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Abstract

A wide range of cancer immunotherapy approaches has been developed including non-specific immune-stimulants
such as cytokines, cancer vaccines, immune checkpoint inhibitors (ICIs), and adoptive T cell therapy. Among them,
ICIs are the most commonly used and intensively studied. Since 2011, these drugs have received marketing
authorisation for melanoma, lung, bladder, renal, and head and neck cancers, with remarkable and long-lasting
treatment response in some patients. The novel mechanism of action of ICIs, with immune and T cell activation,
leads to unusual patterns of response on imaging, with the advent of so-called pseudoprogression being more
pronounced and frequently observed when compared to other anticancer therapies. Pseudoprogression, described
in about 2–10% of patients treated with ICIs, corresponds to an increase of tumour burden and/or the appearance
of new lesions due to infiltration by activated T cells before the disease responds to therapy. To overcome the
limitation of response evaluation criteria in solid tumors (RECIST) to assess these specific changes, new imaging
criteria—so-called immune-related response criteria and then immune-related RECIST (irRECIST)—were proposed.
The major modification involved the inclusion of the measurements of new target lesions into disease assessments
and the need for a 4-week re-assessment to confirm or not confirm progression. The RECIST working group
introduced the new concept of “unconfirmed progression”, into the irRECIST. This paper reviews current
immunotherapeutic approaches and summarises radiologic criteria to evaluate new patterns of response to
immunotherapy. Furthermore, imaging features of immunotherapy-related adverse events and available predictive
biomarkers of response are presented.
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Key points

� Immune checkpoint inhibitors remove inhibitory
signals of T cell activation

� Pseudoprogression occurs in 2–10% of patients
treated with immunotherapy

� An increase of tumour burden during immune
checkpoint inhibitor treatment is more likely to
reflect true progression than pseudo-progression

� New criteria to assess immunotherapy are based on
two major assumptions: new lesions do not preclude
a progressive disease and a progression need to be
confirmed on 4–8 weeks follow-up imaging

� The knowledge of immune-related adverse events is
of utmost importance and requires the exclusion of
differentials, mainly of infectious or tumour nature

Background
Cancer immune surveillance plays an important role in
the origin and pathogenesis of cancer. Three essential
phases, i.e., elimination, equilibrium, and escape, appear to
contribute to tumourigenesis and tumour progression [1].
This dynamic crosstalk between tumour and immune sys-
tem is crucial. Over recent years, the identification of key
players of this interaction has led to an immense break-
through in cancer therapeutics with development of new
anticancer drugs targeting the immune system instead of
the tumour cells.
Patterns of disease response, stability, and progression

to immunotherapy may differ from those observed with
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other drugs, such as chemotherapies and targeted ther-
apies. Indeed, some patients experience a response after
an initial progression, so-called pseudoprogression, that
has led to the development of immune-specific related
response criteria where treatment may be used beyond a
progression evaluated according to the “response evalu-
ation criteria in solid tumors” (RECIST) criteria [2].
Although immune-checkpoint inhibitors (ICIs) are

safer compared to cytotoxic chemotherapy, various spe-
cific immunotherapy-related adverse events (irAEs) can
be often detected on imaging, even before the onset of
symptoms. Their prompt identification, systematically
requiring to exclude differentials, is crucial to allow an
optimal management.
In this paper, we aim to review the different approaches

of immunotherapy and the specific patterns of disease re-
sponse and progression to these new drugs, especially to
ICIs. Then, we describe the new criteria developed to as-
sess response to immunotherapy and discuss the major
immune-related side effects.

Different immunotherapy approaches
There are different types of immunotherapy (Fig. 1). Some
of these are non-specific immunotherapy, such as ICIs,
leading to a general stimulation of the immune system,
whereas others are more tumour-specific. Tumour-specific
immunotherapy is based on the recognition by immune
cells of unique tumour-specific antigens and includes differ-
ent types of therapeutic approaches such as oncolytic virus,
cancer vaccines, and adoptive cell transfer. Among these
emerging approaches of immunotherapy, the ICIs—anti-
programmed cell death protein 1 (PD-1), anti-programmed
cell death protein ligand 1 (PD-L1), and anti-cytotoxic T-
lymphocyte antigen (CTLA4)—are the most thoroughly in-
vestigated class of immunotherapy and increasingly used in
routine clinical practice.

Oncolytic viruses
The oncolytic viruses hold great promise in the fight
against cancer since it is designed to work by selective rep-
lication in cancer cells and to cause their death through
several mechanisms including promotion of cellular im-
munity and hijacking of cellular death pathways [3].
Several types of parental viruses are used including

herpes simplex virus type 1 and adenoviruses. Talimo-
gene laherparepvec (Imlygic™) consists of an engineered,
genetically modified herpes simplex virus type 1. It can
infect and selectively destroy malignant cells while acti-
vating the immune system by the coding sequence of the
granulocyte-macrophage colony-stimulating factor for
immunostimulation. This virus demonstrated to be
immunogenic and safe for the local treatment of unre-
sectable cutaneous, subcutaneous, and nodal lesions in
patients with recurrent melanoma after primary surgery.
It is currently approved for this indication in several
countries and was approved by the US Food and Drug
Administration (FDA) and the European Medicines
Agency [4, 5].
Approximately half of the patients had symptoms of fa-

tigue and chills/fever during the treatment, and roughly a
third of them had flu-like symptoms and nausea. There
were also some rare but serious side effects including cel-
lulitis, vitiligo, deep vein thrombosis, vasculitis, herpes
virus infection, and herpes simplex keratitis [4]. Several
clinical trials evaluating the intratumoural injection of tali-
mogene laherparepvec or other oncolytic viruses (e.g.,
intrahepatic, intrapancreatic, intraprostatic, or into breast
lesions) alone or in combination with ICIs are ongoing.

Cancer vaccines
T cells are characterised by the expression of T cell re-
ceptors capable of recognising intracellular antigenic
peptides uniquely expressed on the surface of major
histocompatibility complex molecules. The recognition

Fig. 1 Different approaches of immunotherapy. CAR Chimeric antigen receptor, DNA Deoxyribonucleic acid, TILs Tumour-infiltrating lymphocytes,
T-VEC Talimogene laherparepvec
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of foreign antigens such as viral proteins or altered anti-
gens such as the products of mutated cancer genes by T
cell receptors leads to their activation.
Currently, many diverse therapeutic vaccination strat-

egies are being developed or evaluated in clinical trials
including cell vaccines (autologous or allogeneic tumour
or immune cell), protein/peptide vaccines, and genetic—
deoxyribonucleic acid (DNA), ribonucleic acid (RNA),
and viral—vaccines depending on the sources of the an-
tigens [6]. A promising approach is the use of the most
potent antigen-presenting cells, the so-called circulating
dendritic cells, based on their capacity to initiate and
directly modulate specific immune responses [7].
In this context, naturally circulating dendritic cells are

isolated by leukapheresis (see below) and then loaded
ex vivo with tumour antigens. Then, they are intravenous-
administered into cancer patients to induce tumour-specific
effector T cells aimed at recognising and eliminating cancer
cells as well as inducing immunological memory to control
tumour growth [6, 8].

Adoptive cell transfer
This treatment is based on the intravenous infusion of
tumour-specific T cells. These cells can be isolated from
one of two sources: (i) autologous tumour-infiltrating
lymphocytes (TILs) from the tumour mass and (ii) au-
tologous T cells isolated from patient’s peripheral blood
(leukapheresis) that have been genetically modified to
express chimeric antigen receptors or specific anti-tumour
T cell receptors reactive to specific tumour-associated anti-
gens [11]. Exposition to high dose of interleukine-2 ex vivo
leads to their activation and expansion before being re-
infused to patients after lympho-depleting chemotherapy.
Autologous TIL therapy has been used for more than

10 years in melanoma patients and has resulted in dur-
able and in some cases complete response [9]. Regarding
solid tumours, TIL therapy is limited by the low avail-
ability and infiltration of TILs in tumour mass as well as
their exhaustion. Several studies are ongoing to improve
methods of ex vivo expansion and their reconditioning.
Chimeric antigen receptor T cell has already been con-
sidered as a breakthrough in haematological cancers,
with two drugs targeting antigen CD19, tisagenlecleucel
(Kymriah™) and axicabtagene ciloleucel (Yescarta™), that
were FDA-approved in 2018 for B cell lymphomas and
leukaemias [10, 11].
Despite looking very promising, these sophisticated ap-

proaches have severe toxicities that can be life-threatening
or fatal. These toxicities include the cytokine release syn-
drome, consisting of high fever and flu-like symptoms,
hypotension, and pulmonary fluid overload, as well as
neurotoxicity and capillary leak syndrome that require to
be managed under close observation. Therefore, this type
of treatment is administered only at certified centres.

Immune checkpoint inhibitors
ICIs are a new class of cancer immunotherapy drugs that
act as negative regulators of multiple immune check-
points, particularly in cytotoxic T cells, leading to inhib-
ition of T cell stimulation. The negative costimulatory
molecules such as CTLA-4, PD-1, T cell immunoglobu-
lin, and mucin domain-3 and lymphocyte-associated
gene 3 are expressed in different immune cell types,
including cytotoxic T cells, B cells, natural killer cells,
monocytes, tumour-associated macrophages, myeloid-
derived suppressor cells and dendritic cells exhibiting
immunosuppressive functions. As a result, T cells are
exhausted and the anti-cancer functions of the immune
system are weakened. ICIs remove these inhibitory
signals, restore T cells from their exhausted status, and
recover their cytotoxicity on tumour cells. Although res-
cue of exhausted T cells or depletion of regulatory T
cells is the primary function of ICIs, regulation of T cell
trafficking and migration have been also reported [12].
However, it was not until 2011 that the ICI ipilimumab
(Yervoy™), an anti-CTLA-4 monoclonal antibody, was
approved for metastatic melanoma, followed by the
development of other drugs such as PD-1 and PD-L1 in-
hibitors. Currently, seven ICIs are about to be FDA-
approved for a range of indications, in monotherapy or
in combination with other drugs. They consist of one
anti-CTLA-4 (ipilimumab (Yervoy®)), three anti-PD-1
(pembrolizumab (Keytruda®), nivolumab (Opdivo®), and
cemiplimab (Libtayo®)), and three anti-PD-L1 (atezolizu-
mab (Tecentriq®), durvalumab (Imfinzi®), and avelumab
(Bavencio®)) (Tables 1 and 2) [13].

How to assess response to treatment
Characteristics of response
Responses obtained after ICI immunotherapy are dif-
ferent from those observed after cytotoxic chemother-
apy. Although chemotherapy has a transient effect
with reduced tumour growth kinetic only during its
administration and re-growth after discontinuation,
immunotherapy may alter the biology of the patient
by inducing a memory cell response which includes
memory T cells that may provide long-term immune
protection [14–16].
Responses to immunotherapy have been described to

be more delayed with slower decrease of the total
tumour burden but with durable response even after
stopping the treatment [17, 18]. Although ICIs work
only in a subgroup or a minority of patients, they can in-
duce durable responses in 10–20% of treated patients,
even after the discontinuation of treatment, providing a
survival benefit [19, 20]. For example, for the first time
in melanoma history, ICIs induce long-lasting remission
exceeding 5 years [21].
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Moreover, two new forms of response patterns, so-called
pseudoprogressions, were observed initially in patients with
advanced melanoma treated with ipilimumab [17]:

– A response after an initial increase in total tumour
volume (Fig. 2)

– A reduction in total tumour burden after the
appearance of new lesions (Fig. 3)

Pseudoprogression does not reflect tumour cell growth
but may be misclassified as progressive disease. The
mechanism behind pseudoprogression could be related

Table 1 Clinical indications of the different immune checkpoint inhibitors

Immune checkpoint inhibitor Target Indications

Ipilimumab CTLA-4 Colorectal cancer, metastatic (microsatellite instability-high
or mismatch repair deficient in combination with nivolumab)
Melanoma, unresectable, or metastatic in combination with
nivolumab
Melanoma, adjuvant treatment
Advanced renal cell cancer, in combination with nivolumab

Pembrolizumab PD-1 Recurrent or metastatic cervical cancer
Advanced or metastatic gastric cancer
Head and neck cancer, squamous cell, unresectable/recurrent
or metastatic, alone or in combination with chemotherapy
Advanced hepatocellular carcinoma
Hodgkin lymphoma, classical, relapsed or refractory
Melanoma, adjuvant treatment
Melanoma, unresectable or metastatic
Merkel cell carcinoma, recurrent or metastatic
Microsatellite instability-high cancer, unresectable or metastatic
NSCLC, stage III or metastatic, single-agent therapy
NSCLC, metastatic, non-squamous, combination therapy with
chemotherapy
Primary mediastinal large B cell lymphoma, relapsed or refractory
Advanced renal cell carcinoma
Small cell lung cancer, metastatic
Urothelial carcinoma, locally advanced or metastatic

Nivolumab PD-1 Like pembrolizumab

Cemiplimab PD-1 Cutaneous squamous cell carcinoma, metastatic or locally advanced

Atezolizumab PD-L1 Breast cancer (triple-negative), locally advanced or metastatic in
combination with nab-paclitaxel
NSCLC, metastatic: first line with bevacizumab, paclitaxel,
and carboplatin
Previously-treated NSCLC: monotherapy
Small cell lung cancer, extensive-stage: first-line treatment with
carboplatin and etoposide
Urothelial carcinoma, locally advanced or metastatic

Durvalumab PD-L1 NSCLC (stage III), unresectable, initiated within 6 weeks after
chemo-radiotherapy
Urothelial carcinoma, locally advanced or metastatic

Avelumab PD-L1 Metastatic Merkel cell carcinoma
Advanced renal cell carcinoma, in combination with axitinib
Urothelial carcinoma, locally advanced or metastatic

CTLA4 Cytotoxic T-lymphocyte antigen 4, NSCLC Non-small cell lung cancer, PD-1 Programmed cell death protein 1, PD-L1 Programmed cell death protein ligand 1

Table 2 Rate of pseudoprogression in patients with melanoma or NSCLC

First author, year [reference] Number of patients Type of cancer Treatment Pseudoprogression (%)

Wolchock, 2009 [17] 227 Melanoma Ipilimumab 9.7

Hodi, 2016 [26] 327 Melanoma Pembrolizumab 7.0

Nishino, 2017 [24] 107 Melanoma Pembrolizumab 5.0

Gettinger, 2015 [84] 129 NSCLC Nivolumab 5.0

Nishino, 2017 [85] 160 NSCLC Nivolumab or pembrolizumab 0.6

Katz, 2018 [86] 166 NSCLC Anti-PD1 (nivolumab 80%) 2.0

Fujimoto, 2019 [27] 542 NSCLC Nivolumab 3.0

PD-1 Programmed cell death protein 1, NSCLC Non-small cell lung cancer
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to the infiltration of T cells into tumours, resulting ini-
tially in an apparent increase in tumour burden rather
than true proliferation of tumour cells [17]. Associated
inflammatory reaction, due to cytokine release, has been
also observed in on-treatment biopsy samples performed
after radiological progression in patients treated with ipi-
limumab [22]. Another explanation could be the time re-
quired to mount an adaptive immune response resulting
in a continued tumour growth until a sufficient response
develops [23].
Although pseudoprogression in patients treated with

ICIs has been hotly debated, its incidence is actually low
and differs depending on the tumour type (for example,
less frequent in non-small cell lung cancer patients
(< 5%) than in melanoma (< 10%)) (Table 2). As a
consequence, an increase of tumour burden during
ICI treatment is more likely to reflect true progres-
sion rather than pseudoprogression.
Pseudoprogression has been found to be more fre-

quent in younger patients, probably because of the better
reactivity of the immune system, and may occur at any
time after the onset of therapy [24]. Pseudoprogression
was mostly observed around 12 weeks, in particular in
melanoma patients treated with ipilimumab, although

more delayed pseudoprogression was also reported [25].
In melanoma patients, it has been shown that this
phenomenon can occur in lymph nodes, but more com-
monly in non-nodal locations such as the kidneys, liver,
lungs, peritoneum, adrenal glands, and chest and abdom-
inal walls [26]. Finally, patients experiencing a pseudopro-
gression have been shown to have a shorter duration
of response than patients with a typical response, but
a better chance of survival than patients with typical
progression [27].
Another atypical response after initiation of immuno-

therapy is the hyperprogression, i.e. a paradoxical accel-
eration of tumour growth kinetics. It has been described
after the onset of anti-PD1/PD-L1 therapy with an inci-
dence of about 10% [28] (Fig. 4). To avoid misdiagnosing
treatment-related disease hyperprogression with conven-
tional progressive disease, it has been suggested to use
the tumour growth rate to compare the growth rate
before and after the initiation of treatment [29]. Using a
definition of ≥ 2-fold increase of tumour growth rate
before and after anti-PD-1/PD-L1 therapy, a hyperpro-
gressive disease was found in 12 of 218 patients (9%)
[29]. No association was found between hyperprogres-
sion and baseline tumour burden, the type of the

Fig. 2 Comparison of RECIST 1.1 and iRECIST criteria for evaluation of a 45-year-old woman with metastatic melanoma treated with ipilimumab
(antiCTLA-4) and nivolumab (anti-PD-1). Baseline CT image (November 2017) shows a 13-mm lung metastasis (target lesion, upper panel, arrow)
and a 10-mm short-axis axillary lymph node (non-target lesion, lower panel, arrow). On a 3-month follow-up, both lesions enlarged with an
increase of 38% of the target lesion leading to a progressive disease (PD) and a stop of treatment according to RECIST 1.1 and an unconfirmed
PD with maintained treatment according to iRECIST criteria. On the two following CT examinations (March and June 2018), the lung metastasis
decreased in size, but the axillary lymph node was stable (unconfirmed PD) but still significantly enlarged compared to the baseline (still
unconfirmed PD according to iRECIST criteria). Finally, on August 2018, CT images showed a decrease in size of both lesions, confirming the
pseudoprogression with a response assessed to be -70%, leading to a partial response according to iRECIST criteria
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immunotherapy, tumour histology, and number of previ-
ous lines of treatment. Nevertheless, hyperprogression
was significantly correlated with patients’ age and de-
creased overall survival.
Notwithstanding these findings, the attribution of

hyperprogression to immunotherapy remains controver-
sial. In particular, hyperprogression has been observed in
patients having received other therapies, such as surgery,
radiotherapy, and/or chemotherapy or even in the ab-
sence of treatment [30, 31]. Moreover, the mechanisms
underlying hyperprogressive disease have not been eluci-
dated yet.

New criteria to assess the response to immunotherapy
Although relatively infrequent, these atypical response
patterns have important implications for patient man-
agement. To address the issue of pseudoprogression and
provide standardisation for assessing response to im-
munotherapy, new criteria have been developed. All
these criteria are based on two major statements: (1)
new lesions do not preclude progressive disease and (2)
a confirmation of progressive disease is required.
Immune-related response criteria (irRC) were devel-

oped for melanoma treated with ipilimumab and based
on modified World Health Organization criteria, which

use bi-dimensional tumour measurements (five lesions
per organ, up to ten visceral lesions and five cutaneous
index lesions) burden [17, 32]. The major differences
compared to the World Health Organization and
RECIST criteria were the incorporation of measurable
new lesions into the total tumour burden [2, 17] (Table
3). Moreover, response was allowed after an initial pro-
gression. Consequently, complete response is defined as
disappearance of all target lesions, partial response as a
≥ 50% reduction in the sum of target lesions, stable dis-
ease as neither sufficient shrinkage to qualify for partial
response nor sufficient increase to qualify for progressive
disease, and progressive disease as ≥ 25% increase of the
sum of target lesions plus new measurable lesion in
comparison with the disease nadir.
The immune-related response criteria using unidimen-

sional measurement, so-called irRECIST, has been devel-
oped based on RECIST 1.1 [2] adaptation of the irRC
[33]. These new criteria have been found to provide a
higher reproducibility compared to irRC, to be more
practical in clinical routine, and to provide response as-
sessment that can be directly compared to the results
from other clinical trials based on RECIST 1.1 criteria
[2]. Due to the unidimensional measurement, partial re-
sponse is now defined as ≥ 30% reduction in the sum of

Fig. 3 Pseudoprogression in a 65-year-old patient with lung carcinoma treated with nivolumab (anti-PD-1). Baseline axial CT showed a lung mass
in the upper right lobe with normal adrenal glands. At a 38-week follow-up (FU), there was a good reduction in the size of the lung mass, but a
new lesion appeared in the right adrenal gland (arrow). The patient was maintained under the same treatment. At 44-week follow-up, the right
adrenal mass disappeared, confirming the diagnosis of pseudoprogression
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target lesions, stable disease as sum of target le-
sions < 20% increase and < 30% reduction, and a
progressive disease as ≥ 20% increase of the sum of
target lesions plus new measurable lesions from the
nadir.
More recently, the RECIST working group published

the modified RECIST 1.1 for immune-based therapy, so-
called immune-related RECIST (irRECIST) [34]. Also
using RECIST 1.1-based measurement, irRECIST intro-
duced the new concept of “unconfirmed progressive dis-
ease” corresponding to progressive disease that remains
to be confirmed on a 4–8-week follow-up imaging. If the
patient condition is classified as unconfirmed progressive
disease and is clinically stable, treatment should be con-
tinued. As opposed to other criteria developed for im-
munotherapy, a non-target lesion progression can define
a progressive disease. Following irRECIST criteria, a par-
tial response is defined as a ≥ 30% reduction in the sum
of target lesions and unconfirmed progressive disease as
≥ 20% increase in the sum of target lesions from the
nadir or non-target lesion progression or appearance of
new lesion.
The progressive disease is confirmed in case of:

– Target lesions previously classified as unconfirmed
progressive disease and presence of an increase in
tumour burden of target lesions ≥ 5 mm on the 4–8-
week follow-up imaging;

– Or non-target lesion previously classified as
unconfirmed progressive disease and significant
increase of non-target lesion on the 4–8-week
follow-up imaging;

– Or new lesions resulting of UPD and increase of
tumour burden ≥ 5 mm of these new lesions or
increase in the number of new lesions on the 4–8-
week follow-up imaging.

For progression-free survival assessment, the date
used for progressive disease is the first unconfirmed
progressive disease date, if the latter is subsequently
confirmed.
Finally, the immune-modified RECIST (imRECIST) cri-

teria were developed initially for implementation of atezo-
lizumab studies [35]. These criteria include key principles
of irRC applied with unidimentional RECIST 1.1 criteria,
similarly to irRECIST criteria and share the same defin-
ition of response and progression as the irRECIST.

Table 3 Comparison of the different criteria developed for the assessment of response to immunotherapy

Criteria, year [reference] irRC, 2009 [17] irRECIST, 2013 [33] iRECIST, 2017 [34] imRECIST, 2018 [35]

Baseline

Definition of target lesion World Health Organization
criteria +5 cutaneous targets

RECIST 1.1 RECIST 1.1 RECIST 1.1

Definition of
non-target lesion

Not specified RECIST 1.1 RECIST 1.1 RECIST 1.1

Definition of lymph node Not specified RECIST 1.1 RECIST 1.1 RECIST 1.1

Follow-up

New lesion ≥ 5 × 5mm; up to 5/organ;
5 new cutaneous and 10
visceral lesions
PD not defined
Measurement of new lesions
included in the total
tumour burden

RECIST 1.1
PD not defined
Measurement of new
lesions included in the
total tumour burden

RECIST 1.1
Defined unconfirmed PD

RECIST 1.1
PD not defined

Non-target lesion Only to define irCR Only to define irCR RECIST 1.1
May define UPD

Only to define irCR

PD definition Determined only on
measurable disease (≥ 25%
increase in the sum of target
lesions and new lesions from
the nadir)
Negated by subsequent
non-PD assessment ≥ 4 weeks

Determined only on
measurable disease
(≥ 20% increase in the
sum of target lesions
and new lesions from
the nadir)
Negated by subsequent
non-PD assessment
≥ 4 weeks

Confirmed PD if :
- Unconfirmed PD of target
lesions on previous exam
and increase in tumour
burden of target lesions
≥ 5 mm

- Unconfirmed PD of
non-target lesions and their
significant increase

- Unconfirmed PD
for new lesions and increase
in tumour burden ≥ 5 mm or
increase in the number of
new lesion

Determined only on
measurable disease
(≥ 20% increase in the
sum of target lesion
and new lesions from
the nadir)
The presence of new
lesions does not define PD
Negated by subsequent
non-PD assessment
≥ 4 weeks

irRC Immune-related response criteria, imRECIST Immune-modified RECIST, PD Progressive disease
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The differences between these criteria are summarised
in Table 3. In clinical trials, irRECIST and imRECIST
are the most promising criteria to assess response rate
and progression-free survival that are the most com-
monly used surrogate endpoints to assess overall survival
[36]. However, data are still limited, in particular in
other types of cancers than melanoma and non-small
cell lung cancer, to draw any definitive conclusion. Ac-
cordingly, these criteria, developed for clinical trial,
should be used with caution in clinical routine.

Immune-related adverse events: the role of imaging
Although ICIs are safer compared to cytotoxic chemo-
therapy, they enhance the immune activity and may
cause a dysregulation of immune homeostasis in normal
tissues, which may lead to specific toxicities called “im-
mune-related adverse events” (irAEs). They generally
start the first few weeks after treatment; nevertheless,
they can occur at any time, even after treatment discon-
tinuation [37–39]. Their incidence and severity depend
on the agent, with higher all-grade rates reported with
anti-CTLA4 (up to 80%) compared to anti-PD1 (27%)
and anti-PDL1 (17%) [39–42]. Different tissues and or-
gans may be affected and multisystem toxicities are
common, with a spectrum of imaging manifestations in
each organ [43]. Fatigue, cutaneous toxicities, colitis, and
endocrine dysfunctions are the most frequent events,
followed by hepatitis and pneumonitis [39–42]. Other

rare irAEs include nephrologic, neurologic, cardiologic,
and haematologic toxicities [37, 40–42]. Although they
are generally manageable mild toxicities, severe and life-
threatening events may occur in up to 7%, 3%, and 30%
of patients receiving anti-PD1, anti-PDL1, and anti-
CTLA4, respectively, reaching up to 55% with combined
immunotherapy [39–42]. IrAEs generally respond to im-
munotherapy holding and require corticosteroids and
immunosuppressive treatment in more severe cases
along with organ-specific treatment. Radiologic manifes-
tations of irAEs can be found in up to 17% of patients
receiving immunotherapy, and this may precede clinical
manifestations [44–48]. The knowledge of these peculiar
toxicities is of utmost importance, because it ensures
their early recognition while requiring the exclusion of
differentials, mainly of infectious or tumoural nature.

Gastrointestinal, liver, and pancreatic toxicities
Colitis is one of the most frequent and potentially severe
irAEs induced by anti-CTLA4 [38, 39]. Diarrhoea is re-
ported in up to 50% of patients; other presenting symp-
toms include abdominal pain, bloody stools, and fever
[49]. Complications include perforation, sepsis, frank
bleeding, or dehydration [49]. At computed tomography
(CT), ICI-induced colitis appears as a diffuse inflamma-
tory pattern characterised by wall thickening, mucosal
hyperenhancement, mesenteric hyperaemia, and air-fluid
levels [47, 50, 51]. Segmental involvement has also been

Fig. 4 Paradoxical acceleration of tumour growth kinetics in a patient with metastatic melanoma treated with ipilimumab and nivolumab.
Baseline axial CT image and corresponding 18F-FDG PET/CT image show few perisplenic peritoneal metastatic implants. Two months after the
initiation of immunotherapy, both imaging modalities show a dramatic increase in peritoneal metastases.
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reported. At positron emission tomography (PET)/CT, col-
itis results in diffuse and intense 18F-fluorodeoxyglucose
(18F-FDG)-avidity along the entire bowel [47, 50] (Fig. 5).
These features may precede the onset of symptoms. Colon-
oscopy may show erythaema, ulceration, and mucosal fri-
ability, whereas neutrophilic, lymphocytic, or eosinophilic
intraepithelial infiltrates and crypt invasion can be found on
pathologic specimens [49, 50].
ICI-related hepatitis has been reported in up to 19% of

patients receiving anti-CTLA4, whereas it is rarely re-
ported when using anti-PD1 or anti-PDL1 [40, 42].
Although it is usually limited to a mild elevation of

transaminases, life-threatening liver dysfunction may
occur [38, 39]. Imaging findings are shared with other
causes of acute liver dysfunction, ranging from the ab-
sence of detectable abnormalities to hepatomegaly with
parenchymal heterogeneity, periportal oedema, and peri-
hepatic ascites [47, 50, 51]. While physiological 18F-FDG
uptake is usually not affected by diffuse liver diseases, a
case of ICI-induced hepatitis showing an intense liver
18F-FDG-uptake area at PET/CT has been reported [52].
The pancreas is rarely affected by irAEs, resulting in

elevation of amylase and lipase or hyperglycaemia and
diabetes [38, 39, 41]. Symptomatic pancreatitis is very

Fig. 5 18F-FDG PET/CT image of a stage IV enterocolitis during anti-CTLA-4 treatment in a patient with metastatic melanoma. Immunotherapy
was interrupted, and a high-dose steroid therapy was started
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rare. Classic features of acute pancreatitis including en-
largement and oedema of the pancreatic gland associated
with peripancreatic oedema and fluid collections can be
observed [50]. Diffuse pancreatic FDG uptake on positron
emission tomography/CT has been reported [53].

Endocrine toxicities
Hypophysitis may develop during anti-CTLA4 treatment
in up to 13% of patients, whereas it is rarely associated
with anti-PD1 and anti-PDL1 ICI treatments [39]. Clin-
ical and radiological features are similar to lymphocytic
hypophysitis. Fatigue, headache, and hypopituitarism-
related symptoms are often reported. Hypophysitis can
incidentally be detected by imaging in asymptomatic
patients or before onset of symptoms. It presents as an
enlarged hypophysis on brain CT or magnetic resonance
imaging (MRI), or an 18F-FDG-avid pituitary gland on
PET/CT [46, 54, 55]. Any suspected hypophysitis re-
quires an MRI of the pituitary gland to confirm the diag-
nosis and exclude mimickers such as metastasis and
pituitary adenoma. On MRI, the pituitary gland is en-
larged without mass effect on the optic chiasma, with a
thickening of the infundibulum, and the hyperintensity of
the posterior part of the gland is often missing [56, 57].
There is also a homogeneous or heterogeneous en-
hancement of the pituitary gland on contrast-enhanced
images [56, 57].
Generally asymptomatic, ICI-induced thyroid dysfunc-

tion often presents as mild hypothyroidism or hyperthy-
roidism on blood tests, with detectable anti-thyroid
peroxidase and anti-thyroglobulin antibodies in most
cases [58]. It is more frequently reported in patients re-
ceiving combined immunotherapy (20%) than in those
with anti-PD1/antiPD-L1 (up to 10%) or anti-CTLA4
(around 5%) monotherapy [38, 39]. Ultrasound is the
tool of choice in this setting. Thyroid enlargement with
heterogeneous and hypoechoic parenchyma, often with a
nodular or pseudonodular pattern, may be observed
[55]. An increased vascularity at colour-Doppler evalu-
ation may be also found. Nevertheless, it may be inci-
dentally detected as diffuse hypermetabolic thyroid
gland at restaging 18F-FDG PET/CT [47, 55].
Rarely, primary or secondary adrenalitis may occur

during immunotherapy, leading to adrenal insufficiency
[38, 39]. The adrenal glands show bilateral enlargement
at conventional imaging and bilateral mild 18F-FDG-
avidity on PET/CT [55, 59].

Thoracic and cardiac toxicities
Pneumonitis is an autoimmune toxicity with a wide
range of clinical course, ranging from mild dyspnoea to
life-threatening respiratory failure [60], with up to 2% of
patients developing severe pneumonitis [38]. Unlike the
majority of irAEs, it is less common with anti-CTLA-4

monotherapy than with anti-PD-1 treatment [38, 60]. It
occurs in up to 5% of patients receiving anti-PD1 and
anti-PDL1, while it arises in 10% of patients receiving
combination treatment [38, 60, 61], with higher odds of
pneumonitis in non-small cell lung cancer compared with
melanoma [61–63]. It is noteworthy that after pneumon-
itis resolution, some patients may be able to restart PD-1
inhibitor therapy without experiencing recurrent pneu-
monitis. Nevertheless, recurrence may occur in this set-
ting, and pneumonitis flare corresponding to a recurrence
of the pneumonitis after the completion of a corticoster-
oid taper without restarting ICIs or any other systemic
agents have also been described in some cases [64].
The spectrum of imaging aspects varies between minor

interstitial anomalies up to acute interstitial pneumonia or
acute respiratory distress syndrome pattern, these aspects
reflecting pneumonitis grades [64]. It includes patterns of
organising pneumonia, the most commonly seen, hypersen-
sitivity pneumonitis, non-specific interstitial pneumonitis, or
non-specified pneumonitis [64, 65]. Major elementary le-
sions are ground-glass opacities with a variable extent and
location, reticulations, and alveolar consolidations, typically
with a subpleural and peribronchovascular distribution in
organising pneumonia pattern [61] (Fig. 6). Progression of
an organising pneumonia pattern to a non-specific ground-
glass opacity has been described. In addition, nodular aspect
mimicking a tumour recurrence, as well as pembrolizumab-
associated bronchiolitis, pleural effusions, or tracheitis, may
be observed [45]. The diagnosis may be sensitive in case of

Fig. 6 Immune-related pneumonitis presenting as an organising
pneumonia pattern in a patient with metastatic lung cancer that
occurred after 13 cycles of anti-PD1 therapy. This axial CT image in
lung windowing shows multifocal alveolar consolidations in a
subpleural and peribronchovascular location, predominating at the
level of the left upper lobe. Although suggestive of a diagnosis of
organising pneumonia, infectious or tumoural lesions were excluded
by means of a brochoalveolar lavage. Note that numerous round
lucencies are visible within the alveolar consolidations,
corresponding to associated centrilobular emphysema in this heavy
smoker patient

Dromain et al. European Radiology Experimental             (2020) 4:2 Page 10 of 15



underlying disease such as chronic obstructive pulmonary
disease or previous radiotherapy. Moreover, if imaging
appearances may suggest the diagnosis of immune-related
pneumonitis, the establishment of the final diagnosis may
remain challenging. The differential diagnosis must always
be kept in mind, especially infectious disorders or tumour
recurrence, this requiring a bronchoalveolar lavage in nu-
merous cases of lung parenchymatous changes, if enabled
by patient’s conditions.
Sarcoid-like reactions, including lymphadenopathy and

pulmonary granulomatosis, have been reported in up to
5–7% of patients treated with ICIs [43, 47]. Typical
imaging findings are symmetric mediastinal and hilar
lymph node enlargement, which may appear hypermeta-
bolic on PET/CT (Fig. 7). Micronodules with perilymph-
atic distribution, especially in subpleural location, may
also be seen [66].
Rarely, ICIs may lead to cardiac toxicity, including myo-

carditis, arrhythmias, Takotsubo cardiomyopathy, and
pericarditis. The incidence of myocarditis range from 0.1

to 1%, and a fulminant course is common with fatal case
rates of 25–50% of them [38, 39]. Most cases occur shortly
after initiation of ICI therapy. Symptoms may vary, ran-
ging from sudden onset of shortness of breath, chest pain,
to heart failure. Importantly, a normal electrocardiogram,
biomarkers, or a preserved left ventricular function do not
rule out ICI-associated myocarditis. There is an undeni-
able role of cardiac MRI that can show characteristic find-
ings of acute myocarditis, including myocardial oedema
and late gadolinium enhancement in the focal subepicar-
dial lateral wall [67, 68]. Cases of pericarditis, sometimes
fatal, have also been reported [69].

Other toxicities
While arthralgias, myalgia, and inflammatory arthritis fre-
quently occur as irAEs, vasculitis is an uncommon presen-
tation, involving large vessels, nervous system, and less
commonly medium and small vessels [70]. ICI-associated
myositis with or without myasthenia gravis are the more
frequent neuromuscular complications [71].

Fig. 7 Sarcoid-like reactions in a patient with metastatic melanoma treated with ipilimumab (antiCTLA-4) and nivolumab (anti-PD-1). Twelve-week
follow-up (FU) 18F-FDG PET/CT images show typical hypermetabolic symmetric mediastinal and hilar lymph node enlargement, very suggestive of
a sarcoid-like reaction. These features disappeared on the following 18F-FDG-PET/CT images at 18-week FU, confirming the diagnosis of sarcoid-
like reaction under immunotherapy
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How to predict response to immunotherapy
Remarkable responses to immunotherapies are currently
limited to a minority of patients and indications. This
highlights the need to identify more effective biomarkers
that can be used in clinical routine, not only for an ap-
propriate patient selection but also to offer personalised
therapy.
The most extensively studied biomarker is the PD-L1

status. For example, in patients with newly diagnosed
advanced non-small cell lung cancers and ≥ 50% PD-L1
expression, the combination of chemotherapy plus anti-
PD-1 treatment with pembrolizumab significantly im-
proved their objective response rate, progression-free
survival, and overall survival [72]. However, its clinical
use has been hampered by its dynamic expression that
changes in relation to local cytokines and other factors.
Thus, the threshold that separates a positive from nega-
tive PD-L1 expression remains debated and varies for
each tumour type. Based on this experience, at present,
no patient with advanced cancer and an established clin-
ical rationale for the use of ICIs should be refused on
the basis of lack of PD-L1 expression.
The rate of somatic mutations in tumour, the so-

called tumour mutational burden (TMB), has also shown
a potential response to ICIs. Mutated proteins can be
recognised as non-self neo-antigens more easily by the
adaptive immune system. In this context, ICIs are more
effective. However, the TMB cutoff that could predict a
response to ICI for each tumour type has shown to be
variable [73]. No association was found between high
TMB and survival in patients not treated with ICI,
underlying the predictive value of high TMB for ICI
therapies [74].
The mismatch repair proteins play a crucial role in the

repair of DNA sequence mismatches during replication.

A defective mismatch repair system leads to errors in
DNA replication that accumulate in microsatellites,
resulting in microsatellite instability. These defects are a
result of either a germline mutation in the mismatch
repair gene (Lynch syndrome) or more commonly as
epigenetic inactivation of them. Tumours that are classi-
fied to have high microsatellite instability also have an
accumulation of somatic mutations, resulting in a higher
neoantigen load, which promotes activation and recruit-
ment of T cells and hence sensitivity to immunotherapy
[75] (Fig. 8). Currently, the National Comprehensive
Cancer Network guidelines encourage microsatellite
instability testing for all patients with advanced gastro-
intestinal cancer, and for this population, ICIs are FDA-
approved. Microsatellite instability is highly variable
among cancers, being most common in gastric and colo-
rectal cancers (11.1%), whereas other tumour types such
as pancreatic cancer are low [76].
Tumour infiltrating lymphocytes correspond to lympho-

cytes that directly oppose or surround tumour cells. The
percentage degree of TILs has been shown to correlate
with a favourable prognosis in several tumours including
melanoma and breast and ovarian cancers [77, 78]. The
degree of TILs may be defined by both the extent and
density of the TILs using an “immunoscore” based on the
numeration of CD3+ and CD8+ T cell at the intratu-
moural region as well as at the invasive margin area [79].
Finally, three different immune profiles have been de-
scribed: (1) the immune inflamed with dense CD8+ T cell
infiltration within the tumour (highest probability of re-
sponse), (2) the immune-excluded with abundant immune
cells around the tumour but not penetrating inside the
tumour (intermediate probability of response), and (3) the
immune desert with few or no CD8+ T cells (lowest prob-
ability of response to immunotherapy).

Fig. 8 A 75-year-old woman with a low-differentiated primary cardiac sarcoma with microsatellite instability, treated with pembrolizumab (anti-
PD-1). Baseline contrast-enhanced MRI image shows a large retroatrial mass (arrow). Two months follow-up (FU) imaging shows a good reduction
in the size of the mass assessed as -34% according to iRECIST criteria (partial response, arrow). One year FU imaging shows a complete response

Dromain et al. European Radiology Experimental             (2020) 4:2 Page 12 of 15



Only few imaging biomarkers have been studied for pre-
dicting response to immunotherapy. A radiomics ap-
proach was used to assess tumour-infiltrating CD8+ T
cells in patients included in phase 1 trials of PD-1 and
PD-L1 monotherapy [80]. A radiomic signature of CD8+
T cells was developed using CT images and RNA sequen-
cing data from 135 patients (training set) and validated on
three different cohorts of patients including 137 patients
treated with anti-PD-1 and anti-PD-L1 drugs. High base-
line radiomics score was associated with higher proportion
of patients with objective response at 3 and 6months.
Moreover, high radiomics score was significantly associ-
ated with improved outcomes with a median overall sur-
vival of 24.3 versus 11.5months in high and low radiomics
score, respectively.
Molecular imaging techniques using radioactive tracers

that target PD-1 and PD-L1 have also been explored in a
preclinical study [81, 82]. A first-in-human study using
PET with 89Zr-labeled atezolizumab has been conducted
in 22 patients to predict response to PD-L1 treatment
[83]. The authors showed a significant correlation between
89Zr-labeled atezolizumab uptake and patient outcomes in
terms of progression-free and overall survival. Interest-
ingly, responses were better correlated with baseline PET
tracer fixation than with PD-L1 status using immunohis-
tochemistry or RNA sequencing of post-tracer biopsies.
In this context, the potential applicability of these bio-

markers in different disease settings is still pending with
probably the exception of first-line lung cancer for PD-
L1 expression.

Conclusions
Cancer immunotherapy is becoming, in a few years, one
of the most promising treatments of wide types of cancers.
Currently, immunotherapy benefits only to some patients,
and selecting patients who will benefit from immunother-
apy is one of the major future challenges. Familiarity with
the specificity of response and immune-related side effects
is essential for radiologists to accurately evaluate the re-
sponse to treatment and help clinician for optimal patient
management. Although pseudoprogression occurs only in
few patients treated with ICIs, new criteria (irRC, irRE-
CIST, iRECIST, and imRECIST) has been developed to
address this issue in clinical trials. Their use in clinical
routine should be prudent as data are still limited. More-
over, new image interpretation challenges will probably
occur in the future with the increasing use of combined
therapies with conventional chemotherapy and locoregio-
nal therapies (radiotherapy, cryotherapy, etc.) as well as
other types of immunotherapy such as vaccines or adop-
tive cell transfer therapy.

Abbreviations
18F-FDG: 18F-fluorodeoxyglucose; CT: Computed tomography;
CTLA4: Cytotoxic T-lymphocyte antigen 4; DNA: Deoxyribonucleic acid;

FDA: Food and Drug Administration; ICI: Immune checkpoint inhibitor;
imRECIST: Immune-modified RECIST; irAEs: Immunotherapy-related adverse
events; irRC: Immune-related response criteria; irRECIST: Immune-related
RECIST; MRI: Magnetic resonance imaging; PD-1: Programmed cell death
protein 1; PD-L1: Programmed cell death protein ligand 1; PET/CT: Positron
emission tomography/computed tomography; RECIST: Response evaluation
criteria in solid tumors; RNA: Ribonucleic acid; TILs: Tumour-infiltrating
lymphocytes; TMB: Tumour mutational burden

Authors’ contributions
CD was a major contributor in writing the manuscript and illustrating the
paper. AD had a high contribution in writing the chapter different
immunotherapy approaches. CB and CP had a high contribution in writing
the chapter side effects. RD was a major contributor in editing the
manuscript. All authors read and approved the final manuscript

Funding
No

Availability of data and materials
Not applicable

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Radiology and Interventional Radiology, Lausanne University
Hospital and University of Lausanne, Rue du Bugnon 46, CH-1011 Lausanne,
Switzerland. 2Department of Radiology, AUSL Toscana Centro - San Giuseppe
Hospital, Empoli, Italy. 3Department of Oncology, Lausanne University
Hospital and University of Lausanne, Lausanne, Switzerland.

Received: 25 July 2019 Accepted: 8 November 2019

References
1. Kim R, Emi M, Tanabe K (2017) Cancer immunoediting from immune

surveillance to immune escape. Immunology 121:1–14. https://doi.org/10.
1111/j.1365-2567.2007.02587.x

2. Eisenhauer EA, Therasse P, Bogaerts J et al (2009) New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer
45:228–247. https://doi.org/10.1016/j.ejca.2008.10.026

3. Raja J, Ludwig JM, Gettinger SN, Schalper KA, Kim HS (2018) Oncolytic virus
immunotherapy: future prospects for oncology. J Immunother Cancer 6:140.
https://doi.org/10.1186/s40425-018-0458-z

4. Andtbacka RH, Kaufman HL, Collichio F et al (2015) Talimogene
laherparepvec improves durable response rate in patients with
advanced melanoma. J Clin Oncol 33:2780–2788. https://doi.org/10.
1200/JCO.2014.58.3377

5. Raman SS, Hecht JR, Chan E (2019) Talimogene laherparepvec: review of its
mechanism of action and clinical efficacy and safety. Immunotherapy 11:
705–723. https://doi.org/10.2217/imt-2019-0033

6. Hollingsworth RE, Jansen K (2019) Turning the corner on therapeutic cancer
vaccines. NPJ Vaccines 4:7. https://doi.org/10.1038/s41541-019-0103-y

7. Schuler G, Schuler-Thurner B, Steinman RM (2003) The use of dendritic cells
in cancer immunotherapy. Curr Opin Immunol 15:138–147. https://doi.org/
10.1016/s0952-7915(03)00015-3

8. Bol KF, Schreibelt G, Rabold K et al (2019) The clinical application of cancer
immunotherapy based on naturally circulating dendritic cells. J Immunother
Cancer 7:109. https://doi.org/10.1186/s40425-019-0580-6

9. Pilon-Thomas S, Kuhn L, Ellwanger S et al (2012) Efficacy of adoptive cell
transfer of tumor-infiltrating lymphocytes after lymphopenia induction for
metastatic melanoma. J Immunother 35:615–620. https://doi.org/10.1097/
CJI.0b013e31826e8f5f

Dromain et al. European Radiology Experimental             (2020) 4:2 Page 13 of 15

https://doi.org/10.1111/j.1365-2567.2007.02587.x
https://doi.org/10.1111/j.1365-2567.2007.02587.x
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1186/s40425-018-0458-z
https://doi.org/10.1200/JCO.2014.58.3377
https://doi.org/10.1200/JCO.2014.58.3377
https://doi.org/10.2217/imt-2019-0033
https://doi.org/10.1038/s41541-019-0103-y
https://doi.org/10.1016/s0952-7915(03)00015-3
https://doi.org/10.1016/s0952-7915(03)00015-3
https://doi.org/10.1186/s40425-019-0580-6
https://doi.org/10.1097/CJI.0b013e31826e8f5f
https://doi.org/10.1097/CJI.0b013e31826e8f5f


10. Prasad V (2018) Immunotherapy: tisagenlecleucel - the first approved CAR-T-
cell therapy: implications for payers and policy makers. Nat Rev Clin Oncol
15:11–12. https://doi.org/10.1038/nrclinonc.2017

11. Jackson HJ, Rafiq S, Brentjens RJ (2016) Driving CAR T-cells forward. Nat Rev
Clin Oncol 13:370–383. https://doi.org/10.1038/nrclinonc.2016.36

12. Wei SC, Duffy CR, Allison JP (2018) Fundamental mechanisms of immune
checkpoint blockade therapy. Cancer Discov 8:1069–1086. https://doi.org/10.
1158/2159-8290.CD-18-0367

13. Approved immunotherapies. Medi paper available from: https://medi-paper.
com/us-fda-approved-immune-checkpoint-inhibitors-approved-
immunotherapies/. Accessed Oct 26, 2019

14. Madan RA, Gulley JL, Fojo T, Dahut WL (2010) Therapeutic cancer vaccines
in prostate cancer: the paradox of improved survival without changes in
time to progression. Oncologist 15:969–975. https://doi.org/10.1634/
theoncologist.2010-0129

15. Kaech SM, Wherry EJ, Ahmed R (2002) Effector and memory T-cell
differentiation: implications for vaccine development. Nat Rev Immunol 2:
251–262. https://doi.org/10.1038/nri778

16. Xiang R, Lode HN, Gillies SD, Reisfeld RA (1999) T cell memory against
colon carcinoma is long-lived in the absence of antigen. J Immunol
163:3676–3683

17. Wolchok JD, Hoos A, O'Day S et al (2009) Guidelines for the evaluation of
immune therapy activity in solid tumors: immune-related response criteria. Clin
Cancer Res 15:7412–7420. https://doi.org/10.1158/1078-0432.CCR-09-1624

18. Larkin J, Minor D, D'Angelo S et al (2018) Overall survival in patients
with advanced melanoma who received nivolumab versus investigator’s
choice chemotherapy in CheckMate 037: a randomized, controlled,
open-label phase III trial. J Clin Oncol 36:383–390. https://doi.org/10.
1200/JCO.2016.71.8023

19. Robert C, Ribas A, Hamid O et al (2018) Durable complete response after
discontinuation of pembrolizumab in patients with metastatic melanoma. J
Clin Oncol 36:1668–1674. https://doi.org/10.1200/JCO.2017.75.6270

20. Horn L, Spigel DR, Vokes EE et al (2017) Nivolumab versus docetaxel in
previously treated patients with advanced non-small-cell lung cancer: two-
year outcomes from two randomized, open-label, phase III trials (CheckMate
017 and CheckMate 057). J Clin Oncol 35:3924–3933. https://doi.org/10.
1200/JCO.2017.74.3062

21. Haslam A, Prasad V (2019) Estimation of the percentage of US patients with
cancer who are eligible for and respond to checkpoint inhibitor
immunotherapy drugs. JAMA Netw Open 2:e192535. https://doi.org/10.
1001/jamanetworkopen.2019.2535

22. Di Giacomo AM, Danielli R, Guidoboni M et al (2009) Therapeutic efficacy of
ipilimumab, an anti-CTLA-4 monoclonal antibody, in patients with
metastatic melanoma unresponsive to prior systemic treatments: clinical
and immunological evidence from three patient cases. Cancer Immunol
Immunother 58:1297–1306. https://doi.org/10.1007/s00262-008-0642-y

23. Gainor JF, Longo DL, (2014) Chabner BA (2014) Pharmacodynamic
biomarkers: falling short of the mark? Clin Cancer Res 20:2587–2594. https://
doi.org/10.1158/1078-0432.CCR-13-3132

24. Nishino M, Giobbie-Hurder A, Manos MP et al (2017) Immune-related tumor
response dynamics in melanoma patients (pts) treated with pembrolizumab:
identifying markers for clinical outcome and treatment decisions. Clin Cancer
Res 23: 4671–4679. https://doi.org/10.1158/1078-0432.CCR-17-0114

25. Thust SC, van den Bent MJ, Smits M (2018) Pseudoprogression of
brain tumors. J Magn Reson Imaging 48:571–589. https://doi.org/10.
1002/jmri.26171

26. Hodi FS, Hwu WJ, Kefford R et al (2016) Evaluation of immune-related
response criteria and RECIST v1.1 in patients with advanced melanoma
treated with pembrolizumab. J Clin Oncol 34:1510–1517. https://doi.org/10.
1200/JCO.2015.64.0391

27. Fujimoto D, Yoshioka H, Kataoka Y et al (2019) Pseudoprogression in
previously treated patients with non-small cell lung cancer who received
nivolumab monotherapy. J Thorac Oncol 14:468–474. https://doi.org/10.
1016/j.jtho.2018.10.167

28. Champiat S, Ferrara R, Massard C et al (2018) Hyperprogressive disease:
recognizing a novel pattern to improve patient management. Nat Rev Clin
Oncol 15:748–762. https://doi.org/10.1038/s41571-018-0111-2

29. Ferrara R, Mezquita L, Texier M et al (2018) Hyperprogressive disease in
patients with advanced non-small cell lung cancer treated with PD-1/PD-L1
inhibitors or with single-agent chemotherapy. JAMA Oncol 4:1543–1552.
https://doi.org/10.1001/jamaoncol.2018.3676

30. Demicheli R, Retsky MW, Hrushesky WJ, Baum M, Gukas ID (2008) The
effects of surgery on tumor growth: a century of investigations. Ann Oncol
19:1821–1828. https://doi.org/10.1093/annonc/mdn386

31. Lagadec C, Vlashi E, Della Donna L, Dekmezian C, Pajonk F (2012) Radiation-
induced reprogramming of breast cancer cells. Stem Cells 30:833–844.
https://doi.org/10.1002/stem.1058

32. Miller AB, Hoogstraten B, Staquet M, Winkler A (1981) Reporting results of
cancer treatment. Cancer 47:207–214. https://doi.org/10.1002/1097-
0142(19810101)47:1<207::aid-cncr2820470134>3.0.co;2-6

33. Nishino M, Giobbie-Hurder A, Gargano M, Suda M, Ramaiya NH, Hodi FS
(2013) Developing a common language for tumor response to
immunotherapy: immune-related response criteria using unidimensional
measurements. Clin Cancer Res 19:3936–3943. https://doi.org/10.1158/1078-
0432.CCR-13-0895

34. Seymour L, Bogaerts J, Perrone A et al (2017) iRECIST: guidelines for
response criteria for use in trials testing immunotherapeutics. Lancet Oncol
18:e143–e152. https://doi.org/10.1016/S1470-2045(17)30074-8

35. Hodi FS, Ballinger M, Lyons B et al (2018) Immune-Modified Response
Evaluation Criteria In Solid Tumors (imRECIST): refining guidelines to assess
the clinical benefit of cancer immunotherapy. J Clin Oncol 36:850–858.
https://doi.org/10.1200/JCO.2017.75.1644

36. Kataoka Y, Hirano K (2018) Which criteria should we use to evaluate the
efficacy of immune-checkpoint inhibitors? Ann Transl Med 6:222. https://doi.
org/10.21037/atm.2018.04.17

37. Postow MA, Sidlow R, Hellmann MD (2018) Immune-related adverse events
associated with immune checkpoint blockade. N Engl J Med 378:158–168.
https://doi.org/10.1056/NEJMra1703481

38. Haanen JBAG, Carbonnel F, Robert C et al (2018) Management of toxicities
from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol 29:iv264–iv266. https://doi.org/10.1093/
annonc/mdy162

39. Martins F, Sofiya L, Sykiotis GP et al (2019) Adverse effects of immune-
checkpoint inhibitors: epidemiology, management and surveillance. Nat Rev
Clin Oncol 16:563–580. https://doi.org/10.1038/s41571-019-0218-0

40. Wang PF, Chen Y, Song SY et al (2017) Immune-related adverse events
associated with anti-PD-1/PD-L1 treatment for malignancies: a meta-
analysis. Front Pharmacol 8:730. https://doi.org/10.3389/fphar.2017.00730

41. Sun X, Roudi R, Dai T et al (2019) Immune-related adverse events
associated with programmed cell death protein-1 and programmed cell
death ligand 1 inhibitors for non-small cell lung cancer: a PRISMA
systematic review and meta-analysis. BMC Cancer 19:558. https://doi.
org/10.1186/s12885-019-5701-6

42. Bertrand A, Kostine M, Barnetche T, Truchetet ME, Schaeverbeke T (2015)
Immune related adverse events associated with anti-CTLA-4 antibodies:
systematic review and meta-analysis. BMC Med 13:211. https://doi.org/10.
1186/s12916-015-0455-8

43. Nishino M, Hatabu H, Hodi FS (2019) Imaging of cancer immunotherapy:
current approaches and future directions. Radiology 290:9–22. https://doi.
org/10.1148/radiol.2018181349

44. Bronstein Y, Ng CS, Hwu P, Hwu WJ (2011) Radiologic manifestations of
immune-related adverse events in patients with metastatic melanoma
undergoing anti-CTLA-4 antibody therapy. AJR Am J Roentgenol 197:W992–
w1000. https://doi.org/10.2214/AJR.10.6198

45. Carter BW, Halpenny DF, Ginsberg MS, Papadimitrakopoulou VA, de Groot
PM (2017) Immunotherapy in non-small cell lung cancer treatment: current
status and the role of imaging. J Thorac Imaging 32:300–312. https://doi.
org/10.1097/RTI.0000000000000291

46. Kwak JJ, Tirumani SH, Van den Abbeele AD, Koo PJ, Jacene HA (2015)
Cancer immunotherapy: imaging assessment of novel treatment response
patterns and immune-related adverse events. Radiographics 35:424–437.
https://doi.org/10.1148/rg.352140121

47. Tirumani SH, Ramaiya NH, Keraliya A et al (2015) Radiographic profiling of
immune-related adverse events in advanced melanoma patients treated
with ipilimumab. Cancer Immunol Res 3:1185–1192. https://doi.org/10.1158/
2326-6066.CIR-15-0102

48. Wang GX, Kurra V, Gainor JF et al (2017) Immune checkpoint inhibitor
cancer therapy: spectrum of imaging findings. Radiographics 37:2132–2144.
https://doi.org/10.1148/rg.2017170085

49. Gupta A, De Felice KM, Loftus EV Jr, Khanna S (2015) Systematic review:
colitis associated with anti-CTLA-4 therapy. Aliment Pharmacol Ther 42:406–
417. https://doi.org/10.1111/apt.13281

Dromain et al. European Radiology Experimental             (2020) 4:2 Page 14 of 15

https://doi.org/10.1038/nrclinonc.2017
https://doi.org/10.1038/nrclinonc.2016.36
https://doi.org/10.1158/2159-8290.CD-18-0367
https://doi.org/10.1158/2159-8290.CD-18-0367
https://medi-paper.com/us-fda-approved-immune-checkpoint-inhibitors-approved-immunotherapies/
https://medi-paper.com/us-fda-approved-immune-checkpoint-inhibitors-approved-immunotherapies/
https://medi-paper.com/us-fda-approved-immune-checkpoint-inhibitors-approved-immunotherapies/
https://doi.org/10.1634/theoncologist.2010-0129
https://doi.org/10.1634/theoncologist.2010-0129
https://doi.org/10.1038/nri778
https://doi.org/10.1158/1078-0432.CCR-09-1624
https://doi.org/10.1200/JCO.2016.71.8023
https://doi.org/10.1200/JCO.2016.71.8023
https://doi.org/10.1200/JCO.2017.75.6270
https://doi.org/10.1200/JCO.2017.74.3062
https://doi.org/10.1200/JCO.2017.74.3062
https://doi.org/10.1001/jamanetworkopen.2019.2535
https://doi.org/10.1001/jamanetworkopen.2019.2535
https://doi.org/10.1007/s00262-008-0642-y
https://doi.org/10.1158/1078-0432.CCR-13-3132
https://doi.org/10.1158/1078-0432.CCR-13-3132
https://doi.org/10.1158/1078-0432.CCR-17-0114
https://doi.org/10.1002/jmri.26171
https://doi.org/10.1002/jmri.26171
https://doi.org/10.1200/JCO.2015.64.0391
https://doi.org/10.1200/JCO.2015.64.0391
https://doi.org/10.1016/j.jtho.2018.10.167
https://doi.org/10.1016/j.jtho.2018.10.167
https://doi.org/10.1038/s41571-018-0111-2
https://doi.org/10.1001/jamaoncol.2018.3676
https://doi.org/10.1093/annonc/mdn386
https://doi.org/10.1002/stem.1058
https://doi.org/10.1002/1097-0142(19810101)47:1<207::aid-cncr2820470134>3.0.co;2-6
https://doi.org/10.1002/1097-0142(19810101)47:1<207::aid-cncr2820470134>3.0.co;2-6
https://doi.org/10.1158/1078-0432.CCR-13-0895
https://doi.org/10.1158/1078-0432.CCR-13-0895
https://doi.org/10.1016/S1470-2045(17)30074-8
https://doi.org/10.1200/JCO.2017.75.1644
https://doi.org/10.21037/atm.2018.04.17
https://doi.org/10.21037/atm.2018.04.17
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1093/annonc/mdy162
https://doi.org/10.1093/annonc/mdy162
https://doi.org/10.1038/s41571-019-0218-0
https://doi.org/10.3389/fphar.2017.00730
https://doi.org/10.1186/s12885-019-5701-6
https://doi.org/10.1186/s12885-019-5701-6
https://doi.org/10.1186/s12916-015-0455-8
https://doi.org/10.1186/s12916-015-0455-8
https://doi.org/10.1148/radiol.2018181349
https://doi.org/10.1148/radiol.2018181349
https://doi.org/10.2214/AJR.10.6198
https://doi.org/10.1097/RTI.0000000000000291
https://doi.org/10.1097/RTI.0000000000000291
https://doi.org/10.1148/rg.352140121
https://doi.org/10.1158/2326-6066.CIR-15-0102
https://doi.org/10.1158/2326-6066.CIR-15-0102
https://doi.org/10.1148/rg.2017170085
https://doi.org/10.1111/apt.13281


50. Alessandrino F, Sahu S, Nishino M et al (2019) Frequency and imaging
features of abdominal immune-related adverse events in metastatic lung
cancer patients treated with PD-1 inhibitor. Abdom Radiol (NY) 44:1917–
1927. https://doi.org/10.1007/s00261-019-01935-2

51. Kim KW, Ramaiya NH, Krajewski KM et al (2013) Ipilimumab associated
hepatitis: imaging and clinicopathologic findings. Invest New Drugs 31:
1071–1077. https://doi.org/10.1007/s10637-013-9939-6

52. Raad RA, Pavlick A, Kannan R, Friedman KP (2015) Ipilimumab-induced
hepatitis on 18F-FDG PET/CT in a patient with malignant melanoma. Clin
Nucl Med 40:258–259. https://doi.org/10.1097/RLU.0000000000000606

53. Alabed YZ, Aghayev A, Sakellis C, Van den Abbeele AD (2014) Pancreatitis
secondary to anti-programmed death receptor 1 immunotherapy
diagnosed by FDG PET/CT. Clin Nucl Med 40:e528–e529. https://doi.org/10.
1097/RLU.0000000000000940

54. Faje AT, Sullivan R, Lawrence D et al (2014) Ipilimumab-induced
hypophysitis: a detailed longitudinal analysis in a large cohort of patients
with metastatic melanoma. J Clin Endocrinol Metab 99:4078–4085. https://
doi.org/10.1210/jc.2014-2306

55. Alessandrino F, Shah HJ, Ramaiya NH (2018) Multimodality imaging of
endocrine immune related adverse events: a primer for radiologists. Clin
Imaging 50:96–103. https://doi.org/10.1016/j.clinimag.2017.12.014

56. Carpenter KJ, Murtagh RD, Lilienfeld H, Weber J, Murtagh FR (2009)
Ipilimumab-induced hypophysitis: MR imaging findings. AJNR Am J
Neuroradiol 30:1751–1753. https://doi.org/10.3174/ajnr.A1623

57. Solinas C, Porcu M, De Silva P et al (2018) Cancer immunotherapy-
associated hypophysitis. Semin Oncol 45:181–186. https://doi.org/10.1053/j.
seminoncol.2018.09.002

58. Lee H, Hodi FS, Giobbie-Hurder A et al (2017) Characterization of thyroid
disorders in patients receiving immune checkpoint inhibition therapy. Cancer
Immunol Res 5:1133–1140. https://doi.org/10.1158/2326-6066.CIR-17-0208

59. Bacanovic S, Burger IA, Stolzmann P, Hafner J, Huellner MW (2015)
Ipilimumab-induced adrenalitis: a possible pitfall in 18F-FDG-PET/CT. Clin
Nucl Med 40:e518–e519. https://doi.org/10.1097/RLU.0000000000000887

60. Chuzi S, Tavora F, Cruz M et al (2017) Clinical features, diagnostic
challenges, and management strategies in checkpoint inhibitor-related
pneumonitis. Cancer Manag Res 9:207–213. https://doi.org/10.2147/CMAR.
S136818

61. Naidoo J, Wang X, Woo KM et al (2017) Pneumonitis in patients treated
with anti-programmed death-1/programmed death ligand 1 therapy. J Clin
Oncol 35:709–717. https://doi.org/10.1200/JCO.2016.68.2005

62. Nishino M, Giobbie-Hurder A, Hatabu H, Ramaiya NH, Hodi FS (2016)
Incidence of programmed cell death 1 inhibitor-related pneumonitis in
patients with advanced cancer: a systematic review and meta-analysis.
JAMA Oncol 2:1607–1616. https://doi.org/10.1001/jamaoncol.2016.2453

63. Khunger M, Rakshit S, Pasupuleti V et al (2017) Incidence of
pneumonitis with use of programmed death 1 and programmed death-
ligand 1 inhibitors in non-small cell lung cancer: a systematic review
and meta-analysis of trials. Chest 152:271–281. https://doi.org/10.1016/j.
chest.2017.04.177

64. Nishino M, Ramaiya NH, Awad MM et al (2016) PD-1 inhibitor-related
pneumonitis in advanced cancer patients: radiographic patterns and clinical
course. Clin Cancer Res 22:6051–6060. https://doi.org/10.1158/1078-0432.
CCR-16-1320

65. Delaunay M, Cadranel J, Lusque A et al (2017) Immune-checkpoint
inhibitors associated with interstitial lung disease in cancer patients. Eur
Respir J 10:50. https://doi.org/10.1183/13993003

66. Montaudié H, Pradelli J, Passeron T, Lacour JP, Leroy S (2017) Pulmonary
sarcoid-like granulomatosis induced by nivolumab. Br J Dermatol 176:1060–
1063. https://doi.org/10.1111/bjd.14808

67. Johnson DB, Balko JM, Compton ML et al (2016) Fulminant myocarditis with
combination immune checkpoint blockade. N Engl J Med 375:1749–1755.
https://doi.org/10.1056/NEJMoa1609214

68. Loffler AI, Salerno M (2018) Cardiac MRI for the evaluation of oncologic
cardiotoxicity. J Nucl Cardiol 25:2148–2158. https://doi.org/10.1007/s12350-
018-1293-9

69. Altan M, Toki MI, Gettinger SN et al (2019) Immune checkpoint inhibitor-
associated pericarditis. J Thorac Oncol 14:1102–1108. https://doi.org/10.
1016/j.jtho.2019.02.026

70. Crout TM, Lennep DS, Kishore S, Majithia V (2019) Systemic vasculitis
associated with immune check point inhibition: analysis and review. Curr
Rheumatol Rep 21:28. https://doi.org/10.1007/s11926-019-0828-7

71. Psimaras D (2018) Neuromuscular complications of immune checkpoint
inhibitors. Presse Med 47:e253–e259. https://doi.org/10.1016/j.lpm.2018.10.009

72. Gandhi L, Rodríguez-Abreu D, Gadgeel S et al (2018) Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer. N Engl J Med 378:
2078–2092. https://doi.org/10.1056/NEJMoa1801005

73. Meléndez B, Van Campenhout C, Rorive S, Remmelink M, Salmon I, D'Haene N
(2018) Methods of measurement for tumor mutational burden in tumor tissue.
Transl Lung Cancer Res 7:661–667. https://doi.org/10.21037/tlcr.2018.08.02

74. Samstein RM, Lee CH, Shoushtari AN et al (2019) Tumor mutational load
predicts survival after immunotherapy across multiple cancer types. Nat
Genet 51:202–206. https://doi.org/10.1038/s41588-018-0312-8

75. Le DT, Durham JN, Smith KN et al (2017) Mismatch repair deficiency
predicts response of solid tumors to PD-1 blockade. Science 357:409–413.
https://doi.org/10.1126/science.aan6733

76. Salem ME, Puccini A, Grothey A et al (2018) Landscape of tumor mutation
load, mismatch repair deficiency, and PD-L1 expression in a large patient
cohort of gastrointestinal cancers. Mol Cancer Res 16:805–812. https://doi.
org/10.1158/1541-7786

77. Oble DA, Loewe R, Yu P, Mihm MC Jr (2009) Focus on TILs: prognostic
significance of tumor infiltrating lymphocytes in human melanoma. Cancer
Immun 9:3. PMCID: PMC2935762

78. Romagnoli G, Wiedermann M, Hübner F et al (2017) Morphological
evaluation of tumor-infiltrating lymphocytes (TILs) to investigate invasive
breast cancer immunogenicity, reveal lymphocytic networks and help
relapse prediction: a retrospective study. Int J Mol Sci 18:pii: E1936. doi:
https://doi.org/10.3390/ijms18091936

79. Kwak Y, Koh J, Kim DW, Kang SB, Kim WH, Lee HS (2016) Immunoscore
encompassing CD3+ and CD8+ T cell densities in distant metastasis is a
robust prognostic marker for advanced colorectal cancer. Oncotarget 7:
81778–81790. https://doi.org/10.18632/oncotarget.13207

80. Sun R, Limkin EJ, Vakalopoulou M et al (2018) A radiomics approach to
assess tumour-infiltrating CD8 cells and response to anti-PD-1 or anti-PD-L1
immunotherapy: an imaging biomarker, retrospective multicohort study.
Lancet Oncol 19:1180–1191. https://doi.org/10.1016/S1470-2045(18)30413-3

81. Heskamp S, Hobo W, Molkenboer-Kuenen JD et al (2015) Noninvasive
imaging of tumor PD-L1 expression using radiolabeled anti-PD-L1
antibodies. Cancer Res 75:2928–2936. https://doi.org/10.1158/0008-5472.
CAN-14-3477

82. Chatterjee S, Lesniak WG, Gabrielson M et al (2016) A humanized antibody
for imaging immune checkpoint ligand PD-L1 expression in tumors.
Oncotarget 7:10215–10227. https://doi.org/10.18632/oncotarget.7143

83. Bensch F, van der Veen EL, Lub-de Hooge MN et al (2018) (89)Zr-
atezolizumab imaging as a non-invasive approach to assess clinical
response to PD-L1 blockade in cancer. Nat Med 24:1852–1858. https://doi.
org/10.1038/s41591-018-0255-8

84. Gettinger SN, Horn L, Gandhi L et al (2015) Overall Survival and Long-Term
Safety of Nivolumab (Anti-Programmed Death 1 Antibody, BMS-936558,
ONO-4538) in Patients With Previously Treated Advanced Non-Small-Cell
Lung Cancer. J Clin Oncol 33:2004–2012. https://doi.org/10.1200/JCO.2014.
58.3708

85. Nishino M, Dahlberg SE, Adeni AE et al (2017) Tumor response dynamics of
advanced non-small cell lung cancer patients treated with PD-1 inhibitors:
imaging markers for treatment outcome. Clin Cancer Res 23:5737-5744.
https://doi.org/10.1158/1078-0432.CCR-17-1434

86. Katz SI, Hammer M, Bagley SJ et al (2018) Radiologic Pseudoprogression
during Anti-PD-1 Therapy for Advanced Non-Small Cell Lung Cancer. J
Thorac Oncol 13:978-986. https://doi.org/10.1016/j.jtho.2018.04.010.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Dromain et al. European Radiology Experimental             (2020) 4:2 Page 15 of 15

https://doi.org/10.1007/s00261-019-01935-2
https://doi.org/10.1007/s10637-013-9939-6
https://doi.org/10.1097/RLU.0000000000000606
https://doi.org/10.1097/RLU.0000000000000940
https://doi.org/10.1097/RLU.0000000000000940
https://doi.org/10.1210/jc.2014-2306
https://doi.org/10.1210/jc.2014-2306
https://doi.org/10.1016/j.clinimag.2017.12.014
https://doi.org/10.3174/ajnr.A1623
https://doi.org/10.1053/j.seminoncol.2018.09.002
https://doi.org/10.1053/j.seminoncol.2018.09.002
https://doi.org/10.1158/2326-6066.CIR-17-0208
https://doi.org/10.1097/RLU.0000000000000887
https://doi.org/10.2147/CMAR.S136818
https://doi.org/10.2147/CMAR.S136818
https://doi.org/10.1200/JCO.2016.68.2005
https://doi.org/10.1001/jamaoncol.2016.2453
https://doi.org/10.1016/j.chest.2017.04.177
https://doi.org/10.1016/j.chest.2017.04.177
https://doi.org/10.1158/1078-0432.CCR-16-1320
https://doi.org/10.1158/1078-0432.CCR-16-1320
https://doi.org/10.1183/13993003
https://doi.org/10.1111/bjd.14808
https://doi.org/10.1056/NEJMoa1609214
https://doi.org/10.1007/s12350-018-1293-9
https://doi.org/10.1007/s12350-018-1293-9
https://doi.org/10.1016/j.jtho.2019.02.026
https://doi.org/10.1016/j.jtho.2019.02.026
https://doi.org/10.1007/s11926-019-0828-7
https://doi.org/10.1016/j.lpm.2018.10.009
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.21037/tlcr.2018.08.02
https://doi.org/10.1038/s41588-018-0312-8
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1158/1541-7786
https://doi.org/10.1158/1541-7786
https://doi.org/10.3390/ijms18091936
https://doi.org/10.18632/oncotarget.13207
https://doi.org/10.1016/S1470-2045(18)30413-3
https://doi.org/10.1158/0008-5472.CAN-14-3477
https://doi.org/10.1158/0008-5472.CAN-14-3477
https://doi.org/10.18632/oncotarget.7143
https://doi.org/10.1038/s41591-018-0255-8
https://doi.org/10.1038/s41591-018-0255-8
https://doi.org/10.1200/JCO.2014.58.3708
https://doi.org/10.1200/JCO.2014.58.3708
https://doi.org/10.1158/1078-0432.CCR-17-1434
https://doi.org/10.1016/j.jtho.2018.04.010.

	Abstract
	Key points
	Background
	Different immunotherapy approaches
	Oncolytic viruses
	Cancer vaccines
	Adoptive cell transfer
	Immune checkpoint inhibitors

	How to assess response to treatment
	Characteristics of response
	New criteria to assess the response to immunotherapy

	Immune-related adverse events: the role of imaging
	Gastrointestinal, liver, and pancreatic toxicities
	Endocrine toxicities
	Thoracic and cardiac toxicities
	Other toxicities

	How to predict response to immunotherapy

	Conclusions
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

