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Simulation Parameters

Monte Carlo Iterations
Between-Dosage-Form Variance
Correlation Decay Rate (lambda)
Acceptable Risk Threshold
Monitor Threshold

Action Required Threshold

Unacceptable Risk

1,000

75% of total SD"2 (see Appendix 2)
0.010 (see Appendix 3)

< 0.3% predicted failure

< 1% predicted failure

< 2.5% predicted failure

>= 2.5% predicted failure

Dissolution Specification

Time (min) Spec Type Limit / Q Mean (%) SD (%)
15 min NMT 30 28% 8%
30 min Range 40-60 55% 8%
45 min NLT 80 83% 6%

PREDICTED FAILURE STAGE 1 RELEASE STAGE 2 RELEASE STAGE 3 RELEASE

0.0% 62.7% 28.8%

RISK RATING

Capability & Risk Dashboard

Analysis performed: 4/2/2026, 12:48:36 PM | Ilterations: 1,000 | Between-tablet variance: 75% | Decay lambda: 0.010

Release Probability by Stage Process Robustness - All Time Points
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RISK INTERPRETATION & STRATEGIC GUIDANCE
(XTI TL7V-INRY Overall predicted batch failure rate: 8.50%
Predicted failure rate of 8.50% your (2.5%). intervention is required. Do not commit to this ification without a method- pivot or process improvement program.
0.0% 62.7% 28.8% 8.50%
Failure Rate by Time Point:
15 min (NMT 30%):
30 min (Range 40-60%):
45 min (NLT 80%):
0.75x
If failure risk your A i luating your Target Profile (ATF) to identify whether method variability is contributing to risk. A method-specification pivot -
Iuti ions to reduce analytical noise - can expand your effective operating window without changing the product. Contact Cachet C for a full ATP-driven risk analysis.

Consultant Strategic Recommendations:

Unacceptable results with 7.6% of batches expected to fail. Updates to the test method and potentially the process to reduce variability and tighten
means is recommended.

Disclaimer: This Monte Carlo simulation is a predictive tool for informational and educational purposes only. Results should not be used as the sole basis for regulatory submissions
or batch release decisions. Actual dissolution outcomes may vary. Cachet Pharma Consulting, LLC assumes no liability for regulatory outcomes based on this model.
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1. Monte Carlo Simulation

This tool uses Monte Carlo simulation to estimate the probability of batch failure under USP <711> dissolution testing. Rather than making a single
analytical prediction, the simulator generates 1,000 virtual batches. Each batch contains 24 simulated dosage units with values drawn from the
specified statistical distribution and correlation structure. By tallying stage outcomes across all batches, the tool converts process mean and
standard deviation data into actionable failure probability estimates.

2. Dosage Form Variance & Between-Unit Autocorrelation

A fundamental principle of dissolution testing is that each dosage unit is the same physical object throughout the entire test. A tablet that dissolves
slowly at 15 minutes will, in all likelihood, still dissolve slowly at 30 and 45 minutes because the same physical properties - particle size, porosity,
coating thickness, and compaction density - persist throughout the measurement. This phenomenon is called autocorrelation.

If dosage units were treated as statistically independent at each time point, the simulator could assign a 'slow' result at 15 minutes and a ‘fast’
result for that same unit at 30 minutes. This is physically impossible and leads to systematic overprediction of batch failure. The total observed
standard deviation is decomposed into two components:

* Between-Dosage-Form Variance (set to 75% of total SD*2):

Represents genuine unit-to-unit manufacturing differences that are persistent across all time points. A unit in the slow tail of this
distribution will be slow at every time point. This is the primary driver of autocorrelation.

» Residual Within-Unit Variance (25% of total SD"2):
Represents time-point-specific analytical noise and minor measurement fluctuations that are statistically independent between time

points and do not contribute to autocorrelation.

The observed value for dosage unit i at time point t is modelled as:

X(i,t) = mu(t) + b(i,t) + e(i,t)

where mu(t) = population mean at t, b(i,t) = correlated between-unit offset, e(i,t) = independent residual noise

The between-unit offsets b(i,t) are drawn from a multivariate normal distribution with the exponential decay correlation structure described in
Section 3, using Cholesky decomposition to ensure mathematical exactness. [Ref. 4, 5]

3. Correlation Decay Rate (lambda = 0.010)

Even for a slow-dissolving dosage unit, the strength of the autocorrelation weakens over longer time intervals as cumulative dissolution converges
toward complete release. The correlation between two time points ti and tj is modelled using an exponential decay function:

corr(ti, tj) = exp( -lambda x |ti - tj| )

where lambda > 0 is the decay rate and [ti - tj| is the absolute time gap in minutes

This family of functions is widely used in longitudinal data modelling and geostatistics to represent processes where nearby observations are more
strongly related than distant ones. [Ref. 4, 6] At the selected lambda = 0.010, the implied correlations are:

- 15-minute time gap: 86.1% correlation

- 30-minute time gap: 74.1% correlation

- 60-minute time gap: 54.9% correlation

- 90-minute time gap: 40.7% correlation
Higher lambda values reflect products where dissolution behaviour changes substantially over the profile, such as certain extended-release
formulations. Lower values are appropriate for immediate-release products where early and late time point behaviour are tightly linked. The default

value of 0.010 is a conservative and broadly applicable starting point for most solid oral dosage forms. Users with historical dissolution data are
encouraged to estimate lambda by fitting the empirical correlation matrix to this functional form.

4. USP <711> Stage Testing Logic

The simulator applies the full three-stage USP <711> dissolution acceptance criteria to each simulated batch. [Ref. 2] The worst-case stage
outcome across all time points determines the overall batch result:
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e Stage 1 (S1) - 6 units:
Each individual unit must meet Q + 5% (NLT) or Q - 5% (NMT). All 6 must pass. No failures permitted at this stage.

e Stage 2 (S2) - 12 units total:
The mean of all 12 units must meet Q. No individual unit may fall below Q - 15% (NLT) or exceed Q + 15% (NMT).

e Stage 3 (S3) - 24 units total:
The mean of all 24 units must meet Q. No more than 2 units may fall outside Q - 15%. No unit may fall outside Q - 25%.

A batch is recorded as a failure only if it does not satisfy the criteria at any of the three stages. The overall predicted failure rate reported in this
document is the percentage of simulated batches that failed all three stages.
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Disclaimer: This Monte Carlo simulation is a predictive tool for informational and educational purposes only. Results should not be used as the sole basis for regulatory submissions
or batch release decisions. Actual dissolution outcomes may vary. Cachet Pharma Consulting, LLC assumes no liability for regulatory outcomes based on this model.



