
A 2017 multi-site study published in the Journal of Clinical Oncology demonstrated the extent of intra-patient 
treatment response heterogeneity among metastatic prostate cancer patients.1   Encompassing 56 patients with 
metastatic castration-resistant prostate cancer (mCRPC) with osseous metastases, researchers were able to extract 
composite lesion-level statistics for each patient using AIQ’s technology, also referred to as Quantitative Total 
Bone Imaging or QTBI. Figure 1 shows a graphical view of the technology’s output, where each individual lesion 
has been identified, located relative to the patient’s skeleton, and categorized as responding to treatment (green), 
resistant to treatment (red), or stable (gray). 

In this study, sodium fluoride (NaF) positron emission tomography (PET)/computed tomography (CT) scans 
were used as input data for the technology platform to identify lesions and calculate, for each lesion, changes in 
maximum standardized uptake value (SUVmax) and total functional burden (SUVtotal). Scans were performed on 
each patient at baseline and after three cycles of chemotherapy (n = 16) or androgen receptor pathway inhibitors 
(n = 40). Of the 56 patients enrolled, 43 completed both scans. Researchers then calculated progression-free 
survival (PFS) as a composite end point of progressive events using conventional imaging and/or physician 
discretion of clinical benefit.

The scientific community has long appreciated the impact of heterogeneity of treatment response between patients: 
not all patients respond the same to a given therapy. However, heterogeneity of treatment response within an 
individual patient, intra-patient heterogeneity, is under-recognized. This intra-patient heterogeneity of treatment 
response can be spatial—treatment response that differs by anatomical location—and/or temporal—treatment 
response that changes over time.

Understanding of intra-patient heterogeneity has been limited by incomplete information. Manual measurement 
of treatment response for numerous disease sites or lesions is extremely cumbersome, time consuming, and 
subjective, and thus impractical.  Current treatment response standards, such as RECIST and PERCIST, measure 
only 3-5 lesions. Moreover, existing software tools only determine overall patient treatment response. 

The AIQ technology platform, developed by experts in oncology, medical physics, and clinical research, was 
created to address an unmet clinical need: how intra-patient heterogeneity of treatment response impacts patient 
outcomes. From standard format scans, AIQ’s novel platform provides quantitative temporal and spatial treatment 
response data for each individual lesion (see “AIQ Technology: A Next Generation Platform for Treatment 
Response Assessment” for a detailed description of the AIQ technology platform).   
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Figure 1. (A) The graph represents the 
quantitative response metrics at different 
times for every lesion based on changes 
in SUVtotal (Disease Burden).  Each line 
represents a lesion at Baseline (B), Time 1 
(T1), Clinical Progression (CP), and Time 2 
(T2).  (B)  The image on the right represents 
the precise location of the lesions in the 
graph, combined with the response status 
for each lesion. 
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Figure 2.  Each participating patient is represented by a single bar, and the colors 
depict the percentage of each patient’s lesions by treatment response category. 

This same 2017 study found that treatment response, as indicated by changes in SUVtotal, proved the highest 
univariable PFS predictor (hazard ratio, 1.97; 95% CI, 1.44 to 2.71; P, 0.001), and the classification of patients 
based on changes in functional burden showed stronger correlation to PFS than did the change in number of 
lesions.

Further analysis by the study’s investigators demonstrates how intra-patient treatment response heterogeneity 
drives clinical outcomes. A comparison of PFS to the percent of responding and resistant lesions across all 
participating patients found that a very small fraction of resistant lesions strongly correlates with negative clinical 
outcomes, as shown in Figure 3. Specifically, the analysis found that patients with more than 31% of lesions 
classified as responding had longer PFS time (P=0.015). The analysis also found, however, that patients with only 
5% or more of their lesions classified as resistant had shorter PFS time (P=0.0022).

This analysis shows that, although increasing response improves benefit, overall outcome is predominantly driven 
by resistance. A focus on minimizing treatment resistance would then help optimize overall patient outcome. Only 
by quantifying treatment response for each individual lesion, however, can the clinician or researcher identify and 
understand treatment resistance.

Figure 3.  Left graph demonstrates that patients with at least 31% of lesions responding favorably to 
treatment had significantly longer PFS time (P=0.015).  Moreover, patients in the right graph with > 
5% of lesions resistant to treatment had significantly shorter PFS time (P=0.0022)
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Intra-Patient Treatment Response Heterogeneity Impacts Clinical Outcomes

This multi-site study demonstrated a high degree of intra-patient treatment response heterogeneity, as shown in 
Figure 2. Each bar represents a different patient. Within each bar the segments indicate the fraction of lesions, 
for that patient, that have been classified as responding (complete response or partial response), stable, and 
resistant (progressing disease and new disease). The colors coincide with the lesion identification shown in Figure 
1. The relative mix of red, gray, and green in the graph shows the extent of intra-patient treatment response 
heterogeneity after up to 12 weeks of therapy. The percentage of lesions that are responding, stable, and resistant 
varies considerably within each patient, as do the relative percentages among patients.
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Intra-Patient Heterogeneity in Metastatic Bone Disease Confirmed
The results from the 2017 study were corroborated by a multi-site study sponsored by a major pharmaceutical 
company.2  Presented at ASCO 2019, this study in 22 men with metastatic bone disease found a similar distribution 
of heterogeneity at clinical progression, as shown in Figure 4.

The study used AIQ technology to assess the proportion of men treated with enzalutamide with responding lesions 
at the time of progression. Findings revealed that the proportion of resistant lesions increased from a mean 7.8% 
(range, 0-29) at 12 weeks to 9.4% (range, 0-32) at clinical progression as defined by an increase in prostate-
specific antigen (PSA), conventional radiographic guidelines, or physician discreton. This supports the findings 
of the 2017 study that a small number of resistant lesions can drive negative clinical outcomes.

Figure 4. The figure on the left is the disease burden after 12 weeks and the graph on the right is the disease 
burden at clinical progression, with the patients shown here in the same order. Each participating patient 
is represented by a single bar and the colors depict the percentage of each patient’s lesions by treatment 
response category.

Intra-Patient Heterogeneity of Treatment Response in Hematologic Cancers 

A 2011 acute myeloid leukemia (AML) study published in Leukemia Research3 engaged the use of PET for early 
assessment of treatment response in patients using the proliferation marker 3-deoxy-3-[18F]fluoro-L-thymidine 
(FLT). Eight adults receiving induction chemotherapy underwent whole-body FLT PET/CT scans acquired at 
different time points during therapy. Clinical response was determined by bone marrow biopsy four to six weeks 
after induction chemotherapy, consistent with standard of care. Researchers found that bone marrow FLT uptake 
distributions of patients with resistant disease (RD) were more heterogeneous than those of patients in complete 
remission (CR), as exhibited in Figure 5. In addition, the bone marrow of RD patients displayed heterogeneous 
FLT uptake both in the lower and middle SUV ranges (24% bone marrow > SUV of 2), while bone marrow of CR 
patients exhibited almost exclusive uptake in the lower SUV range (99% bone marrow < SUV of 2). 

Notably, the spatial heterogeneity of bone marrow response was further investigated by co-registering pre- and 
post-treatment FLT PET imaging data in the pelvic region for RD patients. As demonstrated in Figure 6, there was 
a high degree of heterogeneity of bone marrow response throughout the pelvic region. Because evidence-based 
practice suggests taking a biopsy from the iliac crest, these findings are clinically relevant, suggesting treatement 
response heterogeneity decreases the reliability of this standard.

Applying AIQ technology to the scan data collected, the investigators were able to quantify spatiotemporal 
heterogeneity of treatment response for the AML patients. The reliability of the analyses was independent of scan 
time point, suggesting that treatment response assessment with AIQ technology may be predictive of clinical 
outcome as early as two days after initiation of chemotherapy. The authors concluded, “Given that a number 
of patients with a negative post-induction bone marrow biopsy fail to achieve a complete remission, FLT PET 
imaging may provide a more accurate tool for early assessment of treatment response in AML and deserves 
further study.”3  This pilot study was subsequently confirmed by a larger study (71 patients from 9 sites) in 2019, 
currently pending publication.
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Another systematic review of three multiple myeloma (MM) studies found that intra-lesion heterogeneity occurred 
in greater than 75% of MM patients. While a greater understanding of these dynamics is important to improving 
risk stratification and treatment strategy design, researchers acknowledged that biopsy of multiple skeletal sites is 
impractical 4-6. The same principles of treatment response heterogeneity apply for MM as in the discussed cases 
of metastatic prostate cancer and AML. AIQ’s technology platform could be similarly used to provide quantitative 
and spatial information about treatment response in multiple myeloma.

A growing body of evidence supports a strong prevalence of intra-patient heterogeneity of treatment response and 
its potential impact on clinical outcomes. The studies outlined in this paper demonstrate a promise to the scientific 
and medical communities that AIQ’s technology is well established, provides new pathways to understanding 
intra-patient heterogeneity of treatment response and should become an integral component of oncology best 
practices.
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Figure 5. (Left) Comparison of Complete Remission (CR) and 
Resistant Disease (RD) patients, pre- and post-treatment.  RD 
patient (D) exhibited markedly greater uptake than CR patient 
(A).  FLT PET images (B and E) and SUV distributions (C and 
F) revealed very low uptake for CR patient but substantial 
uptake for RD patient.
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Figure 6. (Above) Ratio of post/pre-treatment bone mar-
row uptake demonstrates the heterogeneous response, 
with regions of
good response (green arrows) and poor response (red 
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