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1. Bottom Line First

Specialized testing should not be ordered automatically just because MAS/HLH is suspected.

The urgent first step in suspected MAS/HLH is still:

Recognize the clinical/laboratory pattern.
Order the local core MAS/HLH labs.
Assess for organ involvement and hepatosplenomegaly.
Escalate early to the appropriate senior and specialty teams.
Evaluate infection, malignancy, rheumatic disease, drug-related causes, and other triggers/
mimics in parallel.

Specialized testing is useful only when it answers a real clinical question.

Core principle

Do not ask, “Can this test diagnose MAS/HLH?”
Ask, “Will this test change management, clarify biology, support escalation, guide long-
term planning, or help prevent future harm?”

If the answer is no, the test may add cost and confusion without improving care.

2. The Three Levels of Testing

Level 1 — Local Core MAS/HLH Evaluation

These are the first-line tests and assessments. They are usually rapidly available and guide urgent
bedside decisions.

Core labs

CBC with differential
Ferritin
CRP and ESR
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AST, ALT, bilirubin, albumin
LDH
PT/INR, PTT
Fibrinogen
D-dimer
Triglycerides
Creatinine/electrolytes
Infection workup as clinically indicated

Core clinical/imaging assessment

Fever curve and hemodynamic status
CNS symptoms or encephalopathy
Shock or organ dysfunction
Clinical examination for hepatosplenomegaly
Imaging for hepatosplenomegaly or malignancy/infection evaluation when clinically indicated
Consider bone marrow aspirate/biopsy when malignancy, unexplained cytopenias, or unclear
HLH/MAS diagnosis is a significant concern

Level 2 — Specialized Inflammatory / Immune Function Testing

This includes the SickKids cytokine/immunology requisition and, where available, functional/flow
cytometric immune assays.

These tests help assess the active immune storm and, in selected cases, may provide faster clues to
immune dysfunction than genetic testing.

Examples include:

Soluble IL-2 receptor / CD25
IL-18
CXCL9 / MIG
IFN-γ
CD163
IL-6
IL-10
TNF-α
IL-1β
Neopterin, if available through the relevant laboratory pathway
NK-cell function, where available
CD107a degranulation assay, where available
Perforin expression, where available
SAP/XIAP flow cytometry, especially in selected younger patients and males with EBV-associated
disease, where available

Level 3 — SickKids HLH Genetic Panel

This is a genetic testing pathway. It helps assess for familial/monogenic HLH or immune
dysregulation susceptibility.
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It generally does not guide the first hours of management, but in selected patients it should be
considered early enough that results can inform diagnosis, counselling, relapse risk, and longer-term
planning.

3. What Each Pathway Actually Answers

Pathway Main question
Acute
usefulness

Main value

Local core MAS/
HLH evaluation

“Is the patient showing a
dangerous MAS/HLH
pattern?”

High
Recognition, triage, monitoring,
escalation

Cytokine/
immunology
testing

“What immune pathways
are active now?”

Selective
Phenotyping, refractory disease
assessment, expert discussion,
case review

Functional/flow
cytometric
assays

“Is there evidence of
impaired cytotoxic
function or specific
immune defects?”

Selective

Bridge to genetic diagnosis,
especially in children/young
adults, EBV-HLH, recurrent/
severe disease

HLH genetic
panel

“Is there an inherited or
monogenic
predisposition?”

Low for
immediate
bedside
decisions

Long-term diagnosis,
recurrence risk, counselling,
family implications, transplant/
immunology/genetics planning
in selected cases

4. Why Not Order Everything on Everyone?

Because more testing is not always better.

Specialized testing can create problems:

Cost
Delayed results
Difficult specimen handling
Ambiguous interpretation
False reassurance if results are negative or delayed
Confusion from cytokine abnormalities that overlap with sepsis, malignancy, viral infection, and
other inflammatory states
Genetic variants of uncertain significance
Results returning after discharge without clear follow-up ownership

A good pathway protects clinicians from both undertesting and over-testing.
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5. Diagnostic Criteria and Scores: Helpful, But Not Gatekeepers

Several tools may support structured assessment:

HLH-2004 criteria
HScore
2016 ACR/EULAR/PRINTO MAS classification criteria for MAS complicating systemic juvenile
idiopathic arthritis/Still’s disease
Updated or emerging criteria used by specialist groups or research networks, including the 2024
Histiocyte Society revision for familial HLH diagnostic guidance

These tools are helpful because they remind clinicians to assess fever, splenomegaly, cytopenias,
triglycerides, fibrinogen, ferritin, hemophagocytosis, soluble IL-2 receptor, lymphocyte cytotoxicity/
functional assays, genetic testing, immunosuppression, and organ involvement.

HScore teaching point

The HScore can help estimate the probability of secondary HLH in adults and can standardize
communication between teams. Commonly cited adult cutoffs are around 168–169, with diagnostic
performance varying by cohort, underlying etiology, and clinical setting. The score must be interpreted
in context and should not override bedside judgment.

2016 MAS classification criteria teaching point

The 2016 ACR/EULAR/PRINTO MAS classification criteria for systemic juvenile idiopathic arthritis are
often used as a helpful teaching framework for Still’s-associated MAS. They classify MAS in a febrile
patient with known or suspected systemic juvenile idiopathic arthritis when ferritin is >684 ng/mL plus
any 2 of the following: platelets ≤181 × 10⁹/L, AST >48 U/L, triglycerides >156 mg/dL, or fibrinogen
≤360 mg/dL.

These thresholds are useful for learning and structured communication, but they are classification
criteria and should not be used rigidly to delay escalation in a clinically deteriorating patient.

HLH-2004 and newer HLH diagnostic guidance

HLH-2004 remains widely recognized and is still useful educationally. More recent familial HLH guidance
has updated the role of cellular functional assays and genetic testing. In practical terms, this reinforces
that abnormal cytotoxicity testing and pathogenic genetic findings can be important diagnostic
pathways in selected patients, while traditional NK-cell activity testing should not be over-relied upon as
a stand-alone criterion.

However:

Criteria and scores may be insensitive early in the illness.
Some tests are send-outs and may return too late for urgent decisions.
Classification criteria are not the same as bedside diagnostic judgment.
A deteriorating patient should not wait for full criteria or a high score before escalation.

Practical message

Use scores and criteria to structure thinking and communication, not to delay urgent clinical action.
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PART A — SickKids Cytokine/Immunology
Requisition

6. What the Cytokine/Immunology Requisition Is For

This requisition helps assess active inflammatory biology during suspected MAS/HLH.

It is best used when the patient has a meaningful MAS/HLH pattern and the result could help clarify:

T-cell activation
Macrophage activation
IFN-γ pathway activation
IL-18/autoinflammatory biology
Refractory or severe cytokine storm physiology

It is not a stand-alone diagnostic test.

7. Mechanism: What These Biomarkers Mean

Soluble IL-2 receptor / CD25

A marker of T-cell activation. It is also part of classic HLH diagnostic frameworks and may be useful for
monitoring response when followed over time. It is not specific, and elevation can occur in other
immune, infectious, and malignant conditions.

Practical pearl for malignancy-associated HLH: When both soluble IL-2 receptor and ferritin are
available, their relationship may provide useful context in suspected lymphoma-associated HLH. A
reported sCD25:ferritin ratio ≥2.0 has been associated with lymphoma-associated HLH, and the OHI
index uses soluble CD25 >3,900 U/mL plus ferritin >1,000 ng/mL as a simplified malignancy-associated
HLH inflammatory index. These should be interpreted with specialist input and careful attention to local
lab units, reference ranges, assay methods, and clinical context.

CXCL9 / MIG

A marker of IFN-γ pathway activation. It may support the presence of IFN-γ-driven inflammation and
can be useful in monitoring response when IFN-γ-directed therapy is being considered or used.

IFN-γ

A cytokine involved in many HLH/MAS phenotypes. Direct measurement may support the inflammatory
pathway picture, although pathway markers such as CXCL9 may sometimes be more clinically practical.

• 
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IL-18

Important in Still’s disease/autoinflammatory MAS biology. Very high IL-18 may support Still’s disease or
certain autoinflammatory phenotypes, but IL-18 can remain elevated outside the acute episode and
must be interpreted carefully.

Practical pearl: In Still’s disease/MAS and some autoinflammatory conditions, IL-18 may be elevated by
orders of magnitude compared with many other inflammatory states. This pattern can be helpful
educationally and diagnostically, but thresholds vary by assay and laboratory. Do not interpret IL-18
without clinical context and local reference information.

Glycosylated ferritin, where available

Low glycosylated ferritin has been described in Still’s disease and some secondary HLH/MAS contexts.
Availability is limited and it is not part of most urgent order sets, but it may be useful in centres where it
can be obtained and interpreted appropriately.

CD163

A macrophage activation marker. Helpful as supportive biological evidence, not diagnostic alone.

Neopterin

A marker of macrophage activation and IFN-related immune activation. It may be useful in some
centres, including selected cases with concern for neuroinflammation if CSF testing is available. If it is
not available on the local/SickKids requisition pathway, this should be explicitly noted rather than
assumed.

IL-6, IL-10, TNF-α, IL-1β

Can help characterize cytokine storm physiology, but these cytokines overlap with many inflammatory
and infectious states.

LDH in context

LDH is part of the local core evaluation rather than a specialized cytokine test. It can support
recognition of tissue injury, malignancy, hemolysis, liver involvement, or severe systemic inflammation.
In Still’s disease/MAS, LDH trends may also help distinguish evolving MAS from active inflammatory
disease alone, but it is non-specific and must be interpreted with the overall pattern.

8. When Cytokine/Immunology Testing May Add Real Value

Order selectively when the patient has moderate-to-high suspicion for MAS/HLH
and the result could affect discussion or planning.

Good reasons include:

Severe or rapidly progressive suspected MAS/HLH
Diagnostic uncertainty after local core evaluation

• 
• 
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Refractory disease despite initial therapy
Suspected Still’s disease/AOSD/sJIA-associated MAS where IL-18/CXCL9 may help phenotype
disease
Suspected SLE-associated MAS with unclear inflammatory biology
Sepsis-like presentation with persistent hyperinflammation despite appropriate antimicrobials
Unclear distinction between MAS/HLH, infection, malignancy, drug-related HLH, or inflammatory
flare
Need to support expert-centre discussion or multidisciplinary case huddle
Need to capture baseline biology before major immunomodulation, if this can be done without
delaying care
A case likely to enter a local case-learning/QI review

Emerging role

Cytokine patterns may help phenotype different cytokine storm subtypes, but this remains an evolving
area. Use cytokine profiles as supportive data, not as a stand-alone diagnostic classifier.

9. When Cytokine/Immunology Testing Usually Adds Little

Usually avoid when:

Suspicion for MAS/HLH is low
Ferritin is only mildly elevated and stable
There are no falling counts, no low/falling fibrinogen, no coagulopathy, no liver injury, and no
organ dysfunction
The patient is clinically improving
Results would not change diagnosis, monitoring, escalation, treatment planning, or follow-up
Specimen handling cannot be done correctly
The test is being sent only because “MAS is on the differential” without a specific question

Avoid this reasoning

“Let’s send cytokines and see what comes back.”

Prefer this reasoning

“This patient has probable MAS/HLH with severe or worsening trajectory, and pathway
biomarkers may help phenotype disease, support escalation, and guide expert
discussion.”

10. Case Examples Where Cytokine Testing May Help

Case 1 — New suspected Still’s disease with evolving MAS

A patient has persistent fever, rash, sore throat, inflammatory arthritis, ferritin rising rapidly, platelets
falling from a previously high inflammatory baseline, AST/ALT rising, and fibrinogen falling.
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Would cytokine testing add value?
Yes, potentially.

Why?
IL-18 may support Still’s/autoinflammatory biology. CXCL9 may support IFN-γ pathway activation.
Soluble IL-2 receptor may support T-cell activation. These results may help if the patient becomes
refractory or if advanced expert discussion is needed.

Should treatment wait for results?
No.

Case 2 — Sepsis-like deterioration despite appropriate antimicrobial therapy

A patient is being treated for presumed sepsis. Cultures are negative or do not fully explain the illness.
Ferritin rises dramatically, platelets fall, fibrinogen falls, D-dimer rises, liver enzymes climb, and shock
develops.

Would cytokine testing add value?
Yes, if it can be sent properly without delaying care.

Why?
It may support that the patient has a hyperinflammatory MAS/HLH-like state and help frame urgent
multidisciplinary discussion. It may also help later case review.

Important caveat
Sepsis and MAS/HLH may coexist. Cytokine testing should not stop infection treatment.

Case 3 — Refractory MAS/HLH despite initial therapy

A patient with suspected rheumatic MAS receives initial therapy, but ferritin continues rising, cytopenias
worsen, fibrinogen remains low, and ICU-level support is needed.

Would cytokine testing add value?
Yes. This is one of the strongest situations.

Why?
CXCL9/IFN-γ pathway activity, IL-18, soluble IL-2 receptor, and CD163 may help support escalation
discussions and consideration of targeted approaches with expert input.

Case 4 — Unclear inflammatory phenotype in SLE or systemic inflammatory disease

A patient has SLE or another systemic inflammatory disease with fever, cytopenias, high ferritin, liver
injury, and infection/malignancy still being evaluated.

Would cytokine testing add value?
Sometimes.

8



Why?
It may support MAS/HLH biology and help with MDT discussion, but it will not reliably separate all
mimics. Infection and malignancy workup must continue in parallel.

11. Cytokine Testing Caveats

No cytokine result alone confirms MAS/HLH.
Results overlap with sepsis, malignancy, viral infection, drug reactions, immune therapy toxicity,
and other inflammatory states.
Timing matters; cytokines change during the illness.
Treatment can alter results.
Incorrect specimen handling can invalidate the test.
A delayed result may be more useful for later phenotyping or QI review than for acute decisions.
Use local reference ranges and lab-specific units. Do not transfer thresholds between assays
without caution.

Document therapies already given

When completing the requisition, document immunomodulatory therapies already given, such as:

Glucocorticoids
Anakinra or other IL-1 blockade
Tocilizumab or IL-6 blockade
Cyclosporine/tacrolimus
JAK inhibitors
IVIG
Etoposide/chemotherapy
Antimicrobials/antivirals

This matters because treatment can affect interpretation.

12. Specimen Handling: Practical Warning

Cytokine testing is only useful if the sample is collected and processed correctly.

Before collection, confirm with the local/send-out laboratory:

Correct tube type
Required volume
Whether plasma or serum is required
Whether the sample needs prompt centrifugation
Whether aliquoting is needed
Whether freezing is required
Whether transport requires dry ice or another defined process
Whether after-hours processing is available
Where results will return

• 
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Practical rule

If the team cannot confirm specimen handling, pause and call the lab. A wrongly handled sample may
create false confidence, wasted cost, and delayed clarity.

13. How to Send Cytokine/Immunology Testing Safely

Step 1 — Confirm there is a real indication

Ask: “What question will this answer?”

Step 2 — Discuss with the senior/consulting team

This is especially important if the patient is unstable, the result may influence escalation, or advanced
therapies may be considered.

Step 3 — Complete the SickKids Rapid Response Laboratory Immunology
requisition

Include:

Clinical information/diagnosis
Collection date/time
Referring physician/institution
Result destination
Immunosuppressive therapies already given

Step 4 — Select tests intentionally

For suspected MAS/HLH, consider:

Soluble IL-2 receptor/CD25
IL-18
CXCL9/MIG
IFN-γ
CD163
IL-6/IL-10/TNF-α/IL-1β only if clinically useful
Neopterin only if available and clinically relevant through the appropriate lab pathway

Step 5 — Confirm specimen handling before collection

Confirm tube type, aliquots, centrifugation, freezing/transport, and after-hours process with the local
lab/send-out lab.

Step 6 — Do not delay urgent care

If the patient is deteriorating, escalation and management come first.
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PART B — Functional / Flow Cytometric Immune
Testing

14. Why Functional Testing Matters

Functional/flow cytometric immune assays may provide evidence of impaired cytotoxic lymphocyte or
NK-cell pathways and can sometimes return faster than genetic testing.

They can be particularly helpful when familial/genetic HLH or EBV immune-control disorders are being
considered.

Examples include:

Perforin expression
CD107a degranulation assay
SAP expression
XIAP protein expression, encoded by BIRC4
NK-cell function, where available

These tests should be ordered with specialist input because availability, timing, specimen handling, and
interpretation vary by centre.

Important caveat

Traditional NK-cell function testing can be transiently abnormal in secondary HLH/MAS because of
immune exhaustion, viral infection, inflammation, or treatment effects. Perforin expression and CD107a
degranulation are often more useful screening tests for genetic HLH than traditional NK-cell cytotoxicity
testing, when available.

15. When to Consider Functional Testing

Consider functional/flow cytometric testing when there is concern for genetic/primary HLH or immune
dysregulation, especially in:

Children, adolescents, or young adults
Severe EBV-associated HLH/MAS
Recurrent HLH/MAS
Severe or refractory disease
CNS involvement
Family history or consanguinity
Unusual or recurrent infections
Syndromic or immune deficiency features
Male patients with severe EBV-associated disease where X-linked lymphoproliferative disease is a
concern
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Practical message

Functional tests can be a bridge between urgent clinical recognition and slower genetic testing.

PART C — SickKids HLH Genetic Panel

16. What the Genetic Panel Is For

The SickKids HLH genetic panel assesses for familial/monogenic HLH and related immune dysregulation
syndromes.

It is not designed to decide whether a patient has acute MAS/HLH today.

It is designed to answer:

“Is this patient genetically predisposed to HLH/MAS or immune dysregulation in a way
that changes long-term diagnosis, counselling, recurrence risk, family implications, or
future management?”

17. Why Genetic Testing May Matter

Some patients develop HLH/MAS because of inherited defects affecting immune regulation.

Main categories include:

1. Cytotoxic granule-mediated lymphocyte killing defects
These are the canonical familial HLH pathways and include genes affecting perforin-mediated
cytotoxicity and granule trafficking/exocytosis.

2. EBV immune-control disorders
These may be particularly relevant in severe or recurrent EBV-associated HLH/MAS, especially in
younger patients and males.

3. Inflammasome/autoinflammatory or immune dysregulation disorders
Examples include selected disorders involving inflammasome regulation or related immune pathways.
XIAP deficiency is caused by pathogenic variants in BIRC4 and can involve inflammasome dysregulation
as well as susceptibility to severe inflammatory and HLH-like presentations.

Identifying a pathogenic genetic cause may affect:

Diagnostic classification
Genetic counselling
Family testing
Recurrence risk
Immunology/genetics referral

• 
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Long-term monitoring
Transplant consideration in selected genetic HLH contexts
Approach to future episodes

But in many adult cases with a clear acquired trigger, the yield may be lower, and truly actionable
genetic results are uncommon. This is why genetic testing should be considered selectively, especially in
high-risk adults, rather than reflexively in every adult case.

18. When the Genetic Panel May Add Real Value

Consider early, with specialist input, when any of the following are present:

Higher-yield patient features

Child, adolescent, or young adult
Male patient with severe or recurrent EBV-associated HLH/MAS, especially when X-linked
immune dysregulation is a concern
Recurrent HLH/MAS-like episodes
Family history of HLH, immune dysregulation, unexplained early deaths, or consanguinity
Unusual or recurrent infections
Hypogammaglobulinemia or immune deficiency features
Syndromic features such as albinism, bleeding tendency, inflammatory bowel disease, or
unusual immune phenotype

Higher-yield disease features

Severe EBV-associated HLH/MAS
Prominent CNS involvement
Severe, refractory, or relapsing disease
No clear acquired trigger after appropriate evaluation
Disease disproportionate to the apparent trigger
Concern for familial HLH, X-linked lymphoproliferative disease, XIAP deficiency, Chediak-Higashi
syndrome, Griscelli syndrome, Hermansky-Pudlak syndrome, NLRC4-related disease, or related
immune dysregulation

Higher-yield management situations

Results would change long-term monitoring
Results would change counselling or family testing
Results could affect transplant/immunology/genetics planning
Results could affect how recurrence risk is discussed

19. When the Genetic Panel Usually Adds Little

Usually avoid reflexive genetic testing when:

Older adult with clear lymphoma-associated HLH
Clear infection-associated hyperinflammation that resolves and has no recurrence or immune
phenotype
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Classic Still’s-associated MAS with good response and no atypical features
Mild or self-limited suspected MAS that improves quickly
The result would not change counselling, follow-up, or management
No one is assigned to follow the result after discharge
Consent/counselling requirements are unclear

Important nuance

Even in adults, genetic testing may still be appropriate when disease is severe, recurrent, refractory,
EBV-associated, CNS-involved, unexplained, syndromic, or family-history-positive.

20. Case Examples Where Genetic Testing May Help

Case 1 — Young adult with recurrent HLH/MAS

A 22-year-old has a second episode of HLH/MAS after a viral illness. There is no clear malignancy and no
established rheumatic diagnosis.

Would genetic testing add value?
Yes.

Why?
Recurrent disease raises concern for underlying susceptibility. Results may affect long-term monitoring,
counselling, immunology referral, and future treatment planning.

Case 2 — Severe EBV-associated HLH

A young patient develops severe EBV-associated HLH/MAS with very high ferritin, cytopenias, hepatitis,
splenomegaly, and poor response to initial therapy.

Would genetic testing add value?
Yes, strongly consider.

Why?
Severe EBV-associated HLH may point to impaired EBV immune control or related immune
dysregulation. Results could affect family counselling, relapse risk, and longer-term planning.

Case 3 — CNS involvement

A patient with HLH/MAS develops seizures, encephalopathy, CSF inflammation, or other unexplained
CNS disease.

Would genetic testing add value?
Often yes, especially if young, severe, recurrent, refractory, or unexplained.

• 
• 
• 
• 
• 

14



Why?
CNS involvement can indicate a more severe phenotype and may influence specialist evaluation and
long-term planning.

Case 4 — No clear trigger

A patient develops life-threatening HLH/MAS, but infection, malignancy, and rheumatic disease
evaluation do not identify a clear trigger.

Would genetic testing add value?
Yes.

Why?
The absence of an acquired explanation increases the importance of considering inherited or immune
dysregulation contributors.

Case 5 — Syndromic or immune dysregulation clues

A patient has HLH/MAS plus albinism, recurrent infections, hypogammaglobulinemia, inflammatory
bowel disease, unusual viral susceptibility, family history, or consanguinity.

Would genetic testing add value?
Yes.

Why?
These features increase the likelihood of an inherited immune disorder or monogenic immune
dysregulation.

21. Genetic Testing Caveats

It is not an acute bedside decision test.
A negative panel does not exclude MAS/HLH.
A positive result does not automatically prove the current episode is genetic HLH.
Variants of uncertain significance may create ambiguity.
Genetic counselling or genetics/immunology input may be needed.
Results may return after discharge, so follow-up ownership is essential.

22. How to Send the HLH Genetic Panel Safely

Step 1 — Confirm the indication

Ask: “Why do we suspect inherited/monogenic susceptibility?”

• 
• 
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Step 2 — Discuss with appropriate specialists

Consider discussion with Hematology, Immunology, Genetics, and/or Rheumatology depending on
context.

Step 3 — Confirm requirements

Before sending, confirm:

Correct requisition
Blood specimen requirements
Consent/genetic testing requirements
Transport requirements
Billing/authorization if relevant
Where results will return
Who will follow results

Step 4 — Document the rationale

Example:

“HLH/autoinflammatory genetic panel sent because of [young age/recurrent disease/EBV
association/CNS involvement/refractory course/family history/unclear trigger]. Results
are not expected to guide immediate acute management but may inform diagnosis,
counselling, relapse risk, and long-term planning.”

PART D — Ordering One, Both, or Neither

23. Decision Table

Clinical situation
Cytokine/
immunology testing

Functional/flow
cytometric testing

HLH genetic panel

Low suspicion,
stable patient, no
MAS/HLH pattern

Usually no No No

Probable MAS/HLH,
first presentation,
improving with clear
trigger

Usually not required;
consider only if
result will help

Usually no Usually no

Severe or rapidly
progressive MAS/
HLH

Consider if feasible
without delaying
care

Consider if young,
EBV-associated,
recurrent, CNS,
refractory, or
unexplained

Consider if young,
severe/refractory, EBV,
CNS, recurrent,
unexplained, syndromic,
or family history

• 
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Clinical situation
Cytokine/
immunology testing

Functional/flow
cytometric testing

HLH genetic panel

Refractory MAS/HLH Yes, often useful Consider
Consider strongly if not
already sent and features
suggest susceptibility

Suspected Still’s/
AOSD-associated
MAS

Consider IL-18/
CXCL9/sIL-2R/CD163
if phenotype or
escalation may
matter

Not routine unless
atypical

Not routine unless
atypical, recurrent,
severe, refractory, young,
or unexplained

Severe EBV-
associated HLH/MAS

Yes
Yes, especially in
young patients and
males

Yes, especially if young/
severe/recurrent/male/
family history/immune
dysregulation

Older adult with
clear lymphoma-
associated HLH

Maybe, if it will
support expert
discussion

Usually not first-line Usually not first-line

No clear trigger
after evaluation

Consider Consider Consider

CNS involvement Consider Consider
Consider, especially if
young/severe/recurrent/
refractory/unexplained

24. When to Order Both Cytokine and Genetic Testing

Ordering both may be reasonable when there is:

Severe or rapidly progressive HLH/MAS
Recurrent disease
Refractory disease
Severe EBV-associated disease
CNS involvement
Young age
No clear trigger
Family history or consanguinity
Syndromic or immune dysregulation features

The tests answer different questions:

Cytokine/immunology testing: “What immune pathways are active now?”
Genetic panel: “Why might this patient be susceptible?”

Functional testing may also be considered as a bridge between these two questions.

• 
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25. When to Order Neither

Neither specialized SickKids test is usually needed when:

Suspicion is low
The patient is improving
Local labs do not support MAS/HLH pattern
The clinical picture has a clear alternative explanation with no MAS/HLH concern
The result would not change care or follow-up
Specimen handling cannot be performed correctly
No one will follow the result

Continue clinical monitoring and repeat local labs if the situation evolves.

PART E — Practical Pathway for Learners

26. The 5-Question Test Before Ordering Specialized Tests

Before ordering cytokine, functional, or genetic testing, ask:

What exact question am I trying to answer?
Will the result change clinical discussion, escalation, treatment planning, long-term
management, or follow-up?
Is the patient stable enough that sending the test will not delay urgent care?
Can the sample be collected, processed, stored, and transported correctly?
Who will follow the result when it comes back?

If these cannot be answered, pause and discuss before ordering.

27. Suggested Workflow

Step 1 — Recognize the pattern

Think MAS/HLH when fever/systemic deterioration occurs with rising ferritin, falling counts, low/falling
fibrinogen or coagulopathy, liver injury, and organ dysfunction.

Step 2 — Order local core labs and assess organ involvement

These are the urgent, actionable tests and assessments.

Step 3 — Evaluate triggers and mimics in parallel

Consider infection, sepsis, EBV/CMV, malignancy, rheumatic disease, drug-induced HLH, immune
checkpoint inhibitor-associated HLH-like syndrome, CAR-T/cytokine release syndromes, liver failure,
thrombotic microangiopathy, catastrophic APS, VEXAS, CHIP-associated inflammation, and other
hyperinflammatory mimics as appropriate.

• 
• 
• 
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Step 4 — Escalate early

Do not wait for specialized results in a deteriorating patient.

Step 5 — Decide if specialized testing answers a real question

Use the decision table above.

Step 6 — Send correctly and document why

Incorrect handling or vague rationale reduces usefulness.

Step 7 — Track results

Assign a responsible clinician/team.

28. Suggested Documentation Language

If cytokine/immunology testing is sent

“Specialized inflammatory biomarker testing sent via SickKids immunology requisition
because of [severe/refractory/unclear/progressive] suspected MAS/HLH pattern. Intended
purpose is pathway phenotyping and support for multidisciplinary discussion. Results will
not delay urgent management. Immunomodulatory therapies already given: [list].
Specimen handling confirmed with lab.”

If functional/flow cytometric testing is sent

“Functional immune testing sent/considered because of concern for impaired cytotoxic
function or immune dysregulation in the setting of [young age/EBV-associated disease/
recurrent disease/CNS involvement/refractory course/family history]. Results will be
interpreted with specialist input.”

If genetic testing is sent

“HLH/autoinflammatory genetic panel sent because of [young age/recurrent disease/EBV
association/CNS involvement/refractory course/family history/unclear trigger]. Results
are not expected to guide immediate acute management but may inform diagnosis,
counselling, relapse risk, family implications, and long-term planning.”

If specialized testing is not sent

“Specialized cytokine/functional/genetic testing not sent at this stage because [clinical
suspicion is low / patient improving / clear acquired trigger / result unlikely to change
care / logistics not feasible]. Will reconsider if disease progresses, becomes refractory,
recurs, or remains unexplained.”

19



29. Teaching Pearls

Pearl 1

The local core labs guide urgent action. Specialized tests refine the picture.

Pearl 2

Cytokine tests are about the current immune storm. Genetic tests are about susceptibility.

Pearl 3

Functional assays can sometimes bridge the gap between acute evaluation and slower genetic results.

Pearl 4

A test that returns too late can still be useful if it changes long-term management or future recurrence
planning.

Pearl 5

A test that does not change anything may add cost and confusion.

Pearl 6

Never let specialized testing delay escalation in a deteriorating patient.

Pearl 7

Always assign responsibility for follow-up of send-out tests.

Pearl 8

Splenomegaly, CNS involvement, and bone marrow evaluation are not “routine labs,” but they can be
central to HLH/MAS assessment and should not be forgotten.

Pearl 9

Simple ratios can support pattern recognition in selected contexts. Examples include ferritin/ESR ratio in
Still’s/sJIA-associated MAS and sCD25:ferritin relationship in suspected lymphoma-associated HLH.
These are aids to thinking, not stand-alone diagnostic rules.

30. Common Mistakes to Avoid

Ordering cytokines for every high ferritin without a clear MAS/HLH pattern
Ordering genetic testing reflexively in every adult MAS/HLH case
Waiting for specialized tests before escalating
Forgetting local core labs and trends
Forgetting to assess for hepatosplenomegaly or malignancy when appropriate

• 
• 
• 
• 
• 
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Forgetting that bone marrow biopsy may be important to evaluate malignancy and may show
hemophagocytosis, but hemophagocytosis is neither required nor specific
Sending specimens incorrectly
Failing to document immunomodulatory therapies already given
Failing to follow up delayed results
Overinterpreting a single cytokine value
Treating sepsis, malignancy, and MAS/HLH as mutually exclusive
Assuming a negative functional assay or genetic panel excludes MAS/HLH

31. Final Practical Rule

Local core evaluation: order early when MAS/HLH is suspected.

Cytokine/immunology testing: order selectively when active pathway information
may help with severe, unclear, refractory, or high-stakes cases.

Functional/flow cytometric testing: consider when genetic/primary HLH or immune
dysregulation is plausible, especially in young, recurrent, EBV-associated, CNS-
involved, or refractory cases.

HLH genetic panel: order very selectively when inherited/monogenic susceptibility
would change long-term diagnosis, counselling, relapse risk, or future
management.

If the patient is deteriorating, do not wait.

32. One-Page Cheat Sheet: Specialized Testing in Suspected MAS/
HLH

First principle

Do not order specialized tests reflexively. Do not wait for them if the patient is deteriorating.

Use specialized testing only when it answers a clear clinical question:

Will this result clarify the immune phenotype, support escalation, identify genetic
susceptibility, guide long-term planning, or improve follow-up?

Step 1 — Start with the local core MAS/HLH evaluation

Order and trend the rapidly available tests first:

CBC with differential
Ferritin
CRP and ESR

• 

• 
• 
• 
• 
• 
• 

• 
• 
• 
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AST/ALT, bilirubin, albumin
LDH
PT/INR, PTT
Fibrinogen
D-dimer
Triglycerides
Creatinine/electrolytes
Infection workup as clinically indicated
Assess fever curve, hemodynamics, CNS status, organ dysfunction, hepatosplenomegaly
Consider imaging and/or bone marrow biopsy when malignancy, unexplained cytopenias, or
unclear diagnosis is a significant concern

Clinical trigger: fever/systemic deterioration + rising ferritin + falling counts + low/falling fibrinogen/
coagulopathy + liver injury/organ dysfunction.

Step 2 — Decide whether specialized testing is actually needed

Ask these 5 questions before ordering:

What exact question am I trying to answer?
Will the result change management, escalation, monitoring, counselling, or follow-up?
Can the sample be collected and processed correctly?
Will the result be interpreted with the right clinical context?
Who will follow the result when it returns?

If you cannot answer these, pause and discuss before ordering.

Step 3 — Choose the right specialized test

Clinical question
Best test
pathway

When it helps most When it usually adds little

“What immune
storm is active
now?”

SickKids
cytokine/
immunology
requisition

Severe, unclear, progressive,
refractory, or high-stakes
suspected MAS/HLH

Low suspicion, improving
patient, mild/stable
ferritin, no falling counts/
coagulopathy/organ
dysfunction

“Could there be
impaired
cytotoxic
function?”

Functional/flow
assays, where
available

Young patient, severe EBV-
HLH, recurrent disease, CNS
disease, refractory disease,
family history

Typical acquired adult
trigger with good
response and no atypical
features

“Is there
inherited/
monogenic
susceptibility?”

SickKids HLH
genetic panel

Young age, recurrent/severe/
refractory disease, EBV-
associated disease, CNS
involvement, no clear trigger,
family history, syndromic/
immune deficiency features

Reflexive testing in every
adult case; clear acquired
trigger with good
response and no
recurrence/atypical
features

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

1. 
2. 
3. 
4. 
5. 

22



Cytokine/immunology requisition — what to consider

Useful tests may include:

Soluble IL-2 receptor/CD25 — T-cell activation; part of classic HLH frameworks
CXCL9/MIG — IFN-γ pathway marker; may help monitor IFN-γ-directed therapy
IL-18 — supports Still’s/autoinflammatory biology when markedly elevated
CD163 — macrophage activation marker
IFN-γ, IL-6, IL-10, TNF-α, IL-1β — supportive cytokine storm markers, but non-specific
Neopterin — consider only if available through the relevant lab pathway

Best use: phenotype severe, unclear, refractory, or high-stakes cases.
Avoid: “send cytokines and see what comes back.”

Functional / flow cytometric immune testing — what to consider

Examples, where available:

Perforin expression
CD107a degranulation
SAP expression
XIAP protein expression, encoded by BIRC4
NK-cell function

Best use: suspected primary/genetic HLH or immune dysregulation, especially in younger, recurrent,
EBV-associated, CNS-involved, refractory, syndromic, or family-history-positive cases.

Caveat: traditional NK-cell function can be transiently abnormal in secondary HLH/MAS; interpret with
specialist input.

HLH genetic panel — what to consider

Best use: when identifying inherited/monogenic susceptibility would affect diagnosis, counselling,
recurrence risk, family testing, immunology/genetics referral, transplant consideration, or long-term
planning.

Higher-yield features:

Child/adolescent/young adult
Recurrent HLH/MAS
Severe or refractory disease
Severe EBV-associated disease, especially in younger patients and males
CNS involvement
No clear acquired trigger
Family history or consanguinity
Syndromic features, recurrent infections, hypogammaglobulinemia, or immune dysregulation

Caveat: actionable genetic results in adults are uncommon when there is a clear acquired trigger. Do
not send reflexively.

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
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When to order both cytokine and genetic testing

Consider both when there is:

Severe or rapidly progressive HLH/MAS
Recurrent or refractory disease
Severe EBV-associated disease
CNS involvement
Young age
No clear trigger
Family history, consanguinity, syndromic features, or immune deficiency clues

Cytokines answer: What is happening now?
Genetics answers: Why might this patient be susceptible?

When to order neither specialized pathway

Usually do not send specialized testing when:

MAS/HLH suspicion is low
The patient is improving
Local labs do not support the pattern
There is a clear alternative explanation and no MAS/HLH concern
Results would not change care or follow-up
Specimen handling cannot be done correctly
No one is assigned to follow the result

Continue monitoring and reconsider if the patient worsens, becomes refractory, recurs, or remains
unexplained.

Safety reminders

Do not delay escalation or treatment in a deteriorating patient.
Infection, malignancy, and MAS/HLH may coexist.
Bone marrow biopsy may help evaluate malignancy and may show hemophagocytosis, but
hemophagocytosis is neither required nor specific.
Cytokine results are supportive, not diagnostic alone.
Genetic results may return late and may include variants of uncertain significance.
Always confirm specimen handling with the lab.
Always document why the test was sent and who will follow the result.

33. Educational Disclaimer

This document is for education and local pathway development only. It is not a substitute for clinical
judgment, specialist consultation, institutional protocols, laboratory medicine guidance, genetic
counselling requirements, or patient-specific decision-making. Local laboratory processes, requisition

• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

• 
• 
• 

• 
• 
• 
• 
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requirements, specimen handling, transport instructions, approval requirements, and billing processes
must be confirmed before implementation.
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