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Good afternoon. On behalf of LLS (The Leukemia & Lymphoma Society), thank you for joining us
today. The LLS is committed to improving patients’ quality of life through programs such as this one
and other professional and support education programs. We offer live and archived patient and
professional programs for which you can earn CME, nursing, and social work credit. The LLS
advocates for funding to accelerate the discovery and development of blood cancer therapies. To
date, the LLS has invested more than $1.3 billion in research to advance therapies and save lives.
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LEARNING OBJECTIVES

*Describe childhood blood cancers, including ALL, AML,
and rare lymphomas such as Burkitt.

«ldentify signs and symptoms of childhood blood cancer
and diagnostic tests.

*Assess appropriate referral to a pediatric hematologist-
oncologist and patient care during and post-cancer
treatment.

*Explain treatments, including the role of clinical trials, and
management of short- and long-term side effects.
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BEATING GANGER IS IN OUR BLODD. SOCIETY

Today our presenters will address the learning objectives as outlined on this slide.

To receive physician, nursing, and social work credit for this program, please complete the evaluation
at the end of this program. Your feedback is important to help us plan future programs and is also
required for you to receive continuing education credit. A certificate of completion will be issued to
you after the evaluation is submitted. The certificate will be a downloadable PDF. In order to receive
credit, you must be present for the entire webinar.

We would like to thank the Clinical Directors Network for partnering with us on this program.

FACULTY

Bradley J. Dyer, MD, FAAP
Founder, All Star Pediatrics
Exton, Pennsylvania

Susan R. Rheingold, MD

Medical Director, Oncology Outpatient Clinic
Cancer Center at Children’s Hospital of Philadelphia
Professor of Clinical Pediatrics

University of Pennsylvania, Philadelphia, PA
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| am honored to introduce our speakers today. Dr. Susan R. Rheingold is the Medical Director at the

Updated: 3/26/19 Page 2 of 50
LLS18122



HEMATOLOGIC MALIGNANCIES IN CHILDREN: ‘ t&k’n'glf_"\g@lg
EARLY DIAGNOSIS AND MANAGEMENT SOCIETY"

TRANSCRIPT
Oncology Outpatient Clinic and attending physician at the Cancer Center at Children’s Hospital of
Philadelphia in Philadelphia, Pennsylvania. Dr. Bradley J. Dyer is the founder of All Star Pediatrics in
Exton, Pennsylvania. Thank you both for sharing your time with us today. It is my pleasure to turn the
program over to you.

DISCLOSURES

Hematologic Malignanciesin Children: Early Diagnosis and Management

Dr. Dyer has no affiliations to disclose.

Dr. Rheingold has research funding from Pfizer, Inc.
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Susan Rheingold, MD

Thank you very much, and this is Sue Rheingold on the phone, the oncologist, and Brad Dyer is on
the phone as well. And this is somewhat of a new kind of way to present these kind of conferences;
and so teaming up with a general pediatrician to do some cases that might show up in the ER, in the
general pediatric practice, in acute care practice, and really what kind of highlights or makes the
general pediatrician begin to be concerned that this might be a diagnosis of malignancy and if it is or
if you’re highly concerned that it is, how do you get the patient referred to a tertiary care center.

CASE 1:
BRUISING ON THE PLAYGROUND

3-year old presents to your office with a new rash. She
recently started pre-school and parents have noted that
she complains of intermittent leg pain and has a lot of lower
extremity bruises. She is napping more but they think it's
just due to how active she is at her new pre-school.

+ What other questions are important to ask the
parents to delineate the full history for the
patient?

& s
5
BEATING CANGER IS IN OUR BLODD. SOCIETY

So, we’ll start with the very first case, bruising on the playground. We have a three-year-old who
presents to your office with a new rash. She recently started preschool, and the parents have noted
that she complains of intermittent leg pain and has a lot of lower extremity bruises. She’s napping
more, but they think it's all just due to how active she is at her new preschool. So, Brad, what other
questions are important to ask the parents to kind of delineate a more full history for this patient?
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CASE 1: FURTHER QUESTIONS TO FILL IN
HISTORY

* How long have they noted the bruising? The rash?
* Has she been generally well with respect to appetite and sleep?

* Whenthey report her as being tired, is she taking naps or
sleeping longer? Does she seem physically weak, or just tired?

+ Has she been sick or running any fever?

* Has she had any nosebleeds, bleeding from the gums, or minor
cuts and scrapes that seemed to take a long time to stop
bleeding? Any history of pink or red urine or blood in her stool?

+ |s she taking any medication?

+ Are there medications in the house she might have ingested?

& S
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So, starting off as you would with any office visit, you want to really get a better history of both the
rash, when it appeared, how long they’ve been noticing it for, has it changed at all, as well as the
bruising and so forth. We want to get a good picture of that. Is that due to trauma, is that something
that they expected, or is it kind of a surprise when they first saw it? And, also, the general health of
their little girl. Has she been generally well with respect to her sleeping, eating, all the levels of
energy, all that sort of thing. And then we want to really explore her being tired. Is she physically
weak or is she just tired? Is she yawning all the time? Is she wanting to take naps where she wasn’t
napping before and kind of tease that out with them as well. And, also, has she been sick recently?
Has she been running any fever? And then because of concerns of the rash, we’re going to wonder if
she’s had any nose bleeds, bleeding from the gums, minor cuts and scrapes that seemed like they
took too long to stop bleeding. Any history of pink or red urine or blood in her stool, any possibility or
is she taking any medication, number one; and then also, number two, any possibility of poor
ingestion?
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CASE 1:
BRUISING ON THE PLAYGROUND

3-year old presents to your office with a new rash. She
recently started pre-school and parents have noted that
she complains of intermittent leg pain and has a lot of lower
extremity bruises. She is napping more but they think it's
just due to how active she is at her new pre-school.

» What parts of your physical exam are especially
important?

& S
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And then, of course, after you get a more detailed history about the young lady, what parts of your
physical exam are especially important?

Bradley J. Dyer, MD, FAAP

CASE 1: FOCUSED PHYSICAL EXAM

« General appearance, well being: Does she look sick?
Pale? Icteric?

« Vitals are each important: Temperature, BP, HR, RR,
pulse ox if concerned.

« Examine bruises then look over from head to toe for
presence of petechiae or purpura in unusual places—
flexor surfaces usually spared from trauma. Focus on the
pattern of distribution of any unusual findings. Significant
hematomas underlying ecchymoses?

« Palpable liver or spleen? Lymph nodes?

« Any signs of trauma or physical abuse?

& S
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So, we’re going to go over her from head to toe, just to really delineate physical findings just to see
what’s there as well as to look for things to make us feel better or worse about her case presentation.
So, once again, in general, | mean how does she look in her terms of general health? Does she look

Updated: 3/26/19 Page 6 of 50
LLS18122



HEMATOLOGIC MALIGNANCIES IN CHILDREN: ‘ tEk’nﬁ'\é')'Qi’
EARLY DIAGNOSIS AND MANAGEMENT SOCIETY"

TRANSCRIPT
sick at all? Is she feverish looking? Is she pale? Is she jaundiced? Is she a carrot? And then looking
at her vital signs, is she running a fever? And then, of course, the rest of your vital signs, pulse ox if
you’re concerned with her breathing in any way.

We look at the bruises that her parents brought her in for, and then you look for other bruises from
head to toe. So, are they in places where you might expect them? Are they in what we call dependent
areas on extensor surfaces or is there bruising in unusual places? And then you focus on the
distribution of the rash as well and sort of what that looks like. Is that a head to toe? Is that just in
certain spots? When we see or hear about petechiae, a lot of kids with a lot of intra-abdominal force
with vomiting, they’ll get petechiae in the face, but that never goes above the nipple line, things like
that.

And so, we’re looking for the rash, we’re looking to describe the rash and see the rash as the parents
are presenting it; but we're also looking for more than that. And then also feeling for liver or spleen,
feeling for lymph nodes as part of the presentation; and then with any child with concerns for
unexplained bruising, any signs of trauma or physical abuse. Where are those bruises? Were they
inflicted by somebody else?

Susan Rheingold, MD

CASE 1:
BRUISING ON THE PLAYGROUND

Physical Exam:

You notice on your exam that the girl has petechiae all over with
bruises on her arms and legs. She also has a palpable spleen tip
and a palpable liver edge.

» Differential Diagnosis?

& s
5
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Thank you. And so, here’s a picture of the young lady, and that rash is actually petechiae. Many
parents will not walk into your office and be so kind as to say, “My child has petechiae.” And she had
significant bruises on her arms and legs, some over dependent sites but some not. On examination,
she also had a palpable spleen tip and liver edge; and in a child who’s three years old, that really,
really needs to raise some kind of concern. The picture, which of course, is not the greatest, but there
is some lymphadenopathy on the right side of this child’s neck as well as the petechiae. So, now you
have a little bit more history, and you can see the petechial rash on exam, what’s your differential?
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DIFFERENTIAL DIAGNOSIS FOR PETECHIAL RASH
AND BRUISING: THINK BROAD CATEGORIES

Infections: meningococcemia, RMSF, sepsis, strep,
endocarditis, CMV, other viral infections (TORCH) — would likely
be ill appearing and +/- fever

Hematologic: Idiopathic Thrombocytopenia Purpura (ITP),
aplastic anemia

Oncologic: Leukemia, Lymphoma, Neuroblastoma

Medications: anticonvulsants, quinine, aspirin, warfarin, sulfa
drugs

Vasculitis: Henoch Schoenlein Purpura (HSP) SLE (unlikely for
age)

Vitamin Deficiency: C or K

LEUKEMIA &
BEATING CANCER IS IN OUR BLOOD. ‘ LYMPHOMA

So, on the next slide I've put together kind of a broad differential of just a petechial rash, somebody
coming in, like what’s going through your mind. Of course, sepsis, so meningococcemia, Rocky
Mountain spotted fever, you know, any sort of other bacterial sepsis, endocarditis, those sorts of
things. And then other things that might cause a rash, like this would be, you know, a streptococcal
infection, viral etiologies, and so forth. With those, typically the child’s going to be feverish and
typically more ill-appearing, of course. Then we think of hematologic things, ITP (immune
thrombocytopenia) probably being the most common thing. If | saw a child her age walking into my
office with a, just solely the petechial rash, not the lymphadenopathy and the liver and the spleen, we
do think about oncologic things as listed there. Any sort of medication ingestion, sort of, that would
predispose her towards a bleeding diathesis. And then vasculitis HSP (Henoch-Schonlein Purpura),
lupus, but unlikely for her. And then on the broad differential of vitamin deficiency, but in this case
clearly, we're well beyond that.
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CASE 1: WHAT LABORATORY STUDIES WOULD
YOU ORDER?

Start simple. You really just want to know the platelet count, as well
as the white cell count and the hemoglobin. And the differential
would be nice if there is an abnormality in the WBC.

The rest of the things which may be running through your head can be
ordered based on the results of the CBC.

CBC results:
WBC-4.2
Hgb- 7.3
Platelets -22,000
Automated differential — 30% atypical
lymphocytes

& s
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And so, you have the child there. You have this. So often the next step is you're going to order some
labs on her. What kind of laboratory studies are you considering on a patient like this?

Bradley J. Dyer, MD, FAAP

So, again, a child that comes in with just a petechial rash and then maybe a little bit of adenopathy as
well, you really want to start simple. You really want to know what the platelet count is, is it really low,
is it way out of whack as well as other indices, and the complete blood count. The white cell count is
going to be very helpful, and then if that is low or high, obviously, the differential there. But just
starting with the CBC (complete blood count) is enough to go with, rather than trying to really test
every hypothesis or every potential thing that you might have or that she might have.

Susan Rheingold, MD
And so, | was kind enough to have the CBC results up there, and this child is generally pancytopenic.

Platelet counts are in the double-digits, not the single-digits. And the automated differential, when you
sent the kid to the local lab, had 30% atypical lymphocytes.
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Beware the Automated Differential

Machine generated differentiéls ! at have a high

percentage of

Atypical Lymphocytes or Mon;)cytes

"

should be regarded with a high level of suspicion.

And I'm just going to put in here to everyone, beware the automated differential. Most LabCorp and
Quests use a machine-generated differential; and it's hard enough for an oncologist to tell the
difference between an atypical lymphocyte and a lymphoblast or a monocyte and a monoblast. How
many of you looking at this picture right now can tell me which is which in that picture? The bottom
two are the blasts, and the top one is the atypical lymphocyte. So, your machine certainly can’t do it.

So, whenever you get on a differential a high number of atypical lymphocytes or monocytes, just
regard it with a high level of suspicion. All of these labs are supposed to have hematopathologists
where you can call and say, “Can somebody look at this?” But I've had issues where, “Yes,
somebody can look at that on Monday,” and it's now Friday. So just keep that in mind when you see
something like that.
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Refer to ED or a dedicated pediatric oncology clinic
Please tell the family your concerns and say the word

“cancer” or “leukemia”
At CHOP we will repeat the CBC

b il

Not normal!

& S
BEATING GANGER IS IN OUR BLODD. SOCIETY

And the other thing I'll sort of add in there too, Susan, going back to that CBC, she has, you know, the
white blood cell count of 4.2 could be a little bit of a viral suppression. We see that a lot out in the
office, but with at least two lines down, that’'s an immediate referral. That’s not something that waits
for tomorrow or next week to go see somebody. That's going to be, you're sending her in right away.

Susan Rheingold, MD

And she might be referred to an ED (emergency department) or a dedicated pediatric oncology clinic.
If this child is somewhat well-appearing, | don’t think it's the kind of thing that can wait until the next
day. But | do think that if you have a relationship with your local pediatric oncologist, your tertiary care
center, you can certainly call them and ask if they can see the child in their clinic that day. | think
that’s nicer for the families than being sent to an emergency room, but nights, weekends type of thing,
the child may very well have to go to the emergency room.

We as oncologists and hematologists only request one thing. When you are sending a family in, voice
your concerns. Let them know. | hate to say the scary words, such as, “I'm concerned your child
might have leukemia. I'm concerned their blood counts are all down, and their bone marrow might not
be making new blood cells.” Because families who show up in an emergency room and sometimes
are just told, “Well, there’s something a little abnormal on the CBC” actually have said to us they
would have been better prepared if somebody had given them some kind of idea that this was
actually a little bit more serious than just a quick visit to the ED.
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And the art of doing that from my standpoint as well is you don’t want to over worry parents at the
same time; and, also, like if | get that CBC back, | know something’s really wrong, | don’t know if it's
AML (acute myeloid leukemia), | don’t know if it's ALL (acute lymphoblastic leukemia), | don’t know if
it's B-cell, T-cell, all that sort of stuff, they’re going to have tons of questions. But | think it's important
to broach the subject with them and say, “You don’t have all the answers, but given the results of that
one test, you know, it could be cancer, it could be aplastic anemia, it could be something else, and
that she needs to get in right away.

Susan Rheingold, MD

So, when the child comes to the tertiary care center, and I'm just going to refer CHOP as the
Children’s Hospital of Philadelphia, we are going to repeat the CBC because | want to see what these
cells look like with my own eyes under the microscope. And so, on the left-hand side, those are acute
lymphoblastic leukemia cells. There are many of them. A typical blood smear has a variety of cells,
and these are what we describe as homogeneous. These look alike.

For acute lymphoblastic leukemia, they’re not much bigger than the red cells, maybe the size of those
kind of faded red ghost-like cells. Those are actually your red blood cells. And they’re pretty much all
that dark purple middle, with a little bit of what we call the cytoplasm at the edge. On the right, on the
other side, you’re seeing what looks like acute myeloid leukemia under the microscope. A) you're not
supposed to have that many cells, and there they all are out in the periphery looking very different.
Myeloid leukemia is much bigger. Some of those are up to five times the size of the red blood cells,
and that there’s more of that lighter purple, what we call the cytoplasm on the round side. So, one
look at that and | know that is not normal. But I'm not going to make a diagnosis that way.
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IN ANY CHILD WITH SUSPECTED LEUKEMIA
AVOID STEROID USE!

Steroids will treat the leukemia
delaying or obscuring the diagnosis
and may cause life threatening tumor
lysis syndrome.

9] A&
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And | think in anyone, for any of these cases we talk about, that anyone out there in the community
who is taking care or somewhere in your differential is a child with leukemia or even a lymphoma, we
really want you to avoid steroid use because steroids are actually going to treat that leukemia or
lymphoma; and, in fact, | might look at that CBC and it might look okay. It might not look that bad
because the bad cells have died from the steroids themselves.

So, you can also get leukemia and lymphoma cell death, and if that occurs outside of the hospital
without lots of fluids going, sometimes the kids can get into this situation called tumor lysis syndrome.
It's a good thing. The cancer cells are dying. But when they’re dying, they’re releasing all these things
into the blood stream; and eventually that will clog up the kidneys if the kids aren’t on lots of fluids.
So, for the generalists out there, you really want to know what you're treating when you start a pulse
of steroids on a patient.

Bradley J. Dyer, MD, FAAP

Because we do give kids that have mono, that are having trouble swallowing certainly, maybe a little
bit of difficulty breathing, difficulty lying down, that real discomfort that you can get with
mononucleosis, we will treat them with short courses of steroids sometimes. We never do that without
a CBC and a confirmation of either EBV (Epstein-Barr virus) titer series or Monospot.
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Leukemia is rare

It presents like many other childhood illnesses

that are much more common

ITP (Immune thrombocytopenia purpura)

JRA (Juvenile Rheumatoid Arthritis)

Hand Foot Mouth (Parvo, Fifth's)

EBYV (Ebstein-barrvirus) / Mononucleosis

CMV (cytomegalovirus)

Lymphadenopathy

& s
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And | think it's tough because leukemia is rare. | put the zebra up there. We all know the horses and
the zebras, and leukemia is the zebra. It presents like so many other childhood illnesses that are
much more common.

And for this young lady, if her platelet count was the only thing that was abnormal, we’d think ITP. But
you also need to include JRA (juvenile rheumatoid arthritis), hand-foot-and-mouth, EBV, CMV
(cytomegalovirus). All those things can cause the counts to be low, your hemoglobin to be low, your
white blood cell count to be low, and they can all cause lymphadenopathy; and they’re hundreds of
times more common than leukemia.

Bradley J. Dyer, MD, FAAP

| think that as their primary care person, and if there are a lot of primary care people listening in, the
difficult job of the primary care person is finding that zebra, you know, finding the needle in the
haystack or whatever metaphor you want to use.

The incidence of childhood cancer, | think, at least, when | last looked, is about 1 in 3,000 children per
year, newly diagnosed kids’ kind of walking in. So, depending on the size of your practice, you might
only see one new case of cancer every two, three years; or you might see three or four year, just
based on the size of your actual clinic.

So, you never want to miss them, and I think that’'s what we’re always worried about. But you also
don’t want to work everybody up that walks through the door that might potentially have something,
and so that’s the skill or, | guess, the focus of primary care is to do enough and not miss but not do
too much.
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Disorders of Clonal Hematopoeisis:
Development Gone Awry
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And, basically, leukemia, and even lymphoma to some extent, are disorders of early blood cells, early
stem cells gone awry. | wish we knew why this happens, but the green box there represents the cells
that go on to become AML; and these include cells like your neutrophils, eosinophils, basophils. But it
also includes your megakaryocytes that make your platelets and the cells that make your erythroid
cells. And those will all fall under AML.

ALL, acute lymphoblastic leukemia, kind of falls into two groups. There’s B-cell and T-cell. You have
B lymphocytes and T lymphocytes, and they can create the two different types of leukemia. And then
a lot of the lymphomas stem from the more mature B-cells and T-cells that are actually circulating
more and gone awry in the lymph nodes itself.
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Clinical Presentation of Leukemia

Anemia - pallor, fatigue,
headaches, murmur
Thrombocytopenia -
bruising, petechiae, “rash”
Neutropenia - persistent
fevers, infection

BEATING GANGER IS IN OUR BLOOD.

As we've talked about, there are so many different ways these kids present; and | just, both the
diagram of the young man there with those kind of awful looking bruises that children get, they have,
the bone pain is very common, especially in the toddlers age and refusing to walk. Children can have
gum infiltration from the leukemia. The child there with the super impressive hepatosplenomegaly;
one caveat | always put out is that very often when a child has significant hepatosplenomegaly, it
often gets missed because we don’t start low enough. We don’t think we’re going to look for a liver
edge or a spleen edge way down in the inguinal area, but sometimes you need to get that low to feel
the edge of it because it’s just so large. And if you're feeling on top of it, you'll never feel an edge. It
will feel homogeneous. It will feel okay.

The little baby on the left was what everyone thought was going to be what we call blueberry muffin or
one of the TORCH titer in utero-type infections, but the white count was 200,000 on that little baby.
And those are actually little skin tumors. Those are chloromas in what you call in the leukemia world
of tumor. And so, some kids, those lesions end up getting biopsied by a dermatologist, and they can
see that those are filled with leukemia cells.
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CHILDHOOD LEUKEMIA

sLeukemia is the most common malignancy of childhood:
~4000 cases/year in North America

-~80% is acute lymphoblastic leukemia (ALL)
-~85% of these are B-cell ALL
-~15% of these are T-cell ALL
*~19% is acute myeloid leukemia (AML)
*~1% is chronic myeloid leukemia (CML) or rare others

Etiologies of childhood leukemias remain largely
unknown with exception of some genetic
predisposition syndromes, trisomy 21, or prior
chemotherapy or radiation exposure.

BEATING GANGER IS IN OUR BLODD. Children's Hospital
—_— of Philadelphia

Leukemia is the most common malignancy of childhood. There’s about 4,000 cases per year in North
America. The majority of leukemia is acute lymphoblastic leukemia (ALL), 80% of it is, followed by
acute myeloid leukemia (AML), and then about 1% is chronic myeloid leukemia (CML); and there are
some very, very rare others or preleukemia type things.

The etiology and why children get leukemia remains largely unknown. With the exception of some of
the genetic predisposition syndromes, we know there’s what we call chromosomal fragility syndrome.
Children with Down syndrome and trisomy 21 are at increased risk of both getting AML and ALL; and
that actually correlates with the fact that they have an extra chromosome 21, which is often abnormal
in leukemia. Prior chemotherapy or radiation exposure is always a risk, so a child who may have
survived one cancer, maybe a bone cancer or a liver cancer, may be at risk for developing a
secondary leukemia.
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Age Specific Incidence of Leukemia
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Who gets leukemia differs by age. The blue curve on the top is showing there the incidence of ALL.
And as you can see, there’s a huge peak in the incidence in children in the toddler years, two, three,
four, five. So that’s why | gave you a case with a three-year-old. That is the primary age in which you
see ALL. It evens off after that, and it even stays at a low rate through adults when you begin to get to
20-and 30-year-olds.

AML, which is less frequent, you have a little bit of an increased incidence in infants. And then as you
begin to go into your teen years, it begins to increase again. But when you get into adults, AML rate
really takes off. So, AML is more of an adult cancer. ALL is more of a pediatric cancer. But we both
treat it, and we’ve really learned from each other as specialists across the continuum.

The red line at the very bottom, there’s a form of CML that we call JMML (juvenile myelomonocytic
leukemia). These kids are extremely rare, but they present with a monocytosis in a large spleen. And
then CML is extremely unusual in small children, and again it kind of takes off in the adult age group.
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DIAGNOSTIC WORK-UP

CBC - manual differential
Tumor Lysis Labs
Lytes (Ca/Phos), Uric Acid, LDH
PT/PTT, fibrinogen
CXR - mediastinal mass, effusions
~ Spinal Tap - CNS leukemia
Bone Marrow aspirate/biopsy

-Flow cytometry of marrow — antigens to ID subtype

-Cytogenetics of Leukemia *

ALL

BEATING GANGER IS IN OUR BLOOD.

When the child gets to the Children’s Hospital, our tertiary care center, as | said, we’re going to do a
CBC with a manual differential. We are also going to check a lot of their blood, their electrolytes, their
creatinine to look if they’re undergoing tumor lysis due to the cells dying. Even without starting
therapy yet, you can have tumor lysis.

Uric acid is an excellent measure of cell turnover, and it's one of the screens we send along with an
LDH, a lactate dehydrogenase, in patients when we’re working them up for leukemia and lymphoma.
So that’s kind of a screening measure you can do.

We check a PT/PTT (prothrombin time/partial thromboplastin time) and fibrinogen, in part, because
AML can associate with bleeding disorders, and | personally do not want to do a diagnostic spinal tap
on a child who has a PT of 2. I'm also going to get a chest x-ray on patients. Patients, especially with
ALL and T ALL (T-cell acute lymphoblastic leukemia), are likely to have large mediastinal masses or
pericardial or pleural effusions; and, again, | do not want to sedate a child or put a child under
anesthesia with a large mediastinal mass. When we do see the child, generally the very next day, we
do want to sedate or put a child under anesthesia to do a spinal tap to screen for CNS (central
nervous system) leukemia; and we’re going to do the final diagnostic part, which is really the bone
marrow aspirate and biopsy. The leukemia is being made in the bone marrow, so we want the richest
sample of where it’'s being made; and we do multiple things with the bone marrow.

We do testing of the proteins on the outside of the leukemia to identify exactly what subtype of
leukemia it is. We don'’t just depend upon our eyeballs anymore. And we also do specialized testing
on genetics of the leukemia. So, it's important these are not genetics of the child. It's genetics of the
leukemia, and that chart graph there is kind of showing you in the breakdown of ALL all the different
kinds of genetics you have.

And this becomes super important because we don’t treat every child with ALL the same.
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Modern COG ALL Clinical Trials
T-cell B-cell ALL

ALL Age  wac<50,000/pl WBC > 50,000/pl
<1year Infants (3%)
1-9.99 yrs
10 +years

Philadelphia + ALL
Philadelphia-like ALL
(targeted therapy)

BEATING GANGER IS IN OUR BLOOD.

We, in fact, treat them very differently if they have T-cell ALL versus B-cell ALL. We treat infants
differently. So, if you're a child with ALL and you’re less than one year of age, you get treated
differently than if you’re a child over the age of ten. And you can move risk groups. We have risk
groups within the therapy; and based upon a child’s response to therapy and some of that genetic
testing we do now, we move a child to higher-risk therapy, which often involves more chemo; and in
the bottom right corner there, we have targeted therapy now. So, we have learned in the world of
precision medicine and targeted therapy that there are some very, very specific drugs out there that
can augment the classic chemotherapy and increase cure rate. So, we want to get all that testing at
the start because once the leukemia goes away, | can no longer test it.
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MOST PEDIATRIC LEUKEMIA IS TREATED ON
CLINICAL TRIALS

A standard chemotherapy "
regimen exists for every type of
leukemia (and lymphoma) i

To improve survival pediatric
oncologists compare the
standard to a “new” regimen.

New= T
Higher Dose of Current Drug :
More (or less) Intensive Therapy
New Drugs 5
New Risk Stratification B e

Probability
04 o8

New Biology

LEUKEMIA &
‘ LYMPHOMA
Matloub et al. Blood 2011, Wood B et al. Blood 2015 SOCIETY

BEATING GANGER IS IN OUR BLOOD.

And when we have the information, kind of in the pediatric oncology world, we are the world’s experts
on what are called clinical trials. So, a standard chemotherapy regimen exists for every type of
leukemia and lymphoma | could talk about in the pediatric, adolescent, and even really the young
adult and adult world. But in the pediatric world, since the 1950s and ‘60s, we have always wanted to
improve survival. So, to improve survival, the only way to show what might be better is to do a clinical
trial and compare children to what was the standard best care we knew to a new regimen.

And the new regimen, sometimes people think, oh, you're comparing it to a scary new drug. That’s
actually only part of what the new regimen might be. Sometimes the new regimen is just a higher
dose of a drug we use all the time. More or, in fact, now less intensive therapy, so when we can
identify a child is very likely to be cured, we sometimes say, “Can we get rid of some of the
chemotherapy that’s going to cause late effects, problems with their heart, problems with their
education, problems with their growth? Can we get rid of that chemotherapy and cure the same
number of children?

Sometimes it's new drugs, and as an oncologist, | could go on forever about the exciting new drugs
that are out there, many of them targeted to the leukemia and most of them having much less side
effects.

New risk stratifications. How do | decide if somebody might get away with less or might need some
more? Well that’s called risk, and so if | determine someone’s higher risk, can | give them more, how
can | do that more precisely? How can | make sure that I'm kind of putting the children and young
adults into their right co-groups? And sometimes the clinical trial is just studying biology. Can we get
some samples from the leukemia to help us understand for the next generation of trials something
better?

And so, on the right I'm showing some slides of two of the Children’s Oncology Group trials that have
shown just changing the top one is IV versus oral, a chemo drug. And although that doesn’t look like
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a big survival group, when kids are surviving at that rate, to increase survival by 5 or 8%, to us is
hugely significant.

Improved ALL survival through decades of
COG clinical trials

i } Work left to do
| e 20062009 (N3]
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1995-1999 (N=7287)
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CNS-directed therapy

Survival (%)

1970-1972 (N=499)

1968-1970 (N=402)

T T T T 1
0 2 4 6 8 10

Years since Diagnosis
Hunger & Mullighan NEJM 2015

& s
L
BEATING CANGER IS IN OUR BLOOD. sodER

And doing this over the years, the Children’s Oncology Group has improved survival, so you’re going
back to 1968 and all the decades of the trials have done, have improved overall survival to 92% for all
children with ALL; but clearly there’s work left to do, and then, getting back to the “can we reduce
some of the intensive therapy that leave children with long-term late effects.”

AML THERAPY SUMMARY

1) AML therapy is intensive,
- Mostly done as an inpatient as more toxicity
- Higher infection risk
2) AML therapy is shorter
- 4 courses of chemotherapy
- 3 courses + Bone Marrow Transplant (BMT)
3) 25-50% of patients will undergo BMT
- Intermediate Risk with matched sibling
- All High Risk AML go w/ best donor
4) No planned radiation unless emergent
5) Some targeted therapy studies underway
6) Patients with Trisomy 21 get reduced chemotherapy

BEATING CANGER I N OUR BLODD. (%1 children's Hospital
—_—— of Philadelphia-

AML therapy is very different from ALL therapy. AML therapy is much more intensive. It's mostly done
as an inpatient, requiring a pretty long four- or five-week hospitalization as it's much more toxic to the
child and there’s a higher infection risk. As a tradeoff, AML therapy is shorter. It can be four of these
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courses or sometimes three courses and a bone marrow transplant. About a quarter to a half of
children with AML will undergo a bone marrow transplant, and sometimes that relates to their risk or
whether they might, in fact, have a sibling donor that’s a good donor for a transplant. But some
children with what we consider the high-risk AML, we’ll always take to a transplant. Children with AML
don’t get radiated. We’re also studying targeted therapies, and children with Down syndrome will
actually get reduced chemotherapy because they do better and with less side effects.

Improved AML survival through decades of
COG clinical trials

0.8 \

(2003 - 2005)

2000 - 2002
- 20002002

(1889 - 1995)

Overall survival

0.4 (1985 - 1989)

(1979 -1983)

02 (1975 - 1977}

0 5 10 15 20 2
Years fromstudy entry
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We've come a long way with AML as well, but, unfortunately, it's not quite as good. Probably overall
survival is closer to 65% in children with AML, but we are finding better populations and more
challenging populations to treat.
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PEDIATRICIANS ROLE

1) Generally the oncologists takes over much of the general
pediatric care during therapy

- May need to do some care if child is far from an oncology
center (western states)

- We have psych support, but not as much ADHD, ASD, delay

2) During less intensive care may be sent to PCP office for simple
issues

- RfO strep throat, URI with no fever, hurt finger

3) PCP needs to help keep the siblings healthy and immunizations
uTD

- Siblings can get most any immunization now and they should
get the flu vaccine every year

4) Once therapy is completed care will resume at PCP but with
planned follow-up in Oncology

-Restart missed immunizations until 6 months off therapy
-For most part treat like a normal child, education challenges
-Oncologists follows for late effects, but any concerns = CALL

BEATING GANGER IS IN OUR BLODD. Children's Hospital
—_— of Philadelphia

Part of this was, okay, so I'm now taking care of this child. I've diagnosed them. What is the
pediatrician’s role? What is the acute care, you know, the doc at home’s role? And to be honest,
generally the oncologists do take over much of the general pediatric care during therapy. Some of
you on this phone are probably four or five hours or across a state line to the primary pediatric
oncology center. So, | know there are patients in Montana and far western Washington State who
actually receive some of their chemotherapy through their pediatrician or get their CBCs or get
transfusions locally. And that’s fantastic that you can help work with the families.

We do have a ton of psychiatric and psychologic support, but pediatric oncologists aren’t as good with
some of the issues related to maybe ADHD (attention deficit hyperactivity disorder), autism spectrum
disorder, developmental delay. So, some of those type issues may have to go back to the pediatrician
to make sure the child’s getting their proper dose of Adderall (dextroamphetamine
saccharate/amphetamine saccharate).

Also, during less intensive care, like ALL in what we call the maintenance, if the child calls our clinic,
we may send them to the PCP (primary care provider) office for a simple issue like everyone in the
family has a Strep throat. The child has a sore throat. It's easier for them to go five minutes to your
office to get a throat swab and a course of amoxicillin, or maybe a child has a cold with no fever or
they fell and hurt their finger, and they really don’t need to drive a whole hour to see us.

An important role for the pediatrician as well is to make sure to keep the siblings healthy and
immunizations up to date. And | know immunizations can be a scary thing. Siblings can pretty much
get any immunization now. It used to be there was some live and not live, and we’ve changed our
immunization schedule. But | think the most important thing is to get the siblings their full
vaccinations, so we don’t leave the child at risk. And everyone in the family should get a flu vaccine
every year. Generally, we will do the flu vaccine for our patients right here in the oncology clinic; but
we do want you getting the siblings in.
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When we have a child diagnosed with a cancer, we really hand it over to the pediatric oncologist and
expect that everything’s going to be done with them. Now we keep communication with the family
really more, almost as moral support as much as anything else and to be there to provide anything
that they might need, like a vaccination or like a sick visit for a sibling or a cousin or whoever, to
provide that sort of advice and also be there sort of with open arms when the treatment is over or
referred in by the oncologist. But, really, and we’re fortunate enough to be practicing within a half an
hour of Children’s Hospital and to have great care for those kids. But we really do sort of step back
and let the oncologists do their work. You’ve become so great at looking at all the other health issues
with kids and so forth by sort of being there for them when they step back into the realm, when they’re
out of their therapies.

Susan Rheingold, MD

And when they do return to your care, for the most part, they restart any missed immunizations when
they’re six months off all therapy. That's when we feel their B-cell population is enough to have some
memory for it.

But we really recommend you treat this child like a normal child, kind of keep your ears open for any
issues. Some of these children will develop educational issues due to their therapy. We are still
seeing these children regularly. We haven’t sent them away. We’re seeing them every three months,
but certainly anything you see at a visit that you say, “Wow, this is concerning, or this is unusual,” just
give us a call because we can probably get the child in for blood work or a test pretty quickly, which
might take you a little longer to get.

Bradley J. Dyer, MD, FAAP

The other thing | will say too is reading all the letters that come from the specialists, | know, I'm sure
everybody out there does that. But when they’re getting those letters from the oncology clinics to kind
of go through and see how are counts going, like why did they have to delay? You know, did they
even know the child was in the emergency room last week because they had a fever and
neutropenia, all that sort of stuff.

To keep yourself apprised of what’s going on, even though you're not seeing the child, is huge in
terms of your relationship with that child and with their family.
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CASE 2:
SWOLLEN GLANDS

13-year old otherwise healthy boy presents to your office
because of “swollen glands” of the neck that do not seem
to be going away after a cold 2-3 weeks prior.

» What other questions are important to ask the
parents to delineate the full history for the
patient?

& S
BEATING GANGER IS IN OUR BLODD. SOCIETY

So, the second case, a 13-year-old, otherwise healthy boy, presented to your office because of
swollen glands of the neck but do not seem to be going away after a cold two to three weeks prior. So
what kind of questions in the history are you going to want to know?

Bradley J. Dyer, MD, FAAP

CASE 2: ADDITIONAL HISTORY QUESTIONS
FOR PARENTS AND PATIENT

+ Have the glands been growing in size or getting
smaller?

* Have they noticed any other swollen glands?
+ Tender to touch?

+ Associated symptoms: Sore throat? Fever?
Runny nose? Rash? Fatigue? Pallor? Weight
loss? Night sweats?

* Abdominal distention or abdominal pain?

& s
£
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So, what we want to do is to kind of really tease that out again, from the patient himself as well as
their family. Like are the glands still growing in size, are they kind of the same, have they gone down
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from the cold that was two, three weeks ago? Were they present before he had the cold or was this
sort of the result of that or when did they really notice them? Have they noticed any other swollen
glands anywhere in his body or has he noticed that? Are they tender, are they red, or are they warm
feeling? All those sorts of things. And, you know, because the most common reason for having
swollen glands is going to be an infection. Does he have a sore throat? Does he have fever, runny
nose, rash? Is he tired? Is he pale? Any weight loss, weight gain, night sweats? Any sores in his
mouth and so forth as well as any abdominal distension or abdominal pain?

Susan Rheingold, MD

CASE 2:
SWOLLEN GLANDS

13-year old otherwise healthy boy presents to
your office because of “swollen glands” of the
neck that do not seem to be going away after a
cold 3-4 weeks prior.

Physical Exam:
» What parts of your physical exam are
especially important?

& s
5
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And so what parts of the physical exam now are you kind of focusing on?
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Bradley J. Dyer, MD, FAAP

CASE 2: PARTICULARLY PERTINENT PHYSICAL EXAM:
+ General appearance, well being: lllappearing? Pale? Level of
energy.
+ Vitals, as always

+ HEENT: Scalp, ears, throat/tonsils, dentition

» Neck: masses which they are asking about as well as any
others, range of motion, discomfort or tenderness

+ Abdomen: appearance, size of liver/palpable edge? Spleen?
Other masses? Distention?

» Skin: rash, ecchymoses, hematomas, other skin masses?

+ Lymph nodes: scalp, esp. occipital, anterior and posterior
cervical, supraclavicular, axillary, inguinal, epitrochlear, popliteal.
Look in all these places, noting size, symmetry.

LEUKEMIA &
BEATING CANCER IS IN OUR BLOOD. ‘ LYMPHOMA

SOCIETY

So really kind of focusing on those glands as presented. We’re going to look at how big they are.
We’'re going to look at where they are. We're going to look at any degree of discomfort and so forth.
We’re going to look for other glands.

Overall, but, you know, as | do in all of my slides here, | just, the general appearance of the child, |
think, is just so important. What'’s his level of energy? Is he ill-appearing? Is he sick or is he just
perfectly fine like, “Why am | here in the office?”

Looking at vitals, and then looking for a source of infection, sort of going from head to toe. So, looking
in the scalp and the ears and the throat, tonsils, looking at the teeth. Looking at the neck, the masses
in the neck that they came in for, as well as any other associated nodes or glands. Looking in the
abdomen for liver or spleen. You know, palpable edges and so forth. Are there any other masses
anywhere, and, yes, the abdomen distended? Does he have an associated rash or bruising or
anything like that, other than just the swollen glands that we’re seeing? And then | just kind of listed
all the nodes that we’re going to be looking for, knowing what the little guy looks like in the slide
coming up.
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CASE 2: SWOLLEN GLANDS

Node exam and location helps with Differential Diagnosis
" \‘
>
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| think the hardest thing is, you know, we can talk forever about how you determine a benign versus a
malignant node and when you worry, and you don’t worry. And so, | think node exam and location

helps tremendously with the differential.

Bradley J. Dyer, MD, FAAP

It's huge. So, but | mean this is something you see in your office several times a day if you have a full

schedule of patients. So, we see nodes all the time.

People coming in for completely other things, you

find lymph nodes on and so forth. And, you know, 99.99% of them are benign. So, looking at their
distribution, looking at their size, number one. Looking at their distribution, are they in, you know,
reassuring areas? Are they in concerning areas? Is there symmetry on both sides? And then is there
any sort of other like tenderness, redness, swelling, drainage, all that kind of stuff?
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CASE 2: SWOLLEN GLANDS

Node exam and location helps with Differential Diagnosis

& S
BEATING GANGER IS IN OUR BLODD. SOCIETY

And the ones that we’re showing here, that was just a little anterior cervical node that was like a
benign, unworrisome one. And then there'’s the posterior cervical node that could have been benign.
It would depend if there was something up in the scalp also. You see something like this, obviously,
you’re worried that there’s some sort of a typical or atypical infection there.

Susan Rheingold, MD

Benign or Malignant
Benign Concern
- Anterior or Posterior Supraclavicular,
Location i 3 :
Cervical, Inguinal Epitrochlear
Symptoms Viral, Rhinorrhea SeELTE T s
sweats
< 1-1.5¢cm, soft,
Node mobile, erythema > 3cm, hard, matted
Other signs of Hepatqsplenomegaly,
Exam 5 Facial swelling,
Infection : g
Respiratory Distress
BEATING CANGER IS IN OUR BLOOD. [ Children's Hospital
—_—— 4 U of Philadelphia

Right. And so, in trying to break down kind of benign or malignant, | think the things that concern me
location wise is supraclavicular. It's hard sometimes to tell the very low end of anterior chain, but if it's
truly supraclavicular, that makes us worry that there’s something going on in the chest. Also, of
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concern, weight loss and night sweats. Those are commonly seen with Hodgkin’s lymphoma. Large
nodes, I've seen plenty of 1.5- and 2-centimeter nodes that are completely benign. I'm sure everyone
has, but if you’re getting up over 2 to 3 centimeters, if they’re hard when you palpate them, they’re not
soft, they don’t wiggle right under your fingers or they’re matted together like a cluster of nodes, that
concerns me as an oncologist.

And then the same thing on the exam. Hepatosplenomegaly, you shouldn’t be feeling a liver and a
spleen. Now with EBV, which is a big differential here, you may be feeling a spleen. So that you have
to keep in mind, but otherwise, if you have hepatosplenomegaly, I’'m going to be more concerned.
Certainly, something like facial swelling, which would imply that the mass is actually obstructing the
chest or respiratory distress, would make me even more worried about a child than just the node in
the neck.

LYMPHADENOPATHY PEDIATRICIAN APPROACH
AND TREATMENT: LIKELY BENIGN
= Serial exams/observation (no intervention)—start weekly
« Treat any underlying infection
« Antibiotic trial if red, tender (lymphadenitis)

* Avoid steroids (prednisone) as can treat leukemia and
lymphoma

* and obscure diagnosis

* **This is particularly important if you have a child who you
think has mono and is having trouble swallowing or

tremendous pain, and you are considering a short course
of prednisone!**

+ If not sure consider laboratory and radiology evaluations

BEATING CANGER IS IN OUR BLOOD. Children's Hospital
_— of Philadelphia

And so, you can kind of talk about what you do if you think this is a benign node.

Bradley J. Dyer, MD, FAAP

All right, so if you think this is benign and it's a small 1 to 2-centimeter node, it's mobile, it's rubbery
feeling, it's not concerning, it's not tender, it's not draining off, so you can just watch it sometimes, a
lot of times, depending on what the background story to that is. So typically you’re going to watch it
every week or couple weeks or so. If | do, then I'm sending the patient and parent out with the
instruction like, “I want you to kind of look at this. It's the size of a lima bean right now, and | want you
to feel it in a week or two and give me a call if you think it's getting bigger, if it's not getting smaller, if
it becomes tender or whatever, or you start feeling more glands, you’re going to give me a call about
that.” If you do think that there is bacterial adenitis, you’re going to use an antibiotic for that, which we
talk about. We talked about avoiding steroids unless you know that it's EBV by testing and the child is
having some sort of, you know, swallowing dysfunction or breathing discomfort, things along those
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lines. And then sort of watching it and then if you're unsure of it, at least get a CBC. At least get
something to kind of get a little bit of a look at what that node might be representing.

Susan Rheingold, MD

CASE 2:
SWOLLEN GLANDS

Physical Exam:

« Vitals- RR-18, HR 90, Pulse Ox-
99% RA, T-38C/101F

+ Bilateral anterior cervical lad- R>L,
tangerine sized

* Nodes are hard and matted nodes

« Palpable supraclavicular node on
right

» No axillary, epitrochlear or inguinal
nodes

* No hepatosplenomegaly

» Able to lie flat without respiratory
distress

LEUKEMIA &

BEATING CANGER IS N DUR BLODD. ‘ LYMEHOMA

And so, this case was a young man who the nodes there are so prominent they’re actually at the level
of his ears, and he did have a supraclavicular node on the right which, as | said, is always
concerning.

Importantly, he was able to lie flat, so that makes you, you know, here at this point, you're kind of
trying to make the decision as the pediatrician about, okay, now I’'m leaning a little bit more malignant,
how quickly do | have to get him into an oncologist?
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REFER TO A TERTIARY CARE CENTER / PEDIATRIC
ONCOLOGY CLINIC

Labs: CBC with a differential
LDH, uric acid, ESR
Other titers- EBV, cat scratch

Imaging:
CXR to assess for a mediastinal mass

Radiologic Work-up
Neck, chest, abdominal, pelvic CT
PET/CT

Do NOT start steroids as an outpatient
It can mask the diagnosis and create resistance

Ul A&
BEATING CANGER IS N DUR BLODD. ‘ LYMEHOMA

And we kind of talked about some of the things we see done as an outpatient. Certainly, the CBC,
doing an LDH and a uric acid if you’re worried about lymphoma because they’ll be elevated, a sed
rate. A sed rate can be elevated because of infection, but a sed rate is a marker for Hodgkin’s
lymphoma. And then certainly other titers like EBV and cat scratch, which are probably the second
most common things that we send children home from our oncology clinic when we’re asked to do a
second check.

The other thing | always worry about, especially if there’s any respiratory symptoms, is | always want
to get a chest X-ray. If | have a child who's been referred to me here, then I’'m going to get a chest
X-ray to make sure the child doesn’t have a mediastinal mass because that is someone who | can’t
send home. | can’t let that child leave my office. If the child at your office has respiratory symptoms,
well then, they need a chest X-ray. If they don’t have any respiratory symptoms and they’re more
benign, then | don’t think it's mandated to send every child.

If ’'m concerned, | am going to begin to look for nodes everywhere. So | know it’'s on the neck, but if
I’'m putting him in the scanner here because I'm concerned, | am going to check the chest, the
abdomen, and the pelvis, other places there can be nodes and areas of staging which we can also
use the more modern PET (positron emission tomography) scanners or PET/CTs (computerized
tomography) or MRIs (magnetic resonance imaging).
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CASE 2: SWOLLEN GLAND - DIAGNOSTIC EVALUATION
Fine needle aspirate vs excisional node biopsy

-

1) Oncologists want to meet the child before the ENT
biopsies it

2) Oncologists always want excisional node biopsy- nodal
architecture and diagnostic tissue

3) Always send for pathology and culture (good
communication with surgeon)
LEUKEMIA &
BEATING GANGER IS IN OUR BLODD. ‘ SO OMA

Lots of times we do have children who are first sent to an ENT (ear, nose & throat provider). So, you
agree, you think the node’s a little bit abnormal, you don't like, it, you’ve kind of been following it, and
the child gets referred to an ENT. As oncologists, we would love to meet the child before the ENT
biopsies it. And there’s a couple of reasons for that. ENTs like doing what are called fine needle
aspirates, but fine needle aspirates are really hard to look at the full architecture of the node and to
get enough diagnostic tissue for us to send all the stuff off like | was talking about like genetics, some
of the molecular biology of it. And so very often we then have to actually repeat an excisional node
biopsy here. If an ENT on the outside does an excisional node biopsy, that usually is fine. We get
enough tissue for that. And, of course, in communicating with the surgeon, you always want it sent for
pathology. And if infection, like granuloma or something, is in your differential, you want to include
that.

Updated: 3/26/19 Page 34 of 50
LLS18122



HEMATOLOGIC MALIGNANCIES IN CHILDREN: ‘ t&k’n'glf_"\g@lg
EARLY DIAGNOSIS AND MANAGEMENT SOCIETY"

TRANSCRIPT

LYMPHOMA EPIDEMIOLOGY
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And I'll talk a little bit about lymphoma. There’s two types. Lymphoma falls into two groups, Hodgkin’s
and non-Hodgkin’s. As you can see, Hodgkin’s is fleetingly rare. Seeing a child with Hodgkin’s
lymphoma less than five is notable. And as an oncologist, you might see one of them. It really is more
of a double-digit teenager type diagnosis, and it is more common in females and white children.
Non-Hodgkin’s is also rare in toddlers, but as you can see by the green line, it has a pretty steady
incidence across the age categories and will increase, of course, in adulthood.

MALIGNANCY- HODGKINS

LAD: Unilateral enlarged hard matted node or cluster of
nodes (neck > other sites), supraclavicular

“B” symptoms: Weight Loss, Fever, Drenching Night
Sweats

-Some children with no symptoms
Exam: Pruitis / Rash
Labs: ESR (tumor marker), CBC, LDH
CXR: Assess for mediastinal mass

Staging: Rare spread to bone marrow, no CNS

BEATING CANGER IS IN OUR BLOOD. J=J Children’s Hospital
—_— of Philadelphia”

What makes us concerned about Hodgkin’s is it's usually unilateral in large hard-matted nodes and
the supraclavicular nodes. The B symptoms, which is the weight loss, the fever, the drenching night
sweats that are occurring night after night and the parents are changing the sheets are concerning,
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and those do go along with Hodgkin’s. Some children, though, will not have any of those symptoms;
probably more than half of them.

Another weird presentation is itching. We’ve had children who just are itchy for three weeks prior to
their diagnosis. It's probably, you know, something being released by the Hodgkin’s, but we’ll have
children who have excoriated scratched rashes on their legs.

HODGKINS THERAPY

Hodgkins disease (HD) in
childhood is curable in > 95%
of patients.

Five-Year Survival Rate (%
8

1967-90 1991.94 199598 1988.02
Time Period

Treatment has evolved over time:

Use of hybrid therapy with 4-6 cycles of chemotherapy
and radiation in most patients

Better appreciation of therapy-induced sequelae
= Males- sterility, cardiac toxicity
= Females- breast cancer, cardiac toxicity

Present focus is design of clinical trials with targeted
immunotherapy to reduce late effects without
compromising survival

BEATING CANGER IS IN OUR BLOOD. L-J Children's Hospital
_————————— of Philadelphia

Hodgkin’s is extremely curable. We cure greater than 95% of the children. And, in fact, if you look
back at the graph there, we have done a good job in all age categories for decades now. Treatment
has evolved. We kind of have the hybrid treatment with four to six cycles of chemotherapy and most
patients will receive radiation. In this day and age, if your Hodgkin’s completely disappears with a little
bit of chemo, great. If it doesn’t disappear with a little bit of chemo, radiation is what cured it back in
the ‘60s and we’ll still use it, although we use it in a much more isolated location. We have proton
beams. We have all these new techniques in radiation. So, you don’t just shoot it at the upper chest.
You actually try to shoot it right at the field the Hodgkin’s was in.

And we know that there are a lot of long-term effects that these children with Hodgkin’s have to be
followed for from sterility, to lung toxicity, to cardiac toxicity, especially if their lungs or their chest was
in the radiated field. For females, breast cancer is a risk. So, Hodgkin’s recipients who received
radiation as teenage girls absolutely are monitored early and get mammograms at an earlier age than
a typical woman.

Luckily, our present focus, due to the highly curative rate here, is we're trying to design clinical trials
with targeted immune therapy to kind of reduce the late effects without compromising survival in
these patients.

Updated: 3/26/19 Page 36 of 50
LLS18122



HEMATOLOGIC MALIGNANCIES IN CHILDREN: ‘ 'I:Ewlg'lf_"\gﬁﬂg

EARLY DIAGNOSIS AND MANAGEMENT SOCIETY"
TRANSCRIPT
CASE 3:
A WHEEZY TEEN

15-year old male presents to your office in spring
with a two week history of some ‘wheezy
breathing’ and fatigue. Worse when playing
lacrosse. Had mild reactive airway disease as a
toddler, no episodes in years.

* What other questions are important to ask
the patient to delineate the full history for
the patient?

& s
1%
BEATING GANGER IS IN OUR BLODD. SOCIETY

The same patient that we just talked about could also conceivably show up with some wheezing,
trouble breathing, airway issues.

'y CASE 3: AWHEEZY TEEN

LEUKEMIA &
BEATING CANGER IS N OUR BLODD. &

The person who shows up in the office, has the respiratory symptoms, and you do get a chest X-ray,
or we get a chest X-ray here, and the child has a huge mediastinal mass.
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And kind of the concern with this is that black arrow was pointing to this child’s airway, and it's why a
lot of these children won'’t even lie flat. They're sleeping on pillows which Brad would’ve told you was
an important thing to test. And this is a medical emergency. These children need to get to medical
attention immediately because if they arrest on the outside, the chances of them surviving are small.
And even the best of these cases like this with an airway like that, they go to our ORs, if they even go
to our ORs, to try to get a piece of tissue with an ECMO (extracorporeal membrane oxygenation)
team on call, with anesthesiologists, multiple anesthesiologists in the room. So, this is something you

want to make sure is dealt with at a large tertiary pediatric care center.

NON-HODGKINS LYMPHOMA EPIDEMIOLOGY

i Diffuse large cell
mLymphoblastic
CIBurkitt's

<5 59 10-14 15-19 <3 59 10-14 15-19
Male Female

Incidence is slightly higher in white vs black children

LEUKEMIA &
BEATING CANGER IS INOUR BLODD.  SEER data ‘ SO

And I'll just end on the whole other group that causes neck nodes and mediastinal masses, which is
the non-Hodgkin’s lymphomas. More common in male patients than female patients. Again, more

Updated: 3/26/19
LLS18122

Page 38 of 50



HEMATOLOGIC MALIGNANCIES IN CHILDREN: ‘ t&k’n'glf_"\g@lg
EARLY DIAGNOSIS AND MANAGEMENT SOCIETY"

TRANSCRIPT
common in white than black children. And the type, diffuse large B-cell, lymphoblastic, Burkitt's will
differ by what the age is of a patient, although many of them can present in very similar ways and
very similar to the kind of symptoms that a child with Hodgkin’s might show up with.

NON-HODGKINS LYMPHOMA

Symptoms: Well to very ill appearing, respiratory
symptoms, fever, pain, can be non specific malaise
Exam: Wheeze/cough, abdominal mass

LAD: Localized or generalized and all over body

Labs: CBC, Uric Acid and LDH elevated

Imaging: CXR: Assess for mediastinal mass,

US : Abdominal mass, Full bedy CTs and PET for staging
Can spread to CNS and BM- LP and Bone Marrows

BEATING CANGERS N OUR BLODD. Children's Hospital
—— % | of Philadelphia

We don’t see the B symptoms here. These children can be extremely well-appearing and just got the
chest X-ray because they fell, and someone thought they fractured a rib, and the mass was there. Or
they can be extremely ill. They can be getting worse and worse from a wheezing perspective and
people have been thinking they’re just having asthma attacks, so that kind of falls through.

NON-HODGKINS LYMPHOMA SUBTYPE CLINICAL TRIALS

Therapy
Mature B-Cell
Burkitt’s (40%) Chemotherapy &
Diffuse Large B-cell (20%) Immunotherapy (rituximab)
Mediastinal B-cell (3%)

Lymphoblastic Lymphoma (30%) } Treatlike ALL
T-cell & B-cell

Anaplastic Large Cell (10%) Chemotherapy &
-targeted therapy (crizotinib)
-immunotherapy (brentuximab)
NK/T lymphoma
Rare others
Radiation rarely used for NHL

LEUKEMIA &

BEATING CANGER 1 N OUR BLODD. exceptemergencies g ool

We break it down as oncologists into a mature B-cell, Burkitt's, diffuse large B-cell and mediastinal
B-cell, and these children in this day and age tend to get chemotherapy and immunotherapy, which is
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great because, again, when we can subtract chemotherapy and use some of our target immune
therapy, we are probably going to have less long-term effects.

There’s lymphoblastic lymphoma, which looks just like ALL, and we treat it like ALL. Very rare is
anaplastic large cell ymphoma (ALCL), which, again, we’re using both with chemotherapy-targeted

therapy with agents targeted to an abnormality and immune therapy. And then we talk about a lot of
other more rare types.

NHL OUTCOMES
Localized disease— 95% g “
Advanced stage-

Stage IIl/IV, BM+, CNS+
70-90%

Five-Year Survival Rate (%
8

0 T T T T T T T
197578 197982 1983-86 198790 1991-34 199598 1999-02

Less favorable - 45-70% fime Period
Burkitts w/ CNS +/- BM disease
Primary mediastinal DLCBL
Systemic ALCL subset (ALK-negative)
NK/T Lymphoma

BEATING GANGER IS IN OUR BLODD. Children's Hospital
—_— of Philadelphia

Cure rates will differ. Again, for the most part, localized non-Hodgkin’s lymphoma is very curable, but
when you get into advanced stage where it might have spread to the bone marrow or the spinal fluid,
be masses in the chest and the abdomen, your cure rates are probably going to go down some. And
then we do have some subgroups that always make us want to push to the next level and use these

new immune therapies because we consider their cure rates not nearly as good as patients with ALL
and Hodgkin'’s therapy.
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Susan Rheingold, MD

SIDE EFFECTS OF TREATMENT

SHORT TERM LONG TERM
Chemotherapy induced N/V Growth and puberty delay
Anorexia, Malnutrition Educational challenges
Constipation and/or Diarrhea Under and overweight
Hair Loss PTSD
Infection, Infection, Infection Diabetes
Diabetes Organ toxicity
Hypertension Heart, Lung, Kidney, Liver
Organ toxicity Second malignancies

Heart, Lung, Kidney, Liver
Stress/Anxiety

& s
BEATING GANGER IS IN OUR BLODD. SOCIETY

So short-term side effects are certainly the chemo-induced nausea and vomiting, which can lead to
anorexia and malnutrition. And we have nutritionists on board to help us with these patients. We have
placed G-tubes (gastric), NGs (nasogastric) to just be able to feed these children. Constipation and/or
diarrhea, we get both depending upon the chemo being used. As you know, all patients do lose their
hair with chemo. Infection, infection, infection — there’s no such thing as a benign fever anymore in
these patients.

Less commonly, we do have children where things like high-dose steroids end up uncovering a
diabetes. Some of these children will need insulin even after they come off therapy. High blood
pressure while they’re getting their therapy and they can be on high blood pressure meds. Organ
toxicity so, you know, we know that the heart, lungs, kidneys, livers aren’t quite the 100% they were
before the child started the therapy so that has to be monitored and will be monitored with all our
long-term follow-up visits. And, of course, short term, there’s a lot of stress and anxiety. Many
teenagers and many children these days come to us already with a history of anxiety and this just, of
course, is going to intensify it.

Long-term things that the general pediatrician is going to have to watch for is kind of growth and
puberty delay. We do occasionally start children on growth hormone far out from their therapy.
Educational challenges can be big. To prevent it from coming back in the spinal fluid, these kids get a
lot of intrathecal chemotherapy and some get radiation, and there’s no question that has effect on
things like 1Q and executive functioning.

In the long term, some of these patients are underweight, but some of these patients are overweight,
and we do deal with kind of metabolic syndrome in these patients in part probably due to all the
steroids they were exposed to, posttraumatic stress disorder is part of that anxiety. Things that might
trigger a child, like somebody is coming at them to place an IV and it might trigger a child’s, the
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memories from what happened. And certainly, organ toxicity and second malignancies are all things

we have to watch for.
Valarie Leishman, RN, BSN, MBA

Thank you, Dr. Dyer and Dr. Rheingold for a very informative and comprehensive presentation. That
was just fantastic. We really appreciate that.

HEMATOLOGIC MALIGNANCIES IN CHILDREN:
EARLY DIAGNOSIS AND TREATMENT

Resources for HCPs
U Online & In-person free CME & CE courses: www.LLS.org/CE

U New Podcast series for healthcare professionals — www.LLS.org/CE:
Listen as we speak with experts about diagnosis, treatment and
survivorship to educate HCPs treating with blood cancer.

Clinical Trials and Research
U Clinical Trials: Learn more about clinical trials:
www.LLS.org/ClinicalTrials

U Research: Focused on finding cures and driving research:
www.LLS.org/Research

LEUKEMIA &
BEATING CANGER IS IN OUR BLODD. ‘ sogERMA

| am now pleased to share with the audience free resources for you and your patients. Visit The
Leukemia & Lymphoma Society website to access web-based and in-person programs offering free
CME and CE credit, our new podcast series for healthcare professionals, and also information on
research.
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HEMATOLOGIC MALIGNANCIES IN CHILDREN:
EARLY DIAGNOSIS AND TREATMENT

Resources for Patients
dChildhood blood cancer resources: www.LLS . org/childhoodcancer

UFact sheet on Long-Term and Late Effects of Treatment for Childhood
Leukemia or Lymphoma
UTelephone and Web Education Programs: www.LLS.org/Programs and
www.LLS.org/Educationvideos

USupport Resources: www.LLS.org/Support

UFinancial Assistance
= Co-Pay
= Travel Assistance
= Referral to Medication Access programs

ULLS Chapters
ULLS Community (social media platform)
QOPatti Robinson Kaufman First Connection Program (peer-to-peer)
Q0One-On-One Nutrition Consultations (PearlPoint)
LEUKEMIA &
BEATING CANGER 15 N OUR BLODI. [ Y

LLS offers childhood and other blood cancer disease-specific information, including booklets,
telephone, Web education programs, videos, and podcasts for patients and their caregivers.

FREE GUIDES, BOOKLETS, AND FACT SHEETS

Supporting Patients, Caregivers and Professionals
www.LLS.org/Booklets

BEATING CANGER IS IN OUR BLOOD. @ﬁl Children's Hospital
e 4 [ of Philadelphia

You can order booklets from LLS at no charge to give to your patients, or they can access these
resources directly from LLS.
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HEMATOLOGIC MALIGNANCIES IN CHILDREN:
EARLY DIAGNOSIS AND TREATMENT

Resources for Patients

Information Resource Specialists and Clinical Trial Specialists:
www.LLS.org/IRC

Assist through treatment, financial & social challenges, and give
accurate treatment and support information.

Patients & caregivers can also work one-on-one with clinical trial
specialists who are registered nurses with expertise in blood
cancers. RNs will personally assist through the clinical trial process,
providing an additional resource to your HCP team.

Phone: (800) 955-4572, M-F,9 amto 9 pm ET
UEmail: infocenter@LLS.org

ULive chat: www.LLS.org/InformationSpecialists

& S
%
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LLS information specialists who are oncology social workers, nurses, and health educators provide
patients and their caregivers with personalized assistance for managing treatment decisions and side
effects as well as for dealing with financial and psychosocial challenges.

All of these specialists, as well as booklets and online programs for patients and healthcare
professionals, can serve as additional resources to you and your healthcare team. To refer your
patients to LLS, use the contact information on this slide.

CDN’S PRIMARY ACTIVITIES

PARTNERSHIP

We conduct research and
educational activities in parinership
with govemment, academic. not-
for-proft, and for profit
organizations. CDN has an
extensive network of
multidiscplnaryresearchers,
clinicians, ciinical leaders and
policy-makers.

DISSEMINATION

We provide dissemination services
through webcasts for publichealth
and clinical research projects. CON

We accelerate research
CONh:

We provide peersupport
through training and
educationthat integrates
onling and on-site didactic has extensive experience

and experiential leaming disseminating research and

Collaborate with us to meet fraining programs to our extensive
your training neads - network of multidisciplinary

researchers, clinicians. cinical
Falh 1 % .%4 * leaders and policy-makers.
ALY R —
==
BEATINE CANCER IS IN OUR BLOOD. U ) Children's Hospital

of Philadelphia

Our collaborator on this program, Clinical Directors Network, CDN, is an AHRQ-designated (Agency
for Healthcare Research and Quality) Center of Excellence for practice-based research and learning.
CDN develops, conducts, implements, and evaluates practice-based research with community health
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centers and other safety-net practices in partnership with government, academic, not-for-profit, and
for-profit organizations.

DISTANCE LEARNING ACTIVITIES

2Online CE-accredited webcasts
~Group-oriented, case-based interactive learning models

~On-demand (24x7x365) archived sessions for enduring training
materials

sLive conference session webcasts (Simul-casts)

aOnline class production

aLearning collaboratives

oCE accreditation for-
~Continuing Medical Education (CME)
~Continuing Nursing Education (CNE)
~Continuing Education for Social Workers (CE-SW)
~Continuing Education for Health Educators (CHES)
~Continuing Education for Pharmacists (CPE)

Vol 2% N1

AN

BEATING CANGER IS IN OUR BLOOD. \¥LJ Children's Hospital
—_— of Philadelphia”

CDN also provides continuing educational research and quality improvement QI (quality
improvement) support to primary care practices and other healthcare professionals through
developing and disseminating CME accredited trainings both onsite and online through interactive
webcasts. CDN distance learning activities carry continuing education credits for physicians, nurses,
social workers, health educators, dentists, and pharmacists.
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QUESTION-AND-ANSWER SESSION

Valarie Leishman, RN, BSN, MBA

Q&A

LEUKEMIA &
BEATING CANCER IS IN OUR BLOOD. ‘ LYMPHOMA

Again, thank you, Dr. Rheingold and Dr. Dyer for sharing your time and expertise with us today to
update us on childhood cancers. It is time for the Q&A portion of our program.

Valarie Leishman, RN, BSN, MBA

Ouir first question is from Marlia. “| have a question about umbilical cord blood banking. Can you
clarify how it is used for blood cancers and how helpful it is?”

Susan Rheingold, MD

That is a very loaded question. So, the odds that we would use cord blood for the patient themselves
is almost null. If a child has leukemia, we’ve actually gone back in some cases and found some
genetic abnormalities in rare blood cells in their cord blood. So, in fact, if a child’s diagnosed with
leukemia or lymphoma, we often request that their cord blood get taken out of the bank and not used.

The very rare situations in where you might use cord blood is for a sibling. So, a sibling’s cord blood
is stored, and the stored blood is needed for the sibling with the diagnosis of cancer. That can be
used. | think a bigger problem is, is that often if the cord blood was collected 18 years ago and you
have a 200 pound 18-year-old, you’re going to need a lot more than that one sample of cord blood,
and you’re actually going to go to the source, the sibling itself.
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And so, | do not routinely recommend that people go and make sure they bank their cord blood. | do
recommend there are some centers that will for free bank cord blood if a sibling already has a
diagnosis of cancer. And then it's being banked through different organizations who will help the
family pay for it as it is expensive because then there is a chance that would actually be used for the
sibling with cancer. That’'s my opinion. | imagine five different people would have five different
opinions on that subject, but it's a good question.

Valarie Leishman, RN, BSN, MBA

Thank you, Dr. Rheingold. We have a follow-up question about vaccinations that you had spoken
about earlier. “Can siblings of AML/ALL patients who are on chemotherapy, can their siblings get
rotavirus vaccine, MAR, and Varivax?”

Susan Rheingold, MD

We are recommending it now. We often say to the family, “Maybe you can time it when the one
patient’s going to be in the hospital so if there is some mild shedding.” But to us the bigger concern
would be, for instance, the patient getting chicken pox. And so, given the likelihood that the chicken
pox exposure would come from a sibling, more so from another source, we feel that the risk is greater
than the actual risk of the child maybe shedding a little bit when they’re vaccinated. So, again, we do
now at this point recommend that pretty much all immunizations, typical immunizations for the United
States — this certainly doesn’t include international travel — should be given to the siblings in a timely
fashion; and they can just think a little bit ahead about, well, he’s going to be in the hospital for a
couple days so why don’t we have him, the sibling immunized, so if he sheds for the next two or three
days, they’re not playing together and all on top of each other?

Valarie Leishman, RN, BSN, MBA

One question from Victoria was “What is your definition of a high percentage of atypical lymphocytes
or monocytes?” that you referred to in the beginning of this presentation.

Susan Rheingold, MD

That’s a good question. | have seen mono go up to about 30%, but when you're getting up above
30%, | really feel someone has to take a look at it. And other than maybe mono and other kind of
more classic infections, if a child doesn’t have any symptoms of mono or like histoplasmosis or
toxoplasmosis or something, then even a number probably higher than 20% I'd say, “Well, why in
world’s name does that child have that many atypical lymphocytes? They don’t have a fever. They
don’t have a cold.” Brad, | don’t know if you have something.
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Yeah. You've got to ask, “So why was | getting a CBC in the first place?” And, “Is it a classic picture
of mono for me?” | may feel better when an oncologist or at least a pathologist reviews that slide like
what are those atypicals? But, yeah, | would say much above like 18-20% is sort of your radar.

Valarie Leishman, RN, BSN, MBA

Great. Thank you. And following on to the CBC issue, should a CBC be a routine part of a yearly
wellness exam for children of every age?

Susan Rheingold, MD

Absolutely not. Four thousand children in the United States a year are diagnosed with leukemia.
That’s extremely rare. And so, getting CBCs every year from a cancer perspective, no. Getting them
from your lead and your anemia perspective, | leave to Brad, but that’s certainly not needed yearly.

Bradley J. Dyer, MD, FAAP

Right. So those screenings, obviously, are cost effective and so forth and you pick them up
immediately. The other thing about annual screenings for something like leukemia and lymphoma,
and, Susan, you can correct me if I’'m wrong, you could miss it. | mean they could be getting them
every year and two or three months out, they present with their symptoms and so forth and it would
give you a false sense of security. But a lot of reasons not to do that.

Susan Rheingold, MD

We also get asked, “Should a sibling, therefore, get a CBC every year?” Or “When one child’'s
diagnosed, should all the other children get looked at?” No, because it’s so rare that we see cancer in
siblings. There are extremely rare family type syndromes. And now, in fact, those rare syndromes are
being picked up when we do the cancer genetic evaluation. So, if the cancer genetic evaluation
actually shows us something that says, “This might be partially the cancer but, in fact, there may have
been a predisposition genetically in the family,” we will let you know, and we’ll get you tested for that.
But otherwise we do not do any kind of special screening for any siblings based upon a sibling having
a cancer diagnosis.

Bradley J. Dyer, MD, FAAP

As the primary care like frontline person, you should have your relationship with the pediatric
oncologist/hematologist established well in advance of having children like this come into your office.
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And then you know who to call, you know what you’re going to do, get that direction and so forth. So,
if you don’t have somebody already, get them now.

Valarie Leishman, RN, BSN, MBA

Great point. And I'd like to ask one final question of both of you. Dr. Dyer, as the pediatrician or
primary care physician, what do you need from the oncologist when the oncologist transfers the
patient care back to you? And likewise, Dr. Rheingold, what do you usually provide to the PCP or
pediatrician?

Bradley J. Dyer, MD, FAAP

Really, I'm looking for a summary of their, you know, what their diagnosis was, what their treatment
was, what their issues are now and expected screenings, where are they in their treatment? Are they
presumably cancer-free, but what’s the likelihood of a recurrence and so forth? How frequently are
we doing screenings? We're not typically part of that screening protocol, but just to sort of know so
that | can walk into the visit with the family and feel like I'm at least as informed as they are.

Susan Rheingold, MD

Exactly. And those go in the letters. And then at a certain point out, children do kind of- We have a
survivorship program which is even taking on the screening for long-term late effects that, you know,
they come in for the day and they might actually see three or four specialists — the heart specialist,
the lung specialist, the oncologist when we’re no longer worried about the cancer. We’re focusing on
the issues, what’s going on with their thyroid and heart etc.? So, we even will offer that service.
Sometimes when children are more remotely located and they’re not actually able to get back to the
office of, you know, an oncology office, there are national screening guidelines that are available that
the pediatrician can get, and the primary oncology center can send. But if they’re close to a
survivorship type center, the oncology group really does take on all the survivorship screening of late
effects.

Valarie Leishman, RN, BSN, MBA

Wonderful. Well, thank you all for your questions, and thank you, Dr. Rheingold and Dr. Dyer, for your
continued dedication to patients and fellow healthcare professionals.
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CLOSING REMARKS

Valarie Leishman, RN, BSN, MBA

THANK YOU

To obtain CME and CE credit: Please click on the
“Evaluation” tab at the top of your screen and select
CME or CE to complete your respective post-test.

& S
BEATING GANGER IS IN OUR BLODD. SOCIETY

We’ve come to the end of the symposium, and I'd like to thank everyone for participating. We hope
that the information presented today will be useful in your work with patients and families.
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