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ABSTRACT

PURPOSE OF THE STUDY

Evaluation of outcome after surgical treatment of humerus metastases with a focus on tumour and patient derived fac-
tors, timing and strategy of intervention, surgical outcome and complications.

MATERIAL AND METHODS

Sixty-five patients with a mean age of 64.3 years (range 25-89) with 66 metastases of the humerus were surgically
treated in a 7-year time-period and retrospectively reviewed.

RESULTS

Renal cell carcinoma and breast cancer were the most abundant types of primary tumour. The mean time from diagno-
sis of primary tumour to first metastasis was 14.5 months (range 0-173). The mean time from diagnosis of metastasis to
surgery was 21.4 months (range 0-173). 38/28 intramedullary nails/locking plates were used for 58/8 manifest/impending
pathological fractures. Mean cumulative survival was 16.3 months and implant failure rate was 6.1% with a mean time from
initial surgery to revision of 22.2—-20.6 months.

CONCLUSIONS

Our data indicate that treatment with intramedullary fixation or cement augmented plate osteosynthesis is successful for
the vast majority of patients, but thorough clinical evaluation and precise decision making adapted to the patient’s estimated
life expectancy must be applied to avoid overtreatment or risk of implant failure.

Key words: bone metastases, skeletal metastatic disease, humerus metastasis, pathologic fracture, impending fracture.

INTRODUCTION

Metastatic tumours as being the most frequent malign
lesion of the skeleton may cause a dramatic decline in
quality of life due to disabilities, such as pain and redu-
ced function with more than 10% of the patients suffe-
ring from pathologic fractures (4). Research efforts and
continuous clinical developments of pharmaceutical and
radio-oncological treatment strategies can contribute to
decrease associated adverse skeletal events. However,
in many cases, surgical intervention remains the only
treatment modality and an indispensable necessity. Os-
teosynthetic stabilisation is often required to regain or
maintain the function of the skeletal system. The main
objective of any surgical treatment should be a recon-
struction allowing for an immediate postoperative mo-
bilization with stability spanning over the patient’s re-
maining lifetime. Refined treatment regimes concerning
specific primary tumours led to prolonged patient sur-
vival in a way that advances in oncosurgical osteosyn-
thetic stabilisation procedures are desirable to meet the
increasing demands in terms of enduring mechanical

stability and reduced failure rates. Many of the surgical
techniques place a greater demand on the orthopaedic
surgeon by precisely adapting the surgical plan to the pa-
tients general state and requiring angular stable implants
preshaped to anatomical sites of impending or manifest
pathological fractures.

A common site for bone metastases is the upper ex-
tremity with the humerus being the second most affected
long bone site after the femur (5, 7). A functionally intact
upper limb is crucial for the patient’s independence. The
focus of treatment is to achieve fast pain relief with only
short postoperative immobilisation and regain accepta-
ble function of shoulder and elbow with unrestricted
motion of the wrist and fingers. It has been shown that
metastases to the shoulder girdle and humerus can be
successfully treated with osteosynthetic fixation tech-
niques and patients may return to ambulant care within
as little as three days (15).

The present study is aimed to retrospectively analy-
se over a 7-year time-period the oncosurgical treatment
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Fig. 1. Primary tumour biology.

type, cement augmentation) influencing the cumulative
survival. Descriptive analyses of patients and characteri-
stics were reported using means and standard deviations
for continuous and median as well as confident intervals
for discrete variables. Differences in statistical analysis
were considered significant for p<0.05.

RESULTS

A total of 65 patients (30 males, 35 females; mean age
64.3 years, range 25-89) with 66 humerus metastases
met the inclusion criteria and were included for analysis.

Primary tumour

The site of the primary tumour (Fig. 1) was kidney
(n=18; 27.7%), breast (n=13; 20%), bone marrow (n=12;
18.5%), lung (n=8; 12.3%), esophagus (n=3; 4.6%), sto-
mach (n=2; 3.1%), colon (n=2; 3.1%), prostate gland
(n=2; 3.1%), uterus (n=2; 3.1%), thyroid gland (n=2;
3.1%) and liver (n=1; 1.5%).

The primary tumour had been resected before tre-
atment of the metastasis in 27 cases (41.5%). Of those, 9
patients received adjuvant therapy in terms of chemothe-
rapy (n=6), radiotherapy (n=2) or combined radioche-
motherapy (n=1). A total of 15 patients without resection
of the primary tumour (23.1%) were treated with che-
motherapy, one patient underwent radiotherapy (1.5%)
and another one received combined radiochemotherapy
(1.5%). Twenty patients did not receive any previous tre-
atment (30.8%).

Metastases

The metastases were located in the diaphysis (n=28;
42.4%), metaphysis (n=24; 36.4%), or in both, meta-
and diaphysis (n=14; 21.2%). All metastases were of
osteolytic nature. However, osteoblastic portions were
observed in three patients. The average bony volume of
the metastases was 36.8 mm® (range 1.5-156.0 mm?).
In 20 (31%) cases the metastasis led to the first diagno-
sis of a neoplastic disease. In this group lung cancer
(n=5) and multiple myeloma (n=4) were the leading en-
tities, followed by breast (n=3), kidney (n=3), stomach
(n=2), esophagus (n=1), prostate (n=1) and liver (n=1).
In 31 (48%) patients metastases were limited to the
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skeleton, whereas 34 (52%) patients showed additional
non-osseous metastatic dissemination. The mean time
from diagnosis of the primary tumour to first metastasis
(metastasis-free-interval) was 14.5 months (range
0-173). Since some of the metastases received previous
treatment the mean time to surgery was 21.4 months
(range 0-173).

Surgical intervention

Surgical procedures were carried out with locking-
-compression plates (LCP) in 38 cases and intrame-
dullary nails in 28 cases. All implants were manufactu-
red by the same company (Synthes GmbH, Umkirch,
Germany). In patients with diaphyseal metastasis two
plates and 26 nails were used. For metastasis in the
metaphysis, only plates have been utilized (n=24). For
the cases in which metastases affected both dia- and
metaphysis, 12 plates and two nails were used for os-
teosynthesis. Intralesional curettage and defect filling
with bone cement (Refobacin R ®, Biomet GmbH,
Berlin, Germany) was additionally performed in 38
cases (35 plates; 3 nails). If patients presented with
a pathologic fracture and a neoplastic disease was not
yet diagnosed a biopsy and staging was performed pri-
or to stabilisation. If metastatic disease of the primary
tumour was obvious a tissue specimen for histology
was taken during the stabilisation procedure. Fifty-ei-
ght patients were treated for a pathologic fracture whe-
reas 8 patients presented with an impending fracture
with a mean Mirels Score of 9 (range 8—10). Twenty-
-two patients had initial non-operative treatment of the
metastasis (chemotherapy n=10; clinical observation
n=8; radiotherapy n=3; radiochemotherapy n=3) be-
fore surgical treatment became necessary. For these,
the mean time period from detection of metastasis un-
til operation was 17.6 months (range 2—74). Average
duration of surgery was 97.8 minutes (range 32—176)
and lengths of total hospitalisation (including oncolo-
gic and radiotherapeutic treatment) was 20.5 days on
average (range 5—66).

Complications

We observed no systemic and five (7.6%) procedure-
-related complications. These included one patient that
suffered from a temporary radial nerve palsy following
plate ostesynthesis of a pathologic fracture and four
(6.1%) implant failures (Table 1). One of these failures
was caused by initial treatment being technically insu-
fficient (single conventional plate) needing revision to
an adequate (double plate) and angular stable plate sys-
tem (Fig. 2). The other reason for failure was progre-
ssive peri-implant osteolysis with drawing the basis for
stable implant fixation or fatigue failure of the implant
in longer-term survival patients due to impaired biolo-
gy restricting from adequate fracture healing needing
revision to a new osteosynthesis or tumour prosthesis
(Fig. 3). The mean time from initial surgery to revisi-
on was 22.2-20.6 months. There was no correlation be-
tween implant failure and bony volume of the metastasis
or type of implant used.
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Fig. 2. Implant failure after insufficient stabilisation with single conventional plate (DCP); a) postop. X-ray after 22 days
showing pullout of screws and dislocation of the plate; b) postop. X-ray 28 days after revision (double LCP plate + cement)
showing progressive lysis leading to instability,; c) postop. X-ray after 2" revision with long LCP.

The cumulative disease specific survival rate of all
patients was 16.3 months (Fig. 4). The steepest decline
was observed in the first twelve months. Patients sho-
wed a cumulative survival of 36% after 1 year, 26% after
2 years, 13% after 3 years and 4% after 5 years. The
cumulative mean survival of patients with and without
pathological fractures, application of cement, as well as
patients treated with plate or nail fixation did not show
a significant difference between the groups as illustrated
in figure 5. Multiple regression analysis did not reveal
any significant prognostic factors affecting cumulative
survival.

DISCUSSION

Due to their high incidence, the most frequent
tumours metastasizing to the skeletal system are pro-
state and breast cancer (1, 12, 15), but in our cohort the
most abundant type of primary was renal cell carcino-
ma. This is in accordance to the distribution of primary
tumours in other studies focusing on metastatic disse-
mination to the humerus (16) and may explain the pro-
longed mean survival in our cohort with 16.3 month,
whereas other authors report about survival being less
than 4 months (13, 14). The variety in survival, repor-
ted to range from 16% to 88% after one year (2, 5, 15,
16) may be explained by the different composition of
primary tumours, metastasis load (stage of disease),
bone localisation and rate of impending/pathologic
fractures.

There is a paucity of literature regarding the appro-
priate time-point for intervention. Our data suggest that
prophylactic surgery in impending fractures does not
improve survival, which is in accordance to other reports
(5). In contrast Katzer et al. showed, that patients with
stabilisation of impending fracture had a nearly 6-month
longer survival than those with pathologic fracture (10).
But an improved survival may not be misinterpreted as
surgery bringing the cure to the patient with an impen-
ding fracture. It is rather the less advanced stage of ne-
oplastic disease which leads to a longer survival com-
pared to those with pathologic fracture. In our series 8
patients (12.1%) received prophylactic surgical fixation
for an impending fracture, which is rather low in con-

Fig. 3. Implant failure after compound osteosynthesis of pro-
ximal humerus,; a) initial postop. X-ray, distal screw breakage
after 4 years. required revision to a longer plate system (po-
stop. image not displayed) ; b) postop. X-ray 5 months afier
revision again showing srew loosening and plate dislocation
with beginning varus collapse; c) postop. X-ray after 2 revisi-
on to a proximal humerus replacement.

trast to 18.9-39% in other studies (12, 15). Different
biomechanical conditions at the humerus when compa-
red to femur or tibia (less axial but increased torsional
loading) may complicate anticipation and prediction of
pathological fracture. Mirels suggested a scoring sys-
tem two decades ago (11), that was recently shown to
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Fig. 4. Kaplan-Meier analysis of cumulative survival.
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be reproducible and valid also for humeral lesions (6).
Reaching a Mirels score of 8 underlines the importance
of additional clinical judgment as the risk for patholo-
gical fractures markedly increases. In total, 22 patients
of our series with initial presentation of a humeral me-
tastasis were followed for a mean of 17.6 months before
intervention became necessary due to pain or functional
decrease. Since the cumulative survival of our cohort
was relevantly surpassed, thorough clinical judgment
with restricted and well defined indication for surgical
intervention is essential, in order to prevent unnecessa-
rily performed surgeries with the risk for intra- or post-
operative complications in these palliative patients with
limited life expectancy.

Surgical intervention prior to fracture is technically
less demanding and is associated with decreased blood
loss and a lower complication rate (5, 8). However, up to
a 4-fold higher number of systemic complications was
reported by a recent study with fatal embolisms after
treating impending fractures (12). Scoring systems for
survival prediction to avoid overtreatment in patients
with low life expectancy have been proposed (9, 12).
However, they have limited value since they have not
been prospectively validated (1).

Generally, surgical treatment of humerus metastases
is associated with advantages such as early mobili-
zation and preservation or recovery of function (5, 8,
15). However, skeletal complications in patients with
bone metastases are common as progressive osteoly-
sis result in fracture and/or implant loosening and the
bone healing response following radiation and/or che-
motherapy is decreased. In the past years, substantial
progress has been made in decreasing implant related
failures by development of angular stable implants, but
indeed, effective prevention of these adverse events by
developing new implant fixation concepts and surgi-
cal technique remains to be a future perspective. The
overall complication rate (7.6%) observed in our se-
ries compares favorably to reports in literature (2, 16).
While transient nerve palsy was observed in one pa-
tient (1.5%) following compound plate osteosynthesis
for a diaphyseal fracture, rate of radial nerve palsy for
similar indications is reported to be up to 5.5 or 5.8%
(13, 15). Implants failed and needed revision in four
patients of our series (Table 1). There was one early
implant failure (22 days), which was related to a tech-
nical error. The plate was too short, did not offer angu-
lar stable locking options and no curettage and cement
augmentation was performed (Fig. 2). The other failu-
res were either due to progressive osteolytic destruction
with loss of bone stock around the implant resulting in
instability 1 year after initial surgery or to fatigue fai-
lure of hardware, which occured 2 and 4 years (Fig. 3)
after initial surgery. In these patient tumours with fa-
vorable biology, including 2 renal cell carcinoma and
1 sarcoma, were the primary malignancies. Long sur-
vival time caused outlasting/ fatigue of the implants,
underscoring the fact that surgical treatment needs to
be adapted to estimated survival of the patients. These
observations highlight the fact that as more individuals
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Fig. 5. Kaplan-Meier analysis of survival of patients with a)
impending vs. pathologic fracture, b) cement augmentation
and c) nail vs. plate fixation.

become long-term survivors of their primary malignan-
cies, surgeons will need to focus on definitive initial
surgical solutions and the early detection of implant
failures.

In accordance to other authors (3, 5, 13, 16), we prefer
the utilization of bone cement with plate osteosynthe-
sis (35/38 cases) after intralesional curettage in order to
achieve instant primary stability mostly in the metaphys-

="' impending
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eal areas. The additional curettage and cementation with
nailing in diaphyseal fractures seems to be contradictive
to the idea of managing pathologic fractures with the
lowest surgical risk for collateral damage. However, in
presence of extensive osteolysis and cortical bone loss
this option appears valid, which has already been stated
by others (16).

Apart from the retrospective design, the heteroge-
neous composition of primary tumour biology in our
cohort is a major limitation when interpreting the re-
sults. Future research endeavors in the form of mul-
ti-center, prospective studies within a larger cohort
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