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Abstract: Background: Immune checkpoint inhibitors (ICIs) have transformed cancer treatment by 

stimulating anti-tumor immunity. However, evaluating therapy response remains challenging due 

to atypical response patterns such as pseudoprogression, which can mimic true progressive disease 

on imaging and therefore lead to discontinuation of a potentially effective treatment. Specific therapy 

response criteria were designed to better differentiate between pseudoprogression and true 

progressive disease. F-18 FDG PET/CT has proven itself as a valuable imaging modality in 

immunotherapy response assessment, offering early detection of metabolic changes before structural 

tumor alterations become apparent on CT or MRI. Methods: This retrospective study analyzed 93 

patients undergoing immunotherapy between March 2022 and March 2024. A total of 498 PET/CT 

scans were reviewed, with responses classified according to iRECIST criteria. Therapy changes based 

on PET/CT findings were documented, and cases of immune unconfirmed progressive disease 

(iUCPD) were analyzed to determine pseudoprogression incidence. Results: Out of the 93 included 

patients, F-18 FDG PET/CT identified 9 patients with iUCPD, of which 4 showed stable disease (SD) 

and 5 partial response (PR) on the required follow-up scan after 6–8 weeks and were therefore 

classified as pseudoprogression. The overall incidence of pseudoprogression in our study was 9,7%. 

Additionally, therapy adjustments were made in 42% of the patients, highlighting the crucial role of 

F-18 FDG PET/CT in guiding treatment decisions. Conclusion: F-18 FDG PET/CT plays an important 

role in therapy monitoring in patients undergoing immunotherapy. This study highlights its 

significance in the differentiation between true progression and pseudoprogression. The ability to 

provide metabolic insights earlier than conventional imaging supports its integration into routine 

oncologic assessment. 

Keywords: F-18 FDG PET/CT; immunotherapy; iRECIST; therapy response; pseudoprogression; 
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1. Introduction 

Immune checkpoint inhibitors (ICIs) have revolutionized modern oncology, offering a powerful 

strategy to enhance the patient's anti-tumor immunity. The key targets of these therapies are PD-1 

(Programmed Cell Death 1) on T cells, its ligand PD-L1 (Programmed Cell Death-Ligand 1) on tumor 

cells, and CTLA-4 (Cytotoxic T-Lymphocyte Associated Protein 4), an inhibitory receptor on T cells. 

Under normal conditions, immune checkpoints help maintain immune balance by suppressing 

excessive T-cell activation, thereby preventing autoimmunity. However, some tumors overexpress 

PD-L1, and by binding to PD-1 on the surface of T cells, they can reduce the host’s immune response. 

The inhibition of these checkpoints can enhance T-cell activity against tumors [1–5]. The significance 

of this discovery was recognized in 2018 when James P. Allison and Tasuku Honjo were awarded the 
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Nobel Prize in Physiology or Medicine for their work on the exact mechanism of immune checkpoint 

blockade [6]. 

The first FDA approval for immune checkpoint inhibitors came in 2011 for metastatic melanoma, 

followed by approvals for lung cancer, urothelial carcinoma, cervical cancer, and others over the next 

decade, with the most recent approval for metastatic malignant pleural mesothelioma [7–9]. 

Numerous studies have demonstrated their efficacy either as monotherapy or in combination with 

chemotherapy [10–20]. However, specific response patterns—such as pseudoprogression, 

hyperprogression, and dissociated response—have presented significant challenges for oncologists, 

radiologists, and nuclear medicine physicians [21–28]. Established criteria like RECIST 1.1 (Response 

Evaluation Criteria in Solid Tumors) quickly proved inadequate in assessing pseudoprogression, 

which is defined as an initial increase in tumor burden followed by a response to treatment. This led 

to the creation of the modified guideline Immune RECIST (iRECIST) in 2017, introducing the term 

immune unconfirmed progression (iUCPD), which requires a follow-up scan in 6 to 8 weeks to 

distinguish true progression from a potential treatment response [29–32]. The reported incidence of 

pseudoprogression varies based on factors such as cancer type and the specific ICI administered, but 

it is estimated to be approximately 6% [33]. The accurate assessment of pseudoprogression is crucial, 

as it can prevent the premature discontinuation of an effective treatment. 

Since its introduction in the 1990s and widespread adoption in the early 2000s, F-18 FDG PET/CT 

has become a key component in the diagnostic algorithms for many cancer types. By combining 

morphological imaging with the visualization of cellular glucose metabolism, it has the potential to 

detect progressive disease earlier than conventional imaging methods. Metabolic changes in primary 

tumor masses or distant metastases are often seen before changes in size appear on conventional CT 

or MRI [34,35]. For some cancer types, PET/CT has been shown to have higher specificity and 

sensitivity than CT alone. Niikura et al. (2011) demonstrated that PET/CT detects distant metastases 

in breast cancer patients with higher sensitivity (97.4%) and specificity (91.2%) compared to 

conventional imaging alone (85.9% and 67.3%, respectively) [36]. This makes PET/CT a valuable tool 

for the timely assessment of therapy response. Beyond response evaluation, PET/CT is also capable 

of detecting early immune-related adverse events (irAE). Additionally, Parihar and Wahl (2022) 

demonstrated that 18F-FDG PET/CT is superior to conventional imaging for detecting irAEs, 

particularly those that may require cessation of therapy, such as pneumonitis, colitis, hypophysitis, 

and adrenal insufficiency [37]. 

In this study, we analyzed data from 93 patients with different cancer types undergoing 

immunotherapy, whose response to treatment was assessed with F-18 FDG PET/CT. The aim of the 

study was to demonstrate the critical role of PET/CT in guiding treatment decisions and to highlight 

the importance of careful evaluation to distinguish true progression from pseudoprogression. 

2. Materials and Methods 

2.1. Study Design and Patient Selection 

This retrospective study included 698 patients undergoing immunotherapy between March 2022 

and February 2024. A smaller cohort of 93 patients was selected. Inclusion criteria required patients 

to have a staging PET/CT performed at our facility in the given time interval and a minimum of 

another 2 PET/CT scans, so we can perform an analysis on a potential pseudoprogression. Patients 

with incomplete clinical or imaging data were excluded from the analysis. 

2.2. Data Collection 

Demographic data (age, gender), clinical characteristics (ICD-10 diagnosis, initial TNM staging), 

name of administrated immunotherapeutic drug, therapy regimens (pre- and post-PET/CT) and 

dates and results of the PET/CT scans were collected – complete response (CR), partial response (PR), 

stable disease (SD), progressive disease (PD), immune unconfirmed progressive disease (iUCPD), or 

immune confirmed progressive disease (iCPD). PET/CT findings were analyzed according to 

iRECIST criteria. iUCPD cases were analyzed to determine whether progression was confirmed 
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(iCPD in subsequent scans) or not confirmed (PR, SD or CR in subsequent scans). Pseudoprogression 

cases were identified as iUCPD not followed by confirmed progression. Changes in the therapy 

regimes were noted for each patient after PET/CT scan. 

2.3. PET/CT Protocols 

All PET/CT scans were performed using a Siemens Biograph mCT 64. Patients fasted for at least 

10 hours prior to the scan and followed a low carbohydrate diet on the day before the scan. F-18 FDG 

was injected intravenously at a dose of 3 MBq/kg, and images were recquired approximately 60 

minutes post-injection. Whole-body imaging was conducted from the skull base to the mid-thigh 

using continuous bed movement with a speed of 1.6 mm/s. 

CT imaging was performed with CARE Dose 4D and CARE kV, applying a quality reference of 

50 mAs and a tube voltage of 120 kV for a 70 kg patient. The slice thickness was set to 5 mm. Image 

reconstruction was carried out using the TruX + TOF (UltraHD-PET) algorithm, with a matrix size of 

200 × 200 and a Gaussian filter of 5 mm full-width at half maximum (FWHM). Attenuation correction 

was applied using CT data. 

2.4. Image Analysis 

Images were reviewed by two experienced nuclear medicine specialists using syngo.via MI 

Applications. Findings were classified according to iRECIST criteria. 

2.5. Statistical Analysis 

Descriptive statistics were applied to summarize demographic and clinical data, including age, 

gender, administered immunotherapeutic drug, ICD-10 diagnoses and initial TNM staging. The 

percentage of patients who had a therapy change after a PET/CT scan result in the given time interval 

was noted. Additionally, therapy changes were calculated as a proportion of the total number of 

PET/CT scans performed. Overall response (CR, PR, SD, PD) were expressed as percentage of the 

number of patients. Analysis of iUCPD cases and pseudoprogression was also conducted. Data 

visualization was used to present key findings. All analyses were conducted using Excel. 

2.6. Ethical Considerations 

This study was conducted using anonymized data. Written approval to use the data for research 

purposes was granted by the hospital's administration. All data were fully anonymized, and no 

identifiable patient information was included in the analysis. As the study was retrospective and 

anonymized, individual patient consent was waived. 

3. Results 

3.1. Data Analysis 

3.1.1. Demographics 

Data of a total of 698 patients undergoing immunotherapy between March 2022 and mid-

February 2024 was collected. From this cohort, a subgroup of 93 patients was selected for more 

detailed analysis. The median age of the subgroup was 65 years (between 28–83 years old at time of 

evaluation). The gender distribution was 63% male and 37% female patients. The most common ICD-

10 diagnoses were lung cancer C34 (53.8%), renal cell cancer C64 (9.7%) and malignant melanoma 

C43 (8.6%). Other diagnoses accounted for 27.9% of cases - urothelial carcinoma, breast cancer and 

others. (Figure 1) 
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Figure 1. Distribution of ICD-10 diagnoses among the included 93 patients. 

3.1.2. Immunotherapy Drug Distribution 

The distribution of the administered immunotherapy drugs among the cohort was analyzed. 

Pembrolizumab was the most commonly administered drug, accounting for 48 % of the patients. 

Followed by Nivolumab with 18 %, Durvalumab with 15%, Ipilimumab with 10% and Atezolizumab 

with 9%. (Figure 2) 

 

Figure 2. Distribution of administered Immune Checkpoint Inhibitor among the 93 included patients. 

3.1.3. PET/CT Findings 

A total of 498 PET/CT scans were performed for the 93 patients, with some of them having up 

to 9 scans in the time frame. The overall response to therapy of the selected patients according to 

iRECIST criteria was as it follows: (Figure 3) 

 

Figure 3. Overall response distribution of PET/CT findings according to iRECIST criteria –.PD (Progressive 

Disease), SD (Stable Disease), PR (Partial Response), CR (Complete Response). 
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Complete response (CR): 12 patients, accounting for 13% 

Partial response (PR): 25 patients, accounting for 27% 

Stable disease (SD): 17 patients, accounting for 18% 

Progressive disease (PD): 39 patients, accounting for 42% 

3.1.4. Therapy Changes 

Therapy adjustments were recorded for 39 patients (42% of the patient number) with a total of 

60 changes across all patients, resulting from some patients having more than one therapy regimen 

change. Therapy changes accounted for 12.05% of all 498 PET/CT scans performed. These 

adjustments were most frequently prompted by findings of progressive disease. 

3.1.5. Pseudoprogression Analysis 

Further analysis was conducted to distinguish true progression from pseudoprogression. 

iUCPD cases were classified as pseudoprogression when subsequent scans showed PR, SD or CR, 

rather than progressing to iCPD. Out of the 93 included patients, 5 showed a SD and 4 showed PR on 

the required follow-up scan after an iUCPD, classifying as them as having pseudoprogression. No 

cases with a follow-up CR were registered. This accounts for 9,7 % of all patients. 

3.2. Figures 

4. Discussion 

This study evaluated the role of F-18 FDG PET/CT in assessing therapy response in patients 

undergoing immunotherapy with immune checkpoint inhibitors (ICIs). One of the key findings was 

the ability of PET/CT to differentiate true progressive disease from pseudoprogression, which 

remains a major challenge in immunotherapy monitoring. Among the 93 patients, 9 showed stable 

disease (SD) or partial response (PR) on the required follow-up scans after 6–8 weeks and were 

therefore classified as pseudoprogression (Figures 4 and 5). The estimated pseudoprogression 

incidence in our study – 9,7% - aligns with previously reported data. A systematic review and meta-

analysis by Park et al. found an overall pseudoprogression incidence of 6% and less than 10%, with 

slight differences between cancer types, administered ICI and differences coming from the different 

definitions of pseudoprogression [33]. These results further support our findings and confirm that 

pseudoprogression remains a relatively rare, but clinically significant phenomenon. Failing to 

correctly identify pseudoprogression may result in the premature discontinuation of a beneficial 

therapy, depriving patients of a potential long-term response. 

 

Figure 4. A case of pseudoprogression. Female patient with metastatic melanoma of the vulva undergoing 

immunotherapy showed increased size and metabolic activity of the primary tumor mass and metastatic 
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inguinal lymph nodes on the first follow-up scan. Immunotherapy was continued and a confirmatory scan was 

performed 6 weeks later. It showed a Partial Response to therapy. 

 

Figure 5. A case of true progression. Female with metastatic melanoma undergoing first line of 

immunotherapy showed increased size and metabolic activity in the primary tumor mass on the right leg on 

the first follow-up scan. ICI drug was not discontinued. 7 weeks later the second follow-up scan showed 

further increase in tumor burden. Therapy regimen was changed. 

As a hybrid imaging modality, PET/CT not only visualizes anatomical changes in primary 

tumors and metastatic sites, but also provides functional insights into tumor metabolism by 

measuring glucose uptake in cancer cells. This dual capability makes F-18 FDG PET/CT a valuable 

tool for routine oncologic follow-up. The ability of PET/CT to detect metabolic changes before 

morphological alterations appear is currently being investigated in various studies comparing the 

sensitivity and specificity of PET/CT with conventional imaging methods such as contrast-enhanced 

CT and MRI. Kostakoglu et al. demonstrated that FDG-PET/CT enables earlier detection of recurrent 

disease in patients with squamous cell carcinoma of the head and neck, leading to significant 

management changes [38]. This reinforces the role of PET/CT in timely therapy adjustments, as 

observed in our study, where 42% of patients had modifications in their treatment plans based on 

PET/CT findings. The data support the idea that PET/CT can support more personalized treatment 

strategies, helping to avoid unnecessary therapy discontinuations while identifying true disease 

progression at an earlier stage. 

Additionally, PET/CT has been shown to detect early immune-related adverse events (irAEs), 

further highlighting its potential in immunotherapy monitoring. Recent studies have demonstrated 

the diagnostic value of PET/CT in identifying irAEs before clinical symptoms appear [39]. Karlsen et 

al. examined the pros and cons of using F-18 FDG PET/CT for irAE detection and found that PET/CT 

successfully identified metabolic activation patterns linked to irAEs across multiple organs, including 

the colon, stomach, small intestine, kidneys, skin, lungs, joints, liver, lymph nodes, bone marrow, 

brain, heart, and endocrine glands [40]. These findings suggest that PET/CT could serve as an early 

warning tool for detecting irAEs, allowing for prompt intervention, preventing life-threatening 

conditions, and reducing unnecessary treatment discontinuations. 

This study has several strengths. The large dataset of 498 PET/CT scans in 93 patients provides 

a comprehensive evaluation of response patterns in immunotherapy-treated patients, making the 

findings robust. Additionally, the use of iRECIST criteria, which are specifically adapted for patients 

undergoing immunotherapy, ensures that response classification is standardized and clinically 

relevant. Another key strength is the real-world setting of this study, where PET/CT was utilized in 

routine clinical decision-making, enhancing the practical applicability of the results. 
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However, some limitations should be acknowledged. While iRECIST criteria are well-

established for assessing immunotherapy response, they are primarily designed for CT-based 

morphological evaluation and do not incorporate metabolic changes. To address this, we applied 

iPERCIST criteria additionally, which are specifically designed for PET/CT-based response 

assessment [41,42]. In cases of disconcordance between the criteria, the final classification was 

determined by the more progressive outcome—i.e., in cases where iPERCIST indicated progressive 

disease (PD) while iRECIST showed stable disease (SD), the final response was adjudicated as PD 

with the progression being solely metabolic. However, iPERCIST is not yet widely adopted in clinical 

practice among nuclear medicine physicians, highlighting the need for standardized PET/CT-based 

response criteria. 

Additionally, due to the retrospective nature of this study, long-term survival outcomes were 

not assessed, limiting our ability to determine the prognostic value of PET/CT in immunotherapy 

monitoring. Future studies should focus on validating PET/CT-based response criteria through 

prospective, multicenter research and correlating imaging findings with patient survival outcomes. 

The findings of this study emphasize the need for further research to refine the role of PET/CT 

in immunotherapy monitoring. Future studies should focus on: 

Standardizing and PET/CT-based response criteria that integrate both metabolic and 

morphological changes. 

Investigating the predictive value of PET/CT findings for long-term survival outcomes in 

immunotherapy-treated patients. 

Investigating the implementation of standard follow-up protocols in patients undergoing 

immunotherapy, as a screening method for irAEs. 

5. Conclusions 

This study reinforces the essential role of F-18 FDG PET/CT in monitoring immunotherapy 

response. With a pseudoprogression incidence of 9,7% and therapy modifications recorded in 42% of 

patients, PET/CT has demonstrated significant clinical utility. In addition to response evaluation, 

PET/CT can detect immune-related adverse events (irAEs) early, improving patient management. 

Future research should focus on optimizing PET/CT-based response criteria and correlating 

metabolic response with long-term survival outcomes to further improve personalized oncologic 

care. 
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