma in two; and synovial-sarcoma, myxofibrosarcoma, and metastasis
of a renal cell carcinoma in one case each. In total, 47 of the 83 patients had primary
bone tumors, and 36 had secondary bone tumors in the form of metastases. Thirteen of
the fourteen patients with PJI had a primary bone tumor. Statistical analysis showed a
significant difference in the disadvantage of primary bone tumors (p = 0.11).
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Table 2. PJI characteristics.

Time from PI Initial Surgery Follow-Up
Sex Age at PJI ASA Primary Tumor Microbe CRP Leukocytes Histopathology Antibiotics Since Initial
to PJI for PJI Pl

Outcome

Knee (localization of primary tumor is equivalent to arthroplasty replacement location; if both femur and tibia are affected, total knee arthroplasty was performed)

Streptococcus 3
Chondrosarcoma, agalacticae . . X No re-infection;
Male 63 2 . o 4.6 months ! 226 mg/L 10.5 /nL Indifferent Unacid debridement; 7.0 years )
proximal tibia Enterococcus then DAIR tumor survivor
faecalis
Ot Staphylococcus Unacid, ox No redinfection:
Female 22 3 steosarcoma, 1.4 months aureus, 87.6 mg/L 5.9 /nL Infection Ciprofloxacin, debridement; 7.0 years O re-lniection;
distal femur Enterococcus . L. tumor survivor
. Rifampicin then DAIR
faecalis
Re-infection after
. . 67 days (Staph.
Male 25 2 Os_t eosarcoma, 95.9 months Ne_)gatwe 21.2mg/L 7.8 /nL n.a. Unac1d,‘ Debridement 5.9 years epidermidis; DAIR);
distal femur (fistula) Vancomycin . .
then, infection freedom;
tumor survivor
Re-infection after
21 days (Staph.
Epidermidis; three-stage
Chondrosarcoma, Streptococcus Ampicillin/ exchange) and after
Male 65 2 proximal 243.8 months d lacti 2329 mg/L 14.4 /nL Infection Sulb DAIR 3.7 years 4d S
tibia ysgalactiae ulbactam 664 days (Streptococcus
agalacticae; DAIR); then,
infection freedom;
tumor survivor
Negative
Osteosarcoma, (wound . Debridement No re-infection;
Male 2 2 distal femur 0.6 months healing delay; 6mg/L 4.3 /nL na. Unacid and drain 1.3 years tumor survivor
purulence)
Debridement;
Female 85 5 Cho_ndrosarcoma, 24.8 months Enteroco.ccus 282 mg/L 91 /nL Infection Unac1d,‘ then removal 2.1 years No re-mfecflon;
distal femur faecalis Vancomycin and permanent tumor survivor
arthrodesis
Cotrimoxazole, Amputation for
Staphylococcus Tazobactam, . P .
. s . infection persistence
Synovial- capitis, Vancomycin, Three-stage after 414 davs
Male 53 1 sarcoma, 148.8 months Corynebac- 27.3mg/L 10.9 /nL Infection Ciprofloxacin, & 6.6 years Y
. o . . exchange (Staphylococcus aureus,
proximal tibia terium Daptomycin, Staph. epidermidis);
sp. Levofloxacin, ph. ¢p !

Rifampicin

tumor survivor
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Table 2. Cont.
Time from PI Initial Surgery Follow-Up
Sex Age at PJI ASA Primary Tumor Microbe CRP Leukocytes Histopathology Antibiotics Since Initial Outcome
to PJI for PJI I
Female 49 3 Ew'mg sarcoma, 250.6 months No reports available (external surgery) 2.4 years No re—mfecflon;
distal femur tumor survivor
Re-infection after
95 days (culture
Ewing sarcoma, . . negative, two-stage
Female 14 2 distal femur, 29months  freptococeus 12.5mg/L 6.6 /nL Infection/ Unacid, DAIR 54 years exchange with tibial
. o agalacticae Indifferent Vancomycin S
proximal tibia component retention);
then, infection freedom;
tumor survivor
Total femur arthroplasty (tumor of the entire femur; removal of entire femur; femoral head, femur shaft, and total knee arthroplasty)
Male 15 2 Myxoﬁbrosarcoma, 0.9 months E. c.oll, St'aph. 268.0 mg/L 58 /nL Infection ) Unacid, ) One-stage 13 years No re-infection; death
entire femur epidermidis Ciprofloxacin exchange by tumor
Hip (total hip arthroplasty was performed in both cases)
Female 64 2 Chon‘drosarcoma, 37.7 months ‘Staph. . 6.2mg/L 8.8 /nL Infection Cotpmoxa;ole, One-stage 6.2 years No re-mfecpon;
proximal femur epidermidis Rifampicin exchange tumor survivor
Staph. No ) No re-infection; tumor
Chondrosarcoma, epidermidis information Cotrimoxazole, DAIR, then 2x recurrence with
Male 81 3 . ’ 13.9 months o 99.1mg/L 10.4 /nL . Voriconazole, i 0.8 years hemipelvectomy after
proximal femur Candida concerning . - debridement .
. : : Clindamycin 57 days; non-tumor
albicans infection .
associated death
Shoulder (total shoulder arthroplasty was performed in both cases)
Chondrosarcoma, Streptococcus No re-infection; death
Female 44 2 proximal 5.1 months prococ 20.5mg/L 9.6 /nL No infection Unacid Debridement 5.1 years b !
humerus sanguinis y tumor
Renal cell
carcinoma . . . . .
Male 68 3 metastasis, 1.4 months Klebsiella 74.6 mg/L 9.9 /nL Infection Cip roﬂ0>‘<dac1n, Deb ilx 2.2 years No re-}l:)nfechon, death
proximal oxytoca Unaci ebridement y tumor

humerus
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Cummulative infection free follow-up
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PJI microbes included Streptococci in four; coagulase-negative Staphylococci (CNS)
in four; culture-negative cases in three; Enterococcus faecalis in two; and Staphylococcus
aureus, Candida albicans, Klebsiella oxytoca, Escherichia coli, and Corynebacterium sp. in
one case each.

Patients undergoing knee tumor arthroplasty demonstrated a significantly higher rate
of PJI (p = 0.027) than hip patients (28.1 vs. 6.7%). In comparison, no significant difference
could be shown between knee and shoulder (10.5%) (p = 0.134) or among shoulder and
hip cases (p = 0.631) (Table 2, Figure 1). The average time of PJI following the primary
implantation for bone tumor resection was 141.4 (SD +£ 199.7 months) in knee patients,
64.6 (SD £ 42.0 months) in hip patients, and 8.2 (SD + 6.6 months) months in shoulder
patients. Age at the primary PJI and time of first PJI did not show significant differences
among the groups.

- TR - + TPJI event knee
. n —IPJI event hip

~IPJI event shoulder
+—End of follow-up knee

—t—End of follow-up hip
t—End of follow-up shoulder

5 10 15 20

Follow-up [years]
Figure 1. PJI events following knee, hip, and shoulder mega-arthroplasty for bone tumors.

The analysis of the silver coating of the implants revealed no significant differences
in the overall cohort. However, when comparing the subgroups, 9 of 32 knee joints were
infected, with 21 being silver-coated. In the group of infections, only three were silver-
coated, reaching statistical significance (p = 0.016). However, no significant differences
could be detected at the hip or shoulder (Table 3).

Regarding the operating time, we compared the mean values of the PJI and non-PJI in
the total cohort and the individual joint groups. Again, there was no significant difference
(Table 3). To compare the comorbidities as influencing factors, we determined the CCI of
the patients. There was a significantly higher CCI value in the PJI group (p = 0.008).

In all PJI cases, C-reactive protein (CrP) was increased with a mean of 70.2 mg
(£80.9 mg) (>5 mg/L) directly before surgical treatment for PJI. However, no statisti-
cally significant difference between groups could be shown. Leukocytes were increased in
4 of 10 cases (>10 /nL), the mean was 9.0 (£2.6 /nL), and intraoperative histopathology
demonstrated signs of infection in 9 of the 14 cases (Table 2).

All patients were treated with a combined antibiotic and surgical regimen. The most
commonly used antibiotics included Ampicillin/Sulbactam in 9; Ciprofloxacin, a fluoro-
quinolone, and Vancomycin, a glycopeptide antibiotic, in 4 patients each; and Rifampicin,
an asamycin antibiotic, in 3 of the 14 cases. DAIR and the removal of mobile parts were the
treatments of choice in 5 of the 14 cases. Two of the five DAIR treatment attempts underwent
prior isolated debridement before exchanging mobile parts and, in one of the five cases,
additional debridement directly following DAIR. In addition, isolated debridement with-
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out an exchange of parts was performed in four cases, complete one-stage exchange of
the prosthesis in two patients (resection arthroplasty with permanent arthrodesis), and
three-stage exchange in one case each. Re-infection following initial surgical treatment for
PJI was noted in four of the nine knee cases, while no re-infections were present in the hip
or shoulder cases.

Table 3. Silver coating and operation time in group comparison.

PJI Non-PJI p-Value
Number of events overall (n) 13 68 -
Silver coating overall (n) 6 51 0.178
Knee
Number of events (n) 9 23 -
Operation duration (min) 185.5 £ 44.3 212.6 + 46.8 0.309
Silver coating (n) 3 18 0.016
Hip
Number of events (n) 2 28 -
Operation duration (min) 23854+ 111.7 2257 +113.5 0.768
Silver coating (n) 2 18 0.301
Shoulder
Number of events (n) 2 17 -
Operation duration (min) 1475 + 27.2 165.0 + 30.6 0.655
Silver coating (n) 1 15 0.161

4. Discussion

While several descriptive reviews characterize P]I in tumor-related arthroplasty, lim-
ited original articles are present to date. In addition, there are limited prospective follow-up
studies and studies comparing different joints within the group of original articles [17].

The present prospective cohort study identified mega-prostheses in the knee after
malignancy as a risk factor for PJI compared with hip, but not shoulder, arthroplasty. Similar
results were also described by Allison et al. The authors were able to show that prosthetic
reconstructions of the hip (6.1% infection rate) demonstrate a significantly lower infection
rate compared with knee arthroplasty in bone tumors (20.5%) (p < 0.001) [18]. Jeys et al.
reported 1.240 patients at a mean follow-up of 5.8 years and a total infection rate of 11%. In
their study, the tibial (23%) and pelvic sites (22.9%) of the tumor locations were identified as
risk factors for PJI (<0.05). In contrast, the authors reported no significantly increased risk
of PJl in shoulder cases [19]. Shehadeh et al. analyzed 232 patients treated with arthroplasty
for malignant bone tumors at a minimum follow-up of 5 years and different localizations
(knee, hip, shoulder, scapula). While identifying a total of 27 infections, PJI characteristics
were not sub-analyzed for each joint [20]. Wouthuyzen-Bakker et al. analyzed 21 patients
with chronic PJI (hip, knee, shoulder) who could not undergo revision surgery due to
secondary diseases and were treated with antibiotic-suppressive therapy. In the authors’
cohort, treatment success was 90% in cases with a standard prosthesis (n = 11) compared
with 50% with a tumor prosthesis (n = 10) [21]. However, the shoulder PJI identified by the
authors was not part of the tumor arthroplasty group.

The exact reason for the different outcomes between knee and hip tumor arthroplasty
remains unknown. Karczewski et al. speculated that the higher risk of infection in knee
arthroplasty might be due to less soft tissue around the joint than at the hip [22]. On the
other hand, it might be due to the fewer surrounding muscles at the knee compared with
the hip. Higher re-infection rates following treatment for knee PJI are also well-known in
non-tumor arthroplasty [23,24]. However, further research identifying this discrepancy
seems necessary.

In addition to the location of the prosthesis, the tumor type might influence the
rate of PJI. The infection itself is associated with a favorable prognosis concerning tumor
recurrence [25]. This, in turn, might demonstrate that a higher rate of infections might
be identified in less aggressive tumors. In the present study, PJI was only identified in
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one metastasis case, while the vast majority were caused in patients with osteosarcoma
or chondrosarcoma. Our data suggest that patients with primary bone tumors have a
higher risk of PJI. The reasons could be the subsequent aggressive systemic therapy and the
possibly larger surgical resection. The localization of the knee may also be an influencing
factor. Here, most patients had primary bone tumors, so the known susceptibility of the
knee joint to infection distorts the result here. Likewise, the heterogeneity of secondary
tumors with equally diverse post-treatments may permit an inadequate comparison here.
However, survival bias should be critically reviewed in different studies when analyzing
PJI rates in tumor arthroplasty based on underlying tumor type.

A significant risk factor for PJI is the presence of comorbidities. In this study, the
patients with PJI were significantly sicker than the cohort measured by the CCI, so this
must be included as a significant factor in the interpretation of the results.

The two-stage revision strategy remains an effective method for the treatment of
PJI [26]. However, given the often-complex fixation of mega-arthroplasty in the bone,
including cementation, a complete exchange remains challenging. Removing tumor arthro-
plasty can cause severe complications, including cement emboly, fracture, and cardiovascu-
lar risks. Therefore, it is often not performed as a first-line strategy in these cases but instead
used as a last option to avoid septic shock or following repeated treatment failures. This is
especially the case in terminally ill patients with limited life expectancy or severe secondary
diseases (e.g., immunosuppression following chemotherapy), where isolated debridement
or the exchange of mobile parts is preferred as a “minimally invasive salvage attempt”.
In the present study, 9 of the 14 cases were treated with this approach, combined with
adequate antimicrobial treatment. Re-infection was noted in three of these nine patients, as
opposed to one re-infection in the remaining six cases, underscoring that implant retention
is a reasonable strategy in selected patients with a PJI of a mega-prosthesis.

Given the often-devastating consequences of PJI, infection prevention is of high im-
portance in the first place. Therefore, in concordance with existing studies, our cohort
used a first-generation cephalosporin as an antibiotic prophylaxis. While not evaluated
in the present study, extended antibiotic prophylaxis [27,28] and the silver coating of the
prosthesis surface [29] have demonstrated promising early results in the current literature.

The identified microbe spectrum is atypical for PJIs [3]. While CNS, identified in
four cases, is a typical cause of PJI, the most common microbe in PJI, Staphylococcus
aureus, was only identified in one case. In contrast, Streptococci in four cases and culture-
negative cases in four cases are atypical for PJI. Among the remaining cases, difficult-to-treat
microbes were identified in one case (Candida albicans) [30]. High rates of Streptococci
might represent an increased risk of hematogenous infection in mega-prostheses [31]. While
the limited number of only 14 PJI cases is a limiting factor, an atypical microbe spectrum
might contribute to the poor infection prognosis in tumor arthroplasty.

The limitations of the present study include the small number of cases—only 14 PJI
cases out of a cohort of 83 cases—and heterogenous follow-ups among different groups.
Nonetheless, the study allows for a comparison among three different joints concerning PJI
characteristics at a mid-to-long-term follow-up (>3.9 years).

5. Conclusions

Our data show that the risk of PJI is significantly increased in primary bone tumors
compared with secondary bone tumors. The comparison of the different joints showed
that PJI is significantly increased in knee tumor arthroplasty compared with the hip, while
cancer-related mortality is significantly higher in cases of PJI in hips. Likewise, the data
show that PJI after tumor arthroplasty is associated with an unusual spectrum of pathogens
and that a hematogenous route of infection appears to be more common, especially in
long-term follow-ups. At the same time, the study showed that patients with primary bone
tumors have a higher risk of periprosthetic infection than those with secondary tumors.

This study confirms the existing knowledge about PJI in tumor arthroplasty and is also
one of the few studies comparing three different joints with respect to PJI characteristics.
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Illustrative case

b

R

The above series of images shows the course of a patient who was 16 years old at
the time of tumor diagnosis. He had an osteosarcoma of the right distal femur. Due
to a positive growth prognosis, he initially received a growth prosthesis. This became
infected 4 years later, so he received a complete removal with temporary arthrodesis after
two DAIR attempts. The last picture is the one from the follow-up examination 9 years
after re-implantation of a distal femur set.

Author Contributions: Conception and design: T.K., D.K. and S.M. Acquisition of data: T.K. and
L.T. Analysis and interpretation of data: TK., D.K., D.R. and S.M. Drafting the article: T.K. and D.K.
Critically revising the article: TK., D.K,, L.T.,, KR., SW., AP, AF.,, D.R. and SM. Preparation of
graphical content: TK. and A.P. Reviewed submitted version of manuscript: all authors. Approved
the final version of the manuscript on behalf of all authors: A.F.,, D.R., S.W. and S.M. Statistical
analysis: TK. Administrative/technical/material support: K.R. and L.T. Study supervision: A.F. and
S.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The local university’s ethics committee gave ethical approval
(EA1/048/22), and the study was performed according to the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lin, T, Jin, Q.; Mo, X.; Zhao, Z.; Xie, X.; Zou, C.; Huang, G.; Yin, J.; Shen, J. Experience with periprosthetic infection after limb
salvage surgery for patients with osteosarcoma. J. Orthop. Surg. 2021, 16, 93. [CrossRef] [PubMed]

2. Williard, W.C.; Collin, C.; Casper, E.S.; Hajdu, S.I.; Brennan, M.E. The changing role of amputation for soft tissue sarcoma of the
extremity in adults. Surg. Gynecol. Obstet. 1992, 175, 389-396. [PubMed]

3. Capanna, R.; Scoccianti, G.; Frenos, F; Vilardi, A.; Beltrami, G.; Campanacci, D.A. What was the survival of megaprostheses in
lower limb reconstructions after tumor resections? Clin. Orthop. 2015, 473, 820-830. [CrossRef] [PubMed]

4. Hardes, J.; von Eiff, C.; Streitbuerger, A.; Balke, M.; Budny, T.; Henrichs, M.P,; Hauschild, G.; Ahrens, H. Reduction of periprosthetic
infection with silver-coated megaprostheses in patients with bone sarcoma. J. Surg. Oncol. 2010, 101, 389-395. [CrossRef] [PubMed]

5. Meijer, S.T.; Paulino Pereira, N.R.; Nota, S.PET.; Ferrone, M.L.; Schwab, ].H.; Lozano Calderén, S.A. Factors associated with
infection after reconstructive shoulder surgery for proximal humerus tumors. J. Shoulder Elbow Surg. 2017, 26, 931-938. [CrossRef]

6.  Schmolders, J.; Koob, S.; Schepers, P.; Pennekamp, P.H.; Gravius, S.; Wirtz, D.C.; Placzek, R.; Strauss, A.C. Lower limb
reconstruction in tumor patients using modular silver-coated megaprostheses with regard to perimegaprosthetic joint infection:
A case series, including 100 patients and review of the literature. Arch. Orthop. Trauma Surg. 2017, 137, 149-153. [CrossRef]

7. Tande, A.].; Patel, R. Prosthetic joint infection. Clin. Microbiol. Rev. 2014, 27, 302-345. [CrossRef]

8.  Racano, A,; Pazionis, T.; Farrokhyar, F.; Deheshi, B.; Ghert, M. High infection rate outcomes in long-bone tumor surgery with
endoprosthetic reconstruction in adults: A systematic review. Clin. Orthop. 2013, 471, 2017-2027. [CrossRef]

9.  Graci, C.; Maccauro, G.; Muratori, F.; Spinelli, M.S.; Rosa, M. A.; Fabbriciani, C. Infection following bone tumor resection and
reconstruction with tumoral prostheses: A literature review. Int. J. Immunopathol. Pharmacol. 2010, 23, 1005-1013. [CrossRef]

10.  Schmolders, J.; Koob, S.; Schepers, P.; Kehrer, M.; Frey, S.P.; Wirtz, D.C.; Pennekamp, PH.; Strauss, A.C. Silver-coated endopros-

thetic replacement of the proximal humerus in case of tumour-is there an increased risk of periprosthetic infection by using a
trevira tube? Int. Orthop. 2017, 41, 423-428. [CrossRef]


http://doi.org/10.1186/s13018-021-02243-6
http://www.ncbi.nlm.nih.gov/pubmed/33509246
http://www.ncbi.nlm.nih.gov/pubmed/1440165
http://doi.org/10.1007/s11999-014-3736-1
http://www.ncbi.nlm.nih.gov/pubmed/24964884
http://doi.org/10.1002/jso.21498
http://www.ncbi.nlm.nih.gov/pubmed/20119985
http://doi.org/10.1016/j.jse.2016.10.014
http://doi.org/10.1007/s00402-016-2584-8
http://doi.org/10.1128/CMR.00111-13
http://doi.org/10.1007/s11999-013-2842-9
http://doi.org/10.1177/039463201002300405
http://doi.org/10.1007/s00264-016-3329-6

Life 2022, 12,2134 11 0f 11

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Streitbuerger, A.; Henrichs, M.P,; Hauschild, G.; Nottrott, M.; Guder, W.; Hardes, ]. Silver-coated megaprostheses in the proximal
femur in patients with sarcoma. Eur. J. Orthop. Surg. Traumatol. Orthop. Traumatol. 2019, 29, 79-85. [CrossRef] [PubMed]
Zimmerli, W.; Trampuz, A.; Ochsner, P.E. Prosthetic-joint infections. N. Engl. J. Med. 2004, 351, 1645-1654. [CrossRef] [PubMed]
Izakovicova, P.; Borens, O.; Trampuz, A. Periprosthetic joint infection: Current concepts and outlook. EFORT Open Rev. 2019,
4,482-494. [CrossRef] [PubMed]

Li, C.; Renz, N.; Trampuz, A. Management of Periprosthetic Joint Infection. Hip Pelvis 2018, 30, 138-146. [CrossRef] [PubMed]
Osmon, D.R; Berbari, E.F; Berendt, A.R.; Lew, D.; Zimmerli, W.; Steckelberg, ].M.; Rao, N.; Hanssen, A.; Wilson, W.R.; Infectious
Diseases Society of America. Diagnosis and management of prosthetic joint infection: Clinical practice guidelines by the Infectious
Diseases Society of America. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2013, 56, e1—25. [CrossRef] [PubMed]
Diaz-Ledezma, C.; Higuera, C.A.; Parvizi, ]. Success after treatment of periprosthetic joint infection: A Delphi-based international
multidisciplinary consensus. Clin. Orthop. 2013, 471, 2374-2382. [CrossRef]

Strony, J.; Brown, S.; Choong, P.; Ghert, M.; Jeys, L.; O’'Donnell, R.J. Musculoskeletal Infection in Orthopaedic Oncology:
Assessment of the 2018 International Consensus Meeting on Musculoskeletal Infection. J. Bone Joint Surg. Am. 2019, 101, e107.
[CrossRef]

Daniel Allison, M.D.M.B.A.; Eddie Huang, M.D.; Elke Ahlmann, M.D.; Scott Carney, M.D.; Ling Wang, P-C.; Lawrence Menendez, M.D.
Peri-Prosthetic Infection in the Orthopedic Tumor Patient. Reconstr. Rev. 2014. [CrossRef]

Jeys, L.M.; Grimer, R.J.; Carter, S.R.; Tillman, R.M. Periprosthetic infection in patients treated for an orthopaedic oncological
condition. J. Bone Joint Surg. Am. 2005, 87, 842-849. [CrossRef]

Shehadeh, A.; Noveau, J.; Malawer, M.; Henshaw, R. Late complications and survival of endoprosthetic reconstruction after
resection of bone tumors. Clin. Orthop. 2010, 468, 2885-2895. [CrossRef]

Wouthuyzen-Bakker, M.; Nijman, ].M.; Kampinga, G.A.; van Assen, S.; Jutte, P.C. Efficacy of Antibiotic Suppressive Therapy in
Patients with a Prosthetic Joint Infection. J. Bone Jt. Infect. 2017, 2, 77-83. [CrossRef] [PubMed]

Karczewski, D.; Winkler, T.; Renz, N.; Trampuz, A.; Lieb, E.; Perka, C.; Miiller, M. A standardized interdisciplinary algorithm for
the treatment of prosthetic joint infections. Borne Jt. J. 2019, 101-B, 132-139. [CrossRef] [PubMed]

Kunutsor, S.K.; Whitehouse, M.R.; Blom, A.W.; Beswick, A.D.; INFORM Team. Re-Infection Outcomes following One- and
Two-Stage Surgical Revision of Infected Hip Prosthesis: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0139166.
[CrossRef] [PubMed]

Kunutsor, S.K.; Whitehouse, M.R.; Lenguerrand, E.; Blom, A.W.; Beswick, A.D.; INFORM Team. Re-Infection Outcomes Following
One- And Two-Stage Surgical Revision of Infected Knee Prosthesis: A Systematic Review and Meta-Analysis. PLoS ONE 2016,
11, e0151537. [CrossRef]

Lee, J.A.; Kim, M.S,; Kim, D.H.; Lim, ].S.; Park, K.D.; Cho, WH.; Song, W.S.; Lee, S.-Y.; Jeon, D.-G. Postoperative infection and
survival in osteosarcoma patients. Ann. Surg. Oncol. 2009, 16, 147-151. [CrossRef]

Janz, V.; Lochel, J.; Trampuz, A.; Schaser, K.-D.; Hofer, A.; Wassilew, G.I. Risk factors and management strategies for early and
late infections following reconstruction with special tumour endoprostheses. Orthopade 2020, 49, 142-148. [CrossRef]

Hettwer, W.H.; Horstmann, PF; Hovgaard, T.B.; Grum-Scwensen, T.A.; Petersen, M.M. Low infection rate after tumor hip
arthroplasty for metastatic bone disease in a cohort treated with extended antibiotic prophylaxis. Adv. Orthop. 2015, 2015, 428986.
[CrossRef]

PARITY Investigators. Prophylactic antibiotic regimens in tumour surgery (PARITY): A pilot multicentre randomised controlled
trial. Bone Jt. Res. 2015, 4, 154-162. [CrossRef]

Zajonz, D.; Birke, U.; Ghanem, M.; Prietzel, T.; Josten, C.; Roth, A.; Fakler, ] K.M. Silver-coated modular Megaendoprostheses in
salvage revision arthroplasty after periimplant infection with extensive bone loss—A pilot study of 34 patients. BMC Musculoskelet
Disord. 2017, 18, 383. [CrossRef]

Akgtin, D.; Perka, C.; Trampuz, A.; Renz, N. Outcome of hip and knee periprosthetic joint infections caused by pathogens
resistant to biofilm-active antibiotics: Results from a prospective cohort study. Arch. Orthop. Trauma Surg. 2018, 138, 635-642.
[CrossRef]

Fiaux, E.; Titecat, M.; Robineau, O.; Lora-Tamayo, J.; El Samad, Y.; Etienne, M.; Frebourg, N.; Blondiaux, N.; Brunschweiler, B.;
Dujardin, F; et al. Outcome of patients with streptococcal prosthetic joint infections with special reference to rifampicin
combinations. BMC Infect. Dis. 2016, 16, 568. [CrossRef] [PubMed]


http://doi.org/10.1007/s00590-018-2270-3
http://www.ncbi.nlm.nih.gov/pubmed/29926243
http://doi.org/10.1056/NEJMra040181
http://www.ncbi.nlm.nih.gov/pubmed/15483283
http://doi.org/10.1302/2058-5241.4.180092
http://www.ncbi.nlm.nih.gov/pubmed/31423332
http://doi.org/10.5371/hp.2018.30.3.138
http://www.ncbi.nlm.nih.gov/pubmed/30202747
http://doi.org/10.1093/cid/cis803
http://www.ncbi.nlm.nih.gov/pubmed/23223583
http://doi.org/10.1007/s11999-013-2866-1
http://doi.org/10.2106/JBJS.19.00182
http://doi.org/10.15438/rr.4.3.74
http://doi.org/10.2106/00004623-200504000-00021
http://doi.org/10.1007/s11999-010-1454-x
http://doi.org/10.7150/jbji.17353
http://www.ncbi.nlm.nih.gov/pubmed/28529867
http://doi.org/10.1302/0301-620X.101B2.BJJ-2018-1056.R1
http://www.ncbi.nlm.nih.gov/pubmed/30700114
http://doi.org/10.1371/journal.pone.0139166
http://www.ncbi.nlm.nih.gov/pubmed/26407003
http://doi.org/10.1371/journal.pone.0151537
http://doi.org/10.1245/s10434-008-0184-8
http://doi.org/10.1007/s00132-020-03872-1
http://doi.org/10.1155/2015/428986
http://doi.org/10.1302/2046-3758.49.2000482
http://doi.org/10.1186/s12891-017-1742-7
http://doi.org/10.1007/s00402-018-2886-0
http://doi.org/10.1186/s12879-016-1889-0
http://www.ncbi.nlm.nih.gov/pubmed/27737642

	Introduction 
	Methods 
	Treatment Algorithm 
	Inclusion and Exclusion Criteria 
	Follow-Up 
	Analyzed Parameters 
	Definitions 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

