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Abstract Risk-stratification is an essential management
tool in defining prognosis of haematological neoplasms,
both from patient and physician perspective. We define a
new prognostic term “Dynamic Response Assessment
Method(s) (DRAM)” as “method(s) used for re-stratifying
disease prognosis at fixed intervals during the treatment
course”. The risk stratification is done after a fixed duration
of treatment or chemotherapy cycles using sensitive tech-
niques. The information obtained then can be used for
further therapeutic decisions and prognostication. Cur-
rently, there is enough evidence that response to treatment
improves the prognostic value of baseline disease variables
in the management of Chronic Myeloid Leukemia, Hodg-
kin lymphoma, Diffuse Large B cell Lymphoma, and
Multiple Myeloma. Through this review, we discuss the
current evidence based application of “DRAM” to guide
therapeutic decisions in these malignancies. We also dis-
cuss how the results of “DRAM?” can be incorporated for
redefining prognosis and counselling the patients with these
selected hematologic malignancies.
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Introduction

Risk-stratification and prognostication of patients with
various haematological malignancies is conventionally
performed at the time of initial diagnosis. However, with
increasing experience in treating these disorders, it has
been realized that response to treatment is one of the
strongest prognostic factors, and can potentially re-stratify
these patients into different risk groups. We define
“method(s) used for re-stratifying disease prognosis at
fixed intervals during the treatment course” as Dynamic
Response Assessment Method(s).The strategy uses sensi-
tive techniques to estimate the depth of response and this
information is used for making therapeutic decisions and
prognostication. Data has shown that the results of DRAM
overpower the prognostic impact of baseline prognostic
markers in certain hematologic malignancies. A clear
understanding of the prognosis by the patients or their
caregivers is of utmost importance in making informed
decisions. Up to 77.6% patients with hematologic malig-
nancies have a discordant understanding of their prognosis
as compared to their physician even in the pre-transplant
setting [1]. The results of DRAM can be used for re-
defining prognosis of patients on follow-up, and therefore
contribute towards patient-centric approach for decision
making. Although response criteria have been defined for
most hematologic malignancies, uniform use of DRAM is
limited by considerable heterogeneity in the timing and
techniques used. DRAM-based treatment algorithms have
been successfully incorporated in the prognostication and
management of Chronic Myeloid Leukemia (CML) and
Hodgkin Lymphoma (HL), while their role in Diffuse
Large B-cell lymphoma (DLBCL), and Multiple Myeloma
(MM) continues to evolve. We review the current
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evidence, and basis of using DRAM for the management of
CML, HL, DLBCL, and MM.

Chronic Myeloid Leukemia

CML is one disease that best elucidates the role of DRAM
based on robust long-term data. Sokal score for baseline
prognostication in CML was derived from patient cohorts
treated with chemotherapy and Hasford score was derived
from patient cohorts treated with Interferon [2, 3]. As Sokal
and Hasford metrics failed to predict treatment success and
failures with adequate sensitivity and specificity in patients
receiving imatinib, EUTOS score was derived in 2011 [4].
However, Jabbour et al. and Marin et al. showed no dif-
ference in rates of Major Molecular Remission (MMR),
Treatment Free Survival (TES),Event Free Survival (EFS),
or Overall Survival (OS) between EUTOS-defined low-risk
and high-risk patients [5, 6]. Moreover these scores have
limited discriminatory capacity for predicting outcomes in
patients treated with highly effective second-generation
tyrosine kinase inhibitors (2nd Gen-TKIs) as these drugs
improve outcomes across all baseline risk groups
[7]. Therefore in chronic malignancies like CML with
prolonged survival, baseline prognostic scores have limited
significance after 3—6 months of therapy whereas dynamic
response assessment variables are strong surrogates of
survival and transformation. DRAM for CML include
hematological, cytogenetic and molecular tests done at
specified time-points to assess the rate of decline or dis-
appearance of BCR-ABL transcript and/or emergence of
resistance to TKI [8]. World Health Organization (WHO)
2016 classification of myeloid neoplasms introduced
‘provisional’ definition of accelerated phase CML (CML-
AP) based on treatment-response and emergence of kinase-
domain (KD) mutations while on TKI therapy [9]. Survival
of CML patients now parallels the general population,
therefore the goals of therapy in the current era are not only
restricted to the attainment of 12-month complete cytoge-
netic remission (CCyR), but also include treatment-free
remission (TFR), avoidance of long-term toxicities asso-
ciated with prolonged TKI use and reduction of the
financial burden [10]. DRAM in CML could help identify
early treatment failures/suboptimal responders, and allow
early therapy modification.

DRAM Based on Specific Time Points

In CML, both European Leukemia Network (ELN) and
National Comprehensive Cancer Network (NCCN) treat-
ment milestones at specific time points (3, 6 and
12 months) exemplify the use of DRAM in clinical practise
[11, 12]. Early molecular response (EMR) defined as BCR-
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ABLI < 10% by RQ-PCR on international scale at
3 months is the best dynamic prognosticator in CML, both
in the front-line and second-line TKI setting [13]. EMR
failure after frontline imatinib seen in 24-28% cases is
associated with poor progression-free survival (PFS) and
OS, although it is not considered treatment failure by either
ELN or NCCN guidelines [14]. The concept of halving
time (i.e. time taken for 50% reduction of BCR-ABL1 from
the baseline) may allow better prognostication of patients
with CML within the initial 3-month time period. Patients
with EMR failure but short having time have a better PFS
and OS as compared to those with a longer halving time
(> 76 days) [15]. We have previously reported “Complete
Hematologic Response (CHR) velocity” as a prognostic
indicator that independently predicts EMR at 3 months in
chronic phase CML (CML-CP) patients receiving Imatinib
[16]. Change of therapy based on EMR failure is debatable,
due to a lack of proven OS benefit although it is known to
improve CCyR and MMR rates [17]. Achievement of
MMR at 12 months is considered ‘optimal’ response and
correlates with improved PFS and OS across most studies
[12]. Failure to attain CCyR is seen in ~ 30% of patients
at 12-months and is considered TKI failure [17]. Change of
therapy to 2nd-generation TKI for patients in CCyR but not
in MMR fails to provide PFS and OS benefit, although it
leads to deepening of the molecular responses, thereby
increasing the eligibility rates for TKI-stopping trials [18].

DRAM for TKI Resistance

DRAM can been used for timely identification of TKI
failure. Primary TKI failure is defined as the “failure” to
achieve specified milestones after 3,6 and 12 months of
therapy, while secondary TKI failure is defined as loss of
previously achieved response i.e. CHR, CCyR or molecular
remission, latter being defined as > 1 log increase in BCR-
ABLI levels confirmed on 2 occasions, 4-6 weeks apart
[11]. TKI failure is either a result of clonal evolution,
acquisition of KD Mutation or consequent to lack of
compliance or intolerance to TKI [19]. Accordingly, WHO
2016 included “the emergence of clonal evolution or > 2
mutations in KD while on frontline TKI” in the provisional
definition of CML-AP [9]. Overall, Imatinib failure has
been reported in 26-45% patients while 37-52% patients
fail to have a response with Dasatinib and Nilotinib [17]. A
diagnosis of primary TKI failure confers an inferior prog-
nosis and warrants repeat bone marrow aspiration with
cytogenetics, KD mutation testing with subsequent change
in therapy and HLA-typing of patient and siblings [17].
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DRAM to Consider TKI Discontinuation

DRAM help in the identification of patients attaining sus-
tained deep molecular responses (DMR, > MR4.5) on
TKI. Such patients are eligible for a potential trial of TKI
discontinuation known as Treatment Free Remission
(TFR). The upfront use of 2nd Gen-TKIs (Nilotinib,
Dasatinib) in CML-CP has failed to demonstrate an OS
benefit compared to frontline imatinib, however, their use
leads to earlier attainment of DMR, and consequently
increases the eligibility for TFR trial [20, 21]. Given the
possible detrimental effects of TKI’s on foetus, a TFR trial
could allow for the safe continuation of pregnancy. DRAM
based intensive molecular monitoring (monthly for the first
year, 2-monthly for 2nd year and 3- monthly after that)
forms the basis of TFR.TFR rates vary between 40 and
50%, if a loss of DMR is used to define recurrence and up
to 60% at 12 months, if recurrence is defined as MMR loss
[22-24]. Besides identifying eligible candidates for a TFR
trial, DRAM could help predict the success of TFR. The
ability to maintain DMR, in the first 6-months after TFR
initiation is an important predictor of the TFR success, as
most of the recurrences occur in that period, and late ‘re-
lapses’ are unusual. In case of recurrence, MMR is suc-
cessfully achieved in almost all the patients following TKI
re-initiation, and disease progression is rare [25]. High TFR
rates have been recorded in patients on frontline 2nd -
generation TKI’s [26-29]. Loss of MR4.5 after 3-months
of TKI cessation predicted for TFR failure in the STOP-2G
TKI study [26]. Besides, DRAM has been utilised in the
setting of second TFR trial following recurrence on the first
trial. RE-STIM trial attempted a second TFR (recurrence
defined as loss of MMR) and showed that persistence of
undetectable molecular disease (> MR4.5) at 6-months
after the first TKI discontinuation was associated with a
longer second TFR versus those who had an early recur-
rence within 6-months (24-month TFR probabilities: 72%
and 36%, respectively) [30]. As the confidence in TFR is
increasing, de-escalation of therapy (either dose-reduction
or switch from 2nd -generation TKI to imatinib) may also
be feasible at responses deeper than MMR [26].

Learning Point

Baseline risk models provide useful information for initial
prognostication of patients with CML. There is robust
evidence to use DRAM for tailoring therapy and identify-
ing both poor-risk patients with early treatment failures,
who need treatment intensification; and good-risk patients,
who could be offered a TFR trial. We re-inforce DRAM-
based periodic counselling and therapy modification in
patients of CML in-keeping with the current NCCN and
ELN recommendations [11, 12] (Table 1, Fig. 1).

Hodgkin Lymphoma

HL is considered a potentially curable haematological
malignancy with a cure rate of 90-95%. Five to ten percent
of HL patients have a relapsed/refractory (RR) disease
[31]. In patients with HL, DRAM predominantly rely on
demonstration of chemo-sensitivity through 'S[F] FDG
PET-CT based 5-point Deauville score (DS). Such a
strategy has been proven to overcome the prognostic
impact of conventional imaging as well as baseline prog-
nostic markers like International Prognostic score (IPS).
Although efforts have been made to improve the negative
predictive value (NPV) of PET-CT by performing it after
the first cycle, PET-2 remains the most validated approach
[32]. Retrospective studies show a significant difference in
the PFS (95% vs. 13%) in patients of HL based on PET-2
negativity and positivity, respectively [33]. Treatment
modifications based on PET-2 have been tested in ran-
domized studies in both early and advanced HL, and are
discussed below.

Early HL

Traditionally, combined modality treatment has been the
standard therapy for early HL [34]. Given the concern of
long-term radiation toxicity, de-escalation of therapy based
on an interim PET scan (iPET) has been attempted in early
HL by omitting consolidation radiotherapy (RT). RAPID
trial randomized early favourable HL to receive or omit
involved field radiotherapy (IFRT) based on PET-3 nega-
tivity [35]. Similarly, EORTC HDI10 study randomized
favourable and unfavourable early HL patients to omit
IFRT after therapy completion (4 cycles of ABVD for
favourable and 6 cycles for unfavourable HL) based on a
negative PET-2 [36]. Both the trials demonstrated a small
reduction of PFS with the omission of IFRT with no dif-
ference in the OS. The lack of difference in OS was likely
due to the availability of effective salvage regimens and
autologous stem cell transplantation (ASCT). Patients
must, therefore, be re-counselled after a negative iPET
regarding the risks and benefits of omitting RT and the
decision must be individualized. PET 2 positivity is seen
in ~ 19% of early HL patients. DRAM based escalation
approach after a positive PET-2 is based on the fact that
early treatment intensification after demonstration of
chemo-refractoriness can reduce the treatment-related
mortality (TRM) associated with the salvage regimens and
ASCT. In the randomized EORTC HDI10 study, intensifi-
cation to 2 cycles of BEACOPPg qaeq after a positive
PET-2 following standard ABVD led to an increase in
5-year PES from 77 to 91% as compared to continuation of
ABVD [37]. This implies that although early HL has a
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Table 1 Application of DRAM in management of hematologic malignancies

Disease Suggested DRAM Time points for DRAM DRAM based treatment Remarks
change
la. FDG'® PET-CT Interim scan Escalation (PET-2 + ve): 1. Improved PES (77% to
Early HL (PET-2) ABVD to 91%) and OS with
BEACOPP . a1atcq escalation
De-escalation (PET-2-ve): 2. OS same, 3-4% reduced
omit consolidative IFRT PFS with RT omission
1b. FDG'® PET-CT Interim scan Escalation (PET-2 + ve): 1. Improved PFS (3-year-
Advanced (PET-2) ABVD to 68%, 2-year PFS-66%)
HL BEACOPP ¢ atated compared to historic
De-escalation (PET-2—-ve): control.s (PFS-15%) with
1. ABVD to AVD ) e;cal;t;(fm -
. t
ABVD
3. Similar PFS (94% vs.
92%) with de-escalation
1c.Pre- FDG'® PET-CT At relapse and after 2-3  Brentuximab consolidation  3-year PFS benefit (68% vs.
ASCTHL cycles of ST post-ASCT 41%), OS same
3. CML Haematological, cytogenetic 3 monthly till MMR 1. 3-month: > 95%Ph 4 or Within 3-month time zone
(karyotype and FISH) & molecular then 3-6 monthly no CHR- 1° TKI failure 1. EMR failure (3-month
remission assessment 2. 6-month: BCR- BCR-ABL1 > 10%): may
(measurement of BCR- ABLI > 10%- 1° TKI change TKI (NCCN, not
ABLIlprotein), KD mutation failure ELN), shorter PFS
3. 12-month: No CCyR- 1° 2. EMR with halving time
TKI failure (> 76 days): shorter PFS
4. loss of previous response/
> 1 log increase in BCR-
ABLI1 (2-occasions)- 2°
TKI failure
1° or 2° TKI failure: BM,
CG and KD mutation
5. sustained DMR (variable
defined): TFR trial
6. stable MMR: de-
escalation (dose-
reduction or switch from
2nd-line TKI to imatinib)
4. DLBCL  FDG'® PET-CT 1. After 4 cycles 1. Negative iPET or EOT 1. Therapy escalation based
2. End of treatment PET confers good on iPET positivity doesn’t
(after 6 cycles) prognosis transform into survival
benefit
3. Pre-transplant in R/R  2- EOT PET may be ene
cases omitted in patients with
negative iPET
5. Multiple 1. Monoclonal Protein assessment 1. Monoclonal protein 1. Response better than PR 1. MRD negativity is
Myeloma (SPEP,SIFE,SFLC) assessment every are eligible for transplant strongest predictor of PFS
2. MRD using Bone Marrow NGF or 2 months after 4-6 cycles
sequencing 2. MRD assessment 2. Response less than PR at

3. FDG'®PET-CT

pre-transplant
3. WB PET CT scan pre
transplant

4. Monoclonal protein
assessment, MRD and
PET-CT at day + 100
post- transplant

4 cycles warrant therapy
change

3. Response CR or better
guide shift to
maintenance post-
transplant
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Confirmation of diagnosis
Baseline risk stratification and prognostication

l

Initiation of therapy

l

Interim assessment of response at specified time
points using standard response criteria

i

Refractory cases

Sub-optimal response

Optimal response

e  Re-prognosticate

e  Consider treatment .
+

change .

Re-prognosticate
Consider escalation”

e  Re-prognosticate
e  Continue same treatment or may
. -
consider de-escalation

i

A

Re-assess at the next time-
point and re-define the risk

Re-assess at the next time .
point and re-define the risk

Continue periodic response assessment

*For HL, shift to AVD from ABVD. For CML, consider for TFR eligibility

** For DLBCL, an EOT PET-CT could be avoided if interim PET-CT scan is negative. For HL, EOT PET-CT is needed at
treatment completion. Patients with MM may undergo MRD testing at this time point (CR), and proceed for autologous HSCT
(transplant-eligible) or continue with chemotherapy (transplant in-eligible).

# For CML, KD mutation testing is needed. PET-based therapy escalation may be considered for HL. No treatment change needed
for DLBCL. Patients with MM can continue same treatment or proceed for autologous HSCT.

+ For CML, KD mutation, BMA studies (with cytogenetics) are needed. For MM, consider BMA (with FISH analysis on CD38
sorted plasma cells). May consider re-biopsy for HL and DLBCL before treatment change.

Fig. 1 Proposed Algorithm for use of DRAM in the management of Hematologic Malignancies

good prognosis, about 19% of them who are PET 2 positive
after 2 cycles of ABVD regimen need a risk re-stratifica-
tion, re-prognostication, as well as treatment escalation
based on iPET result.

Advanced HL

Chemotherapy alone is the therapy of choice in advanced
HL with a cure rate of 90% [34]. The use of DRAM to
tailor therapy based on pre-defined risk and iPET results
has proven to be useful in advanced HL. De-escalation
strategies based on PET-2 results aim to reduce the chemo-
toxicity of treatment without compromising the overall
outcome. Two approaches in this context have been

evaluated in randomized trials. The first approach (RATHL
study) randomized patients of advanced HL to AVD arm (4
cycles) or ABVD arm (total 6 cycles) after a negative PET-
2 following 2 cycles of ABVD. Omission of bleomycin
(AVD arm) did not affect OS in these patients [38]. Second
approach (LYSA AHL 2011 study) randomized patients of
advanced HL to ABVD (4 cycles) or continuation of
BEACOPP s aaea (total 6 cycles) after a negative iPET
following 2 cycles of frontline BEACOPP s aaeq and
demonstrated a similar 2-year PFS with either arm (92%
and 94% respectively) [39]. In the Israeli H2 Study, no
difference in PFS was found as per IPS score while 3 years
PES varied significantly in PET 2 positive versus PET 2
negative patients (75% vs. 86%; p = 0.012) with advanced
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HL. Again de-escalation from BEACOPP . 1aeq to ABVD
in PET 2 negative patients was safe and did not affect the
outcome [40].

These data illustrate that therapy de-escalation is feasi-
ble in advanced HL based on the negative iPET. Patients
need to be re-counselled after interim DRAM results
regarding the possible benefit of reduced chemo-toxicity
without compromising the long-term outcome using this
approach. Historically, the outlook of ~ 16% of patients
who have a positive iPET is poor (PFS-15%), therefore
therapy escalation from ABVD to BEACOPP has not been
evaluated in randomized trials [33]. Studies have shown an
improvement in PFS with therapy escalation in patients
with advanced HL who have a positive PET-2. RATHL
study demonstrated a 3-year PFS of 68% with escalation to
BEACOPP. . 1ateq after 2 cycles of ABVD and GITIL/FIL
0607 trial showed a 2-year FFS of 66% with escalation to 4
cycles of BEACOPP s aaeqa + 4 cycles of BEACOPP
paseline after 2 cycles of ABVD [38].

Pre-transplant '*fFDG PET-CT

Salvage Therapy (ST) followed by ASCT remains the
standard of care for RR HL patients with an OS ranging
from 25 to 75% depending on the pre-transplant PET-CT
scan result [41]. Pre-ASCT PET-CT remains the most
important prognostic marker for PFS as well as OS due to
its ability to demonstrate chemo-sensitivity to the ST [42].
Moreover, PET-CT pre-ASCT may be used to guide the
decision regarding post-ASCT consolidation. Aethera Trial
showed that Brentuximab Vedotin (BV) consolidation
(1.8 mg/kg every 3 weeks for 16 cycles) post-ASCT in
patients with extranodal disease at relapse or less than
complete remission pre-ASCT improves 3-year PFS com-
pared to placebo (61% vs. 43%), albeit without any OS
benefit [43].Therefore, patients of RR-HL planned for an
autograft may be re-stratified again based on the result of
the pre-transplant PET-CT scan. A positive scan in such a
case would place these patients at a higher risk of relapse
post-ASCT and would justify the use of BV consolidation
post-ASCT.

Learning Point

Outcomes of HL can be further improved by using DRAM-
tailored approach. Interim imaging using PET-CT scan
done after 2 cycles of ABVD, and before autologous HSCT
in RR HL redefine the prognosis and also guide therapy
modification independent of the IPS score at the baseline
and is currently the preferred approach for DRAM in
patients with HL (Fig. 1, Table 1).
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Diffuse Large B Cell Lymphoma

DLBCL is the most common subtype of Non Hodgkin
lymphoma and is potentially curable in about 60-70%
cases with the frontline chemo-immunotherapy, while ~
40% of cases have relapse/refractory disease [44]. Several
baseline prognostic markers have been validated in
DLBCL to predict the clinical outcome, both in the pre-
Rituximab era (IPI) as well as in the Rituximab era (R-IPI,
NCCN-IP]). Prognostic models based on gene-expression
profile and immune-histochemistry have identified subsets
of DLBCL (cell-of-origin subtypes- activated B-cell type,
germinal centre type as well as double-hit/expressers and
triple-hit/expressers) to account for the varied response to
R-CHOP therapy [45]. However, responses continue to be
heterogeneous within baseline risk groups. While IPI,
R-IPI, and NCCN-IPI are clinically useful prognostic
indices, incorporation of iPET may improve their prog-
nostic value in predicting 2 year PFS and OS, particularly
in patients with a high IPI score [46]. The use of DRAM in
DLBCL is a promising approach to identify patients with
early treatment failure who are likely to have a worse
outcome than those who show an early favourable
response.

Interim PET-CT

'8[F] FDG PET-CT is used extensively in DLBCL, both for
baseline staging as well as a DRAM after 2—4 cycles of
chemotherapy and at the end-of-treatment (EOT) [47].
While iPET has proven to be of significant prognostic
value, its clinical utility in therapy modification is debat-
able. In a prospective study (n = 203) analysing the utility
of PET-CT in DLBCL performed at baseline, after every 2
cycles, and at the EOT, PET-2 positive patients had a
poorer outcome as compared to PET-2 negative patients,
and PET-4 positive patients had a poorer outcome as
compared to PET-4 negative patients in terms of both
3-year PFS and OS. The outcome of PET-2 negative (early
responders) and PET-4 negative patients (late responders)
was similar, and about 50% of PET-2 positive patients
became PET-4 negative. PET-4 positivity was associated
with the worst prognosis and was an independent prog-
nostic factor indicating that a positive PET-4 is associated
with an inferior outcome, and identifies a subgroup of high-
risk patients with a greater risk of relapse [48]. However,
the strategy of early-intensification based on a positive
iPET has not translated into improved clinical outcome and
remains a research question. In a multicentre phase-II study
of 162 patients, treatment intensification (3 cycles of RICE
followed by autologous HSCT with Zevalin-BEAM) in
PET-4 positive patients after RCHOP-14 led to a similar
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PFS and OS compared to PET-4 negative patients [49].
Many other studies have also consistently demonstrated
the futility of changing therapy based on a positive iPET,
unless there is a clear evidence of disease progression [50].
This is because half of the iPET-positive patients achieve
EOT PET-negativity with continuation of frontline
R-CHOP. Treatment of all iPET positive cases with an
intensive chemotherapy regimens would not only result in
over-treatment of a significant percentage of patients, but
also increases treatment toxicity without an appreciable
improvement in the clinical outcomes [50]. Since, most of
the iPET-negative patients remain PET-negative at the
EOT, EOT-PET can be avoided for patients with a negative
interim scan. A combined study of iPET and EOT PET-CT
showed that patients with negative iPET and EOT PET-CT
have the best outcome (2-year EFS- 97%), whereas those in
whom both scans are positive have the worst outcome (2-
year EFS-35%) [51]. In a recent meta-analysis aimed to
assess the prognostic impact of iPET on PFS or EFS in
DLBCL patients treated with first-line
chemotherapy regimens, the negative predictive value for
progression generally exceeded 80% (64-95%), but sensi-
tivity (33-87%), specificity (49-94%), and positive pre-
dictive values (20-74%) ranged widely [52].

immuno-

End of Treatment PET-CT

EOT PET-CT remains the most important landmark for
dynamic risk-stratification of patients with DLBCL. A
positive EOT PET-CT (Deauville Score 4 or 5) confers a
poor 2 year PFS (24-35%), whereas a negative scan has a
high negative predictive value, with most of the EOT PET-
CT negative patients enjoying a long-term remission or
cure [53]. However, certain patients with a negative EOT
PET-CT still relapse, suggesting that baseline NCCN-IPI
and R-IPI remain prognostic in DLBCL, irrespective of the
result of EOT PET-CT scan [54].

Pre-transplant PET-CT

Response to ST assessed with PET-CT pre-ASCT has been
shown to predict the post-ASCT outcome. A positive PET-
CT pre-ASCT (DS 4 or more) has been associated with a
poorer outcome (3-year PFS-0% and 3-year OS-25%)
compared to a negative scan (3-year PFS-64% and 3-year
0S-84%) [55]. Dynamic response assessment based on pre-
transplant PET-CT scan can identify a subgroup of high-
risk patients who could potentially benefit from novel
therapeutic approaches rather than HSCT.

Learning Point

DLBCL constitutes a heterogeneous disease with variable
outcomes based on several baseline parameters. Using
iPET after 4 cycles as a DRAM, a subgroup of iPET 4
negative patients who are likely to have a favourable out-
come can be identified. However, considering the poor
positive predictive value and lack of proven survival ben-
efit, therapy escalation based on iPET should be considered
only under a clinical trial setting or clear evidence of
progression. A negative iPET may obviate the need of an
EOT PET-CT scan, especially in resource constraint set-
tings. While EOT PET-CT remains a strong DRAM, it
doesn’t completely negate the significance of baseline
prognostic markers (R-IPI, NCCN-IPI), unlike the case
with HL. Until further research identifies a better methods
to assess response changes in treatment strategy based on
interim imaging are highly contentious (Fig. 1, Table 1).

Multiple Myeloma

The current treatment algorithm in MM relies on baseline
risk-stratification based on patient-related and disease-re-
lated factors incorporated in the RISS: serum albumin, beta
2-microglobulin, lactate dehydrogenase, and high-risk
cytogenetic abnormalities, in addition to others [56].
Quantification of monoclonal protein in response to ther-
apy is a strong prognostic factor in MM and forms the
conventional DRAM. Primary refractory disease is defined
as the attainment of less than partial response (PR) after 4
cycles of triplet-based induction therapy, and is seen
in ~ 17% cases. Patients with primary refractory MM
have a significantly inferior OS and PFS as compared to
those who attain CR [57]. Since none of the traditional
baseline risk factors used to define high-risk MM can
identify primary refractoriness, and the majority of patients
in CR and stringent CR eventually relapse, techniques of
dynamic response assessment have resulted in a paradigm
shift in patients with MM over the last decade. Conven-
tional DRAM milestones namely, CR and stringent CR
used to guide treatment decisions are far from perfect in
prognosticating patients with MM as they fail to detect
minimal residual disease (MRD). Around 15-30% of
patients in CR are MRD-positive by multi-colored flow
cytometry (MFC). Patients with ‘stringent’ CR could still
harbour about 1 x 10° myeloma cells [58]. Multiple
studies including meta-analysis have consistently shown
that MRD-negativity strongly correlates with an improved
PFS and OS, while MRD-positivity is associated with an
un-sustained CR [59]. Considering the strong prognostic
impact of depth of response on outcome, International
Myeloma Working Group (IMWG) updated the definitions
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of response, progression, relapse, MRD-negativity and
relapse from MRD-negative state in MM [60]. Moreover,
functional imaging using PET-CT or diffusion weighted
Magnetic Resonance Imaging has been shown to be com-
plimentary to MEC in MRD assessment, with MRD"&v¢/
PET"#*"® patients having the best clinical outcome [61].
Since the therapeutic armamentarium of MM is expanding,
it is now possible to obtain deeper and sustained responses
in MM in a significant proportion of patients. Therefore,
the current therapeutic strategies in MM aim at achieving
deeper responses- immunophenotypic/molecular CR, and
image CR (negative PET-CT) representing eradication of
the residual disease in medullary and extramedullary
compartments, respectively and form basis for the recent
additions in the DRAM for MM [62].

Using DRAM for Current Therapy in MM

Primary refractoriness after 4 cycles of triplet-based
induction therapy merits a change in therapy, while
patients with PR or better response may continue with
same treatment or proceed to auto HSCT [57]. In patients
who undergo auto-HSCT, Day + 100 is the best validated
time point for the assessment of depth of response using
conventional and MRD-driven techniques, including PET-
CT and correlates with survival [58]. Previously three trials
showed improvement in PFS with post-ASCT consolida-
tion in patients with < CR at Day + 100 [63]. However,
recent results of the BMT-CTN 0702 trial suggested that
the addition of consolidation or a second tandem auto-
HSCT was not superior to a single ASCT followed by
lenalidomide maintenance in the upfront treatment of MM
for both PFS and OS [64]. In transplant-ineligible patients,
continuous therapy until the development of dose limiting
toxicity/progression is known to improve outcomes.
However, the results of DRAM after every 2—4 cycles
could help guide the detecting loss of response or pro-
gression and subsequent change of therapy while sustained
response guides shift to maintenance [65, 66].

Learning Point

DRAM in MM have evolved from an era of using con-
ventional criteria to define CR and stringent CR to the
inclusion of MRD for prognostication. It is likely that the
combination of MFC or next-generation sequencing
(NGS), and PET-CT scan that is reflective of a state of
complete eradication of myeloma cells from all the com-
partments would be the preferred DRAM in identifying
patients with excellent prognosis in near future. However
the use of these sensitive techniques for therapy escalation,
continuation or de-escalation (including omission of ASCT
in MRD negative patients) needs further prospective
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validation and should be considered experimental at pre-
sent (Fig. 1, Table 1).

Cost Considerations in Deciding DRAM

Routine incorporation of any novel DRAM requires a
careful consideration of the cost versus benefit assessment
in comparison to the conventional techniques, particularly
in the resource constraint setting. Lifelong dynamic
response assessment using molecular monitoring is advo-
cated for routine clinical care in patients with CML.
Beyond the initial 6 months period,the frequency of mon-
itoring of BCR-ABL1 by RQ-PCR on international scale
can be reduced from 3 to 6 months once patient attains
MMR thereby reducing the costs [67]. Cost effectiveness
of TFR approach in CML needs prospective validation.
Cost effectiveness of PET/CT in patients with HL for
patients with unconfirmed CR or PR at the end of first line
therapy has been proven in resource constraint settings
[68]. It is possible that the use of interim PET/CT for
therapy escalation or de-escalation in HL. would prove cost
effective as well. In patients with DLBCL, the strategy of
avoiding EOT PET/CT in patients with negative iPET
reduces the PET/CT utilization rate by 30%, without
impacting the clinical outcome, and appears to be cost
effective [69]. Recently, annual MRD monitoring in
maintenance phase of MM was predicted to be a cost
conservative strategy if patients were assumed to stop
therapy based on a negative MRD result [70]. Further
prospective studies are needed to determine the cost
effectiveness as well as health outcomes of using MRD as
DRAM in patients with MM.

Conclusion

The results of DRAM have a major clinical implication in
the treatment and prognosis of hematological malignancies.
Newer technologies have allowed for better and deeper
response assessment. It is still unclear if currently available
therapies can be modified as per the results of DRAM in all
the hematological malignancies, as robust data are avail-
able only for some diseases. Whilst the results of DRAM
often alter the baseline risk-stratification in hematologic
malignancies, the use of DRAM for counselling, prog-
nostication and therapy modification varies according to
the disease, methodology of investigation and the available
clinical evidence.
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