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disease (PD) despite evidence of clinical
benefit (eg, tumor flare or pseudoprogression). Considering this finding as
PD could lead to patients being prematurely removed from a treatment from
which they actually stand to benefit. This
phenomenon has been well described
with checkpoint blockade therapy in solid
tumors and anecdotally seen in lymphoma
as well. To address this issue in the context of lymphoma immunomodulatory

therapy, a workshop was convened to
provide provisional recommendations to
modify current response criteria in patients receiving these and future agents
in clinical trials. The term “indeterminate
response” was introduced to identify
such lesions until confirmed as flare/
pseudo-progression or true PD by either
biopsy or subsequent imaging. (Blood.
2016;128(21):2489-2496)

History of response criteria for lymphoma with conventional therapy
The ﬁrst universally accepted response criteria for non-Hodgkin
lymphoma (NHL) were published in 1999 by an International Working
Group and were also adopted for Hodgkin lymphoma (HL).1 These
International Working Group guidelines deﬁned complete remission
(CR), partial remission (PR), complete remission unconﬁrmed, stable
disease (SD), relapsed disease, and progressive disease (PD), based on
physical examination, chest x-ray, computed tomography (CT) scan,
single photon emission computed tomography gallium scans, and visual
bone marrow evaluation. The subsequent availability of positron
emission tomography (PET), as well as immunohistochemistry and ﬂow
cytometry of the bone marrow, resulted in the revised 2007 guidelines,
including PET as a component of response assessment primarily for HL
and diffuse large B-cell lymphoma (DLBCL).2 At the time, PET was
recommended for posttreatment assessment of DLBCL and HL, but only
in clinical trials for follicular lymphoma or other ﬂuorodeoxyglucose
(FDG) avid histologies. Further experience with the interpretation of PET
scan results subsequently led to the Lugano Classiﬁcation for staging and
response assessment,3 incorporating PET-CT as a standard component of
both the staging and response assessment of FDG-avid histologies while
retaining CT evaluation for other subtypes.

Response patterns with
nonconventional therapies
As with prior criteria, the Lugano Classiﬁcation was based on experience
with traditional chemotherapeutic or chemoimmunotherapeutic
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regimens, primarily incorporating rituximab. However, the availability of an increasing number of biologic agents with immune
mechanisms entering the clinic requires ﬂexibility in interpretation
of the recommendations to account for these agents’ biologic or
immunomodulatory properties.
Tumor ﬂare was ﬁrst formally described with immunomodulatory
drugs, particularly lenalidomide, in patients with lymphomas and
chronic lymphocytic leukemia (CLL).4-7 In ;15% of patients with
CLL/small lymphocytic lymphoma (SLL), and less commonly in other
lymphoma histologies, a “tumor ﬂare” occurs, generally during the ﬁrst
2 to 3 weeks of treatment. This phenomenon is characterized by a rapid,
often painful, self-limited increase in the size of lymph nodes and is
often accompanied by fever, lymphocytosis, rash, and bone pain.8,9 The
pathophysiology is speculated to be related in part to an immune
phenomenon characterized by natural killer cell activation, modulation
of costimulatory (CD80, CD83, CD86) surface molecules on CLL cells
in vitro and in vivo, and an increase in levels of tumor necrosis factor-a
post-lenalidomide treatment, consistent with an acute inﬂammatory
reaction.10 Strict application of currently used CLL11,12 or lymphoma
guidelines3 to patients receiving immunomodulatory drugs could result
in incorrect assignment of PD, resulting in early cessation of therapy
prior to achieving clinical beneﬁt. Other drugs with reported ﬂare
reactions include rituximab,13,14 which may also cause a paradoxical
increase in immunoglobulin M with an increase in viscosity in patients
with Waldenström macrglobulinemia,15,16 and brentuximab vedotin.17
Another instance of atypical response pattern occurs with inhibitors
of B-cell receptor signaling pathways. Bruton tyrosine kinase and
There is an Inside Blood Commentary on this article in this issue.
© 2016 by The American Society of Hematology
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Uniformly adopted response criteria are
essential for assessment of therapies incorporating conventional chemotherapy
and chemoimmunotherapy regimens. Recently, immunomodulatory agents, such
as immune checkpoint inhibitors, have
demonstrated impressive activity in a
broad range of lymphoma histologies.
However, these agents may be associated
with clinical and imaging findings during treatment suggestive of progressive
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Response assessment with immune
checkpoint inhibitors
The newest agents with which atypical responses are encountered are
the immune checkpoint inhibitors. These drugs counter the tumor’s
usurpation of normal costimulatory or coinhibitory immune regulatory
pathways, thereby reactivating endogenous tumoricidal immune
activity. In solid tumors, anticytotoxic T lymphocyte–associated-4
monoclonal antibodies (eg, ipilimumab), and anti–programmed cell
death-1 monoclonal antibodies (eg, nivolumab, pembrolizumab) have
achieved impressive results in patients with lung cancer, melanoma,
renal cell carcinoma, and other tumor types.26-29 Nevertheless, response
assessment may be confounded by a delayed effect of the drugs,
allowing early tumor growth, or by therapeutic immune activation
manifesting as an increase in the size of existing lesions or even the
appearance of new lesions, so-called delayed response or pseudoprogression. The recognition of these phenomena triggered efforts to
formally characterize them and to modify standard response criteria to
account for them.30 For example, with ipilimumab monotherapy,
4 distinct response patterns have been reported: (1) shrinkage in baseline
lesions, without new lesions; (2) durable stable disease (in some patients
followed by a slow, steady decline in total tumor burden); (3) response
after an increase in total tumor burden; and (4) response in the presence
of new lesions. All patterns have been associated with survival that is
similar to those with typical responses.31 To account for these
phenomena, Wolchok et al31 proposed immune-related response
criteria (IRC) that have been incorporated into current trials of
checkpoint blockade in patients with solid tumors (Table 1). The core
concepts of IRC are as follows30:
1. Conﬁrmation of progression via a subsequent scan to detect
delayed responses (time point to be chosen based on characteristics of the disease under study);
2. Measuring new lesions to include them into the total tumor
volume;
3. Accounting for durable stable disease as beneﬁt; and
4. Treating beyond conventional progression if the clinical
situation allows.

Table 1. IRC for solid tumors
Response designation

Definition

ir complete remission

Complete disappearance of all lesions (whether
measureable or not, and no new lesions),
confirmed by a repeat, consecutive assessment
no less than 4 weeks from the date first
documented
Decrease in tumor burden $50% relative to

ir partial remission

baseline confirmed by a consecutive
assessment at least 4 weeks after first
documentation
ir stable disease

Not meeting criteria for irCR or irPR, in absence of

ir progressive disease

Increase in tumor burden $25% relative to nadir

irPD
(minimum recorded tumor burden), confirmed by
a repeat, consecutive assessment no less than
4 weeks from the date first documented
31

Adapted from Wolchok et al.

ir, immune response.

Recently, Hodi et al32 compared the predictability of overall survival
and best overall response in a study of 655 patients with melanoma
treated with pembrolizumab and showed that 5% had early pseudoprogression, whereas 3% experienced delayed pseudo-progression.
They concluded that, using Response Evaluation Criteria In Solid
Tumor (RECIST), response would have been underestimated in 15% of
patients, potentially resulting in premature termination of effective
therapy.
Checkpoint inhibitors have also demonstrated impressive activity in
HL,33 as well as activity across various other subtypes of NHL.34,35 Not
surprisingly, ﬂare reactions or delayed responses similar to those in
patients with solid tumors have been observed on those trials. These
atypical responses are characterized either by the early progression of
existing lesions, later followed by response, or by the development of
new lesions, with or without tumor shrinkage elsewhere.
At the present time, it is unclear how these reactions can be reliably
identiﬁed and distinguished from true disease progression, as the
breadth of experience accumulated in solid tumors is lacking in
lymphoma. To maximize both our understanding of these responses
and the potential beneﬁt of these therapies in patients with lymphoma,
there is an urgent need for a framework to optimally categorize, report,
and manage these atypical responses. Such criteria are critical for
treating physicians to optimally use checkpoint inhibitor therapy, in
order that effective therapy is not discontinued prematurely in patients
experiencing beneﬁt, as would occur using conventional response
criteria. In addition, it is important to gain experience in treating patients
past the occurrence of conventional PD and to formally collect and
analyze this information, to ascertain whether or not treatment past PD
in formally deﬁned circumstances can indeed provide a clinical beneﬁt.
The concepts that underlie the IRC can also be applied to patient
with lymphoma and would clearly alter response assessment in some
cases (Figures 1 and 2). Yet simply applying the IRC criteria derived
from patients with solid tumors to lymphoma may not be adequate
(Figures 1 and 2). First, lymphoma response is currently assessed per
the Lugano Classiﬁcation3,36 rather than RECIST (which is the basis for
the IRC). This reﬂects the separate evolution of response criteria
speciﬁcally designed for patients with lymphoma, as described above.
Second, the IRC recommend restaging with a conﬁrmatory study no
less than 4 weeks following the initial assessment for aggressive tumors
such as melanoma. In patients with lymphoma treated with a ﬁnite
number of cycles of treatment, restaging is not typically recommended
until 6 to 8 weeks following completion of therapy to minimize
false-positive results. Third, conﬁrmatory studies are not required in
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phosphatidylinositol 3-kinase targeting agents are associated with
major activity in CLL/SLL, mantle cell, and other lymphomas, and are
altering treatment paradigms.18,19 In patients with CLL/SLL, and less
often in other lymphomas, both idelalisib and ibrutinib may cause a
rapid reduction in lymph node size and spleen mass, often with
improvement of cytopenias, but associated with lymphocytosis.20-22
This ﬁnding, which relates to a redistribution of lymphocytes from
tissue sites to the peripheral blood,23,24 may persist for a year or longer
without signs or symptoms associated with disease progression and
does not represent a suboptimal response to therapy. Rigorous
application of the National Cancer Institute Working Group criteria
of 1996 or the International Workshop on Chronic Lymphocytic
Leukemia of 2008 would result in the incorrect designation of PD in a
signiﬁcant number of patients, leading to premature discontinuation
of drug despite other evidence of clinical improvement. Over
time, many of these responses improve to partial or even complete
responses as the lymphocytosis resolves. This entity is now referred
to as partial response with lymphocytosis,25 which more accurately
reﬂects the favorable nature of the response. Thus, the focus on
traditional overall response rates is misleading and underestimates
the magnitude of the clinical beneﬁt of these agents.
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lymphoma, because a response that does not persist for .8 weeks is not
usually considered clinically meaningful. Fourth, the IRC require
a $25% increase in the bi-dimensional World Health Organization
(WHO) criteria for solid tumors of a single lesion for PD, whereas an
increase in the size of a single node is sufﬁcient for considering
lymphoma progression under certain circumstances.3 Last, the IRCs are
based on assessing tumor masses, which are always abnormal. By
contrast, lymph nodes, which are normally present, may be normal in
size despite involvement by lymphoma, or may be enlarged by benign
processes (eg, ﬁbrous or inﬂammatory tissue).
For all the reasons outlined above, a modiﬁcation of the Lugano
Classiﬁcation,3,36 notably with regard to the deﬁnition of PD, is needed
to facilitate the development and maximize the potential therapeutic
beneﬁt of new drugs with immunologic mechanisms of action. The
Lymphoma Research Foundation, in partnership with the Cancer
Research Institute, convened a workshop focusing on the development
of response guidelines for lymphomas in the setting of immunomodulatory agents, particularly checkpoint inhibitors. The objectives of the
meeting were to address the unique response patterns characteristic
of this class of agents and to recommend appropriate adaptations of
current lymphoma response criteria. Participants included investigators with experience in the clinical use of checkpoint inhibitors,

Restaging FDG-PET/CT 2

as well as representatives from companies involved in the development of those agents and from the US Food and Drug Administration.
Based on this discussion, we propose a provisional modiﬁcation of the
Lugano criteria adapted to immune-based therapy, the lymphoma
response to immunomodulatory therapy criteria (LYRIC). This
modiﬁcation retains the core concepts of IRC summarized above,
incorporating them into lymphoma-speciﬁc response criteria. This is
primarily accomplished through the introduction of a new response
category termed indeterminate response (IR). We stress the following
points at the outset, which are further discussed in subsequent sections:
1. This modiﬁcation is based mostly on the experience with
checkpoint blockade therapy, but the framework could potentially
be used for other immunomodulatory agents if they are associated
with similar atypical response patterns.
2. The modiﬁcation is provisional, because we anticipate that
future analyses and developments may change or altogether
eliminate the IR category. There are not at present sufﬁcient data
to rigorously support the details of the choices made here, but
such a framework is required to reduce ambiguity in current trials
and to enable the collection of accurate data in a consistent way
that, eventually, can then be used to support or modify those
choices and the incorporation of LYRIC into clinical trials.

*

*

Baseline PET/CT
and Contrastenhanced CT

Restaging
PET/CT and
Contrastenhanced CT

Figure 2. Restaging FDG-PET/CT and contrastenhanced CT at 19 weeks demonstrates interval
resolution of FDG uptake in a liver lesion. Restaging
contrast-enhanced CT shows interval decrease in size
of the hepatic lesion (arrow). Because the lesion did not
disappear, this patient achieved a PR by immunerelated response criteria, whereas the absence of FDG
uptake on FDG-PET/CT is a CR by the Lugano
Classification. There was also a complete metabolic
response in the mediastinum and right upper abdomen
(asterisks).
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Figure 1. This case illustrates a discrepancy between the revised Lugano Classification (PD) and
the immune-related response criteria (PR) given
the fact that the immune-related response criteria
do not take into consideration PET/CT findings.
This type of discrepancy is particularly notable in cases
with bone marrow involvement. Oftentimes, lymphomatous involvement of the bone marrow is either not
measurable (due to absence of soft tissue component)
or imperceptible on CT. Therefore, these findings
cannot be integrated in the tumor burden of the
immune-related response criteria. Restaging PET-CT
is at 12 weeks. Restaging PET/CT 2 at 20 weeks
demonstrates new areas of FDG uptake in the left side
of T9 vertebral body (arrows) and increasing uptake in
the left acetabulum, suggesting increasing extent of
marrow disease, whereas this is barely seen on CT.
Marked physiologic uptake is also seen in brown fat
(asterisks).

LYMPHOMA RESPONSE WITH IMMUNOMODULATORY THERAPY
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IR category
The term IR does not make direct reference to the underlying
mechanism, recognizing that a delayed response and an immunemediated ﬂare can both occur in the early treatment period and may be
difﬁcult to distinguish from progression by physical examination or
imaging alone. Moreover, the term provides the ﬂexibility to allow
patients to continue treatment past IR in some circumstances with a
mandatory subsequent evaluation within 12 weeks to conﬁrm or refute
true PD.
The following summarizes the provisional deﬁnition, nomenclature, suggested management, follow-up, and use of the IR
category.
Definition

A patient will be considered to have IR in 1 or more of the 3 following
circumstances.
1. Increase in overall tumor burden (as assessed by sum of the
product of the diameters [SPD]) of ‡50% of up to 6 measurable
lesions in the ﬁrst 12 weeks of therapy, without clinical deterioration [IR(1)] (Figure 3). This pattern may be seen as a consequence of either delayed response or early immune-mediated
ﬂare. At least within the context of clinical trials, a biopsy is
encouraged in this case because this may help to distinguish the
two and, if positive, will conﬁrm the impression of PD. However, if
negative for lymphoma, it will support the concept of pseudoprogression and contribute to our understanding of this phenomenon. When such a biopsy is neither safe nor feasible, decisions
must be based on a repeat scan 12 weeks after the initial determination of IR.
It is recognized that “clinical deterioration” is subjective. In some
cases, the simple growth of a nodal or tumor mass could worsen the
symptoms mechanically related to that mass, such as pain at the tumor
site, compression of adjacent structures, etc. Such an increase in
symptoms that can be directly attributed to the size of the tumor mass
may not be considered as clinical deterioration in this context. However,
in most cases, patients should be experiencing clinical stability or
improvement by investigator assessment to be considered as having IR,
and in all cases, the patient must be considered likely to tolerate continued treatment and not at risk of serious complications should further
tumor growth occur.

*

Restaging CT 3

2. Appearance of new lesions or growth of one or more
existing lesion(s) ‡50% at any time during treatment; occurring
in the context of lack of overall progression (<50% increase) of
overall tumor burden, as measured by SPD of up to 6 lesions
at any time during the treatment [IR(2)] (Figure 4). This
phenomenon may occur early or late in the treatment course, and
therefore, unlike IR(1), is not deﬁned by its temporal relationship to
treatment initiation. Both within and outside the context of clinical
trials, a biopsy is strongly encouraged in such cases. If the biopsy does
not conﬁrm the presence of viable tumor in the new or enlarging lesion
(s), then the lesion(s) are not considered active disease and should not be
used in subsequent SPD assessments.
3. Increase in FDG uptake of 1 or more lesion(s) without a
concomitant increase in lesion size or number [IR(3)] (Figure 5).
Increased immune activity at the site of tumor may manifest as an
increase in FDG uptake. Therefore, by itself, changes in uptake
should not trigger an assignment of PD with checkpoint inhibitors.
The magnitude of increase in uptake in an immune-mediated ﬂare
compared with that in true tumor progression is not yet known. It is
important to investigate this ﬁnding, especially in conjunction with
biopsies of the lesion in question.
While awaiting a better characterization of this phenomenon, we
propose that, under the modiﬁed response criteria, an increase in FDG
avidity of 1 or more lesions suggestive of lymphoma, without a concomitant increase in size of those lesions meeting PD criteria does not
constitute PD.
It is possible that, at a single time point, a patient could fulﬁll criteria
for both [IR(1)] or [IR(2)] and [IR(3)]: for example, there could be a
new FDG avid lesion in the absence of overall progression [IR(2)], and,
at the same time, increase in FDG uptake of a separate lesion [IR(3)]. In
such cases, the designation of [IR(1 or 2)] should take priority [eg, IR
(2)] in the above example].
These 3 patterns of IR as deﬁned above [ie, IR(1), IR(2), and IR(3)]
may have very different mechanisms and clinical implications.
Therefore, it is critical that data are collected in a consistent manner
so that these 3 possible atypical response types occurring within the
context of checkpoint inhibitors can be distinguished.
Follow-up of IR

In patients categorized as having any of the above types of IR, it is
mandatory to obtain a repeat imaging after an additional 12 weeks
(or earlier if clinically indicated). At that time, response should be
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Figure 3. IR(1): Restaging CT 1 at 3 weeks demonstrates overall progression of tumor burden (SPD
1124% from baseline) as evidenced interval increase in a right upper lobe lung mass (black
arrow), left-sided pleural masses (asterisks), and
left retrocrural lymphadenopathy (white arrow),
and interval development of a large left-sided
pleural effusion. Subsequent follow-up at 7 weeks
(restaging CT 2) shows an interval decrease in size of
all lesions with resolution of the left pleural effusion
(SPD 227% from baseline). Additional follow-up at 13
weeks (restaging CT 3) demonstrates a further interval
decrease in tumor burden, and the patient achieved a
PR by revised response criteria (SPD 254% from
baseline) with clear subsequent clinical benefit from
continued treatment.
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Figure 4. IR(2): CT demonstrating pseudo-progression
in a patient on nivolumab for Hodgkin lymphoma.
May 2015, pretreatment, October and December 2015
shows transient flares in different nodal groups without
overall progression in the original target lesions.
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May 2015

October 2015

c

In the case of IR(1), the comparison should be between the ﬁrst
IR(1) and the current SPD, with an increase of $10%
constituting PD. In addition, there should be an increase of
$5 mm (in either dimension) of $1 lesion for lesions #2 cm
and 10 mm for lesions .2 cm, to be consistent with the Lugano
classiﬁcation3 (Table 2). The 10% threshold is empiric but
designed to account for variability in measurement,37 especially
when taken along with the minimum increase. If the target SPD

L

c

December 2015

increase is ,10%, the response would still be categorized as IR
(1), and the patient could continue treatment until a subsequent
scan shows either true PD [$10% increase from ﬁrst IR(1) time
point and an increase of .5 mm in either dimension of $1 lesion]
or response ($50% decrease from baseline). In this situation, it is
reasonable to repeat imaging in 4 to 8 weeks of the original IR(1)
time point to ensure absence of signiﬁcant further increase.
In the case of IR(2), the new or growing lesion(s) (unless biopsy
proven to be benign) should be added to the target lesion(s), up
to a total of no more than 6 total lesions. If the SPD of the newly
deﬁned set of target lesions has increased $50% from their nadir

R

50 pixels

Figure 5. IR(3) showing an increase in FDG uptake
in a paracardiac node suggestive of lymphoma
without a concomitant increase in size of lesion(s)
that meets PD criteria.
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re-evaluated, and the patient should be considered to have true PD if
the SPD of target lesion has increased further, with the considerations
below:
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Table 2. Comparison of RECIST, irRC, and Lugano Classification criteria
Criteria
RECIST 1.1

CR
Disappearance of all target lesions. Any

PR

PD

At least a 30% decrease in the sum of diameters of

At least a 20% increase in the sum of diameters of

pathological lymph nodes (whether target or

target lesions, taking as reference the baseline

target lesions, taking as reference the smallest

nontarget) must have reduction in short axis to

sum diameters

sum on study (this includes the baseline sum if

,10 mm

that is the smallest on study). In addition to the
relative increase of 20%, the sum must also
demonstrate an absolute increase of at least
5 mm
Note: the appearance of one or more new lesions
is also considered progression.

irRC

Disappearance of all lesions in two consecutive
observations not less than 4 weeks apart

$50% decrease in tumor burden compared with

$25% increase in tumor burden compared with

baseline in 2 observations at least 4 weeks apart

nadir (at any single time point) in 2 consecutive

(as measured bidimensionally)

observations at least 4 weeks apart, where
Tumor Burden 5 SPD index lesions 1 SPD

PET-CT, score 1, 2, or 3* with or without a residual

PET-CT score 4 or 5 with reduced uptake

PET-CT score 4 or 5 with an increase in intensity

mass on 5PS† OR on CT, target nodes/nodal

compared with baseline and residual mass(es)

of uptake from baseline and/or new FDG-avid

masses must regress to #1.5 cm in LDi

of any size. OR On CT $50% decrease in SPD

foci consistent with lymphoma at interim or end-

of up to 6 target measurable nodes and

of-treatment assessment. OR On CT, an

extranodal sites

individual node/lesion must be abnormal with:
LDi .1.5 cm and increase by $50% from PPD
nadir and an increase in LDi or SDi from nadir
0.5 cm for lesions #2 cm 1.0 cm for lesions
.2 cm
In the setting of splenomegaly, the splenic length
must increase by .50% of the extent of its prior
increase beyond baseline (eg, a 15-cm spleen
must increase to .16 cm). If no prior
splenomegaly, must increase by $2 cm from
baseline. New or recurrent splenomegaly
New or clear progression of preexisiting
nonmeasured lesions
Regrowth of previously resolved lesions
A new node .1.5 cm in any axis or a new
extranodal site .1.0 cm in any axis; if ,1.0 cm
in any axis, its presence must be unequivocal
and must be attributable to lymphoma
Assessable disease of any size unequivocally
attributable to lymphoma
AND/OR new or recurrent involvement of the bone
marrow

LYRIC

Same as Lugano

Same as Lugano

As with Lugano with the following exceptions:
IR
IR(1): $50% increase in SPD in first 12 weeks
IR(2): ,50% increase in SPD with
a. New lesion(s), or
b. $50% increase in PPD of a lesion or set of
lesions at any time during treatment
IR(3): Increase in FDG uptake without a
concomitant increase in lesion size meeting
criteria for PD

IR, immune response; LDi, longest diameter; PPD, product of the perpendicular diameters; SDi, short diameter; 5PS, 5-point scale.
*A score of 3 in many patients indicates a good prognosis with standard treatment, especially if at the time of an interim scan. However, in trials involving PET where deescalation is investigated, it may be preferable to consider a score of 3 as inadequate response (to avoid undertreatment).
†PET 5PS: 1, no uptake above background; 2, uptake # mediastinum; 3, uptake . mediastinum but # liver; 4, uptake greater than liver; 5, uptake markedly higher than
liver (2-3 times SUVmax in normal liver) and/or new lesions; X, new areas of uptake unlikely to be related to lymphoma.

c

value (which may precede the IR time point), the patient should
be considered to have PD.
In the case of IR(3), because inﬂammatory responses may result in
an increase in the standardized uptake value of a lesion, the patient
will not be considered to have PD unless there is evidence of PD
by an increase in lesion size or the development of new lesions, as
noted above.

Importantly, if a patient is assessed as having IR and then “true” PD at a
subsequent time point (without an intervening objective response
between IR and PD), the IR assessment should subsequently be
corrected to PD for reporting purposes to the date of the prior
designation of IR. We recognize that these lesions may remain stable
during the time of observation, but, even if this is the case, the initial
designation of IR should be changed to PD.
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Use of the IR category

We propose that the modiﬁed response criteria outlined here be incorporated as secondary end points in upcoming clinical trials of
immunomodulatory therapy (especially trials involving checkpoint
blockade). Moreover, we propose that the protocols using such agents
allow the use of treatment past conventional PD, in the case of IR, as
outlined in above. This will not only allow patients to continue what
may be beneﬁcial therapy, but will allow the generation of data that can
then be analyzed to determine whether this strategy of treatment past
IR does indeed confer a clinical beneﬁt, in a way similar to what has
been done in solid tumors.
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immunotherapies such as bi-speciﬁc antibodies, engineered T cells,
and others. In the future, novel imaging methods and quantitative
methods to measure tumor burden may also prove helpful in
response assessment. There is currently growing interest in the use
of next-generation sequencing techniques for detecting minimal
residual disease in a number of lymphoma subtypes and studies are
evaluating the role of circulating tumor cell DNA for response
assessment as well.38,39
Ultimately, it will always be challenging to match our assessment tools to our treatments. This ongoing effort is critical to
maximize the early detection of treatment failure while limiting the
possibility of discarding a useful treatment too soon. Only through
the continuous pursuit of this goal can we succeed in optimizing
patient outcome.

Despite the recently revised response criteria for lymphoma,3 modiﬁcations in treatment that affect image interpretation demand continued
revision of the response criteria to optimize drug development and patient
management. Moreover, the question of how best to apply response
criteria in an era increasingly focused on targeted treatments with
prolonged duration of therapy has yet to be resolved, as does the question
of when best to assess response in an era of continuous treatments.
Immune-modulating active agents are now entering the clinic in
lymphoma in increasing numbers and are likely to provide a valuable
addition to our therapeutic arsenal. Given the growing utilization of
these agents, optimizing response assessment will be critical to
maximize potential therapeutic beneﬁt. We hope that the addition of the
IR category to standard response assessment will allow investigators to
better understand this phenomenon, gain insights to the biologic bases
of response and ﬂare, allow patients to derive maximal possible beneﬁt
from these drugs, and further reﬁne immune-related response criteria for
their application in hematologic malignancies as our knowledge
matures. Once we enlarge our data set and understanding, and can
accurately distinguish delayed responses and ﬂares from PD, the
provisional term IR should disappear as has the former complete
remission unconﬁrmed, to not artiﬁcially inﬂuence response rates.
Although the foregoing focused primarily on checkpoint blocking agents, similar considerations could potentially apply to other
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de Médula Ósea; German High-Grade Lymphoma
Study Group; German Hodgkin’s Study Group;
Japanese Lymphorra Study Group; Lymphoma
Study Association; NCIC Clinical Trials Group;
Nordic Lymphoma Study Group; Southwest
Oncology Group; United Kingdom National
Cancer Research Institute. Recommendations for
initial evaluation, staging, and response

assessment of Hodgkin and non-Hodgkin
lymphoma: the Lugano classification. J Clin
Oncol. 2014;32(27):3059-3068.
4. Chanan-Khan A, Miller KC, Musial L, et al. Clinical
efficacy of lenalidomide in patients with relapsed
or refractory chronic lymphocytic leukemia: results
of a phase II study. J Clin Oncol. 2006;24(34):
5343-5349.
5. Ferrajoli A, Lee BN, Schlette EJ, et al.
Lenalidomide induces complete and partial
remissions in patients with relapsed and refractory
chronic lymphocytic leukemia. Blood. 2008;
111(11):5291-5297.

8. Eve HE, Rule SA. Lenalidomide-induced tumour
flare reaction in mantle cell lymphoma. Br J
Haematol. 2010;151(4):410-412.
9. Corazzelli G, De Filippi R, Capobianco G, et al.
Tumor flare reactions and response to
lenalidomide in patients with refractory classic
Hodgkin lymphoma. Am J Hematol. 2010;85(1):
87-90.
10. Chanan-Khan AA, Chitta K, Ersing N, et al.
Biological effects and clinical significance of
lenalidomide-induced tumour flare reaction in
patients with chronic lymphocytic leukaemia: in
vivo evidence of immune activation and
antitumour response. Br J Haematol. 2011;
155(4):457-467.

6. Goy A, Sinha R, Williams ME, et al. Single-agent
lenalidomide in patients with mantle-cell
lymphoma who relapsed or progressed after or
were refractory to bortezomib: phase II MCL-001
(EMERGE) study. J Clin Oncol. 2013;31(29):
3688-3695.

11. Cheson BD, Bennett JM, Grever M, et al. National
Cancer Institute-sponsored Working Group
guidelines for chronic lymphocytic leukemia:
revised guidelines for diagnosis and treatment.
Blood. 1996;87(12):4990-4997.

7. Witzig TE, Vose JM, Zinzani PL, et al. An
international phase II trial of single-agent
lenalidomide for relapsed or refractory aggressive
B-cell non-Hodgkin’s lymphoma. Ann Oncol.
2011;22(7):1622-1627.

12. Hallek M, Cheson BD, Catovsky D, et al;
International Workshop on Chronic Lymphocytic
Leukemia. Guidelines for the diagnosis and
treatment of chronic lymphocytic leukemia: a
report from the International Workshop on Chronic

Downloaded from http://ashpublications.org/blood/article-pdf/128/21/2489/1397286/blood718528.pdf by guest on 23 March 2021

Conclusions

2496

CHESON et al

Lymphocytic Leukemia updating the National
Cancer Institute-Working Group 1996 guidelines.
Blood. 2008;111(12):5446-5456.
13. Han HS, Escalón MP, Hsiao B, Serafini A, Lossos
IS. High incidence of false-positive PET scans in
patients with aggressive non-Hodgkin’s
lymphoma treated with rituximab-containing
regimens. Ann Oncol. 2009;20(2):309-318.
14. Skoura E, Ardeshna K, Halsey R, Wan S, Kayani
I. False-positive 18F-FDG PET/CT imaging:
dramatic “Flare Response” after rituximab
administration. Clin Nucl Med. 2016;41(3):
e171-e172.

16. Ghobrial IM, Fonseca R, Greipp PR, et al; Eastern
Cooperative Oncology Group. Initial
immunoglobulin M ‘flare’ after rituximab therapy in
patients diagnosed with Waldenstrom
macroglobulinemia: an Eastern Cooperative
Oncology Group Study. Cancer. 2004;101(11):
2593-2598.

22. Brown JR, Byrd JC, Coutre SE, et al. Idelalisib, an
inhibitor of phosphatidylinositol 3-kinase p110d,
for relapsed/refractory chronic lymphocytic
leukemia. Blood. 2014;123(22):3390-3397.
23. Ponader S, Chen SS, Buggy JJ, et al. The Bruton
tyrosine kinase inhibitor PCI-32765 thwarts
chronic lymphocytic leukemia cell survival and
tissue homing in vitro and in vivo. Blood. 2012;
119(5):1182-1189.
24. Woyach JA, Smucker K, Smith LL, et al.
Prolonged lymphocytosis during ibrutinib
therapy is associated with distinct molecular
characteristics and does not indicate a suboptimal
response to therapy. Blood. 2014;123(12):
1810-1817.
25. Cheson BD, Byrd JC, Rai KR, et al. Novel
targeted agents and the need to refine clinical end
points in chronic lymphocytic leukemia. J Clin
Oncol. 2012;30(23):2820-2822.
26. Scahadendorf D, Hodi FS, Robert C, et al. Pooled
analysis of long-term survival data from phase II
and phase III trials of ipilumumab in unresectable
or metastatic melanoma. J Clin Oncol. 2015;
33(17):1889-1894.

31. Wolchok JD, Hoos A, O’Day S, et al. Guidelines
for the evaluation of immune therapy activity
in solid tumors: immune-related response
criteria. Clin Cancer Res. 2009;15(23):
7412-7420.
32. Hodi FS, Hwu WJ, Kefford R, et al. Evaluation of
immune-realted response criteria and RECIST
v1.1 in patients with advanced melanoma treated
with pembrolizumab. J Clin Oncol. 2016;34(13):
1510-1517.
33. Ansell SM, Lesokhin AM, Borrello I, et al. PD-1
blockade with nivolumab in relapsed or refractory
Hodgkin’s lymphoma. N Engl J Med. 2015;372(4):
311-319.
34. Westin JR, Chu F, Zhang M, et al. Safety and
activity of PD1 blockade by pidilizumab in
combination with rituximab in patients with
relapsed follicular lymphoma: a single group,
open-label, phase 2 trial. Lancet Oncol. 2014;
15(1):69-77.
35. Lesokhin AM, Ansell SM, Armand P, et al.
Nivolumab in patients with relapsed or refractory
hematologic malignancy: preliminary results of a
phase Ib study. J Clin Oncol. 2016;34(23):
2698-2674.

17. Pro B, Advani R, Brice P, et al. Brentuximab
vedotin (SGN-35) in patients with relapsed or
refractory systemic anaplastic large-cell
lymphoma: results of a phase II study. J Clin
Oncol. 2012;30(18):2190-2196.

27. Robert C, Ribas A, Wolchok JD, et al. Antiprogrammed-death-receptor-1 treatment with
pembrolizumab in ipilimumab-refractory advanced
melanoma: a randomised dose-comparison
cohort of a phase 1 trial. Lancet. 2014;384(9948):
1109-1117.

18. Byrd JC, Brown JR, O’Brien S, et al; RESONATE
Investigators. Ibrutinib versus ofatumumab in
previously treated chronic lymphoid leukemia.
N Engl J Med. 2014;371(3):213-223.

28. Larkin J, Chiarion-Sileni V, Gonzalez R, et al.
Combined nivolumab and ipilimumab or
montherapy in untreated melanoma. N Engl J
Med. 2015;373(1):23-34.

37. Oxnard GR, Zhao B, Sima CS, et al. Variability of
lung tumor measurements on repeat computed
tomography scans taken within 15 minutes. J Clin
Oncol. 2011;29(23):3114-3119.

19. Wang ML, Rule S, Martin P, et al. Targeting BTK
with ibrutinib in relapsed or refractory mantle-cell
lymphoma. N Engl J Med. 2013;369(6):507-516.
20. Byrd JC, Furman RR, Coutre SE, et al. Targeting
BTK with ibrutinib in relapsed chronic lymphocytic
leukemia. N Engl J Med. 2013;369(1):32-42.

29. Weber JS, D’Angelo SP, Minor D, et al.
Nivolumab versus chemotherapy in patients with
advanced melanoma who progressed after antiCTLA-4 treatment (CheckMate 037): a
randomised, controlled, open-label, phase 3 trial.
Lancet Oncol. 2015;16(4):375-384.

38. Kurtz DM, Green MR, Bratman SV, et al.
Noninvasive monitoring of diffuse large B-cell
lymphoma by immunoglobulin high-throughput
sequencing. Blood. 2015;125(24):36793687.

21. Wodarz D, Garg N, Komarova NL, et al. Kinetics
of CLL cells in tissues and blood during therapy
with the BTK inhibitor ibrutinib. Blood. 2014;
123(26):4132-4135.

30. Hoos A, Wolchok JD, Humphrey RW, Hodi FS.
Immune-realted response criteria - capturing
clinical activity in immuno-oncology. Clin Cancer
Res. 2015;21:4989-4991.

36. Barrington SF, Mikhaeel NG, Kostakoglu L, et al.
The role of imaging in the staging and response
assessment of lymphoma: consensus of the ICML
Imaging Working Group. J Clin Oncol. 2014;32:
3048-3058.

39. Roschewski M, Dunleavy K, Pittaluga S, et al.
Circulating tumour DNA and CT monitoring in
patients with untreated diffuse large B-cell
lymphoma: a correlative biomarker study.
Lancet Oncol. 2015;16(5):541-549.

Downloaded from http://ashpublications.org/blood/article-pdf/128/21/2489/1397286/blood718528.pdf by guest on 23 March 2021

15. Treon SP, Branagan AR, Hunter Z, Santos D,
Tournhilac O, Anderson KC. Paradoxical
increases in serum IgM and viscosity levels
following rituximab in Waldenstrom’s
macroglobulinemia. Ann Oncol. 2004;15(10):
1481-1483.

BLOOD, 24 NOVEMBER 2016 x VOLUME 128, NUMBER 21

