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Use of Statistical Process Control for
Quality Assurance in Radiation Therapy

Kwang-Ho Cheong

Department of Radiation Oncology, Hallym University College of Medicine, Anyang, Korea

The goal of quality assurance (QA) is to minimize systematic errors in order to maintain the quality of a certain
process. Statistical process control (SPC) has been utilized for QA in radiation therapy field since 2005 and is
changing QA paradigm. Its purpose is to maintain a process within the given control limits while monitoring of
error trends such as variation or dispersion. SPC can be applied to all QA aspects of radiotherapy; however,
a medical physicist should have enough knowledge about the application of SPC to QC/QA procedures. In this
paper, the author introduce a concept of SPC and review some previously reported studies those used SPC for

QA in radiation therapy.
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Table 1. Types of process behavior charts (PBC) those are useful in radiation therapy field.

Process observations Process Size of shift

Chart Process observation - . .
relationships observations type to detect

X bar R chart Quality characteristic measurement Independent Variables Large (=1.50)
within one subgroup

X bar- s chart Quality characteristic measurement Independent Variables Large (=1.50)
within one subgroup

I-MR chart Quality characteristic measurement for Independent Variables Large (=150)
one observation

EWMA chart  Exponentially weighted moving averagequality Independent Attributes or variables Small (<1.50)
characteristic measurement within one subgroup

CUSUM Cumulative sum of quality characteristic Independent Attributes or variables Small (<1.50)

measurement within one subgroup
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Table 2. Formulas for representative process behavior charts (PBC) for variable data.

Center line Control limits 0 x
X-R chart CLe= X UCLg = X +A,R ICLe= X—A,R R
CL,= R UCL, =D, R LCL, =D, R 4
X-s chart CLe=X UCLy = X+A,R [CLe= X —A,R R
CLg=s UCL,=B,s LCL, =B;s %
I-MR chart =X _ — MR MR
Cly=X UCLy = X+3 MR LCLy = X3 MR %
CLyp= MR UCLy, =D, MR 0
Table 3. Tables of constants for X-R chart and X-s chart.
X-R chart X-s chart
Chart for Chart for ranges (R) Chart for Chart for standard deviations (s)
Subgroup averages averages
size (n) Control limits Divisors to Factors for Control limits Divisors to Factors for
factor estimate 0 control limits factor estimate 0 4 control limits
Az dz D3 D4 A3 Cq B3 B4
2 1.880 1.128 3.267 2.659 0.798 3.267
3 1.023 1.693 2.574 1.954 0.886 2.568
4 0.729 2.059 2282 1.628 0.921 2.266
5 0.577 2.326 2114 1.427 0.940 2.089
6 0.483 2.534 2.004 1.287 0.952 0.030 1.970
7 0.419 2.704 0.076 1.924 1.182 0.959 0.118 1.882
8 0.373 2.847 0.136 1.864 1.099 0.965 0.185 1.815
9 0.337 2.907 0.184 1.816 1.032 0.969 0.239 1.761
10 0.308 3.078 0.223 1.777 0.975 0.973 0.284 1.716
15 0.223 3.472 0.347 1.653 0.789 0.982 0.428 1.572
20 0.153 3.931 0.459 1.541 0.606 0.990 0.565 1.435
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Table 4. Randomly generated daily output data of a linear accelerator for SPC analysis (unit: cGy/MU).

Week Mon Tue Wed Thu Fri X Min Max R
1 0.983 0.986 1.005 0.991 1.002 0.993 0.983 1.005 0.023
2 0.989 1.003 0.999 1.004 1.003 0.999 0.989 1.004 0.015
3 0.999 0.997 1.009 1.012 1.010 1.005 0.997 1.012 0.015
4 1.001 1.008 1.014 1.012 1.003 1.008 1.001 1.014 0.014
5 1.004 0.992 1.006 0.989 1.003 0.999 0.989 1.006 0.017
46 1.018 1.017 1.038 1.014 1.022 1.022 1.014 1.038 0.024
47 1.019 1.009 1.024 1.028 1.037 1.023 1.009 1.037 0.028
48 1.033 1.026 1.02 1.028 1.028 1.027 1.02 1.033 0.013
49 1.036 1.023 1.021 1.016 1.043 1.028 1.016 1.043 0.028
50 1.021 1.019 1.027 1.023 1.019 1.022 1.019 1.027 0.008
X, R 1.012 0.019
Xbar-R chart of output
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T T T T T T T T T ) and upper control level (LCL) for
X chart and R chart were cal-
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Table 5. The control limits of the X chart using all first 50 plans and with out-of-control points removed for nasopharyngeal

carcinoma IMRT and VMAT plans.

Control limits calculated from first 50 plans

Control limits calculated from first 50 plans
with systematic errors removed

UCL CL LCL UCL CL LCL
IMRT 107.9 929 77.8 105.1 95.1 85.0
VMAT 103.5 96.5 89.5 103.1 96.7 90.3
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Fig. 5. Overall variations of omy and 0ga. Time series for omy
and 0ca were quite stable regardless of the treatment site. There
were many valleys in the graph due to SBRT cases wherein the
gantry’s rotation speed was slower than in IMRT ones; thus, the
0ca was relatively smaller than it was in IMRT. Also, there is a
step change that possibly due to the replacement of the potential
meter for the gantry’s rotational position. Accordingly, the
general dca decreased from 0.4 to 0.2 and then stabilized.
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Table 6. Process capability indices of patient-specific range measurements using several specification limits in treatment sites.

Head and neck cases

Prostate cases

Specification
limits Cp Cpk Cpm Cpmk Cp Cpk Cpm Cpmk
+1% 0.85 0.70 0.65 0.53 145 1.29 0.93 0.83
2% 1.70 1.55 1.29 1.17 2.90 2.74 1.87 1.76
+3% 255 240 1.94 1.82 435 419 2.80 2.70
+4% 340 3.25 2.58 247 5.80 5.64 3.73 3.63
+5% 4.26 410 3.23 3.11 7.25 7.09 4.66 456
wr —0.18% —0.11%
o' 0.48% 0.34%
ucL’ 0.99% 0.57%
LcL ~136% ~0.78%
*p: mean, ": standard deviation, UCL: upper control limits, LCL: lower control limits.
a b
Head&neck Prostate
LAL LCL ucCL UAL LAL UAL
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I I
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I I
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Fig. 6. Histogram of patient-specific range measurements with tolerance levels (vertical dashed lines) in the treatment sites: (a) head
and neck; (b) prostate cases. The customized action limits (vertical solid lines) is £2%.

o, AAt 5 7 29 skawE wAS
T +2% o|UlollA X EA% I} X3S EMD} Table 6
Fig. 62 o] =itollA ¥ uhet Zloz 3
AYAgte] AIE HolFrh FAFES il%i s
73S0l ARALS Alefsta viFE 5

Com= 1 H[EFO|YAGY, 2% 2 314 101* o|aL, AT
=0l 71*&#%’ I g2 o AR ARES 2% FEo
AyFol At el 1H o AA & &

6. SPC HE Al ®olg AtE

Alell A& olu] el o] =il

v B
Ae EA

i)

SPC= Ak

o]9d o1} Pawlicki 5°*Vo] WhAAIX] 8 Hofol| 29 SPC &
28 A9kt o] A F7hA| ol He By EFEEo] By
Hlom, B =FollA tEFH o o]F Aw| W okrh. SPC
& ol &3l FAY F e A4 kli—i— Fo] dlojEl=
AR Foll Al LM ZEolAuh, 2 Wil chekst &8
o] 7hsslth 2Ev QAS BE & dlste] A &3l
ol vlEE FY % Ark dlo|H & AAIYE Aelsta,
A S Aok sl 27 dlolel & o] gste] Ha|eHA

AR T A&EH 0 F dlo] i%— ddlo| Esflof &}7] wf

BEAE ol gt FAe] st W FEE|e] glvhd 1
5 42 LM-L— e 2 old% $ls Aol

e SANNAEE B7| wiFol A4

z] aLy] -



2.0 1
1.5 1 ° .

1.0 1 ° °
0.5 1
0.0 T T T T T T T T T T )

-0.5 + (] °
1.04 e . °

-1.54 .

-2.0 -

PROGRESS in MEDICAL PHYSICS Vol. 26, No. 2, June, 2015

b
2.0
1.5 1 ° ° °
1.0 1 o o ° . . .
0.5 A °
0.0 T

-0.5 1
-1.0 -
1.5

-2.0 -

2.0 1
1.5 1
1.0 1
0.5 1
0.0

L
;
]
Q.

-0.54
1.0+
1.5+

-2.0-
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