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BACKGROUND: Stereotactic radiosurgery (SRS) is a safe and effective treatment for
acromegaly.

OBJECTIVE: To improve understanding of clinical and dosimetric factors predicting
biochemical remission.

METHODS: A single-institution cohort study of nonsyndromic, radiation-naive patients
with growth hormone-producing pituitary adenomas (GHA) having single-fraction SRS
between 1990 and 2017. Exclusions were treatment with pituitary suppressive medica-
tions at the time of SRS, or <24 mo of follow-up. The primary outcome was biochemical
remission—defined as normalization of insulin-like growth factor-1 index (IGF-1,) off
suppression. Biochemical remission was assessed using Cox proportional hazards. Prior
studies reporting IGF-1; were assessed via systematic literature review and meta-analysis
using random-effect modeling.

RESULTS: A total of 102 patients met study criteria. Of these, 46 patients (45%) were female.
The median age was 49 yr (interquartile range [IQR] = 37-59), and the median follow-up
was 63 mo (IQR = 29-100). The median pre-SRS IGF-1; was 1.66 (IQR = 1.37-3.22). The median
margin dose was 25 Gy (IQR =21-25); the median estimated biologically effective dose (BED)
was 169.49 Gy (IQR = 124.95-196.00). Biochemical remission was achieved in 58 patients
(57%), whereas 22 patients (22%) had medication-controlled disease. Pre-SRS IGF-1; > 2.25
was the strongest predictor of treatment failure, with an unadjusted hazard ratio (HR) of
0.51 (95% Cl = 0.26-0.91, P = .02). Number of isocenters, margin dose, and BED predicted
remission on univariate analysis, but after adjusting for sex and baseline IGF-1;, only BED
remained significant—and was independently associated with outcome in continuous
(HR = 1.01, 95% Cl = 1.00-1.01, P = .02) and binary models (HR = 2.27, 95% Cl| = 1.39-5.22,
P =.002). A total of 24 patients (29%) developed new post-SRS hypopituitarism. Pooled HR
for biochemical remission given subthreshold IGF-1; was 2.25 (95% Cl = 1.33-3.16, P < .0001).
CONCLUSION: IGF-1; is a reliable predictor of biochemical remission after SRS. BED appears
to predict biochemical outcome more reliably than radiation dose, but confirmatory study
is needed.
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ver the past 30 yr, stereotactic radiosurgery (SRS) has

been established as a safe and effective treatment for

patients with residual or recurrent growth hormone-
secreting pituitary adenomas (GHA).!"> Factors that may predict
biochemical remission after SRS include pre-SRS insulin-like
growth factor-1 (IGF-1) levels, IGF-1 index (IGF-1;), use of
pituitary suppressive medications at the time of SRS, and
radiation dose. Biologically effective dose (BED) is a radiobio-
logical parameter that estimates the stochastic risk of injury to
the target tissue.?"8 Unlike prescribed radiation dose, BED incor-
porates a time correction factor that accounts for DNA repair
during irradiation. BED is significantly associated with enhanced
cell kill in Vitro, as well as normal tissue toxicity in animal
models.®?"* BED estimation has traditionally been a daunting
practice; however, a simplified estimation method has recently
been reported, providing a framework to analyze the effect of
BED on clinical outcomes after SRS.” We analyzed clinical
and dosimetric variables in a longitudinally followed cohort of
patients with GHA having single-fraction SRS, in order to test
the study hypothesis that BED better predicts SRS outcomes
in GHA, as compared to margin dose. Our analysis constitutes
the most comprehensive study of IGF-1; as a predictor of SRS
treatment response, and is the first investigation of BED in a
pituitary adenoma cohort.

METHODS

Patient Selection and Study Cohort

The current study was approved by our Institutional Review Board,
including a minimal-risk waiver of consent. A prospectively maintained

190 GHA treated 7 excluded for active treatment
with SRS during = | with pituitary suppressive Rx

the study period at time of SRS

| |

5 excluded for MEN or other
mandated research hereditary neuro-endocrine
authorization syndrome

| }

136 GHA met study criteria and
underwent secondary screening
for follow-up and/or early failure

} }

12 excluded for prior 101 had 224 months of follow-up;
pituitary RT / SRS 1 early treatment failure identified

} }

8 excluded for CT-only
treatment planning

7 declined state-

15 excluded for absent
dosimetric or baseline
endocrine data

Final study cohort:
102 GHA
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registry identified 190 GHA patients having SRS between 1990 and
2017 (Figure 1). Acromegaly was diagnosed by board-certified endocri-
nologists. Exclusions were patients who declined state-mandated research
authorization (n = 7), absent baseline endocrine data (n = 15), history
of prior radiotherapy/SRS (n = 12), SRS with computed tomography
(CT)-only planning (n = 8), pituitary-suppressive medication treatment
at time of SRS (n =7), or hereditary neuroendocrine syndrome diagnoses
(n=5). Adequate endocrine and radiographic follow-up of >24 mo was
confirmed in 101 patients; 1 additional patient was identified as an early
treatment failure and included (Table 1).

Radiosurgical Technique

SRS was administered in a single fraction for all patients, using the
Leksell Gamma Knife” (Elekta Instruments, Elekta AB, Stockholm,
Sweden) models U, B, C, and Perfexion. Relative conformality indices
were not captured in this analysis, but as we and others have previously
reported, treatment efficiency and accuracy were generally superior
using the Perfexion system, with all preceding models demonstrating a
marked comparative increase in treatment time.'>""” After placement of
a stereotactic headframe, magnetic resonance imaging (MRI) alone or
co-registered with thin-section head CT was performed. Dose planning
was carried out using KULA (Elekta Instruments) until April 1993,
or using Leksell GammaPlan” (Elekta Instruments) after April 1993.
The pituitary and anterior visual pathways (AVP) were segmented
for dose-volume analysis. Dose planning goals were complete tumor
coverage and minimized radiation exposure to the gland and AVP
(Table 2)."® Margin dose was 25 Gy whenever possible, based on tumor
volume and proximity to AVP (achieved in n = 75 treatments, 74%).""
Sector blocking was employed to maintain the maximum AVP point
dose <12 Gy.

Follow-up and Study Endpoints

Endocrine assessment was performed at baseline, 6 mo, and 12 mo
following SRS, and then yearly. Standard post-SRS radiographic follow-
up included MRI at 6, 12, 24, and 48 mo after SRS, and then every 3

TABLE 1. Patient Characteristics

Factor N (%)

Female sex 46 (45%)
Median age, yr (IQR) 49 (37-59)
Median maximum tumor diameter, mm (IQR) 20 (17-28)
History of prior resection 100 (98%)
Pre-SRS anterior pituitary deficit 20 (20%)

Baseline acromegaly laboratory studies
GH, ng/mL (IQR)
IGF-1, ng/mL (IQR)

47 (1.88-9.58)
552 (189-1244)

IGF-1;2, scale (IQR) 1.66 (1.37-3.22)
IGF-1; > 2.25 31(30%)
Total post-SRS endocrine and radiographic 63 (29-100)

follow-up, mo (IQR)

FIGURE 1. Schematic depiction of study cohort inclusion and exclusion criteria.

NEURO

GH, growth hormone; IGF-1, insulin-like growth factor-1; IQR, interquartile range; SRS,
stereotactic radiosurgery.

2IGF-1; is defined as patient laboratory value divided by their age- and sex-adjusted
upper limit of normal.
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TABLE 2. Dosimetric Variables

Variable Median (IQR)
Number of isocenters 8 (6-11)
PIV, cm3 2.75 (1.5-5.6)
Margin dose, Gy 25 (21-25)
Maximum dose, Gy 50 (45-50)

TDR, Gy/m 2.788 (2.408-3.232)
Treatment time, m 94.7 (73.3-126.0)
BED, Gy;.47 169.49 (124.95-196.00)

Maximum point dose to the anterior 10 (8.7-11.2)

visual pathway, Gy

BED, biologically effective dose; IQR, interquartile range; PIV, prescription isodose
volume; TDR, treatment dose rate.

to 5 yr thereafter. IGF-1; was calculated for all patients at all available
time points. For each observation, assay-specific tables were acquired
from the manufacturer/laboratory to confirm the appropriate age- and
sex-adjusted upper limit of normal (ULN) for that patient and date; this
value provided the denominator, while the patient’s test result provided
the numerator (eg, a 30-yr-old woman was treated in 2009; at that time,
her reference ULN was 321, and her test value was 803, resulting in
IGF-1; = 803/321 = 2.50, or highly abnormal. At the last follow-up
in 2017, at 38 yr of age and with a different test in use at our insti-
tution, her updated reference ULN was 258, and her test value was
85, resulting in IGF-1, = 85/258 = 0.33, or cured [off suppressive
medications]). Biochemical remission was defined as IGF-1; < 1, off
all pituitary suppressive medications; patients with normalized IGF-1;
who ecither failed or declined a trial off suppression were reported as
“medication-controlled disease,” but analyzed as treatment failure equiva-
lents. Estimated BED was calculated as described by Jones and Hopewell”
using the «/f ratio Gy, 4;. More specifically, we used the parameter
estimates provided for the monoexponential fit equation, along with
the equations and BED curves reported to approximate individual BED
estimation for each unique combination of treatment time and margin
dose (see Jones and Hopewell,” Table 2, and Figure 7). For patients
treated with the Perfexion system, the summative beam on time reported
by GammaPlan was used as a treatment time equivalent; for older
systems, treatment time was calculated as the sum of the beam on times
for each shot, plus 5 min per shot for n—1 shots.

Statistical Analysis

Descriptive statistics included frequency/proportion for categorical
and median/interquartile range (IQR) for continuous variables. Compar-
ative analyses between the study groups was completed using Cox propor-
tional hazards and reported as hazard ratios (HR) with 95% CI and
P values (likelihood ratio test).

Variables included age, sex, IGF-1,, number of isocenters, treatment
dose rate, treatment time, margin dose, and BED. IGF-1;, number
of isocenters, margin dose, and BED were assessed by univariate
analysis using continuous and binary data modeling. Binary models
were dichotomized using thresholds derived from received operating
characteristic tables and the maximum (sensitivity—(1-specificity)).
Factors significant in univariate analysis were evaluated using adjusted
Cox models, with a maximum of 4 covariates (eg, <1 variable/10
events). Co-linear or derived variables were considered in violation of
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the test assumptions and prohibited from co-inclusion in single models.
Models were optimized using backwards stepwise regression, with final
models compared using corrected Akaike information criterion (AICc)
and Harrell C statistic. Following final model selection, the failure
function was calculated for each observation and regressed on BED with
an exponential transformation, generating the predicted probability of
biochemical remission as a function of BED, adjusted for age and IGF-
1,. Statistical testing was performed using STATA 14 (StataCorp, College
Station, Texas) or JMP 14 Pro (SAS Institute, Cary, North Carolina).
Statistical tests were 2-sided; significance was defined as P < .05.

Systematic Literature Review and Meta-analysis

The Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines were used to query Medline and Embase
from inception through 4/2019 (Supplemental Digital Content 1).*!
Inclusion criteria were as follows: (1) case series, cohort studies, or clinical
trials, (2) including >10 GHA treated with SRS, (3) reporting IGF-1;
or equivalent, normalized, IGF-1-derived parameter as a predictor of
(4) the biochemical remission, which was (5) defined objectively using
laboratory parameters, (6) assessed at a median follow-up > 12 mo, and
(7) published in English during the study period, 1990-2018.

Primary search identified 118 unique abstracts; all titles and abstracts
underwent review by 2 independent investigators (C.S.G., A.P) and
any citations potentially meeting criteria underwent full-text assessment
(n = 38; Figure, Supplemental Digital Content 2). Data abstraction
was completed in duplicate and included sample size, IGF-1; medians
and thresholds, and effect sizes (HR, 95% CI); HRs were pooled using
meta-analysis with random-effect modeling. Heterogeneity was assessed
using the I? statistic. Included studies were graded using the modified
Newcastle-Ottawa Scale (Supplemental Digital Content 3).>

RESULTS

Biochemical Remission

Biochemical remission off all pituitary suppressive medica-
tions was achieved in 58 patients (57%) at a median 19 mo
(IQR = 12-41) (Figure 2). Additional 22 patients achieved
medication-controlled disease, for an overall control rate of 78%
(not shown). Persistent IGF-1, elevation was noted in 22 patients
(22%). One early failure was observed was treated with repeat
SRS at 18 mo; 4 additional patients underwent repeat SRS for
persistent growth hormone (GH) hypersecretion at >24 mo
(median 38; range 28-204).

On univariate analysis, IGF-1,, number of isocenters, margin
dose, and BED were significantly associated with biochemical
remission (Table 3). IGF-1, modeled as a categorical variable was
considered the strongest independent predictor of biochemical
remission, as it demonstrated the most extreme statistically signif-
icant effect size (HR = 0.51, 95% CI = 0.26-0.91, P < .02)
(Figure 3). Based on the univariable analysis, 4 multivariable
models were developed and tested (Table, Supplemental Digital
Content 4). Models 1 and 2 incorporated sex, IGF-1;, and
BED using either continuous (model 1) or categorical (model
2) data modeling; number of isocenters and margin dose were
excluded from models 1 and 2, due to co-linearity with BED.
Models 3 and 4 incorporated sex, IGF-1;, number of isocenters,

www.neurosurgery-online.com
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FIGURE 2. Rate of biochemical remission after radiosurgery.

and margin dose, again using either continuous (model 3) or
categorical (model 4) data modeling; BED was excluded from
models 3 and 4, due to co-linearity with margin dose. Models
1 to 4 were compared using likelihood ratio tests for variable
HRs, as well as AICc and Harrell C statistic for overall fit, which
collectively demonstrated that model 1 was preferred (BED-
based, continuous modeling), followed by model 2 (BED-based,
categorical modeling).

In model 1, continuous BED was associated with an HR
of 1.01 (95% CI = 1.00-1.01, P = .02), whereas in model
2, BED dichotomized around the threshold 200Gy, 47 was
associated an HR = 2.27 (95% CI = 1.39-5.22, P = .002)
(Figure 4A). Estimated failure functions were regressed on
BED, which demonstrated a statistically significant linear associ-
ation (B = 0.002, P < .0001, r = 0.4) (Figure 4B). Thus,
for 2 treatment plans that differ in BED by 50, we antic-
ipate a 10% difference in predicted probability of biochemical
remission, adjusting for sex and IGF-1;. The model was
then exponentially transformed and stratified by margin dose
to estimate the probability of biochemical remission as a
function of BED for a given prescription isodose (P = .0005)
(Figure 4C).

Complications

Of 82 patients, 24 (29%) with normal pre-SRS anterior
pituitary function developed new hypopituitarism at a median
29.5 mo (range 6-143; Figure, Supplemental Digital Content
5). Based on univariate analysis, no statistically significant associ-
ation between baseline characteristics or dosimetric variables
and new deficits was observed (Table, Supplemental Digital
Content 6). BED was not associated with increased risk of
hypopituitarism. No patient developed new visual loss, cranial
nerve deficit, internal carotid artery stenosis, or radiation-induced

NEURO
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neoplasm. Visual field assessments incorporated formal testing
pre- and post-SRS in 62%; 18% had cither pre- or post-SRS
testing (but not both). Patients lacking formal testing at either or
both time points were assessed based on clinical documentation
(eg, confrontational field testing).

Systematic Literature Review and Meta-Analysis

Four retrospective observational studies met criteria, with a
median sample size of 65 (range 40-138). Observed median
IGF-1; values in the study samples ranged from 1.83 to 2.25.
Tested IGF1; thresholds were 1.5, 2.0, 1.83, and 2.25; these
resulted in HRs for treatment failure of 9.7, 2.3, 2.6, and 2.9,
respectively, with the patients whose IGF-1; levels were above
the tested threshold demonstrating an increased risk of treatment
failure in all 4 studies (Table 4). Evidence quality using the
modified Newcastle-Ottawa Scale was graded as 5 (“high”) for all
included studies (Supplemental Digital Content 3). The current
study was pooled with 3 of the 4 preceding studies for meta-
analysis, with the results reported by Pollock et al’excluded due
to overlap with the study cohort. Meta-analysis evaluating the
effect measure of HRs for IGF-1; via random-effects modeling
with a logarithmic transformation demonstrated a pooled effect
size of HR = 2.57 (95% CI = 1.66-3.98, P < .0001)
(Figure 5). Heterogeneity assessment demonstrated I = 25.6%
(P-heterogeneity = 0.26).

DISCUSSION

IGF-1; As a Prognostic Factor for SRS

There has been considerable debate regarding the predictive
value of pre-SRS IGF-1 and GH levels with respect to biochemical
remission after SRS for acromegaly. At least 10 single-institution
series, 1 multi-national consortium, and 2 systematic reviews have
assessed unadjusted baseline IGF-1 and/or GH, with equivocal
results.®23-3% This inconsistency likely reflects confounding due
to sample heterogeneity, and the use of unadjusted, inconsistent
IGF-1 measurement strategies—within and between studies.
Considerable systematic error has been introduced by the failure
to normalize IGF-1 values to assay-specific ranges, as these
thresholds vary by laboratory/manufacturer. For example, within
our institution, at least 5 assays were used during the study period,
with the ULN for a hypothetical 49-yr-old woman—the “most
representative” patient in our cohort—ranging from 194 to 360.

The recently published results from the multicenter, retro-
spective study from the International Gamma Knife Research
Foundation (IGKRF) benefit from an increase in sample size
compared to previous single institution reports, yet this comes
at the cost of increased vulnerability to bias.*> Unadjusted
IGF-1 was pooled across 10 centers over a 26-yr study period,
and reported as simple mean pretreatment IGF-1. Correspond-
ingly, the finding that unadjusted baseline IGF-1 was significant
in univariate but not multivariate analysis is unsurprising, and not
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FIGURE 3. Rate of biochemical remission after radiosurgery based on pre-
SRS IGF-1;. Graph showing incidence curves based on IGF-1; < 2.25 vs
IGF-1; > 2.25 (HR = 0.51; 95% CI 0.26-0.91; P = .02).

necessarily indicative of the true biologically relationship between
degree of pretreatment hypersecretion and SRS response.

Importantly, the IGKRF paper did show a negative correlation
between the use of pituitary suppressive medications at the time of
SRS and durable remission. The concept of pituitary suppressive
medications reducing the efficacy of SRS was originally described
by Landolt et al*® in 2000, who noted that octreotide treatment
reduced the likelihood of an endocrine cure from 60% to 11%
in acromegalic patients having SRS. A later study from the Mayo
Clinic*” found that acromegalic patients not receiving pituitary
suppressive medications were greater than 4 times more likely to
achieve biochemical remission, as compared to patients receiving
these medications at the time of SRS. As a result, most centers
have employed a strategy of discontinuing pituitary suppressive
medications for patients with acromegaly prior to SRS, despite a
lack of class I evidence.?®

To correct for the variability in IGF-1 levels over time and from
different centers, Gutt et al®” first described IGF-1; in a 44-patient
cohort. At a median follow-up of 1.9 yr, they reported a signif-
icant decline in median IGF-1; from 1.9 to 1.1. A total of 21
patients (48%) had normal sex- and age-adjusted IGF-1 at last
follow-up. Pollock et al*’ reviewed 46 patients with GHA having
SRS between 1991 and 2004. The reported actuarial remission
rate at 5 yr after SRS was 60%. Patients with an IGF-I; < 2.25
had a remission rate almost 3 times higher than patients with an
IGF-I; > 2.25.

The association between pre-SRS IGF-I; was confirmed
in our series, and has previously been reproduced in 3
independent samples from other institutions.?”>4-4? In spite of
these consistent findings, most studies assessing SRS in GHA
have not provided normalized baseline IGF-1 levels, limiting their
interpretation.
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TABLE 4. Summary of Studies Reporting IGF-1Index As a Predictor of Treatment Failure

Study N Median IGF-1index (range) IGF-1; threshold assessed HR (95% Cl), P value
Pollock et al, 200737 46 2.25 (1.05-7.0) 225 2.9 (12-6.9), .02
Losa et al, 2008* 83 1.83 (1.35-2.56)° 1.83 2.6 (13-5.1), .01

Liu et al, 2012* 40 1.9 (0.8-4.6) 15 9.7 (2.3-40), .002
Kong et al, 20194 138 NR 2.0 2.3 (1.2-4.5), .01
Present study (IGF-1; > 2.25) 102 1.66 (137-3.22)° 225 2.0 (1.1-3.8), .02

HR, hazard ratio; IGF-1;, insulin-like growth factor-1index; IQR, interquartile range; NR, not reported.
aCohort partially overlaps with Pollock et al*’; data reported Table 4 transformed to HR for treatment failure, to facilitate interpretation.

PIQR reported.
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FIGURE 5. Forest plot derived from meta-analysis of proportions for studies reporting treatment outcome hazard ratios as a
Sfunction of elevated IGF-1; (HR = 2.25, 95% CI = 1.33-3.16, P < .0001).

BED As a Predictor of Radiosurgery Outcomes

However, tumors and normal tissue activate both fast and slow
mechanisms of cellular DNA repair, resulting in variable bioeffec-
tiveness when a prescribed physical dose is delivered over varying
time intervals.®® This is particularly relevant for SRS, in which
dose rate, number of isocenters, and setup time all contribute to
overall treatment time.

The longer the treatment time, the greater the opportunity
for DNA repair, and so the biologically effectiveness of a given
radiation dose is decreased, as compared to shorter treatment
times.*>% Preceding in Vitro and animal studies of BED have
demonstrated that optimization enhances cell kill and increases
survival time, while analyses of SRS treatment plans for patients
having single-fraction SRS for vestibular schwannomas have
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demonstrated variation in BED on the order of 15% for a fixed
prescription dose.>"'4 Taken together, these findings form the
foundational arguments for prioritizing BED over physical dose
in SRS treatment planning.

Although this concept is intellectually compelling, it is also
clear from the mathematical derivation that BED is directly
correlated with prescription dose.” This invites speculation as
to whether the observed differences in BED result in clinically
meaningful differences in outcomes beyond those attributable
to differences in physical dose, which was the core question
underlying our analysis. In our sample, we observed a signif-
icant relationship between BED and biochemical remission, after
adjusting for sex and IGF-1,. Parallel models based on margin
dose did not retain statistical significance after adjustment—even
when adjusted for number of isocenters, a crude surrogate for
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time. We interpret these results to mean that BED appears to
provide a more reliable predictor of biochemical remission than
prescribed dose.

Strengths and Limitations

The selection criteria defining the cohort eliminated major
sources of confounding, such as prior irradiation, or medical
pituitary suppression at the time of SRS. We also included
carly treatment failures, while otherwise restricting inclusion to
patients with >24 mo of follow-up. With respect to IGF-1
levels, we normalized all assessments pre- and post-treatment, and
reinforced the study findings with a systematic review and meta-
analysis.

In our clinical practice, there is variability among the staff
endocrinologists regarding the management of patients who
eventually reach medication-controlled disease. Some physicians
prefer to maintain patients who are tolerating the medications on
suppression after reaching IGF-1; < 1.0, whereas others present
patients with a relatively unbiased choice, rather than a recom-
mendation. Among the 22 patients with medication-controlled
disease, approximately half elected or were recommended to
continue the same pituitary suppressive medication, whereas the
remainder failed a trial off suppression and either resumed their
preceding treatment or were transitioned to an alternative agent
or formulation (eg, depot). As we did not discriminate between
patients maintained on suppression by whether a medication
holiday had been failed or simply never attempted, our results
may include a number of patients that would meet the criteria of
biochemical remission if pituitary medications were stopped (false
negative assessment). Although we report complete endocrine and
radiographic follow-up for all our patients, when taken together
with our exclusion criteria, these rigorous criteria restricted the
cohort to a modest sample size of 102 patients—an acceptable
trade-off for minimized confounding and strengthened results, in
our view.

A similar limitation tied to the inherent restrictions of our
practice environment is the lack of reliable data on GH. We
attempted to abstract and analyze GH with respect to IGF-1; and
biochemical remission in the study cohort; however, the test is
infrequently and inconsistently administered at our institution,
and we ultimately deferred including these data, as they were
deemed highly susceptible to bias and confounding. Although
we hold that IGF-1; is likely the preferable metric, explicit
comparison between these parameters may be of interest in future
studies—particularly among patients with normalized IGF-1,,
but without resolution of symptoms.

In addition to the routine restrictions applicable to any
cohort study (selection bias, residual confounding), as well as
the limitations of a cohort study conducted on a small sample,
there are limitations specific to the current study. Most impor-
tantly, although the derived estimation technique reported by
Jones and Hopewell7 is robust, the BED values used in all
of our models are by definition approximate values for the
entire treatment volume, rather than by-voxel calculations of the
actual treatment BED.” Further, their approximation technique
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relies on numerous assumptions, and BED estimations can be
conducted using several other approaches relying on different
assumptions, which have not been explicitly compared to the
approach preferred by Jones and Hopewell.” Correspondingly,
the models we report are potentially influenced by a major source
of systematic error, which is essentially impossible to estimate or
adjust for, given the available data and analytic techniques.

Several additional statistical considerations merit commentary.
In the meta-analysis, only 4 studies were included—fewer than
the preferred 5 to 10 minimum studies typically reported in
similar studies. Although this emphasizes the need for cautious
interpretation of the results, the core conclusion remains
unambiguous: IGF-1; is a consistent predictor of biochemical
remission, and should be considered the standard for reporting
practices in future studies of SRS or GHA. Finally, in spite of
reporting numerous models, we did not apply the Bonferroni
or other correction to the alpha threshold. Our underlying
rationale is that we have approached the analysis of BED as
an exercise in hypothesis generation, more so than hypothesis
testing. Correspondingly, we justify a more liberal interpretation
of the statistical tests when considering the fact that our primary
recommendation is to further evaluate the usefulness of BED in
future studies.

CONCLUSION

Our results confirm that SRS is an effective treatment for
patients with persistent or recurrent acromegaly. IGF-1; is a
reliable predictor of biochemical remission—a consistent finding
across all preceding reports, which has not been previously
reported with unadjusted IGF-1. BED appears better correlated
with outcome than prescribed dose. Future studies of SRS for
GHA are strongly encouraged to report IGF-1; and BED in order
to validate these findings, and consideration should be given to
prospective study of BED optimization at time of treatment.
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