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General Discussion and Conclusions

I. TREATMENT OF ACROMEGALY

Acromegaly is associated with increased morbidity and mortality. Therefore, all patients with
biochemical growth hormone excess require treatment, aiming at swift and strict normaliza-
tion of serum GH secretion and IGF-I concentrations (1, 2).

Transsphenoidal surgery has traditionally been the first choice treatment in most centers. It
is the only treatment modality by which a normal physiological GH secretion can be restored
(3). Results of surgical treatment are dependent on the experience of the neurosurgeon, and
by tumor size and extension (4). Since the introduction of effective medical treatments in the
form of somatostatin analogs, these are being used as preferred secondary treatment but in
recent years also as first treatment option (5, 6). The introduction of effective drugs including
Pegvisomant has obviated the need for conventional pituitary irradiation in most patients.
New developments are present for all treatment modalities. Transsphenoidal endoscopy
may improve visualization of adenomas especially those with parasellar tumor extension.
Gamma knife irradiation is potentially able to reduce excess GH secretion more rapidly with
a potential smaller negative effect of hypopituitarism, but long-term effects of this treatment
are lacking (7, 8). GH receptor antagonists are now available for clinical practice and they
are able to control GH excess in almost all patients (9). New somatostatin analogs, with high
binding affinity for all or for specific SSTR subtypes, are promising drugs for the treatment of
octreotide insensitive patients and phase 2 trials will start soon (10).

This thesis describes the long-term treatment results of the various therapies separately.
Most patients were primarily treated by transsphenoidal surgery although in recent years an
increasing number of patients started treatment with somatostatin analogs. In the adjuvant
treatment setting nowadays the vast majority will receive somatostatin analogs instead of
radiotherapy. The change in treatment approach in the Leiden University Medical Center
is summarized in Figs. 1a and 1b, showing the applied primary and secondary treatments

against the years of first treatment.

Transsphenoidal Surgery
In Chapter 2 we describe the follow-up results of transsphenoidal surgery focusing on pa-
tients with a follow-up of more than 10 years. We report an immediate postoperative remis-
sion rate of 61%. Patients with a lower preoperative GH concentration had better surgical
results, but surgical outcome was not associated with tumor class or year of surgery. In surgi-
cally cured patients a recurrence rate of 19% (5/27 patients) was observed in this long-term
study. After incomplete tumor removal, multimodality treatment was effective in inducing
remission in almost all patients.

Our short-term surgical results are comparable with other centers (11-26), as summarized
in Table 1 a-b. However, reports use different initial remission criteria, and vary in the dura-
tion and mode of biochemical follow-up. All these factors may contribute to differences in
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initial remission and recurrence rates. Interestingly, in our center microadenomas have an
unexplained tendency for a lower remission rate and macroadenomas for a higher remission
rate than reported in other studies.

Table 1A. Results of transsphenoidal surgery in patients with acromegaly in studies in which GTT is used to define cure.

Author (yr) No of Criteria for Remission rates (%) Follow-up duration  Recurrence 10 yrs follow-up
patients remission All (micro/macro) ~ Mean (range) yr rate (%)
GTT

Roelfsema (1985) 60 <25mU/L 62 33(05-7) 0 -

Losa (1989) 29 <1ug/L 55 29(0.5-11) 0 -

Osman (1994) 79 <2mU/L 49 (67/27) 7.1 6.5 -

Biermasz (2000) 59 <1.25/0.38 pg/L 67 (75/66)* 16 (10-22) 19? 41% surgical
remission
96% multimodality
control

Laws (2000) 86 <1 ug/L 56 6.8 1 -

Kreutzer (2001) 57 <1 ug/L 514 3.1 1 -

De (2003) 90 <1 ug/L 63 (79/56) 10.9 (0.5-20) 0 -

Beauregard (2003) 103 <1 ug/L 54 (82/47) 12 7 52% surgical
remission
80% multimodality
control

Minniti (2003) 51 <1 ug/L 55 (80/50) 7.8 0 -

Update Leiden 59 <0.38 ug/L 56 43(1-9) 0 -

Studies (IFMA)?

"no glucose-suppression < 2 mU/L in patients cured at the immediate postoperative evaluation.
2 early postoperative evaluation GTT < 1.25 pg/L (RIA), late outome GTT < 0.38 pg/L (IFMA).
3 Only patients with postoperative evaluation by IFMA were included.

Table 1B. Results of transsphenoidal surgery in patients with acromegaly in studies in which IGF-| is used to define cure.

Author (yr) No of patients % with normal IGF-l
Arafah (1987) 43 65%
Oyen (1988) 25 36%
Tindall (1993) 25 76%
Swearingen (1998) 162 71%
Freda (1998) 115 61%
Laws (2000) 117 67%
Shimon (2001) 98 74%
Kreutzer (2001) 57 70%
Beauregard (2003) 99 56%
Biermasz (2004) 99 60%
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Direct postoperative remission rates in the more recently treated cohort of our center (be-
tween 1993 and 2002, see Table 1), were similar to those reported in Chapter 2, representing
results before 1989. The high recurrence rate of 19%, has not been confirmed by other stud-
ies focusing on follow-up results of more than 10 years. Two studies with equal long-term
follow-up reported recurrence rates of 6 and 10% (18, 23).

In the 10-years study, the less sensitive GH radioimmunoassay (RIA) was used in the post-
operative assessment of all patients. From 1993 onwards, postoperative remission is defined
by a normal glucose-suppressed GH of < 1 mU/L as measured by the more sensitive immu-
nofluorometric assay (IFMA). No recurrences were observed in those 33 patients that were
strictly cured according to this criterion, although mean duration of follow-up is only 4.3
(range 1-9) years. Therefore, the sensitive IFMA assay might discriminate better between pa-
tients with long-term remission and those at risk for recurrence than the RIA assay, which was
used in the 10-years study. The finding of a very low incidence of recurrences in those with
a postoperatively normal glucose-suppression according to the IFMA criteria has potential
implications for the follow-up of patients with surgical remission. Less frequent biochemical
follow-up could suffice for these patients. Nonetheless, we recommend life-long follow-up of
patients cured of acromegaly by surgery because of the risk of recurrent disease.

Radiotherapy

In Chapters 3 and 4, we report the results of postoperative radiotherapy. In our post-surgical
series, the proportion of patients in remission increases with time to a total of ~75% after 15
years of follow-up irrespective of the criterion for remission used. However, the biochemical
success is accompanied by an increasing incidence of hypopituitarism up to a similar rate
after 15 years. For serum GH concentrations, but not for IGF-1, we were able to estimate the
rate of normalization following radiotherapy.

After the report by Barkan et al. (27), suggesting that radiotherapy is ineffective in normal-
izing serum IGF-| levels, the question why and whether serum IGF-| is less likely to normalize
than GH following radiotherapy has been addressed by several other reports, summarized in
Table 2 (23, 27 - 38). The differential effects of radiotherapy on serum GH and IGF-I are unex-
plained and illogical, as plasma IGF-I levels are determined to a large extent by GH. After pi-
tuitary irradiation there is altered GH secretion (39, 40) with decreased regularity, high pulse
frequency and increased basal secretion. However, there is no evidence that these alterations
lead to increased GH sensitivity of the liver. In agreement with other recent reports, our con-
clusionis that serum IGF-I levels normalize in the long-term follow-up after radiotherapy.Thus,
radiotherapy is an effective therapy for acromegaly. The discrepant results between studies
may be caused by patient selection bias, different baseline serum GH concentrations prior to
treatment, different assay characteristics and/or different radiotherapeutic techniques.
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Table 2. Outcome of Radiotherapy

Author (yr) No of Treatment Technique Follow-  Normal  Normal Normal  Hypopi- Comment
patients up IGF- GTT(mU/L) GH tuitarism
Years (%) (mU/L)
Ciccarelli (1993) 19 42 prim RT Range 68%
4 postop RT 1-6
Barkan (1997) 38 33postopRT  Median46 Gy 6.8+0.8 5% Different IGF-I
2 prim RT assays
3 proton beam Follow-up < 5 yr
Different radiation
techniques
Van der Lelij 37 Postop RT 7 0% Comment
(1997)
Powell (2000) 48 47 postopRT 474 Gy 52 44% RT given at differ-
(6 stereotact/ ~ 28/48 ent centers
gamma knife, >6yr post RT 69%
1PB) nlIGF-I
1primRT 26 prert IGF 268%
ULN, GH unknown
Porretti (1999) 70 Postop RT 107 51% 110.8 + 48 nmol/L
Swearingen 45 Postop RT 6.7 42%
(1998)
Biermasz (2000) 37 Postop RT 40 Gy 5yr 60% 65% 29%
10yr 74% 69% 54%
15yr 84% 71% 56%
mean 75% 71% 51%
1.5
Gutt (2001) 41 35postopRT ~ Median Median  34% 34% PreRT GH 31 pg/L
6 prim RT 50 Gy 12.8 (7-210)
(3.7
434)
Barrande (2000) 128 104 postopRT  Median 52Gy 2 7% PreRT GH 36.5 +
24 prim RT 5 35% 70 pg/L
10 53%
15 66%
150+ 79% 80%
1.3
Cozzi (2001) 49 34 postop Mean45gy  10yr 16% 12% Many patients
15 prim RT excluded, preRT
GH 22-22 ug/L
Epaminonda 67 Postop RT 40-75 Gy Mean 12 55% PreRT GH 20.2
(2001) Mean 8 61% +27
IGF-1110.8 +48
nmol/L
Thalassinos 46 42 prim RT 45-50 Gy 76 414 20.8% 50% PreRT GH 30.9
(1998) 4 postop RT (29%) pg/L
Jenkins (1995)  372(13 10yr 56% 59%

centers)
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Table 3. Discordance between GH and IGF-I assessment of remission in acromegaly

GH < 2-2.5 pg/L and raised IGF-I (% of patients) Normal IGF-I, but GH above remission range (% of patients)
Jenkins (1995) 29% Freda (1998) 10%

Freda (1998) 18% Biermasz (2000) 13%

Abosch (1998) 13% Kaltsas (2001) 18%

Ahmed (1999) 3% Holdaway (2003) 19%

Biermasz (2000) 10%

Kaltsas (2001) 13%

Holdaway (2003) 16%

It is of note that discrepancies between GH and IGF-| criteria are not unique for radio-
therapy, but are also observed within many clinical studies following surgery and during
medical treatment (see Table 3) (4, 14, 38, 41 -44). The clinical management of patients with
discordant results remains difficult. However, it is likely that patients with normal (glucose-
suppressed) serum GH concentrations, but repeatedly elevated serum IGF-I concentrations,
have excessive GH production, and therefore should receive adjuvant treatment.

A third of irradiated patients had diminished GH reserve as measured by insulin tolerance
testing, and a sixth of them had also low serum IGF-I concentrations for age in the long-term
after radiotherapy. Further research is therefore required to assess as to whether the low
serum IGF-I levels and/or the disturbed GH reserve after insulin tolerance testing following
radiotherapy, signifies a clinically relevant GH deficiency requiring treatment with recombi-
nant human GH.

In The Netherlands and many other countries, in which somatostatin analog and GH recep-
tor antagonist treatment is available for adjuvant treatment in acromegaly, radiotherapy is
not routinely used for residual disease anymore. At present, most if not all patients that were
studied in Chapter 3 and 4 would have been treated with somatostatin analogs for residual
disease after surgery. If necessary combination treatment with Pegvisomant and somatosta-
tin analogs should be offered in patients with elevated IGF-I concentrations despite soma-
tostatin analog treatment. However, the place of radiotherapy in the treatment algorithms of
acromegaly might require re-evaluation in the future and will be dependent on cost-efficacy
studies, health care strategies, results of radiosurgery and longer-term efficacy and safety
data of Pegvisomant.

Pre-surgical somatostatin analog treatment

Preoperative somatostatin analog treatment did not improve our surgical results as dis-
cussed in Chapter 5. Up to now no new randomized controlled trials of (depot preparations)
of somatostatin analogs addressing this issue have been performed. In a recent review of the
performed uncontrolled studies on preoperative somatostatin analog treatment, it was con-
cluded that there is no significant effect on surgical outcome. There may be a slight improved
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remission rate in pre-treated macroadenomas (45). Recent studies on primary treatment with
depot preparations of octreotide LAR suggest tumor shrinkage of 30-50% in the majority
of patients (80— 100%) after 6 to 12 months of treatment (6,46 —48). Further investigation is
required to assess whether this octreotide-induced tumor shrinkage will improve the surgi-
cal outcome in macroadenomas expanding into the cavernous sinus. However, the design of
a potential randomized trial assessing this topic in this rare disease will be very complicated.

Perioperative morbidity was not a study parameter in our study, although there was a very
low complication rate and no mortality after transsphenoidal surgery. Nevertheless, as many
cardiovascular risk factors respond well to somatostatin analog treatment, it may be advanta-
geous to reduce risks before anesthesia and (transsphenoidal) surgery using somatostatin
analogs. Pretreatment may thus be favorable for these patients with increased surgical risk
and co-morbidity. One should realize that in patients pretreated with depot preparations, the
postoperative evaluation should be postponed to at least 3 months postoperatively (see also
Chapter 6), as octreotide levels remain detectable for at least 8 weeks, and probably much

longer, following an intramuscular injection.

Somatostatin analog treatment

In Chapter 6, we performed a long-term (44 weeks) study to assess whether the interval of
a somatostatin analog depot preparation (octreotide- LAR) in well-controlled patients can
be enlarged. The hypothesis was derived from the characteristic pharmacokinetic release
pattern of the depot preparation leading to therapeutic drug levels for at least 42 days after
the first injection. In addition short-term withdrawal studies suggested that the injection in-
terval could be enlarged (49, 50). In our study, most patients, well-controlled on a 4- weekly
regimen, were also well-controlled at a 6- weekly scheme. However, in one third of patients
serum IGF-1 levels started to rise at the end of the study (after 44 weeks) without accompany-
ing increase in mean serum GH levels. This increase may probably reflect a less effectively
suppressed GH-IGF-l system. We therefore suggested that patients should remain under
frequent control (e.g. twice a year) by measurement of serum IGF-I and GH profiles, when
treated with a 6 weekly schedule.

In our study, the random or fasting GH samples correlated well with the morning profile of
eight GH samples. Therefore, also random GH values in combination with serum IGF-I levels
are probably sufficient to justify dose (interval) change decisions.

Long-term dose extension to 6 weekly injections was thus possible in ~60% of patients
that were well controlled on a 4 weekly scheme. Thus, an individual cost reduction of 30%
may be achievable in 60% of well- controlled patients (~70% of all patients). The estimated
cost saving of this treatment strategy for acromegalic patients in the Netherlands may be in
the range 15% - 25% of the yearly cost for octreotide treatment in acromegaly.

A recent study by Turner et al. confirmed the advantages of controlled dose-extension of
octreotide LAR leading to a cost reduction of even ~50% in their study (51). They extended
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doses to 12 weeks and 50% of included patients were treated by 6 weekly, 27% by 8 weekly
and 14% by 12 weekly injections. They did not report an increase in IGF-lI concentrations in
some patients at the end of the study. However, the follow-up duration once an individual
dose scheme was established is not described. Our dose extension results were supported
by stable octreotide concentrations during long-term treatment on a 6 weekly scheme, while
this was not a study parameter in the study by Turner et al.

A dose-dependent effect of octreotide concentrations on GH and IGF-| suppression is
observed, although there appears to be an individual maximal suppression, and thereafter,
higher octreotide concentrations do not further suppress GH concentrations. This is probably
due to somatostatin subtype pattern of the adenoma and reflects octreotide sensitivity.

For dose increments, a higher monthly dose is probably more convenient than dose in-
tensification. In well-controlled patients, we favor dose interval increase to 6 weeks or even
longer, because of the costs and the advantage of less frequent injections.

It is important to note that no mortality studies have been performed in patients treated
by somatostatin analogs and it is not sure whether a “safe” GH level of < 5 mU/L is a good
criterion to aim for during medical treatment. A serum GH of less than 5 mU/L could still in-
dicate significant GH hypersecretion during medical therapy, especially when accompanied
by elevated serum IGF-I concentrations. Further investigation is required to assess which GH
levels should be aimed for during octreotide LAR treatment, but a lower level than 5 mU/L
(for example 2.5 mU/L) may reflect better control of GH excess in patients well-sensitive to
octreotide eligible for dose interval extension of octreotide LAR.

Current pharmacotherapy for acromegaly

In Chapter 15 we reviewed the results of pharmacotherapy in patients with acromegaly. Of
both somatostatin analogs, octreotide LAR has increased efficacy when compared to lanreo-
tide SR (52), while insufficient data are available to compare octreotide LAR and lanreotide
Autogel (53-55). Many pharmacotherapeutic trials included patients with a known good
response to octreotide. The recent meta-analysis of Freda et al. (52) recognizes pre-selection
to be a bias in trials, although efficacy of octreotide LAR is still present after correction for
pre-selection.

Pegvisomant treatment is very effective in reducing IGF-l concentrations, and combina-
tion treatment of weekly Pegvisomant with somatostatin analog treatment may reduce some
costs, while equally effective (9, 56, 57). In our opinion, transsphenoidal surgery and soma-
tostatin analog treatment can both be considered as primary treatment for acromegaly. The
choice can be individualized depending on several factors, such as age, experience of the
center, presence of contra-indications or co-morbidity, size and extension of the tumor and
octreotide sensitivity. The extremely high costs of life-long medical treatment for acromegaly,
especially for Pegvisomant, have to be considered against the other treatment options.
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Biochemical criteria for cure

Criteria for cure have been tightened throughout the years. At present, generally accepted
criteria are a normal serum IGF-I concentration and a normal glucose-suppressed serum GH
concentrations (<0.38-1 ug/L) for postoperative follow-up and a normal IGF-l and a mean
serum GH < 5 mU/L during medical treatment.

We used strict biochemical criteria throughout the whole follow-up span from 1977 -2003,
in which only the GH assay was changed from RIA to the more sensitive IFMA in 1993 and se-
rum IGF- | measurements were introduced in 1986. Normal glucose-suppression of GH levels
was determined in controls for both assays in our institution. Moreover, we collected our own
normal data for IGF-I. These two parameters were used to assess physiological restoration of
the GH-IGF-I axis. The third criterion was a random or mean (of 4-point day-curve or of 4 fast-
ing samples on consecutive days) GH concentration with an arbitrary cut-off level of 5 mU/L.
Although this criterion does not reflect physiological restoration of the GH-IGF-I axis, this
parameter is most frequently related to a normalized mortality risk (58). Furthermore, a single
GH measurement is convenient for follow-up assessment and can be reliably measured in an
assay with low variation coefficients.

In untreated, in surgically treated, in radiotherapy treated and in somatostatin analog
treated patients there was a high correlation between random and mean serum GH concen-
trations and glucose-suppressed GH concentrations (Chapters 2 - 6). Nevertheless, IGF-l and
(glucose-suppressed) serum GH concentrations were discrepant in a significant proportion
(20 to 30%) of patients. These findings are supported by others, see Table 3, (2, 59).

To evaluate various criteria for cure, we analyzed the early postoperative assessments since
the IFMA has been used. Postoperative criteria for cure, (random) serum GH and serum IGF-I
measurements (in nmol/L and SD score for age) were compared using ROC curve analysis
using the glucose-suppressed serum GH concentration below 1 mU/L as the gold standard in
59 patients (Fig. 2). GH instead of IGF-I measurements better approximated the GTT with re-
spective areas under the curve of 0.96 + 0.02 (95% Cl 0.92-1.00) and 0.77 + 0.06 (0.65 - 0.89).
When a cut-off GH concentration of < 2.5 mU/L was used, a sensitivity of 100% and a specific-
ity of 76% are achieved to detect active disease, while with a cut off GH value of < 6.8 mU/L,
a sensitivity of 54% and a specificity of 100% are achieved. This analysis supports the use of a
single serum GH measurement for the evaluation of remission in treated acromegaly.

Intra-individual variation in IGF-I concentrations during clinical follow-up was higher than
10% in our series, in stable disease situations. For both random serum GH concentrations
and glucose suppressed GH concentrations intra-individual variation was <5%. Therefore,
we recommend re-evaluation of serum IGF-I measurements in case of an unexpected normal
or high value and discrepant GH and IGF-I results. When discrepant results persist, elevated
serum IGF-l concentrations probably justify adjuvant treatment also in the case of normal
serum GH concentrations.
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Figure 2. ROC curve analysis of postoperative biochemical serum GH and IGF-I measurements, using a normal glucose suppression (GH <
1mU/L) as the gold standard.

In summary, remission rates for transsphenoidal surgery in our single-surgeon setting are
in the range of 60% for all GH producing adenomas, 80% for microadenomas and 50% for
macroadenomas. The recurrence rate after biochemically successful surgery is 19% in the co-
hort that was followed for 10 years, and this figure will probably decrease substantially when
remission is defined by normal glucose- induced GH suppression according to the IFMA as-
say. Following unsuccessful surgery, multimodality treatment is able to establish control of
disease in most patients. Treatment with somatostatin analogs is nowadays preferred over
radiotherapy, because of the side effects. However, both are efficacious in an equal number
of patients. Short-term treatment results of Pegvisomant suggest normalization of serum
IGF-Ilevels in almost all patients, and this modality will probably further limit the use of radio-
therapy when long-term Pegvisomant treatment will appear to be safe.

Further research is required to establish a cost- effective follow-up regimen in acromegalic
patients but re-analysis of data in the present cohort suggest that a less frequent than yearly
biochemical evaluation in patients cured after transsphenoidal surgery may suffice as no
recurrences were observed in patients cured according to the IFMA assay. High linear correla-
tion coefficients were found between random and mean serum GH samples, and between
random GH and glucose-suppressed GH values. Follow-up of acromegaly in remission may
thus be performed with random serum GH measurements and IGF-I concentrations, if neces-
sary supported by GTT. Although serum IGF-I concentrations reflect the bioactivity of GH
secretion, there is a high intra-individual variation in IGF-| results also in stable disease situ-
ations, either by assay variation or by other causes and therefore its value in discriminating
between active and inactive disease in treated acromegaly still requires further investigation.
Age-related normal values should be established for each laboratory. This is of importance
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especially for the follow-up of GH receptor antagonist treatment during which IGF-I is the
only available biochemical parameter for evaluation of treatment efficacy.

1. CLINICAL ASPECTS OF WELL-CONTROLLED ACROMEGALY

As described in Chapters 2 - 6, the multimodality treatment approach as applied in our cen-
ter is able to normalize biochemical parameters in the majority of patients. The long-term
outcome of these well-treated patients with acromegaly was studied in Chapters 7 - 10 fo-
cusing on survival, quality of life, co-morbidity and bone mineral density (BMD).

Survival

Reduction of the increased mortality risk due to GH excess in acromegaly is a major aim of
treatment. At present, it is unclear to which extent treatment improves survival in acromeg-
aly. In Chapter 7, we studied survival in surgically treated acromegalic patients. The majority
of these patients was cured immediately after surgery, and in the others adjuvant therapy in
the form of radiotherapy and/or somatostatin analog treatment was instituted immediately
aiming at swift normalization of GH and IGF-I levels. We report a near-normal mortality risk,
a finding that is supported by other studies (18, 23, 42, 58, 60-63). In summary, consecutive
surgical series report standardized mortality ratios (SMR) of 1.16 to 2.14, while subsets of
patients who attain remission have a SMR of = 1.0. In large enough series, the mortality risk
of well-treated acromegaly will probably remain slightly but significantly increased (1.2to 1.3
fold higher than normal), because the “normalized mortality” can partly be attributed to the
broad confidence intervals in small studies.

Bates et al. was the first to relate a normalized mortality risk to a serum GH below 5 mU/
L(58). Thereafter, others also suggested “safe” serum GH and IGF-I concentrations below
which a normalized mortality risk is restored. A normal survival was found in patients with a
normal IGF-I (23, 26), a serum GH = < 10 mU/L (< 5 pg/L) (42), serum GH < 5 mU/L (or < 2.5
pg/L) (18, 60, 64), = <4 mU/L (< 2 ug/L) (61) and = < 2 mU/L (<1 pg/L) (62). However, there is
a methodological concern with the interpretation of most studies (18, 58, 61, 62). The use of
serum GH and IGF-I concentrations, obtained at the end of the observation period instead
of at entry, does not truly predict survival and may lead to considerable bias in the analysis.
The aim of treatment is to achieve remission and therefore the likelihood to achieve lower GH
or IGF-l concentrations increases with a longer duration of follow-up. Patients living longer
during follow up are more prone to achieve normalization of GH excess, in contrast with
those who die early during follow up. Consequently, it is unsure whether patients die due
to causes related to GH excess or due to causes unrelated to GH excess but before their GH
levels have decreased sufficiently. The importance of inclusion of patients at a well-defined
and similar point in the course of the disease in prognostic studies was stressed for example
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by Laupacis et al. (65). This potential bias in mortality analysis for acromegaly was previously
discussed by Swearingen et al (23). The impact of the bias introduced by the use of biochemi-
cal parameters at the end of follow-up may be negligible in patients with stable disease in
follow-up, when GH and IGF-I levels at the end of treatment reflect levels at the inclusion in
the analysis. However, the vast majority of patients in the various reports received pituitary
irradiation leading supposedly to a gradual lowering of serum GH and IGF-I levels instead of
stable levels. Therefore, the assumption of stable levels during follow-up cannot be made.
Analysis of predictive “safe” cut-off levels for survival should therefore be performed with pa-
tients followed after inclusion at a similar point in the course of the disease (i.e. at diagnosis,
n years post radiotherapy, or the moment a certain serum GH was achieved), using the GH
and IGF-I values at inclusion. Preferentially, with the changing exposure to GH in the years
after radiotherapy, serial measurements could be considered using a time-dependent Cox
regression model.

In Chapter 7, we report a significant improved survival for patients with a normal IGF-I as
opposed to an elevated IGF-I concentration immediately postoperatively (relative risk (RR)
4.78), but we were not able to identify a safe cut-off value for the serum GH or glucose-sup-
pressed GH concentration. However, there was a significant effect for the immediate postop-
erative glucose-suppressed GH concentration in mU/L, especially in the first years following
surgery (RR 1.06). At present, only few other studies used biochemical parameters at entry
or time-dependent analysis of sequential data to predict mortality in acromegaly. Thus, the
only evidence for normalized mortality in relation to biochemical parameters is available for
a normal postoperative IGF-I reported by Swearingen et al supported by our data and a post-
operative serum GH < 5 pg/L reported by Abosch et al (23, 42).

In our study, another predictive factor influencing mortality was the estimated duration
of preoperative disease, also found by Rayasoorya et al. (66). Recently, Ayuk et al found a
significant negative survival outcome for patients who underwent radiotherapy compared to
those who did not (61) and this finding was also suggested by Mestron et al. (63). The nega-
tive relation between survival and radiotherapy reported by Ayuk et al. will probably be due
to the slow decrease in GH concentration and less likely to radiation damage.

All three well-designed survival studies in acromegaly are derived from consecutive surgi-
cal series (23, 26, 42). In these and in other available studies showing improved overall surviv-
al, most patients were treated by surgery and/or radiotherapy and only few by somatostatin
analogs. Thus, the improved survival in treated acromegaly compared to active acromegaly
can especially be attributed to normalization of GH excess by surgery and radiotherapy. So-
matostatin analog treatment has not yet been associated with improved survival, but it is
likely that the effective decrease of GH and IGF-I excess will lead to improved survival. The
biochemical treatment goal during medical treatment with respect to survival requires further
investigation. With the availability of Pegvisomant, it will be possible to normalize GH excess

quicker in more patients than in the present survival studies. Together with earlier diagnosis
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of acromegaly, new treatment algorithms with medical treatment instead of radiotherapy
may lead to a further normalization of the excess mortality associated with acromegaly also
in large cohorts. However, it will take many years before the outcome in survival of medical
treatment can be evaluated.

In conclusion, the currently widely accepted ‘safe’ GH concentration with respect to mortal-
ity may well not be reproducible in large well-designed epidemiological studies. At present,
the only well-designed survival studies are performed in primarily surgically treated patients
with eventual adjuvant treatment and suggest a survival benefit when serum IGF-I is normal
post-surgery (23, 26) and when serum GH postoperatively is below 5 pg/L (=10 mU/L) (42). It
is of note that at present there is no evidence to support any “safe” serum GH or IGF-l concen-
tration with respect to mortality for patients treated by medical therapy, as in the reported
studies the majority of patients received either surgical or radiotherapeutic treatment.

Quality of life

Quality of life and patients’ perceived well being are important parameters in today’s clinical
research. Quality of life is likely to be reduced in all patients with a chronic disorder. For doc-
tors, the assessment of quality of life is generally not a priority. Moreover, in clinical practice
we lack the tools to quantify quality of life. Nevertheless, the selection of questionnaires and
appropriate controls is of vital importance for the interpretation of results. In our patients
treated for acromegaly, described in Chapter 8, we studied quality of life using disease-spe-
cific and several other health-related questionnaires. Patients were compared to age- and
sex-matched controls obtained from the environment of the patients and also to reference
data from the literature. As expected, significant impairments were present for all assessed
topics in acromegalic patients. These impairments were less pronounced when compared
to reference data from the literature than when compared to own collected control data.
Actual disease status in a treated cohort did not affect questionnaire scores (unpublished
observations). Importantly, patients with radiotherapy had significantly worse general health
and fatigue scores. Somatostatin analogs make patients remember of their chronic illness
at a monthly basis and therefore it is of note that well- being was not affected by the use of
medical therapy. Patients cured after surgery, without accompanying hypopituitarism and
no adjuvant treatment for GH excess had some advantages in quality of life compared to the
other patients. Nonetheless, even these patients still had reduced quality of life, indicating
irreversible effects of previously active acromegaly.

The effect of radiotherapy on quality of life scores, especially for fatigue and anxiety scales,
was previously reported for patients with a non-functioning adenoma by Page et al, (67).
Further investigation is warranted to address the long-term deleterious effects of this mode
of treatment. The lack of correlation with biochemical disease status in treated patients and
quality of life and the negative impact of radiotherapy on quality of life scores were recently
confirmed by others (68).
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Quality of life scores of our well-controlled patients could be compared to a limited num-
ber of reports in active acromegaly. Following treatment and after cure, quality of life seems
improved compared to active acromegaly as measured by SF-36 and ACRO-QOL. At present,
there are no longitudinal data on quality of life during treatment of acromegaly.

Prevalence of co-morbidity

The symptoms that persist after cure for acromegaly together with the prevalence of co-mor-
bidity are described in Chapter 9. We report a high prevalence of hypertension and a high
prevalence of self-reported joint problems in cured acromegaly, whereas the prevalence of
diabetes seems not increased compared to population- based reference data. Only a single
other study evaluated morbidity data in a cured acromegalic patient series and they report
similar figures for hypertension and diabetes like we found (69).

The high prevalence of joint-related problems was not previously reported in cured ac-
romegaly, although clinicians do recognize osteoarthritis as important clinical problem in
patients treated for acromegaly. We are the first to report the severe impact of joint problems
on quality of life in patients with acromegaly. Only female sex, but not GH/IGF-I concentra-
tions, duration of disease or age, was associated with a higher prevalence of joint problems.
It is important to realize that the impact of joint problems on quality of life is also observed
in the general population (70). Acromegalic patients without joint problems may even have
a normal quality of life, since there was no significant difference in quality of life as measured
by SF-36 in acromegalic patients and controls without joint problems (70). Considering the
impact of osteoarthritis on quality of life, an important challenge is the early diagnosis and
the optimalization of treatment of acromegaly to improve the clinical outcome of cured ac-

romegaly.

Bone mineral density (BMD)

In Chapter 10, BMD status was assessed in a cross-sectional study of cured patients. The
anabolic effect of GH on bone is well established and, therefore, bone turnover and BMD are
important efficacy parameters in GH deficient patients. However, the effect of acromegaly
on bone is not clear and studies disagree as to whether a normal, increased or decreased
bone mass is found. Partly, this is due to the heterogeneous cohorts studied with respect to
gonadal and GH status. Moreover, a differential response of trabecular and cortical bone to
GH may underlie the discrepant findings. We report increased BMD in our mainly eugonadal
patients. Interestingly, the duration of remission and the application of radiotherapy were
negatively correlated with bone mass. The negative influence of pituitary irradiation was
unexpected and not previously reported in other pituitary diseases, and may reflect some
degree of GH deficiency. Unfortunately, we were not able to report longitudinal data on BMD
in cured acromegaly and to assess the incidence of vertebral and non-vertebral fractures in
this cohort. Although our cross-sectional study suggest maintenance of BMD for up to 15
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years after cure for acromegaly, provided that hypogonadism is adequately suppleted, these
findings would be strengthened if additional studies demonstrated a stable bone mass and
absence of fractures during longitudinal follow-up.

11l. DYNAMIC TESTS IN ACROMEGALY

The intravenous octreotide test

In general, about 60% of the patients with active acromegaly can be controlled by (primary)
somatostatin analog treatment. Therefore, the question has emerged whether the thera-
peutical response to octreotide can be predicted by a test. In Chapter 11, we studied the
responses to an iv bolus of octreotide. Although other studies previously described a good
predictive value of subcutaneous octreotide challenge tests for long-term treatment with
subcutaneous octreotide (71), a test for octreotide sensitivity is infrequently used in clinical
practice. Since the efficacy of depot preparations of somatostatin analogs can only be evalu-
ated after 3 months when a steady state has been reached, a predictive test has become even
more relevant than previously for subcutaneous octreotide treatment.

We evaluated the test characteristics of a 50 ug iv bolus of octreotide and were the first
to compare an octreotide sensitivity test with long-term treatment with the depot prepara-
tion of octreotide. Although the iv and sc test were not directly compared, we believe that
the main advantage of the iv test is the 100% availability and shorter duration of testing as
maximal suppressibility of GH levels is quicker achieved.

We observed a decrease in serum GH concentrations in almost all patients, whereas the
presence of normalization of GH excess was dependent on the height of the basal GH con-
centrations and most likely also on the somatostatin-subreceptor status of the GH-producing
adenoma. The rate of decrease of GH levels during the test mimics the half-life of GH, sug-
gesting acute and complete blockade in some, but not in all, patients. A nadir GH below 5
mU/L during the octreotide test predicts that chronic treatment is able to achieve serum GH
concentrations < 5 mU/L.

Like in Chapters 2 -6, discordant findings were present between GH and IGF-I criteria for
the control of disease activity. The positive and negative predictive values were less favor-
able for IGF-I than for GH. The possible explanation for discrepancies has been previously
discussed. The value of the octreotide test in patients with discrepant IGF-I and GH requires
evaluation in a larger cohort.

Recently, four studies addressed the predictive value of a sc octreotide proof dose of 50
Mg (72-75). Three of the studies confirm the clinical definition of octreotide sensitivity we
used, i.e. achievement of a nadir GH during the test of < 5-10 mU/L in stead of a percentage
decrease which was used before. The sc octreotide test was also found to be a good predictor
of the response to somatostatin depot preparations for normalization of GH concentrations



Chapter 16

N
N
o

(73-75), although the predictive value for normalization of IGF-I was limited (72). The nadir
during the sc test was achieved later than we reported for the iv test. Thus, the sc octreotide
test requires longer test duration (up to 6 hours).

The TRH-test

In Chapter 12, we report the high predictive value of a persisting postoperative paradoxical
GH response to TRH for the recurrence of GH excess. Data of this study were predominantly
measured by RIA. A TRH-induced GH increase of 3.75 mU/L early postoperatively was associ-
ated with recurrence of disease.

As previously discussed, less recurrences were observed when patients were cured ac-
cording to glucose suppressed GH measured by IFMA. A persistent paradoxical rise after
TRH injection, was indeed rarely seen in patients with glucose suppressed GH below 1 mU/L.
Further research is required to assess whether the TRH test remains of value in patients cured
according to IFMA criteria.

So far, the molecular or pathophysiological basis is not established for the TRH induced GH
increase present in some patients with acromegaly. TRH-induced GH release is observed in
many other conditions, e.g. depression, anorexia nervosa, hypothyroidism, diabetes mellitus,
and is frequently observed in children and in other species (76).

In conclusion, although the mechanism of the TRH-induced GH increase remains to be
elucidated, a postoperative persistent response was a good predictor of recurrence. After the
introduction of the more sensitive IFMA and reassessment of the normal values for glucose
suppression it is likely that there will be fewer patients with normal glucose suppression but
persistent responsiveness for TRH. The threshold for paradoxical responsiveness during IFMA
requires further investigation. We nevertheless advise frequent follow-up in those patients in
remission by GTT with postoperative persistent GH responsiveness to TRH as they are at risk
for developing a recurrence.

IV. GH REGULATION DURING TREATMENT AND IN GHRH PRODUCING
CARCINOIDS

GH regulation during Octreotide LAR treatment

Transsphenoidal surgery is able to completely restore the physiological GH production and
secretion with respect to the diurnal variation and the regularity as a measure for normalized
feedback and feedforward control in selected patients early and late after successful surgery
(3, 77). In contrast, radiotherapy disturbs GH secretion and detailed studies show increased
pulse frequency, decreased pulse amplitude and irregularity. GH production is dependent
on the efficacy of radiotherapeutic treatment and may be still increased or subnormal in the
long-term (39, 40).
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In Chapter 13, we studied to which extent the abnormal secretory characteristics of active
acromegaly, i.e. increased pulse frequency and burst mass, increased basal GH secretion and
secretion irregularity could be reversed by chronic octreotide therapy via depot preparation.
Although octreotide LAR was able to decrease serum GH secretion by 70-96% and the secre-
tion abnormalities of active acromegaly improved, none of the patients — not even the most
octreotide sensitive patients - showed normalization of any of the secretion abnormalities.
This suggests that tumoral autonomy persist for event frequency, regularity and increased
basal secretion, despite octreotide treatment. Moreover, even in the most octreotide sensi-
tive patients excessive GH secretion persists during octreotide LAR treatment. In accordance,
also during lanreotide Autogel treatment these abnormal secretory characteristics persist
(53).

Successful transsphenoidal surgery is therefore the only therapeutic option for acromegaly
that has been associated with physiological restoration of the abnormal secretory character-
istics and normalization of the increased GH production (3;77). Radiotherapeutic treatment
is associated with disturbed secretory characteristics, but the total 24 GH production will
eventually normalize after many years or even lead to decreased GH production (39, 78). This
may even lead to GH deficiency. Further research is required to assess the biological impact
of the persistently increased total 24 hour production during somatostatin analog treatment,
even in the case of normalized IGF-I levels, on morbidity and mortality in medically treated
patients.

GH regulation in patients with GHRH producing carcinoids

In Chapter 14, we describe the presentation, clinical follow-up and detailed GH secretory
studies in three patients with the rare condition of a GHRH carcinoid causing acromegaly. The
diagnosis in two of the patients was only made after transsphenoidal surgery. Few data are
available on the long-term results of treatment with somatostatin analogs in these patients.
The two non-cured patients following carcinoid resection in our study remained both well-
controlled by somatostatin analog treatment in the long-term.

Detailed analysis of the 24 hour GH secretory profiles reveals the abnormalities in secretory
characteristics that are also found in pituitary derived acromegaly. Thus, pituitary derived
acromegaly and acromegaly due to excessive GHRH production can not be distinguished
using GH secretory characteristics. Interestingly, there was a highly significant co-pulsatility
between GH and GHRH.

271



Chapter 16

N
N
N

V. CONCLUDING REMARKS

Treatment algorithms

The present thesis describes treatment results from 1977 to 2003. In this period transsphe-
noidal surgery was the first choice of treatment. After incomplete removal, radiotherapy was
applied before the availability of somatostatin analogs, and from 1996 onwards most patient
with residual or recurrent disease were treated by medical treatment. Since the availability
of octreotide LAR (in 1998), new patients are treated by primary surgery or primary medi-
cal therapy. This treatment approach resulted in high control rates (95%) according to strict
biochemical criteria after long-term follow-up.

Immediate remission rates of primary transsphenoidal surgery were 66% for all patients
and 56% for patients evaluated by IFMA. Patients with a lower preoperative GH had better
surgical results. The incidence of hypopituitarism after surgery is low (< 10%) and the com-
plication rate is very low. A high recurrence rate of 19% was present in our cohort studied
for at least 10 years. These recurrences developed gradually during many years, were partly
predicted by GH increase to TRH response, and effective treatment was instituted when clini-
cal GH excess developed. It is likely that the recurrence rate is considerably lower in patients
with postoperative remission according to IFMA criteria.

Postoperative radiotherapy is an effective treatment for residual disease leading to gradual
normalization of GH excess in 70—80% after many years and normalization of serum IGF-I
concentrations in an equal number of patients. The rate of radiotherapy-induced hypopitu-
itarism is high (75% after 15 years). The time to normalization of GH excess following radio-
therapy is largely dependent on the pre-radiotherapy GH and IGF-I levels. Gamma knife ra-
diotherapy may be associated with earlier normalization of GH excess and a lower incidence
of hypopituitarism, but no long-term data are available.

Octreotide LAR was effective in 70% of patients with residual or recurrent disease in our
surgical cohort. The same response rate is reported for primary octreotide treatment in lit-
erature, however, many of these studies used patients pre-selected for octreotide sensitivity.
During an iv octreotide test, 50% of consecutive untreated patients, unselected for octreotide
sensitivity, achieved a GH < 5 mU/L, especially those with a basal serum GH < 50 mU/L. The iv
octreotide test was a good predictor of the response to long-term treatment. Thus, primary
octreotide LAR treatment may result in strict disease control in less than 60% of patients.
Indeed, a normal GH was achieved in only 54% (octreotide LAR) and 48% (lanreotide SR) of
patients unselected for octreotide sensitivity according to the recent meta analysis by Freda
etal. (52).

In patients with a good response to octreotide LAR treatment, a dose interval extension
can be attempted and will succeed in about 60% of patients well-controlled on a 4 weekly
scheme. The significant tumor shrinkage after primary treatment with octreotide LAR may
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improve the surgical results of adenomas with parasellar extension and a trial to assess this
important issue is warranted.

The introduction of Pegvisomant, normalizing serum IGF-I levels in almost all patients and
the development of universal or more selective somatostatin analogs will open new perspec-
tives and will change the treatment algorithm of acromegaly. The lack of long-term safety
and efficacy data for Pegvisomant at present, the extremely high costs of (newer) medical
therapies and its life-long need, have to be considered against the risk of hypopituitarism
following radiotherapy.

In conclusion, we recommend transsphenoidal surgery by a specialized neurosurgeon as
first treatment option. Primary somatostatin analog treatment is a suitable alternative, espe-
cially in patients with lower GH levels, with contraindications for surgery or in patients with a
good response to an octreotide bolus. In case of persisting GH excess, despite somatostatin
analog treatment, we advise surgery or treatment with Pegvisomant (see treatment algo-
rithm in Chapter 15.

In patients with postoperative persistent GH excess, somatostatin analog treatment is the
first adjuvant treatment option, followed by (combination) treatment with Pegvisomant. In
patients with insufficient reaction to primary somatostatin analog treatment, transsphenoi-
dal surgery and/or Pegvisomant treatment can be offered. Radiotherapy will be reserved for
selected cases, but will not be routinely applied.

Follow-up strategies and criteria for cure

Evidence is present that a normal survival is restored when IGF-l is normal and GH is < 5 pg/L
(10 mU/L) as assessed in patients who underwent primary transsphenoidal surgery. However,
it is likely that these criteria are also applicable for medical treatment (and radiotherapy).
The glucose-suppressed GH is not yet related to survival; however, it is a standardized test,
independent on the pulsatile nature of GH and without the difficult assay characteristics of
IGF-I. For all criteria, normal values should be determined depending on the assay used.

The remission rates for IGF-I, GH (< 5 mU/L) and glucose-suppressed serum GH concen-
trations (< 1 mU/L) were comparable in our treatment studies, although there were indi-
vidual discrepancies. These discrepancies are also found by others, and their meaning for
clinical practice is not yet clear. Sequential IGF-I concentrations have a higher intra-individual
variation than serum GH concentrations. However, repeatedly elevated serum IGF-l measure-
ments probably reflect excessive GH production, also in the presence of normalized GH and
suppressed GH levels. Therefore, patients with high IGF-I should be offered treatment.

The criteria of glucose suppression and normal IGF-I used in the present thesis are gener-
ally accepted. In our studies, also random GH concentrations were well correlated to glucose-
suppressed values. We recommend the use of glucose-suppressed GH, (random) GH and
IGF-I for surgical (and radiotherapy) treated patients and the use of (random) GH and IGF-I for
somatostatin analog treatment. For Pegvisomant we recommend repeated IGF-l samples.
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Postoperative follow-up was performed yearly in the studied cohort. Because of the gradual
development of recurrences and the probably lower recurrence rate with IFMA, biochemical
follow-up by glucose tolerance testing on a 2 to 5 year basis may suffice. Random GH and
IGF-1 could be measured on a yearly basis. Following radiotherapy, the risk of recurrent GH
excess is negligible. However, the high incidence of hypopituitarism requires yearly evalua-
tion of pituitary function.

During medical treatment, random measurement of GH and IGF-I every 6 to 12 months
should suffice, in stable situations. However, we recommend more frequent monitoring in
patients with recent dose change, because of the observed elevation of IGF-1in the long-term

in some patients in the dose interval extension study.

Clinical outcome of well-controlled acromegaly

A near-normalized survival (SMR 1.3) was achieved in acromegaly patients treated between
1977 and 2002, and survival was influenced by parameters of GH excess, i.e. preoperative dis-
ease duration and postoperative (glucose-suppressed) GH and IGF-I. However, only a normal
IGF-l and not a normal GH or suppressed GH was associated with a normalized survival.

After successful biochemical treatment of acromegaly, quality of life remains impaired.
Some of the quality of life parameters were significantly influenced by radiotherapy and du-
ration of active disease. Moreover, the presence of joint-related complaints were associated
with an impaired quality of life.

Whether an earlier diagnosis and earlier success of adjuvant therapies (using somatostatin
analogs and Pegvisomant will further improve survival, quality of life and the incidence of
arthropathy, and resolve the deleterious effects of GH excess is yet unknown.
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