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In this era with an increasing number of new cancer drugs, there is an unmet need for 

predictive biomarkers to support proper decision making. Furthermore, the selection 

of potential biomarkers is complicated by inter- and intratumor heterogeneity of tumor 

characteristics.

We aimed to contribute to the development of biomarkers and optimal diagnostics with a 

focus on renal cell carcinoma (RCC) and breast cancer (BC). The main part of the thesis is 

focused on imaging and its potential role in decision making. Two chapters concentrate on 

diagnostics in bone metastases with imaging-based and pathology-based approaches in BC 

and one chapter is dedicated to the patient factor age in patients with RCC.

The thesis consists of two parts. The first part involves research in the field of RCC while the 

second part focuses on research in the BC field. 

Chapter 1 provides a general introduction of the topic and outlines the thesis. 

PART I
In chapter 2, we evaluated the lesion detection of baseline contrast-enhanced computed 

tomography (ceCT) scan, 89Zr-DFO-girentuximab PET and 18F-fluorodeoxyglucose (18F-FDG)

PET in patients with newly diagnosed metastatic RCC (mRCC) with good or intermediate 

prognosis, eligible for watchful waiting. At baseline, patients underwent ceCT, 18F-FDG PET 

and 89Zr-girentuximab PET scan. All imaging modalities were independently reviewed and 

lesions of ≥10 mm and lymph nodes of ≥15 mm at ceCT scan were analyzed. For all suspect 

tumor lesions on 89Zr-DFO-girentuximab PET and 18F-FDG PET, maximum standardized uptake 

values (SUVmax) were measured. In 42 patients, a total of 449 lesions were identified. Lesion 

detection rates differed across modalities: 56% was visualized by ceCT scan (95% CI: 50-62), 
18F-FDG PET detected 59% (95% CI: 53-65, p = 0.37), 89Zr-DFO-girentuximab PET visualized 

70% (95% CI: 64-75), which was more than ceCT scan alone (p < 0.001) or 18F-FDG PET alone 

(p < 0.005). Combined 89Zr-girentuximab PET scan and ceCT visualizes more lesions than 
18F-FDG PET and ceCT scan, respectively 91% (95% CI: 87-94) and 84% (95% CI: 79-88). 

Tumor SUVmax of 89Zr-DFO-girentuximab varied greatly, ranging from 3.8 to 230.8. 89Zr-DFO-

girentuximab uptake was mainly dependent on lesion location, a little affected by size but not 

related to uptake of the 18F-FDG.

No validated predictive biomarkers for antiangiogenic treatment of mRCC exist. Tumor 

vascular endothelial growth factor A (VEGF-A) level may be useful. In the next two chapters, 

we evaluated the potential role of whole-body VEGF-A imaging and quantification in 

predicting treatment outcome. In chapter 3 a pilot study is described in which we performed 

serial 89Zr-bevacizumab PET scans in patients with mRCC. The primary aim was to quantify 

tumor uptake of this VEGF-A binding tracer before treatment and to determine changes in 

uptake during the early course of antiangiogenic therapy in patients with mRCC. Twenty-

six patients were included, of which 22 were evaluable. Eleven patients were treated with 

bevacizumab 10 mg/kg intravenously every 14 days in combination with interferon-α (IFNα) 

three million IU three times per week, which was increased after two weeks to six and then 

to nine million IU when tolerated. The remaining 11 patients received sunitinib 50 mg daily 

orally during four of every six weeks. Patients underwent PET scans prior to the start of 

treatment, after two weeks and after six weeks of treatment. We demonstrated remarkable 

interpatient and intrapatient heterogeneity of 89Zr-bevacizumab tumor uptake at baseline. 

Bevacizumab/IFNα strongly decreased 89Zr-bevacizumab tumor uptake whereas sunitinib 

resulted in modest reduction after two weeks of treatment with an overshoot after two 

drug-free weeks. High baseline tumor SUVmax was associated with longer time to progression. 

SUVmax was not related to plasma VEGF-A at all scan moments.

 

In chapter 4 we investigated the potential role of 89Zr-bevacizumab PET in predicting the 

efficacy of everolimus in mRCC patients. We performed PET scans at baseline and after two 

and six weeks of treatment on 13 patients. The primary endpoint was change in tumor tracer 

uptake after the start of everolimus. Ninety-four evaluable lesions were visualized at baseline, 

with median SUVmax 7.3 (range, 1.6-59.5). After two weeks of treatment, a mean decrease of 

9.1% (p < 0.0001) was seen. After six weeks of treatment, 10 patients were still on treatment. 

A decrease in SUVmax of 23.4% was seen in 70 evaluable lesions compared with baseline, 

resulting in median SUVmax of 5.4 (range, 1.1-49.4). We could not demonstrate whether 89Zr-

bevacizumab PET can be used for early identification of progressive disease, because all 10 

patients on treatment at the time of the first response evaluation had stable disease. Two out 

of the three patients who discontinued everolimus early did so because of adverse events. 

The third patient had early progressive disease based on clinical signs and symptoms. The 

PET scans of this patient showed no exceptional pattern compared with the other patients. 

However, this was the only patient who showed an increase in plasma VEGF-A level after 

two weeks of treatment. Exploratory analysis showed a correlation between baseline mean 

tumor SUVmax and time on treatment (r = 0.63, p = 0.02).

Approximately 50% of the patients with mRCC are >65 years of age at diagnosis and almost 

a quarter is over 75 years of age. Therefore, in chapter 5 we reviewed the literature for 

RCC treatment in the elderly. There are important differences between elderly and younger 

individuals that can potentially affect tolerance of treatment. A decline in normal organ 

function, such as kidney function, can result in different drug metabolism and clearance. 

Reduced pulmonary or cardiac function can complicate surgical treatment. Multiple drugs 
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for comorbid diseases can interact with cancer treatment and a relative increase of body fat 

and reduced water content and muscle mass can influence drug distribution. There is a very 

small representation of elderly patients in clinical trials and therefore specific information 

on how to treat the elderly is scarce. The aim of this review was to summarize the available 

data for efficacy, complication risk and toxicity of surgical and systemic treatment for 

elderly mRCC patients. Data consists of reports of phase III clinical trials and expanded 

access programs of approved drugs for mRCC. Additionally, PubMed was searched using 

the terms ‘‘kidney cancer/renal (cell) carcinoma”, ‘‘elderly”, ‘‘age/aging”, ‘‘PD-1”, ‘‘PDL1”, 

‘‘CTLA-4” and ‘‘immune checkpoint” and applicable abstracts presented at the recent 

American Society of Clinical Oncology (ASCO) annual meetings, ASCO genitourinary and 

European Society for Medical Oncology (ESMO) congresses were added. Also, the National 

Comprehensive Cancer Network, European Association of Urology and ESMO guidelines 

were reviewed. All angiogenesis inhibitors appear to have similar efficacy in elderly and 

younger patients. Most evidence in elderly is available for sunitinib as first-line regimen 

and sorafenib as second-line regimen. Everolimus has similar efficacy but a higher rate of 

adverse events in the elderly compared to younger patients. Elderly with poor prognosis 

mRCC do not seem to benefit from temsirolimus. Very limited data suggest that nivolumab 

might be less effective in patients ≥75 years. We presented modified evidence blocks for 

elderly patients as an illustration. Regretfully for several treatment options, solid proof for 

the use in elderly is lacking. Next to underrepresentation of the elderly in clinical trials, 

subgroup analyses for elderly that participated in the trials are often not published. A 

transition is warranted where collecting and publishing data representing the treatment 

effects in the elderly becomes self-evident. 

PART II
In chapter 6 we reviewed the current state of the art regarding the 18F-FDG, 3′-deoxy-3′-
18F-fluorothymidine (18F-FLT) and 18F-fluoroestradiol (18F-FES) PET and we summarized all 

ongoing trials with other experimental PET tracers in BC. Despite tremendous efforts, the 

role of molecular imaging in BC is still limited. Randomized trials are advised to provide the 

best level of evidence in support of a screening tool or predictive biomarker, or to show the 

actual improved patient outcome of a new diagnostic or prognostic marker. However, this is 

extremely difficult in the field of molecular imaging because of financial boundaries and the 

limited capacity of tracer production facilities. To achieve the necessary level of evidence, 

data should be standardized and harmonized in order to be able to pool prospective studies 

with meaningful clinical endpoints in a data warehouse and perform meta-analyses. Next, 

when evidence is deemed enough for a new tracer to be implemented as part of standard 

practice, a stepped wedge cluster randomized trial could provide final evidence of benefit 

while taking advantage of the logistical challenges of implementing PET technology. 

In chapter 7, we evaluated whether an assessment of bone metastases with 18F-FDG PET plus 

ceCT scan lead to a clinically relevant change of treatment recommendations for patients 

with newly diagnosed metastatic BC (mBC), compared to BS plus ceCT scan. Clinically 

relevant differences of mBC treatment recommendations were defined as other treatment 

intent (curative versus palliative or unable to determine) and/or choice of systemic or local 

therapy. One-hundred and two patients that were recruited at the UMCG for the IMPACT-

MBC study were studied for this retrospective proof of principle analysis. Baseline ceCT 

scan, BS and 18F-FDG PET were reviewed for bone metastases by dedicated radiologists and 

nuclear physicians. An expert panel, existing of radiation oncologists and medical oncologists 

made treatment recommendations for all patients twice, based on clinical data, pathology 

results, the ceCT scan report and either BS or 18F-FDG PET. In 16% of the patients, mBC 

treatment recommendations by the expert panel differed between 18F-FDG PET plus ceCT 

scan compared to BS plus ceCT. In nine out of 16 patients this difference meant a change of 

treatment intent; in five cases the intent changed from curative following BS plus ceCT to 

palliative following 18F-FDG PET plus ceCT, four patients had unknown intent on BS plus ceCT, 

which became curative in two and palliative in two following 18F-FDG PET plus ceCT. In all nine 

patients, systemic and/or local treatment recommendations also changed. In six patients 

there was a new indication for bisphosphonate and calcium plus vitamin D and for one 

patient palliative radiotherapy was recommended due to the additional findings on 18F-FDG 

PET. Patients with a hormone-receptor negative primary tumor had the highest chance of 
18F-FDG PET resulting in a change of treatment recommendation (29%, 95% CI: 13-53%). In 

26% of patients, when presented with the BS plus ceCT scan, an additional 18F-FDG PET was 

requested by the expert panel for the evaluation of bone metastases. 

In chapter 8, we aimed to determine the optimal decalcification method and to study 

discordance of receptor expression between paired primary breast tumors and optimally 

decalcified bone metastases. First, decalcification was simulated using acetic acid, 

hydrochloric/formic acid, and ethylenediaminetetraacetic acid (EDTA) for 12 primary breast 

carcinomas. ER, PR and HER2 immunohistochemistry (IHC) and HER2 in situ hybridisation 

(ISH) were assessed, prior to- and after the three decalcification methods. EDTA was 

considered the optimal method as it did not affect IHC and ISH failed in only one out of 

16 cases. Hydrochloric/formic acid altered ER and PR results, and with acetic acid and 

hydrochloric/formic acid ISH failed in respectively 94% and 100%. Secondly, ER, PR and 

HER2 IHC was performed in paired primary tumors and EDTA decalcified bone metastases 

obtained from patients with the first presentation of mBC. Clinically relevant discordance 

was defined as changed receptor status with treatment implications. Paired samples of 

77 patients, participating in the IMPACT-MBC trial, were evaluable. Hormonal receptor 

expression change was clinically relevant in six patients (7.9%) and HER2 expression change 
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in one patient (1.3%). These discordance rates in our study population were lower than the 

discordance rates that were described in other cohorts, between primary breast tumors 

and both skeletal and non-skeletal metastases.
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