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Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are mucocutaneous conditions associated with high mortality and morbidity. Although several prognostic factors have been proposed, some may have yet to be identified. A 14-year retrospective cohort study of patients with SJS/TEN was conducted at a university-based hospital in Bangkok, Thailand, to explore additional prognostic factors for mortality of patients with SJS/TEN. Medical records of all patients aged ≥18 years who were diagnosed with SJS, SJS-TEN overlap, or TEN between 2007 and 2020 were reviewed. Univariate and multivariate analyses were performed to examine associations between death and potential prognostic factors. A total of 76 patients with a mean age of 52 years were enrolled. Among them, 46, 15, and 15 patients were diagnosed with SJS, SJS-TEN overlap, and TEN, respectively. Overall, 10 patients deceased, marking a mortality rate of 13.2%. Based on an algorithm for assessment of drug causality for epidermal necrolysis, drug was the major cause of disease (96.1%). Allopurinol and trimethoprim/sulfamethoxazole were the most frequent culprit drugs. Univariate analysis revealed nine prognostic factors related to death, i.e., age, malignancy, chronic kidney disease (CKD), coronary artery disease, heart rate >120 beats/min, diagnoses of SJS-TEN overlap and TEN, blood urea nitrogen (BUN) >10 mmol/L, hemoglobin <10 g/dL, and serum albumin <2 g/dL. Causality with regard to drug, drug notoriety, time interval from drug intake to onset of reaction, and timing of culprit drug withdrawal were not significantly associated with death. Four independent prognostic factors for mortality were identified from multivariate analysis, i.e., TEN (risk ratio [RR] 8.29, 95% confidence interval [CI]: 2.71–25.38), malignancy (RR 3.34, 95% CI: 1.68–6.69), BUN >10 mmol/L (RR 3.02, 95% CI: 1.28–7.14), and early-stage CKD (RR 4.81, 95% CI: 2.49–9.28). Our findings suggest that CKD is an independent prognostic factor for mortality of patients with SJS/TEN besides those from the SCORTEN.
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Introduction

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are life-threatening mucocutaneous reactions with reported incidence rates of 0.93 to 9.2 per million annually (1–3). In spite of their rarity, reported mortality rates among the patients were high, especially in those with TEN. Previous studies revealed mortality rates of 4.8–5.7% for SJS, 19.4% for SJS-TEN overlap, and 14.8–35.0% for TEN (1, 2, 4).

Drugs are identified as the main cause of disease, while other causes, including Mycoplasma pneumonia and viral infections, may account for up to 15% of the cases (5–9). As the causative drug could not be identified in approximately 30% of the patients, the Registry of Severe Cutaneous Adverse Reaction (RegiSCAR) group has consequently developed an algorithm for assessment of drug causality for epidermal necrolysis (ALDEN) which is a practical and reliable tool for identifying the culprit drug for epidermal necrolysis (9–11).

In regard to the prognosis of patients with SJS/TEN, the Severity-of-Illness Score for Toxic Epidermal Necrolysis (SCORTEN) is a tool developed to predict mortality and help clinicians assess disease severity of the patients. The score consists of seven independent prognostic factors, i.e., age >40 years, malignancy, heart rate >120 per min, initial percentage of epidermal detachment >10%, serum urea >10 mmol/L, serum glucose >14 mmol/L, and serum bicarbonate <20 mmol/L (12). A systematic review and meta-analysis demonstrated good accuracy of the SCORTEN in predicting mortality; nevertheless, underestimated and overestimated mortality rates were found for SCORTEN values of ≤ 3 and >3, respectively. The influence of comorbidities, involved body surface area, and patient's age were the major contributors to the misestimation (13). Subsequently, a number of studies have been conducted to identify other prognostic factors (2, 14, 15). However, there is limited evidence on the prognostic potential of several other factors, such as the causality of SJS or TEN, drug notoriety, time interval from drug intake to onset of reaction, and several comorbidities and laboratory findings. Therefore, the present study aimed to identify additional prognostic factors for mortality in patients with SJS/TEN, and to determine the predictive ability of those previously established ones in our setting.



Materials and methods


Study design and ethics consideration

A 14-year retrospective cohort study of patients with SJS/TEN was conducted. The study was approved by the Institutional Review Boards of Mahidol University (COA. MURA2017/698 Ref.188) which are in full compliance with International Guidelines for Human Research Protection such as the Declaration of Helsinki.



Patient selection process

Medical records of all inpatients aged 18 years or over who were admitted to Ramathibodi Hospital, Bangkok, Thailand from January 1, 2007, to December 31, 2020 with an International Classification of Diseases, 10th Revision (ICD-10) code of L51.1 (bullous erythema multiforme), L51.2 (toxic epidermal necrolysis [Lyell]), or L51.8 (other erythema multiforme) were reviewed. Patients with a length of stay of <3 days were excluded to improve the accuracy of the diagnosis (2, 16), but those who died within 3 days of hospitalization were included. Patients who were not hospitalized at Ramathibodi Hospital for the entire course of treatment were also excluded. Other reasons for exclusion were diagnostic codes as a consequence of previous SJS/TEN and incomplete medical record.

The final inclusion of cases was determined by two board-certified dermatologists using the diagnostic criteria proposed by Bastuji-Garin et al. (17). The judgement was based on information from the medical records which included clinical, laboratory, and histopathological findings. The outcome of interest was the survival status at the date of discharge. All causes of death related to the present course of SJS/TEN were considered.



Identification of cause and culprit drugs

The ALDEN score was applied to assess the causality of SJS/TEN as to whether it was caused by drug (10). Cases exposed to a drug with an ALDEN score of ≥2 were considered to have drug-related SJS/TEN, and those with an ALDEN score of <2 to have non-drug related SJS/TEN. According to the ALDEN algorithm and previous studies, the index day was defined as the date of onset of the symptoms or signs that progressed within 3 days to definite erosions or blisters of the skin or mucous membranes (10, 18–20). The drug with the highest ALDEN score was regarded as the culprit drug. In the event of multiple drugs with equal scores, the case was identified as having multiple culprit drugs. To determine the notoriety of the culprit drug, the classification from the RegiSCAR study with regard to SJS/TEN was used (18, 21).

In patients having drug-related SJS/TEN with a single culprit drug, three more variables were further considered, i.e., time interval form drug intake to onset of reaction, timing of culprit drug withdrawal, and drug notoriety. The index day was used for calculating time interval form drug intake to onset of reaction. Timing of culprit drug withdrawal was classified into early and late drug withdrawal following the determination from a previous study (14). Late drug withdrawal was defined as discontinuing the drug later than the day when a definite sign of SJS/TEN occurred.



Data collection

Data of patients' characteristics, medical comorbidities, clinical presentations, laboratory findings, treatments, and outcome (i.e., survival status) were collected from the medical records. Previous chronic medical conditions present on admission were regarded as medical comorbidities. Among them, chronic kidney disease (CKD) was defined according to the 2012 KDIGO guideline as abnormalities of kidney structure or function, present for >3 months, with implications for health. The categories of glomerular filtration rate (GFR) comprising of G1 (i.e., GFR ≥90 mL/min per 1.73 m2), G2 (i.e., GFR 60–89 mL/min per 1.73 m2), G3 (i.e., GFR 30−59 mL/min per 1.73 m2), G4 (i.e., GFR 15–29 mL/min per 1.73 m2), and G5 (i.e., GFR <15 mL/min per 1.73 m2) (22) were adopted in the present study. However, due to the sparsity of data from CKD patients, the categories were combined into G2-G3 (i.e., GFR 30–89 mL/min per 1.73 m2 which represents early-stage CKD) and G4-G5 (i.e., GFR <30 mL/min per 1.73 m2 which represents late-stage CKD) groups to improve the power of subsequent statistical analysis.

The findings from physical examination including body temperature, heart rate (HR), and final diagnosis of epidermal necrolysis were considered. Regarding the final diagnosis of epidermal necrolysis, the extent of involved body surface area was determined based on the maximum percentage of epidermal detachment during the course of disease and was categorized as SJS, SJS-TEN overlap, and TEN following the disease definition proposed by Bastuji-Garin et al. (17).

The laboratory data considered in the present study include blood urea nitrogen (BUN), hemoglobin level (Hb), white blood cell (WBC) count, platelet count, and serum levels of glucose, bicarbonate (HCO3), sodium (Na), potassium (K), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, and albumin. The cut-off levels for dichotomizing HR, BUN, serum glucose, and serum HCO3 levels were those used in the SCORTEN. Abnormalities of WBC count, platelet count, serum Na, serum K, serum AST, serum ALT, and serum total bilirubin levels were also determined following those of the SCORTEN study (12). Serum Hb <10 g/dL was classified as low Hb in accordance with a previous study on SJS/TEN by Kannenberg et al. (23). Meanwhile, serum albumin <2 g/dL has been shown to significantly increase the mortality risk in burn patients according to a previous study (24); this cut-off level was therefore applied in the present study.

Data of physical examination and laboratory findings were extracted from the first 5 days of hospitalization, since Guégan et al. (25) reported an excellent performance of the SCORTEN during these first 5 days, as shown by the area under the receiver operating characteristic curve of >0.8. As the highest accuracy of the SCORTEN was found on day 3 of hospitalization, data from day 3 were used when available.



Statistical analysis

Frequency and percentage were used for describing categorical data. For continuous data, mean and standard deviation (SD) or median and interquartile range (IQR) were applied depending on the distribution of the data. Univariate analysis was performed on all interested variables by simple logistic regression with death as the outcome. The variables with p-values <0.2 from univariate analysis were included in a forward selection process, with a forced adjustment for treatments with systemic corticosteroids and intravenous immunoglobulin, to yield a parsimonious logistic regression model used in the multivariate analysis. The resultant odds ratios (OR) and their delta-method standard errors were used to estimate risk ratios (RR) and their 95% confidence intervals (CI) (26), in order to avoid the overestimation of relative risk inherent to ORs in cohort studies such as the present one (27). P-values of < 0.05 were considered statistically significant. The Stata statistical software package version 15.0 (StataCorp, College Station, TX) was used in all analyses.




Results

There were 156 inpatients assigned with an ICD-10 code of L51.1, L51.2, or L51.8. Among them, 56 were excluded by the reasons displayed in Figure 1. The remaining 100 patients were reviewed by two board-certified dermatologists to exclude other diagnoses than SJS, SJS-TEN overlap, and TEN. Finally, 76 patients were included in the present study (Figure 1).


[image: Figure 1]
FIGURE 1
 Flow diagram of the patient selection process. SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.


Overall, the mean (SD) age was 52.0 (18.1) years, and 40 (52.6%) of the patients were female. Of the 76 eligible patients, 46 (60.5%) were diagnosed with SJS, 15 (19.7%) with SJS-TEN overlap, and 15 (19.7%) with TEN. Ten patients died during the course of the disease, resulting in a mortality rate of 13.2% (95% CI: 6.5–22.9%). Among these 10 deceased patients, one had SJS, two had SJS-TEN overlap, and seven had TEN. The mortality rates (95% CI) for SJS, SJS-TEN overlap, and TEN could be estimated at 2.2% (0.06–11.5%), 13.3% (1.7–40.5%), and 46.7% (21.3–73.4%), respectively. The patients' characteristics are summarized in Table 1.


TABLE 1 Patients' characteristics in relation to the death outcome.

[image: Table 1]

Drug was the major cause of disease, accounted in 73 (96.1%) patients, among whom 68 (89.5%) had a single culprit drug, 4 (5.3%) had multiple culprit drugs, and culprit drug could not be identified in 1 (1.3%). The culprit drugs are listed in Tables 2, 3. The most frequent culprit drugs were allopurinol (16.2%) and trimethoprim/sulfamethoxazole (16.2%), followed by phenytoin (13.2%), carbamazepine (7.4%), and rifampicin (5.9%).


TABLE 2 List of culprit drugs in patients with single culprit drug, categorized by drug notoriety (18, 21).

[image: Table 2]


TABLE 3 List of culprit drugs in patients with multiple culprit drugs.
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The results of univariate analysis of potential prognostic factors for mortality are shown in Tables 4, 5. Nine of them were significantly associated with death, including age, malignancy, CKD with baseline estimated GFR of either 30–89 or <30 mL/min per 1.73 m2, coronary artery disease, HR >120 beats/min, final diagnoses of SJS-TEN overlap and TEN, BUN >10 mmol/L, Hb <10 g/dL, and serum albumin <2 g/dL. They were included in the multivariate model selection, along with stroke, body temperature >39°C, and total bilirubin ≥68.4 mmol/L which yielded p-values of <0.2.


TABLE 4 Univariate analysis of potential prognostic factors for mortality in patients with Stevens–Johnson syndrome and toxic epidermal necrolysis.
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TABLE 5 Univariate analysis of additional potential prognostic factors for mortality in patients having drug–related Stevens-Johnson syndrome and toxic epidermal necrolysis with single culprit drug.
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Subsequently, four variables were finally shown to be independent prognostic factors for mortality from the multivariate analysis adjusting for treatments with systemic corticosteroids and intravenous immunoglobulin, i.e., TEN, malignancy, BUN level >10 mmol/L at the presentation of SJS/TEN, and CKD with baseline estimated GFR of 30–89 mL/min per 1.73 m2 (Figure 2). Patients with TEN had an increased risk of death by approximately eight times relative to those with SJS (RR 8.29, 95% CI: 2.71–25.38). Both malignancy and BUN >10 mmol/L were associated with approximately three-fold increased mortality risk (RR 3.34, 95% CI: 1.68–6.69 and RR 3.02, 95% CI: 1.28–7.14, respectively). Meanwhile, CKD with baseline estimated GFR of 30–89 mL/min per 1.73 m2 showed almost a five-fold elevation in mortality risk in comparison to absence of CKD (RR 4.81, 95% CI: 2.49–9.28), independent of the BUN level at the presentation of SJS/TEN.
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FIGURE 2
 Independent prognostic factors for mortality in patients with Stevens-Johnson syndrome and toxic epidermal necrolysis. Risk ratios are adjusted for systemic therapy administered. BUN, blood urea nitrogen; CI, confidence interval; GFR, glomerular filtration rate; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.




Discussion

Our study was a 14-year retrospective cohort study aiming to identify additional prognostic factors for mortality of patients with SJS/TEN, with estimated mortality rates of SJS, SJS-TEN overlap, and TEN of 2.2, 13.3, and 46.7%, respectively. Using the ALDEN score, drug was considered to be the cause of epidermal necrolysis in the majority of cases, but the culprit drug could not be identified in 1.3% of them. The most frequent culprit drugs were allopurinol and trimethoprim/sulfamethoxazole, followed by phenytoin, carbamazepine, and rifampicin. These culprit drugs are considerably similar to those commonly found in previous studies from the United States (28), Europe (10), and other Asian countries (29), except for rifampicin, which could be due to the endemicity of tuberculosis in Thailand. However, there is some variation in the ranks among these most common culprit drugs between different regions, which might be explained by the difference in the patients' genetic background (30). A number of pharmacogenetic markers have been reported to be of high prevalence in the Thai population, i.e., HLA-B*58:01, HLA-A*33:03, and HLA-C*03:02 for allopurinol; HLA-C*08:01, HLA-C*14:02, and HLA-DRB1*12:02 for trimethoprim/sulfamethoxazole; and HLA-B*15:02 for carbamazepine and oxcarbazepine (31, 32).

Although a previous 10-year observational study of 113 patients with SJS/TEN suggested that withdrawal of the causative drug not later than the day of SJS/TEN definite sign occurrence was associated with the better prognosis (OR of 0.69 for earlier withdrawal by each day, 95% CI: 0.53–0.89) (14), the present study could not identify a significant association between late drug withdrawal and mortality. Likewise, significant associations of causality, drug notoriety, and time interval from drug intake to onset of reaction with mortality were not found in this study. Nonetheless, four independent prognostic factors for mortality after adjusting for the administered systemic therapy were identified, i.e., TEN, malignancy, high BUN level at the presentation of SJS/TEN, and pre-existing early-stage CKD. Even though late-stage CKD was also found to be significantly prognostic for death from the univariate analysis, the association became statistically non-significant as well as considerably weaker (as shown by the change in magnitude of the estimated RR from 3.82 to 1.35) in the multivariate analysis. The latter finding indicates confounding effects that other predictors in the model (i.e., systemic corticosteroids and intravenous immunoglobulin therapy, final diagnosis of SJS/TEN, malignancy, and BUN level) have on the association between late-stage CKD and death. Of note, the fact that all late-stage CKD patients had BUN level >10 mmol/L at the presentation of SJS/TEN strongly suggests a confounding effect from BUN level. However, similar confounding effects on the relationship between early-stage CKD and death were less likely, as shown by the minimal difference between the univariate and multivariate RRs. In other words, the association between early-stage CKD and death could not be explained by the elevated BUN level, and thus early-stage CKD can be considered predictive for mortality in the present study, independent of other significant factors including BUN level at the presentation of SJS/TEN.

Association between impaired renal function and mortality of SJS/TEN patients has been explored in previous studies, in the form of BUN levels, acute kidney injury, or states of renal insufficiency of unspecified chronicity (2, 12, 33–36). Significant association between impaired renal function and delayed clearance of plasma oxypurinol (i.e., the main metabolite of allopurinol) as well as the risk for severe cutaneous adverse reactions has been demonstrated in patients taking allopurinol. The resultant increases in plasma levels of oxypurinol and granulysin (i.e., a major cytotoxic and chemotactic factor in SJS/TEN) have also been found to significantly relate to mortality in allopurinol-induced SJS/TEN (37). In the present study, early-stage CKD has shown a moderate (38) association with the risk of mortality (RR 4.81, 95% CI: 2.49–9.28), regardless of the BUN level. To the best of our knowledge, CKD has never been reported as an independent prognostic factor for mortality in patients with SJS/TEN. These findings may suggest a raise in awareness while caring for SJS/TEN patients with CKD, even when the BUN level is not particularly high, which may subsequently lead to more prompt management in the event of rapid deterioration. However, our analysis should be considered exploratory, and therefore future studies are warranted to confirm these findings.

The present study also demonstrated statistically significant associations of other prognostic factors from the SCORTEN, including age and HR >120 beats/min, with the risk of death from the univariate analyses. Considering the seven prognostic factors from the SCORTEN, significant associations with death, at least from univariate analysis, were shown for TEN, malignancy, older age, HR >120 beats/min, and BUN >10 mmol/L, whereas positive but non-significant associations were observed for serum glucose >14 mmol/L and serum HCO3 <20 mmol/L. Overall, it can be inferred that the SCORTEN is an appropriate prognostic score for predicting mortality in Thai patients with SJS/TEN.

Apart from the risk factors from the SCORTEN, coronary artery disease, Hb <10 g/dL, and serum albumin <2 g/dL were significantly associated with mortality of patients with SJS/TEN from univariate analysis in the present study. Previous studies have reported associations between hypoalbuminemia and mortality in several settings including critical care, cardiovascular disease, renal disease, and thermal burns (24, 39). In SJS/TEN, a significant association between serum albumin <2.5 g/dL and mortality (OR 8.5, 95% CI: 2.43–29.75) has been shown in a previous study (23). As the functions of albumin include maintenance of plasma oncotic pressure, binding and transport properties, antioxidant effects, and anti-apoptotic effects, low levels of serum albumin could lead to third-space fluid loss, malnutrition, and abnormal immune responses, which could contribute to the increased mortality risk of patients with SJS/TEN.

There are limitations in our retrospective study. It was conducted in a single university-based hospital with a small sample size. The number of patients with CKD was also limited. Larger studies are needed to confirm our findings.



Conclusions

CKD has been found to be a moderately strong, independent, prognostic factor for mortality of patients with SJS/TEN in the present study, along with BUN >10 mmol/L, TEN, and malignancy. Serum albumin <2 g/dL, coronary artery disease, and Hb <10 g/dL were also significantly associated with the risk of death from univariate analysis. Further studies are warranted to examine and confirm these associations.
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