
EPIB634: Assignment on (i) K-M & N-A based cumulative incidence curves (ii) (incidence) rate ratio(s?) (iii) tests of equality of 2 survival curves.

1 Male circumcision & HIV prevention: Kenya

The Figure below is from the article: “Male circumcision for HIV prevention
in young men in Kisumu, Kenya: a randomised controlled trial” (Lancet 2007;
369: 643-656). The full article is included in the zip file, and also available
under “resources for rates” in course EPI634.
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there were two HIV seroconversions in the circumcision 
group in the fi rst month after randomisation and another 
two between months 1 and 3.  Subsequent PCR testing 
indicated that all four were actually HIV positive at 
month 1; no individuals in the control group were 
seropositive by PCR at month 1. There were three 
confi rmed seroconversions in the control group between 
month 1 and month 3, and none in the circumcision 
group. Thus, there were seven early seroconverters 
(month 1 or month 3): four in the circumcision group 
and three in the control group. Three of the four in the 
circumcision group reported no sexual activity in the 
month after circumcision. We cannot exclude the 
possibility that any of these individuals were actually HIV 
positive at baseline, and that their infection was not 
detected. Two of the three early seroconverters in the 
control group also denied sexual activity in the period 
before seroconversion. An analysis excluding the four 
individuals confi rmed as being seropositive at baseline 
and the four additional early seroconverters positive at 
month 1 estimated 2-year HIV incidences to be 
1·6% (95% CI 0·8–2·4) for the circumcision group and 
4·1% (2·9–5·3) for the control group (p=0·0007). The RR 
was 0·32 (0·18–0·58), which corresponds to a 68% (42–82) 
protective eff ect of circumcision against HIV infection.

The as-treated analysis—which adjusted for individuals 
who did not adhere to the randomisation assign-
ment—estimated the RR of circumcision to be 0·45 (95% 
CI 0·27–0·76). Excluding the four participants who were 
confi rmed as being HIV positive at baseline, the RR of 
circumcision was 0·40 (0·23–0·68), which is equivalent to 
a 60% (32–77) protective eff ect of circumcision against 
HIV acquisition.

Treatment results within age strata (ages 18–20 
and 21–24 years) were consistent with the overall results 
and there were no signifi cant diff erences between the 
age-groups in the 2-year HIV incidence (p=0·51). For the 
participants who enrolled when they were 18–20 years of 
age, the 2-year HIV incidences were 2·5% (95% CI 
1·0–3·9) in the circumcision group and 4·3% (2·6–6·1) 
in the control group (p=0·12). For the 21–24-year-old 
group, the rates were 1·7% (0·6–2·8) in the circumcision 
group and 4·0% (2·4–5·7) in the control groups (p=0·02). 
The study was not powered to detect treatment diff erences 
within the two age-groups.

After adjustment for baseline variables for which there 
seemed to be diff erences between the two study groups at 
baseline, only infection with herpes simplex virus 2 at 
baseline was found to be associated with HIV incidence 
(RR 1·91, 95% CI 1·18–3·08). The treatment eff ect re-
mained strong with all adjustments that were considered, 
and the adjusted RR varied between 0·44 and 0·47.

Not all circumcised men adhered to the 30-day period of 
post-circumcision abstinence. 60 participants (4·5%) in 
the circumcision group reported having had sexual 
intercourse before 30 days post-circumcision, including 
one of the early seroconverters (month 1) noted above, and 

another whose HIV infection was detected at the month 6 
visit. Both of these participants had adhered to treatment.

All but one of the 1334 men who were circumcised 
returned for their 3-day postsurgical visit, and all but six 
returned after 8 days. All those employed had resumed 
working by the 3-day visit. Among all men circumcised, 
1287 (96%) reported having returned to normal activities 
by the 3-day visit, and all but one person had returned to 
normal activities by the 8-day visit. At the 3-day visit, 
643 (48%) reported no pain, 690 (52%) reported very 
mild pain, and none reported mild to severe pain. By the 
8-day visit, 1179 (89%) reported no pain, and 
148 (11%) reported very mild pain. Of the 1334 men 
circumcised, 1281 (96%) had a 30-day postsurgical 
wound examination. The wound was judged to be 
completely healed in all but 16 (1%) individuals. All had 
returned to normal general activities. All wounds were 
completely healed by the month 3 visit. 1274 (99·5%) 
individuals were “very satisfi ed” and six (0·5%) were 
“somewhat satisfi ed” with their circumcision; one 
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Figure 2: Cumulative HIV seroincidence across follow-up visits by treatment
Time to HIV-positive status is taken as the fi rst visit when a positive HIV test result is noted. Time is credited as the 
follow-up visit month. Participants without HIV-positive status are censored at the last regular follow-up visit 
completed where HIV testing was done, credited specifi cally as months 1, 3, 6, 12, 18, and 24. 

Circumcision group Control group Total

0–6 months* 0·8% (0·3–1·3) 1·0% (0·4–1·5) 0·9% (0·5–1·2)

6–12 months† 0·2% (0·1–0·7) 1·4% (0·8–2·2) 0·8% (0·5–1·3)

12–18 months† 0·0% (0·0–0·5) 0·7% (0·3–1·5) 0·3% (0·1–0·7)

18–24 months† 1·0% (0·5–2·1) 1·2% (0·6–2·4) 1·1% (0·7–1·8)

0–24 months* 2·1% (1·2–3·0) 4·2% (3·0–5·4) 3·1% (2·4–3·9)

Data are % (95% CI). *Based on Kaplan-Meier methods. †Based on the number of 
new incidents of HIV infection detected for the interval divided by the number of 
participants at risk during the interval. 

Table 2:  Incidence rates for intervals of follow-up

For those of you who prefer (and JH encourages you) to use R, SAS, Stata
or Excel rather than your portable $10 calculator, the raw data in the figure
are also available in an enclosed data-file, and can be processed using some
provided R code (with some steps left for you to fill in); these files are also
available under the “HIV” link in course EPI634.

Exercise

a Replicate each of the 3 lines of statistics in the insert beginning with the
text “Estimated 2-year incidence” in the top right portion of the Figure.1

b Compare the reported SE of 0.61% with the (naive) SE one would obtain
by the formula 100× {0.042× 0.958/1380}1/2. Explain the difference.2

c The reported risk ratio of 0.47 is either a misnomer for the estimate of
the hazard (i.e., rate) ratio, from Cox regression, or the ratio of the two
reported 2-year cumulative incidence estimates; the 95% limits are compat-
ible with the latter). One could also calculate a single crude rate ratio [i.e.,
incidence ratio in Rothman’s terminology, incidence density ratio in Mietti-
nen’s]. Calculate this crude rate ratio and its associated 95%CI (hints: see
Rothman chapter 7; for person-time calculations, assume seroconversions
occurred midway through the intervals).

d The assumption of a ‘constant rate ratio across time windows’ is implied by
the calculation in (c), and implicit in the “reduction in the risk of acquiring
an HIV infection of 53%” reported in the abstract. Also, the distribution of
follow-up time is weighted slightly more to the first year than the second;
thus if the true rate ratio id different in different follow-up windows, a single
ratio will reflect this.

If you calculated a separate rate ratio and 95% confidence interval for each
of the six follow-up windows, the confidence intervals would be so wide
that you could ‘drive a very wide truck’ horizontally through virtually all
six of them; i.e., there aren’t sufficient data in each interval to check for
trends in the rate ratios, i.e., to check tell whether (hazards) are or are not
proportional. Thus, as a next-best approach, aggregate the data into 1-year
windows, and determine whether the 95% confidence intervals for the two
resulting rate ratios are distinct, or overlap.3

1“The Kaplan-Meier method was used to estimate the HIV event distribution over time
by treatment, accounting for staggered enrolment and incomplete, discrete follow-up. Esti-
mates of 2-year HIV seroincidences and corresponding standard errors obtained by Green-
woods formula were used to test for differences between the treatments on the primary
outcome (HIV seroconversion).”

2Comment: some authors refer to the n′ that satisfies the equality 100 × {0.042 ×
0.958/n′}1/2 = 0.61% as the ‘effective’ sample size.

3Checking whether two independent 95% CI’s don’t or do overlap is not quite the same
as testing whether the two point estimates are significantly different at the 0.05 level. If
they don’t overlap, then yes P < 0.05. But if they do overlap a little, it can be still be that
P < 0.05. The more accurate way is to calculate a single 95% CI for the difference, using
the SE of this difference. If interested, see the enclosed article by Wolfe and Hanley: “If
we’re so different, why do we keep overlapping? When 1 plus 1 doesn’t make 2.” Canadian
Medical Association Journal. 2002 Jan 8;166(1):65-66 – it is permanently available under
r e p r i n t s on JH’s homepage.

1



EPIB634: Assignment on (i) K-M & N-A based cumulative incidence curves (ii) (incidence) rate ratio(s?) (iii) tests of equality of 2 survival curves.

2 HIV prevention trial: Uganda

The Table and Figure opposite are from “Male circumcision for HIV preven-
tion in men in Rakai, Uganda: a randomised trial,” Lancet 2007; 369: 657-666,
published back to back with the report on the trial in Kenya.

a Comment on the appropriateness/accuracy of the terms (i) “Cumulative
number of participants” and (ii) “Cumulative incidence per 100 person-
years” in the bottom panel of Table 3.

b Try to replicate the point estimate of 0.35, the 95% CI of 0.10-1.04, and the
p = 0.03894 in the last row of the ‘6-12 months follow-up interval’ panel.

c “An overall risk difference and risk ratios were calculated
at the end of follow-up, with CI based on standard Greenwood formula
variance estimates.” [Statistical analysis, Methods section.]

“Figure 2 shows the Kaplan-Meier survival curves for time-to-detection of
HIV infection for the modified intention-to-treat analysis. The difference
between the cumulative probabilities of HIV detection was significant (p =
0.003)” [Results].

JH presumes this p-value was calculated in the same way as in the Kenya
study. Instead, test the equality of the two curves using the log-rank test.

d Estimate the risk (i.e., cumulative incidence) difference at the end of follow-
up using Nelson-Aalen rather than Kaplan-Meier estimators.5

============================================

The results in these next two quotes are based on Poisson and Cox regression,
and are included here merely so we begin thinking about how to represent
these concepts in regression models – the topic of a future lecture.

“Table 3 shows HIV incidence by study arm and follow-up visit intervals [...]
The intention-to-treat analysis showed a progressive decrease in incidence in
the intervention group over the entire follow-up period (p for trend 0.014).
Incidence fell in the control group between the time of first follow-up and the
time of second follow-up, and remained stable thereafter; however, the trend
was not significant (p=0.6).”

“The IRR [Incidence Rate Ratio] of HIV acquisition associated with circum-
cision also fell over time; this increase in efficacy was of borderline significance
(p=0.054 for the time-by-study arm interaction).”

4PS: do you see a conflict between this CI and this p value?
5R code specific for these data not provided, but if you wish, cf. R code for JUPITER data.
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To assess possible behavioural disinhibition, risk 
behaviours were tabulated by follow-up visit, and 
diff erences between study groups were assessed by χ² 
and Fisher exact tests. Symptoms of sexually transmitted 
diseases reported at each visit were cumulated over the 
24 months of follow-up to estimate the prevalence of 
symptoms per 100 visits in intervention and control 
participants. Prevalence risk ratios (PRR) were estimated 
with log-binomial regression with a robust variance 
adjustment to account for within-person correlation. We 
also examined possible associations between reported 
symptoms of sexually transmitted diseases and incident 
HIV infection, by use of subgroup-specifi c models to 
determine whether any eff ects of circumcision on HIV 
incidence might be mediated by symptomatic sexually 
transmitted disease cofactors.

The frequencies of adverse events both related and 
unrelated to study participation were assessed in both 
study groups. Multiple adverse events diagnosed at a 
single visit were counted as separate events despite the 
fact that they could have been causally related (eg, wound 
dehiscence and infection), to provide an estimate of the 
maximum frequency of adverse events without making 
assumptions about causality.

The study had 80% power to detect a rate ratio of 0·5 for 
incident HIV in the intervention group relative to the 
control group, with a projected total person-time of 
8993 person-years, assuming a 15% annual loss to 
follow-up and 10% crossover over 24 months. Formal 
statistical monitoring used the Lan-DeMets group 
sequential approach9 with an O’Brien-Fleming type α 
spending function10 to minimise the chance of in-
appropriate premature trial termination. Two interim 
analyses were done, the fi rst with a data cutoff  date of 
April 30, 2006, when about 43% of projected person-time 
had been accrued, and the second interim analysis with a 
data cutoff  date of Oct 31, 2006, when about 72% of 
projected person-time had been accrued. The second 
interim analysis showed a signifi cant diff erence 
in HIV inci dence between the two study groups 
(nominal α=0·0215); as a result, NIAID terminated the 
trial for effi  cacy on Dec 12, 2006. The analyses presented 
here are based on all data accrued up to the time of trial 
closure in December, 2006, and encompass about 73% of 
total anticipated person-time. Results were deemed to be 
statistically signifi cant at the α=0·05 level. All data were 
double entered. East was used for spending function 
calculations and Stata version 8 was used for analysis.

This trial is registered with ClinicalTrials.gov, with the 
number NCT00425984.

Role of the funding source
This trial was funded through a cooperative agreement 
with the Division of AIDS, NIAID/NIH. The study was 
done by the Rakai Health Sciences Program, a research 
collaboration between the Uganda Virus Research 
Institute, and researchers at Makerere University and 

Johns Hopkins University and Columbia University. 
FM, LHM, and MAC had full access to all the data until 
the trial closed. Thereafter, the principal investigator 
and co-investigators (RHG, GK, DS, MJW, FN, NKS, 
FWM, AND SJR) had access to all the data. Staff  at the 
Division of AIDS maintained oversight of progress and 
reporting, and participated in study conduct and data 
interpretation as members of the study executive 
committee. Data analyses was done by the research 
teams at John Hopkins University and the Rakai Health 
Sciences Program. The corresponding author had fi nal 
responsibility for preparing and submitting results for 
publication.

Intervention 
group

Control 
group

Incidence rate 
ratio (95% CI)

p value

0–6 months follow-up interval

Number of participants 2263 2319

Incident events 14 19

Person-years 1172·1 1206·7

Incidence per 100 person-years 1·19 1·58 0·76 (0·35–1·60) 0·439

6–12 months follow-up interval

Number of participants 2235 2229

Incident events 5 14

Person-years 1190·7 1176·3

Incidence per 100 person-years 0·42 1·19 0·35 (0·10–1·04) 0·0389

12–24 months follow-up interval

Number of participants 964 980

Incident events 3 12

Person-years 989·7 1008·7

Incidence per 100 person-years 0·30 1·19 0·25 (0·05–0·94) 0·0233

Total 0–24 months follow-up

Cumulative number of participants 2387 2430

Cumulative incident events 22 45

Cumulative person-years 3352·4 3391·8

Cumulative incidence per 100 person-years 0·66 1·33 0·49 (0·28–0·84) 0·0057

Table 3: HIV incidence by study group and follow-up interval, and cumulative HIV incidence over 2 years
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Figure 2: Kaplan-Meier cumulative probabilities of HIV detection by study 
group
Actual visits grouped by the three scheduled visits at 6 months, 12 months, and 
24 months after enrolment. The cumulative probabilities of HIV infection were 
1·1% in the intervention group and 2·6% in the control group over 24 months.

The raw data in the Table are available in a data-file, and can be processed
using the provided R code (with some steps left for you to fill in).
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