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Abstract

Objective The aim was to explore incidence, mortality

and case survivals for invasive neuroendocrine cancers in

an Australian population and consider cancer control

implications.

Methods Directly age-standardised incidence and mor-

tality rates were investigated from 1980 to 2006, plus

disease-specific survivals.

Results Annual incidence per 100,000 increased from 1.7

in 1980–1989 to 3.3 in 2000–2006. A corresponding

mortality increase was not observed, although numbers of

deaths were low, reducing statistical power. Increases in

incidence affected both sexes and were more evident for

female lung, large bowel (excluding appendix), and

unknown primary site. Common sites were lung (25.9%),

large bowel (23.3%) (40.9% were appendix), small intes-

tine (20.6%), unknown primary (15.0%), pancreas (6.5%),

and stomach (3.7%). Site distribution did not vary by sex

(p = 0.260). Younger ages at diagnosis applied for lung

(p = 0.002) and appendix (p \ 0.001) and older ages for

small intestine (p \ 0.001) and unknown primary site

(p \ 0.001). Five-year survival was 68.5% for all sites

combined, with secular increases (p \ 0.001). After adjust-

ing for age and diagnostic period, survivals were higher for

appendix and lower for unknown primary site, pancreas,

and colon (excluding appendix).

Conclusions Incidence rates are increasing. Research is

needed into possible aetiological factors for lung and large-

bowel sites, including tobacco smoking, and excess body

weight and lack of exercise, respectively; and Crohn’s

disease as a possible precursor condition.

Keywords Incidence � Mortality � Survival � Aetiology �
Risk factors

Introduction

Neuroendocrine cancers are rare malignancies of the neu-

roendocrine system, reported in population and institu-

tionally based studies to account for fewer than one per

cent of all invasive cancers in Western populations [1, 2].

Annual incidence rates vary by study from around one to

five per 100,000 persons [2–8]. Importantly, incidence has

increased in the USA over time, and there appear to be

variations by race with Afro-Americans having higher

incidence rates than the white population [1, 7–9].
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Because these cancers arise across the diffuse neuroen-

docrine system, almost any organ can be affected, but the

commonest sites have been gastrointestinal, including the

small intestine, rectum, appendix, colon, and stomach,

plus broncho-pulmonary sites [2, 7, 9–11]. Neuroendocrine

cancers often take an indolent course with the dura-

tion from symptom onset to diagnosis approximating

4–5 years and with much longer durations applying in

some instances [12].

Although metastatic spread may affect around 20% or

more of these cancers at diagnosis, survival duration post-

diagnosis often exceeds that for other cancers of the same

organ site due to the indolent behaviour of the disease

[1, 13]. Surgical excision has been a mainstay of treatment

although systemic therapies have an important role,

depending on tumour size and location. Recent advances

that may improve outcomes have included the use of the

somatostatin analogues (e.g., octreotide), which although

used for symptom control, may also reduce proliferation

[14]. Results of a recent randomised, placebo-controlled

study showed that the addition of octreotide LAR (long-

acting release) reduced the risk of tumour progression by

67% [14]. Other technologies used to achieve earlier

diagnosis and improved staging (e.g., octreoscanning) may

also lead to better outcomes [13, 15].

In the present study, population-based registry data from

Australia are used to describe incidence trends in 1980–

2006 by socio-demographic characteristics and primary

organ site. Disease-specific survivals are analysed by site,

socio-demographic characteristics, and diagnostic period.

The extent to which site-specific age, sex, and secular

distributions of neuroendocrine cancers reflect more clo-

sely the corresponding distributions for other neuroendo-

crine tumours, rather than the distributions for other

cancers of the same organ sites, is explored. Where pos-

sible, descriptive features of the neuroendocrine cancers in

this study are compared with those reported in previous

investigations.

Materials and methods

Data collection

The Registry has received statutory notifications of invasive

neuroendocrine cancers since 1977 [16]. The Registry

covers all regions of South Australia (one of eight Austra-

lian states and territories) and all invasive cancers except

non-melanoma skin cancers. Its procedures have been

described previously [16]. Death data are collected through

routine notifications, electronic searches of official State

death records and the National Death Index at the Austra-

lian Institute of Health and Welfare, and from interstate

registries [16]. Under-ascertainment has been checked

through active follow-up, and with deaths reported inde-

pendently, and found to be minimal at less than 1% [16, 17].

The present study included 943 invasive neuroendocrine

cancers diagnosed between 1980 and 2006, plus 312 deaths

from these 943 cancers occurring in that period. Following

registry protocol, these were the first invasive cancers

diagnosed with a primary site in the stated organs. Benign

lesions were not reported to the Registry and were not

included. Data for the 1970s were excluded due to uncer-

tainty about consistency of histology coding in the early

years of the Registry. Neuroendocrine cancers were defined

as those with ICD-O-3 histology codes of 8,150–8,157,

8,240–8,246 or 8,249, as used in a comparative study of

USA SEER data [8]. They mostly comprised carcinoid

cancers, although islet cell carcinomas, glucagonomas,

insulinomas, and other neuroendocrine cancers of the

pancreas also were covered, together with gastrinomas that

also were mostly sited in the pancreas. Merkel cell cancers

and small-cell carcinomas were not included.

Socio-demographic descriptors included age at diagno-

sis; sex; region of residence, classified as 20 statistical sub-

divisions and as metropolitan or non-metropolitan [16];

country of birth (World Health Organization criteria [18]);

and relative socio-economic disadvantage, as inferred from

residential postcode characteristics using the SEIFA index

categorised in quartiles (i.e., low, mid-low, mid-high, and

high) [19].

Statistical analyses

A de-identified file was extracted and analysed in-house

under provisions of the South Australian Health Care Act

2008, employing STATA 9.2 software [20].

Mean annual incidence and mortality rates were deter-

mined by sex for all sites combined for three broad periods,

i.e., 1980–1989, 1990–1999, and 2000–2006, directly

standardising by 5-year age group (with an open-ended

category from 85 years) to the 2001 Australian reference

population [20, 21]. Ninety-five per cent confidence limits

were calculated assuming a Poisson distribution, as

described previously [22].

Rates were calculated for all ages combined and for age

categories under 50, 50–59, 60–69, and 70 years or more,

respectively, to assist visualisation of trends. Mean annual

incidence rates were also analysed by sex for individual

primary sites for all ages combined for the same calendar

year groupings, directly standardising by 5-year age group.

Differences in epidemiological characteristics of neu-

roendocrine cancers by organ site were investigated. Ini-

tially characteristics were analysed as univariate predictors,

using the Pearson chi-square test for nominal variables and

the Kruskal–Wallis ANOVA for ordinal variables [21].
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Epidemiological differences were further explored using

multiple logistic regression analysis, taking each organ site

as the dependent variable in separate analyses [20, 21]. All

socio-demographic variables were entered as predictors,

with backwards elimination of those where the fit of the

model did not reduce as a consequence (p [ 0.05).

Assumptions underlying each analysis, including an

absence of co-linearity, were found to be satisfied [20].

Alternative models including generalised linear log bino-

mial regression, Poisson regression, and negative binomial

regression were tried but were not found to fit the data as

well as logistic regression [20].

Distributions of neuroendocrine cancers by sex, age at

diagnosis, and diagnostic period were compared for each

organ site: (1) with corresponding distributions for cancers

of other histological type of that same organ site and (2)

with corresponding distributions for neuroendocrine can-

cers of other organ sites, in order to investigate their

relative similarity. This was undertaken by comparing

Spearman correlation coefficients (95% confidence inter-

vals) for age and diagnostic period, and relative risks (95%

confidence intervals) for sex [20, 21]. When 95% confi-

dence intervals did not overlap, non-random differences

were assumed, although the study was descriptive and the

results regarded as hypothesis generating.

Case survivals were calculated, with a date of censoring

of live cases of 31 December 2006. Kaplan–Meier product-

limit estimates of disease-specific survival were calculated,

treating deaths from other causes and people still alive at

the end of 2006 as censored observations [20, 21]. This

involved a life-table approach in which cases not followed

for the full period of interest (say 5 years for 5-year

survival) still contributed their shorter experience to the

survival calculation [21].

Multivariable Cox proportional hazards regression also

was undertaken to assess socio-demographic and histo-

logical predictors of survival from neuroendocrine cancer.

The regression analysis employed the same censoring cri-

teria as for the Kaplan–Meier analyses [20, 21]. All pre-

dictor variables were entered into the analysis, with

backwards elimination. Assumptions underlying the anal-

ysis, including proportionality and an absence of co-line-

arity, were found to be satisfied [20, 21]. Because

continuous variables were not used as predictors, assump-

tions about linear relations with the outcome variable did

not apply. The results indicate the association of each

predictor with death from neuroendocrine cancer, adjust-

ing for other predictors in the model and follow-up period

[20, 21].

Disease-specific survival was employed, not relative

survival, because the life tables needed to undertake rela-

tive survival analyses were not available for many popu-

lation sub-groups. Analyses have shown very similar

survival estimates in South Australia, irrespective of dis-

ease-specific or relative survival method, such that disease-

specific survivals presented here are regarded as a good

proxy for relative survivals [23].

Results

Trends in incidence

Neuroendocrine tumours comprised 0.6% of all invasive

cancers recorded on the Registry for 1980–2006, 0.4% of

those in men and 0.6% of those in women. The proportion

ranged from 0.5% in the 1980s to 0.6% in 2000–2006.

Over half the neuroendocrine cancers (52.5%) occurred in

women. The great majority (96.5%) were carcinoid, with

most of the remainder being islet cell and like carcinomas

of the pancreas.

The annual age-standardised incidence (95% confidence

limits) per 100,000 increased by 86.8% from 1.74 (1.52,

1.99) in 1980–1989 to 3.25 (2.93, 3.59) in 2000–2006

(Table 1), with increases affecting all age groups and both

sexes, although more evident in women. By comparison,

annual age-standardised mortality rates per 100,000 did not

show a clear trend over time, varying from 0.72 (0.58,

0.88) in 1980–1989 to 0.94 (0.79, 1.11) in 1990–1999 and

0.84 (0.69, 1.02) in 2000–2006.

Incidence rates increased steeply with age, with the rate

for persons aged 70 or more being 10.4 times that for

persons under 50 years of age (Table 1). Annual age-

standardised mortality rates per 100,000 increased even

more steeply with age from 0.12 (0.08, 0.17) in persons

under 50 years to 0.98 (0.71, 1.32) in 50- to 59-year-olds,

2.73 (2.20, 3.35) in 60- to 69-year-olds, and 4.83 (4.14,

5.61) in persons aged 70 or more.

The most common incidence site for neuroendocrine

cancers for both sexes combined was lung (25.9%) fol-

lowed by large bowel (23.3%) (40.9% of large-bowel

cancers were located in the appendix) (Table 2). Other

common sites included the small intestine (20.6%),

unknown primary site (15.0%), pancreas (6.5%), and

stomach (3.7%).

Increases in incidence were evident by site between

1980–1989 and 2000–2006, with a 164.7% increase

applying for female lung, a 136.4% increase for large

bowel (excluding appendix), a 237.5% increase for

unknown primary site, and with borderline evidence of

increases also applying for the small intestine and female

stomach (Table 2). Further analysis indicated that there

was not a significant difference in the increase for large-

bowel cancers between colon and rectum cancers

(p = 0.322). Analyses of mortality trends by site were not

undertaken due to small numbers.
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Socio-demographic differences

Site distributions of neuroendocrine cancers were not found

to vary by sex (chi-square p = 0.260), socio-economic

status expressed in quartiles (KW p = 0.114), place of resi-

dence (chi-square p = 0.589 for statistical sub-division;

chi-square p = 0.684 for metropolitan/non-metropolitan),

but there were differences by age at diagnosis (KW

p \ 0.001), country of birth (chi-square p \ 0.001), and

diagnostic period (KW p = 0.021).

Multiple regression showed lower age distributions

for neuroendocrine cases with a primary site of lung

(p = 0.002) and appendix (p \ 0.001) and older age dis-

tributions for those with a primary site of small intestine

(p \ 0.001) or of unknown primary site (p \ 0.001). After

adjusting for age, there was no longer a difference by site

across diagnostic periods (p [ 0.100). However, cancers of

the appendix were less common in Australian than over-

seas-born cases (p = 0.003), whereas those of the small

intestine tended to be less common in the overseas-born

(p = 0.056), particularly those from Europe (p = 0.020).

Rank correlation coefficients did not show a stronger

correlation between socio-demographic characteristics of

neuroendocrine cancers of different sites than between

socio-demographic characteristics of neuroendocrine and

other histology types of the same site (i.e., 95% confidence

ranges overlapped).

On three occasions, the correlation for age distribution

was stronger between neuroendocrine and other histology

types of the same site than between neuroendocrine cancers

of different sites (i.e., 95% confidence ranges did not

overlap). This applied for the appendix, small intestine, and

unknown primary site.

Survivals

Survivals for all sites combined reduced from 68.5% at

5 years to 60.6% at 10 years, 55.9% at 15 years, and

49.9% at 20 years (Table 3). Five-year survivals were

higher at 93.8% for appendix, 85.8% for rectum, 80.1% for

lung, and 74.6% for small intestine, whereas comparatively

low 5-year survivals presented at 27.8% for unknown pri-

mary site, 42.4% for pancreas, 64.6% for colon (excluding

appendix), and 66.4% for stomach.

An increase in survival was evident for later calendar

years of diagnosis for all sites combined (p \ 0.001) and for

the lung (p = 0.012), appendix (p = 0.025), stomach

(p = 0.008), and potentially the colon (excluding appendix)

Table 1 Mean annual age-standardised (Australia, 2001) incidence rates (95% confidence limits) for neuroendocrine tumours per 100,000 South

Australians by age range, sex, and calendar year period

Ages (years) Calendar year Total

1980–1989 1990–1999 2000–2006

Males

[n = 119] [n = 152] [n = 177] [n = 448]

\50 [n = 95] 0.56 [0.36, 0.83] 0.59 [0.40, 0.83] 1.07 [0.77, 1.46] 0.70 [0.57, 0.86]

50–59 [n = 89] 3.59 [2.32, 5.31] 3.46 [2.26, 5.07] 5.53 [3.92, 7.59] 4.05 [3.25, 4.98]

60–69 [n = 113] 5.99 [4.15, 8.37] 5.28 [3.63, 7.41] 10.16 [7.44, 13.55] 6.81 [5.61, 8.18]

70? [n = 151] 9.04 [6.33, 12.51] 10.66 [8.17, 13.67] 10.81 [8.10, 14.14] 10.10 [8.55, 11.85]

Total [n = 448] 2.11 [1.75, 2.52] 2.21 [1.87, 2.59] 3.19 [2.74, 3.70] 2.43 [2.21, 2.66]

Females

[n = 102] [n = 187] [n = 206] [n = 495]

\50 [n = 125] 0.51 [0.33, 0.77] 1.04 [0.78, 1.35] 1.27 [0.93, 1.68] 0.90 [0.75, 1.08]

50–59 [n = 90] 2.54 [1.50, 4.01] 3.86 [2.59, 5.55] 6.17 [4.46, 8.31] 3.97 [3.19, 4.88]

60–69 [n = 120] 6.43 [4.59, 8.76] 6.60 [4.78, 8.89] 7.79 [5.48, 10.74] 6.85 [5.68, 8.19]

70? [n = 160] 3.52 [2.18, 5.38] 7.50 [5.74, 9.64] 11.52 [9.11, 14.38] 7.07 [6.02, 8.25]

Total [n = 495] 1.48 [1.21, 1.80] 2.39 [2.06, 2.76] 3.29 [2.85, 3.77] 2.29 [2.09, 2.50]

Persons

[n = 221] [n = 339] [n = 383] [n = 943]

\50 [n = 220] 0.54 [0.39, 0.71] 0.81 [0.65, 1.00] 1.17 [0.94, 1.44] 0.80 [0.70, 0.92]

50–59 [n = 179] 3.07 [2.22, 4.14] 3.66 [2.76, 4.76] 5.86 [4.65, 7.28] 4.01 [3.45, 4.64]

60–69 [n = 233] 6.21 [4.87, 7.79] 5.95 [4.69, 7.45] 8.95 [7.13, 11.10] 6.82 [5.97, 7.76]

70? [n = 311] 5.69 [4.31, 7.37] 8.90 [7.40, 10.62] 11.25 [9.41, 13.35] 8.32 [7.42, 9.30]

Total [n = 943] 1.74 [1.52, 1.99] 2.28 [2.05, 2.54] 3.25 [2.93, 3.59] 2.33 [2.19, 2.49]

Data source: South Australian Cancer Registry
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(p = 0.056). Five-year survivals (±standard errors) for

1980–1989, 1990–1999, and 2000–2006, respectively, were

1. All sites: 61.0 (±3.4)%, 67.4 (±2.6)%, and 73.4

(±3.0)%

2. Lung: 70.0 (±5.9)%, 78.8 (±4.2)%, and 90.3 (±3.5)%

3. Appendix: 87.4 (±8.4)%, 93.1 (±3.9)%, and 100%

Meanwhile, 20 stomach cancer cases diagnosed in

1980–1999 had a 5-year survival of 54.7 (±9.8)%, which

was lower than the corresponding 84.8 (±0.10)% for 15

stomach cases diagnosed in 2000–2006, and 33 colon

cancer cases diagnosed in 1980–1999 had a 5-year survival

of 52.1 (±9.0)%, which was lower than the 80.9 (±8.8)%

for 25 colon cases diagnosed in 2000–2006.

Multivariable Cox proportional hazards regression

showed that risk of case fatality from neuroendocrine cancer

increased with increasing diagnostic age and was lower in

more recent diagnostic periods (Table 4). Meanwhile, a low

relative risk was evident for cancers sited in the appendix and

an elevated relative risk for colonic and pancreatic cases, and

especially those of unknown primary site which presented

the highest relative risk. Sex, region of residence, socio-

economic status, and country of birth were excluded from

the model in the backwards elimination process (p [ 0.100).

Discussion

The mean annual incidence of 2.3 per 100,000 for neuro-

endocrine cancers in 1980–2006 and the 3.3 per 100,000

for the more contemporary 2000–2006 period fall within

the range of one to five per 100,000 reported in other

studies [2–8].

Data for the 1970s were excluded from this study due to

uncertainty about consistency of histology coding in the

early years of the Registry. Despite this precaution, it is

possible than increases in incidence during 1980–2006

were affected by changes in diagnostic accuracy. Neuro-

endocrine cancers frequently develop slowly, such that

many years can elapse between symptom onset and

Table 2 Mean annual age-standardised (Australia, 2001) incidence rates (95% confidence limits) for neuroendocrine tumours per 100,000 South

Australians by sex and calendar year period and primary site

Primary site Sex Calendar year Total

1980–1989 1990–1999 2000–2006

Lung (ICD-10: C33-34) Males [n = 104] 0.66 [0.46, 0.90] 0.48 [0.33, 0.67] 0.57 [0.39, 0.81] 0.57 [0.46, 0.69]

Females [n = 140] 0.34 [0.22, 0.51] 0.83 [0.64, 1.06] 0.90 [0.68, 1.18] 0.67 [0.56, 0.79]

Persons [n = 244] 0.48 [0.37, 0.62] 0.65 [0.53, 0.79] 0.75 [0.60, 0.92] 0.61 [0.54, 0.69]

Small intestine (ICD-10: C17) Males [n = 101] 0.53 [0.35, 0.75] 0.42 [0.28, 0.60] 0.80 [0.58, 1.07] 0.56 [0.45, 0.68]

Females [n = 93] 0.40 [0.26, 0.57] 0.28 [0.17, 0.42] 0.66 [0.48, 0.88] 0.42 [0.34, 0.51]

Persons [n = 194] 0.45 [0.34, 0.58] 0.33 [0.25, 0.44] 0.72 [0.58, 0.89] 0.48 [0.41, 0.55]

Appendix (ICD-10: C18.1) Males [n = 36] 0.17 [0.08, 0.31] 0.19 [0.10, 0.32] 0.23 [0.12, 0.39] 0.19 [0.13, 0.26]

Females [n = 54] 0.10 [0.04, 0.20] 0.41 [0.28, 0.58] 0.30 [0.17, 0.48] 0.27 [0.20, 0.35]

Persons [n = 90] 0.13 [0.07, 0.20] 0.30 [0.22, 0.40] 0.27 [0.18, 0.38] 0.23 [0.18, 0.28]

Large bowel (ICD-10: C18-20)

(minus appendix)

Males [n = 64] 0.21 [0.11, 0.37] 0.25 [0.15, 0.40] 0.61 [0.42, 0.86] 0.33 [0.25, 0.42]

Females [n = 66] 0.22 [0.12, 0.37] 0.30 [0.19, 0.44] 0.44 [0.29, 0.64] 0.31 [0.24, 0.39]

Persons [n = 130] 0.22 [0.14, 0.32] 0.28 [0.20, 0.38] 0.52 [0.40, 0.67] 0.32 [0.27, 0.38]

Unknown (ICD-10: C80) Males [n = 73] 0.17 [0.09, 0.31] 0.45 [0.30, 0.64] 0.58 [0.40, 0.82] 0.38 [0.30, 0.48]

Females [n = 68] 0.14 [0.07, 0.26] 0.26 [0.17, 0.39] 0.50 [0.35, 0.69] 0.28 [0.22, 0.35]

Persons [n = 141] 0.16 [0.10, 0.24] 0.36 [0.27, 0.46] 0.54 [0.42, 0.68] 0.33 [0.28, 0.39]

Stomach (ICD-10: C16) Males [n = 17] 0.10 [0.04, 0.21] 0.11 [0.04, 0.23] 0.07 [0.02, 0.17] 0.10 [0.06, 0.15]

Females [n = 18] 0.02 [0.00, 0.09] 0.08 [0.03, 0.16] 0.18 [0.09, 0.33] 0.08 [0.05, 0.13]

Persons [n = 35] 0.05 [0.02, 0.11] 0.09 [0.05, 0.16] 0.13 [0.07, 0.21] 0.09 [0.06, 0.12]

Pancreas (ICD-10: C25) Males [n = 33] 0.14 [0.06, 0.29] 0.17 [0.09, 0.29] 0.25 [0.13, 0.41] 0.18 [0.12, 0.25]

Females [n = 28] 0.09 [0.04, 0.19] 0.12 [0.06, 0.23] 0.19 [0.09, 0.33] 0.13 [0.09, 0.19]

Persons [n = 61] 0.11 [0.06, 0.18] 0.15 [0.09, 0.22] 0.22 [0.14, 0.32] 0.15 [0.11, 0.19]

Other (ICD-10: Rem C00-96) Males [n = 20] 0.14 [0.05, 0.30] 0.14 [0.06, 0.27] 0.09 [0.03, 0.21] 0.13 [0.08, 0.19]

Females [n = 28] 0.18 [0.09, 0.31] 0.12 [0.05, 0.22] 0.12 [0.05, 0.25] 0.14 [0.09, 0.20]

Persons [n = 48] 0.15 [0.09, 0.23] 0.13 [0.08, 0.20] 0.11 [0.05, 0.18] 0.13 [0.10, 0.17]

Data source: South Australian Cancer Registry
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diagnosis [1, 12, 13]. If diagnosis were to be brought for-

ward through gains in diagnostic technology, or increased

clinical interest, then incidence figures might be inflated

artificially through lead time and related effects. It is pos-

sible, for example, that advances in immunohistochemistry

and neuroendocrine tumour markers could have contrib-

uted in this regard [24]. The extent to which incidence

increases observed in this study were due to such effects, as

opposed to real incidence increases, is not known and

warrants separate investigation with data that include stage.

The annual increase of 3.4% during 1980–2006, although

pronounced, was not as large as the 6.5% reported for North

America in 1973–1997 [2]. The increase in our study applied

to a broad cross-section of ages, and to both sexes, and

supports the North American evidence for an increase.

Although there was not evidence of a corresponding

increase in annual mortality, statistical power was limited

due to small numbers of deaths (i.e., 338 deaths in 1980–

2006; 312 from cancers diagnosed in 1980–2006, and 26

from cancers diagnosed before 1980). Moreover, increases

in survival during the study period would tend to have

offset the potential for mortality increases.

Increases in incidence during the study period exceeded

twofold for neuroendocrine cancers of the female lung,

large bowel (excluding appendix), and unknown primary

site, with similar increases applying for colon and rectum

cancers. Female lung and large-bowel cancers also showed

increases in incidence for all histology types combined

during this period [25], which raises the possibility of

similar causal factors. Possible causes requiring further

investigation include tobacco smoking, excess body

weight, diet, lack of exercise, and trends in precursor

conditions such as Crohn’s disease [26].

Crohn’s disease has been linked to tobacco smoking and

to increased risk of carcinoid tumours [27]. Although the

reliability of incidence data has been uncertain, and con-

flicting trends reported, Australian data have pointed to an

increased incidence of Crohn’s disease in children, and

Table 3 Percentage survival (±standard error) from neuroendocrine cancer in SA by primary site and period from diagnosis: SA Cancer

Registry, 1980–2006

Primary site (n = cases/dths) Period from diagnosis (years)

5 10 15 20

Lung (n = 244/54) 80.1 ± 2.7 73.6 ± 3.3 72.3 ± 3.5 72.3 ± 3.5

Small intestine (n = 194/57) 74.6 ± 3.7 60.1 ± 5.2 47.8 ± 6.1 37.7 ± 7.1

Appendix (n = 90/7) 93.8 ± 2.7 90.2 ± 3.6 90.2 ± 3.6 90.2 ± 3.6

Colon (n = 58/22) (excl. appendix) 64.6 ± 6.6 49.1 ± 12.3 – –

Rectum (n = 72/13) 85.8 ± 4.2 77.0 ± 6.2 77.0 ± 6.2 77.0 ± 6.2

Stomach (n = 35/11) 66.4 ± 8.8 58.1 ± 10.9 – –

Pancreas (n = 61/32) 42.4 ± 7.3 39.4 ± 7.4 29.5 ± 10.2 –

Other (n = 48/20) 60.8 ± 7.3 56.1 ± 8.1 44.9 ± 11.9 44.9 ± 11.9

Unknown (n = 141/96) 27.8 ± 4.4 18.6 ± 4.5 16.0 ± 4.6 –

Total (n = 943/312) 68.5 ± 1.6 60.6 ± 2.0 55.9 ± 2.3 49.9 ± 3.4

Kaplan–Meier product-limit estimates

Date of censoring of live cases: 31 December 2006

Data source: South Australian Cancer Registry

Table 4 Relative risk (95% confidence limits) of death from neuro-

endocrine tumours: SA Cancer Registry, 1980–2006

Predictors (n = cases/dths) Relative risk

Age at diagnosis (years)

Under 50 (ref) [n = 220/37] 1.00

50–59 [n = 179/56] 1.74 [1.13, 2.66]

60–69 [n = 233/88] 2.03 [1.37, 3.01]

70–79 [n = 219/83] 2.66 [1.77, 3.99]

80? [n = 92/48] 4.74 [2.99, 7.51]

Organ site

Other (ref) [n = 593/155] 1.00

Appendix [n = 90/7] 0.22 [0.09, 0.53]

Colon [n = 58/22] (excl. appen.) 1.60 [1.02, 2.53]

Pancreas [n = 61/32] 3.16 [2.14, 4.66]

Unknown [n = 141/96] 4.09 [3.13, 5.36]

Period of diagnosis

1980–1989 (ref) [n = 221/111] 1.00

1990–1994 [n = 169/60] 0.64 [0.46, 0.88]

1995–1999 [n = 170/64] 0.59 [0.42, 0.81]

2000–2006 [n = 383/77] 0.41 [0.30, 0.56]

Multivariable Cox proportional hazards regression

Variables entered into the model included age, sex, organ site, period

of diagnosis, region of residence, country of birth, and socio-eco-

nomic status, with age, organ site, and period of diagnosis retained as

significant predictors (see text). Adjustment was made in the model

for differences between cases in follow-up time [20, 21]
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confirmatory increases have been reported for other pop-

ulations [28–30]. There is the possibility that trends in

Crohn’s disease itself, or risk factors common to Crohn’s

disease and neuroendocrine cancers, may have contributed

to the increasing incidence of neuroendocrine cancers.

The stronger correlation of age at diagnosis of neuroen-

docrine cancers with ages for other histology types of the

same sites (rather than with ages of other neuroendocrine

cancers) may have causal implications. This was observed

for the appendix and small intestine. Again, there is a need

for research into potentially common dietary and environ-

mental causes and precursor conditions, including Crohn’s

disease [26, 27].

Although neuroendocrine cancers are often diagnosed

late [1, 13], their survivals from diagnosis are compara-

tively high, with a 5-year survival of 68.5%, reducing to

around 50% at 20 years. Collective survivals for all neu-

roendocrine cancers combined were similar in this study to

those reported for North America [2]. Although the higher

survivals evident for the more recent diagnostic periods are

encouraging and may reflect clinical advances such as the

introduction of somatostatin analogues, they could have

been influenced artificially by lead time and related effects

of earlier diagnosis. They are not regarded as artefacts of

shorter follow-up time, given the life-table approach that

was taken and the short time intervals employed in the

analyses (i.e., intervals of 1 day) [21]. Had stage, tumour

grade, proliferative index, and other prognostic indicators

been collected by the Registry, this secular trend could

have been investigated in greater depth.

It was recommended at a recent workshop that the sur-

gical management of neuroendocrine cancers of gastero-

pancreatic sites be undertaken by specialists in high

volume centres with the support of octrieotide scintigraphy,

triple-phase CT, MRI, and echocardiograms [31]. The

extent to which this is occurring and contributing to sur-

vival gains is not clear.

The lower survival from these cancers demonstrated in

this study in the older age ranges is similar to that seen for

other cancers [16]. The extent to which this finding is due

to later diagnoses or to compromising effects of increased

co-morbidity and frailty is not known. The better outcomes

for neuroendocrine cancers sited in the appendix, and

poorer outcomes for those in the pancreas or of unknown

primary site, are consistent with the survival differences

observed for all histology types combined [16]. For

example, 5-year survivals for all histology types combined

have approximated 5% for pancreatic cancers and 9% for

cancers of unknown primary site.

After adjusting for age, multiple logistic regression

indicated that neuroendocrine cancers of the appendix were

less common in Australian than overseas-born cases,

whereas those of the small intestine were less common in

the overseas born, particularly those from Europe. These

findings may reflect the impact of environment and diet.

They warrant confirmation in separate studies.

The distribution of neuroendocrine cancers by site was

similar to those reported for other populations [2, 7]. The

distribution by organ site did not vary between men and

women. The most common primary site for neuroendocrine

cancers for both sexes combined was lung (26%) followed

by large bowel (23%) (41% of large-bowel cancers were

located in the appendix). Other common sites included the

small intestine (21%), unknown primary site (15%), pan-

creas (7%), and stomach (4%). Similar findings presented

in a preliminary analysis of NSW Central Cancer Registry

data, in that the most common sites were the lung (24%)

and gastrointestinal sites (43%), with less common sites

including unknown primary sites (15%), pancreas (7%),

and oesophagus (5%).

Earlier clinical reports from North America suggested

that the most common gastro-intestinal site was the

appendix [2, 30]. This clinical view is still commonly

reported and may reflect observations of benign together

with invasive lesions. It is not supported by more contem-

porary USA data or the results of this study for invasive

cancers [2, 32].

The management of neuroendocrine cancers warrants

further investigation. Linkage of cancer registry data with

hospital admission data would enable the prevalence of

cardiac complications to be investigated and the extent to

which liver-related treatments are provided. Information on

accompanying imaging and use of somatostatin analogues

could be obtained through linkage with health insurance

data. These are rare cancers where national investigations of

secular trends in incidence, mortality, survival, and patterns

of care would be beneficial by site and histological

characteristics.

Conclusions

Incidence rates and increases observed in this study con-

firm those reported for other Western populations. The

causes of increases are not known but parallel increases for

other histology types of the lung and large-bowel site may

be due to common causal factors, such as tobacco smoking,

excess body weight, diet, and lack of exercise. Further

research is needed into possible roles of precursor condi-

tions like Crohn’s disease and dietary variation. The

present results support recent literature reports of secular

improvements in survival. Factors increasing survival may

include improvements in imaging and access to somato-

statin analogues. Further research that explores effects of

these factors and changes in stage and cancer biology is

needed.
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