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three retrospective studies,'****” Physicians’ knowledge of interim
PET results may affect their assessment of patients’ response as well as
their treatment decisions, introducing biases.*’ Only three prospective
studies'***** explicitly adopted blinding of clinicians to interim PET
results 10 deal with these biases. In three prospective studies,'***'
although they did not explicitly report the use of blinding, interim PET
was not utilized to alter the preplanned treatment strategies. In two
retrospective studies,”** interim PET results had no effect on the
treatment decisions. Because the assessment of treatment failure is not
always objective, the absence of blinding can still potentially influence
the way treating physicians judge the final clinical outcome in favor of
interim PET, especially when the outcome is equivocal.''** Although
all the studies adopted the standard guidelines on response assess-
ment'™*' as the reference standard, they did not specify minimum
follow-up period or situations where pathological confirmation was
required. Four studies™**** employed post-therapy or follow-up
PET to complement post-therapy response assessment. Because post-
therapy response assessment with PET is still imperfect,” the applied
reference standard could overestimate prognostic accuracy.™

Sensitivity, Specificity, LRs, and Summary ROC Curves
For advanced-stage HL, studies reported sensitivity from 0.67 to
1.00 and consistently high specificity from 0.94 to 1.00 for interim

FDG-PET (Table 4; Fig 1). Summary estimates were (.81 for sensitiv-
ity (95% CI, 0.72 to 0.89), 0.97 for specificity (95% CI, 0.94 ta 0.99),
28.4 for positive LR (95% CI, 14.2 to 56.7), and 0.19 for negative LR
(95% CI, 0.12 to 0.30). We did not estimate summary ROC curves
because data points were closely clustered together with limited van-
ations, a situation in which the hierarchical model could not produce
reliable estimates (Fig 2).

DLBCL studies reported wide-ranging sensitivity (0,50 to 1.0)
and specificity (0.73 to 1.00) values for interim FDG-PET (Table 4; Fig
1). Combined estimates had a sensitivity of 0.78 (95% CI, 0.6410 0.87),
aspecificity of 0.87 (95% CI,0.75 10 0.93), a positive LR 0f 5.9 (95% CI.
2.8 10 12.3), and a negative LR of 0.26 (95% CI, 0.15 to 0.46). The Q*
statistic for the summary ROC curve was 0.82 (Fig 2).

In sensitivity analyses, the summary prognostic accuracy was
stable for both advanced-stage HL and DLBCL regardless of how
MRU results or early-censored cases without treatment failure were
counted (results not shown). Regarding alternative reference stan-
dards based on the duration of clinical follow-up, subgroup data were
available for five advanced-stage HL studies (n = 232)!3143035% 44
five DLBCL studies (n = 181)"'*"****%* (qanline-only Appendix Ta-
ble A5). All DLBCL studies had improvement in sensitivity with loss of
speaficity when only progression during first-line therapy was
counted by the alternative reference standard. A similar tendency was

Teble 4. Study Results of Positron Emission Tomography for Interim Response nent of Malignant Lymphoma
Progression Positive Negative
Total o1 Relapse Likelihood Likelihood
Study Year No %) TP FN FP TN Sensitivity 95% CI Specificity 95% Cl Ratio 95% C! Ratio 95% CI
Advanced-stage
ML
Fnadm;g 2004 22 23 4 1 116 080 02810100 0S4 07110100 136 18197 021 00410123
et al
Hutch-a 5 2006 28 32 6 3 018 067 030053 1.00 0821w 1.00 260 16t04168 036" 015t 0B84
etal
Gallamim 2006 108 19 18 3 2 8BS 088 064 w0097 [eF: ] 05210 1.00 373 84w 1484 0I5 0.05to0 042
ot aP?
Hu'l:c!‘!!' ] 2006 48 28 w 3 1R 077 0D46w09 097 O0B4w100 254 36101789 024 00210084
et al
Kostakogliu 2006 10 50 6§ 0 0 & 1.00 04810 1.00 1.00 0.48 10 1.00 1.0 08w 1580 008 0.01 10 1.31
et al™?
Zinzani et al'* 2006 40 23 B 10X 083 05210100 100 08910100 544 34108616 01561 0.04 10 0.67
Galamini 2007 108 20 15 4 4 B8 073 05w sa 0.95 0891w 099 17.2 6410460 0.22 0031w 053
at a?®
DLBCL
Speepen 2002 47 47 20 2 0 28 0.9 0.71 10089 1.00 0.86101.00 463 30?247 oOon 00310036
et a**
Haioun et al™ 2006 B3 )] 20 12 14 37 063 0440078 073 05810084 23 14038 082 032w083
Mikhaesl 2005 &7 38 5 7 827 068 045w086 077 0601090 30 151068 041%  0221w078
et al'?
Fruchart 2006 35 23 9 1 6 18 080 0.56 10 1.00 076 055w 081 38 181078 013 0.02 10086
et al*®
Kastakogiu 2008 24 38 9 0 114 100 0661100 093 0681100 101 220468 006 000083
et al*®
Quereliou 2006 20 29 3 3 114 0.50 012w088 093 06810100 15 10wE8E 084 024w 121
et al?
Ng et al*® 2007 a5 27 8 4 4 28 067 035w090 088 071 w097 53 2010145 038 01710086
Abbreviations DLBCL, ditfuse large B-cell lyrmphoma, FN, false negative, FP, false positive; MRU, mimimal residual uptake, TN, true negative; TP, true positive
Tha likelihood ratios for 8 MAU and a negative scan were 0.35 (95% CI, 0.05 10 2 5) and 0.33 {95% CI, 0.09 10 1.1), respectively, if these two categories were
eshmated separately
tThe hkelihood ratos for a MRU and a negative scan were 1 1 (95% CI, 014 to 9.7} and 0.06 (95% C1, 000 1o 0.84), respactvely, if these two categones were
astmated separately
1The likelihood ratios for 8 MRU and a negative scan were 0.96 (95% CI, 0.25 10 3.6) and 0.29 185% CI, 0.12 to 0.73), respactvely, if these two categones were
estmated separately

6 © 2009 by Amencan Socwty of Chrecal Oncology

Information downloaded from jco.ascopubs.org and provided
125.200.1

JotmNAL OF CLINICAL ONCOLOGY

_I:E :JZAGOY.A MEDICAL CENTER on March 11, 2009 from

Copyright @ 2009 by the American Society of Clinical Oncology. All rights reserved.



Interim FDG-PET for Advanced-Stage HL and DLBCL

Fig 1. Sensitivity and specificity for (A, B)
sdvanced-stege Hodgkin's lymphoma end
IC. Di diffuse large B-call ymphoma The
size of the squars plotting 8 propornonal
to tha number of patients with weatmant
failure for sensitivity and in remission for
specificity. The horizontsl lines are the
85% Cis. The vertical inas reprasent the
summary sstimates,

_._..

A Huchings. 2008 _—— B tuachings 208
Hutchings, 2008 —at Hutchings, 2008
Gallarrini, 2007 —a— Gallaminl, 2007
Friedborg, 2004 o 20
Galtwrani, 2008 —— Gallgrrni, 2008

Tirzani, 2008 ————— Zinaani, 2008
Kostakogiu, 2008 — Kostakogiu, 2006
Summary - Summaiy
I 1 T L] Ll T I
o0 02 04 08 08 10 o0
Sensmvity
C  Guerston. 2008 D uersiou, 208
Haioun, 2008 — Hesgun, 2008
Ng 2007 —_—. Ng, 2007
Mikhaeel, 2005 — Mikhasel, 2006
Fruchart, 2006 R Fruchart, 2008
Spaspen, 2002 —— Spaepen, 2002
Kostakogh, 2006 K i, 2008
Summary —_ Summary
1] 1 ] 1 ] 1 I
06 02 04 08 OB 10 0.0
Sensitivity

observed in all but one™ advanced-stage HL studies (online-only
Appendix Fig A2),

Subgroup Analyses and Meta-Regression Analyses

We did not perform subgroup analyses for advanced-stage HL
because there were too few data points and there was little variation of
the results across studies ( Fig 1). Visual assessment of the ROC plots of
DLBCL studies did not identify meaningful subgroups (data not
shown). Meta-regression analyses on both advanced-stage HL and
DLBCL did not find any clinical or test characteristics to explain the
observed variability (data not shown).

This systematic review of interim response assessment of FDG-
PET for patients with untreated advanced-stage HL showed that

studies consistently reported high specificity and positive LRs.
Although study quality was limited in some studies, as demo-
graphic and clinical characteristics of included patients were rea-
sonably comparable over the studies, our results should generally
be applicable to adult and adolescent patients with low- to
intermediate-risk (IPS 0 to 3) receiving standard full course ABVD
or comparable regimens. Because the summary positive LR is very
high, positive PET results after a few cycles of chemotherapy would
probably have an excellent ability to predict poor responders.
Patients with negative PET, which predicts good response during
the therapy, still have a moderate risk of post-treatment relapse
since the summary negative LR is 0.19,*

The reported sensitivity and specificity of DLBCL studies of in-
terim FDG-PET varied. This review also identified considerable clin-
ical heterogeneity in these studies. For example, studies included
patients with varied risk of treatment failure and adopted various
therapeutic interventions. Also, studies were heterogencous in how
PET was used, such as the number of chemotherapy cycles before PET
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and the timing of scanning during the chemotherapy cycle. Thus,
our summary estimates should be interpreted carefully. Although we
performed subgroup analyses and meta-regression analyses, we could
not identify characteristics to explain the variability.

This study has several important limitations. Because only 13
studies with pertinent data were included in the meta-analysis, it
may lack the power to detect clinically meaningful factors. In
sensitivity analyses, fewer studies were available; therefore, the
results may be less reliable. Although we did not independently
estimate the summary LR for a MRU result, this distinct category
may carry a worse prognosis than a clearly negative scan as report-
ed.'*" Also, our results are likely subject to overestimation due to
methodologic limitations in original studies, such as the absence of
blinding of interim PET results to clinicians to assess final clinical
outcomes.'" Further, because oflack of data, we did not address the
comparison between FDG-PET and CT or FDG-PET/CT and PET
alone®®; this review cannot answer whether PET is better than CT
or whether the combined modality is superior to stand alone PET.
In addition, this review did not specifically focus on limited-stage
lymphoma; thus our results cannot answer the clinical question of
whether early-interim PET can reliably identify good responders
with localized disease. Finally, although three advanced-stage HL
studies'****? and one DLBCL study® reported interim FDG-PET
scan as a statistically significant independent prognostic factor in
addition to IPS and IPI, respectively, we did not directly address
thisissuc. For advanced-stage HL, because the included studies had
few poor-risk (IPS 4 to 7) patients, our results may be less applica-
ble to high-risk populations.

Interim PET should remain at this time as a test to be evalu-
ated as part of clinical research where treatment regimens and
imaging conditions are standardized; thus it should not be em-
ployed in the routine setting. This review supports conducting
prospective trials for advanced-stage HL patients especially with
low- to intermediate-risk (IPS 0 to 3) that incorporate early alter-
ing treatment to more intensive approach on the basis of positive
FDG-PET results. For DLBCL, there is insufficient data to support
similar trials. Additional prospective prognostic accuracy studies
in the setting of conventional strategy would be needed to elucidate
subgroups and timings of interim PET to better identify poor
responders. Also, outside of study protocols where treatment strat-

8 © 2009 oy Amencan Society of Clirical Oncology

egies arc explicitly defined on the basis of scan results, biopsy
should be considered for positive PET findings if they are used to
prompt a change in patient management. This is especially relevant
if there is discrepancy between the scan results and other clinical
data. Although biopsy cannot provide quantitative information as
to how much residual tumor exists, it still is the most reliable way to
confirm the presence of disease.
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Table Al Search Strategy
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#9 deoxy-glucose.ti,ab.rw, sh
#10 flucrodeoxyglucose.y,ab,rw, sh
#11 1Bflucrodeoxyglucose.ti.ab,rw,sh
#12 fludeoxygiucose. 1i,ab, rw, sh
#13 fagS 1,ab,rw,sh
#14 18fdg.n.ab.rw.sh
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2deoxyglucose h.ab,rw.sh
#18 fluoro-d-glucose.ti,ab.rw, sh
19 or/e8-#18

#20 #7 or #19
#21 #6 and #20

#22 exp sensitnvity-and-specihicity or
predict$ or diagnosS of difs or
du.fs. or accura$

#23 821 and #22
#24 exp Lymphoma/

#25 lymphoma.ti.ab,rw,.sh
#26 lymphom$. 11,80, rw.sh
#27 hodgkin$.t,ab,rw,sh
¥2B on/d24-027
#29 #23 and #28

#1 axp computer asssted eMmussion 1OMOoGraphy/or ép positron

amigsion tomographyfor exp whole body tomography/
#2 positron emisson tomography.t.ab, hw, m,mf

#3 perS ti,ab,hw.tn,mi

&4 tarvmal not human and ammal)) ti,ab, w, tr, mif
#53not 4

WMIoxwZorh

#7 exp Deoxyglucose/

#8 deaxyglucose ti,ab b tn,mi

#4 deowy-glucoss. tab hw,tn.mi,

#10 Nuorodeovyglucose.t,ab, hw, tnmi

#11 18flucrodeoxygiucose.u,ab hw,tn,mf.
#17 fludeoxyglucose. v,sb, hw,tn,mf

#13 fdg$. v.ab.hw.tnmt

#14 18tdg ti.ab,hw, tn.mf.

#15 1-18-dg.ti,ab,hw, tn.mf

#16 fluorc-2-deoxy-dglucose.ti,ab, hw.tn.mit

#17 2Hivoro-2deoxyglucose.tab hw tn.mi

#18 fluoro-crglucose. 1.ab. hw. . mf.
#18 orf#B-18

#2087 ot 119
#21 #6 and #20

#22 sensitv or detect$ or accural or specifict or rehab$ or
P af N d § ordifs

#23 #21 and #22
#24 exp Lymphoma/

#25 ymphoma.ti,ab, rw,sh
#26 lymphoms$ t,ab,rw.sh
#77 hodgkn$ v,80,rw,sh
#28 oiw2a-#27
#79 #73 and #28

#1 tomography, emisson computed IMeSH terms]
#2 pOSItron ermission tomography

#3 pet

wi pet”

#5 %1 OR #2 OR #3 OR #4
#6 deoxyglucose |MeSH Terms|
#7 deoxyglucose

#8 deoxy-glucose

9 fluorodeoxyglucose

#10 18fluorodecxyglucoss
111 fludeaxyglucasa

12 fog

#13 tdg*

#14 18tdg

#15 1-18-dg

#16 fluoro-2-deoxy-cd-glucose

#17 Zfluoro-2deoxyglucose

118 fluoro-dgiucose
#18 #6 OR #7 OR #8 OR #9 OR M0 OR #11 OR
:}‘ﬁ‘z 0!; #IIORMAORMBEORMEOR 17
#

#20 lymphoma
#21 yrnphom™
#22 Hodgkin®

#23 #20 OR #21 OR w22
#24 #5 AND #19 AND #23

WRW ooy
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Terasaws ot ol

of the inclusion {and
@xclysion) crnana

3 Appropnateness of the
reterence standard

4 Avoidance of partis!
verfication tuas

5 Avoidance of ditferermal

venfication bias

-] Avondance of incorporation
bias

7 Replcatvensss of the index
test

a Replicativeness of the

refarence standard

9 Avoidance of test review
bias

10 Avoidance of dagnosis
review bias

1" Availability of clinical data 10
1est intaipreters

12 Reporting of uninterpretable
of intermediate results

13 Provision of the information
on withdrawals from a
study

Table A2. Quaiity Assessment of Studies of Positron Emission Tomography for Interim Resp A nent of Malignant Lymphoma
Item
No Bias or Issue Addressed Question How Scored
1 Avoidance of spectrum bias Was the spectrum of patents Scored as “yes” if patients were enrolled onio a study prospectively and
representative of the patients consecutively based on the predefined inclusion critena
who will receive the test in
practice?
2 Prowision of a clear definivon Were selecton critena clearty Scored as "yes® if a study reported claar inclusion critena

described?

Is the reference standard likely to
commectly classity the target
condition?

Did the whole sample ot a random
solaction of the sample receive

fica using a referenc
standard of diagnosis?

Did patients receive the same
reference standard regardless of
the index 1est result?

Was the reference standard
independent of the mdex test
iLe.. the index tast did not form
part of the referance standatd)?

Was the execution ot the index test
described in sufficient detal 1o
permit replication of the test?

Was the execution of the reference
standard described in sufficient
detzil 1o permit its replication?

Were the index test results
interpreted without knowledge of
the resuits of the reference
standard?

Woere the reference standard results
interpreted without knowledge of
the resuhs of the index test?

Waere the same chnical data
svailable when test results were
interpreted as would be svailable
when the test is used in practice?

Were unu nemmediate
1est results reported?

Were withdrawals from the study
axplainad?

Scored as “yes” if a study employed clinical follow-up with or without biopsy
as the reterence standard™

Scoted as "ves" if the whole patients of a study recewved disease venfication
through chnical follow-up with of without biopsy

Scored as “yes” if the whole pavents of a study on
through clinical follow-up with or without biopsy regardiess of the intenm
PET results

Scored as “yes” as long 8s the ultmate diagnosis was made through
predetined reference standard (18, conventional response assessment
with or without biopsy during clinical follow-up for disease progression or
relapse, or sufficiently long follow-up for continuing remission) even il
imterim PET results were available 10 clinicians; scored as “no” only if the
mid-therapy results were specifically used 10 determing the final climical
outcome

Scored as “yes” if a study reported sutficent details on the procedure and
diagnostic criteria of intenim PET

Scored as *yes” i a study eval d di status and foll
following the recommended standard guidelines®

d up patents

Scored as “yes” f intenm PET was imerpreted without knowledge of the
clinical information on patients; scored as “ne” it PET interpreters read the
scan results in the presence of any clinical data including convenmonal
imaging tests, laboratory test. and physical examinations obtained after
the initishon of treatment, which could have contained the information on
the response assessment or disease status of patients

Scored as “yes" if the clinicians treated and followed up patents without
knowledge of interim PET resuhs

Scored as “yes” if nterpreters raad mtenm PET scan in the presence of
tlinical information excluding baseline pre-therapy PET scan

Scored as “yes” it & study reported the number of panents with minmal
residual uptake

Scored as "yes” if 8 study clearly reported the number of panents satisfying
the inclusion criteria that did or did nat undergo intenm PET andfor chnical
follow-up with or without biopsy, scored 85 “no” if 8 study Included
exclusively patients who underwent interim PET and did not report the
information on patients who satished the same inclusion critena but did
not undergo interim PET

Abbreviation: PET, positron emission tomography.

“Arernative more Sinngent criterion was also employed as follows. Scored as “yes” f a study I
standard gudelines (Cheson BD, Homing 5., Coitfier B, et al. J Clin Oncol 17:1244-1253, 1999, Lister TA, Crowther D, Surclifie SB, et al J Chn Oncol 7.1630-16386, 1989)
and followed up panents in remission Ncluding negative iopsy of lesions suspected of treatment tailufe (progression of relapse) for at least 1 year

ty stated that d

status according 1o the

12 © 2008 by Amencan Socsety of Clinical Oncology
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Interim FDG-PET for Advanced-Stage HL and DLBCL

Table Ad. Diagnostic Criteria and Interpreters of PET tor intenm Response Assessment

of Mahkgnant Lymphoma

Reading Conartion
Availabiiry of
Cuaitatve Dagnostc Critena Prathecagy PET 1o interoreter
e DretEbon Morsmal Resous interpretees ot
Suchy Tes Mathoa Poative Hegatree Upmke imerm PET Mo  Expermnce
Agvanced-stage HL +
oLaCL
Kostakogiu ot ai 2006 Ouaitative anshss Presence of FDG uptake that No pathologically Mot specrhed Yo 2 Expant
(Koswkogiu L. exceeded he uptake seen  increased FDG
Golasmith SJ, on the contralateral site or uplake AT Ay sNe
Lecnard JP, &1 al in the background in & compated with
Cancer 107:2678- location incompatiblo with the uptake on the
2687, 2006 NOMMAl anatomy or contralatersl site
physiologe vananis of the background
Serquantitative analysis Increased FDG uptake in
=+ and
SUV ., measured lor ssymmetncsl stes
only measurable nodal compared with
sies (lesion-based background activity 1o be
ROC hysis) [: d with: general.
the highes! actrity
axcluding pathological ana
phys:clogic sites of
uptake; head ana neck,
within the juguiar vessels;
chest, in The Madkastinum
sround the aortic arch
regron; abdomen/pelvis, in
the masentery of
abdorminal vesseis.
whichever had the higher
activity
Advanced-stage HL
Frisdberg et al 2004 Ouaiitatve analysis Nodal invalvement. FDG Naot spacified Not soecified No 7 Expan
IFrindberg JW andity above mediastinal
Fischman A, biood pool BcTvity
Neuperg D, et &
Leuk Lymphoma
45:85-92, 2004/
Hutchings ot al 2005 Quaitative snalysis Incraased uptake suspiCous  No evidence of Low-grsoe uptake of fes' 2 Expert
Hutchings M for mahgrant disease, Hseass FDG fjust above
Mikhaeal NG, which does not have a background) n &
Figlds PA, ot al benign explanation focus within an
Ann Oncol 18 ares of proviously
1160-1168, 2005} noted hsaass,
not Nty
representing
malignancy
Gallarrar et al 2006 Cualitative analysis Prasence of a focal No pethological FDG  Not spected Yes 2 Exper
IGailamin & Semiquantitative snalysis  concantration of FDG upTake a1 Yy S8
Rigaco L Meri fcomplemental) outside the aress of ncluding all sites
F. ot & S5UV,,.,, measured for physological uptake, with of prévmously
Hasmatoiogica ragions of nterest a value mcreased relative ncreased
91475481, ipatient-oased % of to background pathological
J006) SUV .y, teduction from uptake
basotingl
Icontinued on folicwng pagel
whw. 0. org © 7008 by Amencan Socerty of Choxcal Oncology 13

Information downloaded from jco.ascopubs.org m1m L 4
Copyright © 2009 by the American Society of Clinical Oncology. All rights reserved.

NAGOYA MEDICAL CENTER on March 11, 2008 from

— 103 —




Terasawa et al

of Malignant Lymphoma (continued)

Teble A3, Diagrostic Critena and Imerpreters of PET for Intenm Response Assessment

Qualitatve Diagnastic Critena

Reading Condinon
Availatslity of
Pratherapy PET

Interpreter

1514-1523, 2005

icontinued on following pagel

represent
intamemation
where smail
volume
malignancy could
not be excluded

Interprataton Mirnimal Residual Interpreters of
Study Year Mathod Positive Negatve Uptake interim PET No  Expenence
Hutehings et al 2008 Oualitative analysis Focal FDG concentration No pathologic FDG  Low-grage FDG- Yos ? Exper
{Hutchings M, Semi-guantitative outside the physiclogical uptake at any site,  uptake with
Loft A, Hansen analysis uptake areas. with clearty including all sites avidity smaller
M. &1 al: Blood (complementall. increased activity relative of previously than, equal 1o, or
107.52-59, 2006) SUV,y,. measured for to the Dackground micreased only slightly
regions of interest pathologic uptake tagher than the
ipatient-based uptake mn the
distribution of SUV,,.1 mediastingl blood
pool STrucTures
Zinzani e1 @ [Zinzani 2008 Qualitative analysis Areas of focal uptake other  No ewdence of Low-grade uptake of Yes 3 Expen
PL. Tani M. Fanti than tne sites of known disease FOG (just above
S, &1 al; Ann sccumulation, mciuding Skeletal areas packground) in a
Oncol 17:1296 tha kidney, Dladdar, and showing focus within an
1300, 2006) gastromntestnal tract symmetne jeint araa of previously
uptake, especially noted disease
within the
shoulder
{considered
arthritis|
Gallarmini et al 2007 Qualitative analysis Presence of a focal FDG No pathologc FDG Low-grade FDG- Yos 2 Expert
IGallarnini &, Semi-g i VSIS cone 1 outside the uptake at any site. uptake with
Hutchings M, leompl hysiological uptake areas, including all sites avidity smaller
Rigacei L. ot al SUV,,, was measured  with clearly increasad of previously than. egual to, or
J Chn Oncol 26: for regions of interest actnaty reistive o the increased only slightly
3746-3752. 20071 background pathologic uplake nigher than the
uptake in the
mediastinal blood
pool structures
ASUWol20m035
DLBCL
Spacpen ot al 2002 Quolitative analysis Any focal or diffuse ares of  No evidence of Naot specified Unclear 2 Expert
(Spaepen K, increased activity In 8 disease
Stroobants S, location incompatible with
Dupant P, et &l narmal anatomy and
Ann Oncol 13; suspect for residual
1366-1363. 2002} disease andior new
localizations
Haioun et al (Haioun 2005 Ouslitative analysis? At least one residual with 3 No residual abnormal Not specifiea Yes 2 Expert
C. miE low extent snd moderate FDG uptake
Rahmouni &, et intensity of abrormal FOG A unique residual
al: Blood 106; uplake site with a low
1376-1381, 2005} Two or more residual sites extent and low
with any extant and intensity of FDG
Intensity of abnormal FDG uptaka, with all
uptake the other
previously
nypermatabolic
sites extinguished
Mikhaeei et al 2005 OQualnatve analysis P e Of app ce of Dk ce of all  Low-grade uptake of Yes™ 2 Expart
(Mikhasei NG, new areas of increased abnormal disease-  FDG in a focus
Hutchings M, uptake, thought 10 ba ralated uptake within an area of
Ficlds PA et al: lymphoma-related previously noted
Ann Oncol 16: disease, hkely 1o

W © 2009 by Amencan Secity of Clincal Onicology
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Interim FDG-PET for Advanced-Stage HL and DLBCL

Table A2 Diagnostc Critena and Interpreters of PET for Imterim Rasponse Assessment

ol Makgrant Lymphoma (continued)

Ousitatrve Diagnastic Critena

Reaging Conaan
Avalabiity of

clinically or radologically
Bt thagnosis

F apy PET 10 inerpreter
N pretELOn tAumal Resoul nierpraters of - .
Study ‘Yrar Metnog Powtre Hegatree Uptake imenm PET No. Expenence
Fruchart et o 2008 Quaitative snatysis Al least one site of rescual | No sgreficent Not apecheg Yos 1 Expert
(Fruchan C uptake residusl uptake n
Rerman O Lo suspecited sites of
Stang N, et &l ymphoma before
Leuk Lymphoma tremment
47:2547.2557
2006)
Ouersliou ot o 2006 Cusitative anatyss Any focus of increased FDG  No evoence of Mot spectea Yes Fd Export
(Quersliou 5. upiake over background thsease, i&., NO
valete F, Boder not located in areas of abnormal residual
Milin C, ot ol normal FDG uptake andfor uptake m
Ann Hamato! 85 FDG excrenon presiously
758-767. 2006 Any focal or diffuse aces of rvolved sites
increased activity in & resulting in 8
location suspect for complete
lebdusl GSease normalization
Ng a1 al INg AP, 2007 Qualitative analysis Incressed FDG-avidty sbove  No resdiual uptaies in Not specthed Yes® 3 Expert
Wirth & 8 baseline level, as suzpected wtes of
Seymaour JF, et subjectively characterized lymphoma betore
al Leuk by FDG-avicity of tha lver teatment
Lymphoma 48: parenchyma. in a fegion of
596-800, 2007) lymphoma, documaented

Abbreviations. CT, computed tomography, DLBCL, diffuse large B-cell lymphama, FDG, fluarodesaxyglucose, HL, Hodgkn's lymphoma: PET, posivon emissian
tomography; ROC, receiver operating charactenstics; SUV, . .. maxmum standard upteke value m regionisi of interest

“Mid-therapy PET was imterprated without pre-therapy baseline scan in some panents

tOnly visual interpretations were taken into account

W, o, org
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Table AA. Quality Assessment of Studies of Posnron Emission Tomography for Intenm Responze Assessmant of Malignant Lymphoma

QUADAS
1 2 3 4 5
Avoidance of Reporung of Appropriate Avondance of Avoidance of 6
Spectrum Inclusion Aeference Parnsl Differerual Avoidance of
Study Year Bias Critera Standard Venticanon Bias Venhcaton Bias Incorporation Bias
Advanced-stage HL + DLBCL
Kostakoglu et al (Kostakoglu L, 2006 Mo Yes Yes Yes Yes Yes
Goldsmuth SJ, Leonard JP,
&t al: Cancer 107 2678-2687,
2008}
Advanced-stage HL
Friedberg et al (Friedberg JW, 2004 Yes Yes Yes® ves Yes Yas
Fischman A, Neuberg D, et
al: Leuk Lymphoma 45.85-
92, 2004)
Hutchings et al (Hutchings M, 2005 No Yes Yes' Yes Yes Yes
Mikhagel NG, Fields PA, et
&l Ann Oncol 16:1160-1168,
2008)
Gallamini et al (Gallamin A, 2008 Yes Yes Yes' Yes Yes Not
Rigacci L, Merl F, et al
Haematologics 91:475-481,
2006)
Hutchings et al (Hutchings M, 2006 Yes Yes Yest Yes Yes Yes

Loft A, Hansen M, et a!
Blood 107:52-59, 2006}

Zinzani et al (Zinzani PL. Tani 2006 Yes Yes Yes Yes Yes Yes
M, Fanti 5, et al: Ann Oncol
17:1296-1300, 2006)

Galismini et al (Gallamini A, 2007 Yes Yes Yest Yes Yes Yas
Hutchings M, Rigacci L. et
al: J Clin Oncol 25:3746
3752, 2007)

DLBCL

Spaepen et al {Spaspen K, 2002 Yes Yes Yes® Yes Yes Yes
Stroobants S, Dupont P, et
al’ Ann Oncol 13:1356-1363,
2002) .

Haioun et al (Heioun C, It E, 2005 Yes Yes Yes® Yes Yes Yes
Rahmouni A, et gl Blood
106:1376-1381. 2005)

Mikhaeel et al (Mikhaeel NG, 2005 No = Yas Yes Yes Yes
Hutchings M, Fields PA, et
al: Ann Oncol 16 1514-1523,
2005)

Fruchart et al {Fruchart C, 2006 Yas Yes Yes® Yes Yes Yes
Reman O, Le Stang N, et al
Leuk Lymphoma 47:2547-
2557, 2006)

Cuerellou et al (Querellou S, 2006 Ne Yes Yes® Yes Yes Yes
Vaiette F, Bodet-Miiin C, et
al: Ann Heratol 85:758-767.
2008)

Ng et al (Ng AP, Wirth A, 2007 No Yes Yes® Yas Yes Yes
Seymour JF, et al: Leuk
Lymphoma 48 596-600,

2007)
{continued on following page)
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Interim FDG-PET for Advanced-Stage HL and DLBCL

Table AL Quality Assessment of Studies of Positron Emission Tomograghy tor Intersm Hesponse Assessment of Mabgnant Lymphoma icontinued)

QuAaDAS
-] 8 10 1 12
7 Replicatveness Avoudance of  Avoudance of Avalabiny of Reporting of 13
Rephcatveness  of Reterence Test Review Dragnosis Clinical Data to Unmtespretable o Reporting of
Stuy of ingex Test Standard Bz Review Bias  Test imerpreters intermediste Reasufts  Withdrewais
Advanced-stage HL + DLBCL
K giu et al (K g L No Yes Yes No% No No No
Goldsmnith SJ, Leonard JP
et al* Cancer 107 2678-2687,
2006)
Agdvanced-stage HL
Fredberg et al (Fredberg JW. Yes Yes Yes No No No Unclear
Fschman A, Neuberg O, et
al Leuk Lymphoma 4585
92, 2004)
Hutchings et al (Hutchmgs M Yas Mok Unclear Unciear] Unclear Yes Na
Mikhaeel NG, Fields PA, et
al: Ann Oncol 1611601168,
2005)
Galtarruru et al (Gaftammni A, Yas Yas Mo Noty Yes No Unciear
Rigacci L, Meri F, et &l
Haematologca 91 475-481
2008)
Hutchings et al (Hutchings M Yes Yes Yes Yos# No No Yes

Lot A, Hansen M, at al:
Blood 107 52-58, 2006)

Znzam et al (Zinzaru PL. Tam Yes Yes Unclear Uncleary Unclear Yes Unclear
M, Fanti 5. et all Ann Oncol
17:1296-1300, 2006}

Galamini &t al (Galtamini A, Yas Yes No Yesk Yes No Unciaat
Hutchings M, Rigacei L, &1
al! J Clin Oncol 25 3746-
3752, 2007

pLecL

Spaepen et al (Spaepen K, Yes Yes Yes Unclear No No Unciear
Stroobants S, Dupont P, et
ai Ann Oncol 13.1356-1363,
2002)

Hajoun et al (Hawoun C, It E, Yes Yes Yes Unclear) No No Unciear
Rahmouni A, et al. Blood
106:1376-1381, 2005)

Mikhasee! et al (Mikhaee! NG, Yes No& Yes Unciear| No Yes No
Hutchings M, Fields PA, et
al: Ann Oncol 16.1574-1523,

005)

Fruchart et al (Fruchart C, Yes Yes MNo Yesn Yes No Yes
Raman O, Le Stang N, et al
Leuk Lymphoma 47.2547-
2557, 2006)

Cueraliou et al (Quersliou S, Yes Yes Yes Unclearf No No Unclear
Valette F, BodetrMilin C, et
al: Ann Hemamol BS:759-767,
2008)

Ng et al (Ng AP, Wirth A, Na Nok Unciear Unclear] Unclear No No
Seymour JF, et al! Leuk
Lymphoma 48 586-600,
2007

Abbrewiatons DLBCL, dittuse large B-call ymphoma, HL, Hodgkin's hymphoma, QUADAS, quality assessment tool of dagnostic accuracy studies

Scorad ss “unclear” if alternative critenon was applied, none of these studies specified mummum follow-up penod for continuous remission or reported the data
on censoring withim a year

1Scored as "no” if alternative critetion was appled. afl these studies exphctly reported a1 least one patent without treatment falure censored within a yeal

TOue imteun PET scan resull was used to deterrine hinal chnical sutcome because biopsy could not be perforrned,

SAI these studies dd not expiicitly report the use of the standard guidelmes, howewar, they actually empioyed them per unpublished data

JAll these studies did no? exphicitly fepor the blindng of clinicians to intenm PET scan; however, the scan resufts weare timely made availlable to treating physicans
pel unpublished data

fintenm PET scan was not usedq al least 10 alter tha praplanned treatment strateqy including adjuvant involved-tiald radiation or ligh-tose chemothemapy although
tne biinding of tresting physicians 10 the resuits was enher unciear of unempioyed

#interm PET scan results were explictly exciuded from clinical data with which treating ohys:cians made chnical decision

wWww, ooy © 2009 by Ameican Sooety of Chncll Oncology 17
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Teble AS Study Results of PET for Intenm Response Assessment of Mahgnant Lymphoma

Sty

Yot

Tata
No

Crude Cummuiatee
inGadence of Treatment

Fadure (%i

During
Tharaoy

=1

Entita
Yest Fallow-Up

Cruoe

Incusence
of Lots 1o
Foliow-Up

< 1 Yot
1%

Timatrmant Fadure (No |

PET Fosive PET MAU

PET Negative

During
Thataoy

Post Post Post Continung

Thermoy' Theapy' Theraoy

Ferusson iNo |

No of Cansored
Panents = 1 Year

Duning Dunng FET  PET

FET

PET PET

PET

Earty Late Therapy Early Late Therapy Early Late Fostve MAU Negative Fositve MRU Negatre

Advanced-stage HL

Fredberg at sl
(Fredberg JW.
Fischman A,
Meuberg D, et al
Louk Lymphoma
45:85-82, 2004)

Hutchings a1 ol
[Hutchings M,
Mikchassl NG,
Fiaids PA, wt al
Ann Oncol 16
1160-1168.
2005}

Gallarruni et ol
{Caliamini A,
Rigace: L. Moril
F.etol
Haematolog-ca
91:475-481
2006)

Hutchings et al
{Hunchings M,
Lot A, Hensan
M. ot al: Blood
107:52-59, 2006)

Kostakogiu ot al
IKostakoghu L.
Goldsmth 5,

PL, Tani M, Fanu
S, o1 8l Ann
Oncol 171296
1300, 2006)

Gaslarrun et ol
(Ganarrni A,
Hutchings M,
Fagace: L, et at
J Cn Oneol 25
37483752
2007}

DLBCL

Scaenen et 8l
(Sosepen K
Stroobamts S
Dupont P, et al
Ann Oncol 13
13561363,
2002y

Haun et al
Hagun C. tm E
Ranmoum A et
s Biood 106
13761381
20051

2004

2005

1008

2008

2006

Zinzand et al @inzani 2006

2007

2002

2

28

A6

40

NA

HR

NA

NA

26

3

NA

NR

23

32

28

47

ki ]

NA

NR

NR

NA

NA

NR

NR

NR

NR 41 = — — NR MR It 1

NR 201 = - = NA NA 2 4]

NR 207 . — — NR NR 12t WM

loantinued on (olowang pagel

n

2B

NR

NR

NR

NE

NR

NR

NA

MR

MR
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Interim FDG-PET for Advanced-Stage ML and DLBCL

Tabls AS Study Results of PET for Imenm Responss Assessment of Mabgnant Lympnoma (continued)

Sruay

| Dutng =<0

Crude Curnmuistve
ncxdence of Trestment
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Definition, Prognostic Factors, Treatment, and Response
Criteria of Adult T-Cell Leukemia-Lymphoma: A Proposal
From an International Consensus Meeting

Kunihiro Tsukasaki, Olivier Hermine, Ali Bazarbachi, Lez Ratner, Juan Carlos Ramos, William Harrington Jr,
Deirdre O’Mahony, John E. Janik, Achiléa L. Bittencourt, Graham P. Taylor, Kazunari Yamaguchi,
Atae Utsunomiya, Kensei Tobinai, and Toshiki Watanabe

A B S TR AUCT

Adult T-cell leukemia-lymphoma (ATL) is a distinct peripheral T-lymphocytic malignancy associated
with a retrovirus designated human T-cell lymphotropic virus type | (HTLV-1). The diversity in
clinical features and prognosis of patients with this disease has led to its subclassification into the
following four categories: acute, lymphoma, chronic, and smoldering types. The chronic and
smoldering subtypes are considered indolent and are usually managed with watchful weiting until
disease progression, analogous to the management of some patients with chronic lymphoid
leukemia (CLL) or other indolent histology lymphomas. Patients with aggressive ATL generally
have a poor prognosis because of multidrug resistance of malignant celis, a large tumor burden
with multiorgan failure, hypercalcemia, and/or frequent infectious complications as a result of a
profound T-cell immunodeficiency. Under the sponsorship of the 13th International Conference on
Human Retrovirology: HTLV, a group of ATL researchers joined to form a consensus statement
based on established data to define prognostic factors, clinical subclassifications, and treatment
strategies. A set of response criteria specific for ATL reflecting a combination of those for
lymphoma and CLL was proposed. Clinical subclassification is useful but is limited because of the
diverse prognosis among each subtype. Molecular abnormalities within the host genome, such as
tumor suppressor genes, may account for these diversities. A treatment strategy based on the
clinical subclassification and prognostic factors is suggested, including watchful waiting approach,
chemotherapy, antiviral therapy, allogeneic hematopoistic stem-cell transplantation (alloHSCT),
and targeted therapies.

J Clin Oncol 27:453-459. @ 2008 by American Society of Clinical Oncology

marrow involvement,'” high interleukin-5 serum

Adult T-cell leukemia-lymphoma (ATL) isa distinct

peripheral T-lymphocytic malignancy associated
with a retrovirus designated human T-cell leukemia
virus type 1 or human T-cell lymphotropic virus
type 1 (HTLV-1)."* We recommend following the
WHO dlassification of ATL published in 2001.*

Major prognostic indicators™® for ATL have been
elucidated in 854 patients; advanced performance
status (PS), high lactic dehydrogenase (LDH)
level, age = 40 years, more than three involved
lesions, and hypercalcemia® are prognostic factors
that have been identified by multivariate analysis.
These factors were used to construct a risk model.®
Additional factors associated with poor prognosis
indude thrombocytopenia,” eosinophilia,'® bone

=15

level,'* C-C chemokine receptor 4 expression,'
lung resistance-related protein,'* p53 mutation,"
and p16 deletion.” For the chronic type of ATL, high
LDH, high blood urea nitrogen, and low albumin
levels have been identified as poor prognostic factors
by multivariate analysis.” Univariate analysis has re-
vealed that neutrophilia,'’ p16 deletion,” and chro-
mosomal deletion detected by comparative genomic
hybridization'® are associated with poor prognosis
in chronic ATL. In contrast, chronic lymphoid leu-
kemia (CLL)-like morphology of ATL cells was as-
sociated with longer transformation-free survival of
chronic ATL." Primary cutaneous tumoral type,
although generally included among smoldering
ATL, was a poor prognostic factor by univariate
analyses.'® A combination of these and more novel
prognostic factors may be superior to elucidate bet-
ter risk ATL groups for stratification of treatment
decision than the Shimoyama criteria, which stratify
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