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Abstract
Context: Medical treatment of acromegaly is currently performed through a trial-and-error approach using first-generation somatostatin receptor 
ligands (fgSRLs) as first-line drugs, with an effectiveness of about 50%, and subsequent drugs are indicated through clinical judgment. Some 
biomarkers can predict fgSRLs response.
Objective: Here we report the results of the ACROFAST study, a clinical trial in which a protocol based on predictive biomarkers of fgSRLs was 
evaluated.
Methods: This was a prospective trial (21 university hospitals) comparing the effectiveness and time-to-control of 2 treatment protocols during 
12 months: (A) a personalized protocol in which the first options were fgSRLs as monotherapy or in combination with pegvisomant, or 
pegvisomant as monotherapy depending on the short acute octreotide test (sAOT) results, tumor T2 magnetic resonance (MRI) signal or 
immunostaining for E-cadherin; and (B) a control group with treatment always started by fgSRLs and the other drugs included after 
demonstrating inadequate control.
Results: Eighty-five patients participated; 45 in the personalized and 40 in the control group. More patients in the personalized protocol achieved 
hormonal control compared to those in the control group (78% vs 53%, P < .05). Survival analysis revealed a hazard ratio for achieving hormonal 
control adjusted by age and sex of 2.53 (CI, 1.30-4.80). Patients from the personalized arm were controlled in a shorter period of time (P = .01).
Conclusion: Personalized medicine is feasible using a relatively simple protocol, and it allows a higher number of patients to achieve control in a 
shorter period of time.
Key Words: acromegaly, medical treatment, personalized therapy, first-generation somatostatin receptor ligands, therapeutic response prediction, clinical 
trial
Abbreviations: fgSRLs, first-generation somatostatin receptor ligands; GH, growth hormone; MRI, magnetic resonance imaging; ROC, receiver operating 
characteristic; sAOT, short acute octreotide test; SSTR2, somatostatin receptor 2.

Medical treatment of acromegaly is currently performed 
through a trial-and-error approach using first-generation som
atostatin receptor ligands (fgSRLs) as first-line drugs, with the 
possibility of adding cabergoline, pegvisomant, and/or pasir
eotide upon clinical judgment in case of inadequate response 
(1, 2). The reported average effectiveness of fgSRLs is around 
50% (3-6) and several months of treatment are required to 
establish the response. Thus, it implies a considerable delay 
in the control of the acromegaly status when no adequate 
response to fgSRLs is initially obtained, and subsequent 
different drugs must be tried.

Some biomarkers have been reported so far that are able to 
predict response to fgSRLs, including functional, radiological, 
and molecular markers (7, 8). A low growth hormone (GH) 
at 2 hours (GH2h) after the short acute octreotide test (sAOT) 
has been associated with a better response to fgSRLs, with a pre
dictive value for IGF1 normalization of about 80% to 90% (9- 
11). Patients with tumors harboring an hypointense T2 magnet
ic resonance imaging (MRI) signal more frequently present a 
complete response to fgSRLs relative to patients with hyperin
tense or isointense tumors (12-16), with an accuracy of 80% 
for identifying a GH reduction of  > 80% (17). The expression 
of different molecules at tumor tissue level, such as somatostatin 
receptor 2 (SSTR2) (18-23), E-cadherin (22-25), as well as Ki-67 
labeling index and granulation pattern (23, 26), have also 
been recognized as good predictors for response to fgSRLs. 
Moreover, an algorithm including a combination of these bio
markers to individualize medical treatment and improve the ef
fectiveness of its management has already been proposed (27). 
An adequate control of acromegaly has demonstrated to 
decrease comorbidities, to reduce mortality rates among these 
patients (28-31) and to improve patient quality of life (32, 33).

Here we report the results of the ACROFAST study, the first 
prospective trial that evaluates a personalized medical treat
ment algorithm based on biomarkers predicting the response 
to fgSRLs compared to a control group in which standard 

treatment was used. The personalized treatment arm included 
first-line fgSRLs, pegvisomant, or their combination accord
ing to biomarkers response prediction. The primary outcomes 
were the frequency of patients achieving hormonal control 
and the time-to-control using both protocols, with the hy
pothesis that the personalized protocol would be more effi
cient for medical therapy of acromegaly.

Methods
Study Design
A prospective multicenter trial was set up in 21 tertiary refer
ral centers in Spain: personalized treatment was given in 10 
centers and standard treatment in 11 centers.

The study included both recently diagnosed patients who were 
naïve to medical treatment and postsurgical noncured cases. 
Evaluation of the hormonal control and the acromegaly co
morbidities evolution was performed every 3 months by GH 
and IGF1 determinations, until control of the disease and a total 
maximum follow-up period of 12 months. A control MRI was 
performed every 3 to 6 months to assess tumoral changes. 
Adverse events and therapeutic compliance were also assessed 
at every visit. Patients who were non-adherent to the study 
protocol or who presented adverse effects that prevented achiev
ing maximal doses of assigned medical treatment were excluded 
from the study.

An external independent committee evaluated the interim trial 
results for the possibility of one of the arms presenting extremely 
divergent results, in which case the trial would be required to be 
stopped. They also evaluated the protocol deviations and ad
verse events that could influence protocol compliance.

Patients
From December 2019 to December 2022, participants were 
prospectively recruited. Inclusion criteria were 18-80 years 
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of age; acromegaly diagnosis as defined by clinical guidelines; 
signed informed consent and patient’s ability to comply with 
the study protocols. Participants were included at the moment 
of the diagnosis or if they were not cured 3 months after surgi
cal treatment and were assessed while no medical therapy was 
given. According to the inclusion criteria, a patient could be in
cluded twice: before surgery and after surgery if the patient had 
not been cured. This situation happened in 3 cases: 2 patients 
from the personalized group and 1 patient from the control 
group. Exclusion criteria were medical treatment for acromeg
aly during the last 3 months, previous radiotherapy, pregnancy, 
renal failure (estimated glomerular filtration rate [eGFR] < 30 
mL/min/1.73 m2) and severe liver disease (encephalopathy, as
cites, coagulopathy, or hypoalbuminemia).

The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki and implemented 
and reported in accordance with the International Conference 
on Harmonised Tripartite Guideline for Good Clinical 
Practice. The study was approved by the Germans Trias i 
Pujol Hospital Ethics Committee for Clinical Research (Ref.: 
PI-19-054). The protocol and informed consent forms were 
also approved by the institutional review board of all the 
participating centers, independent ethics committee, and/or 
research ethics board of each study site. All patients provided 
written informed consent to participate in the study.

Biomarkers Used for fgSRL Response Prediction
The following response predictor biomarkers to fgSRLs were 
used in the personalized group to define the specific medical 
treatment:

Short acute octreotide test
At the inclusion of the study, a sAOT was performed in each 
center. The sAOT consisted of collecting a basal blood sample 
for GH measurement, followed by the subcutaneous adminis
tration of 100 mcg of regular octreotide, and a second blood 
extraction 2 hours later. The GH2h value was considered 
equivalent to the GH nadir (GHnad) as previously described 
(11). To evaluate GH suppression, either GH2h or the percent
age of GH decrease from baseline (%∇GH) were used. A 
GH2h cutoff of below 2.7 ng/mL was defined to identify res
ponders to fgSRLs according to previous data from our group 
(11), in which the aforementioned 2.7 ng/mL value was ob
tained from extrapolation of the originally described one to 
the values obtained with the current ultrasensitive GH assays, 
following the criteria described by Müller et al (34). Thus, if 
the sAOT GH2h was < 2.7 ng/mL, the patient was considered 
a responder; if GH2h was > 2.7 ng/mL but the %∇GH was 
higher than 50%, the patient was classified as intermediate re
sponder, and if it was lower than 50% the patient was classi
fied as a non-responder (Table 1).

Magnetic resonance imaging
MRI was performed at baseline (for newly diagnosed patients 
and for noncured postoperative patients) to assess tumor size, 
extrasellar invasiveness, and T2 signal intensity. In case of cav
ernous sinus invasion, the Knosp classification was used for 
grading. A control MRI was performed between 3 and 6 
months after having initiated medical treatment to evaluate 
changes in tumor size (highest diameter and volume). Tumor 
volume was calculated by the Di Chiro and Nelson formula: 
volume = height × length × width × π/6 (35), which was done 

by a neuroradiologist from the pituitary multidisciplinary com
mittee in each center. The intensity of the tumor or its remnant 
was compared to that of normal pituitary tissue. When normal 
pituitary tissue was not visible, the gray matter of the temporal 
lobe was used as a comparator (13). The presence of T2 hypo
intensity was considered a marker of good response to fgSRLs, 
while T2 iso- or hyperintensity was considered a marker of 
poor response to fgSRLs.

Immunohistochemistry
Formalin-fixed paraffin-embedded tumor samples were cut 
into 4-µm-thick sections and stained using a fully automated 
Ventana BenchMark ULTRA stainer (Ventana, Tucson, 
AZ, USA) according to the manufacturer’s instructions. 
E-cadherin immunohistochemistry was performed after surgery 
when tumor tissue from operated patients was available, which 
was possible in 24 out of 30 patients in the personalized treat
ment arm. Additionally, it was also performed in 12 patients 
from the standard treatment arm. We used the mouse monoclo
nal anti-E-cadherin antibody (RRID AB_397580) (Ventana, 
Tucson, Ariz., USA) purchased as a prediluted antibody, with a 
concentration of 0.314 µg/dL. E-cadherin was scored in 2 inten
sities as negative (when the adenoma cells seemed negative at low 
[×40] and at high [× 200] magnification) and positive (when the 
adenoma cells were positive at low [×40] or high [× 200] magni
fication). No differentiation was made between strong and weak 
positive adenomas because the same fgSRLs response has been 
described for both (22). The immunohistochemistry studies 
were centralized in a single center and performed by the patholo
gist of the pituitary multidisciplinary committee from our center 
(C.C.).

Hormonal Determinations
Hormonal measurements included the whole set of pituitary 
hormones, as well as GH and IGF1 for acromegaly diagnosis. 
Achievement of normal IGF1 was used to define acromegaly 
control by local laboratories.

Serum GH was measured at each center by different auto
mated immunoassays, all calibrated against World Health 
Organization (WHO) International Standard 98/574: Immulite 
i2000, Siemens Healthineers (RRID:AB_2811291); Liason XL, 
Diasorin (RRID:AB_3099571); UniCel DxI 800 Access, 
Beckman Coulter (RRID:AB_2756876) and Cobas 8000, 
Roche Diagnostics (RRID:AB_2883974). To ensure consistency 
and comparability of GH measurements obtained from different 
immunoassays and centers, the results were harmonized accord
ing to Müller et al (34) with a linear regression equation for each 
assay adjusting the GH concentrations of each immunoassay to a 
reference immunoassay (Immulite i2000). The Passing-Bablok 
regression equations were for Liason XL: y = 1.272x + 0.023 

Table 1. Short acute octreotide test interpretation

GH2h (ng/mL) %∇GH Response classification

< 2.7 Responder
> 2.7 Decrease > 50% from baseline Partial responder
> 2.7 Decrease < 50% from baseline Non-responder

Determination of growth hormone (GH) 2 hours after the administration of 100 
mg of octreotide subcutaneous (GH2h). GH decrease 2 hours after the 
administration of 100 mg of octreotide subcutaneous (%∇GH).
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and for DxI 800: y = 1.387x + 0.356. To harmonize the results of 
the Roche immunoassay we used the Passing-Bablok regression 
equation obtained by a method comparison of 51 samples meas
ured by both immunoassays (Immulite i2000 and Cobas 8000). 
The regression equation obtained was y = 1.089x + 0.082. 
Through the application of these regression equations, all GH 
values used in the study were standardized, ensuring uniformity 
across different immunoassays and centers, to the cutoff values 
predicting responsiveness (2.7 ng/dL). Serum IGF1 concentra
tions were also measured in each center by immunoassays cali
brated against WHO NISBC 2stIS 02/254: Liason XL, 
Diasorin (RRID: AB_2928957), Immulite i2000, Siemens 
Healthineers (RRID:AB_2922766) and ELISA Mediagnost 
(RRID:AB_2813791). IGF1 concentrations were evaluated as 
absolute concentrations, and they were calculated as IGF1-SDS 
for outcomes assessment and inter-center comparability. 
IGF1-SDS was calculated using the calculator available online 
from the Spanish Society of Endocrinology and Nutrition website 
(www.seen.es/portal/calculadoras/sds-igf-1; last accessed 
November 11, 2023).

Treatment Algorithms
Medical treatments included in this study were fgSRLs initi
ated at medium doses (octreotide LAR 20 mg every 4 weeks 
or lanreotide 90 mg every 4 weeks), pegvisomant with a start
ing dose of 0.5 mg/kg/week dose and administered on alter
nate days, and a combination of both at the same doses than 
in monotherapy (fgSRLs + pegvisomant). For cases with mi
nor elevations of IGF1 (2.5-3 SDS), cabergoline at a dose of 
1 mg/week was also considered combined with fgSRLs.

Thus, the 2 treatment algorithms compared in this study 
were a personalized algorithm and a standard treatment algo
rithm (shown in Fig. 1 and detailed below).

Personalized algorithm
In the personalized algorithm, nonoperated cases were treated 
with different drugs according to the GH2h and the %∇GH 
after the sAOT results, the T2 MRI intensity, and the presence 
of sinus invasion.

For patients with persistent acromegaly recruited after a first 
surgery, treatment was established according to E-cadherin im
munopositivity or immunonegativity expression. By exception, 
in those postoperative cases in which immunostaining was not 
feasible due to insufficient tumor sample, the presurgical algo
rithm was used.

Treatment modalities in the personalized arm were: (i) 
fgSRLs as monotherapy used for naïve cases which presented 
a GH2h at sAOT < 2.7 ng/mL or in postsurgical cases when 
the tumor presented a positive E-cadherin immunoexpression; 
(ii) combined treatment with fgSRLs and pegvisomant indi
cated if sAOT showed GH2h > 2.7 ng/mL and %∇GH > 50% 
as well as a T2 MRI hypointense tumor signal; (iii) those cases 
identified as a probable non-responders (GH2h > 2.7 ng/mL 
and %∇GH < 50%) with an MRI that ruled out cavernous si
nus invasion or a negative E-cadherin expression in the postsur
gical situation were treated with pegvisomant as monotherapy. 
When discordant results of GH2h and %∇GH were obtained, 
the result of GH2h prevailed. Regarding those cases in which 
cavernous sinus invasion was detected by MRI, even if the 
sAOT predicted a probable non-response to fgSRLs, a combin
ation of fgSRLs and pegvisomant was indicated.

Figure 1. Treatment algorithms. After inclusion, patients were treated according to the standard treatment or a personalized treatment based on the 
short acute octreotide test (sAOT), T2-MRI intensity, and the expression of E-cadherin. Abbreviations: fgSRLs, first-generation somatostatin receptor 
ligands; GH, growth hormone; GH2h, growth hormone value 2 hours after the short acute octreotide test; MRI, magnetic resonance imaging; PEGV, 
pegvisomant; %∇GH, percentage GH variation after the short acute octreotide test; (PEGV).
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Standard treatment algorithm
The standard treatment arm consisted of treatment in con
cordance with clinical guidelines, starting medical treatment 
with fgSRLs in all patients at intermediate doses of either oc
treotide LAR or lanreotide and, in those with failure to control 
after 6 months full dose of these compounds, to escalate to 
other treatment modalities upon clinical judgment as recom
mended by guidelines (surgery, pegvisomant alone or in com
bination with fgSRLs).

In order to perform a post hoc analysis including the whole 
cohort, patients in the standard treatment arm also underwent 
exploration regarding sAOT, T2 MRI tumor signal, and 
E-cadherin, but their results were not used to define medical 
therapy in this group.

In both the personalized and the standard treatment arms, 
either in presurgical cases or in nonsurgically cured patients, 
if the IGF1-SDS was above 2.5 SDS, doses of the correspond
ing drugs were increased every 3 months. For combination 
treatment with fgSRLs and pegvisomant, maximal allowed 
doses were octreotide LAR 30 mg/monthly and lanreotide 
120 mg/monthly in case of inadequate control (IGF1 < 2.5 
SDS). After maximal doses of these compounds, pegvisomant 
was uptitrated at 3 months interval. The use of cabergoline in 
addition to or in monotherapy was also included in the treat
ment algorithm if IGF1 was between 2.5 and 3 SDS.

When chiasma compression was detected or when hormo
nal control was not achieved at the end of the study, surgical 
treatment was the main recommendation. For postsurgical 
cases other treatment modalities, either pharmacologic or 
radiotherapy, were considered upon clinical judgment of their 
physicians in charge, apart from the study protocols.

Outcomes
The aim of the study was to assess whether a personalized ap
proach was more effective for achieving hormonal acromegaly 
control and in a shorter period of time than the classical se
quential algorithm. So, the 2 primary endpoints of the study 
were the percentage of controlled patients at the end of the 
study (12 months of follow-up) and the time required to 
achieve disease control in both protocols. Hormonal control 
of acromegaly was established when IGF1-SDS was normal
ized. When IGF1-SDS decreased by > 50% over basal value 
but with no normalization, the patient was considered a par
tial responder with no control of the disease. In recently diag
nosed patients, the minimum follow-up time with no control 
of the disease despite medical treatment before surgery was 
scheduled at 6 months. Those patients achieving hormonal 
control in less than 12 months were considered to be respond
ers; the study was finished for them, and they were eventually 
referred to surgical treatment if the endocrinologist in charge 
proposed it.

Statistical Analysis
The statistical power of the study was calculated considering 
as significant a 2-sided P value of .05 and assuming a beta 
risk of 0.8. Thus, the minimum number of participants to be 
included in the trial was 66 subjects, to assess a 30% differ
ence of controlled patients between protocols. Furthermore, 
the expected loss to follow-up was expected to be 15%. 
Thus, the final intended recruitment was established to be 
76 patients.

Categorical variables were described as number of cases 
and percentage; and quantitative variables as average ± SDS 
or median + (p25−p75) or median + (CI). Differences between 
categorical variables (eg, % of acromegaly comorbidities, % 
control of the disease) were assessed using the Fisher exact 
test. Normality of quantitative variables was assessed using 
the Shapiro-Wilk test. The Student t test was performed to 
analyze differences, or its nonparametric counterpart if the 
sample distribution was non-normal (Wilcoxon test).

A correlation matrix was constructed with assessment 
of multiple Spearman’s correlation coefficients to identify as
sociations between quantitative variables (age, body mass in
dex [BMI], height, GH2h, %∇GH, basal and control GH, 
IGF1-SDS, tumor diameter and volume, IGF1% variation, 
and decrease in tumor diameter and volume).

Finally, a survival analysis was performed to analyze 
time-to-hormone control in both groups. Data were adjusted 
for age and sex. Results were presented with a 95% CI.

Statistical analyses were performed using the R version 4.2.2 
(R Project for Statistical Computing, RRID:SCR_001905). 
The graphical representation was done using package ggplot 
2 (RRID:SCR_014601, Whickham https://CRAN.R-project. 
org/package=ggplot2) and the P values were added using 
ggpubr package (’ggplot2’ Based Publication Ready Plots, 
https://CRAN.R-project.org/package=ggpubr). The receiver 
operating characteristic (ROC) curve was plotted using pROC 
package (Display and Analyze ROC Curves, https://CRAN.R- 
project.org/package=pROC).

Results
Cohort Description
The final recruited cohort comprised 85 patients; from these, 
17 patients were excluded, 13 corresponding to the personal
ized treatment arm and 4 to the standard treatment arm. 
Reasons for exclusion were: (i) therapeutic noncompliance 
(5 patients), (ii) adverse events (4 patients), (iii) withdrawal 
of consent (2 patients), (iv) surgical treatment performed be
fore obtaining final data of full dose attainment and time treat
ment response (2 patients), (v) protocol violation (3 patients), 
and (vi) death before treatment initiation (1 patient). The clin
ical characteristics of excluded patients are described in the 
Supplementary Table S1 (36). There were no phenotypical dif
ferences between those patients excluded and the rest of the 
cohort except that dyslipidemia was less prevalent (7% vs 
63%, P = .02) than in the selected cohort. Thus, 68 patients 
were finally analyzed and completed the study: 32 patients 
were in the personalized treatment arm and 36 patients in 
the standard treatment arm. No clinical differences were 
found between both groups (Table 2).

In the personalized treatment arm, 9/32 patients were in
cluded after surgical procedure. Of those, 3 subjects were 
treated according to the presurgical algorithm because it 
was not possible to obtain sufficient tumor tissue to assess 
E-cadherin expression. In the standard treatment arm, 10 pa
tients were included after surgery, all of them were treated 
with fgSRLs as first-line pre-established medical treatment.

Effectiveness of the Personalized Algorithm and 
Time to Hormonal Control
The main outcomes were the percentage of patients controlled 
and the time spent until achieving control when comparing the 
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personalized approach vs the standard therapy. The study pe
riod included a median follow-up of 323 (205-365) days. 
There were no differences in IGF1 levels at baseline between 
the 2 groups. At 6 months of follow-up there was already a 
trend for an enhanced IGF1 control in the personalized 

protocol: 69% controlled in the personalized vs 47% con
trolled in the control group (P = .07). At the end of the study, 
the personalized group presented a higher proportion of con
trolled patients than the standard treatment group (controlled 
patients 78% vs 53%, P = .04, respectively) (Fig. 2).

Survival analysis through Kaplan–Meier curves revealed 
that more patients achieved hormonal control and control 
was achieved faster in the personalized treatment group 
(Fig. 3). The hazard ratio for achieving acromegaly control us
ing the personalized protocol was 2.53 (CI, 1.30-4.80) ad
justed by age and sex compared to standard treatment. 
Responder patients to fgSRLs lasted the same time in both 
groups (150 ± 94 days for personalized group and 158 ± 88 
days for standard group; P = .1) but differences were found 
in non-controlled patients from the control group and those 
predicted as non-responder patients in the personalized treat
ment arm, in which other treatment than just fgSRLs was used 
according to the protocol. Assuming a period of 365 days as 
sufficient to compare both treatment protocols to achieve con
trol, the time-to-control between the predicted non-respond
ers plus the non-responders to fgSRLs from the personalized 
group and the non-responders from the control group (n =  
16 from personalized treatment and n = 17 from standard 
treatment) was compared. Patients from the personalized 
arm were controlled faster than the control group (320 
[183-365] days vs 365 days, P = .01). When we compared 
all patients from each group, those from personalized treat
ment were controlled a median of 4 months faster than those 
from the standard group (182 [92-365] days vs 305 

Table 2. Baseline characteristics of patients with acromegaly by group of treatment

Personalized treatment (n = 32) Standard treatment (n = 36) P value

Clinical characteristics
Gender, ♂/♀ 22/10 16/20 .5
Age, years 52 ± 15 56 ± 14 .25
Weight, kg 85 ± 16 82 ± 19 .44
Height, m 1.73 ± 0.09 1.68 ± 0.09 .06
BMI, kg/m2 28 ± 4 29 ± 5 .93
Hypertension, %,(n) 34 (11) 36 (13) 1
Type 2 diabetes, % (n) 34 (11) 36 (13) 1
Dyslipidemia, % (n) 34 (11) 42 (15) .61
Sleep apnea, % (n) 41 (13) 36 (13) .61
Thyroid nodules, % (n) 34 (11) 42 (15) .80
Colon polyps, % (n) 13 (4) 17 (6) .74
Other tumors %(n) 6 (2) 11 (4) .68

Baseline biochemical and tumor characteristics
IGF1, SDS 6.1 (4.4-8.1) 5.3 (4.4-6.9) 0.28
GH, ng/mL 4.6 (3.1-16.2) 7.0 (2.8-13.1) 0.87
Largest diameter, mm 17 ± 8 16 ± 8 0.50
Volume, mm3 1333 (226-2986) 1590 (168-2787) 0.96
Knosp grade 2.0 ± 1.5 1.85 ± 1.3 0.80
Response predictor factors
T2-MRI hypointensity, n 18 12 0.20
GH2h, ng/dL 1.3 (0.3-2.2) 1.6 (0.4-3.3) 0.34
%∇GH% −[84 (67-91)] −[82 (44-90)] 0.48

Abbreviations: BMI, body mass index; GH, growth hormone; GH2h, growth hormone value 2 hours after the short acute octreotide test; IGF1, insulin-like growth factor 
1; SDS, standard deviation score; %∇GH, percentage GH variation after the short acute octreotide test.

Figure 2. Acromegaly control at the end of the study.
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[137-365], P = .06 respectively). The comparison of the whole 
personalized group vs nonresponders from the standard 
group, showed clearly significant results (182 [92-365] days 
vs 365 days, P < .00001).

Predictive Ability of the Personalized Algorithm
ROC curves for the presurgical algorithm indicated a good 
predictive ability, with an area under the curve (AUC) of 
81.4% (CI, 69.8%-93.0%) (Fig. 4).

A simulation of response prediction and control of the disease 
in the control group was performed according to the data of the 
sAOT, T2-MRI, and E-cadherin, if available. The personalized 
algorithms applied to the patients from the control treatment 
arm, would have foreseen a valid specific positive or negative 
hormonal control response in the 72% of the group (26 patients 
out of 36). If the personalized treatment protocol would have 
been used in the patients included in the control group, 79% 
of them would have been controlled at the end of the follow-up 
period, in comparison to what was obtained (53% hormonal 
control) with the standard treatment, thus superposable to the 
current 78% achieved in the personalized treatment arm. 
There were 7% of patients from the control group who would 
have been overtreated with a combination therapy or pegvisom
ant as monotherapy, and for whom fgSRLs as monotherapy 
would have been sufficient to reach hormonal control.

Factors Associated to Therapeutic Response and 
Nonresponse Condition
When the cohort was analyzed according to the end of study 
control achievements, in the personalized arm, the noncon
trolled patients (n = 7) were younger (37 ± 7 vs 56 ± 15 years, 
P < .01) and presented a higher BMI (31.0 ± 2.9 vs 27.4 ± 4.5 
kg/m2, P = .04) at baseline. Also, IGF1 and tumor diameter 
and volume at treatment initiation time were higher in 
the noncontrolled patients: IGF1-SDS 10.4 (8.0-12.2) vs 5.2 
(4.1-6.8) SDS, P < .001; diameter 23 ± 9 vs 15 ± 7 mm, 
P = .02; and volume 3478 (2983-6511) vs 947 (187-2088) 
mm3, P < .01.

For the standard treatment group, the noncontrolled pa
tients (n = 17) also presented a higher baseline GH (11.1 
[4.1-16.1] vs 5.2 [2.3-8.7] ng/mL, P = .02) and GH2h (2.2 
[1.5-6.0] vs 0.5 [0.2-2.3] ng/mL, P = .02), and they had a low
er %∇GH (69 [40-83] vs 86 [71-94]%; P = 0.02) compared 

Figure 3. Survival analysis to evaluate differences in time-to-control between groups.

Figure 4. Personalized presurgical algorithm predictive ability to 
identify first-generation somatostatin receptor ligand (fgSRL) 
response. Abbreviation: AUC, area under the curve.
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with controlled patients. They also presented a higher tumor 
diameter (19 ± 7 vs 12 ± 7 mm, P < .01) and a higher tumor 
volume (1939 [1197-3922] vs 571 [37-2110] mm3, P = .03), 
with a nonsignificant trend in IGF1 values (5.5 [4.7-8.1] vs 
5.04 [3.7-5.9] SDS, P = .07).

The personalized treatment group presented no differences 
in final tumor size compared with the standard treatment 
group (final diameter = 12 ± 6 vs 10 ± 8 mm, P = .44, final 
volume = 348 [83-1643] vs 472 [43-1415] mm3, P = .66 re
spectively). There were no differences in the differential diam
eter or volume at the end of the study between the 2 groups 
(differential diameter = 0 –[0-19] vs −8 –[0-17] mm, P = .35; 
differential volume = −14 –[0-61] vs −15 –[0-32] mm3, P  
= .67) nor in final diameter or final volume in those patients 
treated with pegvisomant (either as combination therapy or 
in monotherapy) vs the rest of the patients (final diameter: 
14 ± 5 vs 11 ± 8 mm; P = .30; final volume: 750 [246-1539] 
vs 344 [41-1260] mm3). Thus, in no patient treated with peg
visomant was an increase in tumor size detected.

Regarding hormonal control in patients treated with pegvi
somant (n = 13; 11 from the personalized treatment group 
and 2 from the control group), 6 received this drug as mono
therapy and 7 in combination with fgSRLs. Eight out of the 11 
patients from the personalized treatment arm (72%) achieved 
normal IGF1 and 3 did not, while any patient from the stand
ard arm achieved biochemical control with pegvisomant 
added to fgSRLs. Each case is explained accurately in supple
mentary data (36). All patients required an increase of dosage 
to 1 to 1.5 mg/kg/w to achieve control.

According to the protocol, dopamine agonists were in
cluded in the treatment of 5 patients: 4 belonged to the stand
ard treatment arm and the other one to the personalized 
treatment arm. Only 2 patients treated with the combination 
of fgSRLs and cabergoline achieved medical control.

Correlation Analysis
Initial IGF1-SDS was negatively correlated with age (Rho 
−0.43, P < .001) and positively with initial volume (Rho 
0.28, P = .03). Furthermore, sAOT GH2h correlated with ini
tial tumor diameter (Rho 0.56, P < .001), initial tumor vol
ume (Rho 0.58, P < .001), and with several final parameters 
such as final GH (Rho 0.65, P < .001), final IGF1-SDS (Rho 
0.36, P = .02), final tumor diameter and volume (Rho 0.66, 
P < .001 and (Rho 0.67, P < .001 respectively). BMI had a 
negative correlation with initial and final GH (Rho −0.13, 
P = .01 and Rho −0.39, P < .01 respectively). Other expected 
correlations found were initial tumor diameter and volume 
with final diameter and volume.

Adverse Events
Adverse events presented in 9 patients from the personalized 
group and 9 patients from the standard group. Most of 
them were mild gastrointestinal and transitory side effects 
that did not interfere with the study protocol. However, 4 pa
tients were excluded from the study because the adverse events 
they presented prevented an adequate dose escalation. A de
tailed list is available in Supplementary Table 2 (36).

Discussion
The ACROFAST trial marks a significant milestone in 
the landscape of acromegaly research, offering insights into 

the feasibility and effectiveness of personalized medical 
treatment strategies compared to the conventional standard 
medical therapy approach outlined in most clinical guidelines. 
Patients with acromegaly have to face the burden of a delayed 
diagnosis of 10 or more years after disease initiation (37). In 
addition, in the most recent decades, the recommended drugs 
for first-line treatment in all clinical guidelines are fgSRLs 
(1, 2), which have a 50% treatment failure rate (3-6). As cur
rently there are at least 3 additional compounds available (and 
others will come soon), the “trial-and-error approach” used 
up until now has to be overcome with a personalized treat
ment that could guide the decision-making process for acro
megaly patients (38, 39). To prove this point, a prospective 
clinical trial was required to reshape the therapeutic paradigm 
for acromegaly. As far as we know, ACROFAST is the first 
prospective trial comparing a personalized treatment vs the 
standard treatment algorithm recommended in general in clin
ical guidelines.

In the present study, the primary endpoints selected and the 
comprehensive assessments employed attempted to provide a 
holistic evaluation of treatment efficacy and safety. The study 
was also designed in such a way that its feasibility for daily 
clinical practice was demonstrable, thus ensuring its general 
applicability in case of achieving its working hypothesis. 
Among the different predictive biomarkers used, the sAOT 
was the capital biomarker in the presurgical algorithm above 
the T2 MRI intensity, and we were able to confirm its good 
predictive ability as previously described (11, 16). This test 
is inexpensive, easy to perform, and fairly interpretable for 
the clinicians. E-cadherin was used as a biomarker for post
operative cases since it is also a cheap, easy to evaluate, robust, 
and commonly used biomarker in all pathology clinical la
boratories with an even somehow higher predictive ability 
than SSTR2 (8, 22). Our results also confirm its feasibility, 
given that only in 6 cases out of 42 it was not possible to de
termine its expression.

Beside the superior results obtained in the personalized 
group regarding hormonal control, it has also to be noted 
that when groups were compared, there were no differences 
among final tumor size, diameters, and volumes, even if in 
the personalized group there were patients treated with drugs 
that did not act on tumor itself as pegvisomant. The fact that 
almost 80% of patients achieved a controlled IGF1 at the end 
of the study and earlier in the personalized group is a substan
tially important achievement, as in the standard treatment 
group, concordant with the reported efficacy of fgSRLs (6), 
just 53% of patients achieved hormonal control. On the other 
hand, the effectiveness of real-world treatment with pegvi
somant attained in ACROSTUDY is about 75% (40), which 
is comparable to the 78% achieved in our study, thus pointing 
to the important contribution resulting from addition of this 
drug when required, and ideally at diagnosis if a patient is pre
dicted to be a nonresponder to fgSRLs in monotherapy. The 
20% to 25% of patients in which the individualized treatment 
failed, indicates the necessity of additional effective treatments 
for predicted nonresponder patients but also, an even more ac
curate algorithm with more robust predictors.

The correlation matrix of quantitative variables highlights 
the strong association of the sAOT-GH2h with variables of 
biochemical control and tumor size (9), as well as reinforcing 
the already described predictive factors from other retrospect
ive studies, namely, male gender, higher BMI, initial biochem
ical and imaging data, in relation to biochemical and tumoral 
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responses (5, 15, 16, 41, 42). The ROC curve of the algorithm 
demonstrated a noteworthy predictive ability of 81.4%, per
fectly in line with other described markers (8). When we simu
lated the application of the algorithm to the standard group, 
assuming that predicted fgSRL-nonresponsive patients would 
have been treated with pegvisomant or combination treatment 
according to the personalized protocol, we obtained a 79% 
potential controlled patients, with only a 7% risk of overtreat
ment. This represents a much higher control of the disease 
than the 53% obtained currently and is concordant with the 
very similar value of control obtained in the personalized 
group.

In relation to the treatments given to the personalized 
group, for the 11 patients in whom pegvisomant was used, a 
weekly dose of 1 mg/kg was necessary to achieve hormonal 
control in most cases, while an initial dose of 0.5 mg/kg/ 
week was insufficient. The results of the present study are 
very concordant, with those reported by the ACROSTUDY, 
given that a relatively high daily mean absolute dose of 18.9 
mg was required to achieve the reported 73% of controlled 
patients; this means that a standard weekly dose of 2 mg/kg 
is necessary for a patient weighing 70 kg (43).

Cabergoline was used in 5 patients; however, as described 
above, hormonal control was only achieved in the 2 cases in 
which cabergoline was initiated concomitantly with fgSRLs. 
Thus, the value of cabergoline as a treatment for acromegaly 
seems limited, unless predictors of response to dopamine ago
nists would be available to be applied for an individualized 
treatment.

The one-size-fits-all strategy used to decide the dose of drugs 
recommended until now as standard therapy clashes with the 
idea of individualized medicine. On the other hand, it has to 
be said that if we would have used a higher starting dose of 
all compounds in the present study, the time-to-control would 
have been probably shorter. Pasireotide, was not included in 
the study for instrumental reasons as the number of arms would 
have increased, but, most importantly, at the time of preparing 
the trial no predicting factors had been consistently described 
for being tested in a design like the present one, a situation 
that is substantially changing nowadays (27). In this regard, a 
next-step trial on personalized medicine including pasireotide 
is warranted including imaging (44, 45) and molecular (46) 
predictors.

The ACROFAST study has several strengths as mentioned 
above: its accurate methodology and its closeness to clinical 
practice makes it robust and applicable. The concordance be
tween our results and those of other investigators regarding 
prevalence of nonresponsiveness to fgSRLs and pegvisomant 
results denotes its coherency and validity, as well as the dem
onstrated ability of the proposed algorithm to select the more 
aggressive tumors. And finally, strengths include the consist
ency and homogeneity of the groups as well as the robustness 
of the biomarkers used for identifying responsiveness to 
fgSRLs, with sufficient statistical power to demonstrate our 
primary endpoint with a relatively low number of partici
pants. However, the ACROFAST study has also some limita
tions: although designed as prospective, due to instrumental 
reasons, an individual randomization was not possible but 
comparability between patients among the different centers 
did not show differences; tumors from the patients of the 
standard treatment group may have been more aggressive— 
but this does not seem the case in our cohort, thus ruling 
out this to explain the superiority of the personalized 

treatment. Also, postoperative cases could eventually have in
terfered with the results, but we do not consider this probable 
because there was a very similar number of postoperative pa
tients included in both groups. There were more patients ex
cluded from the personalized group than from the standard 
treatment one. The exclusion of patients was determined by 
the external independent committee who were blinded for 
the patient arm assignment, to avoid any bias, so we believe 
that we should not underestimate the results of this trial for 
this reason. The low number of cases and the short period 
of time using pegvisomant in the standard treatment group 
as second-line treatment compared with the patients treated 
with this drug in the personalized treatment group may also 
be seen as a weakness of the design that could explain the dif
ferences on the control of the disease. Interestingly, differences 
were already almost statistically significant at the 6-month 
follow-up visit, when fgSRLs were used at maximal doses in 
the standard group vs the different strategies adopted in the 
personalized group. We assume that, eventually, a longer pe
riod of time with other treatments in the standard arm would 
have achieved similar rate of control than in the personalized 
arm, but obviously consuming more time, which was in 
fact one of the working hypothesis of the present study. 
Moreover, in the personalized group there were only 2 add
itional patients who benefited from the intensification with 
pegvisomant as second-line treatment so, the relevance of 
the intensification strategy is relatively small although this 
could be also another limitation of the study. Finally, the study 
was performed while in the very middle of the COVID-19 
pandemic, which obviously made everything more compli
cated; however, we were able to manage, and we do not be
lieve that it influenced the results obtained.

Thus, concluding, the results of the present study, the very 
first ever performed and without any pharmaceutical financial 
bias, comparing standard therapy with a personalized proto
col, indicate a superior and faster hormonal control and the 
consequent improved symptomatic relief in the personalized 
treatment arm. The ACROFAST trial represents a pioneering 
effort to redefine the therapeutic management of acromegaly 
through personalized medical treatment. Its implications on 
clinical practice and guideline recommendations are eagerly 
anticipated, with the potential to clearly improve the clinical 
care of individuals with acromegaly.
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