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Introduction:

Primary mediastinal (thymic) large B-cell lymphoma is a subtype of diffuse large B-cell
lymphoma with distinct clinical, molecular and genetic features, many of which overlap with
Hodgkin’s lymphoma. Increasingly, initial therapy for these patients has employed dose-dense
chemotherapy with or without radiation with excellent results. In patients with relapsed and
primary refractory disease, outcomes of second-line therapy followed by consolidation with high-
dose therapy and autologous stem cell transplantation remains largely undefined. We reviewed the
outcomes of sixty transplant-eligible patients with relapsed or refractory primary mediastinal
(thymic) large B-cell lymphoma enrolled on sequential protocols with uniform second-line therapy
with intent to consolidate with autologous stem cell transplant. The estimated 3-year overall and
event-free survivals for all patients are 61% and 57% respectively, and 68% and 65% respectively
for patients proceeding to stem cell transplant. Multivariable analysis of risk factors prior to
transplant revealed that an incomplete response to initial therapy, advanced Ann Arbor stage at
disease progression, and failure to achieve a partial remission or better to second-line therapy to be
independently associated with inferior event-free and overall survival. A risk score based on these
variables was able to identify patients who are unlikely to respond to conventional second-line
strategies. These results suggest that salvage chemoradiotherapy with intent of subsequent high-
dose therapy and autologous stem cell transplant is successful in the majority of patients with
relapsed and refractory primary mediastinal (thymic) large B-cell lymphoma. Alternative
strategies are warranted for a significant subset of patients with high-risk disease who are unlikely
to be cured with this strategy.

Introduction:

Primary mediastinal (thymic) large B-cell lymphoma (PMBL) is a subtype of diffuse large
B-cell lymphoma (DLBCL) with distinct clinical, molecular and genetic features. First
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identified as a unique entity in 1980 [1, 2], our understanding of PMBL continues to be
defined as new biologic insights are applied to the clinical treatment paradigm. PMBL
accounts for 6-13% of all DLBCL diagnoses and is recognized in both the Revised
European-American Classification of Lymphoid Neoplasms (REAL) and World Health
Organization (WHO) classifications as a distinct subtype of DLBCL [3, 4]. Manifesting with
a clinical presentation similar to that of Hodgkin lymphoma (HL) [5-7], it is now
demonstrated that this similarity extends to the molecular level based on gene expression
profiling revealing PMBL is more similar to HL than to DLBCL subtypes [8].

At Memorial Sloan Kettering Cancer Center (MSKCC), initial therapy for PMBL patients
treated on protocol has employed dose-dense chemotherapy with or without radiation (RT)
with excellent results [6]. In patients with relapsed and primary refractory disease, outcomes
of patients treated with second-line therapy (SLT) followed by consolidation with high-dose
therapy and autologous stem cell transplant (HDT/ASCT) remains largely undefined.
Available data suggests a clinical propensity for extranodal disease progression at the time of
relapse or primary refractory disease and published outcomes of patients treated with SLT
and HDT/ASCT are variable [9-11]. We report MSKCC’s experience with relapsed and
refractory PMBL patients who were subsequently treated with second-line therapy (SLT)
with intent to consolidate with HDT/ASCT. We assessed outcomes for these patients,
including event-free (EFS) and overall survival (OS), and evaluated the effect of key
clinicopathologic characteristics on outcomes.

Materials/Methods:

Patient Population:

Sixty transplant-eligible patients from 1989 to 2014 with PMBL who experienced disease
progression following front-line anthracycline-based chemotherapy were identified. PMBL
was defined based on previously reported clinical criteria [12]: 1) a diagnosis of diffuse
mixed cell, diffuse large cell or immunoblastic lymphoma by the haematopathology staff in
the Department of Pathology at MSKCC; 2) a B cell phenotype as determined by CD20
positivity and negative staining for T cell markers; and 3) a mediastinal mass of at least 5 cm
with or without contiguous extranodal or supraclavicular involvement with no concomitant
extra-mediastinal mass greater in size than the primary mediastinal lesion. Biopsy
confirmation of relapsed/refractory disease was required, per institution practice. Transplant
eligibility was determined by the treating oncologist. Approval for this retrospective review
was obtained from the Institutional Review and Privacy Board at MSKCC.

Eligibility for salvage therapy—All patients were staged according to standard Ann
Arbor criteria. All patients had adequate cardiac function (left ventricular ejection fraction >
50%) and renal function (serum creatinine < 1.5 mg/dL or creatinine clearance = 60 mL/min
or higher) to undergo platinum-based chemotherapy.

Salvage chemotherapy and response criteria—ICE chemotherapy was administered
as previously described, either with or without rituximab depending on the era of treatment.

[13, 14] Re-staging PET-CT or CT of the chest, abdomen, and pelvis was performed within

four weeks of completion of SLT. Response criteria were per the International
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Harmonization Project (IHP) when pre- and post- SLT PET were available, otherwise by the
sum of the product of the diameters (SPD) on CT scan as per the International Working
Group [15, 16] and were compared to the reference imaging study performed following
completion of first-line therapy.

High-dose therapy and autologous stem cell transplantation—~Patients deemed to
have chemosensitive disease by their treating oncologist were eligible for HDT/ASCT. All
patients undergoing HDT/ASCT were required to have adequate pulmonary function
(diffusion capacity greater than 50% of predicted) and liver function (serum bilirubin level
less than 2 mg/dL). The choice of the conditioning regimen depended on the patient’s age,
the extent of prior therapy, and the clinical trials active at the time of transplantation. Pre-
transplant radiotherapy (RT) was administered at the discretion of the primary physician and
was delivered to the involved and at-risk regions. Delivered radiation doses ranged from 25.2
to 45Gy.

The endpoints of interest, EFS and OS were assessed from the first day of SLT in the
intention-to-treat cohort and day of transplant for the transplanted subset analysis. EFS was
defined from the starting point until treatment failure, progression of disease, death from all
causes, toxicity from SLT or HDT/ASCT requiring treatment discontinuation, or secondary
malignancy, whichever came first, and patients who did not experience any of these events
were censored at the date of last follow-up. OS was defined from the starting point until
death, and patients who did not die during the study time were censored at the date of last
follow-up. Both endpoints were analyzed using the Kaplan-Meier method and Cox
proportional hazards models [17].

Factors known during or following SLT that were selected as possible prognostic indicators
of PFS or OS included: choice of initial treatment, primary treatment response (relapsed
disease vs. primary refractory disease, defined as failure to achieve a CR to front-line
therapy), rituximab with initial therapy, radiation treatment with initial therapy, age (younger
than 60 vs. 60 or older), Ann Arbor stage (I/11 vs. 111/1V), disease bulk (less than 10 cm vs.
10 cm or more in longest axis), LDH (normal vs. elevated), KPS (less than 80 vs. 80 or
greater), B symptoms, extranodal involvement, second-line IP1 score (low or low-
intermediate vs. high-intermediate or high), second line age-adjusted IPI (low or low-
intermediate vs. high-intermediate/high [18], choice of SLT, rituximab with SLT, radiation
treatment following SLT, and chemosensitivity to SLT (defined as CR or PR vs. SD or
POD).

Univariable Cox regression was conducted for OS in both ITT and transplanted cohorts
using factors known by the starting point of OS. Factors with a univariate p value <0.05
were considered for a multivariable Cox regression model. Clinical significance and ease of
practical use were considered when choosing which of the statistically significant factors to
include in the final model. Since all prognostic factors were categorical, patients were
grouped based on cross-classification of the factors in the final model and the OS were
compared among the groups of patients.
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All statistical tests were two-sided, and 5% was set as the level of significance. Statistical
analyses were performed using R 3.2.0 (R Development Core Team.

Patient Characteristics:

Second-line

Pre-SLT treatment characteristics of the sixty patients are shown in Tables 1 and 2. Median
age was 35 (range 19-68); 3 patients (5%) were older than 60. 18% of patients received
chemotherapy and radiation in the first-line setting whereas 84% received chemotherapy
alone. With respect to initial treatment response, 42% of patients had relapsed disease
whereas 58% had primary refractory disease. 60% of patients had stage | or Il disease at
time of progression while 40% had stage 111 or 1V disease. 30% of patients had extranodal
involvement. 50% of patients had bulky disease. The median time from initial diagnosis to
date of relapsed or refractory disease diagnosis was 6.9 months for all patients (range 0.1 —
3.1 years).

chemotherapy:

Second-line chemotherapy consisted of ICE (33%) and R-ICE (48%) in the majority of
cases. The overall response rate (ORR) to SLT was 65%, with 40% achieving a complete
response and 25% achieving a partial response. Patients with relapsed disease had a higher
overall response rate (80% vs. 54%, p = 0.02) and complete response rate (56 vs 29%, p =
0.02) as compared to patients with primary refractory disease. Patients with early stage
disease at time of disease progression had a higher complete response rate (53% vs 21%, p =
0.01) and trend towards higher overall response rate (72% vs 54%, p = 0.07) as compared
with patients with advanced stage disease at relapse.

Radiation therapy:

RT was delivered as a component of salvage therapy in all but 6 patients, who had received
prior RT as part of initial combined-modality therapy (Table 4). A single patient received
both RT in the upfront setting to the mediastinum and left supraclavicular fossa as well as in
the salvage setting to the lumbosacral spine as the RT fields did not overlap. Among patients
who were treated at MSKCC and had detailed RT fields available for review (n=51), median
RT dose delivered was 30Gy (range: 12Gy — 45Gy). The most common RT regimen (n=24)
was 30Gy in 20 twice-daily fractions immediately preceding ASCT. Seven patients received
>39.6Gy (range: 39.6Gy — 45Gy) to the mediastinum. Ten patients received 12 — 15Gy of
total body irradiation as a component of their RT plan and a single patient received 12Gy of
TBI alone.

HDT and ASCT—Fifty-one (85%) patients proceeded to consolidative autologous stem
cell transplant. Of the patients undergoing ASCT, thirty-eight (75%) had chemosensitive
disease with 45% achieving a CR and 29% achieving a partial response (PR). Six patients
with stable disease and seven patients with progression of disease proceeded to HDT/ASCT.
Only two of these thirteen patients remain alive at last follow-up. Both achieved a CR to
involved field radiotherapy following SLT failure and proceeded to ASCT thereafter. Only
one patient achieving a chemosensitive remission did not proceed to ASCT due to strong
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patient preference. This patient was treated with consolidative radiotherapy and remained
progression-free at last interim follow-up.

The characteristics and conditioning regimens for patients proceeding to HDT/ASCT are
listed in Table 3. The majority (92%) of patients received one of five conditioning regimens:
BEAM (carmustine, etoposide, cytarabine, melphalan) (57%), IE (ifosfamide, etoposide)
(10%), cyclophosphamide and etoposide (8%), CBV (cyclophosphamide, carmustine,
etoposide) (7%), or melphalan (5%). RT was administered to 46 (90%) of 51 transplanted
patients; of the 5 patients who did not receive pre-SCT RT, all had received radiation with
initial therapy and could not receive additional radiation to the mediastinum due to normal
tissue tolerances. Three deaths (5.8%) occurred within 100 days of stem cell reinfusion; one
due to neutropenic sepsis and multi-organ failure and two due to widespread progression of
disease. Notably, no patients in this cohort developed pneumonitis, either following
radiotherapy or following HDT/ASCT.

Nine patients completing second-line chemotherapy did not proceed to HDT/ASCT. One
patient with early-stage disease who had not been radiated with upfront therapy received
definitive radiotherapy and has remained progression free. A second patient has received a
checkpoint inhibitor and remains alive after eighteen months of follow-up. The remaining
seven patients have died with a median overall survival of less than one year from initial
relapse.

Overall and Progression-free Survival—Median follow-up for survivors was 4.8 years
(range 0.05 to 24.3). The estimated 3-year OS and EFS are 61% and 57% respectively
(Figure 1). With respect to patients proceeding to ASCT, median follow-up for survivors
from the date of SCT was 5.6 years (range 0.38 to 24.3 years). The estimated 3-year OS and
PFS of patients proceeding to transplant are 65% and 60% respectively (Figure 2). Two of
nine patients who did not undergo consolidative transplant after first ST are alive and only
one remains event-free at the time of last follow-up.

Prognostic Factors:

Within both the ITT and transplanted cohorts, univariable and multivariate analysis revealed
primary refractory disease and advanced stage disease as pre-SLT risk factors that were
independently associated with inferior OS; patients with either or both of these risk factors
had a hazard ratio of 2.68 and 6.86 for death, respectively, as compared with patients with
neither of these risk factors (Figure 3 and Table 5). Lack of chemosensitive response was
also associated with inferior OS in both the ITT and transplanted cohorts; within the
transplanted cohort chemorefractory disease carried a hazard ratio of 9.4 for death as
compared to chemosensitive disease; only 15% of these patients were still alive at 3 years.

Discussion:

Primary mediastinal (thymic) large B-cell lymphoma is a unique disease entity with
mounting evidence for an excellent outcome when upfront dose intensive regimens are
employed. Treatment paradigms have generally incorporated a combined modality approach
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[19-22], although more recently the use of rituximab and omission of radiotherapy have
been explored [23, 24].

At the time of disease progression, the standard of care remains second-line therapy
followed by HDT/ASCT to maximize potential curability based on the Parma study.
However, there is relatively minimal published data regarding this strategy for PMBL; some
reports suggest long-term PFS of less than 20% in patients who fail front-line therapy [9]
while others have suggested higher cure rates, particularly in those with chemosensitive
disease to SLT [28].

We now report our single-institution series of patients with relapsed and refractory PMBL
treated with combined-modality SLT and intent to consolidate with HDT/ASCR. Our data
demonstrate that this strategy can be effective in the relapsed/refractory PMBL population.
Despite being a high risk cohort (58% with primary refractory disease and 40% with stage
Il or IV disease), SLT was effective in the majority of patients, with an ORR of 65% and
CR rate of 40%, and 85% of patients ultimately proceeded to SCT. Ultimately, 57% of all
patients and 60% of transplanted patients achieved long-term cures with this strategy.
Despite extending over a twenty-five year period, we observed no significant differences in
outcomes of our patient cohort over time.

The outcomes seen in this report compare favorably to existing reports of relapsed PMBL
demonstrating a long term EFS of less than 50% [9,10]. This is likely due to the fact that in
our institution the overwhelming majority of patients were treated with a chemoradiotherapy
regimen that included aggressive second-line multiagent chemotherapy. As a result the
majority of patients were able to proceed to HDT/ASCR. Notably, the EFS of transplanted
patients was similar to existing reports showing an EFS of approximately 60% [29,30].

A number of prognostic variables are informative about this cohort of patients. First, the
inclusion of rituximab, either with first or second-line therapy, did not significantly impact
outcome; conversely, lack of RT following SLT was associated with inferior event-free
survival (p = 0.035), suggesting that RT, administered prior to HDT/ASCT, is an important
component of the second-line treatment strategy, although this is somewhat confounded by
patient selection. The potential importance of RT in the second-line setting may be amplified
in the setting of modern, radiation-sparing upfront treatment strategies, although this
remains to be demonstrated.

The single greatest predictor of both EFS and OS in our cohort was chemosensitivity to
second-line therapy. Patients achieving less than a PR to SLT had uniformly poor outcomes,
even if proceeding to HDT/ASCT; the only chemorefractory patients achieving long-term
remissions after failure of SLT achieved a subsequent CR to IFRT prior to HDT/ASCR. This
suggests that strategies aimed at improving outcomes in this population should be directed
towards improving response to SLT. Furthermore, patients achieving less than a PR to SLT
should not proceed to HDT/ASCR, and should likely not receive further chemotherapy; we
would recommend either investigational agents (such as PD-1 inhibitors) or definitive
radiotherapy in this setting.
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Finally, patients with primary refractory and advanced stage disease had significantly
inferior outcomes as compared to patients with early stage and relapsed disease. In

pa
pal

rticular, the outcome of patients with primary refractory advanced stage disease was
rticularly poor. This was likely due to a significantly lower response rate, suggesting that

investigational studies aimed at improving the salvage rate may be particularly appropriate
for this population. With this report, we establish a benchmark for second-line therapy in
PMBL and identify areas for future development of novel clinical strategies.
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Highlights
. Outcomes of relapsed primary mediastinal large B-cell lymphoma are
uncharacterized
. We reviewed patients treated with second-line treatment and intent to
transplant
. Our data suggests that this strategy is curative in the majority of patients
. A risk score identified patients less likely to be cured with this strategy
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Figure 1:
Survival analysis by intention-to-treat (N=60).
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Figure 2.
Survival analysis of patients who underwent transplantation (N=51).
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Figure 3: Survival as determined by Ann Arbor stage at relapse and response to first-line
therapy.

Figure is truncated at 5 years.
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Table 1:

Patient Characteristics before salvage chemotherapy

All patients  Transplanted
Total patients 60 51
Age
« Median (range) 35 (19-68) 35 (19-61)
«>60 3 (5%) 1(2%)
Initial Treatment
« ABVD 4 (%) 4 (8%)
« CHOP 10 (17%) 6 (12%)
« NHL-15 20 (33%) 17 (33%)
« R-CHOP 14 (23%) 12 (24%)
« R-CHOP/ICE 6 (10%) 6 (12%)
« R-EPOCH 4 (1%) 4 (8%)
Radiation therapy with primary treatment
. Yes 11 (18%) 8 (16%)
«No 49 (82%) 43 (84%)
Initial Response
« Relapsed 25 (42%) 23 (45%)
« Refractory 35 (58%) 28 (55%)
Disease Bulk at progression
. Yes 30 (50%) 24 (47%)
«No 30 (50%) 27 (53%)
B symptoms at progression
. Yes 16 (27%) 15 (29%)
«No 44 (73%) 36 (71%)
AA stage at progression
] 36 (60%) 31 (61%)
EY; 24 (40%) 20 (39%)
LDH at progression
» Within normal limits 27 (45%) 22 (43%)
« Elevated 33 (55%) 29 (57%)
KPS at relapse
- 80+ 49 (82%) 42 (82%)
«<80 11 (18%) 9 (18%)
Second-line IPI
« Low 35 (58%) 30 (59%)
« Low-intermediate 11 (18%) 10 (20%)
« High-intermediate 7 (12%) 7 (14%)
« High 7 (12%) 4 (8%)
Second-line aalPI
« Low 20 (33%) 16 (31%)
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All patients ~ Transplanted

« Low-intermediate 18 (30%) 16 (31%)
« High-intermediate 16 (27%) 15 (29%)
* High 6 (10%) 4 (8%)

*

R: rituximab. CHOP: cyclophosphamide, hydroxydaunomycin (doxorubicin), Oncovin (vincristine), prednisone. EPOCH: etoposide, prednisone,
Oncovin, cyclophosphamide, hydroxydaunomycin. ICE: ifosfamide, carboplatin, etoposide. ABVD: Adriamycin (doxorubicin), bleomycin,
vinblastine, dexamethasone. NHL-15: doxorubicin, vincristine, cyclophosphamide.
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Table 2:

Salvage chemotherapy characteristics and response

All patients (N=60)

Relapsed (N=25)

Refractory (N=35)

Salvage Therapy
*R-ICE 29 (48%)
«ICE 16 (27%)

+ O-DHAP 5 (8%)
*ICEMAN 3 (5%)
« Other 7 (12%)

Response to therapy ™™

«CR 24 (40%)
«PR 15 (25%)
+SD 7 (12%)

- POD 14 (23%)

9 (36%)
8 (32%)
2 (8%)

3 (12%)
3 (12%)

14 (56%)
6 (24%)
1 (4%)

4 (16%)

20 (37%)
8 (23%)
3 (9%)

0 (0%)

4 (11%)

10 (29%)
9 (26%)
6 (17%)
10 (29%)

Page 15

*
R-ICE: rituximab, ifosfamide, carboplatin, etoposide. O-DHAP: ofatumumab, dexamethasone, high-dose Ara-C (cytarabine), cisplatin. ICEMAN:
ifosfamide, carboplatin, etoposide, methotrexate, cytarabine. CR: complete remission. PR: partial remission. SD: stable disease. POD: progression

of disease.

Aok

Response criteria were per the International Harmonization Project (IHP) when pre- and post- SLT PET were available, otherwise by the sum of

the product of the diameters (SPD) on CT scan as per the International Working Group [15, 16].
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Table 3:

Characteristics and conditioning regimens for patients who underwent HDT/ASCT

No. patients
Total patients 51
Radiotherapy prior to conditioning 46 (90%)
Conditioning regimen
« BEAM/BEAC 29 (57%)
«IE+TBI 6 (129%)
« Cyclophosphamide + etoposide 2 (4%)
« Cyclophosphamide + etoposide + TBI 3 (6%)
«CBV 4 (8%)
* Melphalan 3 (6%)
* Other 4 (8%)

*
HDT/ASCT: high dose therapy/autologous stem cell transplant. CR: complete remission, PR: partial remission, SD: stable disease. BEAM:
BCNU (carmustine), etoposide, ara-C (cytarabine), melphalan. BEAC: BCNU (carmustine), etoposide, ara-C (cytarabine), cyclophosphamide

IE: ifosfamide, etoposide. CBV: cyclophosphamide, BCNU (carmustine), VP-16 (etoposide).
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Table 4:

Salvage Radiation Therapy Characteristics for Patients with Complete Radiotherapy Records (n=52)

Median dose 30 Gy

* Range 12-45 Gy
Fractionation

« Daily 22 (42%)
«BID 30 (58%)
RT Fields

* TBI alone 3 (6%)

« TBI component 10 (19%)
» Mantle fields 2 (4%)

» Mediastinum +/— neck 45 (87%)

* Non-mediastinum 2 (4%)
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Table 5:

Pre-treatment risk factors associated with OS in multivariate analysis (N=60)

Number of PFS risk factors 3y OS HR for progression (95% CI)
0 (relapsed, AA I-11, N=25) 79%

1 (primary refractory or AATINIY, N=26) 58% 2.68 (1.04,6.91)

2 (primary refractory and AA 111-1V, N=9) 22% 6.86 (2.27, 20.8)

*
AA = Ann Arbor stage
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