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4.1  Introduction

The importance and the volume of scans for therapy moni-
toring are steadily increasing for oncologic diseases. 
Numerous reasons account for that. Most important is the 
occurrence of an increasing number of new and more spe-
cific therapies requiring early outcome measures preceding 
first results on survival benefits. Furthermore, the specific 
therapeutic approaches concomitant with longer therapy 
windows lead to an increase in mixed response results, 
requiring reliable evaluation by imaging approaches.

Therefore, an increasing need emerged, and focus has 
been put on how to best evaluate such early onset of thera-
peutic efficacy. In this chapter we will provide a brief over-
view on the most commonly used imaging modalities, their 

benefits and their pitfalls focusing on the evaluation of 
 therapeutic efficacy with CT, MRI, and molecular imaging 
(PET/CT) of several abdominal tumors such as GIST, neuro-
endocrine tumors, and metastatic prostate cancer.

Furthermore, the increase of neoadjuvant therapy for 
high-risk tumors significantly improved outcome in various 
tumor entities. Here imaging is essential not only for overall 
response assessment but also to determine resectability. 
Therefore we will address the importance of endorectal 
ultrasonography (ERUS) and MRI in locally advanced rectal 
tumors treated with neoadjuvant (chemo)radiotherapy.

4.2  Assessment of Local Response 
to Neoadjuvant Treatment in Rectal 
Cancer

The local recurrence rate after rectal cancer surgery has sig-
nificantly decreased from 40% three decades ago to 3% with 
current multimodality imaging and therapy. Three major 
steps have been taken forward: the introduction of the total 
mesorectal excision (TME) surgery, preoperative radiother-
apy with or without chemotherapy, and imaging. The risk fac-
tors associated with local recurrence are the T stage, N stage, 
distance of the tumor to the mesorectal fascia, extramural vas-
cular invasion, perineural invasion, lymph vessel invasion, 
and histological grade. Rectal cancer patients are now treated 
according to their risk for local recurrence with a differenti-
ated treatment—immediate TME surgery for the low-risk 
tumors and preoperative neoadjuvant chemoradiotherapy for 
the very high risks. The decisions on preoperative treatment 
are based on risk assessment not only by digital rectal exami-
nation and endoscopy but also by imaging. Endorectal ultra-
sonography (ERUS) and MRI are considered as the two best 
locoregional imaging methods to assess the risk factors at 
primary staging and to evaluate local response to neoadjuvant 
treatment, while CT is restricted to distant staging. Here we’ll 
focus on local response evaluation with MR and ERUS.
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4.2.1  Selection of Patients for Neoadjuvant 
Therapy

The importance of the involvement of the mesorectal fascia as 
a prognostic factor and as a parameter of surgical quality has 
been recognized and confirmed in the last 30 years [1]. The 
ideal plane of resection in a total mesorectal excision is just 
outside the mesorectal fascia, and a positive circumferential 
resection margin can be the result of inadequate TME surgery. 
Preoperative assessment of involvement of the mesorectal fas-
cia is crucial. An involved mesorectal fascia can be reliably 
determined on MRI and is defined as a closest distance of 
≤1 mm between the tumor and the mesorectal fascia. These 
tumors should be treated with a preoperative (chemo)radiation 

regimen providing an opportunity for downsizing. Regardless 
of the choice for neoadjuvant treatment strategies, it is however 
important for the surgeon to know the exact anatomical relation 
of the tumor to the mesorectal fascia and the surrounding struc-
tures in order to obtain a complete resection, and MRI can pro-
vide this information. A number of studies in the past decades 
demonstrated that MRI could reliably identify the mesorectal 
fascia and predict its involvement [2, 3]. In a European multi-
center study, the depth of extramural tumor invasion was com-
pared between preoperative MRI and histology in 311 patients 
undergoing primary surgery; accuracy to within 0.5 mm was 
achieved in 95% of cases [4]. It is now widely adopted that 
MRI is the most accurate method for the assessment of an 
involved or threatened mesorectal fascia (Fig. 4.1).

a b

c d

Fig. 4.1 cT2N2 low rectal tumor before neoadjuvant chemoradiother-
apy. Endoscopy shows a sessile semicircular mass anteriorly located 
just above the anal canal (a–d). T2-weighted MRI shows a semicircular 
tumor low anterior which is limited to the bowel wall. There is a suspi-

cious large node in the mesorectum, visualized on the sagittal 
T2-weighted MR image. DWI (b1000) image confirms a rectal cancer 
with a restricted diffusion
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4.2.2  Assessment of Local Tumor Response 
and Resectability

Assessment of local tumor response is generally per-
formed by digital rectal examination, endoscopy, and 
MRI 6–8 weeks after completion of neoadjuvant chemo-
radiotherapy [5]. MRI can indicate tumor volume shrink-
age. Reported negative predictive values (NPVs) as high 
as 90% for the detection of an involved mesorectal fascia 
suggest that MRI can accurately identify clearance of an 
initially suspicious invaded mesorectal resection margin. 
The high NPV is at the expense of a PPV as low as 50%. 
As a result of the irradiation, the initial tumor mass often 
becomes fibrotic, and it may be very difficult to distinguish 
on T2-weighted MRI between fibrosis with and without 
minimal residual tumor. This holds true also for fibrotic 
masses adjacent to the mesorectal fascia, the reason why in 
such a setting one should be cautious to overcall persistent 
involvement of a mesorectal fascia after chemoradiother-
apy (Fig. 4.2) [6, 7].

Restaging MRI can therefore be valuable as a road map 
for surgeons and to decide whether tumor regression visual-
ized on MRI justifies alteration of the initial resection plan. 
The obvious prerequisite for the value of a restaging MRI is 
that both the surgeon and the patient must be willing to 
change the initial plan.

4.2.3  Assessment of Complete Response 
After Chemoradiotherapy

Rectal cancer patients with clinical complete or near 
complete response after chemoradiotherapy have shown 
to have a good oncological outcome with a nonopera-
tive management with survival figures as good as when 
these patients would have undergone a resection. This 
treatment shows an improved functional outcome without 
compromising oncological outcome. Habr-Gama et al. 
and the group of Beets et al. were pioneers of these so-
called watch and wait policy [8, 9]. Today more and more 
patients with clinical complete response are considered a 
watch and wait policy.

A watch and wait treatment for the clinical complete or 
near complete responders requires accurate assessment of 
response to chemoradiotherapy and accurate monitoring of 
response. Although this is generally done by digital rectal 
examination, imaging has shown its benefit. The two impor-
tant questions are whether there is still a significant volume 
of residual tumor within the fibrotic tumor bed and whether 
there are still involved nodes after CRT. When it comes to 
primary T staging, MRI is the preferred staging method for 
large advanced tumors, while ERUS remains the best 
method to image the superficial tumors limited to the sub-
mucosa (T1) [10].

a b

Fig. 4.2 T2-weighted MRI of a locally advanced rectal tumor before 
(a) and after (b) neoadjuvant chemoradiotherapy. The tumor located in 
the mid-high rectum anteriorly invades the peritoneal reflection and 
shows a mass effect. It can often be difficult to know whether the tumor 
is invading in or only pushing the bladder wall and dome. After chemo-
radiotherapy the tumor has significantly shrunk and for a large propor-

tion becomes fibrotic. Anteriorly it has retracted from the bladder dome 
but not from the peritoneal reflection, and there is a fibrotically thick-
ened peritoneal reflection. The surgeon should be notified of this find-
ing so that he can perform a wider excision including the peritoneal 
reflection
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Nevertheless, for assessment of the ypT stage of rectal 
tumors after neoadjuvant treatment, MRI does not outperform 
ERUS. A meta-analysis of over 1500 patients reported a disap-
pointingly low overall performance with a pooled overall sen-
sitivity of 50% and specificity of 91% [11]. Subgroup analyses 
showed a pooled sensitivity of only 19% and specificity of 94% 
for the MRI assessment of pathological complete response 
(ypT0). Although the performance of MRI for assessment of 
small tumor remnants limited to the bowel wall (ypT0–2) is 
higher, the sensitivity of 55% remains insufficient for clinical 
decision-making. The findings above suggest that both ERUS 
and MRI are limited in the detection of small tumor remnants 
within fibrotic tissue after neoadjuvant chemoradiotherapy of 
rectal cancer. Some authors have shown that the combination 
of visual assessment of morphological features on post-chemo-
radiotherapy MRI with objective assessment of tumor shrink-
age by magnetic resonance volumetric measurements can yield 
accuracies as high as 87% [12, 13]. Curvo-Semedo et al. and 
Ha et al. found AUCs (areas under the ROC curve) of 0.70–0.84 
for the assessment of pathological complete response with 
magnetic resonance volumetric measurements by manual 
delineation of tumors [14]. This is very time-consuming and 
thus not a standard practice. Many studies have reported the 
benefit of diffusion- weighted MRI (DW-MRI) for the detection 
of residual disease within the fibrotic scar. A meta-analysis has 
shown that DW-MRI can improve the diagnostic performance 
of restaging MRI for the assessment of a pathological complete 
response with an increase in sensitivity from 19% to 84% [11]. 
A multicenter retrospective study in 120 patients with rectal 
cancer reported a high NPV of 90% for DW-MRI for the 
assessment of a pathological complete response, indicating that 
the visual analysis of DW-MRI is especially valuable for the 
detection of residual tumor and for ruling out a complete 
response [15]. Visual analysis of DW-MRI (at b800 or b1000) 
is now recommended in international clinical guidelines as a 
valuable adjunct to digital rectal exam and endoscopy. Patients 
assessed as (near) complete response with these tools can be 
safely considered for a watch and wait treatment [5]. Figure 4.3 
shows the typical DW-MR and endoscopic image of a clinical 
complete response.

Overall, there is little evidence concerning restaging with 
ERUS after neoadjuvant treatment. In a study by Mezzi et al. 
and Napoleon et al., ERUS after neoadjuvant treatment was 
only accurate in 47% and 46% of patients, respectively. 
Fibrotic, necrotic, and inflammatory changes after preopera-
tive radiotherapy can lead to misinterpretation of ERUS 
images [16, 17]. Radovanovic et al. found a good accuracy 
rate for restaging rectal cancer after neoadjuvant 
 chemoradiation (75%) [18]. However, ERUS was insufficient 
in discriminating a complete pathological response, in fact the 
only key factor of importance in clinical decision-making, as 
described by the groups of Habr-Gama and Beets [8, 9]. The 
largest study, by Pastor et al., reported an accuracy of only 

47% for the ERUS assessment of complete response. 53% of 
tumors identified as yT0 by ERUS were understaged [19].

4.2.4  Assessment of Response for Nodal 
Disease

Node-positive disease is one of the most important risk fac-
tors for both local and distant recurrence and is generally 
considered an indication for neoadjuvant therapy. Identifying 
mesorectal nodal disease with any imaging technique 
remains difficult because size criteria used on its own result 
in only a moderate accuracy. The majority of mesorectal- 
involved nodes are smaller than 5 mm resulting in inaccura-
cies when size is used as a cutoff for nodal disease. 
Meta-analyses showed no significant differences between 
the three modalities, EUS, CT, or MRI, which were all asso-
ciated with sensitivities for primary staging around 60–70% 
[20]. Because the majority of mesorectal nodes disappear or 
shrink after chemoradiotherapy, restaging nodes after CRT 
can be more accurate with known improved sensitivities 
around 70–75%. Nevertheless, assessment of nodal involve-
ment in rectal cancer in general remains a challenging task 
for any imaging method, and at the moment of writing, this 
problem has not been solved.

4.3  Assessment of Response for Systemic 
Disease

The World Health Organization (WHO) recognized the need 
for standardized criteria across clinical trials very early, pub-
lishing the initial WHO handbook for reporting results of 
cancer treatment in 1979 [21]. Since then a number of guide-
lines and updates have been published.

4.3.1  Response Based on Morphology 
for Chemotherapy

The most commonly applied response criteria for systemic 
disease are Response Evaluation Criteria in Solid Tumors 
(RECIST) that have been updated to RECIST 1.1 [22]. Based 
on the changes of target and nontarget lesions, patients are 
categorized into four groups: complete response (CR), par-
tial response (PR), stable disease (SD), and progressive dis-
ease (PD). To simplify readouts only five target lesions (TL), 
maximum of two in the same organ, shall be assessed by the 
maximum diameter. Lymph nodes are measured by the short 
axis and need to be larger than 1.5 cm to be considered as 
target lesions. Sclerotic bone lesions are considered nontar-
get lesions (NTL), as well as cystic lesions, if they do not 
have large solid components. The sum of all diameters from 
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TLs needs to decrease more than 30% to be considered as a 
partial response or increase by 20% (more than 5 mm) to 
indicate progressive disease.

Response RECIST 1.1

PD Increase of TL diameters by ≥20% (with at least an 
increase of 5 mm), progressive NTL, new lesions

SD No PR or PD
PR Decrease of TL diameters by ≥30%, no new lesions
CR Disappearance of all extranodal TLs, all LN < 1 cm, no 

progressive NTL, normalization of tumor marker

4.3.2  Response Based on Morphology 
for Immunotherapy

Classical chemotherapies directly kill tumor cells lead-
ing to shrinkage of tumor volume based on the efficacy 
of the therapy. Immunotherapies activate the immune sys-
tem of the patient with different response patterns depend-
ing on the mechanism of drug action [23]. Summarized 
morphologic response based on immunotherapy will often 
need more time compared to conventional therapies, and 
response patterns can be grouped into four categories: 

b

c d

a

Fig. 4.3 DW-MRI and endoscopy of a clinical complete response after 
neoadjuvant chemoradiotherapy. Endoscopy shows complete regres-
sion of the in Fig. 4.1 visualized tumor with only a white scar tissue 
with telangiectasia at the irradiated tumor bed (a–d). T2-weighted MRI 
shows a minimal fibrotic wall anteriorly without any distortion of the 
wall anatomy. DWI (b1000) image shows no restricted diffusion in the 

tumor bed. On the sagittal T2-weighted MR image, the initially suspi-
cious node has decreased in size and shows no suspicious features of 
malignancy. The patient was successfully treated and closely monitored 
within a watch and wait regimen. Ten years in follow-up still alive with-
out recurrent disease
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(1) immediate response, (2) durable stable disease, (3) 
response after initial increase (flare), and (4) response with 
new lesions.

For accurate interpretation of the response pattern, under-
standing of the drug mechanism is crucial. Therapeutics 
leading to an increasing migration of T cells into the tumor 
(CTLA-4 blocking, e.g., ipilimumab) will be more likely to 
have an initial increase in tumor size [24]. iRECIST is based 
on RECIST 1.1 to select TL and NTL; if however PD is seen 
on first follow-up, this is interpreted as iUPD (unconfirmed 
progressive disease); only if tumor increase of more than 
30% is confirmed on the second follow-up (4–8 weeks later), 
a confirmed progression iCPD will be noted. If the tumor 
remains stable, iUPD will remain the interpretation, and only 
if criteria for partial or complete response are met, iPR or 
iCR will be given [23].

Besides accurate interpretation of early pseudoprogres-
sion, the recognition of immune-related response (irR) is 
crucial as well. Inflammatory changes can result in acti-
vation of sarcoidosis with enlarged lymph nodes or adre-
nalitis with enlarged suprarenal glands. This is not only 
challenging for morphologic imaging but also for PET/
CT since irR can show intensive 18F–fluorodeoxyglucose 
(FDG) uptake [25]. Immunotherapies are already a clini-
cally established option for patients with melanoma or 
lung cancer. However, more indications also for abdomi-
nal diseases will follow soon, such as prostate cancer (sip-
uleucel-T), kidney cancer (nivolumab), or bladder cancer 
(pembrolizumab).

4.3.3  Response Based on FDG PET

Numerous publications showed a good correlation between 
the decrease in FDG accumulation in tumor lesions and 
therapy response [26]. Therefore, PET response evalua-
tion was postulated, including EORTC PET response rec-
ommendations (1999) and the PET response criteria in 
solid tumors (PERCIST) pioneered by Wahl et al. in 2009 
[27]. Both methods follow the model of RECIST with four 
adapted response categories: complete metabolic response 
(CMR), partial metabolic response (PMR), stable metabolic 
disease (SMD), and progressive metabolic disease (PMD). 
Numerous studies compared the original EORTC PET cri-
teria with PERCIST in the past 8 years showing similar 
results. However, the use of PERCIST seems preferable 
for clinical trials due to a better standardization [28]. Both 
methods recommend the use of standardized uptake values 
(SUV) normalized to the lean body mass (SUL). However, 
if possible PERCIST favors the use of a SULpeak (average 
value in the hottest 1 cm3 sphere within the tumor), instead 
of SULmax (only one maximum voxel) to reduce the intrinsic 
variability.

Response PERCIST—Based on SULpeak (SULmax)

PMD SUL increase by at least 30% and at least 0.8 SUL 
units of the target lesion or increase in target lesion size 
by 30% or development of at least one new lesion or 
unequivocal progression of nontarget lesions

SMD Increase or decrease of SUL by less than 30%
PMR Decrease of SUL by ≥30% and at least 0.8 SUL unit 

difference and no new FDG-avid lesions and no increase 
in size >30% of the target lesion and no increase in SUL 
or size of nontarget lesion

CMR FDG uptake indistinguishable from surrounding 
background and SUL less than the liver

It is important to note that all these recommendations are 
focusing on FDG PET for the evaluation of metabolic 
response of solid tumors. Tumor dedifferentiation does not 
correlate with receptor expression in the same way like 
FDG. Therefore, PERCIST per se is not necessarily appli-
cable for the increasing use of receptor imaging in oncologic 
diseases, e.g., somatostatin receptor II (SSTR II) for neuro-
endocrine tumors or prostate-specific membrane antigen 
(PSMA) for prostate cancer.

4.4  Monitoring GIST Molecular Targeted 
Systemic Therapy

4.4.1  Monitoring GIST with CT/MRI

With the introduction of tyrosine kinase inhibitors imatinib 
mesylate (Glivec®) in 2002 for gastrointestinal stromal 
tumors (GIST), a new area of molecular-targeted systemic 
therapy began, followed by a variety of targeted agents for 
various indications [29, 30]. Those new therapeutic 
approaches result in new patterns regarding response assess-
ment, with the classical reduction in tumor size assessed by 
RECIST criteria often being detected weeks to months later 
[31]. Classical response patterns that can be observed in liver 
metastasis include appearance of new lesions, increase in 
size with decrease in attenuation, increase in attenuation 
(internal hemorrhage), and temporal changes. These patterns 
can be explained by the primary effect on tumor vascularity 
leading to hypoenhancement and therefore pseudoprogres-
sion on contrast-enhanced CT scans in the classical portove-
nous phase, with combination of intratumoral edema and 
internal hemorrhages [32]. To integrate these observations 
into clinical response assessment, Choi et al. suggested that 
either a decrease in size by 10% (largest diameter) or a 
decrease in attenuation by 15% on portovenous contrast- 
enhanced CT should be rated as response [33]. More recent 
approaches for optimal response assessment for GIST 
included the use of dual-energy CT, with calculation of 
iodine-related attenuation as a superior predictor for response 
compared to simple density used for the Choi criteria [34]. 
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MRI can be used in undetermined cases to detect intratu-
moral hemorrhage and to assess vascularity of the lesions. 
Furthermore Tang et al. showed that an increase in ADC val-
ues after 1 week of therapy is associated with good treatment 
response [35]. Both methods dual-energy CT and MRI have 
not been clinically validated to date.

4.4.2  Monitoring GIST with PET

In the first safety and efficacy report on imatinib (2001) 
including 40 patients, the use of FDG PET was documented 
for a subgroup of 17 patients, where the decrease in FDG 
uptake correlated well with the outcome and preceded CT 
findings according to RECIST criteria [29] (Fig. 4.4). This 
led to numerous studies integrating FDG for response assess-
ment with variable cutoff values to indicate response. 
Therefore, the ESMO Clinical Practice Guidelines for GIST 
suggest the use of FDG PET/CT for early detection of tumor 
response under targeted therapy [36]. Choi et al. used modi-
fied EORTC criteria of a decrease in SUVmax of more than 
70% or an absolute value of SUVmax < 2.5 as a cutoff [33]. 
Holdsworth et al. investigated optimal cutoffs for FDG PET 
based on 63 patients using ROC analysis and suggested a 
decrease of SUVmax of more than 40% or an absolute value of 

SUVmax < 3.4 outperformed EORTC criteria in their cohort 
[37]. Nevertheless, the most commonly used cutoff for new 
drug trials is still EORTC criteria with a decrease of >25% of 
SUVmax indicating partial response [38]. Recently published 
data from the Dutch GIST registry on the impact of FDG 
PET displayed a changed patient management in 27% of 
GIST patients, due to a lack of metabolic response. 
Furthermore, the registry data showed that especially patients 
without KIT exon 11 mutations had limited response to tyro-
sine kinase inhibitors, with a change in management based 
on FDG PET in 52% of these patients [39].

4.5  Monitoring Liver Disease After SIRT

Selective internal radiotherapy (SIRT) using yttrium-90 
(90Y) resins or glass microspheres is an increasingly used 
palliative therapy option for patients with non-resectable pri-
mary liver tumors or metastatic hepatic disease. Clinical 
evaluation of patients prior to SIRT includes contrast- 
enhanced CT of the chest and the abdomen to rule out exten-
sive extrahepatic disease, liver MRI to assess tumor burden, 
and selective angiography to evaluate vascular anatomy and 
hepatic shunt with technetium-99m labeled aggregated mac-
roalbumin (99mTc-MAA) [40].

a b c d

Fig. 4.4 MIP FDG PET and fused axial FDG PET/CT images of two 
patients with highly avid GIST tumors. The first patient presented with 
metastatic small bowel GIST (a) and showed subtotal response after 
4 weeks of therapy with imatinib (b), with only minimal decrease in 

size. For the second patient with extensive pleural GIST manifestation 
(c), follow-up PET after 4 weeks showed no response to neoadjuvant 
imatinib (d), followed by immediate surgical resection
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4.5.1  Monitoring SIRT with CT/MRI

Early response assessment after SIRT using anatomical imaging 
can be limited due to delayed reduction in tumor size and initial 
pseudoprogression due to edema and sharper demarcation of 
tumor boundaries on conventional imaging (Fig. 4.5). Early 
investigations with serial contrast enhanced CT (ceCT) images 
showed a maximum decrease in tumor size at 3–21 months 
(median 12 months), concluding that blood tumor markers (e.g., 
CEA for colorectal metastasis) were superior in therapy 
response assessment compared to contrast-enhanced CT [41].

The calculation of arterial perfusion (AP) using dynamic 
contrast-enhanced CT prior to SIRT was the best predictor 
for good treatment response and overall survival in patients 
[42]. Furthermore, follow-up perfusion CT showed a signifi-
cant decrease of AP in hepatic metastasis 4 weeks after SIRT 
in patients with long-term response, compared to nonre-
sponders [43]. Dual-energy CT is a new technology, allow-
ing the creation of iodine maps as promising tools to evaluate 

and quantify tumor viability, utilizing iodine maps measur-
ing the amount of iodine per lesion. Although this approach 
requires validation and standardization, it showed promising 
first results for hepatic radiofrequency ablation [44] and 
could also be a promising tool for SIRT therapy response 
assessment.

Functional MRI was suggested to be used to assess 
response to SIRT, as well. A post-therapeutic increase in 
ADCmin of more than 22%, 4 weeks after SIRT, was signifi-
cantly associated with a superior overall survival (18 vs. 
5 months, p < 0.001), while tumor size did not show any 
significant decrease after 4 weeks [45].

4.5.2  Monitoring SIRT with PET

Early on FDG PET was used to assess the reduction of 
hepatic metastatic load after SIRT [46]. Studies comparing 
response assessment between FDG PET/CT and ceCT gen-

Fig. 4.5 Axial post-contrast MRI before and 2, 6, and 12 months after SIRT therapy, showing the long-standing pseudoprogression over 6 months, 
with improved delineation of metastases on the first scan after SIRT and final partial morphologic response after 12 months
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erally show a higher predictive value for FDG PET com-
pared to ceCT [47], as published, e.g., in a review article in 
2014, where PET/CT revealed superiority over ceCT using 
RECIST for early response assessment [48]. Other groups 
investigated the PET-based volume metrics such as the 
metabolic tumor volume (MTV) or the total lesion glycoly-
sis (TLG) rate and came to the conclusion that those param-
eters correlate better with outcome compared to plain tumor 
size or SUVmax [49] measured in the PET scan. For accurate 
response assessment with FDG PET, potential pitfalls have 
to be considered. The two most prominent limitations are 
false-negative results caused by partial volume effects in 
small lesions (<1 cm) or diabetes and false-positive results 
caused by abscess formation or inflammatory changes [50]. 
A combination of FDG PET/CT with ceCT can reduce 
these limita-tions.

Despite the fact that earlier prediction of response to 
SIRT with FDG PET is possible, there is no established 
clinical role for FDG PET in assessing tumor response after 
SIRT. This might be attributable to a lack of additional treat-
ment options. Therefore, early knowledge of a limited 
response to this palliative therapy will change treatment 
only in very few cases. Nevertheless, it is crucial to know 
the potential limitations and possibilities of the various 
imaging modalities to prevent false interpretation of early 
morphologic changes for accurate judgment of therapeutic 
response.

4.6  Monitoring Neuroendocrine Tumors

Well-differentiated neuroendocrine tumors (NET) are slow- 
growing lesions and therefore usually assessed with contrast- 
enhanced CT scans for staging and detection of progression. 
New therapeutic approaches such as the combination of 
everolimus with octreotide long-acting repeatable are sys-
tematically assessed based on progression-free survival 
according to RECIST and chromogranin A blood values 
[51]. Also the recently published NETTER-1 trial investi-
gated the efficacy of peptide-based systemic radiotherapy 
(SRT) with 177Lu-Dotatate based on conventional imaging. 
Tumor progression was defined as a primary endpoint docu-
mented with either CT or MRI. The secondary endpoint was 
overall survival. An increase of progression-free survival 
from 10.8% in the control group to 65.2% in the 177Lu-Dotatate 
group was observed after 20 months. On interim analysis of 
survival, the estimated risk of death was 60% lower in the 
177Lu-Dotatate group than in the control group [52].

Similar to SIRT and targeted therapies, the morphologic 
response lags behind physiologic changes and pseudopro-
gression due to edema, and improved tumor delineation of 
liver lesions can be observed. This is crucial, since progres-
sion under therapy is a potential reason to stop current treat-

ment according to the European Neuroendocrine Tumor 
Society (ENETS) consensus guidelines. Therefore, a har-
monization and combination of anatomical and molecular 
imaging as well as biomarkers was suggested for monitor-
ing SRT [53]. No standardized procedures have been estab-
lished yet on how to interpret molecular imaging (e.g., 
68Ga-DOTATATE PET/CT) results after SRT. Only one pub-
lication summarizing results of 33 patients undergoing early 
therapy response assessment with 68Ga-DOTATATE after 
1 cycle of SRT was published so far. They came to the con-
clusion that a decrease of the tumor to spleen ratio (SUVT/S) 
correlated well with progression-free survival (p = 0.002), 
while a decrease in SUVmax did not reach significance [54] 
(Fig. 4.6).

4.7  Monitoring Metastasized Prostate 
Cancer (I)

4.7.1  Conventional Monitoring 
of Metastasized Prostate Cancer 
with CT and Bone Scans

Imaging response assessment for prostate cancer is notori-
ously difficult on anatomical imaging and therefore plays 
only a secondary role for treatment evaluation in new 
drug trials that commonly focus on survival and PSA val-
ues instead [55, 56]. For the trials investigating efficacy 
of abiraterone and alpharadin (223Ra), progressive disease 
was defined as an increase in PSA values or a morphologic 
progression according to RECIST (lymph nodes (> 2 cm) 
or visceral metastasis selected as target lesions; progres-
sion defined as an increase of >20% of target lesions or 
two or more new lesions on bone scans not consistent with 
tumor flare). Bone scans were included since around 68% 
of prostate cancer patients will develop bone metastasis, 
and most of these lesions are unmeasurable disease accord-
ing to RECIST [57]. It is well established that bone scans 
have a higher sensitivity for bone metastasis compared to 
CT. However, healing bone metastases will initially react 
with increasing mineralization and therefore also with an 
increase in activity on 99mTc-bone scans or 18F–flouride 
PET/CT the so-called tumor flare. This typically lasts for 
3 months after therapy but can be seen as late as 6 months 
after treatment [57]. Therefore, 99mTc-bone scans and 18F–
flouride PET/CT alone are both limited for response assess-
ment in prostate cancer patients. To still be able to include 
bone lesions for response assessment, bone-specific 
response criteria were suggested by MD Anderson incor-
porating CT and MRI information indicative for response 
(e.g., sclerotic fill- in or rim of lytic lesions) together with a 
decrease of tracer uptake on bone scans to improved evalu-
ation of bone lesions [58] (Fig. 4.7).
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a b

Fig. 4.6 68Ga-DOTATATE MIP images of a patient before (a) and 12 months after (b) SRT with 177Lu-Dotatate. With excellent response of most 
of the bone metastasis to therapy, without significant changes on CT

a b

Fig. 4.7 Sagittal CT and PET/CTs of bone metastasis before (a) and after (b) chemotherapy showing increasing and new sclerotic lesions with a 
complete decrease on FDG PET consistent with good metabolic response
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4.7.2  Monitoring Metastasized Prostate 
Cancer with MRI and PET/CT

The use of FDG PET/CT is very limited in prostate cancer 
patients since only a small subgroup of highly dedifferentiated 
tumors will have increased glucose uptake. With improvements 
in technology, the use of diffusion-weighted imaging (DWI) 
became feasible not only for small areas but for whole-body 
exams. First preliminary results showed that ADC values could 
not differentiate between responders and nonresponders in 
patients undergoing chemotherapy [59]. However, this technol-
ogy is still in its infancy, and other groups showed a good cor-
relation between decrease in PSA and increase in ADC values 
for patients under antiandrogen therapy [60]. Assessment of 
nodal, visceral, and osseous metastasis with one exam is pos-
sible with 18F- or 11C–choline or 68Ga-prostate-specific mem-
brane antigen (PSMA) PET/CT. A good correlation between 
apoptosis and decrease in SUV on 11C–choline PET/CT scans 
was shown after neoadjuvant docetaxel chemotherapy and 
complete androgen blockade in locally advanced prostate can-
cer patients [61]. The prospective use of choline PET/CT for 
response assessment of standardized docetaxel first-line che-
motherapy on the other hand showed no correlation between 
changes in choline uptake and clinical assessments of progres-
sion based on RECIST 1.1 and PSA values [62].

There is a fast-increasing use of 68Ga-PSMA PET/CT for 
early biochemical recurrence detection in prostate cancer 
patients. The clinical utility of 68Ga-PSMA PET for treat-
ment response is not established (Fig. 4.8). First investiga-
tions showed promising results using 68Ga-PSMA PET to 
evaluate 223Ra therapy response [63]. The use of 68Ga-PSMA 
PET for response assessment to androgen deprivation ther-
apy (ADT) will need careful prospective evaluation, since 
preliminary in vitro results showed that ADT is increasing 
the cellular expression of PSMA; therefore, a novel “tumor 
flare” might be observed in these patients [64].

a b

Fig. 4.8 68Ga-PSMA PET before (a) and after (b) two cycles of 177Lu-PSMA therapy with heterogeneous response: significant reduction in PSMA 
expression and size in all lymph node metastasis; however increase in PSMA expression and size of the bone metastasis

Take-Home Messages

• After neoadjuvant therapy, rectal cancer resectabil-
ity is essential for treatment planning. Restaging 
MRI shows tumor regression and clearance of the 
mesorectal fascia. If nonoperative management is 
considered in very good responders, diffusion-
weighted MRI combined with digital rectal exami-
nation and endoscopy accurately assesses clinical 
complete response.

• Systemic therapy response assessment with imag-
ing is generally based on morphology. However, 
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