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Immunotherapy

Patterns or response to 
immunotherapeutic agents differ
from those to other targeted
therapies.

1. Early and delayed response

2. Pseudoprogression (15% of 
cases)

3. Hyperprogression (<5%)

Eur J Nucl Med Mol Imaging. 2017; 44:2310–2325 Eur J Nucl Med Mol Imaging. 2019;46:238-250



PET-positron emission tomography

Accurate staging

The response

RT planning

Correct therapeutic choice

Correct prognosis definition (DFS, OS)

Interim PET

End of treatment

Accurate staging

Definition of target volume

Response to therapy

Change of therapy?

More therapy?

Prognosis (DFS, OS)



Evolution of cancer

EFFECT OF 
CORTICOSTEROIDS

EFFECT OF CYTOTOXIC AGENTS

EFFECT OF CHECKPOINT-INHIBITORS

INTERIM EFFECT

Courtesy by Cristina Nanni



What about FDG PET/CT?

• FDG is trapped in tissues 
with high glicolytic activity 

• FDG is not specific

• Low specificity 

• High false positive findings

• Time between therapy and 
imaging is essential!

NEUROLOGY

CARDIOLOGY

ONCOLOGY
INFLAMMATION

REUMATHOLOGY



Pseudoprogression at FDG PET/CT
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Diffuse pseudoprogression after Nivolumab in a NSCLC patient

A: before Th.
B: 6-weeks after Th.



Hyperprogression at FDG PET

Diffuse iperprogression after Nivolumab in a melanoma patient

Baseline PET/CT 2-cycles later 6-cycles later Follow-up PET/CT
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https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperprogression+and+FDG+PET


Dynamic adaption

15-weeks7-weeksbaseline 20-weeks

Clin Nucl Med 2018; 43:118

In patients
with late 
progression of 
disease, one 
should
consider
continuing
immunothera
py, because
the immune 
system may
adapt again
control the 
tumor



PET criteria for the definition of response to 
therapy
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Needs

• Is there any response to 
immunotherapy?

• How can differentiate between
pseudoprogression and 
hyperprogression?

• May I predict the response to 
immunotherapy, by selecting
appropriate patients?

• May I anticipate the development of 
immune related side effects?

Priorities

• Selection of patients who may 
benefit from immunotherapy

• An early prediction of response to 
immunotherapy (indirect on costs)

• Data about follow-up after stopping 
immunotherapy

• D.D. between pseudoprogression
and hyperprogression
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Clinical Evidences

182 patients with 
melanoma

51 patients with 
NSCLC

• EORTC in 2 studies
• Visual and 

semiquantitative
analysis in 2 
studies

• PERCIST and new 
in 3 studies



Prediction of response/selection of patients 1

Semiquantitative
parameters
Radiomics

Imaging and metabolic data, analysed
visually, semiquantitavely or with 

dedicated algorithms are pieces of puzzle. 
Therefore, new radiomic information 

would add precious information for this
end-point.



PD-L1 expression and FDG PET

• Glucose metabolism was generally higher in patients 
with PD-L1 protein expression than those without 
PD-L1.

• Smoking, the presence of pleural invasion, and high 
SUVmax in PET/CT were predictors of PD-L1 protein 
expression in patients with lung cancer, especially 
NSCLC.

Cancer Medicine 2017; 6:2552



Prediction of response/selection of patients 2

Evangelista et al. Submitted to Nucl Med Comm

P=NS P<0.05

MALE FEMALE



Evaluation of response to immunotherapy

• 20 patients with 
melanoma

• Ipilumab or 
nivolumab

• Scan intervals: 
before (SCAN-1), 
days 21–28 (SCAN-
2), 4 mo (SCAN-3)

J Nucl Med 2017; 58:1421–1428



The response to therapy: old vs immuno-criteria
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LYmphoma Response to Immunomodulatory Therapy Criteria (Agosto 2016)

Adattamento dei criteri di Lugano, con l'introduzione di una nuova categoria di risposta alla terapia,  chiamata 
“RISPOSTA INDETERMINATA” (IR), in cui rientrano tutti i casi di pseudoprogressione [nelle prime 12 sett in 

assenza di deterioramento clinico].

https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperprogression+and+FDG+PET


Other than FDG -alternative tracers
preclinical evidence

Author Year Anti-PD-L1 Radion. Modality

Chatterjee et al 2016 MPDL3280A 111In SPECT/CT

Heskamp et al 2015 Anti-PD-L1 111In SPECT/CT

Josefsson et al 2016 N/A 111In SPECT

Nedrow et al 2017 Anti-PD-L1 111In SPECT

Lesniak et al 2016 MPDL3280A 64Cu PET/CT

Hettich et al 2016 N/A 64Cu PET/CT

Mayer et al 2017 HACA/HAC 64Cu PET/CT

Maute et al 2015 HAC 64Cu PET/CT

Chatterjee et al 2017 WL12 64Cu PET/CT

Trotter et al 2017 ZPD L1_1 18F PET

Donnelly et al 2018 ADX5322A02 18F PET/CT

Clin Transl Imaging 2018; 6:429-39



Other than FDG -alternative tracers
clinical evidence
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J Nucl Med 2019; in press

Number RF Tumor

NCT02453984 89Zr-Atezolizumab TNBC, NSCLC, Bladder

2015-005765-23 89Zr-Durvalumab NSCLC

NCT03520634 18F-anti-PD-l1 Melanoma 

NCT03514719 89Zr-avelumab NSCLC

NCT03638804 89Zr-KN035 Advanced solid tumour

Ongoing clinical trial



Clinical evidences-summary
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New agents
PD-1
PDL-1

• Prediction of response/selection of patients (1-3)
• Evaluation of response to therapy (4-9)
• Prognostic information (10)

• Pre-clinical phase (11)
• Clinical phase (12)

References.(1) Eshghi N, 2018; (2) Grizzi F, 2018; (3) Evangelista L, 2019; (4) Sachpekidis C, 2015; (5) Kong BY, 
2016; (6) Breki CM, 2016; (7) Cho SY, 2017; (8) Anwar H, 2018; (9) Sachpekidis C, 2018; (10) Kaira K, 2018; 

(11) Vaz SC, 2018; (12) Xing Y, 2019.
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24 pts; FDG PET/CT  before and 1 month after nivolumab

Eur J Nucl Med Mol Imaging (2018) 45:56–66

RECIST1.1 vs PERCIST

Comparison between GS and PET/CT



Comparison between GS and PET/CT-The FIR trial

More patients demonstrated progressive disease (52 versus 31) by early PET with correspondingly fewer having stable 
disease (28 versus 55) compared with CT RECIST.
In patients with stable disease by CT-based RECIST v1.1 at Week 6, metabolic response further informs outcome.

CT RECIST 
FDG-PET response based on EORTC 

criteria PET and CT

Journal of Thoracic Oncology 2018; 13: 1733-1742
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Patient preparation-patient medical
examination

• Type of immune modulator received (anti-CTLA or anti-PD1 or 
association in the clinical trials).

• Number of cycles received and the date of the last injection.

• Clinical symptoms associated with immune related side effects*.

• For diabetic patients, check whether drugs likely to mimic colities
have been withdrawn or not.  



*Immune related side effects

Related adverse events

Pancreatitis

Pneumonitis

Gastrointestinal inflammation

Stomatitis

Colitis

Unrelated adverse events

Bacteremia

Enchephalitis

GVHD

Infection

Pneumonia mycoplasma

Skin infection

Small intestine infection

N Engl Med 2015; 372: 311-9



Interpretation of images

• To evaluate the response in the target lesion(s)

• To compute (if possibile) and report MATV and TLG

• In case of new lesions:
• Evaluate the site of appearance

• Check whether new lesions may be related to immune-related side 
effects (before to classify the patient as a PMD)



Pneumonitis

Eur J Nucl Med Mol Imaging. 2019;46:238-250

8-weeksBaseline 14-weeks 8-weeksBaseline 14-weeks

CT images are 
necessary

https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperprogression+and+FDG+PET


Colitis

Eur J Nucl Med Mol Imaging. 2019;46:238-250

The appearance of 
diffuse colonic uptake
reported as possible
colitis (no digestive 
symptoms).
The progression seen
after two cycles was
considered to 
represent
pseudoprogression

https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperprogression+and+FDG+PET


Sarcoidosis

Eur J Nucl Med Mol Imaging. 2019;46:238-250

https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperprogression+and+FDG+PET


Multiple immune-related side effects

Eur J Nucl Med Mol Imaging. 2019;46:238-250

https://www.ncbi.nlm.nih.gov/pubmed/?term=hyperprogression+and+FDG+PET


18F-FDG PET/CT Can Predict Development of 
Thyroiditis due to Immunotherapy for Lung Cancer

J Nucl Med 2018; in press

Before During

99mTc-O4- 99mTc-sestamibi



Conclusions

• More clinical trials are necessary in order to identify the role of FDG 
PET/CT in patients candidates to or undergoing immunotherapy

• Need for standardization of criteria and definition of optimal time of 
realization of the images (during and after immunotherapy) 

• Potential benefit of PD1 / PD-L1 theranostic imaging for selecting 
patients (waiting for the humans studies)



Thanks
laura.evangelista@iov.veneto.it
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