


# 8. Biometrics 

## 8.1 Study Design (e.g., double-blind, randomized, controlled, placebo, parallel groups, multicenter)

In this section, describe the overall structure of the clinical trial to ensure it aligns with the research objectives. Clearly indicate which design elements are applicable by checking the relevant boxes, and provide a brief rationale for your choices to justify why this design minimizes bias and maximizes validity.

□ 8.1.1 open  
An open study means no blinding is used, and all participants and investigators know the treatments assigned. For example, in an exploratory phase I trial, you might write: "This is an open-label study to allow real-time monitoring of safety signals in a small cohort of healthy volunteers."

□ 8.1.2 randomized □ 8.1.3 parallel groups □ 8.1.4 monocentric  
Randomization assigns participants to groups by chance to reduce selection bias. Parallel groups mean participants receive only one treatment throughout. Monocentric indicates the study is conducted at a single site. For instance: "The trial employs randomization using a computer-generated sequence to allocate participants to parallel groups at a single center, ensuring balanced distribution of baseline characteristics."

□ 8.1.5 blind  
Blinding conceals treatment allocation from participants or investigators to prevent bias in outcomes. An example sentence: "Single-blinding will be implemented where only the participants are unaware of the treatment to minimize placebo effects in subjective symptom reporting."

□ 8.1.6 controlled □ 8.1.7 cross-over □ 8.1.8 multicenter  
A controlled study includes a comparison group, such as active control or placebo. Cross-over design has participants switch treatments midway. Multicenter involves multiple sites for broader recruitment. Example: "This multicenter, controlled cross-over trial compares the investigational drug against standard care, with participants crossing over after a washout period to serve as their own controls."

□ 8.1.9 double-blind □ 8.1.10 placebo □ 8.1.11 factorial □ 8.1.12 pilot project  
Double-blinding hides treatment from both participants and investigators. Placebo is an inert control. Factorial tests multiple interventions simultaneously. Pilot project is a small-scale feasibility study. For example: "As a double-blind, placebo-controlled factorial pilot project, the study will assess two doses of the drug in combination with lifestyle intervention to evaluate preliminary efficacy and safety."

□ 8.1.13 observer-blinded □ 8.1.14 equivalence testing  
Observer-blinding means outcome assessors are unaware of treatments. Equivalence testing aims to show treatments are similarly effective. Example: "Observer-blinding will be used in this equivalence trial to objectively compare the new generic formulation against the reference drug without assessor bias."

□ 8.1.15 Other:  
If the design includes unique elements not listed, specify them here. For example: "This adaptive design allows for interim modifications based on predefined rules to optimize dosing regimens."

## 8.1.16 Number of Groups:  
State the total number of treatment arms or groups. Example: "The study includes three groups: high-dose intervention, low-dose intervention, and placebo control, to enable dose-response analysis."

## 8.1.17 Stratification (Criteria):  
Describe variables used to ensure balanced groups, such as age or disease severity. Example: "Stratification will be performed based on age (under 65 vs. 65 and older) and baseline disease severity (mild vs. moderate) to minimize confounding factors."

## 8.1.18 Repeated Measurements (Time Points):  
List the schedule for data collection over time. Example: "Repeated measurements will occur at baseline, week 4, week 8, and week 12 to capture changes in biomarker levels longitudinally."

## 8.1.19 Primary Endpoint:  
Define the main outcome measure. Example: "The primary endpoint is the change in hemoglobin A1c levels from baseline to week 12, serving as the key indicator of glycemic control efficacy."

## 8.1.20 Null Hypothesis(es):  
State the assumption of no effect. Example: "The null hypothesis is that there is no difference in mean pain reduction scores between the treatment and placebo groups at the end of the study."

## 8.1.21 Alternative Hypothesis(es):  
State the expected effect if the null is rejected. Example: "The alternative hypothesis posits that the treatment group will exhibit a statistically significant greater reduction in pain scores compared to the placebo group."

## 8.1.22 Secondary Endpoints:  
List additional outcomes. Example: "Secondary endpoints include quality of life scores, adverse event rates, and subgroup analyses by age to provide a comprehensive evaluation of the intervention's impact."

# 8.2 Study Planning

The sample size calculation is based on (Alpha = Type 1 Error, Power = 1 - Beta = 1 - Type 2 Error):  
This section outlines how to determine the number of participants needed for reliable results. Provide the formula or software used, along with assumptions like effect size.

## 8.2.1 Alpha: □ Two-sided □ One-sided 8.2.2 Power: 8.2.3 Stat. Procedure:  
Alpha is the significance level. Power is the probability of detecting an effect. Stat. procedure is the test method. Example: "A two-sided alpha of 0.05, power of 80%, and t-test for independent samples will be used, assuming a minimum detectable difference of 10% in response rates."

## 8.2.4 Multiple Testing: □ no □ yes: Correction Procedure::  
If testing multiple hypotheses, adjust for inflated error rates. Example: "Multiple testing will be addressed using the Bonferroni correction to maintain the family-wise error rate at 0.05 across five secondary endpoints."

## 8.2.5 Expected Number of Study Dropouts (Drop-out Rate):  
Estimate attrition and inflate sample size accordingly. Example: "A 20% drop-out rate is anticipated due to potential loss to follow-up, resulting in an adjusted sample size of 120 participants from an initial calculation of 100."

# 8.3 Planned Statistical Analysis

Population: □ 8.3.1 Intention-to-treat □ 8.3.2 Per Protocol  
Intention-to-treat analyzes all randomized participants as assigned. Per protocol includes only those who completed the study per rules. Example: "The primary analysis will use the intention-to-treat population to preserve randomization benefits and reflect real-world effectiveness."

## 8.3.3 Interim Analysis: □ no □ Yes: Stopping Criteria:  
Interim checks data mid-study. Example: "An interim analysis will be conducted after 50% enrollment, with stopping criteria based on O'Brien-Fleming boundaries for early efficacy or futility."

## 8.3.4 Planned Statistical Procedures:  
Detail methods for data analysis. Example: "Descriptive statistics will summarize baseline data, while ANOVA will compare group means, and Kaplan-Meier curves will analyze time-to-event outcomes, with adjustments for covariates via regression models."

# 8.4 Documentation Forms / Data Management

## 8.4.1 Information on Data Quality Control  
Describe procedures to ensure accuracy. Example: "Data quality control includes double data entry, range checks, and regular audits to detect and correct errors, maintaining data integrity throughout the trial."

## 8.4.2 Information on Data Management  
Outline handling and storage. Example: "Data management will involve secure electronic case report forms stored in a compliant database, with access controls and backups to protect participant confidentiality and comply with GDPR regulations."
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Introduction to Sample Size Calculation in Clinical Trials
Sample size calculation is a critical component of study planning in clinical trials, as outlined in section 8.2 of a typical protocol. It determines the number of participants needed to detect a meaningful effect with specified statistical power while controlling for Type I and Type II errors. The calculation depends on factors like the alpha level (significance, usually 0.05), power (usually 80% or 0.8), expected effect size, variability (e.g., standard deviation), and the statistical test used. Adjustments for dropouts or multiple testing may also be applied.
Formulas vary by endpoint type (e.g., means, proportions, survival). Below, I provide examples for common scenarios, including formulas, assumptions, step-by-step calculations, and how to arrive at the solution. These are drawn from standard methods and substantiated sources. For computations, you can use software like Python's statsmodels, R, or online calculators. I've included numerical results from verified calculations.
Example 1: Comparing Two Means (Two-Independent Samples t-Test)
This is common for continuous outcomes, like changes in blood pressure or pain scores.
Scenario: A placebo-controlled trial testing a new drug's effect on reducing systolic blood pressure rise during a procedure. Assume a minimal detectable difference (effect size) of 20 mm Hg, standard deviation (SD) of 15 mm Hg from prior studies.pmc.ncbi.nlm.nih.gov
Key Parameters:
· Alpha (α): 0.05 (two-sided), Z_{α/2} = 1.96
· Power (1 - β): 0.90, Z_{1-β} = 1.28
· Effect size (d): 20 mm Hg
· SD: 15 mm Hg
Formula: (where n is the sample size per group).
Step-by-Step Calculation:
1. Add the Z-values: 1.96 + 1.28 = 3.24
2. Square it: 3.24² = 10.4976
3. Multiply by 2: 2 × 10.4976 = 20.9952
4. Square the SD: 15² = 225
5. Multiply: 20.9952 × 225 = 4,723.92
6. Square the effect size: 20² = 400
7. Divide: 4,723.92 / 400 = 11.8098
8. Round up: n = 12 per group (total = 24)
This ensures 90% power to detect a 20 mm Hg difference at a 5% significance level. In protocol terms: "A two-sided alpha of 0.05, power of 90%, and t-test for independent samples will be used, assuming a minimum detectable difference of 20 mm Hg and SD of 15 mm Hg."
Example 2: Comparing Two Proportions (z-Test)
This is used for binary outcomes, like cure rates or response rates.
Scenario: A trial comparing the cure rate of a new drug (50%) versus placebo (34%) for sepsis in infants.pmc.ncbi.nlm.nih.gov
Key Parameters:
· Proportion in treatment group (p1): 0.50
· Proportion in control group (p2): 0.34
· Alpha (α): 0.05 (two-sided), Z_{α/2} = 1.96
· Power (1 - β): 0.80, Z_{1-β} = 0.84
Formula: (where n is the sample size per group).
Step-by-Step Calculation:
1. Add the Z-values: 1.96 + 0.84 = 2.80
2. Square it: 2.80² = 7.84
3. Calculate variances: p1(1 - p1) = 0.50 × 0.50 = 0.25; p2(1 - p2) = 0.34 × 0.66 ≈ 0.2244
4. Sum variances: 0.25 + 0.2244 = 0.4744
5. Multiply: 7.84 × 0.4744 ≈ 3.719
6. Square the difference: (0.50 - 0.34)² = 0.16² = 0.0256
7. Divide: 3.719 / 0.0256 ≈ 145.27
8. Round up: n = 146 per group (total = 292)
This provides 80% power to detect a 16% difference. In protocol: "A two-sided alpha of 0.05, power of 80%, and z-test for proportions, assuming p1=0.50 and p2=0.34."
Example 3: Comparing Two Means (Continuous Outcome in Superiority Trial)
Scenario: A trial comparing mean change in diastolic blood pressure between a new ACE II antagonist (18 mm Hg reduction) and standard ACE inhibitor (14 mm Hg).jtd.amegroups.org
Key Parameters:
· Mean in treatment (μ1): 18 mm Hg
· Mean in control (μ2): 14 mm Hg
· Pooled SD (S): 8 mm Hg
· Alpha (α): 0.05 (two-sided), Z_{α/2} = 1.96
· Power (1 - β): 0.80, Z_{1-β} = 0.84
· Effect size (d): 4 mm Hg
Formula: 
Step-by-Step Calculation:
1. Add the Z-values: 1.96 + 0.84 = 2.80
2. Square it: 2.80² = 7.84
3. Square the SD: 8² = 64
4. Multiply: 7.84 × 64 ≈ 501.76
5. Square the effect size: 4² = 16
6. Divide by effect size squared and multiply by 2 (already in formula): 501.76 / 16 = 31.36, then ×2 ≈ 62.72
7. Round up: n = 63 per group (total = 126)
This detects a 4 mm Hg difference with 80% power.
Example 4: Adjusting for Dropout Rate
Dropouts inflate the required sample size to maintain power.
Scenario: Base calculation yields 64 per group for a t-test (e.g., effect size=0.5, α=0.05, power=0.8). Assume 20% dropout rate.
Formula: 
Step-by-Step Calculation:
1. Base n per group: 64
2. Dropout rate: 0.20
3. Denominator: 1 - 0.20 = 0.80
4. Divide: 64 / 0.80 = 80
5. Round up if needed: n = 80 per group (total = 160)
In protocol: "A 20% dropout rate is anticipated, adjusting the base sample size from 128 to 160 total participants."
Additional Considerations
· Multiple Testing: If multiple endpoints, use corrections like Bonferroni: Divide α by number of tests (e.g., α=0.05/5=0.01 for 5 endpoints).pmc.ncbi.nlm.nih.gov
· Software/Tools: Use statsmodels in Python or online calculators for precision. For survival analysis (e.g., hazard ratios), use formulas like Schoenfeld's for log-rank tests, requiring event rates and follow-up time—consult a statistician.clincalc.com
· Always justify assumptions (e.g., effect size from pilots) and report in the protocol under 8.2.1–8.2.5.
These examples help students practice writing the statistical section by plugging in trial-specific values.


Introduction to Sample Size Calculation in Survival Analysis for Clinical Trials
Sample size calculation for survival analysis is essential in clinical trials with time-to-event endpoints, such as overall survival or progression-free survival, as noted in section 8.2 of a typical study protocol. These calculations focus on the number of events (e.g., deaths or relapses) required to detect a hazard ratio (HR) with specified alpha (Type I error) and power (1 - beta, or 1 - Type II error), often assuming proportional hazards. Common tests include the log-rank test for comparing survival curves or the Cox proportional hazards model for adjusted analyses. The Schoenfeld formula is widely used for estimating the required number of events, while the Freedman formula provides a similar approximation for the log-rank test. Both yield close results for moderate HR values. To obtain the total sample size (N), divide the required events by the expected overall event probability (accounting for censoring, accrual, and follow-up). Adjustments for dropouts or loss to follow-up inflate N further. Formulas assume exponential distributions and uniform accrual in many cases.
Below, I provide examples with scenarios, parameters, formulas, step-by-step calculations, and protocol integration. These are based on standard methods; for complex designs (e.g., non-proportional hazards), consult specialized software like R's powerSurvEpi or nQuery.cran.r-project.org+3 mehr
Example 1: Log-Rank Test Using Schoenfeld Formula (Equal Groups)
This is suitable for unadjusted comparison of survival curves in a two-arm trial.
Scenario: An oncology trial comparing a new immunotherapy (treatment) to standard chemotherapy (control) for advanced lung cancer. Assume HR = 0.75 (treatment reduces hazard by 25%), based on pilot data. The primary endpoint is overall survival.statsdirect.comimaging.mrc-cbu.cam.ac.uk
Key Parameters:
· Hazard ratio (HR): 0.75
· Alpha (α): 0.05 (two-sided), Z_{α/2} ≈ 1.96
· Power (1 - β): 0.80, Z_{1-β} ≈ 0.84
· Allocation: Equal groups (p = 0.5 treatment proportion)
Formula for Required Events (d): (For equal groups, this simplifies to multiplying by 4; use absolute value of ln(HR) since direction doesn't matter for power.)
Step-by-Step Calculation:
1. Compute Z-values: Z_{α/2} = 1.96, Z_{1-β} = 0.84
2. Sum them: 1.96 + 0.84 = 2.80
3. Square the sum: 2.80² = 7.84
4. Compute ln(HR): ln(0.75) ≈ -0.2877 (absolute value = 0.2877)
5. Square it: 0.2877² ≈ 0.0828
6. Allocation factor: For p=0.5, 1/p + 1/(1-p) = 4
7. Multiply numerator by allocation factor: 7.84 × 4 = 31.36
8. Divide: 31.36 / 0.0828 ≈ 378.7
9. Round up: d = 379 events
To get total sample size (N), estimate the overall event probability (π_avg), often from expected survival rates. Assume exponential distributions with median survival of 12 months in control and 16 months in treatment (consistent with HR=0.75, since HR = median_control / median_treatment). With 2-year accrual and 1-year minimum follow-up, suppose π_avg ≈ 0.70 (70% events by study end, calculated via survival software or approximations).biostatistics.mdanderson.orgsample-size.net
Formula for N: 
Step-by-Step (Continued): 10. Divide: 379 / 0.70 ≈ 541.4 11. Round up: N = 542 total participants (271 per group)
This provides 80% power to detect HR=0.75. In protocol terms (section 8.2): "A two-sided alpha of 0.05, power of 80%, and log-rank test will be used, assuming HR=0.75 and an average event rate of 70%, yielding 379 required events and a total sample size of 542."
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