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Feature   Article  

A profile of Princeton math professor Manjul Bhargava and his Fields Medal-winning work on 
the geometry of numbers 

Manjul  Bhargava:  the  Midas  of  Mathematics  
  
It’s a drizzling Wednesday afternoon, and all across campus, students rush to lecture, afraid to 
miss any wise words that might end up on the next exam. But as soon as they step foot in Fine 
Hall, the iconic triangular building that houses Princeton’s Mathematics Department, time slows 
down. 

 
In Room 314, where the department gathers annually on March 14th to celebrate Pi Day, 22 
students trickle in for Topics in Number Theory: Arithmetic of Elliptic Curves. They are 
unconcerned about being a little tardy—class starts a few minutes late anyways. One teaching 
assistant curls up in an armchair ensconced in a tiny cove in the room. 

 
The room quiets as the professor neatly prints “The Origin of Descent: Fermat’s Last Theorem” 
in chalk. Clad in jeans and a loose-fitting collared shirt, he turns around and clasps his hands 
behind his back. His hair flops loosely, laying flat against his skull, not unlike an acorn cap. 
“Sounds very philosophical,” he says with a light chuckle emanating from a characteristic half- 
smile. 

 
Everything about him is gentle—his voice, his gestures, even his gaze. As he recounts the 
mathematical saga that started with Pierre de Fermat, he paces leisurely in front of the board, 
thick glasses periodically catching the glare of overhead lights. In 1637, Fermat conjectured that 
no three positive integers a, b, and c can satisfy the equation an+bn=cn when n is an integer 
greater than 2. The proof for this equation stumped mathematicians for almost four centuries 
before Sir Andrew Wiles finally proved it in 1994. Today, the students are learning how to prove 
Fermat’s Last Theorem for the equation A4+B4=C4. 

 
“Suppose there exists solution (a, b, c) to the equation A4+B4=C4,” he says as he writes on the 
board: 

 
Suppose ∃ sol’n (a, b, c) to A4+B4 = C4. 

 
He mumbles to himself at the board before changing the last four to a two. Fermat actually 
proved the equation for C2, not C4. This is more impressive, he says, because if A4+B4  can’t 
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equal C2 (a perfect square), it certainly can’t equal C4 (a perfect fourth), which is necessarily a 
perfect square. It’s a stronger proof. 

 
He painstakingly and carefully explains each logical step of the proof. Soon there are a’s, b’s, c’s, 
r’s, s’s, and t’s scattered throughout equations that look deceptively simple. A student raises his 
hand: “The new s is different from the old s.” 

 
“Oh my goodness,” the professor chuckles, quickly erasing the offending letters with his palm 
before replacing them. “Thank you for saving me,” he says. “That would be a contradiction.” A 
nerdy little quip, but apt—the whole room titters. 

 
“This is kind of amazing,” he continues, pointing at the board where he’s just written: 

 
s2 = t4 + u4, the new solution to A4 + B4 =  C2

 

 
“It’s the same as the original equation.” 

 
Finishes the proof with great satisfaction, he quickly sketches an alternative proof using elliptic 
curves. “I think this was the first precept,” he says when he pauses from writing. Met with  
silence from TAs and students alike, he asks drily, “Is that too far back?” Laughter again. 

 
Childlike wonder seeps through his voice as he repeats, “It’s kind of amazing,” and brings 
Wiles’s proof full circle. “In the end, elliptic curves played such a huge role in solving Fermat’s 
Last Theorem.” 

 
It’s nearing the final weeks of the semester and the novelty of the class has long worn off, but 
even an hour into lecture, there remains an undercurrent of buzzing energy among the students. 
There’s good reason for it: Everyone in the room is acutely aware that Manjul Bhargava, the 
soft-spoken and boyish-looking professor standing before the chalkboard, completed his doctoral 
thesis under the tutelage of Andrew Wiles. 

 
Since then, Bhargava has revolutionized and reinvigorated the study of elliptic curves. In 2014, 
just thirteen years after receiving his doctorate, Bhargava was awarded the Fields Medal, the 
Nobel Prize of mathematics. 

 
*** 

 
Bhargava was born in Ontario, Canada in 1974 and raised in Long Island, New York. His mother 
taught mathematics at Hofstra University there, and from an early age, he demonstrated   unusual 
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talent for the discipline. “I think I liked math as far back as I can remember,” he muses. “I loved 
counting, and I loved making little puzzles.” 

 
For instance, how many total oranges did he need in order to make a pyramid with N oranges on 
each side? “I thought about that problem for a long time—the problem was in my head for as far 
back as I can remember,” he recalls. When he was eight, he found the answer: N*(N+1)*(N+2)/6 
oranges. “It was one of the most exciting moments I can remember,” he says, “having the 
formula with the predictive power to tell you what you need to do that process.” 

 
His mother never pushed him to pursue math, he says. “But whenever I had math questions, I 
knew who I could go to, and she’d always encourage me to figure things out by myself and only 
help me when I really needed it.” They still call daily. 

 
His grandfather, a scholar of ancient history, had shelves of Sanskrit books in his study and 
taught him the classical language. Bhargava immediately began reading ancient math texts in 
their original writing. “Oh my gosh, this has all sorts of mathematics that we don’t learn in 
school,” Bhargava realized. “Most people would never encounter them normally; I was lucky  
that I was interested in mathematics and my grandfather was interested in Sanskrit and ancient 
Indian history,” he says. “I was able to close two things because of the home I grew up in.” 

 
It was a great advantage to be raised in an Indian-American home and experience the best of   
both cultures, he says. “My mind was more open from the very beginning.” Speaking two 
languages was part of that openness. “For some things I find it much easier to think in Hindi,” he 
explains, softening the d in Hindi,” and for other things, it’s much easier to think in English. The 
way you express things in different languages can give you a totally different perspective.” 

 
Bhargava left home to attend Harvard College. While there, he received the Morgan Prize, which 
is awarded annually to one North American undergraduate for outstanding research in 
mathematics. He then came to Princeton to pursue his doctorate under the mentorship of Andrew 
Wiles and Peter Sarnak. Says Sarnak, “He came here to work with Wiles, but he didn’t work in 
Wiles’s area.” Rather, Wiles recognized that Bhargava had the potential to pave his own way and 
gave him a separate direction to pursue. “Manjul has really pioneered his own field,” Sarnak 
says. “He just impressed Wiles and myself to no end with his inventiveness.” 

 
His early reading in Sanskrit inspired parts of his PhD thesis. Gaussian composition, a method  
for creating new functions from existing ones, was discovered by Carl Friedrich Gauss in its 
modern form, says Bhargava, “but of course it had predecessors and those perspectives don’t get 
brought into modern mathematics.” Applying insights from ancient texts, he generalized Gauss’s 
composition laws, broadening their use. When he showed his findings to Wiles and Sarnak, they 
were flabbergasted. “It blew our minds,” Sarnak recalls. “Pure genius.” 
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According to Bhargava, a lot of science has been lost through this academic version of 
Telephone, in which original words mutate just four or five steps into the game. “We only use 
really recent sources to study science and mathematics and philosophy, which is completely 
disjointed from the way people were thinking about it just four or five generations ago,” he says. 
Appalled by the lack of knowledge about the insights he found in his grandfather’s ancient 
Sanskrit books, Bhargava has made it a mission to bring those teachings back. 

 
His love for the history of mathematics has sometimes complicated his relationship with his 
academic discipline. “I decided I wanted to be mathematician [at a young age], but I changed my 
mind a lot,” he remembers. At one point or another, he considered changing tracks to physics, 
computer science, economics, and history. He even considered becoming a professional 
musician. Bhargava is a master of the tabla, a small Indian drum, and has studied with world- 
famous tabla guru Ustad Zakir Hussain. 

 
But ultimately, everything came back to mathematics. “I realized I liked all these things because 
I liked the mathematical aspects of them,” Bhargava says. “A lot of the creativity of mathematics 
is coming up with the good problems. Music and nature have been the inspiration for lots of 
amazing problems.” 

 
That everyday experiences can motivate such deep and abstract thought is the beauty of number 
theory, for Bhargava. “Since I was really small I loved number theory because the problems 
themselves anyone can understand, but what you need to solve them often uses the deepest 
mathematics. But you always come back to the ground after you’re done.” 

 
*** 

 
Inspired by concrete questions, Bhargava’s work in number theory, though complex and abstract, 
carries a trademark quality described as “down-to-earth mathematics” by colleagues. The study 
of elliptic curves merges the study of square numbers with the study of polynomials, which are 
expressions containing more than two algebraic terms. Both have been well studied individually, 
but Bhargava is interested in where they intersect. “I want to understand the square values of 
mathematical expressions,” he says. We use polynomial functions to model everything from 
coffee shop profits to planetary movement. It turns out that looking at square values is a great 
way to characterize even the least-understood functions. 

 
This question goes back thousands of years. Megalithic monuments built in Northern Europe and 
Egypt circa 2500 BC included large, triangular stones—right triangles with integer side lengths  
a, b, and c, where a2+b2=c2 (if this looks familiar, you probably learned it as the Pythagorean 
theorem). The Mesopotamian tablet Plimpton 322, written circa 1800 BC, includes a list of 
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Pythagorean triples, or solutions to the equation. Astonishingly, the solutions go as high as 
127092+135002=185412, suggesting the Mesopotamians had derived the lengths using formulas 
instead of relying on trial and error. They weren’t the only ones. Pythagorean triples have been 
deciphered on ancient writings from Egypt, India, China, and—most famously—Greece. 

 
Bhargava looks not at triangles but at elliptic curves, the geometric expression of third-order 
polynomial functions, where the first term is taken to the third power. Some of their solutions 
take square values that can be expressed as y2, so Bhargava studies problems that take the form 
x3+ax+b=y2. 

 
Graphing these functions using the complex plane, which includes imaginary numbers, Bhargava 
applies shapes to numerical expressions in what is called the geometry of numbers. When lower- 
order polynomials are graphed in the complex plane, they look like spheres. Third- and fourth- 
order polynomials look like donuts. Polynomials of even higher order look like donuts that have 
fused end-to-end—the higher the order, the more linked donuts. 

 
While spheres have been extensively explored, almost nothing is known about donuts and the 
square values they can take. Bhargava works on third-order functions because they are the 
simplest of these and have solutions that follow structured patterns, making them easier to 
analyze. Collaborating with Christopher Skinner of Princeton and Arul Shankar of Harvard, 
Bhargava used this internal structure to show that 50 percent of elliptic curves had no rational 
solutions, and the rest, one solution. 

 
Bhargava similarly takes statistical approaches to other theorems about elliptic curves. Says 
Fabian Gundlach, one of Bhargava’s graduate students, “There are a few conjectures about 
elliptic curves that are still open, but he’s proved that they are satisfied in many cases.” 

 
*** 

 
Fine Hall, towering over the rest of Princeton’s campus, has long housed such luminaries as the 
late John Nash, John Conway, Andrew Wiles, and now Manjul Bhargava. The building has 
absorbed a unique culture from these mathematical greats. Every weekday, the department 
gathers for afternoon tea in the third floor lounge. Outside Bhargava’s classroom, an old man in 
an argyle sweater vest slowly shuffles by in stretched-out, scrunched-up socks. 

 
Bhargava’s office sits on the top floor of the building. It’s filled with eclectic knickknacks, a 
barely contained chaos of papers, books, and toys covering every flat surface. A collection of 
pinecones, arranged in order of size, occupies the highest shelf, displaying the Fibonacci 
sequence, one of nature’s most beautiful and ubiquitous mathematical patterns. 
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On a circular table and couch lie three-dimensional configurations of geometric shapes created 
using Zometools, ball-and-stick modeling kits that mathematicians play with to visualize 
complex shapes. 

 
Bhargava usually constructs multiple dimensions in his mind. “You don’t really see it in the 
physical way,” he explains. “You can imagine one dimension, then you can imagine two 
dimensions, then three dimensions… by analogy you learn to visualize and extend further that 
sequence.” Our minds can comprehend a reality far beyond the physical world, he says. “The 
brain is capable of seeing much more than what we just happen to see when we open our eyes.” 

 
Zometools are sometimes helpful, though. He picks up a root lattice, the shape obtained by 
connecting the centers of the six faces of a cube. It looks like two square pyramids glued together 
at their square bases. On the table, it rests on one of its triangular faces. Once he pulls it up so  
that only the tip of one pyramid touches the table, the previously disordered pattern of balls and 
sticks seems to fall into place. 

 
“It changes everything,” he says. “Sometimes you need both of those perspectives. In your mind 
it’s really hard to do, but just do that,” he murmurs reverently, shifting the root lattice again,  
“and oh, okay, that’s so clear.” 

 
Despite the pinecones and Zometools, though, Bhargava prefers to work outside, surrounded by 
nature. “I almost do no work here,” he says with a mischievous smile: “Most of my work is done 
just walking around.” When the weather permits, he ambles through the Institute Woods or the 
towpath lining the canal. 

 
“Nature has so many different stimulating things: there’s wind, there’s sun, there’s leaves 
rustling, there’s birds chirping,” Bhargava says. “A boxy room just doesn’t have that.” Outside, 
he can let his thoughts run free. 

 
He usually works in small steps, building proofs bit by bit. But sometimes, he makes giant 
bounds forward. “Sometimes you’re just really stuck,” says Bhargava, “and then you have that 
one flash of inspiration and it just solves everything. That happens on rare occasion. Those are 
pretty amazing moments.” He continues, “There’s also a degree of how big the flash is. Flashy 
things happen once every few months, and the really big flashes maybe once every few years.” 

 
Work is harder during the winter. Snow is beautiful, but “slush is not inspirational,” he quips. 
Next year, he’ll avoid the slush in Berkeley, where he and several collaborators will congregate 
during their sabbaticals. They normally only see each other once in a while. Hopefully, with an 
entire semester, “we can really do something,” he says. 
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*** 

 
Since winning the Fields Medal, Bhargava has found it hard to manage all of his commitments. 
He’s already had to drop hobbies like music and magic, and he worries that soon, teaching and 
even his research will have to take a back seat. But his responsibilities are only mounting. The 
math department wants him to take on more administrative oversight, and institutions around the 
world are asking him to speak at functions. Everyone wants a piece of him. 

 
“This has been the craziest year of my life,” he says. “That first month, I got about 20,000 
emails.” Now, he averages two thousand a month. “A lot of it is stuff that I want to reply to,” he 
says wistfully. He particularly wants to write back to the children who have sent letters. “It’s 
given me a lot more opportunities to have an effect on the education of schoolchildren, so that’s 
been a nice opportunity. But it’s also been very time-consuming.” 

 
His work on The Man Who Knew Infinity, a movie about self-educated Indian mathematician 
Srinivasa Ramanujan, has only added to Bhargava’s busy schedule. Ramanujan’s genius was 
discovered by G. H. Hardy, a famous English mathematician, and the two men worked together 
for five years, producing numerous insights into number theory in what is considered the most 
prolific collaboration of all time. Bhargava has been the movie’s mathematical advisor for ten 
years. He’s seen three directors come and go, and he’s seen funding flow in and dry up. But the 
movie, which stars Dev Patel from Slumdog Millionaire and Academy Award winner Jeremy 
Irons, is finally complete and will premiere internationally in April 2016. 

 
Since filming ended in the summer, Bhargava has been traveling every week to film festivals 
from Zurich to Singapore. In December, though, he missed the Goa film festival in India, which 
he was really looking forward to, because his mother fell ill with gallstones. “She was in such 
pain, I couldn’t imagine just leaving,” he says, “and I want to be there when she has surgery.” 

 
When Bhargava does go to India, he likes to make a point of wearing traditional clothes. Since 
the West became synonymous with prosperity, Indian traditional garb has been cast aside in 
business circles as shameful. At math institutes, Bhargava often meets students who have always 
worn traditional kurtas but now feel pressured to wear western clothes. “It’s really sad,” he says. 

 
As as the first Indian mathematician to win the Fields Medal, he feels like he has some influence 
there. During a sabbatical, he wore a kurta the whole time. “By the end of it, I saw all the  
students were back to their traditional garb,” he remembers. “I thought, ‘Aw, I’ve been a good 
influence.’” 

 
*** 
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At Princeton, students find Bhargava particularly approachable. “He wants students to treat him 
as a friend,” says Yuval Wigderson, a student in his MAT 219 class. “It’s special. He genuinely 
enjoys talking with students.” Bhargava sometimes stays as long as an hour after class to talk 
with students. 

 
Bhargava’s also taught a freshman seminar on using number theory to develop magic tricks and 
games. Carolyn Chen, who was in that class, remembers Bhargava ate dinner with the students 
every week. Chen went on to take number theory, she says, because Bhargava showed her that “I 
can approach problems in a fun way.” 

 
Bhargava’s passion for his craft is infectious, his students say. And Bhargava believes that 
enthusiasm is most important when teaching. “It doesn’t even matter what the teacher’s teaching, 
as long as they’re excited about it,” he says. “If they’re enthusiastic about it, then their students 
will catch their enthusiasm.” 

 
Yet what stands out the most about Bhargava is his legendary modesty. “If you didn’t know he 
had a Fields medal, you wouldn’t have any idea,” says Wigderson. “He’s extremely humble and 
such a nice guy.” 

 
*** 

 
Despite his prestige and reputation, Bhargava still remembers to have fun. When he was first 
hired, just one year out of graduate school, he requested frictionless chairs for his office. 
“They’re so good for racing,” he says impishly. 

 
You can’t sit in them backwards, he says. Rather, you ride the chair as you would a scooter. 
“This way you can kind of steer,” he says as he demonstrates. 

 
That first year, he and some of his students (who were his classmates just one year prior) would 
race the frictionless chairs down the hallways. “A slight push takes you to the other end of the 
hallway,” Bhargava says, a glint in his eye. They usually raced at night, when the other 
professors had gone home. “But one time, we were racing past professors’ offices, and I was 
flying right by when the professor came out of his office.” He doesn’t know how the professor 
reacted. “We all went and hid.” 

 
With a self-deprecating smile, he says, “They probably regretted hiring me.” 
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News  Article  

Leder on vaccine development: its decline, why we need it, and its future 

Reflections  from  the  Ebola  Crisis:  The  Fall  of  Vaccine  Development  
  
Researchers have been searching for Ebola vaccines since 1980, and candidates have been in the 
pipeline for years. But clinical trials only began in late 2014, after panic over the epidemic 
spurred on Ebola vaccine research and development. 

 
The Ebola vaccine is hardly the first to stall in the pipelines. 

 
Vaccine development has slowed in recent years for two main reasons. The first is that 
development is costly, and vaccines tend to generate less profit than drug treatments. The second 
is that current scientific techniques for making vaccines are limited. 

 
Since 1967, the number of companies in the vaccine industry has dropped from twenty-six to just 
five: Merck, GlaxoSmithKline, Sanofi-Aventis, Wyeth, and Chiron. Vaccine revenues comprise 
less than 10 percent of total revenue in four out of these five companies. Between drug 
treatments and vaccines, pharmaceuticals are simply choosing to invest in developing drugs. 

 
Why we need vaccines 

 
The WHO estimates that HIV, tuberculosis, and malaria killed over 3.2 million people in 2013. 
Another 4.8 million died from other infectious diseases. 

 
The poorest and most underdeveloped regions of the world are disproportionately affected. The 
map of those living on less than two dollars a day neatly overlaps the map of infectious diseases. 

 

The map of populations living on under $2/day (left) overlaps neatly with TB incidence (right). 
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Vaccinating high-risk populations is the most effective way to control the spread of infectious 
disease. Vaccines teach the immune system to recognize and fight infections. Composed of 
different components of bacteria or viruses, vaccines mimic infection without actually causing 
full-on disease. The immune system remembers how to fight the infection and is able to mount a 
quick and effective response in the event of a real infection. 

 
Each vaccine only protects against a specific disease. Vaccines have been developed for most 
major childhood diseases like chickenpox and measles, and have virtually eradicated once 
prevalent diseases like smallpox and polio. 

 
But such successes are hard won. Drug development is a hefty investment. On average, roughly 
10,000 candidates are investigated for each new drug developed. During the eight years it takes a 
drug to go through lead selection and optimization, preclinical testing, and clinical trials, 
pharmaceutical companies spend well over $1 billion. 

 

The entire drug discovery process is not only lengthy, but also extremely expensive. 
 

Pharmaceutical companies therefore carefully consider costs and benefits when choosing which 
projects to undertake. And when it comes to deciding between developing vaccines or drug 
therapies, the numbers rarely work in favor of vaccines. 

 
Costs of vaccine development 

 
Stringent safety requirements drive up the expenses of clinical trials for vaccines. Unlike drug 
therapies for patients who are sick, vaccines are generally administered to healthy people to 
prevent a disease they may or may not get. People are more willing to risk side effects in order to 
be cured of a disease they already have. “The level of risk one is willing to accept is very 
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different if the subject is otherwise young and healthy,” says Robert Vonderheide, Vice Chief of 
Research in the Hematology-Oncology Division at University of Pennsylvania. 

 
When vaccines cause side effects, the backlash is severe. 

 
Merck’s rotavirus vaccine was recalled when 1 out of every 10,000 vaccinated children 
experienced intestinal blockage. Rotavirus is the most common cause of severe diarrhea in 
infants and can be fatal. The FDA asked for a trial including 200,000 infants to prove that the 
vaccine did not cause even very rare adverse events in children before the vaccine could re-enter 
the market. 

 
This would have been extremely expensive. “I would have to sell my shirt for that,” says Adel 
Mahmoud, who was president of Merck Vaccines at the time. Through a series of negotiations, 
he managed to get FDA approval for a progressive clinical trial. Merck would enroll 50,000 
infants and expand the trial as needed to prove the safety of the vaccine. But even this was a 
substantial investment. “Only a big company with deep pockets can do that,” he says. 

 
The revenues that drugs generate once they enter the market usually cover the expenses of drug 
development. But the market for vaccines is small. While drugs are often used daily, vaccines are 
only used a few times throughout an individual’s lifetime. Because vaccines prevent disease 
transmission, they shrink their own market. 

 
This can make it difficult for profit-driven pharmaceutical companies to justify development 
costs to shareholders. While drugs for conditions like cardiovascular disease benefit a large 
portion of the population, vaccines currently in the pipelines are generally needed only in the 
poorest regions of the world, in countries that do not have the resources to develop their own 
vaccines. This market failure means that vaccine consumers cannot afford the costs of buying the 
vaccine. 

 
To guarantee access to vaccines, some of which are mandatory for school children, governments 
often pay for a portion or all of the costs of vaccinations. But governments also bargain for lower 
prices, which further cuts pharmaceutical profits. Economists Michael Kremer and Christopher 
Snyder estimate that, all other things equal, vaccines earn approximately half as much revenue as 
drug treatments do. 

 
Funding vaccine development 

 
Investment in vaccine development by pharmaceutical companies is supplemented by other 
sources of funding. The government funds vaccine research at the NIH and the CDC, and federal 
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programs like Vaccines for Children and Medicare pay for immunizations and reimburse vaccine 
manufacturers. 

 
Philanthropic organizations like the Bill and Melinda Gates Foundation and the Clinton Health 
Access Initiative also help finance vaccine research and immunization programs. However, these 
foundations address multiple facets of humanitarian aid, donating only a limited portion of their 
resources to vaccine development. 

 
In its long history of vaccine development, Merck has also devoted immense resources to 
supplying free vaccines to the impoverished. 

 
Merck developed a hepatitis B vaccine in the 1980s. At the time, one third of those chronically 
infected lived in China; approximately 300,000 died each year. 

 
Merck erected two manufacturing plants in China and provided the technological expertise to 
manufacture the vaccine. The resulting vaccination campaign has prevented an estimated 4.3 
million deaths. 

 
Around this time, researchers found that Mectizan, a Merck drug used to treat heartworm in 
dogs, was effective against the parasite responsible for river blindness. The infection causes 
debilitating itching, disfigurement and blindness, sometimes disabling entire communities. 

 
In 1987, Merck launched the Mectizan Donation Program, pledging to eliminate river blindness. 
Since then, Merck has given away billions of tablets—each tablet normally costs $3. The 
program reaches more than 68 million people in Africa, Latin America, and Yemen who could 
otherwise never afford the drug. 

 
An electrifying personality in the vaccine world 

 
Merck’s charity appealed to Mahmoud’s humanitarian interests. After entering medical school at 
age 16, Mahmoud earned MD-PhD dual degrees before joining the faculty at Case Western 
Reserve and University Hospitals of Cleveland, where he served as Chairman of Medicine and 
Physician-In-Chief. When he was asked to lead Merck Vaccines in 1999, he agreed. 

 
During his eight years at Merck, Mahmoud pushed four vaccines through FDA approval at an 
unprecedented rate. “It has never happened before, and it will never happen again,” he says 
proudly. 

 
He credits his success to a combination of luck, hard work, and aggressive advocacy. “My style 
of leadership is that I am in your face daily,” he explains. “I went to my people and said, ‘Look, 



13 

 

 

 
 
I’m leaving in August ’06, and we will submit these four drugs to the FDA by then.’ And we 
did.” 

 
The process was not easy. In addition to negotiating with the FDA to lower the costs of clinical 
trials for approval, he had to fight for recognition within the company. 

 
Vaccines have traditionally cast aside as the “child they love to hate,” according to Mahmoud. 
But serving on Merck’s Management Committee gave him a voice. The committee consists of 
the CEO, CFO, and executives of the various divisions. 

 
Competing interests within the Committee were unavoidable. “There is always a controversy 
between research and marketing [in pharmaceutical companies],” he explains. But using his 
medical and scientific expertise, he argued for devoting resources to vaccine development. 
“Decisions are made at the Management Committee level,” he says. “If the President of Vaccines 
cannot fight for his projects, who will?” 

 
After Mahmoud left Merck, the President of Vaccines position was removed from the 
Management Committee. Mahmoud was outraged, calling it “the stupidest decision anyone 
could make.” Under his leadership, vaccines had become the highest earning franchise at Merck. 

 
Vaccines receive only ten percent of Merck’s research and development funding, but the division 
generated over $5.3 billion last year, comprising 12.5 percent of total revenues. The four 
vaccines developed during Mahmoud’s tenure account for 90 percent of vaccine revenues. 

 
Insufficient vaccine research 

 
Mahmoud is concerned about the low productivity of the vaccine industry today. There are few 
products that look promising, and the problem goes deeper than company politics. “We as a 
scientific community have fooled ourselves into thinking we know how to make or find 
vaccines,” he says. 

 
All but two vaccines—the HPV and hepatitis B vaccines—currently on the market include the 
whole virus to mimic viral infection. Although effective against many cases, this approach is 
scientifically simplistic and no longer produces new vaccines. 

 
Engineering vaccines requires an intricate understanding of viral and bacterial biology. This can 
only come about through academic research. “The pharmaceutical industry is concerned with 
development,” says Mahmoud. “Basic research is the domain of academia.” 
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The role of basic science is growing in drug development. In the past, some drugs were 
discovered through trial and error, but “things have shifted dramatically to drug development 
inspired by basic science,” says Robert Vonderheide of the University of Pennsylvania. “It’s too 
expensive to develop a drug based on a hunch.” It is now rare for a drug to reach clinical trials 
without a clear understanding of its mechanism of action. 

 
Vaccine development will progress with a better understanding of infectious disease biology. But 
pharmaceutical companies are often unwilling to invest in basic science research, and academic 
researchers are reluctant to limit the scope of their research to vaccine discovery. “It is not 
satisfying to go after a [single] molecule as an academician,” says Mahmoud. “We are fascinated 
by the how and why [of biological mechanisms]. That’s how we get our kick.” 

 
Future faces of vaccine development 

 
To bridge the divide between basic science research and pharmaceutical development, 
pharmaceutical companies and academic labs sometimes collaborate. Pharmaceutical companies 
identify a drug candidate of interest and provide financial support in return for non-exclusive 
rights to the lab’s findings. This partnership allows both parties to advance research projects 
more cost-effectively. 

 
Pharmaceutical company Amgen recently approached Yibin Kang, Warner-Lambert and Parke- 
Davis Professor of Molecular Biology at Princeton University, about collaborating. They already 
had a drug candidate but needed proof that it was effective. If the drug shows therapeutic 
potential in the lab, it will progress to clinical trials. 

 
Kang believes universities can play an even greater role in drug development by moving into the 
middle ground between academic labs and pharmaceutical companies. “Universities can move 
lab discoveries one step closer to the market by incubating startups,” he explains. Stanford is 
already doing this, he says, and Princeton is beginning to look into it. It is a risky investment, he 
adds, but “we need that kind of risk taking.” 

 
Other collaborations also promote vaccine development. By educating the public about unmet 
medical needs, physicians and scientists like Vonderheide work with policy makers to advocate 
for increased research funding. “There is nothing more empowering,” says Vonderheide. “What 
more do you need than to demonstrate the medical need to become motivated?” 

 
The devastation of the 2014 Ebola epidemic certainly boosted funding for vaccine research. 
Vaccine candidates have shown promise in early phases and are expected to rapidly progress 
through clinical trials. But Ebola is just one fish to fry in the school of infectious diseases— 
millions continue to die each year for lack of vaccines. 
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Opinion   Article  

Op-ed on Angelina Jolie’s surgeries to prevent breast and ovarian cancer 

In  Defense  of  Angelina  Jolie  
  
In May 2013, Angelina Jolie shocked the public with an opinion piece explaining why she chose 
to surgically remove both her breasts. “I have a ‘faulty’ gene, BRCA1,” she wrote, “which 
sharply increases my risk of developing breast cancer and ovarian cancer.” 

 
After the article was published, the number of women asking for genetic tests skyrocketed in 
what has been dubbed the ‘Angelina effect.’ 

 
This week, she followed up with another article on her decision to have her ovaries and fallopian 
tubes removed. 

 
With it has flared up the debate over whether the ‘Angelina effect’ is a good or bad thing.  
Despite applause for her bravery and honesty, the overall sentiment of responding opinion pieces 
is against Jolie. Most of the women who want genetic testing don’t actually need it, critics say, 
and few can afford the expensive medical bills like Jolie can. 

 
Tempting as it is to sling mud on celebrities who seem to have it all, her critics are wrong. 
Excessive BRCA gene testing can be a problem, but Jolie is doing the public a service by calling 
for women to get informed about cancer prevention and available treatment options. The benefits 
of raising public awareness about breast and ovarian cancer far outweigh the side effects that her 
critics are choosing to focus on. 

 
*** 

 
A mutated version of the BRCA1 gene makes Jolie susceptible to breast and ovarian cancer 
because her cells are prone to turning cancerous. Adding in a family history with her mom, aunt, 
and grandmother dying of cancer, her doctors calculated that she had an 87% risk of getting 
breast cancer and a 50% risk of developing ovarian cancer. 

 
The combination of genetic testing and preventive surgery lowered Jolie’s chances of getting 
cancer to just 5%. 
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Her journey reads as a success story of modern medicine, but it is far from typical. BRCA1 
mutations are rare. They occur in approximately 1 in 800 people and account for only 10% of 
breast cancers. 

 
With a surge of women seeking genetic testing in the wake of Jolie’s articles, doctors are right to 
be concerned. The BRCA mutation is rare enough that most women shouldn’t worry about 
getting tested. 

 
With any test, there’s a chance of false positives in which results show genetic abnormalities 
where there are none. These false positives then prompt unnecessary stress and further testing. 

 
Genetic testing and subsequent treatment are also costly. Screening for BRCA mutations costs 
over $3,000 in the United States. This is a significant burden, especially for people who don’t 
have adequate health insurance. And in developing countries, where most breast cancer cases 
occur, genetic testing is simply out of the question. 

 
But it’s unfair to blame these problems on Jolie. In her articles, she encourages women who have 
a family history of breast or ovarian cancer to “seek out the information and medical experts”  
that will help them “make [their] own informed choices.” 

 
What she did after getting her genetic test results isn’t the right choice for everyone. Already a 
mother of six, she could remove her reproductive organs; she was done having children. For 
younger women, the desire to bear children can complicate this decision. 

 
But knowing the available options helps women make the best choice. Women with BRCA 
mutations can at least be vigilant about getting screened for breast and ovarian cancer, increasing 
their odds of catching signs of disease early on. 

 
The best way to avoid excessive genetic testing for women is through better education. Women 
need to understand what BRCA mutations are, the purpose of genetic testing, and that these 
concerns are relevant only if they have a strong family history of breast or ovarian cancer. Then 
they can make informed decisions. 

 
Finally, it’s silly to shame Jolie for being able to afford the costs of genetic testing and  
preventive surgery. The financial squeeze is real and should become an impetus for health care 
providers to find cheaper detection methods. Fears over rising health care costs cannot be the 
reason women do not get testing that could save their lives. 

 
*** 
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What Jolie has done is admirable. Her opinion pieces have raised awareness and started 
conversations about breast and ovarian cancer. People are now talking about what women with 
BRCA mutations can do to get informed and make the best decisions for themselves and their 
families. The process is challenging, Jolie concludes, but “knowledge is power.” 


