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Abstract

Context: Epidemiological studies involving patients with acromegaly have yielded
conflicting results regarding cancer incidence and causes of mortality in relation to
control of growth hormone (GH) excess.

Objective: The objective of this retrospective cohort study is to clarify these
questions and identify goals for treatment and monitoring patients.

Methods: We studied 1845 subjects from the UK Acromegaly Register
(1970-2016), obtaining cancer standardised incidence rates (SIR) and all causes
standardised mortality rates (SMR) from UK Office for National Statistics, to
determine the relationship between causes of mortality—age at diagnosis, duration
of disease, post-treatment and mean GH levels.

Results: We found an increased incidence of all cancers (SIR, 1.38; 95% Cl: 1.06-1.33,
p <.001), but no increase in incidence of female breast, thyroid, colon cancer or any
measure of cancer mortality. All-cause mortality rates were increased (SMR, 1.35; 95%
Cl: 1.24-1.46, p <.001), as were those due to vascular and respiratory diseases. All-
cause, all cancer and cardiovascular deaths were highest in the first 5 years following
diagnosis. We found a positive association between post-treatment and mean
treatment GH levels and all-cause mortality (p <.001 and p <.001), which normalised
with posttreatment GH levels of <1.0 pg/L or meantreatment GH levels of <2.5 pg/L.
Conclusion: Acromegaly is associated with increased incidence of all cancers but not
thyroid or colon cancer and no increase in cancer mortality. Excess mortality is due
to vascular and respiratory disease. The risk is highest in the first 5 years following

diagnosis and is mitigated by normalising GH levels.
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1 | INTRODUCTION

Acromegaly is a rare chronic disease caused by excess growth
hormone (GH) secretion, usually from a pituitary adenoma. It is
associated with characteristic phenotypic features and metabolic
perturbations which may lead to hypertension, arthropathy and
diabetes mellitus.*

Diabetes mellitus occurs in a significant proportion of patients
with acromegaly and is associated with increased mortality, cardio-
vascular mortality, and morbidity.2 However, GH and insulin-like
growth factor 1 (IGF-1) levels do not appear to be predictive factors
for the development of diabetes. On the contrary, age, body mass
index and hypertension have been found to be significant risk factors,
as in the general population.®

Wright et al.* were the first to report an excess mortality due to
cardiovascular disease in men, cerebrovascular disease in women and
respiratory disease in both sexes. They reported no increase in
mortality due to malignant cancer.

We previously studied a large cohort of patients with acromegaly
in the United Kingdom and demonstrated no increase in cancer
incidence or mortality, with increased mortality rates being positively
correlated with post-treatment GH levels (fasting, mean of day curve
or random) and when suppressed to <2.5 ug/L, this resulted in an
overall mortality rate similar to the UK general population.®

Subsequent studies have reported cancer incidence rates slightly,
but not significantly, below the German general population,® no
increase in cancer incidence in The French Acromegaly Register” and
no significant increase in cancer incidence rates in a Danish
population, but increased cancer incidence due to breast, colon and
other cancers in a meta-analysis of 23 studies (1957-2018).8 While
the most deaths reported by the French Acromegaly Registry in
2017’ were due to cancer, there was no evidence of increased all-
cause or cancer mortality rates. Published series have shown a
reduction in mortality rates over the past 30 years.”!° With the
pattern of excess mortality variably reported as being due to
malignant cancers’ and vascular disease.®

Established guidelines!* recommend suppressing a post-
treatment, random GH level <1 pug/L and normalising age-specific
IGF-1 levels. These are more stringent levels of biochemical control
than those supported by a number of studies and there is
some evidence that IGF-1 levels may not be the best predictor of
outcome in acromegaly.’? Moreover, post-treatment GH levels may
not be the most reliable method of determining cumulative GH
exposure in subjects with acromegaly.'®

We studied a cohort of 1845 subjects from the UK Acromegaly
Database and obtained cancer standardised incidence rates (SIRs) and
all causes standardised mortality rates (SMRs) for the study and
general population from the UK Office for National Statistics (ONS),
to determine the relationship between causes of mortality and age at
diagnosis, time since diagnosis, post-treatment, and mean treatment

(day averaged) GH levels.

2 | METHODS
2.1 | Study design and participants

The UK Acromegaly Register was established in 1997 as a multi-
centre collaborative project and adopted by the Society for
Endocrinology in 2002. This project was approved by UK Multicentre
Research Ethical Research Committee (MREC 03/5/76), given NHS
R&D approval and adopted by UK Comprehensive Research Network
(Project 03/5/0761 RAS 33824).

All subjects gave written informed consent for linkage of
identifiable data with other UK data sources, such as Office for
National Statistics (ONS), for death certification data, and cancer
registries. Demographic data, clinical data (including serial GH
levels) and different modalities of treatment were entered into the
database by staff from each centre (see details from previous
publications).1#-1¢

For this study, as we were attempting to define goals for
treatment rather than determine the efficacy of specific treatment
modalities, we did not analyse the effects of pituitary surgery,
radiotherapy or medical treatments.

During the period under study (1970-2016), several interna-
tional standards for GH were routinely used in teaching centres
throughout the United Kingdom. The assays progressed from
polyclonal radioimmunoassays to monoclonal 2-site immunoas-
says, and the standard reporting of GH results in the United
Kingdom switched from mU/L to pug/L in 2008. Before 2008 we
used the conversion factor 2.5 to convert GH levels from mU/L to
png/L. GH levels were recorded throughout the lifetime of each
patient. We used the last recorded GH level in the database
(post-treatment GH level) and mean treatment (day averaged) GH
levels (all GH levels measured throughout the lifetime of each
subject, the frequency of which varied from centre to centre,
averaged over the time the subject was in the study), in our
analysis.

We studied a cohort of 1845 subjects, in which we were able
to obtain death certification and cancer registry data (31,768
patient years), from 1970 or the date of diagnosis until the end of
2016, the date of death or removal from the database (75% of
subjects were diagnosed from 1987 onwards). Demographic data
was used to trace subjects to determine causes of death or
cancer incidence, through the UK Office of National Statistics
and cancer registries.

Causes of death and cancer registrations were coded using the
International Classification of Diseases (ICD) 9 for cancer registra-
tions and deaths occurring before 1999 and ICD 10 thereafter. For
each cohort member person-years at risk were calculated by age, sex,
and calendar year—commencing on the date of diagnosis of
acromegaly and finishing on the date of diagnosis of cancer or death,
exit from the ONS Registry, 85th birthday or end of December 2016,

when the data set was frozen.
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2.2 | Statistical analysis

Cause-specific death rates and cancer incidence rates were obtained
by age, sex, and time-period from O to 85 years of age for the period
of the study. Expected deaths or cancer incidences by cause were
calculated by multiplying age-, sex-, and period-specific person-years
at risk within the cohort by corresponding national cause-specific
mortality rates or site-specific cancer rates using Stata and Excel.

SIRs and SMRs were calculated, and significant excess mortality
or cancer incidence was determined by calculating a one-sided
Poisson probability. Ninety-five percent confidence intervals (Cls) for
SIRs and SMRs were calculated using the “exact method” by Sahai
and Khurshid.t”

We investigated linear trends in risk, post-treatment and mean
treatment (day averaged) GH levels; age at diagnosis and time since
diagnosis, using a x* test for linear trends. We compared post-
treatment GH levels <1 versus 1-2.5 pg/L using a x* test. A one-sided
Poisson probability was calculated as we were testing several prior
hypotheses relating to increased cancer incidence and all causes
mortality in acromegaly (see Section 1). Statistical significance was

defined as a p <.05.

3 | RESULTS

We studied a cohort of 1845 subjects with acromegaly (31,768
person years) and found an increased incidence of all cancers (SIR,
1.19; 95% Cl: 1.06-1.33, p <.001), but not female breast (SIR, 0.95;
95% Cl: 0.67-1.31, p =.640), thyroid (SIR, 2.89; 95% Cl: 0.79-7.40,
p =.052) or colon cancer (SIR, 1.23 95% Cl: 0.80-1.80, p =.169).
There was, however, some evidence of increased prostate cancer
incidence (SIR, 1.36; 95% Cl: 0.95-1.87, p = .044) (see Table 1).

There were no deaths attributable to thyroid cancer and there
was no increase in mortality rates, due to all cancers, female breast,
colon or prostate cancer (see Table 2).

We found an increase in all-cause mortality (SMR, 1.35; 95% Cl:
1.24-1.46, p<.001), with the major contributors to this being
cardiovascular disease (SMR, 1.38; 95% Cl: 1.16-1.63, p <.001),
cerebrovascular disease (SMR, 1.49; 95% Cl: 1.10-1.97, p = .006) and
respiratory disease (SMR, 1.55; 95% Cl: 1.22-1.93, p <.001) (see
Table 2).

There was no relationship between age at diagnosis and all
cancer mortality, or mortality due to vascular or respiratory disease.
Similarly, there was no relationship between age at diagnosis and all-
cause mortality (0-24 years SMR, 1.88; 95% Cl: 1.41-2.4, 25-59
years SMR, 1.31; 95% Cl: 1.17-1.47 and 60+ years SMR 1.30; 95%
Cl: 1.13-1.50 x* test for linear trend p =.189) (data not shown).

Table 3 demonstrates the negative association between time
since diagnosis of acromegaly and all-cause mortality (p <.001),
cardiovascular disease (p =.050) and all cancer mortality (p =.007).
There was no relationship between time since diagnosis of
acromegaly and mortality due to respiratory or cerebrovascular

disease. The highest mortality rates were found in the first 5 years

TABLE 1 Summary of cancer incidence data.

Cancer site Actual Expected SIR 95% CI p Value

Breast 38 39.91 0.95 0.67-131  .640
Lung 40 38.58 1.04 0.74-141 431
Colon 26 21.11 1.23 0.80-1.80 .169
Rectum 7 10.25 0.68 0.27-1.41  .885
Thyroid 4 1.38 289 0.79-740  .052
Prostate 37 27.30 136 0.95-1.87 .044
All cancers 321 269.86 1.19  1.06-1.33 .001

Abbreviations: Cl, confidence interval; SIR, standardised incidence rates.

TABLE 2 Summary of mortality data.

Cause of death Actual Expected SMR 95% CI p Value

Female breast 7 11.38 0.62 0.25-1.27 936
cancer

Lung cancer 28 32.10 087 0.58-1.26 .789

Colon cancer 11 8.75 1.26 0.63-2.25 265

Rectal cancer 1 3.91 0.26 0.01-1.42 .980

Prostate cancer 5 5.00 1.00 0.11-1.88 .385

All cancers 127 135.78 0.94 0.78-1.11 .786

Cardiovascular 136 98.46 1.38 1.16-1.63 <.001
disease

Cerebrovascular 48 32.27 149 1.10-1.97 .006
disease

Respiratory 78 50.38 1.55 1.22-1.93 <.001
disease

All-cause 556 412.74 135 1.24-146 <.001

Abbreviations: Cl, confidence interval; SIR, standardised incidence rates.

following diagnosis: all-cause mortality (SMR, 6.02; 95% CI:
4.59-7.75), cardiovascular disease (SMR, 6.02; 95% Cl: 3.2-10.29)
and all cancers (SMR, 7.25; 95% Cl: 4.49-7.75).

Mortality rates due to cardiovascular disease (p =.032), cerebro-
vascular disease (p =.001), respiratory disease (p <.001) all cancers
(p <.001) and all-cause mortality (p <.001) were positively correlated
with post-treatment GH levels, with all-cause SMRs trending towards
those of the reference population with post-treatment GH levels of
<2.5ug/L (SMR, 1.15; 95% Cl: 1.03-1.28, p <.001) [Table 4].

Table 5 shows a positive correlation between mean (day
averaged) GH levels and all-cause mortality (p <.001), mortality to
all cancers (p <.001) and mortality due to cardiovascular (p =.001),
cerebrovascular (p=.004) and respiratory diseases (p <.001). The
SMRs due to all causes fell to within the population normal range,
with mean GH levels of <25ug/L (SMR, 1.0; 95% CI:
0.86-1.16, p <.001).

There appears to be a further reduction in all-cause mortality

(p <.001), cardiovascular disease (p =.009) and all cancers (p <.001),
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Cause of death

Cardiovascular disease
Cerebrovascular disease

Respiratory disease

All cancers

All-cause

ORME ET AL.

TABLE 3 Relationship between time since diagnosis of acromegaly and mortality.

SMR (95% Cl), duration of acromegaly X test for

<5years 5-10years 10+ years linear trend (p)

6.02 (3.20-10.29) 2.77 (1.69-4.27) 1.16 (0.94-1.40) .050

5.04 (1.37-12.91) 4.01 (1.93-7.38) 1.17 (0.81-1.64) .187

4.88 (1.96-10.06) 2.47 (1.19-4.55) 1.36 (1.04-1.74) 246

7.25 (4.49-11.08) 1.30 (0.69-2.22) 0.76 (0.61-0.93) .007

6.02 (4.59-7.75) 2.42 (1.90-3.03) 1.13 (1.03-1.25) <.001
Abbreviations: Cl, confidence interval; SMR, standardised mortality rates.
TABLE 4 Relationship between post-treatment GH level and mortality.

SMR (95% Cl), post-treatment GH Level ¥ test for

Cause of death

Cardiovascular disease
Cerebrovascular disease

Respiratory disease

All cancers

All-cause

Abbreviations: Cl, confidence interval; GH, growth hormone; SMR, standardised mortality rates.

TABLE 5 Relationship between mean treatment (day averaged) GH level and mortality.

Cause of death

Cardiovascular disease
Cerebrovascular disease

Respiratory disease

All cancers

All-cause

<2.5pg/L 2.5-9.9 ug/L > 10.0 pg/L linear trend (p)
1.33 (1.07-1.63) 1.40 (0.96-1.97) 1.85 (0.98-3.16) 032

1.26 (0.83-1.83) 1.90 (1.09-3.09) 2.12 (0.69-4.94) .001

1.35 (1.00-1.80) 1.80 (1.11-2.75) 2.49 (1.07-4.90) <.001

0.73 (0.57-0.91) 1.67 (1.22-2.23) 1.15 (0.5-2.27) <001

1.15 (1.03-1.28) 1.73 (1.47-2.02) 2.27 (1.72-2.95) <.001

SMR (95% CI), Mean GH Level X test for

<2.5 pg/L

1.23 (0.91-1.63)
1.19 (0.67-1.96)
0.85 (0.50-1.34)
0.66 (0.47-0.90)
1.00 (0.86-1.16)

2.5-9.9 ug/L > 10.0 pg/L linear trend (p)
1.35 (1.02-1.74) 2.07 (1.33-3.08) .001
1.64 (1.05-2.44) 2.33 (1.07-4.43) .004
2.01 (1.46-2.70) 1.94 (0.93-3.57) <.001
1.22 (0.95-1.54) 1.16 (0.65-1.92) <.001
1.50 (1.33-1.69) 2.28 (1.85-2.79) <.001

Abbreviations: Cl, confidence interval; GH, growth hormone; SMR, standardised mortality rates.

but not cerebrovascular disease or respiratory disease on suppressing
post-treatment GH levels to <1pug/L compared with a post-
treatment GH level of 1-2.5pug/L. With all-cause mortality being
consistent with the UK reference population (SMR, 1.03; 95% ClI:
0.89-1.18, p <.001), when this goal is achieved (see Table 6).

4 | DISCUSSION

This is the largest epidemiological study of cancer incidence and all-
cause mortality in acromegaly, associating SMR with post-treatment
and mean GH levels, published to date. Using the UK Acromegaly
Register we identified a cohort of subjects and cancer registration

data and death certification data from subjects and the UK reference
population to calculate SIRs and SMRs, thus limiting the effect of
ascertainment bias for cancer incidence data and eliminating bias
for mortality data.

In this study, we were not able to use measures of IGF-1, due to
a paucity of data and the fact that they were measured on several
different assays in centres throughout the United Kingdom, which
changed during the study period (1970-2016) and were therefore
not readily comparable. Because IGFBP3 levels are not regularly
measured in clinical practice in the United Kingdom, and both IGF-1
and IGFBP3 levels are elevated in acromegaly, the former associated
with cancer development and the latter with a reduction in cancer

k18

ris and GH rather than IGF-1 levels have been found to predict

95UB017 SUOWILIOD 3A 111D 3|edl|dde auy Ag pausenob a1e el WO ‘@SN JO SaIn1 10} Aeiq1 T 8UIIUO AB|IM UO (SUOIPUCD-PUR-SWIBY0D A8 | 1M ARe1q | U1 |UO//SONY) SUORIPUOD PUe SWiB L 83U} 885 *[202/70/0€] Uo AreigiTauluo A|IM A RAIUN BseomaN AQ 090ST USO/TTTT OT/I0p/W00 A3 | 1M Aelq 1 jeulu0//SAnY Wol4 papeo|umoq ‘0 ‘S9ZZS9ET



ORME ET AL.

WILEY—>

TABLE 6 Comparison between mortality with post-treatment GH levels <1 and 1-2.5 pg/L.

SMR (95% Cl), post-treatment GH Level

Cause of death <1lpg/L

Cardiovascular disease 1.30 (0.98-1.69)

Cerebrovascular disease 1.17 (0.66-1.93)

Respiratory disease 1.26 (0.84-1.82)

All cancers 0.52 (0.36-0.72)

All-cause 1.03 (0.89-1.18)

1-2.5 ug/L X test (p)
1.38 (0.96-1.92) .009
1.38 (0.71-2.41) .287
1.51 (0.92-2.34) .039
1.14 (0.81-1.55) <.001
1.38 (1.16-1.62) <.001

Abbreviations: Cl, confidence interval; GH, growth hormone; SMR, standardised mortality rates.

excess mortality in acromegaly,?*2 we relied upon GH levels rather

than GH and IGF-1 levels in this study.

We found an increased incidence of all cancers, but not female
breast, thyroid, or colon cancer. There was, however, some evidence
of an increased incidence of prostate cancer. Prostate cancer
incidence has risen, with a decline in mortality in developed countries
over the period of this study. This temporal change has been
attributed to lifestyle patterns (obesity, fitness, higher incidence of
diabetes mellitus and dietary factors)!’ but also the increasing
measurement of prostate-specific antigen (PSA). In a cohort of closely
monitored patients with acromegaly who are likely to be on
testosterone replacement, higher frequency of PSA measurement
may have resulted in higher levels of detection of occult prostate
cancer, while there was no evidence of an increased prostate cancer
mortality in this cohort (see Table 2).

An increased incidence of breast cancer in women with
acromegaly was originally reported by Nabarro.?° He reported no
cases of colon cancer. Other series have reported an excess cancer
incidence, including colon cancer incidence in men with acromegaly
discharged from VA hospitals (colonic neoplasms SIR, 3.1; 95% Cl:
1.7-5.1).2* This has led to a large number of studies to determine the
incidence of colonic polyps and colon cancers in patients with
acromegaly, although genetic and environmental factors have been
reported to be of greater importance.?2 More recent studies have
shown cancer incidence rates slightly, but not significantly below the
German population,® with no increased cancer incidence in a French
acromegaly cohort” and slightly, but not significantly increased
incidence in a Danish acromegaly cohort® The authors also
performed a metanalysis of 23 studies (1957-2018) and showed
increased cancer incidence rates in colon, breast, and other
malignancies.® However, two of the largest studies reported included
Mustacchi and Shimkin,2® which reflects a cohort of patients with
acromegaly very different from the present day, and even pre-dates

1.,* previously mentioned,

the GH radio-immunoassay, and Ron et a
only studied men and compared cancer incidence in subjects with
acromegaly and other patients discharged from VA hospitals. Using
different methods of ascertainment and demographically disparate
populations means that these studies are not directly comparable.

The largest study, in terms of person years follow up, and the

reference population, Orme et al. showed no excess cancer
incidence.®

In contrast to the cancer incidence data, we found no increase in
mortality due to all cancer or prostate cancer. There was no increase
in mortality due to female breast or colon cancer, and no deaths
attributed to thyroid cancer. As data for both subjects and the UK
reference population are drawn from death certification, there can be
no ascertainment bias. The data is consistent with the previously
quoted Danish study, which reported on overall increase in mortality
(SMR 1.3), with no increase in cancerspecific mortality.®

There was an increase in all-cause mortality (SMR 1.35), which
was lower than shown by Orme et al.” (SMR 1.6) and is consistent
with the reduction in mortality reported from The Swedish National
Health Registries between 1987 and 2013° and a meta-analysis of
mortality in acromegaly studies, published before and following 2008,
in which the mean SMR fell from 1.76 to 1.26.”?* These data reflect
an improvement in overall mortality in acromegaly in the UK
population from 1995 to 2016 (the dates when the respective
datasets were closed). The major contributors to the excess mortality
were vascular and respiratory diseases.

Mortality in acromegaly due to all-causes, cardiovascular disease
and all cancers are negatively related to time since diagnosis. With
the highest SMRs occurring in the first 5 years following diagnosis. As
mortality due to these conditions was related to post-treatment and
day-weighted averaged GH levels, the fall in mortality rates appear to
be due to improved biochemical control of patients occurring early in
their clinical course.

We found a positive relationship between all-cause, cardiovas-
cular, cerebrovascular, and respiratory mortality and post-treatment
GH levels. Moreover, despite there being no overall increase in
mortality from any form of cancer, mortality due to all cancers was
positively correlated with post-treatment GH levels and fell well
within the UK population reference range with levels of <2.5 ug/L.
This study builds on the finding of our previous research, Orme et al.
which showed an increase all-cause and cardiovascular mortality, but
no increase in mortality due to malignant disease. There was a
positive correlation between mortality due to malignant disease and
post-treatment GH levels. All-cause mortality and cardiovascular

mortality were also positively correlated with post-treatment GH
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levels, with normalisation of all-cause mortality rates with post-
treatment GH levels <2.5 pg/L.%

In summary, we have studied a cohort of patients from the UK
Acromegaly Register to show an increase in cancer incidence but no
increase in thyroid or colon cancer incidence and there was no
increase in cancer mortality. These data and a recent systematic
review?® call into question the practice of thyroid and colon cancer
screening in patients with acromegaly, above that of the general
population.

Mortality rates are highest in the first 5 years after diagnosis and
can be normalised by lowering mean treatment (day averaged) GH
levels to <2.5 ug/L or post-treatment GH levels to <1 pg/L, in line
with current international treatment guidelines.*? This data supports
the practice to normalise GH hypersecretion as swiftly as possible to

reduce excess mortality.
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APPENDIX

See Table A1

TABLE A1 Principal investigators—UK
Acromegaly Register Study Group.
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