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E D I T O R ’ S P A G E

Molecular Imaging and Therapy with a Purpose:
A Renaissance of Nuclear Medicine

Johannes Czernin

David Geffen School of Medicine at UCLA, Los Angeles, California

After a long period of depression and negative prospects, the field
of nuclear medicine is experiencing a remarkable renaissance, with
critically important developments in molecular diagnostics, therapeu-
tics, and instrumentation. Much of this progress can be traced back to
a more solid integration among the basic preclinical (biology, phar-
macology, radiochemistry, physics/instrumentation), translational,
and clinical sciences and applications. Above and beyond optical
imaging, the use of small-animal PET imaging for disease phenotyp-
ing and therapy response evaluations is now being explored by major
research groups (1). Numerous translatable imaging probes are on the
verge of clinical testing or even acceptance (2,3). Clinical molecular
imaging now offers a large portfolio of diagnostic, prognostic, and
predictive probes (4) that measure the expression or inhibition of
therapeutic targets (5) or serve as intermediate endpoint biomarkers
(6) in various diseases. The value of such quantitative imaging bio-
markers is also becoming apparent in drug discovery, development,
and evaluations.
Imaging the expression of the prostate-specific membrane antigen

is becoming a critically important part of clinical service in Europe
and other parts of the world to identify sites of disease in prostate
cancer patients with biochemical recurrence (7). Tracers targeting
b-amyloid have refined the tools for diagnosing progressive neuro-
degenerative diseases (8). New fluorinated probes of myocardial per-
fusion will enable high-quality assessments of cardiac perfusion and
function (9). These biomarkers can provide critically important in-
formation at every step of the clinical decision-making process. They
will thus foster much closer interactions among nuclear medicine,
cardiology, neurology, oncology, and other clinical specialties.
Novel therapeutic approaches have been established or are emerging.

Effective theranostics targeting somatostatin receptors for managing
neuroendocrine tumors have become the standard of care in most parts
of the world (10). This approach will soon become available in the
United States. Theranostic approaches targeting prostate-specific mem-
brane antigen (11), bombesin (12), chemokine receptor type 4 (5), and
others will solidify the role of nuclear medicine as a therapeutic disci-
pline that is well integrated into the practices of oncology and medicine.
Therapeutic approaches utilizing labeled antibodies or minibodies have
been established or are being explored. The introduction of 223Ra
(Xofigo; Bayer HealthCare) for treating bone metastases in prostate
cancer patients has led to closer collaborations between urology
and nuclear medicine (13). Clinical evidence of the effectiveness of
prostate-specific membrane antigen–targeted theranostics is featured in
the current issue of The Journal of Nuclear Medicine (JNM) (14). Thus,
as a concrete example of precision medicine, nuclear medicine
possesses the tools to measure and address therapeutic targets.

Its large portfolio of diagnostics will
lead to the development of additional
theranostic pairs, resulting in closer
and more relevant interdisciplinary in-
teractions with clinical medicine and
thus a much greater role for nuclear
medicine in clinical practice. Advances
in instrumentation have also been re-
markable. In addition to PET/MRI, dedi-
cated organ-based PET and conventional
imaging systems are emerging. A true
total-body PET system has been devel-
oped by Dr. Cherry’s group that will
enable whole-body pharmacokinetic studies that are critically im-
portant in drug development (15).
Most importantly, these advances in technologies, diagnostics,

and therapeutics will have a substantial impact on the management
and outcome of patients with cancer, neurologic disorders, and
heart disease.
The molecular imaging and therapy community is grateful for

the leadership provided by Dominique Delbeke and her team of
associate editors over the last 5 years. Together with the out-
standing staff, this team has maintained the leadership position of
JNM among imaging journals. I am honored to have been
entrusted with the editorship of JNM. My team of associate editors
(Table 1) and I will make every attempt to further strengthen the
position of JNM. To achieve this goal, we will add several new
features to JNM. These include a series entitled “Hot Topics”
(edited by Heinrich Schelbert) and a “Featured Research” series
to highlight the manuscript of the month as elected by the asso-
ciate editors. Representative images from this manuscript will be
shown on the cover. The manuscript of the year, traditionally
presented at the annual meeting of the Society of Nuclear Medi-
cine and Molecular Imaging, will be chosen from the “Featured
Research” manuscripts. We will introduce a monthly review series
entitled “The State of the Art” with contributions from leading
experts in molecular diagnostics and therapeutics and in re-
lated preclinical and clinical disciplines. Theranostics will be a
special emphasis over the next few years (see Table of Contents).
Successful series, including “Focus on Molecular Imaging” (now
edited by Carolyn Anderson) and the monthly continuing edu-
cation articles (edited by William Strauss and Heiko Schöder),
will continue.
This is an exciting time for nuclear medicine, molecular

imaging, and molecular therapy. The reports of the demise of our
field not only are an exaggeration but are, in fact, wrong. During
the next decade, nuclear medicine will experience a remarkable
renaissance as diagnostic, predictive, and prognostic biomarkers
become integrated with novel therapeutic approaches. After all,
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Medicina nuclear é a área da medicina que faz uso de fontes 
não seladas de radiação para diagnóstico e tratamento

Flexibilidade



Massa 
relativa

Energia de 
emissão Ionização

Partícula 7000 5-8 MeV Intensa

Partícula 1 100 KeV - 
2 Mev Fraca
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eletromag-

nética
100 Kev Fraca
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Método Concentração 
contraste
(mol/Kg)

TC 10-3

RNM 10-5

SPECT 10-9 - 10-12

PET 10-9 - 10-12

von Schulthess, G. Molecular Anatomic Imaging 
(2007). Lipincott Williams & Wilkins, PA, EUA.

Conventional PET ultraHD·PET

5 min ultraHD·PET

Conventional (top row) vs. HD·PET (bottom row)

5 mCi ultraHD·PET

ultraHD·PET



Radiotraçador
Injeção de aproximadamente 1 µg  do composto químico

Grão de sal: 60 µg

Baixa toxicidade

Não altera a 
fisiologia do sistema 
estudado
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Imagem molecular:

"Avaliação da expressão genética 
in vivo"
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Bahce et al. Lung 2016 



Imagem molecular na prática
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“PET é uma tecnologia de imagem que mede e quantifica processos 
bioquímicos”. 

Dr. Michael Phelps
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SUVMax < 6,7

SUVMax > 6,7

p = 0,016

likely due to the fact that one third of our study patients
were considered “stable” clinically and radiographically for
several months before the study. It is this patient population
that frequently presents a diagnostic challenge. We found
that 5 of these patients with negative 18F-FDG PET but
positive 18F-FLT PET had tumor progression within 1–3 mo
after the PET study. 18F-FLT PET may help to define tumor
activity by imaging tumors with greater sensitivity than
18F-FDG PET. Consistently, as demonstrated by Kaplan–
Meier analysis, 18F-FLT PET was a better predictor of
tumor progression than 18F-FDG PET.

In this study, there was a close correlation between 18F-
FLT SUVmax and Ki-67 (r ! 0.84; P " 0.0001). Therefore,
18F-FLT could serve as a surrogate marker for proliferative
activity in human gliomas—thus, adding to the rapidly
growing list of human tumors examined with 18F-FLT PET
in which a good correlation between 18F-FLT uptake and
Ki-67 has been demonstrated. The 18F-FDG correlation with
Ki-67 was relatively low (r ! 0.51), in agreement with
other studies (r ! 0.41–0.73) (36,37).

A significant relationship between 18F-FLT uptake and
survival was found in this study. Since proliferation has
been demonstrated as the most important surrogate maker
for survival of patients with gliomas (1–5), this finding
provides further—though indirect—support for 18F-FLT as
a marker of proliferation in vivo.

As a key limitation of the present study, it should be
noted that only 3 patients with stable lesions in long-term
remission as negative control subjects were available, be-

cause of the fact that most patients with high-grade gliomas
generally have a fulminant clinical course and a cure is a
relatively rare event. We also did not find a case of pure
radiation necrosis, as the majority of our patients had high-
grade gliomas and pure radiation necrosis is a relatively rare
event in this patient group (38). Thus, our study provided
very limited data on the specificity of 18F-FLT PET and on
the use of 18F-FLT PET in the differential diagnosis of
active tumor versus radiation necrosis. In addition, our
study included only patients with a documented history of
gliomas; thus, the specificity of 18F-FLT PET for patients
with unknown brain lesions was not investigated. Finally,
this study did not address the mechanism of 18F-FLT uptake.
As 18F-FLT is only retained in brain tumors where there is
breakdown of the blood–brain barrier, one potential con-
cern is that 18F-FLT may be largely tracking the breakdown
of the barrier. The excellent correlation of the 18F-FLT
SUVs and the proliferation index, as well as the sustained
uptake up to 75 min after injection, argues against this being
the only process driving 18F-FLT uptake. Further study is
needed to address this issue.

CONCLUSION

Prognostically useful 18F-FLT PET emission scans can be
acquired beginning 5 min after injection over a 30-min
period. In contrast with our experience and that of others in
the study of extracranial tumors, the detection rate of glio-
mas was high, likely due to the very low background uptake

FIGURE 5. (A and B) Kaplan–Meier
curves for progression-free survival for 25
patients comparing 18F-FLT and 18F-FDG
PET results. (A) Predictive power of 18F-
FLT for time to tumor progression (P !
0.0005). (B) Predictive power of 18F-FDG
for time to tumor progression (P ! 0.03). (C
and D) Kaplan–Meier curves for survival for
25 patients comparing 18F-FLT and 18F-
FDG PET results. (C) Predictive power of
18F-FLT PET for survival is significant for
P ! 0.001. (D) Predictive power of 18F-FDG
PET for survival is significant for P ! 0.06.

18F-FLT AND 18F-FDG PET OF BRAIN TUMORS • Chen et al. 951

Sarcomas Esôfago
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Figure 1. Schematic display of mechanisms of uptake and retention of several PET tracers in tumour cells of neural crest origin [18F] : Fluorine-18; 
[18F]FDG:  [18F]Fluorodeoxyglucose;  [18F]FDOPA:  [18F]-dihydroxyphenylalanine;  [18F]FDA:  [18F]Fluorodopamine;  [68Ga]SSTa:  [68Ga]-labelled 
somatostatin  analogues;  HK  :  Hexokinase,  AADC  :  Aromatic  l-amino  decarboxylase,  SSTR2  :  Somatostatin  receptor  type  2;  SSTa  :  Somatostatin 
analogues; 68Ga : Gallium-68; GLUT : Glucose transporters; NET : Norepinephrine transporter; LAT1: sodium-independent large neutral amino acids 
transporter type 1, requires dimerization with CD98 for its targeting to the plasma membrane; VMAT : vesicular monoamine transporter 1 and 2.
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Teragnose

25Theranostics 2014; 4(1):47-80



Mecanismo de ação do Dotatate-Lu177

Presentation Presidential Session II of the 18th ECCO – 40th ESMO – European Cancer Congress 2015, 27 September 2015, abstract 6LBA, Vienna

Injeção Concentração no TNE Ligação no SSTR2

Internalização Radiação entregue Morte celular



N Engl J Med 2017;376:125-35



23 eventos

Mediana: não atingida

67 eventos

Mediana: 8,4 meses

Hazard Ratio [95% CI]: 0.209  [0.129-0.338]

Risk reduction: 79.1% p < 0.0001



225Ac-PSMA-617 for PSMA targeting alpha-radiation therapy 
of patients with metastatic castration-resistant prostate cancer 

Kratochwil  et al. Ahead of print - J Nucl Med July 7, 2016



Como realizar o 
potencial da medicina 

nuclear no Brasil?



Desafios:  
Regulatórios 
Acesso e distribuição 
Financiamento



Redução de 19%





Em Rotina 
18F-FDG  
18F-Colina  
18F-NaF  
18F-FLT  
18F-Fallypride  
18F-DMFP  
18F-DOPA  
68Ga-DOTATATE/NOC/TOC (2008)  
68Ga-BPMAD (2011) 
68Ga-Citrato (2012)  
68Ga-DOTATATE (2012)

Em desenvolvimento 
68Ga-Bifosfonatos (BPAMD, BPPEN) 
68Ga-RGD (DOTA-cRGDfK, DOTA-cRGDyK, NOTA-cRGDyK, 

NODAGA-cRGDfK, DOTA-cRGDfK dimero) 
68Ga-MINIGASTRINA 
68Ga-Bombesina 
68Ga-Anti-CD20 
68Ga-PSMA-HBED 

“Situación de Radiofármacos PET en América Latina, Experiencia Chilena” 
Curitiba, Brasil 9 Octubre 2013 
Lorena B. Cantuarias Bottero 
CGM Nuclear S.A, Santiago-Chile

SITUAÇÃO CHILENA

Slide cedido pelo Dr Edson Roman - R2



  2010 2011 2012 2013 2014 2015 2016 2017 TOTAL
18F-FDG 169 1618 1827 2616 3462 3404 3178 1442 17716
68Ga-DOTATATE 85 86 123 194 159 124 119 48 938
11C-Metionina 0 33 25 69 67 64 66 41 365
11C-Colina 1 17 41 102 115 201 78 4 559
18F-NaF 0 7 15 5 6 2 0 0 35
11C-PiB 0 0 30 26 112 68 51 13 300
18F-MISO 0 0 0 4 0 0 2 0 6
11C-DED 0 0 0 0 1 1 4 1 7
18F-FLT 0 0 0 0 13 35 6 0 54
13N-AMO 0 0 0 0 0 12 22 2 36
18Ga-PSMA 0 0 0 0 0 29 182 51 262
18F-FDDNP 0 0 0 0 0 3 4 0 7
15O-H2O 0 0 0 0 0 0 3 4 7
11C-HED 0 0 0 0 0 0 1 1 2
68Ga-NOTA-UBI 0 0 0 0 0 0 0 4 4
TOTAL 255 1761 2061 3016 3935 3943 3716 1611 20298

SITUAÇÃO URUGUAI

Slide cedido pelo Dr Edson Roman - R2



1.500.000 exames por ano 
1/3 SUS 
2/3 Saúde Suplementar 
PET/CT 80.000 exames/ano 



Beatriz Leme, economista, SBMN 2012

Procedimentos de Medicina Nuclear em Diversos Países

Uso per capita 2,5 
vezes menor que na 
Argentina e 6 vezes 
menor que nos EUA.



Taxa de Utilização de Cintilografias 
Procedimentos/100.000 hab.

0

450

900

1350

1800

suplementar SUS

152

1683



CONFIDENCIAL

Linha do tempo
do custo de Rádiofármacos no Brasil

01 
2009

08 
2009

02 
2014

07 
2014

CNEN 
reajusta em 

70% o 
Tecnécio

SAS publica 
o reajuste da 
Tabela SUS 

para os 
procediment

os  de MN 

CNEN 
reajusta em 

5,8% 

SAS NEGA 
pedido 

revisão de 
tabela 

 

07 
2015

 Reajuste 
CNEN  
22%

01 
2015

Reajuste 
CNEN 15%

02 
2016

Novo 
reajuste 

CNEN  
10%



Ministério da Saúde

Ministério da Ciência e Tecnologia

Medicina Nuclear



Soluções



Reembolso
Ministério da Saúde vs MCTI 

Aumentos nos custos dos insumos desde 2009 

Aumentos justificados: crise de abastecimento, 
variação cambial 

Não houve reajuste na tabela do SUS desde 
2009  

 



Política de incorporação de 
novos radiofármacos



Política de incorporação de 
novos procedimentos



Ministério da Saúde

Necessidade de rever sua política de reembolso. 

Encarar a MN como um potencial aliado para 
utilização de recursos de forma custo efetiva dentro 
do SUS. 

Atuar em sinergismo com o MCTIC.



Reator Multipropóstio Brasileiro

• Grande projeto de Estado! 

• Num horizonte de 5 anos, deve trazer estabilidade 
e possibilidade de planejamento dos preços dos 
RF. 

• No entanto a medicina nuclear precisa crescer e 
mais do que isso SOBREVIVER.




