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Abstract
Risk calculators are widely used in many clinical fields, 
and integrate several important risk factors through 
the conversion of a risk function into a single measure 
of risk. Several studies have been carried out to cre-
ate risk calculators for the prediction of hepatocellular 
carcinoma (HCC) in patients with chronic hepatitis B 
(CHB). Most of them were hospital-based, with limited 
sample sizes and insufficient external validation. These 
study groups collaborated to establish the REACH-B 
risk score, which incorporated five clinical variables to 
predict HCC risk. This risk score was then validated in 

international clinical cohorts. Evidence suggests that 
quantitative serum HBsAg level provides additional 
predictability of HCC, especially in patients with low 
levels of hepatitis B virus DNA. This novel marker was 
incorporated into a risk calculator and was internally 
validated. This tool will hopefully be externally validated 
in the near future. Risk calculators can be used to sup-
port clinical practice, and to establish preventive mea-
sures; several “off-label” extension usages have also 
been implemented. Albeit beneficial, several precau-
tions and discussions should be noted in using the risk 
calculators. The future development of risk calculators 
for CHB patients can be extended by applying them to 
additional CHB-related outcomes, and by incorporating 
emerging risk parameters.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The risk calculator is a useful tool in many 
fields of medicine, including hepatology. This paper re-
views the history of the development and validation of 
risk calculators of hepatocellular carcinoma (HCC) for 
patients with chronic hepatitis B (CHB). The rationale 
for using HCC risk calculators is first given, followed by 
a description of the course and pathway towards deriv-
ing HCC risk estimation tools for treatment-free CHB 
patients. Examples of the application of HCC risk pre-
diction tools in clinical and public health settings is also 
shown. The paper also discusses several issues raised 
by the application of HCC risk scores. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most im-
portant adverse outcomes of  chronic hepatitis B virus 
(HBV) infection, which affects more than 350 million 
people worldwide[1,2]. HCC causes poor quality of  life 
and shortened survival, and is thus regarded as a major 
health challenge. The risk of  chronic hepatitis B (CHB) 
progressing to HCC may be reduced by antiviral thera-
py[3], and surveillance with abdominal ultrasonography 
and serum alpha-fetoprotein tests can screen patients 
for early HCC treatment. Although the global number 
of  individuals infected with CHB is extensive, especially 
in endemic areas such as Asian-Pacific and sub-Saharan 
African regions, only a small number of  patients develop 
end-stage liver diseases. Therefore, the identification and 
triage of  patients who are at high risk of  HCC develop-
ment is important. Several factors, such as gender, age, 
family history of  HCC, presence of  hepatic inflamma-
tion/fibrosis, alcohol consumption, elevated viral load, 
hepatitis B e antigen (HBeAg) positivity, and specific 
HBV genotypes (e.g., genotype C), have been identified to 
be independently associated with elevated risk of  HCC 
development (Figure 1)[4-8]. These factors, including pa-
tient, viral, and environmental factors, interact with one 
another and lead to HCC development in patients with 
chronic HBV infection. From the individualized medi-
cine point of  view, these factors should be used to reveal 
the future risk of  HCC progression in patients with viral 
hepatitis so that preventive measures can be applied to 
those with high risk. Intuitively, a patient who has all of  
the risk factors for HCC can easily be categorized as very 
high risk (such as patient A in Table 1), whereas a patient 
without risk factors can be identified as very low risk (such 
as patient B in Table 1), despite not knowing the exact 
risk in these patients. However, the risk in patients with 
mixed risk profiles (patients C and D in Table 1) cannot 
easily be determined or compared. Thus, a tool that is 
evidence based and appropriately weights these risk pre-
dictors to provide a simple and accurate risk estimate for 
the interested outcome (i.e., HCC) would be very helpful. 
Consequently, some investigators have responded accord-
ingly to this demand.

RISK CALCULATORS FOR 
HEPATOCELLULAR CARCINOMA IN 
CHB PATIENTS WITHOUT ANTIVIRAL 
TREATMENT
By 2011, several study groups had established predic-
tion models that incorporated several clinical variables 
to estimate HCC risk for CHB patients (Table 2)[9-12]. 
Most of  those were hospital-based in study design with 
limited sample sizes. These HCC prediction models had 
diverse sets of  risk predictors, although some common 
parameters were used. The most important issue was the 
lack of  external validation to a satisfactory extent, which 

was common among those tools. To solve this problem, 
these study groups collaborated to established an HCC 
risk score (REACH-B) incorporating gender, age, se-
rum alanine transaminase (ALT) concentration, HBeAg 
status, and serum HBV DNA level as the predicting 
parameters[13]. This study derived a 17-point risk model 
from 3584 treatment- and cirrhosis-free CHB patients 
in a community-based Taiwanese cohort (REVEAL-
HBV), and validated its use in a composite hospital-based 
cohort (n = 1505) from Hong Kong and Korea. This 
risk score could predict HCC with a wide range of  risks, 
ranging from 0.0% to 23.6% at 3 years, 0.0% to 47.4% 
at 5 years, and 0.0% to 81.6% at 10 years for patients 
with the lowest through the highest scores. Although the 
derivation and validation cohorts were quite different in 
their distributions of  sex, age, HBeAg serostatus, ALT 
concentration, HBV DNA level, and cirrhosis, the risk 
score developed from the derivation cohort accurately 
and reliably estimated the HCC risk at 3, 5 and 10 years 
of  follow-up in the validation cohort. The area under the 
receiver operating characteristic curve (AUROC) and the 
corresponding 95%CI were 0.811 (0.790-0.831), 0.796 
(0.775-0.816), and 0.769 (0.747-0.790), respectively, in 
predicting 3-, 5- and 10-year HCC risk, which indicate 
a fair discriminatory capability. The performance of  the 
risk score was improved when cirrhotic patients were 
excluded from the validation cohort[13]. Moreover, the 
predicted risks were similar to the observed risks as esti-
mated by the Kaplan-Meier method, which indicate good 
calibration. This is the first study to provide firm external 
validation of  the use of  a HCC risk prediction tool in a 
group of  clinical CHB patients. 

Recently, several lines of  evidence have suggested 
that quantitative serum HBsAg levels provide additional 
predictability of  HCC, especially in patients with low 
levels of  HBV DNA[14-16]. This novel marker features 
high reproducibility and relatively low cost. Thus, the 
original REVEAL nomograms were then upgraded by 
incorporating this novel risk predictor into the HCC risk 
prediction model[16]. In addition to HCC, this study also 
provided a prediction model for predicting the long-
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Patient A Patient B Patient C Patient D 

  Gender Male Female Male Female
  Age (yr) 70 30 55 40
  ALT (U/L) 100 15 25 40
  HBeAg Positive Negative Negative  Negative
  HBV DNA 
  (copies/mL)

> 106 < 300 104 105

  Risk of HCC Very high
(but the 

exact risk is 
unknown)

Very low
(but the 

exact risk is 
unknown)

Unknown Unknown

Table 1  Scenario for chronic hepatitis B patients with various 
risk profiles

ALT: Alanine transaminase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis 
B virus; HCC: Hepatocellular carcinoma.



term development of  cirrhosis as well. The risk predic-
tion model for HCC included age, sex, family history of  
HCC, and a combined variable encompassing HBeAg se-
rostatus, serum HBV DNA and ALT levels, quantitative 
serum HBsAg level, and HBV genotype as the predict-
ing parameters (Table 3; all parameters were included in 
the REVEAL nomogram except for quantitative serum 
HBsAg level). The projected 5-, 10-, and 15-year HCC 
risk for each score was pre-calculated and depicted in a 
nomogram (Figure 2). This upgraded HCC risk calculator 
was internally validated using a third of  the population 
from which the model was derived from, and showed 
excellent prediction accuracy and discriminatory ability. 

Taking the REACH-B score as a precedent, this up-
graded version may hopefully be validated externally us-
ing clinical CHB patients to prove its accuracy, reliability, 
and added predictive capability over the original version 
in the near future. In addition to this, because testing se-
rum HBV DNA levels is relatively costly compared to all 
other risk predictors in the risk calculator, a model/score 
might be generated in which quantitative serum HBsAg 
levels can be used in lieu of  serum HBV DNA levels. 
This score/model, once generated and validated, can be 
used as a first-line risk prediction instrument by general 
practitioners and CHB patients who are interested in 
knowing their long-term risk, thereby largely extending 
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Elevated viral load

HBeAg
status

HBV
Genotype

Viral factors

Age

Host characteristics
and 

environmental exposure

Hepatic
inflammation
/fibrosis

Gender
(M > F)

Alcohol
consumption

Family history

Figure 1  Known risk factors for hepatocellular carcinoma disease progression for chronic hepatitis B. M: Male; F: Female; HBV: Hepatitis B virus; HBeAg: 
Hepatitis B e antigen. 

IPM[12] GAG-HCC risk score[11] CUHK clinical scoring system[10] REVEAL nomograms[9]

  Area Korea Hong Kong Hong Kong Taiwan
  Origin of subjects Hospital-based Hospital-based Hospital-based Community-based
  No. of subjects for derivation 2020 820 1005 2435
  Feature of subjects Not limited to CHB CHB CHB CHB
  No. of model 1 1 1 3
  Risk predictors Gender Gender  Age Gender

Age Age Albumin Age
HCV infection HBV DNA level Bilirubin ALT level
HBV infection CP mutations HBV DNA level Family history of HCC

AFP level Cirrhosis Cirrhosis Alcohol consumption
Chronic hepatitis HBeAg

Cirrhosis HBV DNA level
Heavy alcoholics HBV genotype

ALT level
  Risk function Logistic regression Cox regression Cox regression Cox regression
  Predicted outcomes HCC risk 5-yr and 10-yr HCC risk 5-yr and 10-yr HCC risk 5-yr and 10-yr HCC risk
  Validation (No. of subjects for   
  validation)

2-yr prospective 
validation (n = 833)

Leave-one-out cross-
validation

External validation (n = 424) External validation with data 
splitting (n = 1218)

Table 2  The hepatocellular carcinoma risk calculators for patients with chronic hepatitis B which have been developed before 2011

ALT: Alanine transaminase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.
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understanding their own risk. The risk prediction score 
might also complement clinical practice guidelines by 
functioning as a risk stratification system. From a public 
health viewpoint, the risk calculator can bridge the gap be-
tween personal risk profiles and population health impact 
resulting from HCC, and may help in proper allocation 
of  health care resources. For example, by knowing the 
distributions of  scores from community and clinical set-
tings used in the REACH-B paper (shown in Figure 3)[13], 
one can try to estimate the impact of  HCC according to 
different risk scores in specific time frames. Further analy-
ses on its cost-effectiveness can be conducted in order to 
guide public health intervention plans. 

A key question that has been raised about the usage 
of  the risk calculator is, how will patients with diverse 
predicted risks be managed differently? An argument was 
also brought up that it may instead be more important 
to identify a group of  patients with a zero risk for HCC 
within a specific time frame. As Figure 2 shows, the HCC 
risk that can be predicted by the risk score is a risk con-
tinuum. The risk is never zero, even in patients with the 
lowest scores. The potential cut-off  risk and correspond-
ing management strategies is an issue. However, the 
risk calculator only deals with risk estimation of  HCC. 
The management of  CHB patients should take other 
information into consideration such as benefits, adverse 

the application of  this tool into the community.

IMPLICATIONS OF HCC RISK 
CALCULATORS FOR CLINICS AND 
PUBLIC HEALTH
As a useful risk estimation tool, the HCC risk calculator 
can be used to support clinical practice as well as de-
rive preventive measures. The risk score helps to create 
a gauge for HCC risk assessment that can be used for 
evidence-based decisions during clinical management of  
chronic HBV carriers. Based on patients’ personalized 
HCC risks, their follow-up intervals, surveillance patterns, 
and referral strategies can be tailored. Furthermore, as 
antiviral therapy has been shown to improve histology[17], 
timely antiviral therapy in high-HCC-risk patients may 
lead to improvement in quality of  life and prolonged sur-
vival. The risk score also provides an appropriate platform 
for physician-patient communication, which may help to 
raise patients’ awareness of  HCC and assist in imparting 
knowledge to high-risk patients. Patients’ willingness to 
receive antiviral therapies may hopefully be motivated by 

  Baseline hepatocellular carcinoma predictor Risk score

  Age (yr)
     30-34 0
     35-39 1
     40-44 2
     45-49 3
     50-54 4
     55-59 5
     60-65 6
  Sex 
     Female 0
     Male 2
  Levels of ALT (IU/L) 
     < 15 0
     15-44 1
     ≥ 45 2
  Family history of hepatocellular carcinoma 
     No 0
     Yes 2
  HBeAg/HBV DNA/HBsAg/genotype 
     Negative/< 104/< 100/any type 0
     Negative/< 104/100-999/any type 2
     Negative/< 104/≥ 1000/any type 2
     Negative/104-106/< 100/any type 3
     Negative/104-106/100-999/any type 3
     Negative/104-106/≥ 1000/any type 4
     Negative/≥ 106/any level/B or B + C 5
     Negative/≥ 106/any level/C 7
     Positive/any level/any level/B or B + C 6
     Positive/any level/any level/C 7

Table 3  The most updated hepatocellular carcinoma risk 
score for chronic hepatitis B patients upgraded from the 
REVEAL nomogram

ALT: Alanine transaminase; HBeAg: Hepatitis B e antigen; HBsAg: 
Hepatitis B surface antigen.
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Figure 2  The updated REVEAL nomogram for the prediction of hepatocel-
lular carcinoma risk. HCC: Hepatocellular carcinoma.
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REACH-B study[13].
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effects, as well as the cost-effectiveness of  management 
strategies. International guideline development commit-
tees may integrate all of  these factors when setting up 
threshold scores for beginning various clinical interven-
tions.

EXTENDING THE USE OF HCC RISK 
SCORES IN TREATMENT RESEARCH
The REACH-B scoring system has been used to classify 
anti-viral treatment eligibility of  CHB patients according 
to the 2012 Asian Pacific Association for the Study of  
the Liver (APASL) treatment guidelines[18]. In this study, 
a total of  904 noncirrhotic CHB patients were enrolled, 
and their age, gender liver biochemistry, HBeAg status, 
and HBV DNA levels were recorded. This study showed 
that for patients to be eligible for anti-viral treatment, the 
minimal REACH-B score should be 7 and 6, respectively, 
for HBeAg-seropositive and -negative patients. Addi-
tionally, in HBeAg-seronegative patients, the REACH-B 
score could predict treatment eligibility, with an adjusted 
OR (95%CI) of  1.78 (1.61-1.98). In HBeAg-seropositive 
patients, however, this same score-dependent eligibility 
of  treatment was not observed. In this study, the authors 
also showed that the REACH-B score was excellent in 
discriminating treatment eligibility for young (< 40 years) 
HBeAg-seropositive patients (AUC: 0.903) and in both 
young (< 45 years; AUC: 0.907) and older (≥ 45 years; 
AUC: 0.883) HBeAg-seronegative patients; but the dis-
criminatory capability for older (≥ 40 years) HBeAg-
seropositive patients was poor (AUC: 0.664). After an in 
depth investigation, they found that 46.4% of  HBeAg-
seropositive patients older than 40 years of  age with high 
risk of  HCC, as estimated by a REACH score ≥ 11, 
would be erroneously excluded from treatment, mainly 
because their ALT levels never exceeded 2 × ULN, even 
after frequent blood tests during follow up. In other 
words, these patients were excluded from treatment, 
despite the fact that all these patients were significantly 
viraemic. The authors suggested that the severity of  liver 
fibrosis in these high-risk patients be evaluated through 
liver biopsy or complementary noninvasive tools such as 
liver stiffness measurements, rather than exclude them 
from treatment. 

The accuracy of  HCC risk scores that were derived 
from treatment-naïve CHB patients has been evalu-
ated in 1531 patients treated with entecavir[19]. These 
patients were treated with entecavir 0.5 mg daily for at 
least 12 mo, and were assessed once every 3-6 mo for 
symptoms, drug history, and adherence, in addition to 
collecting blood samples for biochemical analyses. Three 
HCC risk scores, including the CU-HCC, GAG-HCC, 
and REACH-B scores were used based on profiles at the 
start of  treatment and 2 years later after treatment. The 
AUROCs for utilizing the CU-HCC, GAG-HCC, and 
REACH-B scores for predicting HCC were 0.80 (95%CI: 
0.75-0.86), 0.76 (95%CI: 0.70-0.82), and 0.71 (95%CI: 
0.62-0.81), respectively. This study also evaluated the on-

treatment performance of  HCC risk scores, as well as the 
change in HCC risk scores from baseline to 2 years after 
treatment with entecavir. Interestingly, the CU-HCC, 
GAG-HCC, and REACH-B scores, which were originally 
developed in treatment-naïve patients, can be applicable 
to predict subsequent development of  HCC in patients 
treated with entecavir. However, because all of  these 
scores were derived from and validated in treatment-free 
cohorts, and many potential predictors related to therapy 
and responses during and after treatment could not be 
collected, they may not be the optimal prediction tools 
for CHB patients under antiviral treatment. A risk calcu-
lator derived from treated patients, which includes pre-
treatment, on-treatment, and post-treatment parameters, 
might best fit this purpose.

Recently, the REACH-B score has been used as a nat-
ural history counterpart to evaluate the long-term effect 
of  antiviral therapy using tenofovir on HCC incidence 
over time[20]. The analysis included more than 600 pa-
tients from two multinational Phase 3, placebo-controlled 
tenofovir trials (one for HBeAg-seronegative patients 
and the other for HBeAg positive patients). Participants 
in both trials were randomly assigned to tenofovir treat-
ment or placebo for 1 year, after which the patients could 
opt to continue on open-label tenofovir for 8 years. The 
REACH-B scores were estimated using patients’ baseline 
data. The standardized incidence ratio (SIR) of  observed 
versus expected number of  HCC cases, which was esti-
mated according to the REACH-B score, was calculated. 
The analysis showed that by year 6, the SIR (95%CI) was 
0.50 (0.29-0.84), which meant a 50% decrease from the 
predicted number of  HCC cases. The effect of  tenofovir 
was noticeable in non-cirrhotic patients (75% of  study 
patients), in which a SIR (95%CI) of  0.45 (0.23-0.91) 
could be observed at 6 years of  therapy. The authors 
concluded that the incidence of  HCC in patients on te-
nofovir in both trials was lower than what was predicted 
by the REACH-B model, and that potent antiviral thera-
py may reduce the risk of  HCC. Of  note, among patients 
with cirrhosis (25% of  study patients), the observed 
numbers of  HCC were closer to the curve of  expected 
cases predicted by REACH-B. This result, however, does 
not necessarily rule out the long-term benefits of  tene-
fovir, because the REACH-B score was generated from 
non-cirrhotic patients, which may have underestimated 
actual HCC risk in cirrhotic patients without treatment.

It has been stated in the conclusion of  the National 
Institutes of  Health Consensus Development’s statement 
on the management of  hepatitis B[21] that the major goals 
of  anti-HBV therapy are to prevent the development of  
progressive disease, specifically cirrhosis and liver fail-
ure, as well as HCC and subsequent death. However, to 
date, no randomized clinical trials (RCTs) of  anti-HBV 
therapies have demonstrated a beneficial impact on over-
all mortality, liver-specific mortality, or development of  
HCC. Most published reports of  hepatitis therapy use 
changes in short-term virologic, biochemical, and his-
tologic parameters to infer the likelihood of  long-term 
benefit. Approved therapies are associated with improve-
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ments in intermediate biomarkers, including suppressed 
HBV DNA levels, HBeAg loss or seroconversion, de-
creases in ALT levels, and improvement in liver histol-
ogy. According to this statement[21], the most important 
research needs include representative prospective cohort 
studies to define the natural history of  the disease, and 
large RCTs of  monotherapy and combined therapies, in-
cluding placebo-controlled trials, that measure the effects 
on clinical health outcomes.

The aforementioned study was a good example in 
using the risk score developed from a natural history co-
hort as a scale to quantify the effect of  antiviral therapy. 
For the time being, it is no longer feasible to conduct 
placebo-controlled RCTs to prove the efficacy of  antivi-
ral drugs on long-term outcomes, because they need large 
populations and a very long time to observe enough pa-
tients with outcomes. In addition, when treatments began 
showing their initial benefits, not treating patients for the 
sake of  an arm of  a clinical trial was no longer ethical. In 
this case, comparing outcomes from treatment cohorts 
with an existing natural history cohort is much more 
feasible. In adopting this approach, a difficulty may be 
encountered - CHB patients who are eligible for antiviral 
treatment should typically have worse risk profiles. When 
comparing the long-term risk of  disease progression be-
tween CHB treatment cohorts and CHB natural history 
cohorts, it is crucial to take patients’ risk profiles (such 
as gender, age, ALT, HBeAg, and HBV DNA level) into 
consideration because these are all important risk predic-
tors of  long-term clinical health outcomes. This issue can 
be overcome by introducing the natural history risk score, 
as shown by Kim et al[20] which was used as a risk scale to 
be contrasted with treatment cohorts. 

PRECAUTION AND DISCUSSION OF 
USING THE RISK SCORES
Although the risk calculators are easy-to-use and the 
REACH-B predictive score was externally validated to be 
an applicable tool for HCC risk estimation, several pre-
cautions and discussions should be taken. Because sur-
veillance strategies derived from a Taiwanese population 
might not apply globally, further validation is still needed 
in patients of  different ethnicities, geographical areas, 
ages at infection, genetic background, HBV genotypes or 
species, comorbidities, and exposures to environmental 
factors such as aflatoxin and alcohol[13,22,23]. 

Another key question for the REACH-B score is 
whether this particular risk calculator is suitable for 
cirrhotic patients. We know that cirrhosis occurs at a 
relatively late stage in the spectrum of  liver disease, and 
studies indicate that the annual risk of  developing HCC 
among these patients is extremely high[24]. However, to 
date, there is no HCC risk prediction tool for patients 
with severe fibrosis and cirrhosis. As the carcinogenesis 
of  HCC is a multistage and multi-factorial process, the 
risk predictors for developing HCC in cirrhotic patients, 
in which CHB has already progressed to a relatively 

late stage, should be very different from those patients 
without cirrhosis. A universal risk prediction tool for the 
whole spectrum of  patients is thus not reasonable. The 
predictability of  the REACH-B risk score in cirrhotic pa-
tients is limited because the derivation cohort did not in-
clude CHB patients with this complication. The original 
REACH-B article showed that the accuracy and values 
of  prediction diminished when applying the risk score to 
cirrhotic carriers[13]. However, for those in the early stages 
of  liver disease, its accuracy was quite satisfactory. We 
should also bear in mind that cirrhosis itself  is an impor-
tant predictor for future HCC development. Therefore, 
patients with existing cirrhosis need close monitoring and 
timely initiation of  antiviral therapy. Risk assessment in 
this group of  patients, or the use of  cirrhosis as a vari-
able might therefore be pointless. 

The concern has been raised on whether the risk 
score is suitable to be used for changing risk profiles 
during follow-up, either spontaneously or as a result of  
antiviral treatment. Because current HCC risk predic-
tion tools were generated from a natural history cohort 
without history of  antiviral therapy, the inference of  
predicted risks under circumstances of  antiviral therapy 
should theoretically be inappropriate. Furthermore, cur-
rent HCC prediction tools are based on one-shot baseline 
measurements; further validation studies are required to 
evaluate whether this risk score is applicable for chang-
ing risk profiles during follow-up, either changing spon-
taneously or through antiviral therapy. A risk calculator, 
which incorporates not only the baseline risk parameters 
but also the repeated measurements of  patients’ risk pro-
files, would be expected to solve this problem, and thus 
deserves further efforts.  

The risk calculator is a practical tool for managing 
various phases of  a specific disease. Therefore, several 
other clinical outcomes and milestones of  CHB, such as 
cirrhosis, liver-related mortality, as well as the seroclear-
ance of  HBeAg, HBsAg, and HBV DNA, can also be 
suitable for the development of  risk or probability pre-
diction tools. One example is a predictive scoring system 
for the spontaneous seroclearance of  HBsAg in HBeAg-
seronegative CHB patients[25]. Besides focusing on out-
comes, some emerging clinical parameters might hopeful-
ly be incorporated into the current HCC risk score[26-29]. 
The incorporation of  serum quantitative HBsAg titers is 
a good example; other factors such as host genetic and 
immunologic markers might also be candidates once their 
independent predictability are proved, even after taking 
known risk predictors into consideration. The realization 
of  these prediction tools may benefit CHB patients by 
providing comprehensive and individualized management 
instruments, which have been developed based on scien-
tific evidence of  risk. 
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