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Abstract
Introduction: The near terminal patient with skeletal metastasis may suitably be palliated 

with an intramedullary nail whereas another patient with good survival potential may benefi t 
from a more extensive resection and reconstructive procedure. In a previous study by the senior 
author (Nathan et al, 2005), life expectancy in patients operated on for bone metastases correlated 
with clinical and haematological parameters in a normogram. We performed a cross-cultural 
comparison to validate this normogram. Materials and Methods: We randomly selected 73 
patients who had undergone surgery for metastatic bone disease between 28 December 2000 
and 11 March 2009. The time to deaths was recorded from hospital records and telephone 
interviews. Multiple parameters including clinical, radiological and haematological were evalu-
ated for signifi cant prognostic value using Kaplan-Meier survivorship analysis. Statistically 
signifi cant parameters were entered into a Cox regression model for statistically independent 
signifi cance. A multi-tier prediction of survival was performed by workers from various levels 
of seniority. Results: At the time of analysis, there were 40 deaths (55%). Median survival 
was 15.8 (95% CI, 7.9 to 23.7) months. Kaplan-Meier analysis showed that low haemoglobin 
(P = 0.0000005), presence of lymph node metastases (P = 0.00008), multiple bone metastases 
(P = 0.003), presence of visceral metastases, (P = 0.007), low lymphocyte count (P = 0.02) and 
low serum albumin (P = 0.02) were signifi cantly associated with poor survival. By Cox regres-
sion analysis, presence of visceral metastases (P = 0.002), presence of lymph node metastases 
(P = 0.0002) and low haemoglobin (P = 0.01) were shown to be independent factors in the pre-
diction of survival. Survivorship readings were superimposed onto the previous normogram 
and found to be similar. Independent blinded use of the normogram allowed good prediction 
of survival. There was a tendency to underestimate survival when patients survived beyond 1 
year of skeletal metastasis. Conclusion: Our fi ndings are similar to that of the previous study in 
showing a relationship between the above-mentioned parameters and survival. This is despite 
differences in patient demographic characteristics and management protocols. Use of the tools 
may allow better siting of most appropriate surgery in metastatic bony disease.
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Introduction
Decisions regarding potential surgery for metastatic 

disease are infl uenced by estimates of patient survival.1-7 
For example, patients with long life expectancy may be 
appropriately treated with extensive resection and durable 
reconstruction to provide long lasting function and mobility; 
in contrast, a patient with a very short life expectancy may be 
adequately palliated with a more expedient but less durable 
reconstruction (such as an intramedullary nail) to provide 
adequate pain relief with possibly reduced perioperative 
risk (Fig. 1).

For the orthopaedic surgeon who is presented with a 
patient requiring stabilisation for metastatic bone disease, 
there are many factors that have been cited as having 
survival prognostic value. In a previous study by Nathan et 
al,1 conducted at a major American tertiary cancer centre, 
survival time in patients operated on for bone metastases 
was shown to independently correlate with primary 
diagnosis, presence of visceral metastasis, multiplicity of 
bone metastases, Eastern Cooperative Oncology Group 
(ECOG) performance status and haemoglobin level.
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Using these data, a survival normogram was constructed 
and proposed as a tool for the prediction of survival in 
patients with bone metastases.

The present study aims to assess the validity of these factors 
for the prediction of survival in our local predominantly 
Asian population. A secondary aim was to assess the 
accuracy of the survival prognostication normogram when 
applied to our patient population.

Materials and Methods
Between 28 December 2000 and 11 March 2009, we 

randomly selected 73 patients operated on for metastatic 
bony disease for evaluation. All patients were treated by the 
Department of Orthopaedic Surgery, National University 
Hospital (NUH), Singapore. Details of hospitalisations 
and biochemistry results were obtained from the hospital 
electronic record system, Computerised Patient Support 
System (CPSS; National Healthcare Group, Singapore). 
Dates of death were obtained from CPSS or telephone 
interviews.

Case notes and electronic records were retrospectively 
reviewed. Demographic data obtained included date of birth, 
gender and ethnicity. Clinical parameters included primary 
diagnosis, date of presentation of bone metastasis, site of 
surgery, use of systemic therapy and Eastern Cooperative 

Oncology Group (ECOG) performance status.8 Results of 
preoperative blood investigations were recorded including 
haemoglobin, albumin, calcium and absolute lymphocyte 

Fig. 1. In the appropriate patient the same lesion can be treated in a number of 
ways depending on the prognosis. (a) In a patient with poor life expectancy, 
as in the case of this patient with multiple myeloma, an intramedullary nail 
was used to stabilise the fracture. (b) This went on to union but the patient 
remained in poor health and was non-ambulant. (c) In the patient with good 
life expectancy, a nail would give only very short-term palliation as in this 
patient with metastatic renal cell carcinoma with a barely perceptible yet 
symptomatic femoral lesion. (d) This was prophylactically nailed and the 
patient began walking but as the disease progressed the construct began to 
fail. (e) The patient had to have a revision of the surgery with a replacement 
megaendoprosthesis. By matching the right procedure to the expected 
survival therefore these kinds of re-operations can be avoided. By using the 
previously published normogram the fi rst patient (multiple myeloma, poor 
ECOG, multiple skeletal involvement, visceral disease and haemoglobin 
10.3 g/dL) would be expected to live about 6 months and may be suitably 
palliated with a nail. The second patient by contrast (renal cell carcinoma, 
good ECOG, single bone disease, visceral involvement and haemoglobin 
10.8g/dL) would be expected to live about 15 months and hence requires a 
more durable construct.

Fig. 2. Survival in this cohort is representative of most studies on the subject 
with a median survival of 15.8 months. All estimates were statistically 
signifi cantly different from the actual survival. (a) The 5 estimates across 
various seniorities show a pattern previously described by the senior author 
– early survivors tend to be overestimated and late survivors tend to be 
underestimated with the infl ection point occurring at about 6 to 10 months. 
Remarkably, using the normogram the medical students (PGY 0) were able 
to predict survival with an accuracy approaching the senior author’s. The 
students had been collecting the data and analysed the trends as opposed to the 
PGY 5 who was not exposed to the raw data and had no experience managing 
oncological patients. The PGY 11 had experience handling oncological cases 
in his own practice. (b) With this in mind, a simple adjustment involving 
halving estimates under 6 months and doubling estimates over 10 months 
corrected the senior author’s estimate to statistically insignifi cant difference 
from the actual survival curve. While this correction may appear crude, it 
serves to illustrate the point that in general, the clinician’s estimate of survival 
is representative but needs to be calibrated. 

Fig. 2a.

Fig. 2b.
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counts.9,10 Specifi cally, the preoperative haemoglobin 
refers to the uncorrected haemoglobin prior to surgery. 
Preoperative radiological assessment of the presence of 
single versus multiple bone metastases, visceral metastases 
and lymph node metastases were recorded. The period of 
survival was calculated from time of presentation of bone 
metastases to death. For patients who had not died at the 
time of writing, time to the last follow-up was recorded.

For survivorship analysis, age was divided into patients 
above 65 years and patients 65 years and below. Ethnicity 
was divided into Chinese and non-Chinese. Primary 
diagnosis of malignancy was grouped into 6 categories 
as determined by disease specifi c representation in this 
cohort namely breast, prostate, kidney, lung, colorectal, 
nasopharyngeal and others. Site of surgery was categorised 
into upper extremity, lower extremity and spine. Systemic 
therapy in this study includes pharmacological agents 
administered before or after the surgery. The ECOG 
performance status is defi ned as 0 for normal function, 
1 for minimal functional impairment, 2 for impairment 
amounting to spending less the 50% of time in bed, 3 for 
impairment amounting to spending more than 50% of time 
in bed and 4 for being completely bed bound.8

Biochemical and haematological investigation results 
were divided into 2 categories for analyses: haemoglobin 10 
g/dL and below versus greater than 10 g/dL; serum albumin 
35 g/L and below versus greater than 35 g/L; serum calcium 
2.25 mmol/L and below versus greater than 2.25 mmol/L; 
absolute lymphocyte count 500 cells/μL and below versus 
greater than 500 cells/μL.9

The multiplicity of bone metastases, based on radiological 
assessment and nuclear isotope bone scans, was categorised 
into patients with a single or contiguous metastatic focus 
and patients who had multiple sites of bone metastases. 
The presence of visceral metastases was based on staging 
computed tomography or magnetic resonance imaging. 
Lymph node involvement was assessed by computed 
tomography of the thoracic, abdominal and pelvic cavities.

A multi-tier prediction of survival (Fig. 2) was performed 
by workers from various levels of seniority1,7 using the 
previously described normogram.

Data were maintained electronically in a spreadsheet 
in Microsoft Excel 2007 for Windows XP (Microsoft, 
Redmond, WA). Unless otherwise stated, clinical parameters 
are presented as the mean ± standard deviation (SD), and 
survival time in months as median with 95% confi dence 
intervals (CI). Statistical analysis was carried out using 
SPSS Statistics 17.0 for Windows XP (SPSS Inc, Chicago, 
IL). Signifi cance of the prognostic value of each risk factor 
was assessed by univariate analysis using the Kaplan-
Meier method with log-rank assessment. Cox regression 
multivariate analysis was then performed on the risk factors 

that were found to be statistically signifi cant after univariate 
analysis, to assess for their independent prognostic value. 
Linear regression analysis of prognostic factors was used to 
demonstrate the relative value of these factors in predicting 
survival. Statistical signifi cance was defi ned as P <0.05.

Results
A total of 73 patients presenting with metastatic bone 

disease between 28 December 2000 and 11 March 2009 
were included in this study. All patients had undergone 
surgical orthopaedic interventions related to metastatic 
bone disease.

The data were collected and updated until 30 April 2009. At 
that time there had been 40 deaths (55%). Survival analysis 
with Kaplan-Meier and Cox regression was performed on 
all 73 patients. Median survival was 15.8 (95% CI, 7.9 to 
23.7) months in this cohort.

There were 38 male (52%) and 35 female (48%) patients. 
The mean age of presentation for bone metastasis in the 
cohort was 57 ± 1.4 years (mean for males, 59 ± 1.6 years; 
mean for females, 55 ± 2.3 years). Sixty-one patients 
(84%) were of Chinese ethnicity and 12 patients (16%) 
were non-Chinese.

Primary malignancies in the cohort included 15 patients 
(21%) with lung cancer, 12 patients (16%) with breast 
cancer, 10 patients (14%) with prostate cancer, 10 patients 
(14%) with renal cancer, 7 patients (10%) with colorectal 
cancer, 5 patients (7%) with nasopharyngeal cancer and 
14 patients (19.2%) with other cancers. While statistical 
signifi cance could not be shown across the entire cohort 
with respect to diagnosis, the results are noteworthy for 
showing nasopharyngeal carcinoma as a uniquely poor 
prognostic parameter in the Asian context. Kaplan-Meier 
evaluation of lung and nasopharyngeal carcinoma compared 
to the others suggested that this was the worst prognostic 
group and will be modelled as such in a future publication 
(P = 0.009).

The surgical site for bone metastasis was spine for 41 
patients (56%), lower extremity for 24 patients (33%) and 
upper extremity for 8 patients (11%). Joint replacement 
surgery was performed in 23 patients (32%), extremity 
fracture stabilisation in 9 patients (12%) and spinal 
surgical decompression and stabilisation were performed 
in 41 patients (56%). Nineteen patients (26%) required re-
operation – 10 spine, 2 pelvis, 2 hip, 2 humerus, 1 femur, 
1 tibia, 1 patella. Reoperation was generally required for 
loss of fi xation or implant loosening and removal.

Systemic therapy was given to 42 patients (58%) while 31 
patients (42%) did not receive systemic therapy. Favourable 
ECOG status (0, 1 or 2) was present in 43 patients (59%) 
with unfavourable ECOG (3 or 4) in 15 patients (21%). 
ECOG status was not available in 15 patients.
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Bone metastasis was at a single or contiguous site in 20 
patients (27%) and at multiple sites in 53 patients (73%). 
Visceral metastasis was present in 38 patients (52%) and 
absent in 35 patients (48%). Lymph nodes involvement was 
positive in 42 patients (58%) and negative in 31 patients 
(42%).

In the cohort, mean serum albumin level was measured 
as 37 ± 1 g/L. The mean serum calcium level was 2.26 ± 
0.03 mmol/L. The mean haemoglobin level was 11.3 ± 0.2 
g/dL and the mean absolute lymphocyte count was 1240 
± 80 cells/μL.

By Kaplan-Meier analysis, age ≥65 (P = 0.6), sex (P = 
0.5) and site of surgery (P = 0.3) were not signifi cantly 
correlated to survival. Unlike the previous publication, 
primary diagnosis (P = 0.1) and ECOG score (P = 0.07) 
were also not signifi cantly associated with survival likely 
due to the low cohort size as these 2 factors approached 
signifi cance (Table 1). Low haemoglobin (P = 0.0000005), 
presence of lymph node metastases (P = 0.00008), multiple 
bone metastases (P = 0.003), presence of visceral metastases, 
(P = 0.007), low lymphocyte count (P = 0.02) and low 

serum albumin (P = 0.02) were signifi cantly associated 
with survival.

By Cox regression analysis, presence of visceral 
metastases (P = 0.002), presence of lymph node metastases 
(P = 0.0002) and low haemoglobin (P = 0.01) were shown 
to be independent factors in the prediction of survival.

Patients in the present evaluation were compared by 
plotting onto the previously described normogram (Fig. 3). 
It is clear that the distribution of survival from the present 
database was considerably wider than that of the previous 
study. This is a function of the smaller number of cases in 
the present database. Notably, however, the trends within 
the categories were similar. Hence, a consideration of 
these subgroups of disease would be able to give a better 
indication of survival in these patients which could be 
matched against the most appropriate surgery.

A multi-tier prediction of survival was performed 
by workers from various levels of seniority using the 
previously described normogram.1,2,7 All estimates were 
statistically signifi cantly different from the actual survival 
(Fig. 2). The 5 estimates across various seniorities show a 

Table 1. Clinically Signifi cant Survival Parameters from the Previous Study Compared to Those in this Study

Parameter n Kaplan Meier analysis (P ) Cox regression (P ) Median survival (months)

Clinical
 Primary diagnosis 0.1
   Lung cancer 15 7.4 1.8 13
   Breast cancer 12 32.4 8.5 56.3
   Renal cell carcinoma 10 15.8 6.7 25
   Prostate cancer 10 8.2 4.4 18.3
   Colorectal cancer 7 9.4 2.5 16.2
   Nasopharyngeal cancer 5 3.6 1.3 5.9
   Others 14 17.4 3.1 31.7
 ECOG 0.07
   0, 1, 2 43 15.8 0 32.3
   3, 4 15 7.4 0.8 13.9
 Systemic therapy 0.1
   Yes 42 21.1 8.8 33.4
   No 31 8 6.7 9.3

Radiological
 Visceral metastases 0.007 0.002
   Absent 35 21.9 7.8 36
   Present 38 8.6 5.3 11.9
 Bone metastases 0.003 0.3
   Single 15 13.3 7.7 20.8
   Multiple 58 7.7 6.1 9.2
 Lymph node metastases 0.00008 0.002
   Absent 31 35.7 21.4 43.4
   Present 42 7.4 5.7 9

95% confidence interval (months)

Blood investigations
 Haemoglobin (g/dL) 0.0000005 0.01
   >10g/dL 52 21.9 2 5.5
   10g/dL 21 3.7 12.6 31.1
 Albumin (g/L) 0.02 0.5
   >35 33 21.9 5.5 38.2
   35 13 7.5 1.4 13.5
 Calcium (mmol/L) 0.6
   >2.25 11 15.9 0 40.8
   2.25 23 7.6 0 15.6
 Lymphocyte count (cells/ L) 0.02 0.2
   >500 64 15.8 8.1 23.4
   500 9 3.9 0 9.8
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Fig. 3. Patients in the present evaluation (dotted line) were plotted 
onto the previously described normogram (solid line). It is clear 
that the distribution of survival from the present database was 
considerably wider than that of the previous study. This is a 
function of the smaller number of cases in the present database. 
Notably, however, the trends within the categories were similar. 
Hence, a consideration of these subgroups of disease would be 
able to give a better indication of survival in these patients which 
could be matched against the most appropriate surgery.

pattern previously described by the senior author – early 
survivors tend to be overestimated and late survivors tend 
to be underestimated with the infl ection point occurring at 
about 6 to 10 months. Remarkably, using the normogram 
the medical students designated post-graduate year 0 
(PGY 0) were able to predict survival with an accuracy 
approaching the senior author. The students had been 
collecting the data and had analysed the trends as opposed 
to the PGY 5 who was not exposed to the raw data and had 
no experience managing oncological patients. The PGY 
11 had experience handling oncological cases in his own 
practice. With this in mind, a simple adjustment involving 
halving estimates under 6 months and doubling estimates 
over 10 months corrected the senior author’s estimate to 
statistically insignifi cant difference from the actual survival 
curve. While this correction may appear crude, it serves to 
illustrate the point that in general, the clinician’s estimate 
of survival is representative but needs to be calibrated. It 
is noteworthy that across all levels of seniority, there was 
a tendency to underestimate survival tendencies.

Discussion
Patients presenting for surgery for metastatic bone 

disease are probably incurable.1-7,10-19 Surgical procedures 
in these patients are traditionally aimed at relief of pain 
and restoration of function for the duration of remaining 
life. The duration of survival has implications on the type 
of palliative procedure undertaken (Fig. 1). Secondarily, 
a surgical induction of remission may well be a means 
of prolonging survival although it remains diffi cult to 
accurately predict survival.1-3,13,14,17,18,20,21

Consistent with previous fi ndings, age, gender and 
site of surgery were not found to have prognostic 
signifi cance.1,2,8,17,19

The power of the study was not suffi cient to show 

signifi cant prognostic correlation with primary diagnosis. 
Certain primary malignancies, however, are well known for 
poor prognosis and if primary diagnosis was categorised into 
poor prognosis primary cancers (lung and nasopharyngeal) 
and better prognosis (all others), there was signifi cant 
prognostic correlation (P = 0.009). Nasopharyngeal 
carcinoma is highlighted here as a poor prognostic group 
due to its endemic nature in Singapore.1-6,14-16,20,22,23

ECOG performance status was also not found to be 
statistically signifi cant. This is in contrast to previous 
studies. The reason for this is unclear. We did note that a 
larger number of patients in the better ECOG group were 
censored from the Kaplan-Meier analysis. This may refl ect 
better performing patients not returning for follow-up.2,8 
Nevertheless, as the Kaplan-Meier method accounts for 
patients of limited follow-up, we believe these results to 
be representative.

Systemic therapy was not found to be a signifi cant 
prognostic factor. In large studies on palliative management 
in metastatic disease, marginal response rates across 
different tumour types is optimistically placed at about 
20%. Our data set showed a distinct survival benefi t 
from systemic therapy although this was not statistically 
signifi cant (P = 0.1).5,8,22-24

Presence of visceral metastases and lymph node 
metastases were noted to be signifi cant by Kaplan-Meier 
analysis. Intuitively, the presence of widespread systemic 
metastases indicates a more advanced stage of disease and 
thus poorer prognosis. This is confi rmed by our fi ndings. 
What is perhaps less intuitive is that in the case of visceral 
metastasis, there is a limit to the effective use of palliative 
measures that can be used to induce remission (i.e. there is 
only so much of a lung, liver or brain that can be excised 
to control disease). The same is not true of skeletal disease 

Legend
Original P values based on Cox regression analysis, new P values based on Kaplan-Meier Log rank statistics.
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– a metastatic bone can be surgically stabilised to allow a 
patient to continue functioning.1,2,6,17

Of the haematologic markers, haemoglobin, albumin and 
lymphocyte counts were statistically signifi cant markers of 
survival by Kaplan-Meier analysis but only haemoglobin 
was signifi cant by Cox regression multivariate analysis 
as per the previous analysis. Calcium was not found to 
be signifi cantly associated with survival as noted in the 
previous study probably due to the widespread use of 
calcium lowering drugs (e.g. bisphophonates).

We were impressed by the prognostic ability of the 
normogram with respect to 2 distinct points. Firstly, 
without even seeing the patients, the normogram allowed 
the prediction of survival in as many as 20% of cases (R2 

= 0.2). This is remarkably high considering that this was 
done without the physical presence of the patient and is 
to be contrasted with historically published data that sets 
this fi gure closer to 10%.1,2,8,16,17,25 Furthermore, it should 
be noted that even a trained medical student using this 
normogram was able to predict survival better than a fi fth 
year graduate (Fig. 2). Nevertheless, we should note that 
short-term survivors tend to be overestimated and long-
term survivors tend to be underestimated. In this cohort 8 
patients died within one month of surgery. These 8 should 
perhaps be considered to have died of acute causes and 
complications of surgery rather than as a result of the 
disease process. This illustrates an important limitation 
of normograms in predicting survival. Indeed the removal 
of these cases from the evaluation makes it apparent that 
these patients are being underestimated especially when 
they live up to 12 months.

A comparison of the present dataset and the previous 
normogram showed a remarkably similar prognostic trend 
(Fig. 3). The larger spread in confi dence intervals was due 
to a smaller subset of patients and hence the results of the 
present review should be viewed with caution. A more 
exhaustive attempt at selecting patients is now underway 
and will be part of a more comprehensive local review. In 
conclusion therefore, this study represents a noteworthy 
call to arms – as physicians treating these patients we may 
now have the tools to provide better indicators of survival 
than previously thought.
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