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SUMMARY

Introduction/Objective Pathologic fractures are devastating complications in metastatic bone disease.
Treatment of these condition varies, and includes systemic therapies and surgical interventions. Lack of
evidence still exists for standardized care.

The aim of this study is to analyze radiological healing response and clinical outcomes after intramed-
ullary nailing (IMN) and adjuvant radiotherapy in complete pathologic fractures of femur or humerus
Methods A total of 19 patients who presented with pathological fracture were retrospectively reviewed.
Data regarding demographic characteristics, clinical outcomes and radiologic images were obtained
from hospital records. All patients in this cohort were treated with closed, unreamed IMN and adjuvant
radiation treatment.

Results Pain relief and full range of motion was obtained in all patients. The mean postoperative Mus-
culoskeletal Tumor Society scores at last follow-up were 69% (range 50-85). All patients demonstrated
complete radiographic healing between 2 and 6 months. Only one patient required reoperation for
refracture at the tip of the nail which was revised with a longer nail.

Conclusion Our study demonstrated that pathologic fractures managed with closed unreamed IMN
and adjuvant multifractional 20 Gy dose radiotherapy yielded good clinical outcomes with complete
radiologic response regardless of patient’s life expectancy, adjuvant treatments and overall condition.

Closed unreamed IMN was also associated with decreased surgical time in these high-risk patients.
Keywords: pathologic fracture; intramedullary nailing; adjuvant radiotherapy; bone healing

INTRODUCTION

Prolonged survival in patients with carcinoma
has increased the overall frequency of meta-
static disease. Bone is the third most common
site for metastatic disease, after lung and liver.
Metastatic bone disease commonly involves
the spine, followed by femur and humerus [1].

Pathologic fractures are one of the disabling
complications in metastatic bone disease and
comprise 10% of all metastatic bone lesions.
These fractures cause severe pain, morbidity
and even mortality [2]. Conservative treatment
usually is not enough to reduce the pain and
provide functional improvement [3]. With the
improvement in cancer treatment modalities,
implant technologies and surgical fixation, there
is an overall decrease in complications and the
ability to satisfy the treatment goals for these sub-
sets of patients with complex needs. Pathologic
fractures should be managed appropriately, so
that the patient can receive relevant oncological
treatment as soon as possible after surgery. The
treating orthopedic surgeon must be aware of

the compromised healing characteristics of the
pathologic bone, increased infection rate and
other associated perioperative complications
such as thromboembolism and thereby direct
treatment accordingly. The primary goal is to
obtain immediate functional recovery without
causing a delay in application of appropriate
adjuvant treatments. This in turn requires an
optimal surgical procedure that minimizes
postoperative surgical and systemic complica-
tions such as pulmonary embolism, implant
failure and disease progression. After primary
diagnosis of pathologic fracture has been clearly
established, timing of surgery and receiving
chemotherapy or radiotherapy (RT) often need
to be addressed in a multidisciplinary approach.
Preoperative planning should include patient’s
expected survival by considering possible com-
plications of available surgical options ranging
from stabilization with an intramedullary nailing
(IMN) and plate osteosynthesis to resection and
endoprosthetic reconstruction (EPR).
Among these, intramedullary fixation has
emerged as a preferred surgical technique in

Received « MpumsbeHo:
January 14, 2021

Revised - PeBusnja:
March 3, 2021

Accepted - MpuxsaheHo:
March 17,2021

Online first: March 22 13, 2021

Correspondence to:

Erhan OKAY

Istanbul Medeniyet University
Goztepe Prof. Dr. Suleyman Yalcin
City Hospital

Department of Orthopaedics
Egitim Mah. Dr. Erkin Cad.
Kadikoy/istanbul 34722 Istanbul
/Turkey
erhanokay@yahoo.com



180

the treatment of metastatic bone disease, although it has
been reported that healing may not be accomplished. [4, 5]
Previous studies demonstrated improved clinical outcomes
for surgical fixation and adjuvant radiotherapy; however
convincing data regarding radiological fracture healing is
limited to small case series [3, 6].

The aim of this study is to analyze radiological and
clinical improvements after unreamed IMN and adjuvant
radiotherapy in terms of bone healing and clinical outcomes.

METHODS

Between 2016 and 2019, 19 patients with pathological frac-
tures due to solid organ metastases or multiple myeloma
were treated with locked IMN at our tertiary teaching
hospital. This study was approved by the institutional re-
view board. A retrospective chart review was carried out to
collect demographic data (age, sex), type of primary lesion,
previous history of pathologic fracture and radiotherapy,
metastatic status, location of the lesion within the bone,
nail dimensions, length of hospital stay, postoperative
complications, postoperative survival and functional and
radiological outcomes. Inclusion criteria included patients
with multiple metastases with pathologic humerus and
femur fractures that underwent IMN. Exclusion criteria
were endoprosthetic reconstruction, inadequate follow-
up, incomplete data due to death within two months after
operation.

Before developing an impending or a complete patho-
logic fracture, all cases except two patients had a routine
follow up by a medical oncology division and appropriate
systemic therapy was administered according to treatment
protocol of primary disease. Positron emission tomography-
computed tomography was used to identify any other
skeletal and visceral metastases in our patients. Pathologic
fracture with pain was primary indication for surgery, in
accordance with Mirels’ criteria. Patients who were deemed
stable with reasonable life expectancy (> 3 months) based
on PATHFx estimation, eligible for surgery were operated.
Our cases included multimetastatic patients and they were
all evaluated by our multidisciplinary tumor board before
surgery. Biopsy was preferred for investigating the impend-
ing or completely fractured bone lesions as the last step in
our diagnostic algorithm. We had first obtained routine
laboratory tests and performed radiological investigations.
If the patient had an unknown origin of primary lesion (two
patients in our study cohort), percutaneous needle biopsy
under general anesthesia was performed. One week after,
if the pathology was confirmed as metastatic bone lesion,
we proceed with IMN. In patients with a known primary
malignancy, tissue specimen was obtained for frozen patho-
logical evaluation. If the result was confirmed as metastatic
carcinoma, then we performed IMN as previously planned.
No preoperative embolization was performed for relatively
vascular lesions like renal cell carcinoma, angiosarcoma and
myeloma. Nailing was performed for all metadiaphyseal
fractures of the humerus and femur. Fractures involving
femoral head and distal end of humerus were excluded.
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Follow-up duration was defined from completion of
RT to last clinical/radiologic evaluation. Every patient was
followed up for a minimum of two months (range: 2-16
months). The median age at the time of the surgery was
65.5 years (range 53-86 years). None of the patients had
any history of prior RT before surgery. All patients received
postoperative bisphosphonate treatment after radiotherapy.

Clinical assessment was made using Musculoskeletal
Tumor Society rating scale score. Radiologic assessment
was made based on plain radiographs according to ra-
diological response criteria as described by Harada et al.
[7], complete response, partial response, no change, and
progressive disease.

Surgical technique:

IMN of the femur: The patient was placed on a traction
table in a supine position. Fracture reduction was achieved
under fluoroscopic guidance. A 2-3-centimeter incision
was made proximal to the greater trochanter and the fascia
was split so as to palpate the tip of the greater trochanter.
Entry point is determined on the medial face of the greater
trochanter. After guidewire was inserted, intramedullary
nail (Trigen InterTan; Smith and Nephew, Memphis, TN,
USA) was inserted with appropriate length and size by
using template X-rays. No intramedullary reaming was
performed, and no cement was used. Proximal and distal
locking was performed. Patients were allowed to bear weight
as tolerated immediately after the surgery. Postoperative
external beam radiation (20 Gy in five fractions) to the
affected long bone was administered 14 days after the
stitches were removed.

IMN of the humerus: Patient was placed in beach-
chair position. Fracture was reduced under scopy control.
Anterolateral approach was made to expose the site of
the nail entry. Entry point of the nail was at the center of
humeral head just posterior to bicipital groove. Unreamed
technique was performed according to manufacturer’s in-
structions. Nail was inserted with appropriate length and
diameter by using template X-rays. Proximal locking was
made using two or three screws. Distal locking was per-
formed using endopin technique (InSafeLock, TST Medical
Devices, Istanbul, Turkey). Patients were immobilized in
a sling. Gentle pendulum exercises were begun as toler-
ated. External beam radiation (20 Gy in five fractions) to
the affected long bone was administered 14 days after the
stitches were removed.

RESULTS

Details regarding pathologic fractures in humerus and
femur are shown in Tables 1 and 2. Lung (n = 5) and breast
carcinoma (n = 6) were the most common primary lesions,
followed by renal cell (n = 2), prostate (n = 2), multiple
myeloma, malignant epithelioma, angiosarcoma and na-
sopharyngeal carcinoma (one patient for each type). All
patients had multiple bone metastasis or lesions. There was
no concomitant pathological fracture in another extremity,
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Fracture union in pathologic fractures

Table 1. Details about the pathologic humeral fractures

Dimension of | Duration of | Length of
Age Follow-up . . N . . . N MSTS
Case Sex Primary lesion | Localization | intramedullary operation hospital | Complication
(years) (months) X N score (%)
nail (cm x mm) (min.) stay (days)
1 56 male 3 myeloma proximal 240 %x 8 35 3 none 70
2 79 | male 4 lung proximal/ 2807 30 4 none 70
diaphyseal
malignant
3 53 |female 5 epithelial diaphysis 200%x 7 20 5 none 85
carcinoma
4 | 57 | male 16 |nasopharyngeal| o i) 220x7 25 2 none 85
carcinoma
5 56 |female 6 angiosarcoma piaphysis 220x 8 25 3 none 80
6 86 male 4 lung diaphysis 280 %9 35 6 none 70
7 86 |female 5 breast diaphysis 220%x9 45 7 none 70
8 72 male 3 renal cell diaphysis 240x 8 30 3 none 75
9 71 | female 3 breast diaphysis 240%x 7 20 5 none 75
MSTS — Musculoskeletal Tumor Society rating scale score
Table 2. Details about the pathologic femoral fractures
Age Follow-up . o ‘Dimension of | Duration of | Length of o MSTS
Case Sex Primary Localization intramedullary | operation | hospital stay | Complication
(years) (months) X . . score (%)
lesion nail (cm x mm) (min.) (days)
10 62 male 8 lung subtrochanteric 400 %10 65 3 none 65
11 69 male 13 prostate | subtrochanteric 250 x 11 75 4 none 70
12 77 | female 14 breast diaphysis 360 x 11 80 5 none 60
13 58 |female 2 breast diaphysis 340 %10 55 2 none 50
14 59 | female 3 breast diaphysis 60 %9 45 3 none 60
15 80 male 2 lung intertrochanteric 250 x 12 75 6 none 70
16 84 male 3 prostate | intertrochanteric 22010 40 7 none 55
360 x 10 (right:
17 62 |female 3 breast | subtrochanteric impending 85 6 none 60
left: pathologic)
18 71 male 15 lung intertrochanteric 220%x 10 45 7 exc::i?ge 70
19| 62 | male | 16 | renalcell | Subtrochanteric | 55y, 10 75 5 none 75
/ diaphysis

MSTS - Musculoskeletal Tumor Society rating scale score

Figure 1. Case 2: a) Anteroposterior view of the pathologic humerus
fracture due to lung carcinoma (79-year-old male); b) Postoperative
view; ¢) four-month follow-up; Note callus formation at the fracture
site, indicating complete response to adjuvant radiotherapy

except one patient with bilateral pathologic humeral fractures
(case 9). Patients also had an expected survival of at least
three months according to PATHFx model [8].

The median hospital stay was three days (range 1-7
days). No complication was observed related to RT (i.e.,
wound dehiscence, pathologic fracture, infection). No re-
irradiation was performed.
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Figure 2. Case 8: a) Anteroposterior view of the pathologic humerus
fracture due to renal cell carcinoma (72-year-old male); b) Postop-
erative view; c) three-month follow-up; Note callus formation at the
fracture site, indicating complete response to adjuvant radiotherapy

Pain relief was obtained in all lesions. All patients re-
gained preoperative mobility at their last follow-up. All
lesions achieved complete radiological response with a
median of four months (range: 2-16 months) after radio-
therapy (Figures 1 and 2). One patient with left pathologic

www.srpskiarhiv.rs ‘

181



182

Figure 3. Case 17: a) Anteroposterior view of the bilateral femoral
metastatic lesions with left impending and right complete fracture
(62-year-old female, breast carcinoma); b) Magnetic resonance imaging
view of the bilateral femoral metastatic lesions; c) Postoperative view
of the bilateral femur; d) three-month follow-up; Callus formation at
fracture site, indicating complete response to adjuvant radiotherapy
(white arrow)

femur fracture underwent prophylactic fixation for right
impending femur fracture (Figure 3). The only complica-
tion requiring reoperation was a refracture distal to short
proximal femoral nail due to tumor recurrence. This was
also revised with a long intramedullary implant with bony
union thereafter (Figure 4). All patients were alive at the
time of last follow-up.

DISCUSSION

There are only few studies evaluating outcomes and bone
healing after fixation of pathological fractures and adjuvant
radiotherapy for treatment of metastatic bone lesions [3,
6, 9]. Previous studies generally put emphasis on surgical
decision making based on survival, clinical outcomes and
perioperative complications [10].

The data on bone healing potential after surgical fixa-
tion of complete pathologic fractures dates back to early
1980s. Apart from this, clinical effects of radiotherapy in
pathologic fractures are also inconclusive [1]. It is gener-
ally assumed that postoperative radiotherapy will increase
the likelihood of delayed union and nonunion; however,
adjuvant multifraction RT has been recommended to
accelerate bone healing, control disease progression and
avoid implant failure in the literature [10, 11].

Harada et al. [7] suggested that healing of the metastatic
lesions can be accomplished with only radiotherapy in
impending fracture cases and non-progressive metastatic
bone disease.

In complete pathologic fractures, bone healing can be
improved with internal fixation and adjuvant radiotherapy.
Gainor and Buchert [6] demonstrated that internal fixation
of pathologic fractures resulted in improved union in cases
who survived six months or longer. They also added that
union rate in patients receiving adjuvant radiotherapy was
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Figure 4. Case 18: a) Anteroposterior view of the femoral metastatic
lesion with a pathologic fracture of the proximal third of femur which
is fixed with intramedullary nail (71-year-old male, lung carcinoma);
b) Postoperative radiograph; c) At three-month follow-up, patient
presented with fixation failure due to short intramedullary implant;
anteroposterior radiograph demonstrated stress riser effect of the
short nail; d) Postoperative view of long revision intramedullary nailing;
e) Radiotherapy was given due to progression; f) 15-month follow-
up; Pain relief and satisfactory clinical improvement was obtained;
Screw-out was observed but this complication did not interfere with
patient’s clinical outcome

found to be higher in internal fixation group compared to
cast immobilization. Additionally, internal fixation was
recommended as necessary for patients whom received
greater than 30 Gy dose due to its inhibitory effect on
callus formation [6].

Townsend et al. [12] compared clinical results of 29
patients who underwent surgery alone with 35 patients
who received postoperative adjuvant radiotherapy. The
median dose of RT was 30 Gy. On multivariate analysis,
postoperative RT has been found to be an independent
positive factor for functional improvement with decreased
secondary surgery rates; however, they did not evaluate
union [12].

Redmond et al. [3] administered adjuvant radiotherapy
on 11 cases with 14 humerus pathologic fractures whom
underwent static IMN. They obtained good to excellent
results with osseous healing in seven of eleven fractures
whom survived at least three months. No major complica-
tion except one case who underwent screw removal due
to irritation was noted. [3] Atesok et al. [9] reported on
22 pathologic humeral fractures managed with IMN 20
of whom received adjuvant RT. Union was observed in
88% (15/17) of all the patients who survived at least three
months after the procedure. Ofluoglu et al. [13] treated 23
patients with pathological humerus fractures who underwent
IMN and low dose adjuvant RT. Four weeks following the
surgery, 20 patients were alive and 12 cases had complete
union. Van Geffen et al. [14] reported that they experienced
similar pain scores with remarkable less complication in
radiotherapy group relative to non-irradiated cases after
IMN although there are few RT cases (21% irradiated
vs. 14% not irradiated). Moura et al. [15] reported on 82
patients with pathologic humerus fractures treated with
IMN and adjuvant radiotherapy. They stated that closed
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Fracture union in pathologic fractures

unreamed static locked nailing was a fast, safe, and effec-
tive surgery with low morbidity. He also emphasized that
closed IMN decreased the risk of impaired healing after
adjuvant radiotherapy.

Moon et al. [16] performed IMN in 40 patients with
sarcoma metastasis. In total, 11 patients received either
preoperative or postoperative radiotherapy. Fracture union
was not achieved in the majority of cases; however, they
concluded that multimetastatic patients with primary bone
and soft tissue sarcomas and poor survival had palliative
benefit [16].

Our findings are in accordance with these studies. Clinical
improvement and radiological healing were achieved in
the short term, regardless of over-all disease specific sur-
vival from primary disease. All these studies indicate that
benefits of multifraction RT outweigh the risks reported
in literature. According to radiological outcomes of the
current study, it is possible that this regimen will boost
bone healing after surgical fixation of pathologic fractures.
Compared to preoperative RT, postoperative RT is more
advantageous in terms of lower risk of wound complications
and availability of pathologic evaluation for individualized
adjuvant treatment. To minimize these potential risks, our
study group received low dose postoperative RT (20 Gy)
after intramedullary stabilization with a complete radiologic
response. Compared to endoprosthetic reconstruction
and plate fixation, these patients may benefit from closed
unreamed IMN with less postoperative wound problems in
a manner that will allow patients for immediate commence-
ment of radiotherapy and medical oncology treatment.

Another important issue is that proximal and distal
locking should be performed to ensure enhanced stabil-
ity. The only revision was due to a short proximal femoral
nail in our study cohort. This representative case demon-
strated that stabilizing the entire length of the long bone
obviates the need of re-surgery due to disease progression.
Protecting the entire bone has also been associated with
increased survival in a recent study [17]. Like femoral le-
sions, all humeral lesions have been satisfactorily managed
with IMN. The same technical rules were applied for these
lesions. Proximal and distal static locking was performed.
Although cementation of the fractured fragments pro-
vides initial stability, in long term implant failure risks
increase as the fracture does not heal due to cement [18].
Intramedullary reaming in pathologic fracture is another
important point. This issue is controversial and we did not
prefer reaming due to possible tumoral contamination and
vascular tumoral spread. In line with our opinion, a recent
study by Younis et al. [19] supported the use of unreamed
IMN in pathologic humerus fractures with the advantages
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KAnMHUuKa M paguonowwka esanyaumja cnojeHUX NaToNoWKMX Npeaoma nocne
3aTBOPEHOr MHTPaMeAyNapHOr 3aKUBakba M NoMohHe paauoTepanuje —

peTpocneKkTUBHa CTyAuja

EpxaH Okaj', KopxaH O3kaH', 3unaH Kapagar', AjkyT Yenuk', Ceda lvpaj batnbej?, JaBy3 Jungus', KpuiuHa Pegi?,

Mapwa Cunsua CnvHenn*

'YHusep3uTet y UctaH6yny ,MeneHujet’, Tpagcka 6onHuua lostene,Mpod. ap Cynejman JanumH’, Operbetbe 3a optoneaujy, Mictanoyn, Typcka;
’BonHnua 3a npodecroHanHe 6onectn 1 6onecTu xK1BoOTHe cpeanHe y AHkapy, Oferbetse 3a optoneaujy, AHKapa, Typcka;

3YHuBep3nTeT y CHCHHaTI]Y, MegnumHcKm LieHTap, Oferbetbe 3a opTonefcky xupyprujy, CuHcnHaty, Oxajo, CjegurbeHe AMepuyke [pxase;
“BONTHINYKO JPYLUTBO OPTONELCKOT NHCTUTYTA faeTaHo MuHn’, Operbetbe 3a opToneacky oHkonorujy, MunaHo, Utanuja

CAXETAK

Yeop/Unsm [NaTonowwKkn npenomum cy Tellke KOMnmKauuje Kog
MeTacTaTcke 6onecTu KocTujy. Jleuere oBUX CTatba Bapupa v
YK/byuyje cucTemMcKe Tepanuje 1 XMpypLiKke nHTepBeHLunje.
Matbak foKasa 1 farbe NoCToju 3a CTaHAAPAN30BaHy Hery.
Linm oBe cTyavje je pa ce aHanm3vpa o4roBop Ha PagnosoLLKo
neyetbe 1 KANHUYKe NCXOAe NOC/ie MHTPaMeaynapHOr 3aKu-
Bakba, 1 NOMONHe pagnoTepanuje y KOMMIETHUM NaToNOLLKAM
npenomumMa GyTHe NI HagNaKTUYHe KOCTH.

MeTope PeTpocnekTriBHO je npernegaHo 19 6onecHuKa Koju cy
MManuv NaTonoLwWwKy npenom. Mogaum o gemorpadcknm Kapak-
TEPUCTMKAMA, KNMHUYKUM CXOAUMA 1 PaAMOOLLKAM ClIMKama
JobujeHn cy n3 60NHUYKNX KapToHa. CBM BonecHWLUM y OBOj
CTYAWjY NeYeHn Cy 3aTBOPEHUM, HEPMMOBAHIM UHTPamesy-
NapHUM 3aKrBatbem (H3) n nomohHUM TpeTMaHOM 3payetba.
PesynTatu Y6naxaBarbe 60na 1 nyHU oncer nokpeTa NocTur-
HYTV CY KOA CBUX 6onecHMKa. CpeAtby MoCcTonepaTMBHY pesyr-
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TaT [ipywTBa 3a MULLMAHO-CKeNeTHe TYMOpe Ha NOCNeAHem
npahery 6vnm cy 69% (pacrnoH 50-85%). CBn 6onecHmum cy
rnokasanu noTmyHo paanorpadpCko 3apacTarbe nocse fBa-Lect
Meceum. Camo jegHom 6onecHuKy je 6una notpebHa peonepa-
Lvja pagn Npesioma Ha BpXy KnHa, Koju je 3ametbeH AyXnm
KJIMHOM.

3aksbyuak Hala cTyavja je nokasana Aa Cy NaToNoLWKy Npeno-
MV yrpaB/baHu 3aTBOPeHUM HeuHpuumpaHum H3 v apjysaH-
THOM MynTUpPaKLOHOM pagroTepanmjom of 20 Gy fanw fo-
6pe KNMHMYKe pe3ynTaTe ca MOTMYHUM PajOSOLLK/AM Ofro-
BOpOM 6e3 0631pa Ha OYEKMBaHW XIBOTHY BEK 6ONECHUKa,
ajijyBaHTHe TpeTMaHe 1 YKYMHO CTake. 3aTBOPEHN HepUMOBaHN
HI3 Takohe je noBe3aH ca cMateHM BpeMeHOM onepaLuje
KOJ} OBUX BUCOKOPW3UYHIX bonecHrKa.

KrbyuHe peum: NaTofowWKI NPenom; HTpamMeaynapHO 3aKu-
Batbe; MOMONHa pagnoTepanuja; 3apacTtake KoCTujy
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