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Alkaline Phosphatase Predicts Survival
in Patients with Metastatic
Neuroendocrine Tumors

THOMAS E. CLANCY, MD,* TANYA P. SENGUPTA,} JESSICA PAULUS,}
FAWZIA AHMED,{ MEI-SHENG DUH,} and MATTHEW H. KULKE, MD7j

The clinical course of patients with metastatic neuroendocrine tumors is highly variable. While some
patients experience an indolent clinical course over many years, other patients may rapidly succumb
to their disease. Little is known about prognostic factors in these patients, making decisions regarding
their management more difficult.

We performed a retrospective analysis of 137 patients with metastatic neuroendocrine tumors re-
ferred to our institution for treatment. Potential prognostic factors were evaluated using multivariate
survival analysis. The median overall survival of patients in our cohort was 6.0 years, although the
range of survival times was broad (48 days to 23.4 years). Alkaline phosphatase levels above normal
were predictive of shorter survival in both univariate and multivariate analysis. Elevated chromo-
granin A levels were also associated with shorter survival in univariate analysis; in a multivariate
analysis, however, this correlation was no longer significant. There was no association between
survival and gender, primary tumor site, or presence or absence of carcinoid syndrome. Elevated
alkaline phosphatase is a robust adverse prognostic factor for survival in patients with metastatic
neuroendocrine tumors and may be superior to chromogranin A in this setting. Close monitoring
of alkaline phosphatase levels may be useful when considering initiation or changes of therapy in
patients with metastatic neuroendocrine tumors.
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Neuroendocrine tumors (NETSs) are generally character-
ized by relatively slow growth rates and the capacity to
synthesize and secrete polypeptide products with specific
hormonal activity. Metastatic NETs typically follow an
indolent clinical course, and expectant observation may
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be recommended in asymptomatic patients. As these tu-
mors progress, however, they may cause both morbid-
ity and mortality due to the overproduction of specific
amines and peptides. The use of somatostatin analogues
to control symptoms of the carcinoid syndrome as well
as other states of hormonal excess has significantly im-
proved quality of life for such patients and has improved
survival times compared to historical controls (1). Un-
fortunately, somatostatin analogues only rarely result in
tumor regression; furthermore, over time, their efficacy
in controlling the symptoms of hormonal secretion may
decline (2-8). Patients who do not respond or become re-
fractory to somatostatin analogues may pursue a number
of other treatment options, including resection of hepatic
metastases, chemoembolization, and, in some cases, ad-
ministration of a-interferon or systemic chemotherapy.

0163-2116/06 © 2006 Springer Science+Business Media, Inc.



Some asymptomatic patients may also consider treatment
as a way to prevent or delay the onset of symptoms.

The selection of patients for treatment, as well as the
choice of treatment, has been made more difficult by a
lack of accurate prognostic factors. The rarity of NETs
has made prognostic studies challenging to perform. Car-
cinoid tumors, the most commonly occurring NET, have
an estimated incidence of only 1-2 per 100,000 popula-
tion, and pancreatic endocrine tumors are estimated to oc-
cur at less than 1 per million (9). In patients with bronchial
carcinoid tumors, poorly differentiated or “atypical” his-
tology has been found to be an adverse prognostic fac-
tor (10). With the possible exception of elevated serum
chromogranin A (CgA) levels (11-16), reliable serologic
prognostic markers applicable to all metastatic NETs have
been elusive (11, 17-20).

We therefore undertook a retrospective study of po-
tential prognostic factors in 137 patients with confirmed
metastatic NETs. Correlations among patient character-
istics, tumor site, and serologic markers and survival
were investigated using both univariate and multivariate
analyses.

PATIENTS AND METHODS

Patients

We reviewed the medical records of 137 patients referred to
Dana Farber Cancer Institute between January 1997 and June
2003. All patients had histopathologically verified NETS, con-
firmed independently by analysis of archived pathology slides.
Three patients with poorly differentiated neuroendocrine car-
cinomas were excluded from the analysis due to their known
poor prognosis, as were patients with small cell carcinomas. All
patients were confirmed to have evidence of metastatic disease
either histologically or radiographically.

Information was recorded regarding primary tumor type (car-
cinoid, pancreatic endocrine tumor), site of primary tumor, pres-
ence of symptoms, CgA, liver function tests, and general patient
demographics (age, gender). Patients reporting reliable symp-
toms of flushing and/or diarrhea were classified as having char-
acteristics of the carcinoid syndrome. Survival data were ex-
tracted from the medical record; for patients lost to follow-up
or followed elsewhere, survival data were checked against the
National Social Security Death Index. Follow-up times ranged
from 1 to 78 months.

Nearly all patients underwent systemic therapy for metastatic
NETs. Only five underwent either noncurative resection and/or
tumor ablation with radiofrequency energy or cryoablation.
Fourteen patients were treated with at least one cycle of
chemoembolization in addition to systemic therapy. Of the
137 patients with metastatic disease, 115 had metastases to the
liver.

Statistical Analysis
Univariate analyses were conducted using two-sided #-tests
for continuous variables and Pearson x? tests for categorical
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variables to determine whether the characteristics of patients
who died were statistically different from those of patients who
did not die, with respect to the patient’s age at time of diagnosis,
gender, type of tumor, primary tumor site, laboratory tests includ-
ing CgA, alkaline phosphatase, total bilirubin, aspartate amino-
transferase (AST), and presence of carcinoid syndrome. The ma-
jority of patients received systemic therapy only, whereas only
approximately 10% underwent one or more cycles of chemoem-
bolization, and very few (<5%) underwent surgical resection or
ablative therapy. Therefore no attempt was made to correlate type
of treatment with survival, given the small number of patients
receiving locoregional therapy. Fisher’s x2 exact test was used
when the sample size was small. Patients’ survival probabilities
were compared and depicted according to various categories of
covariates of interest using the Kaplan-Meier method; the sur-
vival curves were compared using the log-rank test. Survival
time was calculated from the date of cancer diagnosis to the date
of death or the defined study end date (June 1, 2003). The date
of cancer diagnosis was, in many cases, distant from the date of
referral for metastatic disease. Survival was therefore also mea-
sured from the time of initial referral and evaluation for known
metastases.

A multivariate analysis of survival was performed using the
Cox proportional hazards model, which adjusted for age at time
of diagnosis, gender, primary tumor site, presence or absence of
carcinoid syndrome, alkaline phosphatase level, and CgA level.
Total bilirubin and AST, collinear with alkaline phosphatase,
were not statistically significant and were removed from the final
Cox proportional hazards model.

The Cox proportional hazards regression results are expressed
as hazards ratios, corresponding 95% confidence intervals (CI),
and P values for testing the null hypothesis that the hazard ra-
tio equals 1. A P value of 0.05 was used to declare statistical
significance. All analyses were performed using SAS software,
version 8.2 (SAS Institute).

RESULTS

Patient Characteristics

The patient cohort was relatively evenly distributed be-
tween men and women, with a mean age of 56 years
(Table 1). The tumor type was carcinoid in 70% and pan-
creatic endocrine tumor in 30%. Of patients with carcinoid
tumors, the majority had small intestine (39%) as the pri-
mary site. In 16% of cases, the primary site could not be
identified. Overall, 46% of patients reported symptoms of
the carcinoid syndrome.

Liver function test results including alkaline phos-
phatase were available in 113 patients, of whom 46
had alkaline phosphatase levels above the normal range
(>127U/L in our clinical laboratory). No significant
variations in total bilirubin or transaminase levels were
noted between patients who died and those who did
not. CgA levels were recorded in 100 patients; of these
patients 78 had elevation of CgA above the normal
range (0-39 ng/ml) and 32 had marked elevations in CgA
(>500 ng/ml).
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METASTATIC NEUROENDOCRINE ALKALINE PHOSPHATASE

TABLE 1. PATIENT DEMOGRAPHICS AND CLINICAL CHARACTERISTICS
AT TIME OF REFERRAL AND INITIAL WORKUP (N = 137)

Characteristic N % Mean (SD)
Gender
Male 72 52.6
Female 65 475
Age at diagnosis 137 56.2 (12.3)
Type of tumor
Carcinoid 96 70.1
Pancreatic 41 29.9
Primary tumor site
Hindgut* 9 6.6
Small intestine 54 39.4
Pancreas 41 29.9
Pulmonary 11 8.0
Unknown and othert 22 16.1
Carcinoid syndrome
Yes 64 46.7
No 66 48.2
Unknown 7 5.1
Chromogranin A (ng/ml) 100 916.5 (1870.6)
<500 ng/ml 69 50.4
>500 ng/ml 32 234
Alkaline phosphatase (U/L) 113 154.8 (136.1)
<127 U/L 67 48.9
>127 U/L 46 33.6
AST (U/L) 113 35.8(28.9)
<46.5 U/L 94 68.6
>46.5 U/L 19 13.9
Total bilirubin (mg/dl) 113 0.6 (0.4)
<1.35 mg/dl 106 77.4
>1.35 mg/dl 7 5.1

*Includes patients whose primary tumor site was the large bowel or
rectum.

tIncludes patients whose primary tumor site was adrenal, stomach, or
unknown.

Univariate Survival Analysis

The median survival from the time of diagnosis for all
patients in the cohort was 6.0 years, with a minimum of
48 days and a maximum of 23.4 years. Ninety-two of
137 patients (67%) were alive at the end of the follow-
up period. The results of the univariate survival analysis
are presented in Table 2. As anticipated, advanced age at
the time of diagnosis was associated with shorter survival
time (P < 0.0003). No significant associations between
survival and gender, presence of carcinoid syndrome, tu-
mor site of origin, transaminase levels (AST), bilirubin
levels, presence of liver metastases, or presence of bone
metastases were noted.

Alkaline phosphatase was analyzed as a dichotomous
variable, based on the upper bound of normal for the test
in our clinical laboratory (127 U/L). Elevated levels of
alkaline phosphatase were significantly related to shorter
survival times in the univariate analysis. This relationship
held true whether survival was measured from the initial
date of diagnosis (P < 0.003) or from the actual date of
evaluation when laboratory tests were drawn (P < 0.005)
(Table 2). A Kaplan-Meier survival plot as measured from
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the alkaline phosphatase evaluation date is depicted in
Figure 1.

Because nearly all (78%) patients in our cohorthad CgA
levels above the normal range (39 U/L), CgA levels were
analyzed as a dichotomous variable, using a cutoff level of
500 ng/ml. CgA levels above 500 ng/ml were associated
with decreased survival from the date of evaluation (P <
0.030) but not from the time of initial diagnosis (Table 2).

Multivariate Survival Analysis

A multivariate Cox proportional hazards regression
analysis of survival showed that advanced age remained a
predictor of shorter survival time (Table 3). Elevated alka-
line phosphatase also remained a significant predictor of
shorter survival as measured from the date of evaluation,
although alkaline phosphatase was not an independent pre-
dictor of survival from time of original diagnosis. These
relationships were seen when the multivariate regression
was performed for the subset of patients with liver metas-
tases (data not shown). Similarly, these relationships were
seen when the subset of patients with bone metastases
(18/137, or 13% of, patients) was excluded.

In contrast, elevated CgA levels were no longer pre-
dictive of survival, as measured from date of evaluation,
in the multivariate analysis. The lack of association held
true both when CgA was measured as a dichotomous vari-
able, using 500 ng/ml as a cutoff (P < 0.276), and when
CgA was analyzed as a continuous variable (P < 0.0831).
We likewise did not detect an association between di-
chotomized CgA and survival as measured from time of
original diagnosis (P < 0.339).

Previous studies have reported that CgA levels may
be predictive of survival in patients whose tumors are of
midgut origin (19). When our analysis was limited to the
subset with tumors of midgut origin, the results mirrored
the cohort as a whole, in that elevated CgA correlated
with shorter survival from time of evaluation in univariate
analysis but not multivariate analysis (data not shown).
Likewise, gender, site of tumor origin, transaminase lev-
els, bilirubin levels, and presence of carcinoid syndrome
did not affect survival for patients with midgut carcinoid
tumors.

DISCUSSION

NETs are characterized by a relatively indolent growth
pattern, and patients may live for several years even with
metastatic disease. The median survival time from time
of diagnosis in our cohort was 6.0 years, a figure that
compares favorably to historical data (21). We also, how-
ever, noted a broad range of survival times among our
patients; whereas the shortest survival time was 48 days



CLANCY ET AL.

TABLE 2. UNIVARIATE RESULTS OF COX PROPORTIONAL HAZARDS MODEL FOR DEATH
(DEPENDENT VARIABLE—PROBABILITY OF DEATH; SURVIVAL TIME VARIABLE—DAYS
FROM DIAGNOSIS TO DEATHT)

Characteristic Hazards ratio (95% CI) P value
Chromogranin A >500 ng/ml
Survival from diagnosis 1.119 (0.590, 2.119)  0.729
Survival from chromogranin A test date} 2.159 (1.069, 4.362)  0.030*
Alkaline phosphatase >127 U/L
Survival from diagnosis 2.434 (1.339,4.424)  0.003*
Survival from liver function test datef 2.402 (1.299, 4.444)  0.005*
AST >46.5U/L
Survival from diagnosis 1.857 (0.891, 3.868)  0.098
Survival from liver function test date} 1.356 (0.649, 2.833) 0.417
Total Bilirubin >1.35 mg/dl
Survival from diagnosis 0.683 (0.165, 2.828)  0.599
Survival from liver function test datef 0.720 (0.173,3.008)  0.653
Gender
Female 1.118 (0.618,2.022) 0.710
Male Reference
Age at diagnosis (years) 1.049 (1.022,1.077)  0.000%*
Tumor origin
Hindgut§ 1.984 (0.694,5.672)  0.197
Small bowel 0.664 (0.346, 1.276)  0.215
Pancreatic 1.042 (0.543,1.998)  0.902
Pulmonary Reference
Unknown and other 1.696 (0.853,3.375)  0.129
Carcinoid syndrome
Yes 0.929 (0.513,1.683)  0.806
No/unknown Reference
Liver metastases
Yes 0.590 (0.298, 1.166)  0.129
No Reference

*Denotes statistical significance at the 5% level.

tSurvival times are measured from day of diagnosis to death unless indicated otherwise.
{Survival measured from the date of evaluation and laboratory testing.

§ Includes patients whose primary tumor site was the large bowel or rectum.

9Includes patients whose primary tumor site was the adrenal, stomach, or unknown.

from diagnosis, most patients (67%) in the cohort were
alive at the end of the follow-up period, with the upper
range of survival of 23.4 years from the time of initial di-
agnosis. To date, few prognostic factors for patients with
metastatic NETs have been identified, in large part due to
the rare nature of these tumors (1, 17).

The liver is one of the most common sites of metastases
for NETs. Indeed, among patients who present with NETs,
the presence of liver metastases is a primary determinant
of decreased survival; patients with NETs metastatic to the
liver are reported to have a 10-year survival of 26-30%,
compared with the 83-93% 15-year survival of NET pa-
tients without metastases (1, 22). Even with liver metas-
tases, patients may have largely preserved liver function,
as demonstrated by the fact that the median AST and
bilirubin levels in our patient cohort were both within the
normal range. In contrast, however, the median alkaline
phosphatase level was mildly elevated. Using a standard
of normal defined as <127 U/L in our assay, patients with
alkaline phosphatase >127 U/L had a significantly shorter
survival times. Elevated alkaline phosphatase levels were

independently predictive of survival as measured from the
time of evaluation and assay but not from the time of orig-
inal diagnosis.

The cohort demonstrates a wide range of times between
original cancer diagnosis and referral to our center, at
which time laboratory values were documented. Whereas
some presented with metastatic disease at diagnosis, one
patient had a 23-year span between initial diagnosis and
the date of evaluation, presumably due to delayed develop-
ment of metastases. The median duration between original
diagnosis and referral for metastatic disease is approx-
imately 5 months. Although the date of diagnosis repre-
sents the date when the primary tumor was recognized and
treated, the precise date of diagnosis of metastatic disease
developed is more difficult to quantify. The date of refer-
ral to our center for evaluation of metastatic disease may
therefore serve as a surrogate for the approximate date
at which metastatic disease was recognized. Any factor
which correlates to survival from the time of initial eval-
uation and laboratory analysis may therefore more accu-
rately predict survival of patients with metastases.
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Proportion of Patients Who Did Not Die
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Fig 1. Effect of alkaline phosphatase level on survival. Kaplan-Meier plot of survival after diagnosis versus alkaline phosphatase level at referral;
survival is measured from alkaline phosphatase evaluation date. Survival is significantly decreased for patients with elevated alkaline phosphatase

(>127 U/L). The P value testing the hypothesis of equal survival rates between the two groups was calculated using the log-rank test.

In this cohort with metastatic NETS, liver metastases
were the most commonly seen site of metastasis (115 or
137 patients). Liver metastases were not an independent
predictor of survival in comparison to other metastatic
sites. The observed relationships between alkaline phos-
phatase levels and survival held true when analysis was
limited to the subset of patients with liver metastases. No
attempt was made to correlate alkaline phosphatase lev-
els with a volumetric analysis of metastatic burden in this
study; in fact, precise volumetric information was unavail-
able. Whether alkaline phosphatase levels correlate with
disease burden and extent of metastases or are a function
of disease aggressiveness is therefore not clear. Of the
22 patients without evidence of liver metastases, 2 had el-
evated alkaline phosphatase levels. Bone metastases were
noted in 18 patients (13% of this cohort with metastatic
NETs). The presence of bone metastases did not corre-
late with survival on univariate analysis in this cohort,
and the observed relationship between survival and alka-
line phosphatase was maintained when patients with bone
metastases were removed from multivariate analysis. The
decrease in survival observed with elevated alkaline phos-
phatase levels therefore does not seem to be a function of
bone metastases.

While elevated alkaline phosphatase is independently
predictive of decreased survival in patients with liver
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metastases from non-NETs, it has not previously been
shown to be predictive in NETSs (23, 24). Previous stud-
ies evaluating alkaline phosphatase in patients with NETs,
however, were small, with fewer than 20 patients, and were
therefore likely underpowered to detect survival differ-
ences. The current study is significantly larger than previ-
ously reported cohorts and suggests that elevated levels of
alkaline phosphatase represent a potentially useful prog-
nostic marker in patients with metastatic NETs.

CgA is a49-kD protein that is contained in the neurose-
cretory vesicles of NET cells and has been identified in
the plasma of patients with endocrine neoplasms. Com-
pared with other markers for NET's such as neuron-specific
enolase (NSE) and 5-hydroxyindolacetic acid (5-HIAA),
CgA is felt to be the most sensitive (13—16).

In our analysis, the absolute level of CgA appeared to be
aless robust prognostic marker than alkaline phosphatase.
When survival was analyzed from time of diagnosis, we
found no association between survival and CgA level in
either univariate or multivariate analysis. When survival
was analyzed from the time of the assay date, however,
elevated CgA levels were predictive of shorter survival
in the univariate but not the multivariate analysis. To en-
sure we were not missing a potential association, we also
analyzed associations using CgA as a continuous variable
as well as at various cutoff points (other than 500 ng/ml),
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TABLE 3. MULTIVARIATE RESULTS OF COX PROPORTIONAL HAZARDS MODEL FOR
DEATH (DEPENDENT VARIABLE—PROBABILITY OF DEATH; SURVIVAL TIME
VARIABLE—DAYS FROM DIAGNOSIS TO DEATH')

Characteristic Hazards ratio 95% CI P value

Chromogranin A (ng/ml)

Survival from diagnosis

<500 ng/ml Reference

<500 ng/ml 1.486 (0.659, 3.350) 0.339
Survival from CgA test date}

<500 ng/ml Reference

>500ng/ml 1.536 (0.710, 3.325) 0.276
Alkaline phosphatase (U/L)

Survival from diagnosis

<127U/L Reference

>127U/L 1.633 (0.844,3.162) 0.146
Survival from liver function test date}

<127U/L Reference

>127U/L 3.126 (1.571, 6.223) 0.001*
Gender

Female 1.991 (0.999, 3.971) 0.050

Male Reference

Age at diagnosis (years) 1.077 (1.038,1.117)  <0.0001%*
Tumor origin

Hindgut§ 1.979 (0.390, 10.05) 0.410

Small intestine 0.206 (0.042, 1.010) 0.052

Pancreatic 1.314 (0.325,5.315) 0.702

Pulmonary Reference

Unknown and other¥ 0.617 (0.127, 2.999) 0.550
Carcinoid syndrome

Yes 1.995 (0.704, 5.653) 0.194

No/unknown Reference

*Denotes statistical significance at the 5% level.

tSurvival times are measured from day of diagnosis to death unless indicated otherwise.
{Survival measured from the date of evaluation and laboratory testing.

§Includes patients whose primary tumor site was the large bowel or rectum.

YIncludes patients whose primary tumor site was the adrenal, stomach, or unknown.

again failing to find a significant association. As previous
investigators have suggested a significant relationship be-
tween elevated CgA and survival specifically for midgut
endocrine tumors (19), a subset analysis was performed
in which survival from CgA test date was analyzed only
for the small intestinal tumors. These data mirrored the
cohort as a whole, with significant relationships seen in
univariate but not multivariate analysis.

Our results differ in some respects from previous re-
ports, in which investigators have suggested a relation-
ship among tumor burden, survival, and plasma CgA lev-
els (11, 18, 19). Plasma CgA levels are also commonly
used clinically to monitor response to therapy (25, 26).
In one cohort of 351 patients with carcinoid tumors, Jan-
son et al. found that elevated CgA levels were predic-
tive of decreased survival in a subset of 71 patients with
midgut carcinoids. The study was limited by the fact that,
of 256 total patients with midgut tumors in the study, only
71 were included in multivariate analysis due to a lack
of complete patient information. Another difference be-
tween this previous study and our study is that the cutoff

for plasma CgA was >5000 ng/ml. The use of 5000 ng/ml
as a threshold for poor prognosis suggests a difference in
assay techniques; whereas the median CgA for midgut tu-
mors was 2325 ng/ml and more than 30 patients had levels
>5000 ng/ml in the study by Janson et al. (19), the mean
CgA level in our study was 907 ng/ml, with only 4 of 104
patients with CgA recorded having levels >5000 ng/ml.

Our inability to confirm a strong association between
serum CgA levels and survival, from either time of diagno-
sis or date of evaluation, suggests that absolute CgA levels
should be used with caution as a marker of overall prog-
nosis. We note, however, that our findings do not exclude
the possibility, as others have suggested, that changes in
CgA over time may have significance as markers of either
response to therapy or tumor progression.

While the presence of carcinoid syndrome or other
symptoms of hormone excess has been related by some
to prognosis in NETs, we did not confirm this observa-
tion in our series. In the Swedish cohort of 301 carcinoid
patients, presence of carcinoid syndrome, as defined by
flush or diarrhea, was detected in 74% of patients and was
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associated with decreased prognosis in univariate but not
multivariate analysis (19). Some authors have reported a
lower 5-year survival for nonfunctioning tumors and have
suggested that functioning tumors may in fact lead to ear-
lier diagnosis and longer overall survival times (27). Still
other studies have shown no difference in survival between
functioning and nonfunctioning NETs (9, 28-30). The lat-
ter view is supported by our study, in which there was no
correlation between hormonal symptoms and survival.

Site of origin has also been demonstrated to be a predic-
tor of survival in previous studies. Most of these studies
have focused primarily on patients with localized disease,
with tumors of appendiceal origin generally having a bet-
ter prognosis and tumors of pancreatic or midgut origin
faring worse (31-33). In these studies, the perceived sur-
vival differences between NETSs arising in different sites
may well be related to tumor stage at diagnosis rather
than inherent differences in tumor biology. In one study of
336 patients with gastrointestinal carcinoids that included
patients with metastatic disease, survival appeared to be
longer in patients with metastatic midgut carcinoids com-
pared to patients with metastatic disease from other sites.
These findings were not confirmed, however, in a multi-
variate analysis controlling for other potential prognostic
factors (30). Our study, which included metastatic NETs
from diverse sites of origin, found no association between
site of origin and prognosis on univariate or multivariate
analysis.

Gender has been related to survival with NETs, with
males having a significantly worse prognosis in some stud-
ies (32, 33) but not others (19). The difference between
prior findings and ours may be due to slight differences in
the groups studied; prior studies were not limited to pa-
tients with metastatic disease and women in some cases
were found to have a lower incidence of metastases. Sur-
vival in these cases was not investigated independent of
metastatic disease (32). In our cohort, consisting of pa-
tients with metastatic NETSs, gender was not significantly
related to overall survival. Age, however, was a highly sig-
nificant predictor of overall survival in this cohort. This
likely represents an inverse relation between age and sur-
vival rather than any increased aggressiveness of NETSs in
older patients.

In conclusion, our findings confirm a prolonged me-
dian survival time for patients with metastatic NETs.
The majority were treated with systemic therapy alone,
with a small number (10%) undergoing chemoemboliza-
tion, and only a few (<5%) undergoing surgical resec-
tion or ablative therapy. Gender, the presence of carci-
noid syndrome and primary tumor site did not have prog-
nostic significance in this large cohort of patients with
metastatic disease. We also found no independent asso-
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ciation between absolute serum CgA level and survival.
In contrast, elevated alkaline phosphatase, as measured
from time of assay, was a robust independent prognos-
tic factor for decreased survival. The measurement of
alkaline phosphatase may therefore be a useful clini-
cal tool in making treatment decisions for patients with
metastatic NETs.
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