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Clinical pathways are evidence-based tools that have been integrated into many aspects of pediatric hospital medicine and have proven effective at reducing in-hospital complications from a variety of diseases. Adaptation of similar tools for specific, high-risk patient populations in pediatric oncology has been slower, in part due to patient complexities and variations in management strategies. There are few published studies of clinical pathways for pediatric oncology patients. Pediatric patients with a new diagnosis of leukemia or lymphoma often present with one or more “oncologic emergencies” that require urgent intervention and deliberate multidisciplinary care to prevent significant consequences. Here, we present two clinical pathways that have recently been developed using a multidisciplinary approach at a single institution, intended for the care of patients who present with hyperleukocytosis or an anterior mediastinal mass. These clinical care pathways have provided a critical framework for the immediate care of these patients who are often admitted to the pediatric intensive care unit for initial management. The goal of the pathways is to facilitate multidisciplinary collaborations, expedite diagnosis, and streamline timely treatment initiation. Standardizing the care of high-risk pediatric oncology patients will ultimately decrease morbidity and mortality associated with these diseases to increase the potential for excellent outcomes.
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Introduction


The use of clinical pathways in pediatric oncology

Clinical pathways are evidence-based tools that feature a multidisciplinary approach to care, detail the steps involved in care, include timeframes or criteria-based progression, and aim to standardize care for a specific clinical problem (1). Their use in oncologic care may limit unwanted variation in clinical approach and improve quality, efficiency, and value of care (2, 3). In adult patients with cancer diagnoses, clinical pathways have been developed primarily for drug treatment regimens (3). There are fewer published pathways for pediatric oncology patients, but those that exist focus on managing complications of cancer treatment such as fever and neutropenia (F&N) (4, 5). Similar standardization and evidence-based coordination of care may be especially helpful for pediatric oncology patients who present with life-threatening complications of their new cancer diagnosis.



A challenge in pediatrics - critically ill oncology patients

While disease-free survival for pediatric patients with a new diagnosis of leukemia or lymphoma has improved dramatically in the last 40 years (6), the outcomes for those who present with a life-threatening disease component remain disproportionately poor. A large retrospective multicenter analysis by Zinter et al. found that while pediatric cancer patients represent 4.2% of pediatric intensive care unit (PICU) admissions, they comprise 11.4% of PICU deaths and have an overall mortality of 6.8% (7). Other publications report an even higher mortality for pediatric cancer patients admitted to the ICU, ranging from 13% to 27.8% (8–10). Unfortunately, despite the overall improvement in oncologic outcomes in recent years, there has not been much progress in the outcomes of critically ill oncology patients. Two particularly high-risk populations include patients presenting with hyperleukocytosis secondary to leukemia, who have a mortality rate of up to 20% in the case of acute myeloid leukemia (11) and patients presenting with an anterior mediastinal mass, who have a 15% risk of respiratory or cardiovascular collapse (12). In these cases, arriving at a diagnosis with the least invasive approach and initiating cancer-directed treatment as quickly as possible are necessary to limit morbidity and mortality. As such, we identified these patient populations as candidates for standardization in management using a clinical pathway to expedite workup and treatment. At our institution, we have developed clinical pathways for the immediate triage and emergent management of two high-risk clinical conditions in pediatric oncology patients: hyperleukocytosis and anterior mediastinal masses.




Hyperleukocytosis pathway


Hyperleukocytosis, an oncologic emergency

Hyperleukocytosis, defined as a white blood cell (WBC) count greater than 100,000/µL, occurs in 10% to 20% of patients with newly diagnosed acute leukemia (11, 13, 14). While hyperleukocytosis is more common in acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML) is more likely to cause complications at lower relative WBC counts. The most concerning complication of hyperleukocytosis is leukostasis, a phenomenon that occurs when leukemic blasts occlude the microvasculature, obstructing blood flow to various tissues and leading to end organ damage. Leukemic blasts and endothelial cells interact on the molecular level to release tissue factors and proinflammatory cytokines that worsen tissue damage and lead to coagulopathy (15). Leukostasis may present with a variety of signs and symptoms, including acute kidney injury, oliguria, shortness of breath, hypoxemia, respiratory distress, altered mental status, visual changes, and focal neurologic deficits. Symptomatic leukostasis is a true medical emergency and requires prompt initiation of leukemia-directed therapy to reduce the risk of permanent organ damage or death. Complications related to leukostasis occur more often with AML due to the increased size and poor deformability of myeloblasts.



Hyperleukocytosis pathway highlights

We took the clinical factors described above into account to create a clinical pathway with risk stratification based on the presence or absence of leukostasis, general clinical appearance, and suspected diagnosis from morphology. A mainstay of treatment for all patients with newly diagnosed leukemia – especially those with hyperleukocytosis – is hyperhydration to improve hyperviscosity and reduce the risk of leukostasis. For patients identified to be at low risk (no signs of leukostasis, well-appearing, and with morphology favoring ALL or chronic myeloid leukemia [CML]), leukemia-directed therapy is not initiated until confirmation of diagnosis by flow cytometry. However, symptomatic patients, those who are ill-appearing, or those with morphology favoring AML, acute promyelocytic leukemia (APML), or ambiguous morphology, warrant a more aggressive approach and initiation of immediate empiric therapy.

Of note, there is no definitive evidence demonstrating a mortality benefit for leukapheresis in patients with hyperleukocytosis and hence it is not a part of the treatment algorithm (14, 16). Leukapheresis may be considered in patients with AML with ongoing leukostasis as an adjunct to initiation of chemotherapy (11, 16–18) or patients with CML with evidence of priapism, hearing loss, visual changes, or pulmonary infiltrates (19). Initiation of leukapheresis is often time consuming as it requires placement of specialized central lines and mobilization of multiple services. As a result, our pathway stresses that leukapheresis should not delay initiation of definitive leukemia-directed therapy.

Other complications associated with hyperleukocytosis include tumor lysis syndrome (TLS) with related metabolic derangements and disseminated intravascular coagulation (DIC), which increases the risk of intracranial hemorrhage (ICH). While a separate clinical pathway guides the management of TLS at our institution, the hyperleukocytosis pathway details transfusion parameters, which are modified in patients with DIC and/or ICH. In these patients, the INR goal is lower and the platelet goal is higher to minimize the risk of bleeding.

Another important aspect of the management of hyperleukocytosis is surrounding these transfusion parameters. While these patients are often anemic at presentation, packed red blood cell (PRBC) transfusions in the setting of hyperleukocytosis can increase blood viscosity and result in worsening leukostasis. Therefore, PRBC transfusions should be reserved for patients who are hemodynamically unstable and should be done with extreme caution (20). In contrast, platelets have a minimal contribution to blood viscosity and given the risk of DIC and ICH, platelets should be transfused to maintain a platelet goal >50,000. If there is active concern for DIC or ICH, this threshold should be increased to maintain a plateletgoal >100,000. Figure 1 depicts the most recent hyperleukocytosis pathway currently in use at Lucile Packard Children’s Hospital (LPCH), Stanford Children’s Health since October 2021.




Figure 1 | Pediatric hyperleukocytosis pathway. (A) Pathway overview. (B) Patient risk stratification. (C) Empiric leukemia-directed therapy. (D) Definitions and additional management.





Hyperleukocytosis pathway development

This pathway was developed by a multidisciplinary group including physicians from both the Division of Pediatric Hematology, Oncology, Stem Cell Transplantation & Regenerative Medicine and the Division of Pediatric Critical Care, incorporating additional input from oncology pharmacists. This pathway underwent multiple iterations to incorporate feedback from members of both divisions. The goal of this pathway is prompt notification of the multidisciplinary team involved in the care of children with hyperleukocytosis to facilitate contingency planning and to minimize morbidity and mortality through the expedited initiation of leukemia-directed treatment.




Anterior mediastinal mass pathway


Anterior mediastinal mass, an oncologic emergency

Anterior mediastinal masses are another well-recognized oncologic emergency due to their precarious location that may result in narrowing or obstruction of the trachea, bronchi, superior vena cava, pulmonary vasculature, great vessels, and heart. Compression of the trachea or bronchi can present with dyspnea, orthopnea, cough, stridor, hoarseness, or chest pain and puts a patient at risk of airway obstruction and respiratory failure. A mass causing compression of the superior vena cava (also known as SVC syndrome) can cause a patient to present with edema of the head, neck, and upper extremities from increased venous pressure and decreased venous return, which can lead to thrombosis, cerebral edema, and hemodynamic instability. Compression of pulmonary arteries can result in decreased pulmonary perfusion and right heart failure, while compression of pulmonary veins can lead to pulmonary edema and decreased cardiac output. Compression of the heart and great vessels can result in decreased cardiac output and put a patient at high risk of cardiovascular collapse (20). In a patient with an anterior mediastinal mass, the degree of cardiorespiratory compromise can be evaluated with computed tomography (CT) and echocardiogram to further inform medical decision making.



Anterior mediastinal mass pathway highlights

Similar to the hyperleukocytosis pathway, we incorporated clinical factors into a risk stratification schema to organize a multidisciplinary approach to determine the ideal diagnostic approach and treatment plan. Patients are considered “high-risk” if there is: 1) tracheal cross-sectional area ≤70% and/or presence of carinal/bronchial compression, 2) significant or near-complete SVC obstruction, 3) pericardial effusion and/or tamponade, 4) pulmonary artery outflow obstruction, or 5) ventricular dysfunction (21). In these cases, general anesthesia poses a significant risk to patients as it can decrease respiratory drive, cause loss of normal negative pressure ventilation, decrease bronchial smooth muscle tone increasing the risk of airway collapse, and cause peripheral vasodilation leading to decreased venous return (20). As such, recommendations include minimizing general anesthesia in favor of using local anesthesia whenever possible, and in conjunction with the oncologist, identifying the least invasive approach to diagnosis. When general anesthesia is necessary, it is important to maintain spontaneous ventilation, avoid muscle relaxants, and ensure the availability of additional equipment and extracorporeal membrane oxygenation (ECMO) in the case of emergency. Even with these precautions, the risk of life-threatening complications from anesthesia in these clinical scenarios has been reported to be as high as 9.4% to 20% (22).

The most common pediatric malignancies associated with anterior mediastinal masses include non-Hodgkin lymphoma (predominantly T-lymphoblastic leukemia/lymphoma) and Hodgkin lymphoma, with a smaller proportion being caused by germ cell tumors, thymomas, and thyroid tumors. Each malignancy is diagnosed differently, so the clinical picture needs to be considered in determining the study with the highest likelihood of yielding a diagnosis (23). While lymphoblastic leukemia or lymphoma can be diagnosed by flow cytometry if there are circulating malignant blasts, bone marrow biopsy can provide a diagnosis in 32% of patients with non-Hodgkin lymphoma and a mediastinal mass when peripheral disease is absent (23). Diagnostic yield of thoracentesis of pleural effusions can be as high as 92% in patients with lymphoblastic lymphoma, but is of limited utility for Hodgkin lymphoma. The most definitive approach regardless of diagnosis is biopsy of the primary site, which can be diagnostic in 86-100% of cases depending on the type of biopsy (23). The site of biopsy is another important consideration. In one study, only 19% of children required biopsy of the primary mass (24). A diagnostic algorithm, such as the one created by Perger et al, guides physicians to start with the least invasive approach and proceed to more invasive approaches if the prior approach was non-diagnostic. While this minimizes the initial procedural risk, it may lead to multiple procedures and a substantial delay in diagnosis. For this reason, we favor a multidisciplinary approach that harnesses each individual’s expertise to select a diagnostic strategy that is both high yield and minimally invasive, prioritizing obtaining a diagnostic specimen on the first attempt. Only with prompt diagnosis can definitive disease-directed therapy be initiated swiftly.

The initial mediastinal mass treatment algorithm at our institution was created and published by Hammer in 2004 (25). This pathway has been revised multiple times since then and has incorporated recommendations for anesthetic risk stratification from other studies (21). While 3-level risk stratification strategies have more recently been developed for the management of children with anterior mediastinal masses (22, 26), the approach to intermediate and high-risk patients remains the same, advocating for the avoidance of general anesthesia in both groups when possible. The most recent iteration of the LPCH pathway includes a timeline to expedite a multidisciplinary huddle and determine the diagnostic/treatment approach. Figure 2 depicts the anterior mediastinal mass pathway currently in use at LPCH, Stanford Children’s Health since March 2020.




Figure 2 | Pediatric anterior mediastinal mass pathway. (A) Pathway overview. (B) Anesthetic risk stratification.





Anterior mediastinal mass pathway development

While the original anterior mediastinal mass pathway at LPCH was developed by Hammer (25), a pediatric intensivist and anesthesiologist, it has since been revised by a multidisciplinary group including physicians from the Divisions of Pediatric Hematology, Oncology, Stem Cell Transplantation & Regenerative Medicine, the Division of Critical Care, the Division of Pediatric Anesthesiology, the Division of Pediatric Surgery, the Division of Pediatric Interventional Radiology, and the Division of Pediatric Radiology. It was presented at the Surgical and Procedural Quality Committee Meeting with members of all subspecialties present and approved for implementation. The goals of this pathway are to: 1) standardize a systematic approach to pediatric patients with an anterior mediastinal mass, 2) enhance communication between various teams, 3) minimize risk to patients and improve patient safety, and 4) expedite diagnosis to initiate treatment as soon as possible.




Pathway implementation

Both pathways are published on the Stanford Children’s Health Intranet Clinical Pathways website. They are accessible to all who work at LPCH through a link directly accessible through the electronic health record. Information about the implementation of these pathways was disseminated to all fellows and physicians in the Divisions of Pediatric Hematology, Oncology, Stem Cell Transplantation & Regenerative Medicine and Pediatric Critical Care through joint educational conferences.



Discussion

The risk of mortality for pediatric patients presenting with hyperleukocytosis or a mediastinal mass is well-established. Minimizing time to diagnosis and initiation of treatment is key to improving outcomes. The primary goal of both clinical pathways presented here is to standardize and expedite management for critically ill pediatric oncology patients at diagnosis to decrease morbidity and mortality. Patients who present with hyperleukocytosis or a mediastinal mass are ideal candidates for this type of emergent, focused, multidisciplinary care. These pathways, created by individuals in both the Division of Pediatric Hematology, Oncology, Stem Cell Transplantation & Regenerative Medicine and the Division of Pediatric Critical Care, facilitate collaboration and ensure that all teams are working within a well-defined roadmap on a concrete timeline to achieve these goals. Another important element of these pathways is the multidisciplinary discussion surrounding contingency planning. By anticipating questions that may arise (i.e. transfusion parameters) and discussing them as a team beforehand, we ensure that management decisions limit the patient’s risk of an adverse outcome. One especially important point of discussion to occur with patients presenting with an anterior mediastinal mass is the question of ECMO candidacy, and should a patient be deemed high-risk and an ECMO candidate, then plans can be made for the ECMO team to be on standby.

As tissue diagnosis can be obtained from peripheral blood flow cytometry in the vast majority of patients with hyperleukocytosis, this pathway advocates for the initiation of treatment in all high-risk patients without performing either a bone marrow evaluation or a lumbar puncture unless it is absolutely necessary. Awaiting completion of these procedures can lengthen the time to initiation of definitive treatment, further increasing a patient’s risk of leukostasis and end organ damage. In contrast, for low-risk patients, we often obtain both the bone marrow aspirate/biopsy and lumbar puncture prior to initiation of treatment as is standard of care.

The focus on obtaining diagnostic tissue prior to initiation of treatment is an important paradigm for treating patients who present with a mediastinal mass. Empiric therapy can result in a delay in diagnosis or rarely, inability to obtain a diagnosis, as these tumors are often very steroid and chemo-responsive. In some cases, empiric treatment may upstage a patient due to pre-treatment status, which could result in more aggressive therapy and thus may increase the risk of treatment-related adverse effects. Empiric therapy before obtaining a diagnostic specimen should be reserved as a lifesaving measure in patients in or at high-risk of respiratory or cardiovascular failure in whom diagnostic tissue cannot be safely obtained.

A large focus of many pediatric oncology practices around the country is to provide patients with the opportunity to enroll in therapeutic clinical trials as data has demonstrated improved outcomes when enrolled (27). In developing the treatment algorithm for empiric leukemia-directed therapy in patients with hyperleukocytosis, careful consideration was given to choosing chemotherapeutic agents that would be effective and would not preclude a patient’s ability to enroll in a clinical trial whenever possible.

While multidisciplinary approaches to the management of pediatric patients with anterior mediastinal masses have been described in the literature (24) and anterior mediastinal mass pathways have been created and implemented at other institutions (21, 23, 28), this pathway provides more comprehensive and directed guidance including a suggested timeline, contingency planning, and risk stratification. This is also the first published pediatric hyperleukocytosis clinical pathway and likewise provides a thorough and comprehensive approach to the management of these patients. This pathway also highlights a novel approach to these patients wherein the urgency of initiation of treatment is determined by presence of or estimated risk of leukostasis. Initiation of empiric therapy is often essential for high risk patients, though there are no current consensus guidelines for which agents (or the specific dosing) to select. During the creation of this pathway, we developed recommendations for empiric leukemia-directed therapy based on expertise and consensus within the faculty and pharmacists of the LPCH Division of Hematology, Oncology, Stem Cell Transplantation & Regenerative Medicine.

The development and successful implementation of hyperleukocytosis and anterior mediastinal mass pathways demonstrates the feasibility of standardizing the approach to these patients. While some aspects of these pathways may be controversial and may not be achievable at all institutions, we hope pediatric institutions can use these as a framework to develop their own clinical pathways to further improve outcomes for these vulnerable patient populations.



Future Directions

Through the standardization and expedition of management for these uniquely at-risk pediatric oncology patients, we hope to improve patient outcomes. An ongoing effort at our institution is to provide practical implementation tools including the development of hyperleukocytosis and anterior mediastinal mass order sets in Epic that are directly linked to this pathway. In addition, we are currently developing hyperleukocytosis chemotherapy roadmaps and electronic treatment plans to expedite delivery of chemotherapy to the patient to facilitate treatment. We anticipate that these efforts will further streamline the care of these patients and improve time to treatment.

The anterior mediastinal mass and hyperleukocytosis pathways were launched in March 2020 and October 2021, respectively. After both pathways have been live for three years, we will conduct a single institution retrospective review to measure time to administration of chemotherapy and/or steroids prior to and after the implementation of each of these pathways. Secondary outcomes will include morbidity, mortality, and PICU length of stay. We anticipate improvement of outcomes with full implementation of these pathways, and we envision collaborative efforts with existing pediatric oncology-PICU networks to continually improve standards of care for critically ill pediatric oncology patients.
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Definitions:

» Any mass (in children, usually T-cell acute lymphoblastic leukemia (ALL) or non-Hodgkin lymphorma) occupying the
anterior compartment of the mediastinum

Inclusion Criteria:
» Newly diagnosed anterior mediastinal mass
» Admitted to PICU (see criteria below)

Pathophysiology:
Mediastinum is divided into 3 compartments that are discernible on chest X-ray (see image), but they are not
anatomically separate
Cardiovascular effects: mass can compress right cardiac chambers, superior vena cava, pulmonary arteries or veins ->
decreased preload and cardiac output, hypoxemia, pulmonary edema
Pulmonary effects: mass can compress trachea or bronchi -> shortness of breath, cough, stridor
Inese effecis are worsenea when palent s supine (effects of gravily) or uncer anesinesia (bronchiai anc lracheal

smooth muscle relaxation)
Anesthetic Risk

Mandatory Special Investigations

PICU Admission Criteria:
Potential airway compromise: evidenced by orthopnea, dyspnea, stridor, hoarseness, cough, wheeze, or desaturation,
or concem based on imaging OR
Hemodynamic compromise: evidenced by superior vena cava syndrome, tachycardia, hypotension, syncope or
evidence of decreased peripheral or end organ perfusion

»  Oncology to notify teams and arange huddle (see below)
Message to team members to include time, location, calk-in info

Labstudies: Imaging studies:

On

admission CBC diff and siide review = ChestX+ay (AP and Lateral)
u CMP+mag+phos » Echocardiogram Clinical Assessment - CTsanofchest
w UricAcid, LDH (refer to Tumor Lysis = CT chestw/ and wio contrast (if able to lay - Echocardiogram
Syndrome pathway) flat in scanner) — imaging to be reviewed by -
= Coag panel, type and screen individual providers prior to team huddle Clinically high risk if following symptoms or High risk if results of special investigations

BHOGAFPESR signs present: show:

Stridor Tracheal cross-sectional area <70% and/or
Orthopnea carinal/bronchial compression
Team huddie with: Discuss cortingency plans: Wheeze Significant of near-complete SVC obstruction
ICU: attending, fellow, RN = Determine airway and sedation risk category S{Cobstruction Pericardial effusion/tamponade
Oncology: attending, fellow (see flowchart on next page) Collapse/dizziness Pulmonary artery outflow obstruction
Anesthesia (voatte ARC) Is this patient an ECMO candidate? (ICU to Ventricular dysfunction
Interventional Radiology discuss with anes and peds surg)
Peds surgery: attending, fellow Shouid this patient be intubated? Figh risk?
Hemepath fellow on call* Should this patient receive treatment
emergently (e.g. steroids)?
Asneeded: = Who will perform tissue biopsy? Consider biopsy under local
m ENT (involvement at the discretion of ENT,  m Are additional diagnostic procedures. anesthetic:
oncto page ENT) indicated? - Bone marrow aspirate £ LP
= Radiation Oncology - Pleural fuid aspirate
- Lymphnode Per anesthesia consult:
*Onc and hemepath to discuss: surgical plan, studies to perform, and urgency of specimen - Othertissue? - Maintain spontaneous ventilation if

processing 3 able

N ero - Fiberoptic bronchoscope available
Oncology and Pathology to review slides ol possbieing dagroeis? Prepare for obsirucion disal © ETT —
Review flow cytometry (if applicable) Consider steroids: consider rigid bronchoscope or one
Perform bone marow aspirate/biopsy (if indicated) - Defer to oncology for dosing, lung ventilation

Perform lumbar puncture (if indicated) duration, and additional treatment Consider changing patient position if
PCCline placement (e.g. rasburicase) clinical deterioration

Additional imaging as indicated

Contact the CRA on call to notify them of the biopsy of tissue
for studies

References:
Discharge from pathway when: + Hack, et al. Anesthesia 2008, + Perger, et al. Journal of Pediatric Surgery
» Allrequired diagnostic studies performed 63:837-846 2008, 43:1990-1997
u Patient nolonger requiring PICU level care
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Pediatric Hyperleukocytosis (PICU / Acute Care) Pathway

Pathway Purpose: Prompt notification of the multidisciplinary team involved in the care of children with hyperleukocytoss,
to facilitate contingency plans, and minimize morbidity through expedited initiation of leukemia-directed treatment.

*SIGNS OF LEUKOSTASIS*
Neuro: headaches, visual changes, seizures, altered
mental status, focal deficits
Resp: hypoxemia, shortness of breath, diffuse infiltrates
Renal: Cr >2x baseline; Cr >1.5mg/dL, UOP <lcc/kg/hr

Inclusion Criteria
= Newly diagnosed or known acute leukemia

AAND ONE OF THE FOLLOWING

* WBC 100K/microl

= WBC <100K/microl but with signs of leukostasis*

Determine if patient needs PICU based on criteria below:
o Clinical concern and/or need for higher level of nursing care
o WBC >200K/microl
o Presence of mediastinal mass with airway or hemodynamic compromise (see Anterior Mediastinal Mass
Clinical Pathwa
o Signs of leukostasis*
If going to PICU: PICU fellow to notify oncology fellow upon initial call
Onc fellow to notify hematopathology and pharmacy of need for emergent diagnosis/therapy
I transfer from outside hospital (if possible, should not delay transfer):
o Request blood smear to be brought
o_Request 4 ml in EDTA to be brought to send immediately for flow)

= CBCD and slide review, peripheral smear
o Repeat q4-6hr until WBC consistently declining
o Oncand heme-path to review smear

= CMP+Mg#Phos+iCal, uric acid, LDH
o Repeat qd-6hr

ISTATK+ (Leukocytolysisin lab samples can increase K+)

= Coagulation panel, type and screen

* Peripheral blood flow cytometry

o_Send STAT, onc to notify heme-path

Chest x-ray AP and Lateral
maging studies Head CT if symptomatic OR suspicion for acute myeloid leukemia (AML) (Should not delay initiation
Team huddle (organized by oncology):

= Ifin PICU: ICU resident/APP, ICU attending, ICU fellow, onc attending, onc fellow, & ICU RN

= If on acute care: Onc resident/APP, onc attending, oncfellow, and onc RN

= If concern for mediastinal mass: anesthesia and Peds IR or Surgery

= If concern for intracranial hemorrhage (ICH) by exam or CT scan: Peds Neurosurgery

= If concern for disseminated intravascular coagulation (DIC): Hematology

*  Implement neuroprotective measures for all patients

See next page for empiric
treatment flowsheet

Does patient warrant initiation of empiric leukemia-
directed therapy?

Goal plts >50K, 6g/dL<Hgb<10g/dL,
INR <2.0, Fibrinogen >100

Contingency
planning (discuss

Should this patient receive blood products urgently
prior to diagnosis and at what volume/rate?

IF concern for ICH OR DIC; goal plts
(Note: use cryopreceipitate to correct fibrinogen, FFP

>100K, 6g/dL<Hgb<10g/dL, INR
<15, Fibrinogen >100

to correct INR)

Pediatric Hyperleukocytosis (PICU / Acute Care) Pathway

High Risk (any of the below):
Signs of leukostasis* (see first page)
Patient ill-appearing
Morphology favoring:
o Acute myeloid leukemia (AML)
©  Acute promyelocytic leukemia (APML)
©___Ambiguous morpholog

Provisional Low Risk (all of the below):
No signs of leukostasis* (see first page)
Patient well-appearing
Morphology favoring:

©  Acute lymphocytic leukemia (ALL)
o Chronic myeloid leukemia (CML)

See next page for guidelines for
empiric therapy based on
morphology and symptomatology

= Ifindicated, initiate chemotherapy ASAP (goal
within 6 hours of admission)

Note: f patient is symptomatic and unable to initiate

empiric leukemio-directed therapy within 6 hours,

PICU to place a pheresis catheter

= Leukemia-directed therapy to be initiated upon
confirmation of diagnoses by flow cytometry

Managed by oncology: Managed by primary team (onc or PICU)

= Blood flow cytometry review = Echocardiogram

= Bone marrow aspirate/biopsy . EKG

= Lumbar puncture +/- intrathecal = Ophthalmologic evaluation (if
chemo eye/vision symptoms)

= Initiation of leukemia-directed = Central line/PICC placement

therapy (if not already done)

C

Pediatric Hyperleukocytosis (PICU / Acute Care) Pathway

Prechisone0me/m/day dividedinto 2-3doses/day

= IfNPO, consider: Methylprednisolone 24mg/m?/dose BID

= Consider Vincristine 1.5 mg/m’/dose (max 2mg) or 0.05mg/kg
for patients <10kg, for rising WBC despite steroids

= Note: Hydroxyurea and Cytarabine may be helpful, but makes

patients ineligible for all active ALL studies

Morphology

2
Serall Symptomatic?

Await confirmation
by flow cytometry

Expedite flow cytometry

Recommend initiation of:

* I WBC >200K: Daunorubicin 50me/m?/dose over 15 min ASAP
(prioritize over other meds)

* Cytarabine 100mg/m?/dose BID

*  Hydroxyurea 10mg/kg/dose BID (max 1000mg PO BID)

= If respiratory symptoms: methylprednisolone 1mg/kg/dose

BID

Regardless of
symptomatology

Morphology
of AML

Send FISH for PML/RARA STAT

Regardless of
symptomatology

Morphology
estive of APML

Recommend initiation of:
= ATRA 12.5mg/m?/dose BID (25mg/m?/day)

DO NOT perform lumbar puncture or leukapheresis if suspicious
for APML

Send FISH for BCL/ABL STAT

Morphology
stive of CML

Recommend initiation of:
*  Hydroxyurea 10mg/kg/dose BID (max dose 1000mg PO BID)

Symptomatic?

Await confirmation
by flow cytometry

Recommend initiation of:
= Cytarabine 100mg/m?/dose BID
/ALSO CONSIDER
*  Prednisone 30mg/m?/dose BID (if NPO consider
Methylprednisolone 24 me/m2/dose BID)
OR
Hydroxyurea 10me/kg/dose BID (max dose 1000me PO BID)

Ambiguous
Morphology

Symptomatic?

‘Await confirmation
by flow cytometry.

Low threshold for
initiation of
empiric therapy

Pediatric Hyperleukocytosis (PICU / Acute Care) Pathway

Management of hyperleukocytosis:
Arrive at prompt diagnosis - time s of the essence!
Begin definitive leukemia-directed therapy
immediately (best way to rapidly reduce WBC)
Do not delay initiation of definitive therapy for
additional workup or other interventions

Definitions:
*  Hyperleukocytosis: total white blood cell count
>100K/microL. Particular attention should be given
to AML patients.
Problems caused by hyperleukocytosis:
© Metabolic derangements: elevated
K+/uric acid/phosphate
AKI: elevated BUN/creatinine, oliguria
Vision changes — consult ophtho
Hearing changes, tinnitus (CML)
Priapism (CML) - consult urology STAT
Pulmonary hemorrhage
o Stroke (especially AML)
Leukostasis: white blood cell sludging or plugging in
the microvasculature leading to end organ damage.
Due to poor deformability of myeloblasts. Rarely
oceurs in ALL and CML.
Symptomatic leukostasis is a true medical
emergency and requires emergent initiation of
leukemia-directed therap

Who should undergo leukapheresis?
Leukapheresis is very rarely indicated
There are no data to suggest that there is any
evidence for prophylactic leukapheresis
Leukapheresis should only be considered in AML
patients with ongoing leukostasis as an adjunct to
initiation of chemotherapy OR CML patients with
priapism or hearing loss
Symptoms warranting leukapheresis include altered
mental status, focal neuro deficits, hypoxemia,
pulmonary infiltrates on CXR, signs of coronary
ischemia, renal failure
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