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ABSTRACT

Introduction: Immune-related adverse events affecting
virtually every organ system have been described in in-
dividuals receiving immune checkpoint inhibitors. The
spectrum of hematologic adverse effects is diverse and in-
cludes autoimmune cytopenias, hemolysis, or inhibition of
coagulation factors. The interplay of inflammation and the
coagulation cascade is complex, and immune checkpoint
inhibitors can induce coagulopathy by disrupting the intri-
cate link between these pathways.

Methods: We report acquired coagulopathy in two patients
treated with the programmed death-ligand 1 antibodies,
atezolizumab and avelumab, respectively. Clinical findings
and results of extensive laboratory workup are reported.
We hypothesize that cytokine release is a potential patho-
logic mechanism responsible for acquired coagulopathy.

Results: Symptoms included fever, fatigue, and disorienta-
tion in one patient and fever, myalgias, and skin rash in the
other. Laboratory features included an abnormal coagula-
tion profile; low fibrinogen levels; and elevated D-dimer,
ferritin, and triglycerides. Treatment consisted of intrave-
nous glucocorticoids in both cases and the use of fresh
frozen plasma, cryoprecipitate, and clotting factor support
in one patient.

Conclusions: Recognition of acquired coagulopathy as a
complication of immunotherapy and its aggressive man-
agement are crucial to reduce morbidity and mortality
associated with this condition.

Published by Elsevier Inc. on behalf of the International
Association for the Study of Lung Cancer. This is an open
access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

With the increasing use of immunotherapy, a wide
spectrum of adverse events caused by immune activa-
tion has been observed." Hematologic complications are
relatively uncommon in patients treated with immune
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Table 1. Case 1: Key Laboratory Results Before and After Treatment With Atezolizumab

Day 29

Laboratory Test Day 11 Day 13 (Day of Day 19 (After 3 Days  Day 23 (1-Week

(Normal Values) Baseline (ER Visit) Admission) of Pulse Steroids) (Discharge) Follow-Up) Day 50

Platelet count (x10%/liter) 282 155 9 53 103 188 297
(145-400)

Hemoglobin (g/dL) 9.3 9.6 7.6 7.1 8 10 9.3
(11-14.5)

LDH (U/liter) = = 514 417 324 353° =
(84-246)

Haptoglobin (mg/dL) — - <8 <8 76 1372 —
(31-200)

PT (s) 13.4 — 17.3 16.4 15.6 9.9 10
(11.8-14.6)

aPTT (s) 29.8 - 39.2 27.3 27 22 26
(23.4-36.2)

Fibrinogen (mg/dL) — — 215 136 159 327 500
(222-475) 167°

Ferritin (ng/mL) - - 650° 426° 277 208 83
(5-148)

Absolute reticulocyte — — 0.067 0.090 0.273 — —
count (million/uL)
(0.020-0.100)

Sodium (mmol/liter) 135 126 128 139 140 130 136
(137-145)

“Day 25

Day 17

“Day 20

aPTT, activated partial thromboplastin time; ER, emergency room; LDH, lactate dehydrogenase; PT, prothrombin time;

checkpoint inhibitors (ICIs).” The association between
ICIs and coagulopathy is poorly understood. In a retro-
spective series of 83 patients with NSCLC receiving ICIs,
thrombosis, hemorrhage, or a combination of the two
complications developed in 10 patients.’

Here, we describe two patients with life-threatening
coagulation disorders related to treatment with pro-
grammed death-ligand 1 (PD-L1) inhibitors and offer a
possible explanation for the development of unmodu-
lated coagulopathy owing to treatment-induced
inflammation.

Case 1

A 77-year-old woman with recurrent NSCLC, hyper-
tension, dyslipidemia, and coronary artery disease pro-
vided informed consent for treatment with atezolizumab
1200 mg intravenously (IV) once every 3 weeks. She was
not using other pertinent medications concomitantly.
Previous anticancer therapy consisting of weekly car-
boplatin and concurrent radiation therapy was
completed 6 months earlier. Two days after receiving the
first dose of atezolizumab, she started having fatigue,
vertigo, confusion, nausea, and decreased oral intake.
She was treated in the emergency room for dehydration
and hyponatremia 11 days after treatment. Her platelet
count had decreased to 155 x 10°/liter from 282 x 10°/
liter before treatment.

A total of 13 days after receiving atezolizumab, she
was disoriented, noncommunicative, and febrile. She was
hospitalized and received antibiotics for suspected
sepsis. Results of laboratory workup with reference
ranges are illustrated in Table 1. Prolongation of pro-
thrombin time and activated partial thromboplastin time
along with low fibrinogen (215 mg/dL; normal range,
222-475 mg/dL) and elevated D-dimer (1.84 ug/mlL;
normal, < 0.77 ug/mL) raised concerns of acquired
coagulopathy. Furthermore, the platelet count was 9 x
10° /liter, absolute reticulocyte count was 0.067 million/
uL (normal range, 0.020-0.100 million/uL), and C-
reactive protein, ferritin, and triglyceride levels were
high (Table 1). On the basis of these results, a cytokine
release syndrome (CRS) producing concurrent cytope-
nias and coagulopathy was considered.

Bone marrow biopsy revealed hemophagocytic his-
tiocytes within a hypercellular marrow (70%). Further
testing revealed serum interleukin (IL)-2 of 46 pg/mL
(reference, <12 pg/mL), IL-18 of 0.2 pg/mL (reference,
<1 pg/mL), IL-10 of 21.7 pg/mL (reference, <2 pg/mL),
and tumor necrosis factor-alfa (TNF-a) of 14.5 pg/mL
(reference, <2.8 pg/mL). The complement panel was
normal, confirming the involvement of a non-comple-
ment-mediated pathway. A disintegrin and metal-
loproteinase with a thrombospondin type 1 motif,
member 13 (ADAMTS13) activity was less than 5% with
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negative ADAMTS13 inhibitors, indicating a consumptive
process other than thrombotic thrombocytopenic pur-
pura. The infectious workup was negative. The hemato-
logic picture was most consistent with disseminated
intravascular coagulation (DIC) resulting in micro-
angiopathic hemolysis. Brain magnetic resonance imag-
ing revealed several scattered foci of acute ischemia in
both cerebral hemispheres and posterior fossa, likely
embolic in nature, also consistent with DIC. Evaluation
for an embolic source was unrevealing. Workup for
hyponatremia confirmed syndrome of inappropriate
antidiuretic hormone. Creatinine remained at baseline
throughout the illness. She had mild transaminitis;
alanine aminotransferase and aspartate aminotrans-
ferase peaked at 76 IU/liter and 31 [U/liter, respectively,
on day 14. Thyroid function was assessed during
admission and found to be within normal limits. Adrenal
function was not assessed at baseline.

The patient initially received 50 mg hydrocortisone
IV once at admission on day 13 and dexamethasone 40
mg by mouth daily before being switched to methyl-
prednisolone (on day 16, with suspicion for CRS) 1 gram
IV daily for 4 days, resulting in an improvement of her
platelet count. Methylprednisolone was tapered to 125
mg [V daily for 3 days before switching to prednisone 60
mg by mouth once daily followed by a gradual taper over
2 months. On discharge, her platelet count was 103 x
109/liter, fibrinogen 159 mg/dL, ferritin 277 ng/mL, and
haptoglobin levels had normalized. Atezolizumab was
permanently discontinued and 4 months later the pa-
tient elected for hospice care. The evolution of key lab-
oratory parameters after treatment is illustrated in
Table 1.

Case 2

A 42-year-old woman with recurrent Masaoka stage
IVA, WHO subtype B2 thymoma provided informed
consent for participation in a clinical trial
(NCT03076554) of the anti-PD-L1 antibody, avelumab,
and was treated at a dose of 10 mg/kg IV. Comorbidities
included iron deficiency anemia, mild hyponatremia of
uncertain cause and duration, and gluten and lactose
intolerance. The patient was not using any medications
on study entry. Seven days after receiving the first dose
of avelumab, she began manifesting myalgias, weakness
of bilateral lower extremities, erythematous mac-
ulopapular skin eruptions over upper extremities,
conjunctivitis /blepharitis, and fever. Transaminitis was
noted with alanine aminotransferase of 81 IU/liter and
aspartate aminotransferase of 270 IU/liter on day 10.
She was started on methylprednisolone 1 mg/kg/day IV
on day 13 for the treatment of immune-related hepatitis.
Hyponatremia steadily worsened after the start of
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treatment and further workup confirmed a diagnosis of
syndrome of inappropriate antidiuretic hormone.

On day 13 postavelumab, hemoglobin was 7.6 g/dL
(10 g/dL at baseline) and coagulation parameters
included activated partial thromboplastin time of 53.6
seconds and prothrombin time of 15.7 seconds, both of
which were corrected on mixed studies. Thrombin time
was 21.7 seconds (normal, 13.2-20.5 s). Fibrinogen was
low (164 mg/dL) and D-dimer was increased (7.11 ug/
mL) on day 12; triglyceride level was 312 mg/dL on day
14. The direct antiglobulin test was positive when tested
with anti-IgG and negative when tested with anti-
complement antisera, consistent with the presence of
autoantibodies against red cells. Assay of coagulation
factors revealed factor II activity of 48%, factor IX 81%,
factor X 65%, and factor VIII 99%. Absolute reticulocyte
count was 0.018 K/uL (normal, 16.4-77.6 K/uL). Liver
biopsy performed on day 16 (per protocol) for evalua-
tion of treatment-related liver injury revealed no evi-
dence of hemophagocytosis. Ferritin level peaked at
28,055 ng/mL on day 14. This marked elevation, in the
absence of fulminant liver failure, raised suspicion for
cytokine release with associated consumptive coagul-
opathy, consistent with DIC.

Liver biopsy was complicated by persistent bleeding,
despite efforts to keep the fibrinogen level over 150 mg/
dL with transfusion of fresh frozen plasma and cry-
oprecipitate. The patient received activated prothrombin
concentrate, activated recombinant factor VII concen-
trate, and tranexamic acid and achieved adequate he-
mostasis. Further testing on posttreatment day 20
revealed elevated von Willebrand factor (VWF) antigen
of 240 IU/dL with VWF activity greater than 240 IU/dL.
The activity level was 43% for factor II, 88% for factor
VII, 95% for factor IX, 60% for factor X, 75% for factor
XI, and 92% for factor VIII. Factor XIII activity was
normal. Plasminogen activator inhibitor type 1 was
elevated at 98 IU/mL (normal, 3-86), pointing to an
inflammatory state. Thromboelastogram was normal.
She received her last factor support on day 24, after
which fibrinogen remained above 150 mg/dL. There was
no compromise of kidney function throughout her
admission. On follow-up after 1 week, all parameters
continued to improve. Treatment with avelumab was
resumed uneventfully after 6 months. Key laboratory
results are summarized in Table 2.

Discussion

The complex interactions between inflammatory and
coagulation pathways are well described.*” Inflamma-
tion is associated with reactive elevation of fibrinogen
and C-reactive protein, which enhances plasminogen
activator inhibitor-1 and promotes tissue factor
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Table 2. Case 2: Selected Laboratory Results Before and After Administration of Avelumab

Laboratory Test (normal values) Baseline Day 7 Day 13 Day 16 (Liver Biopsy) Day 24 Day 36 (Discharge) Day 48

Platelet count (million/mm3) 256 221 134 157 174 98 254
(173-369)

Hemoglobin (g/dL) 10 9 7.6 7.1 8.2 8.9 (transfused) 9.2
(11.3-15.7)

LDH (U/liter) — - 1022 1604 1476 641° 229
(113-226)

Haptoglobin (mg/dL) - - 153 — — <10? 86
(30-200)

PT (s) 15.6 16.3 15.7 14.7 16.1 14.6 12.7
(11.6-15.2)

aPTT (s) 35.6 40.1 53.6 45.7 33.6 29.8 28.2
(5.3-37.3)

Fibrinogen (mg/dL) = = 164° 112 104 201 =
(177-466)

Factor Il activity % (61-135) — - 48 43¢ — - —

Ferritin (ug/liter) 58 = 23683 17428 = 3643¢ =
(13-150)

Absolute reticulocyte count (K/uL) - - 0.018 — — 0.029 —
(16.4-77.6)

Sodium mEq/liter (136-145) 128 125 125 127 138 132 133

ALT/AST IU/liter (0-33)/(0-32) 21/34 25/52 142/461 212/657 122/243 75/72 53/35

“Day 25

bpay 12

“Day 20

9Day 30

ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; PT, prothrombin

time.

formation leading to impaired fibrinolysis and coagul-
opathy.”” Other inflammatory cytokines also modulate
the coagulation process. TNF-«a decreases thrombomo-
dulin, which inactivates protein C and effectively pro-
duces a procoagulant effect.” IL-6 releases the CD40
ligand, which induces the tissue factor, resulting in
activation of the coagulation pathway, and also increases
inflammatory cytokines.” IL-6 also increases the expo-
sure of P-selectin on the platelet surface and inhibits
ADAMTS13 activity of converting VWF multimers to
smaller, less thrombogenic forms.° This perfect storm
creates a procoagulant state.

Coagulopathy, in turn, exacerbates inflammation.
Factor Xa, thrombin, and the tissue factor-factor VIla
complex can give rise to a proinflammatory state.
Thrombin, in particular, can induce IL-6 production in
endothelial cells."’ Tissue-factor VIla complex induces
major histocompatibility antigen-1I expression on mac-
rophages.'” The activated platelets release the CD40
ligand, which further releases inflammatory cytokines. In
contrast, activated protein C and antithrombin-III have
anti-inflammatory effects on mononuclear cells and
granulocytes, separate from their anticoagulant activity.
However, the levels of both are decreased in inflamma-
tory states.” Endotoxin, IL-18, and TNF-a down-regulate
both thrombomodulin and endothelial cell protein C re-
ceptor, thereby decreasing the generation of activated

protein C and suppressing its anti-inflammatory prop-
erties.”” This interplay of inflammation and coagulation
ultimately causes severe DIC.

ICIs can potentially induce secondary coagulopathy
by disrupting this cell-based mechanism of hemostasis
(Fig. 1). Acquired coagulopathy has also been described
with other immunologic therapies such as CD19-specific
chimeric antigen receptor-modified T cells (CAR-T)
owing to the development of CRS."* Patients with higher
degrees of CRS exhibit more severe coagulopathy, thus
confirming a strong link between inflammation and
coagulopathy.

Among our patients, the presence of CRS in the first
patient is evidenced by elevated inflammatory markers,
ferritin, and the presence of hemophagocytosis in the
bone marrow. In the second patient, the presence of
hepatic dysfunction, at the least, contributed to coagul-
opathy. In addition, ferritin was profoundly increased in
the absence of fulminant hepatic failure. This points to
marked inflammation and supports the notion that CRS
indirectly induced acquired coagulopathy.

There is limited literature on the diagnosis and
management of acquired coagulopathy in patients
receiving immunotherapy. The imbalance between
normal and pathologic hemostasis in the context of ICI
therapy likely involves multiple, poorly understood
mechanisms. Our experience with cancer-related
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Figure 1. Disruption of cell-based hemostasis by ICls. ICls can lead to exacerbated immune response characterized (among
other effects) by the following: (1) elevated CRP, which leads to increase in PAI-1; (2) increase in IL-6, leading to increased
exposure of P-selectin on the platelet surface and larger VWF multimers; and (3) elevation of TNF-«, which, along with
inflammation itself, leads to decrease AT-lll and APC. Inflammatory cytokines IL-1, IL-6, and TNF-« lead to increased
expression of tissue factor. The resultant coagulation, with an increase in factor Xa, tissue factor Vlla complex, and, notably,
thrombin, along with the release of the CD40 ligand from activated platelets, leads to the release of cytokines, which then
fuel the vicious cycle. APC, activated protein C; AT-lll, antithrombin Ill, CRP, C-reactive protein; ICls, immune checkpoint
inhibitors; IL-1, interleukin-1; IL-6, interleukin-6; PAI-1, plasminogen activation inhibitor-1; PD-1, programmed cell death-
protein 1; PD-L1, programmed death-ligand 1; TF, tumor factor; TNF-«: tumor necrosis factor-alpha; VWF, von Willebrand

factor.

coagulopathy suggests that monocyte- or tumor cell-
induced production of tissue factors plays a crucial
role in creating hemostatic imbalance. Sato et al.® have
also noted that disordered clinical hemostasis in patients
receiving ICI therapy occurs soon after initiation of ICI
therapy in patients with high tumor cell PD-L1 expres-
sion. Furthermore, tissue factor synthesis was highest in
those patients whose peripherally circulating monocytes
possessed high PD-L1 expression in vitro. These obser-
vations provide crucial clues for the development of
diagnostic and therapeutic strategies for the manage-
ment of ICl-induced coagulopathy and also provide an
impetus for performing prospective clinical trials that
include coagulation and cytokine testing to develop
biomarkers of risk for acquired coagulopathy.

Our patients responded readily to corticosteroids and
did not require other immunomodulating agents, such as
tocilizumab (humanized monoclonal antibody against
the IL-6 receptor). CRS has also been reported with
nivolumab, with a clinical picture similar to the first
patient, in which the patient responded to tocilizumab."”
Further research is needed to identify optimal treatment
strategies for ICl-induced coagulopathy. Physicians faced
with a diagnostic and therapeutic dilemma related to
CRS-induced coagulopathy can consider using existing
guidelines for CRS, such as the CARTOX treatment

algorithms that are widely used for the management of
CAR-T cell therapy-associated toxicity.'®

Conclusions

With the increased use of ICls, a higher incidence of
ICI-mediated coagulopathy is anticipated. Early recog-
nition and treatment of acquired coagulopathy are
crucial in mitigating morbidity and mortality in re-
cipients of immunotherapy. Our experience also high-
lights the need for further research to uncover the
pathophysiology of acquired coagulopathy in patients
receiving immunotherapy and to identify biomarkers
that can be used for the prompt diagnosis and manage-
ment of immunotherapy-associated coagulopathy.
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