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Abstract

Background Elevated serum alkaline phosphatase has been previously studied as a biomarker for progression of metastatic
disease and implicated in adverse skeletal events and worsened survival. The purpose of this study was to determine if serum
alkaline phosphatase was a predictor of short-term mortality of patients undergoing surgery for spinal metastatic disease.
Methods The American College of Surgeons National Surgical Quality Improvement Program was queried for patients
undergoing spinal surgery for metastatic disease. Bivariate and multivariable analyses was undertaken to determine the
relationship between serum alkaline phosphatase and 30-day mortality.

Results For the 1788 patients undergoing operative intervention for spinal metastatic disease between 2009 and 2016 the
30-day mortality was 8.49% (n=151). In patients who survived beyond 30-days after surgery, n=1627 (91.5%) the median
[interquartile range] serum alkaline phosphatase levels were 126.4 [75-138], whereas in patients who had 30-day mortality,
the serum alkaline phosphatase levels were 179.8 [114—187]. The optimal cut-off for alkaline phosphatase was determined
to be 113 TU/L. On multivariable analysis, elevated serum alkaline phosphatase levels were associated with 30-day mortality
(OR1.61,95% CI11.12-2.32, p=0.011).

Conclusion Elevated preoperative serum alkaline phosphatase is a marker for 30-day mortality in patients undergoing
surgery for spinal metastatic disease. Future retrospective and prospective study designs should incorporate assessment of
this serum biomarker to better understand the role for serum alkaline phosphatase in improving prognostication in spinal
metastatic disease.

Keywords Alkaline phosphatase - Spine tumor - Metastases - 30-day - Survival

Background

Bone metastatic disease inadvertently develops in 70% of
breast and prostate cancer patients and spinal metastatic dis-
ease develops in 40% of all oncology patients [1, 2]. Patch-
ell et al. previously demonstrated the benefit of decompres-
sive surgery and radiotherapy versus radiotherapy alone for
patients with spinal metastases [3]. However, in this subset
of patients considered for surgery, pre-operative prognostic
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factors are critical for shared decision-making when consid-
ering short-term post-operative complications.

Alkaline phosphatase has been previously studied as bio-
marker for progression of bone metastatic disease [2]. In
patients with small-cell lung cancer, elevated serum alka-
line phosphatase has been associated with shorter survival
[4]. In addition, elevated alkaline phosphatase has also been
associated with spinal cord compression in a retrospective
study of breast cancer patients from a phase III randomized
controlled trial of zoledronic acid [5].

On the basis of these studies and the known biological
mechanisms of bone metastatic disease, we hypothesized
that elevated serum alkaline phosphatase would be a marker
for poor short-term outcomes after surgery for spinal meta-
static disease. In particular, we hypothesized that levels of
serum alkaline phosphatase above the normal limit would be
associated with increased 30-day mortality and morbidity.
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n = 2039, patients spinal
Guidelines metastatic disease 2009-2016

This study followed the guidelines proposed by the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement [6], the Transparent Reporting of
Multivariable Prediction Model for Individual Prognosis or
Diagnosis (TRIPOD) [7], and the Reporting Recommenda-
tions for Tumor Marker Studies (REMARK) [8].

Data source

The American College of Surgeons National Surgical Qual-
ity Improvement Program is a prospectively collected clini-
cal registry of surgical centers in North America extensively
studied in surgical and spinal outcomes research [9, 10].
Trained surgical reviewers collect pre-operative and 30-day
postoperative data from randomly assigned patients at par-
ticipating centers on an §-day cycle. The database has been
previously used to validate prognostic risk scores for postop-
erative survival in spinal metastatic disease [11-14].

Participants

We queried the NSQIP database to identify patients that met
the following criteria for inclusion (1) age 18 years or older
(2) current procedural terminology (CPT) code for opera-
tive spinal intervention (corpectomy, laminectomy, fusion)
at the cervical, thoracic or lumbosacral levels (3) confirmed
International Classification of Disease diagnosis for second-
ary malignant neoplasm of bone, meninges, or spinal cord or
pathologic fracture (4) comorbidity of disseminated cancer
(5) American Society of Anesthesiologists classification
indicating systemic disease (II-V) (6) general anesthesia (7)
inpatient operation (8) subspecialty neurosurgery or ortho-
pedics (9) year of operation 2009-2016 (Fig. 1).

Outcomes

The primary dependent variable was 30-day mortality as
defined in NSQIP as any intra-operative death or 30-day
post-operative death from any-cause in any setting [inpatient
or after discharge].

Covariates

The following variables were extracted from NSQIP: age
[younger than 65 years of age, 65 years of age or older], sex
[male, female], body mass index [< 18.5, 18.5-25, 26-30,
30-35, > 35 (kg/m?)], corpectomy [yes, no], laminectomy
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n = 1955, inpatient operation, ASA
Class II-V, general anesthesia

n = 1788, CPT code indicating
corpectomy, laminectomy, or
fusion at the cervical, thoracic, or
lumbosacral levels

n = 1383, measured pre-operative
serum alkaline phosphatase

Fig. 1 Study flowchart

[yes, no], fusion [yes, no], instrumentation [yes, no], tumor
location [cervical, thoracic, lumbosacral], preoperative
functional status [independent, dependent], preoperative
hematocrit [< 30, > 30 (%)], preoperative white blood cell
count [< 11,>11 (X 103/pL)], preoperative platelets [< 150,
> 150 (x 103/|JL)], preoperative albumin [< 3.5, > 3.5 (g/
dL)], preoperative creatinine [< 1.4, > 1.4 (mg/dL)], bleed-
ing disorder, American Society of Anesthesiologists Classi-
fication [II, III, IV-V], preoperative chronic corticosteroid or
immunosuppressant medication use. Patients with dependent
pre-operative functional status are defined in NSQIP as those
requiring some or total assistance from others for activities
of daily living before the index acute illness requiring sur-
gical intervention. Bleeding disorder is defined in NSQIP
as any hematologic disorder or continued administration of
anticoagulant medication prior to surgery. Chronic steroid or
immunosuppressant medication use is defined in NSQIP as
requirement for regular oral or parenteral medication within
30-days prior to surgery excluding single pulses or short-
courses < 10 days.

The optimal cutpoint method with the area under the
receiver operating curve metric proposed by Lopez-Raton
et al. was used to determine the threshold of 113 IU/L for
serum alkaline phosphatase for the outcome of 30-day mor-
tality [15]. Serum alkaline phosphatase was collected as part
of routine liver function tests at a median of 3 days (inter-
quartile range 1-8 days) before surgery.
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Missing data

Baseline rates of missing data were assessed for each vari-
able and missing data was imputed with the non-paramet-
ric multiple imputation missForest method, based on the
machine learning methodology of random forests [16].

Statistical analysis

Descriptive statistics were generated for baseline character-
istics of the study population and bivariate tests were con-
ducted with univariable logistic regression for association
with baseline characteristics and post-operative outcomes.
Kaplan—-Meier curves with 95% confidence intervals were
generated for each strata of patients with normal and ele-
vated serum alkaline phosphatase. Multivariable logistic
regression for the postoperative outcomes of interest was
conducted with 100-fold bootstrapped forward and backward
stepwise elimination using the Akaike information criteria
(AIC). All analyses were conducted with R version 3.4.4 and
RStudio version 1.0.153.

Results

Of the 1788 patients undergoing operative intervention for
spinal metastatic disease, the 30-day mortality was 8.49%
(n=151). Overall, n=773 (43.5%) of patients were 65 years
of age or older and n=688 (38.7%) were female (Table 1).
In patients who survived beyond 30-days after surgery,
n=1627 (91.5%) the median [interquartile range] serum
alkaline phosphatase levels were 126.4 [75-138], whereas
in patients who suffered 30-day mortality, the serum alkaline
phosphatase levels were 179.8 [114-187].

The optimal cut-off for alkaline phosphatase was deter-
mined to be 113 TU/L. The 30-day rate of mortality for
patients with elevated serum alkaline phosphatase levels
was 12.2% compared to 7.05% for patients with serum alka-
line phosphatase levels below 113 IU/L (Fig. 2). On bivari-
ate analysis, 30-day mortality was associated with male
sex [OR 1.55, p=0.018], dependent functional status [OR
2.74, p<0.001], severity and extent of comorbid disease
as defined by American Society of Anesthesiology Class
IV-V [OR 5.24, p<0.001], cervical tumor location relative
to thoracic [OR 1.56, p=0.030], bleeding disorder [OR 2.52,
p<0.001], anemia [OR 2.38, p<0.001], leukocytosis [OR
1.41, p=0.014], thrombocytopenia [OR 2.12, p <0.001],
hypoalbuminemia [OR 4.81, p<0.001] (Table 2).

On bivariate analysis, elevated serum alkaline phos-
phatase levels (> 113 IU/L) were associated with 2.29 odds
ratio [95% CI 1.64-3.21], p<0.001 of 30-day mortality. On

Table 1 Baseline characteristics of study population, n=1788

Variable Definition Total, n=1788
Sex Female 688 (38.7)
Male 1088 (61.3)
Age (years) <65 1005 (56.5)
>65 773 (43.5)
Body mass index (kg/m2) 18.5-24.9 584 (32.8)
<18.5 140 (7.9)
>35 166 (9.3)
25-29.9 582 (32.7)
30-34.9 306 (17.2)
Functional status Independent 1543 (86.8)
Dependent 229 (12.9)
Unknown 6(0.3)
American Society of Anesthesi- 1l 210 (11.8)
ologist Class 10 1150 (64.7)
IV-v 418 (23.5)
Laminectomy No 535 (30.1)
Yes 1243 (69.9)
Corpectomy No 1240 (69.7)
Yes 538 (30.3)
Fusion No 551 (31.0)
Yes 1227 (69.0)
Instrumentation No 678 (38.1)
Yes 1100 (61.9)
Tumor location Thoracic 1039 (58.4)
Cervical 325 (18.3)
Lumbosacral 414 (23.3)
Chronic steroid use No 1457 (81.9)
Yes 321 (18.1)
Bleeding disorder No 1653 (93.0)
Yes 125 (7.0)
Hematocrit (%) >30 1249 (70.2)
<30 520 (29.2)
Unknown 9(0.5)
White blood cell (10%/uL) 4-11 1261 (70.9)
<4 506 (28.5)
Unknown 11 (0.6)
Alkaline phosphatase (IU/L) <113 823 (46.3)
>113 550 (30.9)
Unknown 405 (22.8)
Platelets (10%/uL) >150 1555 (87.5)
<150 215 (12.1)
Unknown 8(0.4)
Albumin (g/dL) >3.5 833 (46.9)
<3.5 543 (30.5)
Unknown 402 (22.6)
Creatinine (mg/dL) <l4 1637 (92.1)
>14 123 (6.9)
Unknown 18 (1.0)
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Fig. 2 Kaplan—Meier curves with 95% confidence intervals by serum alkaline phosphatase strata

multivariable analysis, elevated serum alkaline phosphatase
levels were associated with OR 1.61 [95% CI 1.12-2.32,
p=0.011] of 30-day mortality (Table 3).

Discussion

In this study, elevated preoperative serum alkaline phos-
phatase was significantly associated with increased risk
of 30-day mortality on bivariate analysis. Additionally, on
multivariate analysis, controlling for sex, functional status,
extent and severity of comorbid disease (American Society
of Anesthesiologist Classification), instrumentation, bleed-
ing disorder, tumor location, leukocytosis, thrombocytope-
nia, and hypoalbuminemia, elevated serum alkaline phos-
phatase remained significantly associated with increased risk
of 30-day mortality.

Verlaan et al. previously conducted a prospective, mul-
ticenter international study of 1266 patients undergoing
surgery for spinal metastatic disease and found older age

@ Springer

and poor Karnofsky performance status as significant risk
factors for < 3 month mortality [17]. The study assessed
several important candidate prognostic factors for short-term
survival in spinal metastatic disease but preoperative labo-
ratory values were not assessed. Schoenfeld et al. studied
30- and 90-day survival after surgery for spinal metastases
in 318 patients and determined that nutritional status and
ambulatory capacity increased survival at 30-days. Primary
cancer type was not associated with 30-day survival and lung
cancer decreased survival at 90 days [18]. The association
of elevated serum alkaline phosphatase in this study adds to
the existing literature of short-term mortality after surgery
for spinal metastatic disease.

Previous work in basic biology and clinical research
has given some understanding of the role of alkaline phos-
phatase as a marker for progression of metastatic disease.
For example, Achbarou et al. studied urokinase as a growth
factor for osteoblast cells in prostate cancer; they transfected
over-expressing urokinase into prostate carcinoma cells and
inoculated these cancer cells into male Copenhagen rats and
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Table 2 Bivar.iate a.nalysis (?f Outcome Definition Odds ratio 95% confidence p-value
30-day mortality with baseline interval
characteristics, n=1778
Sex Female Ref. - -
Male 1.55 1.08-2.24 0.018
Age (years) <65 Ref. - -
>65 1.14 0.81-1.59 0.46
Body mass index (kg/m?) 18.5-24.9 Ref. - -
<18.5 1.51 0.82-2.66 0.16
>35 0.93 0.47-1.71 0.82
25-29.9 1.09 0.73-1.65 0.67
30-34.9 0.72 0.41-1.23 0.25
Functional status Independent Ref. - -
Dependent 2.74 1.84-4.03 <0.001
American Society of Anesthesiolo- 1I Ref. - -
gist Class 11 2.17 1.06-5.23 0.054
IvV-v 5.24 2.52-12.77 <0.001
Laminectomy No Ref. - -
Yes 1.09 0.79-1.59 0.65
Corpectomy No Ref. - -
Yes 0.85 0.58-1.22 0.39
Fusion No Ref. - -
Yes 0.77 0.54-1.09 0.13
Instrumentation No Ref. - -
Yes 0.73 0.52-1.03 0.069
Tumor location Thoracic Ref. - -
Cervical 1.56 1.04-2.30 0.030
Lumbosacral 0.71 0.44-1.11 0.15
Chronic steroid use No Ref. - -
Yes 1.09 0.70-1.64 0.70
Bleeding disorder No Ref. - -
Yes 2.52 1.51-4.07 <0.001
Alkaline phosphatase (IU/L) <113 Ref. - -
>113 2.29 1.64-3.21 <0.001
Hematocrit (%) >30 Ref. - -
<30 2.38 1.70-3.34 <0.001
White blood cell (10°/uL) <11 Ref. - -
>11 2.20 1.57-3.09 <0.001
Platelets (10°/uL) >150 Ref. - -
<150 2.12 1.38-3.19 <0.001
Albumin (g/dL) >3.5 Ref. - -
<35 4.81 3.36-7.02 <0.001
Creatinine (mg/dL) <l4 Ref. - -
>14 1.30 0.68-2.29 0.39

found that these animals developed spinal cord compres-
sion and hind limb paralysis earlier than rats inoculated
with under-expressing urokinase carcinoma cells. Notably,
the over-expressing urokinase carcinoma group had more
widespread skeletal metastases, higher serum alkaline phos-
phatase levels and increased osteoblastic activity on histo-
logical examination of lumbar metastases [19].

Clinical studies in prostate and breast cancer have found
increased incidence of skeletal complications in patients
with elevated alkaline phosphatase levels [5, 20]. In small
cell lung cancer metastatic to the spine, higher serum alka-
line phosphatase has been associated with worse overall
survival [4]. Serum alkaline phosphatase can be a marker
for progression of bone or liver disease and elevated serum
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Table 3 Multivariable logistic

. . Variable Definition Odds ratio 95% CI P-value
regression for 30-day mortality,
n=1778 Sex Female Ref. - -
Male 1.60 1.09-2.38 0.018
Functional status Independent Ref. - -
Dependent 2.02 1.31-3.08 0.0012
American Society of Anesthesiolo- 1I Ref. - -
gist Class 1) 1.52 0.72-3.74 0.31
v-v 2.75 1.27-6.87 0.017
Instrumentation No Ref. - -
Yes 0.74 0.51-1.08 0.12
Bleeding disorder No Ref. - -
Yes 1.92 1.09-3.26 0.019
Tumor location Thoracic Ref. - -
Cervical 1.75 1.13-2.68 0.011
Lumbosacral 0.87 0.52-1.40 0.57
Alkaline phosphatase (IU/L) <113 Ref. - -
>113 1.61 1.12-2.32 0.011
White blood cell (10%/uL) <11 Ref. - -
>11 2.18 1.51-3.16 <0.001
Platelets (10%/uL) <150 Ref. - -
>150 1.77 1.10-2.81 0.017
Albumin (g/dL) <35 Ref. - -
>35 333 2.26-4.98 <0.001

alkaline phosphatase levels has shown to improve screen-
ing for liver metastasis with carcinoembryonic antigen
(CEA) [21]. In a study of 3825 colorectal cancer patients
treated with 5-fluorouracil, elevated serum alkaline phos-
phatase was associated with worse survival [22].

Though this the first study to our knowledge to exam-
ine the effect of alkaline phosphatase levels on short-term
mortality after surgery for spinal metastatic disease, there
are several limitations that must be addressed by future
work. As gamma-glutamyl transferase or the presence or
number of liver and skeletal metastases was not available
in the NSQIP database, this study cannot differentiate
between the elevated risk of short-term mortality in the
setting of elevated serum alkaline phosphatase as a result
of liver metastasis or bone metastasis. In addition, prog-
nostic factors that others have found for long-term survival
in spinal metastatic disease such as primary tumor histol-
ogy could not be examined in this analysis; however, alka-
line phosphatase remained significantly associated with
30-day mortality after controlling for other factors previ-
ously associated with 30-day mortality [17, 18]. Another
limitation of the present study is the inability to study the
effect of alkaline phosphatase on spinal metastatic dis-
ease patients who were managed non-operatively. Finally,
although NSQIP is a clinical registry with many benefits
of multi-institutional national data collection, the data
completeness and data quality may be less than that of a

@ Springer

single-institutional physician collected database or data
collected prospectively for a specific study design.

As a result, there are many future studies that can be
undertaken with the findings of this initial study of serum
alkaline phosphatase as a biomarker for 30-day mortal-
ity in spinal metastatic disease. In particular, prospective
studies should collect readily available serum blood tests
(compete blood count, liver function tests) and further
examine the role of serum biomarkers in helping deter-
mine prognosis for patients undergoing surgery for spinal
metastatic disease.

Conclusion

Elevated preoperative serum alkaline phosphatase is a
marker for 30-day mortality in patients undergoing surgery
for spinal metastatic disease. Future retrospective and pro-
spective study designs should incorporate assessment of
this serum biomarker to better understand the role for serum
alkaline phosphatase in improving prognostication in spinal
metastatic disease.
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