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Abstract

A persistently positive positron emission tomography (PET) scan during therapy for diffuse large
B-cell lymphoma (DLBCL) is predictive of treatment failure. A response-adapted strategy
consisting of an early treatment change to four cycles of R-ICE (rituximab, ifosfamide,
carboplatin, etoposide) was studied in the Eastern Cooperative Oncology Group E3404 trial.
Previously untreated patients with DLBCL stage 111, 1V, or bulky I, were eligible. PET scan was
performed after 3 cycles of R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisone) and scored as positive or negative by central review during the fourth cycle. PET-
positive patients received 4 cycles of R-ICE, PET-negative patients received 2 more cycles of R-
CHOP. A =245% 2-year progression-free survival (PFS) for mid-treatment PET-positive patients
was viewed as promising. Of 74 patients, 16% were PET positive, 79% negative. The PET
positivity rate was much lower than the 33% expected. Two-year PFS was 70%; 42% (90%
confidence interval [CI], 19-63%) for PET-positives and 76% (90% CI 65-84%) for PET-
negatives. Three-year overall survival (OS) was 69% (90% CI 43-85%) and 93% (90% CI
86-97%) for PET-positive and —negative cases, respectively. The 2-year PFS for mid-treatment

Correspondence: Dr L J Swinnen, Department of Oncology, Johns Hopkins University, 1650 Orleans Street, Baltimore, MD 21231,
USA, Tel: +1 410 614-6398, Fax: +1 410 955-1969, Iswinnel@jhmi.edu.

Author contributions: Lode J. Swinnen: performed the research, designed the research study, analysed the data, wrote the paper
Hailun Li: designed the research study, analysed the data, contributed to the writing of the paper

Andrew Quon: central radiology reviewer, designed the research study, analysed the data, contributed to the writing of the paper
Randy Gascoyne: central pathology reviewer, contributed to the writing of the paper

Fangxin Hong: designed the research study, analysed the data, contributed to the writing of the paper

Erik A. Ranheim: performed the research, contributed to the writing of the paper

Thomas M. Habermann: performed the research, contributed to the writing of the paper

Brad S. Kahl: performed the research, analysed the data, contributed to the writing of the paper

Sandra J. Horning: designed the research study, analysed the data, contributed to the writing of the paper



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Swinnen et al.

Page 2

PET-positive patients intensified to R-ICE was 42%, with a wide confidence interval due to the
low proportion of positive mid-treatment PET scans. Treatment modification based on early PET
scanning should remain confined to clinical trials.
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Introduction

Only a proportion of patients with diffuse large B-cell lymphoma (DLBCL) will be cured
with the currently standard R-CHOP regimen (rituximab, cyclophosphamide, doxorubicin,
vincristine, prednisone) as first-line therapy (Coiffier et al, 2002;Coiffier, 2003;Habermann
et al, 2003). Although many trials of early dose intensification strategies have been
conducted, results have been variable and it has been difficult to perceive any overall
benefit. However, it has been a recurring observation that any benefit from early treatment
modification and intensification applies mainly to the prognostic groups at highest risk for
relapse (Haioun et al, 2000;Milpied et al, 2004;Stiff et al, 2013). Several dose-
intensification strategies, with or without autologous stem cell transplant, have been studied
(Pfreundschuh et al, 2004;Haioun et al, 2000;Milpied et al, 2004). The most established
approach to DLBCL patients who have relapsed after initial therapy has been salvage
chemotherapy with regimens that differ significantly from the initial induction regimen.
Platinum-containing combinations, such as DHAP (dexamethasone, cytarabine, cisplatin),
ESHAP (etoposide, methylprednisolone, cytarabine, cisplatin) and ICE (ifosfamide,
carboplatin, etoposide), have been shown capable of inducing a second remission. With the
addition of rituximab to the ICE regimen (R-ICE), a 53% second complete remission rate
has been reported in such patients (Kewalramani et al, 2004). Long-term disease-free
survival without additional therapy has been described for relapsed patients treated with
ESHAP (Velasquez et al, 1994). Although such salvage regimens are principally used as a
prelude to high-dose therapy and stem cell rescue, their activity against relapsed disease
makes them attractive for incorporation into the initial treatment regimen. A more
individually accurate prognostic indicator than the International Prognostic Index (IPI)
would allow the selection of high-risk patients for treatment modification, while reducing
the likelihood of exposing those patients who would have done well with R-CHOP to
unnecessary toxicities.

Early studies of positron emission tomography (PET) scanning after just a few cycles of
therapy suggested that such imaging was a sensitive marker of the rate of tumour response
and a strong indicator of ultimate outcome, and has been found to be prognostically
significant across IPI subsets (Spaepen et al, 2002;Kostakoglu et al, 2002;Jerusalem et al,
1999;Juweid et al, 2002;Haioun et al, 2003;Spaepen et al, 2001). The current study was
undertaken with the hypothesis that the results of a mid-treatment PET scan, dichotomized
as negative or positive, could be used to select patients at high-risk of relapse for response-
adapted treatment modification. Based on the existing data at the time, it was estimated that
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the PET scan remains positive after 2 to 4 cycles of therapy in approximately one third of
patients with DLBCL, and that 2-year progression-free survival (PFS) for such patients was
25% or less. Studies prior to 2006 generally did not use standardized interpretation criteria.
Although early introduction of an alternative treatment has often implied high-dose therapy
and autologous stem cell transplantation, a more practical, less toxic, and as yet little-
explored approach would be early conversion to a regimen typically used as salvage therapy
for relapsed disease. R-ICE was selected as a very active salvage regimen with a favourable
non-haematological toxicity profile. It was hypothesized that early introduction of an
alternative treatment with four cycles of R-ICE would reduce the relapse rate of patients
with a persistently positive PET scan after an initial 3 cycles of R-CHOP.

Study Design

Informed consent was required. A pre-treatment PET scan was performed as part of the
initial assessment. All patients then received 4 cycles of R-CHOP chemotherapy, consisting
of rituximab 375 mg/m? iv, cyclophosphamide 750 mg/m? iv, doxorubicin 50 mg/m? iv,
vincristine 1.4 mg/m? iv (max 2 mg), all on day 1, and prednisone 100 mg/m?2po days 1 to 5
of a 21-day cycle. The mid-treatment PET scan was performed during cycle 3 between days
11 and 20. Treatment after cycle 4 was based on the result of the central review of the mid-
treatment PET scan, which was available prior to the start of cycle 5. Patients whose PET
scan was interpreted as negative received two more cycles of R-CHOP for a total of 6
cycles.

Patients whose PET scan was interpreted as positive received no further R-CHOP, but
received 4 cycles of R-ICE instead, for a total of 8 cycles of treatment (4 cycles R-CHOP
plus 4 cycles R-ICE). R-ICE consisted of rituximab 375 mg/m? iv day 1, ifosfamide 5000
mg/m? iv over 24 h day 2, carboplatin calculated on a target area under the concentration
versus time curve of 5 mg/ml/min (max 800 mg) iv day 2, etoposide 100 mg/m? iv days 1-3,
MESNA 5000 mg/m? iv over 24 h day 2 and filgrastim 5 pg/kg/day sc day 4 until neutrophil
recovery. PET/computerized tomography (CT) was performed again at the end of treatment.
Follow up visits and CT imaging were performed every 4 months for the first 2 years, then 6
monthly to 5 years, and yearly without routine imaging after that.

Eligibility criteria

Previously untreated patients between the ages of 18 and 70 years with DLBCL stage I11, IV
or bulky stage Il (bulky defined as any lesion = 10 cm) were eligible. A histological
diagnosis with central pathology review and measurable disease defined by CT imaging
were required. Other eligibility criteria included adequate organ reserve, defined as absolute
neutrophil count = 1.5 x 1091, platelet count > 100 x 1091, creatinine < 176.8 pmol/l, total
bilirubin < 34.2 umo/l (< 51.3 umol/l if due to liver involvement), documentation of left
ventricular ejection fraction > 50% in patients over 50 years of age and Eastern Cooperative
Oncology Group (ECOG) Performance Status < 3. Exclusion criteria included positivity for
human immunodeficiency virus, pregnancy or breastfeeding, primary large B-cell
mediastinal lymphoma, primary central nervous system lymphoma, primary testicular
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diffuse large B-cell lymphoma, immunodeficiency-related lymphomas and prior
malignancy, unless in situ or treated with curative intent at least 5 years prior to enroliment.

PET scan interpretation

Submission of all PET scans for central review was required. The pre-treatment and mid-
treatment PET scans were reviewed and a positive or negative interpretation was assigned to
the mid-treatment scan by the single central reviewer. This interpretation took place during
the fourth cycle of R-CHOP chemotherapy, with scoring as outlined in Table I. Specifically,
the protocol specified a binary visual interpretation, which the central reviewer based on
modifications of the International Harmonization Project (Juweid et al, 2007), customized
for ECOG E3404 interim scans and deemed the “ECOG criteria”: (1) only sites of
abnormality at baseline were evaluated; (2) abnormal activity required both a focal
appearance and intensity greater than average liver; (3) all positive nodal sites had to have
an anatomic correlate; (4) activity in bone marrow and spleen was considered abnormal only
if focal and clearly discernible; (5) symmetric abnormal foci in the mediastinum and hilum
were considered abnormal only if the remainder of the scan was positive; and (6) new foci
were considered positive only if the remainder of the scan was positive or a new lesion was
focal, very intense and associated with a lesion on CT. All of the mid-treatment PET scans
were centrally reviewed. Institutional results were used for 6 of 70 end-of-treatment PET
scans because images could not be acquired for central review.

Statistical methods

The primary endpoint was the 2-year PFS for patients who remained PET-positive after 3
cycles of R-CHOP and were then treated with 4 cycles of R-ICE. PFS was defined as time
from study entry to disease progression or death, whichever came first. The non-promising
2-year PFS rate was considered to be 25% and the promising rate 45%. A one-stage design
with 33 PET-positive eligible patients was planned, in order to have 88% power to detect a
difference in 2-year PFS of 25% vs. 45%, with one-sided alpha of 0.1. The 80% confidence
interval (Cl) of 2-year PFS that corresponded to a test with a one-sided alpha of 0.1 was
calculated. The treatment would be considered promising if the 80% CI excluded the non-
promising rate of 25%. It was expected that 33% of patients would be PET-positive after 3
cycles of R-CHOP, so the planned total accrual was 99 patients. Overall survival (OS) was a
secondary endpoint, and was defined as the time from study entry until death from any
cause. The PFS and OS in subgroups of patients who were PET-positive and PET-negative
at mid-treatment PET scan were calculated from the time of mid-treatment PET and from
study entry (separate analysis). As post-hoc analyses, the negative predictive value (NPV) of
the mid-treatment PET scan and the concordance of responses, as determined by CT alone,
with PET scan was also evaluated. NPV of the PET scan was defined as the proportion of
patients with a negative scan result who remained progression-free at 2 years.

CT response was assessed using The International Working Group response criteria (Cheson
et al, 1999), which are based on CT only. Exact binomial confidence intervals were used to
describe response rates. All confidence intervals reported are two-sided. Toxicities were
assessed using the National Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0. The method of Kaplan and Meier (Kaplan & Meier, 1958)
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was used to characterize PFS and OS. The Fisher-Freeman-Halton test was used to compare
the NPV of PET scan among different IPI risk groups. Mid-treatment response, PFS and OS
for the entire cohort were analyzed based on all eligible and treated patients (n=80). End-of-
treatment response, PFS and OS, based on mid-treatment PET results, were analyzed based
on eligible patients proceeding to further therapy after the fourth cycle of R-CHOP (n=74).
All analyses were done with SAS 9.2 (SAS Institute Inc., Cary, NC, USA). Figures were
drawn using R 2.11.1 (http://www.r-project.org/).

Patient characteristics

The study was activated on 7 April 2006 and was terminated on 5 August 2009. Final
accrual was 100 patients. Data as of 19 June 2013 are reported, with median follow-up of
4.6 years. Tissue was submitted for central pathology review for 80 patients (80%), of whom
66 were confirmed to be DLBCL. Institutional pathology reports were reviewed centrally for
the 20 cases for whom no or inadequate tissue had been submitted; in 15 of these cases it
was concluded that the diagnosis was indeed most probably DLBCL and those cases were
considered to be eligible. One patient, although DLBCL on subsequent central review, did
not start protocol treatment because of institutional uncertainty over the diagnosis and was
excluded from the analysis. A total of 80 patients were classified as eligible and treated, and
are included in the analysis.

Table Il shows patient characteristics at the time of study registration. Of the 80 eligible and
treated patients, 58% were male, 91% were white and the median age was 62 (range, 20-74)
years. Most patients had stage I11/1V disease (90%). IPI distribution was: 14% low risk
(0-1), 31% low/intermediate risk (2), 36% intermediate/high risk (3) and 19% high risk
(4-5).

Treatment compliance

Response

Among 80 eligible and treated patients, 76 (95%) completed 3 cycles of R-CHOP, and had a
mid-treatment PET scan that was centrally reviewed. Figure 1 shows patient flow and the
reasons for going off-treatment. Among the 74 eligible patients proceeding to treatment
beyond cycle 4 of R-CHOP, 68 (92%) completed protocol treatment. This included 10
(77%) patients assigned to R-ICE and 58 (95%) patients assigned to further R-CHOP. Three
patients assigned to R-1CE went off treatment due to adverse events, patient withdrawal and
other complicating disease, respectively. Three patients assigned to further R-CHOP did not
complete treatment due to disease progression, death on study and alternative therapy,
respectively.

Mid-Treatment—The mid-treatment PET scan was available for central review for 76 of
the 80 (95%) eligible patients and was scored as negative in 63 (79%) and positive in 13
(16%). The mid-treatment PET positivity rate was only approximately half of what had been
expected, and of what the statistical design required. Mid-treatment response was also
determined by CT alone. Among the 80 eligible patients there were 21 (26%) complete
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responses (CR), 20 (25%) unconfirmed CR (CRu), 30 (38%) partial response (PR) and 2
(3%) stable disease (SD). Seven patients (9%) were inevaluable for response because of:
early treatment discontinuation (4); no CT scan (1); insufficient measurements on CT scan
(2). The CR+CRu rate was 51% (41/80; 90% ClI, 41-61%). Overall response rate (ORR) was
89% (71/80; 90% CI, 81-94%). Table Illa shows the mid-treatment response by CT criteria
and the mid-treatment PET result.

End of Treatment—Seventy-four patients were eligible for subsequent treatment
following initial R-CHOP. End-of-treatment PET scan was done in 70 (95%) patients, and
submitted for central review for 64 (86%) patients. For those whose scan was done but not
submitted for central review, institutional results were used for the analysis. Results are
summarized in Table I11b. End-of-treatment PET scan was positive in 10 (14%), negative in
60 (81%) and not done in 4 (5%). Of the 13 mid-treatment PET-positive patients, 4
remained PET-positive at the end of treatment. Of the 61 mid-treatment PET-negative
patients, 6 had become PET-positive at the end of treatment. When assessed by CT criteria
only, there were 48 (65%) CR, 13 (18%) CRu, 5 (7%) PR, 7 (9%) PD, and 1 inevaluable for
response. CR+CRu rate was 82% (61/74; 90% CI, 74-89%), ORR was 89% (66/74; 90% ClI,
81-95%).

Progression-Free Survival—Figure 2a shows PFS from study entry for all eligible and
treated patients. Median PFS has not been reached. Two-year PFS was 70% (90% ClI,
60-78%), 3-year PFS was 69% (59-77%) and 4-year PFS was 64% (90% CI, 53-73%).
Among the 13 patients who were scored as mid-treatment PET-positive, 2-year PFS from
study entry was 42% (80% ClI, 24-59%). The 80% CI included the null hypothesis of 25%,
implying that the results did not meet the pre-specified criteria for concluding that the study
regimen was promising, realizing that only 13 mid-treatment PET-positive patients were
accrued, not the 33 required for this analysis.

Figure 2b shows PFS from the time of the mid-treatment PET scan, according to mid-
treatment PET results. Median PFS was 17 months for PET-positive patients, from the time
of mid-treatment PET (19 months from study entry), and has not been reached for PET-
negative patients. Two-year PFS was 42% (90% CI, 19-63%) for PET-positive patients and
76% (90% Cl, 65-84%) for PET-negative patients. Table IV shows the 2-, 3- and 4-year PFS
for all eligible and treated patients as well as by group according to mid-treatment PET
results. Among the 7 patients who were mid-treatment PET-positive and converted to end-
of-treatment PET-negative, 3 progressed within 2 years and 4 remained in remission at 2
years.

Overall Survival—Figure 3a shows the overall survival (OS), from the time of study
entry, for all eligible and treated patients. Median survival has not been reached. Figure 3b
shows the OS from the time of the mid-treatment PET scan, according to mid-treatment PET
results. Two-year OS among all eligible patients was 90% (90% CI 83-94%), 3-year OS
89% (90% CI 81-93%) and 4-year OS 86% (90% CI 78-91%). Among mid-treatment PET-
negative patients, 2-year OS was 93% (90% CI 86-97%), 3-year OS 93% (90% CI 86-97%),
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4-year OS 90% (90% CI 81-95%) and 5-year OS 77% (90% CI 49-91%). Among mid-
treatment PET-positive patients, 2-year OS was 77% (90% CI 51-90%), 3-year 69% (90%
Cl 43-85%) and 4-year OS 69% (90% CI 43-85%), as shown in Table V.

Negative Predictive Value of the Mid-Treatment PET Scan and End-of-Treatment PET Scan

Toxicity

The negative predictive value (NPV) of a mid-treatment PET scan was defined as the
proportion of patients with a negative scan result who remained progression-free at 2 years.
Out of the 57 mid-treatment PET-negative patients who had known 2-year PFS status (i.e.,
not censored before 2 years), 43 remained progression-free at 2 years. The NPV for mid-
treatment PET was 75% (43/57; 90% CI of 64-84%). Out of the 57 end-of-treatment PET-
negative patients who had known 2-year PFS status (i.e., not censored before 2 years), 45
remained progression-free at 2 years. The NPV for end-of-treatment PET was 79% (45/57;
90% ClI, 68-87%). NPV did not vary according to IPI risk group (p=1.0 and 0.89 for mid-
treatment PET and end-of treatment PET, respectively) as shown in Tables VVa and Vb,
indicating that at either time point among PET-negative patients, IPI risk at study entry was
not associated with PFS status at 2 years.

There was no unexpected toxicity during the initial 4 cycles of R-CHOP. Table VI shows
the distribution of toxicities for subsequent therapy, separating those patients who received 4
cycles of R-ICE from those receiving a further 2 cycles of R-CHOP. Toxicities were
primarily haematological, and as expected for these regimens. There was one death, from
bowel perforation and neutropenic sepsis, in the R-CHOP group.

Discussion

We report the results of a multi-centre prospective phase Il trial of the early introduction of
alternative treatment, consisting of four cycles of R-ICE, in patients with previously
untreated DLBCL whose PET scan remained persistently positive after an initial 3 cycles of
R-CHOP. The primary endpoint of the study was the 2-year PFS in such patients,
considering an improvement to 45% from an estimated less than 25% to be promising. The
2-year PFS was 42%, but conclusions are limited by the fact that only 13 patients (rather
than the projected 33) had mid-treatment PET-positive imaging. Although considered, study
accrual was not expanded to obtain the required number of mid-treatment PET-positive
patients, mainly because of concerns over the prognostic accuracy of early PET scanning in
DLBCL and over the inter-observer reproducibility of the dichotomous scoring of such
scans as positive or negative.

Given the lower than expected rate of mid-treatment PET positivity seen in our study, a
panel of three expert nuclear medicine reviewers was convened to re-interpret the first 38
mid-treatment scans obtained from the trial. The binary ECOG study criteria, which were
modifications of the Harmonization Criteria and the London criteria, were applied (Juweid
et al, 2007). Of 38 interim scans, agreement was complete in 68% and 71% by ECOG and
London criteria, respectively. The range of PET positivity on the interim scans varied from
16% to 34% depending on the reviewer. Only moderate consistency was observed among
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reviewers upon statistical analysis. In 1/3 of cases, interpretations were discrepant among
reviewers, using either criteria; when those cases were re-examined by all the reviewers
together, no consensus could be reached in three quarters of the discrepant cases. (Horning
et al, 2010) Those results, as well as more recent reports (Mylam et al, 2014), highlight the
need for more consistent and accurate scoring systems, and significant effort has recently
been devoted to the development of more quantitative interpretation algorithms. (Itti et al,
2013;Meignan et al, 2014)

During the course of the trial, several small studies examining the prognostic value of early
PET scan reported 2-year PFS of 17 to 34% for patients scored as positive (Spaepen et al,
2002;Mikhaeel et al, 2005;Haioun et al, 2005;Fruchart et al, 2006;Kostakoglu et al,
2006;Querellou et al, 2006;Ng et al, 2007; Terasawa et al, 2009). NPVs of 73-86% 2-year
PFS have been reported, with less consistent Positive Predictive Values (PPVs) of 18-74%
(Barrington et al, 2014;Yang et al, 2011;Zinzani et al, 2011;Pregno et al, 2012;Safar et al,
2012;Micallef et al, 2011;Itti et al, 2013;Cashen et al, 2011;Y 00 et al, 2011;Yang et al,
2013). Quantitative assessment of reduction in maximum standardized uptake value
(SUVmax) after 4 cycles of therapy from baseline values has been explored. Using what was
calculated to be an optimum cut-off of 72.9% reduction in SUV .y , 2-year event-free
survival was 79% in patients with more than, and 32% in those with less than, this amount
of reduction. (Itti et al, 2009) The timing of the interim PET scan in our trial was chosen
based on data available at the time. The majority of patients studied had received three or
four prior cycles of treatment, and concerns had been raised over false positive results if the
scan was performed after only 2 cycles. As much time as possible was placed between the
most recent chemotherapy administration and the interim PET, in order to avoid the”
stunning effect” of chemotherapy as much as possible, while still allowing a practical time
window for the scan and never delaying the start of the next scheduled cycle. Over multiple
studies, using a variety of interpretation techniques, the NPV of interim PET in DLBCL has
consistently been more reliable than its PPV. It is however the PPV that is most relevant to
attempts at selective dose-intensification.

The efficacy of dose-intensification also remains unclear (Stiff et al, 2013). Although the
overall outcomes of the current trial and of a study in which all but a few patients received
R-CHOP followed by R-ICE were excellent (Moskowitz et al, 2010), it cannot be concluded
from these trial designs that the addition of R-ICE improved the outcome. The results of a
trial with a very similar design to our E3404 study, reported in abstract form (Sehn et al,
2014) are very comparable to our results. The trial design differed in that interim PET was
performed after 4 rather than 3 cycles of R-CHOP, Harmonization criteria were used for
PET interpretation and consolidative irradiation was allowed. Interim PET-negative patients
had an excellent result, while PET-positive patients fared considerably less well. Although
the 4-year PFS of 59% was believed to compare favourably to historical data, 78% of
interim PET-positive patients progressed through or remained PET-positive after four cycles
of R-ICE. Despite variability in PET interpretation, it does appear that patients with a
positive mid-treatment PET have a less favourable outcome, not or not fully overcome by
treatment intensification, and indicative of innate or early acquired resistance to
chemotherapy. In order to further explore the concept of response-adapted therapy in
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DLBCL, more standardized and reproducible image interpretation, and a clearer
understanding of what the true PPV of the test is, will be needed. Specific issues that need to
be addressed include the criteria used for PET interpretation, whether qualitative,
quantitative or a combination of such criteria, in order to achieve greater reproducibility of
readings; clearer data on the natural history of a positive or negative scan without treatment
modification; and the optimum timing of interim scanning. At present, we would conclude
that treatment modification in DLBCL based on early PET scan should remain confined to
clinical trials.
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N=100
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Path ineligible N=19
Never started treatment N=1

Eligible and started initial R-CHOP

N=80

i

Adverse events N=1

Patient withdrawal N=1

Other complicating disease N=1
Lost to follow-up after cycle 1 N=1

Completed 4 cycles of R-CHOP

N=76

N=13

Mid-treatment PET +

N=13

Eligible for subsequent treatment

Adverse events N=1
Patient withdrawal N=1
Other complicating disease N=1

Mid-treatment PET —
N=63

| Patient withdrawal N=1
Ineligible (no CT scan after cycle 3) N=1

Eligible for subsequent treatment

N=61

Death N=1
Progressive Disease N=1
Alternative therapy N=1

Completed 4 cycles of R-ICE
N=10

Completed 2 more cycles of R-CHOP
N=58

Figure 1. Patient Flow Chart

CT, computerized tomography; PET+,; PET-, negative result on positron emission

tomography; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone;
R-ICE, rituximab, ifosfamide, carboplatin, etoposide.

Br J Haematol. Author manuscript; available in PMC 2016 July 01.




1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Swinnen et al.

SYIUOW

Page 14

Progression—Free Survival Probability

0.0 0.2 0.4 0.6 0.8 1.0

o _ | | | | | |

cl

144

o€

Figure 2a. Progression-free survival for all eligible and treated patients
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Figure 2b. Progression-free survival by mid-treatment positron emission tomography (PET)
scan (from time of mid-treatment PET scan)
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Figure 3a. Overall survival among all eligible and treated patients
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Figure 3b. Overall survival by mid-treatment positron emission tomography (PET) scan (from
time of mid-treatment PET scan)
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Table |
Scoring system for interpretation of the mid-treatment PET scan
NEGATIVE
0 no abnormal activity (tumour cold compared with background)
1+ minimal activity (tumour less than surrounding tissue)
2+ equivocal (tumour = surrounding tissue)
POSITIVE
3+ moderate activity (focal and tumour > liver)
4+ strong activity (focal and tumour >> liver)
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Table Il
Patient char acteristics

Number of eligible and treated patients included in primary analysis 80

Age, years
Median (Range) 62 (20-74)
Gender
Male 46 58
Female 34 43
Race
White 73 91
Black 2 3
Orient 3 4
Institution refusal/unknown 2 3

National Cancer Institute Ethnicity

Hispanic or Latino 4 5
Non-hispanic 68 85
Institution refusal/unknown 8 10

Modified Ann Arbor Stage at Study Entry

H/1E 8 10
HI/HIE/NS 30 38
\Y 42 53

Eastern Cooperative Oncology Group Performance Status

0 42 53
1 29 36
2 8 10
3 1 1
Extra-Nodal Sites (n)
0 26 33
1 21 26
2 17 21
>2 16 20

Bone Marrow Involvement

Yes 13 16

No 67 84
B Symptom

Yes 23 29

No 57 71

Any Lymph Node or Aggregate with Diameter > 10cm?

Yes 26 33
No 51 64
Unknown 3 4
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N %

International Prognostic Index (IPI)
Low risk (0-1) 11 14
Low/intermediate (2) 25 31
Intermediate/high risk (3) 29 36
High risk (=4) 15 19
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Table llla
Mid-Treatment Response by CT and PET scan
PET scan
Response by CT only Not done  Positive  Negative Total
Complete Response 0 0 21 21 (26%)
Complete Response uncertain 0 7 13 20 (25%)
Partial Response 0 6 24 30(38%)
Stable Disease 0 0 2 2 (3%)
Inevaluable 4 0 3 7 (9%)
Total 4(5%) 13(16%) 63(79%) 80 (100%)
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Table llIb
End-of-Treatment Response by CT and PET scan
PET scan
Response by CT only Not done  Positive  Negative Total
Complete Response 2 3 43 48 (65%)
Complete Response uncertain 0 2 11 13(18%)
Partial Response 1 0 4 5 (7%)
Progressive Disease 0 5 2 7 (9%)
Inevaluable 1 0 0 1 (1%)
Total 4(5%) 10(14%) 60 (81%) 74 (100%)

CT, computerized tomography; PET, positron emission tomography
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Survival Probabilities by Mid-Treatment PET

Mid-Treatment
PET-positive
(n=13)

Mid-Treatment
PET negative
(n=61)

PFS* (90% Cl)
2-year

3-year

4-year

0s* (90% CI)
2-year

3-year

4-year

0.42 (0.19-0.63)
0.33 (0.13-0.55)
0.33 (0.13-0.55)

0.77 (0.51-0.90)
0.69 (0.43-0.85)
0.69 (0.43-0.85)

0.76 (0.65-0.84)
0.71 (0.59-0.80)
0.71 (0.59-0.80)

0.93 (0.86-0.97)
0.93 (0.86-0.97)
0.90 (0.81-0.95)

*
PFS and OS were calculated by group from the time of the mid-treatment PET scan.

PET, positron emission tomography; PFS, progression-free survival; OS, overall survival; 90% ClI, 90% confidence interval.
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Table Va
NPV of Mid-Treatment PET Accordingto I Pl Risk Group
IPI risk group Patients with negative mid- Patients progression-freeat 2years NPV of mid-Treatment PET Scan
treatment PET (N=43) (90% ClI)
(N=57)
Low (0-1) 11 8 73% (44-92%)
Low intermediate (2) 14 11 79% (53-94%)
High intermediate (3) 19 14 74% (52-89%)
High (4-5) 13 10 77% (51-93%)
Total 57 43 75% (64-84%)

*
Patients who were mid-treatment PET-negative and who had known 2-year progression-free survival status (i.e., not censored before 2 years)

were included in the table.
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Table Vb
NPV of End-of-Treatment PET Accordingto IPl Risk Group
IPI risk group Patients with negative end-of- Patients progression-freeat 2years NPV of end-of-treatment PET Scan
treatment PET (N=45) (90% ClI)
(N=57)
Low (0-1) 10 7 70% (39-91%)
Low intermediate (2) 16 13 81% (58-95%)
High intermediate (3) 19 15 79% (58-92%)
High (4-5) 12 10 83% (56-97%)
Total 57 45 79% (68-87%)

*
Patients who were end-of-treatment PET-negative and who had known 2-year progression-free survival status (i.e., not censored before 2 years)

were included in the table.

NPV, negative predictive value, PET positron emission tomography; IPI, International Prognostic Index
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Treatment-Related Toxicity for Subsequent Therapy Following Initial R-CHOP

Table VI

Toxicity (Grade 3/4)

PET-negative (R-CHOP)
(N=61)

PET-positive (R-1CE)
(N=13)

Anaemia 5% 54%
Neutropenia 15% 69%
Thrombocytopenia 5% 92%
Neutropenic fever 3% 0%
Nausea/Vomiting 0 8%
Fatigue 2% 8%
Death (n) 1 0

Page 26

PET, positron emission tomography; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone; R-ICE, rituximab, ifosfamide,

carboplatin, etoposide.
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