
Invited Commentary

Analysis of Routine Computed Tomographic Scans
With Radiomics and Machine Learning
One Step Closer to Clinical Practice
Michael D. Farwell, MD; David A. Mankoff, MD, PhD

Response Evaluation Criteria in Solid Tumors (RECIST)1 has
been the standard approach to assess response and predict
survival in oncology clinical trials for many years. In RECIST
1.1, the percentage change in the sum of the longest single

dimension of up to 5 target le-
sions is used to classify re-
sponse. Although many stud-

ies have supported the utility of this approach, other studies
have shown that there is room for improvement. For ex-
ample, volumetric changes in tumor size and radiomics sig-
natures of image textural qualities have shown promise as tools
to predict survival that are complementary to RECIST.

In this issue of JAMA Oncology, Dercle et al2 apply ra-
diomics and machine learning to baseline and 3-month fol-
low-up computed tomographic (CT) scans from 2 large clinical
trials of immune checkpoint blockade in patients with ad-
vanced melanoma (KEYNOTE-002 [Study of Pembrolizumab
(MK-3475) Versus Chemotherapy in Participants With Ad-
vanced Melanoma]3 and KEYNOTE-006 [Study to Evaluate
the Safety and Efficacy of Two Different Dosing Schedules of
Pembrolizumab (MK-3475) Compared to Ipilimumab in Partici-
pants With Advanced Melanoma]4). Patients were divided into
a training cohort (n = 252), which was used to build the ra-
diomics signature, and a validation cohort (n = 287), which was
used to test the signature. For each CT scan, all measurable le-
sions larger than 10 mm were segmented by a radiologist using
a semiautomated algorithm, and 1126 quantitative imaging fea-
tures were extracted. After reducing these features to 20 un-
correlated features using principal component analysis and
adding 5 tumor burden features, a machine-learning algo-
rithm was used to select the features that best estimated over-
all survival in the training cohort. Four features were selected
for the radiomics signature: 2 features related to tumor burden
(change in tumor volume from baseline to month 3 and tumor
volume at baseline) and 2 radiomics features that character-
ized changes in tumor spatial heterogeneity and texture. When
this radiomics signature was applied to the validation cohort,
the signature outperformed RECIST for estimation of overall
survival (OS).

This study addresses one of the major challenges in ra-
diomics: development of a signature that is applicable across
different medical centers. Prior studies summarized by Wang
et al5 have largely been performed at single institutions, so ra-
diomics signatures that were validated at one site were not
necessarily tested at other sites. Given that many radiomics fea-
tures measure image heterogeneity and texture of tumor le-
sions, which can be affected by scanner model, acquisition
parameters, and reconstruction algorithm, the successful ap-
plication of a radiomics signature using data from large mul-

ticenter trials such as KEYNOTE-002 and KEYNOTE-006 is a
notable advance. In addition, this work reinforces the impor-
tance of using multiple features in the radiomics model while
avoiding an excess of features that could result in overfitting.
Interestingly, and perhaps not surprisingly, change in tumor
volume is ranked as the highest in importance relative to other
imaging features, supporting the biological basis for a de-
crease in tumor size as a metric for response assessment. This
suggests that there is value in moving to a volumetric stan-
dard for comparison of lesion size and that there is value in add-
ing radiomics measures to the response assessment.

Are the results of this study generalizable to other patient
populations? The radiomics signature used by the authors was
developed using data from patients with melanoma treated
with ipilimumab or pembrolizumab and was validated in pa-
tients with melanoma who were treated with pembroli-
zumab; the authors also confirmed that the signature was gen-
eralizable to smaller cohorts of patients with melanoma who
were treated with ipilimumab (n = 36) and chemotherapy
(n = 93). In addition, 3 of the 4 features identified in this study
were also identified in an ancillary study in patients with co-
lorectal cancer.6 Thus, it is possible that this signature will ap-
ply more broadly to patients with other cancers treated with
immunotherapy, perhaps even across tumor types and treat-
ment regimens. On the other hand, different disease sites may
have distinct imaging features, suggesting a need for further
study to determine how broadly the 2 radiomics features used
in this study will apply to other treatments and disease sites.
Nevertheless, this study serves as an important proof of con-
cept in which measures of tumor burden and radiomics mea-
sures are combined to better predict survival compared with
the current standard, RECIST.

The results from this study suggest that the translation of
the radiomics signature to routine clinical practice will likely
have the largest effect on patients with stable disease and
progressive disease identified by RECIST. Patients with an ob-
jective RECIST response (complete response or partial re-
sponse) were found to have uniformly favorable OS pre-
dicted by the radiomics signature. In contrast, patients with
stable disease and progressive disease had heterogeneous
signatures that appeared to provide information distinct from
tumor volume changes that contributed predictive value for
OS. Patients with stable disease could be divided into a large
cohort with favorable OS, and a much smaller cohort with poor
OS, whereas patients with progressive disease were fairly
evenly divided between favorable and poor OS. This study also
confirmed that pseudoprogression in patients with mela-
noma treated with immune checkpoint blockade is rare, oc-
curring in only 2.8% of patients. Of note, 9 of 11 patients whose
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tumors were categorized as pseudoprogression were correctly
classified by their radiomics signature as likely to have a favor-
able outcome. In all the above cases, identification of patients
with favorable and poor predicted OS could help to guide man-
agement with regard to the timing of follow-up, the need for al-
ternative treatments, and discussions on goals of care.

Despite these results, several obstacles to the clinical trans-
lation of a radiomics signature remain. First, the need for
manual lesion segmentation will limit the consistency and clini-
cal application of the signature until an automated segmen-
tation tool becomes available for clinical use, reducing analy-
sis time and interreader variability. Second, software that
performs the radiomics analysis, while currently publicly avail-
able, will need to be packaged in a manner that allows it to be
easily and consistently applied in a variety of clinical set-
tings. Third, guidelines for image acquisition and processing
parameters that are compatible with a radiomics analysis will
need to be established.

One of the advantages of this study is the application of
radiomics and machine learning to routine CT scans per-
formed at baseline and after 3 months of treatment, support-
ing widespread application of this approach. It is important to
acknowledge, however, that a radiomics signature can only be

calculated for patients with measurable disease, so alterna-
tive approaches to response assessment will be needed for
nonmeasurable sites such as bone.7 A number of other ap-
proaches that may provide complementary information are
being explored to assess immunotherapy response at even ear-
lier points, including approaches that measure CD8+ T cells and
immune activation, such as CD8 positron emission tomogra-
phy (PET)/CT8 and granzyme B PET/CT,9 and measures of mi-
croenvironmental immune and tumor glucose metabolism by
fluorine 18–labeled deoxyglucose PET/CT as early as 1 week af-
ter treatment.10

In summary, this well-designed trial by Dercle et al2 rep-
resents an exciting milestone in the application of radiomics
to routine CT scans from multicenter clinical trials. Although
there are a few hurdles to overcome before this approach be-
comes part of routine clinical practice, it is only a matter of time
before those tools are developed. As a first step, tools that en-
able automatic lesion segmentation and change in volume
would be a welcome addition to radiology clinical practice.
Once these tools are established, it will be fairly straightfor-
ward to add radiomics to the analysis with improved predic-
tion of survival for patients with cancer who are treated with
immune checkpoint blockade.

ARTICLE INFORMATION

Author Affiliations: Department of Radiology,
Perelman School of Medicine, University of
Pennsylvania, Philadelphia.

Corresponding Author: Michael D. Farwell MD,
Department of Radiology, Perelman School of
Medicine, University of Pennsylvania, 3400 Spruce
St, Philadelphia, PA 19104 (michael.farwell@
pennmedicine.upenn.edu).

Published Online: January 20, 2022.
doi:10.1001/jamaoncol.2021.6768

Conflict of Interest Disclosures: Dr Farwell
reported receiving grants from ImaginAb and Merck
& Co, Inc, outside the submitted work. Dr Mankoff
reported serving on the scientific advisory board of
ImaginAb during the conduct of the study and
ownership of Trevarx Biomedical, consulting for GE
Healthcare and Philips, and serving on the scientific
advisory board of RefleXion outside the submitted
work. No other disclosures were reported.

REFERENCES

1. Eisenhauer EA, Therasse P, Bogaerts J, et al.
New Response Evaluation Criteria in Solid Tumours:
revised RECIST guideline (version 1.1). Eur J Cancer.
2009;45(2):228-247. doi:10.1016/j.ejca.2008.10.026

2. Dercle L, Zhao B, Gönen M, et al. Early readout
on overall survival of patients with melanoma
treated with immunotherapy using a novel imaging
analysis. JAMA Oncol. Published online January 20,
2022. doi:10.1001/jamaoncol.2021.6818

3. Ribas A, Puzanov I, Dummer R, et al.
Pembrolizumab versus investigator-choice
chemotherapy for ipilimumab-refractory melanoma
(KEYNOTE-002): a randomised, controlled, phase 2
trial. Lancet Oncol. 2015;16(8):908-918. doi:10.
1016/S1470-2045(15)00083-2

4. Schachter J, Ribas A, Long GV, et al.
Pembrolizumab versus ipilimumab for advanced
melanoma: final overall survival results of a
multicentre, randomised, open-label phase 3 study
(KEYNOTE-006). Lancet. 2017;390(10105):
1853-1862. doi:10.1016/S0140-6736(17)31601-X

5. Wang JH, Wahid KA, van Dijk LV, Farahani K,
Thompson RF, Fuller CD. Radiomic biomarkers of
tumor immune biology and immunotherapy
response. Clin Transl Radiat Oncol. 2021;28:97-115.
doi:10.1016/j.ctro.2021.03.006

6. Dercle L, Connors DE, Tang Y, et al. Vol-PACT:
a foundation for the NIH public-private partnership
that supports sharing of clinical trial data for the
development of improved imaging biomarkers in

oncology. JCO Clin Cancer Inform. 2018;2:1-12.
doi:10.1200/CCI.17.00137

7. Hamaoka T, Costelloe CM, Madewell JE, et al.
Tumour response interpretation with new tumour
response criteria vs the World Health Organisation
criteria in patients with bone-only metastatic breast
cancer. Br J Cancer. 2010;102(4):651-657. doi:10.
1038/sj.bjc.6605546

8. Farwell MD, Gamache RF, Babazada H, et al.
CD8-targeted PET imaging of tumor infiltrating T
cells in patients with cancer: a phase I
first-in-human study of 89Zr-Df-IAB22M2C, a
radiolabeled anti-CD8 minibody. J Nucl Med. 2021;
jnumed.121.262485. doi:10.2967/jnumed.121.262485

9. ClinicalTrials.gov. Granzyme B PET imaging drug
as a predictor of immunotherapy response in
melanoma or NSCLC participants. NCT04169321.
Accessed November 9, 2021. https://clinicaltrials.
gov/ct2/show/NCT04169321

10. Chang B, Huang A, Shang C, et al Evaluation of
the anti–PD-1 flare response in patients with
advanced melanoma using FDG PET/CT imaging and
hematologic biomarkers. J Nucl Med. 2019;60(suppl
1):1270. Accessed November 9, 2021. https://jnm.
snmjournals.org/content/60/supplement_1/1270

Research Original Investigation Early Readout on Overall Survival of Patients With Melanoma Treated With Immunotherapy

394 JAMA Oncology March 2022 Volume 8, Number 3 (Reprinted) jamaoncology.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Pennsylvania User  on 05/11/2022

mailto:michael.farwell@pennmedicine.upenn.edu
mailto:michael.farwell@pennmedicine.upenn.edu
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2021.6768?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.6768
https://dx.doi.org/10.1016/j.ejca.2008.10.026
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2021.6818?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.6768
https://dx.doi.org/10.1016/S1470-2045(15)00083-2
https://dx.doi.org/10.1016/S1470-2045(15)00083-2
https://dx.doi.org/10.1016/S0140-6736(17)31601-X
https://dx.doi.org/10.1016/j.ctro.2021.03.006
https://dx.doi.org/10.1200/CCI.17.00137
https://dx.doi.org/10.1038/sj.bjc.6605546
https://dx.doi.org/10.1038/sj.bjc.6605546
https://dx.doi.org/10.2967/jnumed.121.262485
https://clinicaltrials.gov/ct2/show/NCT04169321
https://clinicaltrials.gov/ct2/show/NCT04169321
https://jnm.snmjournals.org/content/60/supplement_1/1270
https://jnm.snmjournals.org/content/60/supplement_1/1270
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2021.6768

