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Abstract

The recent advances in the clinical application of anti-cancer immunotherapeutic agents have
opened a new arena for the treatment of advanced cancers. Cancer immunotherapy is associated
with a variety of important radiographic features in the assessments of tumor response and
immune-related adverse events, which calls for radiologists’ awareness and in-depth knowledge
on the topic. This article will provide the state-of-the art review and perspectives of cancer
immunotherapy, including its molecular mechanisms, the strategies for immune-related response
assessment on imaging and their pitfalls, and the emerging knowledge of radiologic manifestations
of immune-related adverse events. The cutting edge clinical and radiologic investigations are
presented to provide future directions.
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INTRODUCTION

Increasing understanding of regulatory pathways of the immune response to cancer has led
to the development and successful application of immunotherapeutic agents’~7. This is best
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represented by ipilimumab, a cytotoxic T-lymphocyte antigen-4 (CTLA-4) antibody, which
significantly improved overall survival in metastatic melanoma patients, leading to the
approval of the agent by Food and Drug Administration (FDA) for advanced melanoma8-10,
Newer immunotherapeutic agents, such as anti-PD-1 (anti-programmed cell death-1) and
anti-PD-L1 antibodies (anti-programmed cell death ligand-1), have been developed and also
demonstrated marked activities in patients with advanced cancers!1-14. Immunotherapeutic
agents have distinct biologic mechanisms of anti-cancer activity, which augment activation
and proliferation of T cells and induce tumor infiltration by T cells and tumor

regression® 15-17 These distinct mechanisms result in the unique imaging manifestations in
patients receiving immunotherapy, which requires specific attention and knowledge for the
accurate radiological interpretations. For example, some of the patients on immunotherapy
demonstrate radiologic response patterns that may not be captured by the conventional
RECIST and WHO criteria, thus requiring modification in response assessment guidelines
as proposed in the immune-related response criteria (irRC)7-19. As the role of
immunotherapeutic agents expands in the treatment of advanced cancers, the knowledge of
immune-related tumor response will become increasingly important for radiologists to
contribute to the state-of-the-art cancer care. Furthermore, the distinct biological mechanism
of immunotherapy is also associated with a variety of immune-related adverse events during
therapy, where radiologists can contribute significantly in making diagnosis and help
clinical decision making20-24,

This article will first review the molecular basis of anti-cancer immunotherapeutic agents
and discuss their clinical application in different types of cancers. The article will then
provide a detailed review of immune-related response criteria by describing definitions of
immune-related response and progression along with the biological background, and discuss
their pitfalls. Emerging knowledge of immune-related adverse events and their imaging
features will also be described. Finally, future directions will be provided based on the
observations in cutting-edge clinical and radiologic investigations. The article will provide
with the state-of-the-art knowledge of cancer immunotherapy, which is essential for
radiologists to play a role as a key contributor in this new arena of cancer treatment.

I. Molecular basis of cancer immunotherapy

Immunotherapeutic agents such as ipilimumab and anti-PD-1 antibodies exert the anti-tumor
activity through the blockade of immunologic inhibitiory pathways and the augmentation of
T cell activation and proliferation, as opposed to the direct cytotoxic effects to tumor

cells”- 817,25, 26 For effective anti-tumor immunity, T cells play a major role in the immune
defense against cancer. Upon encountering tumor antigens, T cells become activated,
circulate and work toward elimination of cancer cells?’~29, There are several checkpoints
where this response can be modified, with the primary purpose of suppressing immune-
attack to self-antigens or autoimmunity. Some cancers also utilize the checkpoint pathways
to suppress anti-cancer immune response and escape from T cell immunity of the host2°.
This biological background of T cell immunity provides the rationale to pursue the blockade
of checkpoint molecules as an anti-cancer therapeutic option. CTLA-4 and PD-1 pathways
are the two major immune-checkpoint pathways which have been studied, leading to the
clinical application of novel agents involved in the pathways2®: 30, Both CTLA-4 and PD-1
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are expressed on activated T cells, and interact with their ligands on antigen-presenting
tumor cells to inhibit the immune response against tumor. Therefore, antibodies against
CTLA-4, PD-1 and its ligand (i.e., PD-L1) that can block this interaction results in anti-
cancer therapeutic effect by blocking the T cell immune inhibition by tumors and activating
the immune response against cancer2?: 31-33 (Fig. 1, 2).

Il. Clinical application of immunotherapeutic agents in cancer treatment

Cancer immunotherapy has rapidly expanded its role in the current clinical oncology
practice since the approval of ipilimumab (anti-CTLA-4 antibody) for advanced melanoma
in 2011. In a phase 3 trial of ipilimumab, patients with previously treated melanoma who
received ipilimumab achieved a significantly extended overall survival (median OS: 10.1
months) compared with patients who received a glycoprotein 100 peptide vaccine (median
0S: 6.4 months)8. This was the first phase 111 trial that demonstrated a substantial
improvement in overall survival in patients with metastatic melanoma, which led to the
approval of ipilimumab for all patients with metastatic melanoma by United States FDA in
2011. Ipilimumab is currently being evaluated for other tumors such as lung cancer and
prostate cancer, and demonstrated improved progression-free survival in non-small cell lung
cancer (NSCLC)34-37,

Among the novel agents with different mechanisms for immunotherapy, anti-PD-1 antibody,
pembrolizumab, has received accelerated FDA approval for advanced or unresectable
melanoma in September 2014, further demonstrating the promise of the field.
Pembrolizumab was tested in 173 advanced melanoma patients treated as a randomized
dose-comparison cohort of a phase 1 trial, and demonstrated an overall response rate of
26%, with good treatment tolerance and no drug-related deaths!2. Another promising anti-
PD-1-antibody, nivolumab, was tested in a phase 1 trial and demonstrated the cumulative
response rates of 28% in melanoma, 18% in NSCLC, and 27% in RCC, which were the
highest rate of anti-tumor activity of the many immunotherapy approaches tested in the
clinic for the treatment of cancer during the past 3 decades3®. More recent study reported
that nivolumab can induce durable response that persists after drug discontinuation®?.
Nivolumab was also granted accelerated approval for patients with unresectable or
metastatic melanoma who no longer respond to other drugs in December of 2014 by US
FDA. More recently, in March 2015, FDA also approved nivolumab for the treatment of
patients with metastatic squamous lung cancer who have progressed on or after platinum-
based chemotherapy3.

The use of anti-PD-1 antibodies are further expanding to hematologic malignancies with the
initial results of dramatic anti-cancer activity. In a phase 1 trial of relapsed or refractory
Hodgkin lymphoma, the objective response rate was 87% (20/23), including 17% complete
response and 70% partial response, and the remaining 13% of the patients had stable
disease®0. The progression-free survival rate at 24 weeks was 86%, with an acceptable
toxicity profile, indicating the wider applicability of immunotherapy in cancer treatment.
Given the accumulating evidence of the promise of immunotherapy as a new major player in
clinical oncology, the ongoing research efforts also focus on identifying predictive
biomarkers for response to therapy?> 40-42, Imaging has a major role in evaluating patients
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receiving immunotherapy and in defining the efficacy of these novel agents, and therefore
needs to advance in parallel with the advances of immunotherapeutic treatment.

lll. Assessment of immune-related tumor response to therapy

Immune-related response criteria (irRC): overview and clinical application

Due to the distinct mechanism of anti-cancer activity of immunotherapeutic agents, some
patients on anti-cancer immunotherapy demonstrate tumor response patterns that may not be
captured by the conventional tumor response criteria such as Response Evaluation Criteria
in Solid Tumors (RECIST) and World Health Organization (WHO) criterial’=19. Notably, in
patients treated with immunotherapy, tumors may show response after an initial increase in
tumor burden, or during/after the appearance of new lesions}’-19, To accurately capture
these additional response patterns during immunotherapy, a novel set of quantitative
imaging criteria was developed and proposed in 2009 as “immune-related response criteria
(irRC)”, through the discussion by 200 oncologists, immunotherapists, and regulatory
expertsl’. This was a first attempt to develop a method to describe the pattern of responses
observed by clinical investigators, and to provide a basis to apply the method prospectively
in clinical investigations.

In addition to the conventional response pattern of tumor burden decrease, irRC describes 2
additional patterns of immune-related response specific to immunotherapy, including 1)
responses after an initial increase in total tumor burden (Fig. 3), and 2) reduction in total
tumor burden during or after the appearance of new lesions at time points later than 12
weeks since the initiation of therapyl7=19. These additional patterns of response are likely
due to the activation of T cell immunity caused by ipilimumab. In a case study of an
ipilimumab-treated patient with apparent increase of tumor burden at 12 weeks of therapy,
histologic analyses showed that the increase in lesion size was due to T-cell infiltration
rather than tumor cell proliferation®’.

To capture these immune-related response patterns, irRC requires confirmation for
progressive disease by a repeat consecutive assessment no less than 4 weeks from the first
documentation. While the appearance of new lesions define progression by RECIST and
WHO criteria®3-45, new lesions may appear in the setting of response during
immunotherapy, presumably as a result of T cell infiltration in the area of microscopic
metastasis that was below the resolution of imaging prior to therapy. Therefore, the new
lesions does not define progression by irRC; instead, the measurements of new lesions are
included in the sum of the measurements to assess changes of tumor burden. A phase 2 trial
of ipilimumab in combination with paclitaxel and carboplatin as first-line treatment in stage
[1IB/IV NSCLC utilized irRC to assess response and define endpoints3®, indicating the
impact of the proposed criteria in the future trial designs. Radiologists need to be aware the
distinct response patterns during immunotherapy and the modification described in irRC, to
accurately evaluate response and progression in cancer patients treated with
immunotherapeutic agents on their follow-up imaging studies.
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Pitfalls of immune-related response criteria (irRC)

Although irRC describes an important concept for capturing response patterns specific to
immunotherapy, there are several pitfalls and areas of the need for further work to optimize
the immune-related response evaluation. A major pitfall of the original irRC includes the use
of bidimensional measurements, i.e., the product of the longest diameter and the longest
perpendicular diameter, based on the method according to WHO criteria (Fig. 4). However,
multiple prior investigations have shown that bidimensional measurements are subject to a
larger variability compared to the unidimensional measurements used in RECIST, and
therefore cannot accurately capture small changes of tumor burden during therapy*6-49.
Furthermore, most clinical trials of solid tumors in the past decade utilized unidimensional
measurements based on RECIST, which as originally published in 20004345, and has served
as a basis for FDA approval of new anti-cancer agents since then. The use of bidimensional
measurements in irRC make it difficult to directly compare the results of immunotherapy
trials with the results of the prior trials documented using unidimensional RECIST
guidelines. For example, of the two recent reports of the trial results of anti-PD-1 antibodies,
one used unidimensional measurements according to RECIST1.1 while the other study used
bidimensional measurements according to modified WHO criteria to describe the magnitude
of responsel3: 14, While both trials demonstrated the substantial activity and response of the
agents, it requires additional efforts to directly compare the observations, and makes it
challenging to understand the similarities and differences between the 2 trial results. The
initial step of the further work in this area needs to focus on unifying the strategy of image-
based assessment of immune-related response that can serve as a “common language” to
describe results of cancer immunotherapy8: 0. 51, Further steps should also address the
incorporation of other metrics such as tumor density, volume, metabolic activities and other
functional information, while keeping in mind the role as a “common language” and the
need for technical standardization.

Radiologic investigations to improve immune-related response assessment

Several recent radiologic investigations have attempted to address the issue of unifying
strategy for immune-related response assessment (Table 1). A recent study from our group
evaluated 57 patients with advanced melanoma treated with ipilimumab in a phase 2 trial,
and compared the original irRC using bidimensional measurements with the irRC using
unidimensional measurements18, The study demonstrated that unidimensional immune-
related response assessment was highly concordant with the bidimensional assessment, with
best response by two methods showing almost perfect agreement (x,,=0.881). The
measurement variability of the unidimensional method was half of that of the bidimensional
method, indicating the better reproducibility of the unidimensional approach (Figs. 5, 6)18.
Another study from the group has also demonstrated that the unidimensional immune-
related response assessment using decreased number of target lesions, maximum 2 per organ
and 5 in total simulating RECISTL1.1, is highly concordant with the assessment using the
number of target lesions according to RECIST1.0, with almost identical measurement
variability(Fig. 7)°2. These results support the direction toward moving “immune-related
RECIST1.1 (irRECISTL1.1)” assessment using unidimensional measurements and the
number of lesions according to RECIST1.1, while keeping the important unique features
(confirmation of progression and inclusion of new lesion measurements) to capture immune-
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related responses®2 53, The strategy is simple and practical, and provides response
assessments that can be directly compared to the results from other trials utilizing RECIST.

While both irRC and RECIST rely only on tumor size (measured in diameters) as a
quantitative marker for tumor burden changes, incorporation of additional quantitative
imaging markers may help to further optimize immune-related response evaluation. In
several solid tumors such as gastrointestinal stromal tumors (GIST) and RCC treated with
targeted therapy, decrease in tumor CT density, measured in Hounsfield Unit (HU), may
indicate response even if size changes do not meet the criteria for responsel9 54-56, |n
advanced RCC treated with anti-angiogenic therapy, MASS (morphology, attenuation, size,
and structure) criteria propose to define response as >20% diameter decrease, or =40HU
density decrease, or marked central necrosis in predominantly solid enhancing lesion®*.
Gray et al recently studied 44 metastatic melanoma patients treated with bevacizumab with
or without interferon, and demonstrated that the assessment by MASS criteria on the first
follow-up CT in combination with baseline serum lactate dehydrogenase (LDH) level
accurately predicted progression-free survival and overall survival®’. In another study in 21
advanced melanoma patients treated with ipilimumab plus bevacizumab (VEGF inhibitor),
one-third of the patients had CT tumor density decrease =15% (defined as density response
by Choi criteria for GIST®®), indicating that CT tumor density decrease is a relatively
common phenomenon during immunotherapy, while its role in evaluating anti-cancer
activity and therapeutic benefit remain to be determined®2,

IV. Immune-related adverse events and their imaging manifestations

Given the unique mechanism of action, immunotherapeutic agents are associated with a
wide spectrum of immune-related adverse events, such as enterocolitis, hepatitis,
hypophysitis, dermatitis, thyroiditis, and sarcoid-like mediastinal and hilar lymphadenopathy
(Fig. 8, 9)20. 22, 24.58-60 Many of these entities are associated with radiologic
manifestations, and radiologists play an essential role in the diagnosis and follow-up. In a
series of 119 advanced melanoma patients treated with ipilimumab by Bronstein et al, 20
patients (16.8%) demonstrated radiologic abnormalities potentially explained by immune-
related adverse events2?. Among them, clinically evident cases of immune-related adverse
events included colitis (n=6), hypophysitis (n=2), arthritis (n=4), and thyroiditis (n=1).
Clinically silent cases suggestive of immune-related adverse events included benign
lymphadenopathy (n=8), most commonly sacroid-like bilateral hilar and mediastinal
involvement, abnormal intramuscular hyperenhancing foci suggestive of myositis (n=2), and
diffuse retroperitoneal fat stranding (n=2)20. The study also reported an interesting
observation between tumor response and immune-related adverse events. The disease
control rate, including those who achieved complete response, partial response, or stable
disease according to RECIST1.1, was 55% in the group with radiologic manifestations of
immune-related adverse events compared to 10% in the group without immune-related
adverse events, indicating the association between radiologic manifestations of immune-
related adverse events and improved tumor response and disease control. Awareness of this
observation and further studies to systematically address this issue are important for
radiologists to further contribute to the patient management during cancer immunotherapy2°.
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Radiologic manifestations of immune-related adverse events in specific organs have also
been described. In a study of 16 patients diagnosed with ipilimumab-associated colitis by
Kim et al, two distinct CT patterns were noted (Figs. 10, 11). Diffuse colitis pattern (n=12)
demonstrated mesenteric vessel engorgement with mild diffuse bowel wall thickening or
fluid-filled distended colon on imaging, and was treated with steroids. The segmental colitis
associated with diverticulosis (SCAD) pattern (n = 4) was characterized by segmental
moderate wall thickening and associated pericolic fat stranding in a segment of preexisting
diverticulosis, and was treated with steroids and antibiotics?2. In a study of 6 melanoma
patients who were diagnosed as immune-related hepatitis during the ipilimumab therapy, a
spectrum of imaging findings that was similar to acute hepatitis of common causes were
noted?4. Severe cases with systemic symptoms and highly increased level of liver function
tests (LFTs) were characterized by mild hepatomegaly, periportal edema, and periportal
lymphadenopathy, while mild asymptomatic cases with mildly increased level of LFTs had
normal imaging findings. Histologically, ipilimumab associated hepatitis manifested either
as a predominant injury to hepatocytes with an acute hepatitis pattern, or as a predominant
injury to bile ducts (biliary pattern)24. Further clinical and radiographic characterization of
immune-related adverse events of newer immunotherapeutic agents is currently ongoing.

V. Future directions

With the increasing evidence of marked anti-cancer activity of immunotherapeutic agents in
both solid and hematologic malignancies, cancer immunotherapy has opened a new
promising field in cancer treatment and is rapidly expanding its role and significance.
Radiologic assessment of tumor burden is an integral part of evaluating the efficacy and
effectiveness of these agents, and the role of radiologists in this new field is also expected to
expand. Unifying the strategy for immune-related tumor response assessment that can serve
as a “common language” is the first priority, in order to describe the treatment results that
can be directly compared across different trials and enable accurate and efficient
communication among the investigators, to facilitate further advancement of the field of
cancer immunotherapy. With the expertise in quantitative imaging, radiologists need to take
an active part in this effort of developing and further optimizing such criteria as well as in
the prospective validation of the criteria. Further investigations of the utility of advanced
imaging techniques with functional information, which goes along with the translational
research efforts of identifying predictive biomarkers for immune-related response, are also
needed to complement limitations of size-based approach and to further optimize the
strategy for immune-related response assessment.
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Fig 1.

M%Iecular mechanisms for immune inhibition by tumors and its blockade by anti-CTLA-4
antibody. (Modified from Refs [40, 42]: N Engl J Med 2014;371:2189-99 and N Engl J
Med. 2014;371: 2230-2232).

A. Interaction between CTLA-4 on T cell and its ligand (B7) on antigen-presenting cell
inhibits the T cell immune response against tumor, allowing tumor cells escape from
immune attack.

B. Anti-CTLA-4 antibodies, such as ipilimumab, block the interaction between CTLA-4 and
its ligand, causing blockade of the T cell immune inhibition and thus activating immune
response against cancer.
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Fig. 2.
Mechanism of PD-1 immunosupression as a target for cancer therapy. (Modified from Refs

[31-33]. Clin Cancer Res. 2012;18: 6580-6587, Nat Rev Cancer. 2012;12: 252-264; Nat
Immunol. 2013;14: 1212-1218).

PD-1 is expressed on the surface of effector T cells upon activation, and its ligand, PD-L1 is
expressed on the tumor cells either by constitutive oncogenic signaling or by the induction
in response to inflammatory signals as a response to tumor. The binding of PD-L1 to PD-1
delivers an inhibitory signal, through the phosphatase SHP2, which reduces cytokine
production and proliferation of T cells, thus enabling tumor cells to evade the host immune
response. Antibodies against PD-1 or PD-L1 prevent the binding and block immune
inhibition by tumor, inducing anti-tumor immune response. Multiple additional receptor-
ligand interactions that regulate T cell responses in the tumor microenvironment have been
identified, such as KIR (killer cell immunoglobulin-like receptor), LAG3 (lymphocyte
activation gene 3), and TIM3 (T cell membrane protein 3), and are currently under active
investigation as possible targets for cancer immunotherapy.
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Fig. 3.
Response after an initial increase in total tumor burden in a 77 year-old male with advanced

melanoma treated with ipilimumab.

A. The baseline CT scan demonstrated a lung lesion (arrow) measuring 19 mm in the
longest diameter.

B. At 12 weeks of therapy, the lesion (arrow) measured 29 mm, demonstrating 53% increase
comparing to the baseline, indicating progressive disease by RECIST.
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C. The patient remained on therapy and another follow-up CT at 24 weeks showed a
reduction of the lesion (arrow), measuring 12 mm, indicating immune-related response to
therapy.
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Fig. 4.
Bidimensional versus unidimensional measurements for tumor response assessment.

Baseline CT scan prior to ipilimumab therapy in a 51-year-old female with metastatic
melanoma demonstrated a target lesion in the lung, measuring 16.4 cm? (4.2x3.9 cm) by
bidimensional measurements and 4.2 cm by uindimensional, longest diameter measurement.
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Bidimensional |57 10 70 (9)
Unidimensional | 57 7 81 (7)

Fig. 5.

Cgmparison between irRC using bidimensional measurements and the irRC using
unidimensional measurements. (Reprinted with permission from Ref. 18: Clin Cancer Res.
2013;19:3936-43.)

A. The percent changes according to bidimensional and unidimensional measurements at
each follow-up scan from the 1st to 17th follow-up scans. The orange dashed lines represent
the cut-off values for response and progression (-50% and +25% for bidimensional
measurements, —30% and +20% for unidimensional measurements). The observations
within the top left, middle center, and top right boxes have concordant assessment between
tow measurements, whereas observations in other boxes have discordant assessment. The
purple dashed line represents +44% change for bidimensional measurements, which
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corresponds to +20% change for unidimensional measurements, which was given to visually
demonstrate that more observations are concordant if this cut-off value is used. The percent
changes presented in the figure are in comparison with baseline measurements when tumors
are decreasing to assess response and in comparison with the nadir (the smallest
measurement since baseline) when tumors are increasing to assess progression. These values
are displayed as they are used to define response/progression in patients at the time of
response assessment.

B. TTP according to bidimensional versus unidimensional assessment.

Estimates of the 25th percentile (time point at which 75% are free of progression) were 5.3
months (95% ClI, 3.5-00) by bidimensional assessment versus 9.1 months (95% ClI, 3.7-cc)
by unidimensional assessment. On the basis of the almost identical confidence intervals for
the 25 percentile, there is no evidence of a difference in TTP between the 2 methods of
assessment.
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Fig. 6.

In?erobserver variability of bidimensional and unidimensional measurements. (Reprinted
with permission from Ref. 18: Clin Cancer Res. 2013;19:3936-43.)

Bland—Altman plots show interobserver variability of bidimensional and unidimensional
measurements on baseline scans in 25 patients. The 95% limits of agreement of
bidimensional measurements were (-31.3%, 19.7%; A, dashed lines), that were twice wider
compared with those of unidimensional measurements (-16.1%, 5.8%; B, dashed lines). The
dotted lines represent the mean relative difference (%).
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Cgmparison between irRC simulating RECIST1.0 and irRC simulating RECIST1.1.
Reprinted with permission from Ref. 52: J Immunother Cancer. 2014 Jun 18;2:17.)

A. The percent changes of measurements using irRC simulating RECIST1.0 and irRC
simulating RECIST1.1 at each follow-up from the 15t to the 17t follow-up scans are shown.
Dashed lines at +20% and —30% represent the cut-off values for progressive disease and
partial response, respectively. The observations within the lower left, middle center, and
upper right boxes have concordant assessment between tow measurements, while
observations in other boxes have discordant assessment. One concordant observation (+80%
by irRC simulating RECIST1.0, +330% irRC simulating RECIST1.1) is not displayed since
it is beyond the range of the Y axis. The percent changes presented in the figure are in
comparison with baseline measurements when tumors are decreasing to assess response, and
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in comparison with the nadir (the smallest measurement since baseline) when tumors are
increasing to assess progression. These values are displayed since they are used to define
response/progression in patients at the time of response assessment. Please also note that the
number of patients decreases as the follow-up proceeds, starting from 71 patients at 15t
follow-up, 43 patients at the 2" follow-up, 27 patients at the 3™ follow-up, and so on. There
were 3 patients at the 12t"-14t" follow-up, 2 patients at 15" and 16t follow-up, and one
follow-up at the 17t follow-up.

B. Time to progression by irRC simulating RECIST1.1 and irRC simulating RECIST1.0 had
a median survival of 26.9 months (95% CI: 9.1-c0), without evidence of difference.
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Fig. 8.

Ip?limumab—associated hypophysitis in a 56-year-old woman with metastatic melanoma. A,
B. T1-weighted sagittal MR images of the brain prior to (A) and after (B) the administration
of the intravenous contrast agent (gadobutrol) at 7 weeks since the initiation of ipilimumab
therapy demonstrated a new marked enlargement of the pituitary gland with enhancement,
indicating ipilimumab-associated hypophysitis. The study was negative for brain metastasis.
The subsequent endocrinology work-up also revealed hypophysitis-related central
hypothyroidism and secondary adrenal insufficiency. The patient was treated with oral
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predonisone and the follow-up MR imaging after 8 months since the last dose of ipilimumab
showed the resolution of pituitary gland enlargement (not shown).
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Fig. 9.

Ip?limumab—associated sarcoid-like mediastinal and hilar lymphadenopathy in a 73-year-old
woman with metastatic melanoma.

A, B. Coronal maximum intensity projection (A) and axial fused FDG-PET/CT (B) images 3
months after the initiation of ipilimumab treatment demonstrated new FDG-avid mediastinal
and hilar adenopathy mimicking sarcoidosis. Patient was asymptomatic at this time. A
follow-up PET/CT 2 months later showed spontaneous resolution of the FDG-avid
adenopathy (not shown).
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Fig. 10.
Ipilimumab-associated colitis with a diffuse colitis pattern in an 81-year-old man with

watery diarrhea during ipilimumab treatment.

Coronal contrast-enhanced CT images at 3 months since the initiation of ipilimumab therapy
demonstrated a new fluid-filled colonic distention with mild mesenteric vessel engorgement
consistent with diffuse colitis. Also note metastatic lesions in the liver. Colonoscopic biopsy
confirmed colonic inflammation consistent with drug induced mucosal injury.
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Fig. 11.
Ipilimumab-associated colitis with a segmental colitis associated with diverticulosis (SCAD)

pattern in a 55-year-old man who presented with diarrhea during ipilimumab treatment. A,
B. Axial (A) and coronal (B) contrast-enhanced CT images performed 3 months after start of
treatment with ipilimumab showed segmental colitis associated with diverticulosis (SCAD)
pattern, demonstrating severe segmental wall thickening of the sigmoid colon and pericolic
fat stranding.
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Summary of the approaches for immune-related response assessment described in the radiologic

investigations[18: 521

Bidimensional
assessment
(the original irRC)

Unidimensional assessment

irRC simulating RECIST1.0

irRC simulating RECIST1.1

Measurable lesions

25x5 mm by
bidimensional
measurements

210 mm in the longest diameter for all
lesions

210 mm in the longest diameter for all
lesions except for lymph nodes
215 mm in short axis for nodes

Number of target

Up to 5 lesions per organ,

Up to 5 per organ, up to 10 in total

Up to 2 per organ, up to 5 in total

diameter (cm?)

lesions up to 10 visceral and 5

cutaneous lesions
Measurement of each The longest diameter x The longest diameter for all target The longest diameter for non-nodal
lesion the longest perpendicular lesions lesions, short axis for lymph nodes

The sum of the
measurements

The sum of the
bidimensional
measurements of all
target lesions and new
lesions if any

The sum of the longest diameters of all
target lesions and new lesions if any

The sum of the diameters of all target
lesions and new lesions if any

Response assessment

PD: >25% increase from
the nadir

PR: =50% decrease from
baseline

CR: Disappearance of all
lesions

PD: >20% increase from the nadir
PR: =30% decrease from baseline
CR: Disappearance of all lesions

PD: >20% increase from the nadir

PR: =30% decrease from baseline

CR: Disappearance of all lesions, and all
nodes <10 mm in short axis

New lesions

The presence of new lesion(s) does not define progression. The measurements of the new lesion(s) are included in

the sum of the measurements.

Confirmation

Confirmation by two consecutive observations not less than 4 weeks apart was required for CR, PR and PD
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