Chapter | 11 HHV-6A and HHV-6B in Drug-Induced Hypersensitivity 185

FIGURE 11.2  Purpuric rash in the thigh.

FIGURE 11.3 Perioral-infiltrated red papules and crusting.

renal failure, and dialysis may be required. Pulmonary involvement in the ini-
tial phase of DIHS/DRESS is rare, but interstitial pneumonia can occur.
Hematological abnormalities include leukocytosis, eosinophilia, and/or the
appearance of atypical lymphocytes. Leukocytosis may appear after discontin-
uation of the causative drug and may be further aggravated for 1 to 2 weeks.
Eosinophilia develops in 50 to 70% of DIHS/DRESS patients.** Although
the appearance of atypical lymphocytes is commonly observed in cases of viral
infection (e.g., EBV, cytomegalovirus, measles virus), viruses are not usually
detected during this stage of DIHS/DRESS.” HHV-6 usually reactivates later.
It is conceivable that a drug allergy is responsible for these initial symp-
toms; therefore, clinical symptoms may vary according to the causative drug.
For example, although hepatitis is common in DIHS/DRESS, renal involve-
ment frequently occurs in allopurinol-induced DIHS/DRESS without liver
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Clinical course

Initial symptoms
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Viral reactivation

FIGURE 11.4 Relationship between clinical symptoms and viral reactivation.

involvement.”> In dapson-induced DIHS/DRESS, significant hyperbiliru-
binemia and jaundice are observed at a high frequency, as compared to other
types of drug-induced DIHS/DRESS.”® Pulmonary involvement is often
observed among patients who have minocycline-induced DIHS/DRESS.>

Flare-Ups and the Development of New Symptoms

In severe cases, flare-ups involving clinical signs such as fever, eruption, or hep-
atitis often occur after improvement of the patient’s initial symptoms and more
than 2 weeks after the onset of DIHS/DRESS (Figure 11.4). Recent reports have
demonstrated that reactivated viruses participate in the flaring of symptoms as
described in the Viral Reactivation section, below. Additionally, new symptoms
may rarely develop during the course of DIHS/DRESS, such as central nervous
system (CNS) disorders, myocarditis, hemophagocytic syndrome, gastrointesti-
nal disorders, and interstitial pneumonia. Recently, it was noted that fulminant
type 1 diabetes is associated with DIHS. The involvement of viruses, including
HHV-6 or cytomegalovirus (CMV), has been suggested in some of these cases.

HISTOPATHOLOGY
Skin

A skin biopsy will show dense dermal infiltration of lymphocytes, as com-
pared with an ordinary drug rash. Lymphocytes are mainly observed around
dermal vessels with or without eosinophils. No epidermal change or exocytosis
of a few lymphocytes with mild spongiosis is usually observed (Figure 11.5).
However, apoptotic keratinocytes and vacuolar changes in basal cells are fre-
quently observed in erythema multiforme-like eruptions.'® When the skin mani-
festation shows the features of SIS/TEN, apoptotic keratinocytes and epidermal
necrosis with exocytosis of lymphocytes are frequently observed (Figure 11.6).
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FIGURE 11.6 Histological finding of SJS-like skin lesion.

Lymph Nodes

Histopathological findings of the lymph nodes include benign lymphoid
hyperplasia or features mimicking lymphoma.’ A histological pattern resem-
bling malignant lymphoma has been observed, mainly in cases of anticonvul-
sant-induced DIHS/DERSS. In these cases, the lymph nodes show hyperplasia
of the reticulum cells and other elements with frequent mitoses, focal necrosis,
and phagocytosis, but no Reed-Sternberg cells.! However, in some cases of
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anticonvulsant-, antibiotic-, or dapson-induced DIHS/DRESS, the histological
findings of lymphadenopathy were compatible with malignant lymphoma.”’->
It may be difficult to assess whether lymphadenopathy is the result of drug
hypersensitivity by histological examination without clinical information.

Liver

Liver biopsy shows a hepatocellular pattern or mixed hepatocellular and chole-
static pattern that is commonly observed in drug-induced hepatitis. In severe
hepatitis, massive necrosis or multiple disseminated necrotic foci can occur,
resulting in liver failure.’

VIRAL REACTIVATION
HHV-6

HHV-6 is commonly reactivated 2 to 3 weeks after the onset of illness in
most DIHS patients (see Figure 11.4).>* The criteria for DIHS proposed by
the Japanese Research Committee on Severe Cutaneous Adverse Reactions
include the detection of HHV-6 reactivation.” On the other hand, in DRESS,
the HHV-6 detection rate is lower than that in DIHS.® This difference may be
explained by the differing ranges of severity between the two diseases: DIHS
is regarded as a more severe form of DRESS.>® A certain level of severity in
patients with a drug allergy may be required for HHV-6 reactivation. HHV-6
can be detected in serum for 3 to 7 days by polymerase chain reaction (PCR)
or viral culture, accompanied by viral replication in peripheral blood.''*
When HHV-6 DNA disappears from the serum, a significant increase in anti-
HHV-6 IgG titers occurs in DIHS/DRESS (Figure 11.7).** A rise in anti-
HHV-6 IgM is not always observed. HHV-6 DNA is detectable by PCR for
a longer time in peripheral blood samples than in serum samples, even if the
anti-HHV-6 IgG titer has already increased. HHV-6 reactivation sometimes

Detection of HHV-6 DNA
by PCR

Serum

Whole blood
Anti-HHV-6 IgG tite /
Onset of 1 2 3 4 5 weeks
DIHS/DRESS

FIGURE 11.7 Detection of HHV-6 DNA and a rise of anti-HHV-6 IgG titers.
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accompanies the flaring of symptoms such as fever and hepatitis.”* The
level of viral replication may influence the flaring of symptoms. Body tem-
perature is increased during HHV-6 viremia but decreases with clearance of
HHV-6 from serum. Hepatitis also relapses with HHV-6 reactivation to various
degrees and is improved after the clearance of HHV-6. Thus, because HHV-6
reactivation and infection are usually self-limited in DIHS/DRESS, antiviral
therapy is not required. However, the reactivation of HHV-6 can rarely cause a
severe illness such as encephalitis.

Other Herpesviruses

Herpesviruses other than HHV-6, including CMV, EBYV, and human her-
pesvirus-7 (HHV-7), may also be reactivated during DIHS/DRESS.>%*C The
cascade of viral reactivation initiated by HHV-6 extends to EBV and CMV
(see Figure 11.7).%2!30 It is of interest that reactivation of these viruses has
been observed in the same sequential manner as in a bone marrow transplant
patient.” HHV-7 is detected at various periods during DIHS/DRESS?'-*! and
co-reactivates with HHV-6.7032 In DIHS/DRESS, the reactivation of EBV and
HHV-7 is thought to have no clinical relevance.

In contrast, CMV contributes to internal organ involvement and the relapse
of symptoms. CMV reactivates more than 1 month after the onset of DIHS/
DRESS and causes various diseases such as recurring transient fever, a skin
rash, skin ulcers, hepatitis, pneumonia, and gastrointestinal bleeding.*>**
Moreover, CMYV infection might participate in the development of myocarditis
or fulminant type 1 diabetes.>>*® The detection of CMV DNA in blood has no
clinical importance, as it does not indicate the existence of infectious disease.
On the other hand, the detection of CMV antigenemia is useful for assessing
the risk of CMV infection. In addition, positive staining for CMV antigens by
immunohistochemistry can be used to make a diagnosis. Diseases caused by
CMYV infection such as pneumonia and gastrointestinal bleeding may lead to
a fatal outcome in DIHS/DRESS.** Immune suppression induced by systemic
corticosteroids may influence the severity of a CMV infection, although CMV
can reactivate in DIHS/DRESS without systemic corticosteroids.™ It is neces-
sary to assess the pathological condition of a patient carefully to manage CMV
infections.

VISCERAL INVOLVEMENTS AND SEQUELAE OF DIHS/DRESS

Visceral involvement may occur throughout the clinical course of DIHS/
DRESS. The cause of multiorgan involvement remains unknown,®'%37 and
these complications develop unpredictably (Table 11.2). The severity of
DIHS/DRESS is commonly determined by the degree of visceral involve-
ment. Furthermore, sequelae may occur after a disease-free interval of several
months to years after resolution of the acute illness.*”
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(TABLE 11.2 Visceral Involvements During the Course of DIHS/DRESS h
Enterocolitis/intestinal bleeding
Fulminant type 1 diabetes mellitus
Hemophagocytic syndrome
Hepatitis/cholangitis
Limbic encephalitis’encephalopathy
Myocarditis
Nepbhritis
Pneumonitis/pleuritis
N /

Visceral Involvement During the Course of DIHS/DRESS
Hepatobiliary System

Apart from the skin, the liver is the most common organ involved in DIHS/
DRESS.® Hepatomegaly accompanied by splenomegaly is frequently
observed. The presence of an underlying persistent viral infection, such as
hepatitis B or hepatitis C infection, often causes a severe deterioration in liver
function.”” Although the large majority of patients recover spontaneously, mas-
sive hepatic necrosis in the setting of coagulopathy and sepsis can cause death.
Prolonged prothrombin times and/or partial thromboplastin times are observed
in severe cases.*® Hepatic impairment is commonly anicteric, but if it is icteric
it tends to have a poorer prognosis. The flaring of symptoms such as fever and
liver dysfunction in DIHS/DRESS is closely related to HHV-6 reactivation.**

Renal System

Renal involvement occurs in 8 to 11% of patients with DIHS/DRESS.%%
Accumulated evidence from case reports suggests that severe renal insuf-
ficiency increases the risk of mortality, and mortality depends in part on the
degree of renal involvement rather than hepatic involvement.'” Renal involve-
ment is prominent in allopurinol-induced DIHS/DRESS.*’ It is more likely
to occur in patients with preexisting renal disease or those receiving diuretic
therapy. Because renal function declines steadily with age, elderly patients are
vulnerable to renal complications. Laboratory studies demonstrate worsening
renal insufficiency, ranging from a mild elevation in serum creatinine levels
to severe interstitial nephritis.*' Granulomatous interstitial nephritis can be
also noted in DIHS/DRESS.* Proteinuria and oliguria may also be present.
No specific deposits have been detected in immunofluorescence studies of the
biopsy specimens from the kidney.

Respiratory System

The prevalence of lung involvement in DIHS/DRESS is unclear because cases
with less severe pulmonary involvement have been underreported, leading to
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a reporting bias with only severe cases being reported.'” Pulmonary compli-
cations include abnormal pulmonary function, acute interstitial pneumonitis,
lymphocytic interstitial pneumonia, Loeffler’s syndrome, and acute respiratory
distress syndrome (ARDS). Clinical symptoms such as a nonproductive cough
and breathlessness are highly suggestive of lung involvement. Pleuritis or pleu-
ral effusions may also occur during the course of DIHS/DRESS. Apart from the
life-threatening condition of ARDS,* most pulmonary complications resolve
without sequelae. Pulmonary infections have been documented during the
course of DIHS/DRESS. Infectious pneumonia caused by Preumocystis jiroveci
can occasionally develop during and after resolution of DIHS/DRESS.'®

Cardiovascular System

Cardiac involvement is a rare but life-threatening complication of DIHS/
DRESS. Myocarditis associated with DIHS/DRESS is observed around 3
weeks to 4 months after onset.***’ Symptoms/signs suggestive of myocardi-
tis include chest pain, unexplained tachycardia, breathlessness, low blood
pressure, and symptoms of congestive heart failure, but some patients may
be asymptomatic. Chest radiographs may show cardiomegaly and pleural
effusions, and the electrocardiogram usually shows nonspecific ST-T wave
changes or ST segment elevations, sinus tachycardia, or arrhythmias. The
echocardiogram may show a significant reduction in ejection fraction;*® car-
diac catheterization reveals normal coronary arteries and a decreased ejection
fraction. The appearance of the above-mentioned cardiac findings in the set-
ting of DIHS/DRESS should raise the suspicion of drug-induced myocarditis
as a complication of DIHS/DRESS. The condition may resolve or progress
rapidly into fulminant heart failure.**’ Endomyocardial biopsy—a highly
invasive, seldom performed procedure—demonstrated a mixed infiltrate of
lymphocytes and eosinophils with myocyte necrosis in several cases of DIHS/
DRESS.* Dilated cardiomyopathy may develop as a late sequel of DIHS/
DRESS.*” Complete atrioventricular block associated with dapsone-induced
DIHS/DRESS has been reported.*

Central Nervous System

Neurological complications such as meningitis and encephalitis in DIHS/
DRESS have been documented.**~>? Limbic encephalitis may develop approxi-
mately 2 to 4 weeks after the onset of DIHS/DRESS; the condition is suspected
if there is fever accompanied by headache, altered level of consciousness, and
signs of cerebral dysfunction. Focal neurological abnormalities such as ano-
mia, dysphagia, and hemiparesis and seizure may be present. Cerebrospinal
fluid (CSF) reveals an increase in the white blood cell count and protein level.
Magnetic resonance imaging (MRI) has shown bilateral lesions involving the
amygdala, mesial temporal lobes, insula, and cingulate gyrus.** The typical
MRI appearance is selective involvement of the limbic system, particularly the
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mesial temporal lobes. An electroencephalogram shows diffuse slow waves,
with an occasional solitary spike, in the frontal and temporal leads without peri-
odic patterns. Considering the onset of limbic encephalitis and timing of HHV-6
reactivation in DIHS/DRESS, it is possible that limbic encephalitis might be due
to HHV-6 reactivation. In a patient with allopurinol-induced DIHS/DRESS who
developed encephalitis, an increase in anti-HHV-6 IgG titers and a detection of
HHV-6 DNA by polymerase chain reaction in the CSF were noted.”’ However,
viral DNA cannot be detectable in CSF samples from DIHS/DRESS patients
after the onset of encephalitis, which may indicate secondary encephalitis or
inappropriate timing of sample collection.’> A case of a patient with DIHS/
DRESS complicated by the syndrome of inappropriate secretion of antidiuretic
hormone (STADH) and concomitant limbic encephalitis has been documented.™

Gastrointestinal System

Acute, life-threatening gastrointestinal bleeding may occur during the course
of DIHS/DRESS and is caused by CMV infection.** Despite the initial belief
that only HHV-6 reactivation occur in DIHS/DRESS, other herpesviruses such
as EBV, HHV-7, and CMV may also reactivate during the course of the dis-
ease.’’ Gastrointestinal ulcers due to CMV infection may be misdiagnosed as
steroid-induced ulcers if CMV is not considered in the differential diagnosis.
Endoscopic examination reveals arterial bleeding from “punched out” gastric
ulceration.” Gastrointestinal ulceration is often concomitant with cutaneous
CMV ulcers on the shoulders and upper trunk. Histopathological examination
of the biopsy specimens from the gastric mucosa and the skin shows cytomeg-
alic cells with characteristic “owl’s eye” intranuclear inclusions in the infiltrat-
ing cells. CMV infection is usually confirmed by immunohistochemical analysis
using an anti-CMV monoclonal antibody.* Autopsy findings of a patient with
severe DIHS/DRESS revealed disseminated CMV infection involving the lung,
myocardium, kidney, adrenal gland, liver, pancreas, spleen, and skin.”?

Cytomegalovirus reactivation occurs in a predictable manner during DIHS/
DRESS. In most patients, CMV DNA is detected 4 to 7 weeks after the onset
of DIHS/DRESS and approximately 10 days to 3 weeks after HHV-6 reacti-
vation.’® Scratch dermatitis and erythematous rash on the trunk, unexplained
low-grade fever, and lumbar pain during the 4- to 7-week period after the
onset of DIHS/DRESS are suggestive of CMV disease. A reduction in both the
platelet and white blood cell counts and a decreased serum immunoglobulin
level are also useful indicators of CMV reactivation. The basis for CMV reac-
tivation is unclear, but it appears that advanced age, particularly among those
older than 60 years, and patients with antecedent high HHV-6 DNA loads are
at risk for overt CMV disease.*

Pancreatic System

DIHS/DRESS has been associated with the development of fulminant type
1 diabetes mellitus (FT1DM).**>¢ FT1DM is a subtype of type 1 diabetes
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mellitus (T1DM) characterized by abrupt onset, absence of islet-related
autoantibodies, and the near complete destruction of pancreatic B-cells. The
initial symptoms of T1DM are vomiting and dull epigastric pain. Laboratory
findings demonstrate hyperglycemia, hyperosmolarity, and metabolic acidosis,
findings that are compatible with diabetic ketoacidosis. In addition, elevations
in lipase and amylase consistent with acute pancreatitis have been documented
at the onset of TIDM.%

According to a nationwide survey performed in Japan, 15 cases of FTIDM
associated with DIHS/DRESS were documented between 1985 and 2010. In
these cases, the mean age of FT1DM onset was 53.4 years, and the interval
between the onset of DIHS/DRESS and the development of FT1DM was 39.9
days (range, 13 to 199 days). The prevalence of FT1DM in DIHS/DRESS was
much greater than that found in the general Japanese population.*® The clini-
cal characteristics of FT1DM associated with DIHS/DRESS were similar to
those unrelated to DIHS/DRESS. The etiology of FT1DM associated with
DIHS/DRESS remains unknown; however, the prevalence of HLA-B62 was
significantly higher in Japanese patients with FT1DM associated with DIHS/
DRESS. It is likely that a genetic susceptibility may contribute to the develop-
ment of FT1DM.* Furthermore, it seems that herpesvirus reactivation, such as
HHV-6 and CMV, may contribute to the development of FT1DM in patients
with DIHS/DRESS. In contrast to FT1DM, autoimmune T1DM is uncommon
in patients with DIHS/DRESS. Insulin therapy should be commenced after the
diagnosis of T1IDM. The consequence of a missed diagnosis can be fatal.

Other Organs

Hemophagocytic syndrome (HPS) is usually associated with, and triggered
by, various conditions such as viral infections (particularly EBV-related dis-
orders), malignant tumors, or autoimmune diseases. Although rare, HPS has
been noted during the course of DIHS/DRESS.”’ Reactivation of HHV-6 or
EBV might be responsible for the development of HPS in DIHS/DRESS.
Herpes zoster (HZ) can develop during the first 6 months after the onset of
DIHS/DRESS, with HZ lesions appearing during tapering of oral corticoster-
oids. HZ lesions are prone to be detected on the trunk in patients with DIHS/
DRESS; the cutaneous manifestations of HZ is usually mild with an uncompli-
cated course.'® Telogen effluvium may develop in the absence of autoantibod-
ies after complete recovery of DIHS/DRESS.*

Sequelae of DIHS/DRESS

Autoimmune sequelae can arise after resolution of DIHS/DRESS follow-
ing a symptom-free interval of several months to years, with the develop-
ment of autoimmune disease and/or production of autoantibodies. The link
between DIHS/DRESS and autoimmune disease might be overlooked unless
dermatologists perform long-term follow-up of DIHS/DRESS patients after
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their complete recovery.’’ These autoimmune diseases include autoimmune
T1DM, autoimmune thyroiditis,’’¢* sclerodermoid graft-versus-host dis-
ease (GVHD)-like lesions,®' lupus erythematosus,* and autoimmune polyg-
landular syndrome.®* Several autoimmune diseases can develop sequentially
in a single patient.%’ These cases suggest that DIHS/DRESS may trigger the
development of autoimmune disease. Interestingly, some of these autoimmune
diseases are similar to those seen after bone marrow transplantation.

The development of autoimmune T1DM is uncommon in DIHS/DRESS.
Various autoantibodies including anti-glutamic acid decarboxylase (GAD) and
anti-islet cell antibodies are present in autoimmune T1DM. The coexistence of
autoimmune T1DM and autoimmune thyroiditis has been observed in a patient
with DIHS/DRESS. In this case, various autoantibodies, including anti-GAD,
anti-thyroid peroxidase, anti-thyroglobulin, anti-nuclear, and anti-SSA, were
detected.”

Graves’ disease, characterized by anti-thyroid stimulating hormone recep-
tor autoantibodies, may develop after the resolution of DIHS/DRESS.*’ The
interval between discontinuation of the causative drug and onset of Graves’
disease is approximately 2 to 4 months. Painless thyroiditis and Hashimoto’s
thyroiditis—characterized by anti-thyroid peroxidase and anti-thyroglobulin
antibodies—may also develop after resolution of DIHS/DRESS. Anti-thyroid
antibodies have been detected in asymptomatic patients without functional
alteration of the thyroid gland following the resolution of DIHS/DRESS.'®
Rarely, sclerodermoid GVHD-like lesions may appear 3 to 4 years after DIHS/
DRESS following the development of autoimmune thyroiditis.®' Lupus erythe-
matosus can also develop in DIHS/DRESS.®”

DIFFERENTIAL DIAGNOSIS

Differentiating DIHS/DRESS from viral eruptions can be challenging, as
DIHS/DRESS can resemble viral infections (Table 11.3). Thus, careful history
taking, including examination of drug history, and a thorough physical exami-
nation are important for making the correct diagnosis. The diagnosis of DIHS/
DRESS is usually not difficult if there is a long period of drug intake (e.g.,
anticonvulsants). Many patients have been initially misdiagnosed with a viral

~

TABLE 11.3 Differential Diagnosis

Atopic dermatitis

Infectious mononucleosis
Kawasaki disease

Measles

Pseudolymphoma

Serum sickness-like reaction

N _
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illness, such as infectious mononucleosis or measles; however, viral infections
may be identified by the lack of eosinophilia and/or hypoimmunoglobulinemia
in the laboratory findings. Infectious mononucleosis develops most commonly
in teenagers or young adults, while DIHS/DRESS occurs in middle-aged and
elderly individuals with a long period of administration of specific drugs.
Kawasaki disease can be excluded by using the established diagnostic crite-
ria and laboratory testing. The serum sickness-like reaction is characterized
by the presence of urticarial lesions and the absence of internal organ involve-
ment. The clinical manifestations of DIHS/DRESS can be indistinguishable
from atopic erythroderma with bacterial infection, but hepatic and/or renal
involvement is not characteristic of this condition. In a substantial number of
patients with DIHS/DRESS, small pustules on the face and trunk are observed
at an early stage that may resemble acute generalized exanthematous pustulo-
sis (AGEP); however, duration of drug intake is less than a week and internal
organ involvement is uncommon in AGEP. Pseudolymphoma needs to be dif-
ferentiated because lymphadenopathy is frequently observed at an early stage
of DIHS/DRESS. Pseudolymphomas have been reported to develop in associa-
tion with drugs such as phenytoin and carbamazepine.®® A diagnosis of drug-
induced pseudolymphoma is usually based on histologic findings and clinical
presentation, ranging from solitary nodules to multiple infiltrative papules or
plaques without evidence of extracutaneous lymphoma and resolution of the
skin eruption after drug cessation.

To identify the drug responsible for the development of DIHS/DRESS, in
vivo and in vitro testing such as patch tests and lymphocyte transformation
tests (LTTs) are available. Positive LTT reactions are obtained if more than 4
weeks have elapsed after the onset of DIHS/DRESS, and strong positive reac-
tions may be seen even a year after discontinuation of the causative drug.%®

MANAGEMENT AND TREATMENT

Early recognition of clinical symptoms associated with DIHS/DRESS is
essential in improving patient outcomes. Although the management of
DIHS/DRESS is not well established, prompt cessation of the culprit drug
is necessary. Because a dramatic deterioration of clinical symptoms, such as
fever, skin rashes, and facial edema, often develops 3 to 4 days after with-
drawal of the causative drug, a suspicion of underlying infection may be
raised. However, empirical treatment with antibiotics or nonsteroidal anti-
inflammatory drugs should be avoided as these agents often worsen the early
stage of DIHS/DRESS.?” In contrast to toxic epidermal necrolysis, factors
that predict the outcome of DIHS/DRESS have not been identified; however,
advanced age, allopurinol- or minocycline-induced DIHS/DRESS, and the
presence of comorbid conditions appear to be poor prognostic factors.®?
Patients with moderate disease often recover within 3 to 4 weeks if given
supportive care without systemic corticosteroids.'® Oral corticosteroids are the
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mainstay of treatment, despite the absence of randomized control trials con-
firming its efficacy. Given that herpesvirus reactivation is implicated in DIHS/
DRESS, the corticosteroid dose should be given carefully. The usual predni-
solone dosage is 0.5 to 1.0mg/kg/day. After commencement of oral corticos-
teroids, fever and skin rashes usually subside within a week. It is necessary to
taper the dose down gradually to avoid the re-emergence of symptoms. The
mean duration of corticosteroid treatment is 6 to 8 weeks.’

The risk of CMV reactivation is significantly higher in DIHS/DRESS
patients under corticosteroid treatment than those managed without corticos-
teroid therapy. Thus, physicians should be vigilant for signs of CMV disease
in these patients. Given the high mortality rate associated with gastrointestinal
CMYV ulceration in patients with DIHS/DRESS, early intervention with emer-
gency endoscopic clipping and blood transfusion is usuvally required. If CMV
antigenemia is present during the course of DIHS/DRESS, administration of
ganciclovir is recommended to continue until CMV antigenemia is absent in
order to avoid CMV disease progression.

Various infections have been noted in patients undergoing corticoster-
oid treatment in the acute early phase of DIHS/DRESS, including herpesvi-
rus disease and Preumocystis jiroveci pneumonia. Infections are frequent and
most appear within 3 months of oral corticosteroid therapy. For this reason, a
minimum of 3 months of follow-up is recommended after resolution of DIHS/
DRESS."

The development of infections in DIHS/DRESS during corticosteroid
treatment may be analogous to the pathomechanism of immune reconstitu-
tion inflammatory syndrome (IRIS).®"%% Infections in the early stage of DIHS/
DRESS such as herpes zoster, CMV disease, and Prneumocystis jiroveci pneu-
monia are similar to the illnesses in acquired immune deficiency syndrome
patients with IRIS after highly active antiretroviral therapy.®’

It has been shown that intravenous immunoglobulin (IVIG) compensates
for the decreased immunoglobulin concentration, provides anti-inflammatory
effects, and regulates the immune response in autoimmune diseases. Beneficial
effects of IVIG treatment have been observed in a patient with DIHS/
DRESS;* however, a separate report documented severe adverse events result-
ing from IVIG that required systemic corticosteroid therapy.”

CONCLUSION

DIHS and DRESS show a wide range of clinical manifestations and laboratory
findings. The association between severe visceral involvement and herpesvi-
rus reactivation has been clarified, and the pathomechanisms have been par-
tially elucidated. A better understanding of the interplay between drug allergy
and viral reactivations will allow more efficient management of this disease.
Furthermore, the immunological aspects of DIHS/DRESS may serve as excel-
lent tools for investigating the autoimmune diseases after viral infections.
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Stevens—Johnson syndrome and toxic epidermal necrolysis (SJS/TEN) are
severe, cutaneous adverse drug reactions that are rare but life threatening.
Genetic biomarkers for allopurinol-related SJS/TEN in Japanese were
examined in a genome-wide association study in which Japanese patients
(n=14) were compared with ethnically matched healthy controls (n=991).
Associations between 890321 single nucleotide polymorphisms and
allopurinol-related SJS/TEN were analyzed by the Fisher's exact test
(dominant genotype mode). A total of 21 polymorphisms on chromosome
6 were significantly associated with allopurinol-related SJS/TEN. The
strongest association was found at rs2734583 in BATT, rs3094011 in HCP5
and GA005234 in MICC (P=2.44 x 1078, odds ratio = 66.8; 95% confidence
interval, 19.8-225.0). rs9263726 in PSORS1CI, also significantly associated
with allopurinol-related S|S/TEN, is in absolute linkage disequilibrium with
human leukocyte antigen-B*5801, which is in strong association with
allopurinol-induced SJS/TEN. The ease of typing rs9263726 makes it a useful
biomarker for allopurinol-related SJS/TEN in Japanese.

The Pharmacogenomics Journal (2013) 13, 60-69; doi:10.1038/tpj.2011.41;
published online 13 September 2011

Keywords: allopurinol; Stevens-Johnson syndrome; toxic epidermal necrolysis; human
lymphocyte antigen; single nucleotide polymorphism; genome-wide association study

Introduction

Allopurinol is a xanthine oxidase inhibitor that prevents the production of uric
acid to reduce plasma uric acid levels to a normal range. It is the most frequently
used anti-hyperuricemic agent in the world due to its long-term pharmacological
effect. However, allopurinol is also one of the most frequent causes of a variety
of delayed severe cutaneous adverse drug reactions (SCARs).? According to
spontaneous reports of severe adverse drug reactions to the Ministry of Health,
Labor, and Welfare of Japan, allopurinol-related SCARs accounted for about 11%
of all reported SCAR cases in Japan in 2008.%> Allopurinol-related SCARs include
the drug-induced hypersensitivity syndrome, Stevens-Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN).* SJS/TEN are characterized by high fever,
malaise and rapid development of blistering exanthema, with macules and
target-like lesions, accompanied by mucosal involvement.®> Even though the
incidence of SJS/TEN is extremely low, the mortality rate of TEN can be as high as
26%.° Therefore, SJS/TEN is a serious problem in allopurinol therapy, in spite of
the ideal anti-hyperuricemic effect of allopurinol.
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Although previous works have suggested that the devel-
opment of SJS/TEN depends on an immune mechanism
involving a drug-dependent cytotoxic cell response against
epidermal cells,>® the pathophysiology of SJS/TEN remains
largely unknown. Susceptibility to such idiosyncratic reac-
tions is thought to be genetically determined, and familial
predisposition to allopurinol-induced SJS/TEN has been
reported.® Therefore, the exploratory studies for genetic risk
factors related to SJS/TEN are needed. A strong association
has been observed between allopurinol-induced SCAR and
the human lymphocyte antigen (HLA) allele B variant (HLA-
B*5801) in the Han Chinese in Taiwan’ and in the Thai
population.® These studies showed that the HLA-B*5801
allele is present in all patients with allopurinol-induced
SCAR (51/51 of Han Chinese and 27/27 of Thai patients) and
in only 12-15% of tolerant patients (20/135 and 7/54,
respectively). The odds ratio (OR) was 580 (95% confidence
interval , 34-9781; P=4.7 x 10*%) for the Han-Chinese data’
and 348.3 (95% confidence interval, 19.2-6336.9;
P=1.61x10"%) for the Thai study.® Although the associa-
tion was confirmed in both Caucasian and Japanese
subjects,”'° the OR in the Han-Chinese and Thai popula-
tions were much higher than those in the Caucasian
(OR=80) and Japanese (OR=40) groups. These reports
indicated that HLA-B*5801 is the valid genetic biomarker
for allopurinol-induced SJS/TEN in various ethnic groups,
but the mechanisms by which HLA-B*5801 is specifically
involved in allopurinol-induced SJS/TEN progression and
the strength of the association showed ethnic differences are
unknown.

Currently, genotyping by high-density array scanning of
the whole genome allows discovery of previously unsus-
pected genetic risk factors that influence the pathogenesis of
serious adverse drug reactions.’''®* Genome-wide associa-
tion studies (GWASs) provide opportunities to uncover
polymorphisms that influence susceptibility to allopurinol-
induced SJS/TEN free of mechanistic hypotheses. Therefore,
in addition to HLA-B typing as shown in our previous
study,'® we further conducted a retrospective pharmaco-
genetic case-control study using whole-genome single
nucleotide polymorphism (SNP) data from high-density
DNA microarrays in order to identify new and effective
genetic biomarkers for allopurinol-related SJS/TEN in
Japanese patients.

Materials and methods

Recruitment of study subjects

A total of 141 Japanese SJS/TEN patients from unrelated
families were recruited from July 2006 to April 2010 from
participating institutes of the Japan Severe Adverse Reac-
tions (JSAR) research group and through a nationwide
blood-sampling network system in Japan for SJS/TEN onset
patients, operated by the National Institute of Health
Sciences.’® In all, 121 of these patients were diagnosed as
defined SJS or TEN by JSAR research group’s dermatological
experts based on diagnostic criteria* that are currently used
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in Japan. Information was collected using a standardized
case report form that includes medical records, co-admini-
strated drug records, disease progress and involvement of
systemic complications, as well as SJS/TEN treatment.
Among the 141 SJS/TEN patients, 20 were diagnosed as
probable SJS due to atypical or mild symptoms. TEN and SJS
were defined as mucocutaneous disorders characterized by
extensive erythema, blisters, epidermal detachment, ero-
sions, enanthema and high fever. SJS was defined as skin
detachment of 10% or less of the body surface area, and TEN
as skin detachment of more than 10%, excluding staphylo-
coccal scaled skin syndrome.® In all enrolled cases defined as
SJS or TEN, allopurinol was regarded as the drug responsible
for SJS or TEN if the onset of SJS/TEN symptoms occurred
within the first 2 months of allopurinol exposure. For the
retrospective pharmacogenetic case-control study, 991
healthy, ethnically matched subjects in the Tokyo metro-
politan area were used as the control group. Healthy subjects
were used as the control group instead of allopurinol-
tolerant patients because the incidence of SJS/TEN is
extremely low (0.4-6 per million per year).?

The ethics committees of the National Institute of Health
Sciences, each participating institute of the JSAR research
group and the Japan Pharmacogenomics Data Science
Consortium (JPDSC) approved this study. Written informed
consent was obtained from all cases and ethnically matched
controls.

Whole-genome genotyping of SNPs

Genome-wide genotyping of the 14 allopurinol-related SJS/
TEN patients and 991 ethnically matched controls was
conducted using the Illumina Human 1M-Duo BeadChip
(IMlumina, San Diego, CA, USA), which contained 1163218
SNPs. SNPs were discarded from case-control association
analysis if they exhibited a minor allele frequency <0.001 in
the control group (237 890 SNPs), a call rate <0.95 for each
SNP (32 640 SNPs) or a P-value <0.001 in the test of Hardy-
Weinberg equilibrium among controls (2368 SNPs). These
quality control steps removed a total of 272897 SNPs. All
samples had a call rate for each microarray above 0.99.
Sample duplicates and hidden relatedness were investigated
on the basis of pairwise identity-by-state analysis via
PLINK;'* however, there was no duplicate or hidden
relatedness in the samples. This quality-control procedure
ensured reliable genotyping data.

HLA genotyping and TagMan genotyping of SNPs on chromosome 6
HLA A, B and Cw types were determined using sequencing-
based methods, as described previously.'® Representative
SNPs of 6p21 (rs2734583, 153099844, 159263726 and
1s3131643) were re-genotyped using TagMan SNP Geno-
typing Assays (Life Technologies, Carlsbad, CA, USA)
(ID; C_27465749_10, C__27455402_10, C__30352071_10,
C__26778946_20) according to the manufacturer’s instruc-
tion using 5ng of genomic DNA. We did not genotype
1$9267445 and 151634776 because TagMan SNP genotyping
assays for these SNPs were not available. Measurement of the
linkage disequilibrium (LD) coefficient was performed using
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the HLA types and 6p21 SNPs of the 141 Japanese SJS/TEN
cases and an additional 65 Japanese individuals (non-SJS/
TEN patients). The LD coefficient was calculated as pre-
viously described.'*1¢

Association analysis

Genome-wide SNPs data from allopurinol-related SJS/TEN
cases and ethnically matched controls were used for
association analysis using the Fisher’s exact test based on
the dominant genotype mode and minor allele frequencies
of each SNP. Because there are no homozygotes of minor
alleles of SNPs, which have significantly related to allopur-
inol-related SJS/TEN except 1rs3099844 and rs3131643 in
‘Case group’, other association analysis models such as trend
test (Cochran-Armitage analysis) or recessive model analysis
were not applied in this study. All association analyses were
carried out with PLINK.'® P-values were corrected for
multiple testing according to the Bonferroni’s correction.
P-values <5.62 x 1078 were regarded as statistically signifi-
cant.

Results

Characteristics of study subjects

A total of 14 allopurinol-treated Japanese patients, who were
diagnosed with definite SJS/TEN were recruited for the
whole-genome association study (IDs 1-14 in Table 1).
Patients, IDs 1, 2, 3, 9, 10, 13 and 14 were reported in our
previous paper.'® After the GWAS, an additional four
allopurinol-treated Japanese SJS/TEN patients were recruited
for HLA typing (IDs 15-18). Therefore, a total of 18
allopurinol-treated Japanese SJS/TEN patients participated
in the study (Table 1). In all, 12 of 18 patients were male and
6 were female, and the average age was 72.3+10.0
(mean £s.d.) years. In all, 12 of 18 cases showed systemic
complications of liver and/or renal dysfunction, and most
patients had high fever. The average period of SJS/TEN onset
after allopurinol treatment was 21.7+11.9 days. Drug-
induced lymphocyte stimulation tests were examined in
13 of 18 patients to determine the causative agent; however,
in these tests, only two cases (IDs 1 and 5) were positive for
allopurinol and only one (ID 16) was positive for oxipurinol,
a metabolite of allopurinol. The patient (ID 1) who was
positive for the drug-induced lymphocyte stimulation test
for allopurinol was also positive for other co-administrated
drugs (Table 1). On the other hand, patients who received a
patch test showed positive reactions for allopurinol
although only two patients were examined (ID 4, 10). The
patient who was patch test positive for allopurinol (ID 4)
was also patch test positive for other co-administrated drugs
(Table 1). Four patients (ID 1, 2, 4 and 14) were co-
administrated non-steroidal anti-inflammatory drugs, four
(ID 7, 8, 11 and 15) were co-administrated angiotensin II
receptor antagonists and three (ID 4, 7 and 17) were co-
administrated statin anti-hyperlipemic agents.
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allopurinol-related SJS/TEN

A total of 14 allopurinol-related SJS/TEN patients (IDs 1-14),
who were diagnosed with definite SJS/TEN, and 991
ethnically matched controls, were genotyped with the use
of the Ilumina Human 1M-Duo BeadChip containing
1163218 SNPs. A series of quality-control steps resulted in
the elimination of 272897 polymorphisms. For each SNP,
Fisher’s exact tests were performed to compare the domi-
nant genotype distributions and minor allelic frequencies in
the allopurinol-related SJS/TEN patients (the case group)
versus those in the ethnically matched healthy control
group. The resulting P-values were adjusted with the
Bonferroni’s correction (P<5.62x 107%). The distribution
of P-values from the Fisher’s exact tests (dominant genotype
mode) along each chromosome indicated that 21 SNPs were
significantly associated with the cases, all of which were
located on the chromosome 6: 6p21.3, 6p22.1 and 6p21.1
(Figures 1a and b). The quantile-quantile (Q-Q) plot for the
distribution of P-values showed that observed P-values
matched the expected P-values over the range of
0<~logio(p) < 4.0 (Figure 2). A departure was observed at
the extreme tail (—logio(p)>4.0) of the distribution of test
statistics for the allopurinol-related Japanese SJS/TEN,
suggesting that the identified associations are likely due to
true variants rather than potential biases such as genotyping
error. These SNPs, with their associated genes, are described
in Table 2. As is observed in all SNPs in Table 2, minor allele
frequencies in the controls were quite small, ranging around
0.5-0.6%. The genotypic distributions of the case and
control groups are identical among groups with the same
P-value, suggesting that these SNPs might be linked. These
SNPs also have ORs that are much higher than the ORs of
SNPs commonly observed in sporadic cancer and other
complex diseases, suggesting they are of higher penetrance.
For example, the most significant SNPs (rs2734583,
1s3094011 and GA005234) had an OR of 66.8 (95%
confidence interval, 19.8-225.0), and the twentieth most
significant SNPs (1s9263827 and rs1634776) had an OR of
60.9 (95% confidence interval, 18.3-202.5). Most SNPs in
Table 2 are associated with known or predicted genes; of
these, 13 are in known genes. Three SNPs (rs17190526,
1s9263726 and 152233945) were found in PSORSICI (psor-
iasis susceptibility 1 candidate 1), which is considered as one
of the potential psoriasis genes.!’"!® The CCHCRI (coiled
coil o helical rod protein 1), which is a regulator of
keratinocyte proliferation or differentiation and is over-
expressed in keratinocytes in psoriatic lesions,?*** con-
tained four SNPs (rs9263745, rs130077, 159263781 and
1$9263785). HCP5 (HLA complex P5), which is involved in
hypersensitivity to abacavir,?4-2¢ had three SNPs (1s3094011,
1$3099844 and 1s31431643). TCF19 (transcription factor 19),
which is a potential trans-activating factor that might play
an important role in the transcription of genes required for
the later stages of cell cycle progression,® contained two
SNPs (1s9263794 and 1s10448701). Two SNPs (1s9263796
and rs9263800) were also found in POUS5SFI (POU class 5
homeobox; alternative names for Oct4). BATI (HLA-B
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Table 1

Summary of clinical characteristics of Japanese patients with allopurinol-related Stevens-Johnson syndrome or toxic epidermal necrolysis

Co-administered drugs

Patient ADR Sex/age Highest Total area Systemic DLST to Period of onset Drug name DLST result/period
ID? type (vears) BT (°CO) of blistering complications allopurinol (PT) (days) by allopurinol of onset
skin (%)
1 SJS F/53 38.1 0.5 liver dysfunction + 26 loxoprofen +/9 days
renal dysfunction clarithromycin +/26 days
2 TEN M/58 37.1 15 neutropenia - ca 10 days loxoprofen —/1 day
liver dysfunction levofloxacin —/1 day
3 SIS M/77 unknown unknown none not tested 16 none
4 TEN F/72 >37 20 none —(PT+) 16 pitavastatin —/16 days
lansoprazole —/179 days
salicylamide, —(PT+)/8 days
acetaminophen,
caffeine,
promethazine,
methylenedisalicylate
serrapeptase —/1 day
loxoprofen —/8 days
acetaminophen (PT+)/8 days
5 TEN M/82 39 35 none + 52 none
6 SJS M/67 1 1 liver dysfunction not tested 14 none
7 NN M/76 38.8 unknown Gl tract disturbance not tested <26 days losartan not tested/8 days
liver dysfunction furosemide not tested/3 days
renal dysfunction carbon not tested/7 days
atorvastatin not tested/8 days
8 SJS M/83 >38 10 renal dysfunction - 20 amlodipine not tested/very long
olmesartan medoxomil not tested/very long
9 TEN M/75 >38 20 neutropenia - 6 none
liver dysfunction
renal dysfunction
10 SIS M/75 38.4 6 neutropenia —(PT+) 14 none
liver dysfunction
renal dysfunction
1 NN M/74 37.8 8 neutropenia - 38 cefazolin not tested/1 day
liver dysfunction Furosemide not tested/53 day
renal dysfunction Sodium polystyrene not tested/51 day
sulfonate
olmesartan medoxomil not tested/59 day
12 NN M/67 38.9 2 liver dysfunction not tested 17 none
13 NN F/81 39.2 0.5 renal dysfunction - 28 spironolactone —/24 days
14 SIS M/83 39 0 respiratory involvement - 29 diclofenac —/1 day
15 TEN F/73 38 10 liver dysfunction - 27 valsartan —/18 days
renal dysfunction epoetin B —/2 days
16 SIS M/53 40 5 liver dysfunction ~(oxipurinol +) 19 none
17 SIS F/86 38 0 liver dysfunction - 30 rosuvastatin —/43 days
renal dysfunction
18 TEN F/66 37.8 15 none not tested 2 none

Abbreviations: ADR, adverse drug reaction; BT, body temperature; DLST; drug-induced lymphocyte stimulation test; F, female; M, male; PT, patch test; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal

necrolysis.

2Patients ID 1-14 were applied for whole genome analysis. 1D 1-18 were for the HLA typing and the analysis of linkage disequilibrium.
Patients IDs 1, 2, 3, 9, 10, 13, and 14 were reported in our previous paper.'®
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