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Abstract: Allogeneic hematopoietic stem cell transplantation (HSCT) offers curative potential for
various hematologic malignant and non-malignant disorders. Improvements in supportive care,
conditioning regimens and graft versus host disease (GVHD) prophylaxis has resulted in a reduction
in non-relapse mortality and improved overall survival (OS). Despite this the early-post transplant
period is fraught with complications that can significantly impact morbidity and mortality. This
review adopts a symptom-based approach using clinical vignettes to highlight five critical early
complications of allogeneic HSCT: neutropenic fever, GvHD, posterior reversible encephalopathy
syndrome (PRES), transplant associated thrombotic microangiopathy (TA-TMA) and sinusoidal
obstructive syndrome (SOS). Each of these conditions presents with non-specific symptoms — such as
fever, hypertension, mental status changes or jaundice- requiring high clinical suspicion and timely
intervention. Using clinical vignettes, we explore the pathophysiology, clinical presentation,
diagnostic challenges and evidence-based management strategies for these complications. The goal
is to equip clinicians with a practical framework for recognizing and managing these high-risk
syndromes occurring in the early post-transplantation period.

Keywords: allogeneic hematopoietic stem cell transplantation; early complications; neutropenic
fever; graft versus host disease; posterior reversible encephalopathy syndrome; transplant
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Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) remains the only curative option for
several malignant and non-malignant conditions. Improvements in supportive care, conditioning
regimens, human leukocyte antigen (HLA) typing and graft versus host disease (GvHD) prophylaxis
has resulted in a reduction in non-relapse mortality (NRM) and improved overall survival (OS).
Despite this, HSCT remains associated with potentially- life threatening complications. Currently,
transplant related mortality (TRM) is reportedly between 6- 14% at 100 days [1-3] with 60-80% of
TRM occurs in the first 100 days[3]. The leading causes for the early TRM (i.e within 100 days) are
infection, organ toxicity and acute graft versus host disease (aGVHD) [1,3]. These complications
result from immunodeficiency, the direct toxic effects of chemotherapy or immune dysregulation.
The ability to recognize and manage these complications early can be potentially lifesaving.

In this review we employ a symptoms-based approach using clinical vignettes to discuss key
early HSCT complications. To complement this approach, we present a comprehensive symptom-
oriented table summarizing the major early complications of allogeneic HSCT (Table 1).
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Table 1. Symptom-Based Guide to Early Post Transplant Complications [4,12-19]. Evaluation of a patient at the
onset of neutropenic fever should begin with an assessment for hemodynamic instability, followed by a

thorough history and physical examination must include careful inspection of the central venous catheter

insertion site, skin, oral mucosa for signs of mucositis, and the perianal region for evidence of abscesses [6].

Symptom Differential Diagnosis Pathophysiology Diagnostic Clues
Neutropenia + mucosal ~ Fever with neutropenia;
Neutropenic bacteremia, disruption - Trisk of positive blood cultures
Fungal infection bacteremia
Fever & Release of pro-  Fever around time of neutrophil
infl f ith weight gai
Engraftment Syndrome n .ammato.ry engraftment with weight gain,
cytokines, capillary rash, pulmonary edema,
leak negative blood cultures
Painful oral ulcers; dysphagia;
Direct endothelial amniut oral wicers; dysphagta;

Chemotherapy/radiation
toxicity

injury from
Oral Mucositis conditioning regimen
Viral reactivation

(HSV)

Viral stomatitis

drooling

HSV: grouped vesicles,
ulcerations on lips/tongue,
positive PCR or culture

Direct chemotoxic

Conditioning effect on GI epithelium
chemotherapy-induced
mucositis C. difficile toxin leads

Infectious — Clostridium to epithelial injury and

Concurrent oral mucositis.
Typically occurring around
D+0-21

Recent antibiotics, positive C.

difficile colitis, CMV inflammation diff toxin
colitis CMV colitis — direct
viral cytopathic effect
. T-cell-activation - CMV viremia, biopsy with
Diarrhea . . . . .
cytokine- mediated inclusion bodies
Acute GVHD inflammatory response
- apoptosis Profuse secretory diarrhea,
Direct epithelial injury occurs post engraftment (2-4
(MMEF), alteration of =~ weeks post-HSCT) may be
Medication induced  intestinal microbiome, associated with skin rash,
(MMF, antibiotics, osmotic effect hepatic involvement - jaundice
magnesium) (magnesium salts) Symptom resolution after
holding suspected medication
i h hes, visual
PRES CNLinduced Seizures, headac es,. V1sua.
. changes. MRI — posterior white
endothelial
) matter edema
dysfunction -
Infecti ic ed i
Jectious vasogenic eCemain - o cal neurologic deficits, fever,
meninoencephalitis posterior brain
R Lumbar puncture: CSF
- HSV/HHV6 Reactivation or new . .
infection pleocytosis, CSF PCR + viral
Altered Mental pathogen, MRI - HHV6 —
Status bilateral T2 hyperintensity in
temporal lobes, hippocampus
and amygdala. HSV — unilateral
T2 hyperintensities in temporal
lobe, orbitofrontal cortex. May
Metabolic have evidence of hemorrhage.
encephalopathy (e.g.,
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hepatic encephalopathy,
uremic encephalopathy)

Sepsis-associated
encephalopathy
Medication-induced

Ammonia/toxin
accumulation

Asterixis, hyperammonemia,
liver dysfunction, renal
dysfunction

Cytokine-medicated = Occurring in the context of

- Opioids brain dysfunction sepsis, normal brain imaging
CNS depression, Sedation, confusion
- Benzodiazepines especially with
renal/hepatic
dysfunction Hypoactive
- Anticholinergics
(diphenhydramine, Enhancement of
promethazine) GABAergic inhibition =~ Hallucinations, dry mouth
- Antifungal (e.g., in the CNS
voriconazole)
Central muscarinic
blockade Visual disturbances,
hallucinations,
CNS penetration
Endot‘hel%al injl.lry in Weight gain, painful
hepatic sinusoids = hepatomegaly, elevated
SOS venule occlusion !

Drug Induced liver injury idiosyncratic reaction,

bilirubin, ascites. Doppler US :
reversed hepatic venous flow

Direct hepatotoxicity, (late finding)

(DILI) mitochondrial injury,
impaired canalicular
Liver transport
Dysfunction Activated T cells o .
(Jaundice) Acute GVHD infiltrate liver and aGVHD Wlt,h isolated ll.ver
. o involvement is rare. Typically
intrahepatic bile duct . . .
o associated with skin and gut
- cholestatic liver .
. . involvement — concurrent rash
injury, bile duct :
o . and diarrhea
epithelial apoptosis
Cholestasis of sepsis Mediated by
(cholangitis lenta) endotoxin, IL6, TNF.a - +Dblood cultures, fever,
- hepatocyte retention hvpotension
of conjugated bilirubin YP
Chemotherapy induced . . Typically 3-10 C?ays post
i ., Acrolein (metabolite) cyclophosphamide. UA -
hemorrhagic cystitis . .
(cyclophosphamide) accumulated in negative for WBC, leukocyte
yclop p bladder = urothelial esterase, nitrites
Hematuria Infectious cell damage
Bacterial UTI 8

e BKcystitis
e  Adenovirus cystitis

UA - +nitrites, leukocyte
esterase
+ PCR for BK, decoy cells on

cytology

Viral cytopathic effect
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Lobar consolidation

Infectious Bacterial invasion post-
e  bacterial pneumonia, pérrier .injury . Halo sign on CT, +
e fungal PNA Angioinvasion (fungi)

galactomannan (GM), + 3-D-

Shortness of Glucan serologies

breath, cou.gh, ° ' viral (CMV, RSV) Viral cytol¥s1s CMV PCR+
hemoptysis Diffuse alveolar Alveolar-capillary .
hemorrhage (DAH) iniur New diffuse pulmonary
emorrhage TR yary infiltrates. Bloody BAL
Idiopathic pneumonia
syndrome (IPS) Cytokme-mc'h.lced Sterile BAL
pneumonitis

Immune mediated
rejection, low stem cell
dose, hematopoietic
Graft Failure — Primary ~ microenvironment
damage
Viral marrow

Hypocellular marrow, absence
of donor chimerism

Delay suppression .
+ 1 PCR
engraftment Viral (parvo B19, CMV, vira S
(persistent HHV6)
cytopenias) Relapse
D TMP-SMX E helial
eI ol bt o et bl
p . . . anemia, normal ADAMTS13
TA-TMA - microangiopathic . .
. activity, elevated creatinine
hemolysis,
thrombocytopenia,
anemia

HSV - Herpes Simplex Virus, PCR - Polymerase Chain Reaction, CMV -Cytomegalovirus,
GVHD - graft versus host disease, PRES - posterior reversible encephalopathy syndrome,
HHV6 — human herpes virus 6, CNI - calcinurin inhibitors, CSF - cerebrospinal fluid, SOS -
sinusoidal obstructive syndrome, TNF-a — tumor necrosis factor — o, UTI — urinary tract
infection, UA - urinalysis, PNA - pneumonia, RSV - respiratory syncytial virus, BAL —
bronchoalveolar lavage, TMP-SMX - trimethoprim-sulfamethoxazole, TA-TMA - transplant
associated-thrombotic microangiopathy

CASE 1

A 48-year-old man with a history of adverse risk acute myeloid leukemia (AML) in complete
remission 1 (CR1) underwent a matched unrelated donor HSCT conditioned with myeloablative
busulfan and fludarabine. His post-transplant prophylaxis consisted of post-transplant
cyclophosphamide (PTCy), tacrolimus and mycophenolate mofetil. Seven days post-transplant he
developed a fever (maximum temperature Tmax = 39.1 °C) with chills and malaise.

Vital signs: Heart Rate (HR) 110 beats per minute (BPM), blood pressure (BP) 95/60 mmHg,
respiratory rate (RR) 22/minutes, oxygen saturation (SpO2) 97% on room air.

Complete blood count (CBC): White blood cell count (WBC): 0.2 x10"9/L (absolute neutrophil
count (ANC) < 100/pL. Comprehensive metabolic panel (CMP) and lactic acid are within normal
limits. Blood cultures, urinalysis and chest X-ray are obtained.

He is started on bolus of normal saline and Cefepime 2g intravenously is given.

48 hour later — Blood cultures return — gram negative rods — sensitivity pending.

Neutropenic Fever
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Neutropenic fever (NF) is a common and potentially life-threatening complication following
HSCT. Approximately 80% of allogeneic transplant recipients will develop febrile neutropenia [4].
The vast majority of cases are of infectious etiology [5]. However, a specific causative agent is only
identified in 20-25% of febrile neutropenic episodes [6,7]. In the majority of cases (40-50%) no
infectious etiology is identified, and 20-30% have a clinically documented infection without an
isolated pathogen.

Blood stream infections (BSI) is the most common infectious complication following HSCT.
Approximately 60% of cases occur in the pre-engraftment period [8,9]. The majority of
microbiologically documented infections arise from the patient’s endogenous microflora. Gram
positive bacteria were previously more commonly isolated in BSI in neutropenic fever than gram
negative organisms. This was attributed to the widespread use of gram-negative antimicrobial
prophylaxis and central venous catheters. Currently, there has been a resurgence of gram-negative
bacteremia due increasing prevalence of multidrug resistant gram-negative organisms [8,10,11].
Coagulase negative staphylococcus(CoNS), viridians group streptococci and staphylococcus aureus
are the most common gram-positive organisms. These organisms are of low virulence and rarely
cause life-threatening infections [4]. Among the gram-negative organisms Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa are the most common [6]. These organisms have a high
virulence and can rapidly progress to septic shock and death if not treated early [4]. Invasive fungal
infections account for about 5-10% of BSI in the pre-engraftment phase.

Initial laboratory workup should include a complete blood count (CBC), comprehensive
metabolic panel (CMP), lactate level, prothrombin time (PT), and partial thromboplastin time (PTT).
Blood cultures should be obtained both peripherally and from the central line. Urinalysis and urine
culture are also essential components of the initial workup. Additional diagnostic tests and imaging
should be guided by the patient’s symptoms. For patients presenting with respiratory symptoms, a
chest CT scan is the preferred imaging modality due to its superior sensitivity compared to plain
radiography [6].

Empiric antibiotic therapy with an anti-pseudomonal beta-lactam—such as cefepime,
piperacillin-tazobactam, or meropenem —must be initiated promptly to reduce the risk of rapid
clinical deterioration [4]. In the setting of hemodynamic instability or septic shock monotherapy is
not sufficient and addition of aminoglycoside for dual gram-negative coverage or escalation of gram-
negative coverage to carbapenems may be warranted. Addition of vancomycin can be considered if
there is methicillin resistant staphylococcus aureus (MRSA) colonization and in cases of suspected
line infection [4,7].

Case 2

A 56-year-old woman with high-risk myelodysplastic syndrome (MDS) underwent a 7/8 mis-
matched unrelated donor allogeneic HSCT following myeloablative conditioning with fludarabine
and busulfan. GVHD prophylaxis consisted of post-transplant cyclophosphamide, tacrolimus and
mycophenolate mofetil (MMF). She had neutrophil engraftment at post-transplant day 16 and was
discharged from hospital on day 18. She presents on day +35 post-transplant with profuse watery
diarrhea (~ 1.8 L/day), decreased appetite, abdominal pains, nausea and occasional hematochezia. 3
days prior to the onset of diarrhea she developed a generalized pruritic maculopapular rash
involving < 50% of the body surface area.

Diarrhea

Diarrhea is the most common gastrointestinal complication of allogeneic transplantation [16,17].
In the pre-engraftment period diarrhea is mainly due to chemotherapy induced mucositis [16].
Infectious causes due to Clostridioides difficile infection (CDI) and neutropenic enterocolitis are
important causes of diarrhea in this phase [20]. Post engraftment (period following neutrophil
recovery), aGVHD is the leading cause of diarrhea [16,21]. Viral agents such as cytomegalovirus
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(CMV), norovirus and adenovirus are the leading infectious etiology of diarrhea in this time frame
[20]. Medications such as MMF frequently used as part of GvHD prophylaxis is also an important
differential diagnosis for diarrhea in the HSCT patient (see Table 1).

The patient is case 2 has an acute onset of watery diarrhea associated with rash occurring post-
engraftment. The most likely diagnosis is aGVHD.

Acute GVHD

aGVHD remains a leading cause of morbidity and mortality post-HSCT. It accounts for the 2nd
leading cause of death post-transplant. [22,23]. It is estimated that 30-50% of patients undergoing
HSCT will develop aGVHD with 14% developing severe aGVHD [22,24]. The most common sites of
involvement of aGVHD are the skin (seen in 70% of aGVHD cases), gastrointestinal track (74%) and
liver (44%) [25]. In approximately 25% of aGVHD cases there is concomitant involvement of the skin,
Gl tract and liver.

The pathophysiology of aGVHD is thought to occur in three phases. In the first phase, tissue
damage arising from the conditioning regimen results in release of pro-inflammatory cytokines such
as tissue necrosis factor -alpha (TNF-a), interleukin IL-6 and IL-1. This results in activation of the host
antigen presenting cells (APC) and upregulation of MHC class II expression on APCs which
improves antigen presentation. In the second phase, donor CD4+ and CD8+ T cells recognize the host
alloantigens. This together with the IL12 secreted by APCs, leads to donor naive T cells polarization
into T helper 1 (Th1) cells. These release proinflammatory cytokines: TNF — o, IL-2 and INF-y. In the
third phase these pro-inflammatory cytokines recruit CD8+ T cells, macrophages and NK cells into
the target tissues. These produce a direct cytotoxic effect resulting in tissue damage [23,24].

Risk factors associated with an increased risk of aGVHD are HLA disparity, increased donor
and recipient age, female donor to male recipient, multiparous female donors and intensity of
conditioning [23,26,27]. Patient receiving peripheral blood stem cells as their graft source do not have
a higher risk of aGVHD compared to those receiving bone marrow graft. This contrasts with chronic
GVHD (cGVHD) where peripheral blood graft source was associated with a higher rate of cGVHD
[28]. In the era of PTCy based GVHD prophylaxis it is unclear whether these factors remain a risk
factor for increased rates of aGVHD.

Clinical features of aGVHD are as described in the Case 2 above. Additionally, patients may
present with nausea, vomiting, decreased appetite and weight lost when there is upper GI
involvement and painless jaundice with hepatic involvement [18].

aGVHD is largely a clinical diagnosis supported by histopathologic confirmation and the
exclusion of other causes. Initial evaluation of the patient presenting in case 2 would include:
comprehensive metabolic panel to assess bilirubin and transaminase level for concomitant liver
GVHD. Stool should be tested for CDI and a wide range of gastrointestinal pathogens with the
gastrointestinal multiplex pathogen panel. Additional testing for infectious etiology includes blood
viral PCR for CMV and adenovirus. In patients with abdominal pain a computed tomography (CT)
scan of the abdomen and pelvis should be done to evaluate for complications such as abdominal
perforation, toxic megacolon, ileus and pneumatosis intestinalism [16,18].

Where there is skin involvement, a skin biopsy can be performed which may show interface
dermatitis with apoptotic keratinocytes. This can also be seen in drug induced skin rashes,
autoimmune skin conditions and viral exanthems.

Endoscopic evaluation with biopsy while not necessary in patients with a high pre-test
probability of aGVHD as in our case, can exclude viral infections etiologies such as CMV or
adenoviral colitis which is common in this patient population [16,21,23,24]. Typically, a flexible
sigmoidoscopy is undertaken with upper endoscopy in patients with upper GI symptoms.
Endoscopic findings include erythema or edema of the mucosa with friability and erosions seen in
more severe cases [18]. Histological features suggestive of aGVHD include apoptotic epithelial cells,
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crypt dropout and karyorrhexic debris. These findings are non-specific for aGVHD and can be seen
in MMF colitis, infectious etiologies and residual conditioning therapy toxicity [18,24].

aGVHD is staged by the extent of involvement of the skin, GI tract and liver. Several staging
systems exist, with the Glucksberg criteria being the most used. Severity is graded form I-IV based
on the organ stage scores (1-4 per organ) (see Table 2 below).

Table 2. Acute GvHD: Glucksberg Grading and Corresponding Treatment Strategies.

GI Symptoms

Liver (Bilirubin (stool volume
GvHD Grade Skin Involvement ve ™ mL/day) Treatment

mg/d) [bowel

movement/day]

Stage 1 (rash <25%

Grade I BSA) None None or (< 500) Observation or
Stage 2 (rash 25-50% [<3] topical steroids
BSA)
Stage 3 (rash >50% Stage 1 (500- Systemic
Gradell BSA) Stage 123 1000) [34] corticosteroids
Stage 2-3 (1000- Svstemic
With or without skin ~ Stage 2 (3.1-6)  1500) [5-7], y ,
Grade III . . corticosteroids
involvement Stage 3 (6-15) cramping,
(2mg/kg)
nausea
Stage 4 (>1500) .
4 —bull
Grade IV Stage . b'u ac Stage 4 (>15) [>7], severe pain, S'ystemlc.
exfoliation corticosteroids

ileus

The patient in Case 2 has grade IV aGVHD [abdominal pain, stool volume 1.8 liters]. This is
associated with a high non-relapse mortality at 6 months of greater than 50% [29]. First line treatment
is methylprednisolone 2 mg/kg in 2 divided doses [18,23]. The response rate to corticosteroids in
patients with grade III-IV acute GvHD is about 30-40% at 28 days with over 60% having steroid
refractory aGVHD (SR-aGVHD) [29]. Ruxolitinib is currently the only Food and Drug Administration
(FDA) approved agent in the setting of SR-aGVHD. This was based on the results of the REACH2
trial which compared ruxolitinib to best available therapy (BAT) in patients with SR-aGVHD. The
overall response rate at 28 days was 62% for ruxolitinib versus 39%for BAT [30]. There is no FDA
approved 3rd line treatment of SR-aGVHD. Treatment options include extracorporeal photopheresis
(ECP), entanercept, mesenchymal stromal cells and alpha-1-antitrypsin.

Important supportive measures in these patients include attention to fluid and electrolyte
balance and parenteral nutrition. Mold active antifungal agents and anti-viral prophylaxis should be
started, and surveillance viral studies should be performed since these patients are heavily
immunosuppressed. Anti-diarrheal agents should be avoided in aGVHD since it reduces gut motility
and can result in an ileus or toxic megacolon [18].

Case 3

A 29-year-old woman with history of adverse risk acute myeloid leukemia (AML) undergoes a
matched sibling donor allogeneic transplantation in CR1. She is conditioned with myeloablative
busulfan and fludarabine with post-transplant cyclophosphamide, tacrolimus and mycophenolate
mofetil for graft versus host disease (GvHD) prophylaxis. Around 15 days post -transplant patient
complained of persistent headaches. Non-contrasted CT scan of the head was unremarkable. She
became progressively more confused and on day 18 post-transplant and was noted to have a tonic-
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clonic seizure. Brain MRI revealed multifocal areas of signal hyperintensity in the occipital lobes and
cerebellum on T2 weighted sequences.

Altered Mental Status

The incidence of neurologic complications following allogeneic transplant varies between 3-44%
[31]. This can be due to neurotoxic drugs, infectious organisms, metabolic encephalopathy,
cerebrovascular disease and immune-related disease [15]. It may also be a systemic manifestation of
other transplant complications such as sepsis, transplant associated thrombotic microangiopathy
(TA-TMA) and post-transplant lymphoproliferative disease (PTLD). Clinic features of neurologic
complications include seizures, altered sensorium, focal neurologic deficits and peripheral
neuropathies [15].

Early neurologic complications are usually due to medications used in the conditioning regimen
or GVHD prophylaxis [31]. One of the most frequent causes is calcineurin induced (CNI)
neurotoxicity, which can lead to posterior reversible leukoencephalopathy (PRES) as in case 3.

Posterior Reversible Encephalopathy Syndrome (PRES)

PRES is a clinico-radiologic syndrome characterized by headaches, seizures, altered mental
status and visual impairment with white matter vasogenic edema affecting predominantly the
occipital and parietal lobes of the brain [32]. It complicates between 6-9% of HSCT [14,33] where it is
typically induced by CNI. CNIs are thought to result in endothelial dysfunction resulting in
disruption of the blood brain barrier leading to protein and fluid transudation in the brain. Other
proposed pathophysiologic mechanisms include disruption of cerebral autoregulation and induction
of cerebral vasoconstriction caused by the CNIs [14,32,33]

The patient in Case 3 represents a typical presentation of PRES. The seizures are typically single
and generalized and can cause transient post-ictal deficits. Other clinical features include cortical
blindness, behavioral abnormalities, hallucination, ataxia, aphasia, confusion, disorientation and
asterixis [33]. Uncontrolled hypertension can also be seen. The development of PRES is associated
with decreased one-year survival rates and an increased rate of death from GVHD [34].

Brain magnetic resonance imaging (MRI) is the goal standard for the diagnosis of PRES. Typical
findings are symmetric vasogenic edema in the parieto-occipital lobes on fluid-attenuated inversion
recovery (FLAIR) and T2-weighted sequences [35,36]. Prompt recognition and management of PRES
is important to ensure a favorable prognosis. Management involves blood pressure control and
prompt removal of the offending agent (typically CNI). The CNIs can be replace with alternative
immunosuppression such as the m-TOR inhibitor (sirolimus) or mycophenolate mofetil [37].

Case 4

A 39-year-old woman with AML in CR1 undergoes a matched unrelated donor HSCT after
myeloablative conditioning with busulfan and fludarabine. GVHD prophylaxis includes PTCy,
tacrolimus and MMF. She is currently day 24 post HSCT. She initially engrafts neutrophils by day
+16 but requires daily platelet transfusion support. Over the next 2 weeks, she develops new-onset

hypertension and rising serum creatinine from 0.7 mg/dL pre-transplant to 1.8 mg/dL by day +30.

She also requires intermittent red blood cell transfusions despite adequate reticulocyte production

and no evidence of bleeding. Lactate dehydrogenase (LDH) is elevated (750 U/L), haptoglobin is
undetectable, and a peripheral smear reveals schistocytes. Tacrolimus levels are within therapeutic

range.

Urinalysis shows proteinuria (protein:creatinine ratio 2.1 g/g), and ADAMTS13 activity is 45%,
Coombs (DAT) test is negative. A complement panel shows low CH50, and soluble C5b-9 (sC5b-9) is
elevated at 480 ng/mL (normal <244 ng/mL).
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Transplant Associated-Thrombotic Microangiopathy (TA-TMA)

TA-TMA is a microvascular disorder arising from endothelial dysfunction. In the post- HSCT
setting endothelial dysfunction is due to conditioning chemotherapy, drugs used for GvHD
prophylaxis, viral or bacterial infection and grade II-IV aGVHD. Endothelial dysfunction results in a
proinflammatory and prothrombotic milieu resulting in complement activation and microvascular
thrombosis leading to organ dysfunction. TA-TMA is an early complication of HSCT and is typically
diagnosed at a median of 30-60 days [19,38]. It has an incidence of about 12% in the first year post-
HSCT. It is a potentially life-threatening complication with mortality rates exceeding 50% at 1-year
post-HSCT It is also associated with significant morbidity and healthcare utilization [38].

Clinical features of TA-TMA include new onset hypertension, altered mental status, confusion,
and headaches. In about 40-60% [19] of cases there is significant renal involvement at disease onset.
Laboratory abnormalities include features of hemolysis [elevated LDH, undetectable or low
haptoglobin, falling hemoglobin, increased red blood cell transfusion requirement, schistocytes on
peripheral blood smear], acute renal failure, proteinuria and prolonged platelet dependent
thrombocytopenia or platelet refractoriness. Due to widespread complement activation, there are
elevated levels of C5b-9 (marker of terminal complement activation) [38,39]. This also leads to
reduction in complement levels and total hemolytic complement activation (CH50) as seen in Case 4
above.

Several diagnostic criteria exist to establish a diagnosis of TA-TMA. Consensus
recommendations recommend using the modified Jodelle criteria [38]. This requires the presence of
4 or more of 7 features at 2 different time points within 14 days: anemia, thrombocytopenia, elevated
LDH, schistocytes, hypertension, sC5b-9 > upper limit of normal and random urine protein to urine
creatinine ratio (rUPCR) > 1 mg/mg [38]. The patient in Case 3 has all 7 criteria.

The management of TA-TMA involves removal of the inciting factor (CNIL, mTOR inhibitor),
supportive measures and complement inhibition. The first step is discontinuation or dose reduction
of the endothelial-toxic agent. Several newer studies have brought this practice into questions by
showing a lack of effectiveness of this approach due to frequent concurrent GVHD [19,40]. Supportive
care measures include aggressive blood pressure control, fluid and electrolyte management,
infectious disease prophylaxis particularly against encapsulated organisms and close monitoring of
renal function. Eculizumab, the monoclonal antibody directed against C5 prevents activation of the
terminal complement pathway inhibiting generation of the membrane attack complex, is used as
empiric treatment in high risk TA-TMA. Early initiation of eculizumab is associated with hematologic
recovery and stabilization or improvement in renal function. Eculizumab is associated with an overall
survival of 52-70% at 6 months compared to historical controls of 25% [19,39,41]. Long-term sequela
of TA-TMA include chronic kidney disease, persistent hypertension, neurocognitive dysfunction,
prolonged transfusion dependence and increase susceptibility to infections [39].

Case 5

JM is a 30-year-old woman who underwent a matched unrelated (10/10) donor transplant for
poor risk AML in CR1. She received myeloablative conditioning with busulfan and fludarabine. Her
graft versus host disease prophylaxis consisted of post-transplantation cyclophosphamide,
tacrolimus and mycophenolate mofetil. At day +15 post-transplantation she has developed right
upper quadrant abdominal pains, weight gain and icterus. Physical examination is notable for
significant edema, right upper quadrant pain, hepatomegaly and jaundice. Laboratory data is notable
for WBC 0.0, Total bilirubin 5.2, Indirect bilirubin 0.8, Cre 2.1, AST 230 and ALT 330.

Early hepatic complications of HSCT include sinusoidal obstructive syndrome (SOS), drug
induced liver injury (DILI), infections and acute graft versus host disease (aGvHD) [12].

Sinusoidal Obstructive Syndrome (SOS)
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SOS previously called veno-occlusive disease (VOD) is a rare, life-threatening complication of
HSCT, high dose chemotherapy and high dose radiation. The syndrome is characterized by weight
gain, tender hepatomegaly, ascites and jaundice [12,42!. In adults, the estimated incidence of SOS is
3.3-10% [43,44]. In contrast children undergoing allogenic transplantation have a significantly higher
risk of SOS with an estimated incidence of 30% [45]. SOS is associated with significant mortality rate,
about 80% in patients developing multiorgan failure [46.

Risk factors associated with the development of SOS include: use of myeloablative conditioning
regimen (particularly those containing busulfan, cyclophosphamide), GVHD prophylaxis consisting
of the combination of tacrolimus and sirolimus), history of prior liver disease, prior treatment with
gemtuzumab ozogamicin or inotuzumab ozogamicin and pre-transplantation iron overload.

The pathophysiology of SOS is due to endothelial damage from conditioning chemotherapy,

cytokines released from injured tissue, and microbial products migrating through damaged mucosa.
The damaged endothelial cells release multiple factors which stimulate coagulation and inhibit
fibrinolysis. This results in the formation of microthrombi in the hepatic sinusoids which become
further obstructed due to detachment and embolization of the damaged endothelium. Increased
vascular permeability occurring due the disruption of the endothelium results in increased fluid
leakage into the extravascular space of Disse leading to narrowing of the sinusoids [12,42,45].
Disruption in sinusoidal flow can result in portal hypertension, decreased hepatic venous flow and
progressive hepatocellular death. This can progress rapidly into hepatorenal syndrome and multi-
organ failure [12].

The clinical presentation of SOS is related to portal hypertension and includes tender
hepatomegaly, ascites, hyperbilirubinemia and weight gain (as in the case 5). Symptoms typical
develop within 21 days of HSCT. However, up to 26-30% of case of SOS are of late onset [47,48] SOS
is a clinical diagnosis with transjugular hemodynamic studies and liver biopsy serving only as

complimentary testing particular in the setting of late onset SOS/VOD. There are four widely used
diagnostic criteria as shown in Table 1. While the newer described EBMT and Cairo/Cooke criteria
include cases of anicteric SOS (unlike the Baltimore Criteria) and late onset SOS, it must be noted that
neither of these criteria have been validated in prospective clinical trials [49,50].

Table 3. Diagnostic criteria for SOS/VOD.

Baltimore Criteria [51] Modified S{;;;tle Criteria EBMT Criteria [49]

Classic SOS/VOD in the first 21 days
after ASCT
> Bilirubin = 2 mg/dl and 2 of the
following must be present
o  Painful hepatomegaly
o  Weigh gain>5% OR
Serum bili > 2 mg/dl within Presentation by day 20 post o  Ascites

21 days of HCT plus at least2 HSCT of a least 2 of the Late onset SOS/VOD
of the following;: following »  Classical SOS/VOD occurring
> Hepatomegaly > Bilirubin > 2 mg/dl beyond day 21 OR
> Ascites > Hepatomegaly or right >  Biopsy proven SOS/VOD OR
>  Weight gain > 5% pre- upper quadrant pain > Hemodynamic or U/S evidence of
transplant >  Weigh gain>2% SOS/VOD with > lor more of the
following
Bilirubin > 2 mg/dl
Painful hepatomegaly
Weight gain > 5% OR
Ascites
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Cairo/Cooke revised Criteria [50]

Any 2 of the following after HSCT Any 1 of the following after HSCT

> Bilirubin > 2 mg/dl
>  Unexpected weight gain > 5% compared to pre-HSCT

baseline >  Hepatic biopsy consistent with
»  Refractory thrombocytopenia SOS/VOD
> Hepatomegaly >  Unexplained elevated portal
>  Right upper quadrant pain venous wedge pressure
> Ascites

Reversal of port venous flow

EBMT - European Society for Blood and Marrow Transplantation.

Severity Grading: The EBMT developed a grading system for SOS/VOD that evaluate 5
parameters: time since development of clinical symptoms, bilirubin, transaminases, percentage
weight increase and renal function). These parameters discriminate SOS into 4 different severities :
mild, moderate, severe, very severe (multiorgan dysfunction) [53]. The 100-day treatment relapsed
mortality for the mild, moderate and severe were not different ranging from 2.7-8.3%, however in the
very severe group, this was 36.7% [54].

Pharmacologic Prophylaxis: The data surrounding the use of ursodeoxycholic acid as prophylaxis
against SOS in allogeneic transplantation it equivocal [55-57], however, it was found to have a
demonstratable reduction in non-relapse mortality and improvement in overall survival through
reduction in severe acute GvHD of the liver and intestinal GvHD [58]. Ursodiol is therefore
recommended from the start on conditioning until day 90 during allogeneic transplantation.

Treatment. Supportive measures. Fluid balance should be monitored closely. Fluid intake should
be restricted and diuretic therapy administered in situations of severe volume overload. Patients who
are unresponsive to diuretics may require dialysis to manage volume overload. Mild to moderate
SOS usually resolves with supportive care only. In cases of very severe SOS with multiorgan failure
early initiation of defibrotide therapy is warranted [59,60]. Defibrotide, is an oligonucleotide derived
from porcine tissue which has antithrombotic, thrombolytic, anti-ischemic and anti-inflammatory
properties. It has little systemic anticoagulant activity and carries low risk of bleeding. In a Phase 3
study defibrotide, at a dose of 25 mg/kg/day in 4 divided doses, was used in the treatment of patient
with established SOS/VOD with multiorgan failure was compared to 32 historical controls.
Defibrotide showed improved complete remission (CR) rate of 25.5% at day +100 compared to 12.5%
for controls (95.1% CI, 3.5-34.6; p=0.0160) [61] and was associated with significantly improved OS at
day +100. Median time to response to defibrotide was 34.5 days with durable responses attained in
the majority of patients [61]. Defibrotide is the only drug that is approved for the management of
severe SOS/VOD.

Conclusion

Early post-transplant complications account for a significant proportion of TRM and often
present with overlapping, non-specfic and rapidly evolving clinical features. Prompt diagnosis and
management of these complications are paramout to improving HSCT outcomes. In this review, we
took a novel approach of discussing these early complications from the stand point of clinical
presentation to mirror real world challenges faced by transplant clinicians at the bedside. This
method encourage physicians to consider a broad differential while employing a systematic approach
to narrowing the possibilities and integrate clinical data to the clinical context. Focusing on clincal
presentation promotes a deeper understanding of the urgency and ambiguity inherent in managing
early post-transplant complications and highlight the need for timely empiric interventions.
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Looking to the future, there is a clear need to shift from reactive to proactive approaches in
managing early complications. The ability to identify patients at highest risk of these complications
through the development of validated refined pre-transplant risk stratification tools including
biomarkers of endothelial dysfunction, inflammation and machine learning models-hold promise in
identifying patients at highest risk of complications, potentially allowing for pre-emptive
approaches.
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Abbreviations

The following abbreviations are used in this manuscript:

ADAMTS-13 A Disintegrin and Metalloproteinase with Thrombospondin type 1
motif, member 13

aGVHD Acute graft versus host disease

AML Acute Myeloid Leukemia

BAL Bronchoalveolar lavage

BSI Blood stream infection

CDI Clostridioides difficile infection (CDI)

CMV Cytomegalovirus

CNI Calcineurin inhibitors

CoNS Coagulase negative staphylococcus

CSF Cerebrospinal fluid

DAH Diffuse alveolar hemorrhage

DAT Direct antiglobulin test

DILI Drug induced liver injury

FLAIR Fluid-attenuated inversion recovery (in MRI)

GVHD Graft versus host disease

HHVeé Human herpes virus 6

HLA Human leukocyte antigen

HSCT Hematopoietic stem cell transplantation

HSV Herpes simplex virus

IL-6 Interleukin 6

IPS Idiopathic pneumonia syndrome

MDS Myelodysplastic syndrome/neoplasia

MMF Mycophenolate mofetil

mTOR Mammalian Targe of Rapamycin

NF Neutropenic fever

NRM Non-relapse mortality

0S Overall survival

PCR Polymerase chain reaction

PRES Posterior reversible encephalopathy syndrome

RSV Respiratory syncytial virus

rUPCR Random urine protein to urine creatinine ratio

SOS Sinusoidal obstructive syndrome

SR-aGVHD Steroid Refractory acute graft versus host disease

TA-TMA Transplant associated thrombotic microangiopathy

TNF-a Tumor necrosis factor a

TRM Transplant related mortality
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UA Urinalysis
UTI Urinary tract infection
VOD Veno-occlusive disease
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