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Pseudoprogression refers to the initial apparent increase in tumor burden observed on
imaging after cancer therapy, with subsequent delayed response to the same
treatment, thus giving a false initial appearance of disease progression. It is essential
to differentiate pseudoprogression from true progression to prevent the patients from
getting deprived of the benefits of their ongoing cancer therapy owing to their early
withdrawal. It also affects their recruitment for clinical trials. Pseudoprogression, albeit
uncommon, has been observed after various types of cancer therapy; however, this
phenomenon has gained momentum of late due to the emergence of immunotherapy
for the treatment of various malignancies. Besides immunotherapy, pseudoprogres-
sion has predominantly been of concern in a few patients after radiation therapy for
brain tumors and metastasis, after molecular targeted therapy for a variety of tumors,
and after chemotherapy in metastatic bone lesions. This article reviews the available
data on imaging of pseudoprogression from various types of cancer therapies,
highlighting ways to suspect or identify it on imaging.

ranging from 5.5 to 31%.2 With the advent of recent cancer
therapies, pseudoprogression has also been observed in

Imaging plays a vital role in response assessment after the
administration of cancer therapy of any type, based on
which, the further line of management is decided upon.
There has been significant progress in the field of precision
medicine. Unfortunately, the response evaluation criteria
have not been able to keep pace with it. Pseudoprogression,
as the name suggests, refers to an initial appearance of
disease progression on post-therapy imaging, which later
on responds during the same treatment.'
Pseudoprogression has primarily been known to be asso-
ciated with radiotherapy for brain tumors, the incidence
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these instances: after immunotherapy during clinical trials;
up to 10% incidence in melanoma and 5% incidence in
advanced non-small cell lung cancer (NSCLC), after molecu-
lar targeted therapy in a variety of tumors; and predomi-
nantly in gastrointestinal stromal tumor (GIST), after
stereotactic radiosurgery (SRS) and/or stereotactic radio-
therapy (SRT) for brain metastasis and after chemotherapy
in metastatic bone lesions.>™ The decision to continue or
withdraw the ongoing therapy depends on the post-therapy
response assessment on imaging. Inability to suspect or
identify pseudoprogression on imaging could lead to some
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patients getting deprived of the ongoing effective cancer
therapy due to its early withdrawal and it would also affect
recruitment for clinical trials.

This article will help to recognize pseudoprogression and
guide its subsequent management.

Definition of Pseudoprogression

Pseudoprogression refers to the initial appearance of in-
creased tumor burden on imaging following cancer therapy,
which regresses on follow-up, suggesting a response to the
same therapy.'

The increased tumor burden could be in the form of:

* increase in tumor size or
» emergence of new lesions, whether measurable or non-
measurable.]

In the case of brain metastasis/tumor, there may be an
initial increase in contrast-enhancing areas post-radiothera-
py which subsides with time, giving the false appearance of
tumor progression.”

Types of Post-Treatment Response
Evaluation Criteria

~Table 1 enlists the different types of response evaluation
criteria after various cancer therapies with their respective
applications and limitations.

Pseudoprogression Post-immunotherapy

Since the emergence of immune checkpoint inhibitors like
cytotoxic T-lymphocyte-associated antigen 4, programmed
death 1, and programmed death-ligand 1 in the last decade,
they have become a standard treatment for a variety of solid
tumors owing to their promising results in clinical tri-
als.®1%20 Immunotherapy is being used for a variety of
cancers such as malignant melanoma, NSCLC, renal cell
carcinoma, Hodgkin lymphoma, head and neck squamous

cell carcinoma, urothelial cancers, colorectal cancers,
cervical cancers, gastric, and gastro-esophageal junction
cancers.’

The mechanism of action of immune checkpoint inhib-
itors is different from the commonly used chemotherapeu-
tic drugs. The immune checkpoint inhibitors act by boosting
the immune system of the host to identify and destroy the
cancer cells, whereas chemotherapeutic drugs directly de-
stroy the tumor cells.> Pseudoprogression has been ob-
served after immunotherapy, albeit uncommonly, with
the maximum incidence of 10% in malignant melanoma.’
In pseudoprogression, the increase in tumor size post-
immunotherapy is due to histopathologically proven im-
mune cell infiltration of tumor."?' Most cases of pseudo-
progression occur within 12 weeks of starting
immunotherapy but can be seen anytime during treat-
ment.??  Also, pseudoprogression has been observed
more commonly in younger patients due to their better
immune systems.22
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Evaluation on Imaging

Immune response evaluation criteria in solid tumor (iRECIST)
are followed for post-immunotherapy response evaluation.”?'
As per iRECIST criteria, if there is a progression observed on
post-therapy imaging (>20% increase in tumor size from
baseline or new-onset target lesions or new-onset non-target
lesions), then the term unconfirmed progressive disease
(iUPD) should be used which would need confirmation of
these findings after a repeat scan 4 to 8 weeks later.”?! If the
repeat scan shows further progression (>5 mm increase in the
target or new lesions or increase in the non-target lesion), then
confirmed progressive disease should be given on imaging.’

But, if the repeat scan shows

* regression of the new findings seen in the previous scan,

* partial response (>30% decrease in the sum of total tumor
burden) or

» complete response,
then we can infer that the initial progression was not true
but “pseudoprogression.”

However, if the findings remain stable on the follow-up
scan, then the term iUPD should be continued till it is
confirmed to be true progression or there is a response on
further follow-up imaging.’

The term “iUPD” is given to account for pseudoprogres-
sion so that the ongoing immunotherapeutic drug is contin-
ued and not prematurely withdrawn unless the progressive
disease is confirmed on successive imaging or there is a
clinical deterioration of the patient.” Positron Emission
Tomography Response Criteria in Solid Tumors cannot
differentiate pseudoprogression from true progression as
both these conditions will show uptake on positron emission
tomography—computed tomography (PET-CT).!" However,
as per a recent study, if there are four or more new-onset
lesions of less than 1cm in functional diameter or three or
more new-onset lesions of more than 1cm in functional
diameter, true progression is more likely than pseud-
oprogression.23

~Fig. 1(A-F) depicts a case of pseudoprogression post-
immunotherapy in a metastatic melanoma of ano-rectum.

Pseudoprogression Post-Molecular
Targeted Therapy

There are a variety of molecular targeted therapies, of which,
response to an antiangiogenic agent has, in particular, been
known to mimic disease progression. The mechanism of
action of the antiangiogenic agent is the vascular endothelial
growth factor pathway-mediated inhibition of angiogenesis
in cancer cells.* Pseudoprogression after molecular targeted
therapy is most commonly seen in GIST.

Evaluation on Imaging

Post-antiangiogenic treatment, the tumor shows a decrease
in solid enhancing components and an increase in necrosis
due to a reduction in vascularity.4 Increase in necrosis can
sometimes lead to an increase in size which gives the
appearance of tumor progression.* Hence, modified Choi
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Table 1 Types of response evaluation criteria with their applications and limitations

response criteria.

-Both CT and MRI can be used for

evaluation.

-Requires unidimensional measurement.

-New lesions recorded separately.

-Defines “unconfirmed progressive
disease (iUPD)” which needs to be
confirmed on a follow-up scan after 4-8
weeks.

-Mentioning iUPD allows the patient to
either continue with the ongoing
immunotherapy till PD is confirmed on a
follow-up scan or change the treatment
regimen owing to side effects of ongoing
therapy.

Type of criteria Applications and key features Limitations (if any) References
World Health -Morphology-based conventional tumor -No mention regarding the minimum size 3.6-9
Organization criteria response criteria after cytotoxic of the lesion to be considered for
chemotherapy. measurement and the number of lesions
-Requires bidimensional measurement. to be measured.
-Bidimensional measurement of lesion
inaccurate.

Response evaluation -Morphology-based conventional tumor -MRI and MDCT could not be incorporated 3.6-9

criteria in solid tumors | response criteria after cytotoxic for response evaluation, only spiral CT

(RECIST) 1.0 chemotherapy. could be used.

-Requires unidimensional measurement. | -Lymph nodes were not included for
response evaluation.

RECIST 1.1 -Morphology-based conventional tumor Inaccurate response evaluation post- 3.6,7.9,10
response criteria after cytotoxic immunotherapy and post-molecular
chemotherapy. targeted therapy leads to premature
-Requires unidimensional measurement. | discontinuation of therapy.

-Both MRI and multidetector CT (MDCT)
can be incorporated for response
evaluation.

-Lymph nodes included for response
evaluation.

Immune-related -Post-immunotherapy (cytostatic) Variability in response due to 3.6.7

response criteria response criteria. bidimensional usage of measurement.
-Requires bidimensional measurement.

-Requires confirmation of progressive
disease (PD) on a follow-up scan after at
least 4 weeks, meanwhile continuing the
ongoing immunotherapy.

-Measurement of new lesion included in
the sum of the target lesion.

irRECIST -Post-immunotherapy (cytostatic) -The term unconfirmed PD (iUPD) is not 3.6.7

response criteria. included.
-Requires unidimensional measurement. | -New lesion not separately defined
-Requires confirmation of PD on a follow-
up scan after at least 4 weeks, meanwhile
continuing the ongoing immunotherapy.
-Measurement of new lesion included in
the sum of the target lesion.
iRECIST -Post-immunotherapy (cytostatic) 3.6.7

Positron Emission
Tomography Response
Criteria in Solid Tumors
(PERCIST)

-PET-CT-based criteria for post-treatment
evaluation of solid tumors.

-Based on tumor viability.

-Bone metastasis can also be evaluated.

-Requires follow-up on the same scanner
for comparability.

-Increased cost.

-Pseudoprogression post-immunotherapy
cannot be differentiated from true
progression as uptake seen in both the
conditions.

11,12
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Type of criteria Applications and key features Limitations (if any) References
Choi criteria -Initially used for post-treatment Post-treatment hemorrhage can increase | 113
assessment of gastrointestinal stromal attenuation within the lesion and mimic
tumors (GIST). tumor progression.
-Now used for assessment of any tumor
treated with molecular targeted therapy.
Size or attenuation criteria used for
evaluation.
-Contrast-enhanced CT (CECT)-based
criteria.
Revised Choi criteria -For evaluation of any tumor treated with | Post-treatment hemorrhage can increase 3
molecular targeted therapy. attenuation within the lesion and mimic
-Better correlation with the clinical tumor progression.
outcome than Choi criteria
-Concurrent use of size and attenuation
criteria.
-CECT-based criteria
Size and attenuation of | Assessment of any tumor treated with Hemorrhage within a lesion can increase | 1914
CT (SACT) criteria antiangiogenic agents. attenuation within the lesion and mimic
unfavorable response.
Mass, attenuation, -Assessment of any tumor treated with -Complex parameters for response 10,15
size, and structure antiangiogenic agents assessment may limit routine clinical use.
(MASS) criteria -CECT-based criteria -Hemorrhage within a lesion can increase
attenuation within the lesion and mimic
unfavorable response.
Response assessment | -MRI-based criteria for post-treatment Does not differentiate pseudoprogression 16.17
in neuro-Oncology assessment of brain tumors mainly in and radiation necrosis from true
(RANO) criteria clinical trials. progression as perfusion studies are not
-RANO brain metastasis (BM), included in the criteria.
predominantly MRI-based criteria for
evaluation of brain metastasis. Mainly
used in clinical trials but can also be
routinely used.
MD Anderson criteria | -For post-chemotherapy evaluation of 18
bone metastasis without a soft tissue
component.
-Either radiograph, CT, MRI or skeletal
scintigraphy can be used.

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PET-CT positron emission tomography—computed tomography.

criteria is a better predictor of response after antiangiogenic
molecular targeted therapy, which is based on the tumor size
and CT density, than RECIST 1.1, which solely relies on size
criteria."”> However, post-treatment hemorrhage can also
give rise to increased CT attenuation and thus mimic pseu-
doprogression even on modified Choi criteria. Decrease in
the solid enhancing components despite increase in size
suggests pseudoprogression.'? Besides this, isodense liver
metastases, which are invisible on the baseline scan, can
become conspicuous on post-antiangiogenic therapy due to
reduction in their vascularity, thus making them stand out
against the backdrop of enhancing liver parenchyma, giving a
pseudoappearance of new-onset liver lesions.* Disappear-
ance or regression of these liver lesions after 4 weeks follow-
up scan suggests pseudoprogression.*

~Fig. 2 (A-C) shows pseudoprogression in a case of GIST
after molecular targeted therapy.

Pseudoprogression of Brain Tumor and
Metastasis after Radiotherapy

Pseudoprogression has primarily been known to be associ-
ated with radiotherapy for brain tumors but has also been
seen after SRS and/or SRT for brain metastasis.” Its inci-
dence is, however, much higher after combining radiother-
apy with temozolomide (chemotherapy) for brain
tumors.'®242> Hypermethylated 06-methylguanine-DNA-
methyltransferase are often associated with post-treatment
pseudoprogression.?®?” Pseudoprogression is seen within a
few weeks to 3 months of starting radiotherapy.” The time
frame is important to differentiate it from radiation necro-
sis which occurs after 3 months of starting radiotherapy.”
Radiation injury to oligodendrocytes causes temporary
cessation of myelin synthesis resulting in pseudoprogres-
sion.” Pseudoprogression is thought to be due to transient
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Fig. 1 (A) Metastatic right upper lobe perihilar nodule and (B) left lower lobe nodule at baseline CT. (C and D) Increase in size of these nodules

after immunotherapy and decrease in size on follow-up scan (E and F).

Fig. 2 (A) Heterogeneously enhancing solid components within mesenteric GIST at baseline CT. (B) Increase in size but significant decrease in
enhancing components after molecular targeted therapy. (C) Mild decrease in size with no obvious enhancing component on follow-up. GIST,

gastrointestinal stromal tumor.

disruption in the blood-brain barrier with resultant edema
and contrast enhancement.’

Evaluation on Imaging

Pseudoprogression is seen as aninitial increase in the contrast-
enhancing area after radiotherapy or combined chemoradio-
therapy which subsides with time.?* Response assessment in
neuro-oncology criteria used for brain tumor response assess-
ment on magnetic resonance imaging (MRI) post-therapy
cannot help to differentiate pseudoprogression from true
progression.'® Imaging features cannot differentiate between
pseudoprogression and radiation necrosis, the differentiation
is entirely based on the time frame.’ Diffusion-weighted
imaging, diffusion tensor imaging, dynamic susceptibility
contrast enhancement MR perfusion, and dynamic contrast-
enhanced MRI perfusion have been used to differentiate post-

treatment change from recurrence.>'%?42% —Table 2 high-
lights the differentiating features of pseudoprogression from
tumor recurrence/metastasis.”

~Fig. 3(A-F) shows pseudoprogression in a post-opera-
tive case of glioblastoma multiforme after external beam
radiation therapy and adjuvant temozolomide (TMZ).

Pseudoprogression of Bone Metastasis Post-
Chemotherapy

Bone metastasis is a tricky area for evaluation. Bone metas-
tasis is considered as a non-measurable disease unless
associated with a soft tissue component, which then
becomes measurable as per RECIST 1.1 criteria. MD Anderson
criteria are used for evaluating bone metastasis. As per MD
Anderson criteria, complete or partial sclerotic fill-in of a
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Table 2 Difference between pseudoprogression and tumor recurrence/metastasis

Imaging modality Pseudoprogression Tumor recurrence/metastasis

DWI/ADC No restricted diffusion/higher ADC Restricted diffusion/lower ADC values
values

DTI Low FA High FA

DCE-MRI perfusion Reduced CBV <2mL/100 g Increased CBV >2mL/100 g

LQ (Lesion quotient) =Area of T2 <0.3 >0.6

hypointense nodule/ area of contrast-

enhanced

TIWI.

PET/SPECT Decreased metabolic Increased metabolic activity/increased
activity/decreased radiotracer uptake radiotracer uptake

Abbreviations: ADC, apparent diffusion coefficient; CBV, cerebral blood volume; DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging;
DTI, diffusion tensor imaging; DWI, diffusion-weighted imaging; FA, fractional anisotropy; PET/SPECT, positron emission tomography/ single photon

emission computed tomography; TTWI, T1-weighted imaging.

redCBY Ratio (%)

Fig.3 (A) Left frontal lobe GBM at baseline MRI. (B and C) New enhancing nodule on post-surgery EBRT and adjuvant TMZ in left periventricular
white matter showing hypoperfusion (D). Decrease in enhancement on follow-up (E and F). EBRT, external beam radiation therapy; GBM,

glioblastoma multiforme; TMZ, temozolomide.

prior lytic lesion is considered as a complete or partial
response to treatment, respectively.'® Post-treatment osteo-
blastic flare is a known phenomenon; hence, sclerotic bone
lesions should be viewed with caution. Osteoblastic flare
phenomenon refers to the appearance of sclerosis in a lytic
bone lesion or an increase in the extent of an existing
sclerotic bone lesion due to post-treatment healing.'®

Response Evaluation on CT Scan

» Appearance of a new sclerotic bone lesion with partial
response (sclerosis) of previously seen lytic bone lesions
elsewhere should be considered as pseudoprogression as
it most likely represents the post-treatment osteoblastic
flare phenomenon.'®

* Increase in the size of a sclerotic bone lesion should also

be considered as pseudoprogression due to the post-
treatment osteoblastic flare phenomenon. PET-CT can
help in the evaluation of skeletal metastasis.'?° Osteo-
blastic flare phenomenon should be followed up for
6 months or more for confirmation as it would eventually
show a decrease in uptake on fluorodeoxyglucose-posi-
tron emission tomography (FDG-PET) scan after 2 to
3 months. A continued increase in the number and
intensity of uptake of bone lesions beyond 6 months
should be considered as disease progression.18

» Appearance of a new sclerotic bone lesion without any

prior documentation of bone metastasis should be con-
sidered as a true progression only if it is confirmed on
bone scan/FDG-PET/MRI as it could possibly be due to its
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inconspicuity in the previous CT scan with post-treatment
healing leading to its visibility in the present scan.'®

Additional Points to Remember

» Besides bone metastasis, pseudoprogression can also be
seen at other sites after conventional chemotherapy either
due to decreased vascularity or hemorrhage, so one must
watch out for it after conventional chemotherapy as
well.'8

» “Hyperprogression” refers to more than two-fold increase
in the pace of tumor progression after starting immuno-
therapy, and it is associated with worse outcomes. Pseu-
doprogression, on the contrary, is associated with
increased survival. So, clinical condition of the patient is
important in differentiating pseudoprogression from
hyperprogression.?’

Conclusion

Pseudoprogression, albeit uncommon, can deprive the pa-
tient of ongoing treatment, if not correctly identified. Re-
sponse on follow-up scan is the key to identifying it post-
immunotherapy unless the patient deteriorates on therapy,
which points toward true progression. Knowledge of the
mechanism of action is important for identifying pseudo-
progression post-antiangiogenic molecular targeted therapy
and after chemotherapy for bone metastasis, whereas, multi-
parametric MRI and time frame help to identify pseudoprog-
ression of brain tumor/metastasis post-radiotherapy.
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