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Description and Instructions 

This pre-test is meant to assess your baseline knowledge in radiation and cancer biology. It 
consists of 50 multiple-choice questions that cover a range of basic science and clinical topics 
relevant to the practice of radiotherapy. For each question, there is one best answer. You will 
have approximately 90 minutes to complete this test. 
 
Please start by answering these two initial survey questions: 
 

1. How do you rate your baseline knowledge in radiation biology? 

□ Very strong 

□ Strong 

□ Neither strong nor weak 

□ Weak 

□ Very weak 
 

2. Have you taken a radiation biology course in the past? 

□ Yes 

□ No 
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1. Which of the following ionization processes represents the principal interaction between 
photons and tissue that is relevant in radiotherapy? 

□ Pair production 

□ Photoelectric effect 

□ Compton process 

□ Photodisintegration 

□ Coherent scattering 
 

2. Which of the following statements concerning photons is correct? 

□ The biological effects produced by exposure to 1 MeV γ-rays versus 1 MeV X-
rays will be significantly different 

□ Compton scattering results in the release of characteristic X-rays 

□ Electromagnetic radiations travel at less than the speed of light 

□ The annihilation reaction involves an interaction between a positron and an 
electron 

□ Higher energy photons have longer wavelengths than lower energy photons 
 

3. The biological effects resulting from exposure to ultraviolet (UV) radiation are primarily 
due to formation of which of the following? 

□ Thymine glycols 

□ Interstrand crosslinks 

□ Pyrimidine dimers 

□ Heat 

□ Oxidized guanine 
 

4. Which type of DNA damage is most important for cell killing caused by exposure to high-
energy ionizing radiation? 

□ Base damage 

□ DNA double-strand break 

□ DNA single-strand break 

□ DNA-protein crosslink 

□ DNA-DNA interstrand crosslink 



Last Name: ______________________________  P a g e  | 3 
 

 
5. Cells derived from individuals diagnosed with xeroderma pigmentosum are deficient in 

which of the following DNA repair pathways? 

□ Nucleotide excision repair 

□ O6-methylguanine methyltransferase 

□ Mismatch repair 

□ Base excision repair 

□ Homologous recombination 
 

6. Which of the following is the best measure for the presence of radiation-induced 
chromosome aberrations in interphase cells? 

□ Reciprocal translocations 

□ Ring chromosomes 

□ Dicentric chromosomes 

□ Micronuclei 

□ Chromatid breaks 
 

7. Which of the following radiation-induced chromosome aberrations is a “single-hit” type of 
aberration? 

□ Terminal deletion 

□ Acentric ring 

□ Dicentric chromosome 

□ Anaphase bridge 

□ Inversion 
 

8. Which of the following is the most common mechanism of radiation-induced cell death? 

□ Autophagy 

□ Anoikis 

□ Apoptosis 

□ Mitotic catastrophe 

□ Necrosis 
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9. Radiation-induced cellular senescence is often the result of which of the following? 

□ Cellular nutrient deprivation 

□ Oxidative stress secondary to mitochondrial dysfunction 

□ p16-mediated cell cycle arrest 

□ Telomere shortening 

□ Mitotic catastrophe 
 

10.  Which of the following is NOT a fundamental assumption underlying the use of the 
jejunal crypt cell assay to measure cell survival in vivo? 

□  All crypts contain approximately the same number of stem cells 

□ Surviving stem cells (and their progeny) in the irradiated volume do not migrate 
between crypts during regeneration 

□ Stem cells from outside the irradiated volume do not migrate into the area and 
contribute to the regeneration of crypts 

□ Stem cells can be identified morphologically and distinguished from differentiated 
cells 

□ Stem cells in all crypts proliferate within three days after irradiation 
 

11. What important feature distinguishes autophagy from other modes of programmed cell 
death? 

□ Loss of mitochondrial membrane potential 

□ Influx of extracellular fluids and ions 

□ Leakage of proteases and lysosomes 

□ Reversibility 

□ Wallerian degeneration 
 

12. A set of data defining the survival of cells irradiated with graded doses of X-rays is well-
fitted by the mathematical expression for a single-hit survival curve having a surviving 
fraction at 2 Gy (SF2Gy) of 0.37. The best estimate for the α parameter that describes this 
survival response is: 

□ 0.1 Gy-1 

□ 0.01 Gy-1 

□ 0.05 Gy-1 
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□ 0.5 Gy-1 

□ 2.0 Gy-1 
 

13. According to classical target theory, D0 is a measure of which of the following? 

□ Amount of sublethal damage a cell can accumulate before lethality occurs 

□ Total number of targets that must be inactivated to kill a cell 

□ Dose required to produce an average of one lethal lesion per irradiated cell 

□ Width of the shoulder region of the cell survival curve 

□ Total number of hits required to kill a cell 
 

14. For a particular cell line characterized by D0 = 1 Gy and n = 1, what would be the 
approximate percentage of cells killed by a dose of 3 Gy? 

□ 1% 

□ 10% 

□ 37% 

□ 50% 

□ 95% 
 

15. Which of the following statements concerning linear energy transfer (LET) is FALSE? 

□ The highest RBE occurs for radiations with LET values of approximately 100 
keV/μM 

□ High LET radiations yield survival curves with low D0 values 

□ The OER increases with increasing LET 

□ High LET radiations often produce exponential survival curves 

□ LET is an average energy (in keV) transferred from a charged particle traversing 
a distance of 1 μM in the medium 

 
16. The carbon ion RBE for hypoxic cells compared to that for aerated cells is: 

□ Equal 

□ Lower 

□ Greater 
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□ Dependent on the endpoint being measured 

□ The same as the OER 
 

17. For a given biological system, the D0 in the presence of O2 was determined to be 2 Gy 
for Radiation A and 1 Gy for Radiation B. Under hypoxic conditions, the D0 was 6 Gy for 
Radiation A and 1.5 Gy for Radiation B. Which of the following statements best 
describes the relationship between the two radiations? 

□ Radiation A has a higher LET than Radiation B 

□ The OER for Radiation A is 2 

□ If a given dose of Radiation B was delivered at a low dose rate, the amount of 
cell killing would not differ markedly from that produced at a high dose rate 

□ Radiation B likely has a higher energy than Radiation A 

□ The RBE of Radiation B is 3 
 

18. Which of the following statements regarding radiation and hypoxia is true? 

□ Irradiation under hypoxic conditions yields more DNA strand breaks than under 
aerated conditions 

□ Irradiation under aerated conditions leads to less overall cellular damage than 
irradiation under hypoxic conditions 

□ The presence of oxygen reduces radiation toxicity 

□ Oxygen must be present either during or within microseconds following 
irradiation to act as a radiosensitizer 

□ The effect of oxygen on radiation-induced damage varies most between 2% and 
5% oxygen 

 
19.  An X-ray dose of 10 Gy delivered at 10 Gy/minute has a greater biologic effect than 10 

Gy delievered at 1 Gy/day because: 

□ Fewer free radicals are produced 

□ Apoptosis predominates as the major form of cell death when radiation is 
delievered at a high dose rate 

□ The normal ATM-mediated inhibition of cell cycle progression is inhibited at the 
higher dose rate 

□ Cell proliferation may occur during irradiation at the high dose rate 
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□ There is less repair of the sublethal damage during the course of irradiation at a 
high dose rate 

 
20.  For a group of tumors identical in size and homogeneous with respect to cellular 

radiosensitivity, what would be the general shape of the curve on a linear-linear graph 
defining the increase in tumor control probability with increasing radiation dose? 

□ Step function from 0% - 100% at the dose that kills all of the cells 

□ Linear increase from 0% - 100% over a narrow range of doses 

□ Logarithmic increase from 0% - 100% over a wide range of doses 

□ Sigmoidal increase from 0% - 100% over a narrow range of doses 

□ Exponential increase from 0% - 100% over a narrow range of doses 
 

21. The regulation of hypoxia-inducible factor-1α (HIF-1α) by oxygen concentration is best 
described by which of the following statements? 

□ Under hypoxic conditions, HIF-1α transcription and translation are upregulated, 
causing the protein to translocate from the cytosol to the nucleus 

□ Under aerobic conditions, the HIF-1α heme moiety becomes oxygenated, which 
drives a conformational change in the protein limiting DNA binding and thereby 
preventing up-regulation of target genes 

□ Under hypoxic conditions, HIF-1α is activated by bioreduction, thereby promoting 
up-regulation of target genes 

□ Under aerobic conditions, the HIF-1α heme moiety becomes deoxygenated, 
which drives a conformational change in the protein limiting DNA binding and 
thereby preventing up-regulation of target genes 

□ Under aerobic conditions, HIF-1α is hydroxylated by HIF prolyl hydroxylases, 
which targets the protein for ubiquitination and subsequent proteasomal 
degradation, thereby preventing the up-regulation of target genes 

 
22.  Which of the following CDK/Cyclin complexes are paired with the correct phase 

transition? 

□ CDK4/Cyclin E – G2/M transition 

□ CDK1/Cyclin B – G1/S transition 

□ CDK1/Cyclin A – S/G2 transition 

□ CDK6/Cyclin D – G1/S transition 

□ CDK4/Cyclin B – M/G1 transition 
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23.  Which of the following is the main reason why the volume doubling time of a tumor 

rarely equals its potential doubling time? 

□ High cell loss factor 

□ High metastatic propensity 

□ Long cell cycle time 

□ Low hypoxic fraction 

□ Low growth fraction 
 

24.  A tumor is characterized by a cell cycle time of 10 days, a growth fraction of 0.5, and a 
cell loss factor of 1.0. Assuming the kinetic parameters remain constant over a one 
month period, how much would the tumor volume have increased during that time? 

□ Increase 2-fold 

□ Increase 3-fold 

□ Increase 4-fold 

□ Increase 5-fold 

□ Remain the same 
 

25. Mutations in growth factor receptors are common alterations in cancer that may: 

□ Signal cells to enter senescence 

□ Directly inhibit protein translation 

□ Cause formation of γH2AX foci in cell nuclei 

□ Result in constitutive kinase activity that signals cells to proliferate 

□ Stimulate ubiquitination of caspase 3 to induce apoptosis 
 

26. Which of the following statements is true concerning the retinoblastoma (RB1) protein? 

□ It is the most important downstream effector controlling the G2 checkpoint 

□ It is encoded by an oncogene 

□ Once phosphorylated, it releases E2F 

□ It is phosphorylated by ATM 

□ Activity is altered in approximately 10% of cancers 
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27. An employee working in a nuclear power plant is accidentally exposed to a total body γ-
ray dose of 2 Gy. In what order (from earliest to latest) would you expect peripheral 
blood cell counts to decrease? 

□ Neutrophils, Platelets, Lymphocytes, Erythrocytes 

□ Erythrocytes, Lymphocytes, Platelets, Neutrophils 

□ Lymphocytes, Neutrophils, Platelets, Erythrocytes 

□ Platelets, Erythrocytes, Neutrophils, Lymphocytes 

□ Lymphocytes, Neutrophils, Erythrocytes, Platelets 
 

28. Which of the following pairs of total body irradiation effects and approximate threshold 
dose is correct? 

□ Gastrointestinal syndrome – 2 Gy 

□ LD50 (no medical intervention) – 3.5 Gy 

□ LD50 (best current medical treatment) – 15 Gy 

□ Cerebrovascular syndrome – 5 Gy 

□ Hematopoietic syndrome – 0.2 Gy 
 

29. For individuals accidentally exposed to radiation, a bone marrow transplant is potentially 
useful when the radiation dose is within a narrow range. That dose window is 
approximately: 

□ 1-2 Gy 

□ 3-4 Gy 

□ 8-10 Gy 

□ 15-20 Gy 

□ >20 Gy 
 

30. Which of the following statements is true concerning irradiation of the testes? 

□ Spermatids and spermatozoa are relatively radiosensitive, whereas 
spermatogonia tend to be radioresistant 

□ A substantial drop in testosterone levels can be detected following a scattered X-
ray dose of 0.1 Gy to the tests of an adult man 

□ If sterility in the male is not observed within one month following irradiation, it is 
unlikely to occur at a later time 
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□ Dose fractionation increases the risk of sterility in the male 

□ Full recovery of a normal sperm count following radiation-induced azoospermia 
caused by exposure to a dose of 6 Gy of X-rays generally occurs within 6 months 

 
31. A 1 cm diameter tumor that contains 1x107 clonogenic cells is irradiated with daily dose 

fractions of 1.8 Gy. The effective dose response curve has been determined and is 
exponential with a D10 of 8 Gy. What total dose will correspond to the TCD90 (90% 
probability of tumor control) assuming no cell proliferation between dose fractions? 

□ 32 Gy 

□ 40 Gy 

□ 48 Gy 

□ 56 Gy 

□ 64 Gy 
 

32. For a tumor that requires 18 days to double its diameter, what is the approximate cell 
cycle time of its constitutent cells (assume no cell loss and that all cells are actively 
dividing)? 

□ 6 days 

□ 9 days 

□ 12 days 

□ 15 days 

□ 18 days 
 

33. Data suggest that treatment breaks are detrimental to tumor control in head and neck 
cancer. The radiobiological basis of this phenomenon is: 

□ Redistribution 

□ Reoxygenation 

□ Repair 

□ Repopulation 

□ Radiosensitization 
 

34. Increasing the time between two fractions of irradiation results in an initial increase in 
cell survival, then a decrease in cell survival, and finally another increase in cell survival. 
Which radiobiological principles (in order) are responsible for these three observations? 
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□ Repopulation, Repair, Redistribution 

□ Repair, Redistribution, Repopulation 

□ Redistribution, Repopulation, Repair 

□ Repair, Repopulation, Redistribution 

□ Repopulation, Redistribution, Repair 
 

35. Irinotecan acts by inhibiting which of the following proteins/complexes? 

□ RNA polymerase 

□ Proteasome 

□ Topoisomerase I 

□ Poly (ADP-ribose) polymerase (PARP) 

□ Epidermal growth factor receptor (EGFR) 
 

36. Trastuzumab is a : 

□ mTOR/FRAP inhibitor 

□ FLT3 inhibitor 

□ siRNA that targets ATM 

□ Farnesyltransferase inhibitor 

□ Anti-HER2 antibody 
 

37. Erlotinib is a: 

□ Monoclonal antibody against VEGF 

□ Analog of nitrogen mustard 

□ COX2 inhibitor 

□ EGFR inhibitor 

□ Anti-CD20 antibody 
 

38.  Treatment with an anti-angiogenic agent may cause a tumor to exhibit increased 
sensitivity to a subsequent radiation dose. It has been hypothesized that this reflects the 
fact that: 

□ Most anti-angiogenic agents are also chemical radiosensitizers 
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□ Vascular damage decreases tumor reperfusion and results in longer retention of 
toxic radiation-induced free radicals 

□ Vascular damage increases hypoxia, which increases expression of HIF-1α in 
tumor cells, which in turn increases cellular radiosensitivity 

□ Some anti-angiogenic agents transiently normalize tumor vasculature, resulting 
in increased oxygenation of the tumor and increased radiosensitivity 

□ Transient normalization of the tumor vasculature can occur after treatment with 
some antiangiogenic agents, resulting in a more uniform radiation dose delivery 

 
39.  The optimal time to deliver hyperthermia (relative to radiation) in order to achieve the 

greatest radiosensitization is: 

□ Two hours prior to RT 

□ One hour prior to RT 

□ During RT 

□ One hour after RT 

□ Two hours after RT 
 

40. Which of the following statements concerning radiation-induced effects among survivors 
of the atomic bombings of Hiroshima and Nagasaki is true? 

□ There is no change in the incidence of heart disease among survivors who 
received less than 5 Gy 

□ Susceptibility to radiation-induced breast cancer increases with increasing age at 
the time of exposure 

□ The latency period between irradiation and the appearance of most solid tumors 
is 1-3 years 

□ Statistically significant increases in mortality from non-cancer causes with 
increasing doses have been observed 

□ For a population of 1,000 people, each exposed to an acute, whole body dose of 
1 Sv, roughly 8 would die from a radiation-induced cancer according to current 
risk estimates 

 
41.  Which of the following tumors are considered to be highly radiogenic? 

□ Breast, thyroid, leukemia 

□ Prostate, pancreas, gallbladder 
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□ Leukemia, brain, melanoma 

□ Hodgkin lymphoma, cervix, ovary 

□ Muscle, brain, liver 
 

42. What is the most common type of cancer identified in children who were in the vicinity of 
the Chernobyl nuclear power plant when it exploded in 1986? 

□ Osteosarcoma 

□ Leukemia 

□ Thyroid cancer 

□ Glioma 

□ Mesothelioma 
 

43. The probability of a hereditary disorder in the first generation born to parents exposed to 
radiation is estimated to be approximately: 

□ 0.02/mSv 

□ 0.2/mSv 

□ 0.002/Sv 

□ 0.02/Sv 

□ 0.2/Sv 
 

44. A 22 year-old man completed a course of radiotherapy for Hodgkin lymphoma one year 
ago. For the previous six months, he and his wife tried unsuccessfully to conceive a 
child. He expressed concern to his radiation oncologist that the radiation exposure (total 
gonadal dose of 0.83 Gy) may have left him sterile. How should the radiation oncologist 
respond? 

□ The radiation dose likely caused permanent sterility 

□ The dose of radiation should have had no effect on the patient’s sperm count and 
probably is not the cause of the couple’s fertility problems 

□ The patient should not even be attempting to conceive a child due to a 
significantly increased risk for radiation-induced birth defects 

□ Hormonal dysfunction caused by the radiation, not lowered sperm count, 
probably account for the couple’s fertility problems 
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□ This dose should interfere with fertility for no more than about one year, so the 
patient should continue trying to conceive a child 

 
45. Midway through the course of standard external beam radiotherapy for breast cancer, a 

patient discovers she is pregnant and near the end of her first trimester. Which of the 
following statements about this situation is true? 

□ The woman should be advised to discontinue treatment until she gives birth 

□ The fetus is quite resistant to radiation during this gestational stage, so there is 
no need to discuss options with the patient 

□ The scattered dose already delivered to the fetus is sufficiently high that a 
miscarriage or stillbirth is probable 

□ The fetus will be at an increased risk for the development of radiation-induced 
cancer later in life, even if the scattered dose is relatively small 

□ The fetus probably received less than 0.01 cGy, so no remedial action is 
necessary 

 
46. Which of the following is the most important natural contributor to human radiation 

exposure? 

□ Cosmic radiation 

□ Solar γ-rays 

□ Radium 

□ Uranium 

□  Radon 
 

47. Which of the following statements concerning molecular techniques is FALSE? 

□ Fluorescence in situ hybridization (FISH) can be used to identify the 
chromosome location of a gene of interest 

□ A restriction fragment length polymorphism (RFLP) may result is the copy 
number of a particular DNA fragment varies 

□ An exonuclease produces a cut in the middle of a DNA strand 

□ A Western blot can be used to detect and characterize a particular protein 

□ A restriction endonuclease typically cuts DNA at a specific sequence 
 

48. The sequence of temperatures (in degrees Celsius) used in a typical round of PCR to 
amplify a particular DNA fragment would most likely be: 
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□ 95, 72, 57 

□ 57, 95, 72 

□ 72, 57, 95 

□ 95, 57, 72 

□ 72, 95, 57 
 

49. Sulfhydryl radioprotectors reduce radiation-induced toxicity by: 

□ Preventing the formation of free radicals 

□ Scavenging free radicals 

□ Stimulating host immune responses 

□ Inhibiting ion pair formation 

□ Increasing intracellular oxygen 
 

50. One proposed mechanism through which cisplatin acts as a radiosensitizer is by: 

□ Inhibiting the production of dTMP 

□ Interfering with DNA repair 

□ Inhibiting the proteasome 

□ Blocking growth factor receptors 

□ Deacetylating histones 


