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Abstract

Background: Immune checkpoint inhibitors (ICI), combined with hypomethylating agents, can
be used to treat acute myeloid leukemia (AML), but this strategy results in a high rate of
pneumonitis. We sought to determine risk factors for pneumonitis development, and whether
pneumonitis increased mortality.

Methods: We conducted a retrospective review of 258 AML patients who received ICI-
containing regimens from 2016-2018. A multidisciplinary adjudication committee diagnosed
pneumonia and pneumonitis by reviewing symptoms, imaging, microbiology, and response to
therapies. To measure risk factors for pneumonitis and mortality, we constructed multivariate Cox
proportional hazards models. We modeled pneumonia, pneumonitis, and disease progression as
time-dependent variable, and incorporated a standard risk set modifying variables into the models.

Results: Thirty patients developed pneumonitis (12%). Of these, 17 had partial or complete
resolution, while 13 patients died from pneumonitis. Increasing age (HR 1.04 per year, 95%

Cl 1.00-1.08), and baseline shortness of breath increased pneumonitis risk (HR 2.51, 95% ClI
1.13-5.55). Female sex (HR 0.33, 95% CI 0.15-0.70) and increasing platelet count (HR 0.52 per
log-unit increase, 95% CI1 0.30-0.92) decreased pneumonitis risk. In adjusted models, ICI-related
pneumonitis significantly increased mortality (HR 2.84, 95% CI 1.84-4.37).
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Conclusion: ICl-related pneumonitis occurs at a high rate in AML patients and increases
mortality.

Lay Summary:

Immune checkpoint inhibitors (ICIs) remove inhibitory signals that reduce T-cell function and
allow T-cells to better attack cancer cells. In acute myeloid leukemia (AML), the effectiveness of
ICls is limited in part by inflammation of the lung, called pneumonitis. We reviewed 258 patients
with AML who received ICIs and identified thirty patients who developed pneumonitis, nearly
half of whom died. Older age and baseline shortness of breath increased pneumonitis risk, while
female sex and higher baseline platelet counts decreased pneumonitis risk. Pneumonitis increased
mortality by nearly three-fold. This work highlights the significant harm imposed by pneumonitis
after ICI therapies.

Precis:

Pneumonitis occurs in 12% of patients with acute myeloid leukemia undergoing immune
checkpoint inhibitor therapy and increases mortality by nearly three-fold.

Keywords

immune checkpoint inhibitor; pneumonitis; acute myeloid leukemia; hypomethylating agent;
mortality

Background

Acute myeloid leukemia (AML) is associated with a high rate of 5-year mortality,
particularly in older patients! and those with adverse cytogenetic or molecular profiles2.
The mainstay of therapy in AML has been intensive chemotherapy, sometimes followed

by allogeneic hematopoietic transplantation (allo-HCT)3. However, even with allo-HCT,
long-term survival remains low, particularly in older patients, and new strategies are needed
to improve tolerance of therapies and long-term survival®.

The use of immune checkpoint inhibitors (ICIs) to treat cancers has rapidly grown in the
last decade®, and the efficacy of ICIs often improves when given in combination with

other active therapies®. Hypomethylating agents (HMA), which are commonly used to treat
AML, also demethylate promoter regions involved in PD-1 expression, potentially resulting
in PD-1 activation which may blunt T-cell anti-tumor responses’. ICIs may potentially
mitigate the effects of PD-1 promoter demethylation by HMAs, and our group has shown
that the addition of the PD-1 inhibitor nivolumab to the HMA azacitidine resulted in a 33%
response rate in refractory AMLS, which is typically associated with poor survival even
after allo-HCT?®. However, the efficacy of this strategy was limited by high-grade toxicity -
particularly pneumonitis, an immune-related adverse event (irAE) that has been associated
with high rates of therapy-related mortality2.

Because of the potential for the expanded use of ICls to treat AML, we sought to quantify
the incidence of pneumonitis associated with ICI treatment in this setting. Furthermore,
we sought to determine the impact of pneumonitis on survival, and to compare that with
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the known increase in mortality associated with pneumonia in AML patients!. Therefore,
we designed a retrospective study of AML patients who were treated with 1CI-containing
regimens as part of induction or subsequent therapy between 2016-2018.

We conducted a retrospective review of 258 patients with AML who were started on
ICI-containing regimens as induction or subsequent therapy between 2016 and 2018. ICI
treatment was either given alone or in combination with azacitidine or idarubicin. We

had no pre-specified exclusion criteria. Patient data was collected for at least one year

after cessation of ICI therapy, except in cases of death or loss to follow-up. We collected
clinical, imaging, and microbiological data from the electronic health record and from a
prospectively-maintained database of AML patients. The MD Anderson Institutional Review
Board approved the study (PA18-0802).

Study Definitions

The primary goals of this study were to determine: 1) the incidence of pneumonitis after

ICI therapy in AML patients; 2) risk factors for the occurrence of pneumonitis after

ICI therapy; and 3) the impact of pneumonitis on all-cause mortality. We convened a
multidisciplinary adjudication committee to determine whether pulmonary complications
were due to pneumonitis, pneumonia, or other etiologies (e.g. pulmonary edema). This
committee included expert pulmonologists (A.S., V.S., S.F.), infectious disease specialists
(FK., D.K.), and thoracic radiologists (M.G., G.S.). The committee convened and discussed
each case in detail, including clinical features of the pulmonary complication, representative
laboratory, imaging, and microbiological data, and treatments or interventions that led to the
resolution of the complication.

We classified cases as pneumonia if they had 1) consistent symptoms (e.g. fevers, cough)
and consistent imaging (e.g. lobar pneumonia) and 2) had a clear response to antibiotics
but not corticosteroids or had microbiological confirmation from a lower respiratory tract
specimen of an organism known to cause pneumonia. We classified cases as pneumonitis if
they had 1) consistent symptoms (e.g. cough, shortness of breath) and consistent imaging
(e.g. diffuse ground-glass opacities) and 2) had a clear response to corticosteroids but not
antibiotics or had histopathological confirmation of pneumonitis. We considered pneumonia
cases to be definite in cases of microbiological confirmation from a lower respiratory

tract source and probable in cases where a clear response to antibiotics was demonstrated.
Because biopsies were rarely possible due to the severity of symptoms or contraindications
such as thrombocytopenia, we considered pneumonitis cases to be definite in cases of clear
response to corticosteroids, and probable in cases with compatible clinical features and
imaging with no evidence of lower respiratory infection. For patients with pneumonitis,
expert radiologists confirmed whether the initial imaging fit the final adjudicated diagnosis,
the primary radiological pattern at the time of pneumonitis'2, and whether subsequent
imaging changed the radiological opinion on the etiology of the complication. Figure 1
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summarizes this process. Pneumonitis was graded according to the Common Terminology
Criteria for Adverse Events (CTCAE) 5.013,

Statistical Analysis

Results

Principal statistical analyses were performed by K.J. All authors had access to the complete
dataset. All variables were assessed for univariate effects using log-rank tests, simple Cox
proportional hazards models, and Kaplan-Meier plots. For modeling of pneumonitis and
mortality risk, a multivariate Cox proportional hazards model was fit to the variable set.

To reduce the complexity of the model and mitigate collinearity, variable selection was
implemented using stepwise regression and the Bayesian Information Criterion (BIC) for
complexity selection. For the time-dependent variables of pneumonitis onset, pneumonia
onset, and progression, standard risk set modifying variables were incorporated into the
models using indicators of status. Variable selection was expanded to incorporate potential
interactions after the first-order model was fit. All computations were done using R (version
4.0.0 or later).

Characteristics of the study cohort

Table 1 shows the characteristics of the study cohort (n=258). The median age upon
enrollment was 68. 76% of subjects had de novo AML, but ICI was given as frontline
therapy in only 39% of cases. All subjects were Eastern Cooperative Oncology Group
(ECOG) 0-2. About half of the cohort had adverse cytogenetics by European LeukemiaNet
(ELN) criteria. 13% of subjects had pneumonia at the time of ICI initiation. A small
minority (n=8) were found to have evidence of prior autoimmune disease; four patients had
autoimmune hypothyroidism, two had rheumatoid arthritis, one patient had psoriasis, and
one patient had polymyalgia rheumatica.

175 patients received nivolumab without ipilimumab, either alone (n=29), or with
azacitidine (n=104) or idarubicin (n=42). 40 patients received ipilimumab without
nivolumab, either alone (n=17) or with azacitidine (n=23). 43 patients received nivolumab
and ipilimumab together, with (n = 32) or without (n=11) azacitidine. The median duration
of ICI therapy was 17 weeks (interquartile range, 10-32 weeks). Reasons for stopping ICI
therapy included progression (n=167), completion of therapy (n=12), HCT (n=36), physician
or patient preference (n=21), and infection or toxicity (n=13). Three patients were still
receiving ICI therapy one year after ICI initiation, three patients were lost to follow-up, and
three patients died while receiving ICI therapy despite having achieved a complete response
without evidence of infection or toxicity. 60 patients were in remission at the last follow-up,
and 197 patients died during the observation period.

Clinical features of pneumonitis

During the study period, we diagnosed 167 events consistent with pneumonia; 32 patients
developed more than one pneumonia during the study period. Of these, 68 events met
criteria for definite pneumonia, while 99 met criteria for probable pneumonia. We also found
an overall incidence of pneumonitis of 12% (30/258); one patient had two distinct episodes
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of pneumonitis. Of these, 17 events met criteria for definite pneumonitis, and 14 met

criteria for probable pneumonitis. The median time to pneumonitis was 84 days after ICI
initiation (interquartile range 36-160 days, range 1-375 days). 17 patients had a maximum
CTCAE 5.0 grade of 2 (n=2) or 3 (n=16) for pneumonitis, while 13 patients died from
pneumonitis (5 probable, 8 definite). Four patients with pneumonitis had extrapulmonary
irAEs concurrently (skin, nephritis, colitis, mucositis). Pneumonitis rates were similar in
patients receiving combination regimens (16%, 7/43), nivolumab-containing regimens (10%,
18/175) or ipilimumab-containing regimens (12.5%, 5/40).

Fifty percent of patients (15/30) had a full recovery after pneumonitis (CTCAE Grade

1 or total resolution), and the median time to resolution was 4 weeks; two patients had
permanent scarring and impairment but did not die. BAL was performed in 22/31 instances
of pneumonitis and 107/199 instances of pneumonia. BAL leukocyte differentials in patients
with pneumonitis showed a median of 2% neutrophils and 12.5% lymphocytes, respectively;
in comparison, BAL leukocyte differentials in patients with pneumonia were similar (median
2% neutrophils, 14% lymphocytes). The median initial dose of prednisone or equivalent was
60 mg/day. Four patients required additional therapy with a second agent - two received
infliximab, one received cyclophosphamide, and one received rituximab. Of these four
patients, only the patient who received rituximab survived. Nine patients resumed ICI

after pneumonitis (7 with nivolumab and 2 with ipilimumab), and continued therapy after
re-exposure for a median of 5 weeks (range 1-49 weeks). Of these, 8/9 discontinued ICI

due to progressive leukemia, while one patient completed one full year of ICI therapy,

but developed a second episode of pneumonitis after stopping ICI therapy. Supplemental
Table 1 shows detailed patient-level medical information on the 30 patients who developed
pneumonitis.

All cases of pneumonia and pneumonitis were independently reviewed by an expert
thoracic radiologist who was blinded to the clinical diagnosis. Among these cases, the
radiologist determined that the initial imaging pattern agreed with the clinical diagnosis of
pneumonia or pneumonitis in 195/198 cases (98%). In the three discordant cases, thoracic
radiologists agreed with the clinical diagnosis after reviewing subsequent chest imaging.
Among pneumonitis cases, 13/31 episodes had an initial radiological pattern consistent with
organizing pneumonia, three had a pattern consistent with widespread alveolar injury, and
15 cases had a mixed or indeterminate radiological pattern. Figure 2 shows representative
patterns in cases of pneumonia and pneumonitis.

Risk factors for the development of pneumonitis

Table 2 shows univariate and multivariate risk factors for the development of pneumonitis,
as modeled using a Cox regression model with stepwise variable selection. Increasing age
(HR 1.04 per year, 95% CI 1.00-1.08), and baseline shortness of breath were associated
with pneumonitis risk (HR 2.51, 95% CI 1.13-5.55). Female sex (HR 0.33, 95% CI 0.15-
0.70) and increasing platelet count (HR 0.52 per log-unit increase, 95% CI 0.30-0.92) were
associated with lower risk for pneumonitis. Furthermore, we found a significant interaction
between total WBC and sex (p=0.005); each log-unit increase in WBC in females increased
the hazard for developing pneumonitis by 68% (HR 1.68, 95% CI 1.14-2.48, p=0.009), but
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this effect was not significant in males (p=0.14). Pneumonitis risk did not vary between
those who received ICI monotherapy and those who received combination immunotherapy.

Risk for mortality

Table 3 shows risk factors for death after ICI initiation, which are based on a variable-
selected Cox regression model, treating status variable as time-dependent variables. Age
(HR 1.02 per year, 95% CI 1.01-1.04), number of prior lines of chemotherapy (HR 1.17,
95% CI 1.01-1.34), baseline lung disease (HR 1.87, 95% CI 1.36-2.58), ECOG (ECOG
0to 2, HR 2.45, 95% CI 1.26-4.76), leukemia progression (HR 2.21, 95% CI 1.80-2.71),
pneumonia after ICI (HR 1.99, 95% CI 1.57-2.51) and pneumonitis after ICI (HR 2.84,
95% CI 1.84-4.37) increased mortality risk, while higher baseline total WBC (HR 0.91 per
log unit, 95% CI 0.79-1.05), higher baseline platelets (HR 0.81, 95% CI 0.69-0.95), non-
adverse ELN (HR 0.50, 95% CI 0.38-0.67) and ipilimumab monotherapy (HR 0.66, 95%
Cl 0.48-0.90) were associated with decreased mortality. Figure 3 shows the Kaplan-Meier
survival estimates for the entire cohort.

Discussion

In this work, we show that in a large, novel, high-risk immunodeficient cohort of patients
with AML undergoing treatment ICI agents, ICl-related pneumonitis occurs at a high rate
and increases mortality. We demonstrate that over 10% of patients with AML who undergo
ICI therapy will develop pneumonitis. Older age and shortness of breath at the time of ICI
initiation increased the risk for developing pneumonitis, while female sex and increasing
platelet counts were protective. Nearly half of patients who developed pneumonitis died
shortly after developing pneumonitis. Using novel multi-state modeling, we show that
developing pneumonitis increased the risk of death over two-fold, with a similar impact
on mortality as the development of pneumonia. This work highlights the toxicities of
transformative therapies like ICls, and the need for multidisciplinary collaboration to
identify and treat these toxicities promptly.

ICl-related pneumonitis is a serious complication of checkpoint inhibitor immunotherapy,
and the observed case-fatality rate in non-small cell lung cancer (NSCLC) may be as high
as 20%14-16. By understanding who is at high risk for ICI-related pneumonitis prior to
initiating therapy, it may be possible to inform patient selection for 1CI-based therapies. This
study offers insights into factors that affect the risk for pneumonitis. To our knowledge,
our study is the first to report an association with increased age and the risk for ICI-
related pneumonitis, with a 2% increase in the risk for pneumonitis with each additional
year of age at enrollment. A review of the United States Food and Drug Administration
pharmacovigilance database showed that younger age may be associated with a higher
risk for pneumonitis, while retrospective studies have found no association between age
and ICl-related toxicities!”-18, Studies of radiation pneumonitis show conflicting results,
with some suggesting no effect of age but a strong effect of prior ILD1%20, and others
suggesting an effect of age in addition to prior ILD16:21, Most patients in our study had
asthma or chronic obstructive pulmonary disease (COPD), and only one patient had ILD.
Therefore, we cannot properly evaluate whether ILD affects pneumonitis risk. However,
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we note patients who perceived dyspnea at enrollment had over a twofold higher risk for
pneumonitis. It is possible that the perception of dyspnea was a stronger indicator of active
underlying lung disease than a clinical diagnosis of lung disease, but because the evaluation
of pulmonary function tests at enrollment was sporadic, we cannot speculate further on the
etiology of dyspnea. Our finding that age increases the risk for ICI-related pneumonitis in
addition to inherent lung disease is novel.

Our risk model for pneumonitis suggests that female sex reduces the risk for pneumonitis.
Females are thought to mount stronger innate and adaptive immune responses to antigens
compared to males, though males may have certain specific responses which are on average
stronger (e.g. tumor necrosis factor [TNF] release after lipopolysaccharide exposure)?2.
However, in a study of 140 patients who underwent ipilimumab therapy for metastatic
melanoma, interleukin-6 levels and female sex were associated with a 50% higher risk for
toxicity23. Another study of 245 patients with NSCLC or metastatic melanoma showed
higher rates of irAEs among women, including pneumonitis in females with NSCLC?4,
Others have found no association between sex and irAE risk?>. In contrast, regardless of
treatment regimen, we found a lower risk for pneumonitis with females. To our knowledge,
this is the first report to show that females experience a lower rate of pneumonitis than males
after ICI therapy. This protective effect for females diminished as the total leukocyte count
increased. This variation between the strength of immune response and clinical outcomes
by sex has been observed in other settings. After SARS-CoV-2 infection, females tended

to generate stronger T-cell responses to viral infection, while males tended to have stronger
innate immune responses28. Females with stronger innate immune responses fared worse
than those with weaker responses, but this trend was not observed in males. Our work adds
to prior studies by showing the complexity of sex differences in immune responses after ICI
therapy, and further showing that female sex is not necessarily associated with a higher risk
for irAE.

We found that a higher baseline platelet count was associated with a lower risk for
pneumonitis. Platelets are involved in antigen presentation and express co-stimulatory
molecules such as CD86 to stimulate T-cell responses2’, but may also inhibit T-cell
responses when they express PD-L1 at the cell surface28:29, Conversely, platelet depletion
results in higher CD8+T-cell production of TNF-alpha and interferon-gamma2. Platelets
can directly bind lymphocytes and diminish T-cell activity39, and in the setting of sepsis,
platelets may have a critical role in immunosuppression by diminishing CD8+ T-cell count
and function through the expression of major histocompatibility complex class 1 at the cell
surface3L. Higher platelet counts have also been associated with poorer survival in patients
with cancer treated with ICls, potentially suggesting diminished immune response32.

Our finding that higher baseline platelet counts reduce the risk for pneumonitis adds

to the observations that platelets diminish CD8+ cell activity and therefore may reduce
off-target immune responses. Our cohort is novel in that we observed high variability in
baseline platelet counts and a high degree of baseline thrombocytopenia. It is possible that
the protection against irAEs conferred by platelets is better appreciated in this context,

as opposed to the less variable platelet counts seen in many cohorts of solid tumor
malignancies. Our work adds to the field showing the immunomodulatory role for platelets,
but mechanistic studies are needed to confirm this phenomenon.
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Though pneumonitis and pneumonia both impact the care of patients in our cohort,
pneumonia occurred at a fivefold higher rate. Though we did not observe an increased risk
for pneumonitis with combined nivolumab and ipilimumab therapy, we observed an overall
incidence of 12%, which is higher than the rate reported from most clinical trials33, but
lower than reported rates in NSCLC1014, Blinded qualitative assessment of chest imaging
by expert thoracic radiologists at the time of pulmonary injury, whether infectious or ICI-
related, was concordant with clinical assessments in most cases. Most cases were consistent
with organizing pneumonia or a mixed pattern. When pneumonitis occurred in our cohort,
most patients required oxygen supplementation (CTCAE grade 3), and nearly half died due
to pneumonitis. Those who survived the initial episode of pneumonitis had minimal residual
scarring, and several were re-challenged successfully with ICI therapy.

The high rate of mortality among patients who developed pneumonitis is striking, and
developing pneumonitis increased the hazard for death by nearly threefold. The impact of
pneumonitis on mortality was similar to pneumonia34 and cancer progression, both of which
are well known to increase mortality. Higher baseline platelet counts and white-blood cell
counts were associated with better survival, perhaps indicating less aggressive disease, while
more extensive treatment prior to ICl initiation predicted mortality. Similarly, adverse ELN
characteristics were associated with higher mortality, as was worse performance status and
older age, as has been previously demonstrated3®. Prior lung disease, primarily COPD and
asthma, increased mortality, consistent with prior reports that patients with obstructive lung
diseases have a high rate of respiratory complications and failure36. Although we found a
protective effect for ipilimumab in our final model, we would caution that our study design
was not appropriate to evaluate the efficacy of ipilimumab on overall survival in AML, and
this finding may be due to chance or other unmeasured confounders that were not included
in the model. In summary, we found that pneumonitis increased mortality risk to a degree
that was similar to pneumonia or cancer progression.

Our study has several strengths. This is a large, novel cohort of prospectively enrolled

AML patients treated with ICI. All outcomes were reviewed by an expert multidisciplinary
committee in detail. Our model is potentially more flexible than prior state-change models
because it does not rely on the assumption that the transition state is stable®. Our state-
change model allowed us to predict the hazard for mortality with several predictors within
the same model. However, our study has notable weaknesses. The study was performed

at a single center which may limit generalizability, and our findings will benefit from
validation in other studies of AML patients treated with ICls. The retrospective design
raises the probability for unmeasured confounders, perhaps best highlighted by the lack

of granular pulmonary function data at baseline. We could not confirm the diagnosis of
pneumonitis with histopathology in nearly all cases due to the concern for bleeding due

to thrombocytopenia or the concern for pulmonary deterioration after a biopsy procedure.
Furthermore, steroids and antibiotics were often administered together in most (28/31) cases
of suspected pneumonitis, which made the adjudication of definite pneumonitis challenging.
Finally, while our experienced radiology team was able to determine in most cases whether
lung infiltrates were more consistent with pneumonitis or pneumonia, in actual clinical
practice, multifocal pneumonia may appear radiologically similar to pneumonitis. These
limitations highlight the need for specific biomarkers that can distinguish pneumonia and

Cancer. Author manuscript; available in PMC 2023 July 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sheshadri et al.

Page 10

pneumonitis. Although baseline dyspnea increased pneumonitis risk, we could not determine
whether this was due to underlying lung disease, anemia, or for other reasons. We did

not include time-varying hematological data to precisely measure whether pneumonitis risk
and mortality varied based upon leukocyte or platelet recovery, or if only the baseline
assessments were pertinent. Though we observed a high rate of mortality among patients
who developed pneumonitis, we could not definitively determine whether pneumonitis or
cancer progression in the setting of treatment cessation was the primary cause for death,
though all deaths attributed to pneumonitis occurred in the setting of respiratory failure
shortly after the onset of pneumonitis. While we could not statistically demonstrate a link
between pneumonitis and higher rates of progression among pneumonitis survivors, our
ability to find such an association was limited by the small sample size of pneumonitis
survivors (n=17). Finally, ICls are not approved to treat AML, limiting the current impact of
our study.

In conclusion, we highlight the incidence, risk factors and clinical features of pneumonitis

in a novel cohort of AML patients treated with ICI-containing regimens. Pneumonitis is a
common irAE and must be promptly distinguished from pneumonia due to its attendant risk
for death and distinct treatment requirements. The association of sex and platelet counts with
the risk for ICI-related pneumonitis are novel, and these should be explored as predictors

of interest in other cohorts. Our study highlights the important role of multidisciplinary
evaluation of toxicities in high-risk cohorts of cancer patients treated with ICls.
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Figure 2.
Representative images of pneumonia and pneumonitis. Panels A-C represent examples of

pneumonia due to A) cavitary methicillin-resistant Staphylococcus aureus, B) parainfluenza
virus, and C) Aspergillus niger. Panels D-F represent examples of pneumonitis, with D)
organizing pneumonia pattern, E) widespread alveolar injury pattern, and F) indeterminate
pattern (i.e., any pattern not compatible with either organizing pneumonia or widespread
alveolar injury).
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Figure 3.
Kaplan-Meier estimates of survival for the overall cohort (n=258).
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Table 1.

Characteristics of the 258 patients in the study cohort.

Variable
Median age at enrollment (years) 68
Female sex (%) 41
Race (n, %)
White 217 (84%)
Non-white 41 (16%)
Median BMI at ICl initiation 276
AML Diagnosis (n, %)
De novo AML 196 (76%)
Secondary/therapy-related AML 62 (24%)

Line of therapy (n, %)

Induction 100 (39%)

Subsequent 158 (61%)
Prior HCT 30 (12%)
ECOG

0 47 (18%)

1 196 (76%)

2 15 (6%)

ELN risk group

Adverse 119 (46%)
Intermediate 128 (50%)
Favorable 5 (2%)
Unknown 6 (2%)
Median cell counts at ICI initiation
Bone marrow blasts (%) 15.5
Total WBC (103 cells/uL) 25
ANC (cells/uL) 586
ALC (cells/uL) 1002
Platelets (103 cells/uL) 36
Smoking status
Never 145 (56%)
Former 102 (40%)
Current 11 (4%)
Pneumonia within 30 days of ICI initiation | 33 (13%)
Viral URI within 30 days of ICI initiation 7 (3%)
Prior lung disease
COPD 16 (6%)
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Variable
Asthma 11 (4%)
ILD 1 (0.3%)
Prior autoimmune disease 8 (3%)
Chest radiation prior to ICI 13 (5%)

Abbreviations: BMI:, body mass index; ICI: immune checkpoint inhibitor; AML: acute myeloid leukemia; HCT: hematopoietic cell transplant;
ECOG: Eastern Cooperative Oncology Group; ELN: European LeukemiaNet; WBC: white blood cell; ANC: absolute neutrophil count; ALC:
absolute lymphocyte count; URI: upper respiratory infection; COPD: chronic obstructive pulmonary disease; ILD: interstitial lung disease
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Risk for developing pneumonitis

Table 2.

Variable Univariate HR (95% CI) | p-value | Multivariate HR (95% CI) | p-value
Age (per year) 1.036 (1.002-1.072) 0.03 1.04 (1.00-1.08) 0.02
Sex (female to male) 0.45 (0.22-0.94) 0.03 0.33 (0.15-0.70) 0.003
BMI (per unit) 0.99 (0.92-1.05) 0.66
AML Diagnosis (De novo to secondary) 1.35 (0.62-2.95) 0.46
Prior lines of therapy (per line of treatment) 0.93 (0.64-1.34) 0.68
Prior HCT 0.54 (0.13-2.26) 0.35
ECOG 0.75
Otol 0.75 (0.32 -1.77) 0.52
Oto2 1.1(0.23-5.35) 0.90
Adverse to non-adverse ELN 0.89 (0.44 -1.84) 0.76
Baseline bone marrow blasts (per 1%, n=257) 1.01 (0.99-1.02) 0.33
Baseline total WBC (per log unit) 1.06 (0.76 — 1.47) 0.75
Baseline ANC (per 100 cells/pL, n=255) 0.99 (0.90 - 1.10) 0.91
Baseline ALC (per 100 cells/uL, n=256) 1.10 (0.85-1.44) 0.49
Platelets (per log unit) 0.63 (0.44-0.89) 0.01 0.52 (0.30 - 0.92) 0.02
Smoking status (Never vs. former or current)
Pneumonia within 30 days of ICI initiation 1.94 (0.78-4.77) 0.18
Viral URI within 30 days of ICl initiation 1.17 (0.16-8.58) 0.88
ICI regimen 0.63
Nivolumab and ipilimumab 1 (reference)
Ipilimumab only 1.56 (0.65 -3.73)
Nivolumab only 1.41 (0.45 -4.46)
Prior lung disease 0.59 (0.14 - 2.50) 0.96
Prior autoimmune disease 2.12 (0.51-8.93) 0.35
Chest radiation prior to ICI 1.30 (0.31-5.44) 0.73
Baseline symptoms
Cough 1.70 (0.73 - 4.00) 0.25
Fever 2.07 (0.92 — 4.66) 0.10
Shortness of breath 2.26 (1.03-4.94) 0.06 2.51(1.13-5.55) 0.03
Baseline WBC x sex interaction 0.005

Abbreviations: HR: hazard ratio; Cl: confidence interval; BMI:, body mass index; AML: acute myeloid leukemia; HCT: hematopoietic cell

Page 19

transplant; ECOG: Eastern Cooperative Oncology Group; ELN: European LeukemiaNet; WBC: white blood cell; ANC: absolute neutrophil count;
ALC: absolute lymphocyte count; ICI: immune checkpoint inhibitor; URI: upper respiratory infection
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Risk for mortality

Table 3.

Variable Univariate HR (95% CI) | p-value | Multivariate HR (95% CI) | p-value
Age (per year) 1.02 (1.01-1.04) <0.001 1.02 (1.01 - 1.04) <0.001
Sex (female to male) 0.88 (0.67-1.17) 0.39
BMI (per unit) 1.02 (0.997-1.05) 0.09
AML Diagnosis (De novo to secondary) 1.17 (0.84-1.60) 0.36
Prior lines of therapy (per line) 1.32 (1.17-1.49) <0.001 1.17 (1.01-1.34) 0.003
Prior HCT 1.29 (0.86-1.93) 0.23
ECOG 0.003 <0.001
Otol 1.73 (1.15-2.61) 0.008 1.51 (0.96-2.37) 0.07
Oto2 2.90 (1.52-5.55) 0.001 2.45 (1.26-4.76) 0.008
Non-adverse ELN (compared to adverse) 0.50 (0.38 -0.67) <0.001 0.57 (0.43-0.77) <0.001
Baseline bone marrow blasts (per 1%, n=257) 1.00 (0.996-1.007) 0.51
Baseline total WBC (per log unit) 0.82 (0.72-0.95) 0.07 0.67 (0.49-0.93) <0.001
Baseline ANC (per 100 cells/pL, n=255) 0.96 (0.92-1.01) 0.10
Baseline ALC (per 100 cells/uL, n=256) 0.95 (0.83-1.09) 0.48
Platelets (per unit) 0.68 (0.59-0.79) <0.001 0.80 (0.69-0.94) <0.001
Smoking status (Never vs. former or current) 1.20 (0.91 - 1.59) 0.20
Pneumonia within 30 days of ICI initiation 1.81 (1.22-2.68) 0.005
Viral URI within 30 days of ICl initiation 1.09 (0.48-2.45) 0.84
Prior lung disease 1.50 (0.98-2.29) 0.06 1.87 (1.36-2.58) <0.001
Prior autoimmune disease 1.05 (0.49-2.23) 0.90
Chest radiation prior to ICI 1.04 (0.55-1.97) 0.90
Baseline symptoms
Cough 1.26 (0.88 - 1.80) 0.21
Fever 1.45 (1.02 - 2.07) 0.05
Shortness of breath 1.51 (1.07-2.13) 0.02
Treatment regimen
Nivolumab and ipilimumab 1 (reference)
Ipilimumab only 0.99 (0.68-1.46) 0.99 0.66 (0.48-0.90) <0.001
Nivolumab only 0.82 (0.50-1.35) 0.82
Pneumonitis 1.61 (0.95-2.71) 0.07 2.84 (1.84-4.37) <0.001
Pneumonia after ICI initiation 1.89 (1.48-2.39) <0.001 1.99 (1.57-2.51) <0.001
Progression of disease 2.29 (1.85-2.84) <0.001 2.21 (1.80-2.71) <0.001

Abbreviations: HR: hazard ratio; Cl: confidence interval; BMI:, body mass index; AML: acute myeloid leukemia; HCT: hematopoietic cell
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transplant; ECOG: Eastern Cooperative Oncology Group; ELN: European LeukemiaNet; WBC: white blood cell; ANC: absolute neutrophil count;
ALC: absolute lymphocyte count; ICI: immune checkpoint inhibitor; URI: upper respiratory infection
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