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Abstract

Aim: Accurate causality assessment (CA) of adverse events (AEs] is important in clinical
research and routine clinical practice. The Naranjo scale (NS) used for CA lacks specificity,
leading to a high rate of false positive causal associations. NS is a simple scale for CA;
however, its limitations have reduced its popularity in favour of other scales. We therefore
attempted to improvise the algorithm by addressing specific lacunae in NS.

Methods: We attempted to modify the existing NS by (a) changing the weightage given to
certain responses, (b) achieving higher resolution to certain responses for delineating drug
related and unrelated AEs and (c) modifying the slabs for classification of association as
‘likely and “unlikely’. The new scale, named as the Sharma-Nookala-Gota (SNG) algorithm,
was evaluated in a training set of 19 AEs in a tertiary care cancer hospital in western India,
and further validated in a set of 104 AEs. Consensus of four physician opinion was taken as
gold standard for comparison.

Results: Of the 19 AEs in the training set, 6 were described by the treating physician as
‘not related” and 13 as related to the drug. The SNG algorithm had 100% concordance with
physician opinion, whereas the NS had only 73.7% concordance. NS showed a tendency

to misclassify AEs as ‘related” when they were indeed 'not related’. In the validation set

of 104 AEs, NS and SNG algorithms misclassified 30 and 2 AEs, respectively, leading to a
concordance of 70.2% and 98.1%, respectively, with physician opinion.

Conclusion: Decisive modifications of the NS resulted in the SNG scale, with superior
specificity while retaining sensitivity against the gold standard.

Keywords: SNG algorithm, adverse drug reactions, adverse events, drug safety,
pharmacovigilance
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Plain Language Summary
SNG algorithm - A novel tool for causality assessment of adverse drug reactions

Adverse events (AEs] can cause increased morbidity, hospitalisation, and even death. Hence
it is essential to recognise AEs and to establish their correct causal relationship to a drug.
Many causality assessment methods, scales and algorithms are available to assess the
relationship between an AE and adrug. The Naranjo algorithm is most commonly employed
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in spite of its many drawbacks as it is simple to use. Concerns have been raised regarding
the performance of the scale, and researchers have tried to answer them, but none of
them could address all issues satisfactorily. We too experienced many problems while
using it in our routine clinical practice and in clinical trials. For instance, the Naranjo scale
is non-specific and shows a bias toward implicating the drug as the causal factor for AEs.
This improper assessment has often led to drug discontinuation, thereby compromising
the efficacy of treatment. Hence, we modified the existing Naranjo scale to a new one (the
Sharma-Nookala-Gota - SNG algorithm) to address these shortcomings. We piloted the
SNG causality assessment algorithm in patients suffering from AEs due to various drugs.
The SNG algorithm was found to have good concordance with the physicians’ assessment
of causality. As a next step, we validated the SNG algorithm in patients receiving a standard
drug combination of pemetrexed and carboplatin for lung cancer combination. Out of the
104 AEs observed in 65 patients, the SNG causality assessment algorithm showed good
concordance (except in two cases) with the physicians’ decision of causality assessment,
while the Naranjo algorithm was not so successful. Hence, the SNG algorithm can be a
better guide for causality assessment of AEs.

Introduction

Adverse drug reactions (ADRs) are one of the
major causes of mortality and morbidity, driving
healthcare costs higher every year.! Against this
backdrop, accurate assessment of causality of
adverse events (AEs) is extremely important from
the perspective of both day-to-day practice as well
as drug development. Accurate assessment of
causality avoids mislabelling of events as drug
related, thus avoiding unnecessary dechallenge of
drugs.? Causality assessment (CA) can also influ-
ence insurance coverage and resource allocation
in hospitals.>> From a legal perspective, accurate
CA may aid in settlement of litigation for medical
malpractice/negligence.® Similarly, proper CA is
also important in drug development for establish-
ing the safety profile of the drug and its labelling.!
CA is undertaken extensively during pharma-
covigilance and post-marketing surveillance, with
the goal of better establishing the safety profiles of
drugs.”® Regulatory authorities routinely evaluate
ADR reports, where CA can aid risk—benefit
assessment of new medicines.®

There are several methods for CA of AEs includ-
ing expert judgment, Bayesian methods, algo-
rithms and scales. However, no single tool is
universally accepted or considered a gold stand-
ard.1%11 Among the CA scales, the Naranjo Scale
(NS) is used widely because it is simple and
quick to carry out. It was initially developed to
serve as an ADR monitoring tool in clinical trials
and registration trials of new drugs. However, it
has some limitations that have been questioned

previously by a number of investigators. First of
all, NS is biased in favour of a positive causal
association between the drug and an AE.!? This
is a consequence of inappropriate weightage
given to some questions,!? and, in our opinion,
setting a rather low threshold for calling an event
as causally related to the drug. Second, the entire
scale of 10 questions was constructed based on
experience from only 63 cases, which has
resulted in a less specific and less reliable assess-
ment tool.!%15 Therefore, not surprisingly, in
phasel clinical trials conducted at our centre,
these limitations of NS came to the fore, result-
ing in gross disagreements in CA as per NS and
expert opinion.

There is an urgent need to develop accurate and
simple tools for CA. Despite its limitations, major
strength of the NS tool is its simplicity. Therefore,
we decided to revise the NS through modifica-
tions in weightage assignment and redefining the
threshold for relatedness, at the same time retain-
ing its simplicity. The development and valida-
tion of the new scale, the Sharma-Nookala-Gota
(SNG) algorithm, is reported here.

Patients and methods

This study was conducted in a tertiary care cancer
hospital in western India. The study was approved
by our Institutional Ethics Committee (approval
number: IEC/0416/1511/001) and was conducted
in accordance with Good Clinical Practice guide-
lines and the Declaration of Helsinki. ADR data
used in this study was collected from the respective
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studies after obtaining informed consent from
patients.

Many studies and researchers have suggested
modification to NS.2816-18 Qur experience with
causality assessment from early phase trials using
the NS prompted us to modify the scale. Five
AEs observed in two clinical trials conducted at
our centre are discussed (Supplemental material
I). The AEs could not be assessed satisfactorily
for causality using the NS. The NS was therefore
modified (Table 1) as discussed below, which led
to the development of the SNG algorithm.

Steps involved in deriving the SNG scale
from the NS

Appropriateness of questions

Question 3 was modified to also include situa-
tions where drugs are administered cyclically,
such as cancer chemotherapy. By its very nature,
cyclical administration of drugs mimics the sce-
nario of dechallenge. Question 5 of NS was modi-
fied to reduce the probability of falsely concluding
a causal association in situations where there is
high level evidence available for an alternative
cause (Table 1).

Weightage

The scoring of ‘Yes’ and ‘No’ responses of some
of the questions were changed based on their
strength of association with causality. The
changes in scores and the questionnaire are shown
in Table 1. Assigning appropriate weightage with
adequate reasoning and justification is an impor-
tant attribute of a good CA scale. Seger er al.
challenged NS saying that a positive temporal
relationship (question 2) would place an AE in
the ‘possible’ category of association even before
any other questions are answered.!® We agree
with this suggestion because several factors
including disease progression, comorbidities and
concomitant medications can lead to AEs that
may coincide with the introduction of a drug.
Therefore, temporal association cannot be solely
relied upon for CA. Hence for the response ‘Yes’,
the score was reduced to ‘+1’° from ‘+2°. No
alterations were made to the ‘No’ and ‘Do not
know’ responses.

Question 3 refers to improvement in AE
after discontinuing the drug (dechallenge) or

administration of a specific antagonist. Response
to dechallenge is a critical parameter capable of
strongly implicating the drug with an AE or
absolving it.1° This is also an immediate reaction
to an AE by any physician, especially if the AE is
severe. As a result, the score assigned to ‘Yes’ was
increased by one to ‘+2’ and that of ‘No’ response
was changed to ‘~1’° from ‘0’ allowing greater res-
olution of causality assessment depending on the
outcome of dechallenge. It is pertinent to note
that if the AE does not improve as a response to
dechallenge but decreases following initiation of
specific AE-related treatment (symptomatic or
otherwise), then the response to dechallenge
should be considered negative and a score of -1’
should be given.

In our SNG scale, no question was deleted from
the existing NS scale. However, some authors
have recommended removal of a few questions
that are not applicable for a specific population of
patients. For instance, Kane-Gill ez al. raised
doubts about the utility of question 4 (dechal-
lenge) in Intensive Care Units (ICU).!'7 The SNG
algorithm is yet to be validated in the ICU setting,
but the question on rechallenge is nevertheless rel-
evant to the majority of clinical situations.
However, the scoring of response to rechallenge
was modified as discussed subsequently. An
answer of ‘No’ applies if rechallenge was done,
but the AE did not reappear. This is a strong indi-
cator of the drug not being a causal factor for the
event.2? Hence, we increased the score from ‘-1’
to ‘—2’. This pattern of scoring will also offset any
false positive responses there may be for other
questions of the NS wrongly associating the drug
with the event. It is important to allow a higher
negative weightage for answers that are strongly
predictive of the drug not being associated with
the event in order to have a more balanced assess-
ment of causality and minimise false positive out-
comes. Although, for the response ‘Yes’ to
rechallenge indicating the AE resolved or improved
when the medication was stopped and subse-
quently reappeared unequivocally upon restarting
the drug, the earlier NS scoring of ‘+2’ was
retained. It is pertinent to note that the NS also
allows for a ‘Yes’ if the causal association is well
known and rechallenge cannot be done for clinical
or ethical reasons.!®

Kane-Gill also suggested that question 6 (adminis-
tration of placebo) should be removed because it is
highly unlikely to be answered.!” However, our
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Table 1. Suggested modifications in the Naranjo scale.

Naranjo Question Response Scoring Scoring as per
question no. as per NS SNG algorithm
2 Did the AE appear after the suspected drug was administered? Yes +2 +1
No -1 -1
Don’t know 0 0
3 Did the AE improve when the drug was discontinued or a specific Yes +1 +2
antagonist was administered?
OR No 0 -1
In case of chemotherapy administered cyclically, did the AE Don't k 0 0
improve before the next dose (with or without causing a delay in on tknow
administering the dose)
4 Did the AE reappear when the drug was re-administered? Yes +2 +2
No -1 -2
Don’t know 0 0
5 Are there alternative causes that could, on their own, have caused  Yes -1 (a) -1/(b) -2
the reaction? If yes, your decision is based on
(a]Case reports/Cohort study/Expertise N
RCT (large/small) ° +2 i
Don’t know 0 0
7 Was the drug detected in blood or other fluids in concentrations Yes +1 +2
known to be toxic?
No 0 -1
Don’t know 0 0
8 Was the reaction more severe when the dose was increased or less Yes N +2
severe when the dose was decreased?
No 0 0
Don’t know 0 0

AE, adverse event; NS, Naranjo scale; SNG, Sharma-Nookala-Gota; RCT, randomised controlled trial.

objective was to validate a scale, sufficiently
generic, that it can be used in any situation. For
example, many functional disorders mimic drug-
induced AEs. Use of placebo would be important
to confirm the causal association in such cases.
Therefore, this question was also retained.

Question 5 deals with alternative causes that could,
on their own, have caused the reaction. Since AEs
are often nonspecific and can be manifestations of
the disease being treated or an unrelated, concur-
rent disease or condition, other diagnoses need to
be considered and excluded.!® Also, concomitant

medications may be involved in causation of AEs.
The strength of association between an alternative
cause and the AE should determine the score for
this question. We therefore believe that the level of
evidence available for an alternative cause should
be considered while scoring question 5. Hence, we
split the scoring of a ‘Yes’ response to ‘—1’ if the
evidence in favour of an alternative causes are
case-control studies and expert opinions, or ‘-2’ if
the evidence is coming from randomised con-
trolled studies (RCTs) or meta-analysis/system-
atic reviews. In addition, Rehan ez al. made a very
pertinent observation that the source or cause of
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disagreement in CA between raters was attributa-
ble to this question in most cases because of the
difference in scores allowed for ‘no’ (score=+2)
and ‘do not know’ (score=0) responses.!8 Absence
of an alternative cause is an indirect, and hence
weak, pointer towards causal association between
the drug and event. Hence, the scoring for absence
of an alternative explanation was reduced from
‘+2’ to ‘+1°. This will also ensure that any disa-
greement between raters will not impact the over-
all score significantly.

Question 7 refers to levels of drug detected in
blood or other fluids in concentrations known to
be toxic. Kane-Gill observed that this question
should not be retained in NS since it is not practi-
cal to monitor all drugs by blood concentration.!”
This question applies specifically to exposure-
dependent ADRs where drug levels above a cer-
tain threshold are known to be toxic. Drug level
monitoring is fairly routine practice for anti-
epileptics, anti-tubercular, some anti-cancer
drugs, immunosuppressants and antifun-
gals.?21-25 Question 7 is relevant in such situa-
tions. For instance, visual disturbance and
hallucinations are known to occur at trough vori-
conazole levels above 6 mg/l. Thus, a patient pre-
senting with  hallucinations has trough
voriconazole levels above this threshold at the
same time, it will certainly aid in implicating the
drug as a causal factor for the AE.?¢ Similarly,
non-toxic or sub-threshold levels can be good
negative predictors of association. As a result, the
score of response ‘Yes’ indicating objective evi-
dence of toxic drug levels was changed from ‘+1°
to ‘“+2’ and for ‘No’ from ‘0’ to “-1°. No altera-
tions were made to the ‘Do not know’ response.

Kane-Gill challenged the practicality of the 8th
question, which deals with intensity of the AE
when the dose was increased or decreased. We felt
that, in many cases, physicians cannot discontinue
medication as the drug may be critical for survival
and all reactions are not dose dependent. In such
cases, response to questions regarding dechal-
lenge and rechallenge cannot be answered (ques-
tions 3 and 4, respectively). Question 8 establishes
the dose—response relationship between the drug
and the AE.!” While a positive dose-response
relationship strongly implicates the drug as the
causal factor, absence of dose-response relation-
ship does not necessarily absolve the causal asso-
ciation. For instance, the hypersensitivity reaction

to penicillin is not dose dependent and hence
there will not be any change in intensity of reac-
tions even if doses are reduced.?’” Therefore, the
scoring was appropriately changed from ‘+1’ to
‘+2’ for “Yes’. The score of ‘0’ was retained for
absence of dose-response relationship without
resorting to negative scoring. Again, no alteration
in scoring was made to the ‘Do not know’
response.

Interpretation of scoring

The NS categorises AEs into four categories: def-
inite (=9), probable (8-5), possible (4-1) and
doubtful (=<0). In the SNG algorithm, slabs for
each grade of causality was moved upwards by 2
points from ‘doubtful’ and above and a new cat-
egory, ‘not related’, was introduced for scores
=<-1 as shown in Table 2.

The SNG algorithm is shown in Table 2. It was
initially tested in a training set of 19 AEs from the
outpatient clinics of our hospital. These cases
were assessed using the NS and SNG causality
assessment algorithms and compared against
experienced physicians’ opinion as gold standard.
Identified cases were verified for being reported
or not in a drug database Micromedex®
Medication, Disease and Toxicology Management
Solutions (Truven Health Analytics, Grand
Rapids, MI, USA). The cases were selected such
that they covered the entire spectrum of causality
from ‘doubtful’ to ‘definite’ as per NS.

The SNG algorithm was further validated with
AEs noted in patients enrolled in the study enti-
tled ‘Monitoring adverse drug reactions of pem-
etrexed and platinum doublet chemotherapy in
patients with non- squamous non-small cell
lung cancer or mesothelioma’. AEs were cap-
tured prospectively from February 2016 to
August 2017. Patients of either gender aged
18 years and above with histologically proven
non-squamous non-small cell lung cancer
(NSCLC) and mesothelioma were included in
the study. The treatment regimen comprised of
four cycles of pemetrexed—carboplatin doublet
chemotherapy followed by maintenance peme-
trexed at 3-weekly intervals until disease
progression.

AEs were identified primarily in the out-patient
department (OPD) during regular follow up.
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Table 2. SNG causality assessment algorithm.

Sr.no:  Questions Yes No Don’t know
1 Presence of previous conclusive report on adverse reaction. +1 0 0
2 Did AE appear subsequent to administration of suspected drug? +1 -1 0
3 (a) Did the AE improve when the drug was discontinued or a +2 -1 0
specific antagonist was administered? OR
(b) In case of chemotherapy administered cyclically, did the AE
improve before the next dose (with or without causing a delay in
administering the dose
4 Did the AE reappear when the drug was re-administered? +2 -2 0
5 Are there any alternative causes other than the suspected drug -1 +1 0
that could have caused the reaction on their own? -2
(aJCase reports/Cohort study/Expertise
RCT (large/small)
6 Did the AE reappear when a placebo was administered? -1 +1 0
7 Was the incriminated drug detected in toxic concentrations in +2 -1 0
blood (fluids)?
8 Did the AE worsen on increasing the dose or decreased in severity +2 -1 0
with lower doses?
9 Did the patient have a similar reaction to the same or similar +1 0 0
drugs in any previous exposure?
10 Was the AE confirmed by objective evidence? +1 0 0

Total score:

Interpretation of score: <-1, Not Related; 0-2, Doubtful; 3-6: Possible; 7-10, Probable; =11, Definite.
AE, adverse event; RCT, randomised controlled trial; SNG, Sharma-Nookala-Gota.

Three members of the study team determined
causality using both NS and SNG algorithms,
which were subsequently compared against phy-
sician’s opinion as gold standard.

Statistical analysis plan

Kappa statistics was used to test concordance
between the two CA scales and the gold standard
— physician’s opinion. Sensitivity, specificity,
kappa values and accuracy of CA scales against
the gold standard was carried out using 2 X 2 con-
tingency table function in SPSS® (version 21.0,
IBM, Chicago, IL, USA). Categorical data was
compared between groups using the chi-square
test. Outcomes of the assessment results (related
or unrelated) of SNG algorithm and NS were
compared against the gold standard by McNemar’s
test.

Results

During the training set, assessment of the original
19 AEs by the authors using the NS categorised the
AEs as ‘doubtful’ (z=1), ‘possible’ (n=8), ‘proba-
ble’ (n=5) and ‘definite’ (#=5). The same cases
assessed using the SNG algorithm categorised the
AEs as ‘not related’ (n=1), ‘doubtful’ (n=5), ‘pos-
sible’ (n=4), ‘probable’ (n="7) and ‘definite’ (n=2).
The number of questions answered to arrive at the
final causality score in each case is shown in Table
3. The CA of all cases using NS and SNG algo-
rithms arranged in decreasing order of the strength
of association is also shown in Table 3.

The validation set consisted of 104 AEs observed
in 65 patients. The cases were categorised as
‘doubtful’ (n=6, 6%), ‘possible’ (n=36, 35%),
‘probable’ (n=50, 48%) and ‘definite’ (n=12,
12%) in the NS, whereas the SNG algorithm
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Table 3. Causality assessments of AEs using SNG causality assessment algorithm and Naranjo scales arranged in decreasing order

of the strength of association.

Sr.no Drug AE No of Naranjo scale SNG causality
questions assessment algorithm
answered

Score Category Score Category

1 Sunitinib Leukopeni_a and 8 " Definite 13 Definite

neutropenia

2 Gemcitabine Transaminitis 7 10 Definite 1 Definite

3 Telmisartan Hyperkalemia 7 9 Definite 10 Probable

4 Carboplatin Hyponatremia 6 9 Definite 9 Probable

5 Carboplatin Febrile neutropenia 6 9 Definite 9 Probable

and Leukopenia

6 Linezolid Black hairy tongue 6 8 Probable 8 Probable

7 Irinotecan Febrile neutropenia 7 7 Probable 8 Probable

8 Pemetrexed Thrombocytopenia 6 7 Probable 7 Probable

9 Telmisartan Increased serum 7 6 Probable 7 Probable

creatinine

10 Gemcitabine Thrombocytosis 4 6 Probable 5 Possible

" Gefitinib Transaminitis 4 5 Probable 5 Possible

12 Paclitaxel+ carboplatin Febrile neutropenia 4 9 Probable 9 Possible

and Leukopenia

13 TKI (drug under phase | study) ~ Thromboembolism 4 4 Possible 3 Possible

14 Gefitinib Hyponatremia 2 3 Possible 2 Doubtful

15 Pegaspargase Febrile neutropenia 3 2 Possible 1 Doubtful

16 Tyrosine Kinase Inhibitor Dyspnoea 3 2 Possible 1 Doubtful

17 Tyrosine Kinase Inhibitor Thrombocytopenia 3 2 Possible 0 Doubtful

18 Tyrosine Kinase Inhibitor Diarrhoea 4 1 Possible 0 Doubtful

19 Vinorelbine Anemia 2 -1 Doubtful -2 Not related

AE, adverse event; SNG, Sharma-Nookala-Gota; TKI, tyrosine kinase inhibitor.

classified the causality as ‘not related” (=18,
17%), ‘doubtful’ (n=19, 18%), ‘possible’ (=30,
29%), ‘probable’ (=35, 34%) and ‘definite’
(n=02, 2%). The NS called 98 out of 104 (94%)
events as ‘likely’ related to the drug. On the other
hand, the SNG algorithm was more conservative
with 37 out of 104 (35.6%) being called “unlikely’
to be related to the drug (Table 4). The perfor-
mance indicators of NS and SNG algorithm in

training and validation sets respectively against
the gold standard is shown in Table 5. The distri-
bution of scores for each of the 104 cases on the
NS and SNG algorithm is shown in Figure 1

McNemar’s test for comparing the outcomes of
assessment showed that the causality assess-
ments by SNG and gold standard (physicians’
consensus) were not statistically different (p=1)

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw

Therapeutic Advances in Drug Safety 12

Table 4. Validation set results.

Category Causality NS SNG causality assessment algorithm
(n=104] No. of cases  Percentage (%) No. of cases Percentage (%)
Not Related Unlikely _ _ 18 17.31

Doubtful 06 5.77 19 18.27

Possible Likely 36 34.62 30 28.85

Probable 50 48.08 85 33.65

Definite 12 11.54 2 1.92

NS, Naranjo scale; SNG, Sharma-Nookala-Gota.

Table 5. Comparison of NS and SNG causality algorithm performance against the gold standard in training and validation sets.

Set and analysis Training set (n=19) Validation set (n=104)

NS compared with gold SNG algorithm NS compared with gold  SNG algorithm compared

standard compared with standard with gold standard

gold standard

Values 95% ClI Values 95% CI Values 95% CI Values 95% CI
Kappa 0.215 -0.082-0.215 1 0.451-1 0.20 0.058-0.341  0.958 0.9-1
Concordance 73.70% 0.637-0.737 100% 0.763-1 70.19% 61.4-79% 98.08% 95.4-100.7%
Sensitivity 1 0.927-1 1 0.827-1 100% 94.64-100%  98.51% 91.96-99.96%
Specificity 0.167 0.009-0.167 1 0.624-1 16.62% 6.19-32.01% 97.3 85.84-99.93%
Positive predictive value  0.722 0.670-0.722 1 0.827-1 68.37% 65.23- 98.51% 90.52-99.78%

71.35%

Negative predictive value 1 0.055-1.0 1 0.624-1 100% 0.530-1.000 97.3% 83.72-99.6%

Cl, confidence interval; NS, Naranjo scale; SNG, Sharma-Nookala-Gota.

Relatedness margin:

Adverse Event Identifier SNG
NS —
14
wl2
= XX
Q10 ee
bt x
8 AR HK S IHRNMNN AN,
= X WK WM X
™ 6 XX X RS e R
2] X X KX 2o exeneee
S 4 XK X0 XX KK X x
(1] plocd XX seseee
Q5 AR
X pleed XKessesessssssoven
0 e
20 15 30 as 50 75 X gg, XK *oape
XK X XK X
-4 x

X
« Naranjo Scale (NS)  x SNG Scale

Figure 1. Graphical representation of the distribution of scores by the NS (#) and SNG causality algorithm (X]
scales for each of the 104 AEs. Causality scores above the horizontal lines indicate relatedness according to
NS (black line] and modified NS (red line), respectively.

AE, adverse event; NS, Naranjo scale; SNG, Sharma-Nookala-Gota.
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(Table 6), while the outcomes of assessments by
NS were significantly different from gold stand-
ard. (p=0.001) (Table 7).

Discussion

Causality assessment of AEs is ‘a quest for the
holy grail’ in drug development and pharma-
covigilance, since an accurate and reliable tool
does not exist for routine use in clinical trials and
practice. The existing causality scales suffer from
lack of clarity, over-estimation of causal associa-
tion and lack of consensus with expert judge-
ment,!2:28:29 gnd attempts to improve the scales
have been unsuccessful in overcoming these limi-
tations satisfactorily. A recent model developed
by Roche, an individual case safety report (ICSR)
causality  decision  support tool called
MONARCSI, is a logistic transformation of the
NS with complex mathematical equations.?® In
spite of being mathematically intensive, the model
exhibited moderate sensitivity (65%) with Roche
safety professionals’ assessment of causality.

In our study, we observed that only 68 out of 104
(64.42%) AEs documented in the validation set
were listed in Micromedex® for pemetrexed and
carboplatin combined. The NS called 98 events
as causally related, of which 30 were not listed in
Micromedex®. This is a significant overestima-
tion by NS because it is rather unusual for so
many unreported ADRSs to occur in a small cohort
of 65 patients involving 104 AEs with a drug
regime that has been in use since 2004.3! On the
other hand, the SNG algorithm called 67 AEs as
causally related, all of which are listed on
Micromedex®. However, the high specificity of
the SNG algorithm came at the cost of slight loss
in sensitivity, with one AE being ruled as ‘not
related’ when it was related to the drug regimen.

Many researchers and clinicians have suggested
modification to NS. However, none of the mod-
ified scales could completely answer the major-
ity of the researchers’ issues. However, the SNG
causality algorithm is able to answer queries
relating to most of the researcher’s difficulties.
We did also consider the recommendations of
other researchers in finalising the questionnaire.
In this manuscript we discuss about the issues
faced by the various clinicians/researchers and
how they are answered by the SNG causality
algorithm.

Table 6. 2 X2 Contingency table between the results of causality
assessment by physicians’ consensus and SNG causality assessment

algorithm.
hysician’s Related Unrelated Total
consensus
SNG algorithm
Related 66 1 67
Unrelated 1 36 37
Total 67 37 104

SNG, Sharma-Nookala-Gota.

Table 7. 2 X2 Contingency table between the results of causality
assessment by physicians’ consensus and NS causality assessment.

Physician’s Related Unrelated Total
consensus
Naranjo scale
Related 67 31 98
Unrelated 0 6 6
Total 67 37 104

NS, Naranjo scale.

Seger er al. opined that positive response to the
second question in NS placing the drug to be in
the ‘possible’ category (of causing an ADR) even
before any other questions are answered.!6 We
agree with their opinion and hence the weight of
the ‘yes’ response was reduced in the SNG. This
reduction in weight allows other questions to
have an impact on overall causality assessment.

Kane-Gill er al. opined that rechallenge is not
commonly used in ICUs and hence suggested
that this rechallenge question should be removed
from NS.!17” We are not in agreement with Kane-
Gill er al., as the causality assessment question-
naire is not only for the ICU setting as rechallenge
is relevant in all other scenarios and hence should
be retained. The SNG causality algorithm is yet
to be validated in the ICU setting.

Rehan er al. observed a high inter-rater disagree-
ment observed among users of the NS; they
attributed this to question #5 of NS in most cases
because of the difference in scores assigned for
‘No’ and ‘Do not know’ responses (2 and 0,
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respectively) in the NS.18 We agree with the
authors, because absence of an alternative cause
is an indirect and hence a weak pointer towards
causal association between the drug and an event.
Hence, the scoring for absence of an alternate
explanation was reduced from ‘+2’ to ‘+1’ in the
SNG. Often, the existence of an alternative cause
is not obvious and hence raters opinion may be
divided between ‘No alternative cause’ and ‘Do
not know’, leading to high inter-rater disagree-
ments. Reducing the score from +2 to +1 in the
SNG for the absence of an alternative explanation
will also ensure that any disagreement between
raters highlighted by Rehan ez al. will not impact
the overall score significantly.

Kane-Gill er al. suggested for removal of sixth
question of NS because they felt administration
of a placebo is not common in any patient popu-
lation.!” However, we feel that this question
should be retained because there are functional
disorders that may mimic drug-induced AEs. Use
of placebo would be important to confirm the
causal association in such cases. Furthermore, the
purpose is to develop a general scale that can be
used in any situation. The same authors felt that
it is not practical to monitor all drugs by blood
concentrations, and that question #7 of NS
should be removed. However, we feel that drug
level monitoring is a routine practice for
anti-epileptics, anti-tubercular, some anti-cancer
drugs, immunosuppressants and so on. If the
scale must be relevant for all situations, this ques-
tion should be retained. This will ensure the
importance of measuring the drug levels.

We concur with the suggestion of Kane-Gill ez al.
regarding question 8 of NS that the question
needs more clarification because all reactions are
not dose dependent. Furthermore, wherever a
reaction shows dose dependency, it strongly
implicates the drug as the causal factor. Hence,
the score has been changed from +1 to +2 in the
SNG scale. However, the absence of dose—
response relationship for an AE does not neces-
sarily absolve the drug. Hence, the score of ‘0’ is
retained in the SNG scale, without resorting to
negative scoring. These authors have also felt that
question 10 of NS overlaps with question 7; how-
ever, we feel that there is no overlap because
question 7 refers to detection of toxic levels of
drug in blood or body fluids, whereas question 10
refers to objective evidence confirming the AE.

Researchers that grades of causality (e.g. ‘possi-
ble’, ‘probable’, ‘definite’) offer little practical
advantage and only ‘related’ versus ‘unrelated’ is
needed for regulatory reporting requirements.8
However, we feel that the causality algorithm is
intended not only in regulatory reporting but also
in routine clinical practice. The strength of associ-
ation becomes important if the scale must be used
in clinical practice. Hence the grading ‘possible’,
‘probable’, definite’ becomes important. For regu-
latory reporting, any associations ‘possible’ and
beyond can be considered ‘related’. ‘Doubtful’
and ‘Not related’ may be considered ‘unrelated’.

Avner et al. raised a pertinent point that the NS
does not deal adequately with the time relation-
ship between drug administration and the AE.2
They felt that more information is needed in
addition to question 2, for example whether the
appearance of symptoms corresponds to the typi-
cal time of appearance described for the specific
ADR in the literature? We too agree with the
authors, but we feel that the algorithm should be
sufficiently flexible for use in situations where not
much is known about the drug, as in early clinical
development stages. Therefore, we did not mod-
ify the wording of question number 2 in the SNG
algorithm; instead, we reduced the score by 1 to
minimise false positive associations. In any case,
in routine clinical practice, physicians are likely to
respond to temporal association based on their
knowledge of the typical time of appearance of
AEs, whether or not it is stated explicitly.

A major limitation of our study is the limited
number of cases in which the SNG algorithm was
validated. Indeed, it was also one of the criticisms
made about the NS by many commentators.
Besides, the generalisability of the SNG algorithm
to niche therapeutic areas such as paediatric and
ICUs cannot be ascertained. More studies involv-
ing larger numbers of cases are required in these
therapeutic domains to establish the superiority
of SNG algorithm over NS. Besides, some of the
shortcomings of NS also apply to the SNG algo-
rithm. For instance, a conclusion of definite asso-
ciation cannot be made with the SNG algorithm
despite a positive dechallenge and rechallenge
response, if information on drug levels and dose-
response relationships are not available. This
information may not be available in majority of
cases. Thus, although the SNG algorithm cor-
rectly categorised such events as ‘related’, the
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strength of association would be underestimated
owing to the conservative nature of the tool.

We validated the SNG algorithm in a clinical
practice setting, which is its strength, thereby
overcoming a major drawback of the NS, which
was validated in the setting of an RCT.1432 The
chosen regimen of pemetrexed and carboplatin
has been in existence for more than a decade,
and, therefore, expert’s judgement can serve as
gold standard in this setting owing to accumu-
lated evidence of ADRs from a large body of
patients. The poor performance of NS against
physician’s opinion in our study underscores its
limitations. On the other hand, superior concord-
ance achieved with the SNG algorithm supports
our strategy of reallocation of slabs for categorisa-
tion of causality and revised weight allocation for
certain questions.

Validation of the SNG algorithm in different
settings including paediatrics and ICUs using
larger cohorts of patients is underway. Validation
is being carried out using drug regimens whose
ADR profile is fairly well characterised. Once
this is done, the SNG algorithm will be piloted
in an early phase clinical trial where not much
would be known about the ADR profile of the
investigational drug. A series of such validations
would be required before the SNG algorithm
can replace NS as the preferred tool for CA.

To conclude, the SNG algorithm allowed better
causality assessment between the drug and an
AE, and showed high concordance with physi-
cian opinion. Unlike NS, the SNG algorithm
was validated in a clinical setting by a team of
oncologists and clinical pharmacologists with
several years of experience treating patients with
the chosen drug regimen. The NS showed a bias
towards classifying AEs as ‘drug related’.
Decisive alterations including revised scoring of
some questions and rearranging the slabs that
determined the strength of association resulted
in an algorithm with superior specificity while
retaining the sensitivity of the NS. The SNG
algorithm can be used for routine pharmacovigi-
lance and causality assessment activities in rou-
tine clinical practice.
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