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Treatment Response Evaluation: 
Science and Practice

Agustí Barnadas and Ignasi Carrió

1.1  Introduction

Imaging of cancer has long played an important 
role in defining the local and regional extent of 
the disease and to exclude the presence of meta-
static spread that would generally preclude cure 
in most cases. In patients with systemic disease, 
the primary role of imaging has been to provide a 
baseline evaluation to assess treatment response. 
There is an increasing recognition that imaging 
will have an important role in characterizing dis-
ease, for testing activity of novel therapies, and in 
the proper evaluation of therapeutic efficacy. 
Traditionally, treatment response evaluation in 
oncology has been based on comparing the size 
and/or volume of the tumor before and after treat-
ment. However, the introduction of molecular 
imaging techniques such as FDG PET/CT has 
improved the characterization of disease and the 
evaluation of therapies. Advanced molecular 
imaging approaches appear now in most recent 
guidelines as part of the recommendations on 
appropriate use of optimal imaging in solid 
tumors and lymphoma [1, 2].

In clinical practice, the oncologist needs imag-
ing for assessment of cancer patients in four main 
scenarios: staging, follow-up of the patient with-
out relapse, assessment of patients with advanced 
disease including evaluation of response to ther-
apy, and the assessment of the patient with sus-
pected progression because of worsening 
symptoms. On the other hand, in the current era 
of precision oncology, there has been an expo-
nential growth in the armamentarium of genomi-
cally targeted therapies and immunotherapy. In 
day-to-day practice, evaluating responses to such 
precision therapy modalities becomes essential 
for routine “go” versus “no go” decisions. While 
this book is focused on the role and value of 
molecular imaging in the assessment of therapies 
in most common cancer types, this chapter 
intends to offer a clinical perspective of the cur-
rent challenges in this particular area.

Our understanding of tumor biology is rapidly 
evolving; such knowledge developments are soon 
translated into new targeted therapeutic 
approaches for cancer therapy, bringing new 
challenges to traditional ways of assessing tumor 
response. Early response prediction after the 
onset of treatment can lead to alteration of the 
initial treatment plan, or to the intensification of 
treatment in those patients who are likely going 
to respond, aiming to improve outcome, and 
finally to eventual discontinuation or alteration of 
treatment in those patients with clear disease pro-
gression. Therefore, the evaluation of early 
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response to precision therapies is essential for 
appropriate clinical management of patients 
under these molecular targeted drugs. Another 
role for pretreatment imaging lies in the inte-
grated approach for the determination of the indi-
vidual tumor risk profile. In this perspective, 
predictive biomarkers of response, such as imag-
ing biomarkers offered by functional imaging 
modalities, must be integrated with other clinical 
and laboratory biomarkers for personalized treat-
ment stratification according to individual prog-
nostic profiles.

1.2  Criteria for Evaluating 
Response

Treatment response evaluation in oncology has 
been traditionally based on comparing the size 
and/or volume of the tumor before and after treat-
ment. However, with the continuing development 
of new classes of anticancer drugs, the wider 
availability of new anatomic and functional 
imaging modalities, and the better understanding 
of tumor biology, it has become clear that one 
response assessment criteria may not suffice for 
appropriate evaluation in all types of tumors. In 
particular, for those criteria that do not take into 
account changes in various biologic tumor char-
acteristics apart from size, such as tumor viabil-
ity, metabolic activity, and cellular density that 
may be associated with tumor response.

This has led the efforts by various special-
ized groups and professional organizations to 
define improved tumor-specific response cri-
teria. During first decade of 2000, various site-
specific and defined criteria were proposed. 
Meanwhile, the European Organization for 
Research and Treatment of Cancer (EORTC) 
developed Response Evaluation Criteria in Solid 
Tumors (RECIST 1.1) to address updates on 
various measurement rules, such as the num-
ber of lesions need to be assessed. The use 
of RECIST in various clinical trial scenarios, 
the utilization of newer imaging technologies 
like 18-Fluorodeoxyglucose positron emission 
tomography (FDG-PET) and MRI, the proper 
assessment of lymph nodes, when confirmation 

is truly needed, and the applicability in trials of 
targeted noncytotoxic drugs represent new chal-
lenges for this methodology.

1.3  Traditional Response Criteria

Various criteria to assess tumor response to ther-
apy by measuring changes of tumor size on imag-
ing studies were developed in the 1960s and 
1970s. The World Health Organization (WHO) 
recognized the need for standardized criteria 
across clinical trials and published the “WHO 
handbook for reporting results of cancer treat-
ment” in 1979 [3]. These “WHO criteria” for 
assessing tumor response were refined and sim-
plified by the “RECIST,” which were developed 
jointly by the EORTC, the National Cancer 
Institute (NCI) of the USA, and the National 
Cancer Institute of Canada Clinical Trials group, 
and have been widely adopted [4]. RECIST 1.0 
criteria were initially published in 2000 and 
updated (RECIST 1.1) in 2009 [5].

The fundamental principles of assessing 
tumor response, however, have not substantially 
changed since the initial publication of the WHO 
criteria in 1979. Overall, “tumor burden” is quan-
tified by summing the size of tumor lesions in a 
baseline scan before the start of a new therapy. 
Bidimensional measurements are used for the 
WHO criteria and unidimensional measurements 
for RECIST. Tumor response is then quantified 
by measuring the relative change of this sum of 
lesion sizes. Importantly, for clinical decision- 
making and for reporting the results of clinical 
trials, this continuous parameter is then dichoto-
mized in responders and nonresponders. For bidi-
mensional measurements (WHO criteria), 
response is defined as a decrease of the sum of 
tumor sizes by at least 50%. For spherical tumors, 
this is equivalent to a decrease of the diameter by 
30% (RECIST). It must be recognized that large 
retrospective analyzes have shown that response 
assessment by WHO criteria and RECIST 1.0 
and RECIST 1.1 lead to very similar response 
classifications [6, 7].

In general, RECIST may not be necessarily 
representative for changes in tumor volumes in 
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irregular shaped tumors, given the unidimen-
sional measurement employed. Moreover, 
RECIST does not address any other measure-
ments of antitumor changes other than tumor 
shrinkage. With the progressive introduction of 
novel anticancer therapeutic agents that do not 
immediately result in decrease of size, the 
RECIST guideline seems to be of limited value, 
good examples of which are provided by the 
effects of immunotherapy in different tumors or 
bevacizumab in the treatment of colorectal can-
cer metastases or sorafenib for hepatocellular 
cancer [8, 9].

To address the issue of tumor necrosis, modi-
fied RECIST (mRECIST) criteria were devel-
oped [5, 6]. These criteria include enhancement 
of the target lesions during the arterial phase of 
either contrast-enhanced CT or MRI.  Necrotic 
areas (nonenhanced during arterial phase) are 
excluded from the measurement, resulting in a 
more reliable assessment of the viable tumor 
remnant. The updated criteria further clarify 
which lesions should be measured to monitor 
tumor response and how these lesions are mea-
sured. Certainly, additional updates and modifi-
cations of RECIST may come in the future.

1.4  Incorporation of Molecular 
Imaging into Response 
Criteria

The arrival of molecular imaging approaches 
brought new insights on the natural history of 
cancers and offered improved means to assess 
therapeutic response in oncology. With FDG- 
PET, the metabolic status of tumors can be 
imaged, typically showing a decrease in meta-
bolic activity after therapy. Quantitative 18F- 
FDG PET was introduced for the early sequential 
monitoring of tumor response of breast cancer in 
1993 [10]. Since then, there has been growing 
interest in using 18F-FDG PET to quickly assess 
tumor response to therapy. With increasing avail-
ability of PET-imaging techniques and adequate 
evidence of usefulness of PET imaging in the 
assessment of response to cancer therapy, new 
response criteria using PET/CT were proposed. 

The EORTC PET response criteria were pro-
posed in 1999, and subsequently, PERCIST 1.0 
was proposed in 2009 [11, 12]. As FDG uptake 
can be readily quantified, the semiquantitative 
SUV measurement was adopted and has been 
observed to decrease after therapy in good 
responding patients with lymphoma, breast can-
cer, non-small cell lung cancer, esophageal can-
cer, and colorectal cancer. Many groups have 
described early SUV effects observed during 
serial PET scanning that can already be detected, 
starting several days after initiation of treatment. 
Although the optimal timing of image acquisition 
during treatment is not yet clear and probably dif-
fers depending on the tumor type, this early 
response assessment appears to be one of the 
most promising applications of PET.

Progressive metabolic disease is then classi-
fied as an increase in FDG tumor SUV of greater 
than 25% within the tumor region defined on the 
baseline scan, visible increase in the extent of 
FDG tumor uptake (20% in the longest dimen-
sion), or the appearance of new FDG uptake in 
metastatic lesions. Stable metabolic disease 
would be classified as an increase in tumor FDG 
SUV of less than 25% or a decrease of less than 
15% and no visible increase in extent of FDG 
tumor uptake (20% in the longest dimension). 
Partial metabolic response would be classified as 
a reduction of a minimum of 15% ± 25% in tumor 
FDG SUV after one cycle of chemotherapy and 
greater than 25% after more than one treatment 
cycle. Complete metabolic response would be 
complete resolution of FDG uptake within the 
tumor volume so that it was indistinguishable 
from surrounding normal tissue. The 25% thresh-
old of SUV change to define a response was 
mainly based on the limited data on the repeat-
ability of tumor SUV measurements in patients 
undergoing no therapy. The standard deviation of 
relative changes of SUVs was approximately 
10% and showed no major deviation from a nor-
mal distribution. Therefore, 2.5 times the stan-
dard deviation should include about 99% of the 
fluctuations of the measurements that are not 
caused by a therapeutic effect. A comparison 
with the limited literature data on changes in 
FDG uptake during treatment also supported that 
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a decrease in tumor FDG uptake by 25% or more 
was correlated with a more favorable outcome.

Overall, EORTC PET response criteria and 
PET response criteria in solid tumors (PERCIST) 
follow the model of RECIST and define four 
response categories with similar names as 
RECIST: complete metabolic response, partial 
metabolic response, stable metabolic disease, and 
progressive metabolic disease. However, there 
are some differences in the exact definitions of 
the response categories, and PERCIST provides 
much more details on which lesions are consid-
ered “measurable” and how scans with multiple 
FDG-avid lesions should be analyzed. In EORTC 
criteria, standardization and rules were proposed 
on the following headings: patient preparation, 
timing of FDG PET scans, attenuation correction 
and dose of FDG, methods to measure FDG 
uptake, tumor sampling, reproducibility and defi-
nition of FDG tumor response.

According to the PERCIST criteria, response 
to therapy is assessed as a continuous variable 
and expressed as percentage change in SUL 
(SUV normalized by lean body mass) peak or in 
the sum of lesion (SULs) between the pre and 
posttreatment scans [13, 14]. A complete meta-
bolic response is defined as visual disappearance 
of all metabolically active tumors. A partial 
response is considered more than a 30% and a 0.8 
unit decline in SUL peak between the most 
intense lesion before treatment and the most 
intense lesion after treatment, although not nec-
essarily the same lesion. More than a 30% and 
0.8 unit increase in SUL peak or new lesions, if 
confirmed, is classified as progressive disease. A 
greater than 75% increase in total lesion glycoly-
sis is proposed as another metric of progression.

Overall, criteria for assessing tumor response 
to therapy with FDG PET/CT, initially published 
in 1999, have now come of age. The original 
EORTC PET criteria have formalized the concept 
of assessing tumor response in clinical trials by 
quantifying changes in FDG uptake. Clinical 
research during the last 20  years has demon-
strated that this concept is valid and that meta-
bolic changes during therapy are correlated with 
patient outcome. PERCIST has refined response 
assessment by FDG PET/CT and provides a 

much more detailed framework for lesion selec-
tion, region of interest definition, and response 
classification. A series of studies have shown that 
EORTC criteria and PERCIST provide very simi-
lar assessment of tumor response, but the use of 
PERCIST is preferable for clinical trials because 
PERCIST is a much more specific standard. 
Therefore, it is likely that PERCIST will replace 
EORTC criteria in the same way that RECIST 
replaced the WHO criteria. There is some evi-
dence that PERCIST is a better approach to 
assess tumor response than RECIST, but this still 
needs to be proven by systematic clinical studies. 
These studies should include randomized trials to 
determine if the response rate by PERCIST pre-
dicts the clinical benefit of new anticancer drugs 
better than the response rate by RECIST [13].

1.5  Response Criteria 
and Immunotherapy

Since the approval of ipilimumab by the Food 
and Drug Administration (FDA) and European 
Medicines Agency (EMA) in 2011, immune 
checkpoint inhibitors have substantially changed 
the field of oncology. At the same time, this new 
approach has unveiled new patterns of tumor 
response as compared to conventional cytotoxic 
cancer therapies. Clearly, immune checkpoint 
inhibitors offer an alternative treatment strategy 
by exploiting the patients’ immune system, 
resulting in a T cell-mediated antitumor response. 
These therapies have proven to be effective in 
multiple different tumor types.

Monoclonal antibody-based therapies target-
ing cytotoxic T-lymphocyte antigen 4 (CTLA-4), 
programmed cell death 1 (PD-1), or programmed 
cell death ligand 1 (PD-L1) have improved 
patient survival across various tumor types. 
Immune checkpoint inhibitor therapies target the 
ability of cancer cells to evade the patient’s 
immune system through disruption of inhibitory 
ligand-receptor interactions. This allows effector 
T cells to recognize and eradicate tumor cells. 
Currently, seven immune checkpoint inhibitors 
have been approved for clinical use by the FDA 
and EMA. These are the anti-CTLA-4 antibody 
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ipilimumab, the anti-PD1 antibodies nivolumab, 
pembrolizumab and cemiplimab, and the anti- 
PD- L1 antibodies atezolizumab, avelumab, and 
durvalumab. These antibodies are currently used 
to treat multiple tumor types including: mela-
noma, hepatocellular carcinoma, small cell lung 
cancer, non-small cell lung carcinoma, renal cell 
carcinoma, urothelial carcinoma, Hodgkin lym-
phoma, head and neck squamous cell carcinoma, 
Merkel cell carcinoma, gastric cancer, breast can-
cer, primary mediastinal large B-cell lymphoma, 
and cervical cancer. Moreover, the FDA approved 
pembrolizumab and nivolumab as tumor agnostic 
therapy for patients with microsatellite instability- 
high or deficient DNA mismatch repair tumors. 
This list of indications is steadily growing as 
research progresses. In this rapidly growing area, 
molecular imaging using PET/CT has the poten-
tial to provide noninvasive whole-body visualiza-
tion of tumor and immune cell characteristics and 
might support patient selection or response eval-
uations for immune checkpoint inhibitor thera-
pies in solid tumors as well as in lymphoma.

The European Association of Nuclear 
Medicine has provided recommendations on the 
proper use of FDG PET/CT to assess response to 
immune checkpoint inhibitors (Aide). Relevant 
issues with implications for patient management 
appear to be pseudoprogression, including fre-
quency and timeline, hyperprogression, and 
immune-related side effects.

Patterns of response to immunotherapeutic 
agents also differ from those to chemotherapeutic 
and molecularly targeted agents. First, although 
responses usually occur early, they can also be 
delayed. Second, responses may be preceded 
by apparent disease progression, retrospectively 
termed pseudoprogression. These patterns of 
response have mainly been reported in mela-
noma patients receiving anti-CLTA-4 agents, 
with approximately 15% of patients experi-
encing pseudoprogression. Pseudoprogression 
appears to be much rarer in all other tumor types 
(less than 3%), especially with the use of anti-
PD1/PD-L1 agents, indicating that in the vast 
majority of patients, progression seen on mor-
phological imaging is authentic progression. 
Pseudoprogression should only be considered 

when the clinical condition of the patient is con-
comitantly improving. Patients whose clinical 
condition is not improving and who have dis-
ease progression on imaging should discontinue 
immunotherapy. The risk of continuing treat-
ment beyond progression is that it may prevent 
commencement of a new line of treatment once 
the progression is confirmed because of clinical 
deterioration.

Despite the EORTC criteria were the first to 
be applied for the assessment of response of solid 
tumors to immunotherapy, the observation of 
pseudoprogression in a subgroup of patients 
treated primarily with ipilumumab and similar 
reports in other groups of patients led to the mod-
ification of the existing definitions of therapeutic 
response based on morphological imaging tech-
niques using the RECIST. Two slightly different 
modifications have been recently proposed, 
known as irRECIST and iRECIST [15]. The lat-
ter was developed by the RECIST Working 
Group and, therefore, is the version more likely 
to be adopted widely [16]. Essentially, iRECIST 
has a new category of unconfirmed progression 
that requires progression to be confirmed by a 
further follow-up scan. This can also include 
identification of new lesions, which need to be 
categorized as measurable or not using RECIST 
1.1 principles but that are not included in the sum 
of target lesions measured at baseline assess-
ment. It is suggested that if the patient is clini-
cally stable, treatment should be continued.

In an attempt to properly harmonize morpho-
logical and metabolic responses, additional crite-
ria have been formulated. PET/CT Criteria for 
Early Prediction of Response to Immune 
Checkpoint Inhibitor Therapy (PECRIT) 
included either a change in the sum of RECIST 
1.1-based target lesion diameters (method 1) or a 
change in SULpeak of >15.5% of the hottest 
lesion [17]. Combining morphological and meta-
bolic criteria can lead to an accuracy of 95% 
(sensitivity 100%, specificity 93%). The PET 
Response Evaluation Criteria for Immunotherapy 
(PERCIMT) [18] classification takes into consid-
eration the observed relevance of the absolute 
number of new lesions on FDG PET scan and its 
more robust predictive role compared to pure 

1 Treatment Response Evaluation: Science and Practice
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SUV changes during the course of treatment with 
ipilimumab. In particular, such criteria dichoto-
mize patients according to clinical benefit from 
the treatment (complete or partial response and 
stable disease) or no clinical benefit from the 
treatment, that is, progressive disease determined 
as the appearance of: (a) four or more new lesions 
<1 cm in functional diameter, (b) three or more 
new lesions >1.0 cm in functional diameter, or (c) 
two or more new lesions >1.5 cm in functional 
diameter. In all cases, the functional diameter is 
considered the lesion diameter measured in centi-
meters based on the fused PET/CT images.

Generally speaking, it seems that FDG-PET 
imaging has to be performed before the start of 
immunotherapy, together with conventional 
contrast- enhanced CT.  The metabolic informa-
tion obtained at this time allows adequate restag-
ing and proper evaluation of disease extent at 
baseline [19]. The scan should be repeated at the 
first treatment response evaluation, which in most 
cancer types is 8 or 9  weeks after the start of 
immunotherapy, which is generally after two or 
three cycles of treatment, depending on the regi-
men used. The added value of FDG-PET imaging 
during treatment is generally found in patients 
with no morphological response on contrast- 
enhanced CT or presenting with symptoms, or 
with signs of immune-related adverse effects. 
Along with clinical benefit, the presence of a 
metabolic response despite morphological pro-
gression should support clinicians in decision- 
making. Subsequent imaging with FDG-PET is 
recommended at the end of immunotherapy [15].

1.6  Practical Considerations

For therapy assessment, use of state of the art 
equipment is mandatory. Accurate quantification 
and repeatability/reproducibility of measure-
ments is necessary, with adequate harmonization 
and quality assurance and control.

Response assessment can be done visually or 
by using quantitative approaches, depending on 
the clinical or research question. However, 
reports must be clinically meaningful, facilitating 
clinical categorization of response.

EORTC PET criteria and PERCIST lead to 
very similar response classifications. There may 
be significant differences between response 
assessment by PERCIST and RECIST. PERCIST 
may correlate better with patient outcomes.

Accurate response assessment has to facilitate 
response-adapted therapies with the goal to de- 
escalate chemotherapy and reduce long-term side 
effects.

Inflammatory reactions can occur during 
immunotherapy and may be associated with 
pseudoprogression and immune-related adverse 
effects. It is always recommended to correlate 
image evolution with the clinical status of the 
patient.
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2.1  Introduction

In oncological clinical trials, the objective assess-
ment of treatment response to novel pharmaceu-
ticals is a crucial part of the drug development 
process. Surrogate imaging end points combined 
with traditional clinical end points of morbidity 
and mortality are assessed to determine the effec-
tiveness of a drug, eventually determining 
whether it will have a role in routine oncological 
management [1].

It follows that having a standardized method 
of assessing treatment response of tumours with 
imaging is vital to objectively assess the efficacy 
of novel chemotherapeutic regimens. Cross- -
sectional imaging, primarily with computed 
tomography (CT) is the mainstay. The World 
Health Organization (WHO) was the first to pub-
lish its criteria in 1981, and since then, there have 
been several iterations, namely Response 
Evaluation Criteria in Solid tumours (RECIST) 
versions 1.0 in 2000 and 1.1 in 2009. Modifications 
and adaptations of the RECIST criteria have 
evolved to assess treatment response in specific 
tumours such as hepatocellular carcinoma 
(HCC), gastrointestinal stromal tumours (GISTs) 
and lymphoma.

More recently, the advent of immunotherapy 
has demonstrated a variety of novel tumour 
responses, some of which are distinct from those 
of traditional chemotherapy and molecular tar-
geted therapies. These novel responses have not 
always been accurately categorized by RECIST 
criteria, necessitating the development of new 
response criteria, prefixed with ‘i’ to reflect 
immunotherapy, such as immune- related 
response criteria (irRC), from the WHO in 2009 
and most recently iRECIST from the original 
RECIST working group in 2017.

This chapter will provide an overview of these 
criteria, highlighting the similarities and differ-
ences as well as the pitfalls.

2.2  Current Response 
Assessment Criteria 
for Chemotherapy 
and Targeted Therapies

Table 2.1 highlights the main response criteria 
for solid tumours and lymphoma [1–9]. mRE-
CIST and Choi criteria are adaptations of the con-
ventional RECIST criteria, specifically for HCC 
and GIST, respectively, to assess response to tar-
geted therapies. Targeted therapies refer to the 
use of protein- kinase inhibitors to inhibit tumour 
cell proliferation. The Lugano classification is 
used for response assessment in lymphoma. 
18F- fluorodeoxyglucose (18F- FDG) PET/CT is the 
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mainstay imaging modality for FDG avid lym-
phomas. However, CT is recommended for non- -
FDG avid lymphomas or where PET/CT is 
unavailable.

WHO criteria recommended evaluating 
changes in the sum of the bidimensional product 
(SBP) of tumour lesions from baseline on each 
post- treatment scan [6]. The bidimensional prod-
uct refers to the longest diameter multiplied by 
the longest perpendicular diameter for each 
lesion measured.

Whilst the WHO criteria attempted to stan-
dardize response evaluation, there were a number 
of issues, namely, which lesions to measure, the 
minimum size of the lesion, number of lesions 
and how progression should be defined. 
Furthermore, a significant pitfall was the intra-  
and inter- observer variability in lesion measure-
ment, even by a few millimetres, potentially 
inaccurately categorizing the response as pro-
gressive disease [1].

RECIST 1.0, an international collaboration 
between the WHO, European Organisation for 
Research and Treatment of Cancer (EORTC) and 
the National Cancer Institute of North America 
(NCI) produced a revised set of response evalua-
tion guidelines, addressing the pitfalls of the 
original WHO criteria [5]. The significant 
changes were:

• The use of a single longest dimension (SLD) 
of the lesion instead of bidimensional mea-
surements. Therefore, the sum of the longest 
dimension was to be used for pre-   and post-  -
treatment comparison.

• Defined ‘measurable’ lesions based on mini-
mum size of 10 mm on spiral CT and 20 mm 
on conventional CT.  Solid lesions were pre-
ferred to cystic lesions as measurable disease. 
Non-  measurable disease included all those 
lesions that did not comply with the size cut-  -
offs as well as truly non-  measurable disease 
such as pleural/pericardial effusions, ascites, 
leptomeningeal disease, etc. Sclerotic bone 
lesions were also considered non-  measurable.

• Defined ten lesions (up to five in any one 
organ) as maximum number of target lesions 
to be measured on baseline and follow-  up 
scans.

• Refined PD definition by stating that 20% 
increase in sum of longest diameters (SLD) 
constituted disease progression and also 
unequivocal new lesions [5].

The four response categories of the original 
WHO version remained, but criteria defining PR 
and PD differed from WHO. PR was redefined as 
greater than 30% decrease in SLD of target 
lesions compared with baseline. PD was rede-
fined as greater than 20% increase in SLD com-
pared to the nadir. CR and SD definitions were 
unaltered.

In 2009, RECIST was further refined in 
response to issues raised from the original 1.0 
version [7, 10]. Major changes included:

• A reduction in the number of target lesions 
required to determine response assessment 
from 10 to 5 (with a maximum of 2 per organ).

• Inclusion of pathological lymph nodes with 
short axis measurement greater than 15 mm as 
target/measurable lesions. Lytic or mixed lytic 
bone lesions with a significant soft tissue com-
ponent were included as measurable disease 
and could be considered as target lesions.

• Further refinement of PD to include an abso-
lute increase in size of 5  mm of the sum of 
SLDs (to guard against overcalling PD when 
the total sum is very small). For example, a 
minimal increase in size due to measurement 
variability could meet the 20% increase crite-
ria by RECIST 1.0 without a true increase in 
tumour burden [10].

• Inclusion of 18F-  FDG PET/CT findings in 
response assessment.

Table 2.2 highlights the overall response cate-
gory based on the responses of target lesions, 
non- target lesions and development of new 
lesions according to RECIST 1.1.

2 CT in Treatment Response Assessment in Oncology
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2.3  Pitfalls of RECIST 1.1

• Increases in tumour size due to intra-  tumoural 
haemorrhage or necrosis.
 – Certain targeted therapeutic agents, namely 

tyrosine kinase inhibitors and anti-   -
angiogenesis agents, induce intra-   tumoural 
haemorrhage or necrosis, which can result 
in a paradoxical increase in size of lesions. 
This is often seen in primary liver tumours, 
such as HCC, as well as liver metastases 
from GIST and melanoma [11, 12]. This is 
a pitfall of response assessment by RECIST, 
potentially miscategorizing the patient as 
progressive disease and should be recog-
nized in order to avoid this error. 
Confirmation of response can be performed 
with MRI or 18F-   FDG PET/CT.

• CT attenuation changes due to intra-  tumoural 
haemorrhage or necrosis.
 – This phenomenon particularly pertains to 

GIST (primary lesion and liver metastases) 
treated with tyrosine kinase inhibitors, 
where significant reduction in CT attenua-
tion due to myxoid degeneration, haemor-
rhage or necrosis is an important response 
parameter and may precede any changes in 
size [3, 4]. It is also of particular relevance 
in the context of ‘new’ liver lesions—pre-   -
existing liver lesions that are isodense to 
liver (and not seen)—becoming more con-

spicuous on post-   treatment imaging due to 
tumour degeneration. Choi et al. modified 
RECIST criteria to incorporate these CT 
attenuation changes, as well as including 
the assessment of intra-   tumoural nodules 
in response [3, 4, 12]. Aside from GIST, 
CT attenuation changes have also been 
shown to be of relevance in other soft tissue 
sarcomas [13].

• Lung nodule cavitation.
 – Cavitation as a manifestation of tumour 

response can also result in an increase in 
size of the nodule. Proposals have been 
suggested to exclude the cavity when mea-
suring lung nodules, to provide a more 
accurate assessment of tumour burden [14], 
however, this is yet to be validated.

2.4  mRECIST in HCC

RECIST criteria have been modified for HCC 
treated with tyrosine kinase inhibitors, 
namely sorafenib,  to account for tumour hyper-
vascularity on arterial phase imaging as a mea-
sure of viable tumour [8, 15]. Complete loss of 
arterial phase enhancement of the tumour is con-
sidered as complete response. Any residual or 
new hypervascularity of the tumour post- 
treatment indicates the presence of viable tumour.

2.5  Lugano Classification 
in Lymphoma

CT is only used for response assessment in non 
18F- FDG avid lymphomas such a chronic lym-
phocytic leukaemia, lymphoplasmacytic lym-
phoma, marginal zone lymphoma and mycosis 
fungoides to name a few, or where PET/CT is 
unavailable.

There are several differences between the 
Lugano classification (LC) and RECIST criteria:
• LC measures the longest diameter on the 

lymph node rather than short axis as in 
RECIST. Measurable nodal disease is consid-
ered longer than 1.5 cm as opposed to 1.0 cm 

Table 2.2 Overall response categories in RECIST 1.1

Response of 
target lesions

Response of 
non- target 
lesions

New 
lesions

Overall 
response

CR CR No CR
CR Neither CR 

nor PD
No PR

CR Not assessed No PR
PR No PD or not 

assessed
No PR

SD No PD or not 
assessed

No SD

PD Any Possible PD
Any Any Possible PD
Any Any Yes PD

Adapted from [1]

M. Nathan
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short axis with RECIST. However, extranodal 
disease is deemed measurable if it is >1.0 cm.

• LC uses the sum of bidimensional product 
compared with sum of unidimensional mea-
surements in RECIST.

• Criteria for CR, PR and PD are different in LC 
compared with RECIST as indicated in 
Table 2.1.

2.6  Response Assessment 
Criteria in Immunotherapy

The advent of immunotherapy has had a signifi-
cant impact in the treatment of several cancers, 
such as cutaneous malignant melanoma, non- -
small cell lung cancer, renal cell cancer and head 
and neck squamous cell carcinomas, through 
activation of patients’ immune systems to elimi-
nate tumour cells. T cell activation and response 
are regulated by immune checkpoints—a balance 
of stimulatory and inhibitory signals—which 
control the magnitude of the immune response. 
The most commonly used form of immunother-
apy targets several checkpoint inhibitors.

In contrast to chemotherapy, where response 
can be immediate, the effect of immunother-
apy usually  takes significantly longer. Different 
patterns of tumour response have been identified, 

most, distinct from traditional chemotherapeutic 
responses [16]:

• Immediate tumour response with no new 
lesions.

• Durable stable disease.
• Response after initial progression in tumour 

burden—termed ‘pseudoprogression’ or ‘flare 
effect’.

• Tumour response but with development of 
new lesions.

These patterns do not conform well to RECIST 
1.1 criteria, where the development of new lesions 
automatically categorizes the response as PD, 
potentially resulting in the premature termination of 
therapy or removal of patients from clinical trials.

Novel response criteria have been developed 
for immunotherapy, namely irRC in 2009, which 
uses WHO criteria, but is rarely used currently 
[16], immune- related RECIST (irRECIST) in 
2013, which combines aspects of irRC and 
RECIST 1.1 [17] and finally immune RECIST 
(iRECIST) in 2017 by the RECIST working 
group, which standardizes the immune response 
criteria [18].

Table 2.3 highlights the similarities and dif-
ferences between irRECIST, iRECIST and 
RECIST 1.1.

Table 2.3 Comparison of immune response criteria [16–18]

RECIST 1.1 irRECIST iRECIST
Lesion 
measurement

Unidimensional Bidimensional Unidimensional

Target lesion 
size

≥10 mm ≥10 mm ≥10 mm

Target lesion 
number

five lesions total, two 
per organ.

five lesions total, two per organ. five lesions total, two per 
organ.

New lesions Always represents PD. Incorporated into total tumour burden. iUPD
Response CR: disappearance of 

all lesions.
PR: ≥30% decrease 
from baseline SLD.
PD: ≥20% increase 
SLD from nadir.
SD: neither CR, PR, 
PD.

CR: disappearance of all lesions.
PR: ≥30% decrease from baseline SLD.
PD: ≥20% increase SLD from nadir.
SD: neither CR, PR, PD.

CR: disappearance of all 
lesions.
PR: ≥30% decrease from 
baseline SLD.
PD: ≥20% increase SLD 
from nadir.
SD: neither CR, PR, PD.

Confirmation 
of PD

No unless response is 
primary end point.

Yes, imaging up to 12 weeks later to 
confirm PD and account for 
pseudoprogression.

Yes, imaging 4–8 weeks 
after first assessment.

SLD sum of longest diameter, iUPD immune unconfirmed progressive disease

2 CT in Treatment Response Assessment in Oncology



16

Much of the criteria is concordant between 
RECIST 1.1 and iRECIST. The main change is in 
the definition of PD—to consider ‘pseudopro-
gression’ and the development of new lesions. 
First iRECIST PD is termed ‘immune uncon-
firmed PD’ (iUPD). True PD is then confirmed 
with imaging 4–8 weeks later.

2.7  Conclusion

CT is the main imaging modality used to assess 
treatment response. This chapter has summarized 
the standard response criteria employed to assess 
treatment response to chemotherapy, targeted 
therapy and immunotherapy, highlighting the 
similarities and differences as well as the pitfalls 
of the current criteria.
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MRI and Diffusion-Weighted MRI 
in Treatment Response Evaluation 
Overview

Simon Wan

3.1  Introduction

Magnetic resonance imaging (MRI) is an estab-
lished imaging modality integral to many modern 
cancer management pathways. Amongst the 
many strengths of MRI are its superior soft tissue 
contrast resolution, multi-planar capability and 
the lack of ionising radiation. MRI is also widely 
available in many hospitals.

With MRI, the anatomical arrangement of 
normal and pathological structures, and their tis-
sue properties, are probed by echoes returned 
from radiofrequency pulse sequences targeted at 
regions of interest in the body, within magnetic 
fields in the scanner [1]. Exogenous contrast 
agents are often used in conjunction [2]. Current 
clinical MRI examinations utilise multiple pulse 
sequences to generate images with different 
weighting to tissue contrast. These images can 
provide important details of oncological disease 
status, such as nature and structure of tumours, 
tumour size, tissue planes, adjacent neuromuscu-
lar bundle or organ invasion.

Anatomical coverage of clinical MRI exami-
nations is traditionally limited to individual body 
parts (such as brain, liver, pelvis). This is as a 
trade-off for meticulous spatial and contrast reso-

lution and for scan times to be reasonably tolera-
ble for patients. Clinical MRI examinations are, 
therefore, adept to loco-regional disease assess-
ment and response evaluation.

Functional MRI parameters have recently 
been enabled by advances in MRI hardware and 
sequence developments. Diffusion-weighted 
imaging (DWI) sequences are now widely 
adopted. Tumour vascularity and perfusion can 
be assessed with different methods, such as with 
dynamic contrast enhanced sequences using 
exogenous contrast agents [3], or arterial spin 
labelling [4], with MR tagging of blood as endog-
enous tracer. Tissue hypoxia can be probed with 
sequences such as blood oxygen level-dependent 
(BOLD) MRI [5]. Chemical composition within 
tumours and its microenvironment may be 
glimpsed by techniques such as MRI spectros-
copy or chemical exchange saturation transfer [6, 
7]. Functional MRI sequence development con-
tinues to be an expanding field of research.

Another area of development has been the 
expansion to whole body coverage. While this 
may not be a novel concept, improvement in 
hardware, such as improved gradient systems, 
interconnected phase array coils and protocol and 
sequence designs, such as parallel imaging strate-
gies, have enabled adequate quality images with 
full body coverage to be attainable within an 
acceptable scan duration. These have paved ways 
for the technique to be entering routine clinical 
use in malignancy with tendency for  disseminated 
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lesions, such as in metastatic prostate, breast can-
cer and in multiple myeloma [8–10].

MRI has been shown to be of high accuracy in 
primary disease assessment in a multitude of can-
cer type and location, for example, in the brain, 
head and neck, hepatobiliary, rectum, gynaeco-
logical tract and in the prostate, bones and soft 
tissues [11–17]. It is intuitive then that MRI 
would be the natural candidate of choice for 
response evaluation for these tumours. Depending 
on the treatment options for the particular clinical 
context, this may be after the use of ablation, che-
motherapy or radiation for loco-regional disease 
(in neoadjuvant, primary treatment or adjuvant 
setting), or after systemic treatment in more 
widespread disease.

It is important to note that while many MRI 
techniques are now feasible and available for 
response evaluation, there is much variation in 
the extent to which these have been validated or 
adopted into clinical practice. For many indica-
tions (e.g. in post-neoadjuvant rectal tumour), 
use of MRI has been well studied [12, 18, 19]. In 
other areas (e.g. whole body MRI in multiple 
myeloma [8]), robust validation of MRI evalua-
tion of treatment response remains work in prog-
ress. Some advanced techniques may show 
potential, but clinical translation may be further 
away on the horizon.

The rest of the chapter would focus on some 
of the general concepts underpinning response 
evaluation with MRI, with particular emphasis 
on established criteria and DWI.

3.2  Response Evaluation by 
Tumour Burden or 
Anatomical Parameters

Change in tumour burden, as visualised on radio-
logical images, is widely thought of as useful for 
response evaluation in cancer management. Its 
acceptance is built on the premise that changes in 
tumour burden (such as size and number of 
lesions) can act as surrogate predictors for 
patients’ survival and quality of life, the ultimate 
end points of cancer therapeutics.

3.2.1  WHO and RECIST Criteria

In 1981, the World Health Organization (WHO) 
first published tumour response criteria [20]. 
Over the next decades, Response Evaluation 
Criteria in Solid Tumours (RECIST) was pub-
lished in 2000 [21], attempting to further stan-
dardise measurement of tumour burden on 
anatomical imaging. This was further validated 
in cohorts of patients with metastatic cancer 
undergoing cytotoxic therapy treatment, result-
ing in the refined criteria published as RECIST 
1.1 in 2009 [22].

By providing internationally agreed principles 
and common languages, they provide stan-
dardised frameworks for reporting tumour 
response, thereby increasing robustness and com-
parability of clinical trial results from different 
research centres. This is important for when an 
‘objective response’ may be an important end 
point in determining the success of a phase II 
clinical trial, or for when a clear definition of dis-
ease progression is needed for trials using 
progression- free survival as an end point, such as 
in a phase III trial [21].

While the main use of these criteria may be for 
clinical trials reporting, especially in the meta-
static disease context, it is undoubted that many 
key features have influence on day-to-day clini-
cal oncological imaging practice. Common to the 
evolving WHO, RECIST 1.0 and 1.1 criteria are:

 1. Definitions of measurable lesions
 2. Specification of how dimensions should be 

measured and
 3. How changes of these measurements over 

time should be computed to generate response 
categories

In RECIST 1.1, multiple strategies are adopted 
to increase practicality, precision, reproducibility 
and robustness of response evaluation. For exam-
ple, defining a minimum size for individual mea-
surable lesion (at least 10  mm for longest 
dimension of a tumour, 15  mm for short axis 
measurement of nodes) and summing together of 
the diameters of target lesions as a single param-
eter (SPD) to define response category may help 
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to limit impact of individual measurement errors. 
Limiting the number of lesions, which needs to 
be longitudinally measured to up to five ‘target 
lesions’ (selected based on size, perceived repro-
ducibility on repeated measurements and repre-
sentativeness of all involved organs), reduces the 
burden to reporters. Clarity of the different 
response categories with appropriate thresholds 
increases robustness and reproducibility at the 
response category level (e.g. Partial response is 
defined when there has been at least 30% in the 
SPD of target lesions. Progressive disease can be 
defined when there is new lesion, or at least 20% 
increase (and at least 5 mm absolute increase) in 
the SPD of target lesions compared to baseline, 
or the smallest SPD, achieved on the study).

MRI may be used under RECIST1.1. It is 
acknowledged that there are many acquisition 
variables in MRI, which may impact greatly on 
image quality, lesion conspicuity and measure-
ment. Rather than specifying exact sequences to 
be used in any particular MRI study, RECIST1.1 
stipulated that scanning sequences should be 
optimised, and the same scanner and protocol 
should be matched as closely as possible across 
imaging time points. Unless for isotropic acquisi-
tion, maximal diameter of each target lesion 
should always be measured on the planes in 
which a particular MRI sequence is acquired in 
(not re-formatted).

3.2.2  iRECIST

With increasing use of immune modulators as 
anticancer therapy, it has become recognised that 
some patients may demonstrate unusual pattern 
of response as per anatomical parameters. These 
may include a delayed response or even apparent 
initial increases in tumour burden, which is fol-
lowed by late, deep and durable responses (pseu-
doprogression). In light of this, investigators 
began to apply different modifications to the con-
ventional RECIST, culminating in the RIECIST 
steering group to propose an additional response 
evaluation algorithm for use in studies evaluating 
efficacy of immunotherapies in 2017 (iRECIST) 
[23, 24].

Many key features, particularly surrounding 
lesion measurements and summations remain 
similar to RECIST1.1. A main new change is the 
requirement of a confirmatory imaging study in 
4–8 weeks if there are features of progressive dis-
ease on initial response evaluation studies. 
Termed iUPD (unconfirmed PD) at this initial 
time point, if there are features reaching thresh-
old of further growth on the following confirma-
tory study, then disease progression is confirmed 
(confirmed PD, iCPD). Assuming the patient 
remains clinically stable, it has been recom-
mended that treatment be continued after iUPD. It 
is acknowledged that it is challenging to differen-
tiate between pseudo and true progression. The 
proposed strategy hoped to strike the balance 
between the undesirable early discontinuation of 
an effective treatment and equally undesirable 
continuation of a non-effective therapy. Robust 
validation of this approach is an on-going effort.

3.2.3  Other Response Evaluation by 
Anatomical MRI in Specific 
Disease Contexts

Comprehensive coverage and detail critique of 
all the individual scenarios, where MRI can be 
used for response evaluation, are beyond the 
scope of this chapter, but some of the more estab-
lished areas in use in clinical practice are 
described.

3.2.3.1  Brain Tumour
Specific challenges in measuring brain tumour 
burden for response evaluation had led to the 
community adopting specific response criteria 
(e.g. that proposed by the Response Assessment 
in Neuro-Oncology (RANO) working group) 
[25], such as for high-grade and low-grade glio-
mas, leptomeningeal metastases and brain metas-
tasis. MRI is an indispensable tool in these.

With irregular shapes of gliomas, bi- 
dimensional measures are used for mea-
surements of gliomas in RANO criteria, 
unlike single- dimension measures used in 
RECIST.  Furthermore, how response evalu-
ation of gliomas may be described on differ-
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ent specific MRI sequences has been specified. 
This is because tumoural changes in different 
MR sequences may carry different biological 
significance.

For example, anti-angiogenic agent, such as 
bevacizumab, is believed to reduce vascular per-
meability, even if a glioma is biologically pro-
gressing. Definition of PD has, therefore, been 
expanded to include changes such as significant 
increase of T2/FLAIR signal areas and emer-
gence of new lesion (beyond the more intuitive 
increased of enhancing tumour area). These are 
in order to capture patients with non-enhancing 
but progressing disease. In addition, post- contrast 

images are not used in response criteria for low- 
grade glioma, as these tumours do not often show 
contrast enhancement.

Other key features of the RANO criteria are 
the incorporation of clinical status and the 
patient’s reliance on corticosteroid use as part of 
overall response evaluation criteria (Fig.  3.1). 
Pseudoprogression can also confound response 
evaluation of brain tumours, leading to some 
authors to propose additional immune-related 
response criteria (irRC) for immunotherapy tri-
als. These adopt similar concepts of iRECIST by 
specifying need for a confirmatory scan at a later 
time point to confirm PD.

a b c

d e f

Fig. 3.1 Glioblastoma multiforme response evaluation. 
Top row T2 weighted axial images of the brain; bottom 
row corresponding T1 post-contrast axial images; from 
right, (c, f)—baseline post debulking surgery; (b, e) 
2  months post-radiotherapy and commencement of ste-
roid and temozolomide; (a, d) 5 months post-radiotherapy 
and commencement of steroid and temozolomide. (c, f) 
show residual tumour manifesting as enhancing cavitating 
tumour with intermediate to high surrounding T2 tumour 

signal. (b, e) show increase in size of enhancing cavitating 
lesion with new adjacent nodules, and some increase in T2 
signal change, in keeping with radiological progression; 
however, the patient remained stable and well at this 
stage. (a, d) similar further progressive radiological 
change, and by this time point, there was parallel clinical 
deterioration, further supporting progressive disease 
despite treatment
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3.2.3.2  Hepatocellular Carcinoma 
(HCC)

HCC is the third most common cause of cancer 
related death. Liver-directed, loco-regional thera-
pies are commonly used as a stand-alone pallia-
tive modality or as a bridge to selected patients 
for whom liver transplant may be a curative 
option. These may include thermal ablations, or 
transarterial embolization with varying agents to 
include chemotherapy, drug-eluting beads or 
radioactive spheres. These treatments induce 
local disease control through tumour necrosis, 
and it is recognised that there can be poor corre-
lation between the clinical benefit and conven-
tional size-based methods of response assessment. 
For instance, following adequate radiofrequency 
ablation, it would be anticipated that the focal 
area of the ablation zone would be greater than 
the pre-treatment tumour size.

Modified RECIST (mRECIST) was proposed 
as an improved tool, which has also been adopted 
by the European Association for the Study of the 
Liver (EASL) [26, 27]. Hepatic carcinogenesis is 
associated with a peculiar vascular derangement, 
manifesting as arterial enhancement, followed by 
washout on portal venous and/or delayed phases 
on imaging including MRI. For a lesion >1 cm 
and in a high pre-test population cohort (cirrhotic 
patient), this typical imaging appearance is con-
sidered diagnostic of HCC, which in turn also 
provides a handle for MRI evaluation of response 
evaluation. One of the key modifications in mRE-
CIST is of taking measurements of only the via-
ble (arterial enhancing) component of tumour for 
assessment of tumour volume and for summation 
to compute overall response at a patient level. 
Necrotic areas are ignored. mRECIST has been 
validated by studies showing that responders had 
better survival compared to non-responders to 
these loco-regional treatments.

Furthermore, the Liver Imaging Reporting and 
Data System (LI-RADS) lexicon [28], originally 
proposed by the American College of Radiology, 
has recently expanded with addition of a treatment 
response algorithm. This has some similarities and 
overlaps with mRECIST, including placing 

emphasis on the arterially enhancing tumour resid-
uum. On the other hand, LI-RADS provides a 
more detail lexicon of MRI features and is a 
lesion-by-lesion response assessment tool.

3.2.3.3  Rectal Cancer
Neoadjuvant chemoradiation (CRT) has become 
standard treatment for patients with locally 
advanced rectal cancer. Neoadjuvant treatment 
aims to downsize and downstage tumours, with 
an aim to increasing resectability and long-term 
local disease control. In a minority of patients 
showing complete response, it is becoming 
apparent that they may be spared the morbid sur-
gical resection without significantly comprising 
long-term outcome. Standardised and accurate 
MRI response evaluation is thus of paramount 
importance [29].

Change in tumour length is advocated as a 
useful measure for response evaluation, as a 
 compromise between the measurements on any 
one imaging plane, which may not be reproduc-
ible, given the often complex non-orthogonal 
planes on which tumour grows, and ultimate 3D 
volumetry [29] (Fig.  3.2). Treatment effect can 
also be inferred by reduction of often intermedi-
ate T2 signal representing viable tumour and 
emergence of low-signal fibrotic tissues. This had 
been used in a semi-quantitative scoring system 
(MRI tumour regression grade), with a five-point 
scale of relative proportion of tumour signal and 
fibrotic signal, which has shown moderate suc-
cess when validated with pathological tumour 
regression [30]. In addition, some primary non- 
mucinous tumour undergo mucinous change with 
CRT, manifesting as increasing high T2 signal, 
which is also a form of treatment response [31].

Furthermore, specific to the neoadjuvant, pre- 
surgical setting is the need to precisely describe 
residual tumour extent for assessment of resect-
ability and planning surgical approach. MRI has 
been shown to be able to predict feasibility of 
successful sphincter preserving low-rectal cancer 
surgery, and with lesser success also at predicting 
outcome of clearance of the mesorectal fascia, an 
important surgical landmark [30].
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3.3  Response Evaluation 
with Diffusion-Weighted 
Imaging (DWI)

Diffusion of water could be probed in  vivo by 
DWI MRI.  A basic DWI sequence involves a 
pair of de-phasing and refocusing pulses. Water 
molecules, which had moved away of its voxel 
between these pulses, would lead to incomplete 
rephasing, and hence signal loss. The degree of 
signal loss is related to the degree of water 
motion [32].

The sensitivity of the diffusion sequence to 
water motion can be varied by changing the 
parameter known as the b-value (a higher b value 
may be more sensitive, but at the expense of sig-
nal to noise ratio and/or acquisition time) [32]. In 
clinical practice, DWI MRI is usually performed 
with at least two b-values (e.g. b = 50 or 0 s/mm2 
and other b-values from 0 to 1000 s/mm2), which 
enable calculation of an apparent diffusion coef-

ficient (ADC), latter often presented in the form 
of a parametric map.

In biological tissues, diffusion of water mole-
cules is thought to be ‘restricted’ by increased 
cell membranes and macromolecules [33]. DWI- 
derived parameter of ‘diffusivity’ can, therefore, 
act as a surrogate imaging marker of cellularity. 
This may be exploited for assessment of tumour 
response to treatment.

Some authors had proposed that DWI may act 
as a predictor for response to treatment, postulat-
ing that hypoxic tumours, which may have areas 
of necrosis (manifesting as tumours with higher 
ADC on pre-treatment MRI) would have a poorer 
response. This has been observed in some studies 
showing an inverse relationship between pre- 
treatment ADC values and eventual treatment 
outcome, for example, in primary colorectal 
tumour and liver metastases. However, such rela-
tionship is not observed consistently across 
tumour types and contexts [32, 34].

a b c d

e f g h

Fig. 3.2 Rectal tumour response evaluation post- 
neoadjuvant treatment. Top row: post-neoadjuvant treat-
ment MRI; bottom row: pre-treatment scan for 
comparison; from left to right: sagittal T2 TSE, coronal 
oblique T2 TSE, b-1000 DWI images, ADC maps. (a, b, 
e, f) show the primary rectal tumour in different planes 
pre- and post-treatment, highlighting complex orientation 
of the tumour. These also show the potential limitation of 
using single measurement of tumour length as a parameter 
for response evaluation (significant reduction in tumour 

bulk on both imaging planes: red arrows in (b, f) and 
orange arrow in (a, e), but only comparatively modest 
change in tumour length demonstrated by the orange 
arrows in (a, e)). Images (g, h) show high DWI signal on 
b-1000 images and corresponding low ADC value (yellow 
arrow in  h), inferring restricted water diffusion due to 
increased cellularity pre-treatment. These has improved 
post treatment (c, d). A persistent low ADC band in (d) 
may represent a residual fibrotic band when correlated to 
the same region in image (b)
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Use of DWI MRI in early and interim response 
evaluation had shown success in some studies 
(e.g. in breast cancer, melanoma, head and neck), 
although more widespread validation remains 
lacking.

In conventional post-treatment response 
evaluation settings, many studies have con-
firmed that responded tumours have an increased 
ADC, supporting the general notion that cellu-
larity decreases with treatment response [35–
38]. There are, however, important caveats. 
Some tumour response may be accompanied by 
reduced ADC, reflecting treatment response 
with fibrosis and scarring (Fig. 3.2). Response 

evaluation in lymph nodes is difficult with 
inherent ‘physiological’ low ADC (high cellu-
larity) (Figs. 3.3, 3.4, and 3.5). Increases in T2 
signal of tumour as a result of treatment may 
result in apparent increase in DWI signal (T2 
shine through) though this should be readily 
appreciable by reviewing the ADC parametric 
map. Interpretation of bone marrow lesion DWI 
response may sometimes be difficult because of 
potential for development of reactive marrow 
hyperplasia, fatty replacement or fibrosis as a 
result of post-treatment change, which also 
influence DWI signal return [39]. Standardisation 
of techniques remains a challenge, from varia-

a b

Fig. 3.3 Paediatric lymphoma response evaluation. Whole 
body MRI with DWI. 3D maximal intensity projection 
(MIP) of b-800 images. (a) Interim study post two cycles of 
treatment, (b) baseline image. See also Figs. 3.4 and 3.5. At 
baseline, there are extensive thoracic lymphadenopathy 
showing enlargement and increased DWI signal, in keeping 
with known diagnosis of classical Hodgkin lymphoma 
(stage 2). Blue arrows on both images show prominent right 
inguinal lymph nodes, which have high DWI signal but 
with normal morphology (see Fig.  3.5). These are con-

firmed benign on FDG PET and ultrasound (not shown). 
Orange arrows show ‘false-positive’ areas of high DWI sig-
nal at the sternum and anterior ends of ribs on the interim 
study and left anterior ilium of the baseline study; these are 
thought to be as a result of combination of field inhomoge-
neity and imperfect fat suppression, as well as respiratory 
motion on the interim study. This is confirmed by absence 
of signal abnormalities on other structural sequences (not 
shown). Dotted green and blue lines correspond to approxi-
mate levels of axial images in Figs. 3.4 and 3.5
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tions of acquisition techniques to models for 
ADC calculations. Quantitative measures of 
DWI (changes in absolute ADC values, volum-
etry) had been studied with success, but qualita-
tive assessment of change remains the routine 
mainstay assessment method. Despite advances, 
it remains the case that DWI is an adjunctive 
MRI response evaluation tool, and it should be 
assessed in conjunction with other MRI, clinical 
and laboratory findings (Fig. 3.3).

More sophisticated methods of DWI mod-
elling may allow extraction of additional bio-
logically relevant imaging markers. For 
instance, diffusion tensor imaging (DTI) 
exploits the directionality of water molecular 
diffusion and could be used to study tumour 
microstructural changes with treatment [40]. 
Intravoxel incoherent motion (IVIM) explores 
the bulk motion of water flow within tumour 
microvasculature (as supposed to water diffu-

Fig. 3.4 Paediatric lymphoma response evaluation. 
Bottom row showing baseline appearances with interme-
diate T2 signal (middle column) enlarged anterior medias-
tinal nodes; these demonstrate high DWI signal on b-800 

images (left hand column) and corresponding low ADC 
value (right hand column). There is reduction in size and 
DWI signal on the interim study (top row)

Fig. 3.5 Paediatric lymphoma response evaluation. 
Bottom row showing baseline appearances of the inguinal 
level. Small right inguinal lymph nodes (red arrows) have 
normal morphology including retained fatty hilum, cor-
roborated to be benign on FDG PET and ultrasound (not 

shown). These show inherent ‘physiological’ high DWI 
signal. These remain unchanged on the interim response 
scan (top row). Green arrows show retracted right testis in 
the right inguinal canal as an incidental finding

S. Wan



25

sion), which may be dominant in low b-values 
images and may be modelled through bi-expo-
nential decay of DWI signal loss [41, 42]. These 
are more resource-intensive with need for lon-
ger acquisition and post-processing time. 
Tumour response evaluation with these param-
eters had been shown to be feasible, but these 
remain exploratory.

3.4  Conclusion

With superior soft tissue contrast resolution and 
widespread availability, MRI has established 
roles in a multitude of tumour response evalua-
tion setting. Evaluation of anatomical tumour 
burden change remains the main parameter for 
response evaluation. Tumour and MRI sequence 
specific parameters and criteria may be necessary 
in different clinical scenarios for optimal 
assessment.

In addition, with its versatility, advances in 
hardware and sequence design, a vast number of 
functional MRI parameters are available, which 
are at different stages of validation. DWI had 
been described briefly in this chapter, but many 
exciting developments are beyond the scope of 
this chapter. Standardisation and validation 
remain a challenge to implementation.
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4.1  Introduction: Why Is Tumor 
Response Assessed by 
Imaging?

Assessing tumor response to therapy is one of the 
most common applications of imaging in oncol-
ogy. The fundamental reason for the frequent use 
of imaging to assess response is tumor heteroge-
neity. Tumors with the same clinical, histologic, 
and molecular features often respond very differ-
ently to the same treatment: while tumors shrink 
significantly in some patients, there is continued 
tumor growth in others.

An alternative approach to assess response is 
the measurement of tumor markers in the serum. 
For example, prostate-specific antigen (PSA) is 
commonly used to monitor response to therapy in 
prostate cancer. More recently, changes in the 
number of circulating tumor cells have been 
introduced to assess tumor response. However, 
these approaches cannot capture intermetastatic 
heterogeneity of tumor response. It is quite com-
mon that in the same patient, some metastases 
decrease in size during therapy while others 
increase, and new metastases develop. Thus, the 
overall tumor burden may fall, but treatment 

needs to be changed (Fig. 4.1). Only imaging can 
provide such critical information.

In addition to its crucial clinical role for man-
aging treatments in individual patients, response 
assessment by imaging is critical for oncologic 
drug development. Regulatory authorities have 
accepted evidence of tumor shrinkage or delay of 
tumor progression on imaging studies as a surro-
gate end point for clinical trials and as a basis for 
drug approvals [1]. Using imaging-based end 
points instead of survival end points can shorten 
the duration of clinical trials and make new thera-
peutics for diseases with limited therapeutic 
options available significantly earlier.

4.2  Assessment of Tumor 
Response: When and How?

In clinical trials, tumor response to new therapeu-
tic agents is classified as “complete response,” 
“partial response,” “stable disease,” and “pro-
gressive disease.” This terminology goes back to 
the 1970s and was internationally standardized in 
1979 by the so-called “WHO criteria.” These cri-
teria were later refined as “response evaluation 
criteria in solid tumors” (RECIST) in 2000 [2]. 
The current version is RECIST 1.1 [3]. RECIST 
has been developed by an international collabora-
tion of the European Organization for Research 
and Treatment of Cancer (EORTC), the National 
Cancer Institute (NCI) of the United States, and 
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the Canadian Cancer Trials Group (CCTG), as 
well as several pharmaceutical companies. The 
goal of RECIST is to provide a pragmatic meth-
odology to evaluate the efficacy of new cancer 
therapeutics in clinical trials by assessing changes 
in tumor burden during therapy [3]. Table  4.1 
provides an abbreviated summary of RECIST. The 
basic concept of RECIST is to use the sum of the 
maximum diameters of up to five well- measurable 
target lesions as an index for tumor burden. The 
relative changes of this index after therapy deter-
mine how tumor response is classified. A decrease 
by at least 30% defines a partial response and an 
increase by at least 20% progressive disease. 
Changes in the sum of tumor diameters between 
minus 30% and plus 20% are classified as stable 
disease. Complete response and partial response 
are frequently grouped together as “response” 
and “stable disease” and “progressive disease” as 
nonresponse. The response rate is the percentage 
of patients classified as responders (“complete 

response” and “partial response” combined). The 
term disease stabilization rate is used for the per-
centage of patients that are classified as “com-
plete response,” “partial response,” and “stable 
disease.”

4.2.1  Response Assessment by 
FDG PET

In 1999, the EORTC published the first criteria 
for assessing tumor response by FDG-PET 
(EORTC criteria) [4]. Similar to RECIST, the 
goal of the EORTC criteria was to define a stan-
dard for monitoring tumor response to therapy in 
clinical trials. A summary of the EORTC criteria 
is given in Table 4.2.

At the time of the publication of the EORTC 
criteria, PET/CT scanners were not yet avail-
able clinically, and treatment monitoring with 
FDG PET was at its infancy. EORTC criteria 

a

b

Fig. 4.1 Patient with axillary recurrence of breast cancer. 
FDG PET/CT at baseline shows hypermetabolic left axil-
lary lymph nodes (green arrow) but no evidence of osse-
ous metastases (a). Follow-up imaging after initiation of 

hormonotherapy demonstrates clearly reduced metabolic 
activity of the lymph nodes but also shows a new osteo-
lytic metastasis in the cerebral spine (red arrows b)
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are, therefore, based on expert opinion and 
limited data on the test-retest reproducibility 
of FDG uptake in untreated tumors.

In 2009, Wahl et  al. [5] introduced the PET 
response criteria in solid tumors (PERCIST) to 

assess metabolic tumor response (Table  4.3). 
PERCIST incorporates 10 more years of clinical 
experience with FDG PET and PET/CT and 
includes many more details regarding the defini-
tions of measurable lesions, quality control pro-

Table 4.1 Response assessment in solid tumors by anatomic imaging

Response category Target lesions Nontarget lesions
Complete 
response

CR Disappearance of all target lesions. Any 
pathological lymph nodes must have 
reduction in short axis to <10 mm

Disappearance of all nontarget lesions and 
normalization of tumor marker level. All 
lymph nodes must be <10 mm short axis

Partial 
response

PR At least a 30% decrease in the sum of 
diameters of target lesions, taking as 
reference the baseline sum diameters

Non-CR/non-PD
Persistence of one or more nontarget 
lesion(s) and/or maintenance of tumor 
marker level above the normal limitsStable 

disease
SD Neither sufficient shrinkage to qualify for PR 

nor sufficient increase to qualify for PD, 
taking as reference the smallest sum 
diameters while on study

Progressive 
disease

PD At least a 20% increase in the sum of 
diameters of target lesions, taking as 
reference the smallest sum on study or one or 
more new lesions
The sum of diameters must also increase by 
at least 5 mm

Unequivocal progression of existing 
nontarget lesions or one or more new 
lesions

Table 4.2 Response assessment in solid tumors by FDG PET and PET/CT

EORTC (1999) PERCIST 1.0 (2009)
Quantitative 
parameter

SUVmean, normalized body surface 
area

SUVpeak, normalized to lean body mass (SUL)

Objective 
response

CMR
Complete resolution of 18F-FDG 
uptake within tumor volume 
(indistinguishable from surrounding 
normal tissue)
PMR
After one cycle of chemotherapy 
reduction of 15–25% of 18F-FDG SUV 
is required
or
>25% after more than one treatment 
cycle
SMD
SUV increase in tumor by <25% or 
decrease of <15%
and
No increase in extent (at least <20% in 
longest diameter)
PMD
Increase of tumor SUV >25%
or
Increase in extent (20% in longest 
dimension)
or
New lesions with FDG-uptake

CMR
Measurable target lesion with no FDG uptake and 
uptake < mean liver activity and indistinguishable from 
surrounding background blood pool levels 
disappearance of all other lesions
No new FDG-avid lesions in pattern typical of cancer
PMR
In target measurable tumor decrease of SUL by ≥30% 
and drop in units difference in SUL ≥0.8 SUL
And no size increase of the target lesion >30%; no 
increase of nontarget lesions or in SUL and no new 
lesions
SMD
<30% increase/decrease in metabolic target lesion
PMD
Increasing of SUL by ≥30% in target lesion (at least 0.8 
SUL units difference)
or
Visible increase in extent of 18F-FDG tumor uptake 
(75% in TLG volume with no decline in SUL
or
Detection of at least one new lesion, which is typical for 
cancer and not treatment or infection related
Progression of non-target lesions

CMR complete metabolic response, PMR partial metabolic response, SMD stable metabolic disease, PMD progressive 
metabolic disease, CR complete remission, SUV standardized uptake value, TLG total lesion glycolysis, CMR complete 
metabolic response, PMR partial metabolic response, SMD stable metabolic disease, PMD progressive metabolic dis-
ease, CR complete remission, SUV standardized uptake value, TLG total lesion glycolysis
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Table 4.3 Response assessment in malignant lymphomas by RECIL [6]

Anatomic imaging
Metabolism FDG 
PET New lesions

Bone marrow 
involvement

CR Complete disappearance of all target lesions 
and all nodes with long axis <10 mm
≥30% decrease in the sum of longest diameters 
of target lesions (PR) with normalization of 
FDG-PET

Negative 
(Deauville score 
1–3)

No No

PR ≥30% decrease in the sum of longest diameters 
of target lesions but not a CR

Positive (Deauville 
score 4–5)

No Any

MR ≥10% decrease in the sum of longest diameters 
of target lesions but not a PR (<30%)

Any No Any

SD <10% decrease or ≤20% increase in the sum of 
longest diameters of target lesions

Any No Any

PD >20% increase in the sum of longest diameters 
of target lesions
For small lymph nodes measuring <15 mm post 
therapy, a minimum absolute increase of 5 mm 
and the long diameter should exceed 15 mm
Appearance of a new lesion

Any Yes/no Any

CR complete response, PR partial response, MR minor response, SD stable disease, PD progressive disease

cedures as well as recommendations on how 
scans with multiple FDG-avid lesions should be 
analyzed [5]. EORTC criteria and PERCIST fol-
low the model of RECIST and define four 
response categories with similar names as 
RECIST: complete metabolic response (CMR), 
partial metabolic response (PMR), stable meta-
bolic disease (SMD), and progressive metabolic 
disease (PMD).

Briefly, RECIST defines tumor response by a 
decrease in the FDG uptake of index lesions. 
Index lesions are the malignant lesions with the 
highest FDG uptake on the baseline and follow-
 up scans, respectively. In most cases, the same 
lesions are analyzed on the baseline and follow-
 up scan, but in principle, the lesions can be dif-
ferent. For example, the index lesions could be 
three liver and two bone metastases on the base-
line scan and one liver, one bone, and three lung 
metastases on the follow-up scan [5].

FDG uptake is measured by standardized 
uptake values normalized to the lean body mass 
of the patient (SUL). Lean body mass is esti-
mated from patient height and actual mass by an 
empiric formula. The reason for recommending 
SULs is that SUVs are systematically overesti-
mated in obese patients than in nonobese patients. 

As a measure for FDG uptake of tumor lesions, 
PERCIST recommends the “peak SUL” 
(SULpeak). SULpeak is the average SUL in a 
small sphere placed in the lesion at the site of 
maximum FDG uptake. SULpeak is less affected 
by statistical noise than maximum standardized 
uptake values and more quickly to define and less 
operator-dependent than delineating the whole 
lesion and measuring the mean SUL.

The criterion for a response is a decrease in 
SUL by at least 30%, which is based on a series 
of studies that have determined the variability of 
test-retest measurements of SUVs or SULs [7, 8]. 
A relative increase or decrease of tumor FDG 
uptake by more than 30% was exceedingly rare 
in these studies and, therefore, used as a criterion 
for a treatment-induced effect. An increase in 
FDG uptake of index lesions by at least 30% is a 
criterion for progression by PERCIST.  This is 
again justified by the variability of the FDG sig-
nal in untreated tumors.

PERCIST provides no strict definition for the 
number of index lesions to be analyzed. The pri-
mary approach is to only use one index lesion on 
the baseline and one index lesion on the follow-
 up scan. An alternative is to average the SUL of 
up to five lesions and use this sum of SUL as an 
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index of tumor burden. Relatively few and rather 
small studies have compared these different 
approaches. These studies showed a comparable 
prognostic value for the analysis of one or five 
index lesions [9, 10].

4.2.1.1  Response Assessment 
in Lymphoma

The biology of lymphomas and their response to 
therapy differ significantly from solid tumors. 
Generally, lymphomas show significantly more 
rapid tumor shrinkage in response to chemotherapy 
than solid tumors. Furthermore, several lympho-
mas are curable by chemotherapy, even if multiple 
lymph node areas are involved. Incurable lympho-
mas generally respond well to chemotherapy but 
recur later. In contrast, only palliative therapy is 
available for most of the metastatic solid tumors, 
and generally, tumor shrinkage is moderate.

Response assessment in Hodgkin and non- 
Hodgkin lymphomas has been harmonized by the 
international working group criteria, first pub-
lished in 2007 and revised in 2014 (Lugano crite-
ria) [11]. The Lugano criteria use a combination 
of FDG PET and CT to assess response. In FDG 
avid lymphomas, such as Hodgkin’s lymphoma 
and diffuse large B cell lymphoma. In contrast to 
RECIST, international working group criteria ini-
tially recommend bidimensional measurements 
of tumor size for response assessment. However, 
a recent analysis has demonstrated that unidi-
mensional measurements provide similar results. 
The new response classification response evalua-
tion criteria in lymphoma (RECIL) uses unidi-
mensional measurements of three lesions to 
define tumor burden and similar criteria for 
response and progression as RECIST.

A five-point scoring system is used to classify 
the degree of FDG uptake (“Deauville score,” 
Table 4.3). A Deauville score of 1–3 after therapy 
is considered a complete response and a Deauville 
score of 4 or 5 as a partial response if there is a 
decrease of the sum of lesion diameters by at 
least 30%. Progression is defined by an increase 
of the sum lesion diameters by 20% or the appear-
ance of new lesions on FDG PET or CT [6].

4.2.2  Response Assessment 
with Other PET Imaging 
Agents

In several countries, somatostatin receptor 
(SSTR) and prostate specific membrane anti-
gen (PSMA) PET are now routinely used for 
staging of neuroendocrine tumors and prostate 
cancer. There is also preliminary evidence that 
treatment monitoring with these two types of 
ligands is feasible [12]. It is, therefore, tempt-
ing to apply PERCIST (or a slightly modified 
version of PERCIT) for response monitoring 
with other tracers, but it is currently unclear if 
this is appropriate. The uptake mechanism of 
SSTR and PSMA ligands (receptor binding) is 
quite different from FDG (tracer of metabolic 
flux). Furthermore, there is no obvious reason 
why downregulation of SSTR or PSMA expres-
sion is an indicator of a favorable response. 
Therefore, future research on the utility of 
SSTR and PSMA PET for treatment monitoring 
is necessary.

4.2.3  Timing of Response 
Assessment

There is no general answer to the question when 
response assessment should be performed. With 
chemotherapy, FDG uptake decreases rather rap-
idly in well-responding tumors. It is, therefore, 
feasible to monitor response already after 2–3 
treatment cycles. However, this varies between 
different tumor types. If there is no significant 
decrease of FDG uptake at such an early time 
point, this generally indicates a low likelihood for 
later tumor shrinkage.

The sensitivity of FDG PET to detect resid-
ual disease after completion of therapy 
increases with the time between the PET scan 
and the end of treatment, likely due to tumor 
growth. Therefore, FDG PET should be per-
formed “as late as clinically meaningful” [13] 
if detection of residual disease is the primary 
aim of the study.
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4.3  Responders vs. 
Nonresponders

Many studies have shown that response by 
RECIST, in general, correlates with patient out-
come, that is, patients classified as responders by 
RECIST live on average longer than patients 
classified as nonresponders. In randomized clini-
cal trials of new cancer therapeutics, a response 
by RECIST often predicts drug efficacy, that is, 
treatment with the drug that shows the higher 
response rate results in longer survival.

On a smaller scale, clinical studies have also 
shown that tumor response on FDG PET also 
correlates with patient outcome. There is also 
evidence that FDG PET can assess tumor 
response earlier than anatomic imaging [14]. 
When FDG PET and CT are performed at the 
same time, tumor response on FDG PET is fre-
quently more closely correlated with outcome 
than tumor response on CT. This has been most 
extensively shown in lymphomas but also some 
solid tumors [15].

For clinical practice, however, disease stabili-
zation is generally a more meaningful than tumor 
response. Systemic therapies of solid tumors are 
usually continued until there is disease progres-
sion (or severe toxicity). Furthermore, clinical 
response evaluation is rather multidimensional 
and includes not only imaging results, but also 
symptom control/reduction, improved quality of 
life, as well as changes in laboratory parameters 
such as tumor markers. By this combination of 
parameters, clinicians implement individualized 
treatment strategies that aim to optimize treatment 
outcomes. Thus, clinical response assessment is 
inherently different from the standardized testing 
of drugs in a clinical trial. Nevertheless, RECIST 
and PERCIST provide an important framework 
for response assessment and patient management 
because they define parameters that can be reli-
ably measured by clinical imaging studies. In 
addition, the established prognostic value of a 
response by RECIST or PERCIST can be reassur-
ing for the management of individual patients.

4.4  Management and Type 
of Treatment

Clinically, the most frequent impact of response 
assessment in solid tumors is to change treatment 
in case of tumor progression. In the neoadjuvant 
setting, response-adapted therapies have also 
been investigated [16]. The underlying idea is to 
stop neoadjuvant therapy in case of insufficient 
response and to perform surgery. Such an 
approach can reduce the side effects and costs of 
ineffective therapy [17]. FDG PET has shown 
significant promise in multiple tumor types for 
identifying nonresponding tumors early in the 
course of neoadjuvant therapy [18–22]. These 
studies provide a strong rationale for FDG PET 
response-adapted neoadjuvant therapies. 
Unfortunately, however, solid tumors are fre-
quently cross-resistant to several chemotherapy 
drugs. Thus, resistance to one chemotherapy reg-
imen often makes response to a different chemo-
therapy regimen unlikely. Progress in 
response-adapted therapies of solid tumors has, 
therefore, been rather slow. However, a recent 
randomized study in gastroesophageal-junction 
cancer has demonstrated improvement of out-
come by intensifying chemotherapy or adding 
radiotherapy in FDG PET nonresponders [23].

Response-adapted therapies have, however, 
become a standard for treatment in certain lym-
phomas. Here the goal is both escalation and de- 
escalation of therapy. A “negative” (Deauville 
score 1–3) FDG PET scan after chemotherapy is 
a strong predictor for a favorable prognosis and 
allows to avoid additional radiotherapy in 
patients with early stage Hodgkin’s disease [24–
26]. While omitting radiotherapy is associated 
with a small increase in the risk for recurrence, 
this is considered to be outweighed by the 
reduced risk for long-term complications of 
radiotherapy in this group of patients with an 
overall very favorable prognosis [27]. 
Conversely, a positive interim PET scan may 
lead to treatment intensification by a more 
intense chemotherapy regimen [28].
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4.5  Common Patterns, Pitfalls, 
Variants, Advantages, 
and Limitations

4.5.1  Standardized Imaging 
Protocol

For assessing response to therapy, it is critical 
that FDG uptake on the baseline and follow-up 
scans is comparable. Therefore, it is necessary to 
follow a standardized protocol, which ensures 
that patient preparation, image acquisition, and 
image reconstruction are performed in a similar 
way. The European Association of Nuclear 
Medicine (EANM) FDG PET/CT imaging guide-
lines provided detailed instructions for standard-
ized imaging protocols [29].

Importantly, attention to standardized proto-
col is not only necessary to accurately quantify 
FDG uptake by SUVs, but also for visual image 
analysis. For example, imaging later after FDG 
injection will not only increase tumor SUVs, but 
also contrast between tumor and liver. Therefore, 
the Deauville score of lymphomas will also be 
affected by significant variations in uptake time.

It is increasingly common that patients are 
scanned on different generations of PET/CT sys-
tems, for example, when the baseline scan and 
follow-up scans are performed at different insti-
tutions. Newer scanners generally provide higher 
image contrast for small lesions due to time of 
flight information and improved reconstruction 
algorithms. This may affect both quantitative 
assessment of FDG uptake as well as visual inter-
pretation. For example, if a small “new” lesion is 
seen on the follow-up scan with a newer system, 
it may be impossible to rule out that this lesion 
was already present before but was undetectable 
by the older system.

4.5.2  Impact of Therapy on FDG 
Metabolism

A “metabolic flare phenomenon” and “metabolic 
stunning” are sometimes discussed as pitfalls for 
response assessment by FDG PET/CT. However, 

clinical evidence for both phenomena is rather 
scant. There is plenty of data from in vitro studies 
that surviving cancer cells show increased FDG 
uptake after exposure to chemotherapeutic agents. 
This increased metabolism is believed to be due to 
ongoing repair processes in the surviving cells. In 
vivo, however, the loss of viable cells due to effec-
tive therapy usually outweighs a temporary increase 
in FDG uptake by the surviving cells [14, 30].

“Metabolic stunning” describes a potential 
opposite treatment effect. In response to therapy, 
cancer cells stop proliferation and, therefore, 
accumulate less FDG but remain viable. There is 
some evidence for this because the sensitivity of 
FDG PET to detect metastases is lower when 
FDG PET is performed during or early after com-
pletion of chemotherapy. However, it is mostly 
unclear if the reason for this is “metabolic stun-
ning” or simply because the density of viable 
tumor cells has decreased during therapy [13, 14].

4.5.3  Radiation Therapy

Assessment of tumor response to radiotherapy is 
complicated by the common inflammatory 
changes of surrounding normal tissues, such as the 
lungs. A further challenge is that local tumor con-
trol rates of modern radiotherapy regimens are 
excellent. The risk for false-positive findings after 
radiotherapy is, therefore, high. Radiation- induced 
inflammation can remain FDG-avid for several 
months. Therefore, FDG PET is more commonly 
used for surveillance after radiotherapy than for 
treatment monitoring in the strict sense [31].

4.5.4  Immunotherapy

Cancer immunotherapy has made incredible 
progress during the last 10  years and is now a 
standard form of therapy in many malignancies, 
including malignant melanoma, lung cancer, 
head-and-neck cancer, and urothelial carcino-
mas. During the clinical development of immu-
notherapy, it has been noted that tumor shrinkage 
can occur later than typically observed for che-
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motherapy. In some cases, tumor size may even 
increase temporarily. A modified version of 
RECIST, iRECIST, therefore, introduces the 
term unconfirmed progression [32]. Thus, pro-
gression by iRECIST needs to be confirmed by 
follow-up imaging studies. Specific criteria to 
assess response to immunotherapy by FDG PET/
CT have been proposed but still need validation. 
However, current experience suggests that stan-
dard PERCIST and EORTC criteria can in prin-
ciple also be applied to assess response to 
immunotherapy [10, 33].

4.5.5  Clinical Image Interpretation

Well-defined and preferably quantitative criteria 
are important to assess tumor response to therapy 
in a standardized way. Still, the basis for response 
assessment is clinical image interpretation. 
Differentiation of tumor- and treatment-induced 
changes can be challenging and requires careful 
image interpretation. Furthermore, the presence 
of new metastases is generally the strongest neg-
ative prognostic factor on imaging studies. 
Sensitive and specific detection of new metasta-
ses requires knowledge about the typical spread 
of a given malignancy and should include on a 
joint interpretation of PET and CT findings. New 
metastases need to be differentiated from inflam-
matory lesions, such as sarcoid-like reactions, 
inflammatory pulmonary nodules, inflammation 
due to trauma, etc. Like for tumor staging, knowl-
edge of tumor biology and clinical experience 
are, therefore, critical for correct assessment of 
tumor response to therapy.
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5.1  Introduction

Surgery is the curative treatment of choice in 
many types of cancer, which are diagnosed at an 
early stage when the disease is still localized, and 
there is no evidence of distant metastatic spread. 
The success of curative surgery depends on the 
removal of the tumor with a margin of healthy 
tissue around it in order to ensure that no malig-
nant cells are left behind. In many cases, dissec-
tion of regional lymph nodes is also necessary in 
order to remove known metastatic lymph nodes 
or to prevent spread of the disease from poten-
tially undetected micrometastases. Although 
these strategies have improved the survival of the 
patients, the recurrence rates after complete sur-
gical resection with curative intent remain high in 
many types of cancer (e.g., 30–75% in non-small 
cell lung cancer depending on final pathologic 
staging [1]). Therefore, there is need for postsur-
gical surveillance, usually with biomarkers and 
imaging, to detect potential evidence of recur-
rence as early as possible.

In some cases, although curative surgery is not 
feasible, patients may benefit from primary deb-
ulking surgery, followed by radiotherapy or che-
motherapy. Follow-up with imaging is necessary 

after debulking surgery to assess residual disease 
or for surveillance since these patients have a 
higher chance of early recurrence.

Moreover, imaging plays an important role in 
the assessment of postoperative complications, 
which may have an impact not only on the patients’ 
quality of life, but also on their survival [2].

Having established the crucial role of imaging 
in postoperative surveillance, the optimal choice 
of modality for each indication needs to be 
addressed. In this chapter, we will compare the 
advantages and limitations of conventional imag-
ing (X-ray, CT, and MRI) and PET/CT in the 
postsurgical setting of various types of cancer 
and review the respective guidelines and recom-
mendations. Potential pitfalls in the interpreta-
tion of imaging findings will also be discussed, as 
these are common due to distortion of the anat-
omy and postoperative inflammation.

5.2  Computed Tomography (CT)

Computed Tomography is usually the first imag-
ing modality considered for postoperative surveil-
lance in cancer patients because of the anatomical 
details that it provides and its wide availability. 
The performance of CT differs among the various 
types of cancer, and there are certain advantages 
and limitations depending on the anatomical area, 
which guide the selection of patients who should 
be monitored with this method.
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In non-small cell lung cancer, recurrence after 
surgery can appear at the bronchial stump, adja-
cent to a surgical staple, in the parietal pleura or 
in mediastinal lymph nodes [3]. Such local or 
locoregional recurrence occurs in up to 25% of 
patients with resected early-stage NSCLC, usu-
ally in the first 2 years [4]. Therefore, it is recom-
mended that patients after surgery with curative 
intent for NSCLC should be monitored with 
chest CT every 6 months for the first 2–3 years 
and with low-dose CT annually thereafter [5]. 
The radiographic features of recurrence vary, and 
the differentiation from postoperative fibrosis is 
often hard. A growing mass at the level of resec-
tion on serial CT scans is a strong indication of 
recurrence. In some cases, the recurrent tumor 
may not be visible due to its small size, or there 
may be indirect findings of recurrence such as a 
change of position in mediastinal structures [4]. 
The use of CT in the postsurgical surveillance of 
NSCLC has been reported to have high negative 
predictive value (NPV) but not satisfactory posi-
tive predictive value (PPV) (53%) [6].

In colorectal cancer, CT can be used for sur-
veillance after surgery with curative intent along 
with CEA marker monitoring. The data on the 
usefulness of CT in following patients with non-
metastatic colorectal cancer are controversial and 
show that the impact on patient management 
(earlier salvage surgery with curative intent) is 
not associated with improved survival [7]. 
Nevertheless, imaging with contrast-enhanced 
chest/abdominal/pelvic CT is recommended in 
this group of patients every 6–12 months for up 
to 5 years [8].

In patients with head and neck cancer, a new 
postsurgery baseline CT is recommended within 
6 months of the surgery and annual monitoring 
for recurrence thereafter [9]. Because of the post-
surgical distortions in areas with already complex 
anatomy, it is important to establish the postsur-
gical baseline in order to guide the future assess-
ment for recurrence. The radiologist must be 
aware of the exact surgical technique as the myo-
cutaneous flaps that are used for reconstruction 
may initially look like masses with soft-tissue 
attenuation, but also because their margins are 
the most common sites of local recurrence [10]. 

Postoperative complications such as infection, 
abscess, fistula, or flap necrosis can be evaluated 
as they have characteristic morphology on 
CT.  Additionally, monitoring of the lungs with 
chest CT is necessary in head and neck cancer 
patients, especially smokers, because they run a 
high risk not only for lung metastases, but also 
for a second primary lung cancer [11].

In summary, CT is very successful in the 
establishment of postoperative anatomy, in the 
assessment of complications, as well as in the 
detection of locoregional recurrence in a wide 
range of tumors. Additionally, CT has the advan-
tage of being one of the most accessible and cost- 
effective imaging modalities. Nevertheless, there 
are certain categories of patients where CT is not 
accurate enough for evaluation in the postsurgi-
cal setting or where it provides equivocal find-
ings that need further imaging for clarification. 
These limitations will be addressed in the follow-
ing sections on MRI and PET.

5.3  Magnetic Resonance 
Imaging (MRI)

Magnetic resonance imaging (MRI) shows a 
trend of increased use in oncology [12, 13] due to 
the high sensitivity of the method for soft-tissue 
abnormalities, which makes it ideal for detecting 
primary or metastatic tumors in dedicated body 
parts, such as brain, breast, liver, colon, pelvis, 
head, and neck. Moreover, the development of 
new sequences and techniques, such as diffusion- 
weighted imaging (DWI), apparent diffusion 
coefficient (ADC), or dynamic contrast enhanced 
(DCE), opens new ways in detecting and moni-
toring cancer with higher accuracy [13, 14].

In colorectal cancer, MRI has shown higher 
per-lesion sensitivity than the CT in detecting 
pelvic recurrence and liver metastases in patients 
after resection of primary tumor. However, con-
sidering its higher cost and a relatively high pro-
portion of false-positive tests (14%), it is not 
recommended for routine follow-up but is 
reserved for planning the surgical resection of 
such lesions [15]. MRI can also be used as an 
alternative surveillance imaging method in 
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patients with renal failure who cannot have 
contrast- enhanced CT [8]. Another role for MRI 
can be in the surveillance of the liver in patients 
with resected liver metastases [16].

MRI has emerged as an important imaging 
tool in head and neck cancer and particularly in 
tumors of the nasopharynx, the nasal sinuses, and 
the skull base. In the postsurgical setting, MRI is 
better in the assessment of late complications 
such as chylous fistulas and posttraumatic neuro-
mas. The greatest added value of MRI, however, 
is in assessment of recurrence and differentiation 
from posttherapy changes [10, 17]. Particularly, 
with the addition of the more advanced sequences, 
the sensitivity and specificity of MRI for the 
detection of recurrent or residual tumors increase 
(94% and 100%, respectively) [18]. MRI spec-
troscopy is another MRI modality that may have 
up to 100% PPV in the confirmation of malig-
nancy in a posttherapy mass [17].

In women with ovarian cancer, despite the 
high accuracy of MRI in staging, the superiority 
of MRI in recurrence assessment is controversial. 
The overall accuracy of MRI in ovarian cancer 
recurrence is approximately 89%. Nevertheless, 
some studies show high specificity of MRI but 
lower sensitivity, while other studies conclude 
that MRI is more sensitive for detecting local pel-
vic recurrence and peritoneal lesions of recurrent 
ovarian tumors [19, 20].

Postoperative surveillance of breast cancer 
relies almost exclusively on annual mammogra-
phy [21, 22]. MRI surveillance may be consid-
ered as a supplemental imaging tool, according to 
some guidelines, for clarification of equivocal 
findings or in subgroups of patients such as 
women with dense breasts or women diagnosed 
before the age of 50 [23]. Studies have shown 
that despite the low diagnostic yield of MRI in 
the postoperative surveillance of breast cancer, 
the PPV of the method is acceptable, possibly 
higher than the PPV of surveillance ultrasound 
and potentially more effective after more than 
3 years after surgery [24].

In summary, MRI is not routinely used in the 
follow-up of cancer patients after surgery but 
may be considered as a complementary imaging 
method in certain subgroups of patients. The high 

cost and relatively low availability are some of 
the main disadvantages of the method, as its cost- 
effectiveness remains largely unproven. However, 
the development of novel sequences, such as 
DWI, ADC, DCE, and the emerging use of mag-
netic spectroscopy bear the promise of more 
accurate postsurgical monitoring of cancer.

5.4  Positron Emission 
Tomography (PET)

Positron emission tomography (PET) is a type of 
nuclear imaging based on the use of radiotracers 
labeled with positron-emitting isotopes, such as 
18F, 68Ga, etc. The positrons emitted from the 
decay of these isotopes are antimatter counter-
parts of electrons, and as such, they quickly inter-
act with surrounding electrons through a process 
called annihilation, producing two 511 keV pho-
tons, which travel in opposite directions. The 
detectors in the PET scanner are configured in a 
circular array and record pairs of photons that 
arrive simultaneously in opposite ends, creating a 
map of radiotracer accumulation in the body 
[25]. PET imaging is routinely coupled with CT 
for attenuation correction of the images and for 
anatomical localization of the PET findings. The 
modern scanners are hybrid PET/CT scanners, 
and fusion of PET and CT images is part of the 
reconstruction [26]. Hybrid imaging with PET/
MRI is a more recent development for better soft- 
tissue characterization and with the advantage of 
lower exposure to radiation, however, with infe-
rior attenuation correction when compared with 
PET/CT and higher costs which limit its avail-
ability [27].

The most commonly used radiotracer for PET 
imaging in oncology is 18F-FDG, a radiolabeled 
glucose analogue, which is accumulated by can-
cer cells due to their high metabolic needs. FDG- 
PET imaging has been proven beneficial not only 
in primary staging, but also in the assessment of 
response to treatment, the accurate characteriza-
tion of residual disease, and the early detection of 
recurrence with impact on survival and quality of 
life [28]. Among these, surveillance and restag-
ing disease after surgery are commonly recom-
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mended indications for FDG-PET for many types 
of malignancy, provided that it is performed in an 
appropriate and timely manner.

The timing of FDG-PET imaging is crucial 
in the postsurgical setting. Tissue injury in the 
operative bed triggers an inflammatory response 
with the formation of granulation tissue, where 
there can also be increased FDG uptake. 
Gradually, the granulation tissue undergoes 
apoptosis and is replaced by scar tissue, within 
2  months, and as this happens, FDG uptake 
tends to decrease and eventually resolve [29]. 
Therefore, it is generally recommended to delay 
FDG PET/CT for 4–8  weeks after surgery to 
reduce the chance of a diagnostic error due to 
interference of FDG-avid postsurgical changes 
[29–31].

Apart from the expected inflammatory post-
surgical changes, other complications including 
infections, abscesses, fistulae, fat necrosis, and 
reactive lymph nodes can demonstrate increased 
FDG activity, which may be persistent for a long 
time after surgery, even years in some cases [32]. 
Postsurgical fat necrosis, in particular, may be 
difficult to differentiate from malignancy because 
it usually has a mass-like appearance with focal 
FDG uptake. Fat necrosis is more commonly met 
after surgery in the abdominal region as a result 
of omental infarction. CT can help in the charac-
terization of such lesions, as they demonstrate a 
central fat-attenuation area surrounded by a rim 

of fibrous tissue. Follow up of fat necrosis with 
PET/CT shows gradual decrease and resolution 
of FDG avidity over time [33, 34].

In patients with non-small cell lung cancer 
after complete resection, FDG PET/CT has 
shown high accuracy in the detection of recur-
rence with high impact on management and sur-
vival [35]. High sensitivity and specificity of 
FDG PET/CT are accompanied by good PPV 
(89.5%) and NPV (98.8%), leading to a change 
in management in approximately 30% of patients 
with positive PET, whereas, a negative PET is 
very reliable for absence of disease [36, 37] 
(Fig. 5.1). A positive scan must always be differ-
entiated by potentially FDG-avid mimickers of 
malignancy such as inflammatory changes at the 
bronchial stump, persistent postpleurodesis 
inflammation, postbiopsy infections (e.g., empy-
ema), and reactive regional lymph nodes [29]. 
FDG PET/CT can also be useful in the detection 
or exclusion of recurrence in patients with serum 
CEA elevation after curative resection [38]. 
Despite the efficiency of FDG PET/CT, its poten-
tial impact on survival and encouraging reports 
on cost-effectiveness, the method is not recom-
mended for routine surveillance imaging after 
primary lung cancer resection [35].

In colorectal cancer, PET/CT may comple-
ment conventional imaging in the surveillance 
after surgery with curative intent. FDG PET/CT 
is a very accurate and specific method for early 

a b

Fig. 5.1 78-year-old male patient who had left upper 
lobectomy for T3N2M0 non-small cell lung cancer. The 
patient was followed up with chest CT every 6 months. On 
the second follow-up, 1 year after the surgery, the contrast- 

enhanced CT (a) showed suspicious localized pleural 
thickening at the level of the surgical clips. On PET/CT 
(b), there was FDG uptake in this area, confirming local 
recurrence
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detection of recurrence and has the best perfor-
mance in patients with high suspicion [39, 40]. 
In patients with rising CEA, FDG PET/CT has 
superior per-lesion sensitivity than CT and can 
detect recurrence even in cases with negative 
conventional imaging. This leads to a change in 
management in 30–56% of patients with sus-
pected colorectal cancer recurrence, providing 
chances for surgical resection or other local 
treatments earlier in the course of disease, but 
also helping to avoid unnecessary operations in 
patients with more advanced disease [41] 
(Fig. 5.2).

Although postoperative surveillance of head 
and neck cancers relies primarily on CT, as men-
tioned earlier, several studies have shown 

 superiority of FDG PET/CT in the detection of 
locoregional recurrence [29, 42]. Particularly, 
FDG PET/CT has the advantage of a very high 
NPV (>94%) in this setting [43] and the ability to 
detect distant metastases and second primaries, 
which are relatively frequent in these patients, 
especially smokers. On the other hand, FDG 
PET/CT has suboptimal PPV (<60%) for recur-
rence in the primary site or cervical nodes [43] 
due to various postsurgical inflammatory compli-
cations, which can result in increased FDG 
uptake (Fig. 5.3). An example of a pitfall is the 
asymmetrical FDG uptake in the vocal cords 
after injury of the recurrent laryngeal nerve dur-
ing surgery, where the compensatory overactivity 
of the normal vocal cord can be interpreted as 

a b

c

Fig. 5.2 Previous rectal adenocarcinoma treated with 
radiotherapy and end ileostomy. Recent history of entero-
cutaneous fistula repair. Most recent CT (a) shows enhanc-
ing soft tissue around a small air cavity in the precoccygeal 
region. PET/CT (b) done at the same time of CT shows 

low-grade activity in that region, which is most compatible 
with inflammatory changes. PET/CT (c) at 1 month shows 
complete resolution of the uptake with small residual tis-
sue in keeping with granulation tissue and postsurgical 
change in the pelvis and no evidence of recurrence
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a b

c d

e

Fig. 5.3 66-year-old male patient 8 months after laryn-
gectomy for pT4N1M0 squamous cell carcinoma. 
Follow-up contrast-enhanced CT of the neck (a, b) 
showed an area of heterogeneous enhancement in the 
deep aspect of the right oropharynx suspicious for recur-

rence, which was not easily accessible for biopsy. PET/
CT 3 weeks later showed high-focal FDG uptake compat-
ible with local recurrence (c, d), but also an FDG-avid left 
lung lesion (e), which could represent either a metastasis 
or a second primary

D. Priftakis et al.



43

suspicious for malignancy [29]. Due to the rela-
tively high false-positive rate, biopsy is recom-
mended in the majority of patients with positive 
postoperative PET findings.

In the postoperative surveillance of ovarian 
cancer, the value of PET/CT has been found simi-
lar or higher than conventional imaging in many 
studies, being particularly sensitive in the detec-
tion of peritoneal deposits and of recurrence in 
normal-sized lymph nodes [44, 45]. In this con-
text, FDG PET/CT can be considered as an equiv-
alent alternative to contrast-enhanced CT despite 
occasional false-negative results due to postopera-
tive peritoneal inflammation and bowel adhesions, 
which may obscure metastatic peritoneal deposits. 
False-negative results are also frequent in certain 
ovarian cancer subtypes such as mucinous adeno-
carcinomas or in the presence of cystic and 
necrotic deposits [45]. A significant advantage of 
FDG PET/CT is the ability to detect recurrence 

earlier and with higher sensitivity than CA-125, 
the biomarker routinely used for ovarian cancer 
surveillance [46]. It has been reported that the high 
sensitivity of FDG-PET imaging in patients with 
suspected recurrence of ovarian cancer (i.e., 
increased CA-125 and negative or equivocal con-
ventional imaging) leads to a change in the 
intended management in a substantial proportion 
of patients, higher than 50% [46, 47] (Fig. 5.4).

Local postoperative assessment with FDG- 
PET in patients with breast cancer has been 
demonstrated to be more sensitive but not sig-
nificantly more specific than with CT.  Also, 
FDG-PET imaging did not show significant 
difference in accuracy when compared with 
MRI in this setting [48]. The lack in specific-
ity can be explained by common postsurgical 
inflammatory complications such as fat necro-
sis, cellulitis, or fistulae [29]. Nevertheless, 
the use of FDG PET/CT is sometimes consid-

a b

c d

Fig. 5.4 34-year-old woman, 2  years after resection of 
nonmetastatic uterine leiomyosarcoma FIGO IIA.  MRI 
(a. T2 sequence, b. DWI sequence) and contrast-enhanced 
CT (c) show a serosal sigmoid lesion suspicious for recur-

rence. Follow-up FDG PET/MRI (d) shows increased 
metabolic activity of this lesion, confirming recurrence in 
the sigmoid mesentery
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ered appropriate for restaging for detection of 
local recurrence [49], and it is particularly 
efficient in asymptomatic patients with ele-
vated biomarkers (e.g., CA15-3), thus offering 
the chance for earlier initiation of treatment 
with increased odds for cure or long-term pal-
liation [50].

In summary, FDG-PET imaging has a proven 
value in the postsurgical assessment in a wide 
range of cancer types and disease scenarios. A 
common indication for the use of FDG-PET 
imaging is the localization of early recurrence 
suspected by the elevation of a tumor marker 
with negative or equivocal findings in conven-
tional imaging. Caution should be taken in imag-
ing patients after recent surgery as a variety of 
inflammatory postoperative complications can 
produce false-positive results.

5.5  Other Radiotracers 
(Neuroendocrine Tumors, 
Prostate Cancer)

Despite the success of PET imaging with FDG in 
Oncology, there are types of cancer which have 
indolent course and do not exhibit sufficient 
increase in metabolic activity to benefit from this 
radiotracer (Fig. 5.5). Examples of such neoplasms 
include well-differentiated neuroendocrine tumors 
and prostate cancer, for which alternative radio-
tracers have been developed. In this section, we 

will examine the postoperative value of PET imag-
ing with these specific radiotracers.

Well-differentiated neuroendocrine tumors 
(NET) are known to overexpress somatostatin 
receptors, and for the purpose of PET imaging, 
radiolabeled somatostatin agonists have been 
developed to target these receptors. The most 
commonly used NET-targeting PET radiotracers 
are 68Ga-DOTA- TATE, 68Ga-DOTA-TOC, and 
68Ga-DOTA-NOC.

Somatostatin-receptor PET imaging has brought 
forth important support in clinical diagnosis and 
treatment of various types of NETs. However, there 
is no consensus in the appropriateness of its use for 
follow-up after surgery with curative intent [51]. 
There is no evidence that somatostatin-receptor 
PET imaging has an impact on patient manage-
ment in the postoperative setting even if small-vol-
ume residual disease is visualized. In patients with 
biochemical or clinical evidence of recurrence, 
conventional imaging is routinely the first choice, 
followed by somatostatin-receptor PET in cases 
with equivocal findings [51].

Prostate cancer is one of the most prevalent can-
cers in men, and radical prostatectomy with cura-
tive intent is one of the most common choices for 
fit patients with no evidence of metastatic  disease. 
After prostatectomy, follow-up is done with PSA 
levels, which should be undetectable, and any rise 
in PSA is suspicious for recurrence (biochemical 
recurrence). Conventional imaging methods are 
often unable to localize the site of recurrence. On 

a b c d

Fig. 5.5 47-year-old with meningioma already underwent 
surgery. Candidate to radiotherapy. PET/CT (a) demon-
strates a 68Ga-DOTA-TATE avid lesion in the left middle 
fossa. MR (b) shows high anatomical details. However, 
neither modality can assess the infiltration of the pituitary 

fossa. Approach to radiotherapy without this information 
is difficult as may cause hypopituitarism following irradia-
tion. PET MR (c) allows to visualize the exact extension of 
this disease and, consequently, modulates the radiation 
beam, sparing as much normal tissue as possible (d)
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the contrary, imaging with sensitive and specific 
PET radiotracers such as 18F-choline, 68Ga- or 
18F-PSMA, and 18F-fluciclovine can detect even 
small volume of disease, leading to targeted thera-
peutic approaches.

Radiolabeled choline is targeting the high 
membrane turnover in prostate cancer cells. 
18F-choline PET/CT has shown good results in 
the biochemical recurrence setting, with high 
sensitivity and specificity, particularly in the 
detection of metastatic lymph nodes [52]. 
Emphasis should be given to the fact that the 
detection rate of 18F-choline PET/CT is higher 
when PSA levels are higher than 1  ng/ml and 
when PSA doubling time is 6  months or less. 
Therefore, guidelines advocate for the use of 
18F-choline PET/CT in patients with biochemical 
recurrence after radical prostatectomy when PSA 
is higher than 1 ng/ml [53].

More recently, the development of 68Ga-PSMA 
PET imaging, based on the overexpression of a 
transmembrane glycoprotein by prostate cancer 
cells, has shown promise to further improve 
recurrence detection in patients with rising PSA 
levels after radical prostatectomy. Like 

18F-choline, the detection rate of 68Ga-PSMA is 
influenced by PSA levels and kinetics, but it is 
very sensitive even in PSA levels as low as 0.2 ng/
ml, thus leading to earlier disease localization. As 
a result, 68Ga-PSMA PET imaging has a high 
impact on management, leading to a change of 
treatment in 54% of the patients [54, 55] 
(Fig.  5.6). Despite its excellent performance, 
68Ga-PSMA PET imaging is not yet widely avail-
able and, therefore, not routinely recommended. 
More studies regarding the impact on disease 
outcomes, patients’ quality of life, and cost- 
effectiveness are needed.

5.6  Conclusion

In this chapter, the utility of conventional imaging 
(CT, MRI) and PET/CT imaging with FDG and 
other radiotracers in the postsurgical setting of 
various types of cancer has been reviewed. The 
most common indications have been summarized, 
and the accuracy of the methods for a variety of 
clinical scenarios has been presented according to 
published medical literature. Guideline recom-

a b

c d

Fig. 5.6 68-year-old man with rising PSA (0.48 ng/ml, 
doubling time 3 months) 2.5 years after radical prostatec-
tomy for high-volume Gleason 6 prostate cancer confined 
to the prostate with negative margins. 68Ga-PSMA PET/

CT (a–d) shows intense uptake in two small left-sided 
pelvic lymph nodes measuring up to 6  mm (below the 
8 mm threshold for a lymph node to be considered posi-
tive in conventional imaging)
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mendations have been discussed in each section. 
Emphasis has been given to the description of 
postoperative complications and the problem of 
differentiation from disease recurrence.

Selecting the appropriate method and time of 
imaging is crucial for the response assessment 
in the postsurgical setting. CT and MRI are 
widely available methods with the advantage of 
providing rich anatomical information for the 
evaluation of postoperative complications and 
for the detection of recurrence. On the other 
hand, PET can add functional information, 
which in some cases may lead to earlier identifi-
cation of recurrence, particularly when there is 
suspicion based on biochemical evidence (tumor 
markers) with negative or equivocal conven-
tional imaging findings. The evidence-based 
knowledge of what each method can offer will 
allow the clinicians to order the imaging test, 
which will have the best positive impact on their 
patients’ disease outcome.
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6.1  Introduction

Imaging modalities, both conventional and func-
tional techniques, have contributed significantly 
to the evaluation of disease and the decision to 
identify the most efficient form of treatment. The 
ability to combine imaging information with key 
clinical end points has become important in can-
cer therapeutics, which provides valuable infor-
mation in assessing response to chemotherapy 
agents. Imaging characteristics and interpretation 
criteria have been developed to act as surrogate 
markers to assess presence and severity of dis-
ease state to strategically plan therapeutic man-
agement. This in turn has not only helped improve 
treatment efficacy, but also reduce unwanted side 
effects and address other dimensions such as 
patient’s quality of life and prognosis.

6.2  Conventional Radiological 
Techniques

Conventional imaging methods measuring mor-
phological parameters still forms the cornerstone 
of response assessment in oncology. Treatment 

response evaluation using these techniques in 
oncology is traditionally based on comparing the 
size and/or volume of the tumour before and after 
treatment. In 1979, the World Health Organization 
(WHO) proposed uniform criteria, known as the 
WHO criteria, to report the results of cancer 
treatment [1]. It was based on bi-dimensional 
measurements of the tumour and defined response 
as a decrease of at least 50% in the sum of the 
product of the longest perpendicular diameters of 
measured lesions. The rationale for using a 50% 
threshold for the definition of response was based 
on data evaluating the reproducibility of mea-
surements of tumour size by palpation and on 
planar chest radiographs [2]. A widely adopted 
measure of response is the ‘Response Evaluation 
Criteria in Solid Tumours (RECIST) system, 
which was introduced in 2000 [3]. Using this sys-
tem, the uni-dimensional measurement of target 
lesions, the number of lesions to be followed and 
the minimum size of these lesions were defined 
to provide a simple and standardized way of 
response assessment. The criteria were revised in 
2009 (RECIST 1.1), reducing the number of 
lesions to be assessed, introducing the assess-
ment of lymph nodes to simplify and optimize 
assessment of response [4] (Table 6.1).

RECIST provides a standardized and practical 
method to assess response in solid tumours in gen-
eral, but pitfalls and limitations of RECIST have 
been noted in various clinical scenarios. Some 
of the pitfalls are cancer and  treatment- specific. 
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For example, difficulties are often encountered 
in measuring target lesions (e.g. breast and pros-
tate cancers). RECIST does not take into account 
changes in shape, size and irregular shape of 
tumours, given the uni- dimensional measurement 
undertaken [5]. Moreover, RECIST does not 
address any other measurement of anti-tumour 
changes other than tumour shrinkage. It has been 
noted that with some of the novel anti-cancer 
therapeutic agents, there is no immediate result 
in decrease of size. A good example is Sorafenib 
for hepatocellular cancer [6].

To address the issue of tumour necrosis, modi-
fied RECIST (mRECIST) criteria were devel-
oped to include enhancement of the target lesions 
during the arterial phase of either contrast- 
enhanced CT or MRI as a criteria [7] (Table 6.2).

The Choi response criteria, which incorpo-
rates tumour density and uses small changes in 
tumour size on CT, was proposed in the assess-
ment of response of GIST treated with imatinib 
as one of the first cancer and therapy-specific cri-
teria in solid tumours to overcome the limitations 
of RECIST [8]. With this, response is defined as 
a 10% decrease in uni-dimensional tumour size 

or a 15% decrease in CT attenuation, as opposed 
to a 30% decrease in uni-dimensional tumour 
size defined by RECIST.  Tumour progression 
using these criteria is defined as the appearance 
of new intra-tumour nodules or an increase in the 
size of existing intra-tumour nodules, or an 
increase in overall tumour size by more than 
20%, in the absence of post-treatment hypodense 
change.

MASS criteria was proposed to include 
Morphology, Attenuation, Size and Structure to 
overcome limitations of size and attenuation on 
CT and include specific morphologic or struc-
tural changes in treated metastatic RCC (Renal 
Cell Carcinoma) treated with anti-angiogenic 
agents [9]. MASS criteria also use morphologic 
or structural changes and classify objective 
response into three  categories: favourable 
response, indeterminate response and unfavour-
able response (Table 6.3).

Table 6.1 WHO, RECIST 1.0 and RECIST 1.1

Criteria WHO RECIST RECIST 1.1
Complete 
response (CR)

Disappearance of 
all lesions

Disappearance of all lesions Disappearance of all lesions

Partial 
response (PR)

>50% decrease in 
area

>30% decrease in the sum of 
longest diameter

>30% decrease in the sum of longest 
diameter

Stable disease 
(SD)

Neither PR nor PD Neither PR nor PD Neither PR nor PD

Progressive 
disease (PD)

>25% increase in 
the sum of area

>20% increase in the sum of 
smallest sum of diameters of 
lesions

>20% increase in the sum of smallest sum 
of diameters of lesions or 5 mm absolute 
increase or new lesions

Table 6.2 (mRECIST)

Criteria Definition
Complete 
response (CR)

Disappearance of all enhancing 
lesions

Partial 
response (PR)

>30% decrease in the sum of longest 
diameter of lesion-enhancing 
component vs baseline sum of 
diameters

Stable disease 
(SD)

Neither PR nor PD

Progressive 
disease (PD)

>20% increase in the sum of 
diameters of viable lesions

Table 6.3 (MASS criteria)

Criteria Definition
Favourable 
response

No new lesion and decrease in 
tumour size of ≥20% or one or more 
predominantly solid enhancing 
lesions with marked central necrosis 
or marked decreased attenuation 
(≥40 HU)

Indeterminate 
response

Neither favourable nor unfavourable

Unfavourable 
response

Increase in tumour size of ≥20% in 
the absence of marked central 
necrosis or marked decreased 
attenuation or new metastases, 
marked central fill-in or new 
enhancement of a previously 
homogeneously hypo-attenuating 
non-enhancing mass
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6.3  PET/CT in Response 
Assessment to 
Chemotherapy

Unlike conventional imaging methods, func-
tional imaging methods define response to treat-
ment as changes in molecular or functional 
characteristics that precede structural or anatomic 
changes. Integrated PET/CT provides informa-
tion on early metabolic and volumetric changes 
and thus acts as a functional biomarker, which 
correlates with disease status.

Various quantitative parameters derived 
from Positron Emission Tomography (PET) 
studies based on concentration of fluorine-18- 
fluorodeoxyglucose (FDG) in tumours, which 
include standardized uptake values (SUVs), total 
lesion glycolysis (TLG) and metabolic tumour 
volume (MTV), have been proposed. SUV is a 
widely used quantitative parameter. It is defined 
as the ratio between the activity concentration in 
the tumour and the activity concentration in the 
whole body if the radioactivity were homoge-
neously distributed throughout the patient [10].

6.3.1  EORTC

The EORTC (European Organisation for Research 
and Treatment of Cancer) published published 
preliminary criteria for the assessment of tumour 
response in 1999 [11]. Recommendations of 
EORTC for determining tumour response with 
FDG-PET was based on SUV change as com-
pared to the baseline study. These were classified 
into progressive metabolic disease, stable meta-
bolic disease, partial metabolic response and 
complete metabolic response (Table 6.4).

6.3.2  IHP Criteria for Lymphoma

In 2007, revised response criteria incorporating 
FDG PET were developed by the Response 
Assessment Subcommittee of the International 
Harmonization Project (IHP) to ensure consis-
tency across clinical trials [12]. The definition pro-
posed for a positive PET is focal or diffuse FDG 

uptake above the mediastinal blood pool (MBP) 
for residual nodal masses ≥2 cm, and any visible 
uptake above background for masses <2 cm, using 
visual assessment. Other specific criteria were pro-
vided for extra-nodal disease (Table 6.5).

6.3.3  Deauville Criteria for 
Lymphoma

There was need for binary criteria (positive or 
negative) that are simple to interpret, reproduc-
ible and have a high positive and negative predic-
tive value. More recently, the Deauville criteria, 
which is a visual interpretation criteria based on a 

Table 6.4 (EORTC)

Criteria Definition
Complete 
metabolic 
response (CR)

No FDG uptake

Partial 
metabolic 
response (PR)

Decrease of a minimum of 15–25% 
SUV after one cycle of 
chemotherapy or greater than 25% 
after more than one cycle

Stable disease 
(SD)

Increase of SUV <25% or decrease 
<15% and no visible change in 
extent

Progressive 
disease (PD)

Increase of SUV >25%
Increase of extend of FDG uptake

Table 6.5 (IHP)

Organ Criteria for presence of disease
Liver or 
spleen

•  Any size with uptake > liver/spleen: 
Positive

•  >1.5 cm with uptake < liver/spleen: 
Negative

•  Spleen diffuse uptake > liver: Positive if no 
cytokine administration for past 10 days

Lung •  New nodule >1.5 cm with FDG uptake > 
blood pool is considered positive if lung 
involvement present at baseline

•  New nodule <1.5 cm and FDG negative: 
Indeterminate

•  New nodule FDG positive with otherwise 
complete response: Infection/inflammation

Bone 
marrow

• Multifocal FDG uptake: Positive
• Diffuse FDG uptake > liver: Hyperplasia

Lymph 
node

•  For residual mass >2 cm: Positive if FDG 
uptake > mediastinal blood pool

•  For lesions <2 cm: Positive if any uptake > 
background

6 Conventional Radiological and PET-CT Assessment of Treatment Response Evaluation in Chemotherapy...
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five-point scale of uptake on FDG PET/CT, has 
been proposed for response assessment in 
Lymphoma [13]. This is a five-point grading sys-
tem based on the most intense uptake in a site of 
initial disease, if present (Table 6.6).

An international validation study using this 
grading system showed the inter-observer agree-
ment was very high between six independent 
PET/CT reviewers using the Deauville criteria 
for HL (Hodgkins Lymphoma), FL (Follicular 
Lymphoma) and DLBCL (Diffuse Large B Cell 
Lymphoma) [14].

6.3.4  PERCIST

PET Response Criteria in Solid Tumours 
(PERCIST 1.0) were introduced in 2009 as guide-
lines for systematic and structured assessment of 
response to therapy with FDG-PET in patients with 
cancer, with suggested application in clinical trials 
and, potentially, in the clinical practice of PET 
reporting [15]. PERCIST has been used to measure 
clinical outcomes after treatment in a variety of 
tumours such as small- cell lung cancer, colorectal 
cancer, non-Hodgkin lymphoma, oesophageal can-
cer and Ewing sarcoma (Table 6.7).

6.4  MRI and CT in Response 
Assessment 
to Chemotherapy

Diffusion-weighted imaging (DWI) is probably 
the most useful MRI sequence for assessing 
response to chemotherapy. The assessment of 

tumour cellular density by DWI is one of the 
most intensively studied therapy evaluation 
strategies in recent years. This is due to the fact 
that the majority of current anti-cancer therapies 
result in loss of tumour cellularity, and DWI is 
sensitive to this effect [16]. Moreover, DWI is a 
 completely non-invasive method, exploiting the 
tissue water diffusion at a cellular level and, 
therefore, acting as a useful biomarker for 
reduction of cellular density post-treatment. 
Typically, ADC (Apparent Diffusion 
Coefficient) values tend to increase following 
successful treatment, as a result of post-treat-
ment necrosis, although ADC values can later 
decrease with establishment of fibrosis. 
Quantitative use of ADC, however, has shown 
conflicting results and is not yet suitable for 
clinical application. MRI with DWI imaging is 
useful in assessment of therapeutic response in 
rectal and gynaecological malignancies, liver 
and brain. Assessing tissue perfusion changes 
with CT perfusion imaging and dynamic con-
trast-enhanced MRI imaging is also a promising 
tool, especially in drugs that cause changes in 
angiogenesis of the tumour.

Table 6.6 (Deauville score)

Score Definition
1 No uptake
2 Uptake ≤ mediastinum
3 Uptake > mediastinum but ≤ liver
4 Moderately increased uptake compared to the 

liver
5 Markedly increased uptake compared to the 

liver and/or new lesions
6 New areas of uptake unlikely to be related to 

lymphoma

Table 6.7 PERCIST

Criteria Definition
Complete 
metabolic 
response 
(CR)

Complete resolution of FDG uptake 
in the target lesion with FDG uptake 
less than the mean SUL (SUV 
corrected for lean body mass) of 
the liver and indistinguishable  
from that of the surrounding 
background

Partial 
metabolic 
response 
(PR)

Partial metabolic response is defined 
as a decrease of greater than or equal 
to 30%, and of at least 0.8 SUL units 
must be shown between the target 
lesion at baseline and the most intense 
evaluable lesion at follow-up

Stable 
disease (SD)

Stable disease is defined as an 
increase or decrease in SUL of less 
than 30%

Progressive 
disease (PD)

Progressive disease is defined as 
progressive metabolic disease, lesions 
must show an increase of greater than 
or equal to 30% and an increase of at 
least 0.8 SUL units in a target lesion 
or development of a new lesion
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6.5  Evaluation of Response 
to Chemotherapy 
in Individual Tumours

6.5.1  Oesophageal and Gastric 
Cancer

Preoperative chemotherapy is particularly use-
ful in oesophageal and oesophago gastric junc-
tional tumours to downstage the tumour and 
facilitate surgical resection, improving local 
control and eradicating micro-metastases. The 
adjuvant use of chemotherapy aims to eradi-
cate any remaining micro-metastatic disease 
after a potentially curative resection [17]. 
NICE recommends assessment with CT and 
FDG PET/CT for all patients with oesophageal 
and junctional tumours fit for surgery [18]. 
FDG-PET is more useful than CT in identify-
ing the subset of patients who are chemo- 
sensitive, and these patients are likely to have a 
better prognosis following surgery [19]. CT is 
used more than FDG-PET in response assess-
ment to gastric cancer as FDG-PET is less use-
ful than in oesophageal and junctional tumours. 
In contrast, FDG PET is useful for monitoring 
response to therapy in gastrointestinal stromal 
tumours (GIST).

6.5.2  Colorectal Cancer

Response assessment after preoperative treat-
ment in anal and colorectal cancers is to con-
firm resectability and determine the surgical 
approach. In patients with complete tumour 
regression after preoperative treatment, contro-
versial treatment such as deferral from surgery 
and wait-and-watch approach is now being dis-
cussed. Follow-up imaging with MRI for local 
re-staging and CT for whole body staging is 
useful. The role of FDG  PET is limited for 
patients with advanced stage disease with 
hepatic or peritoneal metastases to improve 
accuracy of re-staging after chemotherapy. 
FDG-PET is also useful before surgery for 
liver metastases to exclude extra-hepatic 
disease.

6.5.3  Hepatocellular Carcinoma

In HCC (Hepatocelluclar Carcinoma) treatment 
assessment, criteria such as mRECIST and 
European association of Study of Liver (EASL), 
which assess changes in tumour vascularization, 
are more useful than conventional criteria such as 
WHO or RECIST.  Several studies have high-
lighted the difficulty in using CT to reassess loco-
regional tumour extension after completion of 
preoperative neoadjuvant chemo-radiotherapy. 
CT criteria based on the extent of tumour contact 
with vessels such as portal vein, hepatic artery 
and superior mesenteric vein are useful. FDG-
PET has a very limited role in this setting.

6.5.4  Pancreatic Cancer

Compared to normal pancreas, most malignant 
tumours are hypermetabolic. In the context of 
treatment response, post-chemotherapy-reduced 
FDG uptake may occur prior to morphological 
changes and, therefore, PET/CT is more sensitive 
in assessing response and recurrence and also 
predicts survival [20]. Studies have also shown 
that the sensitivity of PET/CT is higher than 
contrast- enhanced CT for assessing response 
post-chemoradiation and surgery [20–23].

6.5.5  Lung Cancer

Tumour progression occurs in approximately one 
third of patients during first-line chemotherapy, 
therefore, there is a clear need for better tech-
niques to monitor treatment response in order to 
allow for treatment alternatives and predict out-
come [24].

Given the limitations of size-based response 
criteria, particularly its inability to differentiate 
benign changes such as consolidation and cavita-
tion from tumour, several studies have reported 
the valuable role of FDG PET in response assess-
ment to chemotherapy and, therefore, in the prog-
nosis [25]. In a study of patients with advanced 
NSLCL (Non Small Cell Lung Cancer), FDG 
PET/CT after one treatment cycle is predictive of 
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outcome to  first- line chemotherapy identifying 
patients at risk of treatment failure, permitting 
early switch to a different therapy [26]. A similar 
study to assess response was undertaken by 
Weber et  al. that included 57 patients after one 
cycle of treatment and showed a reduction in  
metabolic activity correlated with end of treat-
ment response [27]. Multiple studies have also 
found a significant difference in SUVmax pre- 
and post-treatment in patients who respond to 
chemo-radiotherapy [28, 29]. Studies have also 
shown the utility of FDG PET/CT for determin-
ing survival outcomes post- treatment [30–32].

In locally advanced lung cancer when consid-
ering surgical resection after neoadjuvant chemo-
therapy, it is vital to confirm nodal status, but the 
use of FDG PET/CT in re-staging is a controver-
sial issue. While some studies have shown the 
usefulness of FDG PET/CT post-induction ther-
apy [33, 34], the technique is not accurate enough 
to influence management with regards to medias-
tinal nodal involvement [35]. One study showed 
the false-negative rate of PET/CT was 25% vs 
9% on histopathological confirmation with pri-
mary mediastinoscopy [36].

Therefore, although FDG PET/CT has an 
important role in treatment response to chemo-
therapy in lung cancer, there are still limitations 
compared to more invasive techniques.

6.5.6  Lymphoma

Residual masses at the end of treatment are fre-
quently seen in lymphoma patients. Response 
has hitherto been based using morphological cri-
teria with CT as the most commonly used modal-
ity in patients at treatment completion. It is 
difficult on CT alone to assess whether the resid-
ual mass represents viable tumour, scar or necro-
sis. The inclusion of FDG PET/CT has addressed 
some of the limiting factors of CT with its 
improved ability to distinguish between viable 
tumour and necrosis/fibrosis in residual masses 
after treatment.

Meta-analysis and systematic studies 
involving large number of patients have showed 

the pooled sensitivity and specificity for detec-
tion of residual disease in HL to be 84% and 
90%, respectively. Likewise for NHL (Non 
Hodgkin’s Lymphoma), the pooled sensitivity 
and specificity were 72% and 100%, respec-
tively [37]. Further studies with FDG PET/CT 
for response at the end of treatment in early 
and advanced HL have demonstrated a very 
high negative and positive predictive value [38, 
39].

The usefulness of interim imaging in lym-
phoma (during active chemotherapy treatment) is 
being studied both for prognosis and for develop-
ing risk-adapted strategies. FDG PET/CT is 
superior to CT alone in the evaluation of thera-
peutic response as early as after 1–2  cycles of 
chemotherapy. There is emerging data reporting 
the predictive value of interim FDG PET/CT, 
mostly after two cycles in HL and DLBCL.  In 
HL, interim PET has shown a 2-year PFS (pro-
gression free survival) of approximately 95% in 
PET-negative patients, whereas, it was only about 
13% in PET-positive patients for advanced dis-
ease treated with initial chemotherapy. Interim 
PET in DLBCL has a lower predictive value than 
in HL with 2-year PFS rates of 73%–86% in 
PET-negative patients and a variable PFS for 
PET-positive patients, ranging from 18% to 74% 
[40, 41].

PET/CT is by far the best modality for 
response assessment in lymphoma with a poten-
tial to influence risk-adapted therapy in these 
patients.

6.5.7  Head and Neck Cancer

In patients with locally advanced head and neck 
tumours, monitoring of response to neoadjuvant 
therapy by FDG-PET may lead to significant 
changes in patient management by accurately 
differentiating responders from non-responders, 
and thereby lead to timely alteration in thera-
peutic strategy [42]. In a large meta-analysis of 
51 studies involving 2335 patients, the sensitiv-
ity, specificity, positive predictive value (PPV) 
and NPV of FDG PET/CT for the detection of 
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residual primary HNSCC were reported to be 
94%, 82%, 75% and 95%, respectively [43]. It 
has also been suggested that early prediction of 
therapy response using PET/CT in such patients 
may lead to timely alterations in therapeutic 
strategy [44, 45].

6.5.8  Breast Cancer

Several early studies have reported that FDG 
 PET/CT may have a role in the evaluation of 
response to treatment and help differentiate 
responders from non-responders following 
first-line chemotherapy, therefore, in the prog-
nosis of breast cancer patients [46, 47]. A meta-
analysis to evaluate the accuracy of 18F-FDG 
PET/CT in predicting the pathological response 
to neoadjuvant chemotherapy in breast cancer 
patients showed a pooled sensitivity, specificity 
and diagnostic odds ratio with 95% confidence 
intervals of 81.9% (76.0–86.6%), 79.3% 
(72.1–85.1%) and 17.35 (10.98–27.42), respec-
tively, indicating moderate accuracy in predict-
ing the pathological response [48]. It has been 
showed that the results for PET/CT depend on 
breast cancer subtype, indicating good perfor-
mance in ER-positive and triple- negative 
tumours, but relatively poor performance in 
HER2-positive tumours, and hence the vari-
ability in results [49].

6.5.9 Other Tumours

PET/CT has also been used in the evaluation of 
response to chemotherapy in some of the other 
less commonly occurring tumours such as chol-
angiosarcoma, testicular, ovarian, cervical can-
cers, sarcoma and multiple myeloma. But the 
evidence for its use in these tumours has not 
been studied systematically and requires further 
evaluation. In tumours such as these and a few 
others, a single imaging test may not accurately 
predict response to treatment, and multimodal-
ity imaging tests need to be employed in such 
situations.

6.6 Conclusion

Conventional imaging modalities rely on changes 
in size or morphologic characteristics to evaluate 
tumour response and frequently present a limited 
diagnostic efficacy in the evaluation of response 
to oncologic treatments. Further, in the evolution 
of disease morphological changes appear later 
and are preceded by functional and molecular 
alterations. Functional imaging techniques such 
as PET/CT evaluate specific biomarkers such as 
vascular, metabolic, biochemical and molecular 
changes in cancer cells, allowing earlier assess-
ment of response to chemotherapy, and thereby 
help tailor treatment.
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7.1  Introduction

In most Western countries, radiotherapy forms 
part of 40% of oncology treatment pathways and 
is the mainstay of 19% of curative treatment [1]. 
Intensity-modulated radiotherapy has become 
the standard of care for multiple malignancies by 
virtue of the ability to deliver highly conformal 
doses while minimizing damage to adjacent tis-
sues [2].

Accurate response assessment informs future 
treatment decisions and in some situations guides 
the need for potentially curative surgical salvage. 
Early recognition of treatment success or failure 
can, therefore, impact on patient survival. 
Traditionally, this assessment relied upon ana-
tomical measurement of disease, such as CT 
evaluation using Response Evaluation Criteria in 
Solid Tumors (RECIST). However, such mea-
surements are of inherently limited value follow-

ing radiotherapy, as residual masses/tissue 
abnormalities are common posttreatment and do 
not necessarily infer the presence of viable clo-
nogenic tumor cells. For example, in head and 
neck cancer, residual lymph node masses are well 
recognized following radiotherapy and, particu-
larly with human papillomavirus-related disease, 
can continue to regress many months following 
completion of treatment [3]. Anatomic imaging 
assessments performed with CT or MR imaging 
are usually less capable of depicting small resid-
ual disease deposits. In addition, because surgery, 
chemotherapy, and radiotherapy produce edema, 
hyperemia, scarring, and loss of facial planes, 
differentiation of residual or recurrent disease 
from posttherapy changes using conventional 
imaging techniques including CT and MRI is 
particularly challenging. Moreover, novel thera-
peutic agents may be cytostatic instead of cytore-
ductive in which case treatment response may not 
be reflected in a decrease in tumor size [4].

The challenge of determining the presence or 
absence of viable tumor within residual masses 
following radiotherapy provides a powerful ratio-
nale for the incorporation of functional imaging 
into response assessment protocols.

PET/CT employs radioactive tracers to assess 
molecular characteristics of tissues. Malignancies 
have distinctive molecular profiles, which differ 
compared with surrounding normal tissue and 
may, therefore, be exploited by PET/CT imaging 
with appropriate tracers [4].
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PET/CT in radiotherapy response assessment 
is useful for several reasons. Firstly, molecular 
response to radiotherapy may precede anatomical 
response, and PET/CT may allow a more accu-
rate assessment at an earlier stage than standard 
cross-sectional imaging. Secondly, use of spe-
cific tracers allows a more reliable discrimination 
of tumor from treatment-related inflammation or 
fibrosis. Thirdly, tumors respond heterogeneously 
during radiotherapy [5]. Although this may not 
be apparent on anatomical imaging, by using an 
appropriate molecular biomarker, which changes 
at an early stage and correlates with response, 
this variability may be demonstrated with PET/
CT and the treatment adapted accordingly [4].

PET/CT has potential utility at different stages 
of radiotherapy response. Firstly, a growing area 
of research focuses on employing PET/CT dur-
ing radiotherapy; this can facilitate an adaptive 
individualized approach to treatment with poten-
tial for escalation or de-escalation strategies 
depending on the quality/speed of on-treatment 
response or switching of treatment approach, for 
example, to surgery in the event of an absent 
early response to radiotherapy. Secondly, imag-
ing can be used after radiotherapy to stratify 
patients who are responding and conversely iden-
tify nonresponders and discriminate this from 
treatment effects, allowing for early aggressive 
treatment of persistent or progressive disease [4].

7.2  Functional Imaging 
for Disease Response 
Assessment to Radiotherapy

The use of functional MR imaging techniques to 
assess biomarkers of early response has also been 
proposed. The use of apparent diffusion coeffi-
cient (ADC) values from diffusion-weighted MR 
imaging has been reported to result in a lower 
false-positive rate for both primary and nodal dis-
ease response than the use of uptake at 18F-labeled 
Fluorodeoxyglucose (FDG) PET [6].

Overall, functional imaging appears to be a 
promising addition to clinical examination and 
anatomic imaging for assessing the response of 
head and neck squamous cell carcinoma (SCC) 
tumors to radiation therapy. This is particularly 

true in the clinical scenario of residual masses, 
where anatomic imaging techniques are inaccu-
rate. The use of FDG PET/CT is now supported 
by considerable data [7]. A role also may be 
established for other PET- and MR imaging- 
based techniques.

7.2.1  Functional, Metabolic PET 
Imaging

Various PET tracers are available for imaging 
cellular processes such as metabolism, prolifera-
tion, hypoxia, and cell membrane synthesis. PET 
tracers, along with advances in understanding of 
molecular cancer biology, can help individualize 
therapeutic approaches.

7.2.1.1  Glucose Metabolism
The use of FDG PET/CT to demonstrate altered 
cellular glucose metabolism is the most widely 
used application of molecular imaging. 
Complementary anatomical and functional infor-
mation facilitates an accurate noninvasive assess-
ment of surrogate biomarkers of disease activity. 
FDG PET has an emerging role as a response 
assessment tool in treatment response to radio-
therapy. FDG PET/CT is a useful modality for 
assessing treatment response because it is able to 
evaluate the metabolic activity as a marker of 
tumor cell viability, overcoming the known limi-
tations of morphologic imaging modalities.

FDG PET/CT is recommended by the NCCN 
guidelines for therapy assessment after chemo-
radiotherapy (CRT) or radiotherapy (RT). For 
example, in patients with head and neck SCCs, 
the pooled sensitivity, specificity, positive pre-
dictive value, and negative predictive value of 
PET/CT for assessing disease response were 
87.7%, 87.8%, 75.7%, and 94.3%, according to 
the results of two meta-analyses [7, 8]. PET had 
a higher diagnostic accuracy if performed more 
than 12 weeks after the completion of treatment. 
The high negative predictive value of a finding 
of complete metabolic response can be used to 
guide management decisions. In a study of FDG 
PET-based response assessment performed by 
Porceddu et  al. [9], 41 patients with PET-
negative residual nodal masses were observed 
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without subsequent nodal failure. Therefore, a 
complete metabolic response at PET can be 
used to avoid unnecessary surgery to residual 
masses.

7.2.1.2  Tumor Hypoxia
Hypoxia is an established indicator of poor prog-
nosis for patients with different cancers [10]. It 
leads to radiation resistance in tumor cells by pre-
venting irreversible damage to cell deoxyribonu-
cleic acid (DNA) by free radicals induced by 
ionizing radiation; oxygen is needed for the pro-
duction of free radicals. Cell DNA, thus, under-
goes repair and tumor cells survive [11]. The 
critical partial pressure of oxygen (pO2) thresh-
old, below which solid tumors show resistance to 
radiation therapy, is approximately 10–15 mmHg 
[10]. The amount of radiation needed to achieve 
cell kill in hypoxic conditions is three times that 
needed in normoxic conditions [6]. There is lim-
ited evidence of improved treatment outcomes 
with a reduction in hypoxia [12], which can be 
achieved by adding oxygen-mimicking agents to 
radiation therapy or by giving radiation therapy 
along with an oxygen-enhanced gas mixture such 
as carbogen (a mixture consisting of 95% oxygen 
and 5% carbon dioxide) [10].

Tumor hypoxia can be assessed by a number 
of invasive techniques, including polarographic 
oxygen electrodes and immunohistochemical 
staining of pathologic specimens to allow detec-
tion of hypoxia-specific markers. In addition, 
there are a number of PET tracers available that 
allow noninvasive visualization of hypoxia. At 
present, there is no consensus on which hypoxia- 
specific agent is most effective for PET; each of 
these agents has its advantages and disadvantages 
and may be better suited for evaluating some 
tumor types than others.

FMISO is the most extensively investigated 
PET imaging agent and has been used for the 
assessment of head and neck SCCs [13–16]. 
Studies have shown that uptake of FMISO is not 
necessarily correlated with uptake of FDG [15, 
16] and, thus, that the two agents represent differ-
ent tumor properties. However, high uptake of 
FMISO before radiation therapy can be predic-
tive of local-regional treatment failure, and thus 
indicative of a poor prognosis. However, further 

work is needed to investigate the normal varia-
tion in FMISO uptake and tumor oxygenation 
kinetics before therapy, as well as changes in the 
hypoxic subvolume during therapy, before 
FMISO imaging can be clinically used to guide 
hypoxia-mediated intensity modulated radiation 
therapy (IMRT) [17, 18].

18F-fluoroazomycin arabinoside (FAZA) is a 
hypoxia-specific PET agent that clears the blood 
more rapidly than FMISO and, as a result, pro-
duces a higher target-to-background signal ratio 
[19]. Fluorine 18F-erythronitroimidazole 
(FETNIM) is theoretically a more potent indica-
tor of hypoxia than FMISO, owing to its greater 
hydrophilia and better pharmacokinetics [20]. 
FAZA and FETNIM both appear to be promising 
hypoxia-specific radiotracers, but further studies 
of these agents are needed, especially in direct 
comparison with FMISO.

Radioactive copper-labeled diacetyl-bis-(N4- 
methylthiosemicarbazone) (ATSM) is a different 
type of hypoxia-specific PET tracer. ATSM is a 
neutral lipophilic compound that can permeate 
cell membranes. In hypoxic conditions, ATSM 
molecules are reduced and negatively charged, 
causing the agent to accumulate selectively in 
hypoxic cells while it washes out rapidly from 
normoxic cells. ATSM clearance through the 
blood leads to a high tumor-to-background signal 
ratio on PET images [21]. Pilot studies of the 
effectiveness of ATSM for evaluating differ-
ent tumors showed a significant difference in the 
uptake of this tracer between patients with resid-
ual or recurrent tumor and those without residual 
or recurrent tumor; by contrast, there was no sig-
nificant difference in FDG uptake between the 
two patient groups [22]. The disparity in uptake 
between the two tracers suggests that ATSM may 
be more useful for predicting early tumor 
response to chemoradiation therapy.

7.2.1.3  Tumor Cell Proliferation
Radiation therapy and chemotherapy can lead to 
a rapid decrease in the rate of cellular prolifera-
tion in responding tumors, a change that usually 
precedes a decrease in tumor size [23]. By con-
trast, accelerated tumor cell repopulation is an 
important indicator of underlying radiation resis-
tance and, hence, treatment failure [11]. Imaging 
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strategies for identifying tumor cell repopulation 
as part of the early response assessment and for 
delineating areas of high cell turnover as targets 
for dose escalation are, therefore, desirable.

18F-labeled FLT PET is the functional imaging 
technique most widely used to assess cellular 
proliferation [24]. FLT, unlike FDG, is taken up 
only by actively dividing cells, not by surround-
ing inflammatory cells, and thus allows specific 
detection of cellular division. Changes in the 
intensity of FLT uptake can be used to monitor 
cellular response to treatment even before there 
are visible changes in tumor volume [11, 25].

Promising results have been reported from 
studies in which FLT was used to assess early 
disease response to therapy in patients with head 
and neck SCCs, with good reproducibility of 
SUV measurements and changes in uptake pre-
ceding changes in tumor volume [25–27]. The 
ability to delineate areas of high cellular prolif-
eration means that dose escalation to these areas 
is technically feasible [25].

However, definitive histologic validation for 
this use of FLT is lacking. Linecker et al. found 
no correlation between FLT uptake and the Ki-67 
index, an endogenous marker of cellular prolif-
eration in a study of 19 patients with head and 
neck SCCs [28]. FLT does not allow reliable dif-
ferentiation between benignity and malignancy 
of abnormal cervical lymph nodes because its 
uptake by the germinal centers of reactive lymph 
nodes leads to a low positive predictive value 
[29]. Further research will be needed before a 
role may be established for FLT in early treat-
ment response assessment and adaptive radiation 
therapy planning.

7.2.1.4  Apoptosis
Apoptosis, also known as programmed cell death, 
is an important mechanism by which chemother-
apy and radiation therapy regimens induce tumor 
cell death. Radiation resistance and subsequent 
treatment failure may result from mutations that 
lead to deregulated cellular proliferation and sup-
pression of apoptotic mechanisms [30]. 
Noninvasive imaging of apoptosis, therefore, has 
the potential to allow early monitoring of 
response to therapy. The use of technetium 99m 

(99mTc)–labeled annexin V, a protein that binds to 
a major phospholipid constituent of cell mem-
branes, has been investigated for imaging apopto-
sis in various malignancies, including head and 
neck SCCs [31].

The difficulty of radiolabeling annexin V with 
fluorine 18 has led to the development of other 
apoptosis-specific PET tracers. 18F-labeled com-
pound 2-[5-fluoro-pentyl]-2-methyl-malonic acid 
(ML-10) is one of a set of novel small- molecule 
probes designed to allow visualization of the 
unique complex of apoptosis-related cellular 
alterations [32]. This compound, the first apopto-
sis-specific PET tracer to undergo clinical testing, 
produced promising results in several small clini-
cal trials in patients with acute ischemic stroke or 
metastases to the brain after whole-brain radiation 
therapy, in whom it allowed early detection of 
response to treatment [32]. ML-10 is also useful 
for differentiating between apoptotic and necrotic 
cells.

7.2.1.5  Amino Acid Transport 
and Protein Synthesis

Carbon 11 (11C)-labeled methionine (MET) is a 
PET tracer used to image amino acid transport 
and accelerated protein synthesis in malignant 
tissue [33]. MET allows effective visualization of 
different  cancers but not differentiation of the 
histologic grade [34]. Lindholm et al. showed a 
good correlation between FDG and MET, with 
similar sensitivities and specificities for tumor 
detection [35].

A study evaluating early treatment response in 
patients with head and neck SCCs showed a 
greater decline in uptake at tumor sites with 
histology- confirmed complete response in com-
parison with sites of residual tumor tissue after 
radiation therapy [36]. In another study per-
formed in patients with head and neck SCCs, an 
early decrease in MET  uptake was reported to 
correlate with an end-of-treatment tumor volume 
reduction seen at MR imaging, a finding that sug-
gested that MET could be used for early  treatment 
adaptation [37]. By contrast, Nuutinen et  al. 
observed a substantial early decline in MET 
uptake after radiation therapy in 15 patients with 
head and neck SCCs but found that the rate of 
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decrease in tracer uptake was comparable 
between patients with disease recurrence and 
those with preserved local control [38]. At pres-
ent, there is no clear role for the use of MET in 
the imaging of head and neck cancers.

18F-labeled fluoroethyltyrosine (FET) is 
another amino acid analog that is taken up by 
tumor cells through amino acid transport systems 
[39]. High diagnostic accuracies have been 
achieved with the use of FET in patients with 
brain tumors, but the tracer has lower sensitivities 
(64%–75%) in comparison with FDG (89%–
95%) in the evaluation of head and neck SCCs 
[40–42]. Although its specificity (90%–100%) is 
higher than that of FDG (50%–79%), the consen-
sus is that FET is not a suitable replacement for 
FDG in the initial assessment of different malig-
nancies, owing to its poorer sensitivity. It may, 
however, have a role in helping differentiate 
between residual tumor tissue and inflammatory 
tissue after therapy.

7.2.1.6  Cell Membrane Synthesis
Choline is a ubiquitous substance that is incorpo-
rated into phospholipids, which are the major 
constituent of cell membrane synthesis [43]. Up 
until now, there is a paucity of data on the use of 
radiolabeled-choline in malignancies and 
response to treatment. In an initial feasibility 
study on 45 patients, C-labeled  choline was 
found to be as effective as FDG for detecting 
malignant head and neck tumors at PET [44]. 
However, the usefulness of this tracer for assess-
ing posttreatment response requires further eval-
uation; in one study, choline PET/CT was not 
found to be superior to FDG PET/CT for the 
detection of recurrent disease [45].

7.2.1.7  Epidermal Growth Factor 
Receptor Status

The status of epidermal growth factor receptor 
(EGFR) is an important tumor microenviron-
ment factor, and blockade of EGFR by cetux-
imab increases the effectiveness of radiation 
therapy [46]. EGFR activation causes tumor 
cell proliferation, apoptosis, and production of 
hypoxia- related proteins, all of which can 
cause resistance to chemotherapy and radiation 

therapy [47]. Because PET can be used to 
assess both EGFR status and cetuximab uptake, 
this imaging modality may be useful for treat-
ment selection and treatment response assess-
ment [48].

7.2.2  Functional MR Imaging 
Techniques

Advanced MR imaging techniques such as 
dynamic contrast-enhanced imaging, diffusion- 
weighted imaging, blood oxygenation level–
dependent (BOLD) imaging, and spectroscopy 
hold the promise of providing functional infor-
mation about disease [49]. These techniques can 
be used for planning, monitoring, and assessing 
the results of radiation therapy in patients with 
head and neck SCCs [50].

7.2.2.1  Dynamic Contrast-Enhanced 
MR Imaging

Dynamic contrast-enhanced MR imaging is a 
noninvasive technique that helps characterize 
the microvasculature, thereby providing mark-
ers specific to perfusion, permeability of blood 
vessels, and the volume of extracellular space. 
Abnormal microvessels seen at dynamic 
contrast- enhanced MR imaging themselves 
may be a marker of hypoxia: Tumor angiogen-
esis is associated with chaotic vessel formation 
and incompetent arteriovenous shunts, which 
lead to less effective perfusion and a more 
hypoxic environment than exists in normal tis-
sues [51].

The identification of hypoxic tumors allows 
hypoxia-modifying therapy, treatment escalation, 
or even primary surgery [52]. Newbold et  al. 
demonstrated a statistically significant correla-
tion between various dynamic contrast-enhanced 
MR imaging parameters, particularly Ktrans 
(which represents the permeability of blood ves-
sels) and pimonidazole staining (an exogenous 
marker for hypoxia) [53]. The appearance of 
head and neck SCCs at dynamic contrast- 
enhanced MR imaging, for example, has been 
used to successfully predict treatment response to 
chemoradiation therapy in the tumors [54].
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7.2.2.2  Diffusion-Weighted MR 
Imaging

Diffusion-weighted MR imaging is a noninvasive 
imaging technique that facilitates tissue charac-
terization on the basis of the molecular motion of 
water molecules. Diffusion is quantified by using 
the ADC, which is inversely correlated with cel-
lularity and is a potential biomarker for apoptosis 
[55]. The increased density of cells within malig-
nant lymph nodes reduces their ADC at diffusion- 
weighted MR imaging. Studies have shown that 
diffusion-weighted MR imaging can be useful 
for differentiating small malignant lymph nodes 
from nonmalignant ones [56, 57].

In a study on 33 patients with head and neck 
SCCs, change in ADC was used as a marker of 
tumor response 1 week after the commencement 
of chemoradiation therapy [58]. Change in tumor 
ADC after 1 week of treatment had a high sensi-
tivity and specificity for identifying patients who 
would have a partial or complete response to 
treatment. Dirix et al. evaluated the usefulness of 
diffusion-weighted MR imaging for radiation 
therapy planning and found that patients with 
local-regional recurrence had lower ADC values 
within the tumor after 4 weeks of radiation ther-
apy [59]. This finding suggests that diffusion- 
weighted imaging would be useful for identifying 
patients who might benefit from adaptive escala-
tion of the radiation dose.

7.2.2.3  BOLD Imaging
BOLD imaging, also known as intrinsic 
susceptibility- weighted MR imaging, is a func-
tional imaging technique that is primarily used to 
evaluate brain activity triggered by exercise or 
other external stimuli. In recent years, it also has 
been used as a hypoxia-specific imaging 
technique.

Contrast at BOLD imaging depends on the 
quantity of paramagnetic deoxyhemoglobin 
within red blood cells, which generates an MR 
signal based on the transverse relaxation rate 
(i.e., R2*) [60]. This imaging technique was used 
to assess reoxygenation of tumors while patients 
breathed oxygen-enriched gas (i.e., carbogen) 
[61]. In another study, a heterogeneous response 
in different tumors during carbogen breathing at 

BOLD MR imaging permitted the identification 
of patients who would be likely to benefit from 
carbogen-induced sensitization to radiation [62]. 
Hypoxic tumors with high blood flow have a high 
R2* and are more likely to respond to carbogen 
for radiation sensitization. Conversely, in small 
animal studies, hypoxic tumors with low blood 
volumes were found to have low R2* values and 
to be less likely to respond to carbogen [63].

7.2.2.4  MR Spectroscopy
MR spectroscopy allows noninvasive molecular 
imaging of cellular metabolism. Both phospho-
rus 31 MR spectroscopy and proton (hydrogen 1) 
MR spectroscopy have been studied extensively. 
An early study of proton MR spectroscopy per-
formed by Mukherji et al. demonstrated a quali-
tatively consistent pattern between in  vitro and 
in vivo metabolic profiles of different carcinomas 
[64]. Increased choline-to-creatine ratios and 
consistently narrow lipid resonances were noted 
in spectral waveforms from in vitro and in vivo 
MR spectroscopy. The technique is potentially 
useful for differentiating tumors from benign 
abnormalities, and the choline-to-creatine ratio 
may be useful in monitoring for response to treat-
ment. In addition, MR spectroscopy can be used 
to identify certain amino acids in tumors that are 
not detected in normal tissues, findings that may 
have prognostic implications, and may lead to 
changes in therapy [65]. However, Le et al. inves-
tigated the usefulness of in  vivo lactate reso-
nances at MR spectroscopy for assessing cervical 
lymph nodes in patients with stage IV head and 
neck SCCs and reported that these measurements 
do not correlate with either tumor pO2 or treat-
ment outcome [66].

7.2.3  Functional Imaging 
with Perfusion CT

Perfusion CT, or dynamic contrast-enhanced CT, 
relies on the passage of iodinated contrast mate-
rial through a region of interest to produce 
changes in attenuation, which may be used as 
markers of microvascular blood flow [67]. A 
kinetic model analysis of these changes in attenu-
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ation allows the derivation of several physiologic 
parameters, including blood flow (BF) or perfu-
sion, blood volume (BV), mean transit time 
(MTT), and permeability.

CT perfusion has been studied in cancer 
patients for the diagnosis and characterization of 
disease and the prognostication and evaluation of 
its response to treatment. The development of 
new blood vessels (i.e., neoangiogenesis), an 
adaptive response to hypoxia within the tumor, is 
an indirect marker that is depicted on perfusion 
CT images as an increase in tumor perfusion, BV, 
MTT, permeability, or a combination thereof. 
Gandhi et al. showed that BF, BV, and permeabil-
ity were all increased, whereas MTT was reduced, 
in tumors compared with surrounding normal 
structures [68]. In another study, tumors that did 
not respond to CRT were found to have had sig-
nificantly lower baseline BF and BV values [69]. 
In a larger study, in which tumor response to 
chemoradiation therapy was assessed over 
4 years of follow-up, findings were similar, with 
significantly lower baseline BF and permeability 
in patients with local-regional treatment failure 
[70]. The results of these studies support the 
hypothesis that tumors with low perfusion have 
greater levels of hypoxia and, therefore, exhibit 
more resistance to treatment.

7.2.4  Emerging Integrated Hybrid 
Imaging Techniques

7.2.4.1  Integrated PET/CT Perfusion 
Imaging

The combined use of PET and CT to determine 
the relationship between the metabolic status of 
tumors and their perfusion shows promise [71–
73]. Further understanding of the multitude of 
hypoxia-driven adaptive responses and their rela-
tions to tumor perfusion and aerobic and anaero-
bic glycolysis is required before more extensive 
clinical application of this technique can be 
considered.

7.2.4.2  Integrated PET-MR Imaging
Responding to the global success of PET/CT, 
commercial scanner manufacturers brought the 

first integrated PET-MR imaging systems to mar-
ket in 2011. This newly developed technology 
offers potential advantages over PET/CT, includ-
ing reduced radiation exposure, superior soft- 
tissue contrast resolution, and the ability to 
acquire functional PET and MR imaging data 
simultaneously, and thus facilitates a spatially 
and temporally correlated multiparametric analy-
sis of PET and MR functional biomarkers. 
Although this technology remains in its infancy, 
early clinical experience has shown that it may 
have great promise [74].

7.3  Assessment of Treatment 
Response After 
Radiotherapy

There is great interest in surrogate metrics for 
survival after investigational cancer treatments, 
such as response rate, time to tumor progression, 
or progression-free survival [75]. Changes in 
tumor size after treatment are often, but not 
invariably, related to duration of survival. A vari-
ety of approaches to measuring response rate 
have been developed, beginning with the original 
reports by Moertel on physical examination in 
1976 and continuing to the subsequent World 
Health Organization (WHO) criteria (1979) and 
RECIST 1.1 (2009) [76–78]. Response rate typi-
cally refers to how often a tumor shrinks anatom-
ically and has been defined in several ways. Not 
uncommonly, complete response, partial 
response, stable disease, and progressive disease 
are defined as in the WHO and RECIST criteria 
(Tables 7.1 and 7.2) [78].

Response rates must be viewed with some 
caution when one is trying to predict outcomes in 
newer cancer therapies that may be more cyto-
static than cytocidal. With such newer treatments, 
lack of progression may be associated with a 
good improvement in outcome, even in the 
absence of major shrinkage of tumors as evi-
denced by partial response or complete response 
[80]. To determine lack of progression by changes 
in tumor size requires regular and systematic 
assessments of tumor burden. The newer PET 
metrics may be more informative [81].
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Table 7.1 Comparison of WHO response criteria and RECIST

Characteristic WHO RECIST RECIST v1.1
Measurability 
of lesion at 
baseline

1. Measurable, bidimensionala 
(product of LD and greatest 
perpendicular diameter)

1. Measurable, 
unidimensional (LD 
only: Size with 
conventional techniques 
≥20 mm, with spiral CT 
≥10 mm)

1. Measurable, 
unidimensional (LD only: 
Size with conventional 
techniques ≥20 mm, with 
spiral CT ≥10 mm; nodes: 
Target short axis ± 15 mm, 
nontarget 10–15 mm nodes, 
normal <10 mm)

2. Nonmeasurable/evaluable (e.g., 
lymphangitic pulmonary metastases, 
abdominal masses)

2. Nonmeasurable: All 
other lesions, including 
small lesions; evaluable 
is not recommended

2. Nonmeasurable: All other 
lesions, including small 
lesions; evaluable is not 
recommended

Objective 
response

1. Measurable disease (change in 
sum of products of the LD and 
greatest perpendicular diameters, no 
maximal number of lesions 
specified): CR, disappearance of all 
known disease, confirmed at 
≥4 weeks; PR, ≥50% decrease from 
baseline, confirmed at ≥4 weeks; 
PD, ≥25% increase of one or more 
lesions or appearance of new 
lesions; NC, neither PR nor PD 
criteria met

1. Target lesions (change 
in sum of LD, maximum 
of five per organ up to 
ten total [more than one 
organ]): CR, 
disappearance of all 
target lesions, confirmed 
at ≥4 weeks; PR, ≥30% 
decrease from baseline, 
confirmed at 4 weeks; 
PD, ≥20% increase over 
smallest sum observed or 
appearance of new 
lesions; SD, neither PR 
nor PD criteria met

1. Target lesions (change in 
sum of LDs, maximum of two 
per organ up to five total 
[more than one organ]): CR, 
disappearance of all target 
lesions, confirmed at 
≥4 weeks; PR, ≥30% 
decrease from baseline, 
confirmed at 4 weeks; PD, 
≥20% increase over smallest 
sum observed and overall 
5 mm net increase or 
appearance of new lesions; 
SD, neither PR nor PD criteria 
met

2. Nonmeasurable disease: CR, 
disappearance of all known disease, 
confirmed at ≥4 weeks; PR, 
estimated decrease of ≥50%, 
confirmed at 4 weeks; PD, estimated 
increase of ≥25% in existent lesions 
or new lesions; NC, neither PR nor 
PD criteria met

2. Nontarget lesions: CR, 
disappearance of all 
nontarget lesions and 
normalization of tumor 
markers, confirmed at 
≥4 weeks; PD, 
unequivocal progression 
of nontarget lesions or 
appearance of new 
lesions; non-PD, 
persistence of one or 
more nontarget lesions 
or tumor markers above 
normal limits

2. Nontarget lesions: CR, 
disappearance of all nontarget 
lesions and normalization of 
tumor markers, confirmed at 
≥4 weeks; PD, unequivocal 
progression of nontarget 
lesions or appearance of new 
lesions; non-PD: Persistence 
of one or more nontarget 
lesions or tumor markers 
above normal limits; PD must 
be “unequivocal” in nontarget 
lesions (e.g., 75% increase in 
volume); PD can also be new 
“positive PET” scan with 
confirmed anatomic 
progression. Stably positive 
PET is not PD if it 
corresponds to anatomic 
non-PD

Overall 
response

1. Best response is recorded in 
measurable disease

1. Best response is 
recorded in measurable 
disease from treatment 
start to disease 
progression or 
recurrence

1. Best response is recorded in 
measurable disease from 
treatment start to disease 
progression or recurrence
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Surrogate end points for survival should provide 
earlier, hopefully correct, answers about the effi-
cacy of treatment and should allow better decisions 
on whether a drug should be advanced from early 
phase I to phase II or III trials. Until now, for drug 
development and regulatory approval purposes, 
indices of efficacy of treatment of solid tumors 
have been based solely on systematic assessments 
of tumor size, including the WHO, RECIST, and 
International Workshop Criteria (IWC) for lym-
phoma. However, for many years, there has been 
evidence that nuclear medicine imaging techniques 
could provide unique, biologically relevant, and 
prognostically important information unavailable 
through anatomic imaging [82].

Quantitative FDG PET/CT was introduced for 
the early sequential monitoring of tumor response 
of breast cancer in 1993 [83]. Since then, there 

Table 7.1 (continued)

Characteristic WHO RECIST RECIST v1.1
2. NC in nonmeasurable lesions will 
reduce CR in measurable lesions to 
overall PR

2. Non-PD in nontarget 
lesions will reduce CR in 
target lesions to overall 
PR

2. Non-PD in nontarget 
lesions will reduce CR in 
target lesions to overall PR

3. NC in nonmeasurable lesions will 
not reduce PR in measurable lesions

3. Non-PD in nontarget 
lesions will not reduce 
PR in target lesions

3. Non-PD in nontarget 
lesions will not reduce PR in 
target lesions

4. Unequivocal new 
lesions are PD, 
regardless of response in 
target and nontarget 
lesions

4. Unequivocal new lesions 
are PD, regardless of response 
in target and nontarget lesions

Duration of 
response

1. CR: From date CR criteria are 
first met to date PD is first noted

1. Overall CR: From 
date CR criteria are first 
met to date recurrent 
disease is first noted

1. Overall CR: From date CR 
criteria are first met to date 
recurrent disease is first noted

2. Overall response: From date of 
treatment start to date PD is first 
noted

2. Overall response: 
From date CR or PR 
criteria are first met 
(whichever status came 
first) to date recurrent 
disease is first noted

2. Overall response: From 
date CR or PR criteria are first 
met (whichever status came 
first) to date recurrent disease 
is first noted

3. In patients who achieve only PR, 
only period of overall response 
should be recorded

3. SD: From date of 
treatment start to date 
PD is first noted

3. SD: From date of treatment 
start to date PD is first noted

LD longest diameter, CR complete response, PR partial response, PD progressive disease, SD stable disease, NC no 
change
aLesions that can be measured only unidimensionally are considered measurable (e.g., mediastinal adenopathy or 
malignant hepatomegaly)

Table 7.2 Time point response: patients with target 
(±nontarget) disease (RECIST 1.1) [79]

Target 
lesions Nontarget lesions

New 
lesions

Overall 
response

CR CR No CR
CR Non-CR/non-PD No PR
CR Not evaluated No PR
PR Non-PD or not 

all evaluated
No PR

SD Non-PD or not 
all evaluated

No SD

Not all 
evaluated

Non-PD No NE

PD Any Yes or 
no

PD

Any PD Yes or 
no

PD

Any Any Yes PD

CR complete response, PR partial response, SD stable dis-
ease, NE not evaluable, PD progressive disease
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has been growing interest in using FDG PET/CT 
to quickly assess whether a tumor is—or is not—
responding to therapy [83]. In the initial report, 
women with newly diagnosed breast cancer had a 
rapid and significant decline in standardized 
uptake value (SUV), influx rate for FDG deter-
mined by Patlak analysis and estimated phos-
phorylation rate of FDG to FDG-6 phosphate 
within 8 days of the start of effective treatment. 
These parameters continued to decline with each 
progressive treatment in the responding patients, 
antedating changes in tumor size. By contrast, 
the nonresponding patients did not have a signifi-
cant decline in their SUV. Since that report, there 
have been many others in a wide range of tumors 
[84, 85]. Abundant data now exist that PET is a 
useful tool for response assessment in a variety of 
diseases, at the end of treatment, at mid treat-
ment, and when performed soon after treatment 
is initiated. Quantitative nonanatomic imaging 
approaches can be used as a biomarker of cancer 
response to predict or assess the efficacy of treat-
ments [86–88]. PET with FDG appears, thus, to 
be one of the most powerful biomarkers intro-
duced to date for clinical trials and for individual 
patients.

7.3.1  Anatomic Response Criteria 
(WHO, RECIST)

7.3.1.1  WHO Criteria
The proposed WHO methods included determin-
ing the product of the bidimensional measure-
ment of tumors (i.e., greatest perpendicular 
dimensions), summing these dimensions over all 
tumors, and then categorizing changes in these 
summed products as follows: complete 
response—tumor has disappeared for at least 
4 weeks; partial response—50% or greater reduc-
tion in sum of tumor size products from baseline 
confirmed at 4 weeks; no change—neither partial 
response nor complete response nor progressive 
disease; and progressive disease—at least a 25% 
increase in tumor size in one or more lesions, 

with no complete response, partial response, or 
stable disease documented before increase in 
size, or development of new tumor sites [82].

The WHO criteria is not explicit on such fac-
tors as how many tumor foci should be measured, 
how small a lesion could be measured, and how 
progression should be defined. Thus, despite 
efforts at standardization, the WHO criteria do 
not fully standardize response assessment. The 
WHO criteria are still in use in some trials and 
are the criteria used to define clinical response 
rates in many trials from the past two decades—
which are important reference studies. Although 
not as commonly used at present, familiarity with 
the WHO response criteria is essential for com-
parison with more recent studies using RECIST, 
especially as relates to the issue of when tumors 
progress (Table 7.1) [82].

7.3.1.2  RECIST v1.1
The RECIST group, which included representa-
tives from, among others, the EORTC, the 
National Cancer Institute (NCI), the National 
Cancer Research Network, and industry reported 
response criteria for solid tumors, RECIST v1.1 
[79].

RECIST v1.1 requires that:

• A maximum of five target lesions, with a max-
imum of two per organ with a longest diame-
ter of at least 10 mm.

• In lymph nodes, the short axis rather than the 
long axis should be measured, with normal 
nodes measuring <10  mm, nontarget nodes 
≥10  mm but <15  mm and target nodes 
≥15 mm.

• Osteolytic lesions with a soft tissue compo-
nent and cystic tumors may serve as target 
lesions (Table 7.1).

Additionally, within RECIST v1.1, there are 
guidelines for reporting findings of lesions that 
are too small to measure and for measuring 
lesions that appear to have fragmented or 
coalesced at follow-up imaging [78].
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The RECIST categories for response include 
(Table 7.2):

• Complete response (CR)—disappearance of 
all tumor foci for at least 4 weeks.

• Partial response (PR)—a decline of at least 
30% in tumor diameters for at least 4 weeks.

• Stable disease (SD)—neither partial response 
nor progressive disease.

• Progressive disease (PD)—at least a 20% 
increase in the sum of all tumor diameters 
from the lowest tumor size. Additionally, an 
augmentation of the criteria defining progres-
sive disease or target lesions was introduced in 
RECIST v1.1 to not only include a ≥20% 
increase in the sum of the longest diameter 
(SLD) from the nadir, but also a ≥5 mm abso-
lute increase in the SLD.

PD of nontarget lesions can only be applied if 
the increase in nontarget lesions is representative 
of change in overall tumor burden. RECIST v1.1 
has the inclusion of PET findings among the indi-
cators of disease response [78].

Thus, essential elements within structured 
reports in oncologic imaging could include: (1) 
the identification with appropriate terminology of 
target lesion (their localization, size [two dimen-
sions for primary lesions and for nodal disease if 
for lymphoma, long axis for metastases, and 
short axis for nodal disease for solid tumors]), (2) 
nonmeasurable and (3) new disease.

Although these anatomic criteria may appear to 
be arcane, the RECIST 1.1 criteria are used in vir-
tually every clinical trial of new solid tumor thera-
peutics, as response is essentially always measured. 
Further, regulatory agencies have accepted 
RECIST as the de facto standard in response 
assessment for clinical trials in many countries. 
Familiarity with the implications of trials in which 
response is measured using the WHO, RECIST, 
and RECIST v1.1 criteria is essential, as they are 
not identical and do not produce identical results. 
Inclusion of the RECIST information in the reports 
will minimize errors in response allocation and, 
thus potential patient harm, while at the same time 
can be helpful for minimizing secondary reviews 

of examinations should patients subsequently 
enter into clinical trials [78].

7.3.1.3  Limitations of Anatomic 
Response Criteria

There is increasing awareness that anatomical 
approaches based on measurements of tumor size 
such as RECIST have significant limitations 
including the presence of tumors that cannot be 
measured, poor measurement reproducibility and 
mass lesions of unknown activity that persist fol-
lowing therapy, reducing intrinsically continuous 
data on tumor size, and tumor response to a series 
of four bins in response. Faced with these limita-
tions, more sophisticated measurements (including 
tumor volume and lesion regression rates) have 
been applied to the evaluation of tumor response to 
therapy. Other more recent approaches make use of 
CT density (Hounsfield units) measurements for 
the evaluation of gastrointestinal stromal tumors or 
contrast enhancement patterns after vascular inter-
ventional therapies in hepatic lesions (European 
Association for the Study of the Liver) [76–79].

7.3.2  Metabolic Response Criteria

7.3.2.1  Qualitative Assessment
PET scans for diagnosis and primary staging, 
response assessment, and restaging in clinical 
practice are typically interpreted using qualita-
tive methods in which the distribution and inten-
sity of tracer uptake in potential tumor foci are 
compared with tracer uptake in normal struc-
tures such as blood pool, muscle, brain, and 
liver.

The IWC  +  PET criteria developed through 
the efforts of Juweid and Cheson dichotomizes 
PET results into positive and negative relative to 
the intensity of tracer uptake, as compared with 
the blood pool or nearby normal structures 
(Tables 7.3 and 7.4).

Such a dichotomous reporting has been intro-
duced in clinical reporting in lymphoma, includ-
ing response to radiotherapy, and proposed in 
evaluation of gastrointestinal and lung tumors 
after chemoradiation therapy.
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7.3.2.2  Quantitative Assessment 
(PERCIST v1.0)

PET Response Criteria in Solid Tumors 
(PERCIST 1.0) were introduced in 2009 as 
guidelines for systematic and structured assess-
ment of response to therapy with PET in 
patients with cancer, with suggested applica-
tion in clinical trials, and, potentially, in the 
clinical practice of PET reporting. PERCIST 
v1.0 describes in detail methods for controlling 
the quality of PET imaging conditions to ensure 
the comparability of PET images from different 

time points and to allow quantitative expression 
of the changes in PET measurements and 
assessment of the overall response according to 
PET results. PERCIST has been referenced 
widely, and authors of several articles have 
reported that the metrics described in PERCIST 
1.0 are associated with clinical outcomes after 
therapy in patients with several different types 
of cancer, including small-cell lung cancer, 
colorectal cancer, non-Hodgkin lymphoma, 
esophageal cancer, and the Ewing sarcoma 
family of tumors [82].

Table 7.3 Response definitions for clinical trials: lymphoma response [89]

Response Definition Nodal masses Spleen, liver Bone marrow
CR Disappearance of 

all evidence of 
disease

(a) FDG–avid or PET- 
positive before therapy 
must be PET-negative after 
therapy; mass of any size is 
permitted if PET is 
negative; (b) variably 
FDG–avid or PET-negative; 
regression to normal size 
on CT

Not palpable, 
nodules 
disappeared

Infiltrate has cleared on 
repeated biopsy; if 
indeterminate by 
morphology, 
immunohistochemistry 
should be negative for CR

PR Regression of 
measurable 
disease and no 
new sites

≥50% decrease in SPD of 
up to six largest dominant 
masses; no increase in size 
of other nodes;(a) FDG–
avid or PET-positive before 
therapy; one or more 
PET-positive at previously 
involved site; (b) variably 
FDG–avid or PET-negative; 
regression on CT

≥50% decrease in 
SPD of nodules 
(for single nodule 
in greatest 
transverse 
diameter); no 
increase in size of 
liver or spleen

Irrelevant if positive before 
therapy; cell type should be 
specified

SD Failure to attain 
CR/PR or PD

(a) FDG–avid or PET- 
positive before therapy; 
PET-positive at prior sites 
of disease and no new sites 
on CT or PET; (b) variably 
FDG–avid or PET-negative; 
no change in size of 
previous lesions on CT

Relapsed 
disease or 
PD

Any new lesion or 
increase of 
previously 
involved sites by 
≥50% from nadir

Appearance of new lesions 
>1.5 cm in any axis, ≥50% 
increase in SPD of more 
than one node, or ≥50% 
increase in longest diameter 
of previously identified 
node >1 cm in short axis; 
lesions PET-positive if 
FDG–avid lymphoma or 
PET-positive before therapy

>50% increase 
from nadir in SPD 
of any previous 
lesions

New or recurrent 
involvement

CR complete remission, PR partial remission, SPD sum of product of diameters, SD stable disease, PD progressive 
disease
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7.4  Current Uses of FDG PET/CT 
in Treatment Response 
Following Radiation Therapy

7.4.1  Head and Neck Cancer

Head and neck cancer has an annual incidence of 
550,000 worldwide [92]. Chemoradiotherapy 
(CRT) is the standard of care for locally advanced 
HNSCC for both unresectable disease and to 
achieve organ preservation [93]. The avoidance 
of unnecessary post-CRT neck dissection in com-
plete responders depends on accurate posttreat-
ment response assessment. Conventional imaging 
is hampered by treatment-related anatomical dis-
tortion and residual masses as well as the possi-
bility of small occult deposits.

FDG PET/CT has an established role in post- 
CRT assessment in  locally advanced 
HNSCC.  Posttreatment FDG PET/CT has an 
NPV up to 99% for nodal disease (when per-

formed at 4 months) [94], benefit over conven-
tional assessment (anatomical imaging and 
clinical examination) [95], and a high probability 
of long-term regional control (2.3% regional fail-
ure rate at 36 months) [96]. A recent randomized 
controlled trial, the UK PET-NECK study, dem-
onstrated that PET/CT surveillance had 
 equivalent survival outcome at lower overall cost, 
when compared with routine neck dissection for 
N2/3 nodal disease post-CRT for advanced nodal 
disease [97]. In this study, PET/CT took place 
12 weeks following CRT. In line with this, a prior 
meta-analysis had shown that diagnostic accu-
racy was improved when response assessment 
was performed more than 12  weeks posttreat-
ment [7]. Some groups have adopted a policy of 
response assessment at least 4 months posttreat-
ment [94, 98]. The clinical management of equiv-
ocal results remains problematic [94, 97, 99]. 
The majority of published data relate to the use of 
response assessment PET/CT following CRT for 

Table 7.4 Comparison of qualitative PET response criteria and IWC + PET [89–91]

Characteristic Hicks criteria IWC + PET (lymphoma)
Measurability 
of lesion at 
baseline

1. FDG–avid 1. DG–avid tumor; baseline PET scan is desirable

2. Standardized display with 
normalization to liver

2. Variably FDG–avid tumor; FDG baseline PET scan 
is required
3. Follow-up PET at least 3 weeks after last 
chemotherapy session or at least 8–12 weeks after last 
radiation therapy session

Objective 
response

Complete metabolic response: FDG–avid 
lesions revert to background of normal 
tissues in which they are located

Complete response in FDG–avid tumors: No focal or 
diffuse increased FDG uptake over background 
in location consistent with tumor, regardless of CT 
abnormality; new lung nodules in lymphoma patient, 
without history of lung involvement (regardless of 
FDG avidity), are not considered lymphoma; increased 
focal or multifocal marrow uptake is not considered 
tumor unless biopsy is done

Partial metabolic response: “Significant 
reduction in SUV in tumors”

Noncomplete response: Diffuse or focal uptake 
exceeding mediastinal blood pool if >2 cm in size; in 
nodes <2 cm diameter, uptake of FDG greater than 
background is positive; lesions >1.5 cm in size in liver 
or spleen, with uptake equal to or greater than spleen, 
are considered tumor

SMD: “No visible change in metabolic 
activity of tumors”

Partial remission: See Table 7.2

Progressive metabolic disease: “Increase 
in intensity or extent of tumor metabolic 
activity or new sites”

Progressive disease: See Table 7.2
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oropharyngeal carcinoma; the test characteristics 
of PET/CT for other head and neck tumor sites 
and following the use of radiotherapy alone 
remain less clear. Future work includes the incor-
poration of standardized qualitative interpretative 
response assessment criteria, for example, 
Hopkins criteria [100], which may help stratify 
management and the use of FDG PET/CT during 
radiotherapy to optimize the therapeutic ratio 
[101].

7.4.2  Esophageal Carcinoma

Neoadjuvant CRT is a standard of care for 
locally advanced disease, but responders and 
nonresponders have a significantly differing 
prognosis [102]. Use of interim post-CRT FDG 
PET/CT prior to surgery can help guide appro-
priate further management, specifically by iden-
tifying interim metastatic disease (which may 
occur in up to 17%) preventing futile surgery 
[103, 104].

The added benefit of surgery for those with 
complete metabolic response (CMR) is less 
well defined. A substantial minority (20–30%) 
of patients with resectable disease have a com-
plete pathologic response (CPR) to CRT [105]. 
Multiple groups have described the correlation 
between CMR on post-CRT FDG PET/CT, 
CPR and survival benefit [106]. Monjazeb 
et al. [107] suggested patients with CMR may 
be spared surgery. Cervino et  al. [108] 
described a 91% 18-month disease-free sur-
vival for patients with a negative FDG PET/
CT, who did not undergo surgery post-neoadju-
vant treatment. However, the reported data are 
heterogeneous, for example, Elliot et al. [109] 
found that CMR on post-CRT FDG PET/CT 
and CPR did not correlate. This may partly 
relate to study timing, as radiation- induced 
esophagitis can mimic residual active disease 
and limit the utility of interim and posttreat-
ment PET/CT. Many advocate surgery for even 
complete responders post-CRT and consider 
the role of FDG PET/CT to be guiding biopsy 
and highlighting patients requiring escalation 
of treatment [110].

7.4.3  Rectal Carcinoma

Neoadjuvant CRT prior to resection is the stan-
dard of care for locally advanced rectal cancer 
(LARC). Early evidence of treatment response 
can alter surgical management, and accurate 
restaging is critical.

MRI is the mainstay of radiological staging of 
rectal cancer but has limited value in response 
assessment following CRT [111]. International 
guidelines do not yet reflect a role for FDG PET/
CT in the post-CRT restaging of LARC. However, 
several small studies have indicated a correlation 
between metabolic and pathologic response and 
demonstrated a superior NPV (up to 95.5%) of 
FDG PET/CT for CPR compared with MRI in 
LARC restaging [112–114]. Furthermore, a 
recent systematic review combining results of 
over 1500 patients found a high- pooled accuracy 
for early PET restaging post-CRT for LARC 
[115].

The role of PET/CT should not be overstated. 
Two systematic reviews of post-CRT FDG PET/
CT suggest the main role for functional imaging 
was in identification of nonresponders rather than 
selection for organ-sparing strategies [115, 116]. 
However, post-CRT FDG PET/CT has a role in 
early outcome prediction with markers for meta-
bolic response correlating with overall survival 
and disease-free survival [117].

7.4.4  Brain Tumors

Following radiotherapy for brain tumors, radia-
tion necrosis can occur and mimic tumor pro-
gression or recurrence on conventional imaging.

FDG PET/CT has an established role in dif-
ferentiating radiation necrosis from tumor pro-
gression. Stereotactic radiotherapy can result in 
apparent expansion and increased enhancement 
of treated lesions. FDG PET has a reported sensi-
tivity of 75% and specificity of 81% for distin-
guishing radiation necrosis from recurrent tumor 
at sites of radiosurgery [118].

Distinction of radiation necrosis from residual 
tumor after fractionated radiotherapy can be 
problematic. The two often coexist, radiation 
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necrosis may be hypermetabolic, and local sei-
zure activity may falsely increase uptake [119]. 
Increased uptake relative to contralateral grey 
matter has been demonstrated to have 68% accu-
racy in the diagnosis of recurrent tumor [120].

The role of FDG PET/CT postradiotherapy is 
largely problem-solving and biopsy guidance in 
combination with MRI and other advanced imag-
ing techniques. However, owing to the subopti-
mal sensitivity and specificity of FDG-PET, other 
PET tracers may have superior accuracy [121]. 
Fluorine-18 fluoro-ethyl-tyrosine is an amino 
acid analog with improved tumor-to-background 
contrast compared with FDG and higher sensitiv-
ity for detection of recurrent glioma [122]. 
Fluoro-ethyl-tyrosine does not require an on-site 
cyclotron, and cost-effectiveness has been 
reported in diagnostic and recurrent indications 
[123], although not yet specifically for postradio-
surgery indications.

7.4.5  Cervical Carcinoma

Cervical cancer is the third most common malig-
nancy worldwide [124]. Locally advanced dis-
ease is treated with CRT (typically external beam 
radiotherapy plus cisplatin with subsequent intra-
uterine brachytherapy), but 20–40% of patients 
suffer disease persistence or recurrence [125]. 
Preexisting methods of assessment such as 
International Federation of Gynaecology and 
Obstetrics stage do not reliably predict early 
treatment response or outcome [126]. Hence, the 
development of noninvasive surrogate biomark-
ers to predict poor treatment response and facili-
tate treatment escalation is of clinical pertinence. 
Opportunities to use PET/CT for this purpose 
may exist both during and after completion of 
treatment.

Evidence suggests that early treatment (pre-
brachytherapy) FDG PET/CT may be used to 
delineate metabolically active disease, allowing 
treatment field adaptation [127]. Furthermore, 
CMR predicts end of treatment response; Kidd 
et  al. [128] found that maximum standardized 
uptake values (SUVmax) and FDG heterogeneity 
at 4  weeks during treatment correlated with 

3-month posttreatment PET response. Yoon et al. 
[129] reported that in patients with FDG-avid 
pelvic nodal disease, failure to achieve nodal 
CMR correlated with a markedly reduced 
disease- free survival (71% with CMR vs. 18%; 
p < 0.001). While such use remains experimental, 
this may represent a method to flag those in need 
of treatment escalation.

A number of trials have demonstrated that 
FDG PET/CT at 3  months post-CRT predicts 
prognosis. Persistent abnormal or new FDG 
activity post-CRT represented the most important 
predictor of disease-related death by 5 years in 
one study [130]. However, posttherapy PET bio-
markers remain of uncertain value in assessing 
long-term treatment success; one study suggested 
that delta SUVmax > 60% predicted disease-free 
survival, and [127] another study reported a lim-
ited NPV with 21% of patients with CMR on 
posttreatment FDG PET/CT, developing disease 
recurrence during the median 28-month follow-
 up [131], with tumor size and stage acting as pre-
dictors for recurrent disease. Furthermore, a 
systematic review suggests that although more 
accurate than MRI, PET/CT is less cost-effective 
in posttreatment surveillance [132] than standard 
follow-up. Therefore, while PET/CT offers 
promise in posttreatment assessment of cervical 
cancer, its potential to add value to the treatment 
pathway remains to be fully realized.

7.4.6  Lung Carcinoma

Non-small-cell lung cancer (NSCLC) is the lead-
ing cause of cancer-related mortality [133]. FDG 
PET/CT is well established as a cost-effective 
staging tool prior to radical treatment. CRT is the 
standard treatment in  locally advanced disease, 
but locoregional treatment failure rates are 
15–40%, and treatment escalation can cause mor-
bidity [134]. Anatomical imaging response 
assessment post-CRT does not correlate well 
with histopathological response, and distinction 
of posttreatment fibrosis from residual tumor is 
problematic. Therefore, the use of noninvasive 
surrogate biomarkers to flag nonresponders early 
in treatment is crucial.
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Studies suggest that surrogate PET biomark-
ers such as total lesion glycolysis [135] and 
SUVmax [136] may predict treatment response 
during CRT. However, the applicability of meta-
bolic markers in predicting long-term outcomes 
post-CRT in NSCLC remains unclear. One study 
suggested that FDG PET poststereotactic radio-
therapy did not reliably predict long-term out-
come [137]. More recently, Ding et  al. [138] 
found that metabolic tumor volume (MTV) at 
FDG PET/CT post-CRT was predictive of 
recurrence- free survival post-CRT at 2 years.

Surgical resection post-CRT is a potential 
curative treatment option for selected patients 
with Stage IIIA NSCLC, and the high NPV of 
FDG PET/CT may aid interim treatment deci-
sions post-CRT.  Kim et  al. [139] demonstrated 
improved disease-free survival and overall sur-
vival in patients who demonstrated CMR.

FDG PET/CT may also have a role in adaptive 
radiotherapy planning in NSCLC, with changes 
in MTV [140] and gross tumor volume [138] 
being used to adapt treatment. The use of FDG 
PET/CT to distinguish tumor recurrence from 
fibrosis has been reported to guide posttreatment 
problem-solving [141] but can be challenging.

7.4.7  Hepato-Pancreatico-Biliary 
Tumors, Particularly 
Pancreatic Carcinoma 
and Liver Metastases 
(Postselective Internal 
Radiotherapy Treatment)

CRT is a standard of care for locally advanced 
pancreatic cancer. However, local relapse rates 
are high (42–68%) and distant recurrence is com-
mon [142].

FDG PET/CT performed 12 weeks post-CRT 
demonstrated that increased delta SUVmax pre-
dicts overall survival and progression-free sur-
vival. The use of FDG PET/CT during CRT is 
limited by the inflammation caused by bile duct 
occlusion. Allowing for this, in the future, inte-
gration of PET/CT as a response assessment tool 
may help define futility owing to interim distant 
metastatic disease and allow adaptation of the 

therapy field and selection for aggressive treat-
ment [143].

Selective internal radiotherapy treatment is an 
important palliative treatment for unresectable 
metastatic liver disease. Early assessment of 
treatment response can help guide further treat-
ment [144]. FDG PET/CT can provide an earlier 
and more accurate assessment of response to 
90Y-microsphere therapy than CT imaging alone 
[145]. MTV and total lesion glycolysis are 
reported to be the best predictors of survival in 
colorectal metastatic disease [146]. However, 
recent evidence suggests that diffusion-weighted 
MRI may be the superior modality with an NPV 
of 92% vs. 56% for FDG PET/CT [147], and fur-
ther investigation is required for clarification.
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8.1  Introduction

The introduction of targeted therapies and, 
mostly, immune checkpoint inhibitors (ICI) has 
positively revolutionized the scenario of cancer 
treatment. Starting from the encouraged results 
obtained in melanoma patients [1–3], ICI have 
been tested and approved in several other solid 
tumors in the metastatic stage, including renal 
cell carcinoma [4], urothelial carcinoma [5], 
Hodgkin Lymphoma [6], head and neck squa-
mous cell carcinoma [7], and non-small cell lung 
carcinoma [8–10].

In 2011, ipilimumab, a fully human antibody 
against cytotoxic T lymphocyte antigen 4 
(CTLA- 4), was the first ICI approved in the USA 
and Europe by Food and Drug Administration 
and European Medicines Agency, respectively. 
Afterwards, another class of ICI, such as 
nivolumab and pembrolizumab which inhibit the 
programmed death-1 (PD-1), were approved. 
Finally, atezolizumab, durvalumab, and ave-
lumab, anti-PD-ligand (L)-1 antibodies, were the 
molecules most recently approved for cancer 
treatment.

In this chapter, we provide an overview of the 
current landscape of ICI as well as the continue 

challenge of response assessment towards these 
new agents facing in the clinical practice.

8.2  Management: Type 
of Treatments/Regimes

8.2.1  Melanoma

As abovementioned ipilimumab was the first ICI 
approved for treatment of metastatic melanoma, 
based on the results of randomized trial demon-
strating improved overall survival (OS) and dura-
ble response in 676 patients [1]. The authors 
showed 3-year survival rates ranging from 20% 
to 26%, although objective response rate (ORR) 
was comprised between 12% and 19%, thus sug-
gesting that a larger part of patients had clinical 
benefit with stable disease [11]. Approved dosage 
of ipilimumab is 3  mg/kg every 3  weeks for a 
total of 4 cycles, since the evidence that a dosage 
of 10 mg/kg was associated with higher rate of 
severe (grade 3) or life-threatening (grade 4) 
adverse events respect to 3  mg/kg (34% vs. 
18–28%), even though a higher dose demon-
strated a longer median OS (11.5 vs. 15.7 months) 
[12].

In 2014, a new class of antibodies has appeared 
in the scenario of metastatic melanoma therapy, 
i.e., nivolumab and pembrolizumab, both directed 
against PD-1 [2, 3]. Response rates were higher 
for these new antibodies compared to 
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 chemotherapy (27% vs. 10%), as well as com-
pared to ipilimumab (36% vs. 13% for nivolumab; 
44% vs. 19% for pembrolizumab) [13–17]. 
Likewise, OS and progression-free survival 
(PFS) were significantly higher in patients treated 
with either nivolumab or pembrolizumab com-
pared with ipilimumab [18, 19]. Following the 
success in metastatic melanoma setting, in 2016 
ipilimumab was also approved as adjuvant ther-
apy in patients at high risk of relapse after sur-
gery (stage III). Based on EORTC 18071 clinical 
trial, high dose (10 mg/kg) of ipilimumab every 
3  weeks, then every 3  months for 3  years was 
associated with clinical benefit in terms of recur-
rence-free survival (RFS) (HR 0.77, 95% CI 
0.64–0.90), distant metastasis-free survival (HR 
0.76, 95% CI 0.64–0.92), and OS (HR 0.72, 95% 
CI 0.58–0.88). Nevertheless, there were higher 
rates of immune-related adverse events (approxi-
mately 40%) in the arm of ipilimumab [20, 21]. 
In addition, also nivolumab and pembrolizumab 
have been approved by FDA for use in the adju-
vant setting in patients with stage III or IV. Indeed, 
CheckMate-238 and KEYNOTE-054 trials dem-
onstrated longer RFS (relapse-free survival) than 
ipilimumab or placebo. Furthermore, a better 
toxicity profile was associated to nivolumab arm 
compared to ipilimumab [22, 23].

ICI in neoadjuvant context is another setting 
where these new drugs are under investigations. 
The hypothesis behind this application is that 
neoadjuvant therapy would be less toxic and 
potentially more effective if administered before 
surgery. In fact, a larger tumor volume may favor-
ite the exposition of more antigens than after sur-
gery. Conversely, if patients progress or show 
severe toxicities during ICI as neoadjuvant ther-
apy, surgery time will not be possible or will be at 
high risk [24].

8.2.2  NSCLC

Beside approval in patients affected by melanoma, 
ICI were also applied in patients with metastatic 
NSCLC.  The first clinical trial, CheckMate-017, 
demonstrated significant longer OS and ORR in 
patients with squamous NSCLC treated with 

nivolumab than those treated with docetaxel [8]. 
Likewise, nivolumab was associated with longer 
OS and median duration of response in 582 
patients with non-squamous NSCLC [9].

In the same time, results from KEYNOTE-001 
trial determined approval of pembrolizumab in 
patients with metastatic NSCLC.  In addition, 
ORR was significantly improved among patients 
with PD-L1 tumor expression ≥50%, therefore 
pembrolizumab was also approved either as first- 
line treatment in tumors with high PD-L1 expres-
sion or in patients with low PD-L1 expression 
(i.e., 1%) with progression disease in course of or 
after platinum-based chemotherapy according to 
KEYNOTE-010 trial [10, 25].

Furthermore, atezolizumab (anti-PD-L1) was 
approved for metastatic NSCLC patients with 
progression on/after platinum and in patients 
bearing EGFR or ALK mutations after progres-
sion disease during specific drugs for these 
genetic alterations [26].

Similar to melanoma, a recent paper by Forde 
et al. [27] reported encouraging data on the use of 
nivolumab as neoadjuvant therapy in NSCLC. The 
authors demonstrated a safety profile, no delayed 
surgery time, and a major pathologic response 
(i.e., <10% viable tumor cells) in approximately 
half of patients.

8.2.3  Other Solid Tumors

Beyond their application in melanoma and NSCLC, 
ICI have showed promising results also in other 
solid tumors. For instance, atezolizumab was the 
first approved for metastatic urothelial cancer after 
progression with platinum chemotherapy [28]. 
In the same setting, subsequently, durvalumab 
and avelumab (two anti-PD-L1 antibodies) were 
approved [29, 30]. Moreover, nivolumab and 
pembrolizumab were approved as second line 
for metastatic urothelial carcinoma based on 
the results of CheckMate-032, CheckMate-275, 
KEYNOTE-012, and KEYNOTE-045 trials 
[31–34]. Afterwards, pembrolizumab has been 
approved in the first line [35].

Several clinical trials are evaluating the effi-
cacy of ICI, either alone or in combination with 
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other therapies, in the first-line and second-line 
settings in head and neck squamous cell carci-
noma, advanced gastric, gastroesophageal adeno-
carcinoma, and in the third-line setting for 
advanced/metastatic squamous cell carcinoma of 
the esophagus [36, 37].

There is great interest in developing new 
regimes of treatment based on the combination 
of ICI with other agents, such as chemotherapy, 

radiotherapy, kinase inhibitors, or epigenetic 
drugs in order to improve clinical efficacy or to 
decrease adverse events. Preliminary data show 
encouraging results, although several limita-
tions need to be addressed in the current trials 
(e.g., small size, lack of comparison, short fol-
low-up) [38].

An overview of ongoing clinical trials with 
ICI is summarized in Table 8.1.

Table 8.1 Summary of the ongoing clinical trials with ICI (source: https://clinicaltrials.gov/)

Cancer type Trial identifier number Phase/status ICI
Melanoma NCT03963518 III, no recruiting Not specified

NCT03293784 I, recruiting Nivolumab, ipilimumab
NCT03711188 II, recruiting Nivolumab, ipilimumab
NCT02073123 I/II, no recruiting Nivolumab, ipilimumab, 

pembrolizumab
NCT03161756 I/II, recruiting Nivolumab, ipilimumab
NCT03425461 I, recruiting Nivolumab, ipilimumab
NCT03384836 I/II, recruiting Pembrolizumab
NCT03597282 I, recruiting Nivolumab, ipilimumab
NCT02565992 I, recruiting Pembrolizumab
NCT02307149 I, recruiting Ipilimumab
NCT03563729 II, recruiting Nivolumab, pembrolizumab, 

ipilimumab
NCT02535078 I/II, recruiting Durvalumab, tremelimumab

Lung cancer NCT03233724 I/II, recruiting Pembrolizumab
NCT03469960 III, recruiting Nivolumab, ipilimumab
NCT03906071 III, recruiting Nivolumab
NCT03996473 I/II, no recruiting Pembrolizumab
NCT03035890 NA, recruiting Nivolumab, atezolizumab, 

pembrolizumab
NCT03325816 I/II no recruiting Nivolumab
NCT03257722 I/II, recruiting Pembrolizumab
NCT02599454 I, recruiting Atezolizumab
NCT03468426 I, recruiting BI 754091 (anti-PD-1)
NCT03041311 II, no recruiting Atezolizumab
NCT03994744 II, no recruiting Sintilimab
NCT03380871 I, no recruiting Pembrolizumab
NCT02439450 I,II recruiting Nivolumab, pembrolizumab
NCT02973789 III, recruiting Not specified
NCT02403193 I,II recruiting PDR001 (anti-PD-1)
NCT03554473 I/II, recruiting M7824 (anti-PD-L1/TGFβ trap)

Mesothelioma NCT03644550 II, recruiting Pembrolizumab
Head & Neck NCT03532737 II, recruiting Pembrolizumab

NCT03878979 II, no recruiting Nivolumab
NCT03673735 III, no recruiting Durvalumab
NCT03522584 I/II, recruiting Durvalumab, tremelimumab
NCT02819752 I, no recruiting Pembrolizumab
NCT03906526 I, no recruiting Tislelizumab
NCT03162224 I,II recruiting Durvalumab

(continued)
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Table 8.1 (continued)

Cancer type Trial identifier number Phase/status ICI
Oropharyngeal 
squamous cell 
carcinoma

NCT03144778 I, no recruiting Durvalumab, tremelimumab

Nasopharyngeal 
carcinoma

NCT03427827 III, recruiting Not specified
NCT03984357 II, no recruiting Nivolumab

GI tract NCT03453164 I/II, recruiting Nivolumab
HCC, biliary tract 
cancer

NCT03695952 Recruiting Nivolumab, pembrolizumab

HCC, liver transplant NCT03966209 I, recruiting JS001(PD-1 inhibitor)
Pancreatic cancer NCT02734160 I, no recruiting Durvalumab
HCC, GI 
adenocarcinoma

NCT03511222 I, recruiting Nivolumab, pembrolizumab

HCC NCT03867084 III, recruiting Pembrolizumab
Colorectal cancer NCT03658772 I, no recruiting Pembrolizumab
HCC NCT02795429 I/II, recruiting PDR001 (anti-PD-1)
HCC NCT03337841 II, no recruiting Pembrolizumab
Pancreatic cancer NCT03331562 II, recruiting Pembrolizumab
Pancreatic cancer NCT03767582 I/II, no recruiting Nivolumab
Esophageal 
squamous cell 
carcinoma

NCT03792347 I, recruiting Pembrolizumab

Biliary tract 
carcinoma

NCT04003636 III, no recruiting Pembrolizumab

Brain NCT03173950 II, recruiting Nivolumab
NCT03277638 I/II, recruiting Pembrolizumab
NCT02852655 I, no recruiting MK-3475
NCT03576612 I, recruiting Nivolumab
NCT03893903 I, recruiting Avelumab
NCT03491683 I/II, no recruiting Cemiplimab(anti-PD-1)
NCT03925246 II, no recruiting Nivolumab
NCT02798406 II, recruiting Pembrolizumab

Genitourinary tract NCT03200717 II, recruiting Pazopanib
RCC
Metastatic ovarian 
cancer

NCT03287674 I/II, no recruiting Nivolumab, ipilimumab

Metastatic RCC NCT02989714 I/II, no recruiting Nivolumab
Urothelial carcinoma NCT03179943 II, recruiting Atezolizumab
Prostate cancer NCT03506997 II, recruiting Pembrolizumab
Prostate cancer NCT03406858 II, recruiting Pembrolizumab
Urothelial carcinoma NCT03486197 II, recruiting Pembrolizumab
Bladder cancer NCT02901548 II, recruiting Durvalumab
Ovarian cancer NCT03558139 I, recruiting Avelumab
Urothelial 
carcinoma, bladder 
cancer

NCT03601455 II, recruiting Durvalumab, tremelimumab

RCC NCT03977571 III, recruiting Nivolumab, ipilimumab
Ovarian cancer NCT02608684 II, no recruiting Pembrolizumab
Prostate cancer NCT03315871 II, recruiting M7824 (anti-PD-L1/TGFβ trap)
Uterine cancer NCT03951415 II, recruiting Durvalumab
Cervical cancer NCT03612791 II, recruiting Atezolizumab
Urothelial carcinoma
Bladder cancer

NCT03288545 I, recruiting Pembrolizumab
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Table 8.1 (continued)

(continued)

Cancer type Trial identifier number Phase/status ICI
Urothelial carcinoma
Bladder cancer

NCT03123055 I/II, recruiting Pembrolizumab

Others
Advanced solid 
tumors

NCT03388632 I, recruiting Nivolumab, ipilimumab
NCT03841110 I, recruiting Nivolumab, pembrolizumab, 

atezolizumab
NCT03945253 I, no recruiting ASP8374, pembrolizumab
NCT02467361 I/II, no recruiting Nivolumab, ipilimumab, 

pembrolizumab
NCT03260322 I, recruiting ASP8374, pembrolizumab
NCT03228667 II, recruiting Nivolumab

Pembrolizumab atezolizumab
Avelumab

NCT04009681 I/II recruiting Not specified
NCT02671435 I/II, no recruiting Durvalumab, monalizumab
NCT03986606 I, no recruiting PSB205 (anti-PD-1/CTLA-4)
NCT03810339 II, recruiting Toripalimab
NCT03990233 I, recruiting BI 754091 (anti-PD-1)
NCT02836834 I, no recruiting JS001(PD-1 inhibitor)
NCT03474640 I, recruiting Toripalimab
NCT03013491 I/II, recruiting CX-072 (anti-PD-L1), ipilimumab
NCT03667716 I, recruiting Nivolumab
NCT03993379 II, no recruiting CX-072 (anti-PD-L1)
NCT02805660 I/II, no recruiting Durvalumab
NCT03172936 I, recruiting PDR001 (anti-PD-1)
NCT03884556 I, recruiting Pembrolizumab
NCT03301896 I, recruiting PDR001 (anti-PD-1)
NCT03289962 I, recruiting Atezolizumab
NCT02608268 I,II recruiting PDR001 (anti-PD-1)
NCT03549000 I, recruiting PDR001 (anti-PD-1)

Melanoma, NSCLC, 
HNSCC, RCC, 
urothelial carcinoma

NCT03311334 I, recruiting Nivolumab, atezolizumab

HNSCC, NSCLC, GI 
adenocarcinoma

NCT03735290 I/II, recruiting Pembrolizumab

Colorectal cancer, 
breast cancer, 
NSCLC, bladder 
cancer, GI 
adenocarcinoma
RCC
MSI-H

NCT03775850 I/II, recruiting Pembrolizumab

Melanoma, NSCLC, 
breast cancer, 
anaplastic thyroid 
cancer

NCT02404441 I/II, no recruiting PDR001 (anti-PD-1)

NSCLC, HNSCC, 
esophageal SCC, 
GIST, colorectal 
cancer

NCT04000529 I, no recruiting Spartalizumab

Urothelial 
carcinoma, 
melanoma, RCC, 
NSCLC, HNSCC

NCT03511391 II, recruiting Nivolumab, pembrolizumab
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8.3  Pathophysiology

Evaluation of response assessment should be 
rationally based on the knowledge of the mecha-
nism of action of the administered drugs. The 
physiologic function of checkpoints is that to 
stop immune response once the “enemy” has 
been defeated, thereby avoiding a potential 
uncontrolled response against self-tissue, i.e., 
autoimmunity. CTLA-4 is constitutively 
expressed by regulatory T cells (Tregs) and 
upregulated in other T cell subtypes, such as 
CD4+ T cells, after their activation. CTLA-4 
mediates its inhibitor function replacing co- 
stimulatory receptor CD28 for B7 ligands on 
antigen-presenting cells (APC) in the lymph 
nodes, thereby indirectly inhibiting proliferation 
and IL-2 secretion by T cells [39]. CTLA-4 was 
the first immune checkpoint discovered and tar-
geted for therapy. The anti-CTLA-4 antibodies 

interpose and prevent the interaction between 
CTLA-4 and its receptor, inhibiting the comple-
tion of the immune response and allowing the 
maintenance of the anti-tumoral immune activity. 
This is associated with the increase of the effec-
tor T-cells and a dramatic reduction of the intra- 
tumor Tregs [40].

Unlike CTLA-4, the main site of action for the 
PD-1 is in the tumor microenvironment, where it 
inhibits CD8+ T cells. PD-1 can be upregulated 
on both circulating tumor-specific T cells and 
tumor-infiltrating lymphocytes upon stimulation 
through T cell receptor or exposition to different 
cytokines (e.g., IL-2, IL-7, IL-15, IL-21). PD-1 
ligands are PD-L1 and PD-L2, both expressed by 
cancer cells or APC within the tumor and upregu-
lated under IFN-γ stimulation [41].

Figure 8.1 illustrates the microenvironment 
determinants based on the type of response  
to ICIs.

Table 8.1 (continued)

Cancer type Trial identifier number Phase/status ICI
Breast cancer NCT03366844 I, recruiting Pembrolizumab

NCT03237572 I, recruiting Pembrolizumab
NCT03591276 I/II, recruiting Pembrolizumab
NCT03988036 II, no recruiting Pembrolizumab

Melanoma, breast 
cancer

NCT02981303 II, no recruiting Pembrolizumab

Colorectal cancer, 
breast cancer

NCT02484404 I/II, recruiting Durvalumab

Breast cancer, 
sarcoma

NCT02936102 I, no recruiting FAZ053 (anti-PD-L1), PDR001 
(anti-PD-1)

Sarcoma NCT03116529 I/II, recruiting Durvalumab, tremelimumab
Merkel cell 
carcinoma

NCT03853317 II, no recruiting Avelumab

HCC, colorectal 
cancer, gastric 
cancer, NSCLC

NCT03259867 II, recruiting Nivolumab, pembrolizumab

Melanoma, NSCLC, 
bladder cancer

NCT02897765 I, no recruiting Nivolumab

Pediatric solid 
tumors

NCT02793466 I, recruiting Durvalumab

Ovarian cancer, 
colorectal cancer, 
breast cancer, SCLC

NCT03761914 I/II, recruiting Pembrolizumab
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8.4  Assessment of Treatment 
Response

8.4.1  Anatomic Response 
Assessment

First imaging response criteria, i.e., World Health 
Organization (WHO) and Response Evaluation 
Criteria in Solid Tumors (RECIST), were created 
to assess tumor response from conventional treat-
ments, such as chemotherapy, radiotherapy, and 
surgery. In fact, they were essentially based on 
tumor shrinkage without considering the appear-
ance of new lesions [42, 43]. In 2009, new 
RECIST 1.1 criteria were established trying to 
address some of the pitfalls with the previous 
ones, such as the assessment of lymph nodes, 
number of lesions evaluated, and the use of new 
imaging techniques (e.g., CT, MRI) [44]. 
However, the development of ICI has generated a 

plethora of new imaging patterns, which are fun-
damental to recognize when assessing tumor 
response. As a consequence, the immune-related 
Response Criteria (irRC), followed by their sim-
plification immune-related RECIST (irRECIST), 
were developed to standardize treatment evalua-
tion during ICI [45, 46]. irRC consider bi- 
dimensional (unidimensional for irRECIST) 
measurement of lesions and include new lesions 
in the computation of total tumor burden along 
with index lesions. Main difference for immune 
versus traditional response criteria is the defini-
tion of progressive disease (PD). In fact, PD 
needs to be confirmed at least after 4 weeks from 
first progression report, in addition to an increase 
of total tumor burden >25%, or progression on 
non-target lesions, or new lesions. Last morpho-
logic criteria published were those from Seymour 
and colleagues [47], so-called iRECIST (“i” 
immune), proposed mostly for research purposes 

MDSC

Tumor cell with low
mutational burden

Tumor cell with high
mutational burden

CTLA-4

Treg

TGF-β

TNF-α

IFN-γ

IL-6

IL-2
PD-1

CD8+

CD4+

B7.1

APC

IL-10

Immune non-responsiveImmune responsive

FAS-
ligand

Fig. 8.1 An overview of the microenvironment predominance in case of immune response or not to ICIs
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rather than to guide clinical practice. They intro-
duced unconfirmed progressive disease (iUPD) 
as new response: in case of iUPD that is con-
firmed on a subsequent scan by a further increase 
in size of the lesion, the response becomes iCPD 
(confirmed progressive disease), otherwise iCR 
(complete response), iPR (partial response), or 
iSD (stable disease) if tumor regression occurs.

8.4.2  Metabolic Response Criteria

Innovative anticancer agents, such as inhibitors of 
CTLA-4 or PD-1/PD-L1 pathway, are more cyto-
static than cytotoxic. Therefore, tumor response 
can also be seen by reduction of metabolic activity 
rather than reduction in size [48]. In 1999, the 
European Organization for Research and 
Treatment of Cancer (EORTC) criteria were the 
first metabolic criteria published, based on per-
centage change of standardized uptake value 
(SUV), although number of lesions and minimum 
SUVmax level were not specified [49]. In immu-
notherapy setting, EORTC criteria were initially 
adopted by Sachpekidis et  al. [50] in metastatic 
melanoma. The authors demonstrated that early 
18F-FDG PET/CT after two cycles of ipilimumab 
was highly predictive of the final treatment out-
come between patients with progressive and stable 
metabolic disease. Ten years later, PET Response 
Criteria in Solid Tumors (PERCIST) have been 
published to assess treatment response [51]. The 
main difference with EORTC is the introduction of 
the standardized uptake value (SUV) corrected for 
lean body mass (SUL) and the SULpeak, mea-
sured within a spherical region of interest of diam-
eter 1.2 cm within the area of highest uptake in the 
tumor. Furthermore, a threshold of at least 30% of 
SUVlean reduction was recommended to define 
partial response (PR), which is higher than that 
proposed by EORTC (i.e., 25%). PERCIST crite-
ria repeat, in a certain way, RECIST ones, by con-
sidering SUL measuring in up to five lesions (up to 
two per organ) for target lesions.

Afterwards, Cho et al. [52] combined morpho-
logic (RECIST 1.1, irRC) and metabolic criteria 

(EORTC, PERCIST) to detect early evidence of 
response during treatment with ICI in advanced 
melanoma. In particular, in patients with stable 
disease by RECIST 1.1 at 3–4 weeks, a change of 
SULpeak threshold of 15.5% of hottest lesion 
well differentiated patients with and without clin-
ical benefit at 4  months, yielding sensitivity of 
100%, specificity of 93%, and overall accuracy 
of 95%. Thus, such new criteria were termed as 
PET/CT Criteria for Early Prediction of Response 
to Immune Checkpoint Inhibitor Therapy 
(PECRIT).

On the other hand, another paper from German 
researchers highlighted the importance of the 
absolute number of new lesions rather than SUV 
values to predict response to ipilimumab [53]. 
According the so-called PET Response Evaluation 
Criteria for Immunotherapy (PERCIMT), a cut-
off value of 4 new lesions of any size led to a sen-
sitivity of 84% and a specificity of 100% to 
correctly predict clinical benefit and no-clinical 
benefit after four cycles of ipilimumab, respec-
tively. Then, the threshold value was lower for 
lesions with larger functional diameter (i.e., 3 for 
lesions >1 cm, and 2 for lesions >1.5 cm).

Recently, Ito and colleagues [54] from 
Memorial Sloan Kettering Cancer Center pro-
posed a new version of PERCIST, named 
“immunotherapy- modified” (im) PERCIST. The 
key point behind these newer criteria is the inter-
pretation of new lesions. In contrast to PERCIST 
criteria where new lesions always configure a 
progressive metabolic disease, in imPERCIST 
progression can be assessed only if the sum of 
SULpeak of up to 5 target lesions (not necessar-
ily the same lesions identified at baseline) 
increases by at least 30%. To confirm potential 
positive impact in clinical practice, imPERCIST 
was demonstrated the only independent factor 
associated with OS (HR 3.853, 95%CI 1.498–
9.911, p = 0.005).

Table 8.2 summarizes main features of meta-
bolic response criteria.

Figure 8.2 illustrates the stopping rules related 
to the different anatomical and metabolic 
criteria.
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New lesions
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irRECIST
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Continue ICI and
repeat acan ≥ 4wkSTOP

STOP
(if SULpeak>30%)

RECIST 1.1

Fig. 8.2 Flowchart of 
clinical decision based 
on morphologic or 
metabolic criteria

Table 8.2 Main features of 18F-FDG PET/CT based response criteria

EORTC [49] PERCIST [51] PERCIMT [53] imPERCIST [54]
CMR Disappearance of all 

metabolically active 
lesions

Disappearance of all 
metabolically active lesions

No new lesions Same as PERCIST

PMR Reduction (15–25%) in 
SUV after one cycle of 
chemotherapy, or
Reduction (>25%) after 
more than one treatment 
cycle

Reduction (>30%, 
>0.8 unit) in SULpeak in 
the hottest target lesion

No new lesions Same as PERCIST

SMD Increase (<25%) in SUV, 
or
Reduction (<15%) in SUV

Neither PMD nor PMR/
CMR

Neither PMD nor 
PMR/CMR

Same as PERCIST

PMD Increase (>25%) in SUV, 
or
New metastatic lesions

Increase (>30%, >0.8 unit) 
in SULpeak in the hottest 
target lesion, or
New 18F-FDG avid lesions

4 or more new 
lesions (<1 cm in 
functional diameter), 
or
3 or more new 
lesions (>1 cm in 
functional diameter), 
or
2 or more new 
lesions (>1 cm in 
functional diameter)

Increase (>30%, 
>0.8 unit) in SULpeak 
in the hottest target 
lesion

CMR complete metabolic response, PMR partial metabolic response, SMD stable metabolic disease, PMD progressive 
metabolic disease, EORTC European Organization for Research and Treatment of Cancer, PERCIST PET Response 
Criteria in Solid Tumors, imPERCIST immunotherapy-modified PERCIST, RECIST Response Evaluation Criteria In 
Solid Tumors, PERCIMT PET Response Evaluation Criteria for Immunotherapy
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8.4.3  Responders Vs. 
Non-Responders

In spite of the important success of ICI, response 
rates range from 19% for anti-CTLA-4 to 44% 
for anti-PD-1 when considered as monotherapies 
until 56% in the studies where the two agents are 
in combination [18]. Clinically we can distin-
guish resistance to ICI in two categories of 
patients: 1) those that will never respond (innate 
resistance) and 2) those the initially respond, but 

actually develop disease progression (acquired 
resistance) (Fig. 8.3). Therefore, there is a com-
pelling need to identify potential predictive bio-
markers for differentiating responders and 
non-responders [55, 56]. To date several factors 
have been studied, each with their own strengths 
and weaknesses, as well as others are under 
investigation [57, 58] (Fig. 8.4).

As we know, FDA approved pembrolizumab 
in patients with untreated metastatic NSCLC 
with PD-L1 expression ≥50%, highlighting its 

In Pembro

Baseline

a

c

b

d

Fig. 8.3 Comparison of FDG PET/CT scans of a NSCLC 
patient investigated at baseline and after three cycles of 
pembrolizumab; MIP (maximal intensity projection) 
images are shown on the right side, while fused axial 

views on the left illustrate part of the lesions progressing 
during ICI.  Despite a partial metabolic response on the 
primary left lung mass, overall the patient was in disease 
progression
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role in patients’ selection. Nevertheless, PD-L1 
expression as a predictive biomarker in other 
tumors other than NSCLC is still matter of 
debate [59]. Beside PD-L1 tumor expression, 
TILs and other immune cells play an important 
role in the tumor microenvironment. Several 
studies have demonstrated that high numbers of 
TILs, which configure an immune inflamed phe-
notype, are associated with better clinical out-
comes [60]. Among circulating factors, lactate 
dehydrogenase (LDH) and peripheral immune 
cell counts were identified as potential predic-
tors of response to ICI [61–63]. Likewise, 

 elevated expression of IFN-γ or IFN-γ-related 
genes are associated to response to atezoli-
zumab, although in a phase I study. On the other 
hand, circulating tumor DNA (ctDNA) has been 
associated with tumor burden and progression 
in melanoma patients [64, 65].

Melanoma and NSCLC are characterized by 
great amount of somatic mutations, as well as 
tumors with deficiency in DNA repair mecha-
nisms, such as colorectal cancers. As a result, 
these mutations generate novel proteins, so- 
called neo-antigens, resulting in a higher binding 
affinity to MHC and TCR, which enhance 

In Nivo

Baseline

a

c

b

d

Fig. 8.4 Fused FDG PET/CT and MIP images illustrate 
herein a NSCLC patient responding to immunotherapy; 
the scans were performed at baseline and after four cycles 

of nivolumab. The left lung nodule resulted in partial met-
abolic and morphological response to ICI
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immune cells readily to target and to eliminate 
tumor cells [66, 67].

Finally, immuno-PET is a new non-invasive 
imaging technique which permits to track CD8+ 
T cells or to distinguish PD-L1 positive tumors in 
preclinical models [68, 69]. It is reasonable in an 
immediate future that immuno-PET will allow to 
overcome some issues related to tumor tissue 
heterogeneity.

8.4.4  Pitfalls and beyond (Pseudo-, 
Hyper-Progression, irAEs, 
Brain Mets, Cost-Effectiveness)

Owing to their different mechanism of action, 
ICI have also determined response patterns dif-
ferent from those observed with conventional 
cytotoxic drugs. Two atypical patterns have been 
described during treatment with ICI: pseudo- 
progression (Fig.  8.5) and hyper-progression. 
The first was defined as an initial tumor increase 
in metabolic tumor volume or appearance of new 
lesions followed by their shrinkage in the subse-
quent evaluations [70]. The pathophysiological 
mechanism underlying pseudo-progression could 
be related to a temporary immune cell infiltration 
within the tumor associated with edema and 
necrosis or associated to tumor  growing until an 

adequate immune response is generated [70, 71]. 
Despite pseudo-progression represents a rare 
phenomenon, ranging between 0.6% and 4.7%, 
and limited mostly to case reports, oncologists 
should be aware of such event and in order to dis-
cern between true progression and pseudo- 
progression should consider multiple features, 
such as performance status along with imaging 
and, in case, biopsy [47]. On the other hand, the 
definition of hyper-progression is quite variable 
among studies. Champiat et al. [72] defined this 
phenomenon as a progression of the disease at 
first evaluation according to RECIST 1.1 and an 
increase of more than twofold of the tumor 
growth rate, while for Matos et  al. [73] hyper-
progression was defined based on a time-to-treat-
ment failure <2 months and a minimum increase 
in measurable lesion of 10 mm plus increase of 
≥40% in target tumor burden at baseline or 
increase of ≥20% with the appearance of multi-
ple new lesions from baseline. In another paper 
with metastatic head and neck squamous cell car-
cinoma treated with anti- PD1/PD-L1 therapy, 
hyper-progression was defined as an increase of 
more than two times of the tumor growth kinetics 
rate (ratio between pre and post starting immuno-
therapy) [74]. However, regardless of definition, 
patients with hyper- progression showed worse 
clinical outcome.

Fig. 8.5 This is the case of a melanoma patient treated 
with ipilimumab and presenting with diffuse supra- and 
infra-diaphragmatic adenopathies. Note the appearance of 

increased spleen uptake during ICI, frequently associated 
with pseudo-progression
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Beside the abovementioned patterns, ICI can 
also determine peculiar immune-related adverse 
events (irAEs), which assume double  importance. 
On one hand, they may represent a potential 
source of error when evaluating 18F-FDG PET/
CT images, and on the other hand a late diagno-
sis and management of severe irAEs can com-
promise patient’s life. These irAEs, essentially 
caused by a hyperstimulation of T cells, can 
interest any part of the body [75, 76]. Although 
irAEs are the same, their incidence rate varies 
among class of antibodies. A recent meta- 
analysis showed a higher number of irAEs in 
patients treated with anti-CTLA-4 (54%) than 
anti-PD-1 (26%), or anti-PD-L1 (17%) [77]. 
Moreover, death related to irAEs is quite rare 
(1%) mostly due to colitis, diarrhea, perforation, 
or hepatitis. Another potential severe or life-
threatening irAE is represented by pneumonitis, 
mostly seen with anti-PD-1 agents [78]. As a 
matter of fact, clinicians, especially radiologists 
and nuclear medicine physicians, must be famil-
iar about the atypical tumor response patterns 
and common irAEs seen at imaging of patients 
undergoing treatment with this novel class of 
drugs.

Another feature that need to be deepened 
regards the brain metastases. Approximately 
15–30% of cancer patients develop brain metas-
tases, with NSCLC as the most common primary 
tumor followed by melanoma and breast cancer 
[79]. Nevertheless, as these patients have been 
excluded for a long time from clinical trials, we 
still have paucity of evidence for brain metastases 
with checkpoint inhibitors. One of the main rea-
son of exclusion was the consideration of the 
blood–brain barrier as cause of non-response for 
systemic therapies, making brain an immune- 
privileged site [79, 80]. However, the identifica-
tion of TILs within brain metastases has induced 
researchers to test ICI in these subgroup of 
patients [81]. To date, few ongoing studies are 
evaluating ICI, alone or in combination with 
radiotherapy or other agents, for treatment of 
brain metastases [82–85].

Last but not least drawback associated with 
ICI treatment is represented by the financial side. 
In fact, most of clinical trials do not include cost 

analysis: considering that the mean prices for 
nivolumab and pembrolizumab are $28.78/mg 
and $51.79/mg, it is clear that the use of ICI 
would generate a cost of more than 1 million for 
patients [86]. A recent systematic review showed 
that pembrolizumab was cost-effective for recur-
rent/metastatic NSCLC, while nivolumab would 
have been cost-effective if PD-L1 cutoffs were 
applied. Contrary to ipilimumab, either 
nivolumab or pembrolizumab were cost-effective 
for melanoma, whereas nivolumab or pembroli-
zumab was not cost-effective for both head/neck 
and genitourinary cancers [87].

Pictorial examples of response to ICI are illus-
trated in Figs. 8.1, 8.2 and 8.3.

Teaching Points
• Consider which type of checkpoint inhibitor 

(anti-CTLA-4, anti-PD-1, or anti-PD-L1) or 
their combination has been adopted when 
evaluating treatment response.

• Take note of the number of cycles and last 
administration date.

• Focus on the possible presence of symptoms 
related to the two most severe, potential life- 
threating, irAEs (e.g., pneumonia, colitis).

• Usually, irAEs are more common with 
anti-CTLA-4.

• Both traditional morphologic and metabolic 
criteria have proven some limitations for the 
assessment during treatment with ICI.

• Although not indicated in the metabolic 
response criteria, it might be useful to report 
volumetric PET parameters, such as TLG and 
MTV.

• Identify the target lesions and their metabolic 
activity (SULpeak) at baseline and at follow-
 up scan.

• Take into account that the appearance of new 
lesions is not synonym of progression disease: 
only if summed SULpeak in the follow-up 
scan is ≥30%, progressive disease can be 
called.

• Refer to baseline PET/CT when irAE is sus-
pected: the early increase of FDG uptake in 
some organ is often indicative of irAE.

• Evaluate site and distribution of new lesions: dif-
fuse splenic uptake, symmetric hilar and medias-
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tinal uptake, sarcoidosis-like signs, increased 
uptake in organs whose typically are rare site of 
metastases (e.g., thyroid, pituitary gland).

• Focus on lung parenchyma and colorectal 
uptake to exclude pneumonia and colitis, 
respectively.
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Treatment Response Evaluation 
of Bone Metastases Using 18F-NaF

Kalevi Kairemo and Homer A. Macapinlac

9.1  Introduction

18F-NaF PET/CT plays essential role in initial 
staging, detection of suspected first osseous 
metastasis, suspected progression of osseous 
metastases, or treatment monitoring in many 
types of cancer, such as prostate, breast, and lung 
cancer.

The morphology and extent of osteoblastic 
bone metastases, especially when widespread 
throughout the axial and appendicular skeleton, 
pose a challenge for conventional anatomic imag-
ing (such as CT, MRI) to determine the tumor 
load and to evaluate objectively response to ther-
apy. Conventional bone scintigraphy (BS) has 
been consistently proven to be an inaccurate and 
insensitive imaging tool to assess response to 
therapy in many metastatic cancers, such as cas-
tration resistant prostate cancer (mCRPC). Only 
with unequivocal new lesions is there a benefit to 
monitoring therapy with conventional bone scan. 
Although BS is capable of determining the extent 

of osteoblastic bone metastases, BS is not a prog-
nostic indicator because the exact extent of tumor 
load is often underdiagnosed. Additionally, 
18F-Fluoride PET/CT has the ability to determine 
the whole bone tumor burden quantitatively. 
Even though the evaluation of outcome prior to 
treatment and response after treatment is chal-
lenging and not fully well established with 
18F-Fluoride PET/CT, studies have consistently 
shown that objective quantification seems more 
promising to monitor therapy when compared to 
subjective image analysis [1].

Furthermore, a diagnostic radiotracer such as 
18F-Fluoride (a bone-seeking radiotracer for diag-
nosis) has uptake properties similar to a therapeu-
tic radiotracer such as 223Ra (the bone-seeking 
radiotracer for therapy) has the potential to pre-
cisely assess the possibility and efficacy of a 
treatment (the Theragnostic concept).

The Society for Nuclear Medicine has pub-
lished guidelines for 18F-NaF PET/CT [2]. Bone 
uptake of 18F-NaF reflects bone remodeling, and 
the uptake of 18F-NaF is part of the mineraliza-
tion of bone matrix. 18F- is exchanged for OH−, 
so hydroxyapatite bone matrix is transformed 
into fluoroapatite, indicating that high uptake of 
18F-NaF reflects bone reactions to bone metasta-
ses, not to cancer itself. Therefore, positive find-
ings with 18F-NaF PET/CT may be due to both 
benign and malignant bone disorders.

Here, we review the use of 18F-NaF PET/CT in 
prostate, breast, lung, thyroid, and renal cell 
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 cancer and discuss 18F-NaF PET/CT’s capability 
to monitor therapy, i.e., prior to initiation of ther-
apy (baseline scans), during treatment (interim 
scans), and after therapy (follow-up scans).

9.2  Management and Types 
of Treatments

Novel oncologic therapeutic agents, chemother-
apy, hormone therapy, immunotherapy, or radio-
nuclide therapies such as 223Ra and 177Lu-PSMA 
are expensive, and diagnostic test able to predict 
and monitor response to treatment, avoid over-
treatment, and unnecessary costs will improve 
patient management and guide individualized 
therapy.

9.2.1  Baseline 18F-Fluoride PET/CT

18F-Fluoride PET/CT has superior sensitivity, 
specificity, and accuracy, when compared to 
other imaging modalities, including PET/CT, 
bone scintigraphy with SPECT/CT, and whole- 
body MRI, to detect osteoblastic metastases in a 
variety of cancers [3–5]. This is noteworthy in 
cancers such as breast [5, 6], prostate [5, 7], lung 
[8, 9], and renal cell carcinoma [10, 11].

18F-Fluoride PET/CT’s higher spatial resolu-
tion leads to improved patient management 
because of the capability to determine, in a timely 
manner, the proper initial therapy in the early 
stages of cancers by detecting small osteoblastic 
metastases. If available, 18F-Fluoride PET/CT 
should be the image of choice as it leads to 
improved patient management, as well as reduced 
waiting time to perform images when compared 
to conventional bone scans [12]. Another poten-
tial advantage of 18F-Fluoride PET/CT is the con-
currently acquired CT images, which enable the 
detection of soft-tissue and/or visceral metasta-
ses, consequently increasing specificity.

In addition, baseline 18F-Fluoride PET/CT 
imaging has been shown to be a prognostic imag-
ing biomarker, helpful in therapy monitoring. 
Many different parameters are being investigated, 
the vast majority in prostate cancer.

Further we will discuss 18F-Fluoride PET/
CT’s capability to monitor therapy in different 
cancer types.

9.2.1.1  Prostate Cancer
Osteoblastic bone metastases originating from 
prostate cancer may predominate or be the only 
site of disease. The assessment of prognosis prior 
to and during treatment of prostate cancer is cru-
cial to increase the odds of individualized patient 
management and of better outcome. Some inter-
national recommendations already include 18F- 
NaF as a radiotracer for skeletal imaging [13]. 
PET/CT technology has exhibited higher spatial 
resolution and substantially greater sensitivity 
than conventional gamma cameras, resulting in 
higher image quality for a skeletal PET than for 
planar bone scintigraphy or SPECT [7, 14].

18F-NaF has been used for initial staging, 
detection of newly suspected skeletal metastases, 
suspected progression of skeletal disease, or 
assessing treatment response in prostate cancer 
patients.

The 18F-NaF fluoride PET/CT methodology 
allows for the simultaneous characterization of 
the alterations of metastatic bone density and the 
tracer uptake, which both are well established 
markers of lesion severity and may be essential in 
judging the necessity of early implementation of 
radionuclide therapies for bony pain palliation 
and treatment. For instance, most lytic lesions are 
not detectable at bone scintigraphy. It has been 
reported that in cancer patients with multiple 
skeletal metastases, an increased 18F-NaF- 
fluoride uptake is detected both in lesions with 
sclerotic characteristics on CT and in mixed scle-
rotic and lytic metastases [15].

There is a small meta-analysis about 18F-NaF 
PET/CT scans: of 3918 patients, 1289 (33%) had 
positive scans [16].

Bone metastases occur in nearly all patients 
with castration-resistant prostate cancer and are 
the primary cause of disability, impaired quality 
of life, and death, due to an increased risk of 
pathologic fractures, spinal cord or nerve root 
compression, and hypercalcemia of malignancy 
[17]. In this context, the skeletal involvement 
from prostate cancer can be assessed using 
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18F-NaF-Fluoride PET/CT. This imaging modal-
ity allows the identification and quantification of 
bone metastatic lesions [18, 19].

Current drugs for the treatment of bone metas-
tases also include ADT and systemic chemother-
apy but monoclonal antibodies, analgesics, 
EBRT, radiopharmaceuticals, and bisphospho-
nates specifically target osseous disease alone or 
in combination. However, 18F-NaF-Fluoride 
PET/CT is best in the evaluation of bone-targeted 
therapies and in bone-dominant metastatic pros-
tate cancer.

This 18F-Fluoride PET/CT methodology can 
be used for assessing the final outcome of many 
treatments [14]. The Na18F burden data is con-
vincing, because serum markers, such as alkaline 
phosphatase (AFOS) or prostate-specific antigen 
(PSA), seldom reflect small changes in the over-
all cancer burden.

Retrospective and prospective studies have 
shown that the whole-body skeletal tumor burden 
on baseline 18F-Fluoride PET/CT is a powerful 
imaging biomarker, capable of independently eval-
uating prognosis in prostate cancer patients [15, 
20]. The calculation of skeletal tumor burden on 
baseline 18F-Fluoride PET/CT has been conducted 
by establishing basically two different SUVmax 
thresholds: SUVmax = 10 [21] and SUVmax = 15 
[22]. Regardless of the quantification method and 
the threshold levels described above, all are repro-
ducible and have a remarkable prognostic power 
[1]. Baseline 18F-Fluoride PET/CT estimation of 
tumor burden may be able to define which prostate 
cancer patients will benefit from 223Ra therapy. 
223Ra is a bone-seeking therapeutic radionuclide 
that increases overall survival in metastatic cas-
trate-resistant prostate cancer (mCRPC) patients 
[23]. The 18F-fluoride uptake in osteoblastic bone 
metastases from prostate cancer measured in base-
line 18F-Fluoride PET/CT images has been shown 
to strongly, significantly, and directly correlate with 
the corresponding uptake and absorbed dose of 
223Ra, and these metrics can help evaluate subse-
quent lesion response to treatment [24, 25]. 
Additionally, 18F-Fluoride PET/CT is useful in 
patients with end-stage disease to monitor the odds 
of developing bone marrow failure after 223Ra due 
to extensive bone marrow tumor infiltration [26].

9.2.1.2  Breast Cancer
The skeleton is the major site of distant metasta-
ses in breast cancer patients although, unlike 
prostate cancer, osteolytic and osteoblastic 
lesions are present. Osseous metastases in breast 
cancer are approximately 50% osteoblastic, 
whereas in prostate cancer osteoblastic metasta-
ses occur in more than 80% of metastases based 
on histomorphometry [27]. Even though osteo-
lytic lesions may be present in breast cancer 
patients, 18F-Fluoride uptake occurs in these 
osteolytic lesions because of the surrounding 
osteoblastic response. Figures 9.1 and 9.2 dem-
onstrate the use of 18F-NaF-Fluoride PET/CT in 
clinical practice of breast cancer patients. It may 
also be used for assessing the cause of hip pain, 
i.e., due to malignancy or other etiology.

The largest study in the literature about NaF 
PET/CT in osseous metastases in breast cancer 
consisted of 118 patients [6]. In this Dutch study, 
F-NaF PET/CT detected bone metastases in 42% 
with an accuracy of 0.93. The scan results led to 
a change in patient management in 25%. In the 
evaluation of bone pain, an explanation for pain 
was found in 71% of the scans, benign pathology 
in 66%, and bone metastases in 5%. Indications 
for 18F-NaF PET/CT included primary staging 
(12%), follow-up (31%), bone pain (52%), 
abnormal laboratory findings (5%), and evalua-
tion of equivocal osseous lesions on other imag-
ing modalities (3%). Bone metastases were found 
in 42%, whereas 53% of the scans were negative 
and 5% yielded equivocal results. Correlation 
with the reference standard yielded a sensitivity 
of 0.96, a specificity of 0.91, a positive predictive 
value of 0.89, a negative predictive value of 0.97, 
and an accuracy of 0.93 [6].

Monitoring therapy in breast cancer can also 
be achieved by calculating the skeletal tumor bur-
den on 18F-Fluoride PET/CT [28]. Most impor-
tantly, the determination of the skeletal tumor 
burden in 18F-Fluoride PET/CT images has been 
shown to be an independent imaging biomarker 
of prognosis in these patients. This information 
will lead to proper patient management as there 
are no laboratory or other imaging biomarkers 
that, in disease that has affected the skeleton, can 
independently assess outcome to determine the 
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Fig. 9.1 71-year-old female patient with breast cancer 
treated with multimodality therapy presenting with right 
hip pain. The NaF PET/CT scan demonstrates severe 
osteoarthritis of the right hip. CT imaging shows severe 
joint space narrowing superiorly, with bone-on-bone con-

tact and sclerosis and irregularity of both the femoral and 
acetabular bone in this location. The fluoride localization 
on PET/CT scanning localizes along this interface, involv-
ing the cortical and subcortical bone at the site of the joint 
space narrowing

Fig. 9.2 58-year-old woman with breast cancer treated 
with multimodality therapy presents with left hip and 
back pain. The NaF PET/CT scans demonstrates multiple 

osseous metastases. The largest lesion in the left acetabu-
lum is intensely fluoride-avid, with an SUV of 62.1
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adequate treatment strategy [28]. In this Brazilian 
study [28], the skeletal tumor burden (TLF10) on 
18F-Fluoride PET/CT images of 107 female 
breast cancer patients was quantified, 40 for pri-
mary staging and the remainder for restaging 
after therapy. Bone metastases were present in 49 
patients, the median follow-up time was 
19.5 months. On multivariable analysis, skeletal 
tumor burden was significantly and indepen-
dently associated with overall survival 
(p  <  0.0001) and progression-free survival 
(p < 0.0001). The simple presence of bone metas-
tases was associated with time to bone event 
(p = 0.045) [28].

There have been some attempts to character-
ize the 18F-NaF behavior on skeletal metastases 
of breast cancer in more detailed manner, espe-
cially in relation to prognosis and endocrine 
treatment, but results are very preliminary. 
18F-Fluoride metabolic flux to bone mineral (Ki) 
by positron emission tomography/computed 
tomography (PET/CT) may provide incremental 
value in response assessment of bone metastases 
in breast cancer, because a significant mean per-
centage increase in Ki from baseline occurred in 
the 4 patients with clinical progressive disease 
compared with SUVmax (89.7% vs. 41.9; 
p < 0.001) [29]. After 8 weeks of endocrine treat-
ment for bone-predominant metastatic breast 
cancer, Ki more reliably differentiated disease 
progression from non-progression: In the 4 
patients with clinical progressive disease, mean 
Ki significantly increased (>25%) in all, whereas 
in the 8 non-progrediating patients, Ki decreased 
or remained stable in 7 [29].

Additionally, a prospective study has been 
performed to test 18F-FDG PET and 18F-NaF PET 
to predict time to skeletal-related events (tSRE), 
time-to-progression (TTP), and overall survival 
(OS) in patients with bone-dominant metastatic 
breast cancer [30]. Twenty-eight patients were 
imaged with 18F-FDG PET and 18F-NaF PET 
prior to new therapy and again approximately 
4 months later. Changes in 18F-FDG PET param-
eters during therapy were predictive of tSRE and 
TTP, but not OS. Serial 18F-NaF PET was associ-
ated with OS, because an increase in the uptake 
between scans of up to 5 lesions by 18F-NaF PET 

was associated with longer OS (P = 0.027). NaF 
was not useful for predicting TTP or tSRE in 
these patients [30].

9.2.1.3  Lung Cancer
The only large study in the literature compared 
the diagnostic accuracy of F-labeled sodium fluo-
ride (F-NaF) PET/CT with 99  m-technetium 
methylene diphosphonate (Tc-MDP) single pho-
ton emission computed tomography (SPECT) to 
detect bone metastases (BMs) in patients with 
preoperative lung cancer [31, 32]. Patients with 
lung cancer (n  =   181) were examined with 18F- 
NaF PET/CT, and another 167 patients with lung 
cancer were examined with Tc-MDP SPECT 
[32]. Sensitivity and specificity of PET/CT was 
significantly better than that of SPECT when 
equivocal reading was categorized as malignant 
or benign (P  <  0.05). Based on lesion-based anal-
ysis, SPECT produced 26 equivocal lesions of 
333 lesions, but PET/CT produced only 5 equivo-
cal lesions of 991 lesions. PET/CT was signifi-
cantly better than SPECT in the aspect of 
producing equivocal patients (χ   =   58.141, 
P  <  0.001). Sensitivity and specificity of PET/CT 
was significantly better than that of SPECT when 
equivocal reading was categorized as malignant 
or benign (P  <  0.05). F-NaF PET/CT is a highly 
sensitive and specific modality for the detection 
of BM in patients with preoperative lung cancer. 
It is better than conventional Tc-MDP SPECT in 
detecting BM in patients with preoperative lung 
cancer [31].

9.2.1.4  Thyroid Cancer
Two small studies have compared diagnostic per-
formance of 18F-NaF PET/CT with bone scintig-
raphy or the detection of thyroid cancer bone 
metastases. In a Korean study of the 17 suspected 
bone lesions in six (papillary:follicular  =  2:4) 
patients, 10 were metastatic and 7 benign [32]. 
Compared to BS, bone PET/CT exhibited supe-
rior sensitivity (10/10 = 100% vs. 2/10 = 20%, 
p  =  0.008) and accuracy (14/17  =  82.4% vs. 
7/17  =  41.2%, p  <  0.025). The specificity 
(4/7 = 57.1%) of bone PET/CT was not signifi-
cantly different from that of BS (5/7  =  71.4%, 
p > 0.05) [20].
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In a Japanese study, consisting of 11 patients 
who had been suspected of having bone metasta-
ses after total thyroidectomy and were hospital-
ized to be given 131I therapy [33], metastases were 
confirmed in 24 (13.6%) of 176 bone segments in 
9 of the 11 patients. The sensitivity of 18F-fluoride 
PET/CT was significantly higher than that of 18F- 
FDG PET/CT and 99mTc bone scintigraphy (pla-
nar) (p < 0.05) [33].

The original study of 35 patients with known 
or suspected bone metastases from thyroid 
(papillary:follicular = 9:26) carcinoma evaluated 
the anatomical distribution and metabolic behav-
ior of bone metastases using bone scintigraphy, 
whole-body iodine scintigraphy, 18F-NaF PET 
and CT or MRI [34]. The anatomical distribution 
of 43 bone metastases found in 18 patients was as 
follows: spine, 42%; skull, 2%; thorax, 16%; 
femur, 9%; pelvis, 26%; humerus and clavicle, 

5%. All metastases were osteolytic on x-ray and 
two-thirds (29/43) presented a missing or very 
limited osteosclerotic bone reaction on 18F- 
PET.  The combination bone scintigraphy and 
whole-body iodine scintigraphy revealed all the 
metastases, but neither of them alone. The find-
ings, including a low sensitivity of NaF (33%), 
are explained by missing or only weak osteoscle-
rotic bone reaction in thyroid cancer bone metas-
tases [34]. Two own cases are shown in Figs. 9.3 
and 9.4.

9.2.1.5  Renal Cell Cancer
Two studies have compared diagnostic perfor-
mance of 18F-NaF PET/CT with bone scintigra-
phy or the detection of renal cell cancer (RCC) 
bone metastases. 18F-NaF PET/CT is significantly 
more sensitive at detecting RCC skeletal metasta-
ses than conventional bone scintigraphy or 

Fig. 9.3 76-year-old female patient with metastatic pap-
illary thyroid cancer, post total thyroidectomy, radioio-
dine therapy, and lumbar spine metastasis treated with 
RT. The patient was referred for restaging of RAI refrac-
tory osseous metastasis after radiation therapy to the lum-

bar spine. The upper row of images represent the baseline 
NaF PET/CT scan demonstrating multifocal metastases in 
the spine, pelvis, and left zygoma. The lower row restag-
ing after 8  months demonstrating progression in the 
sacrum. The other metastatic lesions showed stable uptake

K. Kairemo and H. A. Macapinlac



107

CT.  Seventy-seven lesions in ten patients were 
diagnosed as malignant: 100% were identified by 
18F-NaF PET/CT, 46% by CT, and 29% by bone 
scintigraphy/SPECT [35]. Standard-of-care 
imaging with CT and bone scintigraphy identi-
fied 65% of the metastases reported by 18F-NaF 
PET/CT. On an individual patient basis, 18F-NaF 
PET/CT detected more RCC metastases than 
(99 m)Tc-MDP bone scintigraphy/SPECT or CT 
alone (P = 0.007). The SUV mean and SUVmax 
of the malignant lesions were significantly greater 
than those of the benign lesions (P < 0.001) [35]. 
The detection of occult bone metastases could 
greatly alter patient management, particularly in 
the context when standard-of-care imaging is 
negative for skeletal metastases.

Another study reports similar results: Overall, 
F-fluoride PET/CT showed a sensitivity of 100%, 
specificity of 94.4%, positive predictive value of 

94.7%, negative predictive value of 100%, and 
accuracy of 97.2% [36]. It demonstrated a total of 
134 skeletal lesions, of which 101 were charac-
terized as metastasis and 33 as benign. 
Corresponding CT changes were seen for 
129/134 lesions. The mean SUVmax of the 
lesions was 30  ±  48. F-Fluoride PET/CT and 
F-FDG PET/CT showed similar accuracy for 
visualization of bone metastasis (93.7 vs. 100%; 
P = 0.993). However, F-FDG PET/CT addition-
ally demonstrated extraskeletal metastasis in 
6/16 patients. No significant difference was seen 
between the accuracies of BS and F-fluoride 
PET/CT for visualization of bone metastasis 
(93.7 vs. 100%; P  =  0.115), but the former 
showed significantly more skeletal lesions (91 vs. 
44; P < 0.0001). In 4/22 patients (18%) with neg-
ative BS, F-Fluoride PET/CT demonstrated skel-
etal metastases [36].

Fig. 9.4 58-year-old female with metastatic thyroid can-
cer and known osseous metastases referred for baseline 
evaluation prior to cabozantinib therapy. The upper row 
demonstrates multifocal osseous metastases in the spine, 
left pelvis, and calvarium. The post therapy scan in the 

lower rows shows the large lytic lesions in the left sacral 
ala and left iliac crest showing resolution of previously 
noted rim or increased uptake, corresponding to response 
to treatment
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9.3  Assessment of Treatment 
Response (Postsurgical, Post 
Chemotherapy, Post 
Radiotherapy, Neoadjuvant, 
and Immunotherapy 
Settings)

Most scientific evidence about Na18F-PET in 
the response evaluation is based on the skeletal 
metastasis treatment by using 223Ra. This has 
been evaluated quantitively and after different 
number of treatment cycles. Anecdotally, even 
response criteria have been developed for pri-
mary bone tumors. These are discussed in this 
section.

9.3.1  Interim 18F-Fluoride PET/CT

The ideal moment to perform 18F-Fluoride PET/
CT scan to assess response to treatment is quite 
unclear. Bone restoration as a consequence of 
appropriate treatment causes an osteoblastic 
reaction in order to restore normal bone, increas-
ing 18F-Fluoride uptake, which is known as a flare 
response [37]. Flare responses may occur as early 
as the first cycle of therapy, whether with 223Ra 
for prostate cancer [38] or chemotherapy, mono-
clonal antibody therapy [39], or hormonal ther-
apy for breast cancer [40]. The flare phenomenon 
generally peaks and diminishes approximately 
2  months after initiation of therapy. This may 
explain why 18F-Fluoride PET/CT scans per-
formed 3 months after the beginning of therapy is 
a more reliable measure of tumor response than 
scans acquired after 2 months [41].

Unfortunately, progression of osteoblastic 
bone metastases will also cause an increase in 
osteoblastic reaction and inflammation second-
ary to tumor-associated growth factors. Therefore, 
the occurrence of the flare phenomenon reduces 
the specificity of interim scans to determine 
response to therapy. Even though the CT portion 
of the 18F-Fluoride PET/CT scans normally 
reveals reparative changes noted by the increased 
extent of the sclerotic lesions, there is no guaran-
tee that this phenomenon is due to reparative 
changes and not due to progressive disease.

9.3.1.1  Prostate Cancer
Interim 18F-Fluoride PET/CT scan has been per-
formed in prostate cancer patients in the advanced 
stages as well as in early stages of cancer. The 
initial small series of 10 mCRPC patients submit-
ted to interim 18F-Fluoride PET/CT scans and 
demonstrated that the determination of outcome 
after 223Ra was not possible since increased 
uptake was noted in responders and in nonre-
sponders [18]. These preliminary results in a 
larger population (n  =  161) submitted to 772 
223Ra cycles [14].

Etchebehere et  al. [42] evaluated 68 
18F-Fluoride PET/CT scans of mCRPC submitted 
to 223Ra therapy to determine if the interim scan 
could predict overall survival, progression-free 
survival, or time to a skeletal-related event. None 
of those outcome measures could be determined 
by interim 18F-Fluoride PET/CT scans. 
Additionally, in their study, a finding not 
described before in the literature was the decrease 
in 18F-Fluoride uptake on the interim scan com-
pared to the baseline scan in a small group of 
patients that developed bone marrow failure due 
to extensive bone marrow infiltration by tumor. 
On the contrary, in other patients, the increased 
18F-Fluoride uptake was due to a flare phenome-
non, posing a difficulty in determining which 
patients were progressing and which were 
responding. In their study, bone ALP levels had 
higher specificity than the interim 18F-Fluoride 
PET/CT scan.

However, while an interim 18F-Fluoride PET/
CT scan may not be useful to determine outcome 
after 223Ra therapy, its use on various 
 chemotherapeutic, tyrosine kinase, and hormonal 
agents may be impactful. For example, changes 
in interim 18F-Fluoride PET/CT scans to deter-
mine response to dasatinib therapy in 12 mCRPC 
have been shown to correlate well with bone 
alkaline phosphatase levels but have a borderline 
correlation with progression-free survival [43]. 
Contrary to expected findings, the mCRPC 
patients with the largest decrease in 18F-Fluoride 
uptake within the osteoblastic metastases in 
response to dasatinib had the worst outcomes 
while those patients with a lower decline or even 
an increase in osteoblastic activity had the lon-
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gest duration of therapy until progression. This 
may be caused by the properties of dasatinib, 
promoting osteoblast differentiation and activa-
tion thus increasing bone mineralization, compa-
rable to a flare phenomenon seen on 18F-Fluoride 
PET/CT scans.

In mCRPC patients undergoing chemotherapy 
or hormonal therapy, a recent study evaluated the 
ability of baseline and interim (after three cycles 
of therapy) 18F-Fluoride PET/CT scans to deter-
mine outcome of androgen receptor pathway 
inhibitors (n = 40) and chemotherapy (n = 16) in 
56 mCRPC patients with osteoblastic metastases. 
The interim 18F-Fluoride PET/CT scan was the 
strongest univariable predictor of progression- 
free survival [44].

These different studies have demonstrated that 
the variation of 18F-Fluoride uptake may be asso-
ciated with the mechanism of therapeutic reac-
tion within the bone. For example, bone-activating 
agents (such as 223Ra and dasatinib) may promote 
a flare response, and thus the increased 
18F-Fluoride uptake may be related to better out-
come. Quite the reverse, when using therapeutic 
agents that do not promote bone-activation (such 
as chemotherapy and hormonal therapy agents), 
the increase in 18F-Fluoride uptake may be related 
to worst outcome.

Therefore, it is not possible to extrapolate the 
18F-Fluoride uptake results obtained from the 
evaluation of one drug to all forms of systemic 
therapy, including secondary hormone therapy, 
chemotherapy, radiation therapy, monoclonal 
antibodies, and osteoclast activating inhibitors. 
The mechanism of action of individual drugs 
may vary, and the differences in biological behav-
ior of tumor types and effects on the skeleton 
may also differ.

An evaluation at 12 weeks after initiation of 
systemic therapy for bone metastases remains at 
an early enough time point to be clinically rele-
vant in informing clinical management deci-
sions and for measuring early response in 
clinical trials.

9.3.1.2  Breast Cancer
There are a limited number of studies evaluating 
the role of interim 18F-Fluoride PET/CT to deter-

mine response to therapy in metastatic breast 
cancer patients.

In one study, the 18F-Fluoride metabolic flux 
(Ki) measurement calculated after 8  weeks of 
endocrine treatment for bone-predominant meta-
static breast cancer seems more reliable in dif-
ferentiating progressive disease from 
nonprogressive disease when compared to semi-
quantitative SUV measures. The Ki was better 
than quantitative SUV measurements since the 
SUV metrics in general underestimates the 
18F-Fluoride clearance from metastatic bone. 
These initial results, observed in 12 patients, 
need further prospective validation in larger 
patient groups under different therapy regimes 
[29].

Dynamic 18F-Fluoride PET/CT studies dem-
onstrate a decrease of kinetic parameters as 
response to treatment, reflecting changes at a 
molecular level before any morphological modi-
fications arise.

9.3.2  Follow-Up 18F-Fluoride PET/CT

9.3.2.1  Prostate Cancer
Unlike the use of interim 18F-Fluoride PET/CT to 
monitor therapy in which uptake may vary and 
depend on the type of therapy being applied, the 
use of 18F-Fluoride PET/CT at the end of therapy 
has demonstrated better results (see Fig. 9.5 for 
response and Fig. 9.6 for progression).

18F-Fluoride PET/CT performed at baseline 
and 6  weeks after the last 223Ra cycle in 10 
mCRPC patients demonstrated quantitative 
reduction of 18F-Fluoride uptake ranging from 
7% to 68% was noted in all patients that 
responded to 223Ra treatment [18]. The quantita-
tive assessment of 18F-Fluoride PET/CT was 
based on modified PET response criteria, i.e., the 
sum of the SUVs from two regions [18]. The total 
skeletal burden such as TLF10 [21] is more pre-
cise in the follow-up setting. The study which 
analyzed 18F-Fluoride PET/CT scans to deter-
mine outcome of androgen receptor pathway 
inhibitors (n = 40) and chemotherapy (n = 16) in 
mCRPC patients with osseous metastases used 
actually TLF15 as a disease indicator and it turned 
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out be the strongest parameter to predict 
progression- free survival [44].

A recent study compared the accuracy of a 
first generation 18F-labeled prostate-specific 
membrane antigen (PSMA)-targeted agent 
(18F-DCFBC PET/CT) and of 18F-Fluoride 
PET/CT to evaluate treatment response of 28 
mCRPC patients submitted to androgen depri-
vation therapy. In patients on androgen depri-
vation therapy with early or metastatic castrate 
sensitive disease (PSA levels below 2 ng/mL), 
follow-up images after androgen deprivation 
therapy demonstrated significantly more 
lesions (residual disease) on 18F-Fluoride PET/
CT compared to 18F-DCFBC.  However, in 
patients with advanced mCRPC, the residual 

number of bone lesions was similar or higher 
on 18F-DCFBC compared to 18F-Fluoride PET/
CT.  Therefore, the utility of each radiotracer 
will depend on patient disease course and treat-
ment status [45].

9.3.2.2  Breast Cancer
A study conducted on 28 patients with breast 
cancer and metastases to the bone were evaluated 
with 18F-Fluoride PET/CT performed at a base-
line and approximately 4 months after initiation 
of the therapy. The increase in the 18F-Fluoride 
uptake between scans was associated with longer 
overall survival, although they were not predic-
tive of time to skeletal-related events or to time- 
to- progression [30].

Fig. 9.5 68-year-old male with metastatic castration-resis-
tant prostate cancer referred for 223Ra therapy. The upper 
row of images represents the baseline NaF PET/CT scan 
prior to treatment. The lower row of NaF PET/CT scans 
were acquired after 6 cycles of 223Ra therapy, with the 

patient demonstrating decrease in PSA levels. The NaF 
PET/CT scan demonstrates reduction of uptake in a right 
scapula and T2 vertebral body metastases. The other lesions 
in the spine and left third rib also showed reduction of 
activity
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9.3.2.3  Multiple Myeloma
In multiple myeloma patients, 18F-Fluoride 
PET/CT scan does not seem to add signifi-
cantly to response to therapy. A study evaluat-
ing the benefit of 18F-Fluoride PET/CT for 
treatment response assessment of multiple 
myeloma in 34 patients undergoing high-dose 
chemotherapy followed by autologous stem 
cell transplantation showed that, even though 
65% of the patients responded to treatment, 
85% of the follow-up 18F-Fluoride PET/CT 
images were unaltered compared to that of 
baseline images [46].

9.3.2.4  Metastatic Primary Bone 
Tumors

18F-NaF PET/CT suits for osteosarcoma diagnos-
tics not just because of its sensitivity in bone 
lesions but because of its possibility to analyze 
soft-tissue metastases due to bone formation. We 
also have developed new criteria (NAFCIST) for 
staging the disease [47], disease monitoring, and 
quantitative evaluation of response. These 
NAFCIST criteria were used successfully in 
phase I/II.

223Ra trial [48]. The NAFCIST criteria are pre-
sented in Table  9.1 and how they differ from 

Fig. 9.6 76-year-old male with metastatic castration resis-
tant prostate cancer with known osseous metastases referred 
for 223Ra therapy. The upper row of images represents the 
baseline NaF PET/CT scan prior to treatment. The lower 
row of NaF PET/CT scans were acquired after 6 cycles of 

223Ra therapy, with the patient demonstrating increase in 
PSA levels. The NaF PET/CT scan demonstrates a new 
metastatic marrowbased lesion in the right ilium. 
Progression was also noted in the sternal body seen on the 
MIP image in the rightmost lower row whole-body MIP
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RECIST and PERCIST criteria in Table 9.2. Own 
patients are shown in Figs. 9.7 and 9.8a, b.

9.3.3  Conclusions

18F-Fluoride PET/CT seems promising in the 
assessment of therapy as a prognostic imaging 
biomarker. Quantitative approach by defining 
skeletal tumor burden provides more accurate 
assessment of prognosis and response to therapy. 

Optimal disease evaluation by 18F-Fluoride PET/
CT imaging can be performed at baseline, at 
interim, or/and at the end of therapy, depending 
on the therapeutic regimen.

In order to properly evaluate response to 
treatment, it seems reasonable to prefer quantifi-
cation analyses to subjective qualitative reading 
to reduce reader-dependent subjectivity, inter 
and intra-observer variability, to detect subtle 
tumor regression or progression, and to obtain 
objective measures of bone metastases response.

Table 9.1 Positron emission tomography response criteria in primary bone tumors (NAFCIST)

Response category Criteria
Complete metabolic 
response

Normalization of all lesions (target and nontarget) to SUL less than mean skeletal SUL 
and equal to normal surrounding tissue SUL
Verification with follow-up study in 1 month if anatomic criteria indicate disease 
progression

Partial metabolic 
response

>30% decrease in SUVpeaka

Verification with follow-up study if anatomic criteria indicate disease progression
Progressive metabolic 
disease

>30% increase in SUVpeaka

>75% increase in total NaF burden of the five most active lesions
Visible increase in extent of NaF uptake
New lesions
Verification with follow-up study if anatomic criteria indicate complete or partial 
response

Stable metabolic 
disease

Does not meet other criteria

SUL standardized uptake value using lean body mass
aPrimary outcome determination is measured on the single most active lesion on each scan (not necessarily the same 
lesion). Secondary outcome determination is the summed activity of up to five most intense lesions (no more than two 
lesions per organ)

Table 9.2 Comparison of RECIST, PERCIST, and NAFCIST in primary bone tumors

RECIST PERCIST NAFCIST
Characteristics Anatomic response criteria 

for soft-tissue disease
Functional response criteria 
reflecting tumor glucose 
metabolism

Metabolic response criteria for 
bone forming disease

Advantages Commonly used Response determination is 
possible
Regardless of the location

Response determination is 
possible regardless of the organ

Disadvantages Limited to “measurable” 
soft-tissue disease

Limited to FDG-avid disease Limited to NaF-avid disease

Modified from Costelloe CM, Chuang HH, Madewell JE, Ueno NT. Cancer response criteria and bone metastases: 
RECIST 1.1, MDA and PERCIST. J Cancer 2010; 1:80–92
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Fig. 9.7 19-year-old male with osteosarcoma of the right 
fibula post resection, systemic therapy, RT to L1 and left 
sacrum. The upper row shows NaF PET/CT baseline prior 

to left mandibular radiation and bottom row shows 
response of left mandibular metastasis with progression of 
lest sacral metastasis

9.4  Common Patterns, Pitfalls, 
Variants, Advantages, 
and Limitations

Recognition of benign causes of fluoride uptake 
is essential for overdiagnosis and upstaging. In 
cases where skeletal disease burden is quantified 

for purposes of prognosis, care must be taken to 
differentiate the areas of malignant skeletal 
involvement from those resulting from benign 
processes such as fracture repair and inflamma-
tion. 18F-Fluoride PET/CT may result in uptake 
in benign tumors, some of them are listed in 
Table 9.3.
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a

b

Fig. 9.8 (a) 59-year-old male with metastatic osteosar-
coma, baseline NaF PET/CT in upper row demonstrating 
multiple osseous metastases with extraskeletal metastases 
in the right hemithorax. After 3 cycles of 223Ra therapy on 
clinical protocol, the majority of the disease is stable but 
the tumor recurrence dorsal to the upper thoracic spine at 
the level of T2 is persistently fluoride-avid and has 

increased slightly in extent since the prior study. (b) On 
follow-up imaging, bottom row shows the majority of the 
disease is stable but the tumor recurrence dorsal to the 
upper thoracic spine at the level of T2 is persistently 
fluoride- avid and has increased in extent since the prior 
study with the development of central necrosis but greater 
soft-tissue progression in the paravertebral muscles
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Reporting Post-Therapy Scans

Laura Evangelista and Lea Cuppari

10.1  Introduction

Quantification of tumor burden by medical imag-
ing is often used in our daily clinical practice to 
assess the effectiveness of various anticancer 
therapies in soft-tissue tumors.

Computed tomography (CT) represents the 
most common technique employed for the assess-
ment of response to therapy. Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1 
(RECIST1.1) is the currently adopted tumor 
response criterion in most trials of solid tumors. 
It uses unidimensional diameters of target lesions 
and the sum of measurements of all target lesions 
as a quantitative measure of tumor burden.

Positron emission tomography (PET) has 
been widely used in clinical practice for the 
staging, restaging, and the prognosis of patients 
with oncological disease, by using different 
radiopharmaceutical agents. However, in the 
last years, a huge amount of data has been pub-
lished about its role in evaluating response to 
therapies, both local and systemic ones. 
Moreover, 18F-Fluorodeoxyglucose (FDG) PET 
imaging, which measures functional changes, 
has shown advantages over anatomic imaging as 

a response evaluation tool in many malignancies 
[1–6]. Moreover, a significant association 
between the response to therapy, assessed by 
FDG PET/CT and prognosis, has been reported 
in some solid neoplasia, such as esophageal can-
cer and non- small- cell lung cancer (NSCLC) [7, 
8].

Radiopharmaceuticals such as 18F/11C- 
Choline, 68Ga-PSMA, or 68Ga-DOTATOC are 
also used in treatment evaluation response in spe-
cific types of cancers such as prostate cancer and 
neuroendocrine tumor [9, 10]. The present book 
chapter aims to provide some advice about the 
standard practices for evaluating response to ther-
apy with PET/CT. More emphasis will be given to 
FDG, being the commonest radiopharmaceutical 
agent used in clinical routine.

10.2  Patient Preparation

Before the FDG PET/CT scan, instructions given 
to the patient aim to reduce tracer uptake in phys-
iologic sites such as myocardium, urinary excre-
tory tract, brown fat, and muscles and optimize 
accumulation in the tumor tissue with radiation 
dose as low as reasonably possible.

A checklist for patient preparation should be 
in place to optimize the imaging quality, particu-
larly for the post-therapy examination.

In Fig. 10.1 example of a checklist.
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It is essential to maintain a low blood glucose 
level (lesser than 200 mg/dL, or 160 mg/dL in 
case of clinical trials), advising patients not to eat 
for at least four h before injection of FDG. In par-
enteral nutrition and intravenous fluids contain-
ing glucose, it is recommended discontinuing the 
infusion for at least four h. Adequate hydration is 
necessary, at least 1 L of water during the two h 
before injection. Patients must avoid physical 
exercise, preferably 24 h before PET/CT, to 
reduce the muscle uptake.

In case of oral hypoglycemic agents or insu-
lin, some advice should be given: (1) metformin 
should be discontinued for at least 48 h in case of 
an abdominal neoplasia localization, and (2) 
insulin infusion should be stopped at least 4  h 
before the FDG injection and a switch from a 

long-lasting to short-acting one is 
recommended.

During the injection of FDG, the patient 
should remain seated and silent to reduce uptake 
in muscles and vocal cords, especially for better 
visualization of the head and neck region. In a 
young patient and in case of cold temperature, 
the patient should be kept warm to reduce brown 
adipose tissue activation that would interfere 
with imaging interpretation. It is mandatory to 
exclude claustrophobia and other clinical 
symptoms that might interfere with not lying still 
during the PET/CT scan.

Immediately before the PET/CT acquisition, 
the patient should void the bladder to reduce 
nonspecific activity in the urinary tract and 
remove every metallic object.

Fasting for at least 4 hours before PET examination

Reduce as low as possible the carbohydrate the day before
PET examination

Diabetes*

Parental nutrition*

Hydratation with 1 liter of water during the 2h prior to PET 
examination

Avoid physical exercise at least 6 hours before PET 
examination

Other information:

Pregnancy and breastfeeding

Medications*

Schedule for contrast enhanced CT during PET 
examination*

*discuss with the Nuclear Medicine Physician

Fig. 10.1 A checklist 
for the correct 
preparation for FDG 
PET/CT examination
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For the evaluation of response to therapy with 
PET/CT, the instructions given to the patient, the 
blood sugar level obtained, and the dose of tracer 
(per kilogram of body weight) should be similar in 
the first and the subsequent scans, to allow the 
comparison of visual information and semiquanti-
tative data (i.e., standardized uptake value (SUV)).

The preparations of patients for the other 
radiopharmaceutical agents are discussed in the 
table (Table 10.1).

For further details, the readers can refer to the 
European Association of Nuclear Medicine 
guidelines (www.eanm.org) or the Society of 
Nuclear Medicine guidelines (www.snmmi.org).

10.3  Clinical Details

The knowledge of patient clinical information 
represents the first step for the accurate interpre-
tation of radiological images, as stated by some 
authors [11–14], in case of incomplete or inade-
quate history or patient information. It is helpful 
to discuss with referring physicians and review 
patient records or notes, and it is recommended. 

In Table  10.2, important clinical data which 
should be collected and the reasons why they are 
important.

10.4  Questions to Ask Patient

The discussion with the patient is essential for col-
lecting clinical data, particularly for the post- therapy 
PET examination. Below are some questions that 
would support the interpretation of PET images.

 1. Have you had any surgery, biopsies, or similar 
invasive procedures recently? Provide a brief 
list and the date, as possible.

 2. Do you have any prosthetic implants or drain-
age bags?

 3. Have you had any recent infections?
 4. Do you suffer any pain at the moment? If so, 

where?
 5. When did you last receive chemotherapy or 

radiotherapy, or other systemic treatments? 

Table 10.1 Patient preparation for non-FDG tracers

Radiopharmaceutical 
agent Preparation
68Ga-PSMA No fasting

Hydrating before the study
Voiding before the acquisition 
(furosemide is recommended in 
case of a suspicion of prostatic 
bed recurrence)

18F/11C-Choline Fasting for at least 6 h
Hydrating before the study
Voiding before the acquisition 
(furosemide is recommended in 
case of a suspicion of prostatic 
bed recurrence, in case of 
18F-Choline)

68Ga-DOTATOC No special preparation is 
required

Table 10.2 Clinical details

Clinical data Reasons
Clinical questions 
(or clinical 
indication)

To assess the correct protocol 
and radiopharmaceutical 
agent. In case of the evaluation 
of response to therapy, it is 
strongly recommended to 
reproduce the same 
examinations

The tumor type (also 
histological 
information, if 
available)

Useful to choose the 
radiopharmaceutical agent

The site of the 
disease

Useful to choose the protocol 
acquisition

Previous and/or 
ongoing treatments 
for oncological 
disease

Useful in order to:
   – Determine the correct time 

between last treatments and 
PET/CT scan (see the next 
paragraph)

   – Correctly interpret the 
images

Information useful 
for the interpretation 
of the images (i.e., 
inflammation in 
specific organs, or 
infective processes)

Everything that may have 
relevance to PET/CT 
interpretation should be 
mentioned (i.e., sarcoidosis, 
rheumatoid arthritis, others)

Comorbidities and 
correlative drugs

To critically evaluate the 
abnormal tracer distribution 
and the opportunity to 
withdraw drugs (i.e., 
metformin or others)

Reporting Post-Therapy Scans
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Provide a brief description by giving 
information about the previous administration, 
the type of systemic therapy.

 6. Are you taking any medicines or tablets? 
Please list.

 7. When was your last menstrual period?

10.5  When to Scan

After local (i.e., radiotherapy or surgery) or sys-
temic treatments, we often encounter different 
metabolic response patterns or altered 
biodistribution on the FDG PET/CT scans. These 
could change the way we interpret the images. A 
systematic review of the scans in patients 
undergoing therapy is essential to reduce the rate 
of false-positive findings (e.g., inflammation, 
infective, or reparative phenomena) and avoid 
misinterpretatation.

In Table 10.3 are summarized the optimal tim-
ings between therapies and FDG PET imaging.

For the other radiopharmaceuticals, no spe-
cific recommendations are suggested. For exam-
ple, the withdrawal of hormonal therapy and 
somatostatin analogue therapy for 68Ga-PSMA/

radiolabeled choline and 68Ga-DOTATOC, 
respectively, is under debate.

10.6  What to Look  
for in the Scans

PET images should be displayed with and with-
out attenuation correction, particularly in case of 
a suspicion of recurrence close to metallic 
implants, calcifications, and/or patient motion. 
The description of the optimal windowing of 
PET images is beyond the scope of the present 
chapter; for further details, please refer to 
Hofman et al. [15].

It is important to have a consistent organiza-
tional scheme when reporting imaging findings, 
in particular, after treatments. Visual criteria rep-
resent the most important component of the 
imaging lecture. Below are some advice for the 
critical lecture of images:

 1. The black and white cine maximum intensity 
projection (MIP) should be the initial review 
of PET images.

 2. Physiological biodistribution should be con-
sidered, especially after treatments in coronal, 
sagittal, or transverse PET images. Surgery, 
radiotherapy, and chemotherapy can alter the 
normal elimination of the tracer. Surgery can 
change the morphology, and radiotherapy and 
chemotherapy could temporarily change 
renal, hepatic, cardiac, and other physiologi-
cal functions, thus altering the normal kinetic 
of the tracer.

 3. The uptake of radiopharmaceuticals in non-
physiological sites should be described, in 
terms of the intensity of uptake (i.e., low/
moderate/high), of the anatomical size, and of 
the pattern of uptake (i.e., diffuse or focal).

 4. The comparison with the previous PET scans 
should be made by using a specific scheme. 
For example (1) the images should be viewed 
over the same dynamic gray scale or color 
scale range; (2) a comparative information of 
tracer uptake should be given, in terms of 
increase, decrease, or stable; (3) an organ of 
reference should be considered, such as liver 

Table 10.3 Optimal timing of FDG PET/CT and 
treatments

After treatments Timing
Chemotherapy At least 10 days, preferably 

3 weeks
Growth factors At least 2 weeks, it could be 

long-lasting
Hormonal 
therapy

No specific evidences are now 
available. In the majority of cases, 
the hormonal therapy is chronic or 
prolonged for more than 2 or 5 or 
10 years. Therefore, a complete 
analysis of risk/benefit should be 
made prior to withdrawing it

Bisphosphonate 
drugs

Delayed as long as possible after 
the previous administration. At 
least 15 days are suggested

Radiotherapy 8–12 weeks after the end of 
treatment. However, the time would 
be less in case of specific clinical 
need (i.e., in case of whole-body 
evaluation)

Surgery Depends on surgery, at least 
6 weeks

10 L. Evangelista and L. Cuppari 
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or blood pool, in order to apply specific crite-
ria (see the next paragraph).

10.7  How to Describe, Report 
Post-Therapy Finding Scores, 
Criteria, etc. (Post-Surgical, 
Post-Chemotherapy, Post- 
Radiotherapy, and Post- 
Immunotherapy Settings)

The visual analysis of the images would be com-
pleted by semiquantitative data. The most com-
mon are SUV, in terms of SUVmax, SUVmean, 
and SUVpeak. The definitions have been exten-
sively reported in literature [16]. However, other 
semiquantitative information can be added, such 
as metabolic tumor volume (MTV), TLG (total 
lesion glycolysis), TLCKA (total lesion choline 
kinase activity), 68Ga-DOTATOC tumor lesion, 
and total lesion PSMA (TL-PSMA) [17–20].

For the interpretation of post-therapy PET 
images, many criteria have been proposed, but 
only one is now standardized for the clinical 
practice. The Deauville criteria have been 
reported in FDG-avid lymphoma patients, and 
now is employed worldwide for the interim and 
post-therapy PET evaluation [21]. It is a five- 
point score criteria that considered blood pool 
and liver as the reference organs. Score 1 denotes 
no significant uptake in the index lesion; score 2, 
an uptake lower than or equal to blood pool; 
score 3, an uptake higher than blood pool but 
lower than or equal to liver; score 4, an uptake 
moderately higher than liver; and score 5, an 
uptake severely higher than liver or the appearance 
of new lesions.

The other criteria for the interpretation of PET 
scan, before and after therapy, are reported in 
Table 10.4.

An example of a PET report is shown in 
Fig. 10.2.

Table 10.4 Criteria for the interpretation of images (suggested only for FDG PET examination)

Criteria name, ref Neoplasia Therapy Interpretation
EORTC [22] Solid 

tumors
Chemotherapy CMR: Complete resolution of FDG uptake in all lesions

PMR: ≥25% reduction in the sum of SUVmax after more than 
one cycle of treatment
PMD: ≥25% increase in the sum of SUVmax or appearance 
of new FDG-avid lesions
SMD: Not qualify for CMR, PMR, or PMD

PERCIST [23] Solid 
tumors

Chemotherapy CMR: Complete resolution of FDG uptake in all lesions
PMR: ≥30% reduction of the SULpeak and an absolute drop 
of 0.8 SULpeak units
PMD: ≥30% increase in the SULpeak of the FDG uptake and 
an absolute increase of 0.8 SULpeak, or appearance of 
FDG-avid new lesions
SMD: Not qualify for CMR, PMR, or PMD

iPERCIST [24] Lung 
cancer

Immunotherapy CMR: Complete resolution of FDG uptake in all lesions
PMR: ≥30% reduction of the SULpeak and an absolute drop 
of 0.8 SULpeak units
PMD: Unconfirmed progressive metabolic disease (UPMD) 
and confirmed progressive metabolic disease (CPMD)
UPMD was a PMD at SCAN-2, and CPMD was an UPMD 
confirmed 4 weeks later at SCAN-3. In iPERCIST, SCAN-3 is 
compared to SCAN-2, and patients were classified as CMR, 
PMR, SMD, or CPMD according to PERCIST 
recommendations
SMD: Not qualify for CMR, PMR, or PMD

(continued)
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Table 10.4 (continued)

Criteria name, ref Neoplasia Therapy Interpretation
PECRIT [25] Melanoma Immunotherapy CR: RECIST 1.1 (disappearance of all target lesions; 

reduction in short axis of target lymph nodes to <1 cm; no 
new lesions) (clinical benefit)
PR: RECIST 1.1 (decrease in target lesion diameter sum 
>30%) (clinical benefit)
SD: Does not meet the other criteria. Change in SULpeak of 
the hottest lesion of >15% (clinical benefit)
Change in SULpeak of the hottest lesion of ≤15% (no clinical 
benefit)
PD: RECIST 1.1 (increase in target lesion diameter sum of 
>20% and at least 5 mm or new lesions) (no clinical benefit)

PERCIMT [26] Melanoma Immunotherapy CR: Complete resolution of all preexisting 18F-FDG-avid 
lesions; no new 18F-FDG-avid lesions (clinical benefit)
PR: Complete resolution of some preexisting 18F-FDG-avid 
lesions. No new, 18F-FDG-avid lesions (clinical benefit)
SD: Neither PD nor PR/CR (clinical benefit)
PD: Four or more new lesions of <1 cm in functional diameter 
or three or more new lesions of >1.0 cm in functional 
diameter or two or more new lesions of more than 1.5 cm in 
functional diameter (no clinical benefit)

PETER MAC 
[27]

Lung 
cancer

Radiotherapy 
and 
chemotherapy

CR: No tumor FDG uptake or activity in the tumor similar to 
that in the mediastinum
PR: Appreciable reduction in intensity of tumor FDG uptake or 
tumor volume apparent to the nuclear medicine physician when 
pre- and post-treatment PET scans were displayed using a 
standardized method and no disease progression at other sites
SD: No appreciable change in intensity of tumor FDG uptake 
or tumor volume between scans and no new sites of disease
PD: Appreciable increase in tumor FDG uptake or volume of 
known tumor sites or evidence of disease progression at other 
intrathoracic or distant metastatic sites

IMPeTUs [28] Multiple 
myeloma

Chemotherapy Association of the following parameters:
(1) bone marrow state
(2) number and site of focal lesions, with or without osteolytic 
characteristics
(3) presence and sites of extra-medullary or para-medullary disease
(4) presence of fractures
The degree of FDG is usually quantified according to the 
Deauville criteria

Modified 
Lugano criteria 
and LYRIC 
criteria [29]

Lymphoma Immunotherapy CR: PET/CT score 1, 2, or 3 with or without a residual mass 
on Deauville criteria or on CT, target nodes/nodal masses 
must regress to <1.5 cm in longest diameter
PR: PET/CT score 4 or 5 with reduced uptake
Compared with baseline and residual masses
Of any size. Or on CT ≥50% decrease in sum of the product of the 
diameters of up to six target measurable nodes and extranodal sites
PD: PET/CT score 4 or 5 with an increase in intensity of 
uptake from baseline and/or new FDG-avid foci consistent 
with lymphoma at interim or end-of-treatment assessment. In 
association with a new category of indeterminate response. 
For further details, please check Cheson et al. [29]

EORTC European Organisation for Research and Treatment of Cancer, PERCIST Positron Emission Tomography 
Response Criteria in Solid Tumors, iPERCIST Immuno Positron Emission Tomography Response Criteria in Solid 
Tumors, PECRIT PET/CT Criteria For Early Prediction Of Response To Immune Checkpoint Inhibitor Therapy, 
PERCIMT PET Response Evaluation Criteria for Immunotherapy, IMPeTUs Italian Myeloma criteria for PET USe, 
LYRIC Lymphoma Response to Immunomodulatory therapy Criteria, CMR complete metabolic response, PMR partial 
metabolic response, SMD stable metabolic response, PMD progressive metabolic disease, CR complete response, PR 
partial response, SD stable disease, PD progressive disease
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10.8  Common and Less Common 
Findings

On the PET scan, some benign conditions can 
mimic persistent disease during or after therapy, 
particularly with FDG. This radiopharmaceutical 
is not specific enough, and some conditions, like 
inflammation, can be associated with a low- 
moderate tracer uptake at PET images [15, 30]. 
Therefore, any conditions that can be correlated 
with adverse events during or after therapy can 
cause false-positive findings.

In Table 10.5 discuss the major causes of false 
positives at FDG PET/CT after treatments.

Inflammation and infections can be considered 
the common false-positive findings in FDG and 
other metabolic tracers, such as 11C-Choline or 
18F-Choline [31]; however, similar data have been 
reported related to 68Ga-DOTATOC and 
68Ga-PSMA [32, 33]. Limited evidence is now 
available about the role of these agents in the 
evaluation of response to therapies. Therefore, 
little data is known about the false positives 
findings during treatments.

ELEMENT DESCRIPTION

Clinical details

Indication for study
Cancer type and the site of disease
Summary of treatment information (insert the last 
treatment dates)

Technical 
procedure

Blood glucose level
Radiopharmaceutical (name and dose)
Time between tracer injection and PET acquisition
Precise body region scan
PET/CT instrument and characteristics of CT part
CT technique (including whether oral or intravenous
contrast was used) 

Comparison
studies

Comparison with prior PET studies, by including date, the
scanner type and the name of center (if different)

Findings

Visual analysis (comparison with previous PET scan)
Semiquantitative analysis (comparison with previous  PET 
scan)
Standardized criteria, if available for the solid tumor
Abnormal tracer findings should be correlated with 
concurrent CT or MRI images, if  applicable
In addition, incidental findings at PET, CT, and MRI 
should be described

Impression and 
conclusions

Clear interpretation of findings: CMR, PMR, SMD, PMD
Recommendations for follow-up studies, if applicable

CMR = complete metabolic response; PMR = partial metabolic response; 
SMD = stable metabolic disease; PMD = progressive metabolic disease

Fig. 10.2 A suggested 
structure for a PET 
report

Reporting Post-Therapy Scans
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10.9  How to Interpret 
the Findings:  
Dos and Don’ts

10.9.1  What to Do

 1. When high metabolic activity is present, one 
of the primary aims is to ascertain if the 
etiology is malignant, benign, or inflammatory.
 (a) Malignant uptake is focal, and moderate 

to intense, and shows a correspondence 
with an abnormal finding at CT or MRI 
coregistered images.

 (b) Benign finding is well defined by a low or 
absent tracer uptake and with a 
physiological pattern at CT or MRI 
coregistered images.

 (c) Inflammatory processes are typically lin-
ear and track along soft-tissue boundaries 
such as pleural surfaces or fascial planes.

 2. The intensity of uptake in metastases usually 
parallels that in the primary site of disease. If 
not, another etiology should be considered. 
However, some conditions should be 
evaluated, such as the size of lymph nodes and 
the proximity of primary tumor. The exception 
to this concept is tumors with a heterogeneity 
biology (i.e., follicular lymphoma, chronic 
lymphocytic leukemia, endocrine tumors). In 
this case, it is necessary to integrate more 
radiopharmaceutical agent.

 3. Integrating the CT or MRI morphology is cru-
cial to reach an accurate interpretation.

 4. In post-therapy examination, it is important to 
compare all the baseline lesions with the post- 
scan lesions, both those with and without a 
significant tracer uptake. Remember that no 
uptake in a CT lesion is an important 
prognostic factor.

 5. Review of multiple serial MIP images over 
the course of therapies can enable rapid 
appreciation of changes, not evident by 
comparison with the prior study.

 6. Suggest any additional procedures, both non-
invasive or invasive, in case of unclear or 
doubtful findings.

10.9.2  What Not to Do

 1. Avoid a comparison between images per-
formed too distant, in particular in case of dif-
ferent therapies or settings among the scans.

 2. Do not compare two PET scans performed 
with different radiopharmaceuticals, before 
and after therapy. In this case, please suggest 
only the biological behavior and the potential 
effects in the therapeutic choice.

 3. In case of the evaluation of response to ther-
apy, do not use the semiquantitative data in 
pre- and post-therapy scan, in case of different 
PET instruments or in case of an intense 

Table 10.5 False-positive causes at PET/CT, after treatments

Treatment Common Less common
Chemotherapy Inflammation (i.e., high and symmetric tonsillar 

activity post chemotherapy), and/or reactive 
lymph nodes

Complications due to the therapy (e.g., 
pneumonitis)

Surgery Reparative phenomena in the site of surgery (i.e., 
post talc pleurodesis)

Inflammation and reactive lymph nodes

Radiotherapy Post-radiotherapy inflammatory change Reactive lymph nodes, post-actinic effects
Immunotherapy Immune-related inflammatory response (i.e., 

diffuse splenic uptake or inflamed lymph nodes)
Immune-related events (i.e., colitis, 
pneumonitis, sarcoidosis-like syndrome, 
thyroiditis, etc.)

Hormonal 
therapy

Granuloma post-injection (i.e., in the gluteus) Flare phenomenon

Bisphosphonate 
drugs

None Mandibular fracture
Infection

10 L. Evangelista and L. Cuppari 
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extravasation on one of the scans. In this case, 
only visual assessment is warranted.

 4. Avoid to evaluate the response to therapy, by 
comparing the PET scan with a previous 
anatomical examination (i.e., MRI or CT). It 
is strongly recommended to use the same 
type of examination before, after, and during 
therapy.

10.10  What to Advise the Referrers

In conclusion, a review of PET images at both 
baseline and post-therapy evaluation requires 
good experience and critical analysis. An essen-
tial suggestion is to evaluate PET examination, 
independent of the radiopharmaceuticals, from 
the clinical data collection to the final report. 
Discuss indeterminate or unclear findings with 
the referring physician. 
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11.1  Case 1

Clinical Details
60-year-old man with a right oropharyngeal 
moderately differentiated squamous cell carci-
noma (HPV-negative, cT3N0M0), which was 
treated by concomitant radiochemotherapy. 
Three months after the end of the treatment, the 
clinical evolution is overall favorable but there 
remains a slight induration of the right tonsillar 
region.

Images

Scan Findings
The baseline PET/CT (Fig.  11.1a–d) shows the 
right oropharyngeal lesion with intense [18F]FDG 
uptake.

[18F]FDG PET/CT 3 months after the end of 
concomitant radiochemotherapy (Fig.  11.1e–h). 
Persistence intense focal uptake in the right ton-
sillar area, with a low-activity central area (red 
arrow). There is uptake by the tongue and para-
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vertebral muscle. There are also two new foci in 
both lungs (blue arrows).

Note: The first three steps of the PET acquisi-
tion last 4 min, the others 90 s. The MIP images 
shown here are reconstructed using a body proto-
col (pixel size 4 × 4 × 4 mm) whereas the axial 
slices were extracted from the H&N protocol 
(pixel size 2 × 2 × 2 mm).

Interpretation
Partial response of the primitive tumor with per-
sistence of a necrotic residual tumoral tissue in 
the right tonsillar area.

Endoscopy revealed a necrotic lesion of the 
right tonsil, and biopsy confirms the presence of 

necrotic tissue with moderately differentiated 
squamous cell carcinoma infiltration.

Two lung nodules with intense metabolism were 
deemed consistent with metastases. However, a 
CT-guided biopsy only showed inflammatory cells.

Teaching Points
Treatment failure is usually easily assessed, but 
this case serves as a reminder that [18F]FDG 
uptake is not specific for cancer. The posttreat-
ment scan shows both physiological uptake 
(muscle) and inflammatory changes (lung 
lesions). The former needs to be recognized 
when reading the study, but the later may need 
pathological correlation.

P. Lovinfosse and R. Hustinx
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11.2  Case 2

Clinical Details
27-year-old man with cT2N0M0 squamous cell 
carcinoma of the left side of the tongue (moder-
ately differentiated and HPV-negative). It was 
diagnosed in the course of an acute lymphoblas-
tic leukemia treated by chemotherapy and 
allograft. The patient underwent partial glossec-
tomy and adjuvant radiotherapy, as pathology 
revealed perinervous infiltration.

Images

Scan Findings
The lesion of the tongue is clearly identified on the 
baseline scan (Fig. 11.2a–d). Three months after the 
end of radiotherapy, follow-up [18F]FDG PET/CT 
showed absence of suspicious lesion (Fig. 11.2e–h). 
However, 8 months after the end of the radiother-
apy, a left lingual lesion clinically developed in the 
form of an induration, which turned out to be highly 
hypermetabolic (Fig. 11.2i–l).
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Interpretation
Three months after the end of radiotherapy: com-
plete response.

Eight months after the end of radiotherapy: 
local recurrence. This was confirmed by a new 
biopsy.

Teaching Points
Postradiation inflammatory changes are usually 
easily recognized but they are not systematically 
present. In this case, they were none whatsoever.

Also, this HPV-negative patient had an early 
relapse, and this illustrates the capacity of PET/
CT for both following up and restaging those 
patients.

P. Lovinfosse and R. Hustinx
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11.3  Case 3

Clinical Details
66-year-old man with a cT2N2c squamous cell 
carcinoma of the base of the tongue (moderately 
differentiated, HPV-negative), treated by con-
comitant radiochemotherapy.

Images

Scan Findings
Baseline [18F]FDG PET/CT (Fig. 11.3a–d):

Intense uptake by the right basal tongue lesion 
and two ipsilateral adenopathies (cervical area IIa). 
Very mild uptake in a pericentimetric lymph node in 
the left cervical area IIa. No distant metastasis.

[18F]FDG PET/CT 3 months after the end of 
concomitant radiochemotherapy (Fig.  11.3e–h): 
Mild uptake at the site of primitive tumor and 
unchanged aspect of the left LN (blue arrow). 
Furthermore, moderate symmetrical uptake of 
palatine tonsils. Note that the yellow star indi-
cates paravertebral muscle uptake.

Interpretation
Major response of the primitive tumor with per-
sistence of a moderate hypermetabolism consis-

tent with radiation-induced inflammation. 
Complete metabolic response of the right cervi-
cal adenopathies and no change in the left cervi-
cal lymph node, hence considered as equivocal 
finding according to Mehanna et  al. No distant 
metastasis.

Biopsy of the base of tongue residual metabo-
lism confirmed chronic radiation-induced inflam-
matory tissues. Exclusive left cervical lymph 
node dissection showed the absence of lymph 
node invasion (0/15).

Teaching Points
Assessing residual nodal disease after chemora-
diotherapy remains a challenge, as up to one out 
of four PET/CT studies may be classified as 
equivocal. Mild uptake in normal size LN is fre-
quently observed in relation with inflammation, 
in patients who are often smokers or present with 
impaired oral and dental hygiene. In this case, the 
absence of evolution was consistent with inflam-
matory nodes, although it is still recommended to 
perform LN dissection in such equivocal 
findings.
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11.4  Case 4

Clinical Details
47-year-old woman with a moderately differenti-
ated cT3N2b squamous cell carcinoma of the 
right pyriform sinus treated by concomitant 
radiochemotherapy.

Images

Scan Findings
Baseline [18F]FDG PET/CT (Fig.  11.4a–d): 
Right pyriform sinus lesion with intense [18F]
FDG uptake causing focal lysis of the posterior 
component of the right lamina of the thyroid 
cartilage and showing a pre-laryngeal exten-
sion. There are also foci of intense uptake in 
the right cervical areas IIa and III and left cer-
vical area IV and a more moderate focal uptake 

in the left cervical area III.  No distant 
abnormally.

[18F]FDG PET/CT 3  months after concomi-
tant radiochemotherapy (Fig.  11.4e–h): Very 
mild uptake at the site of primitive tumor, no 
residual uptake in the nodal areas. Increased [18F]
FDG uptake by the proximal portion of the 
esophagus. High heterogeneous uptake in the 
right lower lobe.

Interpretation
Complete response of the primitive tumor and of 
all lymph node metastasis. Postradiation esopha-
gitis. Right LL bronchopneumonia.

Teaching Points
This illustrates a typical complete tumor response 
3  months after RCT.  Very mild uptake is often 
seen and easily identified as postradiation changes.
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11.5  Case 5

Clinical Details
69-year-old man with a poorly differentiated, 
HPV-negative cT4N2c squamous cell carcinoma 
of the left base of the tongue, treated by concomi-
tant radiochemotherapy.

Images

Scan Findings
The baseline scan shows high uptake by the pri-
mary, also invading ipsilateral vallecula and ton-
sil area, along with bilateral cervical lymph nodes 
(Fig. 11.5a–d).

Three months after the end of treatment, 
persistence of an intense [18F]FDG uptake 

regarding the base of tongue and bilateral cer-
vical adenopathies. Additionally, two hyper-
metabolic pulmonary nodules are seen in the 
lower left lobe along with a hypermetabolic 
retroclavicular adenopathy (red arrow, 
Fig. 11.5e–k).

Interpretation
Partial metabolic response of the primary and left 
cervical adenopathies and stability of the right 
cervical adenopathy. Overall, progressive disease 
(lung metastases and LN).

Teaching Points
Progression of disease is readily identified by 
PET/CT, including outside the area initially 
involved.
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11.6  Case 6

Clinical Details
This patient presented with a left nodal recur-
rence of a left tongue squamous cell carcinoma, 
cT4N0M0, treated by exclusive surgery 1  year 
earlier. Assessment 3  months after the end of 
radiochemotherapy.

Images

Scan Findings
The baseline scan shows an intense uptake in the 
nodal recurrence (Fig.  11.6a–d). Three months 
after the end of treatment (Fig. 11.6e–h), persis-

tence of an intense focal uptake in the left cervi-
cal main adenopathy. Mildly increased focal 
uptake in the right neck. No other suspicious 
lesion. High, homogeneous esophageal uptake.

Interpretation
Poor partial metabolic and volume response of 
the large left cervical adenopathy. The infracenti-
metric right cervical lymph node remains stable 
consistent with nonspecific inflammatory node 
(see also Case 3). Diffuse esophagitis.

Teaching Points
Absence of response is readily identified by PET/
CT, including as in this case of nodal disease.
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11.7  Case 7

Clinical Details
55-year-old man with a poorly differentiated 
squamous cell carcinoma of the left submaxillary 
gland cT3N2bM1 with ipsilateral cervical lymph 
node metastasis and a single bone metastasis of 
cervical vertebrae C3. Assessment 3 months after 
the end of radiochemotherapy.

Images

Scan Findings
High uptake by the primary, multiple invaded lymph 
nodes and vertebral metastasis (Fig.  11.7a–d). 
Three months after the end of treatment, only very 
mild uptake remains in the head and neck area, but 

there is now an intense focal uptake of [18F]FDG in 
the left pulmonary hilum (Fig. 11.7e–h).

Interpretation
Complete metabolic response of the primary 
lymph nodes and bone metastasis. New left pul-
monary lesion, highly suspicious of malignity.

Considering the discordant evolution, the pul-
monary hilar lesion is biopsied. Pathology reveals 
an adenocarcinoma.

Teaching Points
Synchronous cancers (lung, esophagus) are not 
infrequent in HN carcinomas. PET/CT allows for 
an early detection of such lesions, although in the 
present case, the primary lung progressed unusu-
ally rapidly.
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11.8  Case 8

Clinical Details
47-year-old man with a right oropharyngeal 
squamous cell carcinoma (moderately differenti-
ated, HPV-negative) with bilateral cervical lymph 
node metastases, classified cT4N2cM0 and 
treated by concomitant radiochemotherapy.

Images

Scan Findings
The primary and lymph nodes are highly hyper-
metabolic (Fig. 11.8a–d). Three months after the 
end of the treatment, there remains only mild 
uptake in the area of the primary, no abnormal 
uptake in the nodal areas (Fig. 11.8e–h).
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One year later, clinical suspicion of recur-
rence. PET/CT shows highly increased uptake 
centered on the right side of the hyoid bone, with 
corresponding lysis on CT (Fig. 11.8i–l).

Interpretation
Four months after the end of the treatment, com-
plete tumor response with mild postradiation 
inflammatory changes.

After 1  year, PET/CT consistent with recur-
rent disease.

However multiple biopsies revealed chronic and 
subacute inflammatory changes mixed with areas 
of fibrosis and necrosis. No tumor cells are seen.

Teaching Points
The PET/CT study at 3 months is typical for a 
complete response, but the clinical course is 
unusual and the lack of specificity of [18F]FDG 
makes it impossible for the PET/CT study to dis-
tinguish delayed inflammatory changes from 
recurrence (see also Case 15).
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11.9  Case 9

Clinical Details
68-year-old woman with a left oropharyngeal 
squamous cell carcinoma, treated by surgery 
(pT2N1M0). Adjuvant radiochemotherapy is 
administered due to evidence of lymph node cap-
sular effraction at pathology.

Images

Scan Findings
The baseline scan shows highly increased uptake 
in both the primary and the lymph node 
(Fig.  11.9a–d). Three months after the end of 

radiochemotherapy (Fig. 11.9e–h), visualization 
of a vast hypermetabolic lesion occupying the 
left lingual floor, crossing the median line, invad-
ing the hyoid bone, and extending into the pre- 
laryngeal region and the thyroid gland. There are 
also bilateral cervical lymph node metastases.

Interpretation
Major locoregional neoplastic progression.

Teaching Points
This represents an unusually rapid progression 
on treatment, most often seen in HPV-negative/
p16 negative oropharyngeal squamous cell 
carcinoma.
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11.10  Case 10

Clinical Details
64-year-old man with a well-differentiated 
squamous cell carcinoma of the uvula with 
bilateral cervical lymph node metastasis 
(cT2N2cM0), treated by local surgery, bilat-
eral cervical lymph node dissection (includ-
ing parapharyngeal area), and adjuvant 
radiochemotherapy.

Images

Scan Findings
At baseline, the primary and the adenopathies 
are highly hypermetabolic (Fig.  11.10a–d). 
Three months after the end of radiochemother-
apy, those lesions are no longer present 
(Fig. 11.10e). There is increased uptake by the 
right vocal cord (Fig.  11.10f–h), mild uptake 
in the right posterior wall of the nasopharyn-
geal area, distant from the primary location 
and considered to physiological muscular 

uptake (Fig.  11.10i–k), and disappearance of 
all the initial lesions.

Three months later (Fig. 11.10l–o), there is a 
vast hypermetabolic lesion of the right para- 
nasopharyngeal area invading the base of the 
skull. No abnormal laryngeal uptake.

Interpretation
Early recurrent disease mistakenly interpreted as 
physiological uptake, but became obvious at fol-
low up.

Vocal cords asymmetrical uptake of functional 
origin (hoarseness at the time of the exam, which 
spontaneously resolved later on).

Teaching Points
This mild uptake in an area clearly distinct of the 
primary was misidentified as physiological, 
although clearly asymmetrical. Sensitivity being 
the primary strength of [18F]FDG cancer imag-
ing, correlative imaging should be performed 
whenever necessary. In this case, an MRI might 
have confirmed the recurrence earlier.
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11.11  Case 11

Clinical Details
67-year-old man with a cT2N2c squamous cell 
carcinoma of the base of the tongue (HPV- 
negative) treated by concomitant radiochemo-
therapy, considered in complete remission. Four 
months after the end of the treatment, the patient 
develops fatigue with weight loss.

Images

Scan Findings
Highly increased uptake in the right hyo-thyro- 
epiglottic region, with CT showing the presence of 
air and a lysis of the hyoid bone. There is also a 
pulmonary infiltrate of the right upper lobe associ-
ated with a moderate [18F]FDG uptake (Fig. 11.11).

Interpretation
The association of the PET and CT findings is 
consistent with an abscessed collection associ-

ated with a hyoid bone fracture, although early 
tumor recurrence cannot formally be excluded. 
Right upper lobe bronchopneumonia.

A watch and wait approach was followed, and 
further imaging showed no changes. Remarkably 
an [18F]FDG PET/CT study performed 18 months 
later was totally identical to the first one. A pan-
endoscopy was then performed and showed no 
suspicious lesion. Four-year follow-up shows no 
recurrence.

Teaching Points
As also illustrated in Case 8, postradiation 
changes may develop in a spectacular fashion 
and remain present over long periods of time 
at PET/CT. Clinical information also need to 
be integrated. In this case, there was a discor-
dance between the total absence of local 
symptoms of recurrence and the PET/CT 
anomalies.

a b c d

e f g

Fig. 11.11 ∎

P. Lovinfosse and R. Hustinx



145

11.12  Case 12

Clinical Details
80-year-old woman with a cT2N2 left oropharyn-
geal cancer treated by radiotherapy and cetux-
imab. Three months after completing the 
treatment, the patient presents with pain in the 
tongue and oropharyngeal region.

Images

Scan Findings
At baseline, the primary tumor and the lymph 
nodes are highly hypermetabolic (Fig. 11.12a–d). 
Three months after the end of treatment, there is 
high uptake on the left side of the tongue, but 
without any overlap with the initial tumor area, 
which is no longer hypermetabolic. There is no 

abnormal uptake in the nodal area, but two upper 
left pulmonary lobe hypermetabolic infiltrates, 
along with a slight asymmetry in the vocal cord 
uptake.

Interpretation
Post-therapeutic mucositis.

Complete response of the primitive tumor and 
lymph node metastasis.

Benign inflammatory lung hypermetabolic 
infiltrates.

Teaching Points
In this case, the postradiation inflammatory 
changes are correctly identified, as they are 
located in an area clearly distinct from the pri-
mary tumor, and they are also in line with the 
clinical symptoms (see also Cases 8 and 11).
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11.13  Case 13

Clinical Details
68-year-old woman with a small cell carcinoma 
with neuroendocrine differentiation of the right 
aryepiglottic fold, staged cT2N0 according to CT 
scan and MRI. She was treated by radiochemo-
therapy. The baseline [18F]FDG PET/CT was per-
formed 2  weeks after the beginning of the 
chemotherapy.

Images

Scan Findings
On the baseline PET/CT (Fig.  11.13a–d), the 
primitive aryepiglottic neoplasia was not hyper-
metabolic, and there was only a very faint focal 
uptake in a 10 mm lymph node (right IIa cervical 
area: red arrow).

Three months after the end of the treatment 
(Fig.  11.13e–h), the uptake in LN further 
increases, but its size remains stable. There are 
no other suspicious lesions.

Interpretation
Progression of the hypermetabolism of the 
right cervical lymph node, consistent with 
malignancy. No other suspicious lesion was 
observed. The patient underwent a modified 
radical right cervical lymph node dissection. 
Pathology revealed the presence of three 
lymph node metastases, including one in the 
IIa area.

Teaching Points
The baseline PET was performed during chemo-
therapy, which probably explains why the metab-
olism was underestimated.
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11.14  Case 14

Clinical Details
72-year-old man with a pT4aN2bMx adenoid 
cystic carcinoma of the right maxillary sinus.

Treatment by extensive surgery with free flap 
reconstruction and adjuvant radiotherapy.

Images

Scan Findings
The baseline study (Fig. 11.14a–d) shows the pri-
mary tumor invading the ipsilateral nasal cavity, 
pterygopalatine fossa, and subtemporal fossa. 
There is osteolysis of the anterior and posterior 
walls of the antrum, of the maxillary and palatal 
horizontal process, of the posterior part of the 
alveolar process, and of the lower part of the 
nasal septum. The floor of the sphenoidal sinus 
and the right pterygoid process are also involved.

Six months after the end of the radiotherapy, 
there is no uptake in the fatty flap (Fig. 11.14e–h), 
but there is a suborbital superficial lesion with 
intense [18F]FDG uptake (Fig.  11.14i–k). Also 
note a moderate uptake by the left maxillary 
sinus walls.

Interpretation
No definite evidence of recurrent/residual tumor, 
focal hypermetabolic lesion close to the bone 
graft, probably inflammatory. Inflammatory 
sinusopathy of the left maxillary sinus.

MRI was then performed and was also consis-
tent with a benign inflammatory lesion, which 
was confirmed at follow up.

Teaching Points
Surgically reconstructed areas may be difficult to 
interpret as focally increased uptake related to 
inflammation may often be observed.
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11.15  Case 15

Clinical Details
56-year-old man with a large cT4N2bM0 squa-
mous cell carcinoma of the right oropharynx and 
lingual floor invading the soft palate and the man-
dible, associated with bilateral cervical lymph 
nodes metastases. The patient was treated by 
radiochemotherapy.

Images

Scan Findings
The baseline PET/CT shows the large highly hyper-
metabolic primary as well as the bilateral lymph 
nodes (Fig. 11.15a–d). Three months after the end 
of the radiochemotherapy (Fig. 11.15e–h), the only 
remaining abnormality is a moderate uptake cen-
tered on an osteolytic area of the mandible.

Sixteen months after the end of the radioche-
motherapy, PET/CT was performed due to right 

oral pain and a purulent skin discharge at the 
mandibular angle (Fig. 11.15i–l), there is highly 
increased [18F]FDG uptake in a mass on the 
right aspect of the floor of the mouth, invading 
the mandible and extending to the skin.

Interpretation
Three months after the end of the radiochemo-
therapy, complete metabolic response with per-
sistence of a moderate hypermetabolism due to 
postradiation inflammatory changes. The CT 
scan follow-up during the next few months 
showed the absence of pejorative evolution.

Sixteen months after the end of the radioche-
motherapy: local recurrence.

Teaching Points
This case represents a relatively infrequent pre-
sentation of initial complete tumor response 
followed by delayed and rapidly evolving 
recurrence.
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12.1  Introduction

18F-FDG PET/CT is recommended in the staging 
and treatment planning of lung cancer [1]. 
Treatment modalities of lung cancer include sur-
gery, stereotactic body radiotherapy, concurrent 
chemoradiation therapy, chemotherapy, targeted 
therapy, and immunotherapy, either alone or in 
combination depending on the stage of disease. 
There is no consensus on the optimal imaging 
modality for assessing response to treatment in 
lung cancer [2]. However, FDG PET/CT is 
widely used in assessing response in lung cancer 
treated with different modalities [3].

Conventional morphological imaging-based 
size measurements before and post-therapy and 
response evaluation using WHO criteria and 
RECIST 1.1 are accepted in clinical trials and 
routine practice. But these have few problems. 
Morphological imaging like CT cannot accurately 
differentiate residual viable tumour from postra-
diotherapy changes like consolidation, necrosis, 
and fibrosis. And some tumours respond hetero-
geneously to radiotherapy which is not apparent 
on anatomic imaging [4]. CT is not consistent in 
identifying a histopathologic response post-ther-
apy [5]. CT-based size measurement lag behinds 

the molecular response to therapy [6]. CT is also 
limited in assessing tumour response in patients 
with skeletal metastases [7].

Metabolic response is being evaluated by 
either the European Organization for Research 
and Treatment of Cancer (EORTC) criteria or the 
Positron Emission Tomography Response 
Criteria in Solid Tumours (PERCIST) criteria. 
Benefits of using FDG PET/CT in assessing 
treatment response are manifold. PET/CT can 
reliably discriminate residual tumour from 
treatment- related inflammation and fibrosis 
(Figs.  12.1, 12.2 and 12.3) [4]. Combining CT 
with PET improves accuracy and allows early 
assessment of response as the changes in tumour 
metabolism precedes anatomical response 
(Figs. 12.4 and 12.5) [8–10]. Whole-body PET/
CT can also detect asymptomatic distant failures 
in patients treated with radical chemoradiation 
(Fig. 12.6). Assessing tumour response early can 
guide response adapted therapies improving clin-
ical outcome and limiting unwanted toxicities 
(Figs. 12.7, 12.8 and 12.9) [11, 12]. Responding 
skeletal metastases show decrease in FDG uptake 
similar to soft-tissue metastases and thus avoid 
the problem of flare phenomenon seen in response 
(Figs. 12.3 and 12.8) [7]. FDG PET/CT whole- 
body survey allows better evaluation of response 
in disseminated metastases (Figs. 12.8 and 12.9). 
Targeted therapies inhibit growth of tumour cells 
rather than cell killing. So responders show meta-
bolic changes without change in size, which can 
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Fig. 12.1 Lung cancer post concurrent chemotherapy 
and radiotherapy, showing complete response with postra-
diotherapy changes. Description: A 64-year-old lady with 
adenocarcinoma of right lung treated with radical concur-
rent chemotherapy and radiotherapy. Baseline whole-
body MIP (a), axial fusion (c) and axial CT images (d) 
show a right lung mass (thick arrow) with ipsilateral 
mediastinal nodes (thin arrow). Twelve weeks post-ther-

apy whole-body MIP (b), axial fusion (e) and axial CT 
images (f) show complete response of the primary and 
mediastinal nodes with appearance of patchy areas of con-
solidation, ground glass opacities (arrowheads) sugges-
tive of postradiotherapy changes. Take-home message: 
PET/CT is an excellent tool in assessing response to con-
current chemotherapy and radiotherapy
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Fig. 12.2 Lung cancer post concurrent chemotherapy 
and radiotherapy, showing complete response with radia-
tion pneumonitis. Description: A 58–year-old lady with 
squamous cell carcinoma of right lung treated with con-
current chemotherapy and radiotherapy. Baseline whole-
body MIP (a), sagittal fusion (c) and sagittal CT images 
(d) show a right lung mass (thick arrow) with ipsilateral 
mediastinal nodes (thin arrow). Ten  weeks post-therapy 
whole-body MIP (b), sagittal fusion (e) and sagittal CT 

images (f) show complete response of the primary and 
mediastinal nodes with appearance of FDG avid patchy 
areas of consolidation with ground glass opacities (arrow-
heads) around the primary site suggestive of early radia-
tion-induced lung damage. Take-home message: Radiation 
pneumonitis can show high FDG uptake. Knowing the 
pattern of lung changes on CT images in the radiation 
field helps to identify radiation-induced changes from 
residual or recurrent tumour
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Fig. 12.3 Lung cancer with solitary skeletal metastases, 
post radical radiotherapy to primary and bone metastases, 
showing complete response. Description: A 63-year gen-
tleman with adenocarcinoma of left lung with solitary 
metastases in right femur, treated with radical radiother-
apy to primary and bone metastases. Baseline whole-body 
MIP (a), axial fusion (c) and coronal fusion images (d) 
show a left lung nodule (thick arrow) and solitary metas-
tases in right femur (arrowhead). Post-therapy whole-

body MIP (b), axial fusion (e) and coronal fusion images 
(f) show complete response of the primary (thick arrow) 
and bone metastases (arrowhead) with perilesional con-
solidation in left lung (thin arrow) suggestive of radiation-
induced lung damage. Metabolically active biopsy-proven 
benign thyroid nodule (elbow arrow) is also noted in 
whole-body MIP images. Take-home message: whole-
body PET/CT can assess response to radiotherapy in both 
primary and distant skeletal metastases
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Fig. 12.4 Lung cancer post concurrent chemotherapy 
and radiotherapy, showing partial response. Description: 
A 49-year-old lady with adenocarcinoma of left lung 
treated with concurrent chemotherapy and radiotherapy. 
Baseline whole-body MIP (a), axial fusion (c) and axial 
CT images (d) show a left lung mass (thick arrow) with 
ipsilateral mediastinal nodes (thin arrow) and reactive 

pleural effusion (arrowheads). Twelve weeks post-therapy 
whole-body MIP (b), axial fusion (e) and axial CT images 
(f) show partial regression in metabolism and size of the 
primary (thick arrow). Take-home message: By evaluating 
both metabolic and morphological changes, PET/CT can 
identify nature of response

12 PET/CT in Treatment Response Evaluation: Lung Cancer



154

a b c d

e f

Fig. 12.5 Lung cancer post neoadjuvant chemotherapy, 
showing partial response. Description: A 28-year-old lady 
with adenocarcinoma of left lung treated with neoadju-
vant chemotherapy prior to surgical resection. Baseline 
whole-body MIP (a), axial fusion (c) and axial CT images 
(d) show a left lung mass (thick arrow). Post-therapy 

whole-body MIP (b), axial fusion (e) and axial CT images 
(f) show partial regression in the metabolism and size of 
the primary (thick arrow). Take-home message: PET/CT 
is used to evaluate response to neoadjuvant chemotherapy 
to identify eligible candidates for surgery
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Fig. 12.6 Locally advanced lung cancer post radical 
chemoradiation, showing complete regression of primary 
with a solitary distant failure. Description: A 64-year gen-
tleman with squamous cell carcinoma of right lung treated 
with radical chemoradiation therapy. Baseline whole-
body MIP (a) and axial fusion (c) show a right lung mass 
(thick arrow). Post-therapy whole-body MIP (b) and axial 

fusion (d) show complete response of the primary. 
However, post-therapy whole-body MIP (b) and axial 
fusion (e) image show a solitary metastatic lesion in right 
10th rib (thin arrow) with no morphological abnormality 
seen on axial CT image (f). Take-home message: whole-
body survey by PET/CT can detect asymptomatic distant 
failure after radical chemoradiation
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Fig. 12.7 Lung cancer post stereotactic body radiother-
apy, showing stable disease. Description: A 59-year-old 
lady with adenocarcinoma of right lung treated with ste-
reotactic body radiotherapy. Baseline whole-body MIP (a), 
axial fusion (c) and axial CT images (d) show a right lung 
lesion (thick arrow). Post-therapy whole-body MIP (b), 
axial fusion (e) and axial CT images (f) show no response 

of the primary (thick arrow) with FDG avid nodular areas 
of post-treatment consolidation in geographically distinct 
areas of lung (thin arrow). Take-home message: PET/CT 
can accurately assess response to stereotactic body radio-
therapy. It is important to know the appearance and geo-
graphic extent of post-SBRT-induced lung changes which 
are distinct from conventional chemoradiation
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Fig. 12.8 Lung cancer with nodal and skeletal metasta-
ses, post 3 cycles of palliative chemotherapy, showing 
partial response. Description: A 64-year-old man with 
metastatic small cell carcinoma of left lung treated with 
palliative chemotherapy. Baseline whole-body MIP (a), 
axial fusion (c) and sagittal fusion (d) images show left 
lung mass (thick arrow), nodal metastases (arrowhead) 

and skeletal metastases (thin arrow). Post-therapy whole-
body MIP (a), axial fusion (c) and sagittal fusion (d) 
images show partial response of the primary (thick arrow), 
nodal metastases (arrowhead) and skeletal metastases 
(thin arrow). Take-home message: whole-body PET/CT 
perform better than CT scan in evaluating response to pal-
liative chemotherapy, especially in skeletal metastases
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be easily evaluated by FDG PET/CT (Figs. 12.10 
and 12.11) [13, 14]. FDG PET/CT has shown 
potential for assessing response in patients 
receiving immunotherapy. The value of PET in 
predicting response was early and significantly 
higher than CT [15, 16]. PET-based response 
assessment has additional value in predicting 
outcomes. Studies have shown the correlation of 

response with poor progression-free survival and 
overall survival [17, 18]. Estimation of total 
lesion glycolysis (TLG) and its change with ther-
apy can further improve outcome prediction [12, 
19]. FDG PET/CT, when performed for response 
assessment, has several advantages over conven-
tional imaging, and the evidences are still 
evolving.
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Fig. 12.9 Lung cancer post chemotherapy, showing sta-
ble disease. Description: A 71-year-old man with locally 
advanced squamous cell carcinoma of left lung resistant 
to concurrent chemoradiation. He is later diagnosed with 
metastatic peritoneal deposit in right iliac fossa and is 
treated with palliative chemotherapy. Pre-therapy whole-
body MIP (a) and axial fusion (c, d) images show a left 
lung primary (thick arrow) and metastatic peritoneal 

deposit (arrowhead). Post-therapy whole-body MIP (b) 
and axial fusion (e, f) images show no significant response 
of the primary (thick arrow) and metastatic peritoneal 
deposit (arrowhead). Peripheral thick consolidation (thin 
arrow) is noted in left lung suggestive of post-radiother-
apy changes. Take-home message: whole-body PET/CT 
can identify chemoresistance early guiding appropriate 
treatment
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Fig. 12.11 Lung cancer post Crizotinib therapy, showing 
progressive disease. Description: A 44-year-old lady with 
adenocarcinoma of right lung treated with ALK-ROS1 
inhibitor, Crizotinib. Pre-Crizotinib therapy whole-body 
MIP (a) and axial fusion (c, d) images show a right lung 
primary (thick arrow) and metastatic lesions (arrowhead). 

Post-Crizotinib therapy whole-body MIP (b) and axial 
fusion (e, f) images show partial response of the primary 
(thick arrow) and new metastatic lesions (arrowheads). 
Take-home message: whole-body PET/CT can identify 
resistance to targeted therapies very early in the disease 
course
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Fig. 12.10 Lung cancer post Crizotinib therapy, showing 
complete metabolic response. Description: A 33-year-old 
man with locally advanced adenocarcinoma of right lung 
resistant to concurrent chemoradiation. He was then 
treated with ALK-ROS1 inhibitor, Crizotinib. Pre-
Crizotinib therapy whole-body MIP (a), coronal fusion 
(c) and coronal CT (d) images show a right upper lobe 
mass infiltrating into mediastinum (thick arrow) with dis-

crete lower cervical nodes (arrowhead). Post-therapy 
whole-body MIP (b), coronal fusion (e) and coronal CT 
(f) images show complete regression of the primary and 
neck nodes. Take-home message: Metabolic response 
measured by PET/CT is early and very reliable in assess-
ing response to targeted therapies which are often cyto-
static causing a delayed morphological response
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13.1  Introduction

Conventional contrast-enhanced magnetic reso-
nance imaging (CE-MRI) remains the reference 
standard non-invasive diagnostic tool for moni-
toring patients with primary and secondary brain 
tumours for a number of reasons, including 
exceptional soft-tissue contrast, high spatial reso-
lution and widespread availability [1]. Despite 
these qualities, CE-MRI has limited biological 
specificity for neoplastic tissue, which can often 

result in challenges for the radiologist in differen-
tiating neoplastic tissue from non-neoplastic pro-
cesses. This makes it challenging to delineate 
tumour extent accurately and precisely, and dif-
ferentiate treatment-related changes from true 
recurrent or progressive disease. Significant 
progress in the use of positron emission tomogra-
phy (PET) with an array of radiotracers helps to 
overcome some of these limitations. This particu-
lar clinical unmet need has been highlighted by 
the PET task force of the Response Assessment 
in Neuro-Oncology (RANO) working group who 
have suggested that there is benefit for the inte-
gration of amino acid PET in glioma imaging 
compared with CE-MRI alone [2, 3].

There has been significant development in the 
use of PET imaging for a number of use cases in 
neuro-oncology, e.g. non-invasive grading of pri-
mary brain tumours as well as the prediction of 
molecular markers [1]. However, for radiologists 
and clinicians involved in the diagnosis and care 
of patients with brain tumours, there remain three 
distinct areas of interest:

 1. identification of neoplastic tissue which 
includes the delineation of tumour extent for 
further therapeutic management such as sur-
gery and radiotherapy;

 2. differentiation of treatment-related changes 
from tumour progression at follow up and,

 3. sensitive and specific treatment response 
assessment to local and systemic therapies.

S. Islam (*) 
Department of Surgery and Cancer, Imperial College 
London, London, UK 

Department of Radiology, Imperial College 
Healthcare NHS Trust, London, UK
e-mail: s.islam@imperial.ac.uk 

A. S. Mehdi · T. Barwick 
Department of Radiology, Imperial College 
Healthcare NHS Trust, London, UK 

D. J. Coope 
Department of Neurosurgery, Salford Royal NHS 
Foundation Trust, Manchester, UK 

S. Bisdas 
Lysholm Department of Neuroradiology, National 
Hospital for Neurology and Neurosurgery,  
London, UK 

A. D. Waldman · G. Thompson 
Centre for Clinical Brain Sciences,  
University of Edinburgh,  
Edinburgh, UK

13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-68858-5_13&domain=pdf
https://doi.org/10.1007/978-3-030-68858-5_13#DOI
mailto:s.islam@imperial.ac.uk


160

13.2  PET Tracers Used 
in Neuro-Oncology

[18F]-2-fluoro-2-deoxy-d-glucose (FDG) PET 
has historically been the workhorse of PET imag-
ing in body oncology; however, the high physio-
logical FDG uptake in healthy brain limits its 
utility in neuro-oncology for tumour delineation 
except in cases where progressive tumour or sus-
pected transformation occurs in the context of 
hypometabolic brain or cystic lesions, or on 
review of whole-body imaging for malignancy 
where hypermetabolic brain metastases can 
exceed grey matter uptake and appropriate win-
dowing can aid conspicuity of lesions on an avid 
grey matter background [3]. The use of FDG PET 
in neuro-oncology is further limited by the fact 
that certain neurological inflammatory processes 
similarly exhibit increased FDG uptake, thereby 
reducing diagnostic accuracy [2].

Amino acid (AA) PET has gained particular 
interest in neuro-oncology because of its high 
uptake in tumour tissue coupled with relatively 
low uptake in healthy brain, resulting in superior 
tumour to background ratio [2, 4]. [11C]-methyl- 
l- methionine (MET), 3,4-dihydroxy-6-[18F]-flu-
oro-l-phenylalanine (FDOPA) and O-(2-[18F]- 
fluoroethyl)-l-tyrosine (FET) are amongst the 
other commonly used amino acid PET tracers. 
Neoplastic tissues, e.g., glioma and cerebral 
metastases often overexpress certain amino acid 
transporters such as amino acid transporters of 
the L type (LAT), which are targeted by MET, 
FDOPA and FET radiotracers. Of note, FDOPA 
demonstrates physiological uptake in the stria-
tum due to the normal distribution of dopamine 
transporters, and there is a theoretical limitation 
when dealing with striatal or subinsular tumours.

Non-FDG and Non-AA tracers for glioma and 
cerebral metastases also include 3′-deoxy-3′-

[18F]-fluorothymidine (FLT) which is an ana-
logue to the DNA nucleoside thymidine required 
for DNA replication but not RNA transcription 
and has been developed to image cellular prolif-
eration which is increased in tumour tissue [5]. 
Choline is an essential component of cell mem-
brane phospholipids and is taken up into cells via 
choline kinase (CK) transporters. Following a 
process of phosphorylation and conversion to 
P-Choline, it then contributes to membrane pro-
duction and turnover. Brain tumour imaging 
using either 11C or 18F Choline PET (CHO) has 
garnered interest due to its low background phys-
iological uptake, and good tumour to background 
ratio, although there is some uncertainty regard-
ing the degree to which blood–brain barrier dis-
ruption and choline metabolism contribute to 
tracer uptake [6].

The performance characteristics of FDG and 
AA PET are influenced by increased uptake in 
certain non-neoplastic conditions such as neuro-
inflammation, but the combination of PET and 
structural conventional MRI in the hands of expe-
rienced subspecialist radiologists has added value 
in neuro-oncology.

Targeting the overexpression of somatostatin 
receptors (SSTR) with radiolabelled SSTR 
ligands has proven useful in meningioma imaging 
as the SSTR subtype 2 has been shown to 
demonstrate 100% expression in meningiomas 
[7]. SSTR ligands are typically labelled with 68Ga, 
which includes DOTA-D-Phe1-Tyr3-octreotate 
(DOTATATE) and DOTA-Tyr3-octreotide (DOT-
ATOC). These tracers demonstrate excellent 
lesion to background uptake, with minimal 
uptake in adjacent bone and healthy brain [8, 9]. 
In addition to meningioma imaging, they are 
also useful in imaging of neuroendocrine 
tumours, which also demonstrate overexpression 
of SSTR [10].
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13.3  Case 1

Clinical Details 32-year-old male with a known 
right temporal low-grade glioma underwent 18F- 
FDG PET surveillance imaging at 1 year.

Images
(Courtesy of Dr. Teresa Szyszko, Consultant 
Radiologist, Royal Free Hospital NHS Foundation 
Trust).

1A Baseline (post biopsy)

18F-FDG Ax PET 18F-FDG Ax PET fused T1 C+ MRI T2 MRI

 

1B (12 months surveillance imaging)

18F-FDG Ax PET 18F-FDG Ax PET fused T1 C+ MRI T2 MRI

 

Scan findings and interpretation:
Case 1A (baseline):

Axial 18F FDG PET demonstrates reduced 
FDG uptake within the right temporal cortex 
compared to the contralateral left temporal cortex. 
The corresponding contrast-enhanced axial MRI 
does not demonstrate significant contrast enhance-
ment. On the T2W-MRI, there is some white mat-
ter oedema, and fluid in the biopsy tract.

B (12 months):
There is a focus of increased tracer update 

within the right temporal cortex which was not 
present on the previous imaging. On the corre-

sponding T1C+ MRI, there is new contrast 
enhancement within the posterior edge of the 
tumour and worsening white matter oedema on 
the T2 MRI.

Comments on interpretation:
Low-grade gliomas are often ‘cold’ on 18F- 

FDG PET, due to low metabolic activity, often 
lower than the surrounding grey matter. The 
increase in uptake of FDG 12  months later 
suggests increased metabolic activity consis-
tent with transformation to a high-grade gli-
oma, one of the indications for FDG in 
neuro-oncology.
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13.4  Case 2

Clinical Details Adult male with a right frontal glioma which was fully resected underwent post- 
operative surveillance imaging with 18F FDG PET.

Images
2A Post Op imaging

Fused Ax 18F FDG PET Fused Ax 18F FDG PETAxial T1C + MRI Sag T1C + MRI

 

Scan findings and interpretation:
Right frontal resection cavity avid with FDG 

uptake within the frontal lobe and the posterior 
margin resection margin. There is only minimal 
punctate T1C+ enhancement in the peri surgical 
resection bed.

Comments on interpretation:
The combined PET and MRI findings are con-

sistent with recurrent disease; however, the mini-
mal punctate contrast enhancement grossly 
underestimates the extent of recurrence.
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13.5  Case 3

Clinical Details Young adult who had treatment 
for a glioma (likely anaplastic pilocytic astrocy-
toma) as a child including surgery and interstitial 

brachytherapy within a trial. More than 20 years 
later, she has increasing enhancement within the 
surgical cavity on routine follow-up scans, and 
FDG was used to assess for evidence of late 
tumour recurrence.

Images
3A Routine surveillance imaging

Cor T1 C+ MRI

 

3B PET scan for further characterisation

Fused Cor 18F FDG PET Cor 18F FDG PET
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Scan findings and interpretation:
Case 3A Surveillance imaging:

New temporal lobe enhancement within the 
right surgical resection cavity.

Case 3B:
There is low uptake on FDG imaging within 

the MRI enhancing regions.
Comments on interpretation:
FDG uptake was low suggestive of delayed 

post-treatment changes.
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13.6  Case 4

Clinical Details 48-year-old female who just completed systemic therapy for primary lung cancer 
and underwent whole-body 18F-FDG PET/CT re-staging 12 months later.

Images
4A Baseline

Ax 18F FDG PET/CT Thorax Fused Ax CT Brain Unenhanced

 

4B 12 months

Ax 18F FDG PET (SUV max 10) Ax T1 C+ MRIAx windowed 18F FDG PET
(SUV max 20)
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Scan findings and interpretation:
Scan findings Case 4A:

18F-FDG-Fused PET/CT of the thorax shows a 
primary left-sided hilar and mediastinal malig-
nancy. The CT brain at the time did not show any 
discernible posterior fossa mass.

Scan findings Case 4B:
12 months later on re-staging, following sys-

temic therapy, there is increased subcortical FDG 
uptake within the right cerebellar hemisphere on 
the SUV Max 10 and SUV Max 20 PET imaging. 

The T1C+ MRI confirmed the presence of a new 
cerebellar metastasis.

Comments on interpretation:
Due to the high background uptake of FDG 

within the brain, small lesions can easily be 
missed when viewing on the window (SUV max 
10), especially those close to the cerebral grey 
matter. It is prudent to widen the window to SUV 
max 20, when searching for brain lesions on 18F- 
FDG PET brain imaging.
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13.7  Case 5

Clinical Details 65-year-old female with known breast cancer on Bevacizumab developed new neu-
rology and underwent MRI imaging of the brain followed by whole-body 18F-FDG PET.

Images
5A On antiangiogenic therapy

Axial T1C+ MRI
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5B (1 month)

WB 18F FDG PET MIP Ax18F FDG PET
(SUV max 10)

18F FDG PET 
(SUV max 20)

 

Scan findings and interpretation:
Scan findings Case 5A:
New solid space occupying lesion within the 

right frontal lobe with some faint enhancement 
within the posterior margin.

Scan findings Case 5B:
WB FDG PET/CT shows multiple areas of 

uptake within the thorax in keeping with meta-
static lesions. On the Non windowed, PET 
uptake cannot be appreciated due to high back-

ground grey matter uptake. When windowed to 
SUV 20, true peripheral tumoural uptake is 
delineated.

Comments on interpretation:
The findings are consistent with a new right 

frontal metastatic lesion. Caution should be taken 
when interpreting T1C+ MRI when the patient is 
on antiangiogenic treatments, as the permeability 
of the lesion is affected; however, this is not the 
case on the 18F-FDG PET.
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13.8  Case 6

Clinical Details 38-year-old male had a grade II 
ependymoma fully resected followed by surveil-
lance MRI imaging at 9  months and 11C-MET 
PET/CT at 18 months.

Images
(Courtesy of Dr. Tilak Das, Consultant Neurora-
diologist, Cambridge University Hospitals, UK).

6A Pre- and post-operative imaging

Ax T1 C+ (Pre OP) Ax T1 C+ (Post OP)

 

6B. 9 months

Ax FLAIR Ax T1 C+ 

 

6C 18 months

Ax FLAIR Ax T1 C+ Ax 11C MET PET Ax 11C MET PET CT Fused

 

13 18F-FDG PET/CT and Non 18F-FDG-PET/CT in Treatment Response Evaluation in Neuro-Oncology 



170

Scan findings and interpretation:
Case 6A

There has been complete resection of the right 
frontal grade II ependymoma.

Case 6B
There has been increased FLAIR signal in the 

resection cavity with subtle enhancement on the 
T1C MRI.

Case 6C
At 18  months, the FLAIR signal gradually 

worsens with increasing enhancement in the 
resection cavity. On 11C MET PET, there is an 
area of avid tracer uptake within the resection 
cavity in keeping with recurrent disease.

Comments on interpretation:
The gradual changes in the MRI FLAIR signal 

and contrast enhancement were not specific for 
recurrent disease and could have represented with 
the treatment-related changes/necrosis; however, 
these would not be 11C MET PET avid. The patient 
had a second resection which confirmed recurrent 
tumour, followed by PCV chemotherapy.
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13.9  Case 7

Clinical Details 34-year-old male who had a resection of a grade II/III right frontal astrocytoma 
underwent MRI and 11C MET PET to assess for residual disease.

Images
7A

Ax FLAIR MRI Ax T1C+ MRI Ax Fused 11C MET PET MRI 

 

Scan findings and interpretation:
7A:
There is a cystic resection cavity with the right 
frontal lobe, with surrounding T2 FLAIR signal 
involving the corpus callosum which extends 
contralaterally. There is subtle punctate enhance-
ment deep to the resection bed on the T1C+ 
MRI.  There is no appreciable 11C MET PET 
uptake, especially within the T2 FLAIR signal 
abnormality regions.

Comments on interpretation:
The imaging features suggest the higher grade 

component of the tumour (grade III) having been 
successfully resected with an absence of uptake 
on the MET imaging, but FLAIR signal changes 
are concerning for residual lower grade compo-
nents which are ‘cold’ on MET imaging.
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13.10  Case 8

Clinical Details Adult male with a right parietal GBM had radiotherapy and adjuvant chemotherapy. 
Underwent 11C MET PET on completion of treatment to assess treatment response.

Images
8A Baseline pre-surgical

Axial T1C+ MRI Cor T1C+ MRI Sag T1C+ MRI

 

Fused 11C MET PET MRI Cor 11C MET PET MRI Sag 11C MET PET MRI
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8B. 3 Months Post-Surgery, RT, and Adjuvant Chemotherapy

Axial T1C+ MRI Cor T1C+ MRI Sag T1C+ MRI

 

Fused 11C MET PET MRI Cor 11C MET PET MRI Sag 11CMET PET MRI

 

Scan findings and interpretation:
Case 8A: The T1C+ MRI shows an enhancing 
solid/cystic right parietal lesion. The lateral solid 
components show avid MET uptake.

Case 8B: Whilst there remains avid enhance-
ment of the peripheral solid components of the 
tumour, there remains MET uptake in the antero-
superior margin of the tumour bed.

Comments on interpretation:
The findings are consistent with partial 

response to treatment. The residual enhancing 
tumour on MRI which is not PET avid may be 
due to treatment effect.
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Scan findings and interpretation:
9A Post RT and Adjuvant chemotherapy (Temozolo-
mide): Solid and cystic enhancing right frontal lesion. 
On the sagittal reformats, the solid enhancing com-
ponent within the cavity is cold on 11C MET PET.

Comments on interpretation:
Solid enhancement in cavity is ‘cold’ on 

methionine and likely inflammatory whereas 
there is a new focus of parenchymal enhancing 
tumour which is methionine avid adjacent to the 
cavity. This demonstrates that treatment-related 
effects can and often do co-exist with active or 
progressive disease.

13.11  Case 9

Clinical Details Adult male with right frontal GBM underwent MRI and 11C MET PET imaging to 
assess response to treatment.

Images
9A Post completion of radiotherapy and adjuvant chemotherapy (temozolomide)

Axial T1C+ MRI Cor T1C+ MRI Sag T1C+ MRI

 

Fused Ax 11C MET PET Fused Cor 11C MET PET Fused Sag 11C MET PET

 

Ax 11C MET PET Cor 11C MET PET Sag 11C MET PET
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13.12  Case 10

Clinical Details 78-year-old male had com-
pleted radiotherapy and adjuvant chemotherapy 
for a left parietal GBM.

Images
(Courtesy of Dr. Sam Khan, Consultant Radiolo-
gist Imperial College Healthcare Foundation 
Trust).

10A Post radiotherapy

Ax T1 C+

 

10B 6 Months

Non Con Ax Brain CT Ax 18F-CHO PET Fused Ax 18F-CHO PET

 

10C 7 Months

Ax T1 C+
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Scan findings and interpretation:
Case 10A
The post radiotherapy MRI demonstrates a 

necrotic cystic core with peripheral enhance-
ment, which may be treatment-related change.

Scan findings Case 10B:
The axial non contrast CT brain shows oedema 

within the left parietal lobe. On the correspond-
ing 18F CHO PET, heterogenous peripheral 
uptake with two foci of avid PET activity. Choline 
uptake is also noted within soft tissues overlying 
the craniotomy site.

Scan findings Case 10C:
The subsequent MRI taken a month later 

shows increasing enhancing solid tissue at the 
location of the PET avid nidus seen on the CHO 
PET imaging.

Comments on interpretation:
Enhancement on T1C+ MRI is not specific for 

disease progression. On the 18F-CHO PET, there 
is peripheral enhancement in a similar distribu-
tion to the MRI which is likely due to a break-
down in blood–brain barrier, but the medial nidus 
of avid CHO uptake at the posterior border was 
correlated with sites of progressive disease on 
subsequent MRI imaging.
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Ax T2w MRI Ax T1C + MRI

 

13.13  Case 11

Clinical Details 46-year-old male, with a known paraclival meningioma, underwent pre-operative 
MRI followed by 18F CHO PET to look for residual disease.

Images
11A Pre-op

11B Post Op

Ax 18F CHO PET
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Scan findings and interpretation:
11A Pre-op:

Durally based right paraclival lesion which dem-
onstrated avid gadolinium enhancement on the T1C+ 
MRI with no significant oedema on the T2W MRI.

11B Post Op:
Avid clival and paraclival 18F CHO uptake in 

keeping with large burden residual disease.

Comments on interpretation:
18F CHO PET is sensitive to skull base 

meningioma disease and can be used for longi-
tudinal follow up, but it is non-specific and can-
not confidently differentiate between brain 
metastases, gliomas or meningiomas. The supe-
rior tumour/background ratio makes it an ideal 
tracer to delineate residual disease accurately.
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13.14  Case 12

Clinical Details 55-year-old male had under-
gone treatment for an oligodendroglioma 
25 years ago with surgery and radiotherapy. He 
developed non-specific new neurology fol-

lowed by MRI and 18F CHO PET scan for 
evaluation.

Images
(Courtesy of Dr. Sam Khan, Consultant Radiologist 
Imperial College Healthcare Foundation Trust).

12A Baseline

Unenhanced Ax CT Brain Fused 18F CHO PET CT

 

12B 3 months

AX T1C+ MRI Brain
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Scan findings and interpretation:
Case 12A

On the unenhanced CT scan, there is no dis-
cernible space occupying lesion, but very subtle 
left frontal vasogenic oedema without mass 
effect. The fused 18F CHO PET shows a focus of 
avid uptake within the left frontal lobe.

Case 12B
The T1C+ demonstrates a contrast enhancing 

lesion within the left frontal lobe at the site of 
PET avidity.

Comments on interpretation:
In this case, the findings were in keeping with 

recurrent disease, and high-grade transformation. 
Although PET avid focus correlates with enhancing 
disease on the subsequent MRI, it is not clear 
whether the CHO uptake is truly specific for tumour 
or a result of breakdown in the blood–brain barrier.
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13.15  Case 13

Clinical Details Adult male underwent imaging of a known midline tumour with 18F CHO PET and 
18F DOPA PET.

Images
13A Baseline

Ax T2 MRI

 

13B 1 Month

Fused 18F CHO PET

---------

 

13C 1 Month

Fused 18F DOPA PET MRI

 

Scan findings and interpretation:
Case 13A Baseline (Ax T2 MRI)

The baseline imaging shows increased sig-
nal in the midline and both thalami on the T2 
MRI.

Case 13B 1 month (Fused 18F-CHO PET)
The Fused 18F-CHO PET demonstrated no 

uptake in the midline tumour. Normal physiolog-
ical uptake is seen in the choroid plexus.

Case 13C 1 month (Fused 18F-DOPA PET)
Fused 18F-DOPA PET MRI identifies DOPA 

avid hot spots within the tumour, particularly 
within the left thalamic component. Physiological 
uptake is seen bilaterally in the striatum, but this 
is below the uptake seen in the posterior thalamic 
neoplasia.
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Comments on interpretation:
18F DOPA PET has demonstrated increased 

uptake within the midline tumour, which was 
cold on CHO PET. The uptake of DOPA helps 
characterise the tumour in terms of metabolism 

and grade. Based on the imaging alone, the dif-
ferential diagnosis would include a histone- 
mutant midline glioma, which has poor 
prognosis.
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13.16  Case 14

Clinical Details 56-year-old male who has had 
multiple operations for a right temporal menin-
gioma, underwent 68Ga-DOTATATE PET imag-
ing for assessment of residual disease.

Images
14A Post-surgical MRI and 68Ga-DOTATATE 
PET

Ax T1C+ MRI Ax T1C+ MRI Ax T1C+ MRI

 

Ax 68Ga-DOTATATE PET Ax 68Ga-DOTATATE PET
Axial

68Ga-DOTATATE PET
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Fused Ax 
68Ga-DOTATATE PET

Fused Ax 
68Ga-DOTATATE PET

Fused Ax 
68Ga-DOTATATE PET

 

Scan findings and interpretation Case 14A
The T1C+ MRI show large areas of solid tissue 
which is avidly enhancing and appear to be related 
to the underlying dura. On the 68Ga-DOTATATE 
PET and fused 68Ga-DOTATATE PET, these same 
areas demonstrate avid 68Ga-DOTATATE uptake.

Comments on interpretation:
The findings are suggestive of large volume 

residual disease. Unlike CHO, DOTATATE spe-
cifically targets overexpression of SSTR which is 
found in meningiomas and paragangliomas, 
although the latter would be expected to have dis-
tinct morphological appearances on structural 
imaging.
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13.17  Case 15

Clinical Details Adult female who underwent 
resection of a left frontal glioma. She had surveil-
lance imaging with MRI and 18F FET PET to 
look for disease reoccurrence.

Images
15A Post-operative surveillance imaging

Ax FLAIR MRI Fused 18F FET PET Ax FLAIR MRI Fused 18F FET PET

 

15B. 3 Months

Sagittal T1C + MRI

 

Scan findings and interpretation:
15A: There is a left frontal surgical cavity with 
increased T2 FLAIR signal at the posterior mar-
gin and deep white matter. On the corresponding 
fused 18F-FET PET, there is increased 18F FET 
uptake within these areas.

15B: 3  months later on the sagittal T1C+ 
MRI is new enhancing disease at the posterior 
margin.

Comments on interpretation:
The PET avidity at the posterior resection 

margin is in keeping with disease recurrence 
which was later developed into enhancing dis-
ease on the subsequent MRI.
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14.1  Introduction

Liver is often affected by metastatic disease from 
various tumour and is relatively more common 
than primary hepatocellular cancer (HCC). The 
management strategy for HCC includes surgical, 
systemic chemotherapy, surgical cryoablation, 
chemoembolization, radiofrequency ablation and 
liver transplantation. Patients with hepatic metas-
tases are often treated with systemic chemother-
apy or regional therapy. 18F-FDG PET is reported 
to be useful in assessing the response to chemo-
therapy and other regional therapies. Literature 
evidence suggest 18F-FDG PET imaging is useful 
in the management of cholangiocarcinoma. In 
patients with pancreatic cancer, 18F-FDG PET 

imaging is reported to be useful for the assess-
ment of metabolic tumour response to neoadju-
vant therapy and detecting recurrent disease. 
18F-FDG PET is helpful in assessing equivocal 
lesion at the resection bed when CT is indetermi-
nate. FDG PET/CT is reported to be useful in (a) 
differentiating recurrence from postoperative and 
post-radiation changes, (b) rising tumor markers 
and equivocal findings on conventional imaging 
or work-up and (c) finally in evaluating lesion 
which are too small or difficult to biopsy. In this 
chapter, we will illustrate clinical examples 
related to the role of 18F-FDG in assessment of 
treatment response in hepatic, pancreatic, biliary 
tract and gall bladder cancers.
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14.2  Case 1

Rectal cancer with hepatic and extrahepatic 
metastases on neoadjuvant chemotherapy. FDG 
PET/CT to assess treatment response and resec-
tion of metastases (Fig. 14.1).

Teaching Points
• Metabolic response to systemic therapy is a 

well-recognized prognostic marker for 
improved survival.

• RECIST criteria-based morphological 
response assessment is limited by its low sen-
sitivity for detecting objective response to 
treatment. Usually, RECIST criteria include 

necrotic and non-viable components of the 
lesions, and therefore, precise response evalu-
ation is limited.

• Standard metabolic response assessment 
using 18F-FDG PET/CT is usually performed 
8–12  weeks after therapy initiation, together 
with a morphology-based imaging test.

• Current evidence justifies the useful role of 
18F-FDG PET/CT in metabolic treatment 
response assessment in patients with colorec-
tal malignancy.

• Studies show that patients who achieved com-
plete metabolic response on 18F-FDG PET/CT 
have improved clinical outcomes.

a b c d

Fig. 14.1 Good partial metabolic response (a). MIP 
images show increased multifocal and increased tracer 
uptake within the liver, abdominal lymph nodes and in the 
rectal primary. (b) There is intense increased uptake with 
a large liver metastasis with central necrosis. (c, d) Post- 
therapy scan after 6 cycles of Folfoxiri shows significant 
reduction in tracer activity within the liver with only small 

focal residual uptake. The tracer uptake in the local lymph 
nodes has resolved. There is only minor tracer uptake 
within the rectal primary (MIP, c). The scan findings are 
suggestive good partial metabolic response to treatment 
with residual disease in the primary and with the liver 
metastasis
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14.3  Case 2

Metastatic colon cancer on chemotherapy. FDG 
PET/CT scan to assess distant disease for consid-
eration of focal liver treatment (Fig. 14.2).

Teaching Points
• Current evidence suggests FDG PET/CT is 

sensitive in response detection as soon as after 

one cycle of treatment and correlates with 
treatment outcome and identification of non- 
responding patients.

• 18F-FDG PET/CT has a complementary role to 
cross-sectional imaging in prognostication, 
treatment monitoring and planning in patients 
with colorectal cancer.

• 18F-FDG PET imaging is used to predict the 
clinical outcome of chemotherapy in patients 
with advanced colorectal cancer.

a b

Fig. 14.2 Complete metabolic response. Pretherapy 
study (a). MIP images show multifocal increased tracer 
uptake within the liver. There is increased uptake with 
multiple liver metastases (arrows in fused PET/CT 
images). Post-therapy study (b) after chemotherapy shows 

no abnormal focal tracer activity within the liver. The scan 
findings are compatible with complete metabolic response 
to treatment with resolution of metabolic activity in the 
liver metastases
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14.4  Case 3

Metastatic colorectal cancer underwent extended 
right hemicolectomy and left hepatectomy and 
chemotherapy for liver metastasis. Rising tumour 
markers and FDG PET/CT scan to assess recur-
rent disease (Fig. 14.3).

Teaching Points
• In patients who show symptomatic disease 

and/or rising carcinoembryonic antigen 
(CEA) during surveillance after rectal cancer 
surgery, equivocal CT findings may be aided 
by FDG PET/CT imaging to improve the 
detection of a recurrence.

• FDG PET/CT is useful in detecting both short- 
term and long-term tumour responses, which are 
either not apparent with CT or precede a signifi-
cant decrease in tumour size, by weeks or month.

• Conversely, a lack of a metabolic response 
can indicate (a) primary resistance to therapy 
and (b) re-emergence of metabolic activity 
within a tumour site following a period of 
therapeutic response might indicate second-
ary resistance.

• Metabolic response to chemotherapy assessed 
on FDG PET/CT is reported to correlate well 
with clinical response, tumour biology and 
disease-free survival in patients with meta-
static colorectal cancer.

a b

Fig. 14.3 Metastatic colorectal cancer with recurrent dis-
ease (a) Focal increased tracer uptake in the liver (arrow) 
in keeping with metastasis and patient underwent left 
hepatectomy. (b) Post left lobe hepatectomy FDG PET: 

Note is made of previous left hepatectomy. New focal 
increased tracer uptake in a nodule close to the seminal 
vesicle in keeping with metastasis

K. Agrawal et al.
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14.5  Case 4

Hepatocellular carcinoma on treatment. 18F-FDG 
scan for post-therapy assessment (Fig. 14.4).

Teaching Points
• The sensitivity of FDG PET for detecting 

intrahepatic hepatocellular carcinoma (HCC) 
lesions is limited.

• 18F-FDG PET/CT is a good predictive tool to 
assess treatment outcomes of HCC metastasis 

and for the early identification of treatment 
failure.

• 18F-FDG PET/CT might be useful in assessing 
the viability of HCC after transcatheter arte-
rial chemoembolization (TACE) and is 
reported to be superior to contrast-enhanced 
CT.  In addition, non-attenuation-corrected 
PET data might be helpful to avoid false- 
positive results of tracer uptake induced by 
lipiodol deposition.

a b

Fig. 14.4 Disease progression (a) Staging FDG PET/CT 
shows a large lesion in the right lobe with no significant 
FDG uptake (arrows). (b) Post-treatment FDG PET/CT 

shows increase in size and metabolic activity of the lesion 
in the right lobe of the liver (SUVmax 7.6) with ascites. 
Scan findings are compatible with disease progression

14 PET/CT in the Assessment of Treatment Response in Hepatobiliary, Gall Bladder and Pancreatic…
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14.6  Case 5

Metastatic hepatocellular cancer on chemotherapy (Fig. 14.5).

a b d

c e

a b d

c e

Fig. 14.5 Metastatic hepatocellular cancer with meta-
bolic progression. (a) Pre-chemotherapy: There is 
increased FDG uptake within the left chest wall mass with 
destruction of the left 7th rib and SUVmax 8.0 (arrow in b 
and c), and right sacral ala mass with SUVmax 5.0 (arrow 
in d and e). (b) Post-chemotherapy: There is continued 
increased in size and FDG avidity of the left chest wall 

mass with destruction of the left 7th rib with SUVmax 
18.0 (arrow in b and c). The right sacral ala mass has sig-
nificantly increased in size and FDG avidity with SUVmax 
14.0 (arrow in d and e). The scan findings are compatible 
with anato-metabolic progression in the left chest wall 
and right sacral mass
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14.7  Case 6

Pancreatic cancer, 18F-FDG PET/CT to assess 
treatment response (Fig. 14.6).

Teaching Points
• Necrosis and fibrosis following radiation ther-

apy complicate interpretation of CT imaging.
• 18F-FDG PET is superior to CT in assessing 

response to treatment in pancreatic cancer.

a b

Fig. 14.6 Complete metabolic response: 18F-FDG PET/
CT (a) Pre-treatment study shows moderate increased 
tracer uptake within the mass in the head of pancreas with 
SUVmax 6.2 (arrow). (b) Post chemoradiotherapy PET/

CT shows complete resolution of metabolic activity with 
significant regression in size of lesion (arrow) suggestive 
of complete metabolic response
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14.8  Case 7

Pancreatic cancer, 18F-FDG PET/CT for response 
assessment post completion of chemoradiation 
therapy (Fig. 14.7).

Teaching Points
• CT assessment of treatment response might 

delay detection of disease progression and 
regression.

• The nature of sporadically scattered cancer 
cells in fibrosis and connective tissue back-
ground in pancreatic cancer limits identifying 
tumour lesions.

• FDG PET is useful in the assessment 
of treatment response in pancreatic 
cancer.

a b

Fig. 14.7 Partial metabolic response: (a) Staging PET 
shows intense FDG uptake in the uncinate process of the 
pancreas (arrow). (b) On the post-therapy scan, there is 

regression in tracer uptake within the uncinate process of 
the pancreas compatible with partial metabolic response 
to treatment (arrows)
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14.9  Case 8

Pancreatic cancer, 18F-FDG PET/CT to assess 
treatment response (Fig. 14.8).

Teaching Points
• Chemoradiotherapy is a standard of care for 

locally advanced pancreatic cancer, and the 
local relapse rates are high.

• Several studies have demonstrated the perfor-
mance of 18F-FDG PET in assessing response 
to chemotherapy and chemoradiation and pre-
dicting clinical outcomes.

• The use of FDG PET/CT during CRT is lim-
ited by the inflammation caused by bile duct 
occlusion.

a b

Fig. 14.8 Disease progression: (a) Staging FDG PET/CT 
shows tracer avid soft-tissue mass involving head and 
neck of pancreas with SUVmax 15 (arrow). There is no 
pathological lesion in the liver. (b) Post chemoradiation 

PET/CT scan shows complete resolution of metabolic 
activity with significant regression in size of pancreatic 
mass (thin arrow), but there is a new metastatic lesion in 
the liver, suggesting disease progression (thick arrow)

14 PET/CT in the Assessment of Treatment Response in Hepatobiliary, Gall Bladder and Pancreatic…
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14.10  Case 9

Pancreatic carcinoma with liver metastasis ongoing chemotherapy. 18F-FDG PET/CT for treatment 
response assessment (Fig. 14.9).

b b

Fig. 14.9 Complete metabolic response: (a) There is 
focal intense tracer uptake within the right lobe of the liver 
demonstrating peripheral tracer uptake (arrow) and cen-
tral photon deficiency (SUVmax 17.0). (b) On the follow-

 up scan, there is interval complete resolution of metabolic 
activity in the liver. The FDG PET/CT scan findings are 
suggestive of complete metabolic response to treatment
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14.11  Case 10

Resected pancreatic cancer with liver and mediasti-
nal node metastases on chemotherapy. FDG PET/
CT to assess treatment response (Fig. 14.10).

a

b

Fig. 14.10 Partial metabolic response to treatment: (a) 
Pretreatment study: There is a focus of intense FDG 
uptake (SUVmax 9.0) within segment VIII of the liver 
(thick arrow). FDG uptake noted within the aortopulmo-
nary lymph node with SUVmax 7.0 (thin arrow). (b) Post-

treatment study: interval regression in FDG uptake within 
the hepatic lesion (SUVmax 4.0) and aortopulmonary 
lymph node (SUVmax 4.0) suggesting partial metabolic 
response to treatment
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a b

Fig. 14.11 Inflammation: FDG PET/CT study: MIP 
images show a large mass in the liver (red arrow) and het-
erogenous uptake in the abdomen. The heterogenous 

tracer uptake localizes to diffuse increased tracer uptake 
in the pancreas (white arrow) secondary to recent biliary 
stenting and ERCP and thus inflammatory in nature

14.12  Case 11

Suspected cholangiocarcinoma for staging 
(Fig. 14.11).

Teaching Points
• Pancreatitis is seen as a complication of bili-

ary stenting and radiation therapy.
• Diffuse FDG uptake in combination with 

inflammatory CT features (pancreatic oedema, 
peripancreatic stranding and fluid collections) 
can point towards the diagnosis of pancreatitis.

• Delayed 2 hour scan is often reported to con-
tribute to differentiation between malignant 
and benign lesions in the pancreas. However, 
the evidence is still evolving.

• Intense FDG uptake is seen in cholangitis and 
cholangiocarcinoma. Cholangitic abscess can 
often be mistaken as metastatic disease.

• Imaging features that can help differentiate 
inflammation from malignancy: Distribution of 
the FDG avidity in a linear branching pattern 
along the biliary radicles and a photopenic fluid 
filled the centre of an abscess.

K. Agrawal et al.



199

14.13  Case 12

Gall bladder carcinoma, 18F-FDG PET/CT to assess treatment response (Fig. 14.12).

a b

Fig. 14.12 Complete metabolic response: (a) Staging 
FDG PET/CT evaluation shows FDG avid soft-tissue 
mass in the gall bladder fossa with infiltration of the adja-
cent liver parenchyma (arrow). Fat planes with the distal 
end of the stomach, duodenum and hepatic flexure of the 
colon are effaced (SUVmax 8). (b) Post 4 cycles of che-

motherapy—there is interval complete resolution of meta-
bolic activity with minimal soft tissue noted involving 
fundus of gall bladder. The scan findings are compatible 
with complete metabolic and significant morphological 
regression of soft-tissue mass in the gall bladder fossa
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14.14  Case 13

Gall bladder carcinoma, FDG PET/CT to assess treatment response (Fig. 14.13).

a b

Fig. 14.13 Complete metabolic response: Staging 18F- 
FDG PET/CT (a) shows intensely FDG avid soft-tissue 
mass involving the gall bladder (arrow). The mass is infil-
trating the adjacent liver parenchyma (SUVmax 16.0). (b) 

Post chemoradiotherapy treatment response scan shows 
no perceptible FDG avid lesion in the gall bladder fossa 
(arrow) suggestive of complete metabolic response
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14.15  Case 14

Gall bladder carcinoma, 18F-FDG PET/CT to assess treatment response (Fig. 14.14).

a

b

Fig. 14.14 Carcinoma of gall bladder with partial meta-
bolic response. (a) Staging FDG PET/CT scan—FDG 
avid wall thickening arising from fundus of gall bladder 
(arrows) with adjacent hepatic parenchymal infiltration 
(SUVmax 14.0). (b). FDG PET/CT scan post 3 cycles of 

chemotherapy for treatment response evaluation shows 
FDG avid soft-tissue lesion in the fundus of the gall blad-
der (arrows) with minimal adjacent liver parenchymal 
infiltration (SUVmax 6). Scan findings are compatible 
with partial response to treatment
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14.16  Case 15

Carcinoma of gall bladder. 18F-FDG PET/CT for assessment of treatment (Fig. 14.15).

a b

Fig. 14.15 Partial metabolic response. 18F-FDG PET/CT 
(a) Staging scan shows FDG avid wall thickening in the 
fundus and body of gall bladder, involving parenchyma of 
adjacent right lobe of liver (SUVmax 13). (b) Post 
4  cycles of chemotherapy, there is low-grade FDG avid 

lesion in the gall bladder (SUVmax 3), and there is subtle 
residual disease evident on the axial PET and CECT 
images. Scan findings are compatible with favourable par-
tial metabolic response
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14.17  Case 16

Cholangiocarcinoma, Klatskin tumor. 18F-FDG PET/CT to assess treatment response 
(Fig. 14.16).

a b

Fig. 14.16 Partial metabolic response (a) Baseline 
scan—FDG avid soft-tissue mass is noted measuring 
4.0 cm × 3.2 cm × 2.3 cm with SUVmax 11.0 at the porta 
hepatis with involvement of the proximal common bile 
duct, common hepatic duct and confluence. (b) Post 

chemoradiotherapy study shows significant interval reduc-
tion in the metabolic activity and size of mass at the porta 
hepatis, compatible with partial metabolic response. Non 
attenuation corrected images are helpful for evaluation of 
metabolic activity at the site of metallic stents/implants
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14.18  Case 17

Cholangiocarcinoma, post percutaneous transhepatic biliary drainage. 18F-FDG PET/CT scan to 
assess treatment response (Fig. 14.17).

a b

Fig. 14.17 Complete metabolic response: (a) Peripheral 
increased FDG tracer uptake is noted in thick-walled cys-
tic lesion in the right lobe of the liver (segment VIII) mea-
suring 7.8 × 4.2 cm and SUVmax 9.0. The lesion shows 

air pockets within it, suggestive of liver abscess (arrows). 
(b) Follow-up PET/CT post drainage of the abscess shows 
complete resolution of metabolic activity and significant 
morphologic regression (arrows)
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14.19  Case 18

Cholangiocarcinoma, on chemotherapy. 18F-FDG PET/CT to assess treatment response (Fig. 14.18).

Fig. 14.18 Partial metabolic response: A case of cholan-
giocarcinoma presented with hepatic mass infiltrating 
anterior abdominal wall. The pre-treatment PET/CT on 
the left panel shows heterogeneously increased FDG 
uptake in the ill-defined soft-tissue mass measuring 
10.5 cm × 6.8 cm and SUVmax 8.1. Post chemotherapy 
repeat PET/CT after 3 months shows minimal regression 

in size of mass measuring 10.0 cm × 6.6 cm with SUVmax 
5.4. There is no significant regression in size of lesion and 
anatomically stable disease; however, as there is approx. 
33% reduction in SUVmax and most of the tumour is 
metabolically inactive except a small part, suggestive of 
partial metabolic response
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15.1  Introduction

Esophageal cancer has high mortality rate with 
poor 5-year overall survival of 17% [1]. There 
are two main histological subtypes—adenocar-
cinoma and squamous carcinoma. Surgery is 
the mainstay of treatment for locoregional dis-
ease. Approximately 20–30% of patients with 
locally advanced disease have distant meta-
static disease at presentation [2]. Combined 
chemo- radiotherapy (CTRT) and neoadjuvant 
chemotherapy (NACT) prior to surgery are 
some of the approaches used to improve local 
control. These approaches help to downstage 
the disease, increase the resection rates, and 
also treat micro- metastases, not detected on 
imaging [3, 4].

18F-FDG PET/CT is the modality of choice to 
identify treatment responders from nonre-
sponders. FDG PET/CT can distinguish viable 
from nonviable disease, but false positives do 

occur because of posttreatment (CTRT) inflam-
matory changes due to uptake of FDG in macro-
phages and activated leukocytes. PET cannot 
distinguish between microscopic residual disease 
from complete response. In spite of these issues, 
PET/CT is more accurate than any other imaging 
modality, e.g., CT, EUS, in identifying respond-
ers from nonresponders [5–7].

Pathological complete response after neoad-
juvant chemotherapy with or without radiother-
apy is associated with lower recurrence rates 
and longer survival [8–12]. Few meta-analyses 
have shown improved 3-year survival in patients 
who received neoadjuvant CTRT as compared 
to those who underwent surgery alone [13, 14]. 
Patients with complete metabolic response on 
imaging may at times benefit from wait and 
watch policy [12].

We hereby present multiple case scenarios in 
response assessment of esophageal and gastric 
malignancy.
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15.2  Case No. 1: Radiation- 
Induced Esophagitis

Clinical Details 62-year male; a case of squa-
mous carcinoma of middle esophagus. Received 
CTRT, response study was done 2 months after 
completion of treatment (Fig. 15.1).

Interpretation Low-grade diffuse uptake in the 
esophagus in the irradiated region represents 

posttreatment inflammatory changes. This was 
confirmed by a posttreatment biopsy which 
revealed no residual disease.

Teaching Point
• Low-grade diffuse metabolic activity in the 

esophagus represents radiation-induced 
inflammatory changes suggestive of esophagi-
tis [15, 16].

a

b

Fig. 15.1 (a) Upper row shows FDG-avid circumferential thickening involving the middle esophagus (arrow). (b) 
Lower row shows low-grade diffuse FDG uptake in the esophagus (block arrow) with no mass lesion in the esophagus

A. Agrawal et al.
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Fig. 15.2 (a) FDG-avid concentric wall thickening 
involving the middle esophagus (arrow). The MIP and the 
axial image on the right show increased FDG uptake in 

the paramediastinal region of the lungs (block arrows). (b) 
Increased FDG uptake is noted in ground glass opacities 
in the paramediastinal lung (block arrow)

15.3  Case No. 2: Radiation- 
Induced Pneumonitis

Clinical Details 62-year male with moderately 
differentiated squamous cell carcinoma 
(MDSCC) of middle esophagus. Staging and 
post CTRT scan done 10 months after comple-
tion of RT (Fig. 15.2).

Interpretation Post radiotherapy to the 
esophagus, paramediastinal inflammatory 
changes are seen in both the lungs. This is 
because the radiation port includes minimal 
lung tissue. Ground glass opacities are typi-
cally seen in the early phase and traction bron-

chiectasis in the late stage. These are referred 
to as radiation-induced lung injury or radiation 
pneumonitis.

Teaching Points
• Posttreatment inflammatory changes should 

not be mistaken as disease to the lung or 
lymphangitis.

• Radiation pneumonitis is inflammatory reac-
tion of the pulmonary parenchyma which is 
affected by radiation.

• Acute changes are seen 6–12  weeks after 
radiotherapy. Chronic changes in the form of 
fibrosis are seen 6–12  months after RT and 
can last for 2 years [17, 18].

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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15.4  Case No. 3: Post 
Transthoracic 
Esophagectomy (TTE) 
Appearance

Clinical Details  A. 50 years, female, a case of 
poorly differentiated SCC of middle third esoph-
agus. Post NACT and TTE.

 B. 42 years, male, a case of moderately differen-
tiated SSC of the lower esophagus. Post 
CTRT and TTE (Fig. 15.3).

Interpretation These are normal appearances 
post transthoracic esophagectomy (TTE).

Teaching Point
• The mobilized gastric tube is placed in the 

prevertebral space of posterior mediastinum 
(commonest) or in the right paravertebral or in 
the substernal space of anterior mediastinum. 
One should be aware of the post TTE appear-
ance on PET/CT [19].

Fig. 15.3 (a) PET/CT scan shows the mobilized gastric 
tube in the substernal space of the mediastinum (arrows), 
with no increased FDG uptake. (b) PET/CT scan shows 

the mobilized gastric tube in the right paravertebral space 
(arrows), with no increased FDG uptake

A. Agrawal et al.
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15.5  Case No. 4: Aspiration 
Pneumonia

Clinical Details 55 years male, a case of poorly 
differentiated SCC of the middle and lower 
esophagus. Staging scan (Fig. 15.4).

Interpretation These changes in the left lung 
are due to aspiration pneumonia.

Teaching Points
• Tracheoesophageal and bronchoesophageal 

fistulas are seen in 5–10% of patients with 
advanced esophageal cancer. The prognosis is 
poor in such patients.

• Pulmonary consolidation may involve one or 
both the lungs. The radiologic findings are 
usually nonspecific. Aspiration pneumonia 
should be suspected in patients with esopha-
geal malignancy who present with recurrent 
pneumonia [20].

a b

Fig. 15.4 (a) FDG PET/CT image shows FDG-avid in 
the middle and lower esophageal mass. The mass encases 
the left main bronchus with possible infiltration (arrow). 

(b) FDG-avid branching opacities in the lower lobe of left 
lung (block arrow)

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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15.6  Case No. 5: Recurrent 
Aspiration Pneumonia

Clinical Details 55 years male, a case of poorly 
differentiated SCC of the middle and lower 
esophagus. Received NACT and chemotherapy. 
(same patient as in Case No. 4) (Fig. 15.5).

Interpretation These changes are due to recur-
rent aspiration pneumonia.

Teaching Point
Recurrent pneumonia is common in patients 
with locally advanced esophageal malignancy 
[20].

a

b

Fig. 15.5 (a) FDG PET/CT image shows FDG-avid mid-
dle and lower esophageal mass. (b, c) FDG PET/CT study 
done post NACT (2 months after the first study) and post 

palliative chemotherapy (6  months after the first study) 
shows FDG-avid branching opacities in both the lungs. 
The opacities have increased in c

A. Agrawal et al.
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15.7  Case No. 6: 
Tracheoesophageal Fistula 
(TOF)

Clinical Details 68  years, male, case of 
MDSCC. Received CTRT (Fig. 15.6).

Interpretation The scans show progressive dis-
ease and the presence of a bronchoesophageal 
fistula.

Teaching Point
• Locally advance esophageal malignancy may 

invade the trachea, bronchus, or at times the 
lung, resulting in a fistula formation between 
the esophagus and the trachea-bronchial tree. 
This carries poor prognosis [21].

a

b

Fig. 15.6 (a) Staging 
scan: FDG-avid middle 
esophageal mass 
(arrow). (Ai) Post CTRT: 
Partial response in the 
esophageal mass (arrow) 
with appearance of new 
metabolically active 
liver lesion (block 
arrow) suggestive of 
metastases and disease 
progression. (b) Study 
done 6 months after the 
post CTRT scan: 
Increase in the size of 
the FDG-avid 
esophageal mass (arrow) 
and the liver lesion 
(block arrow). FDG-avid 
aspiration pneumonia is 
noted in both the lungs. 
(Bi) The esophageal 
mass is invading into the 
left main bronchus with 
formation of 
bronchoesophageal 
fistula (curved arrow)

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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15.8  Case No. 7: Upper 
Esophageal Mass 
with Complete Response 
Post CTRT

Clinical Details 47 years’ male, case of SCC of 
upper esophagus. PET/CT done after three cycles 
of NACT and post CTRT (Fig. 15.7).

Interpretation Both the response scans done 
after NACT and post CT RT show complete 
response to treatment. These findings are sugges-
tive of complete response (CR) to treatment.

Teaching Point
• FDG PET/CT is the better than all imaging 

modalities for assessment of response post 
chemo-radiotherapy [5, 7].

a b cFig. 15.7 (a) Staging 
scan: FDG PET CT 
image showing 
hypermetabolic 
circumferential 
thickening involving the 
upper esophagus 
(arrow). (b) Scan post 
NACT: No FDG-avid 
lesion seen in the upper 
esophagus in the scan 
(block arrow). (c) Post 
CTRT scan: No 
FDG-avid lesion seen in 
the upper esophagus in 
the scan done after 
2 months of completion 
of CTRT (block arrow)

A. Agrawal et al.



217

15.9  Case No. 8: Post CTRT 
Complete Response 
with Inflammatory Changes 
in the Esophagus

Clinical Details 75  years, male, a case of 
MDSCC. Staging and post CTRT scan (Fig. 15.8).

Interpretation Low-grade diffuse FDG uptake 
in the posttreatment scan represents posttreat-

ment inflammatory changes, confirmed by histo-
pathology. Biopsy done after CTRT showed 
chronic inflammatory exudate suggestive of post-
treatment changes.

Teaching Point
• Radiation esophagitis is seen after 2 weeks of 

completion of CTRT and is commonly seen 
with high radiation doses in range of 40 Gy 
and above [22].

a bFig. 15.8 (a) Staging 
study: FDG-avid 
(maxSUV 24.22) 
circumferential 
thickening noted in the 
middle and lower 
esophagus (arrow). (b) 
Response assessment 
scan done post CT RT: 
No FDG-avid mass in 
esophagus. Only 
low-grade diffuse FDG 
uptake [maxSUV 3.26] 
is noted in the mid and 
lower esophagus (block 
arrow)
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15.10  Case No. 9: Complete 
Response on PET/CT 
with Microscopic Residual 
Disease on Histopathology

Clinical Details 69  years male. A case of 
MDSCC of the lower esophagus. Pretreatment 
and post NACT scans (Fig. 15.9).

Interpretation Complete metabolic response is 
seen in the esophageal lesion post three cycles of 

NACT. The patient underwent TTE after NACT 
which revealed residual MDSCC.  The bulky 
adrenal was benign.

Teaching Point
• Though PET/CT is the best modality for 

response assessment, it cannot pick micro-
scopic residual disease [5, 7].

a b c d

Fig. 15.9 (a and c) Staging scan: FDG-avid mass in the 
lower esophagus (arrow). Low-grade FDG-avid bulky left 
adrenal (maxSUV 2.9) (curved arrow). (b and d) Post 

NACT response scan: No FDG-avid lesion in the esopha-
gus. The bulky left adrenal is unchanged (curved arrow)

A. Agrawal et al.
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15.11  Case No. 10: Posttreatment 
Changes Vs. Residual 
Disease

Clinical Details 60-year-old male, case of 
MDSCC.  Staging scan and post CTRT scan 
(Fig. 15.10).

Interpretation Low-grade metabolic activity in 
the minimal soft-tissue thickening in the middle 

esophagus. This finding is indeterminate. This 
could represent either residual disease or post-
treatment changes. This patient underwent TTE 
which showed no residual disease.

Teaching Point
• It is at times difficult to differentiate between 

inflammatory posttreatment changes in the 
esophagus and minimal residual disease.

Fig. 15.10 (a) Staging 
scan: FDG-avid mass 
(maxSUV 14.1) in the 
middle third esophagus 
(arrow). (b) Response 
assessment scan post CT 
RT: Low-grade diffuse 
FDG uptake (maxSUV 
3.5) with minimal 
soft-tissue thickening is 
noted in the middle 
esophagus (block arrow)

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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a b c d

Fig. 15.11 (a and c) Staging scan: FDG-avid mass lesion 
is noted in the lower esophagus (arrow) and FDG-avid 
paraesophageal node (block arrow). (b and d) Post CTRT 

scan: FDG-avid lesion seen in the lower esophagus with 
decrease in size and metabolic activity of the esophageal 
lesion and the paraesophageal node

15.12  Case No. 11: Partial 
Response to Treatment

Clinical Details 54  years, male. A case of 
poorly differentiated SCC.  Staging and post 
CTRT scan (Fig. 15.11).

Interpretation Partial response post CTRT. Post 
TTE revealed PDSCC with residual viable dis-
ease with metastatic node with perinodal 
extension.

Teaching Point
• Demonstration of partial response.

A. Agrawal et al.
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15.13  Case No. 12: Stable Disease 
with Radiation-Induced 
Esophagitis

Clinical Details 54  years, female. Case of PD 
SCC. Received three cycles of NACT and under-
went TTE (Fig. 15.12).

Interpretation These findings suggest stable 
disease post NACT along with inflammatory 

esophagitis. This patient underwent TTE which 
revealed residual viable poorly differentiated 
squamous carcinoma with tumor regression 
grade (TRG) 4/5.

Teaching Point
• Residual disease may coexist with radiation- 

induced esophagitis.

a b

Fig. 15.12 (a) Staging scan: FDG-avid mass (maxSUV 
10.93) is noted in the lower esophagus (arrow). (b) Post 
NACT scan: FDG-avid mass in the lower esophagus with 

minimal decrease in thickness and no significant change 
in metabolic activity (maxSUV 9.56). Diffuse FDG 
uptake is seen along the esophagus

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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a b c d

e f

Fig. 15.13 (a, c, e) Staging scan: FDG-avid mass is 
noted in the distal esophagus extending into the gastro-
esophageal junction (arrow). 6-mm-sized FDG-avid gas-
trohepatic node is noted as E (block arrow). (b, d, f) 

Response assessment scan: Low-grade FDG uptake 
(curved arrow) with minimal soft-tissue thickening is 
noted in the GE junction. There is complete resolution of 
the gastrohepatic node

15.14  Case No. 13: GE Junction 
Mass with Partial Response

Clinical Details 35 years’ male, a case of poorly 
differentiated adenocarcinoma. Staging and post 
four cycles of chemotherapy scan (Fig. 15.13).

Interpretation Though there is significant reso-
lution of the metabolic activity and the soft-tissue 
mass involving the lower esophagus and GE 

junction, there is still persistence of residual dis-
ease. This is partial response. The patient under-
went TTE which revealed: scanty residual, viable 
poorly differentiated adenocarcinoma with tumor 
regression grade (TRG) 2/5.

Teaching Point
• Due to physiological uptake in the GE junc-

tion, prediction of response may be difficult 
on PET/CT at times.

A. Agrawal et al.
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a b c d

Fig. 15.14 (a and c) FDG-avid large mass in the mid and lower esophagus (arrow). Also noted is aspiration pneumonia 
in the lower lobe of left lung. (b and d) No FDG-avid mass in the esophagus (block arrow)

15.15  Case No. 14: Complete 
Response

Clinical Details 55 years’ male, a case of poorly 
differentiated SCC of the middle and lower 
esophagus. Staging scan and Post NACT study 
(Fig. 15.14).

Interpretation Complete metabolic and mor-
phologic response in the esophageal mass.

Teaching Point
• Demonstration of complete response.

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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15.16  Case No. 15: Coexisting 
Malignancy 
and Granulomatous 
Infection

Clinical Details 48 years’ male, a case of carci-
noma of GE junction. Scan done at staging and 
post four cycles of NACT (Fig. 15.15).

Interpretation Partial response is seen in the 
primary. The right supraclavicular node is 

marginally increased in size after NACT. This 
node was biopsied which showed granuloma-
tous infection. Tuberculosis is one of the com-
monest infections in this part of the world 
(India).

Teaching Point
• Malignancy and tuberculosis can coexist. 

SUVs do not help differentiate between the 
two. Biopsy is the way forward.

Fig. 15.15 (a and c) Staging scan: FDG-avid wall thick-
ening is noted involving the GE junction and lesser curva-
ture of stomach (arrow). (b and d) Post NACT response 
assessment scan: Significant decrease in the size and 
metabolic activity of the GE junction and lesser curvature 
of stomach mass (curved arrow). (a, b, e, f) FDG-avid 

right supraclavicular node is noted in both the staging 
(maxSUV 3.74) and post NACT scan (maxSUV 5.67) 
(block arrow). Though response is noted in the primary 
mass, there is increase in the size and metabolic activity of 
the right supraclavicular node

a b c d

e f
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a b c d

Fig. 15.16 (a and c) FDG-avid mass in the distal esopha-
gus (arrow). Also seen are multiple branching tree-in-bud 
and nodular opacities in both the lungs (maxSUV 11.82) 

(curved arrow). (b and d) Complete response noted in the 
esophageal lesion as well as the lungs opacities

15.17  Case No. 16: Esophageal 
Primary with Coexisting 
Tuberculous Infection 
in the Lungs

Clinical Details 44  years old female, case of 
MDSCC. Received CTRT (Fig. 15.16).

Interpretation Metabolically active primary 
esophageal mass with coexisting tuberculosis 

involving the lungs. The patient was treated with 
CTRT and anti koch’s therapy.

Teaching Point
• Tree-in-bud branching opacities are hallmark 

of infective etiology and should not be mis-
taken for metastatic disease.

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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15.18  Case No. 17: GE Junction 
and Proximal Stomach Mass 
with Partial Response

Clinical Details 32 years, male with poorly dif-
ferentiated adenocarcinoma of the GE junction 
and proximal stomach (Fig. 15.17).

Interpretation These findings are suggestive of 
partial response.

Teaching Point
• Demonstrate of partial response.

a b c d

Fig. 15.17 (a, c) Staging scan: FDG-avid mass in the GE 
junction and proximal stomach (arrow). (b, d) Post three 
cycles of NACT: There is minimal decrease in soft-tissue 

thickening and metabolic activity of the GE junction and 
proximal stomach mass

A. Agrawal et al.



227

15.19  Case No. 18: Complete 
Response in Esophageal 
Primary with Marrow 
Hyperstimulation Post 
Chemotherapy

Clinical Details 50 years’ male, case of SCC of 
the middle esophagus. Staging and post two 
cycles of NACT scan (Fig. 15.18).

Interpretation Intense marrow uptake is due to 
post chemotherapy marrow hyperstimulation.

Teaching Point
• Marrow hyperstimulation is common after 

chemotherapy, may look intense and patchy at 
times, and should not be mistaken for disease 
involvement.

a b c d

Fig. 15.18 (a, c) Staging scan: FDG-avid mass in the 
mid esophagus (arrow). (b, d) No FDG-avid mass is noted 
in the esophagus implying complete response post chemo-

therapy. Intense marrow uptake is noted in the axial and 
appendicular skeleton (block arrow)

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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dca b

Fig. 15.19 (a, c) Staging scan: FDG-avid mass in the 
distal esophagus and GE junction (arrow). (b, d) Post 
CTRT scan: Decrease in size and metabolic activity of the 

esophageal mass (arrow). New metastatic left supracla-
vicular (curved arrow) and paraaortic nodes (curved block 
arrow) are noted

15.20  Case No. 19: Progressive 
Disease

Clinical Details 65  years, male, case of 
SCC.  Staging scan and Post CTRT scan 
(Fig. 15.19).

Interpretation Partial response in the primary 
lesion in the distal esophagus. Appearance of 

new hypermetabolic metastatic supraclavicular 
and para-aortic nodes. Biopsy from the supracla-
vicular node was consistent with metastases from 
squamous cell cancer.

Teaching Point
• Though the primary mass shows partial 

response, new metastatic disease lesions sug-
gest disease progression.

A. Agrawal et al.
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a b c d

Fig. 15.20 (a, c) Staging scan: FDG-avid mass in the 
lower esophagus (arrow). (b, d) Scan done 2 years post 
TTE: FDG-avid mass is noted in the right trachea- 

esophageal (TO) groove (curved arrow), suggesting recur-
rent disease. The gastric pull-up is seen in d (block arrow)

15.21  Case No. 20: Post TTE 
Recurrence

Clinical Details 43  years, male, case of 
SCC. Underwent TTE. Developed recurrent dis-
ease 2 years after the surgery (Fig. 15.20).

Interpretation Recurrent disease in the TO 
groove post TTE.

Teaching Points
• FDG PET has a sensitivity of 94% and speci-

ficity of 82% for detection of recurrent esoph-
ageal cancer.

• More than 50% of patients will develop recur-
rence within 3 years of definitive treatment.

• The prognosis of recurrent esophageal cancer 
is poor [23–25].

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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Fig. 15.21 (a and c) Post CTRT study: No metabolically active disease in the study. (b and d) On follow-up after 
14 months of completion of CTRT: FDG-avid mass in the lower esophagus (arrow)

15.22  Case No. 21: Recurrent 
Disease Post CTRT

Clinical Details 74  years male, case of MD 
SCC of the middle esophagus. 14  months post 
CTRT developed recurrence (Fig. 15.21).

Interpretation Recurrent disease in the lower 
esophagus after 14  months of completion of 
CTRT.

Teaching Points
• Recurrences are common after definitive 

CTRT.
• Approximately 40–60% of patients receiving 

definitive CTRT will develop locoregional 
recurrence. The treatment in this condition is 
usually salvage surgery [26].

A. Agrawal et al.
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Fig. 15.22 (a and c) Post CTRT study: FDG-avid recur-
rent mass in the middle and lower esophagus (arrow). (b 
and d) Follow up study: Increase in extent and metabolic 
activity of the esophageal mass in the middle and lower 

esophagus around the esophageal stent (block arrow). 
Increase in size of the gastrohepatic node. New FDG-avid 
lytic lesion in the right seventh rib (curved arrow)

15.23  Case No. 22: Recurrence 
and Then Progressive 
Disease

Clinical Details 56 years male, case of SCC of 
mid and lower esophagus, and was treated with 
NACT and CTRT.  Showed complete response. 
Developed recurrence, esophageal stenting was 
done with a self-expanding metallic tube (SEMS) 
for esophageal stricture. Six months later, the 
patient developed disease progression 
(Fig. 15.22).

Interpretation Recurrence post CTRT and then 
unequivocal disease progression.

Teaching Point
• Recurrences are common after definitive 

CTRT.  Approximately 40–60% of patients 
receiving definitive CTRT will develop locore-
gional recurrence [26].

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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15.24  Case No. 23: Post CTRT 
Recurrence

Clinical Details 66 years, male, a case of SCC 
of mid third esophagus. Received CTRT and had 
complete response. Developed recurrent disease 
6 months post CTRT (Fig. 15.23).

Interpretation Recurrent disease in the middle 
esophagus.

Teaching Point
• Recurrent disease after definitive treatment 

has poor prognosis. Salvage surgery may be 
considered if the disease is localized.

ca b

Fig. 15.23 (a) Staging scan: FDG-avid mass in the mid-
dle esophagus (arrow). (Ai) Post CTRT response scan: No 
FDG-avid mass in the esophagus, suggesting complete 

response. (b and c) Follow-up scan: FDG-avid mass in the 
middle esophagus (block arrow)

A. Agrawal et al.
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a b c d

Fig. 15.24 (a and c) Scan done 2 months after TTE: No FDG-avid disease. Gastric pull-up is seen. (b and d) Large 
FDG-avid hypodense mass in the liver (block arrow)

15.25  Case No. 24: Post TTE 
Metastatic Disease

Clinical Details 65-year-old lady, case of SCC 
of the esophagus. Received NACT and under-
went TTE.  Eight months post TTE developed 
metastatic disease (Fig. 15.24).

Interpretation The liver lesion is suggestive of 
metastatic disease. It was proven by biopsy.

Teaching Point
• Recurrences are common after curative esopha-

gectomy. The survival of patients with metastatic 
disease in such scenarios is extremely poor.

15 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
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15.26  Case No. 25: 
Adenocarcinoma Stomach 
with Complete Metabolic 
Response

Clinical Details 58-year-old lady, case of mod-
erately differentiated adenocarcinoma involving 
the distal esophagus and proximal stomach. 
Received three cycles of NACT and underwent 
esophagogastrectomy (Fig. 15.25).

Interpretation There is complete metabolic 
response on the mass with residual morphologi-
cal thickening in the lesser curvature.

Patient underwent surgery, the histopathology 
revealed only scanty dysplastic glands and no 
invasive carcinoma.

Teaching Point
• Of all imaging modalities, FDG PET/CT is 

the best for response assessment.

a b c d

Fig. 15.25 (a and c) Staging scan: FDG-avid mass 
involving the lesser curvature of stomach and GE junction 
(arrow). (b and d) Complete metabolic and significant 

morphological response is noted the mass in the lesser 
curvature of stomach and GE junction

A. Agrawal et al.
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PET-CT in Treatment Response 
Evaluation in Lymphoma 

Thomas Wagner

16.1  Introduction

FDG PET/CT is now the main imaging tool to 
assess response to treatment in avid lymphoma. 
Its value is highest at the end of treatment and the 
degree of uptake at the end of treatment corre-
lates with survival. Interim assessment is being 
used more and more and is particularly useful in 
patients with Hodgkin lymphoma. Research is 
now focusing on quantitative measures to define 
prognosis at initial staging and in assessment of 
response at interim. A number of clinical trials 
are using FDG PET/CT-guided therapy with the 
degree of response on the interim scan determin-

ing the course of treatment. These clinical trials 
are looking at escalating treatment in poor 
responders with poor prognosis to improve sur-
vival; and at de-escalating treatment in good 
responders with good prognosis to reduce side 
effects of treatment. It is now essential for 
Nuclear Medicine physicians and radiologists to 
be familiar with the Deauville score, a visual tool 
to assess the degree of uptake, and with various 
clinical scenarios and imaging findings in patients 
with lymphoma (Figs. 16.1, 16.2, and 16.3). This 
chapter presents common findings in assessment 
of response in lymphoma patients.

T. Wagner (*) 
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Score 2:  Uptake ≤ MBP 

Baseline PET Interim PET

a b

Fig. 16.1 Score 2: 
Uptake ≤ MBP. FDG 
PET scan: (a) Baseline 
and (b) Interim PET

Score 3:Uptake > MBP ≤liver 

Baseline PET Interim PET

a b

Fig. 16.2 Score 3: 
Uptake > MBP ≤ liver. 
FDG PET scan: (a) 
Baseline and (b) Interim 
PET

Score 4:Uptake > liver 

Baseline PET Interim PET

a b

Fig. 16.3 Score 4: 
Uptake > liver. FDG 
PET scan: (a) Baseline 
and (b) Interim PET

T. Wagner



239

a

db

c

Fig. 16.4 An 83-year-old female presented with DLBCL 
stage IIA. 18F-FDG Baseline PET/CT scan shows intense 
uptake in enlarged left submandibular nodal mass and 
intense uptake in small right submandibular node (a, b). 
End of treatment scan demonstrates complete metabolic 

response of the left submandibular nodal mass and resid-
ual low-grade uptake in the right submandibular node, 
greater than mediastinal blood pool and less than liver 
background (c, d). Complete metabolic response, 
Deauville 3 in right submandibular node

16.2  Case 1 (Fig. 16.4)

Teaching point:
 – It is important to locate the smaller nodes 

post-treatment and measure their uptake 
against liver background and mediastinal 
blood pool (Table 16.1).

Table 16.1 Interim PET criteria

Score PET-CT scan result
1 No uptake above background
2 Uptake ≤ mediastinum
3 Uptake > mediastinum but ≤ liver
4 Uptake moderately increased compared to the 

liver at any site
5 Uptake markedly increased compared to the 

liver at any site
X New areas of uptake unlikely to be related to 

lymphoma

Deauville criteria = Five-point scale

16 PET-CT in Treatment Response Evaluation in Lymphoma
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16.3  Case 2 (Fig. 16.5)

Teaching point:
 – Intensity of uptake can be variable in low- 

grade B cell lymphomas but most will show 
avidity and FDG PET/CT can be used for 
staging and response assessment.

a b c

Fig. 16.5 A 73-year-old female presented with marginal 
zone lymphoma stage 3A. 18F-FDG Baseline PET/CT 
scan (a) showed intense uptake in nodes above and below 

the diaphragm. Interim PET (b) showed complete meta-
bolic response, Deauville 3. End of treatment PET (c) 
showed further reduction in size, Deauville 3

T. Wagner
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16.4  Case 3 (Fig. 16.6)

Teaching points:
 – Intensely avid bone lesion can become cold 

after treatment as normal bone marrow cells 

are initially replaced by lymphoma and then 
by fibrotic tissue after treatment.

 – Post-GCSF PET shows diffuse moderate to 
intense uptake in the bone marrow and in the 
spleen.

a b

c

d e

f

Fig. 16.6 A 23-year-old male presented with hodgkin 
lymphoma stage IV. 18F-FDG PET/CT. (a) Involving T5 
(b) and the pericardium (c). Interim PET (d, f) showed 
complete metabolic response. Post-GCSF finding with 

diffuse intense BM and splenic uptake on interim PET 
(d). Mirror image of T5 lesion post-treatment (b, e, 
arrows). Complete metabolic response of abnormal peri-
cardial uptake

16 PET-CT in Treatment Response Evaluation in Lymphoma
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16.5  Case 4 (Fig. 16.7)

Teaching points:
 – Brown fat uptake is a common finding which 

can make interpretation difficult in patients 
with lymphoma as the areas of brown fat 
uptake are close to areas where there can be 

enlarged and avid nodes, especially in the 
neck. Good knowledge of the many variants of 
brown fat uptake and good correlation with 
CT findings are essential.

 – Large masses can remain after treatment and 
show low-grade uptake.

a b

c

d e

f

Fig. 16.7 A 42-year-old female presented with hodgkin 
lymphoma stage 2 with bulky disease with a maximum 
diameter of 18 cm. 18F-FDG PET/CT staging scan shows 
a large intensely avid anterior mediastinal mass (a–c). 
Interim PET post two cycles of ABVD shows as residual 
large mass of 11  cm of maximal diameter with uptake 

greater than mediastinal blood pool and less than liver 
background, Deauville 3, in keeping with complete meta-
bolic response (d–f). Note the brown fat uptake on MIP 
and transaxial view with a typical distribution of posterior 
neck, axillae and costovertebral regions

T. Wagner
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16.6  Case 5 (Fig. 16.8)

Teaching points:
 – High-grade transformation is a complication 

of low-grade lymphoma. It is suspected when 
uptake is particularly intense, there is rapidly 
progressive disease or there is extranodal 
involvement.

 – Post-pleurodesis there is intense uptake in 
areas of high-density material in the pleura. 
This can persist for many years. PET appear-
ances are very similar to mesothelioma and 
careful correlation with clinical history and 
CT findings is very important.

a b

c

d e

f

Fig. 16.8 Case 5: A 61-year-old female presented with 
ffollicular lymphoma stage IVB with suspicion of high-
grade transformation, not biopsy proven. Staging 18F-FDG 
PET/CT shows extensive disseminated large volume dis-
ease with bone marrow, small bowel and right pleural 
involvement with nodal disease above and below the dia-
phragm and a mesenteric mass (a–c). End of treatment PET 

after six cycles of G-CHOP shows complete metabolic 
response, Deauville 3. Residual uptake in the mesenteric 
mass is greater than mediastinal blood pool and less than 
liver background (d–f). Pleural involvement was proven 
with VATS and pleurodesis was performed. Note residual 
intense heterogeneous uptake in the right pleura with areas 
of high density in keeping with previous pleurodesis
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16.7  Case 6 (Fig. 16.9)

Teaching point:
 – Diffuse intense uptake in the thyroid usually 

related to thyroiditis.

a ec

b d f

Fig. 16.9 A 78-year-old female presented with marginal 
zone lymphoma. Staging 18F-FDG PET/CT shows moder-
ate diffuse uptake in an anterior mediastinal mass (a, b). 
Interim PET shows partial metabolic response with a 
decrease in size and intensity of uptake and residual uptake 
greater than liver background, Deauville 4 (c, d). End of 

treatment PET (e, f) shows further reduction in size and 
intensity of uptake. Uptake is less than liver background, 
Deauville 3, consistent with complete metabolic response. 
Note diffuse persistent stable intense thyroid uptake and 
shoulder uptake, unrelated and likely representing thyroid-
itis and inflammatory changes in the shoulder joints

T. Wagner
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a c

db

Fig. 16.10 A 61-year-old male presented with DLBCL 
stage IV. Staging 18F-FDG PET/CT demonstrates multi-
ple extranodal sites of disease: small bowel, stomach, pan-
creas, left adrenal (a, b). The patient had bowel perforation 

following first cycle of chemotherapy. PET for response 
assessment post three cycles of R mini CHOP shows 
intensely residual avid large volume disease, Deauville 5 
(c, d)

16.8  Case 7 (Fig. 16.10)

Teaching point:
 – Bowel perforation is a rare and serious com-

plication of treatment in patients with large 
volume bowel involvement.

16 PET-CT in Treatment Response Evaluation in Lymphoma
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f e
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h 

a  

c 

d
 

b

Fig. 16.11 An 84-year-old female presented with 
DLBCL stage II with splenic involvement. Staging 18F-
FDG PET/CT shows intense uptake in the spleen and in an 
enlarged right inguinal node. Intensely avid lung metasta-
ses are seen related to metastatic thyroid cancer (a–d).End 

of treatment PET after six cycles of R-miniCHOP demon-
strates residual intense uptake in the right inguinal node 
which has decreased in size, Deauville 5. Complete meta-
bolic response in the splenic lesion. Stable intensely avid 
lung metastases from thyroid cancer (e–h)

16.9  Case 8 (Fig. 16.11)

Teaching points:
 – In patients being treated for multiple malig-

nancies, it is important to understand the 

 treatments of the malignancies and the natural 
course of disease.

 – In this patient there is partial response to che-
motherapy in the lymphoma-related lesions 
and stable disease in the lung metastases from 
the thyroid malignancy.

T. Wagner
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18F-FDG PET/CT in Treatment 
Response Evaluation: Breast 
Cancer

Joan Duch Renom

17.1  Introduction

Since 1989, when Minn and Soini were the first 
authors to study breast cancer patients with FDG 
PET, the technique has been widely used for stag-
ing, monitoring therapy response, and relapse of 
breast cancer.

There are some components of tumor biol-
ogy that are related to FDG uptake, and the fol-
lowing ones are related to a higher FDG uptake: 
Invasive ductal breast carcinoma, triple-negative 
breast cancer, primary grade 3 carcinomas, and 
high Ki-67.

Early-stage breast cancer patients do not 
benefit from FDG PET/CT, and the technique 
has demonstrated poor overall sensitivity for 
the detection of axillary nodal metastases (sur-
gical sampling by sentinel lymph node biopsy 
remains the method of choice for staging the 
axilla).

But the technique can reveal additional N3 
nodal disease (infra-supraclavicular or internal 

mammary nodes) not usually diagnosed by the 
rest of techniques, and this finding leads to a 
change in therapeutic decisions. Moreover, with 
metastatic disease, FDG PET/TC has better sen-
sitivity and specificity than conventional imag-
ing (especially useful in locally advanced breast 
cancer, associated with a higher rate of distant 
metastases).

Identifying early responder patients in neoad-
juvant treatment is important, and FDG PET/CT 
is useful in imaging therapy response, as changes 
in FDG metabolism often precede morphologic 
changes in tumor.

The technique is also useful for identifying the 
site of relapse, especially when traditional imag-
ing methods are equivocal, and for confirming 
isolated locoregional relapse or isolated meta-
static lesions.

FDG PET/CT has become a standard modal-
ity for initial staging of advanced local breast 
cancer, evaluation of treatment response, and in 
detection of disease recurrence.
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17.2  Clinical Examples

17.2.1  Case 1: Staging of Locally 
Advanced Breast Cancer

Clinical details: Staging of locally advanced 
breast cancer in a 56-year-old woman. Breast 
MRI showed a multifocal lesion of 30 × 50 mm 
in right upper outer quadrant, with some axillary 
lymph nodes (Fig. 17.1).

Teaching points:
• Knowledge of the distribution of metabolic 

activity of the disease can improve the  accuracy 
for a better staging, compared to other 
techniques.

• PET/CT could diagnose pathologic adenopa-
thies with normal size, or located outside the 
field of MRI technique.

MIP PET FUSED PET/CT CT

A

B

C

D

Fig. 17.1 Scan findings: Right breast multicentric lesions 
with abnormal FDG uptake (SUVmax 12), located in 
outer quadrants (row A), associated with ipsilateral axil-

lary adenopathies (row B), internal mammary chain ade-
nopathies (row C), and supraclavicular adenopathies and 
(row D)

J. D. Renom
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17.2.2  Case 2: Staging Metastatic 
Breast Cancer

Clinical details: Staging of breast cancer in a 
49-year-old woman. Breast MRI showed left 
26 × 15 mm lesion in upper inner quadrant and 
some ipsilateral axillary adenopathies (Fig. 17.2).

Teaching points:
• FDG PET/CT is useful for staging locally 

advanced breast cancer, in order to detect non 
suspected metastatic lesions.

• The technique has better accuracy than conven-
tional imaging techniques in metastatic disease.

MIP PET FUSED PET/CT CT

A

B

C

D
PET CTFUSED PET/CT

Fig. 17.2 Scan findings: Left breast lesion with increased FDG uptake (row A), axillary lymph node adenopathies and 
multiple liver (row B), and bone metastasis (row C). Multiple skeletal metastases in the spine (row D)

17 18F-FDG PET/CT in Treatment Response Evaluation: Breast Cancer
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17.2.3  Case 3: Coexistence 
of Infiltration 
and Inflammation/Infection 
Disease

Clinical details: 52-year-old woman recently 
diagnosed of breast cancer and referred to a PET/
CT study for staging purpose (Fig. 17.3).

Teaching points:
• As the inflammatory/infectious processes can 

show an increase in FDG uptake, be aware 
that sometimes FDG uptake can be related to 
an inflammatory disease.

MIP PET FUSED PET/CT CT

A

B

C

Fig. 17.3 Scan findings: Right breast mass with an heter-
ogenous FDG uptake (row A), associated with some liq-
uid collection in the posterior wall of the lesion, 
compatible with the primary tumor associated with an 
infection (abscess). Some axillary (row B), supraclavicu-

lar, and cervical lymph nodes (row C) are also seen with 
an increase in FDG uptake. The etiology of these adenop-
athies remains unclear between metastatic and inflamma-
tion due to abscess

J. D. Renom
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17.2.4  Case 4: Prediction of Response 
to Treatment

Clinical details: 41-year-old woman diagnosed 
of locally advanced breast cancer and referred to 
a PET/CT study for early monitoring response 
to chemotherapy, prior to surgery (Figs.  17.4 
and 17.5).

Teaching points:
• PET/CT technique allows early prediction of 

the response to treatment with chemotherapy.
• This information is useful to prevent ineffec-

tive treatment with chemotherapy and allows 
not only a change in chemotherapy plan but 
also an early surgical procedure.

MIP PET FUSED PET/CT CT

A

B

Fig. 17.4 Scan findings: Initial PET/CT study shows left 
breast mass with increased FDG uptake (row A), and a 
single axillary hypermetabolic ipsilateral adenopathy 

(row B), without any sign of metastatic spread. The sec-
ond study was done after two cycles of chemotherapy 
(early prediction of response to treatment)

MIP PET FUSED PET/CT CT

A

B

Fig. 17.5 A significant decrease in FDG uptake in the primary breast lesion (row A) and no signs of axillary loco- 
regional infiltration (row B)
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A

B

MIP PET FUSED PET/CT CT

Fig. 17.7 After systemic treatment with chemotherapy, the second study showed an increase of sclerotic changes (A, 
B) and no FDG uptake, due to bone marrow reparative changes

MIP PET FUSED PET/CT CT

A

B

Fig. 17.6 Scan findings: Initial PET/CT study shows bone lytic lesions located in the sternum (row A) and right iliac 
bone (row B), associated with an increase in FDG uptake

17.2.5  Case 5: Monitoring Response 
to Treatment in Bone 
Metastatic Disease

Clinical details: 67-year-old woman diagnosed 
of stage III breast cancer and treated with radi-
cal mastectomy 2 years before. Patient referred 
chest pain and serum increased tumoral markers 
were confirmed. A first PET/CT study confirmed 
relapse, and a second PET/CT was performed for 
response assessment (Figs. 17.6 and 17.7).

Teaching points:
• PET/CT technique allows monitoring treat-

ment response in metastatic disease.
• This information is especially useful in bone 

disease, as changes in bone marrow tissue due 
to reparative phenomena can be depicted in 
bone scintigraphy as an active lesion (as well as 
flare phenomenon), but are clearly seen in FDG 
PET/CT studies as residual non-active lesions.

J. D. Renom
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17.2.6  Case 6: Progression 
and Potential Pitfalls

Clinical details: 57-year-old woman with a meta-
static breast cancer with relapse and was referred to 
evaluate response to treatment (Fig. 17.8 and 17.9).

Teaching points:
• FDG PET/CT is useful in order to evaluate 

response to treatment, especially with the cases 
associated with progression, and can help to 
decide a change in the treatment management.

A

B

C

MIP PET FUSED PET/CT CT

Fig. 17.8 Scan findings: Baseline study shows a hepatic 
metastasis (fourth segment; row A) and bone metastasis in 
left humerus, body of third dorsal vertebrae and pelvic 

bones (row B), and inflammatory opacities in lung due to 
chemotoxicity (row C)

MIP PET FUSED PET/CT CT

A

B

C

Fig. 17.9 In the second study, 2 months later, several new bone and hepatic lesions were seen, and the known lesions 
show increased FDG uptake. Moreover, the lung chemotoxicity has progressed (row C)
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17.2.7  Case 7: Early Metastatic 
Spread

Clinical details: 33-year-old woman with a his-
tory of breast cancer 2 years ago, with complete 
response to treatment. A control PET/CT was 
planned prior to a plastic surgery reconstruction 
(Fig. 17.10).

Teaching points:
• Early metastatic spread can be diagnosed with 

FDG PET/CT, before morphological changes 
are done in the tissue.

A

B

MIP PET FUSED PET/CT CT

Fig. 17.10 Scan findings: Multiple intramedullary bone lesions in both the axial and the extra-axial skeleton, without 
morphological changes, due to an early-phase of bone metastatic spread (row A and B)

J. D. Renom
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17.2.8  Case 8: Atypical Relapse

Clinical details: 67-year-old woman with a 
high- risk breast cancer history. Actually with 
a suspicion of a relapse, due to an increase in 
tumoral markers and some cutaneous lesions 
suspicious of skin metastases (Figs. 17.11 and 
17.12).

Teaching points:
• Breast cancer relapse can be often in bone, 

liver, and lung tissue and also in other infre-
quent tissues, like in the uterus or the ovarian.

• Skin metastases are usually not seen in FDG 
PET/CT studies, due to the superficial local-
ization and smaller size.

MIP PET FUSED PET/CT CT

Fig. 17.11 Scan findings: Multiple bone metastases are seen (e.g., sternum, vertebral bodies, and sacral bone)

PET

A

B

FUSED PET/CT CT

Fig. 17.12 Increased uterine cavity with diffuse FDG 
uptake that compromises the right ureter (row B). The 
biopsy confirmed breast cancer infiltration of uterine tis-

sue. Moreover, the known skin metastases were not 
detected in the study
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17.2.9  Case 9: False-Negative 
Findings

Clinical details: 27-year-old patient with a locally 
advanced right breast cancer and referred for 
staging. Biopsy revealed a mixed ductal/lobular 
carcinoma, grade 1, positive estrogen receptors, 
no overexpression of c-erbB-2, and a Ki-67 index 
of 5% (Fig. 17.13).

Teaching points:
• FDG uptake is related to tumor characteristics.
• Lobular histology type, low-grade, positive 

estrogen receptors, and a low Ki-67 are usu-
ally related to a have less FDG uptake.

MIP PET

MR

FUSED PET/CT CT

Fig. 17.13 Scan findings: Breast MR shows a lesion of 52 × 30 mm in the right upper outer quadrant (red head arrow). 
FDG PET/CT showed no significant uptake in the known lesion
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17.2.10  Case 10: False-Positive Case

Clinical details: 68-year-old patient with a local 
relapse of right breast cancer and referred to our 
department for restaging (Fig. 17.14).

Teaching points:
• Be aware of possible false-positive issues, like 

the presence of breast prosthesis.

MIP PET

A

B

FUSED PET/CT CT

Fig. 17.14 Scan findings: Left internal mammary lymph 
node is seen, with an SUVmax of 4 and 13 mm of diam-
eter (row A). This adenopathy was related to the presence 
of dysfunctional breast prothesis and not related to a 

lymph node spread. Right breast lesion is also seen, asso-
ciated with an increased FDG uptake, and related to the 
local relapse (row B)
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18.1  Introduction

PET/CT imaging represents, at the moment, 
one of the most useful diagnostic procedures 
for investigating prostate cancer (PCa). Over 
the last decade, PET/CT with 11C-Choline or 
18F-Choline proved its role for investigating PCa. 
Particularly, choline PET/CT proved to be a better 
diagnostic tool for restaging PCa patients present-
ing biochemical recurrence (BCR), as compared 
with radiological imaging. Furthermore, choline 
PET/CT demonstrated its usefulness for staging 
high-risk PCa, with high PSA levels and Gleason 
Scores, before the primary treatment. However, 
over the last years, new probes able to provide 
better performances when compared with choline 
PET/CT were developed. PSMA is a molecular 
probe targeting the prostate-specific membrane 
antigen (PSMA), a glutamate carboxypeptidase 
II, that is a membrane- bound metallopeptidase 
physiologically expressed in several tissues. Due 

to its selective overexpression in 90–100% of 
PCa lesions, PSMA is a reliable tissue marker 
for PCa and is considered an ideal target for 
tumor- specific imaging and therapy. According 
to the results published in literature, PSMA PET 
imaging showed a promising accuracy to stage 
PCa prior to curative treatment but the main 
application remains the restaging of the disease. 
In this setting, PET imaging could help physi-
cians by addressing patients to the most tailored 
salvage therapies (e.g., salvage radiotherapy or 
salvage lymph node dissection). PSMA can also 
serve as a theranostics agent for treating meta-
static castrate- resistant PCa (mCRPC). In this 
context, PSMA-based PET imaging can play 
a crucial role addressing mCRPC patients to 
the most appropriate therapies (e.g., 223Ra or 
177Lu-PSMA-617 radioligand therapy). Finally, 
PSMA PET could be considered as a valuable 
tool to assess the response to treatment after 
radioligand therapy.
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18.2  Case 1: 11C-Choline PET/CT: 
Biodistribution and Variants

Clinical details: This is a case of a 58-year-old 
PCa patient treated with radical prostatectomy 
(RP) and lymph node dissection (PLND) in 2009 

(Gleason Score (GS)  =  4  +  3; T2c,N0,M0,R0, 
initial PSA=5.7  ng/mL). BCR occurred in 
December 2012 with a PSA value of 0.8 ng/mL.

Patient was referred to 11C-Choline PET/CT 
to restage the disease. No salvage radiotherapy 
was already administrated.

Images:

a b

d

c
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Scan findings: 11C-Choline PET/CT does 
not show any pathological lesions from PCa. 
Physiological tracer uptake is seen in salivary 
glands, liver, spleen, and kidneys (A: Maximum 
Intensity Projection; MIP image). 11C-Choline 
uptake in the thyroid is variable and could be faint 
or mild and without focal uptake does not deserve 
further investigation (A: black arrow). The vascular 
uptake in the right arm is also physiological and it 
is due to the site of injection (A: black arrow; B: CT 
image; C: PET and CT-fused images). 11C-Choline 
uptake in the bowel can be faint to mild or intense 
and without focal uptake should be considered 
physiological. In this case, morphologically reac-
tive inguinal lymph nodes were also seen on low-
dose CT showing mild uptake at 11C-Choline PET/
CT (D: CT image; E: PET image).

Teaching points:
• Knowledge of the biodistribution of a tracer is 

essential to recognize physiological variants 
or diagnostic pathological lesions.

• This case shows several variants of 
11C- Choline such as the site of injection, thy-
roid, and bowel [1, 2].

• 11C-Choline uptake can occur in reactive 
inguinal lymph nodes and should not be inter-
preted falsely as secondary uptake. In fact, 
inguinal lymph nodes are very uncommon 
sites of PCa, and they should be suspected 
mostly in advanced patients with diffused sys-
temic disease.
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18.3  Case 2: 11C-Choline PET/CT 
Pitfalls: Paget’s Disease

Clinical details: a 68-year-old patient with 
PCa (initial PSA 12.5 ng/mL, GS 4+4, staging 

cT3aNxMx) was treated with radiation therapy 
as primary treatment in 2013. In 2015, PSA 
rised up to 3.96 ng/mL, and 11C-Choline PET/
CT was performed to restage the disease. Patient 
was asymptomatic at the time of the scan.
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Images:
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Scan findings: 11C-Choline PET/CT 
showed several small lymph nodes with tracer 
uptake in the bilateral internal and external 
iliac region. Together with these findings, a 
diffuse area of moderate 11C-Choline uptake 
was observed in the right-sided pelvic bones 
(A: black arrow). CT demonstrated coarsened 
and bloated pelvic bones with diffuse sclerotic 
process (D). No other distant lesions with 
tracer uptake were observed. A: MIP image; 
B: PET and CT-fused transaxial image; C: 
PET transaxial image; D: low dose CT trans-
axial image.

Interpretation: The internal and external iliac 
lymph nodes were considered suspicious for PCa 
secondary lesions. Considering CT morphology 

and diffuse uptake pattern, the right-sided pelvis 
finding was suggestive for Paget’s disease.

Teaching points:
• Paget’s disease is a common disorder affecting 

up to 3% of senior adults, characterized by 
hypertrophic and abnormally structured remod-
eling of bone [3].

• Usually, patients are asymptomatic, whereas 
others suffer from pain, nerve compression, or 
even pathologic factures [3, 4].

• Paget’s disease could show faint, mild, or 
intense 11C-Choline uptake, and this should 
be taken into consideration during workup of 
patients with PCa in order to avoid pitfalls in 
PET/CT image interpretation.
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18.4  Case 3: 18F-Choline PET/CT: 
Biodistribution and Pitfalls

Clinical details: This is a case of a 63-year-
old PCa patient treated with RP and PLND 

in May 2015 (GS  =  4  +  3; T3a,N0,M0; initial 
PSA = 7.9 ng/mL). BCR occurred in April 2016 
with a PSA value of 0.32  ng/mL and a PSAdt 
of 9.3 months. No salvage radiotherapy was 
administrated.

a b

c

 

Images:

Scan findings: 18F-Choline PET/CT dem-
onstrated a central, small, and focal uptake right 
under the bladder. No other suspected lesions were 
observed. A: MIP image; B: CT and PET- fused 
transaxial image; C: low-dose CT transaxial image.

Interpretation: This finding could be suspicious 
for a local relapse but considering the central posi-
tion, the high SUVmax value (SUVmax = 13.4) and 
the biodistribution of 18F-Choline, this was consid-
ered as radioactive urine. This focal uptake became 
more faint in the late scan performed after 20 min 
confirming the presence of radioactive urine.

Teaching points:
• The knowledge of the biodistribution of a 

tracer is essential to recognize physiologic 
variants or diagnostic pitfalls.

• The biodistribution of 18F-Choline is similar 
to 11C-Choline except from the presence of 
the bladder activity [5].

• A potential pitfall of 18F-Choline is the cen-
tral focal uptake under the bladder due to the 
presence of radioactive urine. This is  important 
to know to avoid misinterpretation of the 
images.
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18.5  Case 4: 11C-Choline PET/CT: 
Staging

Clinical details: This is a case of a 73-year-
old patient with a recent diagnosis of PCa (ini-
tial PSA 30.7 ng/mL, GS 4 + 4, clinical staging 
cT3bNxMx). Pelvic MRI with endo-coil does 

not show any suspected lymph nodes metasta-
sis. Patient was referred to bone scintigraphy to 
exclude the presence of bone metastasis prior to 
RP. Bone scan observed a faint uptake in the proxi-
mal epiphysis of the right humerus. Subsequently 
patient was referred to 11C-Choline PET/CT due 
to the high-risk disease.

Images:
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Scan findings: 11C-Choline PET/CT dem-
onstrated a focal uptake in prostate gland (SUV-
max = 9.4) and a small left external iliac lymph node 
with focal tracer uptake (D: red arrow). The bone 
lesion (right humerus) did not show any significant 
uptake of 11C-Choline. A: MIP image; B, C: PET 
and CT-fused transaxial image and low-dose trans-
axial image of the right humerus bone lesion; D, E: 
PET and CT-fused image and low-dose CT trans-
axial image of the left external iliac lymph node (red 
arrow); F, G: PET and CT-fused image and low-dose 
CT transaxial image of the intraprostatic lesion.

Interpretation: The focal prostate gland 
uptake is referable to intraprostatic PCa lesion. 
Despite the small dimension external iliac lymph 
node chain is a very common site of metastasis 
and should be suspected in high-risk PCa. The 
bone lesion was considered a benign disease. 
MRI confirmed the presence of osteonecrosis of 
the proximal epiphysis of the right humerus.

Teaching points:
• In benign bone lesions such as osteonecrosis 

or degenerative disease, 11C-Choline PET/CT 
usually presents very faint uptake.

• 11C-Choline PET/CT for staging the disease 
might have a role in high/very high-risk PCa 
patients (GS 9–10 regardless PSA values; GS 
8 with PSA > 10 ng/mL; young patients with 
long life expectancy) [6, 7].

• In case of PET positive lymph nodes, 
11C-Choline PET/CT could guide the PLND 
and/or could extend the planning target vol-
ume (PTV), including lymph nodes that are 
not usually removed with standard PLND or 
included in the PTV of external beam radio-
therapy (EBRT) [6, 7].

• In case of distant metastasis, 11C-Choline 
PET/CT could address patients with high sur-
gical risk (age, comorbidity) to palliative 
 therapies (less invasive approach) instead of 
curative treatment (RP and EBRT) [6, 7].
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18.6  Case 5: 11C-Choline PET/CT: 
Mediastinal Lymph Nodes

Clinical details: This is the case of a 67-year-
old patient with a recent diagnosis of PCa (initial 

PSA = 11.2 ng/mL, GS = 4 + 3, clinical staging: 
cT2CNxMx) referred to 11C-Choline PET/CT 
for staging the disease prior to RP.

Images:
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Scan findings: 11C-Choline PET/CT revealed 
a in-homogenous uptake in both lobes of the 
prostate gland (C). Focal tracer uptake was also 
seen in two mediastinal lymph nodes: right peri-
bronchial and right pulmonary hilar lymph nodes 
with an SUVmax of 8.7 (E). No other areas of 
focal uptake were observed. A: MIP image; B, C: 
CT and PET/CT-fused images of prostate gland; 
D, E: CT and PET/CT-fused images of the right 
peribronchial lymph node.

Interpretation: The prostate gland uptake 
is referable to intraprostatic PCa lesion. 
Mediastinal lymph nodes were reported as unde-
termined but not related to PCa. Further follow-

up confirmed the inflammatory nature of these 
findings.

Teaching points:
• Mediastinal lymph node uptake of choline is 

frequently observed and usually is related to 
inflammation; thus, interpretation of positive 
mediastinal lymph node uptake should be 
done carefully [8].

• 11C-Choline PET/CT might have a role in 
intermediate-high-risk patient excluding the 
presence of distant or local metastases and 
addressing PCa patient to RP with curative 
intent [9].
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18.7  Case 6: 11C-Choline PET/CT: 
Biochemical Recurrence

Clinical details: This is a case of a 67-year-
old patient treated with RP (T3b,Nx,M0,R0), 
ISUP Group 4, and initial PSA of 5.4  ng/

dL.  BCR occurred 8 months after surgery. 
Patient was addressed to 11C-Choline PET/
CT with PSA of 1.3  ng/dL and PSAdt of 3 
months. He also underwent a bone scan with 
negative result.
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Images:
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Scan findings: 11C-Choline PET/CT revealed 
a small but focal and intense uptake in a left 
obturator lymph node (SUVmax = 8.7). No other 
lesions with significant uptake were observed. 
A: MIP image; B: CT and PET fused transaxial 
image; C: PET transaxial image; D: CT trans-
axial image.

Interpretation: Considering the high and 
focal uptake and the very common site of metas-
tasis of the obturator lymph node chain, a PCa 
lymph node lesion was suspected.

Teaching points:
• Recurrence of PCa is suspected when an 

increase in the prostate-specific antigen level 
is detected after radical treatment.

• The recurrence could be local relapse, distant 
relapse, or both. Differentiation between the 
two patterns of relapse is critical for choosing 
the proper treatment strategy.

• 11C-Choline PET/CT could be of help in dis-
criminating patients with local, lymph node, 
and bone recurrences, thus having an impact 
on patient management [10–12].
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18.8  Case 7: 18F-Choline PET/CT: 
Biochemical Recurrence

Clinical details: a 60-year-old patient treated 
with RP (T3a,N0,M0,R0), ISUP Group 4, and 

initial PSA of 11.2  ng/dL experienced BCR 
12 months after surgery. He was addressed to 
18F-Choline PET/CT with a PSA of 0.9  ng/
dL. He also underwent a bone scan with nega-
tive result.
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Images:

Scan findings: 18F-Choline PET/CT shows 
a focal and intense uptake (SUVmax: 7.0) in the 
right iliac bone. To note that CT does not show 
any significant morphological alteration. No 
other bone lesions were observed. A: MIP image; 
B: CT and PET fused transaxial image; C: PET 
transaxial image; D: CT transaxial image.

Interpretation: Despite the lack of CT cor-
relatives, the focal and intense tracer uptake in 
the right iliac bone is highly suggestive for PCa 
bone metastasis.

Teaching points:
• As 11C-Choline PET/CT also 18F-Choline is 

widely used in PCa patient, especially in BCR 
setting [13].

• 18F-Choline PET/CT proved to be a useful tool 
to localize the sites of occult BCR,  leading to an 
adequate management change in PCa patients 
[14].
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18.9  Case 8: 18F-Choline PET/CT 
During Androgen 
Deprivation Therapy (ADT)

Clinical details: a 73-year-old patient was treated 
with RP and PLND dissection in 2007 (GS 4 + 3, 
initial PSA 8.6  ng/mL). BCR occurred in April 
2011 with PSA 1.4 ng/mL. 18F-Choline was per-

formed to restage the disease. The scan revealed 
some small pelvic lymph nodes (right external 
iliac) suspected for PCa relapse. Faint uptake in T12 
uncertain for metastasis was also observed. Patient 
was subsequently treated with ADT with a decrease 
of PSA (<0.02 ng/mL). After 2 years of continuous 
treatment, PSA raised up to 0.6 ng/mL. Patient was 
addressed to 18F-Choline to restage the disease.
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Images:

Scan findings: 18F-Choline shows several 
sclerotic bone lesions visible on low-dose CT with-
out tracer uptake. No other lesions were described. 
A: MIP image; B: CT and PET-fused transaxial 
image; C: CT transaxial image; D: CT and PET-
fused transaxial image; E: CT transaxial image.

Interpretation: Bone lesions show rsponse 
to treatment. The presence of bone metastases is 
radiologically confirmed by the CT.

Teaching points:
• Hormonal responsive lesions from PCa may 

not show 18F-Choline uptake.
• In patients with ADT on-going, it is possible to 

have some active lesions (not responding to ADT) 
with choline uptake together with other lesion 
responding to ADT and choline negative [15, 16].
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18.10  Case 9: 11C-Choline PET/CT: 
Oligometastatic Patient

Clinical details: This is a case of a 59-year-old 
patient treated with RP + PLND in 2009 for 

PCa (GS 4 + 5; T3bN0Mx R0). BCR occurred 
in October 2014 with a PSA of 1.4  ng/mL 
(PSAdt  =  4.3 months). Patient was referred to 
11C-Choline PET/CT to restage the disease.

Images: pre-therapy 11C-Choline PET/CT
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Scan findings: 11C-Choline PET/CT shows 
a small but intense and focal uptake in the left 
acetabulum (black arrows) with SUVmax of 6.8. 
The low-dose CT showed very faint bone rehash. 
Faint uptake was observed in bilateral inguinal 
lymph nodes with reactive morphology on low- 
dose CT.  No other findings were seen. A: MIP 
image; B: PET and CT-fused image; C: PET 
image; D: CT transaxial image.

Interpretation: Despite the small dimension 
of the finding, the left acetabulum uptake was 

reported as PCa metastasis due to the location, 
focal uptake, and initial bone alteration on CT.

Bilateral inguinal lymph nodes were reported 
as reactive due to their symmetry, faint uptake, 
CT morphology, and unusual localization of 
metastasis in non-advanced PCa patient. Patient 
was subsequently addressed to stereotactic-body 
RT on the bone lesion together with ADT. After 
treatment, PSA reached undetectable level. 
11C-Choline PET/CT was subsequently per-
formed to assess response to therapy.
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Images: post-therapy 11C-Choline PET/CT
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Scan interpretation: 11C-Choline PET/CT 
showed no significant uptake in the left acetabu-
lum. No other findings were seen. A: MIP image; 
B: PET and CT-fused image; C: PET image; D: 
CT transaxial image.

Teaching points:
• Patients with recurrent PCa limited to a small 

number of active metastatic lesions are named 
“oligometastatic patients.”

• Patients with oligometastatic disease could 
eventually be managed by treating all the 
active lesions with a local metastasis-directed 
therapy (MDT) [17, 18].

• Choline PET/CT could have a role in detect-
ing PCa active lesions and selecting patients 
who could benefit from MDT [17, 18].
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18.11  Case 10: 11C-Choline PET/
CT: Metastatic Castration- 
Resistant Prostate Cancer 
(mCRPC)

Clinical details: This is a case of a patient of 
63-year-old treated with radiotherapy as radi-
cal treatment in 2007 (stage cT3aNxMx; GS 

4  +  3). BCR occurred in 2013 and 11C-Cho-
line PET/CT was performed with negative 
result. Patient was subsequently addressed to 
ADT.  After 3 years of good response, patient 
experienced rapid increase in serum PSA and 
was referred to 11C-Choline PET/CT to restage 
the disease (PSA value at the time of PET/CT 
scan = 16.6 ng/mL).

Images:
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Scan findings: The scan shows in-homog-
enous tracer uptake in prostate gland (SUVmax 
= 6.9) extended to seminal vesicles together 
with several bilateral external and internal iliac 
lymph nodes (SUVmax of the highest in right 
external iliac region = 7.7) and multiple sclerotic 
bone lesions with high tracer uptake in the pel-
vis (SUVmax of the right acetabulum = 9.9) and 
in the right femur. A: MIP image; B, D, F: PET/
CT-fused transaxial images; C, E, G: low dose CT 
images.

Interpretation: All PET/CT findings were 
reported as lesions from PCa. Patient was con-
sidered as mCRPC and subsequently he was 
addressed to an androgen-receptor (AR) tar-
geted therapy. After six cycles of enzalutamide, 
PSA dropped to 5.46  ng/mL, and a further 
11C-Choline PET/CT was performed to assess 
response to therapy.
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Images:
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Scan Findings: 11C-Choline PET/CT demon-
strated significant reduction of uptake in prostate 
gland and in seminal vesicles (SUVmax = 4.8), 
the metabolic normalization of the pelvic lymph 
nodes, and the presence of in-homogenous 
uptake without significant focality in the skeletal 
segment examined.

Interpretation: The PET/CT scan showed a 
partial response to therapy, and AR-targeted ther-
apy was continued.

Teaching points:
• Metastatic castration-resistant prostate can-

cer (mCRPC) is defined as evidence of ris-

ing tumor marker in spite of androgen 
blockade [19].

• Under these conditions, massive spread to the 
skeletal tissue frequently occurs and this pro-
cess can significantly contribute to morbidity 
and mortality [19].

• Patients with this condition are benefiting 
from an increasing number of treatment 
options. However, assessing therapy response 
in patients with multiple localizations might 
be challenging.

• 11C-Choline PET/CT, as metabolic tracer, is 
generally considered a good diagnostic proce-
dure to assess response to systemic therapy in 
mCRPC [20, 21].
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18.12  Case 11: 68Ga-PSMA-11: 
Biodistribution and Variants

Clinical details: This is a case of a 67-year-old 
PCa patient treated with RP + PLND in May 
2012 (GS 4 + 4; T3aN1Mx R0). BCR occurred 
in July 2015, and 11C-Choline PET/CT was per-

formed with negative result (PSA at the time of 
the scan  =  0.48  ng/mL). Six months later, the 
patient was referred to 68Ga-PSMA-11 PET/
CT for restaging the disease during BCR (PSA 
at the time of the scan 0.57 ng/mL; PSAdt = 10.9 
months).
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Scan findings: 68Ga-PSMA-11 PET/CT does 
not show any pathological lesions from PCa. 
Physiological tracer uptake is seen in salivary 
glands, liver, spleen, jejunum, kidneys, and bladder.

Kidneys and bladder uptake is variable and 
could be mild or more intense due to patient’s 
hydration status. 68Ga-PSMA PET/CT uptake in 
jejunum can be faint to mild or intense and without 
focal uptake should be considered  physiological. 
A: MIP image; B transaxial PET and CT-fused 
image; C. PET image; D: low-dose CT image.

Teaching points:
• An accurate characterization of PSMA- 

positive findings can be accomplished only 
if one is aware of the normal distribution 
pattern, physiological variants of radio-
tracer uptake, and potential sources of false-
positive and false-negative imaging findings 
[22, 23].

• Knowledge of these limitations is necessary to 
increase the confidence of interpreting physi-
cians and avoid images misinterpretation.
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18.13  Case 12: 68Ga-PSMA-11 PET/
CT Pitfalls: Ganglia

Clinical details: This is a case of a 68-year-old 
PCa patient treated with RP in 2012 (GS = 5 + 4; 
T3bNxMx R1). Adjuvant radiation therapy was 

administrated together with ADT (bicalutamide) 
up to December 2014. BCR occurred in May 
2016, and patient was referred to 68Ga-PSMA 
to restage the disease (PSA at the time of the 
scan = 0.8 ng/mL).
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Scan findings: 68Ga-PSMA PET/CT shows 
three areas of intense and focal uptake in the left 
external iliac region (SUVmax  =  9.8). A small 
area of tracer uptake was also seen in the left 
supraclavicular region (black and red arrows). No 
other findings with tracer uptake were observed. 
A: MIP image; B: PET and CT-fused image; C: 
PET image; D: low-dose CT image.

Interpretation: The three left external iliac 
lymph nodes with very high and focal uptake 
were reported as metastasis from PCa. The left 
supraclavicular finding was difficult to interpre-
tate, but considering location, CT morphology, 
and faint uptake, it was reported as cervical gan-
glion. Patient was subsequently addressed to sal-
vage radiation therapy on the left iliac fossa.

Teaching points:
• 68Ga-PSMA-11 uptake in ganglia along the 

sympathetic trunk represents an important pit-
fall in prostate cancer PET imaging [24].

• For the differentiation between lymph node 
metastases and sympathetic ganglia, both 
intensity of 68Ga-PSMA uptake and exact 
localization and configuration of the respec-
tive lesion should be examined carefully.

• Usually ganglia exhibit a band-shaped or a tear-
drop configuration and only rarely a nodular 
configuration. Conversely, lymph node metasta-
ses are only rarely band-shaped, but more often 
show teardrop or nodular appearance [24].
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18.14  Case 13: 68Ga-PSMA-11 PET/
CT Pitfall: Paget’s Disease

Clinical details: This is a case of a 72-year-old 
PCa patient treated with RP + PLND in 2011 
(GS  =  4  +  3; T2bN0Mx R0). BCR occurred 3 

years later, and patient was investigated with 
pelvic MRI with negative result. Subsequently 
patient was referred to 68Ga-PSMA-11 PET/
CT (PSA at the time of the scan = 0.98 ng/mL; 
PSAdt = 10.3 months).

Images:
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Scan findings: 68Ga-PSMA PET/CT scan 
shows diffuse uptake in the left clavicle with 
coarsened and bloated bone and diffuse sclerotic 
process on low-dose CT image. No other lesions 
with tracer uptake were seen. A: MIP image; B: 
PET and CT-fused image; C: PET image; D: low- 
dose CT image.

Interpretation: Considering the diffuse pat-
tern of tracer uptake and the CT characteristics 
of left clavicle, Paget’s disease was suspected. 
Subsequently patient was subject to biopsy, 
and the clavicle finding was histopathologically 
proven to be Paget’s disease.

Teaching points:
• Paget’s disease is a common disorder affect-

ing up to 3% of senior adults, characterized 
by hypertrophic and abnormally structured 
remodeling of bone [25].

• Usually patients are asymptomatic, whereas 
others suffer from pain, nerve compression, or 
even pathologic factures [25, 26].

• Paget’s disease could show faint, mild, or 
intense 68Ga-PSMA-11 uptake, and this 
should be taken into consideration during 
workup of patients with PCa in order to avoid 
pitfalls in PET/CT image interpretation.
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18.15  Case 14: 68Ga-PSMA-11 PET/
CT: Staging

Clinical details: This is a case of a 69-year-
old patient with a recent diagnosis of PCa 

(GS  =  4  +  3) with an initial PSA of 26  ng/
mL.  Patient was referred to 68Ga-PSMA PET/
CT to stage the disease prior to radical therapy.
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Images:

Scan findings: 68Ga-PSMA-11 PET/CT dem-
onstrated the presence of focal uptake in the left lobe 
of prostate gland (SUVmax  =  4.3) together with 
several left internal, external, and obturator lymph 
nodes with intense and focal uptake (SUVmax 
of the left obturator lymph node = 13.9). A: MIP 
image; B–D: transaxial PET/CT-fused image, PET 
image, and CT image of the prostate gland; E–G: 
transaxial PET/CT-fused image, PET image, and 
CT image of the left obturator lymph node.

Interpretation: PET/CT demonstrated the 
presence of intraprostatic PCa lesion and mul-
tiple lymph nodes metastasis. Patient was sub-
sequently addressed to RP + PLND which 
confirmed the pathological nature of lymph 

nodes (T3a,N1,Mx,R0). Considering the high- 
risk disease, patient was also initiated to ADT.

Teaching points:
• 68Ga-PSMA PET/CT might have a role in 

staging high-risk PCa patient, since it can 
evaluate the presence of distant or local metas-
tases and address patient to the most appropri-
ate therapy [27, 28].

• In case of positive lymph nodes, PET/CT 
could guide PLND and in case of distant 
metastases PET/CT could address patients 
with high surgical risk (age, comorbidity) to 
systemic therapies instead of radical treatment 
(RP and EBRT) [27, 28].
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18.16  Case 15: 68Ga-PSMA-11 PET/
CT in Biochemical 
Recurrence: Local Relapse

Clinical details: A 60-year-old patient was 
treated with RP as primary treatment for PCa 

(T3a,N0,Mx, ISUP Group 4, initial PSA = 8.9 ng/
mL). After 1 year from surgery, BCR occurred 
(PSA = 0.34 ng/mL, PSADT 5 months). Patient 
was referred to 68Ga-PSMA-11 PET/CT to 
restage the disease.
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Scan findings: 68Ga-PSMA PET/CT showed 
a small paramedian focal uptake (SUVmax 3.7) in 
prostate bed. A lesion on low-dose CT (nodule or tis-
sue) was not observed. No other findings were seen. 
A: Fused coronal PET/CT image; B: MIP projec-
tion image; C–E: Fused PET and CT images, PET 
image, and CT image of the prostate bed finding.

Interpretation: The uptake in the pros-
tate bed was reported as suspicious for local 
relapse due to the focal and paramedian uptake. 
Subsequently the finding was further investi-
gated, and patient performed a TRUS-guided 
biopsy. The presence of PCa relapse was con-
firmed by histology.

Teaching points:
• Recurrence of PCa is suspected when an 

increase in the prostate-specific antigen level 
is detected after radical treatment and takes 
place in 20–30% of patients within 10 years 
after RP [29].

• Numerous studies have shown the advantage 
of early intervention in BCR when disease 
burden is low [29–31].

• 68Ga-PSMA-11 PET/CT could be of help in 
discriminating patients with local, lymph 
node, and bone recurrences, thus having an 
impact on patient management [29–31].
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18.17  Case 16: 68Ga-PSMA-11 PET/
CT in Biochemical 
Recurrence: Bone Metastasis

Clinical details: This is a case of a 68-year-old 
PCa patient (T3b,N0,Mx, ISUP Group 5) treated 
with RP and PLND as primary treatment fol-

lowed by adjuvant RT.  BCR occurred 2 years 
after radical therapy, and patient was referred 
to 68Ga-PSMA PET/CT to restage the disease. 
PSA at the time of the scan was  =  2.1  ng/ml 
(PSAdt = 4 months), and the patient was receiv-
ing bicalutamide.
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Images:

Scan findings: 68Ga-PSMA PET/CT showed 
an intense focal uptake (SUVmax = 13.1) in the 
left iliac bone. On CT, an osteoblastic left iliac 
bone lesion was observed together with an area 
of bone rehash in the left iliac crest without sig-
nificant PSMA uptake. A: MIP projection; B–D: 
Fused PET/CT image, PET image, and CT image 
of the left iliac bone lesion; E–G: Fused PET/CT 
image, PET image, and CT image of the left iliac 
crest benign lesion.

Interpretation: The left iliac finding with 
high and focal uptake was referable to PCa bone 
metastasis while the left iliac crest finding was 
reported as benign bone lesion due to CT mor-
phology and PSMA negativity. Pelvic MRI con-
firmed the benign nature of the lesion.

Teaching point:
• In benign bone lesions such as osteonecrosis 

or degenerative disease, 68Ga-PSMA PET/CT 
usually do not present significant uptake [32].
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18.18  Case 17: 68Ga-PSMA-11 PET/
CT in Biochemical 
Recurrence: Distant Lymph 
Nodes

Clinical details: This is a case of a 62-year-old 
PCa patient (T3b,Nx,Mx, GS 4+5 ISUP Group 5) 
treated with RP as primary treatment in 2008. BCR 

occurred in 2014, and patient was treated with sal-
vage PLND. PSA raised up again in 2016 and an 
extended radiation therapy was performed (pros-
tate bed, retroperitoneal, and bilateral iliac lymph 
nodes). The patient was also treated with ADT 
(continuous scheme). In December 2018, PSA 
raised up to 0.18 ng/ml and the patient was referred 
to 68Ga-PSMA PET/CT to restage the disease.

Images:
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Scan findings: 68Ga-PSMA PET/CT showed 
two small left sovraclavicular lymph nodes with 
focal uptake (SUVmax of the biggest lymph 
node  =  9.1). No other lesions with tracer uptake 
were observed. A: MIP projection; B: Fused PET/
CT image; C: trans-axial CT image; D: coronal CT 
image.

Interpretation: The left sovraclavicular 
lymph nodes were reported as suspicious for PCa 
metastases subsequently confirmed by histology.

Teaching points:
• The incidence of sovraclavicular or mediasti-

nal PCa lymph nodes metastases is not com-
mon [33].

• However, it should be suspected in case of 
diffused disease, concurrent retroperitoneal 
lymph nodes, or retroperitoneal lymph nodes 
at the diagnosis [33].

• In this case, patient performed radiation ther-
apy in an extended PTV (prostate bed, retro-
peritoneal, and bilateral iliac lymph nodes), 
thus the risk of distant lesions was very high.
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18.19  Case 18: Biochemical 
Persistence After Radical 
Therapy: 11C-Choline vs. 
68Ga-PSMA-11 PET/CT

Clinical details: This is a case of a 50-year-
old patient with PCa (T3b,N1,M0, ISUP Group 
5, iPSA 34  ng/ml). Pelvic MRI, CT, and bone 
scan were performed to stage the disease. 
Conventional imaging did not reveal the pres-
ence of PCa metastasis. Patient was subse-

quently treated with RP in December 2018 as 
primary treatment. PSA nadir was 0.32 ng/ml in 
January 2019, and patient was addressed to ADT 
from January 2019. Due to the fast rising of PSA 
(PSA 3.1  ng/ml in February 2019), the patient 
was referred to 11C-Choline PET/CT. The scan 
revealed no significant areas of focal uptake 
reliably referred to PCa metastases. Due to the 
high-risk disease and the doubting result of 
11C-Choline PET/CT, 1 week later, patient was 
referred to 68Ga-PSMA PET/CT.
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Scan findings: 11C-Choline PET/CT shows 
only faint and in-homogenous uptake in sev-
eral bone without significant focal uptake and 
no CT correlatives (A: 11C-Choline MIP pro-
jection; B, C: 11C-Choline PET and CT-fused 
images). 68Ga-PSMA-11 PET/CT showed mul-
tiple bone lesions with high and focal uptake (D, 
E: 68Ga-PSMA-11 PET and CT-fused images; F: 
68Ga-PSMA-11 MIP projection).

Interpretation: All PSMA-positive lesions 
were reported as PCa metastases, and patient was 
subsequently addressed to systemic therapy.

Teaching points:
• In PCa patients with biochemical failure after 

therapy, current imaging techniques have a 

low detection rate at the PSA levels at which 
targeted salvage therapy is effective.

• 11C-Choline and 18F-fluoromethylcholine, 
though widely used, have poor sensitivity at 
low PSA levels [34].

• In several studies, 68Ga-PSMA-11 demon-
strated a higher detection rate than [18]
F- fluoromethylcholine [35, 36].
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18.20  Case 19: 68Ga-PSMA-11 PET/
CT: mCRPC

Clinical details: This is a case of a 74-year-
old patient treated with RP for PCa (GS = 4 + 5, 
T3bN1(2/24)MxR0, PSAi  =  12.1  ng/mL). BCR 
occurred 11 months after surgery, with rising PSA 

levels (PSA 4.1  ng/mL). Patient was addressed 
to ADT with continuous scheme (bicalutamide 
+ LH-RH inhibitor), experiencing PSA response 
(PSA values <0.2  ng/mL). After 1 year, BCR 
occurred with rising PSA levels during ADT. Patient 
was subsequently referred to 68Ga-PSMA-11 
PET/CT with PSA value of 1.98 ng/mL.
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Scan findings: 68Ga-PSMA-11 PET/CT 
showed one bone metastasis (L1) together with 
lymph node relapse (bilateral common, internal, 
and external iliac lymph nodes). A: MIP projec-
tion; B: Fused PET/CT image; C: PET transaxial 
image; D: low-dose CT image.

Interpretation: Patient was addressed to 
EBRT on L1 and androgen-receptor (AR)-

targeted therapy according to the diffuse met-
astatic spread revealed by 68Ga-PSMA-11 
PET/CT.  After six cycles of enzalutamide, 
PSA rapidly raised up to 14.3  ng/mL and 
68Ga-PSMA-11 PET/CT was newly performed 
to restage the disease.

Images:
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Scan findings: 68Ga-PSMA-11 PET/CT 
revealed a massive spread to lymph nodes (lom-
boaortic and mediastinal lymph nodes) and to the 
skeletal tissue (pelvis, left femur, spine, and ribs). 
A: MIP projection; B: Fused PET/CT image; C: 
PET transaxial image; D: low-dose CT image.

Interpretation: According to the diffuse 
metastatic spread revealed by 68Ga-PSMA-11 
PET/CT, patient was addressed to chemotherapy 
(Docetaxel). 223Ra treatment was excluded due 
to the presence of lymph nodes bigger than 3 cm.

Teaching points:
• Defining an optimal therapeutic approach in 

mCRPC patients in advanced stages is still 
challenging in routine clinical practice.

• Patients with this condition are benefiting from 
an increasing number of treatment options 
such as AR-targeted therapy, chemother-
apy, 223Ra, and PSMA radioligand  therapy 
(177Lu-PSMA-617 or 225Ac-PSMA-617).

• However, assessing therapy response in patients 
with multiple localizations might be challenging.

• 68Ga-PSMA-11 PET/CT could be a good 
diagnostic procedure to assess response to 
systemic therapy in mCRPC, especially to 
evaluate PSMA radioligand therapy response 
[37, 38].
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18.21  Case 20: 18F-FDG PET/CT 
in PCa

Clinical details: This is a case of a patient 
with a recent diagnosis of PCa (GS = 4 + 4 on 

7/12 biopsy samples). During diagnostic work-
up, patient performed a CT revealing multiple 
abdominal adenopathy. Patient was referred to 
18F-FDG PET/CT to exclude the presence of 
other malignancies prior to PCa radical therapy.

Images:
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Scan findings: 18F-FDG PET/CT did not 
show any significant areas of tracer uptake. The 
multiple abdominal lymph nodes showed no sig-
nificant FDG uptake. Prostate gland did not dem-
onstrate any focal uptake. A: MIP projection; B: 
PET and CT-fused image; C: PET image; D: CT 
image of prostate gland.

Teaching points:
• While the utility of 18F-FDG PET/CT in 

many cancers is relatively well established, its 
role in PCa is controversial [39, 40].

• Overall, the level of FDG accumulation can 
overlap in normal prostate, benign prostate 

hyperplasia (BPH), and PCa tissues, which 
often coexist altogether in a heterogeneous 
pattern [39, 40].

• Occasionally, incidental high FDG uptake may 
be seen in the prostate gland of patients who 
undergo 18F-FDG PET/CT for a condition 
unrelated to known prostate pathology [41].

• In this context, it has been suggested that 
incidental prostate uptake on FDG PET 
scans should not be ignored and at least a 
serum PSA measurement should be consid-
ered [41, 42].
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19.1  Role of FDG PET/CT 
in Treatment Response 
Evaluation of Cervical 
Carcinoma

19.1.1  Introduction

Primary carcinoma of the cervix is the second 
most common malignancy in women worldwide 
and a leading cause for mortality [1]. FDG PET/
CT has been extensively evaluated in all settings 
of disease management in cervical cancer [2]. In 
staging of cervical cancer, although MRI is the 
gold standard in evaluating locoregional exten-
sion of the primary tumor. FDG PET/CT is 
reported as a useful diagnostic and prognostic [3, 
4] modality in identifying lymph nodal as well as 
distant metastatic spread in initial evaluation [5]. 
FDG PET/CT is also evaluated for its role in pre-
cisely dosing image-guided adaptive radiother-
apy [6].

In line with the management of other gyne-
cological malignancies, surgery, radiotherapy, 
and chemotherapy remain the mainstay of 
management of cervical cancer, depending on 
the specific stage. FDG PET/CT has shown 
good diagnostic utility in the evaluation of 

treatment response by several studies. Studies 
have shown that FDG uptake finding in the 
post-therapy study is predictive of patient sur-
vival outcome over and above that to the pre-
treatment lymph nodal status [7]. The 3-year 
survival also correlated with the metabolic 
response pattern of the post therapeutic FDG 
PET/CT study with progressive metabolic dis-
ease in the post therapeutic FDG PET/CT 
resulting in 0% 3-year survival rate [8]. 
Posttreatment response and lymph nodal status 
were the only predictors of progression-free 
survival in this study. FDG PET/CT is also 
reported as a promising modality in the predic-
tion of response even at early phase as well as 
at the completion of chemotherapy [9]. The 
incorporation of FDG PET/CT in the treatment 
response evaluation has resulted in alteration 
of management options in one-third of patients 
and helped in significantly reducing cost and in 
guiding accurate surgical intervention [8].

The utility of FDG PET/CT is not without 
limitations and pitfalls. Postoperative infectious/
inflammatory processes, pelvic bowel and uri-
nary activity, postradiation fibrosis, etc., still pos-
sess diagnostic challenges in treatment evaluation 
scenario. Careful evaluation of these physiologi-
cal/benign findings should be done to avoid the 
possibility of false-positive interpretations and 
pitfalls.
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19.1.2  Case 1: Metastatic Carcinoma 
Cervix with Near-Complete 
Metabolic Response in FDG 
PET/CT

Clinical summary: Thirty-one-year female was 
a known case of carcinoma cervix post four 
cycles of chemotherapy and adjuvant radiother-
apy. She developed chest pain with sudden onset 
of breathlessness and cough after 6 months of 
completion of treatment. An FDG PET/CT was 
done for disease status/recurrence evaluation 
(Figs. 19.1, 19.2 and 19.3).

Interpretation: FDG PET/CT showed recur-
rent distant metastatic lesions in a treatment com-
pleted patient of carcinoma cervix. After 
confirming the metastatic nature of the lesion, 
repeated FDG PET/CT post six cycles of chemo-
therapy showed near-complete metabolic 

response. The persistence of FDG uptake in the 
pelvic ascites prompted in giving two more 
cycles of chemotherapy.

Teaching points:
 1. Pulmonary metastasis from cervical cancer 

can be isolated or in the form of multiple nod-
ules with or without cavitation and usually is 
symptom free. An FDG-avid pulmonary 
lesion in the setting of carcinoma cervix war-
rants confirmation of the nature of the pulmo-
nary lesion to differentiate it from primary 
lung malignancy/metastasis from carcinoma 
cervix or any benign infectious/inflammatory 
process [10].

 2. The presence of minimal residual disease post-
treatment completion helped in giving two 
more cycles as consolidation chemotherapy.

a dcb

gfe

jih

Fig. 19.1 FDG PET/CT in a 31-year female, presenting 
with chest pain and cough, 6 months posttreatment com-
pletion. Abnormal foci of FDG uptake were noted in the 
chest region in the MIP (a; arrows). There was no abnor-

mal FDG uptake/lesion in the uterus and cervix as seen in 
the axial (b–d) and sagittal (e–g) PET, CT, and fused PET/
CT images, respectively. However, low-grade FDG-avid 
pelvic ascites were noted (h–j; broken arrows)

S. K. Vadi and B. R. Mittal



299
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Fig. 19.2 The abnormal foci of increased FDG uptake in 
the chest region in the MIP image were localized to an 
enlarged thoracic paraesophageal lymph node (solid 
arrow; a–c) and in the FDG-avid cavitary lesion in the 

both lung apices (dotted arrows; d–f). Fine-needle aspira-
tion of the lung lesion suggested metastatic squamous cell 
carcinoma
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Fig. 19.3 The patient received six cycles of chemother-
apy considering the recurrent distant metastatic lesions. 
FDG PET/CT was repeated for treatment evaluation after 
4 weeks of completion of chemotherapy, which showed 
minimal residual disease in the form of faintly FDG-avid 
pelvic ascites (b–g; solid arrows). There was complete 

resolution of the FDG-avid thoracic paraesophageal 
lymph node and the bilateral lung lesions (h–m). 
Symmetrical uptake in the supraclavicular and paraverte-
bral brown adipose tissue FDG uptake can be noted in the 
MIP (a)
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19.1.3  Case 2: Vesicovaginal 
and Rectovaginal Fistulas 
Complicating Response 
Evaluation in a Treatment 
Completed Cervix Carcinoma

Clinical Summary: Fifty-six-year female, a 
known case of squamous cell carcinoma of cer-
vix underwent total abdominal hysterectomy and 
bilateral salpingo-oophorectomy with adjuvant 
chemotherapy. After 2 years of completion of 
treatment, she presented with per vaginal pus dis-
charge. Biopsy and histopathological analysis 
from the vaginal stump showed poorly 
 differentiated squamous cell carcinoma. She was 
treated with six more cycles of chemotherapy and 
loop colostomy. FDG PET/CT was done for eval-
uation after treatment (Figs. 19.4 and 19.5).

Images:
Interpretation: FDG PET/CT in this patient 

showed a well-defined nodular deposit overlaying 

the right rectus abdominis in the upper pelvis. In 
the current clinical context, it was suggestive of 
metastatic deposit, and histopathological correla-
tion was suggested. The increased FDG uptake in 
the vaginal vault and lumen with contiguous 
uptake in the bladder and rectosigmoid along with 
delayed contiguous filling of the contrast was sug-
gestive of the presence of vesicovaginal and recto-
vaginal fistulas in this patient which was confirmed 
on retrospective history and examination.

Teaching points:
 1. Fistulas may develop in gynecological malig-

nancies as a complication to radiation therapy 
or radical surgeries involving complex surgi-
cal fields/prior irradiated field, and the annual 
incidence of radiotherapy-induced vesicovag-
inal fistulas is ~1–5%. Vesicovaginal and 
enterovaginal fistulas are the most common 
types seen in association with gynecologic 
malignancies [11, 12].
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Fig. 19.4 FDG PET/CT post six cycles of chemotherapy 
for disease recurrence after 2 years of treatment comple-
tion, in a 46-year female with squamous cell carcinoma 
cervix. Maximum intensity projection (a) showed abnor-
mal foci of increased tracer uptake in the pelvis and physi-
ological tracer uptake elsewhere. The abnormal tracer 
uptake was localized to the vaginal stump and vaginal 

lumen and continuing with the rectosigmoid loops and 
urinary bladder tracer activity as seen in the sagittal and 
axial PET, CECT, and fused PET/CT images (b–g). A 
focus of increased FDG uptake was also noted in a well- 
defined nodular deposit overlaying the rectus abdominis 
muscle on right side in the pelvis (highlighted with arrow; 
h–j)
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 2. Fistulation with contamination from urinary 
FDG excretion can lead to an overestimation 
of activity within malignant disease or, con-
versely, may mask disease. Therefore, care 
should be taken when assessing these patients, 
with close correlation with recent clinical his-
tory, physical examination, and conventional 
imaging [13].

 3. False-positive urinary tracer uptake of FDG in 
the fistulous tract complicates the interpreta-
tion, and a delayed CECT image helps in 
showing excretion of intravenous contrast 
material into the vagina in approximately 60% 
of patients. Furthermore, there may be air or 
fluid in the vagina [14, 15].
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Fig. 19.5 Delayed images (dual time point) of the pelvis 
were also acquired (a–i) which showed increased FDG 
activity in the rectosigmoid (white arrows b and c), vagi-
nal vault contiguous with the urinary bladder (solid arrow; 

e and h) along with intraluminal contrast filling in the 
vaginal vault and rectum (dotted arrows in e and h) on 
delayed images
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Fig. 19.6 FDG PET/CT done for initial staging in a case 
of poorly differentiated carcinoma cervix. Abnormal FDG 
uptake is noted in the pelvis which was localized to the 
heterogeneously enhancing mass lesion in the cervix with 
endo-luminal components and myometrial invasion as 
seen in the MIP (a), axial (arrows; b–d) and correspond-
ing sagittal (arrows; e–g) PET, CECT, and fused PET/CT 

images. A non FDG-avid cystic lesion was also noted in 
the right adnexa (h–j). No other foci of abnormal FDG 
uptake were noted elsewhere in the body as seen in the 
MIP (a) image. Patient was managed with 25# (55 Gy) of 
EBRT followed by two sittings of intracavitary brachy-
therapy (ICA). FDG PET/CT was repeated after 3 months

19.1.4  Case 3: FDG PET/CT Showing 
Complete Metabolic Response 
to EBRT and ICA in Carcinoma 
Cervix

Clinical summary: Forty-five-year female 
developed menorrhagia for 6 months. She was 
evaluated with endocervical and endometrial 
curettage and biopsy. The histopathological anal-
ysis confirmed poorly differentiated cervical car-
cinoma. FDG PET/CT was done for initial 
staging (Figs. 19.6 and 19.7).

Images:
Interpretation: FDG PET/CT in this patient 

of carcinoma cervix ruled out extracorporeal dis-
ease spread and showed complete metabolic 
response to EBRT+ICA.

Teaching points:
 1. Apart from International Federation of 

Gynecology and Obstetrics (FIGO) staging, 
additional imaging at diagnosis can provide 
valuable information to guide prognosis, 
determine management, and assist in treat-
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Fig. 19.7 FDG PET/CT done for treatment response 
evaluation after EBRT and ICA showing complete meta-
bolic response with resolution of FDG uptake and size of 
the previously seen cervical lesion shown in MIP (a) and 

axial and sagittal PET, CECT, and fused PET/CT images 
(b–g). The cystic lesion in the right adnexa also resolved 
in the posttreatment PET/CT (h–j)

ment planning in carcinoma cervix [16]. For 
locally advanced disease, pelvic magnetic 
resonance imaging (MRI) and positron emis-
sion tomography/computed tomography 
(PET/CT) should be obtained at diagnosis 
when possible [17].

 2. PET/CT helps in ruling out pelvic as well as 
extra-pelvic lymph nodal metastasis and has 

prognostic value in predicting response to 
therapy, independent of FIGO stage [18].

 3. Post radiotherapy PET/CT FDG uptake and 
SUVmax have significant prognostic values 
and predictive powers for progression-free 
survival [2].
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19.1.5  Case 4: FDG PET/CT 
in Treatment Evaluation 
in Metastatic Carcinoma 
Cervix—End of Treatment 
Assessment

Clinical summary: Fifty-four-year female, a 
known case of squamous cell carcinoma cervix 
underwent 18F-FDG PET/CT for initial staging 
which showed FDG-avid soft-tissue lesion in the 
cervix along with pelvic lymph nodes. She 
received four cycles of chemotherapy followed 
by pelvic external beam radiotherapy as well as 
brachytherapy. Pelvic MRI done at the end of 
treatment was suggestive of bulky cervix likely 
due to posttreatment sequelae/residual disease. 
18F-FDG PET/CT done at the end of treatment for 
response evaluation showed a complete meta-
bolic response, and the patient was then on fol-

low up without additional therapy. An FDG PET/
CT was also done after 14 months of follow up 
which again showed no interval change 
(Figs. 19.8 and 19.9).

Images:
Interpretation:
18F-FDG PET/CT done for initial staging local-

ized the disease in the pelvis by ruling out distal 
metastases. The patient was then managed with 
only four cycles of systemic chemotherapy and 
pelvic external beam radiotherapy and brachyther-
apy to cervix. The pelvic MRI could not rule out 
the possibility of residual disease likely due to 
posttreatment scarring/induration. 18F-FDG PET/
CT done posttreatment showed the complete met-
abolic response in this patient. The patient was put 
on follow up and remained disease- free which was 
confirmed with FDG PET/CT done at 14 months 
posttreatment completion.
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Fig. 19.8 18F-FDG PET/CT done for initial staging in a 
54-year female with squamous cell carcinoma of the cer-
vix. The maximum intensity projection (MIP) image (a) 
and the axial and corresponding sagittal PET (b and e), 
contrast-enhanced CT (c and f), and fused PET/CT (d and 
g) showing focally FDG-avid hypermetabolic soft-tissue 
lesion in the cervix (solid arrows). In addition, there was 
FDG-avid enlarged external iliac lymph nodes on both 

sides shown in the axial PET (h), CECT (i), and fused 
PET/CT (j) images further highlighted with dotted arrows. 
Heterogeneously increased FDG uptake is noted in the 
elbows, shoulders, and hip joints (highlighted with dashed 
arrows in MIP and axial fused PET/CT (d)) due to active 
arthritis. Diffusely increased FDG uptake was also noted 
in the both lobes of thyroid (a)
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Fig. 19.9 18F-FDG PET/CT was done again for response 
evaluation post four cycles of chemotherapy followed by 
pelvic external beam radiotherapy and selective brachy-
therapy to cervix. The maximum intensity projection 
(MIP) image (a) and the axial and corresponding sagittal 
PET (b and e), contrast-enhanced CT (c and f), and fused 
PET/CT (d and g) showing resolution of the previously 
FDG-avid soft-tissue lesion in the cervix (solid arrows). 

The MIP (a) as well as the axial PET (h), CECT (i), and 
corresponding fused PET/CT (j) images showing resolu-
tion of the previously seen FDG-avid pelvic lymph nodes 
also. Persistence of FDG uptake in the shoulders (dashed 
arrows in MIP) can be seen due to arthritis. Intense FDG 
uptake was also noted in the masticatory muscles in the 
MIP (a; dotted arrows). Patient was kept on follow up 
considering the complete metabolic disease response

Teaching points:
 1. FDG PET/CT at initial staging helped in rul-

ing out the distant metastases and tailoring the 
therapy options.

 2. Posttreatment scarring/ induration, fibrosis, 
and necrosis at the local sites make it chal-
lenging for pelvic MRI to rule out the pres-

ence of residual disease [19, 20]. FDG PET/
CT being a functional/structural hybrid imag-
ing can decrease the false positivity in this 
regard as in the index case.

 3. Posttreatment complete metabolic response is 
a good prognostic predictor in case of carci-
noma cervix [8].
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19.1.6  Case 5: FDG PET/CT Showing 
Complete Metabolic Response 
in an Advanced Metastatic 
Cervix Cancer After Prior 
Disease Progression

Clinical summary: Forty-seven-year female 
presented with deep venous thrombosis on right 
side along with pelvic lymphadenopathy. CECT 
of the pelvis showed thrombus involving the right 
femoral, external iliac, and common iliac veins 
along with pelvic lymphadenopathy. USG-guided 
fine-needle aspiration cytology of the right sided 
pelvic lymph node was suggestive of metastatic 
squamous cell carcinoma. PET/CT done as part 
of carcinoma of unknown primary evaluation 
showed FDG-avid lesion in the uterine cervix 
with pelvic lymphadenopathy. Biopsy and histo-
pathology from cervical lesion showed squamous 
cell carcinoma of cervix. She received external 
beam radiotherapy for the pelvis. FDG PET/CT 
was done post 3 months of completion of radio-
therapy (Figs. 19.10, 19.11, 19.12 and 19.13).

Images:
Interpretation: The patient developed dis-

ease progression in the form of distant metastatic 
spread in the post-therapy FDG PET/CT which 
helped in the initiation of systemic chemotherapy 
and the repeat FDG PET/CT for treatment 
response evaluation showed a complete meta-
bolic response.

Teaching points:
 1. Distant metastatic spread can occur anytime 

in the course of management of cervical can-

cer as metastasis can occur both by lymphatic 
and by hematogenous spread [21]. This patient 
was offered local pelvic radiotherapy at first 
due to the restriction of the disease in the 
 pelvic cavity in the form of primary and 
regional lymph nodes. Although the radiother-
apy yielded complete metabolic response in 
the pelvis, distant sites of lymph nodal and 
peritoneal/omental deposits were detected in 
the post radiotherapy PET/CT.  These could 
have been easily missed if conventional ana-
tomical modalities were used to see the status 
of pelvis alone as disease was initially local-
ized within the pelvic cavity. The whole-body 
imaging from PET/CT helped in initiating 
systemic chemotherapy in this patient with 
complete metabolic response post 6 months.

 2. Outside radiotherapy field, recurrences are pre-
dominant in patients who underwent primary 
radiotherapy for locally advanced carcinoma 
cervix, and reducing distant metastatic spread 
is a challenge in carcinoma cervix [22]. The 
need for consolidation chemotherapy in 
selected patients of locally advanced cervix 
cancer patients has been addressed, and this 
case also conforms to the same need [23]. 
Whole-body FDG PET/CT will be great useful 
in these cases of locally advanced carcinoma 
cervix for treatment response evaluation.

 3. Post-therapy complete metabolic response 
(CMR) in FDG PET/CT is a good prognostic 
sign with studies showing 78% 3-year sur-
vival in CMR group while 0% in the disease 
progression group [8]. This patient also did 
not develop any recurrence in the follow-up 
till 14 months.
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Fig. 19.11 The abnormal FDG uptake in the thorax and 
neck were localized to FDG-avid enlarged posterior medi-
astinal and left supraclavicular lymph nodes highlighted 
with arrows in the axial PET (a and d), CECT (b and e), 
and fused PET/CT (c and f) images. Post radiotherapy 

PET/CT showed complete metabolic response in the pel-
vis with the appearance of FDG-avid omental/peritoneal 
deposits as well as enlarged mediastinal and left supracla-
vicular lymph nodes suggestive of disease progression
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Fig. 19.10 FDG PET/CT post 3 months of completion of 
external beam radiotherapy in a known case of carcinoma 
cervix. The MIP (a), sagittal PET (b), corresponding 
CECT (c), and fused PET/CT (d) showing no abnormal 
FDG uptake/lesion in the uterus and cervix. However, 
FDG-avid omental/peritoneal deposits are noted in the 

abdomen as seen in the sagittal (b–d) and axial (e–j) PET, 
corresponding CECT, and fused PET/CT images further 
highlighted with arrows. Foci of increased FDG uptake 
were also noted in the mid thorax and lower neck in the 
MIP (a, arrows)
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Fig. 19.12 Considering disease progression with distant 
spread, patient was treated with six cycles of chemother-
apy. PET/CT repeated after 8 weeks of chemotherapy 
showed no abnormal FDG uptake/lesion in the pelvis as 

well as the distant sites, with resolution of FDG uptake 
and size of previously seen lesions prior to chemotherapy 
as seen in the MIP (a) and sagittal (b–d) and axial (e–j) 
PET, CT, and fused PET/CT images
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Fig. 19.13 Axial PET (a and d), corresponding CECT (b and e), and fused PET/CT (c and f) images showing complete 
resolution of the pre-chemotherapy mediastinal and left supraclavicular lymph nodes
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19.2  Role of FDG PET/CT 
in Treatment Response 
Evaluation of Endometrial 
Carcinoma

19.2.1  Introduction

Recent data suggest that endometrial carcinoma 
is the most common gynecological malignancy 
among developed nations, and the incidence is 
expected to increase by 1–2% annually [24]. 
Treatment modalities depend on the stage of the 
disease, and surgery (hysterectomy and bilateral 
salpingo-opherectomy) remains the mainstay of 
treatment. The role of sentinel lymph node map-
ping and lymphadenectomy along with surgery is 
still a debatable topic in the primary treatment of 
endometrial carcinoma. Adjuvant chemotherapy 
or radiotherapy alone or in combination is given 
depending on the stage and pathology.

FDG PET/CT is reported to play a useful 
diagnostic and prognostic role in initial staging 
of endometrial carcinoma with moderate sensi-
tivity in prediction of lymph nodal metastasis 
and still having superior diagnostic utility than 
CT and MRI alone [25–27]. Similarly, many 
studies show a definitive diagnostic supremacy 
of FDG PET/CT in evaluation of suspected 

recurrence/relapse in endometrial carcinoma 
over conventional CT and MRI [28–30]. The 
role of FDG PET/CT in treatment evaluation 
setting is not much studied, and limited studies 
done specifically on this indication show that 
early treatment response by FDG PET/CT is 
indeed beneficial in predicting radiological pro-
gression as well as response [31]. Reduction in 
the uptake value of FDG after neoadjuvant che-
motherapy correlated better with histological 
response after surgery than with that of MRI 
[32]. Another study reported that the change in 
FDG accumulation was associated with treat-
ment response, with a sensitivity of 90% and 
specificity of 80% for differentiating respond-
ers from nonresponders using a cutoff based on 
the percentage change in SUV after treatment 
[33]. The post therapeutic SUV is reported as a 
predictive factor for survival and found to have 
an inverse relationship with progression-free 
survival. Multivariate analysis showed that 
posttreatment SUVmax (p  =  0.001, hazard 
ratio = 1.199) and serous adenocarcinoma his-
tology (p = 0.028, HR 5.594) predicted recur-
rence [34]. Further studies to evaluate the 
association of post therapeutic FDG uptake and 
prognostication are needed to establish its role 
as a definitive marker of therapeutic response.
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19.2.2  Case 1: FDG PET/CT Showing 
Near-Complete Metabolic 
Response in Endometrial 
Adenocarcinoma Post 
Chemotherapy

Clinical summary: Forty-six-year female, a 
known case of carcinoma endometrium underwent 
modified radical hysterectomy with bilateral sal-
pingo-opherectomy and pelvic lymphadenectomy. 

18F-FDG PET/CT done for restaging after surgery 
showed local recurrence in the vaginal vault and 
multiple FDG-avid lung nodules in both lung 
fields suggesting metastatic disease to the lungs. 
She underwent CT-guided fine-needle aspiration 
of the lung nodule, and the cytology report showed 
metastatic  adenocarcinoma. The patient under-
went six cycles of chemotherapy. 18F-FDG PET/
CT was done again for response evaluation 
(Figs. 19.14 and 19.15).
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Fig. 19.14 18F-FDG PET/CT in a 40-year female with 
carcinoma endometrium post modified radical hyster-
ectomy with bilateral salpingo-opherectomy and pelvic 
lymphadenectomy. The maximum intensity projection 
(MIP) image (a) and the axial and corresponding sagittal 
PET (b and e), contrast-enhanced CT (c and f), and fused 
PET/CT (d and g) images showing focally FDG-avid 

hypermetabolic focus in a nodular deposit in the vaginal 
vault (solid arrows). In addition, the MIP (a) and the axial 
PET (h), CECT (i), and corresponding fused PET/CT (j) 
images showed multiple FDG-avid parenchymal nodules 
in the both lung fields (dotted arrows). FNAC of the lung 
nodule confirmed metastatic origin
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Fig. 19.15 18F-FDG PET/CT was done again for 
response evaluation post six cycles of chemotherapy. The 
maximum intensity projection (MIP) image (a) and the 
axial and corresponding sagittal PET (b and e), contrast- 
enhanced CT (c and f), and fused PET/CT (d and g) show-
ing resolution of the nodular deposit in the vaginal vault. 

The MIP (a) as well as the axial PET (h), CECT (i), and 
corresponding fused PET/CT (j) images showing resolu-
tion of the most of the pulmonary nodules except an FDG- 
avid pleural-based subcentimetric nodule in the middle 
lobe of right lung (solid arrows) suggestive of residual 
disease

Images:
Interpretation: The initial PET/CT post- 

surgery in this patient of endometrial adenocarci-
noma showed local recurrence at vaginal vault as 
well as pulmonary metastases. Post six cycles of 
chemotherapy, FDG PET/CT showed near- 
complete metabolic response in the form of reso-
lution of the vaginal vault as well as most of the 
pulmonary nodules with residual disease in a pul-
monary nodule in right lung. The patient is 
planned for two more cycles of chemotherapy 
considering the favorable response with minimal 
residual disease.

Teaching points:
 1. 18F-FDG PET/CT being a whole-body modal-

ity could localize both local (vaginal vault) 
and distant (pulmonary) metastases in this 

patient. The FDG-avid nodular vaginal vault 
lesion, being small in size, could have been 
easily missed in the conventional modalities 
like CT and MRI. The resolution of the lesion 
post chemotherapy also confirms the patho-
logic nature of the lesion. Studies also con-
form to the superior sensitivity and specificity 
of FDG PET/CT with that of conventional 
imaging modalities [29, 35].

 2. 18F-FDG PET/CT done for treatment evalua-
tion post six cycles of chemotherapy showed 
complete minimal residual metastatic disease 
in the lung which prompted the continuation of 
two more cycles of chemotherapy for this 
patient. 18F-FDG PET/CT thus play a pivotal 
role in knowing about the metabolic response 
and in tailoring the chemotherapy dosing in 
these patients.
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19.3  FDG PET/CT in Treatment 
Response Evaluation 
of Fallopian Tube Carcinoma

19.3.1  Introduction

Fallopian tube carcinomas are rare subgroup 
accounting for 0.14–1.8% of the gynecological 
malignancies [36, 37]. Identification of isolated 
fallopian tube lesion without presence of ovarian 
lesion in the primary surgery is a distinguishing 
feature of fallopian tube malignancy [38]. The 
incidence of primary fallopian tube carcinoma is 
reported to be on the rise. The similar clinical pre-
sentations, histopathological features, elevation of 
CA-125 level, etc., make primary fallopian tube 
malignancies indistinguishable from ovarian can-
cer. The anatomical proximity also makes mutual 
invasion form both carcinoma possible in the 
early course of disease itself making it indistin-
guishable from ovarian cancer and underestimat-
ing the true incidence of this malignancy. Tubal 
malignancies spread primarily by transcoelomic 
seeding similar to ovarian carcinoma, and approx-
imately 80% of the metastatic spread is confined 
within the peritoneal cavity. However, literature 
shows that distant metastases and retroperitoneal 
lymphatic spread are more common in tubal car-
cinoma as compared to ovarian malignancies. 
Aggressive cyto-reductive surgical removal with 
additional pelvic and paraaortic lymphadenec-
tomy is the initial treatment of choice. Adjuvant 
radiotherapy is an option in early-stage patients. 

In advanced disease, combination chemotherapy 
is the modality of choice.

Peritoneal implants being a common mode 
of spread of this malignancy, the accuracy of 
CT and MRI in detecting the same is not con-
clusive, and the diagnostic accuracy in these 
setting is still debatable. PET/CT with high 
FDG uptake can outperform anatomical imag-
ing in diagnosing these peritoneal implants. 
The role of FDG PET/CT in this rare malig-
nancy is limited to case reports in the litera-
ture. The available literature shows that FDG 
PET/CT has shown good diagnostic role in 
identifying the distant spread/recurrence of 
this malignancy. There are reports of PET/CT 
outperforming conventional CT in two cases 
of treatment completed fallopian tube carci-
noma in detecting distant hepatic, peritoneal 
sub-diaphragmatic as well as splenic lesions 
even at low CA125 levels [39–41]. Some 
authors have reported isolated cases of useful-
ness of FDG PET/CT in primary evaluation 
also [42, 43].

The precise role of FDG PET/CT in the treat-
ment evaluation has been not evaluated till now. 
However, the available experience on the role of 
FDG PET/CT in ovarian carcinoma which resem-
ble the mode of spread promises a diagnostic 
superiority over conventional imaging owing to 
the low volume structural disease in the perito-
neum, greater rate of distant metastasis, and 
lymph nodal spread seen in tubal malignancy.
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19.3.2  Case 1: FDG PET/CT Showing 
Disease Progression 
in a Treatment Completed 
Case of Bilateral Fallopian 
Tube Carcinoma

Clinical summary: Forty-seven-year female, a 
known case of bilateral fallopian tube carcinoma 
underwent total abdominal hysterectomy and 
bilateral salpingo-opherectomy and omentec-
tomy. Postoperative histopathology revealed 
papillary adenocarcinoma of bilateral fallopian 
tubes. Peritoneal fluid analysis was suspicious 
for malignancy. She received 14 cycles of che-
motherapy and 30 fractions of pelvic external 
beam radiotherapy. After 3 months of comple-
tion of radiotherapy, her CA-125 level was 
53.6 U/ml which was borderline elevated. PET/
CT was done for disease evaluation (Figs. 19.16, 
19.17, and 19.18).

Images:
Interpretation: The PET/CT done post radi-

cal surgery and adjuvant chemo-radiotherapy in 
this patient showed disease progression despite 
the aggressive surgical and medical treatment 
received. PET/CT could show FDG-avid lymph 
nodes on both sides of the diaphragm as well as 
omental deposits.

Teaching points:
 1. CA-125 is a useful marker for post-treatment 

follow-up in fallopian tube carcinoma also. It is 
an early and sensitive marker for tumor pro-
gression during follow-up [44, 45]. It has been 
reported that the lead time (elevated serum 
CA-125 levels prior to clinical or radiological 
diagnosis of recurrence) is 3 months (range, 
0.5–7 months) [46]. Literature also shows that 
lymphatic spread through retroperitoneal lym-
phatic channels is more common in fallopian 
tube carcinoma than in ovarian carcinoma [38].

 2. 18F-FDG PET/CT was done on the suspicion 
of residual/recurrent disease post aggressive 
treatment with elevation of CA-125 level. 
Being a whole-body functional imaging, FDG 
PET/CT could show residual/recurrent lymph 
nodal disease on both sides of the diaphragm. 
Conventional imaging like CT may fail to 
demonstrate the mediastinal and supraclavic-
ular lesions as in most settings they are done 
for the abdomino-pelvic regions. Prior reports 
of PET/CT outperforming conventional CT in 
cases of treatment completed fallopian tube 
carcinoma in detecting distant metastatic 
lesions even at low CA 125 levels also rein-
force the same [39–41].

a b

e

h

c

f

i j

g

d

Fig. 19.16 18F-FDG PET/CT in a 47-year female with 
bilateral fallopian tube carcinoma post TAH+BSO+ 
omentectomy and adjuvant chemo and radiotherapy. The 
maximum intensity projection image (a) and the axial 
PET (b, e, and h), corresponding axial CECT (c, f, and 

i), and the fused axial PET/CT (d, g, and j) showing focal 
FDG uptake in the right supraclavicular (solid arrows), 
right lower paratracheal (broken arrows), and paracardiac 
(dotted arrows) lymph nodes
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Fig. 19.17 18F-FDG PET/CT also showed FDG-avid 
enlarged portocaval (b and c solid arrows), left subcrural 
(dotted arrow c) lymph nodes, FDG-avid omental deposits 

(e and f solid arrows) and left common iliac lymph node 
(h and i solid arrows)
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Fig. 19.18 There was no FDG uptake/structural lesion in 
the vaginal stump as seen in the axial PET (a), CT (b), and 
fused axial PET/CT (c) as well as the corresponding sagit-

tal images (d–f, respectively). However, an FDG-avid 
right external iliac lymph node was noted (g and h solid 
arrows)
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Fig. 19.19 FDG PET/CT done in this 56-year female 
post-surgery and chemotherapy showing no residual dis-
ease in the surgical uterine bed as well as in the vaginal 
stump suggested by the axial PET (b), CT (c), and fused 

PET/CT (d) and corresponding coronal (e–g, respec-
tively) images. However, the maximum intensity projec-
tion image (a) showed abnormal foci of FDG uptakes in 
the pelvis, mid abdominal region, and liver

19.3.3  Case 2: FDG PET/CT Showing 
Disease Progression in Form 
of Hepatic and Serosal 
Metastases in a Treatment 
Completed Bilateral Fallopian 
Tube Carcinoma

Case summary: Fifty-six-year female post pan 
hysterectomy (uterus + cervix + fallopian tubes 
and both ovaries) for bilateral high-grade serous 
carcinoma of bilateral fallopian tubes. Patient 
also received nine cycles of adjuvant chemother-
apy. CA-125 level post 2 months of completion 
of chemotherapy was 72.20 U/ml which was ele-
vated. An FDG PET/CT was done for treatment 
response evaluation (Figs. 19.19 and 19.20).

Images:
Interpretation: FDG PET/CT showed dis-

tant hepatic, lymph nodal, and serosal metaboli-
cally active metastatic disease in this patient of 

treatment completed bilateral carcinoma of fal-
lopian tube.

Teaching points:
 1. Elevated CA-125 level post-therapy indicates 

residual/recurrent disease in a case of fallopian 
tube carcinoma also. The distribution of metas-
tases may be similar to that of ovarian carci-
noma, but there appears to be a higher propensity 
to spread outside the peritoneal cavity [39] as in 
the index case. Considering this fact, early/
interim assessment of treatment response and 
more aggressive follow-up is needed in the con-
text of fallopian tube carcinoma.

 2. FDG PET/CT shows good diagnostic utility 
even in borderline or mildly elevated CA-125 
levels in showing distant metastatic sites. 
Previous reports suggest good FDG uptake in 
the metastatic sites despite low CA-125 levels 
[39, 41].
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Fig. 19.20 The abnormal foci of FDG uptakes in the 
abdominal region were localized to multiple hypodense 
lesions in the liver (a–c arrows), enlarged left paraaortic 
lymph node (d–f arrows), FDG avid necrotic deposits in 

the serosa of duodenum with infiltration (g–i arrows), and 
serosal deposit in the sigmoid colon (j–l) suggesting met-
abolically active metastatic disease
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19.4  FDG PET/CT in Treatment 
Response Evaluation 
of Vaginal Carcinoma

19.4.1  Introduction

Vaginal carcinomas constitute a rare malignancy 
accounting for up to 2% of all gynecological can-
cers [47]. 18F-FDG PET/CT has emerged as an 
important diagnostic as well as prognostic tool 
among the more common gynecological malig-
nancies like ovarian and cervical malignancies. 
FDG PET/CT promises to be of similar potential 
in vaginal cancer owing to the comparable epide-
miological and histological findings of vaginal 
malignancies with that of cervical cancer [48, 49].

The role of FDG PET/CT in vaginal malig-
nancies is very less known owing to the rarity of 
the disease and the limited published data on the 
same. Among the limited published research, 
Lamoreaux et al. reported that FDG PET/CT out-
performs conventional CT in detecting primary 
lesion as well as pelvic lymph nodal metastasis in 
vaginal cancer [50]. Robertson et  al., in their 
study, suggested that FDG PET/CT may be a 
valuable tool in prognostication as well as man-
agement of vaginal and vulvar malignancies [51]. 
The precise role of FDG PET/CT in the posttreat-
ment evaluation of vaginal cancer is still unex-
plored. Given the high avidity of FDG in vaginal 
malignancies, FDG PET/CT has the potential to 
become a key noninvasive diagnostic tool in tai-
loring the treatment options in vaginal cancer in 
harmony with other malignancies like ovarian 
and cervical malignancies. Till date, there is no 
available literature on the role of FDG PET/CT in 
treatment evaluation for this rare malignancy. 
Considering the fact that surgery, radiotherapy, 
and concurrent chemo-radiotherapy being the 
mainstay management modalities in vaginal can-
cer also, FDG PET/CT can be extrapolated as an 
imaging biomarker for treatment response in this 
gynecological malignancy too.

Vaginal cancer possesses significant chal-
lenges on account of its anatomical location in 
the setting of treatment evaluation. Post-surgical/

radiotherapy scarring and fibrosis, risk of devel-
opment of superadded infection and inflamma-
tion posttreatment, reactive lymphadenopathy in 
the pelvis and inguinal regions, etc., make the 
response evaluation challenging for both conven-
tional structural and functional PET/CT imaging. 
The close proximity with the urinary system and 
the greater risk of urinary contamination warrant 
careful scrutiny of the FDG uptake in these 
regions to avoid false-positive interpretations. 
The use of FDG PET/CT post radiotherapy treat-
ment evaluation suffers from the pitfall of false- 
positive inflammatory uptake making it 
challenging to differentiate between residual or 
recurrent active tumor and inflammation.

In pelvic malignancies especially in setting 
of treatment evaluation, additional measures 
are to be taken to avoid false interpretations. 
The use of delayed (dual time point) imaging, 
use of intravenous contrast agents, etc., may 
help in increasing the specificity of the study. 
The incorporation of vaginal catheter has been 
documented to increase the diagnostic power 
by accurately localizing the hypermetabolic 
foci in vaginal and paravaginal areas [52]. 
Dynamic PET/CT images can also differentiate 
between pathological and benign uptake. The 
use of dynamic images, intravenous contrast, 
etc., are documented to identify vesicovaginal 
fistulas (causing false interpretation) which 
may develop after radical surgical/RT proce-
dures in these patients [53]. In spite of these 
limitations, the whole-body assessment and 
functional nature of the study make it a power-
ful tool in distinguishing treatment response, 
early identification of progression, or the devel-
opment of a distant site metastasis.

Non-FDG PET tracer like 18F-Fluorothymidine 
(FLT) has been used to overcome these chal-
lenges and pilot study with FLT PET/CT for 
treatment evaluation for vaginal and cervical can-
cer after external beam radiation shows that FLT 
uptake is not affected by the superadded inflam-
mation and has the potential of being a more spe-
cific alternative to FDG PET/CT in the setting of 
treatment evaluation [54].
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19.4.2  Case 1: FDG PET/CT Showing 
Near-Complete Metabolic 
Response After 
Chemotherapy in Vaginal 
Carcinoma and predicts 
Long-Term Remission

Case summary: Forty-three-year female pre-
sented with history of low back ache for 10 
months. On examination, she was found to have 
tenderness of the lower lumbar vertebrae. 
Evaluation with pelvic MRI showed altered signal 
intensity at the L5 vertebra with destructive 
change and a large soft-tissue mass suggestive of 
skeletal metastasis. Histopathology from the ver-
tebral lesion suggested metastatic squamous cell 
carcinoma. FDG PET/CT was done to identify the 
unknown primary (Figs. 19.21, 19.22, and 19.23).

Images:
Interpretation: FDG PET/CT done for carci-

noma of unknown primary revealed primary site in 

the vagina with FDG-avid skeletal and retroperito-
neal lymph nodal metastasis. PET/CT done for 
treatment evaluation post chemotherapy showed 
favorable disease response. The follow- up PET/
CT also showed no metabolically active disease 
even after 2 years of treatment completion.
Teaching points:
 1. FDG PET/CT shows high metabolic activity 

in primary cancer of the vagina and shows a 
good diagnostic utility in identifying primary 
lesion as well as metastatic sites [50].

 2. Gynecological malignancies are an uncom-
mon primary site for skeletal metastasis with 
unknown primary. The near-complete meta-
bolic response after chemotherapy in this 
patient also predicted long-term remission in 
this patient.

 3. FDG PET/CT is reported to change the prog-
nostic impression as well as management 
algorithm in a significant proportion of cases 
with vulval and vaginal carcinoma [51].
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Fig. 19.21 FDG PET/CT in a 43-year female with meta-
static lesion in the L5 vertebra for unknown primary. The 
whole-body MIP images (a) showing abnormal areas of 
FDG uptake in the lower abdomen and pelvic regions. 
Abnormal FDG uptake was noted in the thickening in the 
upper vagina including vault as shown in the axial (b–d) 
and corresponding sagittal (e–g) PET, CECT, and fused 
PET/CT, respectively. FDG-avid lytic skeletal lesions 
were noted in the anterior lip of left acetabulum (dotted 
arrows; h and i), lytic destructive lesion in the left iliac 

blade with soft tissue extending to adjoining pelvic mus-
cles (dotted arrows; j–l), and L5 vertebra with associated 
soft-tissue component (dotted arrows; m–o). FDG-avid 
retroperitoneal lymph nodes were also noted in the aorto-
caval location (broken arrows; p–r). Biopsy from the 
upper third of vagina revealed squamous cell carcinoma, 
poorly differentiated. She was managed with chemother-
apy, and FDG PET/CT was repeated after five cycles of 
chemotherapy
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Fig. 19.22 FDG PET/CT post five cycles of chemother-
apy for treatment response evaluation. Significant reduc-
tion in FDG uptake and size of the pre-existing lesions 
were noted as seen in the MIP (a). Mild FDG uptake is 
noted in the residual lesion in the vagina (arrows; b–g). 
Resolution in FDG uptake with appearance of sclerosis is 
noted in the lytic lesion in the left acetabulum (dotted 
arrows; h and i). Resolution in FDG uptake with signifi-

cant reduction in soft-tissue component and appearance of 
sclerosis noted in the left iliac blade lesion (dotted arrows; 
j–l). Resolution in FDG uptake was noted in the aortoca-
val lymph node also (dotted arrows; m–o). Considering 
the near-complete metabolic response in metastatic sites 
and favorable disease response, she was given one more 
cycle of chemotherapy and was on routine follow-up. 
FDG PET/CT was repeated after 2 years of follow-up

a dcb

gfe

jih

mlk

pon

Fig. 19.23 FDG PET/CT during follow-up and after 2 
years of treatment completion. The MIP (a) image and the 
axial (b–d) and sagittal (e–g) PET, CECT, and fused PET/
CT images showed no abnormal FDG uptake/lesion in the 

primary site in vagina. No increase in FDG uptake was 
also noted in the metastatic sites in the left acetabulum 
(h–j), left iliac blade (k–m) and the aortocaval lymph 
node (n–p)
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19.5  Role of FDG PET/CT 
in Treatment Response 
Evaluation in Vulval 
Carcinoma

19.5.1  Introduction

Carcinoma of the vulva is a rare malignancy in 
the women with an overall incidence rate of 1.5–
2.4 per 100,000 women per year and accounting 
to ~4% of all gynecological malignancies in 
India [55–57]. Despite being more incident in the 
elderly postmenopausal women, there is a rising 
trend in the younger women likely due to the 
insurgence of human papilloma virus, immuno-
deficiency, etc. [58–60]. Radical resection fol-
lowed by inguino-femoral lymphadenectomy is 
the primary treatment modality in case of vulval 
squamous cell carcinoma which accounts for up 
to 90% of all vulval carcinomas. Radiation ther-
apy has also emerged as a major role in the treat-
ment armamentarium mainly in the adjuvant 
setting and also in the neoadjuvant and definitive 
treatment scenarios. Concurrent chemoradiation 
is the alternative for those patients with large 
tumors in whom primary surgical resection is not 
feasible [61–63].

The role of 18F-FDG PET/CT in the manage-
ment of vulval cancer is a lesser exploited zone 
given the limited studies on the topic and rarity 
of the disease. Given the fact that 90% of the 
vulval cancers are squamous cell carcinomas 
and show good FDG uptake, few study reports 
suggest its usage for staging the disease [64], 
and the National Comprehensive Cancer 
Network also recommends consideration for 
whole-body FDG PET/CT in staging of vulval 
cancer with T2 or more stage with suspicion for 
metastases [65]. Most of the available literature 
on the role of FDG PET/CT in vulval cancer 
focuses on its potential to identify locoregional 
lymph nodes, sentinel nodal mapping, or stag-

ing prior to definitive management [66–71]. The 
impact of FDG PET/CT in the assessment of 
treatment response as well as recurrence evalua-
tion posttreatment is lesser explored and is 
mostly adapted from the studies on their more 
evaluated counterparts like ovarian and cervical 
cancers.

Pelvic lymph nodal status is the best predictor 
of prognosis in a pretreated vulval cancer, how-
ever in the setting of posttreatment, this scenario 
changes. Treatment response evaluation is a key-
stone to any oncological management setting, 
and the limited studies on the role of treatment 
evaluation for vulval cancer with FDG PET/CT 
reports that residual/recurrent metabolic disease 
on FDG PET/CT posttreatment is a more signifi-
cant adverse predictor of disease outcome [72]. 
Early identification of metabolic progression will 
entail the patient to opt for other salvage modali-
ties at the earliest. Being a functional imaging 
armamentarium, FDG PET/CT outscore other 
conventional structural imaging like CT and MRI 
in signifying the malignant potential of the resid-
ual structural disease which is quite challenging 
in the post-surgical/radiotherapy changes like 
fibrosis. Besides, being a whole-body imaging, 
new progressive distant metastasis developing in 
the setting of locoregional-directed therapies can 
be early identified. However, like in other pelvic 
pathologies, FDG PET/CT suffers from the 
inherent limitations of false-positive findings 
with respect to urinary activity in the pelvis, post-
treatment inflammation, reactive pelvic as well as 
mediastinal lymphadenopathies, development of 
complications like post-surgical fistulas and 
infections, etc. Careful and cautious interpreta-
tion of the FDG PET/CT findings in these sce-
narios and delayed imaging to alleviate some of 
these and a histopathological confirmation to rule 
out/in the true nature of the disease is still 
warranted.
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19.5.2  Case 1: FDG PET/CT Showing 
Early Disease Progression 
Post Chemotherapy 
in Relapsed Case of Carcinoma 
Vulva

Clinical summary: Fifty-two-year female pre-
sented with ulcerated lesion at the vulva involv-
ing left labia and subsequently diagnosed as a 
case of squamous cell carcinoma (SCC) vulva 
stage IIIA.  She was managed with radical vul-
vectomy and bilateral pelvic lymphadenectomy. 
She also received 50 Gy of external beam pelvic 
radiotherapy as adjuvant treatment. On follow-
 up, she presented with left inguinal lymphade-
nopathy. An FDG PET/CT was done for 
recurrence evaluation (Figs. 19.24 and 19.25).

Images:
Interpretation: FDG PET/CT in this patient 

showed disease recurrence in the pelvis, and after 
histopathological confirmation, PET/CT was 

repeated post two cycles of chemotherapy. There 
was increase in FDG uptake and size of the recur-
rent primary as well as metastatic lymph nodal 
lesions with appearance of new nodal metastasis 
suggestive of disease progression.

Teaching points
 1. Recurrence can occur in vulval cancer in 

approximately 24% of patient population after 
primary treatment with surgery with or with-
out adjuvant radiation [55]. FDG PET/CT 
helps in detection of recurrence owing to high 
metabolic activity and to rule out presence of 
distant metastases.

 2. FDG PET/CT helped in identifying disease 
progression in index patient even in early 
phase of chemotherapy schedule and in con-
stituting alternative management options/regi-
men. The posttreatment response on FDG 
PET/CT is also associated with locoregional 
control and overall survival [56].
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Fig. 19.24 FDG PET/CT in a 52-year female, a known 
case of vulval squamous cell carcinoma, post radical sur-
gery, and pelvic lymphadenectomy with adjuvant pelvic 
radiotherapy for suspected recurrence in follow-up. The 
MIP image (a) showed few abnormal foci of FDG uptake 
in the pelvis (arrows; a) which were localized to the 
highly FDG-avid lesion (arrows) in the lower third of 
vagina and vulval base region as shown in the axial PET 

(b), CECT (c), and fused PET/CT (d) and corresponding 
sagittal CT (e) and fused PET/CT (f). In addition, FDG- 
avid lymph nodes were also noted in the bilateral external 
iliac and left inguinal region highlighted with dotted 
arrows (g–l). FNA from left inguinal lymph node revealed 
metastatic SCC and biopsy from vulval lesion suggested 
SCC recurrence
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Fig. 19.25 Patient was planned for chemotherapy for 
relapsed disease, and FDG PET/CT was repeated after 
two cycles of chemotherapy with urinary catheter in situ 
(MIP; a). FDG PET/CT showed increase in extent and 
FDG uptake of the lesion in the vulva and extension into 
lower vaginal third (arrows; b–f). FDG-avid bilateral 
external iliac lymph nodes were also noted which showed 
increase in size and FDG uptake (g–j; dotted arrows). In 

addition, FDG-avid left common iliac lymph node (new 
lesion) was also noted (dotted arrow; k and l). Marrow 
activation with diffuse increased FDG uptake can be noted 
in the MIP (a) image likely due to reactive changes to che-
motherapy with sparing of the pelvic bone marrow (post 
local radiotherapy) as appreciated in the sagittal (e and f) 
images
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19.6  Role of FDG PET/CT 
in Treatment Response 
Evaluation of Ovarian 
Carcinoma

19.6.1  Introduction

Ovarian carcinoma accounts for 2.5% of all 
malignancies in women but due to late presenta-
tion and late stage at the time of diagnosis, 
accounts for ~5% of cancer-driven deaths in 
women [73, 74]. The average lifetime risk for 
developing ovarian cancer is 1.3%, the equivalent 
of 1 in 78 women. Epithelial ovarian cancer pre-
dominates in all racial groups accounting for up 
to 90% followed by germ cell and sex cord stro-
mal tumors [73].

FDG PET/CT has shown good diagnostic util-
ity in detection as well as staging of primary 
ovarian malignancy even with some pitfalls like 
benign and physiological uptake, urinary tracer 
activity and ovarian cyst, pelvic inflammatory 
disease, etc., resulting in false-positive results 
[75–77]. The most convincing role of FDG PET/
CT in ovarian carcinoma is in the detection of 
suspected recurrence in setting of elevated or 
even normal CA-125 and negative conventional 
imaging modalities [78–80].

FDG PET/CT is reported to be more reliable 
than morphologic imaging in the prediction of 
treatment response, since the metabolic 
response precedes structural changes [81, 82]. 

Majority of the ovarian cancer present at 
advanced disease and neoadjuvant chemother-
apy is used for debulking before definitive sur-
gery. The early prediction of treatment 
response to neoadjuvant chemotherapy will 
help in identifying nonresponders at an early 
phase [83–85]. In the response evaluation post-
therapy, sequential imaging with PET has been 
shown to predict response as early as after one 
cycle of neoadjuvant chemotherapy. PET has 
also shown more prognostic accuracy than his-
topathologic criteria or CA-125 level in pre-
dicting response [86]. The percentage decrease 
in SUV from baseline after neoadjuvant che-
motherapy is also reported to predict patho-
logical responders [87]. PET/CT is also been 
shown as a predictor of response to novel ther-
apeutic options including temsirolimus. 
Metabolic parameters like SUVmax and total 
lesion glycolysis are shown to predict radio-
logical response as well as disease progression 
in this setting [88]. A negative PET/CT study 
at the end of treatment completion correlates 
significantly with a higher progression-free as 
well as 4-year overall survival [89]. Despite 
these study results emphasizing the role in 
assessment/predicting tumor response to thera-
pies, there are still challenges in accurately 
evaluating oligometastases which are small 
and beyond limitation of spatial resolution as 
well as many pitfalls in evaluating pelvic 
pathologies, which are yet to be addressed.
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19.6.2  Case 1: FDG PET/CT Showing 
Favorable Response 
to Second-Line Chemotherapy 
Regimen in a Case 
of Platinum-Resistant 
Metastatic Ovarian Carcinoma

Clinical summary: Fifty-nine-year female, com-
pleted treatment (total abdominal hysterectomy + 
bilateral salpingo-opherectomy and adjuvant pel-
vic radiotherapy) for ovarian carcinoma. She was 
suspected with disease recurrence in the form of 
elevated CA-125 levels 6 months after completion 
of treatment. An FDG PET/CT done at that time 
for suspected recurrence revealed metabolically 
active mediastinal and abdomino- pelvic lymph 
nodes suggestive of metastatic disease. She was 
treated with six cycles of platinum-based chemo-
therapy. FDG PET/CT was repeated 4 weeks after 

completion of chemotherapy for disease response 
assessment (Figs. 19.26 and 19.27).

Images:
Interpretation: FDG PET/CT post six 

cycles of platinum-based chemotherapy for dis-
ease relapse after primary treatment in a known 
case of metastatic ovarian carcinoma showed 
disease progression despite chemotherapy. She 
was managed with second-line chemotherapy 
regimen. FDG PET/CT post four cycles showed 
favorable response in the form of resolution of 
most of the preexisting lesions with residual dis-
ease in the abdominal and retroperitoneal lymph 
nodes.

Teaching points:
 1. Platinum-based chemotherapy remains the 

mainstay for treatment of recurrent ovarian 
carcinoma. Platinum resistance, defined as 
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Fig. 19.26 FDG PET/CT post six cycles of chemother-
apy given for disease recurrence in a treatment completed 
case of ovarian carcinoma. The MIP image (a) showed 
abnormal tracer uptake in the abdominal and mediastinal 
regions (arrows) localizing to FDG-avid enlarged multiple 
abdominal and retroperitoneal lymph nodes (b–g) high-
lighted with arrows. There was FDG-avid enlarged medi-
astinal lymph nodes also (h–j; arrows). FDG-avid multiple 

enhancing lesions are also noted in the brain with perile-
sional edema on CT (k–p) highlighted with dotted arrows. 
In the context of metastatic disease in the abdomen, medi-
astinum, and new brain lesions, the patient was offered 
with four cycles of alternate second-line chemotherapy, 
and FDG PET/CT was repeated for treatment response 
assessment
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Fig. 19.27 FDG PET/CT after four cycles of alternate 
second-line chemotherapy in this platinum-resistant ovar-
ian carcinoma. The MIP image (a) showing resolution of 
most of the abnormal FDG uptake in the abdomen and 
mediastinum. However, low-grade FDG-avid residual dis-
ease was noted in the retroperitoneal and abdominal 

lymph nodes (b–g; arrows). Significant resolution in FDG 
uptake and size was noted in the mediastinal lymph nodes 
(h–j; arrows). Complete resolution in FDG uptake and 
size of the brain lesions were also noted (k–p). The patient 
is on additional two cycles of chemotherapy

tumor progression during or within 6 months 
after completion of prior platinum therapy, is 
common in recurrent disease [90, 91].

 2. In advanced metastatic and platinum-resistant 
ovarian carcinoma, early response evaluation 
would have helped in this patient in advocat-
ing alternate chemo-regimen at an earlier 
phase.

 3. FDG PET/CT showed disease progression as 
well as favorable disease response to second- 

line regimen at interim evaluation including 
complete response in the metastatic sites in 
the brain which is usually challenging with 
physiological FDG uptake in the brain. 
 Ovarian cancer is a rare cause of brain metas-
tasis and only ~1–2% of patients are reported 
to have brain metastases in the reported litera-
ture, though the prevalence is found to be 
increasing [92].
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19.6.3  Case 2: FDG PET/CT Showing 
Treatment Failure 
to Bevacizumab-Based 
Chemotherapy in Ovarian 
Carcinoma

Clinical summary: Thirty-nine-year female 
was diagnosed with carcinoma of left ovary 
(papillary serous adenocarcinoma). She was 
managed aggressively with total abdominal hys-
terectomy + bilateral salpingo-opherectomy + 
infra-colic omentectomy and pelvic lymphade-
nectomy. CECT abdomen done at end of treat-
ment showed mildly enhancing soft tissue in 
surgical site and soft-tissue deposit in pelvis 
with suspicion of residual/recurrence disease. 
An FDG PET/CT was done to restage the dis-
ease after radical surgical treatment (Figs. 19.28, 
19.29, and 19.30).

Images:
Interpretation: FDG PET/CT showed resid-

ual disease in the form of pre-sacral deposit and 
pelvic lymph nodes after radical surgery. Post 
adjuvant chemotherapy, there was favorable 
response in the pre-existing lesions but appear-
ance of new lymph node at the aortic bifurcation 
was suggestive of disease progression. Patient 
was managed with bevacizumab-based chemo-
therapy but post six cycles of therapy FDG PET/
CT showed disease progression in the form of 
pelvic serosal, lymph nodal, pulmonary, and lytic 
skeletal lesions suggesting new sites of meta-
static disease and failure to the chemotherapy.

Teaching points:
 1. Despite advances in early diagnosis, ovarian 

carcinoma is usually detected at a very advanced 
stage, and prognosis remains unsatisfactory 
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Fig. 19.28 FDG PET/CT after primary treatment in a 
known case of ovarian carcinoma post radical surgery and 
adjuvant chemotherapy. There is FDG-avid pre-sacral 
serosal soft-tissue deposit abutting sigmoid colon high-
lighted with arrows in the MIP (a) axial and correspond-
ing sagittal PET, CT, and fused PET/CT images (b–g). In 

addition, faintly FDG-avid subcentimetric pelvic mesen-
teric lymph nodes are also noted (highlighted with dotted 
arrows in axial sections of PET, CT, and fused PET/CT 
images; h–m). In view of the FDG-avid residual disease, 
patient was given six cycles of adjuvant chemotherapy
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Fig. 19.29 Post six cycles of adjuvant chemotherapy, 
FDG PET/CT done for response evaluation showed FDG- 
avid ill-defined enhancing nodular density in the vaginal 
vault abutting urinary bladder anteriorly and the rectum 
posteriorly, as seen in the axial (b–d) and corresponding 
sagittal (e–g) PET, CECT, and fused PET/CT images 
(highlighted with arrows). Additionally, a low-grade FDG 
avid lymph node (~1.2 cm in short axis diameter; SUVmax 
2.3) is noted just below the aortic bifurcation, highlighted 

with dotted arrows in the MIP (a), axial (h–j), and corre-
sponding coronal (k–m) images. FDG PET/CT showed 
favorable response in all the sites except presence of new 
lymph node at aortic bifurcation suggestive of disease 
progression. The patient was offered six cycles of alter-
nate regimen chemotherapy (bevacizumab based). FDG 
PET/CT was repeated after six cycles for treatment 
response
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Fig. 19.30 FDG PET/CT post six cycles of bevacizumab- 
based chemotherapy show FDG-avid serosal deposit 
along the sigmoid colon in the pelvis (arrows; b–d), left- 
sided pelvic lymph node (arrows; e–g), FDG-avid paren-

chymal nodule in the right lung (arrows; h–j), and 
FDG-avid lytic lesion with soft-tissue component in the 
right pubic bone near symphysis (arrows; k–m) suggest-
ing disease progression
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with poor survival rates, despite the current 
availability of many active and emerging drugs.

 2. A large number of patients experience disease 
progression, and FDG PET/CT has the poten-
tial to identify new sites of disease despite 
favorable response in other preexisting lesions 
[93, 94]. FDG PET/CT should be introduced 
early at the course of chemotherapy to predict 
early response, so that shifting into an alter-
nate regimen is possible at an earlier phase.

 3. Bevacizumab is a humanized monoclonal 
antibody targeting vascular endothelial growth 

factor, and it is the first molecular-targeted 
agent to be used for the treatment of ovarian 
cancer. Several trials show variable results in 
different settings in the management of ovar-
ian carcinoma [94, 95]. FDG PET/CT in this 
patient has shown disease progression and 
failure to chemotherapy by showing new sites 
of metastatic disease.
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[18F]FDG PET/CT in Treatment 
Response Evaluation: Colorectal 
Cancer

F. A. Vuijk, L. Heijmen, M. J. Roef, A. I. J. Arens, 
A. L. Vahrmeijer, E. L. van Persijn van Meerten, 
D. E. Hilling, and L. F. de Geus-Oei

20.1  Introduction

With an incidence of 1.8 million and nearly 
900,000 deaths in 2018, colorectal cancer has the 
third highest cancer incidence and ranks second 
among common causes of cancer death world-
wide [1]. As (neo)adjuvant treatment regimens 
have been adopted into treatment guidelines for 
both colon and rectal cancer (neoadjuvant short- 
course radiotherapy and long course chemoradio-
therapy for rectal cancer, adjuvant chemotherapy 
for colon cancer), treatment response monitoring 
has become of evident importance.

Currently, response monitoring is performed 
using computed tomography (CT) imaging com-
bined with colonoscopy and magnetic resonance 
(MR) and digital rectal examination in rectal can-
cer patients. Up to now, the use of positron emis-

sion tomography (PET) has not been adopted 
into colorectal guidelines for response monitor-
ing purposes yet.

[18F]Fluorodeoxyglucose (FDG) PET has the 
potential to provide metabolic information on 
tumor cells as indicated by the increased uptake 
and metabolism of glucose. This provides addi-
tional information compared to conventional CT 
or MR imaging alone. While hybrid PET/CT is a 
common and widely available technique, develop-
ments toward optimizing combined PET/MR 
scanners are still ongoing but show great promise.

In addition to the combination of PET with 
CT and MR, much progress is also being made in 
optimizing PET scanner hardware and software. 
Most recently, the introduction of the digital PET 
scanner shows promise to further increase the 
diagnostic abilities of PET.

Previous research and concurrent clinical 
experience have reported additional value of the 
use of FDG PET in initial staging of recurrent 
colorectal cancer and metastases, localizing 
recurrent disease in patients with unexplained 
elevation of serum CEA, and in the assessment of 
residual cancerous masses after treatment. 
However, the use of FDG PET for response mon-
itoring of colorectal cancer is still cumbersome. 
As this technique provides metabolic data, FDG 
PET can detect intratumoral changes preceding 
anatomical alterations. The technique shows 
promise in monitoring, but also in predicting 
response to given therapy, thereby creating 
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options to establish personalized patient treat-
ment. As PET can not only provide qualitative 
data, but also quantitative data on multiple lesions 
simultaneously, monitoring lesions can be per-
formed quantitatively over time.

As (neo)adjuvant therapies thrive and become 
adopted into standard care, the need for accurate 
response monitoring increases. This is clearly dem-
onstrated by a subgroup of locally advanced rectal 
cancer patients, who receive neoadjuvant chemora-
diation. A proportion of these patients show a com-
plete remission of tumor and/or pathological lymph 
nodes after treatment. By accurately selecting these 
patients, surgery can be omitted, and its associated 
morbidity and mortality avoided. Current imaging 
modalities including endoscopy and MR imaging 
provide reasonable evaluation of residual tumor and/

or lymph nodes. However, not all patients with a 
complete response can be detected. In addition, early 
detection of nonresponders could prevent futile 
treatment (and its associated side effects) and unnec-
essary postponing of inevitable surgical resection.

This chapter regarding response monitoring of 
colorectal cancer using FDG PET/CT illustrates 
potential clinical examples in which FDG PET/CT 
might complement conventional diagnostic imag-
ing modalities in time to come. Further research is 
however warranted to define the exact situations in 
which FDG PET/CT can be of additional value. The 
following clinical cases include response monitor-
ing during neoadjuvant chemoradiation, local treat-
ment of liver metastases, neoadjuvant treatment of 
recurrent rectal cancer, and palliative systemic treat-
ment of hepatic and extrahepatic disease.
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20.2  Clinical Case 1: Colorectal 
Liver Metastasis

Clinical details: A 55-year-old male with a his-
tory of a sigmoid resection for a pT2N0M0 sig-
moid carcinoma and metastasectomy for a 
metachronous liver lesion in segment IVa 3 years 
later. Three months after the metastasectomy, 
radiofrequency ablation (RFA) was performed on 
a second lesion in segment III. Now, 6 years after 
resection of the primary tumor, serum CEA is 
elevated, and no metastases were detected pro-
spectively on CT imaging of the chest and 
abdomen.

Scan findings: A solitary FDG avid lesion is 
detected in the caudate liver lobe. Also, a photo-
penic area from the metastasectomy is observed 
in segment IVa. No evidence of disease recur-
rence is seen at the anastomosis site (Fig. 20.1).

Interpretation: Suspected solitary liver 
metastasis in the caudate liver lobe.

Teaching points:
 1. FDG PET/CT has a higher sensitivity for 

detecting colorectal liver metastases com-
pared to contrast-enhanced CT [2].

 2. FDG PET/CT can be helpful to localize recur-
rent disease in case of elevated CEA and 
undetectable disease on CT [3].

a

b

c

d

e

f

Fig. 20.1 Solitary liver metastasis. Coronal (a, c, e) and axial (b, d, f) images of a solitary liver metastasis in the cau-
date liver lobe (segment I). Representative images of CT (a, b), PET (c, d), and PET/CT (e, f)
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20.3  Clinical Case 2: Colorectal 
Liver Metastasis

Clinical details: A 55-year-old male with a 
history of a coecum carcinoma for which a 
right hemicolectomy was performed developed 
multiple metachronous liver metastases 6 years 
later. Left hemihepatectomy and multiple 
metastasectomies were performed. One year 
later, RFA was performed on a recurrent liver 
metastasis. One year after the RFA, thus 8 
years after primary diagnosis, at least three 
suspicious new liver lesions were found on 

FDG PET/CT (Fig. 20.2a, b) and deemed unre-
sectable. Systemic treatment consisting of 
capecitabine, oxaliplatin, and bevacizumab 
was initiated.

Scan findings: Complete remission of the 
liver metastases (Fig. 20.2c, d). No evidence of 
other (extra) hepatic metastases.

Interpretation: Complete response of liver 
metastasis after therapy.

Teaching point:
 1. FDG PET/CT can reliably monitor response 

of liver metastases to systemic treatment.

a c

b d

Fig. 20.2 Response monitoring liver metastasis. Images of PET/CT (a, c) and PET (b, d) before (a, b) and after six 
cycles of therapy (c, d)
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20.4  Clinical Case 3: Sequel 
to Case 2

Clinical details: Four years after therapy, recur-
rent liver metastases were detected. Capecitabine 
monotherapy was restarted and FDG PET/CT 
was used for response monitoring.

Scan findings: A persistent strong FDG-avid 
metastasis is seen in segment 6/7 (Fig. 20.3a, e, 
i), SUVmax remains unchanged, however meta-
bolic volume increases. FDG PET/CT shows no 
changes in the highly active lesion in segment 8 
(Fig. 20.3c, g, k).

Interpretation: Stable disease in liver 
segment 8; slight increase in metabolic vol-
ume in segment 6/7. As previous experience 
in this patient showed stabilizing and even-
tually decreasing disease with continuous 
capecitabine treatment, treatment is contin-
ued, and evaluation is scheduled after three 
cycles.

Teaching point:
 1. Serial SUVmax measurements can moni-

tor therapy response of liver metastases to 
chemotherapy.

a

c

b

d

e

g

f

h

i

k

j

l

Fig. 20.3 Response monitoring liver metastases. PET/CT (a, c, e, g, i, k) and PET (b, d, f, h, j, l) images before (a–d), 
after three cycles (e–h), and after six cycles (i–l) of capecitabine treatment
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20.5  Clinical Case 4: Response 
Monitoring of Liver 
Metastases

Clinical details: A 74-year-old female with 
colon cancer and multiple synchronous liver 
metastases was treated with combination therapy 
consisting of capecitabine and bevacizumab. 
Treatment was terminated after two cycles due to 
liver failure, likely due to progressive liver metas-
tases. Four weeks after termination of the treat-
ment, the patient passed away.

The patient participated in a clinical trial, 
during which PET/CT imaging was performed. 
The research objective was to evaluate the pre-
dictive value of pretreatment PET/CT measure-
ments and early changes 1 week after the start of 
therapy [4].

Scan findings: Mean SUVmax (of five lesions) 
was 15 before treatment, and 13 after 1 week of 
treatment. Total lesion glycolysis (TLG) in the 
same five lesions increased slightly from 3450 to 
3565 (Fig. 20.4).

Interpretation: Progressive disease is 
observed as metabolic volume has increased.

Teaching point:
 1. FDG PET can identify patients not respond-

ing to therapy, thereby aiding in the decision 
to terminate treatment when no benefit is 
expected. Early response monitoring is chal-
lenging using CT, and only useful 8 weeks 
after start of treatment.

a

b

e

f

c

d

Fig. 20.4 Response monitoring of liver metastases. Images of PET/CT (a, b, e, f) and the maximum intensity projec-
tion (c, d) before (a, c, e) and after (b, d, f) treatment
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20.6  Clinical Case 5: Response 
Monitoring of Liver 
Metastases

Clinical details: A 56-year-old male with 
colon cancer and synchronous liver metastases 
is treated with systemic therapy, a combina-
tion of capecitabine, oxaliplatin (CAPOX), and 
bevacizumab.

Scan findings: Mean SUVmax (of five lesions) 
was 7.0 before treatment, 7.0 one week into 

 treatment, and 6.8 after three cycles. TLG decreased 
from 320 before treatment to 230 after 1 week, and 
further to 100 after three cycles (Fig. 20.5).

Interpretation: Partial response after three 
cycles of antitumor treatment.

Teaching point:
 1. Serial FDG PET/CT measurements can moni-

tor therapy response of liver metastases to 
combination therapy (chemotherapy and anti-
angiogenic treatment).

a

b

c

g

h

i

d

e

f

Fig. 20.5 Response monitoring of liver metastases. PET/CT (a–c, g, h, i) and maximum intensity images (MIP) (d–f) 
before (a, d, g), after 1 week of therapy (b, e, h), and after three cycles (c, f, i)
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20.7  Clinical Case 6: Response 
Monitoring of Liver 
and Other Metastases

Clinical details: A 65-year-old male with colon 
cancer and synchronous liver and lung metasta-
ses was treated with neoadjuvant therapy, a com-
bination of CAPOX and bevacizumab.

Scan findings: Mean SUVmax of the three 
liver lesions was 8.4 before treatment, 7.4 
after 1 week, and 4.2 after three cycles. TLG 

of the liver lesions was 950 before treatment, 
680 after 1 week, and 95 after three cycles 
(Fig. 20.6).

Interpretation: Partial response to chemo-
therapy of the primary tumor, liver metastases, 
and lung metastases.

Teaching point:
 1. Early response monitoring is feasible using 

FDG PET/CT.

a d g

b e h

c f i

Fig. 20.6 Response monitoring of liver metastases. PET/CT images before treatment (a–c), 1 week into treatment 
(d–f), and after three cycles (g–i) of respectively the primary tumor, liver metastases, and lung metastases
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20.8  Clinical Case 7: Response 
Monitoring of Liver 
Metastases

Clinical details: A 75-year-old male with colon 
cancer and synchronous liver metastases was 
treated with a combination of neoadjuvant 
CAPOX and bevacizumab to increase the chance 
of resectability of the liver metastases.

Scan findings: As the first three scans were 
part of research, SUVmax and TLG analysis was 
performed. SUVmax was 11 before treatment, 9 
after 1 week of treatment, and 7 after three cycles 
(9 weeks). Total lesion glycolysis decreased from 
1200 before start of treatment to 500 after 1 week 

of therapy and decreased further to 220 after 
three cycles (Fig. 20.7).

Interpretation: Partial response of liver 
lesions after three cycles, as well as after six 
cycles. Hereafter, the patient underwent metasta-
sectomy. After this, no evidence of residual or 
recurrent disease was observed during 24 months 
of follow-up.

Teaching point:
 1. Current response monitoring is performed 

using the RECIST criteria by evaluating the 
size of lesions 8–9 weeks after treatment. 
Metabolic response to antitumor treatment 
can be visualized earlier.

a

b

c

d
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f
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l

Fig. 20.7 Response monitoring of liver metastases. PET/CT (a, b, d, e, g, h, j, k) and PET (c, f, i, l) before treatment 
(a–c), 1 week into treatment (d–f), after three cycles (g–i), and after six cycles (j–l)
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20.9  Clinical Case 8: Residual 
Disease After Liver 
Metastasectomy?

Clinical details: A 60-year-old male with rec-
tal cancer and a solitary metachronous liver 
metastasis for which neoadjuvant short-course 
radiotherapy was administered and resection 
was performed. No previous systemic 
treatment has been given. PET/CT is per-
formed before and 4 days after surgical 
metastasectomy.

Scan findings: SUVmax prior to resection is 
7. After resection, slight diffuse uptake is seen 
along the edge of the resection cavity 
(Fig. 20.8).

Interpretation: No evidence of residual dis-
ease. Postoperative changes are appreciated at 
the edge of the resection cavity.

Teaching point:
 1. Physiologic mild diffuse uptake along the 

edge of metastasectomy can be seen in the 
first days to weeks after metastasectomy.

a c

b d

Fig. 20.8 Evaluation after liver metastasectomy. PET/CT (a, c) and PET (b, d) images before (a, b) and 4 days after 
metastasectomy (c, d)
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a c e

b d f

Fig. 20.9 Response monitoring palliative rectal cancer. Representative PET/CT (a, c, e) and PET (b, d, f) images 
before treatment (a, b), 1 week into treatment (c, d), and after three cycles of treatment are depicted (e, f)

20.10  Clinical Case 9: Palliative 
Treatment of Liver 
Metastases of Rectal Cancer

Clinical details: A 63-year-old male with rectal 
cancer in whom two synchronous liver metastases 
were detected. The patient was treated with pallia-
tive chemotherapy consisting of tegafur and ura-
cil, as no curative options were available. CT 
imaging showed stable disease after three cycles 
according to RECIST.

Scan findings: Mean SUVmax of the two liver 
lesions was 8.0 before treatment, 9.0 after 1 week 

(+13%), and 9.4 after three cycles of treatment 
(+18%). Total lesion glycolysis was 34 before 
treatment, 46 after 1 week (+35%), and 40 
(+18%) after three cycles (Fig. 20.9).

Interpretation: Stable disease on PET/CT 
(PERCIST).

Teaching point:
 1. Fractional changes in tumor glucose metabo-

lism on FDG PET/CT can stratify patients 
into groups with different survival probabili-
ties [5].

20 [18F]FDG PET/CT in Treatment Response Evaluation: Colorectal Cancer
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20.11  Clinical Case 10: Recurrent 
Disease After Liver 
Microwave Ablation (MWA)

Clinical details: A 75-year-old male with a his-
tory of pT3N0M0 sigmoid cancer which was 
laparoscopically resected. Four years later, 
CEA was elevated, and a liver metastasis was 
detected in segment VIII on CT, which was 
treated with MWA (5  min, 100  W). Routine 
follow-up CT imaging 3 months after MWA 
showed no evidence of residual or recurrent 
disease. Five months later, CEA is again ele-
vated and a lesion suspicious for recurrent 
metastasis was observed on FDG PET/CT 
(Fig. 20.10d). Subsequent MR imaging (1 week 
later) confirmed a solitary recurrent liver metas-
tasis (Fig. 20.10c).

Scan findings: A high metabolically active 
focus is located mediodorsal of the MWA area, 
cranial in segment VIII. The focus corresponds to 
the hypodense lesion as seen on CT and MRI.

Interpretation: Scan findings suspicious for 
local recurrence of liver metastasis in segment 8 
after MWA.

Teaching points:
 1. FDG PET/CT is accurate in detecting residual 

or recurrent disease immediately after local 
ablative therapy [6].

 2. Focal and multifocal uptake is suspicious for 
recurrent disease already in the first months 
after local therapy.

a c

b d

Fig. 20.10 Recurrent disease after liver MWA. Images of contrast-enhanced CT (a), PET (b), contrast-enhanced MRI 
(c), and PET/CT (d) are depicted
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a c

b d

Fig. 20.11 Recurrent disease after liver RFA. Images of CT (a, b) and PET/CT (c, d)

20.12  Clinical Case 11: Recurrent 
Disease After Liver RFA

Clinical details: A 75-year-old male with 
cT3N2M1 sigmoid carcinoma with multiple syn-
chronous liver metastases in segment VII and 
VIII. Induction combination chemotherapy con-
sisting of folinic acid, fluorouracil, and oxalipla-
tin (FOLFOX) was given. Following systemic 
therapy, the liver lesions decreased in size but 
were still present. Both the primary tumor and 
liver metastases were resected or ablated using 
radiofrequency. Eighteen months later, serum 
CEA was rising; however, recurrent disease could 
not be localized on CT of the chest and 
abdomen.

Scan findings: Status after sigmoid resection, 
segment resection of segment 8 and RFA in seg-

ment 8/5. Focal FDG avidity is seen along the 
medial edge of the RFA area. No evidence of 
other metastases (Fig. 20.11).

Interpretation: The FDG avidity in the liver 
lesion is suspicious for recurrent liver metastasis 
along the edge of the previous RFA.

Teaching points:
 1. FDG PET/CT is more accurate during surveil-

lance after RFA compared to contrast- 
enhanced CT and MRI [7, 8].

 2. Response evaluation after RFA can be per-
formed by FDG PET/CT, as responding 
lesions become photopenic immediately fol-
lowing RFA [9].

 3. Focal and multifocal uptake is suspicious for 
recurrent disease following local therapy.
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20.13  Clinical Case 12: Recurrent 
Disease After Liver RFA

Clinical details: A 60-year-old male with 
pT1N1M1 colon carcinoma with a synchronous 
liver metastasis. The colon carcinoma was 
resected, after which the solitary liver metastasis 
in segment seven was ablated using radiofre-
quency (RFA). Eight months later, a recurrent 
liver lesion is seen along the ablated site in seg-
ment VII on FDG PET/CT (Fig.  20.12d). 
Subsequent MR imaging confirmed a solitary 
liver metastasis in segment VII.

Scan findings: High FDG avidity is seen cra-
nially in segment 7/8, corresponding to the lesion 
as seen on MRI located dorsolateral on the right 
side adjacent to the RFA cavity. No other FDG 

accumulation is observed in the liver 
parenchyma.

Interpretation: FDG uptake is highly suspi-
cious for local recurrent disease dorsolateral 
along the RFA region, corresponding to the lesion 
observed on MRI.  No other metastases are 
detected.

Teaching points:
 1. FDG PET/CT is more accurate during surveil-

lance after RFA compared to contrast- 
enhanced CT or MRI [7, 8].

 2. FDG PET shows promise in identifying very 
early response after local ablative treatment 
(within 24 h post-ablation) [9].

 3. Focal and multifocal uptake is suspicious for 
recurrent disease following local therapy.

a c

b d

Fig. 20.12 Recurrent disease after liver RFA.  Images of T1-weighted MRI before contrast (a), PET (b), contrast- 
enhanced MRI (c), and PET/CT (d)
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a c

b d

Fig. 20.13 Lung metastasis. Images of PET/CT (a, c) 
and PET (b, d) 11 months after STRT (a, b) compared to 
18 months after STRT (c, d). Note a location mismatch 

between PET and CT imaging is visible in the smaller 
nodule, as indicated by the arrow due to differences in 
respiration

20.14  Clinical Case 13: Pulmonary 
Metastases

Clinical details: An 80-year-old woman under-
went laparoscopic sigmoid resection 7 years ago 
for a pT3N0M0 sigmoid carcinoma. Three years 
after resection, local recurrence and multiple liver 
and lung metastases were detected and treated in 
the following years. Three lung metastases were 
treated with stereotactic radiotherapy. Five months 
later, CT imaging reveals progression of the known 
apical consolidation after radiotherapy in the left 
lower lobe and progression of a lung nodule in the 
right upper lobe. FDG PET/CT also shows moder-
ate uptake in the progressive area; however uptake 
may be due to post-radiation inflammation. Now, 
18 months after stereotactic radiotherapy (STRT), 
another FDG PET/CT is performed.

Scan findings: Diffuse mild FDG uptake is 
observed in the area in the right upper lobe after 
STRT. However, avid FDG uptake is seen in three 
lung nodules 18 months after STRT. Two of these 
nodules are in the right upper lobe (one in and the 
other located dorsally from the radiation area, 
Fig. 20.13c, d) and one nodule in the left lower lobe.

Interpretation: Status after stereotactic 
radiotherapy of two pulmonary metastases. 
However, three new lung metastases are seen 18 
months after STRT. Two in the right lung and one 
in the left. No evidence of other metastases or 
local recurrence.

Teaching points:
 1. As few patients with pulmonary oligometasta-

ses from colorectal origin are eligible for local 
therapy, early detection is crucial.

 2. The sensitivity and specificity of FDG PET/
CT for detecting pulmonary metastases from 
colorectal cancer are respectively 57.1% and 
99.1% [10]. This is mainly due to the small 
size and partial volume effect.

 3. Although CT has higher sensitivity compared 
to FDG PET/CT in detecting lung nodules 
(90% vs. 57–76%), FDG PET/CT provides 
higher specificity (75–99% vs. 50%) [10, 11]. 
However, serial CT imaging probably 
 provides high specificity as well, as is seen in 
common practice. Such approach, however, is 
not useful when early specific diagnosis is 
crucial.
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20.15  Clinical Case 14: Lymph 
Node Metastases

Clinical details: A 65-year-old woman with a 
history of breast cancer, to whom after resection, 
adjuvant chemo- and radiotherapy were given. 
Six years later, the patient presents with 
cT3N2M0 sigmoid carcinoma for which sigmoid 
resection was performed, followed by adjuvant 
chemotherapy (three cycles of capecitabine). Ten 
months later, two liver metastases from the sig-
moid carcinoma (segment VI and VIII) were 
resected. In the same period, two para-aortal 
lymph nodes were resected. Now, 3 years after 
liver metastasectomy, new enlarged lymph nodes 
are detected. The patient is treated with three 
cycles of capecitabine.

Scan findings: As compared to the first scan, 
no significant change in size and metabolic activ-
ity of the left para aortal and mediastinal lymph 
node metastasis is measured. Note that the hyper-

metabolic mediastinal lymph node is not enlarged 
(Fig. 20.14).

Interpretation: Stable lymph node metasta-
ses is seen after three cycles.

Teaching points:
 1. As treatment decisions depend on presence of 

hepatic and extrahepatic metastases, FDG 
PET/CT can aid in providing accurate staging, 
leading to more effective patient management 
decisions [12].

 2. FDG PET/CT can alter staging for assessing 
extrahepatic disease in up to 20% of patients 
[12].

 3. FDG PET/CT can identify additional meta-
static lymph nodes that are missed on CT 
imaging [11].

 4. Caution is warranted in SUV quantification of 
lymph nodes because of the possible partial 
volume effect.

F. A. Vuijk et al.
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a e

c g

b f

d h

Fig. 20.14 Response monitoring lymph node and pulmonary metastases. PET/CT (a, c, e, g) and PET (b, d, f, h) 
images before (a–d) and after (e–h) three cycles of capecitabine
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20.16  Clinical Case 15: Response 
Monitoring to Neoadjuvant 
Chemoradiotherapy

Clinical details: A 60-year-old male with 
cT3N2M0 locally advanced rectal carcinoma for 
which neoadjuvant chemoradiation (25  ×  2  Gy 
and concurrent capecitabine) was given. After 
neoadjuvant therapy, abdominoperineal resection 
was performed. The resection specimen showed 
ypT1N0 rectal adenocarcinoma on pathological 
examination. Response monitoring was per-
formed using FDG PET/CT.

Scan findings: FDG accumulation in the pri-
mary rectal carcinoma decreased during neoadju-

vant therapy. SUVmax at staging was 27, decreased 
to 21 two weeks into treatment and to 8.5 eight 
weeks after neoadjuvant treatment. No enlarged 
or avid lymph nodes were visible (Fig. 20.15).

Interpretation: Partial response of the pri-
mary tumor.

Teaching points:
 1. FDG PET/CT can predict (early) tumor response 

to therapy. However, thresholds derived from 
large clinical trials are still lacking [13].

 2. In the future, by monitoring early tumor 
response, neoadjuvant treatment can be 
adjusted and/or futile chemo(radio)therapy 
can be avoided in nonresponding patients.

a c e

b d f

Fig. 20.15 Response monitoring locally advanced rectal cancer. Images show PET/CT (a, c, e) and PET (b, d, f) 
images before (a, b), 2 weeks into treatment (c, d), and 6–8 weeks after neoadjuvant treatment (e, f)
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20.17  Clinical Case 16: Monitoring 
Response to Neoadjuvant 
Chemoradiotherapy

Clinical details: A 60-year-old male with 
cT3N2M0 locally advanced rectal carcinoma for 
which neoadjuvant chemoradiotherapy (25 × 2 
Gy and concurrent capecitabine) was started, fol-
lowed by total mesorectal excision (TME) resec-
tion. The resection specimen showed ypT3N1 
rectal adenocarcinoma. Response monitoring 
was performed using FDG PET/CT.

Scan findings: SUVmax at baseline was 26, it 
decreased to 12 two weeks into treatment, and 8 

weeks after neoadjuvant treatment SUVmax fur-
ther decreased to five (Fig. 20.16).

Interpretation: A strong metabolic response 
is observed.

Teaching points:
 1. FDG PET/CT can predict (early) tumor 

response to therapy. However, thresholds 
derived from large clinical trials are still lack-
ing [13].

 2. In the future, by monitoring early tumor 
response, neoadjuvant treatment can be 
adjusted and/or futile chemo(radio)therapy 
can be avoided in nonresponding patients.

a c e

b d f

Fig. 20.16 Response monitoring rectal cancer. Images show PET/CT (a, c, e) and PET (b, d, f) images before (a, b), 
2 weeks into treatment (c, d), and 6–8 weeks after neoadjuvant treatment (e, f)
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20.18  Clinical Case 17: Recurrent 
Colorectal Cancer

Clinical details: A 60-year-old male with 
cT3N0M0 proximal rectal cancer for which neoad-
juvant chemoradiotherapy was given, followed by 
TME resection. Nine months later, recurrent rectal 
cancer was diagnosed, and the patient was treated 
with one cycle CAPOX followed by re- 
chemoradiation (15  ×  2  Gy in combination with 
capecitabine) and three additional cycles of 
CAPOX, followed by resection. Two FDG PET 
scans were performed: one during the first cycle of 
CAPOX, the second during the last cycle of 
CAPOX, 2 months later.

During first cycle During third cycle
SUVmax 11.6 11.2
Metabolic 
volume

77.3 67.8

Scan findings: No change in the intense FDG 
accumulation in the dorsal rectal wall above the 
anastomosis is seen. A large tumor strand is 
observed on the right side, cranially along the 
mesorectum (Fig. 20.17).

Interpretation: Unchanged recurrent rectal 
tumor in the presacral area with strand cranial 
along the mesorectum. No signs of lymph node 
metastases. Subsequently, pelvic exenteration 
was performed. Three months after resection, 
recurrent disease was diagnosed, and palliative 
chemotherapy was initiated.

Teaching point:
 1. FDG PET/CT might aid in detecting recurrent 

rectal cancer patients not responding to therapy.

a c

b d

Fig. 20.17 Response monitoring recurrent rectal cancer. Representative images of PET/CT (a, c) and PET (b, d) 1 
week into treatment (a, b) and during the third cycle of treatment (c, d)
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20.19  Clinical Case 18: Recurrent 
Colorectal Cancer

Clinical details: A 65-year-old male with 
pT3N2M0 sigmoid tumor who underwent sig-
moid resection. The patient received eight cycles 
of adjuvant CAPOX; oxaliplatin was terminated 
after the fourth cycle due to toxicity. Two months 
after the last cycle, serum CEA was elevated.

Scan findings: High FDG uptake is seen at 
the anastomosis site (Fig.  20.18e). Also, high 
uptake is observed in a possible peritoneal metas-
tasis more proximal along the sigmoid 
(Fig. 20.18f). High uptake is appreciated in a left 
parailiacal lymph node (dotted white arrow, 
Fig. 20.18a). FDG avid foci are seen in the para-
renal fascia (black arrow Fig. 20.18a) and perito-
neum (white arrows Fig. 20.18a).

Interpretation: Scan findings are suspicious 
for recurrent disease at the anastomosis site with 
metastases to the peritoneum, lymph nodes, 
omentum, and right pararenal fascia.

Teaching points:
 1. Detection of local recurrence on CT and MRI 

can be challenging due to altered anatomy 
after oncologic resection.

 2. FDG PET/CT has a high sensitivity (84–
100%), specificity (80–100%), and accuracy 
(74–94%) in detecting local recurrence of 
colorectal cancer [14]. Therefore, PET/CT has 
been adopted into colorectal guidelines for 
detection of local recurrence.

a d

e

b

c

Fig. 20.18 Local recurrence sigmoid tumor. Images of 
the maximum intensity projection (MIP, a), CT (b), PET/
CT (c, d), and PET (e, f) are depicted. The recurrent tumor 

is indicated by the arrow in d, whereas the peritoneal 
metastases are indicated by the arrows in e
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20.20  Clinical Case 19: Response 
Monitoring of Neoadjuvant 
Treatment of Local Recurrent 
Rectal Cancer

Clinical details: A 70-year-old male with 
pT3N2M1 rectal carcinoma and a synchronous 
solitary liver metastasis. The liver metastasis 
was treated with three neoadjuvant courses of 
CAPOX, after which RFA was performed. 
Following this, abdominoperineal resection of 
the primary rectal cancer was performed. Two 
years after resection, local recurrent disease was 
detected in a lymph node and was treated with 
four courses of induction chemotherapy 
(FOLFIRI) followed by chemoradiotherapy 
(capecitabine in combination with 15 × 2 Gy). 
FDG PET/CT was performed to monitor 
response.

Scan findings: Partial metabolic response 
was visualized on the interim scan after neoadju-
vant chemotherapy (2 months later). A complete 
metabolic response was observed right after neo-
adjuvant chemoradiotherapy (5 months later) 
(Fig. 20.19).

Interpretation: A complete metabolic 
response is seen on the last scan, as was con-
firmed by the resection specimen showing a 
pathological complete response. Following 
neoadjuvant treatment, debulking surgery and 
intraoperative radiotherapy were performed. 
The resection specimen showed a pathological 
complete response to neoadjuvant therapy.

Teaching point:
 1. FDG PET/CT can provide additional informa-

tion on the decision to give consolidation ther-
apy between neoadjuvant therapy and surgery.

a c e

b d f

Fig. 20.19 Response monitoring neoadjuvant treatment local recurrence. Representative PET/CT and PET images 
before treatment (a, b), after neoadjuvant chemotherapy (c, d), and after neoadjuvant chemoradiation (e, f) are depicted
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20.21  Clinical Case 20: Response 
Monitoring of Neoadjuvant 
Treatment of Local Recurrent 
Rectal Cancer

Clinical details: A 60-year-old male with locally 
advanced rectal carcinoma was treated with neo-
adjuvant chemoradiotherapy, followed by TME 
resection. Eighteen months later, local recurrent 
disease was detected and treated with induction 
chemotherapy (one course CAPOX, then 
switched to three courses FOLFIRI due to 
 toxicity) followed by chemoradiotherapy 
(capecitabine in combination with 15  ×  2  Gy). 

Response monitoring was performed by FDG 
PET/CT.

Scan findings: No changes in FDG avidity is 
observed after neoadjuvant chemotherapy or after 
neoadjuvant chemoradiotherapy (Fig. 20.20).

Interpretation: Stable disease was observed 
after neoadjuvant chemotherapy (2 months later) 
and immediately after neoadjuvant chemoradio-
therapy (4 months later). Following treatment, 
surgical resection was planned.

Teaching point:
 1. FDG PET/CT can provide additional informa-

tion on the decision to give consolidation ther-
apy between neoadjuvant therapy and surgery.

a c e

b d f

Fig. 20.20 Response monitoring neoadjuvant treatment local recurrence. Representative PET/CT and PET images 
before treatment (a, b), after neoadjuvant chemotherapy (c, d), and after neoadjuvant chemoradiation (e, f) are depicted
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Sarcomas
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21.1  Introduction

Soft tissue sarcomas are of mesenchymal ori-
gin, and they account for less than one percent 
of adult cancers [1, 2]. 18F-FDG PET/CT is 
reported to be a useful imaging tool in the eval-
uation of patients with soft tissue sarcomas, 
especially in patients with high-grade lesions 
[3]. In general, sarcomas are highly 18F-FDG-
avid tumors [4]. 18F-FDG PET/CT imaging has 
been used for the guiding site of biopsy, assess-

ment of treatment response, staging, surveil-
lance etc. [5–10]. 18F- FDG PET/CT is reported 
to have higher specificity compared with other 
conventional imaging such as CT and MRI in 
the detection of local disease recurrence [11, 
12]. Traditional imaging modalities have lim-
ited accuracy for routine surveillance second-
ary to post-therapy changes such as fibrosis and 
scarring [12]. There are several advantages and 
limitations of using 18F-FDG PET/CT in 
assessing treatment response.
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21.2  Case 1: Progression

Clinical Details A 59-year-old patient was 
diagnosed with Grade 2 myxofibrosarcoma of the 
upper right arm. Preoperative RT on primary 
lesion was performed and later underwent exci-
sion surgery. The patient had adjuvant chemo-
therapy with epirubicin and ifosfamide. A CT 
scan detected a new nodular lesion in the inferior 
left lobe during follow-up, and it was resected 
histology confirmed metastasis from myxofibro-
sarcoma. Post-metastasectomy chemotherapy 
was given; however, the patient developed a new 
lung metastasis in the inferior left lobe.

Scan Findings and Interpretation An FDG 
PET as a re-staging tool was performed (Fig. 21.1). 
The scan showed mild uptake of the tracer in the 
left lung nodule and the presence of a doubtful 
uptake in the left lower leg. The patient underwent 
left leg lesion excision followed by further che-
motherapy, and the histology was Schwannoma.

The follow-up PET/CT showed the presence 
of a peri-splenic nodule with low tracer uptake 
(SUVmax = 2.5) and a hypermetabolic solid tis-
sue (SUVmax = 4.3) at the left thoracic wall, pos-
terior to the VII left rib. There was low uptake of 
the radiopharmaceutical (SUVmax = 2.7) at the 
level of the left lower leg (recent surgery?) 

a b

c

d

e

f

g

Fig. 21.1 (a) Re-staging PET/CT, following myxofibro-
sarcoma 2° lung relapse: There is mild uptake of the 
radiopharmaceutical in a left lower lung nodule (b–d) and 

presence of a doubtful tracer uptake in the left lower leg 
distally (e–g)
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(Fig.  21.2). CT to assess treatment response 
showed a reduction in the size of both peri- 
splenic and thoracic (posterior to VII left rib) 
lesions (RECIST 1.1 partial response).

Repeat FDG PET showed low-grade persistent 
uptake in both the peri-splenic (SUVmax = 2.7) 
and the left thoracic wall lesions (SUVmax = 2.9); 
persistence of low uptake of the radiotracer at the 
level of the left lower leg (SUVmax = 3.1 vs. 2.7) 
(Fig.  21.3). The patient underwent stereotaxic 
radiotherapy for the thoracic and para-splenic 
lesions. The latest CT scan with contrast media 
showed the pleural nodule progression, with a 
relapse-free interval of 7 months.

Teaching Points
Myxofibrosarcoma is one of the most common 
sarcomas in elderly adults, characterized by 
“infiltrative pattern” (so-called tail sign in MRI), 

and it arises in the extremities in most cases [13]. 
Myxofibrosarcomas were reclassified in the 2013 
WHO classification and are defined as gelatinous 
nodules with a noncohesive spindle or stellar 
tumor cells within a myxoid matrix [14]. The 
myxoid part of the tumor usually represents at 
least 50% of the total surface [14], and no spe-
cific molecular alteration was demonstrated for 
this histotype. No metabolic studies in these spe-
cific entities were conducted, but hypermetabolic 
myxofibrosarcoma was described [15].

• Myxofibrosarcoma histologic diagnosis is 
evolving and challenging.

• No prospective data are available on the meta-
bolic activity in these lesions.

• PET/CT scans are not routinely performed in 
this subtype.

a

b

c

d g j

e h

f i

Fig. 21.2 (a) PET/CT after second left lung metastasec-
tomy: The peri-splenic nodule shows low-grade tracer 
uptake (SUVmax = 2.5, with SUVmean liver = 2.3; b–d) 
and a new hypermetabolic solid tissue of the thoracic left 

wall, posterior to the VII left rib (SUVmax = 4.3; e–g); 
low-grade uptake of the tracer (SUVmax = 2.7; h–j) at the 
level of the left lower leg (recent surgery?)
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a b

c

d

f

e

g

Fig. 21.3 (a) Re-staging PET/CT after chemotherapy: 
There is persistence of very low uptake of both the peri- 
splenic (SUVmax = 2.7; SUVmean liver=3 vs. 2.3) (b–d) 

and the left thoracic wall lesions (SUVmax = 2.9; e–g); 
persistence low-grade uptake of the tracer (SUVmax = 3.1 
vs. 2.7) at the level of left lower leg
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21.3  Case 2: Good Response 
to Treatment

Clinical Details Patient with highly malignant 
myxoid round cell liposarcoma (MRCL) of the 
left leg and the lesion was measuring 9 cm in the 
largest diameter. Staging procedures (chest and 
abdomen CT scan with contrast medium) were 
negative for distant secondary locations.

Scan Findings and Interpretation Figure 21.4: 
PET with FDG showed low-grade tracer uptake 
(SUVmax = 2.8) of the left leg tumor. The patient 
had neoadjuvant chemotherapy treatment with 

Epirubicin and Ifosfamide and later neoadjuvant 
RT. Figure 21.5: The re-staging FDG PET showed 
reduced size and uptake in the lower left leg lesion 
(SUVmax = 2.2). An MRI scan demonstrated size 
reduction (from 9 to 6 cm) and the adipocytic com-
ponent’s disappearance, with an isointense signal. 
He underwent excision surgery: margins were 
wide, and only posttreatment necrosis was seen 
with no hypercellular component left. A follow-up 
scan was unremarkable.

Teaching Points
Despite optimum local treatment, about 50% of 
patients with localized adult-type soft tissue 

b

c

d

a
Fig. 21.4 Staging FDG 
PET/CT: There is 
low-grade tracer uptake 
(SUVmax = 2.8) in the 
right leg tumor (a–d)
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 sarcoma of the extremities and trunk will develop 
distant metastases and die of metastatic disease 
[16]. For this reason, sarcoma guidelines [17] 
recommend a patient-doctor shared decision on 
adjuvant chemotherapy in high-grade, deep, 
>5 cm, limbs sarcoma. The round cells represent 
the high-grade counterpart of myxoid liposar-
coma (MLPS), lying on the poorly differentiated 
end of the spectrum, with a predominance of 
round cells. There is evidence of a common trans-
location abnormality, t(12;16) (q13;p11). MRCL 
is sensitive to both radiotherapy and chemother-
apy. The most active drugs in this entity include 

antracyclins, trabectedin, eribulin and gem-
citabine and taxotere [17]. Epirubicin and ifos-
famide combination, and trabectedin, are also 
proposed in the neoadjuvant setting [16]. Low 
uptake at FDG PET was demonstrated in this 
case, as reported in the literature [18].

• Neoadjuvant chemotherapy and radiotherapy 
might be useful in MRCL.

• No additional information on response to 
treatments is derived by the use of FDG PET 
compared to standard morphological imaging 
(MRI with CM).

a b

c

d

Fig. 21.5 Re-staging 
18F-FDG PET/CT after 
neoadjuvant 
chwemotherapy and 
radiotherapy shows 
reduced size and 
minimally reduced 
uptake in the left lower 
leg lesion (SUVmax = 
2.2); no other abnormal 
findings (a–d)
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a

c f i

b

d

e h

g j

Fig. 21.6 (a) Staging FDG PET/CT scan: Mass charac-
terized by abnormal increased uptake at the left foot 
(SUVmax = 15; b–d) and within popliteal (SUVmax = 14; 

e–g) and inguinal (SUVmax  =  8; h–j) hypermetabolic 
adenopathy

21.4  Case 3: Disease Progression

Clinical Details Patient with clear cell sarcoma 
of the left foot, with soft tissue and lymph node 
metastases.

Scan Findings and Interpretation Staging 
FDG PET/CT scan (Fig.  21.6) showed intense 
glucose uptake in the left foot (SUVmax=15), 
presence of left popliteal (SUVmax  =  14), and 
inguinal hypermetabolic lymph nodes (SUV = 8). 
Preoperative radiotherapy was delivered on the 
foot, and surgical excision of the primary lesion 
and inguinal and popliteal lymphadenectomy 
was performed. A re-staging FDG PET/CT 
(Fig. 21.7) showed hypermetabolic nodule of the 
plantar lateral area of the right foot (SUVmax = 
6.9) (contralateral to the primary tumor) and an 
area of focal uptake in the right anterior tibial 
muscle, multiple bilateral hypermetabolic pul-

monary nodules which were more evident on the 
left side (SUVmax = 4.6). Comibination of suni-
tinib and nivolumab has shown sme activity in 
clear cell sarcoma [20]. Due to delayed wound 
healing nivolumab monotherapy was was started 
at this point. Follow-up FDG PET (Fig.  21.8) 
showed metabolic uptake stability, with the per-
sistence of hypermetabolic nodule of the plantar 
lateral area of the right foot (SUVmax = 4.8 vs. 
6.9) and an area of focal uptake in the right ante-
rior tibial muscle. In the lungs, PET showed per-
sistence of multiple bilateral hypermetabolic 
pulmonary nodules, with a minimum increase in 
metabolic gradient (SUVmax = 5.5 vs. 4.6). 
Sunitinib was then added to nivolumab. FDG PET/
CT (Fig. 21.9) showed progressive disease (new 
hypermetabolic left popliteal lymph node 
(SUVmax = 12)) and increased metabolic activity 
in the lung nodule in the left lung (SUVmax = 8.5 
vs. 3.6) and within ipsilateral pulmonary hilum 
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Fig. 21.8 Maximum intensity projection (MIP) (a) FDG 
PET/CT scan after nivolumab shows persistence of hyper-
metabolic nodule of the plantar lateral area of the right 
foot (SUVmax = 4.8 vs. 6.9; b–d) and in the right anterior 
tibial muscle. There is persistent multiple bilateral hyper-

metabolic pulmonary nodules, with increased metabolic 
activity (SUVmax = 5.5 vs. 4.6 at the inferior left lobe; 
h–j) and a new left lung nodule. New popliteal (e–g) and 
left external-iliac hypermetabolic lymph nodes (reactive? 
disease?)

a b

c

e h

f i

d g j

Fig. 21.7 Maximum intensity projection (MIP) (a) FDG 
PET/CT scan after radiotherapy and surgery: Hypermetabolic 
nodule of the plantar lateral area of the right foot 

(SUVmax = 6.9; b–d) and in the right anterior tibial muscle 
(e–g); multiple bilateral hypermetabolic pulmonary nod-
ules, more evident on the left side (SUVmax = 4.6; h–j)
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Fig. 21.9 Maximum intensity projection (MIP) (a) FDG 
PET/CT scan after sunitinib and nivolumab: There is a new 
hypermetabolic left popliteal lymph node (SUVmax = 12.1; 
e–g), and increased uptake within lung nodule in the left 

lung (SUVmax=8.5 vs. 3.6) and in the ipsilateral pulmonary 
hilar (SUVmax=10.5 vs. 4.5; h–j). The known hypermeta-
bolic bilateral pulmonary nodules and lesion in the right foot 
(b–d) and in distal part of the right leg were stable

(SUVmax = 10.5 vs. 4.5). The known hypermeta-
bolic bilateral pulmonary nodules and the uptake 
in the right foot and distal part of the right leg 
were stable. As discussed at a multidisciplinary 
meeting, stereotactic radiotherapy was planned 
(only progressing nodules), continuing the com-
bination of sunitinib and nivolumab.

Teaching Points
Clear cell sarcoma is a rare translocation-related 
sarcoma. Surgery is the gold standard treatment 
for both primary and metastatic lesions. 
Conventional chemotherapy has minimal activity 
documented by the response rate (RR) of 4% and 
median progression-free survival of 11 weeks in 
a retrospective series [19]. Recent soft tissue sar-
coma studies showed a RR of up to 50% in pre-
treated patients. The present case demonstrates 

that PET/CT could detect all metastases sites and 
is a vital tool to assess treatment response in 
patients with multiple-site metastases, including 
lungs and lymph nodes. The activity of a combi-
nation of checkpoint inhibitor and tyrosine kinase 
inhibitor in this patient was low [20].

• Clear cell sarcoma is a rare translocation- 
related sarcoma

• Conventional chemotherapy has minimal 
activity in clear cell sarcoma

• Checkpoint (PD-1/PD-L1 axis) inhibitors 
have relevant activity in clear cells sarcoma as 
compared to other high-grade soft tissue 
sarcoma

• FDG PET is a crucial tool to assess the activ-
ity of systemic treatment in metastatic clear 
cell sarcoma

21 18F-FDG PET in Treatment Response Evaluation: Soft Tissue Sarcomas
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Fig. 21.10 (a) Staging FDG PET/CT scan (May 2018): 
There are multiple areas of increased uptake of the tracer 
(SUVmax = 22.7) in the left foot (soft tissues of the toes 
and laterally in the heel; b–g) and multiple hypermeta-

bolic skin and subcutaneous nodules in the left lower leg 
(SUVmax  =  13; h–j); and low-grade tracer uptake 
(SUVmax = 2.4; k–m) in subcutaneous tissue near the left 
Sartorius muscle

21.5  Case 4: Mixed Response 
with Disease Progression

Clinical Details Patient with multifocal high- 
grade angiosarcoma of the left foot with multiple 
nodules along left lower limb. Considering the 
age of the patient and the histology. The first-line 
treatment with weekly gemcitabine 900  mg/m2 
was performed, with a clinical and radiological 
response. The patient refused amputation, and 
gemcitabine was continued. Later in 2019 patient 
underwent left leg and lower thigh amputation. In 
July 2019, chest CT confirmed new multiple pul-
monary metastases. A re-challenge with weekly 
gemcitabine was started.

Scan Findings and Interpretation Baseline 
FDG PET (Fig.  21.10) demonstrated multiple 
areas of abnormally increased tracer uptake 
(SUVmax = 22.7) in the left foot (soft tissues of 
the toes and laterally in the heel) and multiple 
hypermetabolic skin and subcutaneous nodules in 
the left lower leg (SUVmax = 13); another area of 
low tracer uptake (SUVmax = 2.4) in subcutane-
ous tissues near the left sartorius muscle.

FDG PET/CT scan (Fig.  21.11) after eight 
cycles demonstrated metabolic response (reduc-
tion in the number and tracer uptake of the 
hypermetabolic lesions previously described) 
in the left lower leg and persistence of multiple 
areas of uptake in the soft tissue of the left foot 
(SUVmax = 23.9).

FDG PET repeated after 12 cycles 
(Fig.  21.12) showed a complete metabolic 
response in the leg nodules. However, there 
were persistent uptake areas in soft tissue in the 
left foot (SUVmax = 20.7 vs. 23.9 with hepatic 
SUVmean = 2.1 vs. 2). A new small hypermeta-
bolic lesion in the plantar area and near the first 
metatarsal bone was seen. MRI scan showed a 
slight quantitative reduction of the forefoot’s 
various neoplastic nodules and a new patho-
logical nodule above the second intermetatarsal 
space. A follow-up FDG PET scan (Fig. 21.13) 
showed new hypermetabolic adenopathy at 
left pulmonary hilum (SUV 18.3), celiac and 
para-aortic lymph nodes above the bifurcation 
(SUVmax  =  4), and multiple hypermetabolic 
lymph nodes in the left iliac and inguinal- 
femoral chains (SUVmax  =  16.6). Compared 
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with the previous FDG PET/CT scan, most of 
the earlier findings have been resolved. However, 
two new splenic hypermetabolic lesions and two 
lung nodules were seen (Fig. 21.14).

Teaching Points
Angiosarcoma (AS) is an ultra-orphan and 
aggressive tumor of the soft tissue of vascular 
origin affecting older patients. The incidence is 
approximately 1000 patients per year in the 
United States and a similar number in Europe. 
The standard regimens for unresectable advanced 
AS include chemotherapy (taxanes, anthracy-
clines, and gemcitabine) and pazopanib, an 
inhibitor of multiple receptor tyrosine kinases 
including vascular endothelial growth factor 
receptors (VEGFR) [21]. Tumor control of meta-
static disease with these therapies is short-lived, 

with median progression-free survival (PFS) 
ranging from 3.0 to 6.6 months and median over-
all survival (OS) of approximately 8–11 months 
[21]. In this case, the activity of chemotherapy 
was demonstrated. FDG PET/CT was able to 
detect all visceral metastases and might be con-
sidered an optimal tool for monitoring response 
in this histotype [22]. It is also essential to under-
score the role of surgery and radiotherapy in the 
setting of pauci-progressive, metastatic disease.

• Angiosarcoma (AS) is an aggressive tumor of 
the soft tissue of vascular origin, affecting 
older patients.

• Standard regimens for unresectable advanced 
AS include chemotherapy as well as pazopanib.

• FDG PET was able to detect all of the metas-
tases and to evaluate the response to treatment.
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Fig. 21.11 (a) FDG PET/CT after gemcitabine (October 
2018): There is reduction in number and tracer uptake in 
the hypermetabolic lesions previously described in the left 

lower leg with persistent increased uptake within multiple 
areas in soft tissue of the left foot (SUVmax = 23.9; b–g)
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Fig. 21.12 (a) FDG PET/CT scan after gemcitabine (Feb 
2019): There is persistence of multiple areas of uptake in 
soft tissue of second, third, and fourth toes of the left foot 
(SUVmax = 20.7 vs. 23.9 with hepatic SUVmean = 2.1 

vs. 2; b–d). There are new small hypermetabolic lesions 
in the plantar area and near the first metatarsal bone (e–g). 
There is presence of some non-hypermetabolic adenopa-
thy in the left groin
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Fig. 21.13 (a) FDG PET/CT scan after amputation sur-
gery of lower left leg (July 2019): There is a new hyper-
metabolic adenopathy in the left pulmonary hilum (SUV 
18.3; h–j), uptake in celiac and para-aortic lymph nodes 

above the bifurcation (SUVmax = 4), and multiple hyper-
metabolic lymph nodes in the left iliac and inguinofemo-
ral chains (SUVmax = 16.6; b–g)
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Fig. 21.14 (a) FDG PET/CT scan after taxol (Dec 2019): 
Most of the previous hypermetabolic findings are not 
visualized in the current study. There are two new splenic 

hypermetabolic lesions (SUVmax  =  6.8; b–d) and two 
mild hypermetabolic lung nodules (e–j)
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21.6  Case 5: Disease Progression

Clinical Details A patient with dermatofibro-
sarcoma protuberans with sarcomatous changes 
of the left thoracic/abdominal wall underwent 
local recurrence excision. He developed local 
recurrence of dermatofibrosarcoma protuberans 
with sarcomatous changes. The patient had surgi-
cal excision with wide margins of the lesion 
 followed by postoperative radiotherapy. Chest 
and abdominal CT showed the presence of pul-
monary nodules and suspected hepatic metasta-
sis, which PET/CT confirmed.

Scan Findings and Interpretation Re-staging 
FDG PET/CT (Fig. 21.15) showed two areas of 
focal uptake of the metabolic tracer in the liver, 
one in VIIs (SUVmax = 6.3) and the other one in 
VIIIs (SUVmax = 3.8); one hypermetabolic nod-
ule (SUVmax = 3.3) in the superior lobe of the 
left lung. Follow-up FDG PET/CT (Fig.  21.16) 
confirmed progressive disease with increased 
size and uptake of the hepatic lesions.

Teaching Points
Dermatofibrosarcoma protuberans (DFSP) is a 
low-grade malignant mesenchymal tumor that 
typically arises in the dermis of the trunk and 

proximal extremities [23]. DFSP represents 1–6% 
of all soft tissue sarcomas (STS), and its frequency 
of detection slowly has increased over time. DFSP 
is characterized by slow infiltrative growth and 
a high rate of local recurrence if not adequately 
treated. When dedifferentiated areas represent 
more than 5% of tumor tissue, the lesion is clas-
sified as fibrosarcomatous (“high- grade”) derma-
tofibrosarcoma protuberans (FS-DFSP) [23]. The 
distant and local relapse rate for FS-DFSP ranges 
from 8% to 28% and 20% to 58%, respectively 
[23]. The activity of anti-tyrosine kinase inhibitor 
imatinib was described [24]

We report a case with a long history (about 8 
years) of local recurrences from FS-DSFP. After 
visceral metastases, all detected by PET/CT scan 
[25], the patient experienced a rapid progression 
resistant to imatinib.

• There are two forms of dermatofibrosarcoma 
protuberans, based on the presence of dedif-
ferentiated areas.

• Fibrosarcomatous dermatofibrosarcoma pro-
tuberances have aggressive behavior, with 
lung and visceral metastatic spread.

• PET-TC is an optimal tool to restage dermato-
fibrosarcoma protuberans when they progress 
to fibrosarcomatous counterpart.
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Fig. 21.15 (a) PET/CT after surgery and RT: There are 
two areas of focal uptake of the metabolic tracer in the 
liver, one in VIIs (SUVmax = 6.3) and the other one in 

VIIIs (SUVmax  =  3.8) (b–d); another hypermetabolic 
nodule (SUVmax = 3.3) in the superior lobe of the left 
lung (e–g)
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Fig. 21.16 (a) PET/CT after imatinib: There has been an 
increase in size, uptake, and number of the hepatic lesions 
at VIIs (SUVmax = 9.6 vs. 6.3), VIIIs (SUVmax = 4.3 vs. 
3.8), and IVs (SUVmax  =  5.7) (b–d); increased size, 

uptake, and number of pulmonary nodules at superior left 
lobe (SUVmax = 4.4 vs. 3.3; e–g) and superior right lobe 
(SUVmax = 4.9; h–j)
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Fig. 21.17 (a) September 2017 FDG PET/CT scan: 
There are increased tracer uptake within several new 
hypermetabolic foci in the upper right phrenic region 
between the right diaphragmatic pillar, the aorta, and the 
esophagus (SUVmax = 5.3; b–d); presence of two tissue 

thickenings located between the diaphragm and the poste-
rior part of the ninth and eleventh right ribs (SUVmax = 5.7; 
e–g); presence of radiopharmaceutical uptake of some 
right lung nodules (SUVmax = 3.1 in the middle lobe; h, i)

21.7  Case 6: Mixed Metabolic 
Response

Clinical Details Patient with Syt-SSX1 positive 
biphasic synovial sarcoma of the left tight; the 
patient underwent surgery and adjuvant chemo-
therapy (5-cycles Epirubicin/Ifosfamide) and 
postoperative radiotherapy. The local recurrence 
was treated with surgery followed by chemother-
apy with Ifosfamide.

Scan Findings and Interpretation FDG PET/
CT (Fig.  21.17) showed the presence of new 
hypermetabolic tissue in the upper right phrenic 
region between the right diaphragmatic pillar, the 
aorta, and the esophagus (SUVmax  =  5.3); the 
presence of two soft tissue thickenings located 
between the diaphragm and the posterior part of 
the right ninth and eleventh ribs (SUVmax = 5.7); 
and tracer uptake with some right lung nodules 
(SUVmax = 3.1  in the middle lobe). Follow-up 

FDG PET/CT (Fig.  21.18) showed metabolic 
progression with increased size and metabolic 
uptake in the right upper phrenic region mass, 
extending to L1. Follow-up FDG PET/CT post- 
therapy showed (Fig. 21.19) mixed response was 
described (reduction of the extent and metabolic 
gradient of the upper right phrenic region mass, 
SUVmax = 5 vs. 13.1 and new lesions in the right 
chest wall, the largest located between ribs.

Teaching Points
Synovial sarcoma comprises approximately 8% 
of all soft tissue sarcomas [26]. Although 
 relatively rare, synovial sarcoma is the third most 
common extremity soft tissue sarcoma. It affects 
mostly young adults, with a median age of 35 
years [26]. Three histologic subtypes of SS are 
described: monophasic, entirely composed of 
spindle cells; biphasic, consisting of both spindle 
cells and epithelial cells; and poorly differenti-
ated subtypes [26]. Synovial sarcoma contains a 
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Fig. 21.18 (a) August 2018: FDG PET scan: There is 
persistent increased metabolic uptake and extension of the 
known tissue located in right upper phrenic region 
(SUVmax  =  13.1; b–d); persistence of hypermetabolic 

tissue thickening between the diaphragm and the posterior 
part of the ninth right rib (e–g); appearance of an area of 
inhomogeneous uptake of the tracer in the lower right 
anterior pleura (SUVmax = 9.7; h–j)
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Fig. 21.19 (a) May 2019: FDG PET scan: There is 
reduction of the extent and metabolic gradient of the tis-
sue previously described in the upper right phrenic region 
(SUVmax  =  5 vs. 13.1; b–d); at least four new foci of 
hypermetabolic lesions in the right chest wall, of which 
the largest respectively between V and VI right ribs 
(SUVmax  =  8.7) and between VI and VII ribs 

(SUVmax = 13.1) (e–g); disappearance of the inhomoge-
neous fixation at the level of the anterior right pleural 
implant, of which only remains a small area near the 
Glisson’s capsule (SUVmax = 7.4; h–j); no longer appre-
ciable hypermetabolic tissue previously described at the 
level of the posterior part of the ninth rib (surgical 
resection?)
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characteristic translocation (X;18)(p11;q11), 
representing the fusion of SYT on chromosome 
18 with either SSX1, SSX2, or rarely SSX4 (all 
on chromosome X). Several prognostic factors, 
such as age, size, surgical margins, histologic 
grade, histologic subtype, p53 overexpression, 
Ki‐67 proliferative index, and SYT‐SSX fusion 
type, have been identified. However, the relative 
prognostic value of each of these factors remains 
controversial [26].

The standard treatment of primary tumor is the 
wide surgical removal of the lesion with or with-
out radiotherapy. Adjuvant chemotherapy might 
be offered to patients with large (>5 cm), deep, 
localized tumors, with equal benefit from three or 
five cycles of epirubicin and Ifosfamide [27]. For 
patients with recurrent disease, no standard treat-
ment strategies have been reported. Still, pallia-
tive chemotherapy should be regarded as a 
standard treatment option, with approximately 
half of the patients deriving clinical benefit.

This patient had increased survival, with a 
combination of surgery, radiotherapy, and che-
motherapy, with Ifosfamide and pazopanib repre-
senting options in this scenario [28]. New 

treatments for this tumor, including other tyro-
sine kinase inhibitors, are emerging [29].

Due to the considerable heterogeneity of soft tis-
sue sarcoma, there are no synovial specific reports 
on FDG PET.  Nonetheless, translocation- related 
soft tissue sarcomas such as synovial sarcoma, 
Ewing sarcoma, and alveolar rhabdomyosarcoma 
present with high SUVmax, similarly to bone sar-
comas, and studies on the potential role of FDG 
PET in this subset are warranted [30].

• In 2003, standard adjuvant chemotherapy was 
five cycles of epirubicin and Ifosfamide, while 
nowadays three cycles are deemed equally 
effective.

• Synovial sarcoma is specifically sensitive to 
high-dose Ifosfamide.

• PALLETTE study showed that pazopanib, an 
anti-VEGF/anti-PDGF receptor inhibitor, is an 
active drug in second-line treatment in all non-
adipocytic liposarcomas, particularly in syno-
vial sarcoma.

• FDG PET might be informative in metastatic 
synovial sarcoma, especially in the case of 
non-visceral metastases (bone, soft tissue).
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22.1  Introduction

Immunotherapy drugs targeting checkpoint 
inhibitors on T-cell and tumour cell surfaces have 
revolutionized the treatment of cutaneous malig-
nant melanoma [1]. These drugs, such as Ipili-
mumab, Pembrolizumab and Nivolumab, act by 
inhibiting specific regulatory steps in the immune 
system, thereby stimulating T-cell proliferation 
and upregulation of the immune response against 
cancer cells [2].

The literature has shown that patterns of 
tumour response to immunotherapy vary from 
traditional chemotherapy. These novel patterns 
include [3]:

 1. Immediate and complete response with no 
new lesions.

 2. Stable response (sustained response).
 3. Initial increase in tumour burden followed by 

subsequent response, termed as ‘pseudo- 
progression or a flare phenomenon’ and due to 
immune/T-cell infiltration resulting in a tem-
porary increase in size of lesions.

 4. Some response (complete or partial) but with 
the development of new lesions.

Therefore, the Response Evaluation Crite-
ria in Solid Tumors (RECIST) 1.1 categories of 
response may not always be suitable for immu-
notherapy. This is particularly true in cases where 
the tumour has temporarily increased in size or 
new lesions have developed in the context of 
response elsewhere. These instances would be 
categorized as progressive disease by RECIST 
1.1, but are actually a novel immunotherapy 
response.

Therefore, new Immune-related Response 
Evaluation Criteria In Solid Tumours (iRE-
CIST) have been developed [4], the prefix ‘i’ 
specifying ‘immune’. The criteria are similar to 
RECIST1.1 except for definition of progressive 
disease. Pseudo-progression or flare phenom-
enon is incorporated into the new criteria and 
termed immune unconfirmed progressive disease 
(iUPD) until it is confirmed or refuted on subse-
quent imaging.

Another caveat when interpreting immuno-
therapy response is to be aware of immune- related 
adverse events (irAE), whereby upregulation 
of the immune response results in autoimmune 
targeting of non-diseased organs, such as thy-
roiditis, colitis, adrenalitis and hepatitis. These 
should be recognized as irAE and not interpreted 
as sites of tumour infiltration or progressive dis-
ease. Metabolically active splenomegaly and 
lymphadenopathy may also be seen as a feature 
of immune upregulation.
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22.2  Case 1

Clinical Details A 45-year-old female presented 
with a cutaneous lesion on the right leg, con-
firmed to be metastatic malignant melanoma with 
in-transit metastases up the right leg in 2009. Due 

to three local recurrences and lumbar metastases, 
the patient was commenced on Pembrolizumab 
in 2017.

Images
Case 1A (coronal):

CT only PET only Fused PET/CT

Baseline

3-month 
follow-up

6-month 
follow-up
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Case 1B (sagittal):

CT only PET only Fused PET/CT

Baseline

3-month 
follow-up

6-month 
follow-up
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Scan Findings, Case 1 A (Coronal)  
and 1B (Sagittal)
On the baseline study, only one intensely 18F-FDG 
avid lymph node was seen in right inferomedial 
thigh, above the knee (arrow). At 3-month follow-
up, at least two nodules were seen in the same region 
with an increase in size of the initial lesion (arrows). 
At 6-month follow-up, multiple new nodules were 
seen in the right thigh, with existing lesions demon-
strating an increase in size and intensity.

Interpretation The 18F-FDG PET/CT demon-
strates confirmed progressive disease (iCPD) as 
per the iRECIST criteria.

Comments on Interpretation As the first scan 
was follow-up post-surgery but before starting 
immunotherapy it was considered as the new ‘base-
line’. On the first three-month follow-up, although 
there are new nodules identified, it is labelled as 

unconfirmed progressive disease (iUPD) as per the 
iRECIST criteria. This needs to be confirmed on 
further follow-up imaging—at least 4 to 8 weeks 
apart. On subsequent follow-up, these nodules have 
increased in size, number and intensity, indicating 
confirmed progressive disease (iCPD).

Teaching Points
• Due to the novel pattern of pseudo- progression, 

usually seen following initial commencement 
of immunotherapy, new disease or increase in 
size or metabolic activity of existing lesions 
on initial follow-up should be termed uncon-
firmed progressive disease (iUPD) until it is 
confirmed or refuted on subsequent imaging 4 
to 8 weeks later [4].

• If there is further progression (increase in size, 
number or intensity of lesions) on follow-up 
imaging, it is termed confirmed progressive 
disease (iCPD).
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22.3  Case 2

Clinical Details A 56-year-old female with a 
significant history of sun exposure, presented 
in 2014 with a two year history of a slowly 
increasing nodule on the right thigh. This was 
diagnosed as an 11  mm ulcerated melanoma 
of the right thigh with two positive sentinel 
nodes that were excised. Due to disease relapse 
in 2018 (labial lesion and lung nodules), the 

patient was commenced on Pembrolizumab. 
As there was further disease progression on 
Pembrolizumab. The patient was switched to 
combination immunotherapy with Ipilimumab 
and Nivolumab and completed four cycles.

Images
Case 2A (MIP, coronal):

MIP CT only PET only Fused PET/CT

Baseline

3-month 
follow-up

6-month 
follow-up
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Case 2B (axial):

MIP
PET only Fused PET/CT

Baseline

3-month 
follow-up

6-month 
follow-up

  

Scan Findings, Case 2 A (MIP, Coronal) and 
2B (Axial)
Baseline 18F-FDG PET/CT performed immedi-
ately prior to switch to combination immuno-
therapy with Ipilimumab and Nivolumab depicts 
two adjacent, intensely 18F-FDG avid nodules in 
the apical segment of the left lower lobe (arrows) 
(demonstrated in lung windows on the coronal 
and axial images). At least four other sub-centi-
metre lung nodules were seen in both lobes and 
a hypermetabolic labial lesion was seen (images 
not shown).

On the 3-month follow-up scan after starting Ipi-
limumab and Nivolumab, the lung metastases had 
markedly reduced in size (from 20 mm to 7 mm) 
and demonstrated no residual metabolic activity. 
Other sub-centimetre lung nodules seen on the base-
line scan had also decreased in size. Intensely 18F-
FDG avid (SUVmax 6.5) lymph nodes were seen 
in bilateral axillae (arrows) and left groin (images 
not shown) were new compared to previous 18F-

FDG PET/CT study. The labial nodule had resolved 
(images not shown).

On the 6-month follow-up scan, the size, num-
ber and intensity of multiple axillary lymph nodes 
(arrows) and left groin lymph nodes (images not 
shown) had decreased significantly. The lung 
metastases had completely resolved.

Interpretation Overall, 18F-FDG PET/CT dem-
onstrates complete response to combination 
immunotherapy.

Comments on Interpretation On first 3-month 
follow-up scan, the patient would be diagnosed as 
iUPD as per iRECIST, due to the development of 
new 18F-FDG axillary lymph nodes. However, fur-
ther follow-up images confirm that this is ‘pseudo-
progression’ or flare response and as per iRECIST 
criteria, response on the interim 3-month scan will 
change to partial response (iPR); 6-month follow-
up imaging confirms complete response.
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Teaching Points
• If there is increased or ongoing 18F-FDG 

uptake in the context of progressive tumour 
shrinkage or when accompanied by increased 
activity in the spleen it is considered as 
‘immune flare’. Symmetric hilar and mediasti-
nal nodal uptake in a pattern similar to sar-
coidosis may also occur [5].

• Flare response is unique to immunotherapy, 
with no similarity among cytotoxic response 
patterns. It is thought to be due to the immedi-
ate recruitment of T-cells with resultant 
immune system infiltration. The novel pattern 
may falsely indicate tumour progression if the 
traditional RECIST 1.1 criteria are used. 
Therefore, it is also termed as ‘pseudo-pro-
gression’ [6, 7].

• In contrast to the flare response, a sub-
set of patients may demonstrate delayed 

‘pseudo-progression’ due to a prolongation 
in the time required to build up an immune 
defence despite having anti- tumour activ-
ity. Subsequent confirmatory imaging would 
depict tumour response [6, 7].

• Following chemotherapy, as per RECIST 
1.1, a total increase in tumour burden would 
immediately result in progressive disease 
and treatment failure [6]. In immunotherapy, 
an initial increase in tumour burden would 
result in unconfirmed progressive disease 
(iUPD) until confirmation on the follow-
up scan. Immunotherapy continues in the 
interim as long as the patient is clinically 
stable [7].
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PET onlyCT only Fused PET/CT

Baseline

3-month 
follow-up

6-month 
follow-up

  

22.4  Case 3

Clinical Details A 73-year-old female presented 
in April 2014 with a lesion behind the right knee, 
diagnosed as a stage 3B ulcerative malignant 
melanoma. She underwent wide local excision 
and nodal clearance due to a positive sentinel 
node. In 2015, the patient she developed multiple 

subcutaneous in-transit metastases in the right 
thigh which were resected, and the patient subse-
quently commenced on Ipilimumab. Due to fur-
ther disease progression Ipilimumab, the patient 
was switched to Pembrolizumab.

Images
Case 3A (coronal):
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Case 3B (MIP, axial):

MIP CT only PET only Fused PET/CT

Baseline

3-month 
follow-up

6-month 
follow-up

  

Scan Findings, Case 3A (Coronal) and 3B 
(MIP, Axial)
On the 18F-FDG PET/CT scan at baseline, prior to 
the commencement of Pembrolizumab, multiple 
18F-FDG avid small volume hilar and mediastinal 
(paratracheal, pre-tracheal, subcarinal and pre- 
vascular) lymph nodes were seen (arrows). On the 
3- and 6-month follow-up scans, these remained 
stable in size and intensity of 18F-FDG uptake.

Interpretation 18F-FDG PET/CT demonstrates 
stable disease on immunotherapy (iSD) as per the 
iRECIST criteria.

Teaching Points
• As per traditional RECIST 1.1, stable disease 

(SD) is defined as ‘neither sufficient shrinkage to 
qualify for partial response (PR) nor sufficient 
increase to qualify for progressive disease (PD)’. 

In chemotherapy, SD is perceived as a transient 
phase—a holding period—until further imaging 
indicates either progression or response [4].

• With immunotherapy, iSD may be durable 
(i.e. sustained), and this durable state may be 
associated with improvements in long-term 
survival [7].

• In some cases a durable SD becomes a gradual 
modest regression; there is evidence of long- 
term tumour activity but at thresholds below 
RECIST 1.1 parameters. In other cases, it is 
hypothesized that tumour burden does not 
alter because what is measured is in fact 
fibrotic tissue with no residual tumour [8].

• For a growing number of immunotherapies, 
durable SD becomes an important surrogate 
endpoint for assessing clinical outcomes 
[9].
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22.5  Case 4

Clinical Details A 45-year-old female presented 
with enlarged lymph nodes in the right axilla that 
on histopathology demonstrated melanoma of an 
unknown primary site. Nodal dissection of the 
right axilla followed by radiotherapy for Stage 
3A disease was performed. Multiple relapses 
occurred over a 5-year period with metastases to 

the brain, uterus and soft tissues—all of which 
were resected. On the fifth soft tissue recurrence, 
the patient was commenced on Pembrolizumab 
in 2016.

Images
Case 4A (MIP, sagittal upper set, coronal lower 
set):

PET onlyCT only

MIP

Fused PET/CT

  

Case 4B (follow-up at 3 months. MIP, coronal upper set, sagittal lower set):

PET onlyCT only

MIP

Fused PET/CT
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Scan Findings, Case 4A (Colitis) and 4B 
(Resolved Colitis on 3-month follow-up scan)
After two years of complete remission (iCR) 
(stable sustained response) whilst on Pembro-
lizumab, the patient demonstrated pan-colonic 
mucosal thickening and intense 18F-FDG 
avidity  throughout the colon that was new 
compared to the previous scan. This is dem-
onstrated on the maximum intensity projection 
(MIP), coronal and sagittal images. The patient 
did not report any symptoms at the time of the 
scan. This pattern resolved on follow-up scan 
at 3 months.

Interpretation 18F-FDG PET/CT demonstrates 
incidental asymptomatic pancolitis as an adverse 
event of immunotherapy.

Teaching Points
• Immune-related adverse events (irAE) can 

occur due to upregulated unfettered autoim-
munity.

• Some irAE may initially be asymptomatic 
and only identified on routine follow-up 
imaging [10].

• Due to many of these irAEs presenting in 
asymptomatic patients, reporting radiolo-
gists and nuclear medicine physicians need 
to be aware of these side effects as prompt 
recognition of drug toxicity is crucial for 
decision- making regarding further treat-
ment options, including discontinuation of 
treatment [10].

• Symptomatic patients with colitis can present 
with diarrhoea or abdominal pain. Imaging 
features include diffuse colonic inflammation 
on CT—colonic wall thickening, peri-colonic 
fat stranding or mesenteric vessel engorge-
ment. Segmental colitis may also occur. 18F- 
FDG PET/CT may demonstrate pan-colonic 
intense uptake [11].
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CT only PET only Fused PET/CT

Baseline

3-month 
follow-up

6-month 
follow-up

  

22.6  Case 5

Clinical Details A 60-year-old male was diag-
nosed with melanoma of the toe 15 years prior to 
recent presentation. The lesion was excised fol-
lowed by chemotherapy in the patient’s native 
country. More recently, the patient developed 
inguinal nodal metastases that were excised, but 

subsequently relapsed again. He was therefore 
started on combination immunotherapy of 
Ipilimumab and Nivolumab.

Images
Case 5A (axial):
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Scan Findings, Case 5A
Baseline imaging demonstrates normal adrenal 
glands bilaterally. Follow-up imaging at 3 months 
after commencement of combination immunother-
apy demonstrates bilateral adrenal glands enlarge-
ment and increased 18F-FDG activity (arrows). 
There was no focal nodularity. On the 6-month 
follow-up scan, the adrenal glands had reduced in 
size and demonstrated physiological activity. The 
patient was completely asymptomatic.

Interpretation Symmetrical smooth enlarge-
ment and increased uptake within both adrenal 
glands due to transient ‘adrenalitis’ [12].

Teaching Points
• Ipilimumab is more likely to be associated 

with severe or life-threatening toxicities com-

pared to other immunotherapies such as 
Nivolumab or Pembrolizumab [13].

• Adrenalitis is usually asymptomatic; however, 
it may present with adrenal insufficiency [12].

• The management of these toxicities requires 
a multi-disciplinary approach. Mild adverse 
events can be managed conservatively. How-
ever, severe or life-threatening toxicities 
may require immunotherapy discontinuation, 
high dose corticosteroids or other immune- 
suppressive agents [13].

• Being aware of the various possible adverse 
reaction patterns can prevent ‘misinterpreta-
tion’—for example adrenal hypertrophy and 
hypermetabolism may misinterpreted as ‘new 
adrenal metastases’ [12].
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22.7  Case 6

Clinical Details A 53-year-old woman presented 
with an ulcerated nodule in the left mid back in 
2009. Stage 3B melanoma was confirmed follow-
ing shave excision. In 2016, the patient developed 
extensive disseminated metastatic disease and was 
started on combination immunotherapy of 
Ipilimumab and Nivolumab. The patient devel-

oped thyroiditis and pneumonitis whilst on treat-
ment. Immunotherapy was temporarily stopped 
until the pneumonitis resolved. She was subse-
quently commenced on Pembrolizumab but dem-
onstrated further disease progression.

Images
Case 6A:

MIP only PET only Fused PET/CT
    Coronal

Fused PET/CT
      Axial

Baseline

3-month
follow-up

4-month
follow-up
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Case 6B:

PET only Fused PET/CT

Baseline

3-month 
follow-up

4-month 
follow-up

  

22 18F-FDG PET-CT in Treatment Response Evaluation in Cutaneous Malignant Melanoma



392

Scan Findings, Case 6A and 6B
Diffuse metastatic disease is shown throughout 
the body as seen on serial MIP images. The base-
line 18F-FDG PET/CT images demonstrate meta-
static uptake in the lungs, liver, adrenal glands, 
bone and multifocal subcutaneous nodules. At 

3-month follow-up, new diffuse mediastinal and 
hilar uptake (thin arrows) is seen as well as pneu-
monitis (18F-FDG-avid opacification and nodular-
ity at both lung bases) (thin black arrows), which 
resolved on subsequent imaging, with only the 
known metastases persisting (thick black arrows).

Case 6C (axial):

PET onlyCT only Fused PET/CT

Baseline

3-month 
follow-up

4-month 
follow-up

  

Scan findings 6c (thyroiditis)
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Baseline axial images through the thyroid 
demonstrate a right thyroid nodule with intense 
avidity. At the 3-month follow-up after starting 
immunotherapy, increased FDG avidity is seen 
diffusely throughout the thyroid gland (thin 
arrows), which resolves on the 4-month follow-
up images, highly suggestive of a thyroiditis. 
Resolution of a left supraclavicular fossa node is 
seen (thick arrows).

Interpretation 18F-FDG PET/CT demonstrates 
disseminated metastatic disease with irAE of 
pneumonitis and thyroiditis following com-
mencement of immunotherapy that subsequently 
resolved on temporary cessation of immunother-
apy and treatment with steroids.

Teaching Points
• Patients with pneumonitis may present with 

dyspnoea or cough—which may progress to 
life-threatening respiratory failure. Severe 

cases may need intubation, treatment with 
corticosteroids and other immunosuppres-
sants such as Infliximab [10].

• Cryptogenic organizing pneumonia is the 
most common imaging pattern of pneumonitis 
caused by Nivolumab. Other imaging features 
include diffuse ground-glass opacities, reticu-
lar opacities, consolidation and/or traction 
bronchiectasis on CT [14].

• Thyroiditis may initially present as thyrotoxi-
cosis due to the release of thyroid hormone 
from inflamed thyroid tissue followed eventu-
ally by hypothyroidism. On 18F- FDG PET/
CT, it can present as diffuse, intense uptake in 
the thyroid gland [15] and absent uptake on 
99mTc-pertechnetate thyroid imaging.

• Even in the context of widespread metastatic 
disease, various irAEs can occur which should 
not be immediately interpreted as progressive 
disease despite new lesions, new 18F-FDG 
uptake or new nodal enlargement.
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18F-FDG PET-CT in Treatment 
Response Evaluation: Multiple 
Myeloma

Cristina Nanni

23.1  Introduction

Multiple myeloma (MM) is a plasma cell (PC) 
disorder characterized by clonal proliferation of 
malignant PCs in the bone marrow (BM) or in 
extramedullary tissues. Neoplastic PCs typically 
synthesize monoclonal proteins (M-protein), 
which can be either intact immunoglobulins (Ig) 
or free light chains (FLC). MM accounts for 
approximately 1% of neoplastic diseases and 
13% of hematologic cancers, accounting for 
0.9% of all cancer deaths. In Western countries, 
the annual age-adjusted incidence is five cases 
per 100,000 persons. Lifetime risk of being diag-
nosed with MM is about 0.7%. The frequency of 
MM increases with age and reaches a peak in the 
sixth to seventh decades of life. The median age 
of the population affected is about 70 years old, 
and less than 10% of all patients come to the 
diagnosis between the second and fourth decades 
of life. Both genetic and environmental factors 
are hypothesized to explain racial differences in 
the incidence of the disease. The main known 
risk factors are occupational exposure to pesti-
cides, petroleum, and ionizing radiation.

MM may develop de novo or, most com-
monly, represents the progression of a preceding 
monoclonal gammopathy of undetermined sig-

nificance (MGUS). MM onset is clinically 
asymptomatic in 10–20% of cases and is detected 
by chance during routine laboratory examina-
tions. In patients with a prior history of MGUS, 
the progression is characterized by the increase 
in serum and/or urinary M-protein, and medul-
lary plasmacytosis, with consequent transforma-
tion in MM. In the remaining 80–90%, the most 
common symptoms, for frequency and severity, 
are skeletal involvement, renal failure, infectious 
morbidity, myeloid failure, hypercalcemia, 
neurological complications, hyperviscosity syn-
drome, and amyloidosis. Regardless of the pres-
ence of organ damage, MM is defined as active 
or symptomatic when at least one of the follow-
ing conditions (defined as CRAB criteria) are 
present: hyperCalcemia, Renal failure, Anemia, 
or Bone lesions.

Recent guidelines identify as myeloma defin-
ing events also biomarkers of malignancy (as 
markers of early evolution to organ damage, i.e., 
more than 80% of risk within two years), which 
are defined as high medullary plasmacytosis 
(≥60%), and/or high serum FLC (sFLC) ratio 
(involved/uninvolved ≥100), and/or presence of 
more than one focal lesion identifiable with mag-
netic resonance (MRI). MM is characterized by 
the presence of at least one of CRAB criteria or 
biomarkers of malignancy and requires the start 
of treatment.

The median survival of patients with MM 
ranges from few months to more than 10 years 
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and is influenced by several clinical and labora-
tory parameters, some of which correlate directly 
with the tumor burden, others are an expression 
of the inherent malignancy of the tumor clone 
and others eventually depend on the patient’s 
response to the therapy. It is generally agreed that 
a combination of the International Staging 
System (ISS) and cytogenetic abnormalities 
allows risk stratification. The ISS identified three 
subgroups of patients with different prognosis on 
the basis of two laboratory parameters, albumin 
and b2-microglobulin. Moreover, cytogenetic- 
molecular abnormalities split the patients in a 
high-risk group and standard risk. More recently, 
the revised ISS (R-ISS) was defined, incorporat-
ing high-risk FISH by t(4;14), t(14;16), and 
del(17p) with ISS and LDH.  Other prognostic 
factors include the number of focal lesions 
detected at FDG PET/CT or MRI at staging, the 
age, the performance status, the presence of 
comorbidities, the presence of extramedullary 
disease, and the quality of response to therapy.

Due to the prolonged survival related to the 
introduction, in recent years, of several effective 
therapeutical lines into the clinical practice, it is 
becoming more important to have more and more 
precise prognostic factors and tools able to accu-
rately define complete responders to therapy, 
beyond the clinical response. FDG PET/CT was 
proved to provide an important added value in 
terms of risk stratification for its accurate evalua-
tion of the number of focal lesions at staging, the 
detection of extramedullary disease, the therapy 
assessment, and, in recent studies, the detection 
of minimal residual disease after therapy [1, 2].

23.2  Treatment Response 
Evaluation

The ability to distinguish between metabolically 
active and inactive sites of MM renders PET/CT 
an excellent tool to evaluate and monitor response 
to treatment. Despite a morphological stability of 
MM bone lesions, changes in metabolism 
(reflected in a modification of FDG uptake within 
lesions) are related to therapy effect and occur in 
a short time. They can be easily measured both 

visually and semiquantitatively [3], providing 
information on therapy efficacy and prognosis 
(PFS, TTP, OS). This characteristic is clinically 
relevant especially in patients with nonsecretory 
multiple myeloma, in whom the clinical assess-
ment of therapy response cannot be achieved 
through the measurement of the M-component 
but can be effectively assessed only by changes 
in SUV max.

The prognostic role of FDG PET/CT for ther-
apy assessment was explored after induction 
therapy and after transplantation in patients 
treated with ASCT, and after three cycles and 
pre-maintenance in patients not transplanted.

In general after treatment or early during ther-
apy reaching a completely negative scan is 
proved to correlate with high-quality response to 
therapy.

23.2.1  Early Response

On day 7 after induction or before the first ASCT 
[4, 5] the persistence of >3 hot focal lesions is an 
early predictor of significantly shorter PFS and 
OS [6, 7]. In contrast, complete suppression of 
FDG avidity in FLs before ASCT is associated 
with significantly longer progression-free and 
overall survival. Negativity of PET/CT scans pre-
cedes by 12 months the onset of conventionally 
defined complete response, while resolution of 
focal lesions at MRI occurs later on (18-month 
probability of negative images: 92% with PET/
CT vs. 29% with MRI).

23.2.2  After Therapy

After ASCT, negative PET/CT scans are associ-
ated with prolonged time to progression while a 
short time to progression can be anticipated in 
patients with increased metabolic demand per-
sisting after therapy [7, 8]. Absence of FDG 
uptake after ASCT or improvement of PET 
response after high-dose therapy increases 
progression- free survival. At a PET/CT per-
formed before and after allo-SCT, persistence of 
extramedullary disease after therapy is an inde-
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pendent variable  predicting for shorter progres-
sion-free and overall survival, while patients 
achieving and/or maintaining PET negativity 
perform significantly better [9].

23.2.3  PET/CT and MRI

In comparison with contrast-enhanced MRI, 
FDG PET/CT is related to faster normalization of 
imaging findings in patients with complete 
response or very good partial response after ther-
apy [10]. It seems also that PET/CT is superior to 
whole body MRI (WBMRI) in detecting residual 
lesions after ASCT (74% vs. 52%, respectively), 
with a higher specificity and positive predictive 
value. Results of prospective studies aimed at 
evaluating the performance of diffusion-weighted 
imaging (DWI)-WBMRI in assessing response to 
therapy are still very limited: this is a relevant 
field of research for the next years.

23.2.4  Minimal Residual Disease

An interesting concept arising regarding the util-
ity of FDG PET/CT in MM is its capacity to 
detect areas of minimal residual disease (MRD) 
after therapy that may remain focally active. It 
was noted, in fact, that among patients in clinical 
complete response after ASCT, patients with a 
persistently positive FDG scan had a higher prob-
ability of relapse in comparison to patients with a 
complete suppression of FDG uptake. It is inter-
esting to notice that FDG PET/CT prior to main-
tenance can be used as a further risk stratificator 
in patients with negative minimal residual dis-
ease at flow cytometry. In fact, those who main-
tain a positive PET despite no MRD have a 
significantly worse PFS.

In this context, FDG PET/CT is a powerful 
tool for evaluating tumor activity and the meta-
bolic response of the tumor clone to a given ther-
apy. Furthermore, among patients in complete 
response after ASCT, negative PET/CT scans 
predict better outcomes when compared with 
persistent FDG avidity, reflecting potentially dif-
ferent levels of MRD [8, 11].

23.2.5  Image Interpretation

Interpretation issues in the evaluation of FDG 
PET/CT exist and are particularly relevant when 
therapy assessment is necessary. Doubts may 
arise especially in case of very recent long bone 
fractures, vertebral collapses, or recent metallic 
bone implants aimed at a better skeletal stabiliza-
tion. Though the presence of metallic prosthesis 
is not a contraindication to the execution of an 
FDG PET/CT scan, some artifact may be gener-
ated both on PET image series and CT image 
series. This usually does not compromise signifi-
cantly the diagnostic potential of the procedure 
since the diffuse and mild signal eventually 
detected around the prosthesis can be easily dif-
ferentiated from a focal FDG accumulation that 
is expression of a myeloma localization. These 
artifacts can be minimized thanks to the introduc-
tion on new image reconstruction algorithms.

Due to possible interpretation issues and com-
plexity of disease presentation and evolution, 
there is a need for standardization of PET read-
ing. Mesguich et al. proposed some indications to 
interpret MM FDG PET/CT in staging, interim 
evaluation, and after therapy. However, these 
indications are not yet validated [12].

Recently new criteria (Italian myeloma criteria 
for PET USe: IMPeTUs) were proposed to stan-
dardize FDG PET/CT reading in MM patients. 
These include the visual interpretation of images 
based on the standard Deauville 5-point scale, 
taking into consideration different features of 
FDG distribution such as the bone marrow non-
focal uptake, focal bone lesions (site, number, and 
uptake), paramedullary lesions, and extramedul-
lary lesions. These criteria are not validated yet 
but currently are under perspective and multi-
center European validation [13].

Total lesion glycolysis (TLG) and metabolic 
tumor volume (MTV) are other methods pro-
posed to assess the amount of active disease 
and its change as a consequence of therapy. 
TLG and MTV are 3-dimensional regions of 
interest drawn taking into consideration stan-
dard measurement parameters derived for all 
focal lesions with peak SUV above the back-
ground red marrow signal. In a recent study, 
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these measurements were performed on 192 
patients affected by multiple myeloma at base-
line and turned out to have significant survival 
implications, apparently more precise than 
quantitation of the glycolytic phenotype of 
active disease [14]. However, there is not a 
standardized and widely accepted software to 
harmonize these measurements in the clinical 
practice and much work is needed in the setting 
of clinical trials.

23.2.6  Non-FDG Tracers

Despite non-FDG tracers are under evaluation in 
MM, so far their role is limited to an increase in 
the detection rate at staging and no data are avail-
able for the therapy assessment (Figs. 23.1, 23.2, 
23.3 and 23.4).

23.3  Multiple Myeloma Cases

Fig. 23.1 A 74-year-old female with malignant mela-
noma. (a) FDG PET/CT performed at the end of therapy 
showing the persistence of 3 bone hypermetabolic focal 
lesions despite a clinical complete response. (b) Still posi-
tive but stable PET/CT during the maintenance therapy. 
Focal lesions were radiotreated. (c) Negative FDG PET/

CT during maintenance and after EBRT showing a com-
plete metabolic response. (d, e) FDG PET/CT showing a 
clear and progressive relapse requiring a further treat-
ment. Teaching Point: non-complete normalization of 
FDG PET/CT despite a clinical complete response is a 
negative prognostic index predicting for a clinical relapse

DEC 2014 JULY 2015 JULY 2016 APR 2017 FEB 2018

a b c d e

Fig. 23.2 A 63-year-old male with malignant melanoma. 
(a) FDG PET/CT performed at staging showing 2 bone 
hypermetabolic focal lesions with paramedullary involve-
ment. (b) FDG PET/CT performed at the end of therapy 
still positive (although minimally) in the PM area. PFS of 

this patient was 11  months, conforming the prognostic 
value of FDG PET/CT in assessing therapy response. 
Teaching Point: non-complete normalization of FDG 
PET/CT in paramedullary sites of disease is a negative 
prognostic index predicting for a clinical relapse

a b
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Fig. 23.3 A 71-year-old male. (a) FDG PET/CT per-
formed for the evaluation of a plasmacytoma of the right 
maxillary sinus showing one hot focal lesion with para-
medullary involvement. (b) FDG PET/CT performed at 
the end of therapy still positive in the PM area. (c) One year 

after the staging there was a disease relapse at FDG PET/
CT showing two hot focal lesions. Teaching Point: non-
complete normalization of FDG PET/CT after therapy in 
paramedullary sites of disease in plasmacytoma is a nega-
tive prognostic index predicting for an early relapse

a

b

c
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Fig. 23.4 A 69-year-old male. (a) FDG PET/CT per-
formed at staging showing 6 bone hypermetabolic focal 
lesions. (b) After induction FDG PET/CT still positive. 
(c) FDG PET/CT performed at the end of therapy showing 

a clear focal relapse in the bony pelvis. Teaching Point: 
non-complete normalization of FDG PET/CT after induc-
tion is a negative prognostic index predicting for an early 
relapse

C. Nanni
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18F-FDG PET-CT and 18F-NaF 
in Treatment Response Evaluation: 
Bone Metastases and Bone 
Tumours

Gary J. R. Cook and Sharjeel Usmani

24.1  Introduction

The ability of functional imaging to detect and 
monitor metastatic disease in the skeleton, with 
advantages over conventional imaging such as 
bone scintigraphy or computed tomography (CT), 
has led to positron emission tomography (PET), 
particularly with the tracer 18F-fluorodeoxyglu-
cose (18F-FDG), to be adopted into clinical prac-
tice [1–4]. This is most commonly in breast 
cancer, where superiority over conventional meth-
ods and prognostic ability have been shown [5–7]. 
While 18F-FDG is a tumour-specific agent, mea-
suring glucose metabolism in tumour cells, 
18F-sodium fluoride (18F-NaF) is a bone-specific 
tracer with uptake related to local osteoblastic 

activity and mineralisation and may also be useful 
in breast, prostate and other cancers [8–12]. The 
similarity in uptake mechanism of 18F-NaF to con-
ventional bone scintigraphy agents such as 99mTc- 
methylene diphosphonate means that it is subject 
to the flare phenomenon where there can be an 
initial increase in activity during an osteoblastic 
healing phase in metastases after successful ther-
apy. Similarly, CT can show an increase in sclero-
sis as a result of healing following successful 
treatment. The relationship between tumour activ-
ity and osteoblastic activity in skeletal metastases 
may therefore be complex and a careful assess-
ment with full knowledge of the length and type 
of therapy is essential to accurately monitor dis-
ease response.
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Case 1: A 32-year-old woman with metastatic 
left breast cancer on endocrine therapy. (a) 
Baseline 18F-NaF PET/CT shows osteoblastic 
lesions at left parietal bone, right first, seventh, 
left tenth ribs, L1 vertebral body, sacrum, bilateral 
iliac and ischial bones. (b, c) Follow-up scans 
show resolution of abnormal 18F-NaF activity in 
keeping with complete response to treatment.

Teaching Point
Note a lytic metastasis shows sclerosis on CT 
indicating osteoblastic repair as a result of 
successful treatment with persistent CT scle-
rosis after 18F-NaF osteoblastic activity has 
reduced.

G. J. R. Cook and S. Usmani
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Case 2: A 73-year-old woman with meta-
static left breast cancer on letrozole, palboci-
clib, and faslodex. (a) Whole-body 18F-NaF 
PET/CT image demonstrates multiple osteo-
blastic metastases. Skeletal tumour burden 
(TLF15 and FTV15) is calculated by semiauto-
matic VOI delineation in all metastatic lesions 
with SUVmax threshold of 15. All non-meta-
static VOIs (bladder and kidneys) are sub-
tracted from the analysis. Skeletal tumour 

burden was moderately increased 
(TLF15  =  2607). (b) Follow-up scan shows a 
significant decrease in number and intensity of 
osteoblastic lesions with skeletal tumour bur-
den reduced by 70% (TLF15 = 780).

Teaching Point
It may be helpful to quantify changes in skeletal 
metastasis activity and volume when monitoring 
response to therapy.

24 18F-FDG PET-CT and 18F-NaF in Treatment Response Evaluation: Bone Metastases and Bone…
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Case 3: A 37-year-old woman with bone pre-
dominant metastatic breast cancer before and 8 
weeks after commencing endocrine-based sys-
temic therapy. (a) Baseline and 8-week 18F-FDG 
MIP and transaxial scans. (b) Baseline MIP and 
transaxial 0-, 8- and 12-week 18F-NaF scans.

A metabolic response can be seen in a T11 left 
pedicle (and right scapula) metastasis where the 
SUVmax decreased from 5.3 to 2.4. The 18F-NaF 

scans show an initial increase in uptake at 8 
weeks followed by a decrease at 12 weeks in 
keeping with the flare phenomenon (SUVmax 
26.5, 40.6, 18.1, respectively).

Teaching Point
The flare phenomenon is relatively common with 
18F-NaF PET but not with 18F-FDG [5].

G. J. R. Cook and S. Usmani
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Case 4: A 77-year-old woman with bone pre-
dominant metastatic breast cancer treated with 
endocrine- based systemic therapy. Baseline 18F-
NaF MIP and baseline, 8- and 12-week transaxial 
images at T5.

An initial increase in activity at 8 weeks is fol-
lowed by a subsequent decrease at 12 weeks in 
keeping with the flare phenomenon (SUVmax 
36.3, 47.3, 34.4, respectively). The woman 

continued to have a good clinical response to 
treatment.

Teaching Point
The flare phenomenon is probably maximal at 
approximately 6–8 weeks and if it is suspected 
then a subsequent scan after a further interval 
may help to clarify as a subsequent reduction in 
activity would be expected [5].

24 18F-FDG PET-CT and 18F-NaF in Treatment Response Evaluation: Bone Metastases and Bone…
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Case 5: A 44-year-old woman with bone pre-
dominant metastatic breast cancer treated with 
endocrine- based systemic therapy. (a) 18F-FDG 
MIP and transaxial images at T6 at baseline and 
8 weeks and (b) corresponding 18F-NaF MIP and 
images at baseline, 8 and 12 weeks.

There is a reduction in 18F-FDG uptake in 
some metastases (e.g. mid-thoracic and mid- 
lumbar spine, T6 SUVmax reduces from 16.2 to 
6.5) with an increase in others (e.g. right ilium, 

right humerus and scapula) in keeping with a 
mixed response. There is a clear persistent 
increase in 18F-NaF activity in most metastases, 
and this patient continued to show disease pro-
gression clinically.

Teaching Point
A mixed response to systemic therapy is not 
uncommon.

G. J. R. Cook and S. Usmani
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Case 6: A 67-year-old woman with bone pre-
dominant metastatic breast cancer (and nodal dis-
ease) treated with endocrine-based systemic 
therapy. (a) 18F-FDG MIP and transaxial images at 
the T6 level and (b) corresponding 18F-NaF images.

There is a clear reduction in 18F-FDG uptake 
in bone and nodal metastases (T6 SUVmax 17.4 
and 1.9, respectively) with a corresponding 
reduction in 18F-NaF activity (T6 SUVmax 33.9 

and 23.4, respectively) in keeping with a partial 
metabolic response.

Teaching Point
A flare phenomenon is not always seen with 18F- 
NaF PET and often there is corresponding 
reduction in uptake between 18F-NaF and 18F-
FDG after successful treatment at early time 
points [5].

24 18F-FDG PET-CT and 18F-NaF in Treatment Response Evaluation: Bone Metastases and Bone…
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Case 7: A 67-year-old woman with bone pre-
dominant metastatic breast cancer treated with 
endocrine- based systemic therapy. 18F-FDG PET 
MIP and transaxial L4 images at baseline and 8 
weeks.

There is a clear reduction in activity at all sites 
(L4 SUVmax 11.4 and 5.0, respectively) in keep-
ing with a partial metabolic response.

Teaching Point
Unequivocal reduction in 18F-FDG activity in 
skeletal metastases indicates a metabolic response 
to treatment and also infers a better prognosis 
from patients who do not respond [5–7].

G. J. R. Cook and S. Usmani
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Case 8: A 72-year-old man with metastatic 
prostate cancer to bone and lymph nodes on hor-
mone therapy. Now presented with rising PSA 
(a–d). Initial 18F-NaF PET/CT shows sclerotic 
lesions with corresponding 18F-NaF uptake at 
T11, bilateral iliac bones and proximal shaft of 
left femur (e–h). Follow-up 18F-NaF-PET/CT 
after therapy shows increasing pattern of 18F-NaF 
uptake. Findings are consistent with disease pro-

gression as there had been no new treatment or 
change in treatment to cause a flare.

Teaching Point
A knowledge of the timing and type of therapy is 
essential when interpreting 18F-NaF PET to help 
differentiate progressive disease from the flare 
phenomenon.

24 18F-FDG PET-CT and 18F-NaF in Treatment Response Evaluation: Bone Metastases and Bone…
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Case 9: A 75-year-old man with bone pre-
dominant metastatic prostate cancer treated with 
docetaxel chemotherapy. 18F-NaF MIP and trans-
axial pelvis images at baseline and after three 
cycles of chemotherapy.

The baseline and 8-week images show similar 
levels of uptake in most sites of disease (L ilium 

SUVmax 64.5 and 64.2, respectively) in keeping 
with stable metabolic disease.

Teaching Point
Measuring SUVs may be helpful in assessing 
treatment response when the qualitative interpre-
tation is difficult.

G. J. R. Cook and S. Usmani
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Case 10: A 79-year-old man with bone pre-
dominant metastatic prostate cancer treated with 
docetaxel chemotherapy. 18F-NaF MIP and trans-
axial T9 images at baseline and after three cycles 
of chemotherapy. A reduction in uptake is present 
in some lesions (T9 SUVmax 68.8 and 34.5, 
respectively) in keeping with a partial metabolic 
response. Some lesions show a small increase in 
activity (e.g. humeri, left ilium) that was assumed 
to represent the flare phenomenon in some metas-

tases as the patient was significantly improved 
clinically.

Teaching Point
It may be difficult to differentiate a mixed 
response to treatment from a combination of 
treatment response and flare phenomenon and 
other clinical factors may be required to help 
interpret the images.

24 18F-FDG PET-CT and 18F-NaF in Treatment Response Evaluation: Bone Metastases and Bone…
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Case 11: A 91-year-old man with bone pre-
dominant metastatic prostate cancer treated with 
docetaxel chemotherapy. 18F-NaF MIP and trans-
axial thoracic and pelvis images at baseline and 
after three cycles of chemotherapy.

The baseline and 8-week images show a 
reduction in activity in most metastases (right 
scapula SUVmax 20.3 and 14.3, respectively; T9 
SUVmax 42.6 and 33.1, respectively) while 
occasional metastases show an increase (right 
femoral neck SUVmax 32.6 and 41.0, respec-

tively). This was interpreted as a partial meta-
bolic response with some lesions showing the 
flare phenomenon as the patient was improving 
clinically.

Teaching Point
It is not uncommon to see some heterogeneity of 
response in widespread skeletal metastases with 
18F-NaF PET and is more common than with 
18F-FDG.

G. J. R. Cook and S. Usmani
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Case 12: A 24-year-old man with metastatic 
lung cancer to the bone treated with chemother-
apy and immunotherapy (Alectinib). (a) Baseline 
transaxial 18F-NaF PET/CT shows a sclerotic 
lesion (arrow) with corresponding 18F-NaF 
uptake (arrow) at T8. (b, c) Follow-up 18F-NaF-
PET/CT scans during therapy show a decreasing 
pattern of 18F-NaF uptake on PET (black arrow), 
however with increased sclerosis as a repair 

mechanism shown by an increase in Hounsfield 
units (HU) on CT (white arrow). Findings indi-
cate a response to therapy.

Teaching Point
Underlying osteoblastic activity on functional 
18F-NaF-PET can return to normal despite persis-
tent sclerosis on CT.

24 18F-FDG PET-CT and 18F-NaF in Treatment Response Evaluation: Bone Metastases and Bone…
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Case 13: A 53-year-old woman with meta-
static adenocarcinoma of the left lung. (a) 
Baseline 18F-NaF PET/CT shows multiple osteo-
blastic lesions involving skull, bilateral scapulae, 
left humerus, multiple levels in the thoracolum-
bar spine, sacrum and both iliac bones and fem-
ora. (b) Post-therapy scan after 8 months of 
targeted therapy with Erlotinib shows a signifi-
cant decrease in the number and intensity of 
osteoblastic lesions with residual osteoblastic 
activity at T3, sternum and sacrum. Healing scle-
rosis on CT with increasing HU persists after 18F-

NaF osteoblastic activity has reduced. 
Quantitative analysis shows that skeletal tumour 
burden is significantly reduced by 92% from 
TLF15 = 8925 to TLF15 = 687. Findings are con-
sistent with a response to therapy despite residual 
lesions and targeted therapy was continued.

Teaching Point
Functional imaging with 18F-NaF PET may be 
easier to interpret than morphological changes on 
CT where increasing and persistent sclerosis may 
indicate a treatment response.

G. J. R. Cook and S. Usmani
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25.1  Case 1

Clinical Details Initial staging of Hodgkin’s 
lymphoma in a 1-year-old boy.
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Scan Findings
Severe metabolic activity is observed on Waldeyer’s 
ring structures and in the tongue (SUVmax 18.5).

Interpretation It is important to keep in mind 
that children are not small adults and they do 
present different physiological FDG uptake 
(Above Figure). Especially in children, moderate 
to intense FDG uptake in Waldeyer’s ring struc-
tures might be physiological due to intense activ-
ity in these lymphatic tissues (peaking at 
6–8 years of age), and should not be interpreted 
as disease. The most interesting highlight in this 
case is the severe uptake in the tongue, which 
might look suspicious at first, but was considered 
normal since the patient was a heavy pacifier 
user. Another pediatric pitfall of which physi-

cians must be aware is FDG uptake related to 
vaccination. Increased metabolic activity can be 
seen after vaccine administration not only at the 
injection sites but also in regional lymph nodes 
and should not be interpreted as disease. Diffuse 
and homogeneous FDG uptake might also be 
seen in the thymus of healthy children [1–3].

Teaching Points
• Recognizing physiological FDG uptake pat-

terns in children is essential to avoid misinter-
preting normal studies as positive for disease.

• Common pitfalls in the pediatric population 
include FDG uptake related to pacifier use, 
thymus activity, and vaccination (both at the 
injection site and in regional lymph nodes).

Normal Physiologic Activity in Child

Brain

Thymus

Heart

Liver

Bladder
and catheter

Epiphyses

Oropharynx due to use
of soother during
uptake phase

Spinal canal
Tonsil

Reactive nodes neck

Larynx

Spleen

Kidneys

Bilateral areas
of uptake due
to 4 month
immunization

Oropharynx
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25.2  Case 2

Clinical Details Initial staging of Burkitt’s lym-
phoma in a 12-year-old boy.

Images

Scan Findings: Initial Staging Study
Figure 25.1a–c: MIP images of FDG-PET/CT 
show high uptake in osseous structures (skull and 
lower limbs), in a focal site on the liver and in at 
least two large upper abdominal lesions. Fused 
FDG-PET/CT images (f, g) reveal the femoral 
uptake focus to be intramedullar. There are no 
detectable anatomical changes on CT images (d, e).

Figure 25.2: The liver uptake focus seen on 
MIP images corresponds to a small nodule in 
the transition of segments VIII and V of the 
liver.

Figure 25.3: The high metabolic activity seen 
on the upper abdomen corresponds to two large 
pancreatic masses. CT images (d, e) show 
enlargement of the pancreatic tail secondary to an 
ill-defined and faintly hypodense lesion. 
Corresponding fused FDG-PET/CT images (f, g) 
show intense FDG uptake at the site (SUVmax 
5.6).

Figure 25.4: Moderate FDG uptake is observed 
in the supraclavicular brown fat bilaterally 
(arrows).
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Fig. 25.1 (a–g) FDG-PET/CT initial staging study
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Fig. 25.2 (a–g) FDG-PET/CT initial staging study
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Fig. 25.3 (a–g) FDG-PET/CT initial staging study

Fig. 25.4 FDG-PET/CT initial staging study

M. Bogoni et al.



423

Final treatment study

a b

c

d e

f g

Scan Findings
Follow-up PET/CT evaluation shows no evidence 
of metabolic activity.

Interpretation Hodgkin’s lymphoma (HL) and 
non-Hodgkin’s lymphoma (NHL) account for 
10–15% of pediatric malignancies, with HL rep-
resenting around 40% of cases and NHL around 
60%. HL appears rarely widespread at the time of 
diagnosis, while pediatric NHL is often a rapidly 
progressing disease and widely spreaded at diag-
nosis [4]. For HL’s management, FDG-PET/CT 
presents higher sensibility and specificity com-
pared to conventional imaging methods (96.5% 
vs. 87.5% for sensitivity, 96.7% vs. 85.2% for 
specificity), thus being well established since the 
staging phase of the workup [5]. In NHLs’ 
workup, standardization attempts for FDG PET/
CT incorporation in different treatment algo-
rithms are challenging. This is mainly due to the 
fact that NHL comprises several different types 
of lymphoproliferative entities, among which 
few explorable common features are found (some 
not even being FDG avid, such as marginal zone 
B-cell or small lymphocytic lymphomas). 
Nevertheless, FDG-PET/CT must also be per-
formed in the management of NHL, whenever 
feasible, playing a crucial role in staging and 
response assessments even in the face of such 
challenges [6].

End treatment assessment is more accurate 
with FDG-PET/CT, especially for patients with 
radiologic unknown complete response or partial 
response in more aggressive lymphomas (HL, 

DLBCL, and follicular lymphoma). PET/CT and 
FDG uptake-based criteria eliminate CRu and 
enhance the prognostic value of PR.  In patients 
with HL (early and advanced stage), a negative 
predictive value of 95% to 100% and a positive 
predictive value of more than 90% have been 
reported [7, 8]. In aggressive NHL, studies have 
reported a negative predictive value of 80–100% 
and a positive predictive value of 50–100% [9, 
10]. With that in mind, in the presence of a posi-
tive FDG-PET/CT scan, if further treatment is 
being considered, biopsy is advised.

In HL, DLBCL, and follicular lymphoma sub-
types, response assessment with PET/CT may be 
preferred using the Lugano classification 5-point 
scale (discussed in the next case), whereas 
CT-based response remains important in lympho-
mas with low or variable FDG avidity.

An important pitfall highlighted in this case is 
the metabolic activity seen bilaterally in the 
supraclavicular region, which represents a classic 
site of physiologic FDG uptake related to brown 
adipose tissue and must not be confused with dis-
ease. Brown adipose tissue activation can be sec-
ondary to low temperature or sympathetic 
stimulus (e.g., pain or stress), and the metabolic 
activity observed at this site can mislead the cor-
rect interpretation of disease extension. Cautionary 
measures must be taken in order to ensure that the 
child is kept adequately warm and as comfortable 
as possible during the exam [11–14].

Finally, in the end treatment study, there is no 
FDG uptake (Deauville 5PS: 1), meaning com-
plete response to therapy.

25 FDG-PET/CT in Assessment of Treatment Response in Pediatric Lymphoma
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Teaching Points
• Hodgkin’s lymphoma (HL) and non- 

Hodgkin’s lymphoma (NHL) account for 
10–15% of pediatric malignancies, with HL 
representing around 40% of cases and NHL 
around 60%. HL appears rarely widespread at 
the time of diagnosis, while pediatric NHL is 
often a rapidly progressing disease and widely 
spreads at diagnosis.

• FDG PET/CT is better established in HL’s 
staging and response assessments than in 
NHL’s. The great heterogeneity of NHLs hin-
ders the standardization of PET/CT in workup 
algorithms. Nevertheless, FDG PET/CT must 
also be performed in the management of 
NHL, whenever feasible, playing a crucial 
role in staging and response assessments.

• End treatment assessment is more accurate 
with FDG-PET/CT, especially for patients 

with radiologic unknown complete response 
or partial response in more aggressive lym-
phomas (HL, DLBCL, and follicular lym-
phoma). PET/CT and FDG uptake-based 
criteria eliminate CRu and enhance the prog-
nostic value of PR.

• PET/CT has been increasingly preferred over 
bone marrow biopsy in both HL and NHL for 
providing similar or superior results with 
much less invasiveness.

• Brown adipose tissue FDG uptake presents a 
common pitfall of which physicians must be 
aware, since it might be misinterpreted as dis-
ease, especially in the neck, supraclavicular 
and axillary regions. It might be diminished 
by adequate the scanning room temperature 
and keeping the patient comfortable.

M. Bogoni et al.
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25.3  Case 3

Clinical Details Initial staging of Hodgkin’s 
lymphoma in a 12-year-old girl.

Images

Scan Findings: Initial Staging Study
a: MIP FDG-PET image shows abnormal uptake 
in cervical and mediastinal lymph nodes.
b–g: An enlarged anterior mediastinal lymph 
node is observed, with an SUVmax of 5.6.
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Interim study

Scan Findings: Final study
Interim FDG-PET/CT study shows no evidence 
of metabolic activity.
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c
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g

Scan Findings
Sustained complete metabolic response is 
observed on follow-up PET/CT evaluation.

Interpretation The Lugano Classification was 
described in 2014 by the International Malignant 
Lymphoma Working Group for standardization of 
posttreatment response assessments in lymphoma 
patients, providing semiquantitative criteria for 
defining response in PET and conventional imag-
ing techniques [4–6]. Regarding FDG-PET/CT 
specifically, let us make a brief review on the topic, 
since it will be useful for the next cases. It is based 
on the Deauville score, a five-point scoring system 
(5PS) that is applied to all studies performed after 
initial staging. Points are designated based on the 
FDG uptake pattern observed, as follows:

Score FDG uptake
1 No uptake or no residual uptake
2 Slight uptake, but below blood pool 

(mediastinum)
3 Uptake above mediastinal, but below or equal 

to uptake in the liver
4 Uptake slightly to moderately higher than 

liver
5 Markedly increased uptake or any new lesion
X Any areas of uptake not likely to be related to 

lymphoma

After the correct Lugano 5PS category is 
attributed, its interpretation requires integrated 
clinical and treatment information.

Score Interpretation
1 or 2 • Considered to represent complete 

metabolic response (CMR) at interim 
and end of treatment

3 • Dependent on the lymphoma subtype 
and the clinical context
• FDG uptake declines during therapy in 
chemosensitive disease and residual 
FDG uptake higher than normal liver 
uptake is frequently seen at interim in 
patients who achieve CMR at the end of 
treatment

4 or 5 at 
interim

• Suggests chemosensitive disease 
provided uptake has reduced from 
baseline and is considered to represent 
partial metabolic response

4 or 5 at 
the end of 
treatment

• Represents residual metabolic disease 
even if the uptake has reduced from 
baseline

Until very recently, prognostic and outcome 
evaluations for lymphoma in the pediatric popu-
lation were based on extrapolated interpretation 
of studies performed in adult populations. 
Needless to say, this strategy is far from ideal, 
given the idiosyncrasies of imaging pediatric 
patients, with its inherent and frequent pitfalls. A 
recent multicentric dedicated study [15] 

M. Bogoni et al.
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confirmed the value of interim FDG-PET/CT 
interpreted with the Lugano Classification (both 
in HL and NHL pediatric patients) as a strong 
and independent predictor of events (relapse 
after complete remission, death from any cause, 
treatment escalation for progressive disease 
while on treatment and disease progression, or 
failure to achieve complete remission at end che-
motherapy) and overall survival. Our case illus-
trates the prognostic value given an interim PET/
CT’s negative Lugano classification, which is 
associated with fewer events on follow-up and 
higher overall survival. Since no evidence of 
metabolic activity is observed on both interim 
and final PET/CT, the Lugano classification is 
negative (Deauville 5PS: 1, i.e., complete meta-
bolic response).

Teaching Points
• FDG-PET/CT has great value in assessing 

therapy response in FDG-avid lymphomas. 

For this end, the Lugano Classification was 
developed. In lymphomas with low FDG avid-
ity, conventional CT remains important for 
posttreatment assessment.

• The Lugano Classification is applied to 
interim and end treatment CT and MRI studies 
and establishes a semiquantitative 5-point 
scoring system (the Deauville score) for deter-
mining responses based on FDG-PET/CT, 
using mediastinal blood pool and hepatic 
uptake as reference. It is widely accepted and 
incorporated into both pediatric and adult 
practice.

• Therapy response assessment through FDG 
PET/CT holds prognostic value in the pediat-
ric population both for HL and for 
NHL. Positive interim and end treatment stud-
ies are related to more events and reduction in 
overall survival.

25 FDG-PET/CT in Assessment of Treatment Response in Pediatric Lymphoma
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25.4  Case 4

Clinical Details Initial staging of Hodgkin’s 
lymphoma in a 14-year-old girl.

Images

Scan Findings
Figure 25.5a–c: MIP images of initial FDG-PET/
CT show intense uptake in the lungs, supradia-
phragmatic lymph nodes, and diffusely through-
out the skeleton. PET/CT images show large 
heterogeneous pulmonary masses, with an 
SUVmax of 10.5 (a–g). Intense FDG uptake is 
also observed in enlarged thoracic lymph nodes 
(SUVmax 7.3—Fig. 25.6), with invasion of the 
7th thoracic vertebra (SUVmax 7.4—Fig. 25.7).

Scan Findings
Figures 25.8 and 25.9: Interim FDG-PET/CT 
study reveals partial response to therapy. There 
was a significant size reduction in the lung masses 
and enlarged lymph nodes, but persistent meta-
bolic activity was observed (SUVmax 9.6 and 
2.6, respectively).

Scan Findings
Final PET/CT study shows minimal FDG uptake 
in the lungs, associated with radiation pneumonitis 
seen on CT images (Fig. 25.10). Mild uptake was 
also noticed in the 11th rib to the left (Fig. 25.11).

Interpretation The 5-year survival rates for 
HL exceed 98% and are higher than 80% for 
NHL.  Absence of FDG uptake in a residual 

mass after chemotherapy is predictive of com-
plete remission, while increased FDG uptake 
may indicate residual disease [4]. Positive PET/
CT studies by the Lugano Classification (5PS: 4 
or 5) require special caution as to properly inter-
pret what the imaging findings represent in the 
broader context of the disease. An important 
observation is that especially in NHL, false pos-
itive PET studies due to necrosis or inflamma-
tion are relatively common, up to around 40% 
[16]. In our case (HL), positive classification for 
the interim study suggests chemosensitive dis-
ease, since the FDG uptake has reduced from 
baseline, and thus is considered to represent 
partial metabolic response. End treatment evalu-
ation showed no lung uptake and a focal area of 
uptake in the 11th rib. As the patient did not 
present lymphoma commitment on that site, it is 
considered score X not likely related to lym-
phoma [17].

Teaching Points
• Positive FDG-PET/CT studies by the Lugano 

Classification (5PS: 4 or 5) require special 
caution as to properly interpret what the imag-
ing findings represent in the broader context 
of the disease, especially in NHL cases, due to 
higher false positive PET studies.

• Positive interim studies might represent disease 
progression or chemosensitive disease, depend-
ing on FDG uptake in comparison to baseline.

• If the end treatment FDG-PET/CT study is 
positive additional histological evaluation 
through biopsy must be considered.
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Fig. 25.5 (a–g) Initial staging study
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Fig. 25.6 (a–g) Initial staging study
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Fig. 25.7 (a–g) Initial staging study
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Fig. 25.8 (a–g) Interim study
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Fig. 25.9 (a–g) Interim study

Fig. 25.10 End treatment study

Fig. 25.11 End treatment study
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25.5  Case 5

Clinical Details Staging of Hodgkin’s lymphoma in a 13-year-old girl presenting with 
lymphadenopathy.

Images
First study
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Scan Findings
a: MIP images of FDG-PET/CT show extensive 
supradiaphragmatic nodal involvement.

b–g: Confluent enlarged anterior mediastinal 
lymph nodes are observed with severe FDG 
uptake (SUVmax 10.5).

Interim study
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Scan Findings
a–c: Post-chemotherapy MIP FDG-PET/CT 
images show fewer involved nodes and signifi-
cantly lower FDG overall uptake. Although 
important reduction in mediastinal lymph nodes’ 

size is observed on CT (d, e), corresponding 
fused FDG-PET/CT images reveal faint residual 
metabolic activity (f, g), with an SUVmax of 2.9 
(hepatic SUVmax: 1.8).
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Final study
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Scan Findings
Follow-up PET/CT study shows a new lesion 
with high FDG uptake (SUVmax: 10.0) in the 
anterior mediastinum.

Interpretation Positive FDG-PET/CT results 
after treatment are associated with higher relapse 
rates [18]. Patients with residual mass after ther-
apy, including in HL and NHL, with positive 
FDG-PET/CT results had a 100% relapse rate in 
contrast to patients who showed no activity of 
the residual mass with a relapse rate of only 26% 
[19]. Hence, in the presented case, interim PET/
CT’s positive Lugano classification has prognos-
tic value, with higher probability of events and 
lower overall survival. The patient was consid-

ered to be in partial metabolic response and 
started presenting B symptoms again. The final 
FDG-PET/CT shows increased FDG uptake, 
thus representing residual metabolic disease 
(even with reduced uptake from baseline), 
prompting the need for biopsy to confirm the 
lymphoma and eventually second-line therapy 
[14, 20].

Teaching Points
• Therapy response assessment through FDG 

PET/CT holds prognostic value in the pedi-
atric population both for HL and for 
NHL.  Positive interim and end treatment 
studies are related to more events and reduc-
tion in overall survival.

M. Bogoni et al.
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25.6  Case 6

Clinical Details Initial staging of Hodgkin’s 
lymphoma in a 14-year-old girl.

Images
Initial staging study
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Scan Findings
Extensive supradiaphragmatic disease involving 
multiple lymph nodes (mediastinal, bilateral 
supra- and infraclavicular, and left axillary sta-

tions). The highest FDG uptake is observed in 
confluent nodes in the left axillary region 
(SUVmax 11.0).

Interim study

a b

c

d

e

f

g

 

25 FDG-PET/CT in Assessment of Treatment Response in Pediatric Lymphoma



434

Final study

Scan Findings:
Interim FDG-PET/CT study shows no evidence of metabolic activity. CT images (d, e) show signifi-
cant reduction in axillary lymph nodes’ size.
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Scan Findings
End treatment FDG-PET/CT study shows asym-
metry in the palatine tonsil and submandibular 
gland.

Interpretation This case highlights the 
importance of integrating relevant clinical 
information with imaging findings. Being 
informed of all previous therapy that the 
patient might have been exposed to is essential 
for correct interpretation of FDG-PET/CT 
images. In this case, the asymmetric metabolic 
activity observed in the palatine tonsils and 
submandibular glands is considered secondary 
to actinic changes, with lower activity on the 
side of irradiation (the patient was considered 
in complete metabolic response) [21].

An important topic that has been gaining 
increasing attention is the necessity of radiother-
apy consolidation, since this procedure is associ-

ated with higher incidence of new cancers and 
other disorders (such as cardiovascular disease) 
in adulthood. Interim FDG-PET/CT has the abil-
ity to define certain patient populations that 
respond greatly to chemotherapy, in which addi-
tional radiotherapy can sometimes be deferred 
[22], while end treatment FDG-PET/CT, espe-
cially in Hodgkin lymphoma, plays an important 
role in the selection of patients to be submitted to 
radiotherapy, avoiding radiotherapy in patients 
with a negative FDG-PET/CT scan.

Teaching Points
• Being informed of all previous therapy that 

the patient might have been exposed to is 
essential for correct interpretation of FDG- 
PET/CT images.

• FDG-PET/CT plays an important role in the 
selection of patients to be submitted to 
radiotherapy.
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25.7  Case 7

Clinical Details Initial staging of lymphoma in 
a 3-year-old boy.

Images
Initial staging study
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Scan Findings
a–c: MIP FDG-PET/CT images show high meta-
bolic activity on the left side of the abdomen. An 
ill-defined hypodense mass is observed at the 
same location on CT (d, e). Corresponding fused 

FDG PET images (f, g) reveal that a central por-
tion of the mass presents high FDG uptake 
(SUVmax 5.9).

Interim study
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End treatment study
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Scan Findings
A new FDG-PET/CT study performed about 
1 year later showed high FDG uptake in enlarged 

pharyngeal tonsils, related to inflammatory/
infectious process.

Follow-up study
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Scan Findings
FDG-PET/CT study only shows discrete meta-
bolic activity in small centrilobular nodules in the 
left lung (SUVmax 1.6), suggesting inflamma-
tory changes.

Interpretation Interim FDG-PET/CT shows no 
signs of metabolic activity (Deauville 5PS:  1). 
Both the final treatment and follow-up studies 

show new areas of uptake unlikely to be related 
to lymphoma (pharyngeal tonsils and small cen-
trilobular pulmonary nodules), corresponding to 
the “X” category of the Lugano classification. 
This case illustrates another important topic of 
discussion: follow-up FDG/PET/CT studies or 
any other imaging method involving radiation 
must be avoided and performed only in high clin-
ical suspicion. Since the risk of relapse is highest 

Scan Finding
Follow-up FDG-PET/CT evaluation shows no 
evidence of metabolic activity.
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in the first 2 years after end of treatment, cross- 
sectional imaging (preferably MRI to avoid radi-
ation exposure) and ultrasound examinations are 
preferable for evaluating the previously involved 
lymph node regions in 3–6 monthly intervals. 
Recent studies reveal that most relapses are found 
through history and physical examination [23]. 
After completion of therapy, FDG-PET/CT 
should only be performed for restaging of a 
patient with histology-proven relapse or high 
clinical suspicion of relapse [22].

Teaching Points
• Unnecessary follow-up FDG/PET/CT studies 

or any other imaging method involving radia-
tion must be avoided, given the relation of 
excessive radiation exposure in childhood 
with higher incidence of new cancers and 
other health conditions in adulthood.

• Most relapses occur in the first 2 years after 
completion of therapy and are more fre-
quently found through history and physical 
examination.

• FDG-PET/CT should only be performed for 
restaging of a patient with histology-proven 
relapse or high clinical suspicion of relapse.
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26.1  Introduction

18F-FDG PET/CT plays a pivotal role in the man-
agement of a number of oncological malignan-
cies. In differentiated thyroid cancer (DTC), it is 
usually not indicated in initial staging. The whole 
body scan can have an important role in staging, 
cancer localisation and treatment planning [1]. 
However in a group of patients with DTC that 
have raised thyroglobulins with negative radioio-
dine scan, FDG PET plays an important role in 
detection and localisation of metastatic disease 
[2]. As thyroid cancer cells de-differentiate, their 
ability to take up radioiodine reduces and glucose 
metabolic activity increases which explains 
increased tracer uptake in FDG PET scans [3]. 
Dong et al. conducted a meta-analysis of 25 stud-
ies and concluded that 18F-FDG PET/CT has a 
sensitivity of 93.5% in detecting recurrence and 
distant metastases in patients with negative radio-
iodine scan [4]. 18F- FDG PET is routinely used in 
patients for response assessment in iodine refrac-
tory/negative disease that are on tyrosine kinase 
(TKI’s) and also in patients with thyroid lympho-
mas [5]. Hurthle cell thyroid carcinoma is rela-

tively aggressive with higher incidence of 
metastases and worse prognosis in comparison to 
DTC [6]. They are known to be less avid and 
show higher FDG uptake [7]. Studies have shown 
sensitivity and specificity of 18F-FDG PET/CT of 
95% and higher mortality rate associated with 
higher FDG uptake [7]. FDG PET is also useful 
in detecting recurrence in medullary thyroid car-
cinoma with evidence of biochemical recurrence, 
i.e. rising serum calcitonin and carcinoembryonic 
antigen (CEA) levels [8]. It is also useful in ini-
tial staging and response assessment in a rare 
kind of papillary thyroid cancer (PTC), e.g. 
columnar variant of PTC [9]. Anaplastic thyroid 
carcinoma is an aggressive variant and rapidly 
growing thyroid tumour. Seventy-five percent of 
the patients present with local invasion and 50% 
of the cases have distant metastases at the time of 
diagnosis with the lungs, liver and bones being 
the most common sites [10]. Despite aggressive 
treatment the survival is very poor [11]. FDG 
PET/CT is useful in initial staging and evaluation 
for surgical suitability and as a follow-up [12]. 
There are a few relatively new PET tracers being 
used in the management of various thyroid can-
cers. 124I PET/CT is useful in detection of resid-
ual or recurrent disease in DTC. 18F-DOPA PET 
demonstrates sensitivity of 81% in medullary 
thyroid cancer (MTC) [13]. 68-Gallium Dotatate, 
Dotatoc or Dotanoc can be used in patients with 
MTC [14], and this can also guide to treat some 
patients with 177-Lutetium Dotatate therapy.
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26.2  Case 1: 18F-FDG PET/CT After 
Thyroid Surgery

Clinical Details A 38 years old female, with a 
diagnosis of pT4(m)N1b(18/63)M1 papillary 
thyroid cancer. She underwent total thyroidec-
tomy and bilateral neck dissections. In the con-
text of significant post-operative complications 
resulting in delay in 131-Iodine treatment, an 
FDG PET/CT was performed to rule out other 
sites of metastatic disease.

Images

Scan Findings
Figure 26.1: There are non-FDG-avid bilateral 
pulmonary nodules with low-grade uptake in 
the right-sided neck node reported as 
reactive.

Figure 26.2: Post-therapy radioiodine scan 
shows intense focal tracer uptake in the thyroid 
remnant, right Level II cervical lymph node 
(black arrow), mediastinal lymph node (blue 
arrow) and extensive pulmonary metastases 
(black and white arrows on CT and fused images).

Interpretation Non-FDG avid disease is intensely 
avid on subsequent post-radioiodine scan.

Teaching Points
 1. Differentiated thyroid cancers (DTC including 

PTC and FTC) are usually strongly Iodine avid.
 2. DTC usually only shows low-grade FDG 

uptake. Low-grade tracer uptake in neck 
nodes on FDG PET/CT scan can raise possi-
bility of metastatic disease rather than simply 
labelling them as reactive and correlation with 
further imaging e.g; US neck/FNA should be 
suggested if clinically appropriate.

Fig. 26.1 18F-FDG PET/CT

Fig. 26.2 Post treatment radioiodine WB scan supplemented with SPECT/CT of the thorax
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26.3  Case 2: Progressive 
Metastatic Disease After 
Local Radiotherapy

Clinical Details A 42  years old female with 
metastatic follicular thyroid cancer (FTC) and 
non- iodine avid lung and skeletal metastases. 
Because of severe upper back pain, radiotherapy 
was given to the lesions in thoracic spine.

Images

Scan Findings
There is FDG-avid disease in the lungs, mediasti-
num and thoracic spine on the initial scan that has 
significantly increased in size/number of lesions 
and as well as metabolic activity.

Figure 26.3 demonstrates metastatic disease 
involving thoracic spine, most intense at T4 ver-
tebra (green and white arrows) and lungs (blue 
and yellow arrows).

Figure 26.4: There is metabolic and morpho-
logic progression of metastatic lesions in thoracic 
spine including T4 vertebra (black and white 
arrows) that appears to be invading the spinal 
canal.

Interpretation Disease progression, predomi-
nantly related to skeletal metastatic disease with 
invasion of the spinal canal at T4 vertebra.

Teaching Points
 1. Disease progression in thoracic spine after 

radiotherapy and also in lungs. The patient 
was started on (TKI).

 2. Spinal cord compression cannot be properly 
assessed on FDG PET study and hence an 
urgent MRI should be suggested if there is 
suspicion of impending spinal cord 
compression.

Fig. 26.3 18F-FDG PET/CT before local radiotherapy
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Fig. 26.4 18F-FDG PET/CT post local radiotherapy
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26.4  Case 3: Progressive Disease 
on Tyrosine Kinase Inhibitor 
(TKI)

Clinical Details A 52  years old male with a 
diagnosis of follicular variant of papillary thyroid 
cancer (pT3N1bM1). Radioiodine treatment did 
not show any iodine-avid metastatic disease 
despite increase in thyroglobulin levels. The 
patient underwent an 18F-FDG PET/CT, which 
showed metabolically active metastases. The 
patient was started on Sorafenib but subsequent 
18F-FDG PET/CT, 3  months post-initiation of 
TKI, showed progressive metastatic disease.

Images

Scan Findings
Figure 26.5: There are FDG-avid small volume 
pulmonary nodules and mediastinal lymph 
nodes.

Figure 26.6: Overall disease progression 
including lungs (green, black and white arrows), 
mediastinal lymph nodes and skeleton. There is 
increased FDG activity in arms and pelvic mus-
cles that is secondary to strenuous exercise before 
the scan (blue arrows).

Interpretation There is marked progression of 
disease in the lungs, mediastinal lymph nodes 
and skeleton.

Teaching Points
 1. Non-avid iodine and FDG-avid disease indi-

cates de-differentiated thyroid cancer. In recent 
years TKIs can be used to treat these patients.

 2. FDG PET/CT is helpful in monitoring meta-
bolic response to TKIs.

 3. The patient should not indulge in strenuous 
exercise before the scan. Exercise can increase 
the muscular FDG uptake and can make the 
interpretation of the scan difficult.

Fig. 26.5 18F-FDG PET/CT before starting Sorafenib
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Fig. 26.6 18F-FDG PET/CT demonstrates progressive metastatic disease
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26.5  Case 4: Thyroid Lymphoma

Clinical Details A 75 years old female with his-
tory of weight loss underwent FDG PET study. 
Based on histopathological/PET findings the 
patient was diagnosed as stage 1E marginal zone 
lymphoma of the thyroid. She underwent radical 
radiotherapy of 24 Gy to the thyroid gland.

Images

Scan Findings
Figure 26.7: There is intense diffuse FDG uptake 
(SUVmax 8) in a bulky enlarged thyroid gland 
(white arrows).

Figure 26.8: Following radiotherapy there is 
reduction in size and activity within the thyroid 
gland (black arrows).

Interpretation The findings suggest possible 
residual active disease though differential 
includes inflammatory response. Deauville 4 
(FDG uptake > liver background).

Teaching Points
 1. Lymphoma involving thyroid gland is rare. 

Primary thyroid lymphoma is 0.5–5% of all 
thyroid malignancies and about 2% of extra- 
nodal lymphomas.

 2. It should be noted that not every uptake in thy-
roid gland is due to nodular disease/DTC.

 3. In lymphomatous process, usually there is 
intense and diffuse uptake in thyroid.

 4. Deauville score is used for response assess-
ment in lymphomas.

Fig. 26.7 Pre-treatment 18F-FDG PET/CT

Fig. 26.8 Post-treatment 18F-FDG PET/CT
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26.6  Case 5: Partial Response 
to Tyrosine Kinase Inhibitors 
with Increasing Lytic 
Metastatic Disease

Clinical Details An 82  years old male with 
known metastatic Hurthle cell carcinoma of thy-
roid with lung, bone and lymph node metastases. 
The patient has iodine refractory progressive pul-
monary metastases and was commenced on 
sorafenib.

Images

Scan Findings
Figure 26.9: Metastatic disease in neck, mediasti-
nal nodes and left iliac bone.

Figure 26.10: Following TKI treatment there is 
reduction in metabolic activity of the metastatic 
lesions in the mediastinal/hilar nodes from 10.7 to 
5 (green arrows) in keeping with partial metabolic 
response. There are new areas of FDG uptake in 

the lungs bilaterally (black arrows on axial 
images) which correspond to consolidation. 
Metabolic activity in the known left iliac lesion 
increased (black arrow) and there are random new 
lytic lesions within the skeleton (black arrow).

Interpretation Partial metabolic response in the 
known metastatic disease. Taking into account 
reducing thyroglobulins, increased metabolic 
activity in known left iliac lesion and new lytic 
lesions, an alternative diagnosis, e.g. myeloma, 
should be considered.

Teaching Points
 1. Skeletal metastases are usually lytic in thyroid 

cancers. However, in this case there was 
response in thoracic nodal disease with reduc-
tion in thyroglobulins. Serum protein electro-
phoresis revealed myeloma.

 2. It is important that the reporter hints towards 
other causes of lytic lesions other than thyroid 
cancer if discordant findings are found.

Fig. 26.9 18F-FDG PET/CT before starting on sorafenib
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Fig. 26.10 18F-FDG PET/CT 6 months after starting on sorafenib

26 18F-FDG PET/CT in Treatment Response Evaluation in Thyroid Cancer



448

26.7  Case 6: Interesting Finding 
in a Patient with Anaplastic 
Carcinoma

Clinical Findings A 60  years old gentleman 
underwent total thyroidectomy and was diagnosed 
with pT4N0M0 (anaplastic thyroid carcinoma) 
followed by chemoradiotherapy. First surveil-
lance scan showed no evidence of metastatic dis-
ease. Few months later he complained of 
gradually worsening upper back pain. Clinical 
suspicion was of metastatic disease.

Images

Scan Findings
Figure 26.11: There is intense uptake at C5/C6 
vertebra (black and white arrows).

Figure 26.12: After a course of antibiotics the 
previously noted FDG uptake in C5/C6 vertebrae 
resolved. Linear FDG uptake posteriorly in the 

pharynx localises to the posterior cricoarytenoid 
and inferior pharyngeal constrictor muscles 
which is likely physiological.

Interpretation The focal FDG uptake in C5/C6 
was secondary to infection rather than skeletal 
metastases.

Teaching Points
 1. Anaplastic cancers are rare with very high mor-

tality. FDG PET is used for staging and for fol-
low-up following surgery or chemo-radiotherapy

Although the clinical suspicion was that of 
metastatic disease, however PET scan appear-
ances were of C5/C6 spondylodiscitis. Not 
every focal uptake on FDG PET scan is due to 
metastatic disease. It is important that pattern 
recognition of FDG uptake along with under-
lying structural abnormalities is appreciated 
and correlated with history and biochemical 
investigations.

Fig. 26.11 FDG PET 
for assessment of  
neck pain
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Fig. 26.12 FDG PET following treatment
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27.1  Introduction

Neuroendocrine tumors (NET) are relatively 
rare disorders that more often present as well- 
differentiated tumors with a relative good prog-
nosis. However, their prevalence is increasing, 
mostly as a consequence of more accurate diag-
nosis, more efficient treatment options, and 
wider clinical awareness. The well-differenti-
ated tumors (Grade 1, 2 according to the 2010 
World Health Organization classification) are 
generally accurately studied with 68Ga-SA 
(somatostatin analogs agonists) PET/CT (with 
either 68Ga-DOTANOC, 68Ga-DOTATOC, 
68Ga-DOTATATE) that can demonstrate the 
presence of somatostatin receptors on tumor 
cells. However, undifferentiated clones (that can 
only be visualized on 18F-FDG PET/CT) can 
become evident during the course of the disease, 
even when not present at first diagnosis. 
Therefore, an integrated multidisciplinary 

approach is highly needed to plan an accurate 
diagnostic work-up (both at staging and for the 
assessment of treatment response) that also takes 
into account the relative long progression-free 
survival in most cases. According to recent 
EANM/ENETS guidelines, treatment response 
should be assessed with morphologic RECIST 
criteria; however, it is well known that they pres-
ent several limitations in NET assessment (mostly 
concerning the relatively small variations in size 
of generally slow growing disorders and the dif-
ficult assessment of the cystic component). 
Moreover, PET/CT can often detect functional 
changes indicative of active disease before mor-
phological changes become apparent on 
CT.  Combined functional and morphological 
imaging may in many cases better reflect the true 
behavior of the tumor following treatment. The 
following cases were selected to highlight issues 
on both image interpretation and choice of the 
radiopharmaceutical after therapy.
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27.2  Clinical Examples

27.2.1  Case 1: 68Ga-DOTANOC PET/
CT Biodistribution (Image 27.1)

Clinical Details 68Ga-DOTANOC PET/CT 
performed in a patient with suspected NET based 
on biochemical detection of chromogranin A 
increase.

Interpretation of Image 27.1 68Ga-DOTANOC 
PET/CT MIP image is negative for neuroendo-
crine lesions.

Teaching Points—Case 1 (Image 27.1)
• Normal tracer biodistribution includes high 

uptake at spleen, adrenal glands, pituitary, 
kidneys, and bladder level.

• When present, accessory spleens may also 
show increased uptake (the uptake is generally 
high; however, its intensity also depends on 
accessory spleens’ size).

• The thyroid, the liver, the pancreatic head/
uncinate process (variable), and bowel may 
also show increased uptake.

• The pattern of uptake at pancreatic head/unci-
nate process level may be diffuse (more fre-
quent) or focal. Careful exclusion of 
corresponding lesions at morphological diag-
nostic imaging is crucial to confirm the non- 
pathologic nature of such finding.

• Increased chromogranin is very non-specific 
and cannot be considered always indicative of 
the presence of a neuroendocrine tumor.

Image 27.1 68Ga-DOTANOC PET/CT MIP image 
shows no areas of pathological increased uptake
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27.2.2  Case 2: Restaging After 
Radical Surgery (Images 27.2 
and 27.3)

Clinical Details Staging (Image 27.2) and 
restaging (Image 27.3) after radical surgery 
(splenectomy and left pancreasectomy) and ini-
tiation of somatostatin analog therapy of a patient 
with pancreatic NET G1.

Interpretation of Image 27.2 PET/CT images 
show intense uptake at the primary pancreatic 
neoplastic lesion, confirming high somatostatin 

receptors expression, and therefore a well dif-
ferentiated NET (high radiopharmaceutical 
uptake is an indirect measure of better progno-
sis). Diffuse pancreatic head/uncinate process 
uptake is to be ascribed to physiologic radio-
pharmaceutical biodistribution, in the absence 
of corresponding morphological abnormalities 
at diagnostic CT.

Interpretation of Image 27.3 PET/CT is nega-
tive for NET. The subdiaphragmatic nodule is to 
be referred to an accessory spleen close to the 
diaphragm.

a b 

c 

d 

Image 27.2 68Ga-DOTANOC images (a: MIP; b: non-
diagnostic CT; c: PET; d: fused) show intense 
(SUVmax  =  19.1) focal pancreatic uptake (d, white 
arrow). Dashed black arrows show, respectively, faint and 

diffuse physiologic pancreatic head/uncinate process 
uptake and delayed radioactive urine transit in the left 
ureter
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Teaching Points—Case 2 (Images 27.2  
and 27.3)
• Accessory spleens are relatively frequent and 

may represent a potential pitfall in image 
reading, especially in patients studied for 
restaging after splenectomy.

• The spleen is the organ presenting the highest 
68Ga-SA uptake, due to the high prevalence 
of lymphocytes (that also express somatosta-
tin receptors).

• Accessory spleens, if present, may also show 
variable to high 68Ga-SA uptake and should not 
be erroneously interpreted as disease relapse. 
Interpretation is easier in cases presenting with 
accessory spleens in the splenic lodge, while the 
presence of avid nodules close/adherent to the 
diaphragm is much more challenging.

• Accessory spleen do not show significant 18F- 
FDG uptake (e, f) and are easily visualized on 
99Tcm-colloid scintigraphy.

a 
b 

d 

c 

e

f

Image 27.3 Restaging of the same patient after surgery 
and ongoing somatostatin analog therapy. 
68Ga-DOTANOC PET/CT images (a: MIP; b: nondiag-
nostic CT; c: PET; d: fused) demonstrate faint uptake at a 
subdiaphragmatic nodule (arrow, a–d; SUVmax  =  6.7), 

negative on corresponding 18F-FDG images (e: MIP, red 
pointer; f: fused; no uptake is evident on the accessory 
spleen). Dashed black arrow (a) shows normal biodistri-
bution to the hypophysis
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27.2.3  Case 3: Restaging After 
Surgery (Image 27.4)

Clinical Details Staging and restaging after sur-
gery of a pancreatic NET G2.

Interpretation of Image 27.4 there are no areas 
of pathologic radiopharmaceutical uptake that 
are suspicious for NET relapse or for the pres-
ence of a residual tumor. The focal area of uptake 
on the surgical margins, associated with the pres-
ence of a fluid collection on CT corresponding 
images, supports the infectious nature (abscess).

Teaching Points—Case 3 (Image 27.4)
• Accurate interpretation of 68Ga-SA PET/CT 

after surgery requires exclusion of all condi-
tions that could be ascribed to surgery-related 
inflammation/infection.

• In fact, due to the expression of somatostatin 
receptors on lymphocytes, inflammatory and 
infectious findings can be misinterpreted as 
sites of disease.

• It is mandatory to always evaluate nondiag-
nostic CT images for accurate PET/CT 
interpretation.

a d b 

c 

e 

f 

Image 27.4 Presurgical 68Ga-DOTANOC PET/CT 
images (a: MIP; b: nondiagnostic CT; c: fused) show 
intense (SUVmax  =  42) focal pancreatic uptake at the 
known NET G2 lesion (c: white arrow). After spleno- 
pancreasectomy (d: MIP; e: nondiagnostic CT; f: fused), a 

focal area of intense uptake (SUVmax = 38) is evident at 
the surgical margins. The corresponding nondiagnostic 
CT images show a hypodense area suspicious for infec-
tion (abscess)
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27.2.4  Case 4: Restaging 
on Somatostatin Analog 
Therapy (Images 27.5 and 27.6)

Clinical Details A patient with a previously sur-
gically removed ileum NET G2 was studied after 
surgery (Image 27.5; Panels a–d) and for sus-
pected relapse while undergoing somatostatin 
analog therapy (Image 27.5; Panels e–k). For the 
detection of a core cold lesion on 68Ga-DOTANOC 
PET/CT (Image 27.5), the patient was further 
studied with 18F-FDG (Image 27.6).

Interpretation Image 27.5 68Ga-DOTANOC 
PET/CT (a–d) shows a small, though focal, area 
of increased and pathologic uptake at liver level 
(SUVmax = 6; c, d: arrow), to be referred to dis-
ease relapse.

Subsequent restaging PET/CT (e–l), while on 
somatostatin analog therapy, shows an increase 
in the number of liver lesions, compatible with 
disease progression. In particular, the already 
documented lesion at the sixth segment shows 
increased uptake (i, l: SUVmax  =  13 vs. c, d: 
SUVmax = 6). Among new lesions, the biggest 
one (e, g; white arrow) shows intense tracer avid-
ity at the periphery (SUVmax = 15.7) and a cold 
core (doughnut-shaped).

Clinical Management After PET/CT Patho-
logical assessment of the biggest doughnut-

shaped lesion showed a lower ki67 score at the 
periphery than at core level (5% vs. 25%), consis-
tent with the co-existence of two distinct cell 
clones. Therefore, further imaging was pre-
scribed in order to rule out the presence of addi-
tional sites of undifferentiated disease.

Interpretation of Image 27.6 disease progres-
sion with appearance of an FDG avid single 
lesion.

Teaching Points—Case 4 (Images 27.5  
and 27.6)
• Undifferentiated clones can become evident 

during the course of the disease (even in cases 
originally presenting as well-differentiated 
tumors).

• Management of NET patients requires multi-
disciplinary discussion in order to establish 
the most accurate follow-up strategy (also tak-
ing into account the expected longer 
progression- free survival of well- differentiated 
NET) that may also involve the performance 
of 18F-FDG additional imaging.

• Since 68Ga-SA PET/CT can only detect 
somatostatin receptors expressing lesions, in 
the presence of 68Ga-SA cold areas without 
CT evidence of corresponding necrosis, an 
18F-FDG PET/CT scan should be performed 
for appropriate disease restaging.

a b 

c 

d 

e f 

g

h k

i

j

Image 27.5 68Ga-DOTANOC PET/CT was performed 
after surgery (a: MIP; b: nondiagnostic CT; c: fused; d: 
PET) and for suspected relapse while on-going somatosta-

tin analog therapy (e: MIP; f, i: non-diagnostic CT; g, j: 
fused; h, k: PET)
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a b

c

d

Image 27.6 18F-FDG PET/CT (a: MIP; b: nondiagnos-
tic CT; c: fused; d: PET) showed the presence of only one 
lesion presenting pathological uptake. The FDG avid 

focus corresponds to the 68Ga-DOTANOC cold core of 
the previously described doughnut-shaped lesion
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27.2.5  Case 5: Restaging After PRRT 
(Peptide Receptor 
Radionuclide Therapy) 
(Images 27.7 and 27.8)

Clinical Details Restaging after PRRT of a 
patient with advanced unknown primary tumor 
NET (ki67% = 5%).

Interpretation Images 27.7 and 27.8 68Ga-
DOTANOC PET/CT performed before and 
after PRRT shows a partial response to therapy. 
Focal and faint uptake in the ureter reflects 
delayed transit of radioactive urine (dashed 
arrow).

Teaching Points—Case 5 (Images 27.7  
and 27.8)
• 68Ga-SA PET/CT is to be performed before 

starting PRRT in order to select patients who 
might benefit from treatment.

• The SUVmax values are an indirect measure 
of somatostatin receptors expression and 
therefore an indirect measure of cells 
differentiation.

• Well-differentiated (Grades 1, 2) tumors are 
ideal candidates to PRRT as a consequence of 
high somatostatin receptors expression.

• If different radiopharmaceuticals (DOTANOC, 
DOTATOC, DOTATATE) were employed 
before and after therapy, the corresponding 
SUVmax values are not directly comparable.

a b c 

e 

f 

h 

d g 

Image 27.7 MIP 68Ga-DOTANOC PET/CT images 
before (a) and after (b) PRRT in a patient with advanced 
CUP NET (ki67% = 5%). Transaxial nondiagnostic CT, 

PET, and fused images before (c–e) and after PRRT (f–h). 
Images show a complete normalization of a para-rectal 
node lesion (Panels c–h; arrows) and of liver lesions
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a b c 

e d f 

Image 27.8 Transaxial fused images before (a–c) and 
after PRRT (d–f). Images show a complete normalization 
of liver lesions (Panels a and d) while bone lesions are 

still evident in the post-PRRT images, although showing a 
lower uptake (Panels a–f)
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27.2.6  Case 6: Ileum NET Restaging 
on Somatostatin Analog 
Therapy (Image 27.9)

Clinical Details A patient previously surgically 
treated for an ileum NET G2 (ki67% = 6%) was 
studied for restaging while on somatostatin ana-
log therapy.

Interpretation of Image 27.9 68Ga-DOTANOC 
PET/CT shows the presence of a focal and patho-
logic area of increased tracer uptake at liver level 

(c: arrow; SUVmax = 7), to be referred to disease 
progression. Corresponding diagnostic CT 
images are negative.

Teaching Points—Case 6 (Image 27.9)
• SA PET/CT is very accurate to assess disease 

progression and can detect the presence of 
functional changes when morphological 
abnormalities are not apparent yet.

• Combined functional and morphological imag-
ing may in many cases better reflect the true 
behavior of the tumor following treatment.

b

c

d

a

Image 27.9 MIP and transaxial PET images (a: MIP; b: nondiagnostic CT; c: fused) and diagnostic CT (d)
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27.2.7  Case 7: Nodal Relapse 
of a Well-Differentiated Ileum 
NET (Image 27.10) and Further 
Disease Progression 
on Somatostatin Analog 
Therapy (Image 27.11)

Clinical Details—Image 27.10 Restaging of an 
ileum NET G2 (ki67% = 7%) 2 years after surgi-
cal removal of the primary lesion.

Interpretation of Image 27.10 68Ga-DOT-
ANOC PET/CT shows the presence of multiple, 
focal and pathologic areas of increased tracer 
uptake at abdominal nodal level (SUVmax = 15; 
Panels b–d) to be referred to disease progres-
sion. Intense radiopharmaceutical uptake indi-
cates well-differentiated tumor lesions. Focal 
and faint uptake in the right ureter reflects 
delayed transit of radioactive urine in the ureter 
(dotted arrow).

Clinical Details—Image 27.11 Restaging of 
the same patient while on somatostatin analog 
therapy.

Interpretation of Image 27.11 68Ga-DOT-
ANOC PET/CT shows disease progression at 
nodal and lung level. Focal and faint uptake 
in the ureter bilaterally reflects delayed tran-
sit of radioactive urine in the ureters (dotted 
arrow).

Teaching Points—Case 7 (Images 27.10  
and 27.11)
• 68Ga-SA PET/CT is accurate to detect soma-

tostatin receptor expressing lesions also at dis-
ease progression.

• 68Ga-SA PET/CT is fundamental to select the 
patients who might benefit from PRRT.

• Lesions showing high 68Ga-SA uptake 
reflect a high somatostatin receptors expres-
sion and therefore are the ideal candidates for 
PRRT (well-differentiated lesions, Grades 1 
and 2).

• Current guidelines recommend PRRT at dis-
ease progression; however, the recently pub-
lished results of the Netter-1 trial will probably 
lead to further evaluation of the role of PRRT 
at different disease stages.
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a b 

c 

d 

Image 27.10 MIP (a) and transaxial PET images (b: nondiagnostic CT; c: fused images; d: PET) show nodal abdomi-
nal relapse
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a b 

c 

d 

Image 27.11 MIP (a) and transaxial PET images (b: nondiagnostic CT; c: fused images; d: PET) show an increase in 
number of abdominal nodal lesions and occurrence of new multiple lesions at lung level (a; black arrows)
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27.3  Case 8: Pancreatic NET G1 
Studied Before and After 
PRRT (Partial Response) 
(Image 27.12)

Clinical Details Patient with pancreatic NET 
G1 (ki67% = 2%) studied before and after PRRT.

Interpretation of Image 27.12 68Ga-SA 
PET/CT shows the reduction of the number of 
somatostatin expressing lesions after 
PRRT.  Post- therapy images show only one 
single lesion at liver level (white arrow) still 
presenting significant uptake, although 
reduced as compared to pre-therapy images 
(SUVmax post-therapy  =  12 vs. SUVmax 

before therapy = 20). Post-therapy images also 
show reduced uptake at abdominal nodal level. 
Partial response to PRRT.

Teaching Points—Case 8 (Image 27.12)
• Although 68Ga-SA PET/CT can be employed 

to assess changes in radiotracer avidity after 
PRRT, the internationally standardized 
method to assess response to therapy is diag-
nostic CT (by means of the RECIST criteria), 
although with well-known limitations.

• The definition of more accurate criteria to 
assess response is mandatory.

• Combined functional and morphological imag-
ing may in many cases better reflect the true 
behavior of the tumor following treatment.

a b c 

d 

e 

f 

g 

h 

Image 27.12 MIP and transaxial PET images (a, b: MIP; c, d: fused; e, f: nondiagnostic CT; g, h: PET) acquired 
before and after PRRT respectively
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27.3.1  Case 9: Pancreatic NET G2 
Studied Before and After 
PRRT (Complete Response) 
(Image 27.13)

Clinical Details Patient with pancreatic (body/
tail) NET G2 (ki67%  =  4.5%) treated with 
spleno-pancreasectomy (subtotal) and soma-
tostatin analog therapy. At occurrence of liver 
progression, the patient was addressed to PRRT.

Interpretation of Image 27.13 Pre-therapy 
images (a–d) show multiple liver lesions with 
intense uptake. Post-therapy images show com-
plete response to PRRT. Dashed arrows show the 
different pattern of uptake at the pancreatic head/

uncinated process level (it can change pattern in 
the same patient over time). Notice that in both 
set of images the left kidney and the left adrenal 
are absent due to previous surgical removal for 
tumor invasion.

Teaching Points—Case 9 (Image 27.13)
• PRRT can achieve complete response in 

approximately 30% of cases.
• Such estimates are expected to increase when 

PRRT will be performed earlier in the natural 
history of the disease (current guidelines indi-
cate PRRT at disease progression or failure of 
other treatment options).

• PRRT is associated with a low incidence of 
severe adverse events.

a e b f 

d 

c 

h 

g 

Image 27.13 MIP and nondiagnostic CT, fused and PET transaxial images acquired before (a–d) and after (e–h) 
PRRT respectively
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27.4  Case 10: Restaging After 
Everolimus Therapy  
(Image 27.14)

Clinical Details A patient with ileum primary 
NET G2 was surgically radically treated 5 years 
before. The first relapse occurred at liver level 
(not shown) and was followed by liver transplan-
tation. After the detection of the second relapse 
(at nodal, lung, and pancreatic level), Everolimus 
treatment was initiated.

Interpretation of Image 27.14 Post-therapy 
images show stable disease at pancreatic (b, d), 
nodal, and lung level.

Teaching Points—Case 10 (Image 27.14)
• 68Ga-SA PET/CT can be employed to assess 

response to treatment options other than 
PRRT.

• The optimal management of the diagnostic 
work up of a NEN patient requires multidisci-
plinary discussion in order to evaluate the 
need of PET re-assessment and the clinical 
utility (and how frequently) to perform addi-
tional imaging (e.g., 18F-FDG).

b

a

d

c

Image 27.14 MIP and transaxial fused 68Ga-DOTANOC PET/CT images acquired before (a, b) and while on (c, d) 
Everolimus treatment respectively
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18F-FDOPA PET/CT for Treatment 
Response Assessment

Alessio Imperiale and David Taïeb

28.1  Case 1: Assessment 
of Response 
to Chemotherapy 
in a Patient with Metastatic 
Ganglioneuroblastoma

Clinical Details Initial staging of a mass located 
in the left hypochondrium in a 26-year-old woman 
with a lumbar pain and increased plasma meta-
nephrines levels. (1) Abdomen CT showed a 16-cm 
heterogeneous mass without signs of local invasion 
or metastatic spread. (2) 123I-mIBG scintigra phy 
and 18F-FDG PET/CT showed an intense tumor 
uptake. (3) 18F-FDOPA PET/CT revealed addi-
tional lesions corresponding to small abdominal 
lymph nodes and bone metastases. (4) The patient 
underwent complete macroscopic resection of the 
primary tumor. Pathological examination revealed 
a ganglioneuroblastoma of adrenal origin. Systemic 
post- operative chemotherapy was initiated.

Scan Findings Baseline 18F-FDOPA PET/CT 
(Image 28.1a, b): large left adrenal mass (Image 
28.1a, *) characterized by a marked 18F-FDOPA 
avidity. Additional areas of abnormal radio-
tracer uptake corresponding to retroperitoneal 
lymph nodes and bone metastases sometimes 
with an osteolytic appearance (arrows). Interim 
PET/CT (Image 28.1c, d) at the end of first-line 
chemotherapy (Carboplatin, Etoposide, and 
Vincristine): metabolic progression of existing 
bone metastases, apparition of new bony lesions 
(black and white arrows), and one isolated 
retro- diaphragmatic hypermetabolic lymphade-
nopathy (red arrows). No additional areas of 
abnormal 18F-FDOPA uptake were found in the 
remaining parts of the body.

Interim PET/CT (Image 28.1e, f) during second- 
line chemotherapy (Irinotecan and Temodal): per-
sistent abnormal 18F-FDOPA uptake in bone 
metastases (white arrows) suggesting partial meta-
bolic response. Interim PET/CT (Image 28.1g, h) 
during third-line chemotherapy (Etoposide): global 
metabolic regression of existing bone metastases 
that are only weakly visible on PET scan. Absence 
of nodal or visceral 18F-FDOPA uptake in the 
remaining examined body regions.

Interpretation PET scan shows a large mass 
located in the left hypochondrium with a highly 
elevated 18F-FDOPA uptake and multiple metas-
tases. In this case, 18F-FDOPA PET was more 
sensitive than 123I-mIBG scintigraphy for detect-
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ing metastatic spread and allows us to assess the 
efficacy of various systemic treatments. This is 
important for patients with aggressive tumors 
where the diagnosis of refractory disease needs 
to be readily recognized.

Teaching Points
• Neuroblastoma is almost exclusively a pediat-

ric neoplasm: the median age at onset is 
2  years, and more than 95% of patients are 
less than 10 years old at diagnosis [1].

• In similar clinical cases, pheochromocytoma/
paraganglioma must be considered as the 
main differential diagnosis, particularly in 
adolescent and young adult patients [2, 3].

• Accurate evaluation of disease extension and 
tumor characterization before starting treat-

ment allow to assess responses during thera-
pies particularly with early identification of 
non-responders.

• 18F-FDOPA PET has high sensitivity and spec-
ificity for staging and restaging  neuroblastoma 
and therefore might be used in complementary 
to 123I-mIBG scintigraphy.

• 18F-FDOPA PET might serve as a useful imag-
ing tool for the functional assessment of 
response to treatments of neuroblastoma 
patients [4, 5].
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Image 28.1 (a–h) Treatment response evaluation of a metastatic ganglioneuroblastoma treated by chemotherapy

A. Imperiale and D. Taïeb



473

28.2  Case 2: Assessment 
of Antitumor Effect 
of Somatostatin Analogs 
in a Patient with Carcinoid 
Syndrome

Clinical Details A 79-year-old man with carci-
noid syndrome related to metastatic grade-2 (ki67: 
3%) neuroendocrine tumor (NET) of unknown 
origin. (1) Abdomen CT showed 18-mm, retrac-
tile, hypervascularized mesenteric adenopathy and 
multiple bilobar liver metastases. Primary tumor 
remained unknown. (2) On 18F-FDOPA PET/CT, 
lymph nodes and liver metastases exhibit a marked 
avidity. 18F-FDOPA PET/CT also detected the pri-
mary ileal tumor. (3) A medical option with soma-
tostatin analogs (SSAs) was chosen as first-line 
therapy.

Scan Findings Baseline PET/CT (Image 28.2a, 
b): highly elevated 18F-FDOPA uptake by liver 
metastases (black and white arrows, SUVmax: 
51), mesenteric retractile adenopathy (Image 
28.2a, *), and ileal primary NET located nearby 
the ileocecal valve (Image 28.2a, red arrow, 
SUVmax: 25). No additional areas of abnormal 
18F-FDOPA uptake in the remaining parts of the 

body examined. Interim PET/CT during long- 
acting SSAs (Image 28.2c, d): overall reduction 
of 18F-FDOPA uptake by liver lesions (black and 
white arrows, SUVmax: 18), mesenteric node 
(*), and primary tumor (red arrow, SUVmax: 25). 
The larger liver metastases also showed a necrotic 
appearance which corresponded to the central 
photopenic area (Image 28.2d, upper image).

Interpretation Beyond its ability to detect 
occult primaries, 18F-FDOPA PET/CT can evalu-
ate the antitumor and antisecretory effects of 
SSAs. This is due to the high expression of 
AADC in serotonin-secreting tumors which is at 
the crossroads between the serotonin and cate-
cholamine secretory pathways. AADC catalyzes 
the conversion of 18F-FDOPA to 18F-Fdopamine 
which precludes its internalization into neurose-
cretory vesicles. 18F-FDOPA PET/CT provides 
the opportunity to assess the reduction in tumor 
metabolism at a whole-body scale and therefore 
could complement biochemical analyses.

Teaching Points
• 18F-FDOPA PET appears to be a sensitive 

functional imaging tool for the detection of 
primary NETs, especially tumors with a well- 

a cb d

Image 28.2 (a–d) Treatment response evaluation of a metastatic NET treated by somatostatin analogs
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differentiated pattern and serotonin secretion. 
18F-FDOPA PET sensitivity is therefore high-
est in ileal NETs [6].

• 18F-FDOPA PET sensitivity is influenced by 
the tumor’s capacity to take up, decarboxylate, 
and store amine precursors [7].

• Quantitative assessment of the uptake can be 
used as a biomarker of efficacy of SSAs.

• In NET patients diagnosed at an advanced 
stage, SSAs remain the mainstay symptomatic 

treatment. In addition, several data support an 
antiproliferative effect of SSAs in patients with 
well-to-moderately differentiated NETs [8, 9].
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28.3  Case 3: 18F-FDOPA PET/
CT-Guided Radiofrequency 
Ablation of Liver Metastases

Clinical Details 18F-FDOPA PET/CT-guided ra-
diofrequency (RF) ablation procedure of a single 
hepatic metastasis in a patient with a previous his-
tory of Grade 1 ileal metastatic (liver, nodes) neu-
roendocrine tumor (NET) and progressive rise of 
serum biomarkers. No major abnormalities were 
shown at conventional imaging investigations.

Scan Findings Baseline PET/CT: focal and 
intense 18F-FDOPA uptake in the hepatic Segment 
VIII (Image 28.3a, d) corresponding to an occult 
liver metastasis. During RF procedure (Image 
28.3b, e): RF probe accurately positioned within 
the metastasis. The total duration of RF ablation 
was 30 min. No early or late complications were 
reported. Post-treatment PET/CT (Image 28.3c, 
f): focal photopenic area corresponding to ablated 
hepatic metastasis (18F-FDOPA PET/CT was per-
formed 30  min after the end of RF ablation). 
Three months after RF procedure, MRI revealed 
a parenchymal scar.

Interpretation 18F-FDOPA PET/CT scan 
revealed a single liver metastasis occult for MRI 
in a patient with ileal NET, allowing accurate tar-
get definition, which is crucial for optimal strat-
egy planification. Efficacy of RF ablation was 
assessed on 18F-FDOPA PET/CT.

Teaching Points
• 18F-FDOPA PET/CT-guided biopsy may be 

useful to confirm the neuroendocrine nature of 
an abnormal foci when conventional imaging 
is negative [10, 11].

• 18F-FDOPA PET/CT can also be used as a 
guide for RF ablation of metastases [12].

• 18F-FDOPA can be recommended as a one- 
step procedure for guiding biopsy and ther-
moablation and assessing efficacy [13].

Acknowledgements PET/CT-guided radiofre-
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ration with Pr. A. Gangi and his team, from the 
Interventional Radiology Unit of the University 
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Image 28.3 (a–f) Treatment response evaluation of a metastatic neuroendocrine tumor treated by radiofrequency ablation
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28.4  Case 4: Assessment 
of Response to Dopamine 
Agonists Treatment 
in a Patient with a  
MEN1- Related Prolactinoma

Clinical Details An asymptomatic 35-year-old 
woman with type-1 Multiple Endocrine Neoplasia 
(MEN1) underwent 18F-FDOPA PET/CT for 
screening of pancreatic NET detected by MRI. A 
carbidopa-assisted 18F-FDOPA PET/CT protocol 
was used and showed a single pancreatic tumor and 
a focal pituitary uptake. Endocrinological work-up 
found an increased serum prolactin (1920 mUI/L; 
normal upper range value: 496 mUI/L). All other 
causes of hyperprolactinemia were excluded. MRI 
identified a right pituitary microadenoma 
(10 × 6 mm) leading to the diagnosis of prolacti-
noma. A medical treatment with dopamine ago-
nists (Cabergoline) was initiated.

Scan Findings Baseline 18F-FDOPA PET/CT: 
focal 18F-FDOPA uptake (arrows) located within 
the right side of the sella turcica which was con-
sistent with MRI findings (Image 28.4a: MIP 
image; Image 28.4b: axial attenuation-corrected 
PET image; Image 28.4c: axial PET/CT fusion 
image). Interim PET/CT under dopamine ago-
nists therapy: 6 months following the initiation 
of Cabergoline treatment, a complete regression 
of pituitary 18F-FDOPA pathologic focal uptake 
was noted (dotted arrows; Image 28.4d: MIP 
anterior; Image 28.4e: PET axial; Image 28.4f: 
PET/CT axial). Plasma prolactin levels returned 
to normal values and MRI showed a reduction in 
tumor size (8 × 3 mm) on the adenoma.

Interpretation 18F-FDOPA is decarboxylated 
into 18F-Fdopamine in the dopaminergic tuberoin-
fundibular hypothalamic neurons and 
18F-Fdopamine is released in the hypophyseal por-
tal system where it can bind to D2 dopaminergic 
receptors (D2DR). Therefore, 18F-FDOPA PET/
CT can show D2DR expressing pituitary adeno-
mas and monitor antitumor effect of dopamine 
agonists. In our case, complete regression of pitu-
itary 18F-FDOPA uptake on interim PET/CT was 
consistent with normalization of prolactinemia.

Teaching Points
• Prolactin-secreting pituitary adenomas repre-

sent about two-thirds of the pituitary adeno-
mas in MEN-1 patients [14].

• Dopamine agonists enable to achieve disease 
control in about 90% of cases [15]. However, 
the remaining 10% of cases do not respond to 
dopamine agonists [16], possibly due to a 
decrease in D2DR expression or abnormality 
in the downstream signaling pathway [17].

• In MEN1, a focal pituitary 18F-FDOPA uptake 
can be suggestive of a D2DR-expressing tumor.

• Similar to the use 18F-FDOPA in the evalua-
tion of presynaptic dopaminergic system in 
Parkinson’ disease, 18F-FDOPA can also be 
used to assess the D2DR expression on pitu-
itary adenoma [18].

• 18F-FDOPA PET/CT would merit to be spe-
cifically evaluated for assessing response to 
dopamine agonists.
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Image 28.4 (a–f) Treatment response evaluation of a prolactinoma treated by dopamine agonists
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28.5  Case 5: Assessment 
of Response to Peptide 
Receptor Radionuclide 
Therapy in a SDHB-Related 
Metastatic Jugular 
Paraganglioma

Clinical Details An 80-year-old woman with a 
SDHB-related jugular paraganglioma previously 
treated by subtotal surgery 10-years ago was 
referred for PRRT. She had worsening dysphagia 
and weight loss. 68Ga-DOTATOC showed highly 
elevated uptake values in the primary tumor and 
multiple vertebral metastases that suggest that 
the patient was likely to benefit from PRRT. She 
received four cycles of 177Lu-DOTATATE 
(7.4 GBq/cycle).

Scan Findings Baseline 18F-FDOPA PET/CT 
(Image 28.5a, c, e): Intense tumor 18F-FDOPA 
uptake (Image 28.5a: MIP image; Image 28.5b: 
axial PET/CT fusion image, Image 28.5c: axial 
MRI). 18F-FDOPA PET/CT PET/CT performed 
4 months after the last PRRT cycle: Decrease of 
18F-FDOPA uptake and metabolic tumor burden 
of the primary tumor which was consistent with 
decrease of tumor volume on MRI (see Image 

28.5f vs. Image 28.5e, asterisk). See a slight 
decrease in 18F-FDOPA uptake of a bony metas-
tasis (black arrow).

Interpretation The decrease in 18F-FDOPA 
avidity of PGL lesions can be used as a metabolic 
response to PRRT.

Teaching Points
• Somatostatin-receptor imaging (preferred 

PET with 68Ga-DOTA-SSA) is mandatory for 
selecting candidates to PRRT.

• Molecular imaging can complement anatomi-
cal imaging in the assessment of response to 
PRRT.

• Although 68Ga-DOTA-SSA is currently rec-
ommended for staging and restaging of meta-
static PPGL, regardless of genotype [19], 
18F-FDOPA has a very high sensitivity in met-
astatic HNPGL, probably due to their very 
well-differentiated pattern compared to their 
SDHx-related sympathetic counterparts [20].

• The role of 18F-FDOPA by its virtue of pheno-
typing disease would need to be specifically 
evaluated in the evaluation of response with 
head-to-head comparison with 68Ga-DOTA-
SSA.

28 18F-FDOPA PET/CT for Treatment Response Assessment
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Image 28.5 (a–f) Treatment response evaluation of a paraganglioma treated by Peptide Receptor Radionuclide Therapy
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29.1  Introduction

In this era of personalized medicine and with the 
introduction of the concept of precision oncol-
ogy, molecular imaging with PET/CT is being 
increasingly implemented in neuro-oncology, as 
it provides additional biologic information of the 
tumor. Conventional imaging techniques such as 
CT and MRI reveal morphologic information but 
are of limited value for assessment of biology 
and activity of the tumor. PET can provide addi-
tional information on tumor grade, optimal 
biopsy locations, the degree of intracerebral infil-
tration, and recurrence. Different molecular pro-
cesses can be mapped with PET/CT and have 
been proposed to be useful, like glucose con-
sumption, expression of amino acid transporters, 
proliferation rate, membrane biosynthesis, and 
hypoxia. Applications of MR spectroscopy for 
molecular evaluation are wide ranging, but its 
utility is limited in comparison to sensitivity of 
PET. PET can detect biological molecules in the 
picomolar range whereas MR sensitivity is only 
in the millimolar range [1].

29.2  Limitations of FDG PET/CT

FDG PET/CT was proposed to be useful for 
imaging gliomas because of an increased glucose 
metabolism in high-grade glioma as well as a 
positive correlation between the glycolysis rate 
and malignancy [2, 3]. However, the diagnostic 
accuracy of FDG PET/CT is hampered by the 
high physiologic glucose metabolism in normal 
brain parenchyma which significantly limits its 
sensitivity for detection as well as its specificity 
for delineation of adjacent glial tissue. This is of 
particular importance in low-grade gliomas, 
which anyways show only modest uptake (owing 
to very low metabolism), similar to that of white 
matter and decreased uptake when compared 
with gray matter [4, 5]. Finally FDG is known to 
accumulate in macrophages and inflammatory 
tissue, making a distinction between glioma and 
acute or chronic inflammatory process often 
difficult.

29.2.1  Amino Acid Tracers

Radiolabeled amino acids were first introduced 
in 1982 as suitable PET tracers in brain tumors 
[6]. The use of amino acids is based upon the 
principle of increased amino acid utilization, 
which is known to play a key role in cell prolif-
eration, as well as extracellular matrix growth 
production in glioma [7]. A variety of  radiolabeled 
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amino acids, like [11C]methionine ([11C]MET), 
and aromatic amino acid analogs, like [18F] 
fluorotyrosine ([18F]TYR), [18F]fluoro- ethyl- 
tyrosine ([18F]FET), [18F]fluoro- methyltyrosine 
([18F]FMT), and [18F]fluorodopa ([18F]DOPA), 
have been used. FET and MET have been the 
most widely used amino acid tracers of all, for 
imaging brain tumors. Amino acid tracers can be 
used for detection, tumor grading, targeting 
biopsy, and evaluation of response. Specific 
advantage of these tracers over FDG is that high-
contrast images can be acquired due to high 
amino acid uptake in both low- and high-grade 
gliomas and low uptake in normal brain tissue.

29.2.2  FLT and FET PET/CT Imaging

Fluorothymidine (FLT) is a nucleoside thymi-
dine analog. Thymidine is rapidly transported 
into the cells by means of a nucleoside trans-
porter and is phosphorylated by the enzyme thy-
midine kinase (TK)-1 to thymidine nucleotides, 
which are among the molecular building blocks 
of DNA [8]. TK-1 is highly expressed during 
DNA synthesis of proliferating cells and leads to 
intracellular trapping of the radiotracer. Thus 
retention of [18F]FLT within the cell provides a 
measure of cellular proliferation. The use of FLT 
is beneficial because it accumulates at lower lev-
els in most of the brain regions due to a lack of 
significant neuronal cell division. In gliomas, 
elevated FLT uptake was associated with 
increased expression of antigen Ki-67, an index 
of mitotic activity [9].

[11C]MET and [18F]FET have been the most 
widely used amino acid tracers in gliomas. 
Fluoroethyl tyrosine is a tyrosine amino acid 
analog. FET has shown an increased sensitivity 
compared to FLT in case of low-grade gliomas 
and tumors failing to exhibit MR enhancement. 
This is because FLT cannot cross the intact 
blood brain barrier (BBB) and hence does not 
accumulate to a significant extent in low-grade 

gliomas, which usually show less aggressive 
and infiltrative behavior. FET however can 
accumulate in both low- and high-grade gliomas 
since it is freely mobile across the BBB and its 
uptake is not dependent on breach of BBB by 
the tumor [10, 11]. Another advantage of FET 
over FLT is that it can be used for tumor grading 
[12]. Recently published data using dynamic 
analysis of [18F]FET uptake allows a differen-
tiation between low- and high-grade gliomas 
with high diagnostic power because of different 
FET kinetic uptake behavior.

29.2.3  Diagnosis and Grading

Management and prognosis of gliomas highly 
depend on histological grading. The value of con-
ventional MRI is limited in differentiation of 
low-grade gliomas versus benign nonneoplastic 
lesions as well as in detection of high-grade glio-
mas without any obvious MR morphologic signs 
of malignancy.

FDG was the first PET tracer used; however 
the sensitivity of FDG PET/CT was found to be 
limited in primary diagnosis of glioma, because 
only 3–6% of patients with low-grade gliomas 
and 21–47% of patients with high-grade gliomas 
presented with increased tracer uptake. In the 
past few years amino acid PET tracers have 
gained importance since they overcome the limi-
tations of FDG by showing much higher tumor to 
background contrast. Amino acid tracers have 
shown high sensitivity in differentiation between 
nonneoplastic lesions and low-grade gliomas (up 
to 79% positive predictive value). Increased 
amino acid uptake can be found in 72–76% of 
low-grade and 95–100% of high-grade gliomas 
for both [11C]MET and [18F]FET PET/CT [13, 
14]. A recently developed dynamic analysis of 
FET uptake enables the differentiation between 
low- and high-grade gliomas with high diagnos-
tic power (sensitivity, 94%; specificity, 100%) 
[15]. Dynamic FET PET/CT typically shows 
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steadily increasing time-activity curves in WHO 
Grade II gliomas, as opposed to an early activity 
peak around 10–20 min after injection, followed 
by a decrease of FET uptake in WHO Grades III/
IV gliomas. This is particularly valuable in the 
clinical setting of patients with MRI non- contrast- 
enhancing gliomas suspected of harboring a 
WHO Grade II glioma.

FET PET has also been demonstrated to reli-
ably detect anaplastic foci and to be able to dif-
ferentiate between Grades II and III histopathology 
within one and the same tumor (sensitivity 92%; 
specificity 82%) when the dynamic analysis was 
applied; this is of particular importance when 
planning a biopsy [16].

Multiple histopathological and postmortem 
series demonstrate the limitations of conven-
tional MRI in defining the extent of glioma [17]. 
In WHO Grade III/IV gliomas FET PET-based 
tumor volumes have been shown to extend 
beyond the contrast-enhancing volume on con-
ventional MRI by 2–3.5 cm for different tracers. 
In addition, amino acid PET identifies tumor 
extent within nonspecific regions of T2/FLAIR 
signal abnormality [18, 19]. Most WHO Grade II 
gliomas are non-enhancing with infiltrating 
tumor borders that are difficult to delineate by 
conventional MRI. Several studies have demon-
strated the usefulness of amino acid PET in 
defining tumor extent. Delineation of tumor bor-
ders by amino acid PET is superior to standard 
MRI in both contrast-enhancing and non-
contrast- enhancing Grade II gliomas [20].

29.3  Response Assessment

29.3.1  Radiation Necrosis vs. 
Recurrence

Assessment of treatment response in gliomas is 
very challenging. Post-treatment MRIs often 
show contrast-enhancing lesions that can be 
associated either with tumor relapse or with 

treatment- induced changes. Treatment-induced 
changes can be classified either as “pseudopro-
gression” (reversible, early radiographic changes) 
or “radiation necrosis” (subacute radiographic 
changes, irreversible). In contrast to genuine 
tumor recurrence, these treatment-induced 
changes are asymptomatic (especially in case of 
pseudoprogression), fail to progress, and are 
associated with prolonged survival. The accu-
racy of MRI-based predictions of patients dis-
ease status remains limited. PET/CT as a 
supplementary imaging modality has been sug-
gested as a valuable tool for therapy monitor-
ing. FDG was the first tracer used but it proved 
quite inconsistent and showed limited accuracy 
for the differentiation of recurrence from treat-
ment-induced changes, with sensitivities 
between 40% and 90% and specificities 
between 40% and 80%, respectively, which 
could lead to an inappropriate treatment in up 
to one-third of patients.

Amino acid tracers have been proven to be 
more appropriate. FET PET/CT offers high diag-
nostic power (sensitivity, 82%; specificity, 100%, 
positive predictive value, 84%) in this scenario. 
FET PET with additional dynamic data analysis 
(sensitivity, 100%; specificity, 93%) was signifi-
cantly superior to conventional MRI (sensitivity, 
94%; specificity, 50%) in discriminating tumor 
recurrence from post-therapeutic changes [15, 
21]. Slightly increasing and homogeneous FET 
uptake around the tumor cavity points toward 
benign therapy-related changes, whereas focally 
increased FET uptake was shown to be an early 
and reliable indicator of tumor progression. 
Primarily in WHO Grades III/IV gliomas, current 
amino acid PET data suggest that a reduction of 
amino acid uptake and/or a decrease of the meta-
bolically active tumor volume is a sign of treat-
ment response associated with long-term 
outcome [21]. FET may facilitate the diagnosis 
of pseudoprogression in glioblastoma patients 
within the first 12 weeks following completion of 
chemoradiotherapy [21].
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Post-bevacizumab response assessment is 
even more difficult to monitor by conventional 
imaging techniques, since treatment-induced 
reduction of contrast enhancement represents 
only reduced vascular permeability and pro-
vides no significant information on residual or 
recurrent disease [22]. To date none of the cur-
rent radiographic modalities, neither conven-
tional or diffusion-weighted imaging-based 
MRI nor MRS has proven sensitive enough to 
assess post- bevacizumab treatment effects. 
Metabolic imaging has been proposed to be an 
alternative therapy response assessment tool. In 
a study [18F]FLT PET proved to be superior 
compared with contrast- enhanced MRI in pre-
dicting treatment response of malignant gliomas 
to bevacizumab plus chemotherapy, in a small 
group of patients with recurrent malignant glio-
mas (n  =  21) [23]. Furthermore, several other 
studies suggest that treatment response and out-
come in bevacizumab therapy can be assessed 
by amino acid PET using FET and FDOPA bet-
ter than by MRI [21].

29.3.2  Post Anti-angiogenic Therapy

In 2010, the RANO group recommended new 
criteria for response assessment by including 
FLAIR or T2 signal alterations as criteria for 
determining tumor response or progression 
(“non-enhancing tumor progression”) [24]. 
Recent studies indicated that FET and FDOPA 
PET are useful in detecting pseudoresponse. FET 
and FDOPA PET have also been used to predict a 
favorable outcome in responders to bevacizumab 
[25, 26]. Additionally, the cost effectiveness of 
FET PET for therapy monitoring of antiangio-
genic therapy has been analyzed. The data sug-
gest that the additional use of FET PET in the 
management of these patients has the potential to 

avoid overtreatment and corresponding costs, as 
well as unnecessary patient side effects [27].

29.3.3  Response to Immune Check- 
Point Inhibitors

The iRANO group noted that to date there is no 
noninvasive method that can confidently identify 
pseudoprogression in these patients. Thus, there 
remains an urgent need for the acquisition of 
additional information potentially derived from 
advanced imaging techniques. Recently a small 
retrospective pilot study addressed this issue and 
showed for the first time the potential of FET 
PET to detect pseudoprogression in patients with 
malignant melanoma brain metastasis treated 
with ipilimumab or nivolumab [28].

29.4  Conclusion

The present literature in neuroimaging using PET 
highlights the ability of amino acid PET to quan-
tify biological responses to treatment and allows 
its application to monitor patients to identify 
early disease relapse and response to treatment. 
The more widespread use of amino acid PET for 
the management of patients with brain tumors 
has been strongly recommended by the RANO 
group [29]. However, therapy-monitoring PET 
data remain limited, necessitating more compre-
hensive (i.e., biopsy-controlled), prospective 
studies in larger clinical cohorts. In particular, 
continued progress is impeded by the lack of ste-
reotactically guided biopsy-controlled studies. 
Lastly, the diagnostic impact of amino acid PET 
needs to be compared with a variety of promising 
advanced MR imaging techniques to develop the 
most accurate and useful multi-modal biomark-
ers possible (Figs. 29.1, 29.2, and 29.3).

A. D. Puranik and Y. Jain



485

a b

c d

Fig. 29.1 A 37-year-old gentleman, case of GBM, WHO 
Grade IV, left temporal location, operated in January 2015, 
received adjuvant radiotherapy and temozolomide (TMZ) 
followed by concurrent TMZ till December 2015. Patient 
was on follow-up till 2017, when in June presented with 
seizures and headache, MRI showed Swiss cheese pattern 
suggestive of post-treatment changes. FET PET (a, b) 

showed increased uptake in the index tumor bed with a 
tumor-white mater (T-Wm) ratio of 3.5 (normal <2.5) sug-
gestive of recurrent disease. Patient was started on chemo-
therapy and was asymptomatic a year later, when follow-up 
FET PET (c, d) showed no tracer uptake in left temporal 
region, suggestive of response to treatment. However, MRI 
showed persistent Swiss cheese pattern
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a b c

Fig. 29.2 A 67-year-old elderly male, case of WHO 
Grade III, anaplastic astrocytoma–pericallosal location in 
midline anteriorly, received radiotherapy followed by 
concurrent and adjuvant TMZ, was asymptomatic for 
1  year, after which, on follow-up MRI (a, arrow), ill- 
defined T1-post-contrast enhancement was seen in ante-
rior genu of corpus callosum (arrow), which was reported 
as post-treatment changes as it showed hypoperfusion. 

However, FET PET showed high T-Wm of 4.3 in the same 
region (b, arrow) and was started on chemotherapy. 
Follow-up MRI (c) was done at native place which was 
shared online, and patient could not travel for FET PET to 
our institution. Post-contrast T1-weighted image shows 
reduction in enhancement at the site of recurrence docu-
mented on FET PET

a b

Fig. 29.3 A 27-year-old young male, case of IDH-wild 
type left frontal GBM, post-radiotherapy and concurrent 
and adjuvant TMZ, and routine follow-up MRI at 
6 months, showed focal enhancing lesion in contralateral 
frontal region, with post-treatment changes in left frontal 
region reported on MRI. FET PET (a, b) showed intense 
tracer uptake in focal lesion in right frontal (T-Wm ration 

2.8) and left frontal ring enhancing lesions (T-Wm of 3.2), 
both suggestive of tumor recurrence. However, patient 
was kept on follow-up and FET PET at 3 months (c, d) 
showed increase in intensity of tracer uptake and T-Wm 
ratios (right frontal—3.6, left frontal—3.9) suggestive of 
disease recurrence. Patient died within 3 months

A. D. Puranik and Y. Jain



487

References

 1. Marmé D, Fusenig N, editors. Tumor angiogenesis: 
basic mechanisms and cancer therapy. New York, NY: 
Springer; 2007. p. 726.

 2. Di Chiro G, DeLaPaz RL, Brooks RA, et al. Glucose 
utilization of cerebral gliomas measured by [18F] flu-
orodeoxyglucose and positron emission tomography. 
Neurology. 1982;32:1323–9.

 3. Alavi JB, Alavi A, Chawluk J, et al. Positron emission 
tomography in patients with glioma. A predictor of 
prognosis. Cancer. 1988;62:1074–8.

 4. Ricci PE, Karis JP, Heiserman JE, Fram EK, Bice 
AN, Drayer BP. Differentiating recurrent tumor from 
radiation necrosis: time for re-evaluation of positron 
emission tomography? AJNR Am J Neuroradiol. 
1998;19:407–13.

 5. Weber W, Bartenstein P, Gross MW, et al. Fluorine- 
18- FDG PET and iodine-123-IMT SPECT in the eval-
uation of brain tumors. J Nucl Med. 1997;38:802–8.

 6. Hubner KF, Purvis JT, Mahaley SM Jr, et  al. Brain 
tumor imaging by positron emission computed 
tomography using 11C-labeled amino acids. J Comput 
Assist Tomogr. 1982;6:544–50.

 7. Isselbacher KJ.  Sugar and amino acid transport by 
cells in culture–differences between normal and 
malignant cells. N Engl J Med. 1972;286:929–33.

 8. Price SJ, Fryer TD, Cleij MC, et al. Imaging regional 
variation of cellular proliferation in gliomas using 
3!-deoxy-3!-[18F]fluorothymidine positron-emission 

tomography: an image-guided biopsy study. Clin 
Radiol. 2009;64:52–63.

 9. Arbizu J, Tejada S, Marti-Climent JM, et  al. 
Quantitative volumetric analysis of gliomas with 
sequential MRI and 11C-methionine PET assessment: 
patterns of integration in therapy planning. Eur J Nucl 
Med Mol Imaging. 2012;39(5):771–81.

 10. Wienhard K, Herholz K, Coenen HH, et al. Increased 
amino acid transport into brain tumors measured 
by PET of L-(2-18F)fluorotyrosine. J Nucl Med. 
1991;32:1338–46.

 11. Heiss P, Mayer S, Herz M, et al. Investigation of trans-
port mechanism and uptake kinetics of O-(2-[18F]
fluoroethyl)-L-tyrosine in  vitro and in  vivo. J Nucl 
Med. 1999;40:1367–73.

 12. Popperl G, Kreth FW, Mehrkens JH, et al. FET PET 
for the evaluation of untreated gliomas: correlation of 
FET uptake and uptake kinetics with tumor grading. 
Eur J Nucl Med Mol Imaging. 2007;34:1933–42.

 13. Ledezma CJ, Chen W, Sai V, et al. 18F-FDOPA PET/
MRI fusion in patients with primary/recurrent glio-
mas: initial experience. Eur J Radiol. 2009;71:242–8.

 14. Kunz M, Thon N, Eigenbrod S, et  al. Hot spots in 
18FET-PET delineate malignant tumor parts within 
suspected WHO grade II glioma. Neuro-Oncology. 
2011;13:307–16.

 15. Watanabe M, Tanaka R, Takeda N.  Magnetic reso-
nance imaging and histopathology of cerebral glio-
mas. Neuroradiology. 1992;34(6):463–9.

 16. Pope WB, Lai A, Nghiemphu P, Mischel P, Cloughesy 
TF. MRI in patients with high-grade gliomas treated 

c d

Fig. 29.3 (continued)

29 18F-FLT/FET PET-CT in Treatment Response Evaluation



488

with bevacizumab and chemotherapy. Neurology. 
2006;66:1258–60.

 17. Chen W, Cloughesy T, Kamdar N, et al. Imaging pro-
liferation in brain tumors with 18F-FLT PET: com-
parison with 18F-FDG. J Nucl Med. 2005;46:945–52.

 18. Kato T, Shinoda J, Nakayama N, et  al. Metabolic 
assessment of gliomas using 11C-methionine, [18F] 
fluorodeoxyglucose, and 11C-choline positron- 
emission tomography. AJNR Am J Neuroradiol. 
2008;29:1176–82.

 19. Pauleit D, Stoffels G, Bachofner A, et al. Comparison 
of (18)F-FET and (18)F-FDG PET in brain tumors. 
Nucl Med Biol. 2009;36:779–87.

 20. Pafundi DH, Laack NN, Youland RS, et  al. Biopsy 
validation of 18F-DOPA PET and biodistribution in 
gliomas for neurosurgical planning and radiotherapy 
target delineation: results of a prospective pilot study. 
Neuro-Oncology. 2013;15:1058–67.

 21. Wen PY, Macdonald DR, Reardon DA, Cloughesy 
TF, Sorensen AG, Galanis E, et al. Updated response 
assessment criteria for high-grade gliomas: response 
assessment in neuro-oncology working group. J Clin 
Oncol. 2010;28:1963–72.

 22. Chen W, Delaloye S, Silverman DH, et al. Predicting 
treatment response of malignant gliomas to bevaci-
zumab and irinotecan by imaging proliferation with 
[18F] fluorothymidine positron emission tomography: 
a pilot study. J Clin Oncol. 2007;25:4714–21.

 23. Albert NL, Weller M, Suchorska B, Galldiks N, 
Soffietti R, Kim MM, et  al. Response Assessment 
in Neuro-Oncology working group and European 
Association for Neuro-Oncology recommendations 
for the clinical use of PET imaging in gliomas. Neuro- 
Oncology. 2016;18(9):1199–208.

 24. Galldiks N, Rapp M, Stoffels G, Dunkl V, Sabel M, 
Langen KJ.  Earlier diagnosis of progressive disease 
during bevacizumab treatment using O-(2-18F- 
fluorethyl)-l-tyrosine positron emission tomography 
in comparison with magnetic resonance imaging. Mol 
Imaging. 2013;12:273–6.

 25. Galldiks N, Rapp M, Stoffels G, Fink GR, Shah NJ, 
Coenen HH, et  al. Response assessment of bevaci-
zumab in patients with recurrent malignant glioma 
using [18F]fluoroethyl-l-tyrosine PET in comparison 
to MRI. Eur J Nucl Med Mol Imaging. 2013;40:22–33.

 26. Schwarzenberg J, Czernin J, Cloughesy TF, Ellingson 
BM, Pope WB, Grogan T, et al. Treatment response 
evaluation using 18F-FDOPA PET in patients with 
recurrent malignant glioma on bevacizumab therapy. 
Clin Cancer Res. 2014;20:3550–9.

 27. Heinzel A, Müller D, Langen KJ, Blaum M, 
Verburg FA, Mottaghy FM, Galldiks N.  The use 
of  O-(2-18F- fluoroethyl)-l-tyrosine PET for treat-
ment management of bevacizumab and irinotecan 
in patients with recurrent high-grade glioma: a cost-
effectiveness analysis. J Nucl Med. 2013;54:1217–22.

 28. Kebir S, Rauschenbach L, Galldiks N, Schlaak M, 
Hattingen E, Landsberg J, Bundschuh RA, Langen 
KJ, Scheffler B, Herrlinger U, Glas M.  Dynamic 
O-(2-[18F]fluoroethyl)-l-tyrosine PET imaging for 
the detection of checkpoint inhibitor-related pseudo-
progression in melanoma brain metastases. Neuro- 
Oncology. 2016;18(10):1462–4.

 29. Langen KJ, Watts C.  Neuro-oncology: amino acid 
PET for brain tumours - ready for the clinic? Nat Rev 
Neurol. 2016;12:375–6.

A. D. Puranik and Y. Jain


	Contents
	List of Contributors
	Part I: Therapy Response Evaluation: Science and Practice
	1: Treatment Response Evaluation: Science and Practice
	1.1	 Introduction
	1.2	 Criteria for Evaluating Response
	1.3	 Traditional Response Criteria
	1.4	 Incorporation of Molecular Imaging into Response Criteria
	1.5	 Response Criteria and Immunotherapy
	1.6	 Practical Considerations
	References

	2: CT in Treatment Response Assessment in Oncology
	2.1	 Introduction
	2.2	 Current Response Assessment Criteria for Chemotherapy and Targeted Therapies
	2.3	 Pitfalls of RECIST 1.1
	2.4	 mRECIST in HCC
	2.5	 Lugano Classification in Lymphoma
	2.6	 Response Assessment Criteria in Immunotherapy
	2.7	 Conclusion
	References

	3: MRI and Diffusion-Weighted MRI in Treatment Response Evaluation Overview
	3.1	 Introduction
	3.2	 Response Evaluation by Tumour Burden or Anatomical Parameters
	3.2.1	 WHO and RECIST Criteria
	3.2.2	 iRECIST
	3.2.3	 Other Response Evaluation by Anatomical MRI in Specific Disease Contexts
	3.2.3.1	 Brain Tumour
	3.2.3.2	 Hepatocellular Carcinoma (HCC)
	3.2.3.3	 Rectal Cancer


	3.3	 Response Evaluation with Diffusion-Weighted Imaging (DWI)
	3.4	 Conclusion
	References

	4: PET and PET-CT in Treatment Response Evaluation: Overview
	4.1	 Introduction: Why Is Tumor Response Assessed by Imaging?
	4.2	 Assessment of Tumor Response: When and How?
	4.2.1	 Response Assessment by FDG PET
	4.2.1.1	 Response Assessment in Lymphoma

	4.2.2	 Response Assessment with Other PET Imaging Agents
	4.2.3	 Timing of Response Assessment

	4.3	 Responders vs. Nonresponders
	4.4	 Management and Type of Treatment
	4.5	 Common Patterns, Pitfalls, Variants, Advantages, and Limitations
	4.5.1	 Standardized Imaging Protocol
	4.5.2	 Impact of Therapy on FDG Metabolism
	4.5.3	 Radiation Therapy
	4.5.4	 Immunotherapy
	4.5.5	 Clinical Image Interpretation

	References

	5: Conventional Radiological Techniques and PET-CT in Treatment Response Evaluation in Postsurgical Setting
	5.1	 Introduction
	5.2	 Computed Tomography (CT)
	5.3	 Magnetic Resonance Imaging (MRI)
	5.4	 Positron Emission Tomography (PET)
	5.5	 Other Radiotracers (Neuroendocrine Tumors, Prostate Cancer)
	5.6	 Conclusion
	References

	6: Conventional Radiological and PET-CT Assessment of Treatment Response Evaluation in Chemotherapy Setting
	6.1	 Introduction
	6.2	 Conventional Radiological Techniques
	6.3	 PET/CT in Response Assessment to Chemotherapy
	6.3.1	 EORTC
	6.3.2	 IHP Criteria for Lymphoma
	6.3.3	 Deauville Criteria for Lymphoma
	6.3.4	 PERCIST

	6.4	 MRI and CT in Response Assessment to Chemotherapy
	6.5	 Evaluation of Response to Chemotherapy in Individual Tumours
	6.5.1	 Oesophageal and Gastric Cancer
	6.5.2	 Colorectal Cancer
	6.5.3	 Hepatocellular Carcinoma
	6.5.4	 Pancreatic Cancer
	6.5.5	 Lung Cancer
	6.5.6	 Lymphoma
	6.5.7	 Head and Neck Cancer
	6.5.8	 Breast Cancer
	6.5.9	 Other Tumours

	6.6	 Conclusion
	References

	7: Conventional Radiological Techniques and PET-CT in Treatment Response Evaluation in Post-Radiotherapy Setting
	7.1	 Introduction
	7.2	 Functional Imaging for Disease Response Assessment to Radiotherapy
	7.2.1	 Functional, Metabolic PET Imaging
	7.2.1.1	 Glucose Metabolism
	7.2.1.2	 Tumor Hypoxia
	7.2.1.3	 Tumor Cell Proliferation
	7.2.1.4	 Apoptosis
	7.2.1.5	 Amino Acid Transport and Protein Synthesis
	7.2.1.6	 Cell Membrane Synthesis
	7.2.1.7	 Epidermal Growth Factor Receptor Status

	7.2.2	 Functional MR Imaging Techniques
	7.2.2.1	 Dynamic Contrast-Enhanced MR Imaging
	7.2.2.2	 Diffusion-Weighted MR Imaging
	7.2.2.3	 BOLD Imaging
	7.2.2.4	 MR Spectroscopy

	7.2.3	 Functional Imaging with Perfusion CT
	7.2.4	 Emerging Integrated Hybrid Imaging Techniques
	7.2.4.1	 Integrated PET/CT Perfusion Imaging
	7.2.4.2	 Integrated PET-MR Imaging


	7.3	 Assessment of Treatment Response After Radiotherapy
	7.3.1	 Anatomic Response Criteria (WHO, RECIST)
	7.3.1.1	 WHO Criteria
	7.3.1.2	 RECIST v1.1
	7.3.1.3	 Limitations of Anatomic Response Criteria

	7.3.2	 Metabolic Response Criteria
	7.3.2.1	 Qualitative Assessment
	7.3.2.2	 Quantitative Assessment (PERCIST v1.0)


	7.4	 Current Uses of FDG PET/CT in Treatment Response Following Radiation Therapy
	7.4.1	 Head and Neck Cancer
	7.4.2	 Esophageal Carcinoma
	7.4.3	 Rectal Carcinoma
	7.4.4	 Brain Tumors
	7.4.5	 Cervical Carcinoma
	7.4.6	 Lung Carcinoma
	7.4.7	 Hepato-Pancreatico-Biliary Tumors, Particularly Pancreatic Carcinoma and Liver Metastases (Postselective Internal Radiotherapy Treatment)

	References

	8: Conventional Radiological Techniques and PET-CT in Treatment Response Evaluation in Immunotherapy Settings
	8.1	 Introduction
	8.2	 Management: Type of Treatments/Regimes
	8.2.1	 Melanoma
	8.2.2	 NSCLC
	8.2.3	 Other Solid Tumors

	8.3	 Pathophysiology
	8.4	 Assessment of Treatment Response
	8.4.1	 Anatomic Response Assessment
	8.4.2	 Metabolic Response Criteria
	8.4.3	 Responders Vs. Non-Responders
	8.4.4	 Pitfalls and beyond (Pseudo-, Hyper-Progression, irAEs, Brain Mets, Cost-Effectiveness)

	References

	9: Treatment Response Evaluation of Bone Metastases Using 18F-NaF
	9.1	 Introduction
	9.2	 Management and Types of Treatments
	9.2.1	 Baseline 18F-Fluoride PET/CT
	9.2.1.1	 Prostate Cancer
	9.2.1.2	 Breast Cancer
	9.2.1.3	 Lung Cancer
	9.2.1.4	 Thyroid Cancer
	9.2.1.5	 Renal Cell Cancer


	9.3	 Assessment of Treatment Response (Postsurgical, Post Chemotherapy, Post Radiotherapy, Neoadjuvant, and Immunotherapy Settings)
	9.3.1	 Interim 18F-Fluoride PET/CT
	9.3.1.1	 Prostate Cancer
	9.3.1.2	 Breast Cancer

	9.3.2	 Follow-Up 18F-Fluoride PET/CT
	9.3.2.1	 Prostate Cancer
	9.3.2.2	 Breast Cancer
	9.3.2.3	 Multiple Myeloma
	9.3.2.4	 Metastatic Primary Bone Tumors

	9.3.3	 Conclusions

	9.4	 Common Patterns, Pitfalls, Variants, Advantages, and Limitations
	References

	10: Reporting Post-Therapy Scans
	10.1	 Introduction
	10.2	 Patient Preparation
	10.3	 Clinical Details
	10.4	 Questions to Ask Patient
	10.5	 When to Scan
	10.6	 What to Look for in the Scans
	10.7	 How to Describe, Report Post-Therapy Finding Scores, Criteria, etc. (Post-Surgical, Post-Chemotherapy, Post-Radiotherapy, and Post-Immunotherapy Settings)
	10.8	 Common and Less Common Findings
	10.9	 How to Interpret the Findings: Dos and Don’ts
	10.9.1	 What to Do
	10.9.2	 What Not to Do

	10.10	 What to Advise the Referrers
	References


	Part II: Therapy Response Evaluation: Clinical Atlas
	11: 18F-FDG PET/CT in Treatment Response Evaluation in Head and Neck Cancer
	11.1	 Case 1
	11.2	 Case 2
	11.3	 Case 3
	11.4	 Case 4
	11.5	 Case 5
	11.6	 Case 6
	11.7	 Case 7
	11.8	 Case 8
	11.9	 Case 9
	11.10	 Case 10
	11.11	 Case 11
	11.12	 Case 12
	11.13	 Case 13
	11.14	 Case 14
	11.15	 Case 15
	Suggested Reading
	Case 3


	12: PET/CT in Treatment Response Evaluation: Lung Cancer
	12.1	 Introduction
	References

	13: 18F-FDG PET/CT and Non 18F-FDG-PET/CT in Treatment Response Evaluation in Neuro-Oncology
	13.1	 Introduction
	13.2	 PET Tracers Used in Neuro-Oncology
	13.3	 Case 1
	13.4	 Case 2
	13.5	 Case 3
	13.6	 Case 4
	13.7	 Case 5
	13.8	 Case 6
	13.9	 Case 7
	13.10	 Case 8
	13.11	 Case 9
	13.12	 Case 10
	13.13	 Case 11
	13.14	 Case 12
	13.15	 Case 13
	13.16	 Case 14
	13.17	 Case 15
	References

	14: PET/CT in the Assessment of Treatment Response in Hepatobiliary, Gall Bladder and Pancreatic Malignancies
	14.1	 Introduction
	14.2	 Case 1
	14.3	 Case 2
	14.4	 Case 3
	14.5	 Case 4
	14.6	 Case 5
	14.7	 Case 6
	14.8	 Case 7
	14.9	 Case 8
	14.10	 Case 9
	14.11	 Case 10
	14.12	 Case 11
	14.13	 Case 12
	14.14	 Case 13
	14.15	 Case 14
	14.16	 Case 15
	14.17	 Case 16
	14.18	 Case 17
	14.19	 Case 18
	Suggested Reading
	Introduction
	Case 1
	Case 2
	Case 3
	Case 4
	Case 6
	Case 7
	Case 8
	Case 11


	15: 18F-FDG PET/CT in Treatment Response Evaluation: Gastroesophageal Cancer
	15.1	 Introduction
	15.2	 Case No. 1: Radiation-Induced Esophagitis
	15.3	 Case No. 2: Radiation-Induced Pneumonitis
	15.4	 Case No. 3: Post Transthoracic Esophagectomy (TTE) Appearance
	15.5	 Case No. 4: Aspiration Pneumonia
	15.6	 Case No. 5: Recurrent Aspiration Pneumonia
	15.7	 Case No. 6: Tracheoesophageal Fistula (TOF)
	15.8	 Case No. 7: Upper Esophageal Mass with Complete Response Post CTRT
	15.9	 Case No. 8: Post CTRT Complete Response with Inflammatory Changes in the Esophagus
	15.10	 Case No. 9: Complete Response on PET/CT with Microscopic Residual Disease on Histopathology
	15.11	 Case No. 10: Posttreatment Changes Vs. Residual Disease
	15.12	 Case No. 11: Partial Response to Treatment
	15.13	 Case No. 12: Stable Disease with Radiation-Induced Esophagitis
	15.14	 Case No. 13: GE Junction Mass with Partial Response
	15.15	 Case No. 14: Complete Response
	15.16	 Case No. 15: Coexisting Malignancy and Granulomatous Infection
	15.17	 Case No. 16: Esophageal Primary with Coexisting Tuberculous Infection in the Lungs
	15.18	 Case No. 17: GE Junction and Proximal Stomach Mass with Partial Response
	15.19	 Case No. 18: Complete Response in Esophageal Primary with Marrow Hyperstimulation Post Chemotherapy
	15.20	 Case No. 19: Progressive Disease
	15.21	 Case No. 20: Post TTE Recurrence
	15.22	 Case No. 21: Recurrent Disease Post CTRT
	15.23	 Case No. 22: Recurrence and Then Progressive Disease
	15.24	 Case No. 23: Post CTRT Recurrence
	15.25	 Case No. 24: Post TTE Metastatic Disease
	15.26	 Case No. 25: Adenocarcinoma Stomach with Complete Metabolic Response
	References

	16: PET-CT in Treatment Response Evaluation in Lymphoma
	16.1	 Introduction
	16.2	 Case 1 (Fig. 16.4)
	16.3	 Case 2 (Fig. 16.5)
	16.4	 Case 3 (Fig. 16.6)
	16.5	 Case 4 (Fig. 16.7)
	16.6	 Case 5 (Fig. 16.8)
	16.7	 Case 6 (Fig. 16.9)
	16.8	 Case 7 (Fig. 16.10)
	16.9	 Case 8 (Fig. 16.11)
	Suggested Reading
	Introduction
	Case 1


	17: 18F-FDG PET/CT in Treatment Response Evaluation: Breast Cancer
	17.1	 Introduction
	17.2	 Clinical Examples
	17.2.1	 Case 1: Staging of Locally Advanced Breast Cancer
	17.2.2	 Case 2: Staging Metastatic Breast Cancer
	17.2.3	 Case 3: Coexistence of Infiltration and Inflammation/Infection Disease
	17.2.4	 Case 4: Prediction of Response to Treatment
	17.2.5	 Case 5: Monitoring Response to Treatment in Bone Metastatic Disease
	17.2.6	 Case 6: Progression and Potential Pitfalls
	17.2.7	 Case 7: Early Metastatic Spread
	17.2.8	 Case 8: Atypical Relapse
	17.2.9	 Case 9: False-Negative Findings
	17.2.10 Case 10: False-Positive Case

	Suggested Reading
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7
	Case 8
	Case 9
	Case 10


	18: 18F-Choline, 68Ga-PSMA-11 and 18F-FDG PET/CT in Treatment Response Evaluation: Prostate Cancer
	18.1	 Introduction
	18.2	 Case 1: 11C-Choline PET/CT: Biodistribution and Variants
	18.3	 Case 2: 11C-Choline PET/CT Pitfalls: Paget’s Disease
	18.4	 Case 3: 18F-Choline PET/CT: Biodistribution and Pitfalls
	18.5	 Case 4: 11C-Choline PET/CT: Staging
	18.6	 Case 5: 11C-Choline PET/CT: Mediastinal Lymph Nodes
	18.7	 Case 6: 11C-Choline PET/CT: Biochemical Recurrence
	18.8	 Case 7: 18F-Choline PET/CT: Biochemical Recurrence
	18.9	 Case 8: 18F-Choline PET/CT During Androgen Deprivation Therapy (ADT)
	18.10	 Case 9: 11C-Choline PET/CT: Oligometastatic Patient
	18.11	 Case 10: 11C-Choline PET/CT: Metastatic Castration-Resistant Prostate Cancer (mCRPC)
	18.12	 Case 11: 68Ga-PSMA-11: Biodistribution and Variants
	18.13	 Case 12: 68Ga-PSMA-11 PET/CT Pitfalls: Ganglia
	18.14	 Case 13: 68Ga-PSMA-11 PET/CT Pitfall: Paget’s Disease
	18.15	 Case 14: 68Ga-PSMA-11 PET/CT: Staging
	18.16	 Case 15: 68Ga-PSMA-11 PET/CT in Biochemical Recurrence: Local Relapse
	18.17	 Case 16: 68Ga-PSMA-11 PET/CT in Biochemical Recurrence: Bone Metastasis
	18.18	 Case 17: 68Ga-PSMA-11 PET/CT in Biochemical Recurrence: Distant Lymph Nodes
	18.19	 Case 18: Biochemical Persistence After Radical Therapy: 11C-Choline vs. 68Ga-PSMA-11 PET/CT
	18.20	 Case 19: 68Ga-PSMA-11 PET/CT: mCRPC
	18.21	 Case 20: 18F-FDG PET/CT in PCa
	References
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7
	Case 8
	Case 9
	Case 10
	Case 11
	Case 12
	Case 13
	Case 14
	Case 15
	Case 16
	Case 17
	Case 18
	Case 19
	Case 20


	19: FDG PET/CT in Treatment Response Evaluation of Gynecological Malignancies
	19.1	 Role of FDG PET/CT in Treatment Response Evaluation of Cervical Carcinoma
	19.1.1	 Introduction
	19.1.2	 Case 1: Metastatic Carcinoma Cervix with Near-Complete Metabolic Response in FDG PET/CT
	19.1.3	 Case 2: Vesicovaginal and Rectovaginal Fistulas Complicating Response Evaluation in a Treatment Completed Cervix Carcinoma
	19.1.4	 Case 3: FDG PET/CT Showing Complete Metabolic Response to EBRT and ICA in Carcinoma Cervix
	19.1.5	 Case 4: FDG PET/CT in Treatment Evaluation in Metastatic Carcinoma Cervix—End of Treatment Assessment
	19.1.6	 Case 5: FDG PET/CT Showing Complete Metabolic Response in an Advanced Metastatic Cervix Cancer After Prior Disease Progression

	19.2	 Role of FDG PET/CT in Treatment Response Evaluation of Endometrial Carcinoma
	19.2.1	 Introduction
	19.2.2	 Case 1: FDG PET/CT Showing Near-Complete Metabolic Response in Endometrial Adenocarcinoma Post Chemotherapy

	19.3	 FDG PET/CT in Treatment Response Evaluation of Fallopian Tube Carcinoma
	19.3.1	 Introduction
	19.3.2	 Case 1: FDG PET/CT Showing Disease Progression in a Treatment Completed Case of Bilateral Fallopian Tube Carcinoma
	19.3.3	 Case 2: FDG PET/CT Showing Disease Progression in Form of Hepatic and Serosal Metastases in a Treatment Completed Bilateral Fallopian Tube Carcinoma

	19.4	 FDG PET/CT in Treatment Response Evaluation of Vaginal Carcinoma
	19.4.1	 Introduction
	19.4.2	 Case 1: FDG PET/CT Showing Near-Complete Metabolic Response After Chemotherapy in Vaginal Carcinoma and predicts Long-Term Remission

	19.5	 Role of FDG PET/CT in Treatment Response Evaluation in Vulval Carcinoma
	19.5.1	 Introduction
	19.5.2	 Case 1: FDG PET/CT Showing Early Disease Progression Post Chemotherapy in Relapsed Case of Carcinoma Vulva

	19.6	 Role of FDG PET/CT in Treatment Response Evaluation of Ovarian Carcinoma
	19.6.1	 Introduction
	19.6.2	 Case 1: FDG PET/CT Showing Favorable Response to Second-Line Chemotherapy Regimen in a Case of Platinum-Resistant Metastatic Ovarian Carcinoma
	19.6.3	 Case 2: FDG PET/CT Showing Treatment Failure to Bevacizumab-Based Chemotherapy in Ovarian Carcinoma

	References
	Cervical Carcinoma
	Endometrial Carcinoma
	Fallopian Tube Carcinoma
	Vaginal Carcinoma
	Vulval Carcinoma
	Ovarian Carcinoma


	20: [18F]FDG PET/CT in Treatment Response Evaluation: Colorectal Cancer
	20.1	 Introduction
	20.2	 Clinical Case 1: Colorectal Liver Metastasis
	20.3	 Clinical Case 2: Colorectal Liver Metastasis
	20.4	 Clinical Case 3: Sequel to Case 2
	20.5	 Clinical Case 4: Response Monitoring of Liver Metastases
	20.6	 Clinical Case 5: Response Monitoring of Liver Metastases
	20.7	 Clinical Case 6: Response Monitoring of Liver and Other Metastases
	20.8	 Clinical Case 7: Response Monitoring of Liver Metastases
	20.9	 Clinical Case 8: Residual Disease After Liver Metastasectomy?
	20.10	 Clinical Case 9: Palliative Treatment of Liver Metastases of Rectal Cancer
	20.11	 Clinical Case 10: Recurrent Disease After Liver Microwave Ablation (MWA)
	20.12	 Clinical Case 11: Recurrent Disease After Liver RFA
	20.13	 Clinical Case 12: Recurrent Disease After Liver RFA
	20.14	 Clinical Case 13: Pulmonary Metastases
	20.15	 Clinical Case 14: Lymph Node Metastases
	20.16	 Clinical Case 15: Response Monitoring to Neoadjuvant Chemoradiotherapy
	20.17	 Clinical Case 16: Monitoring Response to Neoadjuvant Chemoradiotherapy
	20.18	 Clinical Case 17: Recurrent Colorectal Cancer
	20.19	 Clinical Case 18: Recurrent Colorectal Cancer
	20.20	 Clinical Case 19: Response Monitoring of Neoadjuvant Treatment of Local Recurrent Rectal Cancer
	20.21	 Clinical Case 20: Response Monitoring of Neoadjuvant Treatment of Local Recurrent Rectal Cancer
	References

	21: 18F-FDG PET in Treatment Response Evaluation: Soft Tissue Sarcomas
	21.1	 Introduction
	21.2	 Case 1: Progression
	21.3	 Case 2: Good Response to Treatment
	21.4	 Case 3: Disease Progression
	21.5	 Case 4: Mixed Response with Disease Progression
	21.6	 Case 5: Disease Progression
	21.7	 Case 6: Mixed Metabolic Response
	References

	22: 18F-FDG PET-CT in Treatment Response Evaluation in Cutaneous Malignant Melanoma
	22.1	 Introduction
	22.2	 Case 1
	22.3	 Case 2
	22.4	 Case 3
	22.5	 Case 4
	22.6	 Case 5
	22.7	 Case 6
	References

	23: 18F-FDG PET-CT in Treatment Response Evaluation: Multiple Myeloma
	23.1	 Introduction
	23.2	 Treatment Response Evaluation
	23.2.1	 Early Response
	23.2.2	 After Therapy
	23.2.3	 PET/CT and MRI
	23.2.4	 Minimal Residual Disease
	23.2.5	 Image Interpretation
	23.2.6	 Non-FDG Tracers

	23.3	 Multiple Myeloma Cases
	References

	24: 18F-FDG PET-CT and 18F-NaF in Treatment Response Evaluation: Bone Metastases and Bone Tumours
	24.1	 Introduction
	References

	25: FDG-PET/CT in Assessment of Treatment Response in Pediatric Lymphoma
	25.1	 Case 1
	25.2	 Case 2
	25.3	 Case 3
	25.4	 Case 4
	25.5	 Case 5
	25.6	 Case 6
	25.7	 Case 7
	References

	26: 18F-FDG PET/CT in Treatment Response Evaluation in Thyroid Cancer
	26.1	 Introduction
	26.2	 Case 1: 18F-FDG PET/CT After Thyroid Surgery
	26.3	 Case 2: Progressive Metastatic Disease After Local Radiotherapy
	26.4	 Case 3: Progressive Disease on Tyrosine Kinase Inhibitor (TKI)
	26.5	 Case 4: Thyroid Lymphoma
	26.6	 Case 5: Partial Response to Tyrosine Kinase Inhibitors with Increasing Lytic Metastatic Disease
	26.7	 Case 6: Interesting Finding in a Patient with Anaplastic Carcinoma
	References
	Introduction
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6


	27: 68Ga-DOTA PET-CT in Treatment Response Evaluation: Neuroendocrine Tumours
	27.1	 Introduction
	27.2	 Clinical Examples
	27.2.1	 Case 1: 68Ga-DOTANOC PET/CT Biodistribution (Image 27.1)
	27.2.2	 Case 2: Restaging After Radical Surgery (Images 27.2 and 27.3)
	27.2.3	 Case 3: Restaging After Surgery (Image 27.4)
	27.2.4	 Case 4: Restaging on Somatostatin Analog Therapy (Images 27.5 and 27.6)
	27.2.5	 Case 5: Restaging After PRRT (Peptide Receptor Radionuclide Therapy) (Images 27.7 and 27.8)
	27.2.6	 Case 6: Ileum NET Restaging on Somatostatin Analog Therapy (Image 27.9)
	27.2.7	 Case 7: Nodal Relapse of a Well-Differentiated Ileum NET (Image 27.10) and Further Disease Progression on Somatostatin Analog Therapy (Image 27.11)

	27.3	 Case 8: Pancreatic NET G1 Studied Before and After PRRT (Partial Response) (Image 27.12)
	27.3.1	 Case 9: Pancreatic NET G2 Studied Before and After PRRT (Complete Response) (Image 27.13)

	27.4	 Case 10: Restaging After Everolimus Therapy (Image 27.14)
	Suggested Reading
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7
	Case 8
	Case 9
	Case 10


	28: 18F-FDOPA PET/CT for Treatment Response Assessment
	28.1	 Case 1: Assessment of Response to Chemotherapy in a Patient with Metastatic Ganglioneuroblastoma
	28.2	 Case 2: Assessment of Antitumor Effect of Somatostatin Analogs in a Patient with Carcinoid Syndrome
	28.3	 Case 3: 18F-FDOPA PET/CT-Guided Radiofrequency Ablation of Liver Metastases
	28.4	 Case 4: Assessment of Response to Dopamine Agonists Treatment in a Patient with a MEN1-Related Prolactinoma
	28.5	 Case 5: Assessment of Response to Peptide Receptor Radionuclide Therapy in a SDHB-Related Metastatic Jugular Paraganglioma
	References
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5


	29: 18F-FLT/FET PET-CT in Treatment Response Evaluation
	29.1	 Introduction
	29.2	 Limitations of FDG PET/CT
	29.2.1	 Amino Acid Tracers
	29.2.2	 FLT and FET PET/CT Imaging
	29.2.3	 Diagnosis and Grading

	29.3	 Response Assessment
	29.3.1	 Radiation Necrosis vs. Recurrence
	29.3.2	 Post Anti-angiogenic Therapy
	29.3.3	 Response to Immune Check-Point Inhibitors

	29.4	 Conclusion
	References



