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Introduction

Conventional therapies for treatment of malignant disease—
including chemotherapy, surgery and radiation—have greatly 
improved the survival rates of many cancers over recent decades. 
However, these therapies often fail to reach tumor remission and 
are frequently associated with incapacitating and sometimes life-
threatening side effects.1-3

Therapeutic cancer vaccines, which prompt a targeted immune 
response against tumor-specific antigens and tumor-associated 
antigens, offer substantial promise as future treatments for can-
cer patients—chiefly due to their potential to initiate and sustain 
immune responses that may either restrain or entirely eliminate 
a tumor and thereby extend patient survival.2 In addition, the 
highly specific nature of the triggered immune response may 
avoid many of the adverse events and side effects associated with 
existing cancer therapies.4 In April 2010 the US Food and Drug 
Administration (FDA) approved the first therapeutic cancer 
vaccine, sipuleucel-T (Provenge; Dendreon), for the treatment 
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of patients with asymptomatic or minimally symptomatic hor-
mone-resistant prostate cancer.

Licensure of sipuleucel-T, based on survival benefit in clinical 
trials,5 was regarded a major milestone for therapeutic cancer vac-
cines in the US.6 Yet, there has been no assessment of therapeu-
tic cancer vaccines currently in clinical trials, which would help 
clinicians and their patients understand therapeutic and research 
opportunities in the near future. Nor has there been an assess-
ment of the extent to which research and development in this 
expanding niche reflects the incident burden of disease or the 
current survival patterns for different malignancies in the US. 
The population benefit of cancer vaccines may be greatest, as a 
therapeutic class, if research and development is concentrated 
and promoted most strongly for common cancers where survival 
rates are currently lower than average for oncology treatments 
overall.7

In this study we examine the pipeline of therapeutic cancer 
vaccines currently undergoing clinical trials, using publicly avail-
able data.
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Results

Overall clinical research activity for therapeutic cancer vac-
cines—2011. In 2011, we identified 231 active clinical trials for 
therapeutic cancer vaccines (Table 1). Of the active clinical trials, 
81 are in Phase I, 140 have reached Phase II, and 10 vaccines are 
currently in Phase III. By cancer type, active therapeutic vaccine 
trials for melanoma are most numerous (n = 40), followed by 
breast cancer, lung cancer, and prostate cancer.

Of the 10 active Phase III trials, four target lung cancer, two 
target pancreatic cancer, and there is one trial each for breast can-
cer, melanoma, multiple myeloma, and kidney cancer (Fig. 1). 
Two of the studies (Lung A and Lung C) are projected to be 
completed by the end of 2011, and three more by the end of 2013. 
National trial identifier codes are provided in Figure 1 for inter-
ested physicians and patients who may wish to learn more about 
the active therapeutic cancer vaccine trials currently in Phase III.

Association of therapeutic vaccine trial activity with disease 
burden and survival trends. According to surveillance statistics 
(Table 2), cancers range in annual incidence in the US from 
about 8,000 (testis, Hodgkin lymphoma) to more than 220,000 
(lung and bronchus). Annual mortality for cancers in the US 
ranges from about 300 (testis) to more than 157,000 (lung and 
bronchus).

According to the latest national five-year survival data, survival 
at 5 y from diagnosis is 67.8% for all cancer sites overall, which 
is a 7.1-percentage-point absolute improvement from a decade ago 
(11.7% relative improvement). Five-year survival rates for specific 
cancers (Table 2) are highest for prostate cancer (99.6%) and low-
est for pancreas (5.7%). Absolute recent improvement in five-year 
survival is greatest for non-Hodgkin lymphoma (17.3 percentage 

points) and least for cancer of the 
larynx (-3.4 percentage points).

In combination, annual inci-
dence and 5-y survival data yield 
estimates of 5-y mortality—that 
is, the therapeutic window of need 
and consequent opportunity for 
cancer vaccines. Five-year mor-
tality is estimated to range from 
approximately 300 for cancers of 
the testis to more than 185,000 for 
cancers of the lung and bronchus 
(Table 2).

Pairwise correlations of thera-
peutic cancer vaccine trial activity 
with measures of disease burden 
and cancer survival are presented 
in Table 3. Annual cancer inci-
dence is significantly associated 
with current therapeutic cancer 
vaccine trial activity (r = 0.60; 
p = 0.003). Regression analyses 
demonstrated that, on average, 
there is an additional clinical trial 
for each 10,000-case increase 

in the annual number of incident cases. Annual incidence was 
found to explain 32% of the variance in the number of therapeu-
tic cancer vaccine trials.

The number of therapeutic cancer vaccine trials was less 
strongly correlated with annual mortality (r = 0.39); this finding 
did not reach statistical significance (p = 0.07).

The three measures of cancer survival that we examined were 
not associated with clinical trials activity (Table 3).

Discussion

The licensure of sipuleucel-T in 2010 as a therapeutic vaccine 
for prostate cancer may signal a very active new era of treatment 
innovation for malignancies. In this analysis of current clini-
cal trial data, we find that therapeutic vaccines are currently in 
development for 13 of 22 cancer types specified by the NCI. In 
addition, of 10 vaccines currently in Phase III clinical trials, 8 
are expected to complete their trial periods by the end of 2016. 
Even allowing for common trial delays and the expected duration 
(1 to 2 y) of the FDA licensure period itself, it appears possible 
that care of cancers of the prostate, breast, lung, pancreas, and 
kidney and multiple myeloma and melanoma may be expanded 
with therapeutic vaccine options as early as 2020.

Such a projection begs the question: are therapeutic vaccines 
likely to meaningfully alter the burden of malignancies in the 
US and provide clinically worthwhile alternatives to currently 
available therapies? Importantly, we found that current thera-
peutic vaccine development for cancers is strongly associated 
with annual incidence—and not with annual mortality, cur-
rent or recent changes in 5-y survival rates, or five-year mortality 
estimates. While notable outliers, such as melanoma and brain 

Table 1. Therapeutic cancer vaccines currently in human clinical trials, by disease target

Cancer Trials (n) Phase I Phase I/II Phase II Phase II/III Phase III

Melanoma 40 13 15 11 0 1

Breast 34 14 9 10 0 1

Lung 30 13 8 5 1 3

Prostate 22 4 9 9 0 0

Brain 20 11 2 7 0 0

Leukemia 18 7 6 5 0 0

Non-Hodgkin 
lymphoma

16 6 5 5 0 0

Multiple myeloma 13 3 5 4 1 0

Pancreas 10 4 3 1 0 2

Kidney 10 0 5 4 0 1

Hodgkin  
lymphoma

8 2 5 1 0 0

Cervix 8 4 2 2 0 0

Bladder 2 0 1 1 0 0

Data sources: National Cancer Institute clinical trials database. www.cancer.gov/clinicaltrials/search; 
accessed February 27, 2011 and National Cancer Institute: www.cancer.gov/cancertopics/factsheet/
Therapy/cancer-vaccines. Cancers listed are identified by NCI as targets for active therapeutic vaccine 
trials; accessed February 27, 2011.
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cancer, have a large number of active clinical trials relative to 
their incidence, across all cancers investigated incidence was the 
only statistically significant factor we found that corresponded 
with cancer development. In the broadening niche of therapeutic 
cancer vaccines, annual incidence appears to provide the stron-
gest appeal for vaccine innovators at this moment in time.

Prostate cancer vaccines are perhaps the best illustration of 
this finding. The 5-y survival rate for prostate cancer stands at 
>99%, the most favorable in the US—indicating that available 
therapeutic approaches are helping the vast majority of men diag-
nosed, and offering an incremental advantage for another treat-
ment approach in the majority of cases. Nonetheless, sipuleucel-T 
has already been licensed and there are 22 more prostate cancer 
vaccines already in clinical trials (many targeting treatment-
resistant forms of this malignancy). Apparently, the attraction 
for vaccine developers is the large number of men who develop 
prostate cancer each year; even a small fraction of men who fail 
currently available therapies for prostate cancer is a large number 
of potential candidates for vaccine therapy.

Lung cancer—the most common cancer in the US—pres-
ents a distinctly different opportunity for therapeutic vaccines. 
First, in stark contrast with prostate cancer, five-year survival for 

cancers of the lung and bronchus is 16.4%. Second, this NCI 
category includes multiple different cancer subtypes—e.g., small 
cell, squamous cell, adenocarcinoma—that vary considerably in 
their genetic origins, clinical prognoses and effectiveness of cur-
rently available therapies. In fact, this large category is perhaps 
better viewed as a set of smaller subcategories, each of which may 
offer a distinct target for vaccine development. At this time, the 
4 vaccine candidates currently in Phase III trials for lung cancer 
are all developed for non-small cell treatment.

Pancreatic cancer presents a third example of current thera-
peutic vaccine development. Cancer of the pancreas occurs only 
one-fifth as frequently as cancers of the lung, breast, and pros-
tate, and currently has the lowest 5-y survival rate of all cancer 
types in the US. Our analysis would suggest that lower incidence 
would translate to less therapeutic vaccine development—and 
that is true (n = 11) in comparison with prostate (23), lung (30) 
and breast (37) cancers. On the other hand, there are already 
two therapeutic vaccines for pancreatic cancer in Phase III trials, 
one with a projected end date as soon as 2014. In cases such as 
pancreatic cancer, where currently available therapies offer only 
modest or little benefit, therapeutic vaccines may offer marked 
incremental value to patients in the future.

Figure 1. Development targets and timelines for therapeutic cancer vaccines in phase III clinical trials. Data abstracted by the authors from National 
Cancer Institute clinical trials database8 and clinicaltrials.gov.10 National clinical trials (NCT) information is provided to readers for reference regarding 
each vaccine.
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It appears that progress in cancer vaccines can serve the great-
est benefit to patients if drug developers choose to target malig-
nancies that are not as successfully treated by existing therapies.7 
Even a mild to moderately successful vaccine that targets malig-
nancies with dire prognoses, such as pancreatic and lung can-
cer, may have more potential to increase patient outcomes than a 
wildly successful vaccine that targets less aggressive cancers such 
as prostate tumors. Cancer incidence should still be a key factor 
when considering potential drug targets, but by also considering 
current treatment outcomes, one can identify malignancies that 
afflict the largest numbers of patients as well as have the poorest 
prognoses (e.g., lung cancers).

Importantly, our analysis here emphasizes the application of 
new therapeutic vaccine technologies from the perspective of 
patients who may potentially benefit. This perspective, which we 
may call “end-of-the-pipeline,” is not the only part of the story. 
Factors related to initiating and facilitating new therapeutic 
vaccine development may also play a role. In the case of cancer 
vaccines, the identification of tissue-specific targets (e.g., lact-
albumin for breast cancer; prostate-specific antigen for prostate 

cancer) may make vaccine development not only more feasible 
but safer as well. Where tissue-specific targets are more difficult 
to identify, vaccine development efforts may need to be amplified 
in order to realize the population benefit described above.

Our findings must be interpreted in the context of certain 
limitations. First, it would be clinically relevant to compare the 
therapeutic effects and side effects of newly available therapeutic 
vaccines with established therapies for cancer. However, this form 
of comparative effectiveness analysis must await the outcomes of 
Phase III trials for the products in the pipeline. Importantly, in 
the case of sipuleucel-T, a comparative effectiveness analysis (i.e., 
vs. other therapeutic options) was not performed (the trial was 
placebo-controlled).5 It would be beneficial in the years ahead 
if therapeutic cancer vaccine trials implemented head-to-head 
comparisons vs. existing therapies, rather than placebo, in order 
to directly compare benefits and risks for these new treatments. 
While cancer vaccines differ in their mechanism of action com-
pared with existing cancer treatments such as chemotherapy, 
commonly measured outcomes, like survival, would be useful 
parameters to compare across treatments.

Table 2. Cancer types and corresponding measures of burden and survival in the United States

Cancer Incident 
Cases†

Annual 
Deaths†

Five-year 
Survival (%), 
1999–2006

Absolute 
Change in 
Survival vs 
1990–1992

Relative 
Change in 
Survival vs 

1990–1992, %

Five-year Mor-
tality Estimate

Liver and intra-hepatic bile duct 24,120 18,910 14.4 8.5 144.1 20,647

Esophagus 16,440 14,500 18.9 6.3 50.0 13,333

Non-Hodgkin lymphoma 65,540 20,210 69.1 17.3 33.4 20,252

Myeloma 20,180 10,650 38.5 8.0 26.2 12,411

Pancreas 43,140 36,800 5.7 1.1 23.9 40,681

Stomach 21,000 10,570 26.7 5.1 23.6 15,393

Leukemia 43,050 21,840 55.3 8.5 18.2 19,243

Lung and bronchus 222,520 157,300 16.4 2.4 17.1 186,027

Kidney and renal pelvis 58,240 13,040 69.6 8.2 13.4 17,705

Brain and other nervous system 22,020 13,140 36.3 4.1 12.7 14,027

Oral cavity and pharynx 36,540 7,880 62.7 6.7 12.0 13,629

Ovary 21,880 13,880 45.3 2.7 6.3 11,968

Prostate 217,730 32,050 99.6 5.9 6.3 871

Breast‡ 209,060 40,230 89.9 4.5 5.3 21,115

Hodgkin Lymphoma 8,490 1,320 86.8 4.0 4.8 1,121

Colon 102,900 51,370 65.8 2.8 4.4 35,192

Melanoma 68,130 8,700 93.0 3.5 3.9 4,769

Thyroid 44,670 1,690 97.4 2.4 2.5 1,161

Cervix 12,200 4,210 71.1 0.5 0.7 3,526

Bladder 70,530 14,680 81.1 0.5 0.6 13,330

Testis 8,480 350 96.3 0.5 0.5 314

Larynx 12,720 3,600 62.9 -3.4 -5.1 4,719

Survival rate data from National Cancer Institute Surveillance Epidemiology and End Results (SEER) database. Data accessed March 4, 2011 from 
seer.cancer.gov/; time frames pre-defined by SEER. Incidence and annual mortality data obtained from reference 1. Five-year mortality estimates 
from authors’ calculations—see Methods. †Values from 2010. ‡Survival rate data only represent females while rest of data reflect both sexes.
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Table 3. Correlation analysis of clinical trials activity for therapeutic cancer vaccines with measures of 
cancer disease burden and survival

Annual  
incidence

Annual  
mortality

Five-year  
survival

Recent change 
in five-year 

survival

Estimate of 
five-year 
mortality

Number of Active 
Clinical Trials

r = 0.60 r = 0.39 r = 0.17 r = 0.17 r = 0.30

p = 0.003 p = 0.07 p = 0.44 p = 0.45 p = 0.18

A second limitation of this analysis is that clinical trials 
provide a valuable but incomplete perspective on the extent of 
research and development activity, which extends back into 
preclinical (animal models) and research-and-discovery phases. 
Based on recently published data about the relative balance of 
products in preclinical vs. clinical trials within the rapidly grow-
ing pipeline of prophylactic vaccines,11 the number of thera-
peutic cancer vaccine candidates in preclinical stages may well 
exceed the numbers currently in human trials. Nonetheless, 
the progress of vaccine candidates through the development 
pipeline to clinical trials indicates the products with the great-
est likelihood of eventual licensure. Therefore, we believe that 
the analysis presented here, while only a part of the complete 
development picture, is the most relevant part for patients and  
physicians alike.

In summary, current projections indicate that several thera-
peutic vaccines for cancer may be licensed for use in the US by 
the end of this decade. Our finding that therapeutic vaccine 
development is generally more active for more common can-
cers fits conventional wisdom in pharmaceutical development. 
Nonetheless, for therapeutic cancer vaccines to fundamentally 
change how cancer care is provided, and how many patients sur-
vive who would have died with other available treatments, vac-
cine developers will need to attend to measures such as annual 
mortality and five-year survival that are not currently driving fac-
tors within this new niche.

Methods

Study sample—therapeutic cancer vaccines. We determined the 
numbers of active therapeutic cancer vaccine trials using the clin-
ical trial search database of the National Cancer Institute (NCI).8 
We implemented search criteria “treatment,” “vaccine therapy,” 
and “active” for the trial type, treatment/intervention, and trial 
status search fields, respectively. By NCI definition, to be “active” 
a trial must currently be enrolling patients. We collected trial 
data in the period January–May 2011.

We identified therapeutic cancer vaccine types as those speci-
fied by NCI as being in active clinical trials for therapeutic vac-
cines.9 These types include: bladder cancer, brain tumors, breast 
cancer, cervical cancer, kidney cancer, leukemia, lung cancer, 
non-Hodgkin and Hodgkin lymphoma, melanoma, multiple 

myeloma, pancreatic cancer, and prostate cancer. We added these 
cancer types in the cancer type/condition search field for their 
respective searches, in order to assign vaccine candidates to spe-
cific cancer targets.

Cancer vaccine trials and corresponding disease burdens. 
From the NCI database search elaborated above, we identified 
the active vaccine trials and procured the National Clinical Trial 
identifier (NCT ID) for each. Using the NCT ID, we then used 
the NIH ClinicalTrials.gov database to obtain more data about 
each trial including start date and projected end date.10

Using the most recent data available, we determined 2010 esti-
mates of new cases and deaths by cancer type in the US.1 Using 
the most recent publicly available data from SEER (seer.cancer.
gov), we determined the five-year survival rates by cancer type in 
the US for the two most recent measurement periods specified by 
SEER: 1999–2006 and 1990–1992. From these data, we calcu-
lated the absolute and relative recent changes in 5-y survival for 
different cancer types.

As an additional measure, we also estimated mortality burden 
at five years, which we calculated as: [annual incidence] * [1 – 5-y 
survival rate].

Data Analyses. The central research question in this study was 
whether therapeutic cancer vaccine development activity (as mea-
sured by number of products in human trials) is related to disease 
burden and survival patterns. We measured burden and survival 
in five ways: (1) annual incidence (hypothesis: incidence is posi-
tively associated with vaccine development), (2) annual mortality 
(hypothesis: mortality is positively associated with vaccine develop-
ment), (3) latest 5-y survival rate (hypothesis: survival is negatively 
associated with vaccine development), (4) recent change in 5-y sur-
vival rate (hypothesis: change in survival is negatively associated 
with vaccine development), (5) 5-y mortality estimate (hypothesis: 
mortality is positively associated with vaccine development).

We used pairwise correlation statistics and linear regression 
to examine the association of vaccine development activity with 
each of the five different measures above. All analyses were per-
formed using Stata 9 (Stata Corp., College Station, TX). As an 
analysis of de-identified data from publicly available sources, this 
study was exempt from human subjects considerations.
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