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directed therapies for metastatic neuroendocrine tumors: a single 
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Background: Neuroendocrine tumors (NETs) metastatic to the liver are treated with transarterial 
radioembolization (TARE) using yttrium-90 (Y-90) microspheres or transarterial chemoembolization 
(TACE). However the criteria for patient selection are not well defined. We sought to determine if Ki67 
score could help select patients for one therapy over the other in the management of hepatic neuroendocrine 
metastases.
Methods: Single institution analysis of patients treated with Y-90 or TACE between 2001 and 2014. 
Pathologists blinded to clinical information performed Ki67 staining. Data were analyzed using multivariate 
association for survival outcomes.
Results: Amongst 72 patients (male: 39, female: 33, median age: 57 years) with metastatic NET, the most 
common site of origin was small bowel (n=35, 49%), while pancreas constituted 32% (n=23). Forty-four 
patients were treated with Y-90 (61%) and 28 patients received TACE (39%). Ki67 score was available in 28 
patients (64%) treated with Y-90 and 16 patients (57%) with TACE. Within Y-90 group, there was greater 
use of Sandostatin (95% vs. 75%, P=0.02) and less number of total treatments completed (89% vs. 46%, 
P<0.001). There was no significant difference in overall survival (OS) between Y-90 and TACE when used 
without selection (median, 69 vs. 82 months, P=0.47). When adjusted for Ki67, patients with Ki67 score ≥3% 
had better OS with Y-90 compared to TACE (HR, 0.1; CI, 0.01–0.9), however for Ki67 <3%, OS was better 
when treated with TACE compared to Y-90 (HR, 13.5; CI, 1.22–148.87).
Conclusions: There is significant interaction between Ki-67 score and liver-directed treatment benefit in 
patients with hepatic neuroendocrine metastases. Ki-67 score ≥3% predicts greater benefit with Y-90 and a 
Ki-67 score <3% predicts greater benefit with TACE.
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Introduction

Neuroendocrine tumors (NET) are relatively slow-growing 
tumors that arise commonly from the gastrointestinal 
and pulmonary systems. The most common types 
include carcinoids, islet cell tumors, paragangliomas, 
pheochromocytomas and medullary thyroid cancers. 
Considered rare, their incidence has increased 6.3% in the 
last 25 years with a prevalence of 35 per 100,000 patients 
(1,2). Due to their indolent nature, patients present with 
a variety of vague symptoms, which often leads to a delay 
in diagnosis by 5–7 years. As a result, between 46–93% 
of patients present with synchronous liver metastasis and 
another 25% develop metachronous disease during the 
intervening period (3,4). Even though these tumors are 
believed to have a more indolent biology, the presence 
of liver metastasis decreases 5-year survival rates from 
75–99% to 20–40% (2,3,5). Indeed, approximately 80% 
of patients with hepatic metastasis at the time of diagnosis 
die within 5 years (3,5). Because of these factors, the 
treatment of metastatic lesions to the liver has become a 
major component of the overall treatment planning in these 
patients.

Despite its significance, the optimal treatment for 
metastatic hepatic lesions has remained controversial. 
This is, in part, due to multiple factors including overall 
health, burden of the disease, liver function, presence or 
absence of extra hepatic disease, and access to technology 
that can reduce the disease burden. Surgical resection 
is preferred if greater than 90% of the disease can be 
safely removed. It has been shown to be superior to other 
therapies, especially with regards to symptomatic relief, 
time to disease progression, and better 5-year survival 
rate (6-9). However, only 5–15% of patients with liver 
metastases are surgical candidates and nearly 50% recur 
after resection (10,11). Therefore, in these cases, alternate 
strategies such as liver directed ablation, peptide receptor 
radionuclide therapy, transarterial embolization (TAE), 
transarterial chemoembolization (TACE) or transarterial 
radioembolization (TARE) with yttrium-90 (Y-90) have 
been employed to reduce tumor burden. 

TAE en ta i l s  u s ing  beads  to  b lock  the  tumor 
microvasculature, which results in ischemic damage and 
necrosis. The addition of chemotherapy to TAE, referred 
as TACE, with or without drug eluting beads (DEB), has 
been suggested to further improve outcomes in some 
studies (12). More recently, TARE has emerged as a  
well-tolerated embolization technique (13,14). This method 

uses resin or glass microspheres (20–30 μm) loaded with 
Y-90, a radioisotope that emits pure beta radiation. The 
main advantages of Y-90 are a short half-life of 64 hours and 
a low mean penetrance depth of 2–3 mm, which allows the 
radiation to be contained within the tumor bed with relative 
sparing of the surrounding parenchyma (15). There is tumor 
damage by both ischemia as well as radiation. While both 
Y-90 & TACE have been shown to prolong survival (12-14),   

the data confirming the superiority of one embolization 
technique over the other has been conflicting. As a result, 
the criteria for patient selection for one therapy over the 
other are lacking and have remained unclear. 

The Ki-67 index is a scoring system that measures 
proliferation and growth of cells (16). It has been shown to 
predict biological behavior, response to chemotherapy, and 
survival of patients with different types of tumors, including 
NETs (16-18). It was thus hypothesized that the Ki-67 
proliferative index can predict the optimal treatment, and 
therefore our team sought to determine if the Ki67 score 
could be utilized to select the optimal treatment strategy in 
these cases.

Methods

The Institutional Review Board at Roswell Park Cancer 
Institute approved this study. This study included  
72 patients with metastatic NETs who were treated at our 
institution with liver directed Y-90 or TACE between 2001 
and 2014. The treatment modality chosen was based upon 
physician preference (after multi-disciplinary discussions) 
and insurance coverage; no definitive criteria were available 
to prefer one treatment modality over the other. All these 
patients had biopsy confirmed NETs. A pathologist who 
was blinded to the clinical data completed the Ki67 staining 
in 44 patients. A Ki67 score < or ≥3 was selected to allow for 
separation of patients into groups based on low grade versus 
intermediate and high grade characteristics. The primary 
end-point of this study was death from any cause. Patients 
were evaluated from the date of their first treatment to 
either the date of last clinical follow-up or death.

Immunohistochemical analysis 

Paraffin-embedded tumors were cut into 4-μm thick 
sections and placed on coated glass slides. The sections 
were de-waxed in xylene and rehydrated in a series of 
graded ethanol solutions, and the endogenous peroxidase 
activity was blocked with a 0.3% H2O2 methanol solution. 
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Before application of the primary antibody, the slides were 
subjected to antigen retrieval by heating in 10 mM citrate 
buffer (pH 6.0) for 15 min at 121 ℃ in an autoclave oven. 
Then, MIB-1 monoclonal antibodies (Ki67) were applied, 
and slides were incubated overnight at 4 ℃. The slides 
were rinsed in 0.01 mol/L phosphate-buffered saline, and 
bound antibodies were detected with the simple stain MAX 
PO (R) using 3,3'-diaminobenzidine tetrahydrochloride as 
the substrate. The peroxidase reaction was visualized with 
0.02% 3,3'-diaminobenzidine tetrahydrochloride containing 
0.005% H2O2 in 0.01 M tris-phosphate buffer (pH 7.4). 
Finally, the sections were counterstained with hematoxylin. 
A single pathologist calculated the Ki67 score individually.

Statistical analysis

Patient demographics, clinical variables and treatment 
characteristics were analyzed as groups using the mean, 
median, standard deviation and ranges. Frequencies and 
relative frequencies were utilized for categorical variables. 
Comparisons were made between groups using the  
Mann-Whitney U and Fisher’s exact tests. Overall survival 
was summarized using standard Kaplan-Meier methods, 
with comparisons made using the log-rank test. Multivariate 
analysis of survival data utilized Cox regression models; 
where, in addition to treatment status & Ki67 score, 
variables were included using the backward selection 
method (alpha-exit =0.05). The models were fit using Firth’s 
penalized function and hazard ratios, with corresponding 
confidence intervals obtained from the model estimates. All 
analyses were two-sided and conducted in SAS v9.4 (Cary, 
NC, USA) at a significance level of 0.05. 

Results 

Patient characteristics

During the study period between 2001 and 2014, a total of  
84 patients were available for analyses. Of these, 12 patients  
were excluded from the analyses due to inadequate  
post-treatment follow-up (n=7) or incomplete documentation 
(n=5). Seventy-two patients who underwent 100 treatments 
were included in the final analysis. There were 39 males 
(54.2%) and 33 females (45.8%). The median age of patients 
was 57 years (range, 23–80), and the median disease follow-up  
period was 54.5 months (range, 1–143.8 months). The most 
common sites of origin for primary NETs were small bowel 
(n=35, 48.6%) and pancreas (n=23, 31.9%). Majority of 

patients had performance status ECOG score 0 or 1 (n=65, 
90.2%) and nearly all patients (n=63, 87.5%) received 
octreotide therapy prior to liver directed treatment. 

With regards to the metastatic spread of the NETs, 
bilobar hepatic distribution was seen in 67 patients (93.1%) 
and extra-hepatic spread was observed in 52 patients 
(72.2%). Nineteen patients (26.8%) were noted to have 
previous history of hepatic resection prior to consideration 
for liver directed therapy.

Treatment characteristics

Amongst 72 patients treated with liver directed therapy, 
44 patients underwent radio-embolization with Y-90 and 
28 patients received TACE (Table 1). While the number 
of patients were proportionally higher in the Y-90 group 
compared to the TACE group (61.1% and 38.9%, 
respectively), the number of total procedures were similar 
in both groups (n=50, respectively). Comparing patient 
demographics, we observed no significant statistical 
difference with regards to distribution of age (P=0.995), 
gender (P=0.632), primary site of tumor origin (P=0.305) 
or presence of carcinoid syndrome symptoms (P=0.195) 
between the groups. Further, patients in the Y-90 group 
had higher incidence of carcinoid syndrome (38.6% vs. 
21.4%, P=0.195) and bilobar liver disease (95.5% vs. 89.3%, 
P=0.371), whereas hepatic tumor burden >25% was greater 
in the TACE group (25.9% vs. 20.4%, P=0.614), but these 
differences were also not significant. 

On comparing treatment groups with respect to 
ECOG performance score (P=0.001), concomitant use 
of Sandostatin (P=0.023), time (in months) from initial 
diagnosis until first treatment (P<0.001), and the number 
of the specified treatments completed (P<0.001), we did 
find statistically significant differences. The need for 
repeated treatments to achieve similar results (53.6% vs. 
11.4%) was higher in TACE group, while patients in the 
Y-90 group had a higher percentage of concomitant use of 
Sandostatin (95.5% vs. 75%) and time from diagnosis to 
first treatment compared to TACE (median, 31.6 and 10.7 
months, respectively). 

No significant difference in overall survival was noted 
between patients treated with Y-90 versus TACE. The 
median survival in the Y-90 and TACE groups were  
66.8 months (range, 54.4–113.1) and 81.9 months (range, 
54.8–122.6), and the corresponding 5-year survival rates 
were 0.60 (95% CI, 0.4–0.8) and 0.67 (95% CI, 0.4–0.8), 
respectively (P=0.477) (Figure 1). 
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Association between treatment groups with Ki67 score

The Ki67 prognostic index score was available in 44 patients 
(61.1%). Table 2 lists patient characteristics for all patients 
with corresponding Ki-67 scores (<3 and ≥3). Of note, 
none of the patients in our cohort had Ki-67 scores >20% 
(high grade or poorly differentiated tumors). On univariate 
analysis, all variables except number of treatments required 
to achieve stable response were statistically non-significant. 
Patients with Ki-67 score <3 were most likely to benefit 
using a single procedure (including both the right and the 
left side) whereas patients with Ki67 ≥3 required more than 
one procedure (P=0.036). 

Clinical outcomes

On analyzing individual variables, using the log rank, it 
was noted that the overall survival was not statistically 
dependent on the treatment type (Figure 1A; P=0.477) or 
Ki67 score (Figure 1B; P=0.577). 

However, when OS was modeled as a function of both 
treatment method and Ki-67 expression and examined using 
the Cox regression, there was a significant main effect of Ki67 
(P=0.029) and interaction (P=0.0274) with treatment type. The 
significant interaction indicates that the effect of treatment 
is dependent on the level of Ki67 score. The Kaplan-
Meier curves illustrate these interactions in overall survival 

Table 1 Patient characteristics based on treatment type (Y-90 and TACE)

Characteristics Variables Y-90 TACE P value

Overall Number 44 (61.1%) 28 (38.9%)

Age at diagnosis Median/min/max 54/23/80 58/41/77 0.99

Gender Male 25 (56.8%) 14 (50.0%) 0.63

Female 19 (43.2%) 14 (50.0%)

Site of origin Small bowel 24 (54.5%) 11 (39.3%) 0.31

Pancreas 11 (25.0%) 12 (42.9%)

Other 9 (20.5%) 5 (17.9%)

ECOG 0 20 (45.5%) 3 (10.7%) <0.001

1 23 (52.3%) 19 (67.9%)

2+ 1 (2.3%) 6 (21.4%)

Carcinoid syndrome No 27 (61.4%) 22 (78.6%) 0.19

Yes 17 (38.6%) 6 (21.4%)

Number of liver lobes involved Unilobar 2 (4.5%) 3 (10.7%) 0.37

Bilobar 42 (95.5%) 25 (89.3%)

Hepatic tumor burden* 0–25% 35 (79.5%) 20 (74.1%) 0.61

26–50% 7 (15.9%) 4 (14.8%)

51–75% 2 (4.5%) 3 (11.1%)

Previous liver treatment* Resection 13 (29.5%) 6 (22.2%) 0.59

None 31 (70.5%) 21 (77.8%)

Sandostatin No 2 (4.5%) 7 (25.0%) 0.02

Yes 42 (95.5%) 21 (75.0%)

Time to 1st treatment (months) Median/min/max 31/2.8/217 11/0/106 <0.001

Number of

treatments

1 39 (88.6%) 13 (46.4%) <0.001

2 4 (9.1%) 8 (28.6%)

3+ 1 (2.3%) 7 (25.0%)

Ki67 score <3 17 (38.6%) 9 (32.1%) 1.00

≥3 11 (25.0%) 7 (25.0%)

*, one patient from TACE group has missing information on hepatic tumor burden and previous liver treatment. Y-90, yttrium-90; 

TACE, transarterial chemoembolization.
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Figure 1 Kaplan-Meier survival curves. (A) Overall survival based on treatment type (Y-90 and TACE); (B) overall survival based on Ki67 
proliferative index. Y-90, yttrium-90; TACE, transarterial chemoembolization.
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Table 2 Patient characteristics based on Ki67 proliferative index

Characteristics Variables Ki67 score <3% Ki67 score ≥3% P value

Overall Number 26 (59.1%) 18 (40.9%)

Ki67 score Median/min/max 1/1/2 10/3/18 <0.001

Age at diagnosis Median/min/max 54/23/78 64/46/80 0.07

Gender Male 13 (50%) 11 (61.1%) 0.545

Female 13 (50%) 7 (38.9%)

Site of origin Small bowel 17 (65.4%) 7 (38.9%) 0.11

Pancreas 6 (23.1%) 4 (22.2%)

Other 3 (11.5%) 7 (38.9%)

ECOG 0 11 (42.3%) 6 (33.3%) 0.29

1 15 (57.7%) 10 (55.6%)

2+ 0 2 (11.1%)

Carcinoid syndrome No 19 (73.1%) 10 (55.6%) 0.33

Yes 7 (26.9%) 8 (44.4%)

Number of liver lobes involved Unilobar 1 (3.8%) 1 (5.6%) 1.00

Bilobar 25 (96.2%) 17 (94.4%)

Hepatic tumor burden* 0–25% 20 (80%) 13 (72.2%) 0.313

26–50% 5 (20%) 3 (16.7%)

51–75% 0 2 (11.1%)

Previous liver treatment# Resection 8 (30.8%) 5 (29.4%) 1.00

None 18 (69.2%) 12 (70.6%)

Sandostatin No 4 (15.4%) 1 (5.6%) 0.63

Yes 22 (84.6%) 17 (94.4%)

Time to 1st treatment (mts) Median/min/max 18/1.4/91 20/1.9/129 0.51

Number of treatments 1 23 (88.5%) 13 (72.2%) 0.036

2 1 (3.8%) 5 (27.8%)

3+ 2 (7.7%) 0 (0%)

Treatment Y-90 17 (65.4%) 11 (61.1%) 1.00

TACE 9 (34.6%) 7 (38.9%)

*, one of the patient with Ki67 score <3% has missing data for hepatic tumor burden; #, one of the patient with Ki67 score ≥3% 

has missing data for previous liver treatment.
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Table 3 Summary of overall survival based on interaction of treatment type and Ki67 proliferative index

Variable 3-year survival (95% CI) 5-year survival (95% CI) Median survival (95% CI) Median follow-up (range)

All patients 0.82 (0.6–0.9) 0.70 (0.5–0.8) 113 (55.2–NR) 53.7 (1–143.8)

Y-90: Ki67 ≥3% 0.88 (0.4–0.9) 0.7 (0.2–0.9) 113 (33.9–113) 56.5 (0–109)

TACE: Ki67 ≥3% 0.53 (0.1–0.9) NR (20.4–NR) 33.3 (3–65.5)

Y-90: Ki67 <3% 0.78 (0.5–0.9) 0.62 (0.3–0.8) 66.8 (23.8–NR) 50 (3.9–76.5)

TACE: Ki67 <3% 1 (1.0–1.0) 1 (1.0–1.0) 122.6 (83.4–NR) 90.4 (10.6–144)

Y-90, yttrium-90; TACE, transarterial chemoembolization.

Table 4 Multivariate analysis for survival based on interaction of treatment type and Ki67 proliferative index

Variable Hazard ratio (95% CI) P value

Ki67 score <3: Y-90 versus TACE 13.5 (1.2–148.9) 0.035

Ki67 score ≥3: Y-90 versus TACE 0.1 (0.01–0.9) 0.036

Y-90, yttrium-90; TACE, transarterial chemoembolization.

based on type of treatment and Ki67 score (Figure 2A,B).  
The hazard ratio obtained for treatment type (Y-90 versus 
TACE) in patients with Ki67 score <3 is 10.6 (95% CI: 
1.1–101.0). This indicates that patients who underwent 
TACE have better survival outcomes as compared to the 
Y-90 patients. The converse is true in the higher Ki67 
(≥3) group, where the hazard ratio for treatment type is  
0.3 (95% CI, 0.03–1.9). While not statistically significant, it 
is a strong indicator towards improved survival outcomes in 
Y-90 patients. The improvement in survival is also reflected 
at 3-year, and 5-year survival rates, respectively (Table 3).

The multivariate analysis, with disease site (P=0.042) as 
the only additional variable retained through backwards 

selection, further supports these results (Table 4). There 
was a significant main effect for treatment type (P=0.034) 
and Ki67 (P=0.031), and interaction (P=0.008). The hazard 
ratios corresponding to treatment type are 13.5 (95% CI, 
1.2–148.9) and 0.1 (95% CI, 0.01–0.9) for the low and high 
Ki67 patients respectively (Table 4). 

Discussion

The development of an ideal treatment algorithm for NET 
liver metastases remains a clinical challenge. One of the 
biggest obstacles in developing a pathway is determining 
what treatment modality will most benefit patients who 

Figure 2 Kaplan-Meier survival curves. (A) Survival analysis based on interaction of treatment type and Ki67 score <3%; (B) survival analysis 
based on interaction of treatment type and Ki67 score ≥3%.
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have unresectable disease. A number of factors have been 
identified that may impact survival in these patients. A 
recent study by Ahmed et al showed that increasing levels 
of plasma chromogranin-A, high Ki67 score, high tumor 
volume and treatment with chemotherapy are associated 
with poor outcome, while resection of liver metastases, 
resection of small bowel primary, and treatment with 
octreotide are associated with improved prognosis. In 
addition, the Ki67 level and resection of the primary lesion 
act as independent predictors of survival (19).

With regards to treatment of metastatic lesions, the 
use of aggressive liver-directed therapy has been shown to 
improve survival (5,8,20). Similar to these studies, the OS 
was prolonged in our cohort, but there was no significant 
difference in OS when patients were compared on basis 
of treatment type alone (Y-90 versus TACE; median 
survival, 69 versus 82 months). This by itself was indicative 
that neither of these liver directed therapies was superior 
to the other in terms of survival benefit when used in a  
non-directed manner. This finding is not surprising, as 
previous studies have shown that both Y-90 and TACE are 
viable options for the liver-directed therapy of metastases 
and little data exists to validate one therapy over the other 
for prolongation of OS. Due to the lack of prospective 
randomized trials, there is persistent controversy regarding 
the therapy that benefits the most. 

Another aspect of our study was the finding that the 
Ki-67 proliferative index scores alone did not have any 
predictive influence on our patient cohort. The Ki-67 
score cutoff value (<3 and ≥3) was chosen based on the 
assumption that the biology of low grade tumors versus 
intermediate/high grade tumors would be different and help 
in predicting survival benefits. The OS did not change when 
patients were stratified by our Ki-67 score cutoff regardless 
of treatment method and thus, no statistically significant 
difference in overall survival was observed (Figure 1B).  
However, when OS was molded as a function of both 
treatment method and Ki-67 expression and examined 
using Cox regression and multivariate analysis, we noted 
statistically significant improvement in HR when Y-90 
was utilized for treating patients with Ki-67 score ≥3 and 
vice-versa when TACE was used for patients with Ki-67 
score <3 (Table 4). This interaction between treatment type 
and Ki67 score seems to correlate with ‘tumor biology’, 
implying a possibility that tumors with aggressive histology 
(intermediate grade; Ki67 score ≥3) respond better to 
radiation and less aggressive (low grade; Ki67 score <3) fair 
better with TACE. Further, since Cox regression analysis 

(using the hazard ratios) is assumed to be better at detecting 
relationships, this would explain why the initial results using 
the log rank test would appear to be non-significant. This 
also represents a more accurate picture of the data than 
Kaplan Meier curves alone. 

On evaluating the 3-year and 5-year survival rates 
(Table 4), we see a survival difference that is not statistically 
significant. This is either a likely result of a relatively small 
sample size that did not have enough power to detect this 
difference in our patient cohort or the result of utilization 
of other systemic treatments for some of our patients 
including octreotide or tyrosine kinase inhibitors that have 
been shown to prolong survival. This could also be partially 
related to selection bias where in the past we treated military 
disease with Y-90 and larger or fewer number of tumors 
with TACE. While this may be more accurately discerned 
in a larger prospective study with longer follow-up,  
based on our analysis and our current understanding of 
the Ki-67 score and these treatment types, we believe that 
our data justifiably reflects the relation between tumor 
biology (low grade versus intermediate grade) and the 
physiological concept of treatment with Y-90 and TACE. 
Furthermore, Ki-67 is also a very subjective measure and 
we tried to eliminate possible bias from this by having a 
single pathologist analyze the Ki-67 score using consistent 
controls. 

In summary, there is a significant interaction between the 
Ki-67 score and the type of liver directed therapy utilized 
for hepatic metastasis in patients with NETs. In patients 
with Ki67 score ≥3, patients are more likely to achieve 
treatment benefit with Y-90 and for patients with Ki67 
score <3, TACE appears more effective. 
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