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WEDNESDAY, March 23, 2022 – Clinical 

 Chair: Darko Kastelan (Croatia) 

16.00-16.05 Course opening and introduction to Day 1 

16.05-16.45 How to diagnose and treat adrenocortical carcinoma in 2022? Martin Fassnacht 
(Germany) 

16.45-17.25 Comorbidities in patients with adrenal incidentaloma Ljiljana Marina       
(Serbia) 

17.25-18.05 Diagnosis and subtype differentiation of primary 
aldosteronism 

Felix Beuschlein 
(Switzerland) 

 

 

THURSDAY, March 24, 2022 – Clinical/Translational 

 Chair: Judith Favier (France) 

16.00-16.05 Introduction to Day 2 

16.05-16.45 Management of pheochromocytoma and paraganglioma Henri Timmers  
(Netherland) 

16.45-17.25 How to deal with variants of unknown significance? Mercedes Robledo      
(Spain) 

17.25-18.05 PPGL cases with variants of unknown significance Joakim Crona       
(Sweden) 

 

 



 

 

FRIDAY, March 25, 2022 – Basic 

 Chair: Mercedes Robledo (Spain) 

16.00-16.05 Introduction to Day 3 

16.05-16.50 Meet the expert: Organoids in adrenal tumor research Michaela Luconi        
(Italy) 

16.50-17.35 Meet the expert: Omic platforms. What do you need to 
achieve robust results? 

Fatima Al-Shahrour       
(Spain) 
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How to diagnose and treat adrenocortical carcinoma in 2022? 

Martin Fassnacht 

University Hospital Würzburg, Germany 

 

Adrenocortical carcinoma (ACC) is a rare and in most cases steroid hormone 

producing tumor with variable prognosis. Comprehensive endocrine and imaging work-

up is crucial to detect all ACCs as early as possible. In this context, it is clearly 

recommended that all patients with suspected and proven ACC are discussed in a 

multidisciplinary expert team meeting.  

Surgery still remains the single most important therapeutic option for non-metastatic 

ACC. However, even a state-of-the-art surgery cannot always prevent disease 

recurrence that is determined mainly by specific tumor characteristics. We consider 

that the concomitant presence of the following features characterizes a cohort of 

patients at low risk of recurrence, i) R0 resection, ii) stage I-II ACC, and iii) Ki-67 <10%. 

After the ADIUVO study, we do not recommend adjuvant mitotane as a routine 

measure for these patients, who can be managed with active surveillance thus sparing 

a potentially toxic treatment. However, patients at average risk of recurrence should 

be treated with adjuvant mitotane paying particular attention to supportive therapy to 

deal with possible unwanted effects of the drug. For patients at very high risk of 

recurrence that we arbitrarily define as the presence of at least one of the following 

features: Ki67 >30%, large tumor thrombus in the vena cava, R1 resection or complete 

resection in stage IV ACC, we encourage enrollment in the ADIUVO-2 study or 

increasingly recommend to combine mitotane treatment with four cycles of platinum-

based chemotherapy.  

For patients with advanced/metastatic disease, mitotane monotherapy or mitotane plus 

EDP are still treatments of choice. Monotherapy with checkpoint inhibitors is not the 

magic bullet, but is one of the second-line options (as it is still gemcitabine + 

capectiabine or streptozotocin). However, it is important that more patients will be 

treated within clinical trials (currently for instance CaboACC, Spencer). 
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How to diagnose and treat 
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• Data on the incidence are scarce
• Most reports suggest an incidence between 0.5 – 1.5 per million population 

(Kebebew et al. W J Surgery 2006, Goldon et al. JCEM 2009, 
Kerkhofs et al. Eur J Cancer 2013)

• All series describe a female dominance (ratio 1.5 : 1)

Kerkhofs et al. Eur J Cancer 2013

Epidemiology



Our first recommendation
(not based on publications, but we feel strong about it)

R.1.1. We recommend that all patients with suspected / proven ACC are 
discussed in a multidisciplinary expert team meeting

► with adrenal expertise in : 
► Endocrinology
► Oncology
► Pathology
► Radiology
► Surgery

This team should have access to expertise in:
Interventional radiology
Radiation therapy
Nuclear medicine
Genetics 
Palliative care

Fassnacht et al. ESE-ENSAT guidelines EJE 2018



Diagnostic work-up



► Cochrane analysis (5.469 references, 525 full papers)
=> big disappointment: only very few studies were methodologically sound 

► CT: n = 16
► MRI: n = 15
► FDG-PET: n =  9 

⇒only 19 studies 
could be included 
in the metaanalysis

Dinnes et al. Eur J Endocrinol 2016 + Fassnacht et al. Eur J Endocrinol 2016

What are the best criteria 
to establish a benign tumor? 

⇒ Guideline conclusions: 
The only reliable method is unenhanced CT:

Homogeneous mass with Hounsfield Units ≤ 10
= benign mass (adenoma, lipoma, etc.) (1⊕OOO)

However, 30-40% of adenomas have HU > 10



New data on washout CT

► Delayed washout CT in 252 adrenal masses
► Using „standard cutoffs“ we misdiagnose several patients

► Relative percentage washout > 40% 4 of 49 malignant
► Absolute percentage washout >60%: 11 of 49 malignant

► Adapting the cutoff to 58% for RPW
► No false positive, but only 15% of benign tumors with unenhanced HU>10 could 

be identified

   

Schlötelburg et al. Eur J Endocrinol 2021

0 min: 31 HU 1 min 115 HU 10 min: 49 HU 
=> APW 78% RPW 57%

BUT histology: metastasis of renal cell cancer



Update on FDG-PET/CT

► Retrospective analysis of 117 indeterminate adrenal masses by FDG-
PET/CT (70 benign + 35 ACC + 12 metastases)

He et al. JCEM 2021

=> 7 malignancies (3ACC, 4 mets) 
benign malignant



Diagnostic power of urinary steroid profiling 
using GC-MS technique

24-h urine GC-MS

GMLVQ

90% Sensitivity + 90% Specificity

102 ACA, 
47 ACC

Arlt W. et al., J Clin Endocrinol Metab 2011



Eurine-ACT study

► Prospective ENSAT multicenter trial with 2017 patients with newly 
diagnosed adrenal masses > 1cm

► Primary endpoint: diagnostic accuracy of LC-MS/MS generated urinary 
steroid metabolomics vs. standard imaging

► Final diagnoses
► 1767 adenomas (87.6 %)
► 87 other benign lesions (4.3 %) 
► 98 ACC (4.9 %)
► 65 other malignant lesions (3.2 %)

Bancos et al. Lancet DE 2020



What is the most accurate diagnostic criterion? 

Comparison of different diagnostic strategies:
► Tumor size ≥ 4cm
► Unenhanced CT > 20 HU

(ImChar positive)
► Urinary steroidmetabolom 

„high risk“ (USM-HR)

Bancos et al. Lancet DE 2020



Suggestion for a new diagnostic algorithm

► Out of 2017 adrenal tumors, 5 of 98 ACC (5.1%) would be missed
► BUT: 245 of 563 (43.5%) surgeries could have been prevented

Bancos et al. Lancet DE 2020

CAVE: 
this method will not help to detect 

metastases of extra-adrenal 
malignancies



ESE-ENSAT recommendations 
for pre-surgical diagnostic work-up

Fassnacht et al. Eur J Endocrinol 2018

=> In 70% of ACC cases at least one of these serum hormones is 
clearly elevated (with urinary profiling > 95%)

=> In case of “endocrine inactive” tumor, consider a “non-ACC tumor”

Urinary steroid profing if available



Surgery 



Unilateral 
adrenal mass 

Radiological suspicion 
of malignancy? 

Yes Local 
invasion ?     

Relevant 
hormone excess?

No

No 
Surgery   

Open 
Adrenalectomy

Laparoscopic 
adrenalectomy

Individualized 
surgical  approach 

Diameter 
≤ 6 cm ? No Yes

No Yes

NoYes

Fassnacht ESE-ENSAT guidelines et al. Eur J Endocrinol 2016



My personal key conclusion 
regarding surgery

► The question whether open or laparoscopic surgery is less important. 
► The key question is how good is the surgeon? 

⇒ It is our task to advise patients with suspected ACC and to help them 
to find the best surgeon (not only in their hometown)

► Nevertheless, for the majority of ACC open surgery is the way to go, 
but some patients would benefit from laparoscopic surgery



Are there now any prognostic factors to 
guide us in the decision for or against 

adjuvant therapy?



Towards reliable prognostic markers 
in ACC after R0 resection

Ki67 ≥ 20% (n=69)

Ki67 <10% (n=84)

Ki67 10-19% (n=70)

German cohort 
N=319

ENSAT validation cohort
N=250

Beuschlein et al. JCEM 2015

P<0.001
Ki67 ≥ 20% (n=74)

Ki67 <10% (n=110)

Ki67 10-19% (n=52)

• Evaluation of 15 histological markers, 3 scores, and Ki67 in a large 
cohort of patients



A new tool for prognostication: S-GRAS

► Based on a retrospective study with 942 well-characterized patients 
► ENSAT stage 1 or 2 = 0 point

3 = 1
4 = 2

► Grading with Ki67 <10% = 0 point
10-19% = 1
≥ 20% = 2

► Resection status R0 = 0 points
Rx = 1
R1 = 2
R2 = 3

► Age < 50 y  = 0 point
≥ 50 y = 1

► Symptoms no = 0 point
yes = 1

Total 9 points

Elhassan et al. Eur J Endocrinol 2021



Best evidence is available 
for adjuvant mitotane 

Terzolo et al., New Engl J Med 2007  + Berruti et al. JCEM 2017

p<0.01

Large retrospective study 
in 8 Italian centers 
- 4 centers administered mitotane in 

all patients (n=42)
- 4 centers never used mitotane (n=55)
and second independent control group 

from Germany (n=75)
Overall Survival Update 2017

HR = 2.03 (95%CI 1.17-3.51; P = 0.011)
HR = 1.60 (95% CI 0.94-2.74; P = 0.083)



However, mitotane is disputed…

Advertisement “Times” 1946

JCE&M 2008



How toxic is mitotane really? 

► Toxicity data are only available from 7 studies with 342 patients (with a 
median number of 3.8 adverse events per patient)

► Retrospective multicenter study focusing only on adverse events
► 311 patients from 7 ENSAT centers with mitotane monotherapy

► 69% adjuvant setting
► 31% advanced ACC

► Median duration of mitotane treatment: 20 months (1-203)
► Rate of AE: 9.6 per patient

Altieri et al. unpublished data



We need prospective trials…

ADIUVO-trial – an international, randomized phase III trial
► 200 patients with low + intermediate risk for recurrence

Terzolo et al. unpublished data

Stage I-III
R0 surgery
Ki67 ≤10%

R*
A
N
D
O
M

Active surveillance

Adjuvant mitotane, for at least 
2 yrs (targeting 14-20 mg/L) 

Prim
ary endpoint:

R
ecurrence-free survival



Bottlenecks and challenges…

• Only ≈ 30% of screened patients had Ki67 
≤ 10%

• Furthermore, more than half of the patients 
refused randomization

⇒Recruitment was very slooow…
⇒We started to collect also data from 

patients that refused randomization

• Recruitment was stopped after 10 (!) years

Terzolo et al. unpublished data



Study flow of ‘ADIUVO‘ and ‘ADIUVO Observational‘

Eligible Patients   
Stage I-III, Ki 67≤ 10%, R0 

YES
RANDOMIZATION

Consent to
randomization?

NO
CONSENT  TO  OBSERVATIONAL 

STUDY?

Mitotane Follow-up
YES NO

STOP

Mitotane Follow-up

ADIUVO TRIAL

ADIUVO OBSERVATIONAL

N=91
N=95

N=186

Terzolo et al. unpublished data

N=45 N=46

N=42 N=53



Meta-analysis on adjuvant radiotherapy

Recurrence-free survival 

Overall survival 

Fassnacht et al. Eur J Endocrinol 2018



Adjuvant cytotoxic chemotherapy? 

► ESE-ENSAT guidelines 2018:

⇒ Retrospective analysis (Würzburg, MD Anderson, Berlin, Brescia, Turin)
► 31 patients with adjuvant platin-based therapy

► Cisplatin + etoposide n=16
► Carboplat + etoposide n=8
► Cisplatin/carboplat + etoposid + doxorubicin n=6 
► Cisplatin mono n=1

Kimpel et al.  Br J Cancer 2021



Is there a role of adjuvant platin-based therapy? 

Adjuvant 
platin therapy 

(n=31)

Matched 
controls
(n=31)

P value
matched 
controls

Entire control 
cohort (n=268)

P value 
entire control 

group

Median tumor size mm (range) 124 (25-300) 120 (38-220) 0.79 110 (25-260) 0.45
Cortisol +/- androgens- n (%) 15 (48.4) 12 (38.7) 0.068 101 (37.7) 0.11

ENSAT tumor stage 
I   - n (%) 0 0 1.0 14 (5.3) 0.026
II - n (%) 11 (35.5) 11 (35.5) 138 (52.2)
III - n (%) 16 (51.6) 16 (51.6) 101 (38.4)
IV - n (%) 4 (12.9) 4 (12.9) 10 (3.8)

Venous tumor thrombus - n (%) 10 (32.3) 10 (32.3) 1.0 16 (6.3) <0.001
Resection status

R0 - n (%) 25 (80.6) 25 (80.6) 1.0 183 (68.3) 0.56
RX - n (%) 4 (13) 4 (13) 54 (20.1)
R1 - n (%) 2 (6.4) 2 (6.4) 30 (11.2)

Ki67 index - median (range) 30 (10-80) 32.1 (8-80) 0.86 20 (1-90) 0.008
<20% 7 (25) 5 (17.9) 0.55 92 (44.7) 0.014
20-39% 10 (35.7) 14 (50) 79 (38.3)
≥40% 11 (39.3) 9 (32.1) 35 (17.0)

Adjuvant mitotane – n (%) 28 (90.3) 28 (90.3) 1.0 120 (44.9) <0.001

Two complementary statistical approaches: 
• individual matching 31 vs. 31 patients
• propensity score analysis using a cohort of 299 patients

Kimpel et al.  Br J Cancer 2021



Is there a role of adjuvant platin-based therapy? 

Recurrence-free survival Overall survival

Adjusted HR of a multivariate Cox analysis:
For RFS:  0.19 (95% CI 0.09-0.42; p<0.001)   for OS 0.26 (95% CI 0.09-0.72; p=0.010)

Entire cohort of 299 patients
After adjustment for propensity scores and accounting for immortal time bias:
HR RFS: 0.45, 95% CI 0.29-0.89, p=0.021;      OS 0.25 (95% CI 0.09-0.69; p=0.007)

N=31

N=31 N=31
N=31

Kimpel et al.  Br J Cancer 2021



ACC amenable to complete resection

Follow-up every 3 months

Adjuvant mitotane

Low risk1

Rx or R1 resection

Active surveillance
or consider mitotane 

Adjuvant mitotane and
consider addition of RT

Complete resection (R0) 

Adjuvant mitotane and
consider addition of EP

Very high risk2Standard risk

Management of patients with localized ACC

1 ENSAT I+II and Ki67 <10% 2 Ki67 > 30%, large venous tumor thrombus, stage IV, or R1 resection

=> ADIUVO-2 trial

Terzolo & Fassnacht 2022



Treatment of advanced ACC



• International trial with 40 centers in 12 
countries

• Enrollment June 2004 – Oct 2009
• Number of recruited patients: 304

Design:
• randomized
• controlled 
• international
• phase III trial

The first randomized trial in ACC…



Overall survival

EDP-M: 14.8 months

HR 0.79, 95% CI 0.61-1.02 
P=0.069

Sz-M: 
12.0 mo

Fassnacht et al., N Engl J Med 2012



Progression-free survival

HR 0.55, 0.42 to 0.68, 
P<0.0001

EDP-M

Sz-M

Median PFS 5.0 vs. 2.1 months

Fassnacht et al., N Engl J Med 2012



Overall survival with or without second-line 
therapy  (FIRM-ACT trial)

Patients treated with both 
first- and second-line therapy

Patients treated only with 
first-line therapy

Adverse events and quality of life were similar in both groups, 
⇒ EDP-M is now judged as standard first-line cytotoxic 

regimen in advanced ACC
However, the results could also justify the use of experimental 
drugs in first-line (?)

Fassnacht et al., N Engl J Med 2012



Is mitotane a reasonable first-line treatment?

► 127 patients with advanced ACC not amenable to curative 
surgery (median age 58.6 years (19.8-86 y)

► Treated with mitotane monotherapy for advanced ACC
► 39% at the time of initial diagnosis
► 61% at the time of recurrence
► Median peak mitotane level: 19.6 mg/l (2.5 – 66)

► Adequate tumor evaluation (according RECIST 1.1)
► Aim: 

► Real-life data in a contemporary setting
► Establishment of factors that could predict response to mitotane

Megerle et al. JCEM 2018



Response to mitotane in advanced ACC

Best objective response
► Complete response 3 ( 2.4 %)
► Partial response 23 (18.1 %)
► Stable disease 32 (25.2 %)
► Progressive disease 69 (54.3 %)

► Disease control for >6 months 50 (40.9 %)
► Disease control for >12 months 28 (22.0 %)

Megerle et al. JCEM 2018



Predictive factors for response to mitotane

Megerle et al. JCEM 2018

“Good candidates”
Late diagnosis of advanced recurrence + < 10 tumoral lesions
Objective response rate: 30.3 %
Disease control > 6 months 67.0 %

“Poor candidates”
Mitotane initiation < 360 days + ≥10 tumoral lesions
Objective response rate: 0 %
Disease control > 6 months:  6.3 %



What to do after failure of EDP-M? 

Fassnacht et al. ESMO guidelines Ann Oncol 2020



Trials with TKI failed in ACC (due to CYP3A4 induction by mitotane) 
Next attempt, but now without mitotane: cabozantinib

► 16 patients with advanced ACC
► Median number of prior systemic therapy: 4 (range 0-11)

51-y-old patient
Prior cabozantinib After 3 months cabozantinib

⇒2 parallel phase II trials are currently recruiting (organized by M. Habra and M. Kroiss)

Kroiss et al. JCEM 2020



Immunotherapy in ACC

► Several (mostly small) trials have been published
► There is no doubt that a small subset of patients with ACC benefit from 

an immunotherapy, but the majority not

► Key question: how can we identify the responders in advance? 

Pembrolizumab Pembrolizumab + lenvatinib

Ray et al. J Clin Oncol 2019 Bedrose et al. J Immunother Cancer 2020



Which role plays the microenvironment for an 
immunotherapy against ACC? 

• Analysis of tumor-infiltrating lymphocytes in 146 ACC samples

⇒In vivo studies are required to evaluate the 
therapeutical potential of this observation

Landwehr et al. J Immunother Cancer 2020



Microbial Mimicry Concept for a Therapeutic 
Anti-Cancer Vaccine – the Spencer trial

► Hypothesis: to overcome immune resistance by 
► a therapeutic peptide vaccine composed of microbial-derived peptides 

mimicking cytotoxic T cell (CD8+ T cell) epitopes from the tumor associated 
antigens 

+ the helper peptide (CD4+ T cell epitope) universal cancer peptide 2 (UCP2)
+ the adjuvant Montanide ®
+ PD1 inhibitor nivolumab



EO2401 microbial-derived peptides mimicking cytotoxic T cell epitopes from TAAs
Pipeline for bacterial peptide identification

17,000+
Human Tumor 

Associated 
Antigens (TAAs)

IL13Rα2

BIRC5

FOXM1

EO2316

EO2317

EO2318

TAAs expressed by adrenal malignancies
=>    

EO2401 Therapeutic vaccine



Microbial Mimicry Concept for a Therapeutic 
Anti-Cancer Vaccine – the Spencer trial

► Hypothesis: to overcome immune resistance by 
► a therapeutic peptide vaccine composed of microbial-derived peptides 

mimicking cytotoxic T cell (CD8+ T cell) epitopes from the tumor associated 
antigens 

+ the helper peptide (CD4+ T cell epitope) universal cancer peptide 2 (UCP2)
+ the adjuvant Montanide ®
+ PD1 inhibitor nivolumab

► International phase 1/2 trial in ACC (and malignant pheo)
► Preliminary results of 33 pts. with ACC suggest some efficacy
⇒Extension of the trial to a randomized phase II trial in planned 

4:1:1 randomization EO2401+nivolumab vs EO2401 mono vs. nivolumab mono



Take home message
► Patients with suspected ACC should be treated in specialized 

centers.
► Initial diagnostic work-up (discussed in a multidisciplinary team) 

followed by complete surgical resection is of utmost importance.
► Most patients will likely benefit from an adjuvant treatment with 

mitotane. However, this is probably not true for “low risk patients”
► In advanced ACC, mitotane monotherapy or mitotane plus EDP are 

still treatments of choice.
► Monotherapy with checkpoint inhibitors is not the magic bullet 
► More patients have to be treated within clinical trials. 
► However, despite progress in recent years, a better understanding of 

the molecular pathogenesis is needed for real progress. 



Progress is only possible as team
– Thanks to all of them

Würzburg “Adrenalists”
► Bruno Allolio
► Matthias Kroiss
► Stefanie Hahner
► Felix Megerle
► Barbara Altieri
► Otilia Kimpel
► Michaela Haaf
► and many more

ENS@T & beyond
• Eric Baudin, France
• Jerome Bertherat, France
• Xavier Bertagna, France
• Alfredo Berruti, Italy
• Felix Beuschlein, Switzerland
• Joakim Crona, Sweden
• Harm Haak, Then Netherlands
• Darko Kastelan, Croatia
• Rossella Libe, France
• Britt Skogseid, Sweden
• Massimo Terzolo, Italy
• ……
Supported by 

• Tobias Else, USA
• M.A. Habra, USA
• Gary Hammer, USA
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Comorbidities in patients with adrenal incidentaloma  

Ljiljana Marina 

Clinic for Endocrinology, Diabetes and Metabolic Diseases, University Clinical 

Centre of Serbia Faculty of Medicine, University of Belgrade 

 

Incidentally discovered adrenal masses (AI) are reported in nearly 3% of middle aged and 

almost 10% of older patients undergoing abdominal imaging. After visual confirmation by 

CT or MRI, it is imperative to rule out the malignant nature of the adrenal mass and 

following that to evaluate its active hormone secretion potential. Most of these tumors are 

nonfunctioning (NAI), but up to 48% of patients exhibit (possible) autonomous cortisol 

secretion ((P)ACS) – lack of cortisol suppression after overnight 1 mg dexamethasone 

administration in the absence of typical signs of cortisol excess. When assessing patients 

with AI and (P)ACS it is important to evaluate the presence of comorbidities such as 

hypertension, glucose intolerance and type 2 diabetes mellitus, obesity, dyslipidemia, and 

osteoporosis, however, mental health issues such as depression and disturbed quality of 

life are emerging as important as well. Most studies highlight the overall benefit of 

adrenalectomy in these patients as untreated ACS carries a significant cardiometabolic 

burden and higher cardiovascular morbidity and mortality when compared to patients with 

PACS and NAI. This presentation will cover the latest updates on comorbidities in patients 

with NAI and (P)ACS.  
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Comorbidities in patients 
with adrenal incidentaloma

Ljiljana Marina MD PhD
Clinic for Endocrinology, Diabetes and Metabolic Diseases

University Clinical Centre of Serbia
Faculty of Medicine, University of Belgrade



Fassnacht et al. ENSAT guideline on adrenal incidentaloma; EJE 2016

10-40% autonomous cortisol secretion
1-10% aldosterone hypersecretion



50 138

PACS ACSNFAI
ESE/ENS@T 2016

1 mg DST cortisol
nmol/l

ACTH
Comorbidities present

no yes

more often

Surgery

no no no rarely rarely

no yes no yes

Adapted from Ivovic, Marina, Sojat et al. Curr Pharm Des 2021



Cushing’s Syndrome

Clinical Signs

(P)ACS

No 
clinical 

signs

Adrenal
Tumor

QoL
Depression

Dyslipidemia
Glucose dysregulation

Hypertension
Bone health

Obesity

General population

Ivovic, Marina, Sojat et al. Curr Pharm Des 2021



Comorbidities in AI 

• QoL and mental health/depression

• Dyslipidemia

• Obesity

• Glucose dysregulation

• Hypertension

• Bone health



• 139 AI patients
• lower QoL
• higher 

anxiety/depression 
scores 

• no difference between 
NAI and SCS

• cut- off value used for 
SCS was post 1mg 
DST > 83 nmol/L



• 298 PA patients, 46 with ACS
• Anxiety, depression and QoL



• 298 PA patients, 46 with ACS

• Improvement of depression and anxiety after treatment  was more 
pronounced in patients with PA and ACS than no-ACS

• Significant differences between sexes in depression and anxiety scores in 
PA patients



• 60 AI: 34 (P)ACS and 26 NAI
• 32 HC group

• Patients with AI and (P)ACS have 
significantly higher BDI-II score
and significantly lower SF-36 QoL 
than patients with NAI and HC



• Significantly higher percentage of 
dyslipidaemia in SCS than NAI

• But no correlation between lipid profile 
and degree of cortisol hypersecretion

• IGM influences lipid profile regardless
of the presence of SH 

• In the absence of glucose alterations, 
SCS has no effect on lipid pattern



• the prevalence of dyslipidemia did not differ between NFAT (28.8%) and 
MACS-2 (35.9%) 

• no improvement in dyslipidemia after surgery in NAI and SCS



• 34.6% with SCS are obese and 18.8 % with NAI

• SCS are twice as likely to gain weight during follow-up than NAI

• significant improvement in obesity after surgery in SCS but not in NAI



Comorbidities in AI

• QoL and mental health/depression

• Dyslipidemia

• Obesity

• Glucose dysregulation

• Hypertension

• Bone health 



• 36 patients (19 with AI and 17 HC), hyperinsulinaemic euglycaemic clamp
• 82.5% NAI, 12.5% SCS, 5% CS
• AI patients were more insulin resistant than HC
• ATS was the most powerful predictor of IR
• High prevalence of IR in NAI suggests involvement in AI growth
• Metformin should be considered in AI patients



• 142 patients: 70 NAI, 37 SCS and 35 HC

• HOMA, MATSUDA, TyG, ISI composite, G/I

• no difference in IS indexes between SCS and NAI

• SCS higher prevalence of IGT and higher AUC for

glucose than NAI

• NAI: an „intermediate“ form between SCS and HC



• the prevalence of T2DM did not differ between NFAT (32.1%) and MACS-2 (32.6%), but 
MACS-2 had increased T2DM severity than NFAT patients 

• there was a significant improvement in T2DM in SCS after adrenalectomy

• insufficient data and small cohorts for NAI patients



• Hypertension was the most reported comorbid condition 

• More frequently found in MACE than NFAT: 64.0% vs. 58.2%

• During follow-up: a new diagnosis of hypertension, 8.4% vs. 5.2% and worsening of 
preexisting hypertension,13.4% vs. 4.8%. 

• Prevalence and severity of hypertension were higher in MACS-2 and CS than NFAT



• significant improvement in hypertension in both SCS and NAI



• SH may increase risk of vertebral fractures
• Glucocorticoids impair osteoblastic function and increase bone resorption 
• Most studies found a reduction in trabecular BMD measured at spine by DXA
• SH probably afects trebecular bone at sipne and possibly cortical bone at 

femur 
• AI patients with SH, who underwent the surgical removal of the adrenal mass, 

had a strong reduction in the probability of a new vertebral fracture



• Higher incidence of CV events in 
stable SCS and worsening SCS 
than NAI

• Higher all cause mortality in 
stable SCS and worsening SCS 
than NAI



• MACS-2 vs NFAT

• affects women more than men
• increased prevalence and severity of 

hypertension 
• increased severity of T2DM 
• the prevalence of dyslipidemia did 

not differ

• MACS-2 carries an increased 
cardiometabolic burden



Why does it affect women more than men?



ACTH
1 mg DST Cortisol

75.5% Hypertension

32.4% T2DM

35.7% Dyslipidemia

Hypertension 64.1%

T2DM 26.4%

Dyslipidemia 28.8%

15.5% CV eventsCV events 6.4%

54% DysglycemiaDysglycemia 49.5%

Sources: Prete, 2022; Elhassan, 2019 

? Mental health, QoL
50% 50%

41% ObesityObesity 38.8%

Summary



Sex

Age

Comorbidities

Personal 
preferenceSurgery

Time / duration / 
progression

Medical therapy if 
surgery delayed 
or not possible

Summary
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Diagnosis and subtype differentiation of primary aldosteronism 

Felix Beuschlein 

University Hospital Zurich, Switzerland 

 

Primary aldosteronism (PA) has emerged as the most frequent cause of curable 

arterial hypertension. Around 7% of hypertensive patients in population based studies 

and up to 20% of patients with resistant hypertension attending specialized centers are 

affected by primary aldosteronism. Patients are mainly suffering from severe 

hypertension and varying degrees of hypokalemia and metabolic alkalosis. Early 

detection and treatment of affected patients reduces cardiovascular, renal and 

metabolic co-morbidities and mortality. The majority of patients can be classified as 

either unilateral aldosterone producing adenoma or bilateral adrenal hyperplasia. 

Differential diagnostic work-up incorporates adrenal imaging and adrenal vein 

sampling. Treatment options diverge between the two subtypes, with unilateral 

adrenalectomy being the treatment of choice in aldosterone producing adenoma and 

administration of mineralocorticoid-antagonists the therapy for patients with bilateral 

adrenal hyperplasia. Current guidelines offer recommendations towards case finding 

and diagnostic approaches for affected patients. Epidemiological evidence and data 

from international patient registries provide the basis for algorithms that aid in risk 

stratification and assessment of likely therapeutic response and clinical outcome. 

Finally, new technological approaches including steroid and metabolic signatures 

might streamline diagnostic pathways. The presentation will provide an update on the 

current state of the art in personalized approaches and the yet achieved spectrum of 

precision medicine for patients with primary aldosteronism. 
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Diagnosis and subtype 
differentiation of 
primary aldosteronism
Felix Beuschlein

In an European population >60 years,
hypertension is the most prevalent clinical diagnosis. 

About 20% of the adult population have elevated blood pressure

Arterial Hypertension

85%
15%

45%

endocrine hypertension

primary/secondary hypertension

secondary hypertension

primary (essential) hypertension

secondary hypertension

renal hypertension

vascular disease

chronic pain

psychiatric disease

Primary aldosteronism

Funder JW. Horm Metab Res. 2012 Mar;44(3):251-3

The Unrecognized Prevalence of Primary Aldosteronism

Brown JA, et al. Ann Intern Med. 2020;173:10-20. doi:10.7326/M20-0065
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Spectrum of primary aldosteronism

renin

aldosterone

hypokalemia

hypertension

normal normokalemic
Conn syndrome

classical
Conn syndrome

Prevalence of hypokalemia and PA in hypertensive patients

Burello J et al., Hypertension. 2020;75:1025–1033

Incidence of primary aldosteronism in patients with hypokalemia (IPAHK+)

 a total of 163,128 outpatient potassium measurements have been performed at USZ outpatient 
clinics. 1279 measurements, corresponding to 0.78%, revealed potassium levels ≤ 3.0 mmol/l

Spectrum of primary aldosteronism

renin

aldosterone

hypokalemia

hypertension

normal normokalemic
Conn syndrome

classical
Conn syndrome

ARR
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‐ ACE inhibitors
‐ diuretics
‐ Ang II receptor blockers
‐MRA

‐ calcium channel blockers
‐ alpha blockers
‐ vasodilator

‐ ß‐blocker
‐ central alpha‐agonist

aldo
renin

false positive 
result

aldo
renin

false negative
results

pause 4 weeks prior testing – pause 1 week prior testing – maintain and/or adapt dosage

aldo
renin

little influence on
diagnostics

Consensus German Conn registry

Influence of medication on ARR

one week before determination of ARR:
‐ verapamil: max 2x240mg

‐ doxazosin (4‐8mg/d) or urapidil (max 2x90mg)
‐ if required: dihydralazin (max 2x50mg)

Influence of the assay on ARR

Eisenhofer G et al. J Clin Endocrinol Metab. 2021 Dec 28

baseline post SIT plasma purification

Differential diagnosis of hypertension (ENSAT-HT)

 EU funded Horizon 2020 research and innovation project that investigates specific types of 
hypertension and whether it is possible to define profiles based on systems biology "-omics" 
approaches

 plasma and urine steroidobolomics, plasma metanephrines, miRNA profiles, urine and plasma NMR 
profiles, small metabolites

 retrospective and prospective phase

Differential diagnosis of hypertension (ENSAT-HT)

 retrospective phase: complete sample set from 282 patients with different forms of hypertension

 plasma targeted metabolomics:

high-throughput parallel identification and quantification of pre-selected metabolites with known 
chemical and biochemical annotation

METABOLOM
E
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Differential diagnosis of hypertension (ENSAT-HT)

 retrospective phase: complete sample set from 282 patients with different forms of hypertension

Erlic Z et al. JCEM, 2021, Vol. 106, No. 4, 1111–1128

Differential diagnosis of hypertension (ENSAT-HT)

Erlic Z et al. JCEM, 2021, Vol. 106, No. 4, 1111–1128

Asp
Arg
C16
C16:1
C18:1
C18:2
C3-DC C4-OH
C9
Glu
lysoPC a C20:4
Orn
PC aa C38:6
PC aa C40:6
PC aa C42:1
Spermidine

1. screening

2. proof of diagnosis

aldosterone/renin ratio

sodium infusion test
oral sodium loading

urinary aldost.‐18‐glucuronide
captopril testing

1. Screening aldosterone/renin ratio

no confirmatory testing if
hypokalemia and 

high aldosterone (>20 ng/dL) 

spironolactone therapy for patients, 
in whom no further testing is

possible or desired

Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916

Burello J al. J Clin Endocrinol Metab. 2021 Mar 25;106(4):e1708-e1716
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Further hormonal spectrum of primary aldosteronism

renin

aldosterone

hypokalemia

hypertension

normal normokalemic
Conn syndrome

classical
Conn syndrome

cortisol

Indication of co-secretion of aldosterone and cortisol from the literature

Androgen excretionGlucocorticoid excretionMineralocorticoid excretion

Steroid metabolomics in primary aldosteronism

Arlt et al. JCI Insight. 2017 Apr 20;2(8).

Glucocorticoid Excretion and Metabolic Risk in primary aldosteronism
Approximate percentage change (95% CI; p) per unit change in the metabolic risk parameter

Total Glucocorticoids TetraHydroAldo
BMI 2.5 (0.8 4.2), p=0.004 1.1(-1.2, 3.4), p=0.35
Waist circumference 1.3 (0.6-2.0), p<0.001 0.3 (-0.6, 1.2), p=0.56
Fasting insulin 0.8 (0.4-1.3), p=0.001 0.1 (-0.5, 0.7), p=0.82
120 min insulin (oGTT) 0.2 (0.1, 0.3), p=0.003 0.1 (-0.1, 0.2), p=0.32
HOMA-IR 3.4 (1.3-5.4), p=0.001 0.0 (-2.5, 2.6), p=0.98
HbA1c 18.1 (1.8, 38.0), p=0.07 6.7 (-15.8, 29.2), p=0.56
LDL cholesterol 0.2 (0.0, 0.5), p=0.05 0.1 (-0.2, 0.4), p=0.38
HDL cholesterol -0.9 (-1.4, -0.4), p<0.001 -0.4 (-1.1, 0.2), p=0.21
Systolic blood pressure 0.4 (0.0, 0.8), p=0.07 0.6 (0.1, 1.1), p=0.02
Diastolic blood pressure 0.9 (0.3, 1.5), p=0.007 0.3 (-0.5, 1.2), p=0.48
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Cortisol co-secretion in primary aldosteronism

Adolf C et al. JCEM, 2018 Dec 1;103(12):4543-4552

Left ventricular hypertrophy

Gerards J et al. JCEM, 2019 Aug 1;104(8):3192-3202

Glucose metabolism

Spectrum of primary aldosteronism

renin

aldosterone

hypokalemia

hypertension

normal normokalemic
Conn syndrome

classical
Conn syndrome

normal TU

APA

(bilateral) hyperplasia

ad
re

na
lv

ei
n

sa
m

pl
in

g

differential diagnosis of PA

1. screening

2. proof of diagnosis

3. differential diagnosis adrenal CT‐ or MRI

aldosterone/renin ratio

sodium infusion test
orale sodium loading

urinary aldoster.‐18‐glucuronide
captopril testing

Questions to answer:
 exclusion of a (very rare) aldosterone producing ACC
 presence/absence of an adrenal adenoma
 information on general adrenal morphology
 information on vascular situation (in case of AVS)

Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916

1. screening

2. proof of diagnosis

3. differential diagnosis adrenal CT‐ or MRI

aldosterone/renin ratio

sodium infusion test
orale sodium loading

urinary aldoster.‐18‐glucuronide
captopril testing

spironolactone therapy for patients, 
in whom no further testing is

possible or desired

Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916
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1. screening

2. proof of diagnosis

3. differential diagnosis

age < 40 years

unilateral tumor

adenoma

( Diagnosis: 
Conn adenoma)

DD hyperplasia, small Conn 
adenoma)

adrenal vein sampling: lateralization?

age > 40 years

no tumor

adenoma bilateral hyperplasia

age > 40 years

unilateral tumor

(DD Conn adenoma, BAH + 
incidentaloma)

age > 40 years

bilateral tumor

DD: adenoma, nodular
hyperplasia

adrenal CT‐ or MRI

aldosterone/renin ratio

sodium infusion test
orale sodium loading

urinary aldoster.‐18‐glucuronide
captopril testing

Funder et al. J Clin Endocrinol Metab. 2016 May;101(5):1889-916

Diederich et al. Med. Klinik 2007

Performance of adrenal vein sampling

Th. Pfammatter

Betz M et al., Eur J Endocrinol. 2011 Aug;165(2):301-6

rapid cortisol measurement
E.M. Dietrich

Clinical prediction scores for lateralization – the Torino example

Burello J et al., JCEM, October 2020, Pages e3706–e3717

Patients referred to a tertiary hypertension unit. Diagnostic 
algorithms were built and tested in a training (N = 150) 
and in an internal validation cohort (N = 65), respectively. 
The models were validated in an external independent 
cohort (N = 118).

Adrenal volumetry in primary aldosteronism

Degenhart C, et al. Clin Endocrinol (Oxf). 2017 Mar;86(3):325-331

Schneller J, et al. Acad Radiol. 2014;21(11):1465‐74
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Morphological spectrum of primary aldosteronism

Williams TA et al. J Clin Endocrinol Metab. 2021 Jan 1;106(1):42-54 Juhlin CC et al. Endocr Pathol. 2021 Mar;32(1):102-133

Morphological spectrum of primary aldosteronism – and underlying molecular marker

Nishimoto et al. Proc Natl Acad Sci U S A. 2015 Aug 18Williams TA et al. J Clin Endocrinol Metab. 2021 Jan 1;106(1):42-54

micro-dissection
& genotyping

KCNJ5

ATP2B3

ATP1A1

CACNA1D

TU

APA APM

Molecular spectrum of autonomous aldosterone secretion Tissue Metabolomics: Specific molecular signatures

Murakami M, et al. JCI Insight. 2019 Sep 5;4(17)
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Tissue Metabolomics: Specific molecular signatures

Murakami M, et al. JCI Insight. 2019 Sep 5;4(17)

18-Hydroxycortisol is significantly increased in KCNJ5 patients

10%

40%

KCNJ5 patient tissue:

p =  0.0086

Genotype specific steroid profile

Williams TA, et al. Hypertension. 2016 Jan;67(1):139-45. 

Genotype specific steroid profile

Williams TA, et al. Hypertension. 2016 Jan;67(1):139-45. Eisenhofer G, et al. JAMA Netw Open 2020 Sep 1;3(9):e2016209

Steroid profiles in the diagnostic and differential diagnostic of PA
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A multicentre PROspective study

on the diagnostic value of Steroid profiling in primary ALDOsteronism

ARR: aldosterone/renin ratio; 
PVSP: peripheral venous steroid profiling; 
AVS: adrenal venous sampling; 
ADX: adrenalectomy; 
MRA: mineralocorticoid receptor antagonist.

Phase 1 - Build consensus for standardised criteria for outcome of ADX

Phase 2 - Apply consensus to assess outcome in referral centres

Phase 3 - Identify pre-surgical correlates of outcome

Williams et al. Lancet Diabetes Endocrinol. 2017 Sep;5(9):689-699.

Retrospective analysis (28 center - 14 countries, 5 continents)

Clinical outcome rates
(n=705)

Williams et al. Lancet Diabetes Endocrinol. 2017 Sep;5(9):689-699.

Biochemical outcome rates
(n= 699)

BASELINE INDEPENDENT CORRELATES OF 
CLINICAL REMISSION

Variable	 Clinical	outcome	 	
 Odds Ratio (95% CI) P value 
Age	(years)	 0.95	(0.93‐0.98)	 <0.01 
Lowest serum K+ (mmol/L) 1.43 (0.95-2.15) 0.09 
Anti-HT medication (DDD) 0.80 (0.70-0.90) <0.01 
eGFR (mL/min/1.73m2) 1.01 (1.00-1.02) 0.08 
SBP (mmHg) 0.99 (0.98-1.01) 0.30 
BMI (kg/m2) 0.98 (0.94-1.03) 0.38 
Sex	(ref.	female)	 2.25	(1.40‐3.62)	 <0.01 
LVH (ref. absent) 1.61 (1.01-2.59) 0.05 

 HT, hypertension; DDD, defined daily dose; eGFR, estimated glomerular filtration rate;
SBP, systolic blood pressure; LVH, left ventricular hypertrophy (assessed by
echocardiography).

CLINICAL REMISSION = COMPLETE SUCCESS
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Summary
 There are substantial hurdles in the diagnosis and differential diagnosis of PA

 Clinical characteristics of a cohort contribute to wide variation in differential diagnosis and clinical 
outcome rates

 Younger patients and females particularly benefit from a favorable surgical outcome

 Useful to inform and counsel patients with unilateral PA prior to adrenalectomy concerning the 
expected post-operative clinical benefit

 Omics including «Steroid metabolomics», tissue and plasma metabolomics provide a rich source of 
phenotypic annotations

 Whether these features will lead to improvements in (differential) diagnostics of PA patients is
currently under exploration

Thank you very much for your attention!
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Management of pheochromocytoma and paraganglioma  

Henri Timmers 

Radboud University Medical Center, Netherlands 

 

Pheochromocytoma/paraganglioma rare tumors originating from the neural crest with 

an incidence of eight cases per million per year. The likelihood of the diagnosis can be 

estimated based on risk factors and specific symptoms. The highest diagnostic 

performance is achieved by using LCMS for measuring catecholamine metabolites in 

plasma or 24 hour urine collections. Pre-analytical factors are important to consider 

when taking plasma samples and drug interference has to be taken into account. 

Regarding the localisation of these tumors after a biochemical diagnosis has been 

established, different anatomical and functional imaging techniques are available with 

an eminent role for PET scanning. Approximately 40% of cases are related to a germ 

line mutation and in 30% of the sporadic cases a somatic mutation can be identified. 

Regarding the pre-operative management alpha adrenergic blockade is still 

considered gold standard, although this issue is now a matter of debate. Surgery itself 

is usually performed in a minimally invasive approach either retroperitoneoscopically 

or trans peritoneal. After surgery patients needs to be followed at least 10 years 

depending on their risk factors of recurrence. Usually by yearly measurements of 

metanephrines. Regarding the management of metastatic pheochromocytomas and 

paragangliomas the focus is on two major issues. The first is the management of 

catecholamine induced symptoms and complications. The second involves anti-tumour 

treatments including radionuclides treatment,  chemotherapy, targeted treatment and 

local palliative treatments. Recently the first prospective  randomised placebo 

controlled trial on sunitinib has been presented. Regarding the tumour screening in 

patients at risk, a guideline on the management of a symptomatic SDHX mutation 

carriers has been published. Special considerations apply to the management of 

pheochromocytoma/paraganglioma during pregnancy.  

 



Management of 
pheochromocytoma/paraganglioma

Henri Timmers, MD, PhD
Radboud University Medical Center, Nijmegen, the Netherlands
Dept. of Internal medicine, section of Endocrinology



Lenders et al., J Hypertension 2020



Epidemiology
Incidence 8 cases per million per year; doubled from 1995 to 2015

Prevalence
• in autopsy studies 0.05%
• in adult outclinic patients with hypertension 0.2-0.6%
• in children with hypertension 1.7%
• in patients with adrenal incidentaloma 7%

Berends et al. Eur J Intern Med. 2018



Geroula et al., Eur J Endocrinol. 2019

Indications for screening and clinical presentation

7% 19% 23%



Clinical presentation and indications for screening

• Likelihood of a PPGL can be assessed by combining the indication for 

screening and the presence of specific clinical features
• Sustained hypertension is aspecific for PPGL

Lenders et al., J Hypertension 2020



Eisenhofer et al. Clin Chemistry 2018

Diagnostic performance LC-MS
Prospective PMT study: 2056 patients screened, 236 confirmed PPGL

b P < 0.05, higher sensitivity of plasma than both urinary panels
c P < 0.02, higher specificity of panels for plasma and urinary free metabolites than urinary deconjugated 
metabolites



Diagnostic performance LC-MS

Eisenhofer et al. Clin Chemistry 2018

• High risk patients: plasma free better than 
urinary free / deconjugated

• Low risk patients: no difference between 
plasma and urine



Biochemical diagnosis
• To avoid false-positive results, testing for plasma-free metanephrines

requires blood sampling after at least 20 min of supine rest
• In non-emergency situations, biochemical testing should precede imaging
• Plasma or urinary metanephrines in the normal range reliably exclude a 

PPGL in symptomatic patients
• Plasma metanephrines >2x the URL indicate a high likelihood of a PPGL and 

the patient can proceed to imaging studies

Lenders et al., J Hypertension 2020



Drug interference

Lenders et al., J Hypertension 2020



Imaging

Retospective evaluation of 1011 patients with PPGL

• Unenhanced attenuation ≤10 HU in 0.5%

• High washout (APW≥60% and/or RPW≥40%) similar to adenoma in 34% 

Canu et al. J Clin Endocrinol Metab 2019



Imaging
• Functional imaging is essential in patients with a high risk of recurrence or 

multifocal disease

• The choice of the radiopharmaceutical for functional imaging depends on 

genotype, biochemical phenotype, size and location

Taïeb et al. Eur J Nucl Med Mol Imaging 2019



Genetics

Wachtel and Fishbein, Curr Opin Endocrinol Diabetes Obes 2021



Genetics
• 80% of all PPGLs can be explained by genetic alterations (40% germline); 

all patients with a PPGL should be considered for genetic testing
• Lack of family history for PPGL does not preclude the presence of a 

germline mutation

• NGS is the preferred technique to analyse all relevant genes in a single 
test

• Suspicion of a variant of unknown significance requires complementary 

testing to establish pathogenicity

Lenders et al., J Hypertension 2020



Berends et al. JCEM 2020



Complications of PPGL surgery
• Dramatic fall in mortality (from 40% to 1-3%) and morbidity (current

cardiovascular complication rate 9%) 
• Due to advances in

• medical management: α-adrenergic blockade introduced in 1949 *

• anaesthesiology
• surgery (minimally invasive)
• early diagnosis (adrenal incidentaloma and carrier screening) 

* Grimson et al J Am Med Assoc 1949



• Prevent anesthesia and surgery induced catecholamine storm and its 

consequences on the cardiovascular system 

BUT ALSO

• Prevent PRE-operative complications
• Relieve of symptoms
• Control blood pressure, heart rate, volume status, glucose metabolism, 

bowel motility

Goals of pre-surgical management



α-adrenergic receptor blockers



PRESCRIPT trial

First prospective study on pre-

treatment in PPGL

To compare the efficacy of 

phenoxybenzamine and
doxazosin

Buitenwerf et al. J Clin Endocrinol Metab. 2020 



144 patients, 30 day post-operative follow-up, no mortality

Phenoxy vs doxa

• No differences in cummulative time outside BP range (SBP>160, MAP <60 mmHg) 11.1% vs

12.2%,  NS

• No differences in post-op hypotension & complications

• More intraoperative hemodynamic instablility with doxa: higher need of vasodilator drugs

• No differences in side effects: 85% grade I-II, transient

PRESCRIPT trial

Buitenwerf et al. J Clin Endocrinol Metab. 2020 



Debate on the necessity of blockade

Groeben et al. British J of Surgery 2020



Groeben et al. British J of Surgery 2020

• 1860 patients in 21 centers

• 343 without intense 
alphablokkade

• Retrospective, non-

randomized
• No data on vasoactive 

drugs and fluids required 

(determinants of  outcome)
• Results from high volume 

center is not generally 

applicable

Debate on the necessity of blockade



Presurgical and surgical management 
• Presurgical a-adrenergic receptor blocker remains the mainstay for 

preventing life-threatening perioperative cardiovascular complications
• Normotensive patients should also receive presurgical medical treatment
• In patients with head and neck paraganglioma, presurgical adrenergic 

blockade is only indicated in patients with positive biochemistry

Lenders et al., J Hypertension 2020



Surgical management
• Scopic adrenalectomy

• posterior retroperitoneoscopic

• transperitoneal laparoscopic (BMI >45 and tumor >7cm)

• Open adrenalectomy (‘large and invasive’)

Langenhuijsen et al. J Endourol 2013
Walz et al. World J Surg. 2010 



Post-surgical follow-up 

Lenders et al., J Hypertension 2020; Plouin et al. European Journal of Endocrinology 2016



Metastatic PPGL
• All PPGLs are potentially malignant; no reliable histological / molecular 

markers

• Metastatic defined by lesions in tissues where chromaffin cells are 

normally absent: lymph nodes, bone, liver, lung

• SDHB mutations, tumour size >5 cm, multifocality and dopaminergic 

biochemical phenotype are risk factors for developing metastases

• 40-50% of patients with metastatic PPGL harbour SDHB mutations

Lam et al. Endocrine pathology 2017; Chrisoulidou et al. Endocr Relat Cancer 2007



Management of metastatic PPGL

Nölting, Grossman, Pacak. Exp Clin Endocrinol Diabetes 2019

Management of catecholamine
induced symptoms / complications
• adrenergic blockade
• laxatives
• (metyrosine)





Amar et al. Nat Rev Endocrinol. 2021 



Amar et al. Nat Rev Endocrinol. 2021 

• SDHB from 6-10 yo

• SDHA/C/D-pi from 10-15 yo
• From 70 yo 1x/5 y
• From 80 yo and no tumor: follow-

up staken
• Metanephrines + MRI 

head/neck/chest/abdomen/pelvis

• PET-CT at 1st screening adults

SDHx tumorscreening 



Buffet et al. JCEM 2019



Pheochromocytoma/paraganglioma and 
pregnancy

• Estimated incidence: 0.007% (30.246 

pregnancies in 20 years)
• Untreated: high maternal and fetal morbidity 

and mortality

• ‘The great mimick’: pre-eclampsia, 
hyperemesis, gestational diabetes, 
thyreotoxicosis

Harrington et al. World J Surgery 1999; Lenders. Eur J of Endocrinology 2012
Biggar et al. Brittish J Surgery 2013 31/32



Langton et al. BJOG 2021

• Systematic review

• 157 papers on 204 pregnancies in 200 patients

32/32



Clinical clues

Langton et al. BJOG 2021
33/32



Bancos et al. Lancet Diabetes Endocrinol 2021

• Multi-centre retrospective study, 1980-2019

• Combination of
o Registry of 197 pregnancies in 186 patients
o Systematic review of 7 reports (>5 cases) on 63 pregnancies in 55 

patients

34/32



Outcome

• Maternal and fetal outcome evaluable in 230 (92%) pregnancies

• 14% complications of catecholamine excess or death
o 9% fetal death
o 6% severe maternal complication or death (1%)

o 2% maternal plus fetal complications

Bancos et al. Lancet Diabetes Endocrinol 2021
35/32



Determinants of outcome

Bancos et al. Lancet Diabetes Endocrinol 2021
36/32



Medical treatment

Berends et al. JCEM 2020

FDA category C/D 
(not teratogenic, 
possible harm to 
the fetus) 

Probably less
harmful than
catecholamine
excess

37/32



Determinants of outcome

Bancos et al. Lancet Diabetes Endocrinol 2021; Langton et al. BJOG 2021
38/32

However, better APGAR scores after surgery during pregnancy than with
pheochromocytoma in situ (score <7 in 2.6% vs 25.6%)



Surgical resection of PPGL

Bancos et al. Lancet Diabetes Endocrinol 2021; Van der Weerd et al., Eur J Endocrinol 2017

Surgery is preferrably performed <24 w 

when organogenesis completed and the

uterus still permits accessibility

When > 24 w: postpone until after delivery

39/32



Determinants of outcome

Bancos et al. Lancet Diabetes Endocrinol 2021
40/32



Delivery

Bancos et al. Lancet Diabetes Endocrinol 2021

Caesarian section 
was performed in 
most cases, 
however, natural 
labour is probably 
safe in 
appropriately 
selected patients

41/32



Endocrine Society Clinical practice guideline. Lenders et al. J Clin Endocrinol Metab 2014

Conclusion

Pagina 42
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How to deal with variants of unknown significance? 

Mercedes Robledo 

Spanish National Cancer Research Centre (CNIO) 

 

The development of technologies capable of sequencing the exome, or even the 

genome of an individual, has improved the ability to diagnose disease genetically. 

However, one of the problems associated with the implementation of these 

technologies is the identification of variants of uncertain significance even in 

genes for which an association with a specific disease has been demonstrated, 

and also the identification of incidental findings in genes apparently not 

associated with the disease of interest. 

Variants of uncertain significance are a recurrent problem in genetic diagnosis, 

and laboratories offering such services must be prepared to give a clear 

interpretation of the meaning of the variant. For this purpose, there are numerous 

databases that provide information on the frequency of a variant in different 

populations, as well as bioinformatics tools designed to predict the effect of a 

change according to different algorithms. However, the in silico results need to 

be functionally validated, as the correct classification of a variant has 

consequences for the clinical follow-up not only of the index case of a family, but 

also of the relatives carrying the genetic change. 

During the class we will analyse concrete examples of families in which we have 

found variants of uncertain significance, we will review public database websites 

where we can find relevant information, as well as the type of information 

provided by the most commonly used bioinformatics tools. The class aims to 

provide guidance on the steps to follow in a laboratory to classify a variant of 

uncertain significance. 

 



How to deal with variants of unknown significance?
Mercedes Robledo, PhD

mrobledo@cnio.es





Wetterstrand KA. DNA Sequencing Costs: Data from the NHGRI Genome Sequencing Program (GSP) 
Available at: www.genome.gov/sequencingcostsdata. 

https://www.genome.gov/sequencingcostsdata


Danielsson K, et al. Expert Rev Mol Diagn. 14:469–487, 2014; Makrythanasis P, and Antonarakis SE. Clin. Genet. 84: 422–428, 2013; Jessica X. 
Chong, et al. AJHG 97:199–215, 2015; Boycott et al. Am J Hum Genet. 100:695, 2017



Advantages:
It is posible to check simultaneosly all the genes related to a specific disease (panels).
To follow an agnostic strategy (whole exome sequencing or whole genome sequencing). 
Many applications (cause of a disease, progression related mutations, treatment resistance, etc.)

Disadvantages:
There are regions poorly covered (false negative).
To find variants of unknown significance.



A variation in a genetic sequence for which the association with disease risk is unclear. Also 
called unclassified variant, variant of unknown significance, and VUS.

VUS What it means?

Are VUS common?
Close to 20% of genetic tests identify a VUS.

Some tests examine only a handful of genes associated with cancer at a time, while others analyze
hundreds of genes, or even WES and WGS.

The more genes you look at, the more variants of uncertain significance you’ll find.



Quality check Coverage and deep

Variant meaning
analysis

Allele frequency
In silico prediction
DB

Validation
Sanger sequencing
MLPA

Results report
International Nomenclature and Variant
Interpretation Guidelines

Genetic counselling



FFPE tissue



The importance of 

appropriate material 
selection



Richards S, et al. ACMG Laboratory Quality Assurance Committee. Standards and guidelines for the interpretation of 
sequence variants: a joint consensus recommendation of the American College of Medical Genetics and Genomics and the
Association for Molecular Pathology. Genet Med. 2015 May;17(5):405-24.

Rules for classifying variants



MTC

Blood

p.R114H / rs76397662 (RET)

gnomAD browser https://gnomad.broadinstitute.org



ClinVar https://www.ncbi.nlm.nih.gov/clinvar/

ClinVar is a freely accessible, public archive of reports of the relationships
among human variations and phenotypes, with supporting evidence.

https://www.ncbi.nlm.nih.gov/clinvar/


Medullary Thyroid Carcinoma

Up to 50% RET somatic mutation
Around 20% of somatic mutation involving RAS-family members



To check as many DB as possible. There are DB focussed on specific phenotypes, while in others
it is possible to find information from many genes. Some examples:

https://www.lovd.nl/
https://varsome.com/
https://arup.utah.edu/database/MEN2
https://ftp.ncbi.nlm.nih.gov/pub/clinvar/ClinGen/expert_panels/InSiGHT/ Lynch síndrome
https://brcaexchange.org/ Brest cancer

PubMed critically analyse whether there is sufficient evidence to classify a variant as 
pathogenic or probably pathogenic. 

https://www.lovd.nl/
https://varsome.com/
https://arup.utah.edu/database/
https://ftp.ncbi.nlm.nih.gov/pub/clinvar/ClinGen/expert_panels/InSiGHT/
https://brcaexchange.org/


Richards S, et al. ACMG Laboratory Quality Assurance Committee. Standards and guidelines for the interpretation of 
sequence variants: a joint consensus recommendation of the American College of Medical Genetics and Genomics and the
Association for Molecular Pathology. Genet Med. 2015 May;17(5):405-24.



Shorting intolerant from tolerant https://sift.bii.a-star.edu.sg/
PolyPhen-2 (Polymorphism Phenotyping v2) http://genetics.bwh.harvard.edu/pph2/
Mutation Taster https://www.mutationtaster.org/
ESEfinder http://krainer01.cshl.edu/tools/ESE2/
RESCUE-ESE Web Server http://hollywood.mit.edu/burgelab/rescue-ese/
EX-SKIP https://ex-skip.img.cas.cz/
.
.
.
.
.
.

https://sift.bii.a-star.edu.sg/
http://genetics.bwh.harvard.edu/pph2/
https://www.mutationtaster.org/
http://krainer01.cshl.edu/tools/ESE2/
http://hollywood.mit.edu/burgelab/rescue-ese/
https://ex-skip.img.cas.cz/






For some genes, complementary assays are available to help in interpretation

There are variants that appear in low frequency in control population. 

SDHA (low penetrance)

If pathogenic SDHA IHC  no expression



Sample size

N=756

• 6 intronic variants
• 3 synonymous genetic variant
• 5 missense

Variant found in blood:

Prevalence

Clinical features
Wurzburg 
Munich
Dresden
Rotterdam
Liège
Paris
Florence
Padova
Madrid

ENS@T consortium

Aim



VUS
cDNA

Protein

dbSNP ID

ExAC

Protein function

prediction 

3D structural

prediction and annotation 

V-1
c.8C>T

p.S3F
Not described

5 as disease-causing

4 as benign
NA

V-4
c.310A>G

p.R104G
Not described 10 as disease-causing

4 as non-stable

1 as stable

V-7
c.389A>G

p.Q130R
Not described

3 as disease-causing

7 as benign

3 as non-stable

2 as stable

V-8
c.478G>A

p.V160M

rs138541865

T: 0.01649%; 0 hom.

7 as disease-causing

2 as possibly disease-causing

1 as benign

5 as non-stable

V-13
c.766G>A

p.A256T

rs147655350

T: 0.003320%; 0 hom.

9 as disease causing

1 as benign
6 as non-stable

Predictors used: SIFT, 
Polyphen (HDIV), Polyphen
(HVAR), LRT score, Mutation 
Taster, Mutation Assessor, 
fathmm-MKL, PROVEAN, 
MetaSVM, MetaLR

Predictors used: PoPMuSiCv33.1, ERIS, 
CUPSAT, I-Mutant v3.0, MAESTRO, 
INPS-3D 



In the absence of access to a sample of the patient's tumour, 
functional assays need to be designed to demonstrate the 

pathogenic effect of the genetic change.



Up to 5 functional assays were used
cDNA wt p.Ala256Thr p.Lys301Arg MDH2

MitoTraker – mitochondria label
Hoetchst 33342 - nuclei

1- Immunoflorescence assay to assess the localisation of MDH2

2- Enzymatic assay to assess MDH2 activity

A256T

A256 wt

A256T

A256E

A256E

3- Molecular dynamics simulation to predict conformational changes



• VUS is a challenge for laboratories 
• Databases are available that give relevant information to interpret a variant.
• It is essential to consult as many databases as possible.
• In a high percentage of cases it is necessary to design appropriate functional assays to 

evaluate the effect of the change.



 

 

 

 

 

 

 

 

 

 

Joakim Crona 

 

PPGL cases with variants of unknown 

significance 

 

 



PPGL cases with challenging genetics 

Joakim Crona 

Uppsala Universitet, Sweden 

 

Pheochromocytoma and Paraganglioma (PPGL) may be the most heritable tumor 

seen in adults. A large number of disease causing genes have been described and 

linked to both distinct and more diffuse clinical presentations. As a result, all PPGL 

patients are currently recommended genetic testing. Still, many challenging aspects 

remain, some of these will be highlighted by this case presentation: what 

recommendations can be made to syndromic patients after curative treatment of a 

PPGL? At what age should genetic testing be offered to kids in families with confirmed 

genetic mutations? Is the interpretation of genetic test result written in stone or can a 

genetic variant be re-classified from benign to pathogenic, or vice versa? And finally, 

how can we approach a case that carries a high risk of having an underlying genetic 

cause, but where no germline mutation can be found in known PPGL genes? These 

cases are presented from the perspective of a clinician seeing PPGL patients in his/her 

routine clinical practice. The aim is to generate a discussion of how to apply the current 

state of the art in the management of PPGL patients with complicated genetics. 





Patient/tumor characteristics
Previous/concurrent illness No

Family history Yes

Metanephrine nmol/L (<0,3) NA

Normetanephrine nmol/L 
(<0,6)

NA

Tumor type Unilateral head neck 
paraganglioma, skull base

Tumor size 12mm

SDHB immunohistochemistry NA



Patient/tumor characteristics
Previous/concurrent illness No

Family history No

Metanephrine nmol/L (<0,3) 3,5

Normetanephrine nmol/L 
(<0,6)

6,3

Tumor type Unilateral pheochromocytoma

Tumor size 100mm

SDHB immunohistochemistry Positive



Patient/tumor characteristics
Previous/concurrent illness No

Family history Cousin with head neck 
paraganglioma (age unknown)

Metanephrine nmol/L (<0,3) 0,2

Normetanephrine nmol/L 
(<0,6)

25

Metoxytyramine nmol/L (<0,2) 0,8

Tumor type Metastatic paraganglioma

Tumor size Unknown

SDHB immunohistochemistry Unknown





 

 

 

 

 

 

 

 

 

 

Fatima Al-Shahrour 

 

Meet the expert: Omic platforms. What 

do you need to achieve robust results? 



Meet the expert: Omics platforms. What do you need to 

achieve robust results? 

Fátima Al-Shahrour 

Bioinformatics Unit, Spanish National Cancer Research Centre (CNIO) 

 

Precision Oncology (PO) is already revolutionizing healthcare and will play a 

dominant role in the future of cancer therapy. PO integrates tumor multi-omic 

profiles and data that reflect the course of the disease, lifestyle and environment 

to guide clinical decisions during cancer patient journey such as prevention, 

diagnosis and treatment. Bioinformatics analyses are essential to identify patients 

who will benefit from treatment based on their molecular profile, and to tailor 

chemotherapeutic regimens accordingly.  

The aim of the talk is to describe the computational pipeline for the analysis and 

interpretation of Next-Generation Sequencing (NGS) data such as exome 

sequencing or targeted panels that are commonly used in the clinic. We will 

address the implementation of large-scale genomic sequencing in clinical 

practice and the computational strategies for the analysis of NGS data, limitations 

and future challenges and  with a particular emphasis on the interpretation of the 

results, selection of biomarkers of drug response and afford opportunities to 

match therapies with the characteristics of the individual patient’s tumor. An 

exercise will be used to illustrate the principles of how genetics influence led to 

refining diagnoses and personalized treatment of cancer disease.  

 
 
 



Meet the expert: 
Omics platforms. What do you need to 

achieve robust results?
COST Harmonisation Adrenal Tumor Masterclass

Fátima Al-Shahrour, PhD

Bioinformatics Unit

Spanish National Cancer Research Centre (CNIO)

Madrid

@BU_CNIO https://bioinformatics.cnio.es/



Precision medicine workflow

Gómez-López et al. Brief Bioinformatics 2017

Precision oncology uses an individual's genetic profile and individual information to guide decisions made in 
regard to the prevention, diagnosis, and treatment of cancer including also other patient´s (citizen) data: lifestyle 
(diet, habits, physical exercise..), population data, monitoring, devices...



Gómez-López et al. Brief Bioinformatics 2017

Multidisciplinary team



PM challenges in Cancer

• Cancer therapeutic options are still very limited and most patients acquire
resistance to the treatment.

• Now the TCGA/ICGC have defined cancer molecular landscape for many tumor types,
a challenge remains to associate molecular alterations with current therapies in the
appropriate clinical context.

• It is critical to identify and understand the molecular landscape for each patient
beyond the tumoral type.

• Still a need for new biomarkers for patients’ stratification.

• Molecular alterations to identify drug responders and non-responders.

• Rational in cancer treatments (surgery, RTX, combinations, sequential, etc).



Data integration for clinical decision making



• Fast and cheap new technologies.

• International collaborative expert teams.
• Databases linking data to known information; methods to
store, make accessible, query and interrogate them in
sensible ways.
• Predictive methods to assess biological sense.
• Ability to automate and speed up the analysis through faster
algorithms and computational power.
• Funding to analyze the information, provide it in a
meaningful way and store it secure and permanently.
• An ethical, social and legal background.

Precision Medicine: what do we need?



Adapted from A. Valencia

Precision Medicine: what do we need?



Precision Medicine: what do we need?

Adapted from A. Valencia



1. Big data in precision oncology
2. Methods for variant analysis (SNVs)
3. Methods for drugs prioritization
4. IA, data sharing…



DNA-seq for detection of point genomic variants (SNVs)



Gonzalez-Perez A et al. Nat Meth 2013; 10(8):723-9; Ding L et al. Nat Rev Genet. 2014;15(8):556-70.

Detect tumor-specific
somatic mutations.

Discard variants that
not segregate with disease
and they dont have a
functional impact.

Prioritizate variants based
on their functional
effect & their association
with the disease. 

Successfully link genomic
features with clinical
applications.

Workflow analysis for SNVs



1. VARIANT DISCOVERY
Methodologies
- Mapping and alignment algorithms (BLAT, BWA, Bowtie, BFAST, GEM, MuTect, SomaticSniper...). 

- Public and home-made pipelines for NGS analysis (GATK, Varca)

- Sequencing technologies are affordable. < 1000 € / ~1week.

Limitations
- Lack of technology standards (genomics, informatics, emerging technologies)

- Mapping and alignments algorithms produce different results

- Whenever a novel variant is identified, it will still have to be verified due to the this false positive

- Indels are difficult to detect

Challenges
- Processing large scale genomic data

- Decrease the error rate (~1 error/100Kb means 30.000 errors per genome).

- Detection of rare and novel variants will require increased confidence in the variant call.

- New algorithms for calling indels

- Improve QC metrics



WHAT IS CRUCIAL IN VARIANT DISCOVERY?



Methodologies:
- Gene structure: Elimination of synonymous/non-coding variant.
- Control variants: Elimination of dbSNP, HGMD, HapMap, dbVAR, DGV variants, 1000 Genomes Project.
- Computational methods to predict deleterious missense variants. The prediction algorithms input features 
generally include amino acid sequence, protein structure and evolutionary information: (SIFT, PolyPhen, 
MutationAssessor, Condel, SNPEffect, SNPs3D, FIREDB, FireStar: validated annotations of binding sites and 
analysis of mutations at the 3D level). 

Limitations:
- GWAS are providing new insights, but only a limited number of variants have been characterized, and 
understanding the functional relationship between associated variants and phenotypic traits is difficult.
- Prediction methods do not provide any information about the pathophysiology of the diseases and so 
experimental tests are required to validate genetic predictions

Challenges:
- To filter or not to filer? Optional
- Data management, retrieval and quality control.

2. VARIANT FILTERING



Methodologies:
- Prioritize variants predicted as damaging. 
-Literature. Annotation: UCSC, Ensembl, Cancer Genes, OMIM, Text-mining. COSMIC
- Reference Cancer Genome (by recurrence): ICGC and TCGA projects.
- Evolutionary conservation: Prioritize variants highly conserved across species.
- Integration of genomic data resources: Expression, CNVs, Proteomics, 
- Guilty-by-association: Genes involved to the biological process of interest.
- Pathway level: Identification of significantly altered gene sets and/or pathways using KEGG or other 
DBs (PARADIGM, Dendrix).

Limitations:
- Understanding of genomic variation data is limited and complex.
- There aren’t tool for disease prediction.
- Different tools but they aren’t integrated in a useful and guided pipeline.
- New methods are needed to evaluate the impact of insertion, deletion and synonymous variants.
- Predict the impact of non-coding variants affecting (regulatory regions and splicing sites). 

Challenges:
- To manage large quantities of pre-processed data.
- Interpreting the functional effect and the impact of genomic variation.
- Integrating systems data to relate complex genetic interactions with phenotypes.
- Analyze biomedical DBs to build relationship between diseases, genes, mutations, drugs and pathways.

3. PRIORITIZE VARIANTS (GENES)



Mahmood, K., et al. Hum Genomics. 2017.

VARIANT FUNCTIONAL PREDICTION ALGORITHMS

- SIFT (http://sift.jcvi.org/)

- PROVEAN (http://provean.jcvi.org/)

- Variant Effect Predictor (http://www.ensembl.org/info/docs/variation/vep/index.html)

- Mutation Assesor (http://mutationassessor.org/)
- ANNOVAR (http://www.openbioinformatics.org/annovar/)

- SnpEff (http://snpeff.sourceforge.net/)

- Condel (http://bg.upf.edu/condel/home)

- Polyphen2 (http://genetics.bwh.harvard.edu/pph2/)

- Mutation Taster (http://www.mutationtaster.org/index.html)
- CanPredict (http://www.cgl.ucsf.edu/Research/genentech/canpredict/)

- PicMit (http://www.biocomputing.it/picmi/index.php)

- FireStar (http://firedb.bioinfo.cnio.es/Php/FireStar.php)

- MAPP (http://mendel.stanford.edu/SidowLab/downloads/MAPP/index.html)

- Varietas (http://kokki.uku.fi/bioinformatics/varietas/index.php)
- Ensembl SNP Effect tool (http://www.ensembl.org/info/website/upload/index.html#Consequence)

- SNPs3D (http://www.snps3d.org/)

- PantherPSEC (http://www.pantherdb.org/tools/csnpScoreForm.jsp)

- MTBAN(http://mtban.kaist.ac.kr/)

- CADD (https://cadd.gs.washington.edu/)



1. Big data in precision oncology
2. Methods for variant analysis (SNVs)
3. Methods for drugs prioritization
4. IA, data sharing…



Methodologies:

• Drug-single gene association or sometimes pathways.

• Literature

• Cancer Cell line Encyclopedia and Sanger Resources.

Limitations:

• one-variant, one-phenotype approach is inefficient.

• Gene-gene interactions

• Environmental interactions

• There aren’t integration with any external knowledge sources or inform the biology behind the interactions.

• Lack of common technology platforms to enable the sharing of information and transfer to clinical application.

Challenges:

• Developing methods to integrate drug sensitivity with genomic data.

• Developing methods that combine multiple data sources and multi-factor predictions.

• Translating these discoveries into medical practice.

• Tools for predicting drug–target or drug–gene interactions will be essential.

• Prospective gene-stratification hypotheses need to be generated for future trials and will require new bioinformatics methods.

• Lack of common vocabularies

Genomics of Drug sensitivity

4. DRUGGABLE TARGETS



Borchert et al. Briefings in Bioinformatics 2021.

Treatment prioritization methods according to variants



• GENOMICS
• Antitumoral in silico prescription

• Biological + clinical relevance scoring

• Input: Gene lists, VCF (Web, API)

⊝

https://www.pandrugs.org/

⊝

http://www.vulcanspot.org/

• GENOMICS-TRANSCRIPTOMICS
• Antitumoral in silico prescription

• Genetic dependencies identification

• Input: HUGO name (Web, API)

Perales-Patón J et al.  Bioinformatics 2019

⊝

⊝

⨁

• TRANSCRIPTOMICS
• Drug screenings - hypothesis generation

• Drug prioritization to target immune cells

• Input: Expression signatures (Web, API)

Piñeiro-Yañez E et al. Genome Med. 2018

Piñeiro-Yañez E et al. Cancers. 2019

Fdez-Navarro P et al. BMC Cancer. 2019

Goldman M et al (PCAWG). Nature Communications. 2019

https://www.dreimt.org/

Troule et al.. Bioinformatics 2020

CNIO Bioinformatics Unit
ü Knowledge-driven hypothesis generation for cancer treatment

ü Bioinformatics + ”omics” to propose therapies

https://bioinformatics.cnio.es/

https://www.pandrugs.org/
http://www.vulcanspot.org/
https://www.dreimt.org/


Detecting tumour and TME subpopulations with distinct drug response 
using single cell data 

Fustero-Torre et al. Genome Med. 2021

Visit: https://gitlab.com/bu_cnio/beyondcell

Drug targeting Tumour and TME using Spatial Single Cell transcriptomics

https:///
http://gitlab.com/bu_cnio/beyondcell


PanDrugs: in silico drug prescription tool

Bioinformatics methodology to prioritize anticancer drug 
treatments according to individual genomic data

Oriented to help in clinical decision-making:
• To identify the most effective treatments
• To detect potential drug resistances

Piñeiro-Yáñez E, Reboiro-Jato M et al. Genome Medicine. 2018

www.pandrugs.org



Piñeiro-Yañez E et al. Genome Med. 2018; Piñeiro-Yañez E et al. Cancers. 2019; Fdez-Navarro P et al. BMC Cancer. 2019; Goldman M et al. Nature (PCAWG). 2020.

Prioritizing drugs from variant lists: PanDrugs

PanDrugs prioritizes the best therapeutic candidates according to individual genomic data in cancer patients.
PanDrugs includes the largest pharmacogenomics database currently available and a  scoring system to 
prioritize treatments

https://www.pandrugs.org/



https://www.pandrugs.org/

Prioritizing treatments from variant lists: PanDrugs



1. Big data in precision oncology
2. Methods for variant analysis (SNVs)
3. Methods for drugs prioritization
4. IA, data sharing…



Rajpurkar et al. Nature Medicine. 2022; Greener, J. G., et al. Nat Rev Mol Cell Biol, 2022;  Iqbal et al. Cancer Cell. 2021; Tran et al. Genome Medicine 2021; Denny, J. C., & Collins, F. S. Cell, 2021. 

Output
• Improving early detection and survival rates
• Finding right treatments
• Accelerating drug discovery and 

development
• Reducing errors
• Faster, more affordable and accesible

Applications
• Diagnosis 
• Treatment 
• Screening and Prevention 
• Prognosis and survival
• Classification
• Drug design
• Clinical trials

Data
• Genomics
• Histopathology 

Images
• Electronic 

Medical Records

Artificial intelligence in precision oncology



Liu X, Nat Med. 2020 Sep;26(9):1364-1374. 

Applying deep-learning algorithms to healthcare 2021

Prospective and retrospective clinical Trials Method of the year 2022: Protein folding problem 

Precision oncology and 
Pharmacogenomics

AI approaches in medicine have been limited by
the (un)availability of large, commonly structured datasets



The European roadmap

Saunders, G. et al. Nat Rev Genet 26, 778–9 (2019).

To maximize the value of the genomic data generated, 
these data will need to be shared between institutions
and across countries. 

European research infrastructures are well-positioned
to support the rapid implementation of widespread
genomic data access.

https://elixir-europe.org/

An european distributed infrastructure for life-science information (23 countries)

https://elixir-europe.org/


METHODS FOR DIAGNOSIS
Physical exam; Clinical biochemistry; Imaging; Biopsy; Surgical 

pathology; Anatomical Pathology, histology; Clinical genetics; 

NGS; Mining Electronic Health Record (EHR); AI; Literature...  

Cancer driver genes

eg: COSMIC, literature,..

DATA
Blood test biomarkers; SP and AP report; Images; 

Genetics & genomics variants (somatic and 

germline); EHR; AI predictive report...

Patient CRUK0056
- 71-year-old woman. Chest X-ray showing a suspicious mass on the left lung.

- Biopsy, Surgical treatment and sequencing.

- Lung tumour tissue from this patient was sampled in 3 tumour regions (R1, R2, R3).

Use Case 1 - CANCER DIAGNOSIS

- Benchmarking pipelines.

- Standardised NGS pipelines.

- Clinical guidelines (VF, artifacts)

GOALS

CHALLENGES

Diagnosis: 
- NSCLC (stage IB).

- 119 mutated genes.

- Standardized & harmonised DDBBs.

- Common cancer reference resource for 

clinical decision-making.

- Development of genomic reports.

- Need EU Cancer Patient Digital Centre.

Variant interpretation

Pathogenic variants

eg: HGMD, ClinVar, etc

Genomic report

Variant discovery and 

prioritization

eg: GATK, VEP, etc

- Complete CDG list.

- Tumours cohort analysis from 

large consortiums (ARGO, 1MG), .

- Expand CDG detection methods

- New functional exp data.

- Integrative pheno-geno projects.

Trained bioinformaticians

Interoperable infrastructures (HL7 FHIR) 

GA4GH standards (Beacon project, Phenopacket, SchemaBlocks...)

FAIR (Findable, Accessible, Interoperable, Reusable)

AI prediction

- Access, analysis and 

integration of EHR, 

images, genomic data...

- Patient Digital Centre.

Best practices & Clinical guidelines



CLINICAL ONCOLOGY DECISION MAKING TRANSLATIONAL RESEARCH

● Anonymized and custom annotated dataset.
● Correlation between genomic data (biology) and 

disease evolution.
● Multi-omics, clinico-pathological and treatment 

response data comparisons.
● Patient classification and prediction (origin, subtype, 

diagnosis, drug response, metastasis, survival, etc).

Use Case 2 & 3 - Patient Classification, prediction and enroll in clinical trial

Web Service to upload a genomic profile 
and get response back 

Scientific and clinical questions

•Electronic health Records
•Demographic data
•Environmental factors

•Genomic data
•Clinico-pathological data
•Full therapeutic regimen
•Evolution...

Data (genotype, phenotype, health care, 
longitudinal)

Hospitals

Cancer Mission Board Recommendations: 
Create a European Cancer Patient Digital Centre where cancer patients and survivors can deposit 

and share their data for personalised care



Data sharing for genomic medicine

• Sharing of expertise
• Submission to international DDBB
• Controlled Access

… keeping ethics and security

Saunders, G., et al. Nat Rev Genet, 2019; Rehm, H. L., et al. Cell Genomics, 2021.



Precision oncology (PO) is not possible
without multidisciplinary teams including
experts in health, genetics and bioinformatics
and the use of computational algorithms and
bioinformatics methods.

The main limitation of point variant
interpretation and prioritisation methods is
the lack of optimal algorithms for predicting
the functional impact of variants on protein
structure.

Treatment prediction methods integrate lists of
SNVs with information deposited in databases to
facilitate clinical decision-making.

Computational methods for PO allow
complex data to be processed, analysed,
interpreted, compared and integrated to
suggest individualized treatments and
facilitate clinical decision-making.

Secure sharing of clinical and multi-genomic
data within the Health System is essential to 
enable PO. 

AI-based systems require massive sets of
structured data to be trained effectively.

CONCLUSIONS



1. Databases for genomics variants
2. Cancer Genomics portals
3. Tools for in silico drug prescription



Repositories and databases of genomic variants

TGACGATGTAGTCAAGTCA
ATAGCAGTGACGATGATGAAGA

TAGTGACGTAGGGGTAGCAGTAGT
CTGCCATTAGACTGATGACGATGATG

- Genome variation and visualization
UCSC Genome Browser: genome.ucsc.edu
ENSEMBL: www.ensembl.org/info/genome/variation/
NCBI MapViewer : www.ncbi.nlm.nih.gov/mapview/map_search.cgi/
1000Genomes: http://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/
OMIM: http://www.omim.org
Human Genome Variation DB: https://gwas.biosciencedbc.jp/

- SNPs and haplotype data
dbSNP: http://www.ncbi.nlm.nih.gov/SNP/
HapMap website : www.hapmap.org
HapMap Genome Browser: www.hapmap.org/cgi-perl/gbrowse/gbrowse/
SNAP : www.broad.mit.edu/mpg/snap/
GWAS central: http://www.gwascentral.org/

- Somatic variants
Human Gene Mutation Database: http://www.hgmd.org
ClinVar: http://www.ncbi.nlm.nih.gov/clinvar
COSMIC: http://www.sanger.ac.uk/cosmic
ICGC data portal: https://dcc.icgc.org/
TCGA data portal: https://portal.gdc.cancer.gov/
HGVS: http://www.hgvs.org/mutnomen/recs-DNA.html
WHESS.db: http://genetics.bwh.harvard.edu/pph2/dbsearch.shtml
cBioPortal: http://www.cbioportal.org/public-portal
CCLE: http://www.broadinstitute.org/ccle
My Cancer Genome: http://www.mycancergenome.org
NHLBI Exome variant server: http://evs.gs.washington.edu/EVS/

- Structural variants
TCGA Genomic Variants: projects.tcag.ca/variation/
UW Structural Variation db: humanparalogy.gs.washington.edu/
CNV Control Dd: http://gwas.biosciencedbc.jp/cgi-bin/cnvdb/cnv_top.cgi
dbVar: www.ncbi.nlm.nih.gov/dbvar/
Database of Genomic Variants (DGV): http://dgv.tcag.ca/dgv/app/home

- Genome-Phenome interactions
dbGAP: https://www.ncbi.nlm.nih.gov/gap
EGA: https://www.ebi.ac.uk/ega/home



1. Databases for genomics variants
2. Cancer Genomics portals
3. Tools for in silico drug prescription



Zhang J et al. International Cancer Genome Consortium Data Portal--a one-stop shop for cancer genomics data. Database (Oxford). 2011:bar026. 

https://dcc.icgc.org/

Cancer genomics portals: ICGC data portal



https://www.cbioportal.org/1

Gao J et al. Integrative analysis of complex cancer genomics and clinical profiles using the cBioPortal. Sci. Signal. 2013

2
3

4

Cancer genomics portals: cbioportal



https://www.cbioportal.org/

Adrenocortical Carcinoma TCGA PanCancer, 92 patients

1 Get mutations from all patients

2

List of mutations from all patients

Cancer genomics portals: cbioportal



https://www.cbioportal.org/
Obtain mutations from 1 patient

1 Selection menu

2 Case selected by cBioPortal
Patient TCGA-OR-A5J5

Alternatively:
Analyze using “Patient ID”

Cancer genomics portals: cbioportal



https://www.cbioportal.org/

1

Download 356 
mutations

2 Mutations
information

There are no FDA-approved or NCCN-compendium listed treatments specifically for patient

Cancer genomics portals: cbioportal

Obtain mutations from 1 patient (TCGA-OR-A5J5)
Mutations for

TCGA-OR-A5J5



1. Databases for genomics variants
2. Cancer Genomics portals
3. Tools for in silico drug prescription



PanDrugs
Integrates drug sensitivity with genomic data
24 data sources, 
56044 drug-target associations
4703 genes and 9073 unique drugs

!
Piñeiro-Yañez E et al. Genome Med. 2018; Piñeiro-Yañez E et al. Cancers. 2019; Fdez-Navarro P et al. BMC Cancer. 2019; Goldman M et al. Nature (PCAWG). 2020.

https://www.pandrugs.org/

Prioritizing drugs from variant lists: PanDrugs



https://www.pandrugs.org/1

2

Prioritizing drugs from variant lists: PanDrugs



https://www.pandrugs.org/
Mutations for TCGA-OR-A5J5

1

3 2 Adrenal gland

Prioritizing drugs from variant lists: PanDrugs



https://www.pandrugs.org/

Prioritizing drugs from variant lists: PanDrugs

There are no FDA drugs approved for Adrenal tumours



1

23

Prioritizing drugs from variant lists: PanDrugs

Mutations for TCGA-OR-A5J5

https://www.pandrugs.org/



Prioritizing drugs from variant lists: PanDrugs

https://www.pandrugs.org/

Targeted therapy and Chemotherapy FDA-approved as tumor-agnostic treatment



The variants (SNVs, indels and CNVs)
described in the cancer genomics consortia
are accessible in public databases.

ICGC data portal and cBioPortal are two
reference web tools that integrate somatic
variants described in tumours, allowing
exploration and interpretation of variant lists.

cBioPortal allows downloading lists of variants
associated with specific tumour types of
interest and patients. In addition, you can
upload customised lists to visualise your own
data.

The clinical information available in cancer
genomics repositories is very limited.

PanDrugs is a free and public drug prioritization
tool that uses information available in public
databases to return a ranked list of personalised
drugs to a list of variants.

PanDrugs uses knowledge to propose drugs
directed against direct therapeutic targets,
described biomarkers or members of molecular
pathways associated with the input list of
mutations.

Conclusions
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Meet the expert: Organoids in adrenal 

tumor research 

 



 
 

 

“Organoids in Adrenal Tumor Research”- Cost 

Masterclass March 2022 

Michaela Luconi, PhD 

Department of Experimental and Clinical Biomedical Sciences, 

University of Florence, Italy 

 

The Adrenal is a complex endocrine organ integrating the steroidogenic cortex and the 

neuroendocrine chromaffin medulla. The tuned interaction between the two components 

regulates the development, maintenance and functional activity of the entire gland in 

pathophysiological conditions. The currently available in vitro and in vivo cell and xenograft 

models of adrenal cancers have limits as they fail to mimic the 3D structure and complexity 

of the organ. 

Novel models addressing the steroidogenic and chromaffin cell interactions and their 

architecture as well as the role of the microenvironment are needed for taking a significant 

step forward in adrenal cancer research and developing more efficacious and targeted 

therapies. The talk will covered the current in vitro cell and in vivo xenograft models for 

studying human adrenal tumors, in particular adrenocortical cancer, and how the 

development of innovative organoid models will impact the research in the field. Novel 

exciting data from the research on in vitro 3D organoids of human adrenals and their use for 

studying adrenal cancers and the tumor microenvironment interaction will be presented. 
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Research

March 25th 2022

Michaela Luconi, PhD
Dept. Experimental & Clinical Biomedical Sciences

University of Florence-Italy
michaela.luconi@unifi.it
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Tumor should be addressed in its microenvironment complexity
not as single tumor cells
-spatial complexity (3D) & network of different type of cells and 
factors

Adrenals
-coexistance of 2 different endocrine organs
Steroid production (cortex)
Catecholamine production (medulla)

cortex

medullaEpinephrine
Norepinephrine

Need of 3D complex adrenal models to study adrenal tumors

My presentation goal



Michaela LuconiPhylogenesis of the Adrenals
Cortex: mesodermic & Medulla: neuroectodermic

Separate  medullary nodules in cranial-caudal line & perirenal cortical mass

Medullary cordons & separate cortical cells + Stilling cells for hydrosaline balance

Medullary cordons & larger cortical mass associated with gonads

Medullary cordons & larger cortical mass associated with gonads

Integrated gland with peripheral cortex & central medulla associated with the 
kidney

Neonatal regression of the foetal cortex and substitution with adult cortex

separated

associated with the gonads

associated in an integrated glad with the kidney



Michaela LuconiHuman adrenal development
The ontogenesis

recapitulates
the phylogenesis

Ernst Haeckel

The journey: from the neural
crest to the forming adrenal

� a continuous differentiation
process called zonation

Bechmann et al. Mol Cell Endo 2021
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Haase et al Endocr Dev 2011
Bechmann et al Mol Cell Endo 2021
Bechmann et al Horm Metab Res 2021

Medulla-cortex
�Catecholamines
�Medullary neuropeptides

(galanin, NPY, VIP) 
stimulates steroid synthesis in all 3 Zs via specific R

A strict relationship
EMBRYOGENESIS & ADULT               

Cortex-medulla
� Glucorticoids stimulate TH, PNMT, secretogranine
� DHEA/DHEAS control proliferation/survival
� MH Receptors enhances DOPA synthesis
� Vascularization: arterial plexus to the central vein

capillaries from each Z
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Haase et al Endocr Dev 2011

Capsule
Zona 
Glomerulosa

Zona 
Fasciculata

Zona 
Reticularis

Medulla
100 µm

Chromaffin cells

Chromaffin cells

Cortex

Cortex

Medulla

Cortex

A strict relationship



Michaela LuconiCoordinated responses

� Fight or Flight response - stress response

� Inflammatory response

9 Innervation

9 Vascularisation

9 Paracrine-Hormonal factors
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This integration and crosstalk

between cortex and medulla must 

therefore be relevant also for 

cancer
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WHICH MODELS ?

� In vivo: mouse xenografts

� In vitro: 2D & 3D models
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In vivo mouse xenografts implanted with ACC



Michaela LuconiACC cell types

Pinto EM et al 
Curr Opin Endocr
Metab Res 2019



Michaela Luconi

Immuno compromised mice

HUMANIZED ACC MOUSE PDX 

ACC MOUSE PDX 
Patient-derived xenografts
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J Clin Endocrinol Metab 2020, 105(1):26–42 

Pembrolizumab
o inhibits PDX tumor mass growth
o reduction in the size of target lesions
o no new sites of metastasis
o metastatic liver lesion abundant CD8+ T cells infiltrate

Humanized ACC PDX mouse model

Tumor Growth in hPDX mouse



Michaela Luconi

In vitro 2D and 3D cell models
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Dellaquila et al Adv. Sci. 2021, 8, 2100798 

3D in vitro models
ADRENAL IN VITRO MODELS
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COCULTURING CELL MODELS in 2D/3D
to study the microenvironment cell interaction

with tumor cells



Michaela Luconi

Porous membrane 
(porus Ø = 0.4µm)

ROLE OF ADIPOSE MICROENVIRONMENT ON ACC 
INVASION THROUGH IN VITRO COCULTURING 

SYSTEM BETWEEN ACC H295R CELLS & ADIPOSE 
STEM CELLS ASCs

H295R

ASCs
Adrenal capsule

Infiltrating
cancer
mass

adipose 
cells

Infiltrating
cancer
mass

The adipose microenvironment & ACC
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H295R cells inhibit adipose differentiation (ASCs to Adipocytes) 

ASCs stimulates H295R invasion & 
trans-endothelial migration

Armignacco et al Cancers 2020
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The tumor microenvironment

could represent a novel target for 

anti-cancer therapies as it can 

modulate tumor behavior



Michaela LuconiCAF and Pheochromocytoma
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The FASEB Journal. 
2020;34:11101W11114 

3D in vitro model mimicking the stroma of neuroblastoma, 
providing a tool to screen drugs targeting the tumor stoma in 
combination with established tumor cell-targeting therapies. 
Effect of stroma-targeting mPGES-1 inhibition in combination
with tumor-targeting cytotoxic drugs vincristine

SKNAS

FIBROBLASTS

FIBROBLASTS

SKNAS

VI
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modified from Nunes et al 2019

Adipose 
Stem cells

Adipocytes

Cancer-
associated

adipose 
cells

Tumor microenvironment modulates tumor
progression and response to chemotherapy

ADIPOSE CELLS
FIBROBLASTS

MACROPHAGES
IMMUNE CELLS

ENDOTHELIAL CELLS

CHEMOKINES
CYTOKINES

ADIPOKINES
GFs

ECM
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Silveira et al  Cancer Cell Int 2018 

72h 100 Pm

H295R Spheroids to test cytotoxicity

24h 48h 72h 96h 100um

APOPTOSIS

100um

72h

72h

72h    mitotane 30 P M

72h    mitotane 30uM +
Sunitinib 5 PM

100 Pm

100 Pm

APOPTOSIS

APOPTOSIS
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Mono cellular type spheroids: non 

physiological conditions as they lack

the interaction between the cortex

and the medulla
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Adrenal primary cell 
cultures derived from fetal 
adrenal material after legal 
voluntary abortion at 3 
different times of 
gestation: 9-11-12 wks
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A B C

3 DAYS 5 DAYS 7-10 DAYS

ADRENAL FETAL 
SAMPLE

MECHANICAL 
DISGREGATION

ENZYMATIC DIGESTION WITH 
TYPE I COLLAGENASE  

CULTURE CELL 
PREPARATION

Poli et al FASEB J 2019
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• CORTICAL & CHROMAFFIN COMPONENTS
• STEM AND DIFFERENTIATED STAGES

Stem Markers Cortical &      Chromaffin Markers

Cortisol secretion Cortisol
induction

Poli et al, FASEB J 2019

Star

Gestational age

Gestational age

Cortisol
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Spontaneous generation of mixed foetal adrenal organoid
ADRENOID
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A B

C D

CYP17A1: CORTICAL
TH: CHROMAFFIN

11 wk FETAL ADRENAL

ADRENOID FROM 11 wk FETAL ADRENAL
Adrenoid architecture mimics adrenal

fA
DR

EN
AL

M
IX

ED
 P

O
Ps

AD
RE

N
O

ID
s

Poli et al, FASEB J 2019
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ADRENOIDS FROM CANCER CELLS?



Michaela LuconiFuture prospectives

To generate mixed spheroids with engineered cells

� Insert mutations in candidate genes of ACC and pheo

To generate mixed spheroids with microenvironment cells (adipose 
cells, fibroblasts, macrophages)

� To study microevironment effects

� Screening of TME-target and immune therapies

To improve conditions for long term culturing and polarization

� Ratio, microfluidic, conditioned media, ECM (scaffolding?)
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TAKE HOME MESSAGE
3D in vitro cell models that reproduce the 

crosstalk between the steroidogenic cortex
and the medullary chromaffin components

are required to study

• the tumor development/progression
• the response of the TME to anti-cancer

therapies
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Thanks for 
your attention
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