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Estimating a hazard ratio from time-to-event data

Kathy Taylor

In this blog post I’'m returning to extracting hazard ratios (HRs), but this time it's about making
estimates from time-to-event data (survival data). Guyot et al use image extraction software to
extract the co-ordinates of Kaplan-Meier (K-M) curves, also known as survival curves. They apply an
algorithm to reconstruct individual patient data, which they then re-analyse to estimate the HR.
Guyot et al highlight other approaches, which use fewer data points from K-M curves including the
methods of Parmar et al and Williamson et al. Tierney et al revisit these methods and make them
more accessible, by providing simpler notation, step-by-step instructions, equations, worked
examples from a couple of published trials, and a very useful spreadsheet that does all the

calculations. Note that there’s an updated paper in the pipeline.

I’'m going to go through the paper by Tierney et al, add a bit more explanation, derive the equations,
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and run through data from a different trial. Note that, for consistency, | use the term “survival” and

“at risk” where Tierney et al use the term “event-free”.

Tierney et al start by highlighting the summary statistics that are required, for each trial, for meta-
analysis:

HR hazard ratio

InHR  natural logarithm of the hazard ratio

O-E  difference between the observed and expected number of events in the intervention group

Y variance of O-E
or

V* variance of InHR
Note that:

V and V* are the reciprocal of each otheri.e. V=1/V* and V*=1/V*

O-E and V are also called the logrank O-E and logrank variance

They then show how to extract the above summary statistics when the following data are reported:


https://www.ncbi.nlm.nih.gov/pubmed/22297116
https://www.ncbi.nlm.nih.gov/pubmed/9921604
https://www.ncbi.nlm.nih.gov/pubmed/12407676
https://www.ncbi.nlm.nih.gov/pubmed/17555582
https://bit.ly/2ueyQem

O and E or hazard rates for the intervention and control groups

O-E and V for the intervention group

HR and confidence intervals

HR and events in each treatment arm and a randomisation ratio of 1:1

HR and total events and a randomisation ratio of 1:1

HR, total events and the numbers randomised in each arm

p-value and events in each treatment arm and a randomisation ratio of 1:1

p-value and total events and a randomisation ratio of 1:1
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p-value and total events and the number randomised to each arm
10. Kaplan-Meier curves
a. Reported with information about follow-up

b. Reported with numbers at risk

The spreadsheet can be used for all of the above, although the underlying equations for 1 to 9 are
straightforward. For 10a and 10b, the equations are more complicated and the inputs required for
the spreadsheet include extracted curve data, and in order to estimate the numbers censored,
either the reported maximum and minimum followup times (if these are not reported, Tierney et al
offer advice on how these data may be estimated), or the reported numbers at risk. We say that a

patient is censored if they leave the study before they’ve experienced the event of interest.

For 10a, the survival curve needs to be divided upon into a number of time intervals and the times
and survival proportions extracted. These intervals should be chosen to give a good representation
of the event rates over time, so when the event rate is high, you need to use closer intervals, and
when the event rate is low, you can space out the intervals. You should also ensure that the
minimum followup lies at the end of an interval (I'll explain why in the next blog post). For 10b, only

the survival proportions at the times of the reported numbers at risk need to be extracted.

I’'m going to illustrate the use of the spreadsheet by working through an example based on the
FLOT4 trial. This was a trial of two different peri-operative chemotherapy regimes — fluorouracil
plus leucovorin, oxaliplatin and docetax (FLOT group) and epirubicin, cisplatin, fluorouracil or
capecitabine (ECF/ECX comparator group) in patients with gastric or gastro-oesophageal cancer.
The reported HR for overall survival is 0.77 (95% Cl 0.63 to 0.94) and here are the K-M curves.:


https://www.ncbi.nlm.nih.gov/pubmed/30982686
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Source: Al-Batran et al. Lancet. 2019 May 11; 393(10184):1948-1957. Epub 2019 Apr 11

Here are the extracted data (which | extracted using the software that | demonstrated in my video

post) tabulated with the reported numbers of patients at risk:

Table. Data for the FLOT4 trial

Time at start of interval Survival (event-free) % Reported numbers at risk
(months) FLOT ECF/ECX FLOT ECF/ECX
0 100 100 356 360
2 99 99
4 98 97
6 93 91
8 91 90
10 87 83
12 84 80 297 287
14 80 75
16 78 73
18 76 69
21 72 63
24 69 58 231 202
27 65 55
30 61 54
33 60 51
36 57 49 140 126
39 55 47
42 54 46
45 53 45
48 50 44 87 83
54 49 40
60 45 36 39 33
66 43 35
72 43 32 5 9



https://bit.ly/2SLk0HF
https://bit.ly/2SLk0HF

The 1°t worksheet of the spreadsheet calculator (Figure 1) is the summary input data screen. This

shows the time-to-event data that was reported (in the white cells) for the FLOT4 trial.

Trial ID:{FLOT4 ] 06 Jun ;

Research Control Total Key
Short trt name FLOT ECF/ECX HR.: Hazard Ratio
Randomisation ratio 1 1 1R :1C CI: Confidence interval
Pt= entere 356 360 716 W Variance
Ptz analysed 356 360 716 R: Research
Observed events 166 203 |Total=369 C: Control
Expected events

Estimate Lower CI -  Upper CI CIlevel (e.g, 95%)
Hazard ratio (CI) 0.77 0.63 o 0,94 | 95%
O£

Variance p-valus Advantage to R or C
o012 | r ]

N —

Figure 1. Summary input screen
The 2"¥ worksheet (Figure 2) shows the extracted curve and followup data. The followup data was
not reported and | estimated the minimum follow-up to be 15 months and the maximum follow-up
to be 80 months. Note that using the data-extraction software that | demonstrated previously
produces numbers to many decimal places but the times need to be inputted as integers. | also
entered the survival curves as integers so that the calculated numbers in my worked examples in

the next two posts match exactly the calculated numbers in the spreadsheet.

The figure in the right hand corner gives the estimated HR as 0.78 (the reported HR is 0.77). The
accuracy of the calculated HR is pretty good but it could be improved by making the intervals smaller

and extracting more data points.

Trial 1D:[FLOT4 | Data read from curve where wished 05 Jul 2019 (18:07)
Clear data
Follow-up? Final survival proportions'
munths Research S{t) 3
Min Max Control sJt) Print page
Key
A: Checks D: Survival prob at start of £ (%) I: Survival prob at start of & (%) N: Log hazard ratio for t
B: Time interval E: Effective number event-free at start of © J: Effective number alive at start of £ 0: Variance of log hazard ratio for t
C: startof t F: Effective number at risk during t K: Effective number at risk during t P: In(HR) divided by fts variance for t
G: Effective number of events during t L: Effective number of events during t  Q: Reciprocal of the variance of In (HR) for t
H: Effective number censored during t M: Effective number censored during t
e[ 07 ]
Total 178.8 1189 214.4 101.7 -23.47 | 94.02
A B Cc D E F G H I ] K L M N o P Q
Checks 1 ¢ t S{t) | RL) [ R{t) | DJE) C{t) | Sdt) | R{t) | R{t) | D) | CL&) | In(HR) 1/Ve Ok Ve
0 to 2| i} 100 356.0 356.0 3.6 0.00 100 360.0 360.0 3.6 0.00 0.00 0.55 0.00 1.81
2to4 2 99 3524 3524 3.6 0.00 99 356.4 356.4 7.2 0.00 -0.69 0.41 -1.67 211
4t06 4 98 348.9 | 348.9 17.8 0.00 a7 349.2 349.2 21.6 0.00 -0.19 0.10 e 10.34
6to8 6 93 331.1 3311 71 0.00 91 327.6 327.6 3.6 0.00 0.67 0.41 1.63 243
8t010 8 91 324.0 324.0 14.2 0.00 a0 324.0 324.0 25.2 0.00 -0.57 0.10 -5.50 9.64
10to 12 10 87 309.7 309.7 10.7 0.00 83 298.8 298.8 10.8 0.00 -0.05 0.18 -0.26 5.57
12t014 12 84 299.0 299.0 14.2 0.00 80 288.0 288.0 18.0 0.00 -0.27 0.12 -2.29 841
14 to 16 14 80 284.8 284.8 71 0.00 75 270.0 270.0 7.2 0.00 -0.06 0.27 -0.24 3.67
161018 16 78 2777 273.3 7.0 R 73 262.8 258.7 14.2 4.1 -0.76 0.21 -3.69 4.86
18to 21 18 76 266.3 259.9 13.7 6.4 69 244.5 238.6 20.7 Fuz) -0.50 0.11 4.43 8.83
21to24 21 72 246.2 240.0 10.0 6.3 63 217.9 212.3 16.9 55 -0.64 0.15 4.28 6.65
241027 24 69 230.0 2238 13.0 6.2 58 195.5 190.2 2.8 5.2 011 0.17 0.67 5.92
27 to 30 27 65 210.8 204.9 12.6 6.0 55 180.4 1753 3.2 5.1 1.22 0.38 3.19 2.61
30t033 30 61 192.2 186.5 3.1 5.8 54 172.1 166.9 93 5.2 Sl 0.42 -2.88 2.36
33to0 36 33 60 1834 177.6 8.9 G 51 157.7 152.6 6.0 5.0 0.24 0.27 0.91 3.74
361039 36 57 168.7 162.9 5.7 5.8 49 146.6 141.6 5.8 5.0 -0.15 0.33 -0.45 2.99
39to42 39 55 157.2 151.5 2.8 5.8 47 135.9 130.9 2.8 5.0 -0.16 0.71 -0.22 141
421045 42 54 148.7 142.8 2.6 e 46 128.1 123.1 2.7 =1 -0.16 0.74 -0.22 1.36
45 to 48 45 53 140.2 134.2 7.6 6.0 45 1204 115.2 2.6 5.2 0.93 0.51 1.85 1.98
48 to 54 48 50 126.6 1147 23 1.9 [44 1127 102.1 ELE) 10.6 -1.51 0.53 -2.88 1.90

Figure 2. Curve and followup data


https://bit.ly/2SLk0HF

The spreadsheet plots the extracted data in the next worksheet (Figure 3).

Constructed version of Kaplan-Meier graph based on data inputted to (2a)_Curve_Data sheet

100

w 1,

SHN

o
£ o —— Research Am
E —a— Control Am
H Ny
g @ :'I

20

o

0 10 20 30 40 50 60 70 80

Time from randomisation

Figure 3. Plotted data corresponding with screen shot shown in Figure 2

The 4t worksheet (Figure 4) includes the numbers are risk and corresponding survival fractions.

LATa ITom CUrve ana NUMDErs of NSk at set umes

Key nR[ 079 ]
D: Survival prob at t.; (%) I: Survival prob at t.; (%) N: Proportion of events in research arm In(HR)  -0.24
mal  E: Number alive at t,., J: Number alive at t., 0: Difference in events se(ln(HR)) 0.10
F: Effective number at risk during t..,t K: Effective number at risk during ..t P: Variance of the g hazard ratio for t,
G: Effective number events during t.,t L: Effective number events during t.y,% Q: Log hazard ratio Tor t,
H: Effective number censored during ...t M: Effective number censored during t.,,t R: Redprocal of the variance of the log hazard ratio for
Total 165.7 | 185.3 203.0 | 148.0 -21.8 92.1
B C D E F G H I ] K L M N (1] P Q R
1t tiy Sai M nay da Ca S1 Ny, L dy Cy e [dae vi | In(HR), | 1/w
Oto 12| o 100 356 354.9 56.8 22 100 360 359.4 718 11 63.9 -7.1 32.17 -0.22 0.03
12to24| 12 84| 207 | 2809 | 518 14.2 80| 287 | 2835 | 78.0 7.0 656 | -138 | 3243 | -043 | 003
24t036) 24 69| 1 2028 | 346 56.4 58 202 177.8 | 27.6 48.4 331 14 1548 | 0.09 0.06
I6to48 6 57| 140 121.2 153 Tyl 49 126 110.7 123 30.7 14.4 0.9 6.90 0.13 0.14
4Bto 60| 48 50| 87 66.3 6.5 415 44| 83 63.5 11.0 39.0 B9 -24 4.37 -0.56 0.23
60to 72| G0 45| 39 224 0.8 <k 36| 33 221 22 218 i) -0.7 075 -0.93 133
72 onwiards| 72 43| 5 na na na 32 o na na na na na na na na
na na na na na na na na na na na
na na na na na na na na na na na
na na na na na na na na na na na
na na na na na na na na na na na
na na na na na na na na na na na

Figure 4. Curve data and reported numbers at risk
For this case the calculated HR, shown in the upper right hand corner, is 0.79, which with the plotted

curve (Figure 5) indicates the lower accuracy with less data.

Constructed version of Kaplan-Meier graph based on data inputted to (3a)_Curve_Data_with_n(risk) sheet
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Figure 5. Plotted data corresponding with screen shot shown in Figure 4

The output screen (Figure 6) provides the estimated HRs with their confidence intervals. The

estimated HR using the survival curve and follow-up data is 0.78 (0.64 to 0.96) and the estimated



HR using the survival curve and the numbers at risk is 0.79 (0.64 to 0.97). Both these estimates are
very close to the actual HR of 0.77 (0.63 to 0.97).

Trial ID:[FLOT4. ] 05 Jul 2019 (18:07)
Output based on data avalable

Calculation methed (see key)
3 1 4 7 5 7 6 7 7 T 8 7 9 Y 10 7 11
Danz] o N N Ne | e | Me | Me | Me | Me | Me | Mo | Ve | e
Summary data| Summary data
[ 077 na na na na | 077 | na na na s [iE) na | 078 | 0.9 |R
Lower 95%CI[ 0.63 na na na na | 063 | na na na na na na_ | 0.69 | 0.69 |Lower 95%CI
Upper 95% CI| 0,54 na na na na | 084 | na na na na na na | 0.85 | 0.97 |Upper95%CI
In(HR)|_0.25 na na na na_ | 0.26 | na na na na na na_ | 0.25 | 0.24
se(n(HR)|__n= na na na na | 0.0 | na na na s s na | 0.10 | 0.10 |sen(HR))
Variance| _na na na na na_ | 9596 | na na na na na na_| 5402 | 52.03 |Variance
OF[ na na na na na_ | 2508 | na na na na na na_| 23.47 | 2179 |oE
Data Entered| Data Entered
Lower CI (95%)|_0.63 0.63 Lower CI (35%)
Upper €I (95%)|_0.94 0.94 Upper CI (95%)
Pvalie| 0.012 na ns na P value
wRorc?| ¢ na na na Advantage to R or C?
Obs events Research| 166 na na na Obs events Research
Obs events Control | 203 na na na Obs events Control
ExpteventsResearch|  na na Expt events Research
Exptevents Control| __na na Expt events Control
Total events| __na na na na na na na Total events
Pts analysed Research] 356 na na Pts analysed Research
Pts analysed Contral] 360 na na Pts analysed Control
Key to methods Key to table cells
1 Report presents observed and expected events on research and contral
2a Report presents HR and ¥ Data fields inputted into {1)_Summary_Data sheet
2b Report presents HR and 0-£ Data fields calculated from inputted data

2c Report presents O-Eand V
3 Report presents HR and Cls
4 Report presefits HR and events in each arm and randomisation ratio is 1:1
5 Report presents HR and total events and randomisation ratio is 1:1 077 079 002
6 Report presefits HR, total events and the no.s analysed on esch arm and randomisation ratio need not be 1:1 92.08 9596 387
7 Report presents p-value and events on each arm and randomisation ratio is 1:1 25.08 2179 3.9
8 Report presents p-value and total events and randomisation ratio is 1:1
9 Report presefits p-value, total events &no.s analysed on each arm and randomisation ratio need not be 1:1 _
10 Data from curve read where wished and assuming constant censoring i o)
11 Data from curve with numbers at risk given (1)
12 Data from curve with numbers at risk given (2)

Figure 6. Output screen
In my next two blog posts, I’'m going to look more closely at the equations underlying these
spreadsheet calculations. | will first deal with the case of estimating a HR from K-M curves reported

with follow-up information (10a).
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Here’s a tip...

There are equations you can use to
convert time-to-event data into a
suitable form for meta-analysis and
there’s a very useful spreadsheet

available to do the calculations.
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Dr Kathy Taylor teaches data extraction in Meta-analysis. This is a short course that is also
available as part of our MSc in Evidence-Based Health Care, MSc in EBHC Medical Statistics,

and MSc in EBHC Systematic Reviews.

Follow updates on this blog, related news, and to find out about other examples of statistics
being made more broadly accessible on Twitter @dataextips


https://www.conted.ox.ac.uk/courses/meta-analysis
https://www.conted.ox.ac.uk/about/msc-in-evidence-based-health-care
https://www.conted.ox.ac.uk/about/msc-in-ebhc-medical-statistics
https://www.conted.ox.ac.uk/about/msc-in-ebhc-systematic-reviews

