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Malignancy-associated HLH (M-HLH) isarare, life-threatening, and poorly understood cancer
complication characterized by profound immune dysregulation, the sequelae of which include fevers,
pancytopenia, coagulopathy, and multiorgan failure.*® M-HLH carries a grim prognosis and frontline
management is geared towards addressing both the underlying malignancy as well as the inflammatory
milieu, and frequently incorporates agents commonly used for treating both primary and secondary HLH
such as etoposide and high-dose steroids.*® Other immunosuppressive agents, such as ruxolitinib and
anakinra, have been described for treating M-HLH, but robust single-agent efficacy dataremain limited.® 7

Emapalumab is afully human 1gG1 monoclonal antibody that binds to and neutralizes interferon-gamma
(IFNY).® 1t is approved by the U.S. Food and Drug Administration for adults and pediatrics with relapsed
or refractory primary HLH, and the growing body of evidence supporting the clinical benefit of
emapalumab for treating various other etiologies of secondary HLH and hyperinflammatory statesis
encouraging.®*¥

It is often problematic to differentiate between M-HLH responses from responses to the underlying
malignancy itself as collectively these patients have diverse presenting features and clinical characteristics.
Additionaly, responses are frequently confounded by multiple M-HLH treatments utilized in combination
or quick successi on.® ¥ Furthermore, determini ng the immediate cause of death, whether M-HLH-related,
malignancy-related, infection-related, or other, poses numerous challenges. Here, we report the initial
Memorial Sloan Kettering Cancer Center (M SKCC) experience with emapalumab for treating adults with
refractory M-HLH.

We first queried the M SKCC pharmacy database to identify adults treated with emapal umab from January
2019 through December 2022. We performed manual chart reviews to confirm an active malignancy
diagnosis, and extracted data required for diagnosing HLH according to the HLH-2004 criteria, and for
investigating other relevant M-HLH biomarkers.* *

The primary objectives were to determine M-HL H-specific overal survival (OS) and emapalumab-
specific OS, defined from the start of frontline M-HLH-directed treatment (steroids and/or etoposide), and
from the first emapalumab dose until death or last follow-up, respectively. Secondary objectivesincluded
describing patient baseline clinical characteristics and M-HLH biomarker responses to emapalumab. M-
HLH biomarkers—ferritin, soluble interleukin-2 receptor alpha (sIL2r), lactate dehydrogenase (LDH),
complete blood cell counts, and liver function tests (LFTs)—were considered assessable only if abnormal
at the time of emapalumab initiation. M-HLH biomarker responses were assessed according to the
definitionsin the pivotal primary HLH registry trial, and measured at the time of best ferritin response.®
Best ferritin response was defined as the maximum reduction in ferritin assessed >72 hours after the first
emapal umab dose. This definition was sel ected based on the dosing frequency of emapalumab in the
registry trial .® Because cytokine measurements were ordered at the discretion of the treating physician,
best response for sIL2r was assessed independently at the closest time point to best ferritin response. This
retrospective study was approved by the MSKCC institutional review board. Informed consent was not
required.

In total, 15 adult patients were treated with emapalumab for M-HLH. The median age was 65 years (range,
19-73). All but one patient presented with M-HLH in the setting of relapsed malignancy, and most were
heavily pretreated (Supp table 1). At the start of emapalumab treatment, all patients had a markedly
elevated ferritin (median 48,204 ng/mL; range, 6,007-372,503) and abnormal LFTs, while most had
pancytopenia. All patients assessed for sIL2r (n=13) had elevated levels, including above the upper limit
reported (>20,000 pg/mL; n=7). Six patients had abnormal hepatic uptake on their positron emission
tomography/computed tomography scan, 2 of whom underwent a biopsy that confirmed hepatic
involvement of malignancy. All but 3 patients met the HLH-2004 diagnostic criteria despite none



undergoing natural killer cell activity testing, and 5 patients not having a bone marrow biopsy performed to
determine evidence of hemophagocytosis (Supp table 1).*?

Patients received a median of 2 doses of emapalumab (range, 1-7), and all were hospitalized during
trestment. All patients received high-dose steroids before and concurrently with emapalumab. Before their
first emapalumab dose, 9 (60%) patients received etoposide, and another 2 patients started etoposide
concurrently with emapalumab (Supp table 1, Figure 1). Three patients progressed on additional M-HLH-
directed therapy prior to emapalumab (patient 5, tocilizumab x6 doses; patient 10, high-dose intravenous
immunoglobulin; patient 11, alemtuzumab x8 doses). The median time from last malignancy-directed
treatment (excluding steroids and/or etoposide alone) to first emapalumab dose was 8 days (range, NA-
248).

The median M-HLH-specific and emapal umab-specific OS rates were 18 days (range, 4-292) and 4 days
(range, 1-257), respectively (Figure 1). Seven patients died or initiated hospice care within 72 hours of
their first emapalumab dose, 7 patients lived longer than 7 days, and 4 patients lived longer than 14 days.
One patient (patient 13) was discharged and remained alive at the time of data cutoff (257 days from the
first emapalumab dose). The immediate precipitating cause of death was deemed secondary to M-HLH-
associated organ failure complicationsin 8 (53%) patients, directly related to organ failure complications
from sepsisin 3 (20%) patients, and directly related to the progression of malignancy in 3 (20%) patients
(Supp table 1).

The 8 patients who survived >72 hours after their first emapal umab dose were assessed for M-HLH
biomarker responses (Figure 2). Seven (88%) showed a best ferritin response, at a median of 10 days
(range, 5-17) and 3 doses (range, 2-5), with a 64% median reduction in ferritin (range, 29-91%). Among
these responders, those assessable for sIL2r (n=4), tota bilirubin (n=5), aspartate aminotransferase (n=5),
and alanine aminotransferase (n=3) had median reductions in these biomarkers of 35% (range, 32-62%),
26% (range, 17-46%), 86% (range, 15-93%), and 87% (range, 34-91%), respectively. Lymphocyte counts,
neutrophil counts, hemoglobin concentrations, and platelet countsimproved in only 1 patient (patient 13,
Figure 3). Her hemoglobin concentration and platelet count before emapalumab were 9.3 g/dL and 15
K/uL, stabilized post-emapalumab, and she remained persistently transfusion-independent at the time of
last follow-up (257 days from the first emapalumab dose). No patients achieved a best ferritin response of
<2000 ng/mL, which defined a complete response.® Figure 3 depicts 3 patients who demonstrated
sustained improvements in M-HLH biomarkers with emapalumab monotherapy after progression on
etoposide and steroids. All 3 demonstrated both a >50% reduction as their best ferritin response, and a
sustained improvement in slL2r.® Notably, none of these 3 patients were treated with concurrent
malignancy-directed therapy after starting emapalumab.

Before receiving emapalumab, 7 patients displayed Epstein-Barr virus (EBV) reactivation, while 8 had an
undetectable EBV viral load (VL). Among the former group, post-emapalumab EBV VL decreased (n=2),
remained above the upper limit clinically reported (>800,000 IU/mL; n=1), or was not reassessed (n=1),
and 3 died <72 hours post-emapal umab. Among the latter group, EBV VL remained undetectable for 9-21
days (n=3) or reactivated (7,313 IU/mL; n=1, day 7), and 4 died <72 hours post-emapalumab. Five patients
displayed cytomegalovirus (CMV) reactivation before receiving emapalumab, while 9 had an undetectable
CMV VL. Among the former group, post-emapalumab CMV VL decreased (n=1) or was not reassessed
(n=1), and 3 died <72 hours post-emapalumab. Among the latter group, CMV VL remained undetectable
(n=4), or was not reassessed (n=2), and 3 died <72 hours post-emapal umab. One patient was never assessed
foraCMV VL. In total, 9 (60%) patients were treated for other infections before or concurrently with
emapalumab.



Limitations to this study include the variabilities in emapalumab dosing strategies as well as the
variabilitiesin the patient’ s underlying clinical characteristics, prior malignancy-directed treatments, and
pre-emapalumab M-HLH-directed therapies. These differences contributed to the marked heterogeneity of
our population of study. Additionally, this cohort was enriched in patients with particularly aggressive
malignancies as the majority were heavily pretreated for their cancer, had M-HLH refractory to etoposide,
and received prolonged high doses of steroids before starting emapalumab, compounding the generally
high mortality rate of M-HLH. ¥

The absence of monitoring serum C-X-C motif chemokine ligand 9 (CXCL9) levelsis apotentia
limitation of this study. CXCL9 is a specific and reliable surrogate of localized I1FNy activity, and
reductionsin serum CXCL9 levels are associated with responses to emapal umab when treating primary
HLH and macrophage activation syndrome.® *? Uniform assessments of serum CXCL9 levelsin these
patients may have identified those who had M-HLH that was primarily driven by IFNy, and may have
guided emapal umab dosing strategies relative to improvements or progressionsin other M-HLH
biomarkers and clinical parameters. Nonetheless, further research in this context is needed before
definitive assumptions can be made.

In conclusion, these data suggest that salvage emapalumab administered in random fashion to refractory
M-HLH patients with multiply relapsed hematol ogical malignancies absent of effective concurrent
malignancy-directed therapy is not highly beneficial. Nevertheless, 7 out of the 8 patients surviving >72
hours post-emapalumab initiation demonstrated notable improvementsin M-HLH biomarkers including
patients who had progressed on etoposide and steroids, and were not treated with any further malignancy-
directed therapy. This suggests that IFNy may represent a therapeutic target to mitigate the
hyperinflammatory state of M-HLH. A prospective study is warranted to determine if utilizing
emapalumab earlier in the M-HLH course, in synergy with malignancy-directed treatment and with dosing
strategies guided by serum CXCL9 levels, can improve the outcomes for M-HLH patients.
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Figurelegends:

Figure 1. Swimmer plot summarizing the malignancy-associated hemophagocytic lymphohistiocytosis
(M-HLH) treatment course from day -35 prior to first emapalumab dose. All patients received steroids
from the start of M-HLH treatment and concurrently with emapalumab. The start of frontline M-HLH-
directed therapy included initiation of steroids and/or etoposide. Last malignancy-directed therapy
included any treatment other than steroids and/or etoposide alone. Last malignancy-directed therapies
prior to day -35 are not shown. EBV, Epstein-Barr virus, DLBCL, diffuse large B-cell lymphoma; MF,
mycosis fungoides; PTCL-NOS, peripheral T-cell lymphoma not otherwise specified; THRLBCL, T-
cell/histiocyte-rich large B-cell lymphoma; PTLD, post-transplant (allogeneic stem cell transplant)
lymphoproliferative disorder; ALK, anaplastic lymphoma kinase; ALCL, anaplastic large cell
lymphoma; PTCL-TFH, peripheral T-cell lymphoma with a follicular T-helper cell phenotype; AITL,
angioimmunoblastic T-cell lymphoma; WM, Wal denstrom macroglobulinemia; MDS-EB2,

myel odysplastic syndrome with excess blasts 2; HTLV-1, human T-lymphotropic virustype 1; ATLL,
adult T-cell leukemia/lymphoma; ENKTL, extranodal NK/T-cell lymphoma.

Figure 2. Percent change in malignancy-associated hemophagocytic |ymphohistiocytosis (M-HLH)
biomarkers for patients surviving >72 hours after their first emapalumab dose as determined at the time
of best ferritin response. M-HLH biomarker responses were not calculated if their corresponding values
were not abnormal at the time of first emapalumab dose or if they were never evaluated and these
represent the missing values. Patients 5 and 11 did not demonstrate a changein sIL2r level below the
upper limit that is clinically reported (20,000 pg/mL) at any time point. slL2r, soluble interleukin-2
receptor alpha; LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; Thili, total bilirubin.

Figure 3. Longitudinal improvements in malignancy-associated hemophagocytic lymphohistiocytosis
biomarkersin 3 patients who demonstrated both a >50% reduction as their best ferritin response, and a
sustained improvement in soluble interleukin-2 receptor alpha (slL2r) with emapalumab monotherapy
after progression on etoposide and steroids. Percent change at each timepoint was calculated from day
-6 post-emapalumab for patients 3 and 8, and day -7 post-emapalumab for patient 13. sIL2r, soluble
interleukin-2 receptor alpha; LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; Thili, total bilirubin; ANC, absolute neutrophil count; ALC, absolute
lymphocyte count.
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Supplemental table 1: Clinical characteristics prior to emapalumab and best ferritin responses with emapalumab treatment
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0’ 61
(SUV 4.4)
495/ No abnormal Toxic metabolic
- §
3 | PTCL-NOS | 69 3 GemE 502 372,503 | >20,000 NE 0.1 17 43 o8 4t Y N aptake Y encephalopathy with M-HLH 92,611
263/ Diffuse uptake,
4 | THRLBCL 54 4 Tafa+Len | 300 17,798 | >20,000 NE 55 29 156 4 Y N hypodense lesions N POM NE
801
(SUV 8.5)!
N 226/ Diffuse uptake MODS with M-HLH and
5 | EBV+PTLD | 46 1 Rituximab | 375 42,594 | >20,000 Y 0.1 10 233 i 6 Y Y UV 47 Y DA 23717
6 | ALK-ALCL | 54 5 BV 0 20,735 19,205 Y 8.7 6 23 68/ 6 Y Y No abnormal N MODS with M-HLH and NE
35 uptake
. 23/ No abnormal .
7 | PTCL-TFH | 69 2 Romi + Duve | 234 8,536 NE Y 1.1 5 2 0 st Y N aptake Y MODS with M-HLH 3,031
8 | PTCL-NOS | 61 4 HD-MTX 172 10,797 6,699" NE 1.4 15 25 5‘;2/ 61 Y N N""j‘s;‘l’('em"l Y POM in CNS 9,649
EBV+ 2118/ Hepatic lesions
9 DLBCL 67 1 R-CHOP 0 28,640 | >20,000 NE 3.6 10 217 o71 st Y N UV 12.8) N POM NE
17/ No abnormal .
10 AITL 69 4 GemE 662 6,007 11,176 Y <0.1 13 4.6 39 5 Y N uptake Y GI hemorrhage with M-HLH 4237
11 | PTCL-NOS | 65 3 Alemtuzumab | ¢ 19,521 | >20,000 Y 242 25 517 130;1/ 6 Y Y NO;I)’;‘]’(;“‘M Y Ischemic colitis with M-HLH 5,545
12 WM 71 5 Benda+Ibr | 7,216 15,363 Y <0.1 11 46.5 2325/ 5 Y Y N"u"::l‘(’:““’l Y MODS from sepsis NE
67/ Heterogenous
13 | MDS-EB2 69 2 Allo-SCT | 966 22,790 3,.273° Y 03 15 0.5 5 N Y uptake N NA 14,168
88
(SUV 4)
HTLV-1+ L. . 292/ No abnormal .
14 ATLL 53 4 Clinical trial 283 10,132 >20,000 N 49 9 2 350 4 N Y uptake Y MODS from sepsis NE
15 ENKTL 19 2 SMILE 0 86,048 10,997 NE 403 51 8 41886990/ 6t N N NO;I)’;‘]’(;“‘M N MODS with M-HLH 135,680

*No patients were evaluated for NK-cell activity which is a datum in the HLH-2004 diagnostic criteria. fInfection other than Epstein-Barr virus or cytomegalovirus. fIndicates patients missing >1 additional
datapoint used in the HLH-2004 diagnostic criteria (excluding NK-cell activity). $83% of the WBC were secondary to malignant disease. IBiopsy-proven hepatic involvement of malignancy. TFirst sIL2r level
was measured after the start of emapalumab. EBV, Epstein-Barr virus; DLBCL, diffuse large B-cell lymphoma; MF, mycosis fungoides; PTCL-NOS, peripheral T-cell lymphoma-not otherwise specified;
THRLBCL, T-cell/histiocyte-rich large B-cell lymphoma; PTLD, post-transplant (allogeneic stem cell transplant) lymphoproliferative disorder; ALK, anaplastic lymphoma kinase; ALCL, anaplastic large cell



lymphoma; PTCL-TFH, peripheral T-cell lymphoma with a follicular T-helper cell phenotype; AITL, angioimmunoblastic T-cell lymphoma; WM, Waldenstrom macroglobulinemia; MDS-EB2,
myelodysplastic syndrome with excess blasts 2; HTLV-1, human T-lymphotropic virus type 1; ATLL, adult T-cell leukemia/lymphoma; ENKTL, extranodal NK/T-cell lymphoma; CEP, cyclophosphamide,
etoposide, and prednisone; GemE; gemcitabine and etoposide; Tafa + Len, tafasitimab and lenalidomide; BV, brentuximab vedotin; Romi + Duve, romidepsin and duvelisib; HD-MTX, high-dose methotrexate;
R-CHOP, rituximab, cyclophosphamide, vincristine, and prednisone; Benda + Ibr, bendamustine and ibrutinib; Allo-SCT, allogeneic stem cell transplant; SMILE, dexamethasone, methotrexate, ifosfamide, L-
asparaginase, and etoposide; sIL2r, soluble interleukin-2 receptor alpha; BMB, bone marrow biopsy; WBC, white blood cell; Tbili, total bilirubin; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; OHI, optimized HLH inflammatory index; PET/CT, positron emission tomography/computed tomography scan; SUV, standard uptake value; MODS, multiple organ dysfunction syndrome;
POM, progression of malignancy; CNS, central nervous system; DAH, diffuse alveolar hemorrhage; ARDS, acute respiratory distress syndrome; NE, not evaluated; NA, not applicable. Best ferritin response
was considered NE in patient living <72 hours after first emapalumab dose.








